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ABSTRACT 

A new route for the synthesis of 2,3-0-isopropylidene-L-erythrofuranose and 
L-erythrose starting from D-gulono-1,4-la&one is presented. The intermediate, 2,3-O- 
isopropylidene-D-gulono-l,&actone, was prepared in a very high yield from 2,3:5,6- 
di-0-isopropylidene-D-gulono-1,4-lactone. In addition, I-0-benzoyl-2,3-O-isopro- 
pylidene+L-erythrofuranose and 2,3-O-isopropylidene+L-erythrofuranosyl chlor- 
ide were prepared. 

INTRODUCTION 

The need for a fairly large quantity of 2,3-U-isopropylidene-L-erythrofuran- 
ose (6) has arisen recently in this laboratory. The usual preparation’ of 6 starts from 
6-decxy-2,3-0-isopropylidene-L-mannofuranose (1) and proceeds by reduction of 
C-l to the alditol followed by oxidative cleavage of C-5 and C-6. This preparation 
suffers from several disadvantages, the main one being the synthesis of the starting 
substance 1 which is difficult to obtain in a pure, crystalline form. When 6-deoxy-L- 
mannose was treated in this laboratory with acetone in the presence of sulfuric acid, 
a syrupy mixture was obtained which contained at least five components. The best 
preparation of I appeared to start from 6-deoxy-L-mannose which is treated with 
acetone in the presence of cupric sulfate and a small amount of sulfuric acid’. However, 
purification of 1 by vacumm distillation caused extensive degradation and, in the 
author’s hands, success was best achieved by trituration of the syrup with water 
followed by decantation of the aqueous solution from the insoluble substance. The 
aqueous solution could then be utilized directly for the preparation of 6. The present 
report describes an excellent new route to 6 starting from commercially available 
D-gulono-l&lactone (2). 

2,3:5&i-Di-U-isopropylidene-D-gulono-1,4-lactone (3) was prepared in excellent 
yield by treatment of 2 with acetone and sulfuric acid3**. The important intermediate, 
2,3-O-isopropylidene-D-gulono-l&lactone (4), was synthesized by Hulyalkar and 
Jones’ in a satisfactory yield by treatment of 3 with warm 83% acetic acid. Application 
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to 3 of the procedure of Gramera et aZ_’ gave 4 in very high yield. After reduction 
of 4 with sodium borohydride, 4,5-0-isopropylidene-L-glucitol (5) was not isolated, 

but instead directly treated with sodium periodate. The resulting product 6 was identi- 
fied by comparison of its properties with those of an original sample6*‘. Free L-ery- 

throse can be easily obtained by hydrolysis’. In addition, l-O-benzoyl-2,3-U-iso- 

propylidene-/I--L-erythrofuranose (7) and 2,3-0-isopropylidene-fi+erythrofuranosyl 
chloride (IS), which was desired for nucleoside synthesis, were prepared. 
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The anomeric conliguratioil of the r_-erythrose derivatives was established by 

investigation of the n.m.r. spectra of 6 and 8. The spectrum of 6 was identical to 

that published by Perlin’. The benzoate 7 was also assigned the p configuration, since 
no inversion of the anomeric carbon was expected during benzoylation; the high 
positive specific rotation (+ 104’) supports this assignment. Compound 8 had a 
very high positive rotation ([a&, + 1689, and the n.m.r. spectrum showed a sharp 
singlet for H-l at T 3.87, which was farther downfield than that found in 6 due to 
the electronegztive effect of the chlorine atom. This sharp signal for H-l of 8 was 
similar to that found previously for H-l of 2,3:5,6-di-U-isopropylidene-D-gulofuran- 

osy14 and -D-mamIofuranosy~s chloride, both of which give sharp singlets near 

z 3.90. Compound 8 was, therefore, given a fi assignment. 
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Elementary analyses were performed by the Spang Microanalytical Laboratory, 

Ann Arbor, Michigan_ Melting points were determined on a KoSer hot-stage and 
correspond to corrected values. TLC. was performed on silica gel G plates of 0.25-mm 

thickness, prepared with Desaga equipment. Spots were located with a chromic 
acid spray followed by careful application of heat from a hot plate. Optical rotations 
were determined on-a Rudolph M-‘- ,..J 200 spectropolarimeter, and infrared spectra 

were recorded on a Perkin-Elmer Model 21 spectrophotometer by preparation of 
films of the compounds on sodium chloride plates. N.m.r. spectra were determined 

in CDC!, by Dr. Harry Agahigian of the Baron Consulting Co., Orange, Connecticut. 
Evaporations were performed in mzcuo at a bath temperature of 40-45”. 

2,3-0-Isopropylidene-D-yulono-1,4-lactane (4). - 2,3:5,6-Di-O-isopropylidene- 

o-gulono-1,Plactone4 (3, 14 g) was: dissolved in a mixture of acetic acid (224 ml) 

and water (67.2 ml). This mixture was poured into a crystallizing dish and was left 
to evaporate for 34 days. The residual solid (11.6 g) was suspended in a large volume. 

of ethyl acetate and heated under refiux. A small amount of undissolved D-gulono- 
1,4-lactone was filtered off, m-p. 180-182”, [z]k4 -56.8” (c 4.03, water); lit.’ m.p. 

182-I 85”, [cz]fp - 57.1” (c 4.0, water). 

The filtrate was concentrated and 4 crystahized as large, long needles, 9.8 g 
(89% yield), m-p_ 142-143.5”, [g]i4 -74.5” (c 2.75, acetone); lit.3 m-p. 142”, [cc&, 
- 76.5”. T.1.c. in ethyl acetate showed that the product was homogeneous, RF 0.17. 

D-GUlonO-1,~ktCtOne barely migrated in this solvent, whereas 3 had RF 0.56. 
2,3-0-Isopropylidene-j?-L-erythrojkanose (6). - Compound 4 (9.8 g) was 

dissolved in water (400 ml), and the solution was added dropwise to a mixture of 
sodium borohydride (4 g) in water (200 ml), chilled with an ice-bath. After addition 

of the entire solution, the fiask was kept for 4 h at room temperature, and the pH 
was adjusted to 6.0-6.2 with acetic acid. The flask was cooled again in an ice-bath 
and sodium periodate (10.8 g) was added in small portions over a 15min period. 

The solution was kept in the dark for 3 h at room temperature and concentrated to 

a volume of 75-100 ml after addition of nonyl alcohol (5-10 drops)_ The white pre- 
cipitate was filtered off and washed with ethyl acetate (150 ml). The aqueous layer of 
the filtrate was extracted twice with loo-ml portions of ethyl acetate. The ethyl 
acetate portions were combined, washed twice with 50-ml portions of water, and 
dried (MgSO,). The solution was evaporated to an oil (3.63 g), which was distilled to 

give 2.44 g of a clear, colorless oil (6), b-p. 67-74” (0.45 mm Hg), [a]‘,” + 83.2O (c 4.36, 
ethyl acetate). A sample of 6 prepared from 6-deoxy-2,3-O-isopropylidene-L-manno- 
furanose, had b-p. 62-67” (0.40 mm Hg) and [# f82.5” (c 4.46, ethyl acetate)_ 
Lit_6 b-p. 50-70” (bath temperature) at 2 mm Hg, [a],, +72” (c 2.4, methanol). 
Both samples migrated as identical, homogeneous spots on thin-layer plates in 1% 
methanol-chloroform, RF 0.14. The i-r. spectra were identical: #E 3400 (anomeric 
OH), 1375 (genz-dimethyl), 1160,1100,1068,1045 cm-l (C-O, C-O-C, dioxolane ring). 

I-O-BenzoyZ-2,3-O-~sopropyZidene-~-~-e~y~hrofuru~z~se (7). - To an ice-cold 
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solution of 6 (517 mg) in dry pyridine (20 ml) was added benzoyl chloride (1.14 ml). 
The solution was kept for 45 min at 0”, and then for 17 h at room temperature. 
The reaction mixture was polurecl as a thin stream into a stirred mixture of ice and 
saturated sodium bicarbonate solution. This mixture was stirred for 4 h, and the 
white crystals were filtered off and washed with water (640 mg), m-p. 108-l 12”. 
The product was recrystallized from methanol-water to give feathery, white plates 
(540 mg), m.p. 108-108.5”, [a]L3 + 104” (c 4.01, chloroform); homogeneous on t.1.c. 
in 1% methanol-chloroform, RF 0.75 ; ~2’2 1730 (benzoate carbonyl), 1385 (doublet, 
gem-dimethyl), 1205, 1175, 1160 (C-O, C-O-C, dioxolane ring), 712 cm-’ (mono- 
substituted phenyl). 

Anal. Calc. for &Hr605: C, 63.63; H, 6.10. Found: C, 63.70; H, 6.04. 
2,3-0-lsoprcpylidene+L-erythrofuranosyl chloride (8). - Following Freuden- 

berg et ai.“, compound 6 (2 g) was dissolved in dry chloroform (12 ml) and dry 
pyridine (5 ml). The mixture was cooled in an ice-bath, thionyl chloride (2.1 ml) was 
added, and the reaction mixture was kept for 5-h at 0”. The mixture was poured on 
ice, and the chloroform layer was separated. The aqueous layer was extracted twice 
with chloroform, and the chloroform extracts were combined and washed three times 
with ice-cold M sodium hydroxide, twice with ice-cold water, and dried (MgSO,). 
Evaporation of the chloroform resulted in an orange, semisolid residue which 
sublimed slowly under these conditions. The product (1.01 g) was obtained by subli- 
mation at 0.6 mm Hg 40-60”, as irregular plates which turned into long, rectangular 
plates just before the m.p. was reached; m-p. 59-60”, [c@ -t- 168” (c 2.0, chloroform); 
vz:T 1380 (gem-dimethyl), 1230, 1208, 1160 (C-O, C-O-C, dioxolane ring), 705 cm-’ 
(C-Cl); n.m.r. data: (7) 8.67, 8.53 (singlets, - CMe,), 5.83 (- CH,), 5.08 (H-2, H-3), 
3.87 (sharp singlet, H-l). Compound 8 gave an instantaneous alcoholic silver nitrate 
test. It is quite stable and can be stored in a vial at room environment for several 
weeks without noticeable deterioration. The analytical sample was prepared by 
resublimation. 

Anal. Calc. for C7HllC103: C, 47.07; H, 6.21; Cl, 19.85. Found: C, 47.17; 
H, 6.28; Cl, 19.76. 
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REAKTIONEN DER DE0-BENZYLIDEN-PENTONSAURE-METHYLESTER 

H. ZINNER, H. VOIGT UND J. VOIGT 

Institut ftir Organ&he Chemie der Universitiit Restock (0. D. R.) 

(Eingegangen den 13. April, 1968) 

ABSTRACT 

Treatment of the methyl esters of di-0-benzylidenepentonic acids with 
methanolic hydrazine affords the corresponding hydrazides. With runmonia, the 
amides are obtained, and these, on reduction with lithium aluminium hydride and 
subsequent acetylation, yield 1-acetamido-di-O-benzylidene-1-deoxypentitols. 
Dehydration of the amides with benzenesulphonyl chloride in pyridine yields the 
di-O-benzylidenepentononitriles. With Grignard reagents, the esters afford l,l-di- 
alkyl- and l,l-diaryl-di-O-benzylidenepentitols. 

ZUSAhfMENFMSUNG 

Aus Di-0-benzyliden-pentonsaure-methylestern werden durch Kochen mit 
Hydrazinhydrat in Methanol Di-O-benzyliden-pentonslure-hydrazide dargestellt. 
Mit Ammoniak erhHlt man Di-O-benzyliden-pentonsgure-amide, die sich durch 
Reduktion mit Lithiumahu.niniumhydrid und anschliegendes Acetylieren in I-Acet- 
amido-di-0-benzyliden-1-deoxy-pentite iibcrfiihren lassen. Aus den Amiden entstehen 
durch Abspalten von Wasser mit Benzolsulfons2urechloridPyridin Di- U-benzyliden- 
pentons&rre-nitrile. Die Ester bilden mit Grignard-Verbindungen l,l-Dialkyl- 
bzw. 1, I-Diaryl-cli- O-benzyliden-pentite. 

DISKUSION 

Die kiirzlich bescbriebenen’ Di-O-benzyliden-pentonsiure-methylester @a-d) 
sind ein geeignetes Ausgangsmaterial filr Synthesen anderer Pentonsilure-Derivate. 
Da die Benzyliden-Gruppen gegen Basen bestindig sind und nur von Sguren hydro- 
lytisch abgespalten werden, kann man mit den Estem 5 die iiblichen Ester-Reaktionen 
durchfiihren, soweit kein saures Medium erforderlich ist. 

Beim Kochen der Di-0-benzyliden-pentons?mre-methylester mit 85-proz. 
Hydrazinhydrat in Methanol entstehen die Di-0-benzyliden-pentonsgure-hydrazide 
(4a-d), die man nach mehrmaligem Umkristallisieren mit Ausbeuten von 65-79% 
rein gewinnt. Die Hydrazide der D-Ribonsgure (4a), D-XylOnSiiure (4b) und der 
D-Lyxons&,ue (SC) %ndern beim Erhitzen auf dem Mikrohciztisch nach BOSS 
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etwa 15” unter dem Schmekzpunkt ihre KristaHform und schmelzen dann unter 
Zersetzung. Das Di-U-benzyiiden-D-arabinonsgure-hydrazid (4d) zeigt dieses 
Verhalten nicht, 

Die Umsetzung der Di-U-benqdiden-pentonsgure-methylester mit Ammoniak 
in Methanol fribrt zu den Di-O-benzyliden-pentonssure-amiden (Za-d), die gut 
kristallisieren und mit hoher Ausbeute gewonnen werden. Sie lassen sich in Dioxan- 
&her mit Lithiumahmiiniumhydrid zu den I-Amino-di-O-benzyliden-l-deoxy- 
pentiten (3a-d) reduzieren. Diese kristallisieren nur schlecht und zersetzen sich beim 
UmkristaiIisieren teiIweise. Es gelang uns nicht, die Verbindungen analysenrefn 
darzustellen. Daher acetylierten wir die rohen I-Amino-l-deoxy-Verbindungen 3 
mit Acetanhydrid in Pyridin zu den I-Acetarnido-di-O-benzyliden-I-deoxy-pentiten 
(6a-d). Diese sind bestindig und Iassen sich durch Umkristallisieren gut reinigen. 

Aus den Di-O-benzyliden-pentonskre-arniden entstehen durch Abspalten 
von Wasser die Di-O-benzyliden-pentonskre-nitrile (la-d). Als wasserentziehendes 
Mittel sind hier Diphosphorpentoxyd, Phos?horpentachlorid und Phosphoroxychlorid 
ungeeignet, _ weti durch diese sauren Verbinduogen die Benzyliden-Gruppen abge- 
spalten werden. Mit gutem Erfolg benutzten wir Benzolsulfons2urecblorid in Fyridin 
als wasserentziehendes Mittel. Die damit gewonnenen Di-O-benzyiiden-penton&ure- 
nitrile kristallisieren gut, man erhiilt sie je nach Vertreter mit Ausbeuten von 6440%. 

Die Di-O-benzyiiden-pentckiure-methylester sind such ein geeignetes Aus- 
gangsmaterial fti Synthesen mit Grignard-Verbindungen. Es ist bier die Miiglichkeit 
gegeben, in die Reihe der I,I-Diakyl- und IJ-Diaryl-di-O-benzyliden-pentite zu 
gelangen. Wir set&en die Methylester tit Methyl-, Fhenyl- und kbyl-magnesium- 
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halogenid in Tetrahydrofuran urn und erhielten l,l-Dimethyl- (7a-d), l,l-Diphenyl- 
@a-d) bzw’-; 1,1-DZithyl-di-0-benzyliden-pentite (9a-c). Der l,l-DZthyl-2,3:4,5- 
di-0-benzyliden-D-arabmit kristallisierte nicht, wir konnten die Verbindung nicht 
rein isolieren. 

Wenn man die Di- 0-benzyliden-pentonsZure-methylester mit Lithium- 
aluminiumhydrid in Dioxan behandeh, erhgt man die Di-0-benzyliden-pen&e 
(lOa-d), die zum Teil schon friiher aus den Di-0-benzyliden-uZ~eIxy&qentosen durch 
Reduktion mit komplexen Metallbydriden dargestellt wurden1-3_ Beim TJmkristal- 
lisieren des 2,3:4,5-Di-0-benzyliden-D-arabinits (1Od) aus Atbanol-Wasser erhielten 
wir die Verbindung als Monohydrat. 

Die Di-0-benzyliden-pentite k&rnen such aus den Di-O-benzyliden-penton- 
sguren (11sd) durch Red&ion mit Lithiumaluminiumhydrid in Tetrahydrofuran 
erhalten werden. Die Reduktion der %uren 11 verlsuft aber langsamer als die der 
Methylester 5, die Ausbeuten an Di-0-benzyliden-pen&en iiegen erheblich tiefer. 

Wie ktirzlich gezeigt wurde*, lassen sich Di-0-benzyliden-&Ie/@&pentosen 
mit Chromtrioxyd in Dimethylformamid sehr gut zu Di-0-benzyliden-pentonsZuren 
oxydieren. Dieses Oxydationsmittel ist such zur Oxydation von freien prim. Hydroxyl- 
Gruppen gee&net. Wir oxydierten die Di-0-benzyliden-pentite (1Oa-c) zu den 
bekannten Di-O-benzyhden-pentonsguren (lla-c). Die Ausbeuten liegen hier etwa 
gleich wie bei der analogen Oxydation der Di-0-benzyliden-aZ~eIry&dehydo-pentosenl. 

EXPERIMENTELLER TEIL 

Die Schmelzpunkte wurden auf dem Mi?croheiztisch nach Boi%ius bestimmt. 
Darsteihmg der Di-0-benzyliden-pentons&re-hydrazide (4). - Man kocht 

0.89 g (0.0025 Mol) eines Di-0-benzyliden-pentonsaure-methylesters’ mit 10 ml 
85-proz. Hydrazinhydrat in 25 ml Methanol 3 Stdn. unter RiickBuB, BiBt dann 16 Stdn. 
bei 0” stehen, filtriert das Rohprodukt ab und kristallisiert um. Die Eigenschaften und 
Analysen der einzelnen Vertreter sind in der Tabelle zusammengestellt. 

Darstelhmg der Di-0-benzyliden-pentonslure-amide (2). - Man lost ~0.89 g 
(0.0025 Mol) eines Di-0-benzyliden-pentonsUre-methylesters’ in 150 ml Methanol, 
kiihlt auf 0” ab, leitet 15 Min. Ammoniak ein (etwa 4 Blasen pro Sek.), 1ZBt unter 
VerschluB 12 Stdn. hei 20” stehen, destilliert das Liisungsmittel ab und kristallisiert 
den Riickstand unter Verwendung von Aktivkohlo urn. Die Eigenschaften und 
Analysen der einzelnen Vertreter zeigt die Tabelle. 

Darstellung der I-Acetamido-di-0-benzyZi&n-l-deoxy-pentzle (6). - Ein 
Di-0-benzyliden-pcntonsture-amid (0.85 g, 0.0025 Mol) wird in 120 ml Dioxan- 
&her (1:l) mit 0.3 g LiAIHb 7 Stdn. unter RiicUuB ger%hrt. Dann kiihlt man auf 
0” ab, fiigt tropfenweise 5.0 ml Wasser hinzu, filtriert die anorganischen Bestandteile 
ab, w&cht dreimal mit je 40 ml heiBem Chloroform, dampft die vereinigten Filtrate 
ein und trocknet die zuriickbleibenden, rohen 1-Amino-di-O-benzyliden-l-deoxy- 
pentite (3a-d) im Vakuum. Dann lost man das Rohprodukt 3 (0.57-0.64 g) in 20 ml 
Pyridin, gibt 3.0 ml Acetanhydrid binzu, 1ZBt 16 Stdn. bei 20” stehen, gieBt in 200 ml 
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10 H. ZINNER, H. VOIGT, J. VOIGT 

Wasser. fltriert den Niederschlag ab, w%scht mit Wasser und kristallisiert urn. Die 
einzelnen Vertreter zeigt die Tabclle. 

Darstelbmg aIer Di-O-benzyliden-pentomiure-nitrile (1). - Man Ilist 0.85 g 
@I.(?025 Mol) eines Di-0-benzyliden-penton&ure-amids in 40 ml Pyridin, 1siBt bei 0” 
unter Umschiitteln 2.5 ml Benzolsulfon&u-echorid zutropfen, lZl3t 72 Stdn. bei +5” 
und 2 Stdn. bei 20” stehen und gibt dann unter Riihren soviel einer ge&ttigten 
Natriumhydrogencarbonat-LSsung hinzu, bis keine KohlendioLyd-En&vi&lung 
mehr stattfindet. Dann gieI3t man in 100 ml Eiswasser, filtriert das Rohprodukt ab, 
w&cht mehrfach mit Wasser nach, trocknet iiber SchwefeIs&ue, bis das Rohprodukt 
nicht mehr nach Pyridin riecht, und kristallisiert unter Verwendung von Alctivkohle 
urn. Die einzelnen Vertreter sind in der Tabelle aufgeftihrt. 

Darstelhzng de,- 1, I-Dimethyl- (7): 1,l-Diphenyl- (8) und der l,l-Dicithyl-di-O- 
benzyliden-pen&e (9). - Man bereitet aus 0.01 MO: Methyljodid (I -42 g), Brombenzol 
(1.57 g) oder athyljodid (1.56 g) und 0.24 g (0.01 Mel) Magnesium in 20 ml &her 
eine Grignard-LSsung, ftigt eine Liisung van 0.89 g (0.0025 Mol) eines Di-O- 
benzyliden-pentonsHure-methylesters’ in 50 ml Tetrahydrofuran hinzu, erw%mt 
4 Stdn. bei 50”, hydrolysiert anschlieknd mit einem Gemisch von 40 ml Wasser und 
5 ml Essigsi-iure, extrahiert dreimal mit je 50 ml Chloroform, w&cht die vereinigten 
Extrakte mit Wasser, ‘irochmet iiber Natriumsulfat, dampft die Liisung ein und 

. kristallisiert den Riickstand urn. Die Tabelle zeigt einzeine Vertreter. 
Darstelhmg der Di-0-benzyliden-pentite (10). - (a) Man riihrt eine Liisung von 

1.78 g (0.005 Mol) eines Di-O-benzyliden-pentonsfure-methylesters’ in 120 ml 
Dioxan-&her (1:l) mit 0.5 g LiAlH, 6 Stdn. unter RiickfLul3, kiihlt auf 0” ab, ftigt 
5.0 ml Wasser hinzu, neutralisiert mit 3N HCI, saugt die anorganischen Bestindteile 
ab, wfscht den Filterriickstand dreimal mit je 60 ml warmem Aceton, dampft die 
vereinigten Filtrate ein und kristallisiert den Riickstand urn. 

(b) Eine Di-0-benzyliden-pentonsHure (1.71 g, 0.005 Mel) wird in 70 ml 
Tetrahydrofuran mit 0.7 g LiAlH4 unter Riihren 6 Stdn. bei 50” reriuziert. Dann 
arbeitet man auf, wie unter (a) angegeben. Die einzelnen Vertreter sind in der Tabelle 
aufgeftihrt. 

Oxydafion der Di-0-benzyliden-pentite zu Di-0-benzyliden-pentomiwen (11). - 
Man gibt 0.33 g (0.001 Mol.? eines Di-0-benzyliden-pentits in eine L6sung von 0.40 g 
Chromtrioxyd und 0.2 ml konz. SchwefelsZure in 15 ml Dimethylformamid, 1HBt 
30 Stdn. bei 20” stehen und arbeitet auf, wie friiher fiir die Oxydation der Di-O- 
bemyliden-aldehydo-pentosen zu 11 beschrieben’. 
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ABSTRACT 

The “selective-irradiation” and “spin-tickling”, nuclear magnetic double- 
resonance (n.m.d.r.) techniques have been used for determining the relative signs of 
the vicinal and geminal “F-‘H couplinks of a series of glycopyranosyl fluorides. 
In all cases, these two couplings have the same relative signs. Heteronuclear decoupling 
experiments on 3,4,6-tri-O-acetyl-2-bromo-2-deoxy-a-D-mannopyranosyl fluoride (2) 
show that, for this derivative, the uicinal coupling between H-l and H-2 and the 
geminal coupling between H-l and F have the same relative sign. On this basis, 
an absolute positive sign has been assigned to both the vi&al and the geminal “F-‘H 
couplings; this result is in accord with data for other derivatives. 

INTRODUCTION 

In the previous paper in this series’, we used the nuclear magnetic double- 
resonance (n.m.d.r.) technique to determine the relative signs of the ‘H-‘H coupling 
constants of a series of carbohydrate derivatives_ We now describe the extension of 
that study to the determination of the relative signs of “F-lH coupling constants. 
This information was of interest to us because recent results from this 3-s and other 
laboratories - have indicated that vicinal “F-‘H and lH-‘H couplings exhibit 
a fundamentally similar angular dependence. As will be seen later, the vicinal “F-lH 
and ‘H-IH couplings that we have examined are all absoZuteIy positive in sign, 
whereas geminal l’F-‘H couplings are positive an8 geminal ‘H-‘H couplings are 
negative. 

EXPERIMENTAL 

All homonuclear n.m.d.r. experiments were performed as described previously’. 
For the heteronuclear decoupling experiment, a Varian Dual-Purpose spectro- 

*For Part II, see ref. 1. 
**Presented, in part, at the 152nd National Meeting of the American Chemical Society, New York, 
New York, September 11-16, 1966. For a preliminary communication, see ref. 2. 
TRecipient of a National Research Council of Canada Studentship, 1966-67. 
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meter having a V-431 1 radiofrequency unit tuned to 60 MHz was used, together with 
a Varian V-3521A Integrator/Decoupler for base-line stabilization. The “F decoupling 
frequency was obtained from a Nuclear Magnetic Resonance Specialities* SD-60 
Decoupler by use of a basic, crystal oscillator (25.547 MHz), in conjunction with a 
variable-frequency oscillator (V. F. 0.) of ca. 5.350 MHz. The overall output-frequency 
of this unit was monitored indirectly by beating the output of the V.F.O. against 
a standard, 5.365-MHz crystal oscillator, available as the N.M. R.S. Electronic 
Counter Adaptor @X-60), and by counting the resultant, audiofrequency, “beat” 
signal with a Hewlett-Packard 3734A frequency-counter. In normal operation, the 
output frequency of the V.F. O., and hence that of the whole unit, is somewhat 
unstable. Professor F. A.L. Anet (Univer&y of California, Los Angeles) kindly 
gave us details of a modification whereby the V.F. 0. may be effectively stabilized, 
and we used this modification for the ‘H-(l’F) experiments here described. 

At the start of this study, we had no facility for measuring the “absolute” 
output frequency of our decoupler, and we obtained an “absolute” calibration 
indirectly, as follows. As part of another study, we had shown3 that the rgF chemical 
shift [which has subsequently been remeasured in chloroform with use of trichloro- 
fluoromethane (Freon 11) as the internal standard] of tetra-O-acetyl-/?-D-gluco- 
pyranosyl fluoride (6) is + 137.8 p.p_m., and we have now determined that the 
chemical shift of 3,4,6-t& 0-acetyl-2-bromo-2-deoxy-or-D-mannopyranosyl fluoride (2), 
also in chloroform with Freon 11 as the internal :;tandard, is + 123.2 p.p.m.- The 
60-MHz p.m.r. spectrum of each of these derivatives was monitored in turn while 
the “F resonance at ca. 56.4 MHz was simultaneously irradiated. The V.F.O. was 
tuned until the H-l resonance of each derivative was completely decoupled from the 
fluorine resonance. The nominal, audio-beat frequencies were respectively 20.584 
and 19.931 kHz. Thus, high values of the audio-beat frequency correspond to irradia- 
tion of the hfg&fieId regions of the fluorine magnetic resonance spectrum. This 
“indirect” calibration was subsequently confirmed both by direct measurement of 
the radiofrequency output of the SD-60 decoupler, by use of a Hewlett-Packard 
524B radiofrequency counter fitted with a lO-LOO-MHz counter Adaptor (No. 525A), 
and by inspection of the resulting lH spectra (vide injia)). 

The 60-MHz, field-swept, homonudear decoupling of derivative 2 utilized 
the Varian Dual-purpose spectrometer with the Varian V-3521A Integrator/Decoupler, 
as instructed by Johnsong. 

Synthesis of the derivatives uszd in this study has been published elsewhere, 
or will be the subject of future communications: the structures are not the subject 
of any controversy. 

RES~ULTS AND DISCUSSION 

As, in the previous paper’ of this series, we gave a detailed discussion of the 
“selective-irradiation”lO~ll and the “spin-tickling”““Z methods for determining the 

*I410 Greensburg Road, New Kensington, Pa., U.S.A. 
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relative signs of coupling constants, it is sufficient to make only brief mention here 
of the general approach. In contrast to the determination of ‘H-‘H signs, where we 
found “spin-tickling” to be the preferred method, selective irradiation is often 
suitable for the determination of the “F-‘H signs. Because the large (ca. 50 Hz) 

geminal “F-‘H coupling effectively separates the fluorine spin-state “an from the 
fluorine spin-state “8” transitions of the proton resonance, one set can readily be 
irradiated without perturbing the other. This conclusion is illwtrated in the following 
discussion. 

The spectra given in Fig. 1 show typical examples of sign determination by 
the frequency-sweep, selective-irradiation technique. Table I shows the corresponding 

t.:.’ 1 L 
400 es0 s.00 T 400 450 5.00 -r 

Fig. 1. Partial, lOO-MHz p.m.r. spectra of 2,3-di-O-acetyl-4,6-O-benzylidene-cz-D-glucopyranosyi 
fluoride (3: R’ = H, R” = F) in acetone-& solution; (A) is the “normal” spectrum, and (B), with 
irradiation of transitions 5,6. 2.3-Di-O-acetyl-4,6-O-benzylidene-~-D-glucopyrauosyl fluoride 
(4: R’ = F, R” = H) in aCetOne-& solution: (C) is the “normal” spectrum, and (D), with irradiation 
of transitions 56. 

spin-state assignments for the H-l and H-2 resonances of the compounds involved. 
Fig. 1A shows the partial p.m.r. spectrum of 2,3-di-0-acetyl-4,~O-benzylidene-a-D- 
glucopyranosyl fluoride (3, R’ = H, R” = F), and Fig. 1B shows the effect of 
irradiating the “F = CL transitions (5,6) of the H-l resonance. It is clearly evident 
that this treatment results in the collapse of transitions 9,10 and 11,12, which also 

Carbohyd. Res., 9 (1969) 11-19 



14 L. D. HALL, J. F. MANVELE 

SPIN-STATE ASSIGNMENT So FOR THE leF, H-l, AND H-2 RESONANCES OF (A) 5%DI-o-ACETYL-&6-o- 

BENZYLDXNEa-D-GLI.JCOPYRANOSYL FLUORIDE (3), AND (B) 2,3-DI-0-AcETYL-4,6-O-BENZYLlLYDBNE- 

P-D-GLUCOPYRANOSYL ~~uozum (4) 

Spin srafes of 
neighboring nuclei 

‘SF N-1 l%? 

Transition number 

S&A 
1QF 

H-X 
H-2 
H-3 

EiaB 
‘sF 
H-l 
H-2 
H-3 

aAll signs are assumed to be positive. 

have lgF = a spin-states. Hence, it follows that the relative signs of JF, 1 and JF, 2 are 

the same. Figs. ZC and lp show, respectively, the “normal” and “irradiated” spectra 
of 2,3-di-O-acetyl-4,o’-O-benzylidene-~-D-glucopyranosyl fluoride (4, R’ = F, 

TABLE It 

THE SIGNS OF THE 1sF-‘H COUPLING CONSTANTS OF A SERIES OF GLYCOPYRANOSYL FLUORIDES 

Fluoride Sign anti magnitude of releuant 
couphg constunts (Hz) 

3,4,6-Tri-0-acetyl-2-bromo-2-deoxy- 
/3-D-glucopyranosyl (l)= 

3,4,6-Tri-0-ace@-2-bromo-2-deoxy- 
a-D-maLmopyrBnoSyl (2)= 

2,3-Di-O-acetyl4,6-O-bemylidene-a-o- 
glucopyranosyl(3)” 

2,3-Di-O-acetyl4,6-0-benzylidene-/3-D- 
glucopyraoosyl(4)f 

Tetra-O-acetyl-a-o-glucopyranosyl(5)” 
Tctra-0-acety1-~-D-gluc0pyran0sy1(6)* 
Tri-0-acetyl-B-D-arabinopyranosyl (7)b 
Tri-0-acetyl-2-deoxya-D-arc76ino- 

hexopyranosyl (8)” 

Tri-0-acsryl-~-D-ribopyrnosyi (9)* 
Tri-0-acetyl-a-D-xylopyrsyl (IO)* 

J&F+50.2; &,~+2.85; &?+1.50 

Jl,F+53.0; Jz,F+24.0 

Jl,F+53.4; Jz,F+ 11.6 

J1,~+52.8; JQ+23.8 

Jl,F+52.5; 5&F+12.0 
Jl,F+54.0; J23+23.9 
Jlp+51.4; J2=,~+5_0; Jz~+3&0; 

J1,2e+ 1.6; Jl,~a+2.85; J&.2a-13.9; 
&,3-i-5.2; Jza,3+10.8 

Jl,F+49.5; J2,~+7.1 

J,,F+%.~; J2,~+23.7 

RMeasured in chloroform solution. *Measured in acetone solution. 
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R” = Hi). Again, the relatitie signs of .& and JP,2 are the same, as irradiation of the 
low-field transitions (5,6) of the H-l resonance effects decoupling of the low-field 
transitions (9,lQ an&l I&12)- of the H-2 resonance. 

All of the homonuclear-decoupling experiments performed on derivatives 1 
to 10, summarized in Table II, indicated that the relative signs of JF,l and JF,= are 
the same, and we were interested in placing these observations on an absolute basis. 
Because it was already kn~wn’~-‘~ that vi&al lH-‘1~ couplings are absoZuteZy 
positive in sign, this objective could be achieved by determining the reZatiue signs 

of JF.I and JI,z- This would invoive se&ctive irradiation of part of the “F spWrurn 
while the H-2 resonance was being observed; 3,4$6-tri-O-acetyl-2-bromo-2-deoxy-cc-D- 
mannopyranosyl fluoride (2) had spectral properties at 60 MHz that were suited to 
such an experiment (see Fig. 2A). 

4.0 4.5 5.0 5.5 T 6.0 

Fig. 2. Partial. 60-MHz p.m.r_ spectrum of 3,4,6-tri-O-acetyl-2-bromo-2-dexy-a-D-mannopyranos.yl 
fluoride (2) in chloroform solution; (A) normal spectrum; (B) and (C), with irradiation at the fluorine 
frequency to effect optimal decoupling of the H-l and H-2 resonances, respectively. 

Initially, the lgF resonance frequency of 2 was located by sweeping the “F 
decoupler output until complete decoupling of the ‘H spectrum was observed. It may 
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be seen from Figs. 2B and 2C that the power output of our decoupler was not suffi- 

ciently great to decouple simultaneously the H-l and H-2 resonances from the 9uorine 

spectrum*. Thus, in Fig. 2C, where the “F frequency had been chosen for optimal 

decoupling of the H-2 resonance, the H-l resonance is only partiahy decoupled, with 

each of the two “parts” of the resonance displaced towards the completely decoupled 

position, which is shown in Fig. 2B. 

Having in this way located the approximate frequency of the “F resonance, 

two selective-irradiation experiments were performed; the results are shown in Fig. 3. 

The lgF frequency was so selected (see Experimental Section) that transitions 3,4 

4.0 4.5 5.0 5.5 TSO 

Fig. 3. (A) ‘SF Resonance of 3,4,6-tri-O-acetyl-2-bromo-2-deoxya-D-ma;mopyranol fluoride (2) 
in chloroform solution; (ES) 1H spectrum of 2, showing effect of &radiating lQF transitions 3.4; 
(C) 1H spectrum showing effect of irradiating lgF transitions 1,2. 

*It should be remembered that these experiments were performed -under field-sweep conditions, so 
that the lQF decoupling frequency was &wept while the 1H spectrum was scanned. To effect decoupling 
of both H-l and H-2 for the same setring of the SD-60 decoupler would require a power output at 
least as great as the sum of the bandwidth of the lsF resonance (53 Hz), the chemical-shift separaiion 
between H-l and H-2 (76 Hz), and the bandwidth of the H-2 resonance, that is, a total of 138 Hz. 
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could be irradiated (see Fig. 3B), and the power ouptut (Hz) was so selected that 
(HZ) > (Jr.2) + ~(JF,I + J,,z + J&, that is (HZ) > 12 Hz; this effected collapse 
of the high-field transitions* (lo,12 and 14,16) of the H-2 resonance. In a subsequent 
experiment (see Fig. 3C), irradiation of transitions 1,2 resulted in collapse of transitions 
9,ll and 13,15**. Inspection of the spin-state assignments shown in Table III indicate 
that the above experiments are consistent with the possibility that JF,l. and J1,2 
have the same relative sign. Since homonuclear decoupling had already indicated that 
JF,l and JF,2 have the same relative signs, and we know that vicinal ‘H-lH couplings 
are absolutely positive, it follows that J F,l and JFa2 are also absolutely positive. We 
made no attempt to apply this heteronuclear-decoupling method to other derivatives, 
and have assumed, in normalizing all of the values given in Table III, that all other 
couplings follow the pattern observed for compound 2. 

TABLE III 

SPIN-STATE ASSIGNhfJ5NTS FOR THE 1sF, H-l, AND H-2 RESONANCES OF 3,4,~~-0-ACETnROMO-2- 

DEOXY-O-D-MANNOPYRANOSYL FLUORIDE (2) 

Spin states of 
neighboring nuclei 

19F H-I H-2 

Transition number 

1sF 
H-l 
H-2 
H-3 

It may be inferred from the above discussion that the signs of vicinal “F-‘H 
couplings are not subject to an angular dependence, at least as far as angles of ca. 60 
and 18Oo are concerned. Further studies ” have shown that the same is true for 
dihedral angles of cu. 0 and 120”. The positive sign is consistent with previous deter- 
minations of relative sign of non-carbohydrate derivativeslS and with a recent 
a&sol&e determination of sign onlg CHCI,F and another onZo CH,F. It would still 
be of interest to determine the sign of a vicinat ‘gF-lH coupling between substituents 
separated by ca. 90”, for which there remains the possibility21 of a change of sign. 

*See Fig. 4 for a fulI assignment of the 1H transition numbers. 
**It may be seen from Figs. 3B and 3C that the H-l transitions are more strongly perturbed in the 
first experiment (Fig. 3B) than in the second (Fig. 3C); this observation is consistent with the assign: 
ment made above for the two selective-irradiation experiments. Consider the situation in these 

field-sweep experiments as the change in magnetic field (He) brings He towards the lsF resonance, 
and HI towards the 1H spectrum. In the experiment designed to irradiate transitions 3,4 whiIe H-2 
is observed, it is clearly possible for Hz to perturb the fsF spin-states while the H-l rcsonance?is 
being observed. It can be imagined that HI reaches the 1H spectrum as I& approaches the 1sF 
spectrum, and thus HI will detect all possible perturbations of the 1sF spectrum, including the desired 
decoupling. However, when XZa is chosen for the irradiation of transitions 1,2, HI has already been 
swept through the 1H spectrum as far as the H-2 resonance itself, before Ha has reached the zPF 
spectrum, and is thus neverinposition to detect the spurious perturbations induced in the lH spectrum. 
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All of the homonuclear determinations of sign described in this and the previous 
paper’ have utilized the frequency-sweep method. However, al this time, many 
carbohydrate laboratories have access only to 60-MHz&&d-sweep, n.m.d.r. apparatus, 
and it seemed worth while to demonstrate that relative signs can be determined quite 
readily with such equipment. The results of field-sweep, homonuclear determinations 
of sign on fluoride 2 are shown in Fig: 4. Transitions 5-8 correspond to the H-l 

4.0 4.5 5.0 5.5 - 7 6.0 

Fig. 4. Partial, 60-MHz p.m.r. spectra of 3,4,6-tri-O-acetyl-2-bromo-2-deoxya-D-mannopyranopyranosy 
fluoride (2) in chloroform solution: (A) normal spectrum; (B) with simultaneous irradiation o 
transitions 7,8; and (C) with simultaneous irradiation of transitions 5,6. Both (B) and (C) are field- 
swept, decoupled spectra. 

resonance, and transitions 9-16 correspond to H-2; the spin states of these resonances 
have already been ascribed in Table III. It may be seen that irrauiation of the higher- 
field transitions of H-l (7,8), which correspond to F = fl, results in the collapse of 
the higher-field transitions of H-2 (11,12 and 15,16), which also have F = /3 (see 
Fig. 4B). Thus, JF,1 and JFS2 have the same relative sign. This conclusion is verified 
in Fig. 4C, where irradiation of the lower-field transitions 5,6 results in a collapse 
of the lower-field transitions (9,lO and 13,14). The principal disadvantage of this 
field-sweep methou I. that there is no indication on the spectrum itself of the precise 
point of irradiation; thus, considerable care must be exercised in selecting the fre- 
quencies of the audio-oscillators used for generating the decoupling field (Hz) in 
such experiments. 
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AEisTRAc-r 

Hydrolyses of a- and B-D_glucopyranosyl, a-D-galactopyranosyl, a-D-xylo- 
pyranosyl, and P-L-arabinopyranosyl fluorides with perchloric acid and sodium hydr- 
oxide have been investigated over a range of temperatures and concentrations_ All 
acid hydrolyses show pseudo-first-order kinetics and, except for @-D-glucopyranesyl 
fluoride, a dependence of log,,(rate) on He with slopes of -0.76 to -0.85, and have 
positive entropies of activation, suggesting an Al mechanism. The relative rates ~of 
hydrolysis are similar to those of the corresponding methyl glycopyranosides and 
suggest the same cyclic carbonium-ion intermediate. &D-GIUCO~~EUIOS~~ fiuoride, 

in which the hydroxyl at C-2 is trans to the fluorine, has a negative entropy of acti- 
vation, and hydrolysis may involve an intramolecular A2 mechanism. The alkaline 
hydrolyses present three different cases. a-D-Xylopyranosyl and /3-L-arabinopyranosyl 
fluorides react initially with pseudo-first-order kinetics to give the free sugar as the 
only primary product. A plot of log&ate) against pH gave a slope close to 1.0, 
and the fluorides appear to react with nucleophilic attack of hydroxyl ion. a-m 
Glucopyranosyl and a-D-galactopyranosyl fluorides also give pseudo-first-order 
kinetics initially, and show a fair dependence of log&rate) on H_ with slope 1.0 over 
the range 1.0 to 5.0~. These fluorides give a mixture of free sugar and 1,6-anhydrc- 
P-D sugar as the products, and two simultaneous reactions probably occur, one 
involving direct nucleophilic attack by hydroxyl ion at C-l, and the other involving 
equilibrium ionization of the hydroxyl group at C-6 followed by intramolecular 

attack. /3-n-Glucopyranosyl fluoride reacts 5000 times faster than the a-anomer, 
necessitating the use of second-order kinetics. The product is I&anhydro-B-D- 
glucose, and the reaction must proceed through a 1,2-epoxide. All of-the alkaline 
hydrolyses studied showed a negative entropy of activation. 

It has recently been shown’ that glycosyl fluorides are substrates for the cor- 
responding glycosidases. Hydrolysis of glycosides by glycosidases probably involves 
concerted acid and base catalysis2, and in an attempt further to ‘understand. this 
process and. the hydrolysis of glycosyl fluorides, data concerning the rates of reaction 
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GLYCOPYRANOSYL FLUORIDES 23 

ghrcopyranosyl fluoride and for one acid and one alkaline condition on some of the 
sugars to check that the rates calculated from the polarimetric data corresponded 
to the release of fluoride. 

Chromatography. - The products of each hydrolysis were deionized with 
either Amberlite IR-12O(H’) resin (alkaline hydrolyses) or Amberlite MB-l resin 
(acid hydrolyses), and chromatographed on Whatman No. 1 paper with butyl 
alcohol-ethanol-water (4: 15, organic layer) or ethyl acetate-pyridine-water 
(12050:40). Sugars were detected by alkaline silver nitrate. 

RESULTS 

Identification of products. - The only product of acid hydrolysis appeared to 
be the free sugar. The products of alkaline hydrolysis were more complex. 

Spots corresponding to the 1,6-anhydro-j?-D sugar (hexoses only) and free 
sugars were obtained_ In most cases, there were also weak spots corresponding to 
epimeric sugars and the corresponding ketoses, together with a weak, slower spot, 
tentatively identified as the saccharinic acid. Similar products, with the exception of 
the 1,6-anhydro sugars, were obtained from the dissolution of the corresponding 
sugar in alkali. The proportion of free sugar was estimated from the value of the 
final rotation_ The final ratios of free sugar to anhydro sugar at 20” in 0.2~ sodium 
hydroxide were: a-D-glucopyranosyl fluoride, 30:70; cx-D-galactopyranosyl fluoride, 
25:75; and for fl-D-glucopyranosyl fluoride at lo”, with initially 0.02~ sodium 
hydroxide, 2O:SO. 

Kinetic data. - Pseudo-first-order kinetics were obtained in all cases except 
that of /3-D-glucopyranosyl fluoride in alkali, for which good second-order kinetics 
were obtained. Pseudo-first-order rate-constants (k,) were calculated either from the 
expression In (at-a,) = k,t+C, or by the method of Swinboume” which does 
not require a value of the rotation at infinite time. The latter method was used for all 
alkaline hydrolyses, where the initially formed free sugar isomerized slowly. Either 
method generally gave the same rate constant. 

Generally, determinations of k were not duplicated, but when they were, 
reproducibility was within 2%. Occasionally, reproducibility was only within 5%. 
Individual plots used to determine k showed no significant departure from straight 

lines. There was good agreement, within the accuracy of the latter method @-lo%), 
between the polarimetric and fluoride ion methods. 

The variation of rate of hydrolysis of fluorides with different concentrations 
of perchloric acid (Table I) or sodium hydroxide (Table II) was determined. Piots of 
log,,k, against the Hammett acidity function 11~f2 (Ho) gave straight lines for the 
fluorides tested (Fig. 1). The slopes (m) were: cc-D-glucopyranosyl fluoride, 0.76; 
a-D-galactopyranosyl fluoride, 0.84; a-D-xylopyranosyl fluoride, 0.77. The true 
rate-constant (k2) was derived from the pseudo-first-order rate-constant (k,) by 
using the reiationship log,,k, = log,,k, -mH,, where Ho is the Hammett aci.dity 
function, (k2 = kI when Ho = 0). It was assumed that this relationship held at 
each temperature in calculating the kinetic parameters log,a A, E, and 5’. 
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TABLE I 

VARIATION OF FIRST-ORDRR RATE CoNSl-ANT WlTH CONCENTRATION OF PERCHLORIC ACID AT 20’ 

Normality 0.5 1.0 2.0 3.0 
PH 0.3 0.0 -0.3 -0.48 
Ho 0.3 -0.11 -0.70 -1.13 

a-mGlucopyranosyl_?iuoride 
kl, SC-1 (X 105) 

Iol3l&1+5 

7.36 16.5 35.0 95.2 
0.867 1.218 1.544 1.979 

a-m Galactopyranosyl fluoride 
kl, se& (x 105) 

lomlh + 5 

28.3 67.0 188.5 433 
1.452 1.826 2.275 2.637 

a-D-Xylopyranosyifluoride 
kl, s&-l (x 105) 

logl&+5 
30.7 63.5 167 377 

1.487 1.803 2.223 2.576 

TABLE II 

VARIATION OF FIRST-ORDER RATJ? CONSTANT WITH CONCEFTTON OF SODIUM HYDROXIDE ION AT 6.5O 

Normality 
PHW + 1omolGHl 
H-(NaOH) 

a-D- Ghwpyranosyl fluoride 
kl. set-1 (x 105) 
loimh + 5 

a-D- Galactopyranosyl jhoride 
kl, SC-1 (X 105) 
loislllh+ 5 

/I-L-Arabinopyranosylfluoride 
kl, se+ (X 105) 
log1oh + 5 

a-D-XylopyratwsyZ fluoride 
kl, xc-1 (x 105) 
mlf.lk1+5 

0.2 1.0 2.0 3.0 4.0 5.0 
13.47 14.17 14.47 14.65 14.77 14.87 

14.00 14.36 14.64 14.93 15.14 

1.98 20.7 69.5 136 202 311 
0.287 1.316 1.842 2.134 2.305 2.494 

4.49 64.7 206 435 607 1177 
0.653 1.811 2.314 2.638 2.783 3.071 

9.1 69.6 168 227 340 455 
0.959 1.843 2.224 2.356 2.532 2.638 

694 36.5 55.6 69.7 79.4 90.9 
0.814 1.562 1.745 1.844 1.900 1.959 

The alkaline hydrolysis of /k+gkcopyranosyl fluoride followed second- 
order kinetics. The rate constant was obtained from the equation k(a4))t 
= lnb/a + ln(a--x)/@ -x), where a and b are the initial molar concentratious, and x 
the amount reacted after time 2. 

At 6.5q all the other fluorides showed dependence of rate on sodium hydroxide 
concentration (Fig. 2). A straight-line relationship between Iog,,k, and log,,~OE-] 
was obtained for each fluoride other than a-D-xylosyi fluoride, where the rate was 

Carbofzyd. Res., 9 (1969) 21-31 



GLYCOPYRANOSYL FLUORIDES 25 

low at high concentrations of sodium hydroxide. The sldpe for B-L-arabinopyranosyl 
fluoride was 1.2, and the initial slope for a-D-xylopyranosyl fluoride was -1.0. The 

Ho 

Fig. 1. Plot of log&l at 20° against the Haxnmett acidity function, Ha, for the perchloric acid 
hydrolysis of glycopyranosyl fluorides. A- A, a-v-Galactopyranosyl fluoride: q -----_I7, 
a-D-xylopyranosyl fluoride; e-e, a-D-glucopyranosyl fluoride. 

hexosyl fluorides, however, gave a slope of 1.6. Above N sodium hydroxide, these 
fluorides gave a reasonable straight line of slope 1.0 on plotting13 logl,kl against EL, 
the alkalinity function14 for sodium hydroxide at 20" (Fig. 3). 

3.0 

3.0 

2.5 
- 

v 

2.0 A 

8 

/ 

v 0 

1.0 s- 

2.0 

AT g 1.5 
Q 

g 

: 

,I/, . , , , . , 
0 

i 3.4 14.0 150 14.0 14.0 15.0 
P& + W,, pfl HA 

Fig. 2. Plot of Iog10k1 at 6.S” against pk,+log~o[OH-] for the sod& hydroxide hy&oIysis of glyco- 
pyranosyl fluorides. A -A, a-D-Gafactopyranosy1 fluoride; Q-----o, a-Is-glucopyranosyl 
fluoride: Ic---_R j%tarahiiopyranosyl fluoride: o-----_I7, ar-D-xy~opy~ranosyl fiuoride. 

Fig. 3. Plot of Iog&lat 6.S” against the aIkaIinity function, H-. for aqueous sodium hydroxide at ZOO. 
A- A, a-D-Galactopyranosyl fiuoride: O-0, a-D-gkxcopyranosyl fluoride. The straight 
lines are ties of slope 1.0 drawn through the points. 

The rates of hydrolysis in 98% deuterium oxide are given in Table V. 
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PSEUDD-FIBST-DBDEB RATE-CONSTANTS AT TBbiPEBAlrJREs BETWEEN 6.5 AND 44.3O FOR THE ACID OR 

ALKALINE HYDROLYSIS OF GLYCOPYRANOSYL FLUORIDES 

Acid (0.5~ perchloric acid) 

Temperature, “C 6.5 15.1 20.0 30.1 40.1 44.3 loi?IoA E 
I/c”K(x 103) 3.575 3.468 3.410 3.297 3.192 3.150 

a--~- Ghtcopyranosyl fhtoride 
kl, SC-~ ( x I@‘) 1.28 3.91 7.37’= 29.8 111 236 14.24 24.2 

40.5 ;0.7 
logtok + 5 0.107 0.593 0 868 1.475 2.046 2.373 

B-D- Ghrcopyranosyl fluoride 
kl, se& (x 105) - - 29.2 88.2 234 - 10.92 19.0 

f0.4 10.5 
logr&1+ 5 - - 1.465 1.946 2.369 - 

ASz 

+a.4 
f2.3 

-5.4 

f1.7 

a-u-Galactopyranosyl fhtoride 
kl, se& ( x 105) - 14.1 27.8 131.8 375.8 739 14.84 24.2 

f1.4 f0.9 
log1ok1+ 5 - 1.148 1.444 2.120 2.575 2.869 

+9.8 
67.0 

/l-r-Arabinopyranosyifluoride 
A, se& (x 105) - 45.3 95.2 380 1175 2487 15.41 24.3 

&-o-s *to.7 
1w10k1+ 5 - I .656 1.979 2.579 3.070 3.396 

i-12.0 
AZ.5 

a-D-XyIopyranosyl jhtoride 

kl, set-l (x 105) 7.0 11.2 30.8 81.3 360 718 15.3 22.2 
+0.5 Al.7 

10g1&1+~ 0.845 1.057 1.488 1.910 2.556 2.856 

+i1.5 
&l-8 

Alkali (0.2~ sodium hydroxide) 

a-D-Ghtcopyranosyl fluoride 
kl, se+ (x 10s) 1.94 3.85 7.46 26.! 70.3 106 Il.38 19.4 

io.5 *to.7 
Iog1ok1+ 5 0.287 0.586 0.872 1.417 1.847 2.026 

-6.4 
i-2.4 

a-D-Galactopyranosjrl fluoride 
kl, set-1 ( x 105) 4.49 10.7 21.5 66.0 171 240 11.64 19.0 

hO.3 &to.4 
lom&+ 5 0.652 1.030 1.332 1.820 2.233 2.380 

-5.2 
f1.4 

,%L-Arabinopyranosyfjluoride 
h,sec-1(x 10s) 9.1 26.4 37.8 126 258 414 10.61 17.6 

kO.4 ho.5 
log1&1+ 5 0.959 1.422 1.578 2.102 2.411 2.617 

- 10.0 

kl.8 

a-n-Xylopyranosyl fluoride 
kl,se&(X 105) 6.94 14.0 23.9 79.9 175 202 9.59 16.7 

;0.6 ho.8 
h31&1+~ 0.841 1.146 1.378 1.903 2.243 2.305 

- 14.6 
*2.9 

=At 19.6’C. 
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TABLE IV 

SECOND-ORDER RATE-C!ONSTANTS AT TEMPERATURES amwEEN 1.6 AND 15.0’= FOR &D-GLUCOPyKANOSYL 

FLUORIDE 

Temperature, “C 1.6 6.5 10.3 15.0 IwmA E AS% 
l/r% (x log 3.639 3.575 3.526 3.410 
kz,sed 0.70 0.76 0.95 1.43 2.58 10.42 13.25 - 10.8 

AO.6 SO.8 12.9 
lOlzldc2 + 1 0.845 0.881 0.978 1.155 1.412 

TABLE V 

PSEUDO-FIRST-ORDER RATFi-CONSTANTS FOR GLYCOPYRANOSYL FLUORIDE HYDROLYSIS BY ALKALI 

(0.20N SODIUM HYDROXIDE) IN WATER AND DEUTERIUM OXIDE (98%) AT 20O 

kl x lOs, xc-1 ratio kn,olk~~,o 
water deuterim oxide 

a-D-Glucopyranosyl fluoride 
a-D-Galactopyranosyl fluoride 
/?-L-Arabinopyranosyl fluoride 
a-D-Xylopyranosyl fluoride 

2.0 2.88 1.44 
5.7 8.17 1.43 
9.8 12.4 1.26 
8.95 10.2 I.14 

The activation parameters were calculated by using the data in Tables III and IV 
from the equation Ink, = InkTlh - E,iRTtASSfR, where k2 is the absolute rate 
constant calculated from the pseudo-first-order rate-constant kl (assuming that the 
variation with sodium hydroxide concentration at 6.5” held at each temperature); 
k is the Boltzman constant, II is Plan&s constant, and T is the absolute temperature. 
Plots of log,& against l/T were presumed to be linear, and the gradients and inter- 
cepts were determined by the method of least squares. The calculated standard errors 
for 100 =&, E, and AS* are given. The parameters for a--D-glucopyranosyl and CC-D- 

galactopyranosyl fluorides are the sum of two competing reactions. 

DISCUSSION 

Acid hydrolyses. - Acid-catalysed reactions can proceed by two types of 
reaction. 

X+H+ z$ XHf (equilibrium) 
XH+ -4 Y+ (slow) 

I 

Al 
Y+ +H20 + Products (fast) 

X+H+ ZS= XH+ (equilibrium) 
XHC -t-H,0 + Products I 

A2 

Since the AI mechanism does not involve water in the rate-determining step, the 
rate should give a linear correlation with the Hammett acidity function which is 
an experimental measure of the ability of the solution to protonate a base. At high 
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concentrations of acid, this increases more rapidly than the hydrogen ion concentration. 
In contrast, the rate of reactions following the A2 mechanism, which depends on the 
activity of water, appears to follow the hydrogen ion concentration, and the rate 
correlatesr5-” with pH. The two types of reaction have also been distinguished by 
the value of the entropy of activation ‘s The constrained transition state of the A2 . 
mechanism would be expected to give a low, probably negative, value, and the Al 
mechanism a high, probably positive, value. 

The dependence of the acid hydrolyses on He rather than on pH agrees with 
the earlier investigation on &arabinopyranosyl fluoride4, and, together with the 
positive entropies of activation, suggests the Al mechanism. The plots of log,& 
against He gave slopes of -0.76 to -0.85 rather than 1.0 (Fig. 1). These values are 
similar to those found for per&lo& acid hydrolysis of methyl glycopyranosides17Jg 
and other reactions for which the Al mechanism is suggested18. There is no reason to 
suspect that the mechanism of the acid hydrolysis of 1,2-cis-glycopyranosyl fluorides 
is different from that proposed for the acid hydrolysis of methyl glycopyranosides. 
This would involve protonation of the fluorine atom, followed by elimination of 
hydrogen fluoride and formation of a cyclic carbonium ion as the rate-determining 
step, followed by rapid attack of a water molecule. Much of the evidence for the 
cyclic nature of the carbonium ion derives from a comparison of the relative rates 
of hydrolysis of the various methyl glycopyranosides which are largely explained by 
the relative ease of formation of the half-chair form of such an ionzoVz2, although 
electronic23*24 effects can be important. The rates relative to glucose for the two series 
of methyl glycopyranosides and glycopyranosyl fluorides are very similar. The 
values22 for methyl glycopy ranosides are: a-D-glucose, 1.0; a-D-xylose, 4.5; a-m 
galactose, 5.2; and fl-L-arabinose, 9.0. The values for glycopyranosyl fluorides are: 
or-D-glucose, 1 .O; a-D-xylose, 4.3 ; a-D-galactose, 4.4; and /3-L-arabinose, 12.7. These 
ratios seem to confirm the similarity of mechanism. 

In contrast, the higher rate of hydrolysis of the &r+glucopyranosyl fluoride 
compared with the a-anomer is associated with a considerable decrease in activation 
energy, together with a decrease in the entropy of activation to -5.4. This suggests 
that, for this compound, the mechanism may change to involve the trans hydroxyl 
group at C-Z in a nucleophilic attack, forming an intermediate 1,2-epoxide. A similar 
change in mechanism to an A2 type has been proposed for the alkyl furanosides, 
where a drop in entropy of activation compared with the pyranosides is associated 
with a decrease in activation energy2s. 

Alkaline hydrolysis. - The alkaline hydrolyses of the fluorides tested present 
three different situations. The pentopyranosyl fluorides give the free sugar as the only 
primary product, whereas a-D-glucopyranosyl and a-D-galactopyranosyl fluorides, 
in which the hydroxyl group at C-6 is favourablyplaced for intramolecui’ar attack, 
give preponderantly the 1,6-anhydro sugar, together with some free sugar. The 
1,6-anhydro sugar is also the preponderant product from /3-D-glucopyranosyl fluoride, 
in which the fluorine atom is trans to the hydroxyl group at C-2. Here, a 1,Zepoxide 
must be formed, which is then attacked by the C-6 hydroxyl group. 
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The pentosyl fluorides must undergo nucleophilic attack by hydroxyl ion at C-l _ 
The kinetic data support this suggestion, since the plot of log,,k, against pK, 
+loglo[OH-] gives a straight line having slope 1.2 for /3-L-arabinosyl fluoride and 
slope 1.0 for or-D-xylopyranosyl fluoride initially (Fig. 2). The rate at high concen- 
trations of sodium hydroxide falls below this line in the latter case. The difference 
in behaviour between the two fluorides is difficult to interpret. A possible explanation 
is that., at higher concentrations, the hydroxyl ions are associated, but that in /I-L- 

arabinopyranosyl fluoride, the axial hydroxyl group at C-4 can form a hydrogen bond 
to the attacking hydroxyl group. The negative entropies of activation support the 
SN2 type of reaction mechanism. 

The nature of the preponderant products of alkaline hydrolysis of a-D-gluco- 

pyranosyl and a-o-galactopyranosyl fluorides, that is the 1,6-anhydro sugars, shows 
that the C-6 hydroxyl group must be involved in the attack at C-l. The initial step, 
therefore, must be the ionization of the hydroxyl group at C-6, and the rate-limiting 
step eithef the abstraction of the proton from this hydroxyl group, which might be 
expected to give a plot of log,&, similar to that found for the pentopyranosyl fluorides, 
since both involve nucleophilic attack by hydroxyl ion, orb the attack of the C-6 
hydroxyl group on C-l. In the latter case, the rate would be proportional to the 
effectiveness with which the hydroxyl group was ionized. 

OH- tXH = X- (equilibrium) 
x- -+ Y- (fast) 

A plot of log,& would be expected to corre!ate’3*14 with the alkalinity function 
H_, which increases at a rate greater than logIo[OH-1, in a similar way to the cor- 
relation with H,, in the Al mechanism. The correlation of the experimentally deter- 
mined H- is fair for both a-D-glucopyranosyl and a-D-galactopyranosyl fluorides 
over the range 1 .O to 5.oN sodium hydroxide, giving slopes of 1 .O (Fig. 3). The increase 
in rate from 0.2 to N sodium hydroxide is, however, much greater than expected. 

The rates of reaction in deuterium oxide (Table V) show a clear division into 
two groups, and, in each case, there is an increase in rate. This can be attributed to the 
greater nucleophilicity or greater basicity of the deutero-oxide, rather than hydroxide, 
ion in the hydrolysis of the pentosyl or hexosyl fluorides, respectively_ 

Analysis of the products of the alkaline hydrolysis of the hexopyranosyl 
fluorides showed the presence of the free sugars. Since the 1,6-anhydro sugars are not 
rapidly hydrolysed under the conditions used, it is clear that direct attack of hydroxyl 
ion, as suggested for the peniosyl fluorides, must occur as a competing reaction. 
Since the formation of l&anhydro sugar follows H-, which increases rapidly with 
alkali concentration, whereas the direct attack appears to follow the hydroxyl ion 
concentration, this explains the previous qualitative observation that the free sugars 
are formed in dilute alkali and the 1,Qanhydro sugars in strong alkdi3*6*26. 

Since the variation of rate with temperature had to be obtained at 0.2N sodium 
hydroxide, and since the rates at higher concentrations were too rapid, the activation 
data are the sum of both reactions in which anhydride formation predominates. The 

Curbohyd. Res., 9 (1969) 21-31 



30 J. E. G. &%RNFZT 

entropies of activation were negative for both fluorides, indicating a constrained 
transition state. The enhanced rate of the galactose derivative over the glucose must 
reflect the ease of attaining this state which requires conversion of the sugar into the 
~C(D) form, in which glucose has all axial hydroxyl groups and galactose has one 
equatorial group. 

j?-D-Glucopyranosyl fluoride reacted at a much greater rate than the other 
fluorides, and the rate was -only measurable under second-order conditions. The 
effect on rate of high concentrations of alkali could therefore not be measured. Here, 
also, traces of free sugar were found as well as the 1,6-anhydro sugar, indicating some 
competition. The greatly enhanced rate (x 5000) of hydrolysis of the fluoride compared 
with the sr-anomer, despite the identity of product and similarity of starting material, 
is a good example of neighbouring-group participation and provides a good analogy 
with an enzyme reaction, which can be regarded as an intramolecular reaction. The 
high reaction rate, together with the overall retention of configuration, indicates that 
a 1,Zepoxide is first formed. This must facilitate attack by the C-6 hydroxyl group 
on C-l. The rate-limiting step could be either of these reactions, since the high overall 
rate made further analysis of the reaction impossible. Since the reaction of a-D-gluco- 
pyranosyl fluoride is also intramolecular, but very much slower, it seems possible 
that the attainment of the half-chair form by the epoxide brings the C-6 hydroxyl 
group into a more favourable position for attack. 

The high, relative rate of this hydrolysis indicates that the 1,2-epoxide, which 
has been proposed as a possible intermediate in the enzymic hydrolysis of glycosides”, 
should not be discounted. 

The I5gh rate of alkaline hydrolysis of glycopyranosyl fluorides shows that the 
mechanism previously proposed for their hydrolysis by glycosidases should be 
extended to include the possibility of concerted acid and base catalysis. 
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ABSTRACT 

A spectrophotometric method is described for the direct determination of 
hexoses and 6-deoxyhexoses during the oxidation of carbohydrates with periodate. 
The method is illustrated by the measurement of residual sugar in the oxidation of 
glucosides and the polysaccharide nigeran. An automated procedure is described and 
employed to monitor the oxidation of maltitol and lactitol with periodate. 

IN-KRODUCI-IOPJ 

Certain sugar residues in carbohydrates can survive’ oxidation with periodate 
due to their position of substitution. Any residue containing no vicinal hydroxyl 
groups (e.g., a 3-G or a 2,4-di-O-substituted hexopyranose) will be resistant to 
oxidation with periodate’. In structural studies of polysaccharides, it can be advan- 
tageous to allow incomplete oxidation and to determine the rate of disappearance of 
the sugar units. 

Unoxidised sugar residues cannot be determined directly by many of the usual 
spectrophotometric procedures, due to interference by aldehyde groups in the 
oxidised material. Similar difficulties may be encountered with the corresponding 
polyalcohol obtained by reduction, because of the glycolaldehyde fragment released 
from C-l and C-2 during acid hydrolysis. Hydrolysis of the polyalcohol. with sub- 
sequent separation of the fragments by chromatography, may be emplo_ , although 
the method is lengthy and not easily made quantitative’. Methanolysis of the poly- 
alcohol, followed by removal of glycolaldehyde as the volatile dimethyl aceta13, 
can be used to allow direct, calorimetric anaIysis by, for example, the phenol-sulphuric 
acfd method&. 

This paper describes a method for the direct spectrophotometric determination 
of hexoses and ddeoxyhexoses remaining in periodate-oxidation reactions. 

EXPERIMENTAL 

Determination of optimal concentration of GtiQdiite. - Aqueous sodium 
metabisulphite (WX-~.UOM, 0.10 mr) was added to stoppered test-tubes containing 
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periodic acid (0.01~, 0.20 ml). After 5 min, aqueous D-glucose (67 pg/rnl, 0.20 ml) 
was added, followed by a solution of L-cysteine hydrochloride monohydrate 
(0.07% w/v) in sulphuric acid (86% v/v, 2.5 ml). The solutions were heated for 3 min 
at lQ0” and then cooled to room temperature, and the absorbance was determined 
at 415 nm. A similar experiment was performed with M sodium metabisulphite 
(0.10 ml) and sodium metaperiodate (0-25m~, 0.20 ml). The results obtained are 
shown in Table I. 

TABLE1 

VARIATION OF RECOVERED D-GLUCOSE WITH BELAlWE CONCENTRATION OF BISULPHITB IN l-I% CYSTBINE- 

SULPHURIC ACID REACTION 

Bisulphite added @moles) per 
2 umoles of periodate 100 50 10 5 1 0 

Recovered D-plucose (%) 99 99 101 100 42 0 
Periodate added &moles) per 

100 ~moles of bisulphite 5 4 3 2 1 0 
Recovere.1 D-glucose (%) 103 100 97 103 98 100 

Sran&r&ed analytical procedure and calibrafion. - To aliquots (O-O.4 ml) 
of periodate-oxidation mixtures containing hexose (O-30 pg) and periodate (0-25mM), 
M sodium metabisulphite (0.10 ml) was added. After at least 5 min, a solution of 
L-cysteine hydrochloride monohydrate (0.07% w/v) in sulphuric acid (86% v/v, 2.5 ml) 
was added, the solutions were heated for 3 min at 100” and then cooled to room 
temperature, and the absorbance was determined at 415 nm. 

In calibration experiments, D-glucose (O-30& or r.-rhamnose (O-50& 
was added after destruction of periodate with bisulphite. Hexoses and 6-deoxyhexoses 
gave characteristic chromophores having 1,,, 415 and 400 mn, respectively. Mixtures 
of hexose and 6-deoxyhexose were resoived by solution of equations involving 
absorbances at 400 and 415 nm of reference and unknown solutions. Calibration 
graphs and absorption spectra are shown in Fig. 1. 

Glyoxal, glyceraldehyde, glycolaldehyde, glyoxylic acid, and glycolic acid 
did not give interfering chromophores or depress chromophore development in the 
analysis procedure, when present in ten-fold molar excess. 

Oxidation ofglycosiides withperiohre. - Methyl a-r_-rhamnopyranoside solution 
(1.26rmi, 10 ml) was treated with periodic acid (O.OIM, 10 ml). The uptake of periodate 
was determined from the absorption at 222.5 nm, after dilution of an aliquot (0.40 ml) 
of the oxidation mixture to 25 ml with distilled water. The rhamnose content of the 
oxidation mixture was determined in aliquots (0.2 ml) by the standardised procedure. 
The results are presented in Table II. 

Methyl a-D-glucopyranoside and methyl a-D-mannopyranoside solutions 
(152 pg/ml, 10 ml) were treated with neutral&d periodic acid (0.015~, pH 7.5, 
10 ml). Aliquots (0.20 ml) of the reaction mixtures were withdrawn at lO-min intervals 
and added to M sodium metabisulptite (0.10 ml), and the glucose and mannose 
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TABLE II 

L-RIiAhUVOSE CONTENT OF hmnn a-mwArm OPYRANOSIDE DURING OXIDATION WITH PERiODATE 

Oxidation time (h) 0 0.25 0.5 0.75 1.0 1.25 
L-Rhamnose content (mole) per mcle of 

methyl a-L-rhamnopyranoside 1.00 0.69 0.46 0.32 0.23 0.20 
Oxidation time (h) 1.5 1.75 2.0 4.0 7.5 23.0 
L-Rhamnose content (mole) per mole of 

methyl a-L-rhamnopyranoside 0.12 0.10 0.08 0.04 0.02 0.00 
Periodate uptake (moles/mole) - - - 1.60 1.64 1.82 

contents were then determined as described previously. The results are presented 
in Table HI. 

TABLE III 

HEXOSE CONTENT OF PERIODAXE-OXIDATION ImxTuREs OF hIEtHYL I-IEXOPYRANOSIDES 

Oxidation time (min) 
D-Glucose (mote) per mole of 

methyl a-D-ghcopyranoside 
D-Mannose (mole) per mole of 

methyl a-D-mannopyranoside 

0 10 20 30 40 50 60 

1.00 0.99 0.94 0.95 0.88 0.85 0.83 

1.00 0.82 0.73 0.57 0.46 0.43 0.33 

Oxidation of nigeran. - Nigeran (11 mg) was dissolved in distilled water 
(50 ml), and the total glucose content was determined in aliquots (0.10 ml) by the 
cysteine-sulphuric acid method. A portion (10 ml) of the nigeran solution was mixed 
with periodic acid (0.01~~ 12.5 ml) and diluted to 25 ml with distilled water. The 
intact sugar residues were determined on rJiquots (0.20 ml) at intervals by the standard 
procedure. After 18 h, the glucose content was s+atonary at 48% by weight of 
“anhydro glucose”, with a periodate consumption of 0.50 mole/mole of “anhydro 
glucose”. 

An aliquot (20 ml) of the reaction mixture was neutralised (BaCOJ, and 
reduced by the addition of sodium borohydride (20 mg) during 2 h. Cations were 
removed by the addition of Dowex-SOWxS (Hf), and the solution was repeatedly 
evaporated with methanol in vacua. The residue was hydrolysed with N sulphuric 
acid (5.0 ml) for 3 h at 98”. The hydrolysate was neutralised (BaCO,), deionised with 
Dowex-SOWx8 @I+), and concentrated to 10 ml. An aliquot (5.0 ml) was fractionated 
by chromatography on Dowex-1x8 (molybdate form) at 50” in water5. By comparison 
with standard mixtures, the glucose to erythritol ratio was found to be 1.00~0.96. 

SeIectiue oxidation of maltitol. - (a) With sodium rnetaperiodate (0_41n@. 
Maltitol solution (2.1 lm~, 1.75 ml) was treated with sodium metaperiodate (4m~, 
5.0 ml), and the solntion was rapidly diluted to 50 ml with distilled water. Periodate 
uptake was followed in aliquots (0.20 ml) by determination of the absorption at 
222.5 nm after dilution to 1.0 ml. 
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Sugar content +gl 

350 4+0 

Wavelength 

Fig. 1. Calibrations and chromophore absorption spectra for the cysteine-suIphuric acid reaction 

of hexoses and 6-deoxyhexoses in periodate-oxidation mixtures. - - - -, r-Rhamnose; -, 
D-glucose. 

Oxidation time (h) 

Fig. 2. Oxidation of maltitol with sodium metaperiodate. (a) Oxidation with 0.4 mu sodium 
metaperiodate: --O-, periodate consumption; 4-, formaldehyde production; --Bi-, glucose 
unoxidised. (b) Oxidation with 2Om~ sodium metaperiodate: -O-, glucose unoxidised. 

The formaldehyde released was determined for aliquots (0.50 ml) by treatment 
with sodium arsenite solution (0.25~, pH 8.0, 0.50 ml), and, after removal of all 
aliquots, pentane-2,bdione (0.02~) in ammonium acetate (1 .OM, 1 .OO ml). The solutions 
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were heated for 3 min at 98” and cooled to room temperature, and the absorbance 
was then determined at 415 nm. 

The glucose content of the oxidation mixture was determined by the standard 
procedure using aliquots (0.20 ml) removed at intervals. 

(b) Oxidation with sodium metaperiodate (2OmM). - Maltitol solution (2.1 lmbr, 
0.35 ml) was treated with sodium metaperiodate (O.lOq 2.0 yl), and the solution 

was rapidly diluted to 10 ml with distilled water. The production of formaldehyde 
and the amount of unoxidised glucose were determined, as previously, on aliquots 
(0.1 ml) of the reaction mixtures. The results are presented in Fig. 2. 

Automated analysis of suga? residues resistant to oxiclirion with pqriodate. -The 
automated procedure employed identical reagents to those used in the manual pro- 
cedure. Technicon Autoanalyzer modular equipment was employed throughout, 
and a schematic representation is presented in Fig. 3. The periodate oxidation mixture 
was sampled continuously (0.10 ml/min) and mixed with sodium bisulphite solution 
(OS05 ml/min) over a period of 6 min. After removal of air, a proportion of the sample 
was continuously pumped (0.10 ml/min) and mixed with the cysteine-snlphuric acid 
reagent (0.53 ml/min). After being heated to 95” for 3 min, the reaction stream was 
cooled, and the absorption was determined at 420 nm. 

Cysteine- H$Od 

Calorimeters Recorder 

Fig. 3. Schematic representation of automated system for determination of form$dehyde and hexose 
in periodate-oxidation mixtures. Reagent composition and flow rates: (u) Formaldehyde determi- 
nation; air (0.23 ml/min), sample (0.10 ml/min), NaAsOs (0.25~, adjusted to pH 8.0 with HCI, 
0.16 ml/min), pentane-2&dione (0.02~) in ammonium acetate (M) and acetic acid (O.OW, 0.32 XIII/ 
min). (b) Hexose determination; air (0.10 ml/min), sample (0.10 ml/min), NaaSzO5 (M, 0.05 ml/min); 
recycled sample (0.10 mI/min), air (0.32 m@nin), L-cysteine hydrochloride (0.07% w/v) in sulphuric 
a&z @6% U{Y* a53 rn&nzn> 
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The formaldehyde released during the oxidation was measured by a standard 
procedure6 with a modified reagent composition and with omission of the periodate- 

. oxidation stage. 
Automated monitoring of formaldehyh production and hexose destruction in 

the oxidation ofmaZtitoZ and ZaczitoZ. - Maltitol or lactitol solution (2-l lm~, 1.75 ml) 
was diluted to 50 ml with distilled water. The solution was sampled into the automated 
analysis system at a total rate of 0.20 ml/min. After 25 min, sodium metaperiodate 
@NM, 0.20 ml) was added to the solution, which was continuously mixed with the 
aid of a magnetic stirrer. The production of formaldehyde and destruction of hexose 
are shown in Fig. 4. 

Periodote 

Glucase 

O- 

OJ 00 
Oxidation time (h) 

0 1 2 3 4 
Oxidation time (h) 

Fig. 4. Automated determination of formaldehyde production and hexose content in the oxidation 
of Iactitol and maltitol with periodate (0.4mhr). 

DISCUSSION 

In polymeric carbohydrates, C%e positions of glycosidic linkages may render 
individual monosaccharide residues stable to oxidation by periodate. Thus, a 3-0- 
substituted hexopyranose residue in a polysaccharide is resistant to oxidation, and 

the hexose may be obtained by acid hydrolysis. Direct measurement, using a simple 
spectrophotometric method, of intact sugar residues in oxidised polysaccharides can 
yield information as to the course of the reaction and the structure of the molecule. 
Direct methods of spectrophotometric analysis are made difficult by the necessity for 
removal of excess of geriodate, in order to avoid further destruction of sugar residues 
or the chromophores derived therefrom, and by the interference of polyaldehydic 
products. Periodate and iodate may be removed as the lead salts, but the method is 
cumbersome and time consuming, particularly with analytical procedures based on 
sulphuric acid, making the method unsuitable, for example, in rate studies. Destruction 
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of excess of periodate with sodium bisulphite is a-suitable alternative. The complete 
destruction of periodate (0-2Sm~) by bisulphite was confirmed by the addition of 
hexose to the reaction mixture. Analysis by a modified cysteirukulphuric acid 
method7 revealed a linear calibration (passing through the origin) for both hexose and 
6deoxyhexose, indicative of complete removal of excess of periodate. Glyoxal, 
glycolaldehyde, and glyceraldehyde did not give interfering chromophores and did 
not depress or elevate chromophore development. 

Determination of the residual rhamnose in the oxidation of methyla-I;-rhamno- 
pyranoside with periodate (5m~) showed complete loss of the characteristic rhamnose 
chromophore (Amax 400 nm) after 7.5 h, the periodate consumption at this time being 

1.64 moles/mole, rising further to a final value of 1.95. The complete loss of the 
characteristic chromophore provided further confirmation that the dialdehyclic 
(or internal hernia&al) products of oxidation do not give rise to interfering chromo- 
phores. Since the requirement for chromophore development in the cysteine-suIphuric 
acid reaction is the formation of 5-(hydroxymethyl)-2-furaldehyde or 5-methyl-2- 
furaldehyde, cleavage of only one vicinal diol group in the sugar ring is required to 
preclude chromophore development. Application of this procedure to the oxidation 
of methyl a-D-glucopyranoside and methyl a-D-mannopyranoside by .periodate 
(7Sm~) at pH 7.5 showed the different rates of oxidation of the two glycosides. 
The mannopyranose ring, containing cis vicinal hydroxyl groups, was 67% oxidised 
after I h, at which time the all-trans glucopyranose ring was only 17% oxidised. 

Oxidation of the polysaccharide nigeran**’ [(1+3)-a-n-glucopyrano-(1-+4)-a-~- 
glucopyranan] with periodic acid (5m~) showed a stationary value of 48% unoxidised 
“anhydroglucose” residues after 18 h, in agreement with the observed periodate 
consumption (0.50 mole per “anhydroglucose” residue) and the known structure. 
Reduction of the resulting polyaldehyde with sodium borohydride, followed by acid 
hydrolysis, gave glucose and erythritol in the molar ratio of 1.00:0.96, as determined 
by automated chromatography’ on Dowex-1x8 (molybdate), in agreement with the 
proportion of unoxidised glucose determined by the direct analysis method. 

The selective oxidation of certain disaccharides and disaccharide alcohols has 
been studied”, and the hexopyranose ring is reported to be resistant to oxidation at 

low concentrations of periodate (0.4m~). The present technique provides a rapid 
and more definitive method for a direct study of the oxidation of the non-reducing 
pyranose ring with periodate. Oxidation of mahitol with periodate (0.4m~) showed 
a rapid, initial uptake of oxidant and release of formaldehyde, with a low rate of 
destruction of the glucopyranose ring (Fig. 2). In contrast, complete destruction of 
the non-reducing glucose residue was evident after 4 h when the oxidation was per- 
formed with 2Om~ periodate. 

Automation of the technique enabled simultaneous determination of the form- 
aldehyde produced and the sugar remaining in periodate-oxidation mixtures. This 
provides a convenient method for measurement of these values with time of oxidation, 
the continuous sampling and analysis ensuring more reproducible results. Application 
of this technique to the oxidation of maltitol with periodate (0.4m~) revealed results 
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(Fig. 4) identical with those obtained manually. After the zero-time levels of glucose 
and formaldehyde had been determined, concentrated periodate was added (to a 
tial concentration of 0.4m~) to the continuously stirred solution, enabling the initial 
production of formaldehyde to be examined more readily. A comparison of the 
oxidation of maltitol and lactitol with periodate (0.4m~) demonstrated the effect of 
introducing a more readily oxidised vicinal ci_+diol group in the pyranoid ring of 
the disaccharide alcohol. After oxidation for 4 h, both lactitol and maltitol produced 
1.72 moles of formaldehyde per mole, the theoretical value for complete oxidation of 
the glucitoi portion of the molecule being 2.0. After this oxidation, 15% of the 
D-glucopyranosyl residues in maltitol had been oxidised, whereas 40% of the D-galacto- 
pyranosyl residues in lactitol were oxidised as a result of the more rapid oxidation 
of vicinal &-diols. These results indicate that, although there is a rapid initial 

oxidation of the glucitol portion of the molecule, oxidation of the pyranoside becomes 
signil?cant before complete oxidation of the glucitol is achieved, this being a more 
pronounced effect when the pyranoside contains a vicinal cis-diol group. 

The method described for direct measurement of intact residues of hexoses 
and S-deoxyhexoses in periodate-oxidation mixtures provides a rapid means for the 
determinatioil of periodate-resistant units in polymeric carbohydrates. The technique 
is of particular value in the measurement, either manually or automatically, of residual 
sugar units as a function of time. 
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ABSTRACT 

To assess the competition between reduction and elimination at each step in 

the peeling of the carbohydrate chains from blocd-group A, B, H, and Le” substances 
by sodium hydroxide-sodium borohydride, the amount of scission of some model 
compounds, namely, oligosaccharides containing the various sugar linkages in blood- 
group substances, was studied. The extent of cleavage was estimated by determining 
the reduced, eliminated residues by gas chromatography of their per(trimethylsily1) 
derivatives. P-D-Galp-(I +3)-D-GNAc (1) and j?-D-Gal& +3)-D-GalNAc (2) were 
found to be the most labile of such disaccharides, showing about 50 per cent cleavage. 
At 4”, reactions were slower, and there was less scission, than at 24”. j?-D-GNAW- 
(1+3)-D-Gal (5) is also labile, but is cleaved to a much smaller extent (7%). P-D- 
Galp-(144)-D-GNAc (3) and /3-D-GNAcp-(I -&)-D-Gal (4) are stable. The oligo- 
saccharides isolated from blood-group substances arc considered in terms of the 
extent of peeling to be expected from the results obtained with the model compounds. 
Products from the reducing residues of the disaccharides were observed by gas- 
liquid and paper chromatography. 

INTRODUCTION 

Sodium hydroxide-sodium borohydride and the corresponding deuterium 
compounds have recently been used extensively in studying the structure of glyco- 
proteins and mucopolysaccharides. These reagents yield reduced oligosaccharides 
from blood-group substances1-3 and salivary mucins4. Alkali has also been used for 
investigating the nature of the linkage between the carbohydrate and protein portions 
in these substances5 and in mucopolysaccharides 6. In blood-group substances, the 
release of carbohydrate chains from the protein by alkali is followed by degradation 
of the chains by a peeling reaction, to produce a series of oligosaccharides of various 
chain-lengths2*3*7. The nature and lengths of the oligosaccharides formed are governed 

*Present address: Departments of Biochemistry and Dermatology, College of Physicians and Sur- 
geons, Columbia University, New York, New York 10032, U.S.A. 
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by competition, at ea&h step of the peeling reaction, between reduction to give stable 
chains and elimination to produce chains that are one sugar residue shorter’. In an 
attempt to understand the pattern of oligosaccharides produced-from blood-group 
substances, the cleavage of some oligosaccharides as model systems for the degradation 
of blood-group substances has been studied. 

After t;2atment of a disaccharide with sodium hydroxide-sodium borohydride, 

three producti are possible: (i) reduced disaccharide (this is the only product formed 
from sn alkali-stable disaccharide), (ii) the eliminated residue in its reduced form, 
and (iii) the residue from the reducing end, after modification and reduction. In the 
present study, the extent of scission of disaccharides was measured by determining 
the amount of eliminated, reduced product that is formed. Figure 1 illustrates this 

BH4- 
/t?-~-Gai&l+3)-~-GNAc - ~-D-Ga@-(1~3)-2-acetamido-2-deoxy-D-ghk~ol 

1 

OH- 

i BH4- 
v-~-Gal +chromogen] - galactitol+reduced chromogec 

Fig. 1. Scheme for the action of sodium hydroxide-sodium borohydride on /?-D-Galp-(l-+3)-D-GNAc 

(1). 

reaction for /I-D-Galp-(1+3)-D-GNAc (1) as an example. The eliminated products 
(galactitol or 2-acetamido-2-deoxy-D-glucitol) were determined by gas chromato- 
graphy of their per(timethylsily1) ethers *. Figure 2 shows a gas chromatogram of 
a standard mixture of sugars, and a chromatogram given by the products from 
P-D-Galp-( 1+3)-D-GalNAc (2). I n each case, the presence of the products was 
confkmed by paper chromatography. That no epimerization of D-galactose (7) occurs 
after elimination and before reduction was established by the identification, by gas 
chromatographyg*” of its hexaacetate, of galactitol as the only hexitol (recovery 
98%) formed by treating D-galactose with sodium hydroxide-sodium borohydride 
for one day at 24”. 

A B 

TimeCmin) 

Fig. 2. Gas-liquid chromatogram of sugars and alditols as their TMS derivatives. A: Standard 
mixture. B: Products from treatment of B-D-Galp-(l-3)-o-GalNAc with NaOH-NaBH4 (erythritol 
added as reference compound). 
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Two disaccharides, /I-D-Galp-(l +4)-D-GNAc (3) and ~~-D-GNAcP_(~+~)-D- 
Gal (4) were found to be stable under the conditions used (see Table I); this observation 
is in agreement with the known stabiiity of such linkages to alkali”. The other oligo- 
saccharides were cleaved to various extents, although the scission was not complete 
because of the presence of borohydride (see Table I)_ At room temperature, the 
reactions were complete after 3 h, and the values after 7 days (the period that has 
been used in the alkahne degradation of blood-group substances) remained essentially 
unchanged. At 4”, the rates of cleavage were lower, and, at 3 h, only about half of 
the final degree of scission of compounds 1 and 2 had occurred; both galactitol and 
galactose could be detected in the reaction mixture at this stage. After 24 h, the 
reaction was complete, and a value of about 80% of that at room temperature was 
reached, Le., there is less scission at 4” than at 24”. Oligosaccharides having (1+3)-2- 
acctamido-2-deoxy-D-hexose linkages tiere particularly susceptible to degradation12, 
whereas those having (1+3+gaIactose linkages were considerably more stable. 

The determination of the lability of the disaccharides representing the various 
linkages present in blood-group substances permits estimation of the degree of peeling 
of the chains and the extent of production of oligosaccharides. Figure 3 shows the 
structure of the mono-L-fucosyl carbohydrate chains in blood-group H substance, 
based on the sequence proposed earlier’, with the lability of the linkages to sodium 
hydroxide-sodium borohydride (as determined from model compounds) indicated. 
Two points of termination of the peeling reaction are evident: (i) at the penultimate 
D-galactose residue, where the (l-6)-D-galactose linkage should be completely 
stable, thus giving the type 2 determinant intact, and (ii) at the terminal D-galactose 
residue of the type 1 chain, where the (1+2)-D-galactose linkage should be stable”. 
As the majority of the oligosaceharides isolated from blood-group A, B, H, and Le” 
substances are terminated by a reduced (and often degraded) form of the penultimate 
D-galactose residue, and because high yields of cr-L-Fucp-( 1+2)-D-galactitol were 
isolated from A and H substances3*7*‘4, it is clear that this prediction has been 
experimentally vetied. Oligosaccharides terminated by other residues should be 
present to extents proportional to the stability of the corresponding linkages. Thus, 
approximateIy haIf of the chains should be intact and terminated with 2-acetarnido-Z- 
deoxy-D-galactitol residues, and about 93% of the remainder should have been 
stabilized at the next residue, Le., terminated with galactitol. Fractions representing 
these long chains were not isolated in a purified form, although they might be present 
in the large amounts of non-dialyzable fractions and dialyzable fractions of high 
molecular weight which contain oligosaccharides but which could not be fractionated 
to give homogeneous productsZ*3*7*x4. S ~milarly~ branched oligosaccharides terminated 
by the penultimate r+galactose residue and having both the type 1 and type 2 chains 

still attached would be expected to be present in reasonable proportions. Since, in 
the majority of the chains, these determinants would have one or even two r.-fucose 
residues attached, they would give rise to large fragments, and no oligosaccharides 
of this structure were isolated from A, B,‘and H substances. However, an Lea substance 
having a very low conten t of L-fucose gave /3-D-Galp-(1 +4)-/?-D-GNAcp-(1 +6)- 
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Lg-D-Galp-(143)~&D-GNAcp-(l-+3)]-o-galactitol’, representing stabilization at this 

position in the chain. 
This scheme, therefore, explains many of the features of the degradation of 

blood-group substances by sodium hydroxide-sodium borohydride. In addition, 
it explains: (i) the isolation mainly of oligosaccharides having the type 2 structure, 
and destruction of most of those having the type 1 structure, and (ii) the conversion 
of the penultimate D-galactose residue into residues of a 3-hexenetetrol and of a 
3-deoxyhexitol by elimination from C-3 of the type 1 chain and of an unknown group 
from C-4 (see ref. 7 for further details). It is surprising, however, that no a-L-Fucp- 
(1+2)-p-D-Galp-( 1+3)-2-acetamido-2-deoxy-D-ghicitol from the undegraded half 
of the type 1 chain was detected. Also, although it is not possible to calculate the 
theoretical yields of the various oligosaccharides (hecause of uncertainty as to the 
lengths of chains), it would seem that the high yield of some of the smaller oligo- 
saccharides indicates that the degradation is more extensive than would be expected 
on the basis of the degree of scission of disaccharides. Possibly, the elimination of 
a substituent from a reducing sugar is influenced by the presence of other sub&&rents, 
and highly branched chains, such as those found in blood-group substances, may be 
particularly susceptible to peeling. 

In addition to producing the eliminated, reduced residues from the model 
compounds, the reactions should also give products from the reducing residues of the 
oligosaccharides. These were detected by paper chromatography and by g.1.c. Figure 2 
shows, for example, such a product from j?-D-Galp-(1 +3)-D-GalNAc. The peak other 
than that for galactitol is designated “reduced chromogen”, as it is probably related to 
the chromogens produced in the Morgan-Elson reaction15. A reIated, if not identical, 
compound was detected by Bray ef aZ.16 with an amino acid analyzer (peak 3) after 
treating keratosulfate, N-acetylchondrosine, and related compounds with sodium 
hydroxide-sodium borohydride. These workers suggested that “peak 3” arises from 
reduction and saturation of the chromogen formed by elimination of a substituent 
on C-3 of 2-acetamido-2-deoxy-D-galactose. 

Treatment of the trisaccharide /3-D-GNAcp-(1 +3)-I~_D-GNAcP-(~ +6)]-D- 
Gal (6) should produce a disaccharide in which /3-D-GNAc is still attached to C-6 of 
a modified and reduced D-galactose residue. A compound having the expected 
RF value was observed by paper chromatography (see Table I). According to a 
mechanism suggested earlier’ to account for the degradation of certain residues in 
the carbohydrate chains of blood-group substances, this modified residue would be 
expected to be that of a 3-deoxyhexitol. The reaction products do not decolorize 
potassium permanganate, and the disaccharide is chromatographically different 
from /3-D-GNAcp-(1 46)3-hexenetetrol. These observations support the suggestion 
that disubstitution on the penultimate D-galactose residue of the carbohydrate chains 
in bIood-group substances does not lead to unsaturated residues at this point (after 
treatment with sodium hydroxide-sodium borohydride); it is inferred, therefore, 
that these chains have trisubstituted-branched-point n-galactose residues. 

In experiments in which NaOD-NaBD, was used for producing oligosaccharides 
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from blood-group substances, somewhat larger proportions of nondialyzable products 
were obtained, indicating that the extent of peeling may be less under these conditions. 
Another alkaline reagent that has been used is tiethylaminel’. With these reagents, 
the position: of stabilization of the peeling depends only on the lability of the linkages 
to alkali, and many oligosaccharides terminated by (I-4)-D-GNAc were isolated, 
as would be predicted. The difference in the types of oligosaccharides produced by 
the two reagents (sodium hydroxide-sodium borohydride and triethylamine) has 
been discussed”. 

EXPEEUMENTAL 

Materiak. - Oligosaccharides 4, 5, and 6 (see ref. 18) were gifts from 
Dr. Z. Yosizawa, Tohoku University, Japan. Compound 2 (see ref. 19) was provided 
by Dr. H. mowers, Weizmann Institute, Israel. Disaccharides 1 and 3 (see ref. 20) 
were gifts from Dr. F. Zilliken. The purity of each sample was checked by paper 

chromatography; 4 contained a trace of free galactose. 
Method. - The sample (ca. 1 mg) was dissolved in 50 fl of 200 mu sodium 

hydroxide containing 1% of sodium borohydride at 24” or 4”. At the times indicated 
in Table I, a portion (10 ~1) was removed and added to 10 ~1 of 4~ acetic acid contain- 
ing a Imown amount of erythritol (ca. 35 PC(g). The solution was de-ionized with about 
100 fi of Dowex 50 @I’) ion-exchange resin, and borate was removed by addition 
and evaporation of methanol. 

For examination by paper chromatography, the residue was dissolved in water 
(20 ,xI) and a portion (5 ~1) was chromatographed by the descending method on 
Schleicher and Schuell No. 589 Green Label paper in 64~3 (v/v) butanol-pyridine- 
water. Compounds were detected with the silver nitratesodium hydroxide maget@. 
The results are given in Table I. 

For the quantitative estimation of the galactitcl and 2-acetamido-2-deoxy-D- 
hexitols liberated, the per(trimethylsily1) ethers of the products were prepared with 
20 ~1 of reagent (1.0 ml of pyridine, 200 ~1 of hexamethyldisilazane, and 100 ~1 of 
chlorotrimethylsilane), as described by Sweeley et aL8. The separation by g.1.c. was 
performed as described previously’, on an SE 30 column (10% on Diatoport S) with 
a temperature gradient from 150 to 240”, rising at 4”/min. Areas of the peaks were 
calculated by use of a disc integrator, and the ratio of each to the erythritol added 
was determined. The absoiute amount present was determined by comparison with 
a standard mixture of sugars. The compounds gave tbe following detector-responses, 
relative to erythritol (1.00): galactose (1.15-&0.02), galactitol(1.25+0.02), and 2-a&- 
amido-2-deoxy-E-glucitol (0.66+0.04). Figure 2 shows a chromatogram given by 
these compounds. The amount of scission of an oiigosaccharide is given by: (weight 
of galactitol or 2-acetamido-2-deoxy-D-gmcifol formed) x lOO/(weight of oligo- 
saccharide in sample). The results are given in Table I. 

A portion of the product from the treatment of D-galactose with sodium 
hydroxide-sodium borohydride for one day at 24” was used for demonstrating that 
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there is no epimerization of D-galactose under these conditions. The product was 
acetylated with 1:l ( v v acetic anhydride-pyridine, and the peracetate was examined / ) 
by g.1.c. on an ECNSS-M column9 under conditions” that separate all of the hexitol 

hexaacetates from each other. Galactitol (97%) was identified as the sole product 

formed. 
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ABSTRACT 

The ortho-ester method of glycosylation has been applied to the synthesis of 
polysaccharides by using the tricyciic ortho-ester j&arabinofuranose 1,2,5-ortho- 
benzoate (1). The resulting polysaccharide (50% yield) was examined by hydrolytic, 
periodate-oxidation, and methylation techniques, and identified as a highly branched 
L-arabinan containing a-(1 +5)- [and a few (I +3)-l linkages, with branch points at 
position 3. Polymerisation of the 3-acetate of ortho ester 1 was similarly accomplished 
in the presence of an initiator (1,2,3,4-tetra-U-acetyl-p-D-glucopyranose) to give an 
L-arabinan having oc-(1+5)-, and a few (l-2)-, linkages; the reducing unit of each 
chain is a D-glucose residue. 

INTRODUCTION 

The availability of model polysaccharides of known structure is essential for 
the solution of many problems in the organic, physical, and biological chemistry of 
polysaccharides and other carbohydrate-containing polymers. The present-day 
difficulties associated with the isolation, control of homogeneity, and complete 
structural analysis of natural polysaccharides suggest chemical synthesis of compounds 
of predetermined structure as the only reasonable way to obtain such models. Many 
publications *-’ have been concerned with polysaccharide synthesis, but, until recently, 
the synthetic methods afforded only polysaccharides having irregular structures 
characterized by a random distribution of linkage types, configuration, and ring-size. 
Directed synthesis of regular polysaccharides has been reported6-*, but the methods 
are not general. A general solution of the problem would involve stereospecific 
glycosylating agents, the polymerization of which could result in the formation of 
regular polysaccharide chains. The ortho-ester method of glycosylation possesses 
these attributesg-lo, and provides a promising new approach to this problem. The 
present paper is concerned with the polymerization 0:’ su&r ortho-esters according 
to the following scheme: 

groupings- 

y$Q 
*Some results of these studies have been reported as short communicationsl. 
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The reaction needs an initiator (R’OH) which becomes attached to the reducing 
end of the nascent polysaccharide chain. The approach has been applied now to the 
synthesis of branched and linear arabinans. 

RESULTS 

Synthesis of a branched arabinan (S-I) 
The starting monomer in this synthesis was the tricyclic arabinofuranose 

orthobenzoate” I. This compound contains a bydroxy1 group capable of initiating 
polymerization to give the branched polymer 2. 

2 

n 

Polymerization of ortho-ester 1 has been performed under standard conditions”, 
Le., in nitromethane with catalytic amounts of mercuric bromide, but with a somewhat 
longer reaction period. The polymerization products were subjected to mild, acidic 
hydrolysis to remove any intermonomer bonds of the ortho-ester type, and then 
saponified, and purified by gel-titration on Sephadex G-25. The absence of acyl 
groupings in the polymer was shown by the absence of a carbonyl band in the i.r. 
spectrum. The yield of poIysaccharide 2 (arabinan S-l) was 50%. The structure 
generalized by formula 2 was established as follows. 

Hydrolysis of arabinan S-l with 0.1~ sulphuric acid or 0.025~ oxalic acid 
(lOO”, 3 h) caused complete degradation of the polysaccharide, affording only 
arabinose. The specific rotation ( -91°) of arabinan S-l has the magnitude expected 
for structure2. Hydrolysis witha-L-arabinofuranosidase* caused complete degradation 
into arabinose; no starting polysaccharide or oligomer fragments could be detected 
in this hydrolysate. Hence, the polymer is built uniformly of a-r.-arabinofuranose 
residues. Periodate oxidation of arabinan S-l and of the corresponding polyol 3, 
obtained by reduction of polymer 2 with sodium borohydride, proceeds slowly and 
typically for compounds containing rrans-glycol groupings on five-membered rings. 

*Enzymic hydrolysis of arabinans S-l and S-2 (see below) has been performed by Professor Neukom 
(personal communication) and %bsequently reproduced by us with an enzyme preparation generously 
presented by Professor Neukom. 
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The limited consumption of periodate suggests the absence OF over-oxidation. 
Oxidation of the polysaccharide with 0.28~ sodium metaperiodate or with 0.039M 
s&irrm m&f~riudate in aceWe br&er(pII 5.3) resnhed in consumption of0.69 moles 
of oxidant per “anhydro-pentose” unit (constant limit), i.e., 30% of the arabinose 
residues were unoxidised. Oxidation of polyol 3 with 0.05~ sodium metaperiodate 
resulted in consumption of 0.70 mole of -periodate per “anhydro-pentose” unit 
(constant limit). The yield of formaldehyde after oxidation of the poJyol under the 

above conditions was 0.0168 mole per “anhydro-pentose” unit. Hence, arabinan S-l 
has a number-average degree of polymerization DP = 59.5. 

Methylation” of ~01~013 and subsequent hydrolysis or methanolysis afforded 
2,3,5-tri-0-methyl+arabinofuranose (4), 2,3-di-0-methyl+arabinose (5), 2,5-di-U- 
methyl+arabinofuranose (6), and 2-CLmethyl+arabmose (7). Compounds 4, 5, 
and 7 were chromatographically identical13 with authentic samples. The methyl 
glycosides of compounds 4 and 5 were identical with authentic samples in gas-liquid 
chromatography. 2,5-Di-O-methyl-L-arabinofuranose does not react with triphenyl- 
tetrazolium chloride14, and remains at the starting line during electrophoresis in 
borate buffer. This evidence proves the presence of a methoxyl group at position 2. 
The non-identity of the compound with 2,3-di-O-methyl-L-arabinose leaves two 
possible structures, LT~Z. 2,4- and 2,5-di-O-methyl-L-arabinose. The chromatographic 
behaviour of compound 6 is close to that reported for 2,5-di-U-methyl-L-arabino- 
furanose and significantly different from that of the 2,4-isomer. The podion of the 
methyl group in 2-O-methyl-L-arabinose was confumed by the fact that the ether does 
not react with triphenyltetrazolium chloride l4 The ratio of partially methylated . 
arabinoses 5 and 7 in the products of methylation of polyol 3 was determined as 
follows. The mixture was reduced with sodium borohydride and subjected to pre- 
parative, paper chromatography. The bands of 2,3-di-0-methyl+arabinitol (from 5) 

and 2-U-methyl-L-arabinitol (from 7) were eluted, and the compounds were oxidized 
with periodate. The ratio of the yields of formaldehyde (3:2) corresponds to the ratio 
of 5:7. Together with the data of periodate oxidation, this result makes possible a 
determination of the content of all structural elements in arabinan S-l (see formula 2): 
a+b+c+d = 59.5; aJb = 1.5; d = bfl; a+d = (59.5x0.69)-1 = 40.05; hence, 
a = 23.43; 6 = 15.62; c = 3.83; and d = 16.62. These values lead to the following 
conclusions: arabinan S-l is a highly branched polysaccharide having chains of 
oc-L-arabinofuranose residues (39 residues per molecule) linked (l-+5); 15-16 of 
these residues are points of branching through position 3; 3-4 residues per molecule 
are linked (l-3); and the number of chains is 16-17 per molecule. 

The synthesis of linear arabinan (S-2) 
In order to obtain a linear polysaccharide from an ortho ester of type 1, 

it was necessary to protect the free hydroxyl group, and to add an alcohol initiator. 
For this purpose, we effected polymerization of 3-0-acetyl-~-L-arabinofuranose11 
1,2,5_orthobenzoate 8 in the presence of 1,2,3,4-tetra-O-acetyl-8-D_glucopymnose 
(9), according to the following scheme: 

Carbohyd. Res., 9 (1969) 49-60 
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The polymerization was accomplished in the same way as in the case of 2. The 
results of I, the reaction depends critically on the monomer: initiator ratio. In 
the absence of initiator, practically no polymerization occurs. At a molar ratio 
of 8:9 = 1:1, the reaction proceeds rapidly and gives mainly disaccharide 10, together 
with a small proportion of higher oligosaccharides. On the other hand, with a starting 
ratio of 8:9 = 20~1, polymerization is slow (overall reaction period, 130 h) and 
affords polysaccharide 11, together with some higher oligosaccharides and traces 
of compound 10. The polymer fraction (20%), isolated from the mixture by gel- 
filtration on Sephadex G-25, was named arabinan S-2, and its structure 11 was proved 
as follows: 

Acidic and enzymic hydrolysis of the polysaccharide (accomplished as described 
for arabinan S-l) proceeded to completion to yield, in both cases, only arabinose and 
glucose in a ratio of 20: 1, and no oligomer derivatives. Acidic hydrolysis of polyoll2, 
obtained by borohydride reduction of arabinan S-2, afforded arabinose as the only 
reducing sugar, glucitol, and traces of arabinitol. The specific rotation (-85’) of 
arabinan S-2 is consistent with structure 11. Hence, arabinan S-2 is built uniformly 
of a-L-arabinofuranose residues. The glucose residue occurs onIy at the reducing end 
ofthe molecule. The traces of arabinitol found in the hydrolysate of polyol12 suggest 
that some molecules have arabinose residues at the reducing end. These chains are 
probably formed by polymerization of starting monomer, with traces of water serving 
as initiator. 

As with arabinan S-l, periodate oxidation of arabinan S-2 proceeded slowly with 
no over-oxidation. With 0.039nr sodium metaperiodate in acetate buffer (pH 5.8), 
1.11 moles of oxidant (constant limit) per “anhydro-pentose” unit were consumed; 
less than 10% of the arabinose residues survived oxidation. Oxidation of polyol 12 
with 0.05~ unbufferred sodium metaperiodate resulted in consumption of 1.00 moie of 
periodate per “anhydro-pentose” unit. The yield of formaldehyde was 0.0424 mole 
per “anhydro-pentose” unit, leading to a DP value of 23.6. If it is assumed” that 
a 6-U-substituted D-glucitol consumes 3 moles of periodate, the theoretical con- 
snmption of periodate by a polymer having this DP is 1.085 moles per “anhydro- 

CH2OI-I 
I 

HCOH 
I 

HO& 

I 
104- 

210; 
uocn2 0 

HCOH -H&O H,OH - 
-hCOpH 

Y 
‘CHO 

CHO 

I 
OH 
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pentose” residue. The experimental value (1.00 mole) corresponds to 8% of unoxidized 
arabinofuranose units in the polyol 12. 

Methylation of polyol12 was performed as for arabinan S-l to give the partially 
methylated derivatives 4, 5, 3,5-di-U-methyl-L-arabinofuranose’j (13), and 1,2,3,4,5- 
penta-O-methyl-D-glucitol(14). An authentic sample of compound 13 was obtained 
by a new, simple route from 3,5-cii-O-benzoyl-B-L-arabinotianose l.Z(methyl 
orthobenzoate)‘l. details of which will be published elsewhere. Peru&O-methyl-D- 
glucitol was identical in g.1.c. with an authentic sample obtained by saponification, 
reduction, methylation, and detritylation of 6-O-trityl-8_D-glucopyranose. 

The ratio of the products obtained on methanolysis of methylated polyol 12 
(determined by g.1.c.) is 4:5:13:14 = 1:16:2:1, in good accord with the periodate- 
oxidation data. Hence, arabinan S-2 is an unbranched polysaccharide consisting of 
a-L-arabinose residues mainly (l-+5)-linked; 8% of the residues (ca. 1.9 residues per 
macromolecule) are linked (1+2). The reducing termini of the polysaccharide chains 
are D-glucose residues, and the DP value is 23.6 

GENERAL DISCUSSION 

The polymerisation of or&o esters 1 or 8 is a stepwise reaction beginning with 
glycosylation of the alcohol initiator by a molecule of ortho ester. This process exposes 
a hydroxyl group, so that further reaction is possible according to the scheme: 

Hence, the concentration of free hydroxyl groups remains constant and equal to the 
starting concentration of initiator. This scheme accounts for the effect of initiator 
concentration on the rate of the process, particularly for the small rate of poly- 
merization of ortho ester 8 in the presence of 5% of alcohol initiator, compared with 
the polymerization of ortho ester 1 containing a free hydroxyl group. Stepwise 

elongation of the polysaccharide chain during polymerization of ortho ester 8 is 
cotied by the fact that its reaction with one equivalent of tetra-acetate 9 affords 
disaccharide rather than polymer_ Thus, it is possible to control the molecular weight 

of the products by varying the monomer-initiator ratio. 

The formation of ca. 8% of (l-2) bonds in the arabinan S-2 may be explained 
by a glycosylation process involving the seven-membered acyloxonium ion 16; the 

usual process involves the five-membered ion 15. This direction of reaction, although 
making a minor contribution to the structure of the product, apparently has no 
analogy in the well-studied glycosylation reaction of ortho esters used in the synthesis 
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of oligosaccharides and other glycosides (e.g., Ref. lo), nor in the polymerization 
of ortho ester 1, 

etc. 

ROH 
etc. 

Ph 

16 

Usual process involves the five-membered ion 15 

Arabinans S-l and S-2 are the first examples of synthetic polysaccharides 
containing only furanose units. Arabinan S-l is closely similar in structure to naturally 
occurring, plant arabinans16. The specific rotation of arabinan S-l, which contains 
no other polysaccharide impurities and has glycoside bonds of uniform cotiguration, 
may be regarded as characteristic and may be used as a criterion of individuality 
in the isolation of arabinans from natural sources. Moreover, the difference in the 
specific rotation between arabinans S-l and S-2 is close to that calcuiated for the 
presence of ca. 5% of n-glucose, in spite of the marked difference of the structures, 
and it may be assumed that the degree of branching has no si,onifica, t effect on the 
specific rotation. Hence, the value (-91”) found may be regarded as characteristic 
of arabinans built of ~+arabinofuranose residues. 

The synthesis of arabinans S-l and S-2 demonstrates the successful application 
of the polymerization of tricyclic or&o-esters to polysaccharide synthesis. The 
relatively high yields and molecular weights of the arabinans obtained demonstrate 
that polymerization proceeds readily and that the new approach may serve as a basis 
for the development of methods for synthesis of different polysaccharides. 

EXPERMFNTAL 

Nitromethane was distilled in vacua (100-200 mm) over urea and subsequently 
twice over PzOs. Chromatography was performed on papers ‘cGoznak”, Leningrad 
“S”, and Whatman No. 1, with (A) propyl alcohol-ethyl acetate-water (6:1:3); 
(B) ethyl acetate-pyridine-water (10:4:3); (C) butyl alcohol-benzene-pyridine- 
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arabinose, disaccharide” 10 (I& 0.50, major component), and also substances of 
Bdrp O-30 and O-16- 

Arahan S-2. - Compound 9 (0.35 g, 1.00 mmole) dissolved in nitromethane 
(15 ml) was treated with 2 ml of a solution of compound 8 (5.56 g, 20.0 mnoles) 
in nitromethane (39 ml) and 5 ml of 0.01~ mercuric bromide in benzene (5 ml), 
and the solvents were distilled off to a residual volume of 5,711 which was then refluxed 
with protection from atmospheric moisture. Every 6 h, 2 ml of the solution of com- 
pound 8 were added to the boiling solution, and the solvent was distilled off to a 
constant volume (5 ml) of reaction mixture. After the 8th addition, the volume of 
the reaction mixture was increased to 7 ml, and after the 14th addition, to 9 ml. 
After the introduction of the Iast (20th) portion, the mixture was refluxed for 10 h. 
The overall reaction period was 130 h. Two drops of pyridine were added, the solution 
was evaporated to dryness, and the residue was dissolved in acetone (50 ml) containing 
5 ml of 0.1~ H,S04. After 1 h at 20”, the solution was neutralized and evaporated. 
The dry syrupy residue was shaken with dry methanJ (100 m1) and M methanolic 
sodium methoxide (10 ml) for 12 h at room temperature. Water (50 ml) was added, 
the solution was deionized and evaporated, and the rusidue (2.80 g) was chromato- 
graphed on Sephadex G-25 (medium, 12 cm2 x 38 cm, elution with water). Fractions 
having RArp 0.0-0.5 (System D) were combined and evaporated; yield, 0.89 g (32%). 
Rechromatography on Sephadex G-25 (medium, 12 cm2 x 67 cm, elution with 
water) afforded compound 11 (0.57 g, 20%), RArn 0.043 (System D), [a],, -85’ 

(c 0.72, water). The i.r. spectrum contained no carbonyl bands. 
PoIyoZ 12. - Arabinan S-2 (0.22 g) was dissolved in water (50 ml), sodium 

borohydride (0.02 g) was added, and the mixture was kept for 25 h at room temper- 
ature, deionized, and evaporated to dryness. Yield of polyol 12, 0.22 g. 

Hydrolysis of polysaccharides. - (a) Acidic hydroZy.6.s. Portions (24 mg) of 
polysaccharides were heated in sealed tubes with 0.1~ H,SO, (1-2 ml) or 0.025~ 
oxalic acid for 3 h at 1009 Only arabinose was detected in the hydrolysate of arabinan 
S-l (paper chromatography, systems A, B, C, and 0). Arabinose and glucose were 
detected (ratio 1:20, system D, quantitative determination”) in the hydrolysate of 
arabinan S-2. Arabinose was the only reducing sugar detected in the hydrolysate of 
polyoI12 (by paper chromatography, System D), together w-ith glucitol and traces of 
arabinitol. The amounts of glucitol and arabinitol, estimated by visual, comparative 
densitometry of chromatograms”, were ca. 5 and CLZ. l%, respectively. 

(b) Enzymic hydrolysis. Portions (1 mg) of polysaccharides dissolved in 0.2M 

phosphate-citrate buffer (pH 3.9) were treated with 2 mg of a+arabinofuranosidase, 
and the mixture was incubated for 8 h at 35”. Five volumes of ethanol were then added, 
the precipitate was removed by centrifugation, the supematant was deionized and 
evaporated (starting polysaccharides do not sediment under these conditions). 
Only arabinose was detected on paper chromatograms in the hydrolysate of arabinan 
S-l, and glucose and arabinose in that of arabinan S-2. No changes of the polysacchar- 
ides occurred in control mixtures with no added enzyme. 

Periodate oxidation. - Periodate oxidation of the arabinaus and of the cor- 
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responding polyols was performed in the dark. Consumption of periodate was 

estimated by the arsenite methodrg, and formaldehyde was determined colorimetri- 
cally2o*21 . Aliquots (1 ml) of the oxidizing mixture were taken for the determinations. 

(a) Arabinan S-l (2). For a solution of arabinan S-l (50.4 mg) in 0.280~ sodium 

metaperiodate (10.00 ml), the consumption of periodate was as follows: 

Time (h) 1 2 3 27 70 

Consumption of periodate (moles 0.56 0.62 0.68 0.69 0.69 
per mole of “anhydro-pentose”) 

For a solution of arabinan S-l (10.20 mg) in 0.0390~ sodium metaperiodate 
(10.00 ml) in 0.2~ acetate buffer (pH 5.8), the oxidant consumption was as follows: 

Time (days) 2h 5 6 8 10 11 

Consumption of periodate (moles 0.19 0.52 0.55 0.67 0.68 0.69 
per mole of Uanhydro-pentose”) 

After completion of oxidation, the reaction mixture was deionized and 
evaporated. The residue was dissolved in water (2 ml), sodium borohydride (2 mg) 

was added, and the mixture was left for a day at room temperature, deionized, 

hydrolyzed in 2ml of O.lN H,SO, (l@Y, 3 h), neutralized with BaCO,, and evaporated. 
The arabinose content (determined by quantitative, paper chromatography, System D, 
visual densitometry) was 30% of that present in the original polysaccharide. 

(b) PoZyoZ 3. When poIyol3 (10.48 mg) was dissolvedin 10.00 ml ofO.05M sodium 

metaperiodate at ISo, the consumption of oxidant was as follows: 

Time (h) 2 7 20 51 

Consumption of periodate (moles 0.59 0.71 0.69 0.70 
per mole of ” anhydro-pentose”) 

For a solution of poIyol3 (11.30 mg) in 10.00 ml of 0.05M sodium metaperiodate 
at IS”, the yield of formaldehyde was as follcws: 

Time (h) 2 7 20 51 82 Average 

Formaldehyde (moles per mole 1.66 1.58 1.66 1.73 1.73 1.68 
of “anhydro-pentose”) (x 102) 1.69 

1.73 

(c) Arabinan S-2. For a solution of arabinan S-2 (10.73 mg) in 10.00 ml of 
0.039M sodium metaperiodate in 0.2M acetate buffer (pH 5.8j at 20”, the consumption 
of periodate was as follows: 

Time (h) 2 30 52 71 90 
Consumption of periodate (moles 0.86 1.11 1.10 1.10 1.11 

per mole of “anhydro-pentose”) 

After completion of the reaction, the residue was treated as described above 
for the oxidation of arabinan S-l. Glycerol and arabinose were detected by paper 
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chromatography in System D. Quantitative determination” of the latter revealed 
that 10% of the arabinose survived periodate oxidation. 

FGr a solution of polyol X2 (10.85 mg) in 10.00 ml of 0.05M sodium metaperiodate 
at 18”, the consumption of oxidant was as follows: 

Time Q) 2 7 20 51 82 

Consumption of periodate (moles 0.85 0.88 1.00 1.00 1.00 
per mole of “anhydro-pentose”) 

Methylation of polyols 3 and 12. - The polyol 3 (50 mg) was dissolved in dry 
methyl sulphoxide (2 ml), and treated with the methylsulphinyl cation (obtained from 
0.13 g of a 50% emulsion of sodium hydride in mineral oil and 1.2 ml of dry methyl 
sulphoxide) and methyl iodide (2.3 ml). Methylation was completed by Purdie’s 
method with 30 ml of methyl iodide in the presence of silver oxide (OS g). Inorganic 
salts were filtered off, the filtrate was evaporated, and the residue was dissolved in 
ether (30 ml). The solution was decanted, filtered, washed with water (3 x 10 ml), 
and evaporated, and the residue was dried over P205 at 78”/1 mm. The resulting, 
colourless syrup (42 mg, 69%) showed no i.r. absorption for hydroxyl groups. 
Methylation of polyol 12 obtained from arabinan S-2 (42.6 mg) was performed 
similarly, but without the Purdie methylation, to give 37 mg of a slightly yellow syrup 
(72%); its i.r. spectrum contained no band for hydroxyl groups. 

Analysis of the nzethyiation products. - (a) Methunolysis. The methylated 
polyol (10-15 mg) was dissolved in 10 ml of 5% methanolic hydrogen chloride, and 
heated in a sealed tube for 8 h at 100”. The acid and methanol were removed in a 
desiccator with CaCI, and KOH (150 mm, 20”). G.1.c. with authentic samples revealed 
the following products: For arabinan S-l, 2,3,5-tri-U-methyl-L-arabinofuranose (5) 
and 2,3-di-U-methyl-L-arabinose (6); and for arabinan S-2, 2,3,5-tri-O-methyl-L- 
arabinofuranose Q, 2,3-di-O-methyl-L-arabinose (6), 3,5-di-O-methyl-L-arabino- 
furaaose (13), and 1,2,3,4,5-penta-O-methyl-D-glucitol (14), in the ratio 1:16:2:1. 

(b) Hydrolysis. The methylated polyol (3-8 mg) was hydrolyzed in 2 ml of 
0.5~ H2S04 (lOO”, 6 h). The neutralized hydrolysate was evaporated, and the residue 
was studied by paper chromatography (Whatman No. 1, System E, P, and G’). The 
following methyl ethers of arabinose were identified: 

Arabinan S-I 

Derivative of RX0 
t_-arabinose Solvent E Solvent F Solvent G 

2,3,5-Tri-O-Me- 1.59 (1.48) 1.17 (1.18) 1.10 (1.09) 
2,3-Di-O-Me- 0.78 (0.79) 0.91 (0.91) 0.92 (0.92) 
2,5-Di-O-Me- 1.13 (1.11) 1.05 (1.065) 0.98 (-) 
2-O-Me- 0.26 (0.29) 0.68 (0.65) 0.70 (0.72) 

ax = 2,3,4-Tri-0-methyl-L-arabinose (lit.13 values in parentheses). 
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None of the compounds reacted with triphenyltetrazolium 
hydrolysate contained no substances mobile in paper electrophoresis. 

Arabinan S-2 

59 

chloride. The 

Derivative of ha 
L-arabinose Solvent E Solvent F Solvent G 

2,3.5-Tri-O-Me- 1.59 (1.48) 1.17 (1.185) 1.10 (1.09) 
2,3-Di-O-Me- 0.76 (0.79) 0.89 (0.91) 0.93 (0.92) 
3,5-Di-O-Me-b 1.13 (1.13) 1.00 (1.02) - 

% = 2,3,4-Tri-0-methyl-L-arabinose (lit.13 values in parentheses). bThis component reacted with 
triphenyltetrazolium chloride. 

3,5-Di-O-methyl-L-arabinofuranose was the only identified product in the 
hydrolysate which was mobile in borate electrophoresis. 

Determination of the ratio of 2,3-di- and2-0-methyZ-L-arabinose in the hydroIy.sate 

ofmethyZatedpoi’yoZ3. -The hydrolysate of methylated polyol3 (1 mg) was dissolved 
in water (5 ml), and sodium borohydride (15 mg) was added. After 18 h at room 
temperature, the solution was deionized and evaporated, and the residue was fraction- 
ated by preparative chromatogrtiphy on “Goznak” paper (15 x 50 cm) with butyl 
alcohol-water (86~14). The bands corresponding to 2-O-methyl-L-arabinitol and 
2,3-di-O-methyl-rzarabinitol were cut into pieces and extracted with equal volumes 
of aqueous 50% methanol (25 ml), The paper was filtered off, and washed on the 
filter with 10 ml of 50% methanol. The combined filtrate and washings were evaporated, 
and the residue was treated with 2 ml of 0.02~ sodium periodate (20”, 16 h)_ The 
formaldehyde released2’ was as follows: 

Methyl ether of 2,3-di-O-Me- 2-0-M* Ratio of 5:7 
L-arabinitol 

Absorbance 0.450 0.300 3.0:2-O 
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THE SYNTHESIS OF A (l-+3)-GLUCAN RELATED TO LAh5INARAN 
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i’?. D. Zeiinsky Institute of Organic Chemistry, Academy of Sciences of U. S. S. R., Moscow (U.S.S.R-) 
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Application of the ortho-ester method of glycosylation to an oligomeric ortho- 
ester derived from 4,6-O-benzyhdene-a-or-D-ghrcopyranose I ,2-(methyl orthoacetate) gave 
a mixture of saccharides from which a glucan was isolated by chromatography on 
Sephadex G-25 or by ethanol precipitation. Hydrolytic and periodate-oxidation 

studies showed that the polysaccharide is essentially a fi-(1+3)41&d D-glucan. The 

glucan has m 30 and closely resembles the G-chain of insoluble laminaran. 

INTRODUCTION 

Recently, we proposed two synthetic routes to polysaccharides of predetermined 
structure based on the ortho ester glycosylation methodr. These routes involve 
(a) polycondensation of sugar ortho esters containing free hydroxyl groupszg3, and 
(b) polymerization of sugar ortho esters having only carbohydrate oxygen atoms as 
substituents in the ortho ester ring-system&‘. The present paper is concerned with 

a new synthesis in which the second approach, now involving polymerization of 
a macrocyclic, oligomeric, ortho ester via a two-stage ortho ester glycosylation*, 
is used to synthesise a polysaccharide resembling the laminarang-‘2 of brown algae. 
Of the group of closely related polysaccharides present in natural laxninarans, we have 

chosen for synthesis the so-called G-chain of insoluble laminaran’“. The synthesis 
of polysaccharide 5 was performed according to the following scheme: 
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DI!3XTSSION 

The first stage of the synthesis was oligomerization of ortho ester 3, tiording 
the trimeric, macrocyclic, ortho ester13 4. The reported ~ynthesis’~ of ortho ester 2 was 
not reproducible in our hands, and a more-reliable method, starting with ethyl 
2,3-di-U-acetyl~,6-O-benzylidene-l-thio-8-D-glucopyranoside15 (l), was devised by 
using literature methods16*‘7. 

Polymerization of the macrocyclic, ortho ester 4 was performed under glycosyl- 
ation conditions described earlier’. Removal of the protecting groups after polymeriz- 
ation caused some difficulties. The polymerization product was subjected first to 
mild hydrolysis with acid to remove surviving ortho ester bonds, and then to saponi- 
fication to remove acetyl groups. Because of the insolubility of the saponified product 
in methanol, this stage did not proceed to completion as revealed by i-r. spectroscopy. 
Hence, after mild hydrolysis with acid to remove benzylidene groups, final removal 
of the ester groups was performed under acidic conditions’8. This gave a product, 
containing no carbonyl or aromatic groups, which appeared to be a mixture of 
ohgomers ranging from disaccharide to polysaccharide. Fractionation of the mixture 
on Sephadex G-25, or by precipitation with ethanol from water, afForded three 
fractions: A (ca. 40-50%), containing traces of glucose and oligosaccharides from 
di- to hexa-saccharide; B (ca. 3MO%), containing tetra- to hexasaccharides as 
major components, and a considerable proportion of a polymeric component; and 
C (13-20%), containing a polysaccharide (&can S-l). 

The yield of polymeric fraction depended on the method of fractionation; an 
increased yield results in a decrease of the number-average degree of polymerization 
@T), and rice versa. The proof of structure 5 for glucan S-l, isolated by precipitation 
with ethanol from water in a yield oi’ 13%, is based on the following evidence. 

Complete hydrolysis of glucan S-l with acid affords only glucose. Partial 
hydrolysis, under conditions similar to those applied for partial hydrolysis of 
laminaranlg, gave a series of reducing oligosaccharides, identical in paper chromato- 
graphy with oligosaccharides obtained by partial hydrolysis of soluble and insoluble 
laminarans from Laminaria japonica and of laminaran (sample No. 1) described in 
Ref. 10. The same result was obtained by partial hydrolysis of polyol6. Oligosacchar- 
ides in fractions A and B were also identical with the corresponding components of 
the hydrolysates of natural laminarans (Table I). The regularity of the structure of 
natural laminaran, and the linear dependence of the RM values on the degree of 
polymerization (Fig. 1) suggest that the ohgosaccharides constitute the series from 
laminaribiose to laminariheptaose. Hence, the data of partial hydrolysis suggest that 
the synthetic polysaccharide is essentially a p-n-(l-,3)-linked glucan, and that the 
Agosaccharides of fractions A and B are laminaridextrins. Determination of the 
molecular weight and a more-detailed structural analysis of glucan S-l were performed 

by periodate oxidation of the corresponding polyo16. 

Oxidation of polyo16 was performed under conditions that permitJo formation 
of one molecule of formaldehyde from the terminal 3-U-substituted D-ghIcito1 residue, 
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and the results are presented in Fig. 2. The curves for the consumption of periodate 

and formation of formic acid exhibit characteristic inflexions, indicating that these 

TABLE I 

PAPER CHROhfATOGRAFHY OF LAMINARIDEXTRINS 

Substrate Degree of polymerization 

I 2 3 4 5 6 7 >7 

Solvent C Ro 1.000.800.550.380.260.170.22 <O.Z2= 

L 

insoluble laminaran ++++++++ 

Partial 
Soluble laminaran ++++++++ 
Insoluble laminaran, Sample 1 + + + + -I- i- + -I- 

hydrolysis Glut. s_l + + + + + + ?a + 
Polyol VI + + + + -I- + ?a + 

Fraction A - +++++-- 
Fraction B - - + + + ?= ?a + 
Fraction C - - - - - - - + 

-- 
Solvent D Ro Z.OOO.7IO.450.29O.Z8O.I2 tO.Z2= 

Partial 

1 

Insoluble laminaran ++++++ + 
Soluble laminaran + +++++ + 

- hy~olys~ Glucm s-1 -I- + + + + ?a + 
Fraction B - - _c + + ?” + 

Fraction C _ - - - - - + 

Solvent E Ro 1.00 0.58 0.320.19 0.09 < O.O& 
Insoluble laminaran + + + + ?= + 

Partial Soluble lamlnaran + + + + ?= + 
hydroiysis Glucan S-l + + + + + + 

Fraction B - - + + ?U + 

aTailing from origin; no clear spots. 

values reached an intermediate limit after 4-6 h, but subsequently continued to 

increase. This rather unexpected result was consistently observed in a series of exper- 

iments and may be explained by the following scheme: 

Ho@-jOQ~H I$& cQ~~$HloH 

HCOH 

I 

I 

4 
C!+OH stage II 

ISlOW) 
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The detection, along with glucose, of traces of arabinose (but not of xylose) 
in the hydrolysate of tbe oxidation mixture, after 4-6 h of oxidation, is consistent with 
this scheme. Obviously, the time interval of the intermediate plateau of pcriodate 

l.OO- 

0.60- 

0.60 - 

OAO- 

o.zo- 

0.00 - 

-020- 

-0.40- 

-0.60- 

-0.604 

2 3 4 5 6 7 BF 

Fig. 1. The dependence of R&f values on the degree of polymerization of laminaridextrins 
[RJI = log(lIR~- 01. 

I 
200 400 600 800 loo0 1200 1400 l&IO 

Time (mid 

Fig. 2. Periodate oxidation of polyol from g&an S-I (1.5 mu unbuffered sodium metaperiodate 
at 16O). 

consumption and release of formic acid corresponds to completion of Stage I. The 
yield of formaldehyde at this plateau was 0.033 molecule per “anhydro-hexose” unit, 
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corresponding to a DP value of 30. At the same period, the yield of formic acid 
remained at the level of 0.033 molecule, and the consumption of periodate reached 
O-099 molecule per “anhydrohexose” unit. The equal yields of formic acid and formal- 
dehyde suggest that the only source of formic acid during the oxidation is~the non- 
reducing terminus; at the same time, the consumption of periodate is exactly the 
same as that expected for formation of formaldehyde and formic acid from the 
a-glycol and the a-trio1 groupings. Hence, only- the terminal residues of the poly- 
saccharide molecule are oxidizable by periodate, and glucan S-l (within the limits 
of experimental error) contains no monosaccharide residues bound by other than 
(l--+3) links. 

The considerable bulk of evidence on stereospecilicity of the ortho-ester glyco- 
sylation method1*4-8 strongly suggests that, in the synthetic polysaccharide, the 
glycosidic linkages have the 8-D configuration. The specific rotation (-9”) of S-L is the 
same as that of insoluble laminaranlg, and close to that (- 10.3”) of laminaripentaose20. 
The i-r. spectrum of &can S-l contains a band at 900 cm-‘, corresponding to an 
axial proton at C-l in each residue, and no band in the range 820480 cti-’ charaeter- 
istic of an equatorial proton at C-I. The above data show that polysaccharide S-l 
is a regular p-(1-3)-linked D ghcan having DP= 30 and a structure similar to that 
of the G-chain of insoluble laminaran. 

EXPERlhlENTAL 

Carbon tetrachloride was distilled from calcium chloride; chloroform from 
calcium carbonate and 1,Zdichloroethane twice from calcium carbonate and then 
twice from phosphorus pentaoxide. Thin-layer chromatography (t.1.c.) was performed 
on neutral alumina (&o&man III) with chloroform-ethyl acetate 95~5 (A) and 
80:20 (B). Paper chromatography was performed on “Goznak” paper with (C) butyl 
alcohol-pyridine-water (6:4:3), (0) ethyl acetate-tert-butyl alcohol-formic acid- 
water (6:8:3:3); (E) butyl alcohol-acetic acid-water (4:1:5); and Q ethyl aeetate- 
acetic acid-water saturated with boric acid (9:l:l); detection was effected with aniline 
phthalate. Solutions were evaporated in uacuo. Melting points were determined with 
a Kofler block. 

EO-AcetyZ~,6-O-benzylidene-Z,2-O-(I-metho~ethylid~e~-~~copyranose (2). 
- Compound 1 (19.80 g, 50 mmoles) was dissolved with heating in carbon tetra- 
chloride (200 ml), the solution was cooled, and a solution of 5.40 g (76 mmoles) of 
chlorine in 40 ml of dry chloroform was added (cooling with water, exothermic 
reaction). The mixture was left for 3 h at room temperature and then evaporated to 
dryness at < 40’. The yellowish crystals were dried in nacuo (ca. 1 mm, 1 h), and a 
solution of 20 ml of 2,6-lutidine in 100 ml of dry methanol was added. The suspension 
was stirred during 3 h and left for 20 h at room temperature (incomplete dissolution 
at the beginning; crystallization in 1.5-2 h). &ight petroleum (150 ml) was added, 
and the mixture was refrigerated. The product (14.74 g, 80.5%) was collected, and 
washed with !ight petroleum. Recrystalhxation from benzene-ether-light petroleum 
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afforded materia! having np. 140-149”; yield, 55-65% ; chromatographically 

homogenous and identical with an authentic sample (System s.). It was completely 
hydrolyzed under the conditions for analytical testing for ortho esters’. 

Orfho esfer 4. - Compound 2 (6.22 g, 17 mmoles) was treated with a mixture 

of 0.1~ methanolic sodium methoxide (15 ml) and methanol (60 ml) for 2 h at 20” 

(the insoluble suspension dissolved in 20-30 min). Chloroform (3oC ml) was added, 

and the solution was washed with water (3 x 100 ml) and evaporated to dryness, 
and the residue was thoroughly dried; yield of compound 3,5.43 g (98%). The product 
was dissolved in 80 ml of l,Zdichloroethane, and the solution was boiled under 
distillation conditions; fresh solvent was added to the reaction mixture at such a 
rate that the volume remained constant. After 20-30 ml of solvent had been distilled 
off, toluene-p-&phonic acid (8.8 mg, 0.051 mmole) was added, and the mixture 
was boiled under the same conditions. The composition of the mixture was periodi- 

cally determined by t.1.c. (System B). After 45-60* min, a considerable amount of 
compound 4 had accumulated, at which stage the mixture became a thick, crystalline 
slurry. The addition of solvent was then stopped, and the mixture was evaporated 
at atmospheric pressure to about half of the starting volume. Pyridine (0.5 ml) was 
added, folIowed by 225 ml of methanol containing 0.5 ml of pyridine. Cooling gave 
white crystals that were collected, and washed with methanol; yield of compound 4, 
2.07 g (42%), m.p. 278-281°, chromatographically homogeneous (System B). The 
mother liquor contained compound 3 as the major component (t.I.c.), and was 
evaporated to dryness. The residue was dissolved in chloroform (100 ml), and the 
solution was washed with water (3 x 35 ml) and evaporated to dryness, and heptane 
was distilled several times from the residue in order to complete removal of pyridine; 
yield, 2.96 g (9.2 mmoles). With this residue, the above treatment was repeated 
(50 ml of l,Zdichloroethane, 4.8 mg of toluene-p-sulphonic acid) yield of 4 was 
0.87 g (32,5x). Thus, the overall yield of 4 was 60%. 

Repeated crystallization from 1,2-dichloroethane-methanol or chloroform- 
methanol, in the presence of several drops of pyridine, resulted in almost no loss of 
material and afforded a preparationI having m-p. 283-285”. 

Polymerizzarion of ortho ester 4. - Compound 4 (4.38 g, 5.00 mmoles) and 

1,Zdichloroethane (75 ml) were boiled under distillation conditions, with simultaneous 

addition of fresh solvent at a rate to keep constant the volume of the reaction mixture. 
After 20-30 ml of solvent had been distilled off, 51.8 mg (0.30 mmole) of toluene-p- 
sulphonic acid and 54.4 mg (0.30 mmole) of pyridinium perchlorate” were added, 
and the ~tixture was boiled under the same conditions during 15 min, and then 
refluxed for 23 h. ne reaction was monitored by chromatography (System B) ar,d 
was shown to be complete in 15-17 h. The reaction time varied (3-20 h) in a series of 
experiments. The homogenous mixture was diIuted with chloroform (100 ml), and the 

*The duration of the reaction appeared to depend on the amounts of reagents allowed to react. 
The beginning of crystallization with starting amounts of compound 3 of 10, 17,23, and 42 mmoles 
was after 18, 40, 50, and 100 min. respectively, but this did not change the yield of compound 4. 

Carbo@%f. Res-, 9 (1969) 61-69 



SyNTHEnC GLUCAN 67 

Solution was washed with water and evaporated to dryness. A solution of the residue 
in 5 ml of warm 98% acetic acid was evaporated to dryness with toluene, and the 
residue (thoroughly dried to remove acetic acid) was dissolved in 25 ml of dry chloro- 
form, and treated with dry methanol (25 ml) and 0.1~ meahanolk sodium methoxide 
(50 ml). The mixture was left for 75 min at 20°, and the turbid solution was then 
acidified with 1 ml of acetic acid and evaporated to dryness. The residue was heated 
with acetic acid (IS ml) and water (10 ml) for 1 h at 1W (insohzble residue had almost 
completely gone into solution after 20-30 min) and evaporated to dryness. The 
residue (carbonyl band in i.r. spectrum) was heated at 90-100” with a mixture of 60 ml 
ofp-dioxane @eroxide-free) and 60 ml of water. The solution was cooled, SN sulphuric 
acid (5 ml) was added, and the mixture was kept for 2 days at room temperature, 
diluted with water (100 ml), and neutralized with Amberlite IRA-400 (HCO,-) 
resin. The solution was then treated with a mixture of KU-2 (Ht) and Amberlite 
IRA-400 (HCO,-) resins, the resins were filtered off, and the filtrate and washings 
were evaporated to dryness. A solution of the residue in 20 ml of warm water was 
centrifuged, the floating organic phase was removed, and the aqueous solution was 
diluted with ethanol (200 ml) and kept overnight. The resulting precipitate was 
centrifuged off, washed with ethanol and ether, and dried; yieId, 0.50 g. A solution 
of this material in water (7 rn.I) was diluted with ethanol (28 ml) and kept for a few 
hours. The resulting precipitate was collected by centrifugation, washed with ethanol 
and ether, and dried, to give Fraction C (glucan S-l) as a white powder, 0.30 g (13O/u), 
[c$, -9” (c 1.26, water). The first and the second supernatants and ethanol washings 
were combined and evaporated to dryness, the residue was dissolved in water (10 ml), 
and ethanol (30 ml) and acetone (100 ml) were added. After storage overnight, the 
precipitate was collected by centrifugation, washed with acetone and ether, and 
dried, to give Fraction B as an almost white powder (0.92 g, 38%). The 
supernatant and acetone washings were combined and evaporated to give Fraction A 

as a yellow, amorphous residue (1.02 g, 43%). The i.r. spectra of Fractions A, B, 
and C contained no bands corresponding to carbonyl or aromatic groups. 

An analogous result was obtained by fractionation of the mixture by gel- 
filtration on Sephadex G-25 in 0.1~ acetic acid. 

Reduction of glucan S-I. - Glucan S-l (88 mg) in water (5 ml) was treated 
with sodium borohydride (150 mg) for 1 day at room temperature. The solution 
was neutralized with KU-2 (H+) resin and evaporated to dryness. Boric acid was 
removed from the residue by evaporation with methanol, and the residue was dissolved 
in 1 ml of water, ethanol (10 ml) was added, and the mixture was Ieft for 3 days. 
The resulting precipitate was collected by centrifugation, washed with ethanol and 
ether, and dried, to give polyol6 (51 mg, 58%). 

Fractionation of laminaran of Laminaria japonica. - The Iaminaran (1.68 g), 
isoIated by Dr. 0. S. Chizhov, was dissolved in 25 ml of hot water, and the solution 
was filtered through cotton and kept for a week at room temperature. The precipitate 
was collected by centrifugation, washed with ethanol and ether, and dried. Yield of 
“insoluble” laminaran, 0.06 g. The supernatant and ethanoi washings were combined 
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and diluted with ethanol (80 ml), and the precipitate was collected by centrifugation, 
washed with ethanol and ether, and dried, to yield “soluble” laminaran (1.45 g). 

Partid hyarOlysis. - hrtia3 hydrolysis of the soluble and insoluble laminarans 
of L. japonica, “Sample No. 1” of insoluble laminaranlo, glucan S-l, and polyol 6 
were performed on 1% solutions of polysaccharides (5-10 mg) in 0.1~ oxalic acid, 
which were heated in sealed tubes for 6 h at 100”. The hydrolysates were neutralized 
with Dowex-2-xg (I-X0,-), evaporated, and analysed by paper chromatography, 
together with Fractions A and B. The results are presented in Table I. 

Period&e oxidation. - Oxidation was performed in the dark. All solutions 
were prepared with COz-free H,O. The consumption of periodate was determined by 
titration with o.OlN thiosulphatez2, and formaldehyde by Nash’s method23 in modified 
form24. The yield of formic acid was determined by calorimetry of solutions containing 
a’n acid-base indicator*. Polyol 6 (24.40 mg) was oxidized in 50.00 nil of 1.50 mu 
unbuffered, sodium metaperiodate at 16”. Aliquots (1.00 ml) were removed for the 
determination of periodate, formic acid, and formaldehyde. The resnlts are presented 
in Fig. 2. 

An aliquot (2 ml) of the reaction mixture was removed after 4.5 h deionized 
with resins, and evaporated, and the residue was hydrolyzed wiLh N H2S04 (lOW, 
2 h), neutralized (anion resin), and evaporated. Paper chromatography in System P 
revealed glucose and traces of arabinose; xylose was not detected. 

The authors thank Professor D. J. Manners and Dr. 0. S. Chizhov for the 
samples of natural laminarans, and Dr. E. D. Sverdlov for useful 
kinetic results. 
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ABSTRACT 

The reaction of anhydrous magnesium bromide with methyl 5-O-acetyl-2,3- 
anhydro-a-D-ribofuranoside gives a mixture of methyl 5-O-acetyl-2-bromo-2-deoxy- 
a-D-arabinofuranoside and methyl 5-O-acetyl-3-bromo3-deoxy-a-D-xylofuranoside 
in which the latter preponderates. With methyl 5-U-acetyl-2,3-anhydro-&D-ribo- 
furanoside, the same reagent gives methyl 5-O-acetyl-3-bromo-kieoxy-fl-D-xylo- 
furanoside as the only isolable product. An adjacent methoxyl group shows greater 
steric inhibition than an adjacent acetoxymethyl group. 

RESULTS AND DISCUSSION 

A recent publication from these laboratories’ contained a description of the 
acid-catalyzed opening of the anhydride ring of the anomeric methyl 5-O-acetyl- 
2,3-anhydro-D-lyxofuranosides (1) with anhydrous magnesium bromide to give the 

bromohydrins 2 and 3. 

It was observed that la gave only the 3-bromohydrin (2a) wit& no detectable 

amount of 2-bromohydrin (3a), a result in accord with the observation that the reaction 

of &3-anhydrofuranosides with nucleophilic reagents generally results in epoxide 

opening at C-3. On the other hand, the reaction of- the fl-epoxide (db) with anhydrous 
magnesium bromide gave predominant opening of the epoxide at C-2, resulting in 
a ratio of Zbromohydrin (3b) to 3-bromohydrin (2b) of 2:l. 

In view of th$ profound effect of the anomeric configuration on the course of 
reaction with the methyl 2,3-anhydro-&xofuranosides (l), it was of interest to 
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examine a simiIar reaction with the anomeric methyl 5-O-acetyl-2,3-anhydro-a(and 
&&ribofurauosides* (4a and b). 

OMe + 

OR 

4 5 X=Br,R=H 
6 X=Br, R=SiMes 
7 X=Br, R=Ac 
8 X=H, R=Ac 
9 X = H, R = COaCsH4Me-p 

10 X=R=H 

a series = a-D anomers 
b series = B-D anomers 

AcocQ-Me 
11 X=Br, R-H 
12 X = Br, R= SiMes 
13 X=Br, R=Ac 
14 X=H, R=Ac 
15 X=R=H 

The reaction of methyl 5-O-acetyl-2,3-anhydro-a-D-ribofranoside (4a) with 
anhydrous magnesium bromide3 gave a mixture of two bromohydrins in the ratio 
of 5:2. Separation was effected by vapor-phase chromatography (v.P.c.) of the tri- 
methylsilyl ethers’. De(trimethylsilyl)ation of the separated components gave methyl 
5-O-acetyl-2-hromo-2-deoxy-cx-D-arabinofuranoside (5a) and methyl S-O-acetyl-3- 
bromo-3-deoxy-a-D-xylofuranoside (lla) as syrups, which were acetylated to give 
methyl 3,5-di-U-acetyl-2-bromo-2-deoxy-a-D-arabinofuranoside (7a) and methyl 
2,5-di-U-acetyl-3-bromo-3-deoxy-a-r+xy!ofuranoside (lh), respectively, both as 
analytically pure syrups. The n.m.r. spectrum of the acetylated bromohydrin that 
preponderated was compatible with structure 7a, resulting from attack at C-2 of the 
epoxide. Thus, H-l gave rise to a singlet, and H-2 to a doublet having a small coupling 
constant, a result to be expected for the irons-truns relationship of H-l, H-2, and H-3 
that exists in 7a. This assignment was confirmed by hydrogenolysis of 7a to give 
methyl 3,5-di-O-acetyl-2-deoxy-a-D-erythro-pentofuranoside @a), which proved to 
be identical in all respects with 8a prepared from 2-deoxy-D-erythro-pentose via the 
known methyl 2-deoxy-3,5-di-O-p-toluoyl-a-D-erythro-pentofuranoside5 (9a). 

The n.m.r. spectrum of the other acetylated bromohydrin was poorly resolved, 
and could not be used for structural assignment. That the material was a trans- 
bromohydrin, however, was demonstrated when the starting epoxide (4a) was 
regenerated in high yield by treating the bromohydrin with sodium metboxide and 
acetylating the product. The location of the bromine atom on C-3 was demonstrated 
by hydrogenolysis of the acetylated bromohydrin P3a to give methyl 2,5-di-O-acetyl- 
3-deoxy-a-D-erythro-pentofuranoside (14a). Although a satisfactory analytical 
sample of P4a could not be obtained, the n.m.r. spectrum was compatible with the 
structure proposed*. Conclusive structural identification was obtained by removing 

*Mechanistically, the S-0-acetyl group can participate in this reaction by way of a 1,3-orthoester 
ion (i)_ The products from such participation should be methyl 3-O-acetyl+bromo&deoxy-a-D- 
xylofuranoside (ii) and methyl S-0-acetyl-3-bromo-3-deoxy-a-D-ribofixanoside (iii). It would be 
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the substituents from 14a, to give %deoxy-D-erythro-pentose, characterized as its 
known (pn.itrophenyl)osazone*. 

The reaction of magnesium bromide with methyl 5-0-acetyl-2,3-anhydro-/I-D- 
ribofuranoside (4b), not unexpectedly, was much slower than with the Q-D anomer (4a). 
Thus, after a IO-day period of reflux, a significant quantity of unreacted starting 
material was still present. The product isolated appeared to be homogeneous, and, 
after acetylation to the diacetate, it gave an n.m.r. spectrum consistent with the 
steric arrangement present in methyl 2,5-di-O-acetyl-3-bromo-3-deoxy-P-D-xylo- 
fnranoside (13b). This structural assignment was verified by treatment with sodium 
methoxide, followed by acetylation, whereupon 4b was renegerated, thus demonstrat- 
ing the trurz.s-bromohydrin structure. The location of the bromine atom on C-3 was 
shown by hydrogenolysis of 14b to give methyl 2,5-di-O-acetyl-3-deoxy-&D-erythro- 
pentofuranoside (15b) having n.m.r. and i.r. spectra that were in all respects identical 
with those of an authentic sample of 15b prepared by an alternative route’. 

It is interesting to compare the results of the reaction of magnesium bromide 
with methyl 5-O-acetyl-2,3-anhydro-a-D-lyxoluranoside (la) and with methyl 
5-U-acetyl-2,3-anhydro-cc-D_ribofuranoside (4a). In each case, the preponderant 
product results from the attack of bromide on the ring carbon atom that is sterically 
less hindered. When a methoxyl group is responsible for the steric hindrance (as in la) 
only the 3-bromohydrin (2a) results. When the steric bulk is due to the acetoxymethyl 
group (as in 4a), the steric control is not so complete, and a mixture of products 
(namely, 5a and lla) results. The greater steric control of the methoxyl group is 
again illustrated by the fact that the 3-bromohydrin Ilb is the sole product from the 
B-D-riboside 4b. Finally the reaction with the B-D-lyxoside (lb), in which there should 
be no sign&ant steric hindrance, gave predominant attack’ at C-2. 

That the methoxyl group should exhibit a steric effect stronger than that of 
the acetoxymethyl group is somewhat surprising, as the acetoxymethyl group is the 
bulkier. It is possible that the dipole interaction that leads to the “anomeric effect’* 
in pyranosesg may be responsible for this result. Such an interaction would have a 

expected that the S-bromoxyloside ii, resuhing from attack by bromide on the primary carbon should 
preponderate6. 

OH OH Br- OH 

ii i 
-.. 
III 

HydrogenoIysis of is would give a 5-deoxy-D-xyiose derivative, which should be readily identiti- 
able by its n.m.r. spectrum; however, no evidence was obtained for the presence ofYi. Treatment of iii 
with base would not regenerate the epoxide 4a. The high recovery of epoxide precludes the presence 
of any signi&ant proportion of iii, and this, in turn, precludes any significant participation by the 
5-acetate. These results are in agreement with those of Hughes and Speakman7, in which treatment of 
5-O-benzoyl-1,7,-O-isopropylidene-3-O-p-to~yls~fony~-~-D-ribofuranose with sodium benzoate in 
N,N-dimethyIformamide afforded no evidence for benzoate participation via a 1,3-orthoester ion. 

Carbohyd. Res., 9 (1969) 71-77 



74 E. J. REIST, S. L. HOLTON 

tendency to push the methoxyl group into a pseudo-axial position. The4-(acetoxy- 
methyl) group (not, itself, affected by any dipole interaction with the ring-oxygen 
atom) will assume more of a pseudo-equatorial position, within the limits permitted 
by the twisted furanose ring. Such a conformation would hinder sN2 attack at C-2 

0 

by bromide, but would make C-3 more accessible to attack. Examination of the n.m.r. 
spectrum showed that the coupling constants of 4b are very similar to those of methyl 
2,3-anhydro-P-D-ribofuranoside lo. Thus, H-l resonated at T 5.05 (s), H-2 and H-3 
resonated at T 6.3 (Jzv3 3 Hz, J3,4 - 1 Hz), and H-4 and H-5 resonated at 7 5.8 (m). 
Examination of a molecular model of 4b revealed that the pseudo-equatorial attach- 
ment ofthe 4-(acetoxymethyl) group, and the pseudo-axial bond to the I-methoxyl 
group, are compatible with the V, (envelope) structure (16) for 4b and its resulting 
small coupling constants J,,2 and J3+ 

EXPERMENTAL 

Vapor-phase chromatograms, both analytical and preparative, were performed 
with a Wilkens Autoprep 700 gas chromatograph equipped with a 5 ft x 3/8 in 
stainless-steel column packed with 15% phenyl (diethylamino)succinate on Chromo- 
sorb W (60-80 mesh). Helium was used as the carrier gas. The column temperature 
was 170”, uniess otherwise noted. Specific rotations were determined with a Rudolph 
photoelectric polarimeter. Thin-layer chromatograms were performed with silica 
gel HF (E. Merck, A.-G., Darmstadt), and spots were detected by means of iodine 
vapor. Organic solutions were dried with anhydrous magnesium sulfate. N.m.r. 
spectra were recorded with either a Varian A-60 or HA-i00 spectrometer, for solutions 
in chloroform-d, with tetramethylsilane (r 10.00) as the internal standard. 

MerhyZ 3,5-di-O-acetyZ-2-bromo-2-deoxy-a-D-arabinofuranoside (5a) and methyl 

2,5-di-~-acetyI-3-bromo-3-deoxy-a-D-=cylofura (lla). - A solution of 1.3 g 
(6.9 mmoles) of methyl 5-CLace@-2,3-anhydro-a-D-ribofuranoside* (4a) in 65 ml of 
1,Zdimethoxyethane was heated for 4 h at reflux with magnesium bromide prepared 
from 1.3 g (53.5 mmoles) of magnesiunr and 7.2 ml (83.5 mmoles) of 1,2-dibromo- 
ethane’. The solution was cooled, 30 ml of water was added, the pH was adjusted to 
2 with 5~ hydrochlcric acid, and the solution was extracted with two 30-ml potions 
of chloroform. The chloroform extracts were combined, washed successively with 
10 ml of 5% aqueous sodium thiosulfate and 10 ml of water, dried, and evaporated 
to dryness in cacao to yield 1.57 g (85%) of mixed bromohydrins (5a and lla) as a 
yellow oil. V.p.c. of the t-imethylsilyl ethers4 of the crude product showed that the 
mixture contained two components in the ratio of 5:2. 
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Treatment of 180 mg of the mixed bromohydrins with methanolic sodium 
methoxide at room temperature, followed by acetylation of the product, gave an 
87% recovery of methyl 2,3-anhydro-5-0-acetykz-D-ribofuranoside (4a), which had 
an i.r. spectrum identical with that of authentic 4a. The behavior of this compound 
on t.1.c. [with 1:3 (v/v) cyclohexane-ether] was identical with that of authentic 4a, 
and was significantly different from that of the acetylated bromohydrin 13a. 

To a solution of crude product (5a and lla) in 5 ml of dry pyridine was added 
7.85 ml of hexamethyldisilazane and 800 ,uI of chlorotrimethylsilane. The mixture 
was stirred for 5 min, 40 ml of dry benzene w3s added, and the solution was centri- 
fuged to remove the precipitated salts. The supernatant liquor was purified by means 
of preparative v.p.c. at 150”, to give the trimethylsilyl ethers 6a (retention time 2.5 mm), 
and 12a (retention time 4.0 mm), in yields of 0.28 g (14%), and 0.16 g (8%), respectively. 

A solution of 6a in 15 ml of 50% aqueous methanol was heated for 4.5 h at 50”, 
and evaporated to dryness in tiaczto; abs. ethanol was added and evaporated off 
(to remove the last traces of water), yielding 0.22 g of methyl 5-0-acetyl-2-bromo-2- 
deoxy-a-D-arabinofmanoside (5a) as a colorless oil. 

Acetylation of 5a with 440 ~1 of acetic anhydride in 10 ml of dry pyridine gave 
0.24 g of methyl 3,5-di-O-acetyl-2-bromo-2-deoxy-ar-D-arabinofuranoside (7a) 3s a 
colorless oil; 12:: 5.70, 8.10 m (acetate -CO,-). There was no hydroxyl absorption 
at 2.9 pm. The n.m.r. spectrum showed 3 singlet at r 4.81 (H-l), a doublet at r 5.65 
(Jz,J 2 Hz, H-2), a quartet at o 4.76 (J2,3 2 Hz, J3,4 4 Hz, H-3), and multiplets at 
r 5.6-5.9 (H-4, H-5). 

Anal. Cab for C&,H,,BrO,: C, 38.6; H, 4.86. Found: C, 38.8; H, 5.04. 
In the same way, 158 mg of methyl 5-O-acetyl-3-bromo-3-deoxy-2-O-(tri- 

methylsilyl)-a-D-xylofuranoside (12a) was de(trimethylsilyl)ated with 50% aqueous 
methanol and the product was acetylated with acetic anhydride in pyridine, to give 
128 mg of methyl 2,5-di-O-acetyl-3-bromo-3-deoxy-a-n-xylofuranoside (13a); 

e= 5.70, 8.10 pm (acetate -CO,-). The n.m.r. spectrum of 13a was poorly resolved, 
and the signals of the ring protons were divided into two groups, a 2-proton group 
centered at r 4.8 (presumably H-l and H-3), and 3 4-proton group centered at t 5.6 
(H-2, H-4, H-5 and H-5’). 

Anal. Found: C, 38.9; H, 4.58. 
Methyl 3,5-di-O-acetyl-2-deoxy-a-D-erythro-pentofuranoside @a). - A. From 

the bromohydrin 7a. A solution of 199 mg of methyl 3,5-di-0-acetyl-2-bromo-2-deoxy- 
E-D-arabinofuranoside (7a) in 10 ml of 2-methoxyethanol was treated with Norit, 
and the suspension was titered. To the filtrate were added 103 mg of 5% palladium- 
on-carbon and 100 mg of anhydrous sodium acetate, and the mixture was stirred 
under one atmosphere of hydrogen for 18 h at room temperature, by which time 
uptake of hydrogen had ceased. The suspension was filtered &elite pad), the filtrate 
was evaporated to dryness in uacuo, and the residue was partitioned between ether 
and water (20 ml of each). The ether layer was washed successively with 10 ml of 
saturated aqueous sodium hydrogen carbonate and 10 ml of water, dried, and 
evaporated to dryness in uacuo to give 89 mg of product @a) as a colorless oil that 
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was homogeneous (RF 0.5) by t.1.c. with 19:l chloroform-ethyl acetate as the develop- 
ing solvent. The n.m.r. spectrum was identical with that of authentic methyl 3,5-di-U- 
aoetyl-2-deoxy-B-D-eryt/lra-pentofiuanoside ($a) prepared from Zdeoxy-D-erythro- 
pentose (route B). 

I?. I+um 2-deoxy-D-erythro-pentribose. To a solution of 1.24 g of methyl 
2-deoxy-3,5_di-O-Cp-toluoyl)-rr-D-erythrnoside’ (9a) in 35 ml of methanol 
was added 1 ml of 100 mu methanohc sodium methoxide, and the solution was boiled 
for 1 h under refux. The solution was cooled to room temperature, neutralized to 
pH 6 with Dowex-50 @I+), the suspension was atered, and the Gltrate was evaporated 
to dryness in VLIC~IO. The residue was partitioned between chloroform and water 
(20 ml of each). The aqueous layer was evaporated to dryness, to give 400 mg of 
crude methyl 2-deoxy-a-D-erythro-pentofuranoside (lOa) as a colorless syrup, e 
2.90 pm (OH); no carbonyl absorption at 5.8 pm. 

Acetylation of methyl 2-deoxy-a-D-erythro-pentofitranoside (lOa, 400 mg) 
with 1.28 ml of acetic anhydride in 10 ml of pyridine gave 590 mg of methyl 3,5-d&U- 

acetyl-2-deoxy-cz-D-erythTo-pentofuranoside @a) as a colorless syrup, [aJz5 + 56” 
(e 0.87, chloroform): IE’,:: 5.70, 8.05 m (acetate -CO,-); no hydroxyl absorption 
at 2.9 pm. 

Anal. Calc. for C10H1606: C, 51.7; H, 6.94. Found: C, 51.7; H, 6.89. 
Merhyl 2,5-di-O-acetyl-3-deoxy-a-D-erythro-penfofuranoside (Ma). - A 

solution of 92 mg ofmethyl 2,5-di-O-acetyl-3-bromo-3-deoxy-cr-D-xylofuranoside (lla) 
in 10 ml of Zmethoxyethanol was treated with Norit, and was then hydrogenated 
by using 50 mg of 5% palladium-on-carbon and 50 mg of anhydrous sodium acetate 
as described for the hydrogenation of 7a. It was necessary to repeat the hydrogenation 
in order to effect complete debromination; 43 mg of product 12a was obtained as 
a colorless oil. TLC. with 19:l chloroform-ethyl acetate showed one main spot at 
RF 0.3, as well as a weaker spot at the origin. 

Saponification and hydrolysis, followed by preparation of the @-nitrophenyl)- 
osazone by a procedure described for the /%D anomer6, gave crystalline 3-deoxy-D- 
erytIzro-pentose (p-nitrophenyl)osazone, m-p. 252-254”, identical spectroscopically 
with a sample prepared by an alternative route6. 

Methyl 2,5-di-O-acetyI-3-bromo-3-deoxy-8-D-xylo (13b) - A solution 
of 2.0 g of methyl 5-O-acetyl-2,3-anhydro-B-D-ribofkranoside (4b) in 100 ml of dry 
1 ,Zdimethoxyethane was heated for 10 days at 70” with magnesium bromide tirepared 
from 2.0 g of magnesium and 11 ml of 1 ,Zdibromoethane). The mixture was processed 
as described for the CC-D anomer, to give 1.97 g of crude product as a yehow oil. 
V.p.c. of the trimethykilyl ether of the crude product showed that it contained two 
components, the lkt of which appeared to be unreacted starting-material. 

The trimethylsilyi ether was prepared as described for t+ CC-D anomer, and the 
product was submitted to preparative v.p.c. to give 175 mg of recovered starting- 
material, followed by 386 mg of methyl 5-O-acetyl-3-bromo-3-deoxy-2-O-(trimethyl- 
silyl)-&D-xylofiuanoside (12b). 

A solution of 12b in 5 ml of 50% aqueous methanol was heated for 4.5 h at 
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W, and evaporated to dryness in vacua. The last traces of water were removed by 
the addition and evaporation of 5 ml of abs. ethanol, to give 291 mg of methyl 
S-O-acetyl-3-bromo-3-deoxy-8_D-xylol%ranoside (llb). T.1.c. with 1:3 (v/v) cyclo- 
hexane-ether showed one main component at RF 0.65, and several trace contaminants 
at RF O-0.2. 

Acetylation of llb with 460 ~1 of acetic anhydride in 5 ml of pyridine gave 
232 mg of methyl 2,5-di-O-acetyl-3-bromo-3-deoxy-j?-D-xylofuranoside (13b) as a 

colorless syrup, [cc]2 +13” (c 0.99, chloroform). The n.m.r. spectrum showed a 
singlet at T 5.12 (H-l), a singlet at r 4.70 (H-2), and a multiplet at z 5.7 (H-3, H-4, 
and H-5). 

Anal. Calc. for &H,,BrOs: C, 38.6; H, 4.86; Br, 25.7. Found: C, 38.7; 
H, 4.85; Br, 25.8. 

Treatment of 13b (100 mg) with methanolic sodium methoxide, followed by 
azetylation of the product, gave a 70% yield of methyl 5-0-acetyl-2,3-anhydro-j&-D- 
ribofuranoside (4b), identical by i.r. spectrum and t.1.c. (I:3 cyclohexaneether) 
with authentic 4b. 

In a second preparation, purification of llb was accomplished by preparative 
t.i.c. with 1:3 cyclohexane-ether, to give a 29% yield of bromohydrin llb; the product 
was identical in all respects with the bromohydrin obtained by preparative v.p.c. 
of the trimethylsilyl ether 12b. 

Methy 2,5-di-O-acetyZ-3-deoxy-P-Derythro-pe~ztof~ra~zos~de (14b). - A solution 
of 156 mg of methyl 2,5-di-O-acetyl-3-bromo-3-deoxy-j?-D-xylofranoside (13b) 
in 10 ml of 2-methoxyethanol was hydrogenated, in the presence of 79 mg of anhydrous 
sodium acetate and 83 mg of 5% palladium-on-carbon, as described for the pre- 
paration of 7a, to give 52 mg (45%) of methyl 2,5-di-U-acetyl-3-deoxy-@-D-erythro- 
pentofuranoside (14b) as a colorless oil. The n.m.r. spectrum was identical with that 
of authentic 12b prepared by an alternative route6. 
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MASSENSPEKTROMETRISCHE UNTERSUCHUNGEN 
XIX. MlTTEILUNG*. KOMBINATION VON GASCHROMATOGRAPHIE UND MASSENSPEKTR- 

METRIE ZUR ANALYSE PARTIELL METHYLIERTER ZUCKERDERIVATE. DIE MASSENSPEKTREN 

VON PARTIELL METHYLIERTEN METHYLGLUCOSIDEN 

K. HEYNS,K.R. SPERLING m H.F. GR~~ZMACHER 

Institut Organ&be Cbemie der Unicersitcit Hamburg (Deutschland) 

(Eingegangen den 5. April, 1968; modifiziert den 7. Juni, 1968) 

ABSTRACT 

Some partially methylated methyl glucosides were investigated by the gas 
chromatography-mass spectrometry method. The main properties of their mass 
spectra can be derived from the fragmentation scheme of permethylated pyranoses 
by a consideration of the effects of the different substituents. Apart from a shif. of 
the ion masses, due to replacement of methoxyl by hydroxyl groups, the main effect 
of the substituent is a variation of the inductive stabilisation of the positive charge 
of the fragments. 

Furthermore, the derivatives having methoxyl groups at the 1,2,3-, 1,2,3,6-, 
1,3,4-, or 1,3,4,6_positions produce a very characteristic peak at m/e 161. 

The stereochemistry of the partially methyIated methyl glucosides has no 
significant effect on their mass spectra, but the effect of the position of the substituent 
is importan:. The type of substitution can thence be deduced from the mass spectra. 

The gas chromatography-mass spectrometry method is much more appropriate 
for the ident%cation of a mixture of monosaccharides obtained from a permethylated 
polysaccharide by solvolysis than the gas-chromatographic method alone. 

ZUSAMMENFASSUNG 

Partiell methyherte Methyiglucoside wurden gaschromatographisch-massen- 

spektrometrisch untersucht. Die Haupteigenschaften ihrer Massenspektren sind aus 
dem Zerfallschema fiir permethylierte Pyranoside durch Beriicksichtigung von 
Substituenten-Effekten ableitbar. Wesentlichster Substituenten-Effekt ist auger der 
Verschiebung einzelner Ionenmassen durch Austausch von OCH,- gegen OH- 
Gruppen die unterschiedliche induktive Stabilisierung positiver elektrischer Ladungen 
in den Fragmenten. 

Weiterhin entsteht durch eine Umlagerungsreaktion bei den Derivaten mit 
Methoxygruppen in 2,3-, 2,3,6-, 3,4- und in 3,4,6-Stelhmg ein sehr charakteristischer 
Peak der MZ 161. 

*XVIII. Mitteilung: Ber., 100 (1967) 2664. 
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Die Eigenschaften der Massenspektren partiell methylierter Methylglycoside 
werden rmr unwesentlich durch deren Stereochemie, maggeblich jedoch durch die 
Stellung des Substituenten bestimmt. Der Substitutionstyp wird damit aus den 
Massenspektren ablesbar. 

Dadurch ist die gaschromatographisch-massenspcktrometrische Methode 
wesentlich besser als die gaschromatographische Metbode allein gee&net, die Bestand- 
teile eines durch Solvolyse permethylierter Polysaccharide erhaltlichen Mono- 
saccharidgemisches zu identifizieren. 

EINFtkRUNG 

In neueren Arbeiten stiltzen sich Strukturbeweise fiir Polysaccharide iiber- 
wiegend auf gaschromatographische Retentionsvolumina der durch Permethylierung 
und Solvolyse gebildeten partiell methylierten Monosaccharide’*-. Die alleinige 
Anwendung der Gaschromatographie zur Analyse eines Gemisches partiell methy- 
lierter Monosaccharide birgt jedoch erhebliche Schwierigkeiten und Unsicherheiten, 
denn die Retentionsvolumina der partiell methylierten Derivate verschiedener Zucker 
liegen dicht beieinander14, sind aber nur innerhalb 5% reproduzierbar’. Eine hin- 
reichend sichere Identifizierung ist daher oft nicht eimnal durch direkten Vergleich 
mit Testsubstanzen miiglich’*6. Eine Verbesserung kann erreicht werden, wenn auBer 
den Retentionsvolumina als weitere stofTspezifische KenngrSSen Spektren der 
getrennten Substanzen aufgenommen werden. Hier bietet sich eine direkte Kopplung 
zwischen Gaschromatograph und Massenspektrometer anto*“. Die Retentions- 
volumina einer grol3en Anzahl von partiell methylierten Monosacchariden sind 
bereits tabelliert worden (so.). Zusammen mit einer massenspektrometrischen 
TdentXzierung des Substitutionstyps sollte daher trotz der geringen Reproduzier- 
barkeit der in der Lireratur angegebenen Retentionsvolumina eine eindeutige Zuord- 
nung miiglich sein. 

Bei der Untersuchung permethylierter Methylglycoside der Hexosen und 
Pentosen hat sich gezeigt, dal3 die Massenspektren vom sterischen Bau dieser Ver- 
bindungen wenig beeinflul3t werden. In allen Fallen werden die gleichen Ionen gebildet, 
lcleinere Unterschiede treten nur in den relativen Intensitaten einzelner Ionentypen 
auf. Dies gilt such fiir die Massenspektren der a- und /3-Anomeren. Erfolgt die durch 
ElektronenstoB induzierte Fragmentierung der partiell methylierten Monosaccharide 
nach den gleichen Mechanismen, wie die der permethylierten Derivate, so ist such fur 
die Massenspektren dieser Verbindungen nur eir: geringer sterischer Effekt zu 
erwarten. Urn die charakteristischen Me&male der Pubstitutionstypen zu bestimmen, 
gent@ daher die Untersuchung der verschiedenen Derivate eines einzigen Mono- 
saccharids. 

Wegen des sterischen Einflusses, der sich durch geringe Intensitatsverschie- 
bungen der Ionen beim Ubergang von einem zum anderen Monosaccharid bemerkbar 
macht, kiinnen fur die Identifizierung des Substitutionstyps nur hervorstechende 
Me&male, wie Massenverschiebungen und kraftige Intensit2tsanderungen der 
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Ionen in AbhZngigkeit von der Stellung der Substituenten herangezogen werden. 
Dieses Verfahren ist such zu empfehien, weil im ahgemeinen Massenspektren, die 
mit der kombinierten gaschromatographisch-massenspektrometrischen Methode 
aufgenommen werden, weniger gut quantitativ reproduzierbar sind als liblich. 

Als ,, Modellsubstanzen“, mit denen der EinfluD der Substituenten am Ring auf 
die Massenspektren untersucht werden karr, wurden die partieil methylierten 
Methylglucopyranoside gewahlt (Darstelhmg gem&g g*12)_ Von diesen sind vor allem 
jene wichtig, mit denen man bei der Solvolyse eines permethylierten Polysaccharids 
rechnen mu6. Das sind die Methyl-tri-0-methylglucopyratoside mit jeweils einer 
freien OH-Gruppe in Stelhmg 2,3,4 oder 6. Dariiber hinaus wurden --zur Kontrolle - 
einige Methyl-di-0-methylglucopyranoside und ein Methyl-mono-U-methylgluco- 
pyranosid dargestellt und untersucht. 

VERSUCHSBEDINGUNGFZN 

(a) Alle gaschromatographischen Messungen wurden mit einem Perkin-Elmer- 
Gaschromatographen Typ F 20 unter folgenden Bedingungen durchgeflihrt : SZuIe : 

2 m Glas, 4 mm a; Phasen : 5% Athylenglykolsuccinat auf Chromosorb W; Sgulen- 
temperatur : 200”; Einspritzblock-Temperatur : 260”; Durchllul3geschwindigkeit : 

25 ml Hejmin. ; Anzeige: FID bzw. Massenspektrometer. 
(b) Kopplungselement zum Massenspektrometer war eine mit Butandiol- 

succinat beschichtete, auf 140-180” beheizte Metallkapillare. Sie wurde an die 
Austrittsdiise des Flammenionisationsdetektors angeschlossen. Die Verbindung mit 
dem Massenspektrometer bestand aus einer feinen Glaskapillare, durch die ein 
bestimmter Anteil des aus dem Gacshromatographen iiber die Kor>pIungs-Kapillare 
austretenden Gasstroms in das Massenspektrometer eingesogen wurde. 

(c) Die Massenspektren warden mit einem Atlas CH4Gerat unter folgenden 
Bedingungen aufgenommen : Substanz-EinlaB : Uber den ,, Hochtemperatur-Einlal3 “ 
bzw. iiber den Gaschromatographen; Arbeitstemperatur (in Vorratsbehslter und 
Ionenquelle) : 150-l 70”. EIektronenenergie : 70 eV. Ionenanzeige : SEV-System; 
Registriereinheit : Kompensationsschreiber; bei EinlaD tiber den Gaschromato- 
graphen : Lichtpunktschreiber. Registrierzeit : Fiir den Bereich von 40-250 ME mit 
dem Kompensationsschreiber ca. 20 min, mit dem Lichtpunktschreiher ca. 10 sek 
(bei einer Durchlaufzeit von 30-120 sek fur einen gaschromatographischen Peak). 

VEXSUCHSEBGEBNISSE 

Die gemessenen Retentionsvolumina wurden auf Methyl-2,3,4,6-tetra-U- 
methyl-cx-D-glucopyranosid als inneren Standard bezogen. Die so erhaltenen relativen 
Retentionsvolumina werden im folgenden R, genannt (Tab. I). 

Beziiglich der Retentionswerte fallen vier, such chemisch gut unterscheidbare 
Gruppen sofort auf: Methyl-tetra-U-methyIglucopyra.noside bei R, = C-l, Methyl- 
tri-0-methylglucopyranoside bei R, = 2-3, Methyl-d& 0-methylglucopyranoside bei 
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4 = 4-7, Methyl:mono-O-methylglucopyranoside bei R, b 10. Die schwerfliichtigen 
ulld polaren Methyl-3XLmethyIglucopyranoside wurden hartn&lcig im Gergt 
festgehalten. Die R,-Werte wurden deshalb bei erhiihter Einspritzblccktemperatur 

(320°) gemcssen. Die beobachteten Retentionszeiten lagen bei 2.5 Stunden. 

TABELLE 1 

-0NSWERl-E DER PARTIELL METHYLIERTEN h¶ElTKYLGLUCOSIDE 

T/erbindungen~ Gemessene Werte Rr totter fXgenden Bedingungenb 

GCe ZOO”, GlassluIe 
mit EGSC 

GC-MS6 ZOO’, Glasslula 
mit EGS. Kapillare mit 
BDSf 

l-,3,4,6 0.74 
cc-2,3,4,6 1.00 
l3-2,3,6 2.20 
a-2,3,6 2.92 
&2h6 2.15 
a-2,3,4 2.38 
m-3,4,6 2.00 
CL-2,3 6.86 
a-4,6 4.50 
c-3,4 4.26 
D-3 16.50 
U-3 23.60 

0.77 
1.00 
2.35 
3.20 
2.75 
2.50 
2.20 

7.10 
6.3 

aDie einzelnen Methylglucosid-Derivate sind durch jene Stellen bezeichnet, an denen im Molektil 
auSer in Position 1 Mcthoxygruppen sitzen. bTemperaturangaben beziehen sich auf die Siulentem- 
peratur. =GC, Gaschromatographie tinter Standardbedingungen 4GC-MS, Gaschromatographie 
mit der Anordnung Gaschromatograph-Verbindungskapillar~Massenspektrometer “EGS, jithylen- 
glycolsilccinat-Polyester als fliissige Phase. fBDS, Butandiolsuccinat-Polyester als flttssige Phase. 

Eine Auftrennung von Gemischen partiell methylierter Methylglucopyranoside 
in die Gruppen der Tri-, der Di- und der Mono-methy%ither gelingt stets. Uber- 
lappungen der einzelnen gaschromatographischen Peaks treten nur innerhalb dieser 
Gruppen auf (FLU.). Die Massenspekzren der einzelnen isomeren Tri-, Di- oder 
Mono-methyl&her sind aber in so charakteristischer Weise voneinander verschieden, 
da13 selbst bei ungeniigender Auftrennung des Gemisches eine eindeutige massen- 
spektrometrische Identifizierung der Komponenten moglich ist. So haben das Methyl- 
2,3,6-tri-U-methylglucopyranosid und das Methyl-2,4,6-tri-O-methylglucopyranosid 
praktisch gleiche Retentionszeiten, ihre Massenspektren unterscheiden sich jedoch 
besonders stark voneinander. Im Spektrum des ersteren sind auffallig starke Peaks 
bei den MZ 161, 88 und 75 zu finden, v&rend fur das Spektrum des letzteren starke 
Peaks bei den MZ 102 und 101 charakteristisch sind. 

Da die Massenspektren der untersuchten Substanzen verschiedene Hauptpeaks 
aufweisen, erhslt man nur dann vergleichbare Werte, wenn man die Peakintensititen 
als Prozent vom Gesamt-Ionenstrom beschreibt. 

Die nach der kombinierten gaschromatographisch-massenspektrometrischen 
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Methode gemessenen Spektren enthlelten graOere Intensltatsanteile, die nlcht aus 
den untersuchten Substanzen stammten (,, Untergrund“). Urn die Peakintensitlten 
auf einen miiglichst untergrundarmen ,,Gesamt-Ionenstrom“ zu beziehen, wurden 
zu seiner Ermittlung nur die relativen IntensitHten folgender Peaks addiert (MZ = 
Massenzahl) : MZ 40400, sofern > 5% des Hauptpeaks; MZ 100460, sofern 2 2.5% 
des Hauptpeaks; MZ 160, sofem > 1% des Hauptpeaks. Starkere Abweichungen 
wurden im unteren MZ-Bereich (40-60) beobachtet. Da Peaks dieser MZ wenig 
chamkteristisch sind, wurde auf sie bei der vergleichenden Betrachtung verzichtet. 
Die MeSergebnisse sind in Abb. l-l 1 und in Tab. II wiedergegeben. 

Abb. 3 Abb. 3a 

Abb. 4 

ML- 

Abb. 5 

Abb. 6 Abbe 7 
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Abb. 10 

Abb. 9 

TABELLE Ii 

GESCHiiTZTE UND GEhIESSENE H&EN DER CHARAKTERISTISCHEN PEAKS IM h¶ASSENSPEKTRUhl EINIGER 

PARTIELL METHYLIERTER METHYLGLUCOSIDE 

‘Zerb.a 2,3,4 2,3,6 

MZ Ionenb PeakhZihe in % &J Ionen* Peakhcihe in % 246 

Ber.C Kor_d Geme Ber.C Kor.d Gem.e 

102 0.6 0.7 0.1 0.3 
10: %?-vwti5.s6 11.5 C+ 6 17.8 szcqss 2.3 =S + 6 5.0 
88 r Mzts 29.6 < +I1 38.0 rt1r2 25.0 ,(+ll 29.6 
87 a 2.0 a- 6 1.15 SlSgsS 11.6 > -11 4.7 
75 as2 16.0 13.3 4. 13.8 6+ 6 15.7 
74 0.1 t3 4.6 3- 6 2.5 
73 W~tG2W3W4 4.4 6.1 ~1x2~3 4.0 5.0 

161 i 0 < + 6 4.0 

Verb.= 2,496 3,496 

MZ Ionenb 

102 r 
101 sp3s4 

88 tl 
87 S2s5sg 

75 02 
74 fzts 
73 wrc2laq 

161 

Peakhiiile in % 2146 Ionenb 

Ber.= Kor.d Gem.= 

Peakh&e in % .?I40 

Ber.C Kor.d Gem.= 

1.7 <+ 6 6.0 r 1.2 =s + 6 2.2 
11.1 =S + 6 15.4 SlSzSg 2.7 =s+ 6 3.8 
2.9 =s+ 1 1.5 t2 4.6 <+11 11.2 

2.4 a- 1 3.0 m.%@s 10.9 a-11 3.6 
4.4 3+ 1 4.0 VI 14.8 <+ 1 13.1 

25.7 a-16 12.8 t1r2 24.0 2 -16 9.3 
2.3 0.9 Wlm3W4 2.6 2.6 

i 0 S + 6 3.6 
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TABELLE II Fortsetzung 

Verb.= 293 3*4 

MZ Ion.&’ Peakhche in % X43 Ionenb Peakhghe in % Z40 

Ber_C K0r.a Gem.6 Ber.C Kor.d Gem.= 

102 0.1 0.1 
101 mQ-75 2.4 < + 6 3.6 R?-Rl 0.7 C+ 6 2.3 

88 t1tz 24.5 <+11 29.5 r t3 6.0 <+ 6 12.4 
87 S3s6 9.3 a- 6 6.8 SlSgsqsg 12.9 a-11 6.2 
75 01 13.3 <fll 19.2 al 14.2 <+6 15.9 
74 r t3 5.8 3- 6 4.5 r1ra 24.1 3-11 11.4 
73 .T~~lc3tc3 7.1 a- 1 7.1 ww3w4 2.6 2.6 

161 j 0 C + 6 2.4 i 0 d + 6 2.7 

Verb.= 

MZ Ionenb 

4,6 3 

Peakhiihe in % 2& Ionenb Peakhcihz in % J&J 

Ber.c Kor.d Gem.e Ber.= Kor.d Gems 

102 r 1.1 < + 6 3.6 
101 s1 2.05 < + 6 2.9 s2 0.3 <+ 6 1.7 

88 2.2 1.3 

87 s%%s4s6 9.75 3 - 1 10.4 s‘@rj&j 2.4 < + 6 10.65 
75 1.8 6.0 01 13.9 < + 6 14.6 
74 r1t3 7.5 < + 6 12.0 rtltet3 30.0 2- 6 21.4 
73 s4WQI 2.2 0.9 s1s3w1203 13.1 2-11 4.3 

147 j 0 <+ 1 0.7 j 0 < + 1 0.7 

aDie Verbindungen sind hier wie in Tabelie E bezeichnet. “Siehe TabeIIe III. CPeakhahen in % X40 
berechnet unter der Annahme, daB die Inteusitit der einzeinen Ionen durch die Substituenten nicht 
verandert wird. dKorrektur unter Beriicksichtigung der in TabeIIe IV zusammengefal3ten Effekte 
(% &a). eMe13werte (% C40). 

DISIXJSSION 

Wegen der deutlichen Unterschiede in den Massenspektren von Zuckem mit 
verschiedenem Methylierungsgrad ist durch Spektrenvergleich die sichere Identi- 
tiierung unbekannter Zuckerderivate miiglich. Urn jedoch von einem Spektren- 
katalog der partiell methylierten De&ate der verschiedenen Zucker unabh%@g zu 
sein, ist es vorteilhaft, wenn die Massenspektren der partiell methylierten Methyl- 
glucoside in iibersichtlicher und eindeutiger Weise van denen der gut untersuchten 
permethylierten Derivate abgeleitet werden k&men. 

Durch Markierung der einzelnen Gruppen eines permethylierten Zuckers 
mit Deuterium ist bekannt, aus welchen Fragmentierungs-Reaktionen die ver- 
schiedenen Fragment-Ionen entstehen und in welcher Weise sich die einzelnen 
Gruppen des Zuckermoleklils auf die verschiedenen Ionen verteilen10*13-15. Da im 
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Vergleich zu den permethylierten Derivaten bei partiell methylierten Zuckern 
bestimmte OCH,-Gruppen gegen OH-Gruppen ausgetauscht sind, werden such die 
Massen bestimmter Ionen urn 14 Masseneinheiten kleiner. Entsprcchend verschiebt 
sich die MZ des zugehijrigen Peaks. So werden im Massenspektrum permethylierter 
Methylhexopyranoside die Peaks der MZ 101 und 88 zu etwa 83% aus Ionen gebildet, 
die den Substituenten des C-Atoms 2 enthalten. Man sollte daher im Massenspektrum 
des Methyl-3,4,6-tri-U-methylglucopyranosids eine Verschiebung der entsprcchenden 
Intensititsanteile von den MZ 101 und 88 zu den MZ 87 und 74 erwarten. Wie Abb. 3 
zeigt, tritt tats&&lich die erwartete Peakverschiebung ein, keineswegs aber im 
berechneten AusmaD. Die unbefriedigende Ubereinstimmung zwischen gemessenen 
und berechneten Massenspektren ist firr zwei partiell methylierte Methylhexopyrano- 
side bereits von Kochetkov et al. beobachtet worden”. Dabei bent&ten die Autoren 
allerdings ein unrichtiges Fragmentierungsschema. Obwohl dieses Schema berichtigt 
wurde, konnten die Beobachtungen aber an dem vorliegenden umfangreichen Material 
bestiltigt werden (s. Tabelle II). Die Substituenten miissen daher auger die Tonen- 
massen such den FragmentierungsprozeB durch weitere Effekte entscheidend beein- 
flussen. Damit die in dieser Arbeit fiir partiell methylierte Methylglucopyranoside 
erhaltenen Ergebnisse auf andere Zucker iibertragen werden kiinnen, m&en Natur 
und Ausma8 dieser Substituenteneffekte bekannt sein. 

Ausgehend von den Ergebnissen der massenspektrometrischen Untersuchung 
permethylierter Methyl-pentopyranoside und -hexopyranosidei3-’ ’ wurden daher 
emeut die Massenspektren der partiell methylierten Derivate eingehend berechnet und 
durchvergleich mit den experimentellen Werten die Substituenteneffekte bestimmt. Das 
soil anhand jener Ionen erlgutert werden, die bei den permethylierten Derivaten 

die MZ 102, 101, 88, 75 und 71 haben. Mit Hilfe dieser intensiven Ionen ist eine 
eindeutige Identifizierung von Massenspektren partiell methylierter Zucker miiglich. 

Tab. III enthglt eine Liste der genannten Ionen mit ihren MZ und den Anteil 
in %, wekhen sie am Gesamt-Ionenstrom des permethylierten Methylglucosids 
haben. Tab. II enthat u-a. jene Peakintensititen, welche fiir die parliell methylierten 
MethyIgIucoside unter der MaDgabe errechnet wurden, daD die eIektronenstoD- 
induzierte Fragmcntierung dieser Derivate in gleicher Weise ablauft, und da8 sich 
alle Ionen mit der gleichen Intensitat am Gesamt-Ionenstrom beteiligen, wie bei der 
perme+chylierten Verbindung. Tab. Ii enthtlt weiterhin die entsprcchenden MeB- 
ergebnisse. 

Wichtig ftir die folgenden Betrachtungen ist, da8 die besonders intensiven 
Fragment-Ionen durch wenige ,, Hauptspaltungsreaktionen“ (und Umlagerungenj 
gebildet werden. Diese ,, Reaktionen“ und die durch sie gebildeten ,, Hauptfragment- 
Ionen“ sind in Abb. 12 dargestellt. Das Grundmolektil wird hier beschrieben als: 
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Anomere werden nicht unterschieden und jedes R kann ein H-Atom oder eine CH3- 
Gruppe sein. 

CH,0R6 

L 0 OR’ 

oder 

Oder 

oder 

t* 
I 

w!.w, 

CH,0R6 

L-0 QR’ 

I 

CH,OR= 

Lo OR’ 

CH20R6 

I0 QR’ 

R60Fki---Ii, R60sH I-j R60CH 

j 1 ?R’ 

Abb. 12 

Verglichen mit dem Spektrum des permethylierten Derivats k&men folgende 
Effekte zu Intensit&verschiebungen einzelner Ionentypen fiihren: 

(I) Beim Zerfall des Molekiilions in mehrere Bruchsttickgruppen konkurrieren 

die einzelnen Fragmente miteinander urn die elektrische Ladung. Da Methoxy- 
gruppen positive Ladungen st2rker induktiv stabilisieren als Hydroxygruppen, wird 
die ,, Ladungsverteiltmg “ auf die einzelnen Fragmente durch Substitution von OCH, 
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gegen OH g.eZndert.- Die Intensitit eines Ions nimmt dann zugunsten der Intensitit 
seines Konkurrenten ab. 

(2) Ein weiterer EinfluI3 des Substituenten auf die Ionenintensitit ist die 
Benachteiligung primZrer Spaltungsreaktionen im MolekGlion und damit ganzer 
Bruchstiickgruppen zugunsten anderer. So wird die Prim~rspaltung C, bei der 
zun&hst die positive Ladung am C-2 stabifisiert werden muI (Ion c,), zuriickgedr&q$, 
wenn dort statt 0CH3 die schwZcher induktiv-stabiiisierende OH Gruppe sitzt. 

Da bei den betrachteten Reaktionen im ersten Zerfallsschritt immer eine der 

TABELLE III 

Ionenbe- lonenbau 
zeichnung 

Zerf- MZ 
reihe 

Peak-IntensitZta 
in % 240 

r 

Sl 

SS 

s4 

s5 

S6 

t1 

t2 

t3 

4 

CHAR6 

D 102,88,74 

A 101,87,73 2.05 

A 101,87 0.25 

c 101,87,73 

101,87,73 

A, C 101,87,73 

101,87,73 

A 88,74 

c 88.74,60 

A 88,74,60 

C 75, (61) 

1.1 

8.85 

0.25 

1.75 

0.40 

2.85 

21.2 

4.5 

11.6 
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TABELLE III Fortsetmng 

89 

lonenbe- Ionenbau Zerf- MZ 
zeichnung reihe 

Peak-Itensitdta 
in 0A &I 

&I 
/OR2 

I-ICI+ A 

To,, 

75, (61), (47) 2.15 

Weitere Ionen v,die R2, R3 
Und R6 enthalten k&men 

+OR’ 

75 2.x 

rag A, C 73,59 1.75 

rcrg A, C 73,59 2.0 

0 

w4 A 73, 59 0.40 

=H2 

xl 

B 

D 71,57 2.30 

R’O+ 

xa CH+OR6 

I 

D 71,57 3.10 

HZ= 

“Wenn das betreffende Ion aus Methyl-2,3,4,6-tetra-0-methyl-a-mplucopyranosid entstand. 

Bindungen zum C-l gespalten wird, ist wegen der geringen Reichweite induhtiver 
Effekte nur von R2 ein EinfIuD auf die PrimZirspaltungsreaktionen zu erwarten. 
&n&h ist der Einflul3 der Substitution auf die Sekundtispaltungsreaktionen. 
Dieser Effekt wird aber durch den unter (1) angeftihrten v8llig iiberdeckt. 

(3) Die betrachteten Ionen sind Zwischenprodukte in hingeren Zerfallsreihen. 
Ihre Intensit.3 kann sich daher vermindern, wenn durch Substitution von OCHs- 
gegen OH-Gruppen die Bereitschaft zur Bildung der Folge-Ionen (Ionenre&ti&t) 
wesentlich vergr8Sert wird. So k&men Ionen vom Typ 0, wenn sie eine oder zwei 
Hydroxygruppen enthalten, durch Wanderung der beweglichen H-Atome aus den 
Hydroxygruppen unter Eliminierung von CH,OH bzw. H,O weiter zerlhllen: 

MZ 29 Mz47 MZ 29 
MZ 61 
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(4> Umlagerungsreaktionen durch Wandenmg der beweglichen H-Atome 
aus den Hydroxygruppen k&men bereits in den Moleklilionen partiell methylierter 
Methylpyranoside auftreten. Da beim permethylierten Derivat entsprcchende 
Reaktionen nicht moglich sind, kijnnen dadurch ebenfalls die Intensit%sverhiiltnisse 
vergndert werden. SchlieBlich entstehen Ionen des Typs s und r in den Massenspektren 
dar permethylierten Verbindung durch Wanderung von Methoxygruppen. Da 
Hydroxygruppen eine andere Wanderungstendenz haben k&rnen als Methoxy- 
gruppen, sind such auf diese Weise Intensititsverschiebungen fiirjene Ionen moglich. 

Die Starke der obengenannten EinfItisse Ia& sich nur schwierig exakt berechnen. 
So kiinnen IntensititsverBnderungen einzelner Ionentypen schwer erkannt werden, 
weil die einzelnen Peaks me;st von vielen Ionen verschiedenen Ursprungs, aber 
gleicher MZ, gebildet werden. Auch sind an einer Intensititsverschiebung oft mehrere 
einander uberlagemde Effekte beteiligt. Da diese Uberlagerungen nicht einfach durch 
Falctoren oder additiv zu erfassen sind, entsteht ein schwer durchschaubares Bild 
vom Ineinandergreifen aller Einfliisse. Dennoch sind Absch&ungen moglich, weil 
alle iibrigen Effekte gering sind gegeniiber denen der Ladungsverteihrng innerhalb 
einer Bruchstiickgruppe und der Beeinflussung der Primarspaltung’6. 

Urn zu sicheren Aussagen iiber die Wirkung der Haupt-Effekte zu gelangen, 
mu13 ihre Verfalschung durch die iibrigen Effekte ausgeschIossen werden. Dazu 
miissen alle Einfliisse betrachtet und ihre GraDenordnungen bestimmt werden: 

(I) Masseserschiebung. Einige typische Erscheinungen lassen sich schon aus 
der Masseverschiebung besonders intensiver Ionen vorhersagen. So kann der Peak 
mit der MZ 102 nur vom Ion r mit R4 = R6 = CH3 gebiidet werden. Entsprechendes 
girt fur den Peak der MZ 161. Wie spgter gezeigt wird, kijnnen Ionen dieser MZ nur 
entstehen, wenn eine Hydroxygruppe am C-2 oder C-4 vorhanden ist. AuDerdem 
wird ein Peak mit der MZ 75 nur beobachtet, wenn die Ionen u; und v, diese Masse 
haben (R3 oder R2 und R4 = CH,). Alle diese Vorhersagen werden durch die 
Messungen ausnahmslos bestztigt. 

(2) lonenreaktiuittit. Ione?t des Typs v. - Wie bereits erwshnt, zerfallen Ionen 
des Typs u bei einer Substitution von 0CH3 durch OH schnell weiter. Dadurch 
werden die Peaks der MZ 61 und 47 zusatzlich geschwscht. Bei der vergleichenden 
Betrachtung konnte jedoch auf diese Peaks verzichtet werden. 

Ionen des Typs t. - Beim Methyl-4,6-di-O-methyl-cr-D-glucopyranosid wird 
der Peak r-nit der MZ 74 allein von den Ionen t, und f3 gebildet. Die Intensitats- 
sumrne dieser Tonen ist daher 12% &s. Da wegen der OH-Gruppe in 2-Stellung die 
A-Spaltung gegeniiber der C-Spaltung begiinstigt wird, ist diese Summe etwas grijl3er 
als bei der permethylierten Verbindung mit 7.4% ,?&a; t1 und t3 enthalten beide eine 
Hydroxygruppe (MZ 74). Der MeBwert zeigt daher, daI3 die Reaktivitiit der Ionen 
vom Typ t durch Substitution einer OCHs- gegen eine OH-Gruppe nicht wesentlich 
gegndert wird. Eine entsprechende Betrachtung der Derivate mit Methoxygruppen in 
3,4,6- und in 4,6-Stellung ergibt fiir die Intensitatssumme der Ionen r und t2 Werte 
von gleicher GriiDenordnung. Das bedeutet, da r beide Male 2 OCH,-Gruppen 
(MZ 102), tt jedoch einmal eine (MZ 74) und einma12 OH-Gruppen (MZ 60) besitzt, 
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dal3 die Reaktivitit von Ionen des Typs t such durch den Ersatz beider OCH,- 
durch OH-Gruppen nicht merklich vergndert wird. 

Ionen des Typs s. - Beim Methyl-2,3-di-O-methyl-a-D-glucopyranosid liegt 
die Intensitit des Ions sJ mit der MZ 87 (1 OH-Gruppe, 1 OCH,-Gruppe) in der 
erwarteten GrZjDenordnung (6.5-5.5% &,,). Sie miil3te wesentlich kleiner sein, wenn 
Ionen dieses Typs durch Substitution von OCH,- durch OH-Gruppen reaktiver 
wiirden. 

Entsprechendes gilt such fiir die Derivate mit Methoxygruppen in 3,4- und 
4,6-Stelhmg. Bei letzterer werden s3 und sz, beide mit einer OH-Gruppe und der 
MZ 87, in der vermuteten GriiBenordnung gebildet. Ihre IntensiGtssumme ist 10% 
Cd,, gegeniiber 9.15% &, bei &er permethylierten Verbindung. 

Ionen des Typs r. - Das Ion r bildet sehr bereitwillig die Folge-Ionen x1 und x,.- 
Diese Tendenz versttikt sich noch, wenn in ihm OCH,- Gruppen durch OH- substitu- 
iert sind. r-Peaks sind jedoch nur bei der MZ 102 charakteristisch, weil sie bei den 
MZ 88 und 74 von t-Peaks iiberdeckt werden. Auf die Betrachtung dieser Anteile 
wird daher im folgenden verzichtet. 

(3) Spezifiche Umlagerungs-Reaktionen. Die Ionen s2 und s3 entstehen durch 
OR-Gruppen-Wandernng. Beim Methyl-l&-di-O-methyl-a-D-glucopyranosid ist die 
wandemde Gruppe beide Male eine Hydroxygruppe. Die Intensitit von s, und s3 
ist zusammen 10% C,, gegeniiber 9.15% &, bei der permethylierten Verbindung. 
Daraus mu!3 man schlieI3en, darj die OH-Gruppe mit ghnlicher Bereitwilligkeit 
wandert wie die OCH,-Gruppe, *die Ladung jedoch bei dem haher methyiierten 
Fragment verbleibt. Einen weiteren Hinweis liefert das Spektrum des Methyl-2,4,6- 
tri-O-methylglucopyranosids. Dort wird der Peak der MZ 101 von s3 gebildet. 
Dieses Ion entsteht durch OH-Gruppen-Wanderung. Seine IntensitHt ist mit 13.5% 
&, so hoch, wie es aus der Ladungsverteilung bei gleichbleibender Umlagerungs- 
tendenz zu erwarten ist. 

Eine neue Umlagerung wurde hei partiell methylierten Methylglucosiden mit 
einer Hydroxygruppe am C-2 odcr C-4 gefunden. Die Spektren dieser Verbindungen 
zeigen bei der MZ 161 einen groBen Peak. Ein Ion dieser MZ ist nach dem Abbau- 
schema1’*16 nicht m@lich, ist aber characteristisch ffir die Massenspektren permethy- 
lietier Methylglucofiranoside. Eine Verunreinigung der Substanzen durch Furano- 
side ist jedoch durch die Synthese und durch kombinierte gaschromatographisch- 
massenspektrometrische Untersuchungen ausgeschlossen. 

Folgende Hinweise fiir die Entstehung des Ions MZ 161 konnten gesammelt 
werden: {a) Wegen seiner hohen MZ mu& das Ion MZ 161 mindestens 4 Geriist- 
Atome enthalten. (b) Voraussetzung fti die Bildung des Ions ist eine OH-Gruppe 
am C-2 und OCH,-Gruppen an C-3 und C-4 oder eine OH-Gruppe an C-4 und 
0CH3-Gruppen am C-2 und C-3. (c) Der Substituent R6 hat keinen EinfluB. C-6 mit 
seinem Substituenten ist daher wahrscheitich nicht im Ion enthalten. (d) Ein Aus- 
tausch des H-Atoms aus der freien OH-Gruppe in Methyl-3,4,6-tri-O-methyl-a-D- 
glucopyranosid gegen Deuterium verzndert weder die MZ noch die IntensiGt des 
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Peaks der MZ 161. Das Ion der MZ 161 wird daher OEensichtlich durch eine Wande- 
rung des H-Atoms aus der OH-Gruppe an das neutrale Fragment gebildet. 

Ausgehend von diesen Befunden wird f”iu die Bildung der Ionen i der MZ 161 
eine Wanderung des H-Atoms aus der Hydroxygruppe am C-2 oder C-4 in einem 
Qliedrigen ubergangszustand zum Ringsauerstoff vorgeschlagen. Dieser Wanderung 
s&lie& sich die Abspaltung des neutraIen RadikaIs R6 OCH&H-OH an : 

Cl-$OR6 , 
I_ 0+,/&R' 

Y Q 
CH,0R6 

OR3 s 

R% 
ai-4 

_a~ ;@R7 oaR1 

R40,. 
2 OR’ 

J, @%-ax.- - 1611 J-;tMZ,,,:761J 

Die Bildung der Ionenj ist mit einer A-Spaltung verkntipft. Da die Primgrspaltung A 
durch eine OH-Gruppe am C-2 begiinstigt werden sol&e, ist in diesem Falle eine 
stirkere Bildung des Ions i1 zu erwarten. Die Mef3wertz stimmen damit iiberein. 
Aus der Struktur der Ionenj kann keine giinstige Stabilisiening der positiven Ladungen 
abgeleitet werden, welche die grol3e Intensitgt des entsprechenden Peaks e&l&en 
wiirde. Es ist jedoch mijglich, da13 eine Isomerisienmg zu cyclischen Ionen erfolgt : 

Die Ionen X und j4 entsprechen dem bei den permethylierten Furanosiden auf- 
tretenden Ion der MZ 161. Beim Ionj, mu43 dazu eine Umlagerung mit offnuug des 
Expoxytinges erfclgen. Solche Umfagerungen sind an CycIopropanen und Epoxiden 
beobachtet worden17*18. Eine H-Wanderung aus der OH-Gruppe in Position 3 
fiihrt nicht zu Ionen vom Typ i. Offenbar deshalb nicht, weil mit ihr eine Realction 
konkurriert, bei der die H-Wanderung mit einer C- oder D-Spaltung gekoppelt ist: 

Fiir diesen Zerfallsweg lassea sich in der Tat Anhaltspunkte finden. Der Peak MZ 73, 
normalerweise I/5 x so gro13 wie der Peak MZ 88, ist beim Methyl-2,4,6-f&0- 
methyIgIucopyra.nosid fast genauso grofi wie dieser. Auch die Intensitgt des dem 
Ion r entsprechenden Peaks der MZ i02 ist mit 6% &, statt der sonst zu erwartenden 
2% X4,, ungewahnlich groD. 
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(4) Induktive Efikte. - Vergleicht man die Massenspektren des Methyl-3,4,6- 
tri-O-methylglucopyranosids mit dem der permethylierten Verbindung, so erkennt 
man die erwartete’ Bevorzugung der A-Spaltung an der griiI3eren Intensititssumme 
der durch sie entstehenden Bruchstiicke t, f t3 (mindestens 11.2% &, gegenGber 
7.4% &,). Andererseits ist die C-Spaltung - wie ebenfalls z-u erwarten war - 
behindert : So ist die Intensititssumme der Bruchstiickgruppe ttl +s, hijchstens 
16% C,, gegeniiber 20.5% Is,,-, bei der permethylierten Verbindung. Im gleichen 
Sinne ist die Intensitgtssumme der Bruchstiickgruppe r+ t, verzndert (maximal 
11.8% .?&, gegeniiber 22.25% &, bei der permethylierten Verbindung16. Diese 
Beobachtung lZl3t sich gut verstehen, we= man annimmt, daD r und t, iiber den 
- jetzt hehinderten - Reaktionswe, m C gebildet werden. DaB r mit 2.25% .& 
trotzdem stirker als bei der permethylierten Verbindung (1.1% &,) auftritt, wird 
zwnnglos durch die Ladungsverteilung innerhalb der Bruchstiickgruppe erklgrt. 
Der Intensititsgewinn von r geht also zu Lasten der Intensitat der Ionen t2. 

Der EinfluD der OH-Gruppe am C-2 auf die Primgrspaltungen im Methyl4,6- 
di-0-methylglucopyranosid-Molekiilion muB der gieiche sein wie beim Methyl-3,4,6- 
tri-0-methylglucopyranosid. Das Ladungsgewicht innerhalb der Bruchstiickgruppe 
r+ t2 mu13 jedoch stirker zu r hin verschoben sein, denn wghrend r un-vergndert 
bleibt, besitzt t2 nur noch Hydroxygruppen und kann daher positive elektrische 
Ladungen besonders schlecht induktiv stabilisieren. Tatsachlich ist der r-Peak mit 
3.05% .& (gegeniiber 2.25% C,,) weiter erhaht. Die Intensititssummen der Bruch- 
stiickgruppen t1 + t3 und rt f, haben sich mit 12.0% L;, bzw. 7.05% C,, nicht 
wesentlich vergndert. 

In entsprechender Weise lassen sich die Derivate mit Methoxygruppe in 2,3- 
und in 3,4-Stellung miteinander vergleichen. Bei beiden Verbindungen haben o1 
und ss die gleiche Struktur, so daB in der Ionenreaktivitat und der Ladungsverteihmg 
keine wesentlichen Unterschiede auftreten kijnnen. Folglich sollte beim Methyl-3,4- 
di-0-methylglucopyranosid durch Benachteiligung der Prim&spaltung C der Gesamt- 
Ionenstrom-Anteil sowohl von q als such von s3 gegeniiber der anderen Verbindung 
herabgesetzt sein. Das ist mit 15% C,,-, gegeniiber 19.2 &, ftir u, und mit 3.5-5% X,, 
gegeniiber X5-6.5% &, f& s3 der Fall. 

In entsprechender Weise Ig5t sich die Wirkung der Ladungsverteilung durch 
Vergleich der Massenspektren vom Methyl-2,3,6-tri-0-methylglucopyranosid, vom 
MethyI-2,4,6-tri-0-methylglucopyranosid und vom permethylierten Derivat studieren. 
Fiir diese Verbindungen wurden folgende IntensitHtswerte in % ZaO ermittelt : 

IOII 2, 3, 6 2, 3, 4, 6 234, 6 

Vl 15.7 (MZ 75) 11.6 (MZ 75) - (MZ 61) 

s3 l-3 (MZ 87) 8.9 (Mz 101) 11-13.5 (MZ 101) 

Bei keiner der Verbindungen wird der Anteil einer PrimZrspaltung gegeniiber den 
anderen deutlich vergndert. Die Substitution von OCHJ gegen OH hat auf die 
Reaktivitit von s3 - wie bereits gneigt - keinen EinfluS. Somit ist beim Methyl- 

Carbohyd. Res., 9 (1969) 79-97 
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2,3,6-t&U-methylglucopyranosid das Absinken -der s&ten&.& gegeniiber der 
permethylierten VerSindung von 8.9 auf l-3% &, zugunsten seines Konkurren;J;- 
Ions al (von 11.6 auf 15.7% &e eine Folge der geringeren Ladungsstabilisierung durch 
die Hydroxygruppe. Ebenso wird beim Methyl-2,4,6-t&O-methylglucopyranosid 
gegentiber der permethylierten Verbindung ein weiterer Intensit&sanstieg von s3 
beobachtet, weil sich hier die Fghigkeit des Konkurrenz-Ions u1 zur Ladungs- 
stabilisierung durch die Substitution verringert hat. 

Der Einflul3 der OH-Gruppe auf die Stabilisierung positiver elektrischer 
Ladungen wird such bei anderen als den in Abb. 11 angegebenen Reaktionen 
beobachtet. So sollte bei der E-Spaltung des Methyl-2,3,4-tri-O-methylglucopyranosids 
die Ladung weniger beim Fragment y als bei e und seinen Folgeprodukten verbleiben. 

$%JOH 

E 
- -- i 

-CH30ti 
----_e----_) 

OCH3 

e(MZ 2051 

&H, l- CH~=&H 

Y 

Tats&&lich sind die entsprechenden Peaks bei 205 und 173 ME im Massenspektrum 
dieser Verbindung wesentlich s&ker als beim permethylierten Derivatr6. 

Zusammenfassend lassen sich fiir den Einfiuf3, den der Austausch von OCH,- 
Gruppen gegen OH-Gruppen auf die Ladungsverteilung und auf die Prim~rspaltungs- 
reaktionen bei der Fragmentierung des Molekiilions hat, folgende Richtwerte 
angeben : (aj 1st in einer Bruchsttickgruppe bei einem Ion eine OCH,-Gruppe durch 
OH ersetzt, das Konkurrenz-Ion hingegen unsubstituiert, so ist die Intensitit des 
substituierten Ions zugunsten des anderen urn ca. 50% vermindert. (6) 1st in beiden 
Konkurrenz-Ionen jeweils eine OCH,-Gruppe durch eine OH-Gruppe substituiert 
so gndert sich die Ladungsverteilung nicht. (c) Enthglt ein Fragment 2 OH-Gruppen, 
sein Konkurrenz-Ion hingegen keine, so wird der AnteiI dieses Ions am Gesamt- 
Ionenstrom urn 75% zugunsten des anderen Fragments herabgesetzt. (6) Eine 
OH-Gruppe am C-2 setzt die Ionenbildung durch Primaspaltung C um 25% 
zugunsten der A-Spaltung herab. 

AuBer der Masseverschiebung beeinflussen also nur zwei dizr Substitutions- 
effekte die Massenspektren partiell methylierter Methylglucopyranoside mal3geblich : 

(I) Umlagerungsreaktionen, die zu neuen, intensiven Ionen fuhren (Ionen i). 
(2) Induktive Stabilisierung positiver Ladungen durch den Substituenten. Dabei 
wird haupts&hlich die Ladungsverteilung innerhalb einer Bruchstiickgruppe und, 
bei iinderung des Substituenten am C-2, in geringerem AusmaB das statistische 
Gewicht der Primarspaltungsreaktionen vergndert. 

Alle beobachteten Effekte treten schon in der Gruppe der Tri-O-methyl- 
derivate auf. Zus&zliche Effekte durch mehrere Hydroxygruppen sind nicht zu 

Carbabyd. Res., 9 (1969) 79-97 



T
A
B
E
L
L
E
I
V
 

S
U
~
S
T
I
T
U
T
I
O
N
S
E
F
F
E
K
T
C
 

I
W
D
E
N
 
H
A
U
P
T
S
P
A
L
T
U
N
G
S
R
E
A
~
l
l
O
N
E
N
 

V
e
r
b
.
a
 

I
O
l
l
b
,
 

c
 

2
,
3
,
4
,
6
 

2
,
3
,
4
 2
,
3
,
6
 2
,
4
,
6
 3
,
4
,
6
 2
,
3
 
2
,
4
 
3
,
4
 
2
,
6
 
3
,
6
 

4
,
6
 
2
 

3
 

4
 

6
 

-
 

r 
M
Z
 

1
0
2
 

LV
 

. 
P

 M
Z

 
Si

 
LV

 
* 

P
 M
Z

 
Si

 
LV

 
* 

P
 M
Z

 
8i

 
LV

 
* 

P
 M
Z

 
l
o
i
 

LV
 

. 
P

 M
Z

 
I; 

LV
 

. 
P

 M
Z

 
l
o
i
 

LV
 

* 
P

 M
Z

 
7;

 
LV

 
. 

P
 M
Z

 
10

; 
LV

 
* 

P
 

. 

8
8
 

-
 8
8
 

t
 

8
8
 

88
 

-_
 

B
S t 8
;
l
 

t
 

7
4
 

-
 

8
;
 

1
0
2
 

f
 

7
;
1
 

-
 8
s
 

-
I
-
 

7
i
 

-
 

l
O
i
 

t
 

1
0
2
 
7
4
 

t
-
 

8
8
 

8
8
 

8
8
 

8
8
 

1
0
2
 

7
4
 

7
4
 

t
-
k
 
-
 

-
 

7
4
 

1
2
 

t
1
 

-
 
7
4
 

8
8
 

-
 

t
t
 

7
;
)
 

-
 

7
4
 

8
8
 

t
 

-
 6
0
 

- 
G
O
 

7
;
1
 

7
4
 

6
0
 

t
 

t
 

1
3
 

s
a
 

8
;
l
 

1
0
;
 

1
;
 

l
O
i
 

-
 7
4
 

8
;
 

-
 

t
 

t
 

8
8
 

7
;
 

t
-
 

+
 

8
7
 

8
;
 

- 
- 

-
 

7
4
 

8
s
 

7
4
 

7
4
 

1
-
t
 

t
 

t
 

6
;
)
 

1
:
 

t 
t
 

7
4
 

7
4
 

16
 

6
0
 

-
 

-
 

J
:
 

8
;
 

t
 

t 
t
 

8
7
 

7
3
 

8
7
 

7
3
 

- 
-
 

I 
- 

1
 

- 
- 

7
5
 

-
1
-
t
 

t
 

-
 

-
 

8
7
 

8
;
 

- 
1
0
1
 

8
7
 

8
7
 

.
(
-
I
-
)
 

-t
-(

-l-
) 

-_
(-

) 
t 

-t
(t

) -
 

+(
+I

 
- 

f 
f(

t)
 

*w
 

.(
-I

-)
 

t-
l-(

-l-
t)

 
"
r
(
t
)
 

7;
 

7;
 

t 
, 

7
;
 

t 
*
I
-
 

t
 

t 
_;

 
t
 

, 

-
-
 

-
 
7
5
 

7
;
 

t
t
 

-
 

1
0
1
 
l
o
i
 

8
;
l
 

t
 

7
4
 

-
 

1
0
;
 

t
 

-
 7
4
 

7
;
1
 
7
4
 

* 
. 

8
s
 

- 7
4
 

-
i
-
t
 

. 

G
fi 

t 7
4
 

8
8
 

t
 

-
 6
0
 

-
 7
4
 

t
 

8
8
 

t
 

t
 

8
7
 

7
4
 

t
 
t
 

6
0
 

-
 t
 

7
3
 

u
1
 

s
2
 

0
2
 

S
l
 

7
;
 

t
 

1
0
;
 

-
 

-
 

8
;
 

8
;
 

-
 
7
5
 

t
 

-
 

1
0
1
 

8
;
 

7
3
 

J
;
 

. 
- - 

. * 
7
s
 

3
-
t
 

B
; 

-
 10

1 

-
 -
i
:
 

-
 

8
1
 

t
 

t
 

-
 t
 

8
7
 

;
 

- 
+

 
_:

- 
t 

- 
. 

I
 

-
 

I
 

-
 

-
 

8
;
 

8
;
 

*
 

t 
. 

I 
t
 

t
 

8
7
 

B
; 

8
7
 

t
 

t
 

Ii 
13

 
I: 

t
 

1
0
1
 

1
0
1
 
7
3
 

8
7
 

10
1 

8
1
 

7
3
 

-
 

-
 

+
 

,-
-.

 
- 

. 
- 

t 
- 

- 
-
 

t 
. 

I 
t 

, 
t 

t 
t 

t 
t
 

-
 ‘(
D

ie
 V

er
bi

nd
un

ge
n s

in
d 

hi
er

 w
ie

 in
 T

ab
cl

lc
 I 

be
ze

ic
hn

et
. 

bL
V

 =
 W

ir
ku

ng
 in

du
kt

iv
c;

 E
ff

ek
tc

 a
uf

 d
ie

 L
ad

un
gs

ve
rt

ei
lu

ng
. In

 d
ie

se
r S

pa
ltc

 b
cd

eu
te

t e
in

 “
 t 

I’
, d

al
3 d

as
 b

et
rc

ff
en

de
 Io

n 
ei

ne
 M

et
bo

xy
gr

up
pe

 m
eh

r 
be

si
tz

t a
ls

 s
ci

n 
K

on
ku

rr
en

z-
Io

n 
(I

nt
cn

si
tii

ts
vc

rm
eh

ru
ng

 ur
n 

50
%

).
 D

as
 K

on
ku

rr
en

z-
Io

n h
at

 d
an

n 
ei

n 
“ 

- 
” 

(I
nt

en
si

tlN
sv

er
m

in
de

ru
ng

 
ur

n 
50

%
).

 B
es

itz
t 

da
s 

be
tr

cf
fe

nd
e I

on
 2

 M
et

ho
xy

gr
up

pe
n m

eh
r a

ls
 s

ei
n 

K
on

ku
rr

en
z-

Io
n,

 so
 is

t e
s 

du
rc

h 
ei

n 
“ 

t 
t 

” 
gc

ke
nn

ze
ic

hn
et

. S
ei

ne
 In

te
ns

iti
it 

ve
rm

ch
rt

 s
ic

h 
da

m
it 

um
 7

5-
10

0%
 ge

ge
ni

ib
er

 dc
m

 au
s d

er
 p

er
m

ct
hy

lic
rt

en
 V

er
bi

nd
un

g s
ta

m
m

en
de

n I
on

 g
lc

ic
he

n T
yp

s z
u 

L
as

te
n 

se
in

es
 K

on
ku

rr
en

z-
Io

ns
, D

&
es

 is
t d

an
n 

du
rc

h 
ei

n 
6r

 - 
- 

o 
ge

kc
nn

ze
ic

hn
et

. “ 
-I

- (-
)I

’ 
be

im
 Io

n 
s2

 b
er

iic
ks

ic
ht

ig
t se

in
e 

E
nt

st
eh

un
g a

ls
 K

on
ku

rr
en

z-
Io

n z
u 

81
. 

cP
 =

 W
ir

ku
ng

 in
du

kt
iv

er
 E

ff
ek

te
 au

f 
di

e 
Pr

im
dr

sp
al

tu
ng

, In
 d

ic
sc

r S
pa

lte
 b

ed
eu

te
t “

 t 
” 

ei
nc

 B
ev

or
zu

gu
ng

 de
r 

Pr
im

iir
sp

al
tu

ng
sr

ea
kt

io
n,

 du
rc

h 
di

e 
da

s 
be

tr
ef

fe
nd

c I
on

 e
nt

st
ch

t, 
(l

nt
en

si
tlt

sv
er

m
eh

ru
ng

 ur
n 

25
%

 g
eg

en
iib

er
 de

r p
er

m
et

hy
lie

rt
en

 V
er

bi
nd

un
g)

).
 D
as

 g
le

ic
he

 gi
lt 

m
it 

um
ge

ke
hr

te
n V

or
zc

ic
hc

n 
fi

ir
 

da
s 

Sy
m

bo
l “

 - 
“,

 



96 K. HEYNS, K. R. SPERLING, H. F. GRiinMACHER 

erwarten, wohl aber stikere Intensititsverschiebungen, wenn ein Ion 2 Hydroxy- 
gruppen und sein Konkurrenz-Ion 2 Methoxygruppen tigt. Dies trifft fti das 
Methyl-2,3-di-U-methylglucopyranosid und seine Isomeren mit Methoxygruppen 
in 3,4- und in 4JXtellung zu. Die beobachteten Intensititsverschicbungen bei 
diesen Verbindungen iiberschritten das erwartete Ausmal3 nicht. 

Durch induktive Effekte werden Intensit&&derungen hfichstens bis zu 150% 
der jeweiligen Peakhahe mijglich. Die Peaks der zahlreichen, wenig intensiven Ionen 
werden deshalb im Spektrum nicht atiallend vergndert, bei den sehr intecsiven 
Hauptionen aber entstehen kriiftige Intensititsverschiebungen, deren Richtung man 
bestimmen und deren hJsmaL3 man durch Richtwerte abschatzen kann. 

Die fti alle Haupdonen der partiell methylierten Methylglucoside zu erwar- 
tenden Substitutionseffekte auf die Primtipaltung und auf die Ladungsverteilung 
beschreibt Tab. IV. 

Mit Hilfe dieser Angaben kann man jetzt die Richtung und das ungefzhre 
AusmaB von Intensititsverschiebungen fti die von einzelnen Ionentypen gebildeten 
Peaks vorhersagen. Ein Vergleich mit den MeDwerten zeigt, clal3 so eine deutliche 
Verbesserung erreicht wurde. 

Entsprechend den in Tab. II gemachten Angaben ist jedes Derivat durch 
mehrere charakteristische Merkmale von allen anderen unterscheidbar (s. such 
Tab. v). 

TABELLE V 
CHARAKTERISlTSCHE MERKhfALJZ DER hfASSENSPEKTREN PARTIELL hE?THYLIERIER METHYLGLUCOSIDE 

Verb.= 
MZ 2,3,4 2,3,6 2,4,6 3,4,6 2,3 2,4 2,6 3,4 3.6 4.6 2 3 4 6 

I61 _ 0 -00 _. 0 . 
102. . x 0. . . . . 0:: :: 
101 x x 0 xx0 0 xx . 0 . 0.. . . 

88 xxx xxx x X XXX x X XX _ XX . _ . 

87 0 x 0 0 x 0 XX X 0 xx xx X XX 0 

75 xx xx 0 xx xx x 0 xx xx 0 0 xx _ 0 
74 . 0 xx x 0 xx xxx xx xxx xx xxx xxx xx x 

UDie Verbindungen sind hier -vie in Tabelfe I bezeichnet; _ = vemachlbssigbar kleiner Peak (< 1 
%&o); 0 = kleiner Peak (Griiflenordnung etwa l-5 %x40); X = mittlerer Peak (GriiDenorcinung 
etwa 540 %,&J); x x = grol3er Peak (Gr8Benordnuug etwa IO-20 ‘?%&I); X X X = s&r grol3er 
Peak (2 20 %.&J). 

Da neben den Masseverschiebungen nur die sterisch unabhzngigen induktiven 
Effekte die Massenspektren der partiell methylierten Methylglucopyranoside wesentlich 
beeinflussen, kennzeichnen die besonderen Me&male dieser Massenspektren such 
den Substitutionstyp- aller ilbrigen partiell methylierten Hexopyranoside. Diese 
Charakteristika gibt Tab_ V wieder. Man kann sie sinngema fiir tinliche Verbin- 
dungen, etwa die Pentopyranoside, ableiten. 

Curbdzyd. Rex, 9 (1969) 79-97 
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NITROGEN-CONTAINING CARBOHYDRATE DERIVATIVES 

PART XIX*. CONFORMATION AND PROTON SPIN-COUPLING IN METHYL AMIFi0-4,6-0- 

BENZYLIDENE-DEOXY-CC-D-GLYCCMDm 

C. B. BARLOW, E. 0. BISHOP, P. R. CAREY, AND R. D. Grmrru~ 

School of MoIecaIar Sciences, Uniuersity of Sussex, Brighton BNI 9QS (Great Britain) 

(Received June 4th. 1968) 

ABSTRAW 

A detailed study of the proton magnetic resonance spectra of the complete 
series of methyl 2(or 3)-amino4,6-O-benzylidene_2(or 3)-deoxy-a-D-glycosides has 
shown that they exist in the expected chair conformation in chloroform. Complete 
analyses of the ring-proton spectra were carried out in several cases. Coupling constants 
over two to five bonds are discussed. 

INTRODUCTION 

A proton resonance study has been made on an interrelated series of compounds, 
namely, ah eight possible stereoisomers of methyl 4,6-O-benzylidene-tx-D-glycosides 
having amino and hydroxyl substituents in the 2(or 3)- and 3(or 2)-positions [formulae 
l-81. The synthesis of these compounds has been described previously’. 

1 X2=OH , Y2=NH2 5 X’=OH, Y2=NHz 

2 X2= NH2 , Y”= OH 6 X’= NH2 I Y2=OH 

Ph 

3 X’=OH , Y’=N& 7 X’= OH , Y’=NH2 

4 X’=NHzr Y’=OH 6 X’= NH2,Y’=OH 

The remaining substituents are H 9 

THE RING-PROTON SPECTRA 

As far as possible, measurementc were conducted in the same solvent (chloro- 
form-6). This permitted detailed analyses of four of the spectra [those of l-3 and 5], 
but interpretation of first-order features only of the remaining four. Compound 8 
gave a well-displayed spectrum in pyridine-d,, which allowed complete analysis. 
The ring-proton region of this spectrum is shown in Fig. 1, and experimental and 
calculated spectra of compound 5 (in chloroform-dsolution) in Fig. 2. The ring protons 
(numbered as in the formula, with 6eq = 6 and 6,, = 6’) form an isolated, seven-spin 
system. Possible coupling to the P$H, and OH groups was eliminated by addition of 

*Part XVIII: E. 0. BISHOP, R. D. GUTHRIE, AND J. Et. LEWIS, Carbohyd. Res., 5 (1967) 477. 

Carbohyd. Res., 9 (1969) 99-105 
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one drop of D,O. Coupling to the benzylidene and methyl protons is believed to be 
less ihan 0.2 Hz. 

I i I 1 
440. 420 460 380 Hz 

Fig. 1. Ring-proton spectrum of compound 8 in pyridine-ds. The principal lines of H-4 are marked 
with an asterisk. 

1 1 I 
5.6 6.0 6.2 

1 
6.4 Tau 

Fig. 2. Experimental and calculated spectrum of compound 5 in chloroform-d solution. 

Of the ring protons, the easiest assignment to make was that of H-l which 
gave a doublet (sometimes with the components scarcely resolved) well displaced 
to low field in every case. In most cases (see Table I), H-2 could then be identified 
as a high-EeId multiplet (2, 3, or 4 lines), by spin decoupling from H-l. The chemical 
shift (vg) of H-3 could then be located approximately by spin decoupling, with the 
decoupling frequency at va. Tentative line assignment and location of the remaining 
chemical shifts were helped by two considerations which should be useful in other 

cases. First, the chemical shifts of the protons on C-5 and C-6 were only slightly 
affected by changing the stereochemistry at C-2 and C-3, and were similar in all the 
present compounds. The assumption of a chemical shift sequence H-6, H-5, v-6’ in 
order of increasing shielding, as reported for similar comp~unds~*~, was justified by 
the subsequent analyses. 

Curbuhyd Res., 9 (1969) 99-105 
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The second consideration arises whenever there is a ring proton (X) widely 
displaced in chemical shift from all the others. Its resonance usually consists of a 
nearly first-order multiplet of up to four lines only, since no ring proton except 
H-5 has more than two proton neighbours (A, B) on adjacent carbon atoms (H-l has 
only one), and longer range couplings are too small to give resolvable line splitting 
in this situation. An abnormal pattern with extra splittings may occasionally be 
produced by virtual coupling3S4, but is not observed in the present series. Component 
spacings within the first-order X multiplet are usually duplicated closely within 
the A and I3 multiplets, even when the latter lie within the complex ring-proton region 
and are essentially mixed transitions. This is because protons A and B are usually 
each coupled strongly to no more than one other proton within the complex region. 
By picking out certain of the A and B lines in this way, one can obtain an initial 
rough estimate of VA and vn_ Any ambiguities can often be resolved by spin decoupling 
from X. In Fig . I, for example, the principal lines of H-4 (starred) duplicate the spacing 
in the high-field H-3 mnltiplet. This assignment was confirmed by spin decoupling 

tiom H-3, but it would have been difficult to interpret the decoupled spectrum in 
detail without prior knowledge of the possibilities. 

FulI analyses were carried out by using the computer program LAOCOON II*, 
as described in an earlier paper 3. Compounds 1 and 2 were treated exactly as seven- 
spin systems. In compounds 3 and 5, the wide displacement in chemical shift of H-f 
from H-2 and the other ring protons allowed treatment as a six-spin system, inter- 
action with H-l being considered as first order. Paucity of well-resolved lines between 
r 6.1 and 6.4 in the spectrum of compound 3 has limited the accuracy of certain 
parameters (see Table I), but their general validity is contirmed by double resonance 
and the excellent fit obtained for the rest of the spectrum_ The spectrum of compound 8 
in pyridine-d, could be treated as a five-spin system, since interactions of H-l, H-2, 
and H-3 are all close to first order. Conformational changes being excluded, the 
coupling constants should be very similar to those in chloroform-d solution5. 

CKEMICAL SHKIS 

Available values are given in Table I, together with coupling constants over 
two and three bonds. The benzylidene and methoxyl proton resonances appeared in 
characteristic positions. Of the sugar-ring protons, the chemical shifts of H-6, H-5, 
and H-6’ fell within narrow ranges (r 5_67-5.81,6_01-6_32, and 6.24438, respectively, 
in chloroform-d solution), in keeping with the assumption made earlier. The low- 

field shift (r 5.32-5.49) of II-1 is also highly characteristic for glycosides having the 
methoxyl group axial. The wide range of shifts for H-2 and H-3 reflects the variety 
of relative configurations at these two centres and demonstrates the well-known, 
high-field displacement of an axial proton as compared to an equatorial proton 

*Typically 37 trmsitions are assigned to 28 lines for the iterative part of the program, the final 
iteration having a root mean square error of 0.069. Couplings over six bonds were set to zero. The 
probable error for compute;f J’s in Table I are ho.1 Hz. 

Cdohyd. Res., 9 (1969) 99-105 



NITROGEN-CONTAINING CARBOHYDRATES. XIX 103 

in an otherwise similar environment5; compare, for example, v2 for the 2-NH2 
derivatives 3 (ah, H-2eq) and 1 (do, H-2ax) and v3 for the 2-NH, derivatives 5 
(gZuco, H-3ax) and 1 (du, H3eq). The low r value for H-4 in compound 3, as 
compared to those in compounds 1, 2, and 5, appears to be a long-range aniso- 
tropy effect due to the axial Zsubstituent, but this is conjectural in the absence of 
data from the other compounds_ 

STEREOCHEMlSTRY OF THE SYSTEM 

Cuxcm4 has made a study of a series of derivatives of methyl 4,6- O-benzylidene- 
cr-D-aldohexopyranosides, including a number of amino-deoxy derivatives, but only 
one of the compounds used in the present study, namely the 2-amino-2-deoxy-alrr 
derivative. Our assignments agree with his for this compound. By analysis of the 
J 1,29 J2,3r and J3.4 values in his compounds, Coxon concluded that compounds of 
this class having the allo, altro, gZlrco, and manno configurations all exist in the 
basic conformation 9. 

The coupling constants obtained for the series of compounds 1-S (Table I) 
are consistent only with the compounds’ being in the same conformation. 

COUPLING CONSTANTS 

(a) Ouer two bonds. - The geminal coupling constant J6,6S has been shown 
elsewhere3 to be negative, and in this series of compounds lies between -9.3 and 
- 10.6 Hz. 

(b) Over three bonds. - Coxon has discussed the factors that may be responsible 
for the general observation that Jet -c J,,. The compounds of the present study 
support his observations. For the H-leq-H-2eq systems 3,4,7, and 8, J1,2 = O-l.4 Hz, 
whereas for the H-leq-H-2ax systems 1, 2, 5, and 6, Jr,, = 3.5-4.2 Hz. For the 
H-2-H-3 and H-3-H-4 couplings, the same difference is seen; J, ,2 (eq, es) for com- 
pound 3 is 2.5 Hz, whereas several J__ values are in the range 3.2-4.4 Hz. Thus, 
J ax,eq values fall within the same general range for all couplings, whereas Jeq,eq for 
H-l-H-2 is markedly smaller even than that for H-2-H-3. 

Many values of J,,,,, couplings were observed, and they fell in the range 
9.2-10.9 Hz. 

(c) Over four bonds (cf., ref. 6). - Generally, it is possible to determine the 
relative importance of genuine long-range coupling and virtual coupling only by a 
complete analysis of the system under study (although partial virtual coupling may 
be easily recognised in an isolated multiplet, since some lines are completely unaf- 
fected3). Therefore, only those values confirmed by iterative analysis are given in 
Table II. 

Axial-axial coupling constants found over four bonds are in the range -0.3 
to -1.24 Hz, and axial-equatorial coupling constants are from +0.3 to -0.53 Hz. 
Both ranges are in fair agreement with those predicted by the empirical equations of 
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Bystrov and Stepanyants’. Similarly, these workers predicted positive equatorial-- 
equatorial coupling constants of > 1 Hz, and this has been subsequently confirmed 
by tit-order analysis and spin tickling6. In this paper, the only long-range equatorial- 
equatorial interactions are between H-l and H-3. Because it is rather small and H-l 
is chemically shifted far from the other sugar-ring protons, J1,3 merely causes line 
broadening instead of resolvable splitting. Furthermore, the ine~ positions of both 
the H-l and H-3 resonances are very insensitive to J1,J, so that it cannot be found 
either by inspection or by complete, iterative analysis. In compound 3, however, 
a strong decoupling field at vt caused the H-l resonance to assume a poorly resolved 
doublet structure of separation 0.75 +0.25 Hz. Since J1,5 is believed to be less than 
0.2 Hz, one can conclude in this case that 0.5 c .T1,3 (eq, es) < 1.0 Hz. 

TABLE II 

PROTON-PROTON COUPLING CONSTANTS ACROSS FOUR BONDS= 

conlpourlc2 1 2 3 5 8 
- 

J4 6’ (ax. ax) 

Jas(ax,W 
Jss(ax,=) 
J35Gweq) 
Ja4(ax,=) 

Ja4bx, es) 

-0.84 f0.15 -0.57 f0.13 smali and -1.24 f0.17 -0.47 ho.23 
negiitive 

-0.20 -&0.08 +0.06 &to.15 -0.12 +0.10 -0.33 *o-13 
-0.30 f0,13 

-0.53 hO.11 -0.04 f0.2 
-0.33 f0.15 

f0.30 f0.17 +0.03 ;0.2 

=Quoted error5 are probable errors 

(ci) Ouer fioe bondr. - Since only two compounds were analysed as seven- 
spin systems, information on coupling over five bonds is limited. Of the interactions 
included in the analyses, the only values significantly different from zero are 
J 3.6 = -0.22 +0.1 Hi in compound 5, and Jz,6 = +0.26 +O.l Hz in compound 1. 

The proton resonance spectra of compounds 1-8 were recorded at 100 MHz 
(Varian HA-100 instrument) for nearly saturated solutions in chloroform-d and in 
pyridine-d,. chemical shifts and li”e positions were -measured relative to 1% tetra- 
methylsilane (TMS) as internal standard, and those in chloroform-dare given tbrougb- 
out in p.p.m. relative to TMS = 10.000 and referred to as r values. (This is not 
strictly correct, since the r-scale refers to infinite dilution in carbon tetrachloride, 
but the approximation is expected to be reasonable.) Chemical shifts in pyridine-ds 
should not be quoted as z values. As water was not rigorously excluded, t&e resonance 
positions of the solute hydroxyl and amino groups are not very signiEcant and are 
not recorded. They occur in the range r 7-8 in most cases. 

The compounds were prepared as described previouslyi. 
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(Received May 16th, 1968) 

ABSTRACT 

Extracts of sweet corn contain a mixture of debranchingenzymes which have 
been separated to give a typical R-enzyme (which acts only on amylopectin) and an 
isoamylase (which acts on both glycogen and amylopectin). The action of isoamylase 
on phytoglycogen gives a mixture of maltosaccharides and a residual polysaccharide 
which had a glycogen rather than an amylopectin-type structure. This suggests that, 

in vitto, amylopectin is not formed by the enzymic debranching of a glycogen precursor. 
Sweet-corn extracts also contain a third ar-(1+6)-glucosidase which hydrolyses 

pullulan. 

INTRODUCTION 

During studies on the purification of sweet-corn branching enzymes’, certain 

protein fractions caused an increase in the iodine-staining power of glycogen and 
amylopectin, rather than the expected decrease. The action of debranching enzymes 
such as broad-bean R-enzyme (amylopectin 6-glucanqhydrolase)’ or yeast isoamylase 
(glycogen 6-glucanohydrolase)3 results in an increase in the iodine-staining power 
of their substrates, arising from the hydrolysis of the outermost a-(1 +6)-D-glucosidic 

inter-chain linkages. It seemed probable, therefore, that the sweet-corn extracts 

contained a mixture of both branching and debrancbing enzymes. The latter activity 

has now been investigated and, as reported in a preliminary communicationb, shown 

to be due to a mixture of two ar-(l-+6)-glucosidases, one of which can act on amylo- 
pectin but not on glycogen, and the other prhich will hydrolyse the inter-chain linkages 
in both polysaccharides. In accord with current nomenclature, these activities will 
be referred to as R-enzyme and isoamylase, respectively. 

MATERIALS AND METKODS 

Materials. - The following polysaccharides were laboratory samples: pullulan, 
rabbit-liver glycogen, sockeye-salmon liver glycogen, Trichornonar foetm glycogen, 

*Part XIX: see Ref. 1. 
**Present address: Department of Pathology, University of British Columbia, Vancouver 8, Catida. 
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phytoglycogen A and B, potato amylopectin, waxy sorghum starch; average chain- 
Iengths and jkmylolysis limits had been determined by standard methods. fl-Limit 
dextrins were prepared by incubation of the polysaccharide with Wallerstein 
/?-amylase (50 unit$/mg of polysaccharide) until the expected percentage conversion 
into maltose had been obtained (usually 48-72 h); the enzyme was inactivated by 
heating, the digest was centrifuged and dialysed for three days against running tap- 
water, and the /I-dextrin was isolated by freeze-drying. 

Enzyme extracts were prepared from defatted flour of Zea nznys (var. Golden 
Bantam)‘. 

For germination studies, mature grains of Zea KLYZ~S were steeped in water for 
4 h at 20”, and then washed in 1% sodium hypochlorite solution and in distilled water. 
The washed grains were then germinated on Whatman No. 1 paper in petri-dishes 
at 30”. During germination, ca. 75 grains were removed at various times, ground in 
a chilled mortar, and extracted with water (the pH of each homogenate being noted), 
and the extract was centrifuged (1,000 g for 20 min) to give a protein solution which 
was dialysed against running tap-water for 24 h at 2”. 

Analytical methods. - The methods were those used in the previous paper’. 
Descending paper chromatograms were prepared with (A) propyl alcohol-ethyl 
acetate-water6 (14~2~7) or (B) ethyl acetate-pyridine-water (l&4:3) as solvents. 
The carbohydrase activity of protein fractions was examined by using digests containing 
substrate [5 mg in 0.3 ml of 0.05~ sodium citrate @H 6.0)] and enzyme (5 mg in 
0.2 ml of water) which were incubated at 37” and analysed by paper chromatography 
with solvent B. 

The successive and combined action of a debranching enzyme and fl-amylase 
was examined in digests containing polysaccharide (4 mg), freeze-dried enzyme pre- 
paration (15 mg), and citrate buffer (pH 6.2) in a total volume of 5 ml. After 24 h 
at 37”, the digests were halved. One part was heated (lOO” for 3 min) and cooled, the 
pH was adjusted to 4.8 with acetate buffer, and fi-amylase (250 units) was added. 
b-Amyiase was also added directly to the other half, and samples (0.2 ml) were 
withdrawn after incubation with j-amylase for 24, 48, and 72 h for the estimation 
(Nelson-Somogyi’) of the liberated maltose. The concentrations of the polysaccharides 
were determined by a phenol-sulphuric acid methods. 

Electrophoresis. - A Beckman Spinco Model CP continuous-electrophoresis 
cell was used at a constant voltage (600-900 volts) for the fractionation of protein 
material. Up to 8 racks of 32 tubes were collected. In certain experimeuts, smaller 
scale fractionations were carried out with a high-voltage Pherograph Type 65 apparatus. 
These separations were carried out in 0.001~ citrate buffer (pH 6.0) with Whatman 
3 MM paper (8 x 40 cm) at 1500 volts and 70 mamp for 1 h at 3”. The paper was then 
dried at room temperature and divided into strips (8 x2 cm) which were numbered 
from the datum line. Each strip was immersed In 5 ml of 0.01~ citrate buffer @H 6.0) 
for 30 min at 37”, and the resulting protein solutions were then assayed. 

Assay of debranching enzymes. - Enzyme activity was assayed by measurement 
of the increase in iodine-staining power of potato amylopectin (at 550 nm) and rabbit- 
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liver glycogen (at 470 nm), although the relation between this change and the number 
of inter-chain linkages hydrolysed is not known. The method therefore provides a 
comparative, rather than absolute, measure of activity. Standard digests contained 
polysaccharide (2 mg), buffer (1 ml), and enzyme solution (2 ml), and samples (1 ml) 
were withdrawn after incubation times of 0 and 2 h at 37”, and added to standard 
iodine reagent (5 ml), and the absorbances were measured. In digests containing 
between 0 and 1 .SO mg of protein, there was a linear relationship between the enzyme 
concentration and the percentage increase in the iodine stain of glycogen and amylo- 
pectin, the slope of the line being slightly greater for glycogen than for amylopectin. 
For example, with 0.90 mg of protein, the percentage increases were 6.5 and 5.8%, 
respectively, and with 1.80 mg of protein, 12.7 and 12.0%, respectively. (The standard 
iodine reagent consisted of 20 ml of 0.2% iodine in 2.0% aqueous potassium iodide 
and 6 ml of 6~ hydrochloric acid diluted with water to 400 ml). 

For the assay of electrophoresis or column fractions, l-ml samples were added 
directly to polysaccharide (2 mg) in an appropriate buffer (2 ml). After incubation 
for 2 h, samples (1 ml) were added to the iodine reagent (20 ml for glycogen; 10 ml 
for amyiopectin and amylose). For the latter, absorbances at 630 nm were measured. 

RESULTS 

An extract of sweet corn was fractionated with ammonium sulphate as described 
previously’. The distribution of certain enzymic activities and the composition of 
the fractions are given in Table I. 

TABLE I 
FRACITONATION OF SWEET-CORN EXTRACT WITH AMMONIUM SIJLPHATE 

Fraction 1 2 3 4 

Percentage of ammonium sulphate (w/v) 
Weight (g) 
Protein (%) 
Polysaccharide (%) 
a-Amylase + branching activitya 
a-Amylase activity” 
Branching activity= 
Relative carbohydrase activityb 

Maltase 
Maltotriase 
Limis dextrinase 
PulIuklase 

o-22 23-32 33-35 56-70 
2.3 0.8 64.0 0.6 

35.7 10.7 27.3 14.1 
30.1 5.3 25.3 2.1 

0.09 1 0.059 0.135 0.120 
0.005 0.026 0.040 0.063 
0.086 0.033 0.095 0.057 

++ 
++ 
++ 
+ 

++ 
++ 
- 
- 

++ 
++ 
++ 
+ 

+ 
- 
- 
- 

aDetermined by the method of Krismang. bRelative activity indicated by: -, nil; i-, weak; 
+ +. substantial. 

A solution of fraction 3 (4.0 g containing 1.1 g of protein) in water (20 ml) was 
dialysed at 2” against running tap-water for 3 h and against 0.01~ sodium citrate 
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buffer (pH 6.3) for 16 h. The dialysed solution was subjected to continuous ekctro- 
phoresie at 600 volts and 70 mamp during 42 h with 0.01~ sodium citrate buEer 

(pH 6.3). The distribution of protein and enzymic activity is shown in Fig. 1. Tubes 
from individual-racks showing similar activities were combined, made 0.01~ with 
respect to citrate buffer (pH 6.0), and freeze-dried. The debranching-enzyme fraction- 
{the contents of tubes 3-10 from several racks, yield 3.1 g) contained 18.3% of protein 
and 18.5% of polysaccharide; the branching-enzyme fraction (the contents of tubes 
17-20, yield 0.6 g) contained 20.5% of protein and 15.0% of polysaccharide. These 
two fractions contained 64% of the total protein applied to the electrophoresis curtain. 

15 
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Fig. 1. Distribution of protein (absorbance at 280 nm) and enzymes during the continuous electro- 
phoresis of sweet-corn fraction3. The substrates were glycogen m and amyIop=tin 0, and the 
changes in iodine-staining power were measured at /-70 and 550 nm. respectively. The results from 
tubes Z-6,9-10, 13-14, 17-18,2I-22, and 25-26 of the second rack are shown. 

Fig. 2. Effect of pH on debranching-enzyme activities (a) of the debranching-enzyme fraction, (6) of 
isoamylase and R-enzyme separated by gel filtration, and (c) of isoamylase and R-enzyme separated 
by ultracentrifugation followed by continuous e!ectrophoresis. The substrates were glycogen, 
04; and amylopectin, 0-O. 
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PROPERTLES OF THE DEBRANCHING-BNZYME FRACTION 

Qualitative examination showed the presence of limit dexhinase activity and 
small amounts of pullulanase and maltase activity in the debranching-enzyme fraction. 
The latter had no effect on the iodine-staining power of amylose, and was therefore 
free of a-amylase and branching enzymes. 

The effect of temperature on enzymic activity was examined in digests containing 
enzyme preparation (10 mg) and polysaccharide (2 mg) in 3 ml of 0.05~ citrate buffer 
(pH 6.0). As shown in Table II, on incubation for 1 h, the optimum temperature with 
glycogen as the substrate was ca. 30”, whereas, with amylopectin, the optimum 
temperature range was ca. 35”. 

TABLE IL 
EFFECT OF TEhWER4TURE ON DEBRANCHING-ENZYME AClTVITD3” 

Temperature (degrees) 18 20 2.5 30 35 40 50 60 
Glycogen 0 3 7 13 11 9 7 5 
Amylopectin 0 1 9 13 14 13 8 0 

aResults are expressed as the percentage increase in iodine-staining power at 470 and 550 nm, 
respectively. 

The effect of pH (using phosphate-citrate buffers) on the activity towards 

glycogen and amylopectin, as shown in Fig. 2(a), is different, the optimum pH beiig 
about 6.0 and 7.0, respectively. However, on preincubation for 30 h at 37” in 0.01~ 

Tris-hydrochloric acid buffer, the activity towards amylopectin was inhibited by 
ca. 30% at pH 6.0 and was completely inhibited at pH 8.0. 5y contrast, the activity 
towards glycogen was not affected at pH 6.0, and was still appreciable at pH 8.0 
(see Table III). 

TABLE III 

EFFECT OF TRIS BUFFER ON DEBRANCHING-ENZYME ACTlVlTIE.+ 

Time of incubation (h) 0.5 1.0 1.5 2.0 4.0 6.0 10.0 
Glycogen 

Control 4 10 11 13 13 13 13 
Tris, pH 6.0 5 6 12 13 14 14 14 
Tris, pH 8.0 3 3 4 4 5 5 5 

Amylopectin 
Control 6 8 9 10 12 13 13 
Tris, pH 6.0 1 4 5 5 6 6 6 
Tris, pH 8.0 0 0 0 0 0 0 0 

aResults are expressed as the percentage increase in iodine-staining power at 470 and 550 nm, 
respectively. 

The effect of various concentrations of mercuric chloride, ammonium molybdate, 
and sodium borate on the activity towards glycogen and amylopectin is shown in 
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Table IV. These salts, which are already known as inhibitors of yeast isoamylase3, 
R-enzyme”, and Q-enzyme I1 have different effects on the two activities. , 

TABLE IV 

EFFECT OF SALTS ON DEBRANCHING-ENZYME ACTIVITIES= 

s&f (IllM) Inhibition (%) 

GIycogen Amylopectin 

substrate substrate 

Mercuric chloride 
0.005 70 75 
0.05 76 89 

5 loo 100 

Ammonium molybdate 
0.2 22 72 
3 40 84 
200 100 93 

Sodium bo-qte 
I 0 0 
2 0 7 
4 +5 6 
8 +5 7 

aResuIts are based on the increase in iodine-staining power after incubation for 1 h at 37”, relative to 
control digests containing water. 

The increase in the iodine-staining power of glycogen and amylopectin was 
accomptied by an increase in the /I-amylolysis limit. As expected, the combined 
action of the sweet-corn preparation and j?-amylase resulted in virtually complete 
degradation (see Table V), whilst their successive action caused the jkimylolysis 
limits of glycogen to increase by 7-13%, and those of amylopectin or its /I-dextrin 
to rise by 12 or 33%. 

TABLE V 

EFFECT OF DEBRANCHING-ENZYhlE PREPARATION ON THE B-AMYLOLYSIS LIMITS OF POLYSACCHAIUDES 

Substrate Average p-Amylolysis Iimit (‘55~) 

chain-length Original Successive Combined 
actiona actionb 

Rabbit-liver glycogen 
Sockeye-salmon liver glycogen 
Trichomonas foetus glycogen 
Phytoglycogen A 
PhytogIycogen B 
Potato amylopectin 
Waxy-sorghum amylopcctln 

/3-dextrin 

13 54 67 99 
12 48 55 95 
15 61 70 97 
11 52 65 98 
9 41 54 98 

22 61 73 99 

11 0 83 100 

=Measured after 72-h incubation with /?-amylase. The results after incubation for 24 and 48 h were 
either the same or differed by less than 2%, showing that p-amylolysis was virtuaIIy completed within 
24 h. bMeasured after 72 h. 
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SEPARATION OF SWEET-CORN R-ENZYME AND ISOAMYLASE 

Since the results reported in Fig. 2(a) and Tables II-IV show the presence of 
two different debranching enzymes, attempts we_ p made to separate the two activities 

by various protein-fractionation techniques. 
GeZ-filiratiorz studies. - A sohrtion of fraction 3 (4-5 g in 40 ml of water) 

was centrifuged at 105,000 g for 2.5 h at 5” to yield a particulate phytoglycogen pellet 
and a ckar solution of protein which was subjtied to continuous electrophoresis at 
700 volts and 40 mamp over 48 h at 2“. The action of the electrophoretic fractions 
on glycogen at pH 6.2, amylopectin at pH 7.2, and amylose was examined, and 
fractions 1-14 from eight racks of tubes were combined, and concentrated by freeze- 
drying to 15 ml. 

A sample (equivalent to 6.7 mg of protein) was passed through a column 
(2.4 x 34 cm) of Sephadex G-200 which had been equilibrated against 0.2M sodium 
citrate buffer (pH 6.2) which was 1% with respect to sodium chloride, and fractions 
(5 ml) were collected and assayed [Fig. 3(a)]. Activity towards glycogen was present 
in fractions l-28, with maximum activity in fraction 14; with amylopectin, activity 
was present in fractions l-28, with maximum activity in fraction 22. Accordingly, 
fractions 1-16 were combined, the volume was reduced to 20 d (containing 2.7 mg 
of protein), and the solution was again applied to the column of Sephadex G-200. 
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Fig. 3. Gel filtration of sweet-corn debranching enzymes on Sephadex&G-200. Fractions (5 ml) were 
collected and assayed against glycogen (e-0) or amylopectin(O-0). The debranching-enzyme 
fraction was applied to the column, and elution gave diagram (a). Fractions I-16 were combined, and 
the isoamyke was separated from R-enzyme by gel filtration as in diagram (6). The distribution of 
protein (absorbance at 280 mn) is shown by the continuous lines. 
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The results of the enzyme assays of the column fractions are shown in Fig. 3(b). 
Fractions l-16 and 17-24 [see Fig. 3(b)] were combined to give solutions of isoamylase 
and R-enzyme, reqectively. The effect of pH (using citrate-phosphate buffers) on 
the action of isoamylase on glycogen and of R-enzyme on amylopectin is shown in 
Fig. 2(6) and confirm the previous conclusion that the two enzymes differ signifi- 
cantly in optimum pH. 

The isoamylase was incubated with various polysaccharides at pH 6.3 for 
24 h; this caused the following increases in /I-amylolysis limit to occur: rabbit-liver 
glycogen from 54 to 65% ; horse-muscle glycogen from 47 to 57% ; malted-barley 
amylopectin from 51 to 60%; and potato amylopectin from 61 to 69%. These results 
con&m the presence, in Zea mays, of a debranching enzyme which can act on both 
amylopectin and glycogen. 

Ultracentrifugation and electrophoresis stadies. - A solution of fraction 3 
[4.0 g in 100 ml Of 0.02M citrate butIer @H 6.3) which was 7 mM with respect to EDTA] 
was centrifuged at 105,000 g for 2.5 h at S’, and the phytoglycogen pellet was collected, 
resuspended in citrate buffer, and again subjected to ultracentrifugation. The pro- 
cedure was repeated. The three supernatant solutions and a suspension of the pellet 
in citrate buffer were stored at - 15” until they had been assayed. Previous studies in 
this’ and other laboratories l2 have shown that branching-enzyme activity is freely 
soluble and is present in the supematant solutions obtained on ultracentrifugation. 
With each successive extraction of the pellet, the branching enzyme and a-amylase 
activities of the supematant solutions decreased, so that, after the third extraction, 
the solution, in fact, caused an increase in the iodine-staining power of glycogen 
and amylopectin during incubation for 24 h. 

The phytoglycogen pellet was homogenised in 0.M citrate buffer @H 6.3), 
and, after centrifugation at 1,000 g for 20 min at 4”, the opalescent solution (55 ml 
containing 190 mg of protein) was submitted to continuous electrophoresis at 800 volts 
and 40 mamp for 48 h at 2”. The distribution of enzyme activity in the eIectrophoresis 
sawrples is shown in Fig. 4. Tubes 3-17 contained isoamylase, and there was a clear 
separation from R-enzyme (tubes 21-27). The contents of the appropriate tubes were 
combined and freeze-dried; the yields of isoamylase (75 mg of protein) and R-enzyme 
(31 mg of protein) represent a recovery of 56% of the total protein which was applied 
to the electrophoresis curtain. 

In view of the different effects of various sahs on the original debranching- 
enzyme preparation (Table IV), their effects on the purtied isoamylase and R-enzyme 
were examined, The results (Table VI) show a marked difference between the suscepti- 
bility of the two enzymes to ammonium molybdate, EDTA (0.07-7.0 m.~) and 
p-chloromercuribenzoate (0.01 mhr) had no effect on either enzyme activity. The 
effect of Tris buffer on the two debranching enzymes is shown in Fig. 5, and the results 
provide a further means of distinguishing between isoamylase and R-enzyme. 

The effect of the purified enzymes on the &unylolysis limits of various branched 
CY-glucans was measured. Isoamylase increased the @nnylolysis ~limit of rabbit- 
liver glycogen from 54 to 65%, of phytoglycogen A from 52 to 64%, and of potato 
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amylopectin from 61 to 70%. By contrast, R-enzyme had a similar action on potato 
amylopectin, but had no effect on either the j?-amylolysis limit or iodine-staining 
power of rabbit-liver glycogen or phytoglycogen A. 

e----.---a 

0 1 3 5 7 
_. ,. . 

and PH6 

Fig. 4. Separation of isoamylase and R-enzyme by continuous electrophoresis. The substrates were 
glycogen a and amylopectin a, respectively. The distribution ofprotein is shown bythecontinuous 
line. 

Fig. 5. Effect of Tris bufler at pH 6 and 8 on the activity of debranching enzymes. Kexisoamylase 
acting on glycogen, (e-0); isoamylase acting on amylopectin, (O-O); R-enzyme acting on 
amylopectin, Co---- 0). 

TABLE VI 
EFFECT OF INHIBITORS ON SWEET-CORN ISOAhfYLASE AND R-ENZYME 

Inhibitor (mrd) IsoamyIasea R-enzyme= 

Mercuric chloride 
0.005 35 28 
0.05 57 57 
OS 63 91 
5.0 93 100 

Ammonium molybdate 
0.2 5 19 
2.0 5 56 
20 7 83 
200 7 100 

aResults are expressed as percentage inhibition based on iodine-staining assays after incubation for 
2 h at 37”, relative to control digests containing water. 

Action of sweet-corn isoamylase on phytoglycogen. - Although the available 
evidence suggested that the debranching action of isoamylase involved the hydro- 
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lysis of the outer inter-chain linkages of glycogen, experimental confirmation of 
this was required. The action of amylo-1,Bglucosidase on glycogen may involve 
the transfer of D-gIucose residues from A-chains (side chains) to B-chains (main 
chains) with a resultant increase in iodine-staining power and I-amylolysis limit, 
but without the hydrolysis of the outermost z-!-(1 +6)-D-glucosidic linkages13. 

A phytoglycogen pellet was homogenised in buffer and centrifuged at 1,000 g 
as described previously, and the opalescent solution (45 ml containing I89 mg of 
protein) was subjected to continuous electrophoresis. Appropriate fractions were 
collected, assayed, and combined to give isoamylase (88 mg of protein) and Renzyme 
(43 mg of protein) representing 69% of the total protein. Each enzyme solution was 
concentrated to 5 ml by freeze-drying, and then submitted to gel filtration on a column 
(8 x70 cm) of Sephadex G-200 fitted to a LKB Model 4900A Recycling Chromato- 
graphy apparatus. The enzyme solutions were cycled through the column three times, 
using 0.01~ citrate buffer (PH 6.0) as eluent, and samples (3 ml) were collected with 
a LKB Model 7000 UltraRac fraction collector, assayed, and combined as appropriate. 
With isoamylase, a symmetrical peak showing the same relative activity towards 
glycogen and amylopectin was obtained. With R-enzyme, a symmetrical peak showing 
marked activity towards axrJopectin, but having no action on glycogen, was observed. 
The combined solutions were finally freeze-dried, to give an isoamylase preparation 
(355 mg; protein content, 20.0%) and R-enzyme (259 mg; protein content, 12.5%). 
The recovery of protein from the Sephadex column was 81 and 74%, respectively. 

Neither enzyme preparation had any action on amylose, maltose, maltotriose, 
a-limit dextrins, or pullulan. There was no transferase activity with maltotriose, and, 
on prolonged incubation, neither enzyme preparation underwent autolysis with the 
production of reducing sugars. 

Phytoglycogen A (200 mg) and isoamylase (100 mg) in O.OOSh~ citrate buffer 
(PH 6.3) (40 ml) were incubated for 72 h at 37”. The iodine-staining power of a 
sample (0.5 ml) increased by 12,20,25, and 32% after 24,36,48, and 72 h, respectively. 
The digest was then heated (10 min at lOO’), cooled, and centrifuged (40,OOOg for 
20 min), and further isoamylase (100 mg) was added to the supernatant solution. 
During the next 36 h, there was no further increase in iodine-staining power. The 
enzyme was inactivated by heating, denatured protein was removed by centrifugation 
at 40,000 g, and the solution was concentrated to ca. 3 ml and applied to a column 
(3 x 37 cm) of Sephadex G-50. With water as eluent, fractions (3 ml) were collected, 
and assayed for carbohydrate by using the phenol-sulphuric acid reagent. Fractions 
8-24 contained polysaccharide (isodextrin, 145 mg) and fractions 28-52 contained 
a mixture of oligosaccharides (maltosaccharides, 40 mg) which were isolated by 
freeze-drying. 

The maltosaccharides were freed from citrate and other ions by use of a BTL 
chromatographic desalt&apparatus, and shown by paper chromatography in 
solvent A to be a mixture of maltosaccharides having DP 2-7, with a trace of malto- 
octaose. 

The isodextrin had a fi-amylolysis limit of 62% and an average chain-length of 
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12.5 ~-glucose residues (by cr-amylolysis), and the iodine complex had J_, 445 nm 
and 0.D .mnI 0.66. The corresponding properties of the original phytoglycogen A are: 
/?-amylolysis limit, 52% ; average chain-length, 11.1 D-glucose residues; iodine complex, 
/ -m3)1 440 nm and O.D., 0.50. 

The iodine-staining properties of the fi-limit dextrins of phytoglycogen-A 
isodextrin and amylopectin (waxy sorghum starch) are compared in Fig. 6. Since 
the fl-dextrin of the isodextrin had ,?!mnx 440 nm and O.D.,,, 0.39 in water, and 
1 .m;lx 430 mu and O.D.,, 0.51 in half-saturated ammonium sulphate solution, it 
clearly shows a typical glycogen-type spectrum. The corresponding figures for 
amylopectin /I-dextrin are ,I,,, 535 MI and O.D.,,, 0.64 in water, and A,,, 530 nm 
and O.D.,,, 0.73 in ammonium suiphate solution. 

I 

8::- /// 

0 
400 440 500 56.0 600 

wavek3lgtn c nrn) 

Fig. 6. Light-absorption CUNCS of polysaccharide-iodine complexes; W, in aqueous solution; 
A, in presence of half-saturated ammonium sulphate. 

CHANGES IN ENZYMIC ACTIVITY DURING THE GERMINATION OF SWEET CORN 

Extracts which had been prepared from sweet corn, after germination for 
various periods, were made 70% saturated by the addition of solid ammonium 
sulphate, and the precipitated protein was collected by centrifugation (l,OOOg for 
20 min) and dissolved in water, and the solution was dialysed for 48 h against running 
tap-water and freeze-dried. (All operations were carried out at 2”.) The composition 
of the extracts is given in Table VII. The diffusable products of polysacchatide 
degradation and proteolysis were removed by the dialysis during the preparation 
of the extracts. 

Each enzyme preparation (50 mg) was subjected to high-voltage electrophoresis, 
and aliquots of the extracts of each electrophoretic, paper strip were assayed against 
glycogen and amylopectin. Typical results are represented diagrammatically in Fig. 7. 
Although the high-voltage electrophoresis method did not separate the mixture of 
R-enzyme and isoamylase from each other, or the mixture of branching enzymes 
(Q-enzyme and amylopectin-branching glycosyltransferase), it provides clear 
evidence of the changes in enzymic activity which accompany germination. 
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TABLE VII 

PROPERTIES OF EXTRACTS FROM GRRMYNATED SWTCEl--CORN 

Germination pH of wt. of Protein-N Pofysaccharide Debranching actiuityo 
time (h) homogenate extract(g) content (O/6) content (O/D) Giycogen Amyiopectin 

0 6.9 0.20 10.2 84 11 
18 6.8 0.19 11.4 78 11 
24 6.8 0.17 13.1 69 12 
36 6.5 0.19 10.1 43 19 
43 6.0 0.13 9.5 37 25 
72 5.3 0.16 8.4 25 7 
96 5.1 0.13 7.1 20 7 

120 4.9 0.11 6.0 8 6 
144 4.5 0.12 4.0 8 0 

. OMaximum percentage increase in iodin*staining power. 
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Fig. 7. Distribution of enzymes on high-voltage ekctrophoresis of sweet-corn extracts at various 
stages of germination (a) initially, (6) after 36 h, (c) after 96 h. Enzyme activities are shown: branching 
enzymes, 0 ; debranching enzymes, m; a-amylase, q ; and are expressed in terms of the changes in 
iodinssttning power of glycogen and amylopectin. Each strip was 2 cm in width. 

DISCUSSION 

As shown in Fig. 7, ungerminated sweet-corn ctintains substantial amounts of 
branching and debranching enzymes, and a small amount of a-amylase. During 
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germination, there is a rapid degradation of polysaccharide (more than 75% being 
broken down during 96 h), which is caused by an initial increase in debranching- 
enzyme activity, followed~ by a marked increase in a-amylolytic activity. During 
germination, branching-enzyme activity is diminished_ 

The continuous electrophoresis of an ammonium sulphate fraction of an 
extract of ungerminated sweet-corn revealed a cathodic migration of an enzymic 
activity which produced an increase in the iodine-staining power of glycogen and 
amylopectin. The enzyme preparation caused an increase in the B_amylolysis limit 
of both glycogens and amylopectins (Table V), and these results are the f%st demon- 
stration of a plant enzyme which can hydrolyse the inter-chain linkages-in glycogen. 
This electrophoretic preparation also showed maltase, limit-dextrinase, and pullulanase 
activities. Examination of the effect of pH, temperature, and various salts on the 
enzyme preparation (Tables II-IV) showed that two debrancbing enzymes were 
present, which were separated by gel titration (Fig. 3) or by ultracentrifugation and 
continuous electrophoresis (Fig. 4). 

The amylopectin-debrancbing enzyme (R-enzyme) was free of Q-enzyme, 
a-amylase, maltase, maltotiase, and pullulanase; the recent suggestion by Griffin 
and Erlander14 that R-enzyme is a physical anomaly which acts on amylopectin 
because of the existence of limit dextrinase and cr-amylase impurities is completely 
incompatible with our experimental observations. Sweet-corn R-enzyme, lie that 
from broad beans” and malted barley 16, has no significant effect on glyccgens of 
normal chain-length. 

The action of sweet-corn isoamylase on phytoglycogen causes the liberation of 
maltosaccharides having DP 2-7, and the formation of an isodextrin which consists 
of the B-chains of the original polysaccharide. The separation of the maltosaccharides 
from the isodextrin provides definite evidence that debranching by a-(1+6)-gluco- 
sidase action had taken place, and that the observed changes in /?-amylolysis limit 
and iodine-staining power were not due to the enzymic transfer of D-glucose residues 
from A-chains to B-chains. This latter process has been demonstrated with muscle13 
and yeast ” debranching-e,nzyme preparations. 

The residual isodextrin is still a glycogen-type polysaccharide, as shown by 
the degree of branching and by the iodine-staining properties of the isodextrin and 
the corresponding P-limit dextrin (Fig. 6). Erlauder’8~1g has proposed that starch 
synthesis involves a glycogen-precursor mechanism in which glycogen is synthesised 
from sucrose via adenosine 5-(D-glucosyl pyrophosphate) (ADPG) and is then con- 
verted into amylopectin by a debranching enzyme. The liberated A-chains are com- 
bined together to form amylose. A major difliculty with this theory was that a plant 
enzyme which could debranch glycogen was not known prior to the present work 
The enzymic debranching of glycogen to produce amylopectin would require a very 
selective attack on the a-(1+6)-D-glucosidic inter-chain linkages, in such a way that 
debranching occurred throughout the whole glycogen molecule, causing an increase 
in the interior chain-length (i.e., the number of D-glucose residues between branch 
points) from ca. 3 to 6. The present results show this does not occur; enzyme action 
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is confined to the removal of the outermost side-chains (A-chains), and the interior 
of. the molecule is unaltered.: As exl%cted, the enzyme protein. (whose molecular 
weight is presumably of the order of 104-10’) is unable to penetrate into the interior 
of the phytogljcogen macromolecule which h& a molecular weight of 10%107; The 
inability of other debranching enzymes (es., yeast isoamyfase” and .pullulanase2’) 
to effect the complete debranching of glycogen is also attributed to similar steric 
,effects; In contrast to the recent suggestion of Eriander and McGuire22, we conclude 
that sweet-corn isoamylase is not involved in the euzymic conversion of phytoglycogen 

into. amylopectin. Further comments on the glycogen-precursor theory have. been 
given elsewhere23; it is relevant to emphasise -here that starch synthesis according to 
this theory does not require the action of Q-enzyme* which occurs with other starch- 
metabolising enzymes in sweet corn. It seems more logical to suggest that the known 
s~h-rnet~bo~s~g enzymes are involved in the syn&eSis of starch and ph~o~ycogen 
by separate pathways, rather than to ignore their occurrence a&to propose instead 
the existence of other, hypothetical enzymes whose mode of action is very different 
from that of any known enzymes. 

Extracts of sweet corn contains in addition to R-enzyme and isoamylase, a 
third L~I-(1-+glucosidase named pullulanase. The presence of this enzyme in sweet 
corn was firstreported by Taylor and Whelanz4 who suggested that it was presumably 
akin to R-enzyme. The present results show that they are distinct enzymes, since, 
after gel G&ration, the purified R-enzyme had no action on pulhdan. fsoamylase 
likewise is a separate enzyme. 
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NOte 

A I:1 adduct of methyl a-D-glucopyranoside and potassium 
hydrogen carbonate* 

During an investigation of a reaction of methyl a-D-glucopytanoside (1) 
carried out in potassium hydroxide solution, a substance was isolated which apparently 
has not been reported previously’. It could be isolated when the basic solution was 
treated with carbon dioxide. 

The colorless crystalline solid (2) was recrystallized from 95% ethanol to m-p. 
192-194” (with decomposition). Titrimetric analysis of the compound indicated an 
equivalent weight of 294.3, corresponding to the formula C,H,,OB - KHC03, a 1:l 
adduct of methyl a-D-glucopyranoside and potassium hydrogen carbonate. The 
elemental analysis was also consistent with this formula. A comparison of the i.r. 
spectra of 2 and 1 showed many similarities, but they were clearly not identical. 
Acetylation of 2 produced methyl 2,3,4,6-tetra-O-acetyl-a-D-glucopyranoside, 
identical with an authentic sample. A 2: 1 adduct of amylose and potassium hydrogen 
carbonate has been reported by Senti and Witnauer2. 

N.m.r. spectra of the adduct (2) and 1 were obtained in formamide and in 
methyl sulfoxide-d, (see Table I). In formamide solution, the hydroxyl-proton signals 
of 1 are centered at z 4.82, whereas those of the exchangeable hydrogens of 2 (four 
hydroxyl protons and the hydrogen carbonate proton) are masked by the solvent. 
A comparison of the spectra of 1 and 2 in methyl sulfoxide-d, showed that the 
hydroxyl-proton signals of 2 are shifted upfield3s4 by 0.5 p.p.m. Integration of the 
spectrum of 2 in methyl sulfoxide-d, before and after the addition of D,O showed 
that another exchangeable proton resonates in the z 6.38-6.98 region. It is presumed 
that this resonance is that of the hydrogen carbonate proton, because it has approxi- 
mately the same chemical shift as the hydrogen carbonate proton in methyl sulfoxide-d6 
solution. The adduct (2) can be recovered unchanged from formamide and from 
methyl sulfoxide-d, by addition of a less polar solvent. 

Synthesis of 2 was accomplished either by treating a potassium hydroxide 
solution containing 1 with carbon dioxide, or by bringing together equimolar 
amounts of 1 and potassium hydrogen carbonate in water. 

Melting points are uncorrected. 1-r. spectra were recorded on a Perkin-Elmer 
Infracord spectrometer, MoGel 137. N.m.r. spectra were measured on a Varian 

*The University of Arizona, Agricultural Experiment Station, Paper No. 1360. 
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TABLE I 

N-M-R. SPEClRAL DATA FOR METHYL C(-D-GLUCOPYRANOSIDE AND THE METHYL. a-D-GLUCOPYRANOSIDE- 

POTASSIUM HYDROGEN CARBONATE ADDISC+ 

Compound 2-OH, 3-OH, 
4-OH, 6-OH 

H-i Hycirogen Ring OMe 
carbonate protons 
proton 

lb 4.82 5.51d 
(2.6) 

6.37-7.02 6.84 

20 5.574 6.44-7. I 6 7.00 

(3.1) 
KHC03b 6.03 

1= 5.15-5.61 5.43d 6.15-6.90 6.71 
(3.4) 

2c 5.78-6.18 5.48 -6.9 6.38-6.98 6.76 
KHco3= 6.71 

“Chemical shifts are given on the t scale, relative to Me&i @fezSO-&); d, doublet; J values (Hz) 
are given in parentheses. bIn HCONHz. CIn MezSO-da. 

Associates HA-100 spectrometer (100 MHz), and tetramethylsilane (z = 10.00) was 
used as the internal standard. Methyl sulfoxide-d, was obtained from Merck, Sharp 
and Dohme, Ltd., Canada, and was used without purification. All peaks assigned to 
hydroxyl groups were confirmed by exchange with deuterium oxide. The elemental 

analysis was performed by Schwarzkopf Microanalytical Laboratory, Woodside, 

New York. 
Formation of methyl a-wghrcopyranoside-potassium hydrogen carbonate 

adduct (2) by carbonation. - A mixture of 5.0 g (90 mmoles) of potassium hydroxide, 
50 g (250 mmoles) of methyl a-D-glucopyranoside, and 50 ml of water was warmed 
to give a clear solution. The solution was cooled to room temperature, and carbon 
dioxide gas was bubbled through it until no further change in pH occurred. The 
solution was evaporated to dryness on a rotary evaporator, and the residue was 
extracted with five IOO-ml portions of hot 95% ethanol_ The extracts were combined, 
and kept overnight at room temperature, and the crystalline material that separated 
was collected by filtration. This crude product, m.p. 191-194” (dec.), was recrystallized 
from 95% ethanol to give 22.5 g (85%) of colorless, cryst.alline product; m-p. 192- 
194” dec., vy; 3600-3200 YS, 2900 m, 1440 m, 1920 m, 1360 m, 1330 m, 1280 sh, 
1190 w, 1145 m, 1110 m, 1075 sh, 1050 vs, 1025 vs, 1010 sh, 990 sh, 918 sh, 900 w, 
835 w, and 755 w cm-‘. Methyl a-D-glucopyranoside gave v=g 3600-3200 vs, 
2900 m, 1450 w, 1420 w, 1390 sh, 1360 w, 1330 w, 1280 sh, 1260 w, 1220 w, 1190 m, 
1140 ms, 1110 ms, 1100 ms, 1070 sh, 1060 sh, 1055 vs, 1045 vs, 990 ms, 900 w, 
845 w, and 745 w cm-‘. (Both spectra were calibrated by means of the polystyrene 
band at 1601 cm-‘.) 
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124 NOTE 

.4nul. Calc. for /r LsH15K09: C, 32.65; H, 5.15, ash (K), 13.29. Found: C, 32.49; 
H, 5.10, rsh (K), 13.06. 

Formation of methyl a-D-glucopyranoside-potassium hydrogen . carbonate 
adduct (2) from the component compounds. - To a sohrtion of 20 g (200 mmoIes) 
of potassium hydrogen carbonate in 50 ml of water was added 39 g (200 mmoles) 
of methyl a-D-ghrcopyranoside. The mixture was warmed, and the resulting solution 
was evaporated to dryness on a rotary evaporator. The residue was extracted with 
nine lOOmI portions of 95% ethanol, and the extracts were combined, and kept 
overnight at room temperature. The crude product that separated was recrystallized 
from 95% ethanol to give 49 g (83%) of colorless crystals, m-p. 192-194O (dec.). 

Formation of methyl 2,3,4,6-tetra-0-acetyl-a-D-glucopyranoside by acetylation 
of the adduct (2). - Acetylation of 2.9 g (10 mmoles) of 2 was accomplished accord- 
ing to a published procedure 5. The product, yield 2.35 g (65%), was identical in all 
respects with an authentic sample of the tetraacetate. 
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Preliminary communication 

Synthesis of 2-deoxy-2-methylamino-r, -gulose, a component of &eptothricin- 
like antibiotics 

The present communication describes the synthesis of Z-deoxy-2-methylamino-D- 
gulose, reported to be a component of the streptothricin-like antibiotic, LL-AC 541’, and 
possibly of the similar antibiotic BD-12 isolated in our laboratory*_ 

Addition of methylamine to tetra-O-acetyI-l-nitro-l-hexene-D-xylo-3,4,5,~tetrol 
(1) synthesized by the method of Sowden and Fischer3 from D-XylOSe and nitromethane 
gave a syrupy mixture presumably consisting of 5,6-dideoxy-5methylacetamido-Gnitro-L- 
glucitol (2) in preponderant proportion and of the corresponding D-i&to1 derivative4. On 
treatment with cont. hydrochloric acid (Nef reaction)5, the sodium salt of the above 
mixture gave a crude 2-deoxy-2-methylaminohexose, which was chromatographed on 
Dowex50 (K’) with 0.2~ hydrochloric acid as developing agent. The main fractions 
showing a positive Elson-Morgan test and containing a single component, as shown by 
paper chromatography, were evaporated to give a 2-deoxy-2-methylamiohexose hydro- 
chloride (yield 25%). This was repeatedly recrystallized from methanol-ethanol to give 
pure Zdeoxy-Zmethylamino-D-gulose hydrochloride (3) as white needles, m.p. 181” 
(dec.); [ac] g +38.S” (after 5 min) + -28’ (after 20 h) (c 1, water); RF 0.72 on Whatman 
No. 1 paper in ethyl. acetate-acetic acid-pyridine-water (5:s: 1 :3)6. 

Anal. Calc. for C, H, 5 NO5 - HClr C, 36.61; H, 7.02; N, 6.10. Found: C, 36.72; 
H, 7.13; N, 6.49. 

The pentaacetate (4) was obtained from 3 with pyridine-acetic anhydride; 
m-p. 175-176”, [ac]g +72” (c 1, chloroform). 

And. Calc. for C17H25N010: C, 50.62; H, 6.25; N, 3.47. Found: C, 50.64; 
H, 6.41; N, 3.15. 

CHNOZ 

II 
=‘-‘zNO, 
I 

CH 
nQ-FH 

Hk-OAc 

I 
1 Cl-$NHz /MeOH ,-I’?--OH 

I 
7. NaOH 

AcO-CH 2 AcpO, HCO; HO-CH 
2.HCI 

OH OAc 

A$O/pyricline 
OH 

M& AC 

(41 
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The structure of 3 was established by positive Tollens and Elson-Morgan tests 
and by a negative ninhydrin test indicating the N-substitution of the 2amino-2-deoxy- 
aldose. 

The n.mJ. spectra were recorded with a JEOL-JNM-C-60 spectrometer at 60 MHz 
and are expressed as p-p-m. from an external tetramethylsilane reference @-scale) for 
deuterium oxide sclution or from an internal tetramethylsilane reference for deuterated 
chloroform solution. The n.m.r. signal of 3 at 6 2.98 (3 H, singlet) in deuterium oxide 
solution confirmed the presence of the N-methyl group. The configuration of C-3, C-4 
and C-5 is unequivocal, because 3 was derived from D-xylose. In a freshly prepared 
deuterium oxide solution of 3 at 26O, a pair of doublets corresponding to a total of one 
proton (intensity ratio, 3:2) at 6 5.58 (J 3.0 Hz) and 6 5.22 (J 8.0 Hz) and a triplet 
and a quartet corresponding to a total of one proton (intensity ratio 3.3:2) at 6 3.63 
(J 3.0 and 3.0 Hz) and 6 3.30 (J 3.0 and 8.0 Hz) were observed. After 4 h, both 
intensity ratios+_had changed to 1:3 owing to mutarotation. 

On the basis of Lemieux’ and Stevens’ work’, the n-m-r. signals of 3 were 
assigned as follows: doublet at 6 5.58 to H-la with fi,2 3.0 Hz; doublet at 6 5.22 
to H-14 with & 2 8.0 Hz; triplet at 8 3.63 to H-2iu wifh @,2 = @,s 3.0 Hz; 

quartet at 6 3.36 to H-29 with e,* 8.0 and 4,s 3.0 Hz. These assignments were 
confirmed by spin-decoupling experiments. 

The n.m.r. signal at 6 6.13 (doublet, H-l, J 3.0 Hz) of 4 indicated that it 
was the cu-pentaacetate. Signals at 6 5.50 (1 H, triplet, J 3.0 and 3.0 Hz) and 5.25 
(1 H, triplet, J 3.0 and 3.0 Hz) were attributed to H-2 and H-3 respectively. The 
large coupling constant between H-19 and H-2-P (Jr,? 8 Hz) indicated an axial 
orientation of H-2. Therefore, the small coupling constant between H-2 and H-3 

(J2,3 3 Hz) suggested an equatorial orientation of H-3. thus indicating a cis 
relationship between C-2 and C-3, in agreement with the gulo configuration. 

2-Deoxy-2-methylamino-D-gulose was a major product of the present reaction. 
No other Elson-Morgan positive substances, except 3 could be isolated from the crude 
reaction product. although some could be detected on paper chromatogram. 

The RF value and g.1.c. pattern of the per(trimethylsilyl)derivative of 3 were 
identical with those of the Zdeoxy-2-methylaminohexose isolated from the antibiotic 
BD-12. 

The procedure described in this communication is different from that briefly 
reported by Noorzad et al.’ _ Direct comparison of ‘the 2deoxy-2-methylamino-D-gulose 
reported in this communication with that synthesized by Noorzad et al.* showed both 
compounds to be identical. 

The authors thank Dr. T. Okuda, manager of this laboratory, for his encourage- 
ment, Dr. K. Kotera and his collaborators of the Analytical Center of this Company for 
the instrumental and elementary analyses and Dr. H. K. Zimmerman for a sample of 
synthetic 2-deoxy-2-methylamino-D-gulose. 

Microbial Chemistry Research Laboratov, Y. IT0 

Tanabe Seiyaku Co. Ltd., Y. OHASHI 
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Announcement 

The Carbohydrate Discussion Group (A Chemicai Society Subject Group) is 
holding a meeting at the University College of North Wales at Bangor from March 31st to 

April 2nd, 1969. The meeting will include-a small symposium on polysaccharide chemistry, 
For further details of this meeting, please write to Dr. N.rA. Hughes, Department 

of Organic Chemistry, The University, Newcastle upon Tyne NE1 7RU. 
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Book review 

Rodd’s Chemistry of Carbon Cornpour&, Volume IF, Carbohydrate Chemistry: edited 
by S. COFFEY. Elsevier, Amsterdam, 1967, xvi + 780~~. s14. 15s. (El3. 5s. sub- 
scription price). 

This volume of the second edition of Rodd’s Chemistry of Carbon Compounds 
can be considered not only as part of a series, but also in isolaticn as a text-book of 
carbohydrate chemistry. It is divided into three sections: polyols (66 pages) by 
L. Hough and A. C. Richardson, monosaccharides and their derivatives (529 pages) 
by the same authors, and oligosaccharides, polysaccharides, and related compounds 
(119 pages) by G. 0. Aspinall, E. Percival, D. A. Rees, and M. Rennie; there is a 
subject index but no author index. The contents of this volume show the extent of the 
advances and developments in carbohydrate chemistry in the fifteen years since the 
first edition was published. 

The authors are to be congratulated on producing an excellent, up-to-date 
account of carbohydrate chemistry; many 1967 references are included. Modern 
concepts are stressed, and conformational and mechanistic aspects of many reactions 
are discussed. Very good accounts are given of the application of physical methods; 
the section on the uses of nuclear magnetic resonance is exceptionally good and is 
an ideal introduction for anyone wishing to learn about the application of this power- 
ful tool to carbohydrate chemistry. 

The text is relatively free from errors. The most serious found by the Reviewer 
was the incorrect pyrazoline structure shown on page 440 for the product from the 
acetylation of D-mannose phenylhydrazone. The correct structure for this product 
(D-arabino-3,4,5,6-tetra-acetoxy-I-arylazo-trans-hex-l-ene) was established in 1962. 
In the section c-n the general methods of structural study of polysaccharides (p. 666 ff.), 
acetolysis is tot mentioned. On page 139, tetramethylsilane is described as “a toxic 
substance”, an error whichit is hoped has not alarImed too many n.m.r. spectroscopists; 
on page 90, there is a grossly incorrect formula for L-glucose. 

The main criticism of this book must fall on the Subject Index, which is not 
compiled using the usual conventions. Compounds are not listed under the parent 
sugar, as, for example, D-glucofuranose, di-O-isopropylidene-, but appear under the 
first letter of the name; hence, the above compound is listed under “D”. 

It is a great pity that the prices of more and more essential reference books put 
them beyond the reach of potential purchasers. Here is an excellent text that ought to 
be in the hands not only of professional carbohydrate chemists (and it will be too 
expensive for many) but also of every graduate student as well. 

Ufziuersity of Sussex . 
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ENOLIZATION OF ALDOSULOSE DERIVATIVES. 
~-O-ACETYL-~,~-ANHYDRO-~,~-O-ISOPROPYLIDENE-~-D-~~~~~-HEX-~- 

ENOPYRANOSE, THE 3,4-ENEDIOL ACETATE OF A FUSED-RING keto 

SUGAR, AND FORMATION OF A BRANCHED-CHAIN SUGAR 

DERIVATIVE*+ 

D. HORTON AND E. K. JUST 

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210 (U. S. A.) 

(Received July 26th, 1968) 

ABSTRACrr 

1,6-Anhydro-2,3-O-isopropylidene-B_~-lyxo-hexopyranos-4-~ose (I), a keto 

sugar having a [3.2-l] bicyclic ring-system, is converted by acetic anhydride-triethyl- 
amine at room temperature into a crystalline dimer (5), a branched-chain sugar 
derivative apparently formed by attack of C-3 of the 3,4-enediolate anion of a 
molecule of 1 on the carbonyl group of a second molecule of 1. Under more vigorous 
conditions, the reagent converts the dimer 5 into the crystalline 3,eenediol acetate (2) 
of the ketone 1; no 4,5-enediol acetate is formed because of steric reasons (Bredt 
rule). The enediol acetate 2 is hydrolyzed readily to the parent ketone 1, and is 
converted by ethanolic base into the crystalline, hydrated ketone 3. Reduction of 2 
with borohydride gives 1,6-anhydro-2,3-0-isopropylidene-P-D-talopyranose (6). 
The n.m.r. spectrum of the enediol acetate 2, analyzed with the use of spin decoupling, 
shows a long-range coupling between H-2 and the e,yo proton at H-6. 

INTRODUCTION 

Previous papers from this laboratory have reported the synthesis of 1,6-anhydro- 

/3-D-talopyranose2p3, the last 1,6-anhydro-j?-D-hexopyranose to be characterized. 
1,6-Anhydro-2,3-O-isopropylidene-8-~-mannopyranose (4) was oxidized to the 
corresponding 4-ketone4 (1,6-anhydro-2,3- 0-isopropylidene-j?-D-lyxo-hexopytanos- 
4-ulose, l), the latter was reduced stereospecifically to the D-tdo analog (6) of 4, 
and the 0isopropylidene group was cleaved from 6. Optical rotatory correlations 
among the 1,6-anhydro-P-D-hexopyranoses have been made5, and aminated analogs 
have been synthesized6. It was shown’ that H-3 of the ketone 1 is exchanged readily 
by solvent protons in aqueous base, whereas H-5, which is at the bridgehead of a 
[3.2.1] bicyclic system, is not exchanged. This type of exchange reaction, in similar 

*Supported by the National Institutes of Health, Public Health Service, Department of Health, 
Education, and Welfare, Bethesda, MaryIand 20014; Grant No. GM-I 197604 (The Ohio State 
University Research Foundation Project 1820). 
*For a preliminary report, see ref. 1. 
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fused-ring systems, was suggested2 as a stereospecific method for the synthesis of 
specifically deuterated or tritiated sugars, and also as a route to branched-chain 
systems. Although it was considered that planarity at C-5 (the bridgehead of the 
[3.2.1] bicyclic system) would be sterically impossible in 1, the observed exchange of 
H-3 clearly demcinstrates that there is no such restriction at C-3, although C-3 is at 
the bridgehead of a [4.3.0] bicyclic system formed by the cyclic acetal group fused 
to the pyranose ring. 

Inspection of molecular (Dreiding) models indicated that the 3,4-enediol of the 
ketone 1 is, indeed, sterically feasible. The object of the present work was to prepare 
and characterize a stable derivative of this enediol, in order to provide independent 
proof that a double bond can be formed at the bridgehead of this [4.3.0] bicyclic 
system. In the case of a 1,2-cyclic acetal of afuranose sugar, it has been supposed’ 
that a double bond at the bridgehead of a [3.3.0] bicyclic system is stericaliy impossible. 

Enediol acetates of keto sugars have received very little study. Now that fully 
protected sugars having free carbonyl groups are readily accessible4, acyl derivatives 
of their enolic forms offer attractive possibilities for synthesis of novel sugars, including 
branched-chain sugars, by stereospecificaddition reactions at the carbon atom adjacent 
to the original ketone group. 

DISCWiSION 

Oxidation of the alcohol 4 to the ketone 1 can be accomplished in high yield4 
by use of either methyl sulfoxide-acetic anhydride’ or ruthenium tetraoxideg. The 
latter oxidant is the more convenient for preparing small quantities of very pure 
ketone, but losses of the expensive reagent are a disadvantage. A modified procedure 
used in the present work gave pure ketone 1 in 85% yield, and permitted quantitative 
recovery of the reagent. Ruthenium dioxide was oxidized to the tetraoxide by aqueous 
sodium periodate in the presence of carbon tetrachloridelO; in this way, the reducing 
substances present in reagent-grade carbon tetrachloride were decomposed before the 
solution of oxidant was separated, and therefore they could not interfere with the 
oxidation. At the end of the oxidation, the excess of the oxidant was reduced with 
isopropyl alcohol, and ruthenium dioxide was recovered quantitatively. 

Treatment of the ketone 1 with acetic anhydride and triethylamine for 1 day 
at room temperature led to almost complete conversion of the starting ketone into 
a new product, which was isolated crystalline, m.p. 175-176.5”. This product had the 
same empirical formula as the starting ketone 1, and was subsequently shown to be 
a dimer (5). When the ketone 1 was heated for 3 days at 50” in acetic anhydride- 
triethylamine, the dimer 5 was still a major component. However, a second product, 
having a chromatographic mobility greater than that of 5, observed as a minor 
component in the reaction mixture from which 5 had been isolated, was now present 
in greater proportion. This faster-moving component was isolated crystalline (m.p. 
129-130”) in 19% yield by sublimatibn from the reaction mixture, and it was shown 
to be the 3,4-enediol acetate (2) of 1. Treatment of the pure dimer 5 with acetic 
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anhydride-triethylamine for 3 days at 70” led also to a mixture of 5 and the enediol 
acetate 2; the latter was obtained in 33% yield. The dimer 5 is evidently phe kinetic 
product of the reaction, and it is subsequently converted into the enediol acetate 2; 
the latter is probably in equilibrium with 5. 

H,C-0 

=d 
H~C---0 

0 
0 CMC> A@, E%,N 

AcO 

0 

OEt-, OH- 
0’ ‘0 

P 
O-CM+ 

4 

The initial product Q, having m-p. 175-176.5”, showed i-r_ spectral absorption 
for a carbonyl group and a hydroxyl group. The hydroxyl group was inferred to be 
tertiary, because it had not been acetylated by the acetic anhydride. The n.m.r. 
spectrum showed that acetyl groups were absent, and the carbonyl absorption in 
the i.r. spectrum was therefore assigned to a ketonic group. Although the elemental 
analysis was consistent with the formula C9H, 205, the n.m.r. spectrum in chloroform-d 
showed a sharp singlet at r 6.4.7, one twenty-fourth of the total proton integraI, 
which could be assigned to the proton of the tertiary hydroxyl group because the 
signal disappeared when the sample was deuterated. Assuming that one hydroxyl 
group is present per molecule, the dimeric formula C, 8H24010 is indicated. The n.m.r. 
spectrum showed the presence of two isopropylidene acetal groups and two one- 
proton doublets at low field in the region anticipated for anomeric protons in 1,6- 
anhydrohexose derivatives. These data, and the fact that the dimer can be converted 
into the enediol acetate 2, indicate that the dimer is an addoct (5) that is formed through 
attack by C-3 of the 3J-enedioiate anion of one molecule of 1 on C-4 of a second 
molecule of 1, in a base-catalyzed, reversible, Claisen type of reaction (see Fig. 1). 
The fact that the ketone 1 is attacked by even small nucleophiles to give products 
having the D-k.h configuration, exclusivelyJD6, provides very strong indication that 
the branched-chain sugar moiety of 5 has the D-tale con&nation, although this 
structure has not been proved by classical degradative methods. 

The anomeric-proton signal at lowest field (r 4.21) for 5 is a sharp doublet 
showing a spacing of 3.8 Hz. This signal, which has a chemical shift similar to that 
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of H-l in the parent ketone 1, was assigned to the anomeric proton* (H-l’) of the 
ketonic moiety of 5, because a second sharp doublet (at r 5.16), having identical 
spacing and related to the signal at 5 4.21 as a typical AB pattern, could be assigned 

1 

3.4- enediolote 
onion of 1 

H+----c) 

Fig. 1. The reversible, base-catalyzed condensation of the 3,4-enediolate anion of ketone 1 with 1 
to give the dimer 5. The reverse process probably proceeds by initial abstraction of the proton on the 
4-hydroxyl group of 5, because H-3 on the branched-chain moiety is not in the favored geometry 
for E2 elimination. 

to a contiguous proton at C-2’ in a structure having no proton at C-3’. The other 
anomeric-proton signal, at z 4.76, was somewhat broadened, and was assigned to 
H-l in the branched-chain moiety; the line-broadening is probably caused by iong- 
range or virtual coupling4*” of H-l with H-3 in this moiety. 

The product having m.p. 129-130”, obtained by prolonged treatment of the 
ketone 1 with acetic anhydride-triethylamine, had the empirical formula CllH1406 
anticipated for an enediol acetate of 

at 5.63 and 5.71 pm, suggesting that 
The n.n.r. spectrum verified that one 

H-2.5 

H-l 

1, and the ix. spectrum showed absorptions 

a conjugated, unsaturated ester was present. 
acetyl group and one O-isopropylidene group 

1, 1.1 11 1 ' 
40 45 5.0 !i5 60 6 5 -r- 

Fig. 2. The low-field portion of the loo-MHz spectrum of the enediol acetate 2 in chloroform-d. 

*Primed numbers refer to the positions on the ketonic moiety of 5; unprimed numbers refer to 
positions on the branched-chain moiety. 
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and the of the (see Fig. 2) confirmed 
the chemical evidence that showed the be the 3,4-enediol 
acetate (2) of the ketone 1. 

The multiplicity observed (see Fig. 2) for the signals at r 5.81 and 6.13 (methylene 
protonsi2) indicated that a proton was present at C-5 of compound 2. The spacing 
of 6.9 Hz in the doublet at r 5.81 was also present in the octet at r 6.13. Irradiation 
of the z 5.81 doublet caused perturbation of the octet, and the assignment of the two 
signals to the protons at C-6 was thus confirmed. The doublet at z 5.81 was assigned 
to the endo proton at C-6; its dihedral angle with H-5 is -9O”, so that the Js,6cnd0 
coupling is approximately zero I3 The H-6exo signal at r 6.13 showed, in addition . 

to the J6exo,6cndo coupling, spacings of 3.1 Hz and 1.2 Hz. The former spacing was 
assigned to J5.6eX0 coupling, and the latter to a long-range coupling. Since irradiation 
of the H-6exo signal caused collapse of the H-6endo signal, but did not perturb the 
H-l doublet at r 4.25, the spacing of 1.2 Hz was assigned to long-range coupling of 
H-6exo with H-2. The remaining signal, a narrow, 2-proton multiplet near t 5.18, 
was assigned to H-2 and H-5. The signal was perturbed by irradiating either the H-l 
or H-6exo signal, and irradiation at r 5.18 caused the H-l signal to collapse to a singlet 
and the H-6exo signal to collapse to a doublet having the same spacing as the H-6endo 
signal. 

Under anhydrous conditions, the enediol acetate 2 appeared to be stable 
indefinitely, but, when it was stored without exclusion of moisture, it decomposed over 
a period cf about 2 weeks to give the original ketone 1. 

Attempts to prepare the enediol acetate 2 by treating the ketone 1 with acetic 
anhydride and piperidine, or with isopropenyl acetate and an acidic catalyst, did not 
give the desired product (2). 

Treatment of the enediol acetate 2 with ethanolic potassium hydroxide for 3 h 
at room temperature gave a crystalline product, m-p. 94-98”, that appeared to be the 
hydrate (3) of the ketone 1; it showed strong absorption for hydroxyl groups in its 

ix spectrum and, on sublimation, it was converted qua:.ltitatively into the ketone 1. 
Reduction of the enediol acetate 2 with ethanolic sodium borohydride was 

complete in 15 min at room temperature, and the product was 1,6-anhydro-2,3-U- 
isopropylidene-/I-D-talopyranose (6). None of the Cepimer of 6 was detected, indicating 
that the reduction of 2 to 6 was stereospecific. The rapidity of the reduction suggests 
that it does not proceed by way of the ketone 1. 

Further work is in progress on 2, 5, and related systems, to assess the utility 
of enol acetates and of such branched-chain structures as 5 in syntheses leading to 
various modified sugars of biological interest. 

EXPERIMENTAL 

General. - Solutions were evaporated below 50” under diminished pressure. 
Melting points were determined with a Thomas-Hoover “Unimelt” apparatus and 
are uncorrected. 1-r. spectra were measured with a Perkin-Elmer Model 137 “Infra- 
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cord” i-r. spectrophotometer. N.m.r. spectra were measured at 60 and 100 MHz 
with Varian A-60 and HA-100 n.m.r. spectrometers, respectively. Spin-decoupling 
experiments were performed with the HA-100 instrument. Chemical shifts are given 
on the 7 scale. Unless otherwise stated, spectra were measured at -30” with solutions 
(N 10%) in chloroform-d, with tetramethylsilane (7 = 10.00) as the internal standard. 
Spectra were analyzed on a first-order basis. Microanalyses were performed by 

W. N. Rond. X-Ray powder diffraction data give interplanar spacings, A, for CuKcr 
radiation. Relative intensities were estimated visually: m, moderate; s, strong; v, very; 
w, weak. The strongest lines are numbered (1, strongest), and double numbers indicate 
approximately equal intensities. The camera diameter was 114.59 mm. TLC. was 

effected with 250~Irm layers of Silica Gel G (E. Merck, Darmstadt, Germany), 
activated at llO”, as the adsorbent, and 3:l chloroform-ether as the developer, and 
indication was effected with sulfuric acid. 

Preparation of 1,6-a;lhydro-2,3-0-~opsopropyii~ene-8-D-Iyx 

(1). - The following modification of the original procedure4 was judged to be 
the most convenient preparative route to the ketone 2, because of its simplicity; 
a high yield of pure product is obtained, and the ruthenium dioxide is recovered_ 

A mixture of ruthenium dioxide (5 g), carbon tetrachloride (250 ml), and 10% aqueous 
sodium periodate (100 ml) was stirred for 0.5 h at 09 The organic phase was separated, 
and the aqueous solution was extracted with two 250-ml portions of carbon tetra- 
chloride. The three organic extracts were combined and added, without being dried, 
to a slurry of I ,6-anhydro-2,3-0-isopropylidene_B-D-maMopyranose4-14 (4, 4.0 g) 

in carbon tetrachloride (100 ml) at 0’. The mixture was stirred for 2-3 h at 0” and for 

4-5 h at room temperature, and isopropyl alcohol was then added dropwise to 
decompose the excess of ruthenium tetraoxide; the latter could be detected by its 
characteristic odor. Filtration of the suspension gave, in almost quantitative yield, 

ruthenium dioxide, which could be re-used. Evaporation of the filtrate gave the pure 
ketone 1, yield 3.40 g (85%), having physical properties in agreement with those 
reported by Horton and Jewel14_ 

4-0-Acetyl-1,6-anhydro-2,3-0-isopropylidene-8 (2). 

- A solution of the ketone 1 (1.0 g) in a mixture of acetic anhydride (20 ml) and 
triethylamine (5 ml) was kept for 3 days at 50” under a reflux condenser; t.1.c. then 
showed that all of the starting material (RF 0.30) had disappeared, and had been 

replaced by major components having RF 0.74 and 0.64, together with minor com- 

ponents having RF 0.45, 0.32, and 0.17. The dark-brown solution was evaporated 
at 40”/0.2 torr to a syrup that was extracted with three 50-ml portions of ethyl ether. 
The extracts were combined and evaporated, and the resultant syrup was kept in 
a sublimation apparatus for 12 h at 60”/0.2 torr. The yellow sublimate was dissolved 

in carbon tetrachloride, petroleum ether (b.p. 30-60’) was added to incipient turbidity, 
and the solution was refrigerated, giving the enediol acetate 2 as white needles; 
yield 0.23 g (19%), m-p. 129-130”, [a]:’ -209 L-2” (~0.4, chloroform); RF 0.74; 
.I;[ 5.63, 5.71 (C=C-C=O), 7.25 pm (CMe,); n.m.r. data (100 MHz, see Fig. 1): 
7 4.25 (l-proton doublet, J, , 2 2.1 Hz, H-l), 7 5.18 (2-proton multiplet, width between 
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outer peaks -3.3 Hz, H-2,5), t 5.81 (l-proton doublet, JsexO,Bend,, 6.9 Hz, Js,Be,,dO 
0 Hz, H-den&) r 6.13 (l-proton octet, J5,6ero 3.1 Hz, J2,6,,,0 1.2 Hz, H-dexq), r 7.82 

&proton singlet, AC), 7 8.43, 8.49 (3-proton singlets, CMe,); in benzene-d, at 

100 MHz: 7 4.42 (l-proton doublet, J,,, 2.0 Hz, H-l), 7 5.37-5.42 (&proton multiplet, 

H-2,5), T 5.94 (l-proton doublet, J6ez0,6end0 6.9 Hz, Js,Be,,dO 0 Hz, H-Bendo), r 6.46 

(l-proton octet, J5,ser0 3.0 Hz, Jt,LeXO 1.3 Hz, H-6exo), T 8.35 (3-proton singlet, AC), 

T 8.59, 8.83 (3-proton singlets, CMe,); X-ray powder diffraction data: 9.49 s (3), 

8.33 vs (l,l), 6.75 m, 5.77 m, 5.39 w, 5.11 vs (l,l), 4.84~s (l,l), 4.52 m, 4.09 broad 
s (2), 3.74 w, 3.63 m, 3.36 m, 3.29 m, 3.03 s, 2.91 w, and 2.82 m. 

Anal. Calc. for C11Hi406: C, 54.54; H, 5.82. Found: C, 54.54; H, 5.69. 

Compound 2 is soluble in acetone, benzene, carbon tetrachloride, chloroform, 
ethanol, and ethyl ether. It sublimes at 60”/0.2 torr. When kept without desiccation, 
the enediol acetate 2 decomposed slowly to give the starting ketone 1, which was 

obtained in almost quantitative yield from a sample of 2 that had been exposed to 

the atmosphere for 2 weeks. 

Treatment of the ketone 1 with other acetylaiing reagents. - A. With acetic 
anhydride-piperidine. A solution of the ketone 1 (0.5 g) in acetic anhydride (20 ml) 

and piperidine (5 ml) was kept for 3 days at 50” under a reflux condenser. TLC. of 

the product, after processing as described for the preparation of 2, indicated that the 

enediol acetate 2 was absent. 

B. v/ith isopropenyl acetate and an acid catalyst. Treatment of the ketone 1 
with isopropenyl acetate and catalytic amounts of either sulfuric acid (conditions of 

Engel15) or p-toluenesulfonic acid hydrate (conditions of Moffett and Weisblat16), 

followed by neutralization with solid sodium hydrogen carbonate, evaporation, and 

extraction of the residue with ether, gave products containing unreacted 1 and a 
number of additional products (as revealed by t.l.c.), but no product having the 
chromatographic characteristics of the enediol acetate 2. 

I,6-Anhydro-l-C-(I,6-anhydro-2,3-O-isopropy~lidene-P-~-lyxo-hexopyranos-4- 
uZose-3-yZ)-2,3-0-isopropylidene-8_D-ta~opyrano.se (5). - A solution of the ketone 1 
(0.5 g) in freshly distilled acetic anhydride (20 ml) and triethylamine (5 ml) was kept 
in the dark at 25”. T.1.c. of the solution after 1 day showed the presence of a major 
component having RF 0.64, together with minor components having RF 0.74 (2), 
0.45, and 0.30 (1). The solution was evaporated at 40”/0.2 torr to a syrup, which WAS 

extracted with three 50-ml portions of ethyl ether. The extracts were combined, and 
treated with decoloriting carbon; the suspension was Gltered, and the filtrate was 
evaporated to a syrup which was dissolved in ethyl ether. Petroleum ether (b-p. 
30-6O”j was added to incipient turbidity, and the solution was refrigerated to give 5 
as dense;white prisms; yield 0.20 g (40%), m.p. 175-176.5’, [a];’ -9.5 f2’ (c 0.3, 
chloroform); RF 0.64; A,, . KBr 2 90 (OH), 5.73 (C=O), 7.26 pm (CMe,); n.m.r. data 
(60 MHz): 7 4.21 (l-proton, sharp doublet, J1,,2P 3.8 Hz, H-l’), 7 4.76 (l-proton, 

broadened doublet, J1,2 3.0 Hz, H-l), r 5.16 (l-proton doublet, H-Z’), 7 5.21-5.39 

(3-proton multiplet), 5.68 (l-proton doublet of narrow multipiets, principal spacing 

7.9 Hz), 5.96-6.38 (4-proton multiplet; H-2,3,5,6,5’,6’), 7 6.47 (l-proton singlet, 
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disappears on deuteration, OH), 8.43,8.47,8.60 (3-, 3-, and 6-proton singlets, CMe,); 
in benzene-d, at 100 MHz: r 4.49 (l-proton, sharp doublet, J1 *, ze, 3.8 Hz, H-l ‘), 
r 4.84 (l-proton doublet, J1, 2 -3 Hz, H-l), z 5.32 (l-proton doublet, H-2’), t 4.83- 
4.92 (l-proton doublet of narrow multiplets), 5.54-5.67 (2-proton, 5-peak multiplet), 
5.77-5.92 (2-proton, 7-peak multiplet), 6.39-6.57 (2-proton, 6-peak multiplet; 
H-2,3,5,6,5’,6’, excluding an H-6exo signal on one moiety), T 6.58 (l-proton singlet, 
disappears on deuteration, OH), r 6.75 (l-proton quartet, J6exo,6endo 7.7 Hz, J5,6ex0 

4.7 Hz, H-6exo of one moiety), T 8.38, 8.44, 8.49, 8.58 (3-proton singlets, CMe2); 
X-ray powder diffraction data: 12.44 s (2,2), 11.12 s (2,2), 9.40 m, 7.40 w, 6.36 s (3), 
5.98 vs (1), 5.50 m, 5.03 m, 4.66 m, 4.29 m, 3.86 w, 3.56 w, and 3.22 m. 

Anal. CaIc. for C18H24010: C, 53.99; H, 6.04. Found: C, 53.90; H, 6.26. 
T.1.c. of the mother liquors showed that they stili contained a large proportion 

of 5, but further direct crystallization of the product was impeded by the side-products 
present. 

Conversion ofthe dimer 5 into the enedio: acetate 2. - A solution of the dimer 5 
(10 mg) in acetic anhydride (5 ml) and triethylamine (0.5 ml) was kept for 1 day at 
room temperature. TLC. showed that no significant conversion of 5 into 2 had occurred. 
The solution was next kept for 3 days at 70”; t.1.c. then indicated the presence of 
products very similar, both in distribution and relative intensities, to those observed 
in the reaction used for the preparation of 2. The reaction mixture was processed as 
described for the preparation of 2, to give 4 mg (33%) of enediol acetate 2, m.p. 
128-130”, RF 0.74, identical with an authentic sample of 2 by mixed m.p. and i.r. 
spectral comparison. 

Base-catalyzed ethanolysis of the enediol ester 2. - To a solution of 2 (50 mg) 
in abs. ethanol was added 1 drop of 500 mu ethanolic potassium hydroxide, and the 
solution was kept at room temperature. Additional portions of base (10 drops total) 
were added during 2.5 h. The starting material (RF 0.74) had disappeared after 3 h, 
and had been replaced by a single product having RF 0.41. The solution was diluted 
with chloroform (200 ml), washed successively with aqueous ammonium chloride and 
water, dried (sodium sulfate), and evaporated to a syrup which was dissolved in ether 
(3 ml); petroleum ether (b-p. 30-60”) was added to incipient turbidity, and the solution 
was kept at O”, to give the hydrated ketone 3 as dense prisms; yield 12.4 mg, m-p. 
9498’ (resolidified on cooling and then melted at 82”); RF 0.41; A::: 2.95 s (OH), 
5.74 vw (C=O), 7.26 pm (CMe,). Sublimation of 3 at 70”/0.2 torr gave the ketone 1; 
yield 11 mg (27%), m.p. 82-83”, undepressed on admixture with an authentic sample 
of 1. The i-r. spectrum of this product was identical with that of an authentic sample 
ofl. 

Reduction of the enediol acetate 2 with borohydride to 1,6-anhydro-2,3-O- 
isopropyIidene-B-D-talopyranose (6) - To a solution of the enediol acetate 2 (50 mg) 
in abs. ethanol (10 ml) was added a solution of sodium borohydride (100 mg) in abs. 
ethanol (5 ml). The starting material (RF 0.74) had all disappeared after 15 min at 
room temperature, and had been replaced by a product having RF 0.50, The solution 

was immediately diluted with chloroform (200 ml), successively washed with cold, 
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aqueous ammonium chloride and water, dried (sodium sulfate), and evaporated to 
give a crystalline residue which was chromatographically homogeneous. It was 
recrystallized from chloroform-petroleum ether (b-p. 30-&O”) to give 6 as plates; 
yield 20 mg (48%), m-p. 106-107” (lit3 m-p. 108.5-109”). The product was identical 
with an authentic sample3 of 6 by mixed m-p. and comparative i.r. spectra. The 
mother liquors from the reaction contained only 6 and none of the 4-epimer (4), as 
shown by g.1.c. of the trimethylsilylated product under the conditions described by 
Horton and JewelI for differentiation of 4 and 6. 
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ABSTRACT 

1,6-Dibromo-l.6-clideoxygalactitol (2), 1-O-methanesulphonyl-D-mannitol (5), 
and $4di-O-methanesulphonyl-D-mannitol (s) were respectively converted at nearly 
neutral pH into 1,2:5,6_dianhydrogalactitol (4), 1,2-anhydro-D-mannitol (6), and 
2,3:4,9dianhydro+Gditol(9). Strongly alkaline conditions yielded 2,3:4,5_dianhydro- 
L-iditol (7) from 1,6-di-O-methanesulphonyl-D-mannitol (1). The structures of com- 
pounds 4,6, 7, and 9 were con&-rned by p.m.r. spectroscopy, and by their reactivity 
towards thiosulphate and iodide ions. 

The conversion of l&5,6-dianhydro-D-mannitol (3) into 1,6-dideoxy-1,6- 
diiodo-D-mannitol, 1,6-dibromo-1,6-dideoxy-D-mannitol, and 1,6-di-O-benzoyl-D- 
manmtol, and 1,2:5,6_dianhydrogalactitol into 1,6-dideoxy-l,6-diiodogalactitol is 
described. 

INTRODUCTION 

Until recently’, anhydrohexitols containing the oxirane ring have been isolated 
only as derivatives’. However, their intermediacy in the formation of larger anhydro 
rings3 and their existence in solution’ have been postulated. The principle of the 
preparative method leading to 1,2:5,6-dianhydro-D-mannitol’, namely very mild 
basic treatment of a suitably substituted hexitol, now promises to ‘be generally 
applicable. Three further epoxide derivatives of hexitols have been prepared by this 
method, and the utility of the terminal diepoxides in the synthesis of terminally 
substituted hexitol derivatives is indicated. 

RESULTS AND DLSCUSSION 

The general procedure applied to the synthesis from substituted hexitols of 
anhydrohexitols containing the oxirane ring consisted in continuously titrating the 
appropriate 0-methanesulphonyl, 0-toluene-p-sulphonyl, or bromo derivative in 
aqueous solution or suspension with N sodium hydroxide, keeping the solution close 
to pH 8. When no further alkali was consumed, the solution was added dropwise 
to a stirred suspension of anhydrous sodium carbonate in ethyl acetate. Water was thus 
removed, and the anhydrohexitol was crystallised from the concentrated ethyl acetate 
solution. Thus, l&ii-O-methanesuiphonyl-D-mannitol (l), and 1,6-dibromo-1,6- 
dideoxygalactitol’ (2) gave crystalhne 1,2:5,6-dianhydro-D-mannitol (3) and 1,2:5,6- 
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dianhydrogaIactito1 (4) in over 30% yield. These compounds had previously been 
obtained as their 3,4-O-isopropylidene derivatives6*‘, but the acid lability of the 
oxirane ring precluded seIective cleavage of the isopropylidene group. 

1 3 7 

2 4 a 

5 e e 

Simiiarly, I-U-toluene-p-sulphonyl-D-manuitol and I-O-methanesulphonyl-D- 
mannitol Q, prepared by acidic hydrolysis of their 3.4:5,6-di-O-isopropylidene 
derivatives, were converted into l,2-anhydro-n-mannitol (6). This compound, 
isolated in S-10% yield, was previously known only as its 3,4:5,6-di-O-isopropylidene 
derivative”. 

The nearly quantitative reactivity of terminal oxirane rings towards thiosul- 
phateg and iodide’ ions provided a method for estimating epoxide content. The 
Iiberated hydroxyl ion was continuously titrated with standard acid. The epoxide 
contents of the solutions obtained by the mild, basic treatment of compounds l', 2, 
and 5 were found to be much higher than implied by the isolated yield of epoxide. 
This Ioss was attributable to incomplete extraction into ethyl acetate, but was unavoid- 
able, since isolation procedures involving concentration of the aqueous solutions 
invariably caused extensive cleavage of the oxirane rings. 

The reality of oxirane ring formation from terminally substituted hexitol 
derivatives was disputed bjr Institoris et al. lo . In cases where the formation of the less 
strained five- or six-membered rings was possible, they claimed that these would 
form preferentially. Hence, the 67% conversion in solution of the methanesulphonate 5 
into the epoxide 6 appears remarkable, since five ring-sizes (three- to seven-membered) 
could theoretically result. A closer examination of the problem of hydroxyl-ion 
eatalysed anhydro-ring formation reveals the importance of distinguishing between 
the rate of formation of the ring and its stability to the reaction conditions. Thus, 
the rate constants k (I . mole-‘. min- ‘) for the formation in aqueous sodium hydroxide 
at 30” of ethylene oxide, tetrahydrofuran, and tetrahydropyran from the appropriate, 

Carbohyd. Res., 9 (1969) 139-147 



HExrrOL EPOXIJXS 141 

terminally substituted halohydrins were’l, respectively, 1.13, 0.172, and 0.0007, 
indicating that oxirane ring formation was kinetically preferred. Owing to the relatively 
greater degree of ionisation of the hydroxyl group adjacent to the electron-with- 
drawing leaving group, this preference for hydroxyl-ion catalysed oxirane ring 
formation would be enhanced at a less alkaline pH. The direct competition of oxirane 
ring formation with both tetrahydrofuran and tetrahydropyran ring formation has 
been investigated by studying the products of hydroxyl-ion catalysed ring-closure in 
various mono-O-toluene-p-sulphonyIpentanetriolslz_ The products, where cyclic, 
were invariably derivatives of tetrahydrofuran and tetrahydropyran, but their 
stereochemistry was often consistent with the initial formation of an oxirane derivative, 
followed by a rearrangement involving attack of the oxirane ring by the remaining 
hydroxyl group. Again, tetrahydropyran ring formation was kinetically least favoured. 
It is clear from these studies that the present use of a nearly neutral pH for oxirane 
ring formation is the major factor permitting the isolation of the epoxides, rather than 
their rearrangement products. 

The lability of the terminal oxirane ring was further indicated by the isoIation 
of a different type of rearrangement product. When the dimethanesulphonate 1 

reacted with hydroxyl ion at a higher pH (not less than 12.6) than was employed for 
the preparation of the terminal diepoxide 3, a new dianhydrohexitol was isolated. 
Its reaction with sodium thiosulphate gave 74% of the theoretical yield of hydroxyl 
ion from a diepoxide. The corresponding yield from the terminal diepoxide 3 was 
93.5%. Comparison with the hydroxyl-ion yields i3 from 1,2:5,6-diepoxyhexa (98%) 
and its non-terminal analogue 2,3:4,5_diepoxyhexane (75%) strongly implied that the 
new product was a non-terminal diepoxide, an interpretation consistent with the 
finding of only four oxirane-ring CH protons in its p.m.r. spectrum. The initial 
production of the terminal diepoxide 3, followed by hydroxyl-ion catalysed migration 
of the oxirane rings to the non-terminal position, would involve inversion of con- 
figuration at C-2 and C-5, and the formation of a non-terminal diepoxide, viz., 
2,3:4,5-dianhydro-L-iditol(7). Base-catalysed oxirane nng migration has been invoked 
to explain the formation in aqueous sodium hydroxide from I-O-toluene-p-sulphonyl- 
myo-inositol of 1,2-anhydro-myo-inositol, whereas apparently milder basic treatment 
gives 1,2-anhydro-( +)-inositol’4. 

The structure of the new diepoxide was confirmed by comparison with its 
supposed enantiomer. 3,4-Di-O-methanesulphonyl-D-mannitol (8) was prepared 
in two stages from 1,2:5,6-di-O-isopropylidene-D-mannitol Hydroxyl-ion catalysed 
ring-closure at nearly neutral pH gave 2,3:4,5-dianhydro-D-iditoI* (9). The n-iditol 
cor&guration arose from the general observation that the direct formation of anhydro 
rings from sulphonic esters proceeds with inversion of configuration at the carbon 
atoms carrying the leaving groupsl’, in this case C-3 and C-4. That the compound 

*Since this paper was submitted, a preparation of 3,4-di-0-methanesulphonyl-D-mannitol and its 
conversion into 2,3:4,5-dianhydro-D-iditol have been described [R. S. TIPSON AND A. COHEN, Curbo- 
hyd. Res., 7 (1968) 2401. 
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assigned the structure 7 was an enantiomer of compound 9 was shown by the 
coincidence of their physical properties (m-p., i-r. and p.m.r. spectra, and paper- 
chromatographic characteristics), with the exception that their specific rotations, 
though almost equal in magnitude, were opposite in sign. 

The p.m.r. spectra (Table I) of the new anhydrohexitois were consistent with the 
structures assigned. Oxirane ring protons characteristicaUy resonate at higher field 
(T 6.5-7.3) than those adjacent to the oxygen atom of five- or six-membered anhydro 
rings, for which the characteristic rangel is o 6.3-6.7. In addition, the presence of 
five- or six-membered rings is excluded by their unreactivity towards thiosulphate 
ions. Qxetane rings react with thiosulphate ion17, but are kxcluded by the absence 
in the p.m.r. spectrum of 1,3-anhydro-D-glucit01’8 of signaIs above 7 6.5. 

TABLE I 

THE 60-MHZ P.M.R.DATAFOR HEXITOL FPOXIDES 

Compound Soloent 
Chemical shi/t (t) 

fW,6) ff(Ul H(3,4) 

I ,2:5,6-Dianhydro-D-mannitol(3) D20 6.94-7.22 6.60-6.92 6.20-6.43 
I ,2:5,6-Dianhydrogalactitol (4) DzO 6.92-7.23 6.58-6.85 6.26-6.50 
1,2-Anhydro-D-mannitol (6) D2O 7.00-7.16 6.60-6.90 6.20-6.43 
2,3:4,5-Dianhydro-r-iditola (7) Acetone-de 6.06-6.69b 6.78-7.00 7.04-7.19 

+10% De0 

nThe spectrum of 2,3:4,5-dianhydro-D-iditol (9) was identical. Q-he OH signal at t 6.20 was distin- 
guished from others in this region by its downfield shift relative to those of ca. 0.2 p_p.m. on raising 
the Da0 content to 20%. The spectrum (ia DaO) of 1,3-anhydro-D-glucitol prepared18 from 1,3- 
anhydro-6-O-benzyl-2,4-0-benzylidene-D-glucitol showed no signals at higher field than t 6.5. 

The 60 MHz p.m.r. spectrum of the anhydrohexitols showed the required 
signal intensities in the oxirane ring-proton region, equivalent to six protons for the 
terminal diepoxides 3 and 4, three protons for the monoepoxide 6, and four protons 
for the non-terminai diepoxides 7 and 9. In each case, three distinct absorption regions 
were present (Table I). The lowest field signals were attributed to CH protons in the 
acyclic portion of the molecules, and the two higher field regions to oxirane ring 
protons. In the spectra of the terminal epoxides 3, 4, and 6, the oxirane ring-proton 
signals at higher and lower field (intensity ratio, 21) were respectively assigned to the 
methylene and to the methine protons. The higher and the lower field signals for the 
non-terminal diepoxides 7 and 9 could not be assigned on the basis of their intensity 
ratio, since the signal intensities were equal. However, a similar assignment of the 
lower field signals to H-2 and H-5 was favoured, since a similar chemical shift was 
observed in the spectrum of compound 3 in the same solvent for the environmentally 
similar methine protons’. 

Although the individual signals were too complex to permit further unequivocal 
elucidation, the foregoing examination of the p.m.r. spectra of the epoxides, con- 
sidered with their chemical reactions, sufficed to prove their structures. 
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The high reactivity of the terminal diepoxides 3 and 4 towards anions was 
exploited in the preparation of various terminally d&substituted hexitol derivatives. 
Thus, treatment of aqueous solutions of compounds 3 or 4 with sodium iodide and 
acidic titration of the liberated hydroxyl ion gave 1,6-dideoxy-1.6~diiodo-D-mannitol 
and its galactitol analogue. The analogous reaction of compound 3 with lithium 
bromide, the solubility of which permitted an optimal concentration of the less 
nucleophilic bromide ion, gave 1,6-dibromo-1,6-dideoxy-II-mannitol, an interesting 
reversal of the conversion’ of the latter compound into the diepoxide 3. The reaction 
of compound 3 with sodium benzoate and benzoic acid gave 1,6-di-O-benzoyl-D- 
mannitol. 

This reactivity towards anions may be highly relevant to the toxic and tumour- 
inhibitory properties of terminally substituted diepoxides. Preliminary results on the 
biological activity of the mannitol derivative 3 have been reported elsewhere’. 

EXPERIMENTAL 

P.m.r. spectra were measured on ca. 10% w/v solutions with a Perlcin-Elmer 
RlO spectrometer, operating at 60 MHz. rert-Butyl alcohol (in D,O solutions) and 
tetramethylsilane (in acetone-d, solutions) were used as internal standards; CCL 
10% v/v of D20 was added to acetone-d, solutions to exchange hydroxyl protons. 

Ascending paper chromatography was conducted on Whatman No. 1 paper 
in butyl alcohol-water (86:14). Spots were detected by three spray tests: periodate- 
benzidine for cis-diol groups; aqueous sodium iodide-phenolphthalein, with which 
epoxides gave pink spots owing to the libera tion of hydroxyl ion in the presence 
of iodide ion; and potassium permanganate in acetone, which gave yellow spots 
against a purple background. The last reagent gave a positive reaction with 1,4:3,6- 
dianhydro-D-mannitol (I&0.35) which lacks both epoxide and cis-diol groupings, 
as well as with all compounds having such groupings. 

Thin-layer chromatography (t-1-c.) was conducted on microscope slides coated 
with Merck Kieselgel G. Spots were detected by spraying with sulphuric acid, followed 
by heating at 150”. 

All melting points are corrected. 
1,2:5,6_Dianhydrogaiaactitol. - A stirred suspension of 1,6-dibromo-1,6- 

dideoxygalactitol’ (1.23 g, 0.004 mole) in water (5 ml) at 3UIO” was continuously 
titrated with N sodium hydroxide, with phenolphthalein as internal indicator, keeping 
the solution just pink, until no more acidity had developed; 6.4 ml of alkali was 
added*, corresponding to a development of 80% of the theoretical acidity. The 

*Addition of potassium iodide (2 g) at this stage, and titration of the liberated alkali at 35-40” with 
N hydrochloric acid, using phenolphthalein as internal indi‘cator, and keeping the solution just pink, 
allowed an estimate of the epoxlde content of the solution. The hydroxyl ion liberated corresponded 
to 5.6 ml of acid. Hence, 70% of the starting material was converted into epoxide. Simultaneous 
separation of crude 1,6-dideoxy-1,ddiiodogalactitol (1.02 g) occurred (Found: I, 58.30. CeH12IaO4 
talc.: I, 63.14%). Owing to its insolubility in common crystallisation solvents, the pure compound 
was best prepared from crystalline 1,2:5,6-dianhydrogalactitol. 
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solution was added dropwise to a stirred suspension of anhydrous sodium carbonate 
(30 g) in ethyl acetate (150 ml). The fltered solution was concentrated under diminished 
pressure below 30” to 25 ml, redried over anhydrous magnesium sulphate, and con- 
centrated to 5 ml. The title compound separated as colour!ess pIates (0.21 g, 36%), 
m-p. 96.5-98.5”, [a]E +2” (c 1.25, water) (Found: C, 49.19; H, 6.75. CbHt004 talc.: 
C, 49.28, H, 6.89%). 

Paper chromatography showed a single spot, R, 0.39, which gave a positive 
reaction with cz&diol reagents and with epoxide reagents. 

I,2:5,6-Dianhydro-D-mannitol’ (3). - By essentially the above procedure, 
1,6-di-0-methanesulphonyl-D-mannitol was converted into diepoxide 3 (31%), 
m.p. 64-66’, [a]o t40” (c 1.25, water) (Found: C, 49.45; H, 6.97. C6H1,,04 talc.: 
C, 49.28; H, 6.89%). 

I-O-Toluene-p-sulphonyl-D-mannitol. - To an ice-cooled solution of 1,2:3,4-di- 
O-isopropylidene-D-mannito12’ (5 g, 0.019 mole) in dry benzene (7 ml) was added 
dropwise a solution of toluene-p-sulphonyl chloride (3.8 g, 0.020 moie) in dry pyridine 
(7 ml) with stirring during 1 h. After 16 h at 5”, the solution was evaporated below 
30’ under diminished pressure. The residue was partitioned between chloroform 
(25 ml) and water (25 ml). The organic phase was washed (dilute hydrochloric acid, 
water, and saturated, aqueous sodium hydrogen carbonate) and evaporated. The 
residue was dissolved in 1:5 water-acetic acid (50 ml). After 18 h at room temperature, 
the solution was evaporated below 30” under diminished pressure. Co-evaporation 
with toluene, followed by crystallisation of the solid residue from ethanol (50 ml), 
yielded the title compound (3.0 g, 47%) as colourless prisms, m.p. 130-131” (Found: 
C, 46.22; H, 5.98; S, 9.69. C,,H,,O,S talc.: C, 46.37; H, 5.99; S, 9.53%). 

I-O-Methanesu/phonyl-D-mannitol. - 1,2:3,4-Di- O-isopropylidene-D-mannitol 
(5 g, 0.019 mole) was treated with methanesulphonyl chloride (2.29 g, 0.020 mole) 
by the foregoing procedure. Identical treatment of the intermediate gave the title 
compound (1.75 g, 35%) as colourless needles from ethanol (50 ml), m.p. 133-135’, 

r&l 2s -!- 3” (c 2.5, water) (Found: C, 32.57; H, 6.01; S, 12.00. C7H160sS talc.: C, 32.45; 
H, 6.20; S, 12.31%). 

l,&Anhydro-D-mannitol. - A stirred suspension of 1-O-toluene-p-sulphonyl-D- 
mannitol (1.01 g, 0.003 mole) in water (4 ml) at 3540” was continuously titrated 
with N sodium hydroxide, with phenolphthalein as internal indicator, keeping the 
solution just pink, until no more acidity had developed; 2.65 ml of alkali was added*, 
corresponding to development of 88% of the theoretical acidity. The solution was 

*Addition of potassium iodide (2 g) at this stage, and titration of the liberated alkali at 3540” with 
N hydrochloric acid, using phenolphthalein as internal indicator and keeping the solution just pink, 
allowed an estimate of the epoxide content of the solution. The liberated hydroxyl ion corresponded 
to 1.30 ml of acid. Hence 43% of the starting material was converted into epoxide. The titlecompound 
was similarly isolated (0.026 g, 8%) from a titrated solution of 1-U-methanesulphonyl-n-mannitol 
(0.52 g, 0.002 mole) in water (1 ml); 1.8 ml of alkali was consumed, corresponding to development of 
90% of the theoretical acidity. Addition of potassium iodide at this stage, as above, showed 67% 
conversion of the starting material into epoxide. 
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added dropwise to a stirred suspension of anhydrous sodium carbonate (20 g) in 
ethyl acetate (100 ml). After further drying over anhydrous calcium sulphate (“Drie- 
rite”), the filtered solution was concentrated under diminished pressure below 30” 
to 5 ml. The title compound separated as colourless needles (a.050 g, lo%), m.p. 
102-104”, [a]; - 16” (c 2.5, water) (Found: C, 43.83; H, 7.19. CBH, *OS talc.: C, 43.89; 
H, 7.37%). 

Paper chromatography showed a single spot, RF 0.20, which gave a positive 
reaction with cis-diol reagents and with epoxide reagents_ 

2,3:4,5-Dianhydro-L-iditol. - A solution of 1,6-di-U-methanesulphonyl-D- 
mannitol (6.65 g, 0.0197 mole) in N sodium hydroxide (35 ml) was added dropwise 
after 15 mm (PH 12.6) to a stirred suspension of anhydrous sodium carbonate (100 g) 
in erhyl acetate (500 ml). The filtered solution was concentrated below 30” under 
diminished pressure to 100 ml, re-dried with anhydrous magnesium sulphate, and 
evaporated to 5 ml. The title compound separated as colourless, rectangular prisms 
(0.678 g, 24%), m.p. 98-99”, [a]:’ -72” (c 1.25, water) (Found: C, 49.06; H, 6.74. 
C,H,,O, talc.: C, 49.28; H, 6.89). 

Paper chromatography showed a single spot, RF 0.39, which gave no reaction 
with cis-diol reagents, but a positive reaction with epoxide reagents. 

Treatment with sodium thiosuiphate. - (a) 2,3:4,5-Dianhydro-L-idirol. To a 
solution of the diepoxide (0.073 g, 0.0005 mole) in water (10 ml) at 50-W was added 
sodium thiosulphate (5 g). The liberated alkali was continuously titrated with 0.1~ 
hydrochlonc acid, using phenolphthalein as internal indicator and keeping the solution 
just pink. The total hydroxyl ion liberated (in 3 h) consumed 7.40 ml of acid, corre- 
sponding to development of 74% of the theoretical alkalinity for a diepoxide. 

(b) 1,2:5,6-Dianhydro-D-mannitol. - To a solution of the diepoxide (0.146 g, 
0.001 mole) in water (20 ml) at 35-W was added sodium thiosulphate (5 g)_ Titration 
of the liberated alkali was conducted as in (a>; 18.7 ml of acid was required in 30 -mm, 
corresponding to a development of 93.5% of the theoretical alkalinity for a diepoxide. 

(c) Larger ring anhydrohexitols. - 1,4-Anhydro-D-mannitolzz, l,Ianhydro-D- 
glucitol, and 1,4:3,6-dianhydro-D-mannitol failed to react with thiosulphate ions 
under either of the above conditions. 

3,4-Di-O-methanesulphonyi-D-mannitol. - 1,2:5,6-Di-0-isopropylidene-3,4di- 
0-methanesulphonyl-D-mannitol 23 (0.25 g, 0.006 mole) was dissolved at room tempe- 
rature in a mixture of chloroform (1 ml) and 5M HCl in methanol (1 ml). The reaction, 
monitored by t.1.c. (methanol-chloroform, 3:25), was complete within 5 min. The 
solution was evaporated below 30” under diminished pressure, and the residue, after 
standing in vacua overnight over potassium hydroxide, was crystallised from hot 
ethanol (1.5 ml) to give the title compound (0.13 g, 64%) as colourless needles, m-p. 
110-112°, [o;]i5 +27’ (c 1.3, water) (Found: C, 28.28; H, 5.35; S, 18.89. CsH1aO10S2 
talc.: C, 28.40; H, 5.36; S, 18.95%). 

2,3:4,5-Dianhydro-D-iditol. - A stirred solution of 3,4-di-O-methanesulphonyl- 
D-mannitol (0.13 g, 0.39 mole) in water (0.5 ml) at 35-40” was continuously titrated 
with N sodium hydroxide, with phenolphthalein as internal indicator. and keeping 

Curbohyd Res., 9 (1969) 139-147 





HExrmL EPOXIDES 147 

ACKNOWLEDGhfENTS 

The work was carried out during the tenure (by M. J.) of the William Shepherd 
Fellowship of the Chester Beatty Research Institute, and was supported by grants to 
the Institute from the Medical Research Council and the British Empire Cancer 
Campaign for Research, and by the U.S. Public Health Service througtr the National 
Cancer Institute. We thank Professor A. B. Foster for gifts of 1,5-anhydro-D-glucitol 
and l&3,6-dianhydro-D-mannitol, and Dr. T. Radford for a gift of 1,3-anhydro-6- 
O-benzyl-2,~O-benzylidene-D-glucitol. 

REFERENCES 

1 M. JAR~~AN AND W. C. J. Ross, Chem. Imf. (London), (1967) 1789. 
2 L. F. WIGGINS, AdFan. Curbohyd. Chem., 5 (1950) 191. 
3 J. KUSZMANN, personal communication. 
4 W. DAVIS AND W. C. J. Ross, Biochem. Pharmncof., 12 (1963) 915. 
5 L. INS~OFUS, I. P. HORVATH, AND E. -ANYI, Armeimiftef-Forsch., 17 (1967) 149. 
6 L. F. WIGGINS, J. Chem. SOL, (1946) 384. 
7 L. VARGHA AND E. KASZTREINER, Be?., 92 (1959) 2506. 
8 L. F. WIGGINS, J. Chem. Sot., (1946) 388. 
9 W. C. J. Ross, J. Chem. Sot., (1950).2257. 

10 A. DAVID,G.HORVATH,I.P.HORVATH,L.IN~TITORIS,A.NESZMELYI,AND L.R~~~cs,Experienfia, 
(1967) 512. 

11 B. CAWN, Quurr. Reo. (London), 18 (1964) 45. 
12 F. C. HARTMAN AND R. BAKER, J. Org. Chem., 29 (1964) 875. 
13 J. L. EVERETT AND G. A. R. KON, J_ Chem. Sot., (1950) 3131. 
14 S. J. ANGYAL, V. BENDER, AND J. H. CURTIN, J. Chem. Sot. (C), (1966) 798. 
15 F. H. NEWTH, Quurr. Rea. (London), 13 (1959) 30. 
16 N. S. BHACCA AND D. H. WILLIAAMS, Applications of iVMR Spectroscopy in Organic Chemistry, 

Holden-Day, San Francisco, 1964, p. 99. 
17 S. SEARLES, J. Amer. Chem. Sot., 73 (1951) 4515. 
18 E. HASUM AND T. UDFORD, Curbohyd. Res., 2 (1966) 301. 
19 N_ S. BHACCA AND D. H. WILLIAMS, ref. 16, p. 46. 
20 E. L. SNYDER, J. Amer. Chem. Sot., 58 (1966) 1155. 
21 L. F. WIGGINS, 1. Chenz. Sot. (1946) 13. 
22 L. F. WIGGINS, J. Chem. Sot., (1945) 4. 
23 P. BLADON AND L. N. OWEN, J. Chem. Sot., (1950) 598. 
24 P. BRIGLAND H. GRUNER, Ber., 65 (1932)641. 

Carbohyd. Res., 9 (1969) 139-147 



149 

ADDITION REACTIONS OF METHYL 4,6-0-BENZYLIDENE-2,3-DIDEOXY- 

~~-D-~~~~~-HEX-~-ENOPYRANOSIDE*~ 
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Department of Chemistry, The Ohio State University, Columbus, Ohio 43210 (U.S.A.) 

(Received, August 3Oth, 1968) 

ABSTRACT 

The title alkene (1) reacts with bromine in methanol; in the presence of silver 
acetate, to give a high yield of a crystalline 2,3-dibromide (2) having the n-alfro 
configuration. Removal of the 0-benzylidene group from 2 followed by acetylation 
gave the corresponding 4,6-diacetate 5, and treatment of 2 with N-bromosuccinimide 
gave methyl 4-O-benzoyl-2,3,6-tribromo-2,3,6-trideoxy-side (6). 
Strong base converts +-he dibromide 2 into methyl 4,6-0-benzylidene-2-bromo-2,3- 

dideoxy-a-D-tlzreo-hex-3-enopyranoside (3); the bromine atom at C-2 is not removed. 

Acetyl hyyobromite reacts with the alkene 1 to give a mixture of two adducts, namely, 
methyl 2-0-acetyl4,6-O-benzylidene-3-bromo-3-deoxy-cc-~-altropyranoside (7) and 
methyl 3-0-acetyl-4,6-O-benzylidene-2-bromo-2-deoxy-a-~-giucopyranoside (S), with 
the former preponderating; treatment of either 7 or 8 with base gives methyl 
2,3-anhydro-4,6-O-benzylidene-a-D-mannopyranoside (10). IV-Bromosuccinimide 
converts 7 into the 6-bromo Cbenzoate analog 9. Treatment of alkene 1 with diiodo- 
methane and zinc-copper couple gives the cyclopropyl derivative 4, but 1 is quite 
inert toward “dichlorocarbene”, “ethoxycarbonylcarbene”, and “ethoxycarbonyl- 
nitrene”. The structures assigned to the products 2-10 were confirmed by lOO-MHz 

n.m.r. spectral studies and by spin-decoupling experiments. 

RESULTS AND DISCUSSION 

An earlier paper in this series4 described the generation of alkene unsaturation 
between C-2 and C-3 in a methyl 4,6-0-benzylidenehexopyranoside skeleton, from 
a 2,3-cis-diol, a 2,3-tranSaio1, a 2,3-epoxide, and a 2,3-epithio precursor; these 
methods provide potential routes for introducing alkene unsaturation into various 

*Part IX in the series Synthesis and Reactions of Unsaturated Sugars. For Part VIII, see ref. 1. For 
preEminary reports of part of this work, see refs. 2 and 3. 
tsupported, in part, by the Agricultural Research Service, U. S. Department of Agriculture, Grants 
No. 12-14-lOO-7208(71) and 12-14-IOO-9201(71) (O.S.U.R.F. Projects 1827 and 2573) administered 
by the Northern UtEzation &search and Development Division, Peoria, Illinois. 
%auEer Chemical Co., Fellow, October, 1967-June, 1968. 
*tTo WhrXII inquiries siIoui& he ada-essed. 
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protected sugars and polysaccharides. It was shown that methyl 4,6-O-benzylidene- 
2,3-dideoxy-a-D-erythro-hex-2-enopyranoside (l), which is stable to base, is extremely 
labile to aqueous or alcoholic acid; these acidic reagents cause conversion of 1 into 
2-(o-glycero-1,2-dihydroxyethyl)furau4 and, thence, into other furan derivatives5*6. 
The present paper describes the reactions of the alkene sugar derivative 1 with, 
respectively, bromine, acetyl hypobromite, various carbenoid reagents, a “nitrene”, 
and nitrosyl chloride. The reactions provide a convenient method for introducing 
bromine atoms at secondary positions by stereospecific processes, and thereby offer 
procedures for the deoxygenation of sugar derivatives at specific carbon atoms. 

Treatment of the alkene 1 with bromine in carbon tetrachloride gave a complex, 
intractable mixture of products. A similar result was noted by Christensen and 
Goodman’. However, when bromine was added to 1 in methanol in the presence of 
silver acetate, a crystalline product was isolated in high yield. The elemental analysis 
of the product showed that it was an adduct of 1 with two bromine atoms, and not 
the product that might have been anticipated from a Pr&ost type of reaction’. The 
n.m.r. spectrum of the adduct showed that a monosubstituted benzene ring and a 
benzylic proton were still present, indicating that bromine had added across the 
double bond between C-2 and C-3. Four possible, isomeric adducts can be formulated, 
but, since ionic additions of bromine to alkenes are considered9 to proceed through 
bromonium-ion intermediates, neither of the two cis-adducts is probable, and 
consideration of the Fiirst-Plattner rule” suggests that the diaxial adduct (2), having 
the D-altro con&ration, would be favored. The n.m.r. spectral data for the adduct 
in be=enc-d6 (see Tables I-III) are fully consistent with the structure 2 having the 
~-ah0 configuration, and cannot be reconciled with the three other possible con- 
figurations (D-allo- D-ghco, or D-manno); further supporting data were obtained from 
transformation products derived from 2. 

TABLE I 

CHEMICAL SHIFTS OF ACErOXY, BENZOYL. BENZYL, CYCLOPROPYL, AND PHENYL PROTONS 

Compound Soluent Chemical shifts (T) from 100-MHz spectra 

Ph Bz PKH OMe OAc cyclopropyl 

2 CEDG 2.82 4.67 7.10 
3 CDC13 2.56 4.45 6.50 
4 CDCI3 2.65 4.44 6.67 8.30-8.90 
5 CaD6 6.93 8.25 
6 CDC13 1.90, 2.49 6.52 
7 C&i 2.77 4.55 6.95 8.38 
8 CeDs 2.87 4.77 7.06 8.25 
9 CDCI3 1.90, 2.43 6.50 7.81 

10 CDCl3 2.70 4.44 6.57 

The H-l signal in 2 appeared at z 5.31 as a narrow multiplet showing Jr,a 
1.2 Hz and Jr ,a 0.8 Hz. The small magnitude of J1,a indicates” that H-2 is equatorially 
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TABLE Ii 

CHEMICAI. SHIFI-S OF RING PROTONS 

Compound Solnent Chemical shifts (t) from IOO-MHz spectra= 

H-l H-2 H-3 H-4 H-S H-6 Ha’ 

2 CSDS 
3 CDCis 
4 CDCI3 
5 CsD6 

6. CDCJ3 
7 csD6 

8 (236 

9 CDC13 
10 CDCl3 

5.31 sb 5.67 q 
5.18 sb 5.86 m 
5.05 d 
5.20 so 5.63 m 
4.92 so 5.41 m 
5.41 sb 4.59 da 
5.50 d 6.28 q 
5.24 sb 4.68 db 
5.11 s = 

5.50 m 
3.58 m 

5.13 t 
5.05 t 
5.75 t 
4.13 t 
5.40 t 
6.86 d 

5.95 q 5.63 5.90 6.45 
e c 6.21 

5.66-6.00 m and 6.20-6.50 m 
4.64q = c c 
4.54 q = = = 
6.25 q = = 6.43 
6.08 t = = c 
4.77 5.50 q 6.30 6.43 
5.75 d 6.15-6.54 m 

UFirst-order vah~es are given. Peak multiplicities: d, doublet; m, multiplet; q, quartet; s, singlet; 
t, triplet. bBroadened. CNot determined, because of second-order effects. 

TABLE III 

FIRST-ORDER COUPLING-CONSTANTS FOR RING PROTONS 

Compound Solcent Coupling constants (Hz) from iOO-MHz spectra 

31,2 J?.,3 Js,4 J4.5 J5.6e JS.f3B Jea.ae J1.3 

2 GD6 
3 CDCl3 
4 CDCls 
5 a36 

6 CDCl3 
7 CeDB 
8 a36 

9 CDCkj 
10 CDCh 

1.2 2.2 3.6 9.1 5.0 10.2 10.2 0.8 
1 1.5 a a a 
5.0 

(1 3.5 3.5 8.0 = a a 
<I 3.0 3.8 9.5 (I D 0 

0.5 2.5 3.5 9.0 a 10.2 10.2 
3.5 10.5 9.5 9.5 a. a L? 

(1 3.7 4.0 9.0 3.7 6.0 11.5 
0 3.5 0 6.0 D a a 

=Not measured, because of second-order effects. 

attached, and the long-range Ji,3 coupling observed suggests that H-3 is also 
equatorially attached (H-l and H-3 in a W-arrangement12). The H-2 signal was 
observed as a quartet at T 5.67, and the H-3 signal as a narrow multiplet at 7 5.50, and 
the .T2,3 and J3,4 couplings observed were small (2.2 and 3.6 Hz, respectively), showing 
that there is a gauche relationship between H-2 and H-3, and between H-3 and H-4. 
The H-4 signal (quartet at t 5.95) showed, in addition to the JsVs coupling, a wide 

spacing (9.1 Hz) for the J4,5 coupling. The couplings observed confirm that H-l, 
H-2, and H-3 are all equatorial; they fall close to the ranges reported by Coxon” 
for a series of methyl 4,6-0-benzylidene-cc-D-altropyranoside derivatives. Coxon” 

has shown that the values of the Jl,t, J2,3, and J3,4 coupling-constants provide clear 
differentiation between methyl 4,6-0-bcnzylidene-a-D-hexopyranosides having the 
D-alto, D-attro, D-gtuco, and D-manno conf@ations. 
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The signal assignments for the spectrum of 2, and of all other new compounds 
reported in this paper, were verified by systematic, spin-decoupling studies-by 
first irradiating the H-l signal to identify the H-2 signal, and then irradiating the 
H-2 signal to locate the H-3 signal, and so on for the other protons on the ring. 

The crystalline dibromide 2 was obtained in 70% yield when the bromination 
was conducted in the presence of silver acetate, and it was also obtained, in lower 
yield, when silver acetate was omitted or when sodium chloride was used instead 
of silver acetate. 

Removal of the O-benzylidene group from 2 followed by acetylation gave 
syrupy methyl 4,6-di-O-acetyl-2,3-dibromo-2,3-dideoxy-a-D-alanoside Q, 
whose n.m.r. spectrum in chloroform-d showed Jl,z, J2,3, and J3,4 couplings of -C 1, 
3.5, and 3.5 Hz respectively. The H-l, H-2, and H-3 signals (at t 5.20, 5.63, and 5.13, 
respectively) had chemical shifts close to those observed for 2, but the H-4 signal 
showed the large dotield shift (- 1.3 p.p.m.) anticipated13, and was observed as a 
sharp quartet at T 4.64. Any possibility that second-order effects in the spectrum of 2 
might have caused substantial differences between the true Jz,3, J3,4, and J4,5 
couplings and the observed first-order spacings is excluded by the data for 5. 

Treatment of the dibromide 2 with N-bromosuccinimide in refluxing carbon 
tetrachloride by the general procedure of Hanessian14 gave crystalline methyl 4-O- 
benzoyl-2,3,6-tribromo-2,3,6-trideoxy-a-D-~~op~anoside (6), whose n.m.r. spectrum 
in chloroform-dresembled that of 5, with the H-4 signal as a low-field quartet (r 4.54); 

the Jl.fs J2.3p J3.4p and J4.5 coupling-constants were closely similar to those of 
2 and 5. 

AoOAc, Bacon 

H H 

4 
5 6 

The dibromide 2 was treated with an excess of potassium rert-butoxide in 
refluxing xylene, to give a 90% yield of a crystalline product resulting from the elimi- 
nation of the elements of hydrogen bromide from 2; there was no evidence for removal 
of the second bromine atom, although the reaction conditions were severe. Assuming 

Carbuhyd. Res., 9 (1969) 149-161 



ADDITION REACTIONS 153 

that the reaction involves trans-elimination, the product may be formulated as methyl 
4,6-O-benzylidene-2-bromo-2,3-dideoxya-D-thranoside (3). In chloro- 
form-d, the H-l signal of 3 was observed at r 5.18 as a broadened singlet (J1 SZ - 1 Hz), 
and a narrow multiplet at 7 5.86 was identified as the H-2 signal because it collapsed 
to a doublet of spacing 1.5 Hz (Jz,s) when the H-l signal was irradiated. A narrow 
multiplet in the vinyl-proton region (r 3.58) was assigned to H-3. Irradiation of the 
H-2 signal caused the H-l signal to collapse to a sharp singlet, and the H-3 signal 
to become a broadened singlet, indicating a small coupling between H-3 and a proton 
at C-5 or C-6. The protons at C-5 and C-6 gave rise to an ABC type of system” 
that was not amenable to simple analysis. These data are not compatible with con- 
ceivable alternative formulations in which the double bond is between C-l and C-2 
and the bromine atom is at C-3, or having a C-2-C-3 double bond and the bromine 
atom at C-2 or C-3. The structure of 3 was not, however, established independently 
by degradative experiments. 

The failure of 3 to undergo 1,2_elimination is probably attributable to electronic 
factors, and not to the position ofthe bromine atomat C-2 being cis to H-l. Abstraction 
of H-l by base would be especially difficult, because of the presence of two oxygen 
atoms attached to C-l. 

A solution of the alkene 1 in carbon tetrachloride was allowed to react at 0” 
with acetyl hypobromiteX6. Two isomeric adducts were obtained, and these were 
separated by fractional recrystallization to give methyl 2-U-acetyl4,6-O-benzylidene- 
3-bromo-3-deoxy-a-D-altropyranoside (7) in 77% yield and methyl 3-O-acetyl4,6- 
O-benzylidene-2-bromo-2-deoxy-a-n-glucopyranoside (8) in 6% yield. Although 
there are eight possible structures for an adduct of acetyl hypobromite with the double 
bond of 1, the values of the J1,2, J2,3, and J3,4 coupling-constants clearly established 
that the major adduct has the D-altro configuration (diaxial addition) and the minor 
adduct has the D-gkco configuration (diequatorial addition). The low-field location 
of the H-2 signal in 7 showed that the acetoxy group was at C-2 and the bromine 
atom at C-3; and, similarly, the acetoxy group in 8 was located at C-3, because 
the H-3 triplet was at lowest field. The structure of 8 was readily recognized from 
the spectrum, even before decoupling. Additional support for the configuration 
assigned to 7 was obtained by treating 7 with N-bromosuccinimide to give methyl 
2-O-acetyl-PO-benzoyl-3,6-dibromo-3,6-dideoxy-cc-D-aoside (9). The n.m.r. 
spectrum of 9 resembled that of 7 in the region for ring protons, except that the 
H-4 signal was shifted dowtield by - 1.5 p.p.m., where it appeared as a quartet 
having the J3,4 (4.0 Hz) and J4,5 (9.0 Hz) couplings; the H-l signal was a broadened 
singlet, that of H-2 was a narrow doublet, and that of H-3 was a narrow triplet. 

Independent, chemical verification of the structures assigned to 7 and 8 was 
provided by the fact that both compounds react with base to give methyl 2,3-anhydro- 
4,6-U-benzylidene-a-D-mannopyranoside (10). Of the eight isomeric structures 
possible for an adduct of aeetyl hypobromite and 1, only 7 and 8 have the oxygen 
atom tram to the vicinal bromine atom, and on the necessary side of the ring for the 
reaction to give the D-manno epoxide (IO). 
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The diaxial adduct 7 was the preponderant product, although a higher yield 
(32%) of l &e diequatorial adduct 8 was obtained in an experiment performed at 
Ma. As the adducts were not well resolved by chromatography, and had to be 
separated by recrystallization, the yields isolated are not necessarily reliable indications 
of the actual distribution of products_ 

:ca, 
Ef02CCH: 
EtO&N : 

NO reaction 

H H 

9 10 

The mechanism of the addition of acety1 hypobromite to 1 was not established. 
In the steroid field, such additions have been rationalized16 in terms of an intermediate 
bromonium ion, formed by attack of Br’ on the less-hindered side of the double bond, 
which then suffers trans-attack by acetate ion. In both of the observed products 
(7 and 8), the bromine atom is situated below the plane of the ring, and the acetoxy 
group is tram to the bromine atom. 

The addition of acetyl hypobromite to 1 provides a useful route, under non- 
acidic conditions, to trans-bromohydrins from the unsaturated sugar. The direct 
addition of hypohalous acid to 1 is precluded by the extreme acid-lability- of 1. 
The reaction of the acetylated bromohydrin with base furnishes a two-step, stereo- 
specific conversion of the alkene 1 into the D-mmo epoxide 10 that may be a useful 
general reaction for converting unsaturated sugars into epoxides under nonacidic 
conditions. The fact that tram acetylated bromohydrins can be readily reconverted 
into the parent alkenes by use of zinc-copper couple’6 suggests that such adducts 
as 7 and 8 may be useful for temporary protection of an alkene group during a 
synthetic sequence. 

The alkene 1 was found to be very unreactive toward reagents of the carbenoid 
and nitrene type”. It was recovered unchanged after treatment under forcing con- 
ditions with dichlorocarbene ‘* (from ethyl trichloroacetate and strong base), ethoxy- 
carbonylcarbenelg (from ethyl diazoacetate and copper sulfate), and ethoxy- 
carbonylnitrene2’ (f rom ethyl azidoformate). The behavior of the alkene 1 with 
dichlorocarbene is in contrast to the behavior of unsaturated sugars of the vinyl 
ether type, which react to give dichlorocyclopropyl derivatives21. However, treatment 
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of 1 with diiodoxnethane and zinc-copper couple (Simmons-Smith reaction22) gave 
a crystalline, cyclopropyl derivative in 20% yield. The low yield of cyclopropyl 
derivative in this reaction, even when conducted under forcing conditions, illustrates 
the low reactivity of 1 toward carbenoid reagents; in contrast, unsaturated sugars 
having a terminal alkene group, react readily under the SimmonsSmith conditions 
to give cyclopropyl derivatives in high yield1v2. 

The known directive influence *’ of neighboring oxygen atoms in the Simmons- 
Smith reaction would suggest that insertion of methylene, by way of iodomethylzinc 
iodide, should take place from below the plane of the ring, to give methyl 4,6-O- 
benzvlidene-2,3-dideoxy-2,3-C-methylene-opyranoside (4). This structure is 
supported by the observed Jis2 coupling of 5 Hz in the n.m.r. spectrum. Hough, 
Hall, and coworkers23 have shown that 2,3-epimino, 2,3-epoxy, and 2,3-epithio 
derivatives of methyl 4,6-U-benzylidene-a-D-allopyranose show JL,2 values of 2% 
4.5 Hz, whereas the mmanno analogs show Ji ,2 of 0 Hz. The structure assigned to 4 
has not been verified by degradative methods. An unidentified, iodine-containing 
side-product accompanied 4 in the reaction mixture. 

Nitrosyl chloride; a reagent that reacts readily with unsaturated sugars of the 
enol-ether type24*25, reacted with the alkene 1 below room temperature, but the 
reaction appeared to be readily reversible, because the product decomposed to regener- 
ate the starting allcene 1 when isolation was attempted. 

The foregoing reactions of the alkene 1 with various electrophiles show that, 
for a carbohydrate matrix, the additions proceed with a high degree of stereoselectivity. 
Such reactions can be useful in synthetic carbohydrate chemistry for introducing 
novel functionality at secondary and primary positions in a sugar molecule. Since 
the configurations of the products can be readily determined, the reactions also offer, 
by suitable degradations, routes to a wide range of optically active, halogenated 
hydrocarbons, alcohols, and acids, of established stereochemistry. 

General. - Evaporations were performed under diminished pressure below 40”. 
Melting points were determined with a Thomas-Hoover “Unimelt” apparatus. 
1.r. spectra were measured with a Perkin-Elmer Model 137 “Infracord” i.r. spectro- 
photometer. N.m.r. spectra were recorded at 100 MHz with a Varian HA-100 n.m.r. 
spectrometer, and chemical shifts refer to an internal standard of tetramethylsilane 
(r = 10.00); signal assignments were verified by spin decoupling. Microanalyses 
were made by W. N. Rond. X-Ray powder diffraction data give interplanar spacings, 
A, for CuKcr radiation. The camera diameter was 114.59 mm. Relative intensities 
were estimated visually: m, moderate; s, strong; v, very; w, weak. The strongest lines 
are numbered (1, strongest); double numbers indicate approximately equal intensities. 
T.1.c. was performed with Silica Gel G (E. Merck., Dsmstadt, Germany), activated 
at 120”, as the adsorbent, and sulfuric acid as the indicator. An adsorbent thickness of 
250 pm was used for analytical t.l.c., and a I-mm tickness for preparative t.1.c. 

Curbohyd Res., 9 (1969) 149-161 



156 E. L. ALBANO, D. HORTON, J. H. LAUTERBACH 

Column chromatography was performed, unless otherwise stated, with Silica Gel 
Davison (60-200 mesh, Davison Division of the W. R. Grace Co., Baltimore, Md.) 
as the adsorbent, with 1 g of the mixture to be separated per 100 g of adsorbent, and 
the components were eluted from the columns with the solvents indicated. 

Methyl 4,6-0-benzylidene2,3-dibromo-2,3-dideoxy-~-D-altropyr~oside (2). - 
To a solution of methyl 4,6-O-benzylidene-2,3-dideoxy-a-D-erythro-heno- 
pyranoside” (L3.00 g, 12 mmoles) in dry methanol (300 ml) was added silver acetate 
(2.88 g, 18 mmoles) and barium carbonate (10 g). The resulting mixture was cooled 
to 0”, and to it was added dropwise, with stirring, a solution of bromine (1.08 ml, 
18 mmoles) in dry methanol (100 ml). The mixture was stirred for 16 h at room temper- 
ature, and filtered, and the filtrate was evaporated. The resultant syrup was dissolved 
in carbon tetracbloride, and the solution was washed successively with 20-ml portions 
of 5% aqueous sodium hydrogen sulfite and water, dried (magnesium sulfate), and 
evaporated: the resultant syrup was purified by column chromatography on silica 
gel with benzene as eluant to give the dibromide 2 as a chromatographically homo- 
geneous syrup that crystallized spontaneously; yield 3.45 g (70%), rap. 79-81”, 
[a]:’ f72.5 L- 1” (c 0.7, chloroform); RF 0.74 (benzene); A:“,: 13.3, 14.4 pm (phenyl); 
X-ray powder diffraction data: 11.25 s (2,2), 9.11 s (2,2), 7.72 m, 7.27 vw, 6.72 vw, 
5.66 m, 5.34 m, 5.02 vw, 4.70 w, 4.48 m, 4.27 vw, 4.09 vs (I), and 3.67 s (3). 

Anal. Calc. for Ci4H,,Br,04: C, 41.20; H, 3.95; Br, 39.16. Found: C, 41.45; 
H, 3.95; Br, 38.96. 

The preparation was repeated, once without the use of silver acetate, and once 
with an equimolar amount of sodium chloride instead of silver acetate. In each 
case, the dibromide 2 was obtained, but the yields were diminished to 32 and 
28%, respectively_ 

Direct addition of bromine (0.36 ml, 6 mmoles) to the unsaturated sugar 1 (1 .OOg, 
4 mmoles) in carbon tetrachloride (20 ml) at 0” gave a product, isolated after 5 h at 
30”, that was shown by t.1.c. (benzene) to contain at least 6 components, one of which 
corresponded to the dibromide 2, but 2 could not be crystallized from the mixture. 

Methyl 4,6-O-benzyZidene-2-bromo-2,3-dideoxy-a-D-~eo-~zex-3-enopyr~oside 

(3). -A mixture of the dibromide 2 (306 mg, 750 Foles) and potassium tert-butoxide 
(168 mg, 1.5 mmoles) in dry xylene (50 ml) was refluxed for 16 h under nitrogen. 

The mixture was filtered, the filtrate was evaporated, and a solution of the residue 
in dichloromethane was purified by passage through a column (20 x 100 mm) of 
neutral, Woelm alumina. Evaporation of the efliuent gave crystalhne 3; yield 220 mg 
(90%), m.p. (after recrystallization from chloroform-petroleum ether to give long 
needles) 187-189”, [a];’ + 77 + lo (c 1, chloroform); RF 0.36 (dichloromethane); 
1 “m’J: 6.07 (C=C), 13.3, 14.4 pm (phenyl); X-ray powder diffraction data: 12.84 m, 
ll.l5w, 6.24s (3), 5.62w, 4.99w, 4.67w, 4.41 w, 4.14~s (2), 3.92~s (l), 3.70m, 
3.55 vw, 3.43 m, 3.30 vw, 3.09 vw, and 2.93 m. 

Anal. Calc. for C,,H,,BrO,: C, 51.39; H, 4.62; Br, 24.42. Found: C, 51.56; 
H, 4.55; Br, 24.74. 

Methyl 4,6-di-O-acetyl-2,3-dibromo-2,3-dideoxy- (5). - 
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A solution of the dibromide 2 (750 mg, 1.84 mmoles) in acetic acid (15 ml) was heated 
in a boiling-water bath, water (10 ml) was added dropwise, and the mixture was then 
heated for 30 min. The resultant solution was evaporated at 50”, and toluene was 
several times added to and evaporated from the residue. The residue was treated with 
dry pyridine (5 ml) and acetic anhydride (3 ml) for 18 h at -30”. The solution was 
poured over ice, and, after 30 min, the mixture was extracted with two 50-ml portions 
of dichloromethane. The extracts were combined, dried (magnesium sulfate), and 
evaporated; toluene was added to and evaporated from the residue to remove pyridine, 
and the product was purified by column chromatography on silica gel with 20:1 
dichloromethaneether as eluant. The diacetate 5 was obtained as a chromatographi- 
tally homogeneous syrup; yield 642 mg (86%), [a]k3 t67.0 + 1” (c 1, chloroform); 
RF 0.34 (chloroform); ,I:‘,” 5.72 pm (OAc). 

Anal. Calc. for CllH16BrZ06: C, 32.69; H, 3.99; Br, 39.56. Found: C, 32.72; 
H, 3.95; Br, 39.86. 

Methyl 4-0-benzoyI-2,3,6-tribromo-2,3,6-trideoxy-~-D-altropyranoside (6). - 
To a suspension of N-bromosuccinimide (485 mg, 2.7 mmoles) in dry carbon tetra- 
chloride (30 ml) was added the dibromide 2 (I.00 g, 2.4 mmoles) followed by barium 
carbonate (1.0 g). The mixture was refluxed for 2 h, cooled to O’, and filtered. The 
filtrate was washed successively with lo-ml portions of 5% aqueous sodium hydrogen 
stite and water, dried (magnesium sulfate), and evaporated to a syrup. The product 
was purified by chromatography on a column of silica gel with 1:2 carbon tetra- 
chloride-benzene as eluant, to give 6 as a chromatographically homogeneous syrup; 
yield 650 mg (54%), crystallized from isopropyl alcohol, m.p. 99-lOO”, [a]:” +56.5 
+ I” (c 1, chloroform); RF 0.62 (benzene); Agi 5.80 (OBz), 13.8, 14.2 pm (phenyl); 
X-ray powder diffraction data: 10.71 w, 9.40 vs (l), 7.70 VW, 6.58 m, 6.00 m, 5.61 m, 
5.32 m, 4.59 m, 4.31 m, 4.09 m, and 3.85 s (2)_ 

Anal. Calc. for C,,H,,Br,O,: C, 34.52; H, 3.10; Br, 49.23. Found: C, 34.69; 
H, 3.12; Br, 49.37. 

Methyl 2-0-acetyZ-4,6-0-benzyZidene-3-bromo-3-deoxy-a-~-a~tropyranoside (7) 
and methyI EO-acetyI~,6-O-benzylide~~e-2-bromo-2-deoxy-a-~-glucopyr~oside (8). - 
An 0.1~ solution of acetyl hypobromite’6 was prepared as follows. A suspension 
of silver acetate (4.00 g, 24 mmoles) in carbon tetrachloride (160 ml) was stirred at 0”, 
and a soiution of bromine (1.00 ml, 19 mmoIes) in carbon tetrachloride (20 ml) was 
added dropwise during 30 min. After an additional 1.5 h, the stirring was stopped, 
and the solution was decanted from the silver bromide that had settled. 

A solution of the unsaturated sugar l(3.00 g, 12 mmoles) in carbon tetrachloride 
(200 ml) was cooled to 0” under nitrogen. Barium carbonate (10 g) and 0.1~ acetyl 
hypobromite in. carbon tetrachloride (240 ml, 24 mmoles) were added, and the 

mixme was stirred for 6 h at 0”. Aqueous sodium hydrogen sulfite (5%, 30 ml) was 
shaken with the solution, solids were filtered off, and the organic phase was washed 
with two 30-ml portions of water, dried (magnesium sulfate), and evaporated. The 
resultant syrup was purif?ed on a column of silica gel with dichioromethane as eIuant, 
to remove a small amount of starting materiai 1 and some colored side-products 
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that remained at the top of the column. The product appeared to be chromatographi- 
tally homogeneous, but was shown by fractional recrystallization to be a mixture of 
two isomeric adducts. Crystallization of the product from carbon tetrachloride- 
petroleum ether gave the D&CO adduct 8 as needles; yield 300 mg (6%), m.p. 
171-173”, [a];’ +89.0 + 1” (c 1, chloroform); RF 0.23 (chloroform); ngz 5.82 (OAc), 
13.1, 14.4,um (phenyl); X-ray powder diffraction data: 12.89 vw, 11.59 vw, 9.58 w, 
8.11 m, 6.55vw, 6.2Ovw, 5.79 vw, 4.96~s (l), 4.74 w, 4.49 s (2), 4.07 m, 3.81 vw, 
3.59 m, 3.27 vw, and 3.15 m. 

Anal. Calc. for C,,H,,BrO,: C, 49.62; H, 4.94; Br, 20.64. Found: C, 49.64; 
H, 5.13; Br, 20.53. 

The second adduct (the P-alzro derivative, 7) was crystallized from chloroform- 
petroleum ether to give 7, yield 3.30 g (77%), having m.p. lOl-103”, [a];’ +80.5 + 1” 
(c 1, chloroform); R, 0.22 (chloroform): I_:: 5.74 (OAc), 13.2, 14.3 pm (phenyl); 
X-ray powder diffraction data: 12.58 VW, 10.25 VW, 8.79 vw, 7.54 m, 7.21 m, 6.55 w, 
6.14 vw, 5.94 m, 5.53 m, 4.92 m, 4.77 vs (I), 4.54 w, 4.03 s (2), 3.87 m, 3.71 m, and 
3.58 m. 

Anal. Calc. for &H,,BrQ: C, 49.62; H, 4.94; Br, 20.64. Found: C, 49.59; 
H, 5.19; Br, 20.86. 

Repetition of the reaction, but for 16 h at 4-6”, gave the D-gluco isomer 8 in 
32% yield and the D-&r0 isomer 7 in 13% yield. 

Methyl 2-O-acetyl-4-O-benzoyl-3,6-dibromo-3,6-dideoxy-a-D-a~tropyr~oside (9)_ 

- The D-aftro adduct (7, 820 mg, 21 mmoles) was treated with N-bromosuccinimide 
(415 mg, 23 mmoles) by the procedure used for conversion of 2 into 6. The resultant 
syrup was purified on a column of silica gel, with 1OO:l dichloromethane-ether as 
eluant, to give 9 as a chromatographicahy homogeneous syrup; yield 400 mg (41%). 
Crystallization of 9 from isopropyl alcohol gave 9 as rosettes, m.p. 92-94”, [a]r 

+42.0 + 1” (c 1, chloroform); RF 0.19 (chloroform); AEz 5.80 (OAc, OBz), 13.9, 
14.6 pm (phenyl); X-ray powder diffraction data: 11.94 vs (l), 7.67 m, 6.99 VW, 
6.12 m, 5.70 m, 5.12 s (2), 4.61 s (3), 4.06 m, 3.85 vw, 3.73 w, and 3.55 m. 

Anal. Calc. for C,,H,sBr206: C, 41.22; H, 3.89; Br, 34.29. Found: C, 41.28; 
H, 3.71; Br, 34.53. 

Conversion of the adducts 7 and 8 into methyl 2,3-anhydro-4,6-O-benzylidene- 

a-D-mannopyranoside (IO). - Sodium (120 mg, 5.2 mmoles) was dissolved in dry 
methanol (15 ml), the D-altro adduct 7 (1 .OO g, 2.6 mmoles) was added, and the mixture 
was refluxed for 4 h. Needles of the epoxide 10 separated as the solution was cooled; 
yield 548 mg (81%), m-p. (after recrystallization from ethanol) 144-146”, [a];’ + 106” 
(c 1.5, chloroform) @La6 m.p. 145-147”, [a]k5 +107” (c 1.6, chloroform)]; RF 0.19 
(dichloromethane); nz: 13.3, 14.4pm (phenyl); X-ray powder diffraction data: 
8.56 s (3), 7.74 w, 6.02 vs (l), 4.40 w, 4.20 w, 4.00 s (2), 3.63 m, 3.54 vw, and 3.26 w. 

Anal. Calc. for Ci4H1605: C, 63.62; H, 6.10. Found: C, 63.74; H, 6.05. 
The product was identical with an authentic sample of 10 by t.l.c., mixed m.p., 

i.r. and n.m.r. spectra, and X-ray powder diffraction pattern. 
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The experiment was repeated, but with the D-gluco adduct 8 as the starting 
material. The product (yield 53%, m.p. 144-14Y) was the D-manno epoxide 10, as 
shown by mixed m-p., t.l.c., i-r. and n.m.r. spectra, and X-ray powder diffraction 
pattern, in comparison with those of authentic 10. 

Methyi 4,6-0-benzyZidene-2,3-C-methyIene-2,3-dideoxy~-D-aIfopyr~oside (4). 
- Zinc-copper couple, prepared as previously describedls2’ from granular zinc 
(2.6 g) and copper acetate monohydrate (50 mg) was placed, together with dry 
ether (50 ml), in a 250-d, round-bottomed, 3-necked flask fitted with a reflux 
condenser, an addition funnel, and a magnetic stirrer. Diiodomethane (3.2 ml, 
40 mmoles) was added, and reaction was initiated by gentle heating until small bubbles 
were generated from the couple. The mixture was boiled for 30 min under reflw, 
and a solution of the unsaturated sugar 1 (1.00 g, 4 mmoles) in dry ether (50 ml) was 
then added dropwise during 30 min. Heating was continued for a further 72 h, the 
solution was cooled, and saturated aqueous ammonium chloride (30 ml) was added 
to precipitate inorganic salts.‘The mixture was filtered, the layers of the filtrate were 
separated, and the aqueous layer was extracted with two 50-ml portions of ether. 
The ethereal solutions were combined, washed successively with 30-ml portions of 
saturated, aqueous potassium carbonate and saturated, aqueous sodium chloride, 
dried (magnesium sulfate), and evaporated to a syrup. T.1.c. of the latter with benzene 
as developer showed major components having RF 0.71, 0.15, and 0.10. Resolution 
of the mixture by preparative t.1.c.28, with benzene as the developer, gave the 
component having RF 0.71 as a crystalline, unidentified product, yield 161 mg, m.p. 
(after recrystallization from Skellysolve C) 81-83”. The components having RF 0.15 
and 0.10 were incompletely resolved, and were subjected to a second separation by 
preparative t.l.c., but with 6:l benzene-ether as the developer, to give the starting 
material 1, yield 100 mg, RF 0.15 (benzene), and the crystalline cyclopropyl derivative 4, 
yield 170 mg (20% based on unrecovered l), m-p. (after recrystallization from 
Skellysolve C) 126-128”; RF 0.10 (benzene), 0.78 (I:1 benzene-ether); 1%: 3.25 
(cyclopropy12g C-H), 13.2, 14.3 pm (phenyl); X-ray powder diffraction data: 13.08 w, 
9.98 w, 8.32 vs (l), 6.69 vw, 5.69 w, 5.37 m, 4.62 w, 4.29 s (2), 4.13 w, 3.90 m, 3.63 m, 
and 3.36 m. _ 

Anal. Chic. for CiSHr804: C, 68.73; H, 6.91. Found: C, 68.77; H, 6.89. 
The side product (Anal. Found: C, 60.65; H, 5.28; I, 19.66) showed n.m.r. 

absorptions (chloroform-d) at T ~2.5 (phenyl), 3.62, 4.35, 4.55, 4.91, 5.12, 5.50-5.82, 
6.09-6.50, and 7.0; no intense singlet for an OMe group was present. 

Attempted reaction of alkene 1 with carbenes and nitrenes. - A. With dichloro- 

methylene. A vigorously stirred slurry of 1 (1.00 g, 4 mmoles) and sodium methoxide 
(0.80 g, 16 mmoles) in dry hexane (100 ml) was treated with ethyl trichloroacetate 
(1.52 g, 8 mmoles) at 0”, and the mixture was stirred for 18 h at 30”. Water was then 
added, the layers were separated, the aqueous phase was extracted with ether, and 
the organic solutions were combined, dried (magnesium sulfate), and evaporated. 
The crystalline residue (800 mg) was chromatographically homogeneous, and identical 
with the starting material (1) by t.1.c. and i.r. spectrum. The experiment was repeated, 
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but with heating for 18 h under reflux; unchanged starting-material was again 
recovered. 

B. FVNz &zyZ diazoacefate. To a stirred mixture of 1 (200 mg, 800 pmoles) and 
anhydrous copper sulfate (400 mg) in iso-octane (40 ml) was added ethyl diazo- 
acetate (365 mg, 0.33 ml, 3.2 mmoles) during 1 h at 30°; nitrogen was evolved. The 
mixture was reffuxed for 24 h, and then filtered. Evaporation of the filtrate gave a 
residue identical with 1 by i.r. spectrum and t.1.c. 

C. With ethyl azidoformate. A mixture of 1 (248 mg, 1 mmole) and ethyl 
azidoformate (115 mg, 1 mmole) in purified heptane was refluxed for 96 h under 
nitrogen. Evaporation of the solution gave a residue indistinguishable from 1 by i.r. 
spectrum. T.1.c. (6:l benzene-ether) showed I- and traces of colored, nonmigrating 
products. Additional ethyl azidoformate was added, and the experiment was repeated, 

but unchanged 1 was again recovered. 
Cyclohexene, instead of the alkene 1, was subjected to the conditions of the 

foregoing experiments A, B, and C, and, in each case, the expected adduct was obtained. 
Reaction of alkene 1 with nitrosyI chloride, - Streams of gaseous nitrosyl 

chloride and nitrogen were passed simultaneously through a mixture of 1 (1.00 g, 
4 mmoles) and barium carbonate (5 g) in carbon tetrachloride for 2 h at 0”. The color 
of the solution turned greenish blue and then brown. T.1.c. (ether) showed starting 
material (RF 0.9) and a product having RF 0.35 in the approximate intensity ratio of 
1:4. The solution was concentrated at 25” to remove excess nitrosyl chloride, the 
sohds were filtered off, and the filtrate was evaporated to give a white solid that was 
indistinguishable from 1 by t l.c. and by i.r. and n.m.r. spectra. In a second experiment, 
the reaction was monitored by t.1.c. during the isolation procedure, and it was observed 
that, during the evaporation stages, the product having RF 0.35 was decomposed to 
give starting material 1. 
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AB!rrRAcr 

A comparative study has heen made of the rates of enolization of sugars in 
alkaline, tritiated water by measurement of their rates of tritium uptake; the rates for 
two inososes were found to be more than loo0 times the rate for D-glucose. The low 
rates of reaction of the sugars in comparison with those for the inososes suggest that 
one of the factors controlling the rate of enolization is the concentration of an inter- 
mediate carbonyl form of the sugar. To account for differences in the behavior 
of epimeric sugars in alkaline solution and the well-known differences between the 

rates of mutarotation and of exchange of “0 of an aldose-I-‘* 0 withI of water, it is 

suggested that the mutarotation reaction proceeds through pseudo-acyclic inter- 
mediates that possess some characteristics of the respective ring-forms_ This new 
concept, applied to the interpretation of enolization reactions, leads to the possibility 
of formation of cis- and trms-enediols, the proportions of which may differ from 
sugar to sugar. Enolization experiments were conducted for a variety of sugars in 
a 0.5~ solution of sodium carbonate in water-t at 25”. The rates of tritium uptake, 
based on the rate for D-glucose as unity, range from 0.5 to 4.8 for aldohexoses, 0.5 
to 10.7 for aldoheptoses, 4.1 to 28 for aldopentoses, 2.6 to 25 for various ketoses, 
0.3 to 0.8 for some 6-deoxy sugars, and 90 to 155 for some 2-deoxy -sugars. The 
comparative rates found for the disaccharides studied range from 2.0 to 240; of these, 

turanose was the most reactive sugar. 

INTRODUCTION 

The rearrangements that take place when a reducing sugar is dissolved in water 
containing a base catalyst have engaged the attention of carbohydrate chemists 
ever since discovery of these reactions by Lobry de Bruyn and Alberda van Ekenstein’. 
Nef showed that, in alkaline solution, a reducing sugar may yield more than 100 
products2. After arduous investigation, he concluded that the complex mixtures 
arise from a series of enolization, fragmentation, and henzylic acid-type reactions. 

*Presented, in part, before the Division of Carbohydrate Chemistry at the 155th National Meeting 
of the American Chemical Society, San Francisco, California, April, 1968. 
**Present address: Chemistry Department, American University, Washington, DC. 20016. 
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Quantitative evaluation of this early work is not feasible, first, because data were not 
obtained for the initial stages of the reactions, and, second, because the reactions were 
not terminated by equilibrium conditions but by consumption of the base catalyst 
by the saccharinic acids formed. Subsequently, many workers have investigated the 
reactions of sugars in alkaline solutions 3-g. The use of isotopic tracers (14C, 3H, and 
%I) has proved particularly fruitful in the study of mechanisms and the quantitative 
evaluation of products 1o-16. For better understanding of the reactions, it is necessary 
to examine the changes in the early stages of the process and to follow each step in 
detail. 

This paper describes a method for evaluating the primary rate of enolization, 
and gives the results obtained with a large group of sugars. To account for differences 
in the rearrangement products from epimeric sugars, the concept of pseudo-acyclic 
intermediates is advanced; these intermediates may lead to enediol mixtures charac- 
teristic of the parent sugar. The rates of enolization provide an insight into the 
comparative reactivity of the various sugars and their tendency to proceed to 
rearrangement products. 

DISCUSSION 

Pseudo-acyclic intermediates in mutarotation reactions 
Presumably, the alkaline rearrangement of a sugar begins with the formation 

of an acyclic intermediate by the mutarotation reaction, followed by the formation 
of an enediol. Prior investigations have indicated that the mutarotation reaction 
takes place primarily through acyclic intermediates by acid- and base-catalyzed 
mechanisms’6-20. When a sugar is dissolved in water, an equilibrium is established, 
under suitable conditions, among the ionic and solvated forms of the pyranose, 
furanose, and acyclic modifications of the sugar. The subsequent behavior of the 
sugar depends in large measure on the position of this equilibrium and the rates at 
which the modifications are interconverted. 

A single acyclic form will not account for certain observations made concerning 
mutarotation. Thus, when D-glucose-l- “0 is dissolved in water, the exchange of the 
IsO with the I60 of the water is much slower than the mutarotation reaction’4*21. 
Hence, the carbonyl group is not sufficiently free to become completely and reversibly 
hydrated during the mutarotation reaction. 

The suggestion is therefore advanced that, in the mutarotation reaction, the 
sugar ring may be opened momentarily, forming a pseudo-acyclic intermediate that 
has a conformation similar to that of the parent sugar. This intermediate passes 
through characteristic transitions states to pyranoses, furanoses, and other products. 
The processes are depicted in Figs. 1 and 2, in which the pseudo-acyclic intermediates 
are desrgnated p_,, ppp, ,u=~, and ,I.+~ In forming the fi-pyranose from the cx-pyranose 
(see Fig. 1, curve 1, and Fig. 2), the intermediate ,u_,, formed by rupture of the pyranose 
ring in transition state A, may pass to transition state B by rotation of the anomeric 
carbon atom through 60”; from this point, B may either revert to the TV anomer, or 
proceed to the /3 anomer through the second pseudo-acyclic intermediate J+, and the 
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a-pyran0se5pa - 
P- bP== p-pyranose 

Equilibrium w&h other acyclic and ring modifications 

165 

a-Pymnose /3-Pymmse a-Pymnose a-Fumnose a-Furanose &Fumnose 

Reaction coordinates 

Fig. 1. Hypotheiical role of pseudo-acyclic intermediates in mutarotation reactions. The curves 
qualitatively represent the changes in free energy of a sugar in which the /?-pyranose is more stable 
than the a-pyranose (curve 1). The pyranose-furanose interconversion (curve 2) is faster than either 
the cc-p-pyranose auomedzation (curve 1) or the a-p-furauose anomerization (curve 3). The relative 
stabilities of the isomers are represented in the decreasing order: p-pyranose > a-pyraaose > /?- 
fnranose > a-furanose. 

Fig. 2. Hypothetical intermediates ia the interconversion of a- and @-D-gkCOpyratIOSe in alkaline 
solutions. A, B, and C represent the transitions states of Fig. 1, curve 1. 
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transition state C. The reverse process, starting with the /3 anomer may yield, in turn, 
transition state C, pLsP, transition state B, pop, transition state A, and, finally, the 
a anomer. The energy barrier between the pseudo-acyclic intermediates y,, and 
pgp arises from eclipsing of the groups of C-2 by the groups of C-l, when C-l is 
turned about the C-l-C-2 axis. 

A similar mechanism would apply to furanose anomerizations (see Fig. 1, 

curve 3). In forming a furanose form from a pyranose form (see Fig. 1, curve 2), the 

pseudo-acyclic intermediate derived from a pyranose form may pass through a 
transition state D in which the carbon skeleton is so altered that the oxygen atom 
on C-4 approaches the anomeric carbon atom. This may lead to the pseudo-acyclic 
intermediate that ultimately gives the furanose forms. 

The transformations depicted in Fig. 2 are for the mutarotation of D-gluco- 
pyranose in alkaline solutions. Although acid-catalyzed reactions follow somewhat 
different mechanisms, it is suggested that these, also, involve pseudo-acyclic inter- 
mediates. In an enzyme-catalyzed reaction, the enzyme may aid in retaining the con- 
formation of the pseudo-acyclic intermediates. 

Pseudo-acyclic intermediates in rearrangement reactions 
The pseudo-acyclic intermediates may also function in the formation of the 

enediols, and may account, in a qualitative way, for certain puzzling differences in 
the rearrangement products from epimeric sugars. If the 1,2-enediols from D-glucose, 
D-mannose, and D-fructose were identical, the rates of conversion of any two of the 
sugars into the third would be proportional to the rates of enolization of those two. 
However, quantitative study of the conversion products at low temperature (5-7”) 
has shown that this is not the case22. The differences may arise from the presence of 
cis and tram isomers of the enediols. 

Previously, Topper and Stetten I1 had postulated the formation of a trans- 
enediol from D-glucose, a cis-enediol from D-mannose, and interconversion of the 
two aldoses through D-fructose. However, Sowden and Schaffer’2b failed to confirm 
this postulate. 

By way of the pseudo-acyclic intermediates postulated here, and removal of 
the hydrogen atom on C-2 through enolization, a-D-glucopyranose should form a 
cis-enediol, and fl-D-mannopyranose should yield the same enediol; similarly, 
B-D-glucopyranose and cr-D-mannopyranose should yield the same trans-enediol 
(Fig. 3). With a ketose, the pseudo-acyclic intermediate may enolize between C-l 
and C-2, and between C-2 and C-3 (Fig. 4). The principal enolization (at least in the 
case of D-frLICtOSe) is between C-l and C-2. Because of the presence of two hydrogen 
atoms at C-l, the enolization of a single anomer would result in both cis- and trans- 
L2-enediols. Thus, both an aldose and a ketose may yield mixtures of cis- and frans- 
enediols, the proportions of which differ from sugar to sugar. 

The fate of the enediol in the reaction mixture depends on several competing 
reactions. Addition of a proton to the double bond of the enediol yields the epimeric 
sugars and the related ketose. This reaction is reversible, and, in water-t, results in 
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hydrogen-tritium exchange. beta-Elimination reactions also occur; in these, such 

a group as -OH, -OR, or -OAc, attached to the carbon atom adjacent to the enolic 
group, is eliminated by a shift of electrons from the double bond. Formation of the 
resulting unsaturated sugar does not invoke incorporation of hydrogen (or tritium) 

O-H -H 

H 

G 
H 

6 

H 
S 

OH OH H 

lJUP &JP 

[From a-wgucopyr0nose) CF,-om ,3-a-ql”copyrcu-,ose, 

+@ tJJnP 

(From p-o-mannopymnosel (From a-o-mannopymnose) 

Fig. 3. Suggested formation of cis- and rrans-enediols from pseudo-acyclic intermediates of two 
epimeric aldohexopyranoses. The hydroxyl groups have been omitted from C-3, -4, and -6 for cIarity. 

OH 
I 7 

R-C-C=C-H 

I I- 
H 0 

H 0 
\ 1,2-trans-Enediol 

OH 
I 

R-C=C-CH~OH 

I- 
O 

R-t-C=C-H 

? k AH 

1,2-cis-Enediol 

2,3-tram-Encdiol 

Fig. 4. Suggested formation of cis- and frans-enediols from pseudo-acyclic intermediates of Zketoses. 
The hydroxyl groups have been omitted from carbon atoms other than C-l, -2, and -3 for clarity. 

into the sugar structure, but subsequent reactions may. The relative importance of 
the de-enolization and beta-elimination reactions varies widely. Substances having 
good Ieaving-groups adjacent to the enediol group undergo beta-elimination reactions 
rapidly. 
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other sugars, the rate of tritium uptake increases slightly ‘with time; at. present, _we 
cannot acc&nt for this increase. 

Table II gives comparative values for the .t$itium uptake by -ti wide varietyof 
sugars. It is of interest to compare the vahres for certain sugars with Tthose~ for the y 

two inososes, compounds: related to the sugars, but having a keto ~structuree and n:G 
oxygen atom in the ring. Since the’inososes are q&c keto&$ the Carbony group. 
is not bound in a hemiac&l structure, and enolization does not depend on liberation 
of the carbonyl group by the mutarotation reakio,. Rever&e euoliz&ou cati t&e. 
place between C-l -and C-2, and between C-l and C-6, with incorporation of two 
atoms of hydrogen. In only two h, 0.9 atoni of hydrogen germolecule of &pi-hosose 
and 1.4 atoms per molecule of myo-inosose-2 were intiorporated: under..-the:e$& 
mental conditions used, the tritium uptake per- .hour for my&inosose{2 w& .over 
1400 times that for D-glucose. The-rapidity of the enolization of the inososes is in’ 
accord with the well-known rapid enoliiation of. sugar de&at&s having a free 
carbonyl group. Thus, Anet found that l.G nta- O-methyl-aldehydo-D-gluciise is 
completely converted, in 20 min, into’ j-deoxy-2,4,5,.6-t~~a-_U-methyl~.~e~~~~o-. 
hex-trans-2-enose (presumably by enolization and beta-elm&&ion). 

‘Sugars of like configuration in the-hexose and heptose s&es react at som.ewhat 
similar rates. In the hexose series, altrose and talose. react most. rapidly. The-per&+ 
as a group, react much more rapidly than the hexoses, Qdeoxyhexoses, and heptoses; 
Apparently, a large group attached- to C-S of these aldopyranose structures .lesse& 

the tendency of the sugar to undergo enolization. 
The 2-deoxy sugars react at surprisingly high rates that, presumably,. are. 

associated with higher proportions of the acyclic -intermediates. The higher rat&+, are 
in accord with the observation that 2-deoxyaldoses give stronger tests for .aldehyd& 
with SchiE reagent than do the corresponding (2ihydroxy) aldoses”‘. Because the 
compounds react rapidly under the conditions selected for stud;r, the values obtained 
may represent not only the primary enolization but also further reactions, such as 
rearrangement and fragmentation. The reactions of 2-deoxy,sugars are being studied 
further. 

In gene&,.&e rates of hydrogen-tritium exchange for the. ketoses ark.ap$~~i- 
ably higher than those for the aldoses. Hydrogen-tritium exchange in the ketoses 
can -take place through either of the two ‘primary hydrogen atoms at C-l, or -the 
secondary hydrogen atom at c-3. Work by Sowden. and SchaEer12b on eriolizatiori 
in deuterium oxide showed that the enolization of D-fructose &curs in large,measure 
through the hydrogen atoms at C-I. However, enohzation of a. ketoSe may .+eadiiy 
take place through the hydrogen atoms at both C-1 and C-3, .a$ for example,.in.the 
conversion of D-galactose into. both D-tagatOSf2 and D+rbose (fonnerl~1~~~~at~s~4~) .- 

and the.conversion of D-tagatose into D-sorbose “1 The hexuloses -react more rapidly 
than the.heptuloses, but less.rapidly than the ketodisaccharides lactulose snd.t$anose 
(see .TabIe-III). -The high. uptake of tritium: by: ketoses .may arise, in, Part,- from.!)@ _ 

products of reverse “aldol reaction.. Cleavage. of a ketohe@se yieI@ gly*aldehyqe 
and& enediol. The fr&gment.s take $ @iumfrom’tritiated water directly by reversible 
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TABLE IX 

RATES OF TRITIUM UPTAKE FOR MONOSAC CHARmESMALKALINE WATER-f 

sugar Rate of uptake of H* Relative ratea Source of sugar, or 
(quiuafents per mole ref. for preparative 
of sugar per h) method 

Dbepi-Inosose 
myo-Inosose-2 

o-Mannose 
D-Ahose 
D-Gdactose 
D-Ghtcose 
D-Ahrose 
~-l-do%? 

D-glycera-L-manno-Heptose 
D-glycera-D-galacta-Heptose 
D-gtycero_D-gulo-Heptose 
D-glycero-L-galacto-Heptose 
D-glycero-L-gluco-Heptose 
D-glycero-L-tabHeptose 
D-glycero-D-idu-Heptose 

D-Atabinose 
D-Xylose 
D-Lyxose 
D-Ribose 

Morbose (r-xylo-hexulose) 
D-Fructose (D-arabino-hexulose) 
D-Tagatose (D-lyxo-hexulose) 
D-gluco-Heptulose 
D-manno_HeptuIose 

r.-Rbamnose 
L-Fucose 

I-Deoxy-D-ribose (2-deoxy-D- 
eryrhro-pentose) 

2-Deoxy-D-glucose (2-deoxy-D- 
arabino-hexose) 

InOSOSeS 

0.464 
0.676 

Aldohexoses 

0.00024 
0.00035 
o.ooo43 
0.00046 
0.00108 
0.00220 

Aldoheptoses 

0.00022 
0.0003 1 
0.00034 
0.00045 
0.00057 
0.00288 
0.00495 

Aldopeutoses 

0.0019 
0.0032 
0.0041 
0.0131 

ZKetoses 

0.0043 
0.0049 
0.0115 
0.0012 
0.0032 

6-Deoxy sum 

0.00014 
0.00037 

0.042 

0.072 

UJfJo 23b 
1,470 24b 

OS 
0.8 
0.9 
1.0 
2.3 
4.8 

0.5 27, 28 
0.7 29 
0.7 27, 30 
1.0 27, 31, 32 
1.2 27, 33 
6.3 32 

10.7 34 

4.1 

::; 
28.0 

9.3 e 

10.7 c 

25.0 35 
2.6 36 
7.0 37 

0.3 c 

0.8 e 

90.0 

155.0 

c 

25,26 
e 
c 

25,26 
25.26 

“Rates relative to rate of 1 .O for D-glucose. Conditions: A 0.2~ solution of the sugar in 0.5~ sodium 
carbonate in water-t (JPaO) at 25”. The pH range of the solutions of the various sugars was 11.0 
to 11.2. bSample supplied by k J. Fatiadi of this Bureau. CCommercial sugar, recrystallized; 
purity verikd by chromatography and optical rotation. 
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enolization, or indirecfly by formation of lactic acid through beta-elimination and 

rearrangement; Recently, this type of reaction has been shown to occur readily 

with D-fi%tOse 6-phosphate4’ in alkaline solution. 

The rates of tritinm uptake for disaccharides of various types are given in 

Table III. The 4- and 6-O-D-glucopyranosy&D-glucoses react 2 to 2.6 times as rapidly 

as D-ghCOSe. The rates for the other disaccharides are considerably higher, and bear 

a higher ratio to the rate for the corresponding, reducing monosaccharide. Thus, the 

rate for the enolization of neolactose (4-0~D-g~actopyranosyl-D-&rose) is nearly 

4 times that for D&rose. The 3-O-D-@ycopyranosyi-D-arabinoses are 8 to 12 times 

as reactive as unsubstituted D-arabinose, and lactulose (4O-D-gaiaCtOpyranOSyi-D- 

frUCtOse) is about 3.5 times as reactive as D-frI,ICtOSe. 

TABLE III 

RATFSOFTRITlUM UPTAKE FOR DISACCHARKES IN ALKALINE WATER-t 

Sugar Rate of uptake of Relatioe Reducing Relatioe Source of sugar, 
H* (equioalenrs per rat&’ nmiety rat&fir or ref. for pre- 
mole of sugarper II) reducing paratiue method 

moiety 

4-O-j?-D-Galactopyranosyl- 
D-glucose (lactose) 

4-O-a-D-GIucopyranosyl- 
o-glucose (maltose) 

~-O-/!LD-GIUCO~~IZIIOS~I- 
D-glucose (cellobiose) 

6-O-c+D-Galactopyranosyl- 
D-glucose (melibiose) 

6-O-/?-D-GIucopyranosyI- 

D-glucose (gentiobiose) 
4-0-/?-D-GahXopyramSyl- 

D-altrose (neolactose) 
3-O-/9-D-Galactopyranosyl- 

D-arabinose 
3-Oa-D-Glucopyranosyl- 

n-arabiiose 
4-O-p-D-Galactopyranosyl- 

D-fructose (lactulose) 
~-O-C+D-G~UCO~~~~UOS~~- 

n-fructose (turauose) 

0.00091 

0.0c110 

0.00120 

0.00091 

0.00097 

0.0040 

0.0139 

0.0228 

0.0169 

0.1105 

2.0 

2.4 

2.6 

2.0 

2.1 

8.7 

30.0 

50.0 

37.0 

240.0 

D-giucose 1 .o b 

D-glucose 1 .o b 

D-glucose 1 .o b 

D-glucose I .o b 

D-glucose 1.0 b 

D-altrose 2.3 42 

D-arabinose 4.1 43 

D-arabinose 4.1 44 

D-flXCtOSt2 10.7 45 

D-fructose 10.7 25 (p. 480) 

aRates relative to rate of 1.0 for n-glucose. Conditions: Au 0.2~ solution of the sugar in 0.5~ sodium 
carbonate in water-f (H*sO) at 25’. The pH range of the solutions of the various sugars was 11 .O to 
11.2. Commercial sugar, recrystallized; purity verified by chromatography and optical rotation. 

Aside from the inososes, the most reactive compound studied is the disaccharide 

turanose (3-O-Dghrcopyranosyl-D-fructose), which is about 23 times as reactive as 

D-fructose. Turanose differs from the more common disaccharides in that it is peculiarly 

susceptible to hydrolysis - 46, as are other 3-substituted hexoses’. Its unusuaIIy high 

sensitivity to alkaline hydrolysis can be accounted for by its high rate of enolization, 
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as shown by the tritium uptake, and by the fact that, in the l,Zenediol, the D-glUCOSy1 

group at C-3 is beta to the enohc hydroxyl group at C-l. Presumably, the alkaline 
cleavage of turanose (1, Fig. 5) yields the enol(2) of 3-deoxy-D-erythro-hexosulose (3) 
and D-glucose. Formation of this enol from the 1,2-enediol of 1 does not involve 

C%OH 0 A-OH 

I 
c=o 

I 
GOCH I?0 

I 2 
HCOH HCOH 

I I 
HCOH HCOH 

I I 
CH20H CH20H 

1 1,2-Enedlol 

-OH 

*I 
H CH 

I - 
H&H 

I 
HCOH 

I 
CH,OH 

3 

+=OH 

‘P C OH 

dH 
I (+o-glucose~ 

HCOH 

I 
HCOH I 

I 
CHzOH 

2 

HOC=0 

I 
H*COH 

I 
H%H 

I 
HCOH 

I 
tiCOH 

I 
CHzOH 

0 

3-Deoxy-o-erytbro-hexosulose Metosocchork 
acid 

Fig. 5. Hypothetical course of the hydrolysis of turanose in alkaline solution. (G is U-D-&CO- 

PY=nosYl-) 

incorporation of hydrogen, but the subsequent ketonization step (to 3) does. Thus, 
the hypothetical 3-deoxy-D-erythro-hexostdose (3) derived from turanose in water-? 
should become labeled with tritium at C-l (from the reversible 1,2-enolization) and 
at C-3 (from the ketonization of 2). Also, the metasaccharinic acid (4), formed by 
subsequent rearrangement, should become labeled at C-2 and C-3, but, so far as 
is known to the authors, this subject has not yet been investigated. 

In the foregoing discussion, it has been assumed that the reactions take place 
through enolization, with incorporation of tritium from the environment by the 
reverse reaction. However, evidence is accumulating that some related transformations 
of sugars may follow other paths. Thus, the conversion of D-fructose-l-t 6-phosphate 
into D-glUCOSe-1?-t B-phosphate by phosphoglucose isomerase takes place in water 
with loss (to the water, by exchange) of only part of the tritium, and direct transfer 
of the remainder to C-2 of the product I5 The direct transfer (which predominates . 

at low temperatures) was interpreted in terms of an enediol mechanism in which a 
basic group associated with the enzyme removes the hydrogen or tritium atom on 
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C-l of the substrate and transfers it to C-2 of the product. It was recently reported 
that D-glucose 3-phosphate, in slightly alkaline deuterium oxide, yields 3-deoxy-D- 
erythro-hexosulose without incorporation of deuterium47. The authors explained this 
important observation as being the result of an intramolecular shift of a hydride 
ion from C-2 to C-3. 

ExFERIhfENTAL 

Small, glass vials containing lOO+mole quantities of a sugar were sealed with 
rubber caps, and a hypodermic needle was inserted in each cap. The vials were placed 
in a desiccator, which was then alternately evacuated and filled with oxygen-free 
nitrogen. Evacuation and Gluing with nitrogen were successively repeated several 
times. 

Anhydrous sodium carbonate (265 mg) was weighed into a lO-ml vial; this was 
closed with a rubber cap, and filled with nitrogen as described above. 

Water-t (9.97 mCi/ml) was placed in a round-bottomed flask having a standard- 
taper neck and a rubber-capped side-arm. The flask was connected through a stopper 
and stopcock to a vacuum pump (protected by a trap at low temperature), and also 
to a source of oxygen-free nitrogen. While the contents were swirled by hand, the 
flask was alternately evacuated and filled with nitrogen; the process was repeated 
several times. 

With the flask open to the nitrogen source, water-f was withdrawn by needle 
through the cap of the side-arm into a micrometer buret, and 5 ml was injected into 
the vial (with attached vent-needle) containing sodium carbonate under nitrogen. 
After dissolution of the salt, the resulting solution of sodium carbonate in water-t 
was withdrawn by needle into another micrometer buret, for use in the enolization 
measurements. (The molarity of a solution prepared with ordinary distilled water 
and the same proportion of sodium carbonate was 0.5, and the pH was 11.56.) 

A 0.5-ml quantity of the oxygen-free, 0.5~ solution of sodium carbonate in 
water-l was added to each of ten nitrogen-filled vials containing 100 qoles of a 
sugar. (Each set included two vials containing sucrose, which was used as a blank.) 
The vent needles were withdrawn, and the vials were placed in a bath at 25” for periods 
ranging from 2 to 7 h. After a suitable reaction-time, each vial was opened, and 1 ml 
of water-t (from the lot used in preparing the sodium carbonate solution) was added, 
followed by 0.5 g of vacuum-dried, strong cation-exchange resin (H+ form). After 
evolution of carbon dioxide had ceased, the vial was re-capped and kept in a shaker 
for 10 min. The suspension was then filtered under vacuum into a lOO-ml, round- 
bottomed flask, and the resin and vial were thoroughly washed with distilled water. 
The filtrate and washings were combined and freeze-dried, the residue was dissolved 
in water, and the solution was transferred to a standard-taper test-tube. In order to 
remove labile tritium, the ten solutions were simultaneously evaporated in a com- 
mercial, rotary, vacuum distillation apparatus and repeatedly re-dissolved and re- 
evaporated. Finally, each residue was thoroughly dried and assayed for radioactivity 

Curbohyd. Res., 9 (1969) 163-175 



174 H. S. ISBELL, H. L. FRUSH, C. W. R. WADE, C. E. HUNTER 

as described next. All operations were conducted in an efficient hood. Water-t 
vapors were carefully trapped, and the resulting. liquid was ultimately discarded in 
the approved manner. 

The tritium uptake was calculated from the radioactivity of the sample and tRe 
specik radioactivity of the water-t. In each experiment, the sample, prepared as 
described above, was dissolved in 1 ml of water, and two lOO-~1 aliquots (each 
10 pmoles) were assayed for radioactivity in a liquid scintillation counter. The sucrose 
samples were similarly analyzed, and the relatively small count (usually 3-4 counts 
per second) was deducted as a blank. All samples were counted to a probable statistical 
error of less than 1% (10,000 counts). Each value given in the Tables is the average 
of at least three experiments. The following are data from a typical determination of 
tritium uptake (for D-fructose): net counts per second per 10 ,umoles of sugar 201.0 (A); 
counts per second per IO pequivalents of H* (calculated from analysis of original 
H*20) 9,950 (6); uptake of H* (equivalents per mole of sugar) 0.0202 (A/B): duration 
of reaction 4.1 h; rate of uptake of H* (equivalents per mole of sugar per h) 0.0049. 
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ABSTRACT 

Long treatment (6 to 14 days) of mono- or di-ketoinositols with phenylhydrazine 
at room temperature produces, in addition to the corresponding osazone, a red enolic 
by-product of known structure, namely, DL-.uylo-2-oxo-1,3-bis(phenylhydrazono)- 
cyclohexane-4,5,6-triol. Thus, the oxidation mixture from D-inositol affords the red 
product in 22% yield; the yields of red by-product from other stereoisomers are as 
follows: from L-inositol (24%), from myo-inositol (15%), and from epi-inositol (8%). 
Treatment of mono- or di-ketoquebrachitol with phenylhydrazine gives a new, red 
enolic compound, ~-xylo-4-O-methyl-Zoxo-l,3-bis(phenylhydrazonojcyclohexane- 
4,5,6-trio1 in 3% yield; mono- or di-ketopinitol gives D-xy&5-o-methyl-2-0x0-1,3- 

bis(phenylhydrazono)cyclohexane-4,5,6-trio1 in 5% yield. The possible reaction 
pathways for their formation are discussed_ 

INTRODUCTION 

The preparation of the phenylosazones of D- and L-myo-inosose-1**, mya- 
inosose-2, and DL-epi-inosose-2 by bromine oxidation of the corresponding inositols, 
followed by treatment with phenylhydrazine, was recently reported’. Processing of 
the crude products has now revealed the presence, in common, of a red, enolic 
impurity which has been identified as a compound having a known structure2~3, 
namely, ~~-xylo-2-oxo-l,3-bis(phenylhydrazono)cyclohexane-4,5,6-~ol (5P5a), first 
prepared4 from myo-inositol by oxidation with nitric acid, enohzation of the product, 
and treatment with phenylhydrazine. 

One possible way by which compound 5a could be formed from D- or L-inositol 
is as follows. Extensive oxidation of, for example, D-inositol (l), either by Acetubacter 

mboxydms5 or by aqueous sodium hypobromite’, produces diketoinositol 2 (not 
isolated in crystalline form) and, in the presence of a base, the latter enolizes to the 

*Part IV. Methods in Inositol Chemistry. For Part III, see A. J. FATIADI. Ref. 1. 
**The nomenclature used in this paper for this and other inositol derivatives is based on the system 
of H. Ci. FLETCHER, JF,., L. ANDERSON, AND H. A. LARDY [J. Org. Chem., 12 (1951) 1238; see also 
G. POST AND L. ANDERSON, J. Amer. Chem. Sot., 84 (1962) 4711. 
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known4 intermediate 3; conversion of 2 into 3 follows the general pattern of enolization 
of isomeric diketoinositols4. 

As reported4, treatment of 3 with phenylhydrazine and aqueous acetic r.cid 

provides Sa directly, indicating oxidation of 3 to triketoinositol 4, and the htter, 
as known4, condenses with phenylhydrazine in the cold to give 5a in high yield It is, 
however, possible that conversion of 3 into 4 in the presence of phenylhydrazine 

(base) and oxygen (air) may involve a radical intermediate6; search for evidence in 

support of this possibility is in progress. Similar processing of crude inosose phenyl- 
osazones from L-quebrachitol (I-O-methyl-Zmo-inositol, 9) or D-pinitol (SO-methyl- 

&xrro-inositol, lo), prepared as described previously’, revealed the presence of 

another colored enolic impurity of type 5a in each, with the structures shown 
in 6 and 7, respectively; these compounds were isolated with difficulty in 

low yields. 

RESUL.ls AND DISCUSSION 

The identity of the red impurities invariably formed during the preparation of 
inosose phenylhydrazones, or during the conversion of these into the osazones, 

is a problem of long standing. 
In the present study, a solution of an inosose or a diketoinositol in aqueous 

acetic acid was treated with an excess of phenylhydrazine, and the mixture was 
exposed to air for 6-14 days. The purpose of this procedure was to obtain an “over- 

oxidized”, crude inosose phenylosazone containing a maximal proportion of the red 
by-product. Application of heat (water bath at 60-90°) did not raise the yield of the 
by-product. In general, formation of the red by-product, particularly that from an 
inosose or inosose phenylhydrazone, is a rather slow process; the highest yield of the 
by-product has been isolated from reaction mixtures kept at room temperature_ 

Isolation of compounds 5a, 6, or 7 from crude inosose phenylosazones indicates 
that the inositois examined, having one axial group (or two) in the orrho or meta 

positions [m,,o (one); D-, L-, or their monomethyl ethers (two, o&o), or epi (two, 
m&z)], regardless of stereochemical factors favoring oxidation’ of their axial hydroxyl 

groups*, are all converted into triketoinositols having the thermodynamically stable 
xyZo con@urations. From this, it may be predicted a priori that muco-inositol should 
give a stable triketoinositol having the X& configuration, because of the presence of 

three consecutive, axial hydroxyl groups and a suitable configuration of the remaining 
hydroxyl groups. It would be of interest to extend this study to other isomericinositols, 

for example, nea- (two axial hydroxyl groups in para position) or allo-, cis-, or rnuco- 

inositols (each having three axial hydroxyl groups), in order to (I) correlate the rela- 
tionship between kinetic and thermodynamic control during the oxidation or enoliza- 
tion, and (2) determine the stability of triketoinositols formed from inositols having 

other than the xylo configuration. 

As pointed out previously4, compound 3 is the enantiomorph of DL-xyZo- 
pentahydroxy-2_cyclohexen-I-one. In nonionic derivatives formed from this enolic 
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acid (3), the configuration is DL-x~Z~ (racemic, unless only one enantiomorph is 
formed), depending on the position of the carbonyl group (C-l or C-3). Consequently, 
derivatives from 3 (or its enantiomorph), for example, enolic 1,3_bis(phenylhydrazone) 

Ho@; Meo&> \ N< 
Ph Ph 

6 7 

3 

N-N 
5a \ 

Ph 

NHPh 

8 

5a, have a dissymmetric structure also. Starting from optically active D-inositol (1) 
(or L-inositol), formation of an optically active 1,3_bis(phenylhydrazone) of type Sa 
would be expected; however, the red by-product obtained shows no OptiGalactivity, 
and must therefore be racemic. The only logical explanation for formation of Dr.-1,3- 
bis(phenylhydrazone) 5a is that simultaneous enolization of the diketoinositol 2 

toward C-3 and C-6 occurs. Periodate oxidation of 5a confirms the proposed structure; 
consumption of two moles of periodic acid per mole of 5a, as known2, yields a 
dialdehyde which, on cyclization and dehydration, gives a pyridazine derivative 
whose structure has been established2. Thus, characterization of r>~-x3&-2-0x0-1,3- 
bis@henylhydrazono)cyclohexane-4,5,6-trio1 (5a and its enantiomorph) as a product 
from D-inositol or its stereoisomers (~Jw-, epi-, or r_-inositol, which yield the same 
product) has now been fully established. 

Detailed examination of thin-layer chromatograms of crude inosose phenyl- 
osazones from L-quebrachitol (9) and D-pinitol (10) revealed the presence of at least 
six colored components (see Experimental). The presence of these by-products 
indicates occurrence of at least two competitive enolization reactions that cau yield 
two different 0-methylbis(phenylhydrazones), and this accounts for two fast-moving, 
orange-red components observed on the chromatograms. The third material (slow- 
moving, cherry-red spot) has also been found in crude 0-methylinosose phenyl- 
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osazones. This compound has been identified as 5a (direct isolation); it apparently 
arises from scission of the O-methyl group, following the condensation with phenyl- 
hydrazine of the corresponding inosose from D- or L-inositol. The yellow spots 

OH OH 

oii 
o-Pimtol (10) 

OH 

OH 

11 

on the chromatogram (in increasing order of their mobility) are found to be derived 
from (a) either D- or L-myo-inosose-1 phenylosazone, apparently attributable to 

scission of the O-methyl group (direct isolation and comparison), (b) the parent 
0-methylinosose phenylosazones (direct comparison), or (c) an unknown osazone 
(probably an elimination product). 

Careful examination of U.V. and visible spectra of crude inosose phenylosazones 
or their column-separated fractions revealed only a trace absorption above 510 nm, 
thus excluding the presence of conjugated phenyko components of high moIecular 
weight3*‘. 

If it is assumed that oxidation of D-pinitol (10) occurs at C-2 and C-3, enoliza- 

tion may proceed either toward C-4 or C-l, and either of the resulting enols can be 
converted into bis(phenylhydrazones) of type 5a with retention of the O-methyl 
group. In the fist case (enolization toward C-4, attachment of phenylhydrazono 
groups at C-2 and C-4), the compound will be identical, even to the extent of being 
the same enantiomorph, with the one (6) from L-quebrachitol(9). In the second case 
(enolization toward C-l, attachment of phenylhydrazono groups at C-3 and C-i), 
the product will be the position isomer, xylo-S-O-methyl-1,3_bis(phenylhydrazone) (7). 
Since the structure is dissymmetric, it should be designated as D-xylo-5-O-methyl-Z!- 
oxo-1,3-bis(phenylhydrazone) (7). It has now been found that enolization of the 
oxidation product from D-pinitol proceeds mainly toward C-l, to give compound 7 
having a positive optical rotation. However, the thin-layer cbromatogram (see 
Experimental) definitely shows the presence of a small proportion of a second com- 
ponent having an RS value matching that of the position isomer L-xyZo40-methyl-2- 
oxo-1,3-bis@henylhydrazone) (6), thus confkming two-way enolization as predicted 
for D-pinitol. 

Enolization of the oxidation product from L-quebrachitol (9) (assuming that 
oxidation occurs at C-3 and C-4) toward C-2 (attachment of phenylhydrazono groups 
at C-2 and C-3), is expected to give as the major product (also dissymmetric) L-xyZo- 
4-0-methyl-2-oxo-1,3_bis(phenylhydrazone) (6). This compound has actually been 
isolated, and has been found to have a negative optical rotation. However, enolization 
of the oxidation product from L-quebrachitol (9) toward C-5 should theoretically 
give an enolic intermediate -11, having the rjxo configuration. In fact, the position 
isomer ~-xyPo-5-O-methyl-2-oxo-l,3-bis@henyihydrazone) (7) (attachment of phenyl- 
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hydrazono groups at C-4 and C-5 in 9) has been isolated by the use of preparative 
t.1.c. Formation of the more stable xylo isomer 7 can be envisaged as occurring by 
Walden inversion at C-4 of compound 11. Further confirmation of the structure of 
compounds 6 and 7 has been obtained from periodate oxidation; one mole of 
compound 6 consumed one mole of periodic acid, whereas compound 7 showed 
practically no consumption of periodic acid. 

Interestingly, prolonged treatment of an aqueous solution of a diketoquercitol 
[obtained after hypobror&e or Acetobncrer suboxydms oxidatiorz of {+)-proto- 
quercitol*] with phenylhydrazine yielded a yellow phenylosazone 8 [n.m.r_ spectrum 
in Me,SO-d,, r -2.60 (N-H chelated), - 1.00 (N-H, non&elated)], almost free from 
colored by-products. This observation indicates the stability of the ~ylo configuration 
in the diketoquercitol, also. It appears, therefore, that enolization of diketones derived 
from cyclohexanepentols and having the xyZo configuration is less probable than 
enoiization of those from inositols. 

Formation of colored by-products arising during the preparation of sugar 
phenylosazones can reportedly” be suppressed by the addition of sodium hydrogen 
sulfite; however, the reagent has no effect on crude inosose phenylosazones, indicating 
that the colored by-products have a different character. Formation of the red by- 
product was, however, indeed suppressed by treatment of the crude inosose phenyl- 
osazone with a warm, aqueous ethanolic solution of sodium hydrostite’ (Na,S,O,); 
this reaction wilI be discussed in a later communication. 

EXPERIMENTAL 

N.m.r. spectra were recorded with a Varian A-60 spectrometer, with tetra- 
methylsilane (r = 10.00) as the internal standard. 1-r. spectra were recorded with 
a Perk&Elmer Model 257 i-r. grating spectrophotometer**, and U.V. spectra with 
a Beckman DK-2 spectrophotometer **. T.1.c. was performed on activated silica gel G 
or alumina (5 x 20 or 20 x 20 cm plates, 250 pm thick; 1 mm thick for preparative 
t.1.c.) for 60 min. A t.1.c. tank of appropriate size was covered on the inside (about 
75% of its surface) with Whatman No. 1 paper saturated with the solvent used, in 
order to maintain homogeneity (solvent saturation) within the vessel; this technique 
helped considerably in providing reproducible RF values. If solvent-saturated paper 
was not present in the developing vessel, inconsistent RF values were obtained. In 
all cases, freshly prepared solvent mixtures were used. Column chromatography was 
performed on Fforisil ** (100-200 mesh, Floridan Co., Philadelphia, Pennsylvania) 
or on neutral alumina. Separations on columns were monitored by t.1.c. on microscope 
slides. Analyses were made by Rolf A. Paulson and William Schmidt of the Micro- 
chemical AnaIysis Section, N.B.S. 

*(C)-proto-Quercitol is named (+)-l-deoxy-muco-inositol by the Fletcher-Anderson-tidy system. 
**Certain commercial instruments or materiaIs are mentioned in this paper; this does not imply 
recommendation or endorsement by the National Bureau of Standards. 

Carbahyd. Res.. 9 (1969) 177-185 



182 A. J. FATIADI 

Preparation of DL-xyIo-2-oxo-Z,3-bis(phenylhydrazono)cycIohexane~,5,6-trioi 
(Sa) from D-bzositol - An ice-cold solution of 6 g (33 mmoles) of D-inositol (1) in 

water (50 ml) containing sodium acetate trihydrate (14 g) was oxidized with bromine 
(8 g) according to a published procedure ‘. After 24 h, sodium acetate trihydrate (4 g) 

and acetic acid (18 ml) were added, and the excess of bromine was removed by 
bubbling in an ethylene-air mixture. The clear solution was diluted with an equal 

volume of water and then with methanol (400 ml), and phenylhydrazine (10 ml) was 

added. The mixture was kept for 14 days at room temperature with occasional 
stirring; the dark-red solid was collected, washed with water, and dried in the air. 

The yield of crude phenylosazone, containing 5a, was 4.5 g. 
Alternatively, a solution of 3 g of D-inositol (1) in water (150 ml) containing 

yeast extract (900 mg) and D-glucitol (150 mg) was oxidized with Acetobacter 
suboxydans for 7 days at 30”. The reaction mixture was then treated with saturated, 
aqueous lead acetate solution (2 ml) and Celite (10 g), and stirred vigorously for 

30 min. The suspension was filtered through a layer of Celite and charcoal, and the 

clear filtrate was diluted with water (300 ml), glacial acetic acid (10 ml), and methanol 

(200 ml). Phenylhydrazine (6 ml) was added, and the mixture was kept for 14 days 
at room temperature. The yield of dark-red solid phenylosazone containing 5a was 

2.5 g. 
T.1.c. for 60 min [with 41: 1 (v/v) benzene-acetic acid-butanone (solvent A)] 

of the crude product from both oxidation procedures revealed the presence of the 

same component at RF 0.44 +0.02*, identical with 5a; the intensity of the red spot, 
which is not fluorescent, slowly weakens on exposure to light. The mixture also gives 

a yellow spot at RF 0.14 +O.Ol (identical with that for L-inosose-1 phenylosazone) and 
contains unknown, colored impurities, which give a lilac spot at R, 0.84 +0.02, an 

olive-orange spot at RF 0.71 t0.02, a yellow spot at R, 0.59 kO.01, and a yehow spot 

at RF 0.50 +O.Ol. 
A solution of the crude product (1 g, from the bromine oxidation) in ethyl 

acetate (60 ml) was introduced onto a column of Florisil(4 x 45 cm) and eluted with 
1:l (v/v) heptane-ethyl acetate. The cherry-red zone (which followed a faster-moving, 
brown-red zone) was coliected, and evaporated to dryness, to give crude 5a, yield 

220 mg (22%). A sample recrystallized from methanol gave dark-red needles, m.p. 

183-185” (shrinking at 177”); t.1.c. with 2:l:l (v/v) benzene-acetic acid-butanone 
(solvent B), RF 0.66 20.02; 1~~~” 251 (E _ 19,250); 292 (sh) (E ~6,300), and 482 nm 

(E -34,800); n.m.r. data (Me,SO-d,); T -4.42 and -4.33 (chelated N-H), z -1.35 

and -0.92 (nonchelated N-H); vfrn2L 3400 s (OH, NH), 1600 s (phenyl ring), 1572 m 
(N=N), 1432 m (N=N), 1547 (N-N, bending), and 1160 cm-’ @‘h-N)‘; finger- 

print region: 1510 sh, 1500 s, 1462 s, 1395 w, 1340 w, 1310 w, 1220 s, 1100 m, 1090 m., 
1068 s, 1030 w, 992 m, 960 w, 890 m, 855 m, 828 m, 780 m, 756 s, 700 s, and 672 w cm-‘. 

The compound was identical with an authentic sample3B4*’ of 5a. 

*Values reported are averages of four dete rroinations with the mean deviations indicated. 
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Processing of an identical, crude product obtained by oxidation with Acetobacfer 
suboxycians gave 5a in 18% yield. Similarly, a crude product obtained from L-inositol 
(bromine oxidation, followed by treatment with phenylhydrazine for 14 days) gave 5a 
in 24% yield; myo-inositol (crude DL-n?yo-inosose-1 phenylosazone, 14 days) gave 5a 
in 16% yield, and epi-inositol (crude DL-epi-inosose-2 phenylosazone, 12 days) gave 5a 
in 8% yield. 

Consumption of periodic acid=. - The 1,3-bis(phenylhydrazone) 5a (35.5 mg, 
10 mmoles) in 85% aqueous methanol (97 ml) was treated with aqueous periodic 
acid (3 ml of 536.2 mnr) at room temperature. An aliquot (10 ml) was withdrawn 
and analyzed every 15 min (6 determinations). The excess of periodic acid was 
determined with sodium arsenite; 2.79 ml of the &rant (100.3 mu) was consumed; 
the average consumption of periodic acid per mole of 5a was 2.10 moles. 

Preparation of D-xylo-5-O-methyl-2-oxo-1,3-bis(phenylhydrazono)cycZolrex~e- 
4,X6-trio1 (7). -A precooled (5”) solution of 6 g (31 mmoles) of D-pinitol (S-O-methyl- 
dexiro-inositol) (10) and sodium acetate trihydrate (14 g) in 50 ml of water was treated 
with bromine (8 g) by a published procedurel. The solution was then diluted with 
water (1 liter) and acetic acid (18 ml), treated with phenylhydrazine (10 ml), and kept 
for 7 days at room temperature with occasional stirring; the yield of dark-red solid 
(containing phenylosazone and 7 was 4.3 g. T.1.c. (solvent A) of the crude product 
showed the following components: a lilac spot at RF 0.79 to.02 (unknown), an 
olive-orange spot at RF 0.73 +0.02 (unknown), an orange-red spot at RF 0.64 kO.02 
(identical with that for 7), an orange-red spot at RF 0.58 fO.O1 (identical with that 
for 6); a cherry-red spot at R, 0.45 -t-O.02 (identical with that for 5a), a yellow spot 
at RF 0.25 to.01 (identical with that for D-pin&O1 osazone), and a yellow spot at 
RF 0.14 +O.Ol (identical with that for L-inosose-1 phenylosazone). The corresponding 
RF values of the crude product in solvent B were: 0.85 kO.02; 0.83 kO.01; 0.76 kO.02; 
0.72 rtO.03; 0.67 kO.02; 0.54 kO.01; and 0.44 +O.Ol. 

A filtered solution of the crude product (1 g) in ethyl acetate (50 ml) was 
introduced onto a column of Florisil (4 x 45 cm), and eluted with 1:l (v/v) heptane- 
ethyl acetate. A dark-red zone was collected in three fractions: a forerun (25 ml, 
discarded), the main fraction, and a slower-moving third fraction (C). The second 
fraction was concentrated to about 30 ml, introduced onto a column of neutral 
alumina (3 x 40 cm), and eluted with 4:l (v/v) benzene-methanol. The dark-red zone 
was resolved into two bands: a faster-moving component (A) and a slower-moving 
component (B). The solution of component A was evaporated to dryness, and the 
residue was recrystallized from 2: 1 (v/v) benzene-methanol, and then from methanol, 
to give small, dark-red orystals of 7; yield 50 mg (5%), m.p. 214-216O (dec., shrinks at 
198”), [&’ + 288 + 20” [c 0.005, 1: 1 (v/v) ethanol-p-dioxane] ; RF 0.64 40.02 
(solvent A), RF 0.76 f0.02 (solvent B); dads” 250 (a N l&200), 288 sh (E N5,SOO), 
and 480 nm (E -33,500); n.m.r. data (Me,SO-d,): z -2.75 and -2.48 (chelated 
N-H), z -0.80 and -0.62 (nonchelated N-H); $2: 3400 (OH, NH), 1650 w (C =N), 
1600 s (phenyl ring), 1570 m (N =N), 1438 w (N =N), 1538 w (N-H, bending), 
1168 (Ph-N)‘, and a quartet at 1120 s, 1090 s, 1070 s, and 1060 m cm-’ (CHz-O- 
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CH,)“; fingerprint region: 1510 w, 1500 s, 1460 s, 1360 w, 1320 w, 1310 w, 1290 w, 
1212 s, 1030 s, 960 m, 900 w, 870 w, 850 w, 825 s, 800 w, 755 s, 695 s, and 650 cm-‘; 
uptake of periodic acid 0.18 mole per mole of 7. 

Anal. CaIc. for C19HZoN404: C, 61.94; H, 5.47; N, 15.21. Found: C, 61.88; 
H, 5.60; N, 15.25. 

Evaporation of the fraction containing component B, gave an orange-redsolid 
which, on recrystallization from benzene-methanol gave red plates; yield 15 mg (1.5%); 
RF (solvent A) 0.59 f0.01; the U.V. and i-r. spectra were identical with those of the 
isomeric bis(phenylhydrazone) 6. A smaller volume (5 ml) of a solution of components 
A and B was successfully separated by preparative t.1.c. on alumina (20 x 20 cm) 
with 4:1 (v/v) benzene-methanol to give CCI. 1.5 mg. of bis@henylhydrazone) 6 and 
2.8 mg of 7. The original third fraction (C) was chromatographed on alumina with 
1:l (v/v) benzene-methanol. Concentration of the eluate to a small volume (0.75 ml) 
and storage for 72 h at room temperature gave red needles of 5a; yield 2 mg (0.2%). 

t-xylo4-O-~ethyZ-2-oxo-Z,3-bis(phenylhydrazono)cyclohexone-4,5,6-~rioI (6). 
- A precooled solution of 6 g (31 mmoles) of t-quebrachitol (I-O-methyl-Zao- 
inositol) (9) in water was oxidized with bromine, and treated with phenylhydrazine 
for 7 days by the procedure described for compound 7. The yield of cherry-red solid 
(containing phenylosazone and compound 6) was 4.5 g. T.1.c. (solvent A) of the crude 
product showed a lilac spot at RF 0.81 +0.02 (unknown), an olive-orange spot at 
RF0.76 kO.02 (unknown), an orange-red spot at RF 0.66 +0.02 (identical with 
that for 7), an orange-red spot at RF 0.59 _tO.Ol (identical with that for 6), a cherry- 
red spot at RF 0.44 f0.02 (identical with that for Sa), a yellow spot at & 0.23 &O.Ol 
(identical with that for L-quebrachitol phenylosazone), and a yellow spot at RF 0.13 
L-O.02 (identical with that for D-kIOSOSe-1 phenylosazone). The corresponding RF 

values of the crude product in solvent B were: 0.86 f0.02, 0.83 &-0.02, 0.77 +O.Ol, 
0.72 &O-02,0.66 _+0.02,0.59 t0.02, and 0.43 kO.02. The crude mixture also showed 
a yellow spot at RF 0.32 20.02 (solvent A, unknown osazone) which was not detect- 

able by use of solvent I?. 
The crude material (1 g) was chromatographed on Florisil [1: 1 (v/v) heptane- 

ethyl acetate] and neutral altina [4:1 (v/v) benzene-methanol] by the procedure 
described for compound 7. A dark-red zone was collected in three fractions. The 
second fraction was chromatographed on alumina, and was separated into a faster- 
moving component (A) and a slower-moving component (B). The solution of B was 
evaporated to dryness, to give an orange-red powder which, on successive recrystai- 
libation from 2:1 (v/v) benzene-methanol and methanol gave lustrous, cherry-red 
plates of 6; yield 30 mg (3%), m.p. 158-160”, [a];’ -372 420” [c 0.005, 1:l (v/v) 
ethanol-pdioxane]; RF 0.58 40.01 (solvent A); RF 0.72 kO.03 (solvent B); AzazH 251 
(E -2O,OGO), 290 sh (E ~7,100) and 478 nm (E ~33,000); n.m.r. data (in Me2SO-d,): 
r -3.00 and -2.82 (chelated N-H), ‘c LOO- and -0.76 (nonchelated N-H); 
6: (cm-‘) 3360 s (OH, NH), 1650 w (C=N), 1562 m (N=N), 1436 w (N=N), 
1548 (N-H, bending), 1160 s (Ph-N)‘, triplet at 1095 w, 1090 m, and 1065 m cm-l 
(CH,-0-CH#‘; fingerprint region: 1610 w, 1492 s, 1460 m, 1330 sh, 1300 sh, 1250 s, 
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1210~,1030w,995sh,S90 m, 85Ow,83Ow,75Os, and 695s cm-‘;uptakeofperiodic 
acid, 1.2 moles per mole of 6. 

Anal. Calc. for &,H,,N,O,: C, 61.94; H, 5.47; N, 15.21. Found: C, 61.83; 
H, 5.55; N, 15.18. 

Evaporation of the fraction containing component A gave an orange-red 
powder which, on recrystallization from benzene-methanol, gave a xmicro-crystalline 
powder; yield 28 mg (2.8%); R, (solvent A) 0.64 +0.02; the U.V. and i.r. spectra were 
identical with those of the isomeric bis(phenylhydrazone) 7. The originaI third fraction 
was purified by column chromatography (alumina) to give red prisms of 5a; yield 
S mg (0.8%). 
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THE ACTION OF BROMINE ON TETRA-O-ACETYL-l-S-ACETYL-l-THIO- 
D-D-GLUCOPYRANOSE. FORMATION AND DECOMPOSITION OF TETRA- 
O-ACETYL-B-D-GLUCOPYRANOSYLSULFENYL BROMIDE*t 

R. H. BELL AND D. HORTON** 

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210 (U.S. A.) 

(Received August 1 Sth, 1968) 

ABSTXACT 

Treatment of either tetra-O-acetyl-l-S-acetyl-l-thio-j?-D-glucopyranose (1) or 
rert-butyl tetra-O-acetyl-1-thio-8-Dglucopyranoside (6) with a >3-molar excess of 
bromine in carbon tetrachloride or pure chloroform, at -10” for l-3 min, gives 
tetra- U-acetyl-j?-D-glucopyranosylsulfenyl bromide (2) in quantitative yield; prolonged 
exposure to bromine at room temperature converts the product 2 into tetra-o-acetyl- 
cc-D-glucopyranosyl bromide (3). Slow addition of bromine to the I-thioglycoside 6 in 
carbon tetrachloride, or bromination of the thiolacetate 1 in reagent-grade chloro- 
form, gives bis(tetra-O-acetyl-j?-D-glucopyranosyl) disulfide (4), also obtainable by 
treating the sulfenyl bromide 2 with dry ethanol or with the I-thioglycoside 6. Oxid- 
ation of the disulfide 4 with m-chloroperoxybenzoic acid gives a mono-oxide deriva- 
tive 5, also obtainable by treating the sulfenyl bromide 2 with water or 95% ethanol. 
The disulfide 4 and its mono-oxide 5 were both converted into the bromide 3 by 
prolonged exposure to bromine at room temperature. 

RESULTS AND DISCUSSION 

It has been shown in earlier work from this laboratory that brief treatment of 
tetra-O-acetyl-l-S-acetyl-l-thio-~-D-gluGopyranose (1) with an excess of bromine 
in carbon tetrachloride gives the crystalline, unstable tetra-O-acetyl-/3-D-gluco- 
pyranosylsulfenyl bromide’ (2). The bivalent sulfur atom in this derivative displays 
electrophilic character and can attack various types of electron-rich centers2-4. The 
present report describes a detailed study of reactions leading to the sulfenyl bromide 2 
and to its subsequent decomposition by the reagent or by various solvents. A con- 
venient procedure forpreparing 2 in quantity is also described. 

Preparation of the sulfenyl bromide 2 by bromination of the thiolacetate 1 in 

*Preliminary report, R. H. BELL AND D. HORTON, Abstracts Papers Amer. Chem. Sot. Me&g, 156 
(1968) CARB 8; see also, refs. l-4. 
%pported, in part, by the Agricultural Research Service, U. S. Department of Agricutture, Grants 
No. 12-14-IOO-7208(71) and 12-14-IOO-9201(71) (O.S.U.R.F. Projects 1827 and 2573) administered 
by the Northern Utilization Research and Development Division, Peoria, Illinois. 
**To whom inquiries should be addressed. 

Carbohyd. Res., 9 (1969) 187-199 



188 R. H. BELL, D. HORTON 

carbon tetrachloride for 5 min at room temperature, as described in the original 
report’, gives crystalline product when the reaction is performed on a scale of 250- 
500 mg, but erratic results are obtained when the scale of the preparation is increased, 
or other solvents are used; side-products appear to be formed concurrently with 2, 
and decomposition of 2 may take place during attempted isolation. In order to establish 
optimal conditions for the preparation of 2, and to determine the nature of any side- 
products, the course of the reaction of 1 with bromine was followed by n.m.r. spectro- 
scopy. The n.m.r. technique was chosen in preference to thin-layer chromatography 
(t.1.c.) for monitoring the reaction, because the highly reactive sulfenyl bromide 2 
would almost certainly undergo decomposition in contact with the chromatographic 
adsorbent. Detailed n.m.r. spectral correlations of acetylated I-thioaldopyranose? 
and acetylated glycosyl halide? have been made in this laboratory, and the presence 
of either of these species in the reaction mixture could be detected readily by the 
presence of characteristic spectral signals. 

Treatment of the thiolacetate 1 in carbon tetrachloride at k40” with a 3-molar 
excess of bromine caused complete cleavage of the S-acetyl group from 1 within 
1 min, as shown by the disappearance of the 3-proton singlet at 5 7.59 @AC)* observed 
in the spectrum of 1, and the appearance of a signal corresponding to acetyl bromide 
at T 7.19. Tetra-O-acetyl-a-D-ghrcopyranosyl bromide (3) was definitely absent from 
the reaction mixture at this stage, because no low-fieId doublet (for H-l of 3) was 
observed in the spectrum. The spectrum was consistent with the product’s being the 
sulfenyl bromide 2, and this supposition is supported by the data from elemental 
analysis and the reactivity of the product isolated, which clearly establish that it is 2 
and not bis(tetra-0-acctyl-#SD-glucopyranosyl) disulfide (4). The n.m.r. spectra of 
the sulfenyl bromide 2 and the disulfide 4 differ only in minor details, and in neither 
case can the H-l signal be observed clearly to the low-field side of the “envelope” of 
signals for the methine protons, because the sulfur atom at C-l exerts a much smaller 
deshielding effect than an oxygen or halogen atom’. 

When the reaction mixture was kept at 40°, the initial product 2 began to 
decompose after 34 min, with the formation of the glycosyl bromide 3, and conversion 
of 2 into 3 was complete in 1 hour, as shown by the n.m.r. spectrum. 

For the conversion of 1 into 2, at least a 3-molar excess of bromine, added in 
one portion, was required. When smaller proportions of bromine were used, starting 
material (1) could still be detected, even after several minutes of reaction. 

A convenient method for the preparation of the sulfenyl bromide 2 on a 
50-100 millimolar scale, giving a quantitative yield of crystalline product, consisted 
in conducting the bromination in carbon tetrachloride for 2-3 min at - 10” and 
evaporating the solvent and excess reagent rapidly at 30” with a vacuum pump. 
The product was analytically pure without recrystallization, and could be kept for 
an extended time at the temperature of liquid nitrogen. The compound could be 
recovered from solutions in nonhydroxylic solvents, but was rapidly decomposed 
by traces of moisture or hydroxylic solvents; solutions prepared for optical rotatory 
measurements became more levorotatory on storage, probably because of moisture- 
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catalyzed decomposition. Although the sulfenyl bromide 2 and the disulfide 4 (a 

product of decomposition of 2) can be differentiated from each other by the pattern 

of acetyl-group signals in their n.m.r. spectra, a more convenient method for dis- 
tinguishing 2 from 4 was by i.r. spectroscopy (see Fig. 1). 

Fig. I. The ix. spectra (KBr pellet) of tetra-U-acetyl-p-n-giucopyranosyIsuIfeny1 bromide (2), 
bis(tetra-O-acetyl-B-D-giucopyranosyl) disulfide (4), and bis(tetra-O-acetyl-D-D-glucopyranosyl) 
disulfide mono-oxide (5). 
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Quantitative conversion of the thiolacetate 1. into crystalline 2 could be effected 
under identical conditions by use of pure chloroform (free from water and ethanol) 
as the solvent; the product was identified as 2 by physical data and by treatment with 
cyclohexene to give the crystalline adduct, trans-2-bromo-I-(tetra-O-ace@-/3-D-ghtco- 
pyranosylthio)cyclohexane3.4. Another route to the suEeny1 bromide 2 involves 
treatment of terf-butyl tetra-O-acetyl-l-thio-&D-glucopyranoside (6) in carbon 
tetrachloride with a large excess of bromine for l-2 min at -10”; the reaction gives 
crystalline 2 in quantitative yield. The product was characterized by physical data and 
by treatment with benzenethiol to give phenyl tetra-O-acetyl-P-D-glucopyranosyl 
disuhide3 l 4. 

Treatment of the thiolacetate 1, the sulfenyl bromide 2, or the I-thioglycoside 6 
in carbon tetrachloride with a large excess of bromine for an extended period (30- 
60 h) at room temperature gave the glycosyl bromide 3, as indicated by n.m.r. 
spectroscopy and confirmed by isolation of 3. 

The course of the reaction of the thiolacetate 1 with a large excess of bromine at 
- 10” was changed completely when reagent-grade chloroform (containing 0.75% of 
ethanol and, possibly, some water) was used as the solvent. After 2 min of reaction, 
there was formed a product, isolated crystalline in 79% yield, that was identical with 
a sample of bis(tetra-O-acetyl-P-D-ghtcopyranosyl) disulfide (4) that had been prepared 
from 1 by S-deacetylation followed by oxidative dimerization. The same product was 
also formed in high yield when the I-thioglycoside 6 in carbon tetrachloride was 
treated dropwise with bromine during 3 h. It may be supposed that, in the latter 
reaction, bromine reacts with 6 to give the sulfenyl bromide 2, which then reacts with 
excess I-thioglycoside 6 to give the disulfide 4 and terf-butyl bromide. Such a reaction 

2+6 -+ 4+MesCBr 
would be facilitated by the ease of heterolysis of the C-l-S bond in 6 during attack 
of the electrophilic sulfur atom of 2 on the nucleophilic sulfur atom of 6. Support for 
this mechanism is provided by the observation that, in carbon tetrachloride, compound 
2 reacts with 6 to give the disulfide 4 in high yield, and a volatile tert-butyl derivative 
is produced. 

The sulfenyl bromide 2 was decomposed rapidly by dry ethanol, and the major 
product of reaction after 0.5 h at 25O was the disulfide 4; none of the sulfenyl bromide 2 

could be detected. Water, also, caused rapid decomposition of the sulfenyl bromide 2, 

but in this case the principal crystalline product, isolated in 59% yield, was a compound 
having the empirical formula C2sH3a01&, corresponding to a mono-oxide of the 
disulfide 4; compound 4 was obtained concurrently, in 6% yield. The mono-oxide 
migrated more slowly than 4 on t.l.c., and was absent from the product of reaction 
of 2 with dry ethanol. Separation of the mono-oxide from the distide 4 could be 
effected readily, because of the extremely low solubility of the former in coId ethanol. 
The n.m.r. spectra of 4 and the mono-oxide were very closely similar, and differed 
noticeably only in the pattern of the acetyl-group signals at high resolution; the two 
compounds were readily differentiated, however, by their i.r. spectra (see Fig. 1) 
and X-ray powder diffraction patterns. 
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Oxidation of the disulEde 4 with rn-chloroperoxybenzoic acid gave a mono- 
oxide derivative identical with that obtained by treating 2 with water. An excess of 
the oxidant did not appear to cause oxidation to a more highly oxygenated derivative. 

Treatment df the sulfenyl bromide 2 with 95% ethanol gave a mixture of the-mono- 
oxide and the disulfide 4. 

The mono-oxide may be formulated either as a sulfenic anhydride (R-S-O-S-R) 
or as a thiolsulfinate [R-S-S(O)-R]; the formulation R-O-S-S-R is excluded by the 
n-m-r. data. By analogy with work on simple compounds of related structure’, the 
thiolstinate structure (5) may be considered the more probable, although this 
supposition has not been proved rigorously. A compound having structure 5 should 
be capable of existence in two diastereoisomeric forms. In various preparations of 
the mono-oxide, the crude product had a melting point much lower than that of the 
product after recrystallization from hot ethanol. Possibly, the crude product was a 
different structural isomer of the mono-oxide, or a mixture of diastereoisomers’ of 5. 

Bromination of either the disulfide 4 or the mono-oxide 5 in carbon tetra- 
chloride for 1 day at 35” gave the bromide 3 in high yield. The disulfide 4 was not 
decomposed under the brief conditions of reaction used for preparing the sulfenyl 
bromide 2 from 1 or 6, and only slight conversion of 4 into 3 was observed in the 
experiment in which the I-thioglycoside 6 was converted into 4 by slow addition of 
bromine during 3 h at 25”. 

Formation of the sulfenyl bromide 2 from the rert-butyl thioglucoside 6, as 
well as from the thiolacetate 1, lends support to the mechanistic rationale (see Scheme I) 

originally proposed’ for the formation of 2, based on the heterolysis of an inter- 

Scheme I 

mediate bromosulfonium ion at point b, if Ri is a cation more stable than the glycosyl 
cation that would result from scission at point LI. The fact that the reaction requires 
more than one molecule of bromine per molecule suggests that the actual transition- 
state may involve an additional molecule of bromine that interacts with the bromo- 

sulfonium ion. Conversion of the sulfenyl bromide 2 into the bromide 3 is, predictabiy, 
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to be much less susceptible to 
in 1 or 6. 
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of 2, because the sulfur atom in 2 would be expected 
attack by (positive) bromine than the sulfur atom 

The glycosylstienyl bromide 2 appears to be intermediate in stability between 
’ the extremely reactive alkylsulfenyl bromides’ and the stable arylsulfenyl bromides’. 

A plausible route for formation of the mono-oxide 5 in the reaction of 2 with 
water would involve hydrolysis of one molecule of 2 to the sulfenic acid, followed 

“1 Y RSBt- R-_S-Q 

R-S-k + %O - @O TTEF 
l 

t\ 

I 

H -Her_ u--s-o 

R-S--&- 
R-S -P I 

8 
R-S 

by reaction of the latter with a second molecule of 2 to give the thiolsuhinate. In the 
reaction with ethanol, it is conceivable that the observed disullide 4 may arise by the 
reaction of a molecule of an ethyl sulfenate with a molecule of the sulfenyl bromide, 
with formation of ethyl hypobromite by sulfur-oxygen bond-cleavage, since the 

R-S-Br + EtOH - R-S-OEt - R-S-S-R + EtOBr 
-HBr R-S-Br 

Et-O bond would not be susceptible to abstraction of the Et group by bromide ion. 
These rationalizations have not been proved experimentally. 

Reactions of the sulfenyl bromide 2 with thiols, amines, and alkenes are 
described in the accompanying paper4. 

EXPERIMENTAL. 

General. - Evaporations were performed under diminished pressure. Strict 
precautions were taken to prevent ingress of moisture in all of the bromination 
experiments. Specific rotations were measured in a 2-dm tube. Melting points were 
determined with a Thomas-Hoover Unimelt apparatus. 1.r. spectra were recorded 
with a Perkin-Elmer “Infracord” Model 137 i-r. spectrophotometer, unless specsed 
otherwise. N.m.r. spectra were recorded at 60 or 100 MHz with Varian A-60 or 
HA-100 n.m.r. spectrometers; chemical shifts refer to an internal standard of tetra- 
methylsilane (7 = 10.00). Ultraviolet spectra were recorded with a Bausch and Lomb 
“Spectronic 505” recording spectrometer. Microanalyses were made by W. N. Rond. 
X-Ray powder diffraction data give interplanar spacings, A, for CuKor radiation. The 
camera diameter was 114.59 mm. Relative intensities were estimated visually: m, 
moderate; s, strong; v, very; w, weak. The strongest lines are numbered (1, strongest); 
double numbers indicate approximately equal intensities. T.1.c. was performed with 
Silica Gel G (E. IMerck, Darmstadt, Germany), activated at 120°, as the adsorbent, 
3:l (v/v) dichloromethane-ether as the developer, and sulfuric acid as the indicator. 
Column chromatography was performed with Silica Gel Davison (60-200 mesh, 
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Davison Division of the W. R. Grace Co., Baltimore, Md.), activated at 120°, as 
the adsorbent, with 100 g of adsorbent per g of the mixture to be separated. Columns 
were packed by allowing a slurry of the adsorbent in the eluent (3:l dichloromethane- 
ether) to settle under gravity, and elution was effected without application of pressure 
or suction. The reagent-grade chloroform (J. T. Baker Chemical Co., Phillipsburg, 
N. J.) used was stated to contain 0.75% of ethanol. Purified chloroform, free from 
ethanol and water, was obtained by passing reagent-grade chloroform through a 
column of neutral, Woelm alumina immediately before use. The petroleum ether 
used was a fraction having b.p. 60-110”. 

iV.m.r. spectral study of the reaction of tetra-O-acetyl-l-S-acetyl-l-thio-P_D- 
glucopyranose (1) in carbon tetrachloride with bromine. - A suspension of the thiol- 
acetate9 1 (126 mg) in carbon tetrachloride (1 ml) was prepared in an n.m.r. sample 
tube, and a small drop of tetramethylsilane was added. The spectrum at 60 MHz 
showed a 3-proton singlet at r 7.59 (SAC), peaks (12 protons) at 5 7.92, 7.98, and 
8.00 (OAc), and no signals below r 4.5. From a stock solution of bromine (15.60 g; 
5.0 ml) in carbon tetrachloride (20 ml) a 250911 aliquot (corresponding to 3.1 moles 
of bromine per mole of 1) was added by means of a syringe to the suspension of 1 at 
-40”. The suspended material dissolved rapidly. A scan of the n.m.r. spectrum was 

initiated 60 set after addition of the bromine, and was completed 100 set afterwards. 
The spectrum showed no signals below 5 4.5, but the SAC signal had disappeared 
completely and a 3-proton singlet at z 7.19 had appeared (acetyl bromide in carbon 
tetrachloride shows its proton signal at z 7.19). A 12-proton multiplet was observed 
at r -7.9 (OAc). The spectrum was rescanned 200 set after the addition of the 
bromine; this scan, completed 100 sea later, resembled the previous one, except that 
a low-intensity doublet at ~3.33, having Jl ,2 4.0 Hz (H-l of the glycosyl bromide 3), 
was present. The latter signal increased in intensity with time, and, after 1 h, it 
had an integrated intensity of one proton (relative to the 12-proton signal at r -7.9). 
At this time, the spectrum was identical with that of the glycosyl bromide 3 in oarbon 
tetrachloride, except for the additional 3-proton singlet at r 7.19 (AcBr). The reaction 
solution was evaporated to dryness, and the residue was dissolved in carbon tetra- 
chloride. The n.ar. spectrum of the solution was unchanged, except that the signal 
at t 7.19 had disappeared. 

When the experiment was performed with a 1.5-molar excess of bromine, the 
spectrum indicated that some starting material 1 was present, even after 10-20 min 

of reaction. 
Preparation of tetra-0-acetyI+D-ghxopyranosyk@enyl bromide (2). - 

A. From 1 in carbon tetrachloride. To a suspension of tetra-O-acetyl-l-S-acetyl-l- 
thio+D-glucopyranose’ (1, 20.00 g, 49.2 mmoles) in anhydrous carbon tetrachloride 
(2OOml) cooled to about - 10” was added a solution of bromine(9_0ml, 176 mmoles) 
in carbon tetrachloride (40 ml) and the mixture was stirred for 2-3 mm at about - 10”. 
Volatilematerials were then rapidly removed on arotary evaporator at -3O”/ < 10 torr, 
to give 2 as a pale-yellow, crystalline residue, yield 22.27 g (102%), m-p. 102-104”, 
[a];’ -66.7 f 1” (c 2.1, tetrahydrofuran) changing to -ii4 &- 1” after 14 h- AyG , 

Curbohyd. Res., 9 (1969) 187-199 



194 R. H. BELL, D. HORTON 

(see Fig. 1) 5.72 (OAc), 11.20 pm (axial H at C-l), SAC absent9 ; n.m.r. data (100 MHz, 
chloroform-6)_: 7 4.55-5.02 (3-proton multiplet), 5.35 (l-proton multiplet) (H-1,2,3,4), 
7 5.63-5.99 (2-proton multiplet, H-6), 7 6.14 (l-proton multiplet, H-5)5. ‘c 7.90, 7.92, 
7.97, 8.00 (12 protons, acetyls). 

Anal. Calc. for C14HIgBrOgS: C, 37.93; H, 4.32; Br, 18.03; S, 7.23. Found: 
C, 37.99; H, 4.39; Br, 17.52; S, 7.51. 

The product gave an X-ray powder diffraction pattern identical with that 
previously reported’. Rapid recrystallization of the product. from carbon tetrachloride 
gave an almost quantitative recovery of 2, having physical constants essentially 
identical with those of the material first isolated. T.1.c. of 2 showed a principal com- 
ponent having R, 0.45 and minor components having RF 0.76,0.71, and 0.29, although 
none of these components could actually be attributed to 2 itself, because of the 
probability that 2 undergoes decomposition on the adsorbent. 

Compound 2 prepared by the above procedure was used in all preparations 
described in this paper, unless stated otherwise. 

B. From 1 in purz$ied chloroform. A solution of the thiolacetate 1 (2.048 g, 
5.04 mmoles) in purified chloroform (50 ml) was cooled to -lo”, and a solution of 
bromine (1.5 ml, 29 mmoles) in purified chloroform (8.5 ml) was added. The mixture 
was kept for 1 min at -lo”, and then evaporated rapidly at 30” to give a pale-yellow, 
crystalline residue; yield 2.153 g (96%), m.p. 103-105”, [or]‘~ -74 + 1” (c 2.2, chloro- 
form), becoming more levorotatory after several hours. By mixed m.p., i.r. and 
n.m.r. spectra, and X-ray powder diffraction data, the product was identical with the 
sulfenyl bromide 2 prepared by procedure A. 

A suspension of 2 (prepared in purtied chloroform from 2.13 g of the thiol- 
acetate 1) in carbon tetrachloride (50 ml) was treated with cyclohexene (1 ml) in 
carbon tetrachloride (9 ml), and the mixture was kept for 1 h at 25”; it was then 
washed successively with water (100 ml), saturated aqueous sodium hydrogen car- 
bonate solution (100 ml), and water (100 ml), dried (magnesium sulfate), and eva- 
porated. The residual syrup was crystallized from ether-petroleum ether to give 
colorless, stout needles, yield 1.532 g (56%), m.p. 82-88”. Purification of the product 
by column chromatography gave pure Pans-2-bromo-l-(tetra-O-acetyl-~-D-gluco- 
pyranosylthio)cyclohexane, m-p. 88-89” (identical with an authentic sample3*4 by 
mixed m.p. and comparative i.r. and n.m.r. spectra), together with a small amount of 
the disulfide derivative 4. 

C. Erom tert-brttyl tetra-O-acety~-I-thio-&D-ghxopyranosidesS1o (6) in carbon 

tetrachloride. To a solution of the I-thioglycoside 6 (516 mg, 1.23 mmoles) in carbon 
tetrachloride (20 ml) at - 10” was added bromine (0.75 ml, 15 mmoles); after 1.5 min 
at -lo”, the mixture was rapidly evaporated at 30” to give the sulfenyl bromide 2 
as a yellow, crystalline solid, yield 548 mg (lOl%), m.p. 97-99”. By comparative i.r. 
and n.m.r. spectra, and by X-ray powder diffraction data, this product was identical 
with 2 prepared by methods A or B. 

To a suspension of the product (463 mg) in carbon tetrachloride (40 ml) was 
added a solution of benzenethiol (0.5 g) in carbon tetrachloride (9.5 ml), and the 
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mixture was kept for 1 h at 25”. The resulting solution was washed successively with 
water, saturated aqueous sodium hydrogen carbonate, and water, dried (magnesium 
sulfate), and evaporated to dryness, and the residue was crystallized from ethanol- 
petroleum ether to give phenyl tetra-O-acetyl-/3-D-glucopyranosyl disulfide3s4, yield 
200 mg (34%), m.p. 123-125”, identical with an authentic sample3s4 by mixed ap., 
comparative i-r. and n.m.r. spectra, and X-ray powder diffraction data4. 

Bromination of thio derivatives 1,2, and 6 for an extended time. - A. Bromination 
of thioacetate 1. To a suspension of the thioacetate 1 (2.33 g, 5.73 mmoles) in carbon 
tetrachloride (60 ml) was added bromine (2 ml, - 39 mmoles) in carbon tetrachloride 
(8 ml), and the mixture was kept for 30 h at 25” and then evaporated to dryness. 
The product was crystallized from ether-petroleum ether to give tetra-O-acetyl-z-D- 
glucopyranosyl bromide (3), yield 2.09 g (89%), m.p. S7-SS”, indistinguishable from 
an authentic sample of 3 by mixed m.p., and by i-r. and n.m.r. spectra. TLC. of 
the mother liquors showed a single component, having cbromatographic charac- 
teristics indistinguishable from those of 3. 

The preceding experiment was repeated, but with purified chloroform as the 
soIvent. The results were identical with those given for the reaction in carbon tetra- 
chloricle, and the crystalline bromide 3 was isolated in 90% yield. 

B. Bromination of sulfnyZ bromide 2. A suspension of 2 (2.62 mmofes, prepared 
from 1.065 g of thiolacetate 1) in carbon tetrachloride (50 ml) was treated with 
bromine (2 ml, - 39 mmoles) in carbon tetrachIoride (8 ml), and the mixture was kept 
for 30 h at 25’. The resultant, orange solution was evaporated to a syrup that was 
crystallized from ether-petroleum ether to give the bromide 3, yield 492 mg (46%), 
m-p. 87-88”, indistinguishable from authentic 3 by mixed m-p. and by i-r. and n.m.r. 
spectra. T.1.c. of the mother liquors showed the presence of a major component 
having the mobility of 3, and a minor component having RF 0.45. 

C. Bromination of I-thioglycoside 6. To a suspension of the I-thioglycoside 6 
(534 mg, 1.27 mmoles) in carbon tetrachloride (20 ml) was added bromine (1.5 ml, 
29 mmoles). The resultant, clear solution was kept for 60 h at 25”, and evaporated 
to dryness; a soIution of the resultant syrup in dichloromethane was washed with 
aqueous sodium hydrogen carbonate, dried (magnesium sulfate), decolorized with 
carbon, and evaporated to a syrup. Crystallization of the syrup fromether-petroleum 
e&er gave the bromide 3, yield 167 mg (32%), m.p. 82-85”, identical with an authentic 
sample of 3 by t.1.c. and i.r. and n.m.r. spectra. TLC. of the mother liquors indicated 
that 3 was the principal component; a minor component had RF 0.46. 

When the reaction was followed by n.m_r. spectroscopy at -4O’, the g-proton 
signal at r 8.61 for the terr-butyl group of 6 was absent 1 min after the addition of 
bromine, and the spectrum showed no signal below z 4.5. A g-proton signal at z 8.19 
was observed. After 14 h, the spectrum showed a l-proton doublet at 3.27, JI,2 
4.1 Hz, and was closely similar to that of the bromide 3, except for the presence of 
the g-proton singlet at r 8.19. 

Preparation of bis(retra-O-acetyl-8D-gkcopyranosyl) disumde (4) - The 
general procedure of Richtmyer, Carr, and Hudson” was used, except that the starting 
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material employed was tetra-O-acetyl-l-S-acetyl-l-thio-~-D-glucopyranose (1, 10.05 g) 

instead of tetra-O-acetyl-8_D-glucopyranosyl ethylxanthate. The product was obtained 
as colorless needles, yield 8.014 g (S9%), having m.p. 140-141”, [a];’ -157 f0.5” 
(c 5.5, chloroform) [lit.ll m.p. 142-143”, [a]:’ -156” (chloroform)]; RF 0.44; Ay”,: 
(see Fig. 1) 5.76 (OAc), 11.17 pm (axial H at C-l); AzzxH 250 (E 450), 206 nm (900); 
n.m.r. data (100 MHz, chloroform -4: r 4.61-5.01 (3-proton multiplet), 5.28-5.37 
(l-proton multiplet) (H-1,2,3,4), t 5.55-5.87 (8-peak multiplet, H-6), r 6.20 (H-5), 
7 8.85, 8.88, 8.96, and 8.98 (3-proton singlets, acetyls); X-ray powder diffraction 
data: 13.00~s (I), 9.74 vw, 7.94 m, 7.44 VW, 6.98 w, 5.72 s (3) 5.02 m, 4.72 m, 
4.08 s (2), 3.89 m, 3.54 w. 

Anal. Calc. for C2sH3s01sS2: C, 46.28; H, 5.27; S, 8.82. Found: C, 46.22; 
H, 5.00; S, 8.64. 

Formation of the disrdfide 4 by bromination of thiolacetaie 1 in reagent-grade 
chloroform. - A solution of 1 (I.16 g, 2.85 mmoles) in reagent-grade chloroform 
(8.5 ml) was cooled to about -lo”, and a solution of bromine (1.5 ml, 29 mmoles) 
in reagent-grade chloroform (8.5 ml) was added. After 2 min at -IO”, the solution 
was rapidly evaporated at 30”. Crystallization of the resultant syrup from ether- 
petroleum ether, and recrystallization from the same solvent mixture, gave the 
disulfide 4, yield 0.82 g (79%), m.p. 142-143”, identical by mixed m-p., t.l.c., i-r. and 
n.m.r. spectra, and X-ray powder diffraction pattern with an authentic sample of 4. 

TLC. of the mother liquors revealed a principal component having the mobility of 
4, and traces of two additional components having the mobilities of the bromide 3 
and the starting material 1. In a repetition of the experiment, the yield of crystalline 4 
was 77%. 

Formation of the disulfide 4 by slow bromination of the I-thiogiycoside 6. - 
Bromine (0.35 ml, -7 mmoles) was added dropwise during 3 h to a solution of 6 
(544 mg, 1.29 mmoles) in carbon tetrachloride (30 ml), and the reaction was monitored 
by t.1.c. At the end of the 3-h period, only a trace of 6 remained, and the major 
component corresponded to the disulfide 4; a trace of a product having R, 0.39 was 
also present. Evaporation of the solution, and crystallization of the residue fromether- 
petroleum ether, gave the disulfide 4, yield 358 mg (76%), m-p. (one recrystallization) 
140-141”, identical with authentic 4 by mixed m.p., i.r. and n.m.r. spectra, and X-ray 
powder diffraction pattern. 

Fractional recrystallization of the mother liquors gave 13.4 mg (2.5%) of the 
starting material 6. 

Reaction of the sUrfeny1 bromide 2 with I-thiogllycoside 6 to give the disul~de 4.- 
A suspension of 2 (1.151 g, 2.60 mmoles) in carbon tetrachloride (50 ml) was mixed 
with a solution of 6 (1.060 g 2.52 mmoles) in carbon tetrachloride (20 ml) and the 
mixture was shaken for 16 h at room temperature. The resultant, clear solution was 
washed successively with aqueous sodium hydrogen carbonate and water, dried 
(magnesium sulfate), and evaporated to dryness. Crystallization of the residue from 
ethanol-petroleum ether gave the distide 4; yield (in three crops) 1.314 g (70%), 
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identical with an authentic sample by t.l.c., mixed m.p., i-r. and n.m.r. spectra, and 

X-ray powder diffraction pattern. 
T-lx. of the mother liquors showed a major component corresponding to 4, 

and a minor component corresponding to 6. 
An aliquot of the reaction mixture after 16 h was examined by n.m.r. spectro- 

scopy at 60 MHz. The g-proton singlet at + 8.61 (SCMe,) present in the spectrum 
of the starting I-thioglycoside 6 had diminished to low intensity, and a sharp singlet 

at t 8.19, corresponding to tert-butyl bromide formed, was observed. The reaction 
mixture was evaporated, and the residue was dissolved in carbon tetrachloride. The 

signal at z 8.19 (MesCBr) was no longer observable in the n.m.r. spectrum of this 
solution. 

Reaction of the su&TenyZ bromide 2 with dry ethanol to give the disui&ide 4. - Dry 

ethanol (50 ml) was added to the sulfenyl bromide 2 (prepared from 1.90 g of l), 
and the yellow reaction-mixture was kept for 20-30 min at room temperature; white 
needles were then present, and t.1.c. indicated the presence of a single component, 

RF 0.53, corresponding to the disulfide 4. No component having RF 0.39 (correspond- 

ing to the oxide 5) was detected. To the reaction mixture was added 50 ml of saturated 

aqueous sodium hydrogen carbonate solution, and the mixture was concentrated to 
remove ethanol. The resulting aqueous suspension was extracted with two 50 ml por- 
tions of dichloromethane, and the extracts were combined, washed with water, dried 

(magnesium sulfate), and evaporated. Crystallization of the residue from ethanol 
gave the disulEde 4, yield 847 mg (50%), mp. (after recrystallization from ethanol) 
141-142”, identical with authentic 4 by t.1.c. and X-ray powder aaction pattern. 

TLC. of the mother liquors showed a major component having the mobility 

of the disultide 4, and traces of components having RF 0.77 and 0.12. No component 
corresponding to the oxide 5 (RF 0.39) was present. 

The experiment was repeated with sulfenyl bromide 2 (from 2.32 g of 1) in dry 
ethanol (50 ml). After 20 min, the white needles of 4 that had formed were filtered off; 

yield 548 mg (26%), m-p. 142-243”. The titrate was collected in a flask containing 
a-toluenethiol (1 ml) in dry ethanol (10 ml). After 10 min at 25”, t.1.c. of the mixture 

showed no component having the mobility (RF 0.88) of benzyl tetra-O-acetyl-/3-D- 
glucopyranosyl disulfide3*4, indicating that the sulfenyl bromide 2 had been completely 

decomposed by ethanol within 20 min. 

Bis(tetra-0-acetyi-fl-D-glucopyranosyl) disurfide mono-oxide (5) by oxidation of 

disulfde 4 with m-chloroperoxybenzoic acid. - A solution of the disuhide 4 (264 mg, 
360 pmoles) and m-chloroperoxybenzoic acid (49 mg, 80% pure by g.l.c., 230 poles of 

oxidant) in chloroform (50 ml) was kept at 25”. After 40 min, t.1.c. indicated the 

presence of two components, RF 0.51 and 0.39, in approximately equal amounts; 
no change was noted after 4 h. Additional oxidant (- 50 mg, 230 pmoles) was added, 
and after 1 h, t.1.c. indicated no significant change in the mixture; it was therefore 
washed successively with aqueous sodium hydrogen carbonate solution (50 ml) and 

water (50 ml), dried (magnesium sulfate), and evaporated to dryness, and the residue 

was triturated with ethanol (10 ml), whereupon the mono-oxide 5 crystallized as 
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colorless, microscopic needles, yield 110 mg (41%), m-p. 150-151”. Recrystallization 
from hot ethanol gave pure 5, m.p. 152.5-153”, [a]~’ -52.1 & 1” (c 2.5 chloroform); 
RF 0.39; A:; (see Fig. 1) 5.72 pm (OAc); n.m_r. data (100 MHz, chloroform-d): 
~4.36-5.18 (multiplets, H-1,2,3,4), t -5.76 (mulfiplet, H-6)), T 4.17 (multiplet, 
H-5), r 7.90, 7.95, 7.96, and 7.98 (singlets, acetyls); X-ray powder diffraction data: 

11.86 s (2,2), 10.45 s (2,2), 7.68 s (2,2), 5.43 s (3,3), 5.07 m, 4.95 s (3,3), 4.67vw, 
4.44 vs (I), 4.29 w. 

The product 5 had extremely low solubility in cold ethanol, in contrast to the 
&s&%-k 4, which was mo&Zately sol&le ; the two compounds we= readily separable 
because of &is diEerence_ 

Reaction of the sulfenyl bromide 2 with water to give the disul’de mono-oxide 5. 
- A suspension af 2 (prepared from I.043 g of 2) in carbon tetra&Ioride (40 ml) 
was shaken with water (3 ml) for 40 min at 25”. The solvents were evaporated from 
the resultant white suspension, the residue was dissolved in dichloromethane (100 ml), 
and the solution was washed successively with saturated aqueous sodium hydrogen 
carbonate solution and water, dried (magnesium sulfate), and evaporated to a syrup. 
Addition of ethanol to the syrup caused immediate crystallization, to give the oxide 5, 
yield 560 mg (59%), m.p. 151°, identical with an authentic sample by t_l_c_, i-r. and 
n.m.r. spectra, and X-ray powder diffraction data. 

T-1-c. of the mother liquors showed that essentially all of the oxide 5 had been 
removed by crystallization, but a component having the mobility (RF 0.51) of the 
d&tide 4 was present_ Column-chromatographic fractionation of the mother 
liquors gave the disulfide 4, yield 60 mg (6%), m-p. 140”, identical with an authentic 
sample by t.l.c_, i-r_ and n-m-r. spectra, and X-ray powder diffraction pattern. 

Reaction of the sufenyl bromide 2 with 95% ethanol to give the disulficlle 4 and the 
mono-oxide 5. - To the suffenyi bromide 2 (prepared from 2.317 g of 1) was added 
95% ethanol (40 ml) at room temperature. The mixture became clear after a few min, 
and then became turbid and deposited white, fluffy needles. After 8 h, the reaction 
mixture was processed as in the preceding experiment, to give the mono-oxide 5, 
yield 1.239 g (59X), m-p. (after recrystallization from hot ethanol) 151-152”, identical 
with an authentic sample by mixed m-p., i-r. and n.m.r. spectra, and X-ray powder 
Mraction pattern. 

The mother liquors from the reaction contained a single component, chromato- 
graphically identical with the disulfide 4; t.1.c. of the initial reaction-product indicated 
that 4 and 5 were present in approximately equal amounts_ 

The foregoing experiment and the preceding one were repeated several times, 
either by the procedure described or by directly filtering off the product that crystal- 
lized from the reaction mixture. Frequently, the ethanol-insoluble product initially 
obtained had a melting point lower than that of the material obtained after recrystal- 
lization from hot ethanol; values of lOl-NW, ill-113”, 113-114”, 132-134”, and 
138-139” were observed in different experiments. In each instance, the product was 
f&e from the &tide 4 (t.l.c.), and after refluxing with ethanol, recrystaliization 
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gave the oxide 5 having m.p. 152%153”, with recoveries of IV 60%. A dimorph of 5, 
having m.p. 157-158”, was also encountered. 

Bromination of the diszdjide 4 to give the bromide 3. - To a suspension of 4 
(196 mg, 270 pmoles) in carbon tetrachloride (30 ml) was added bromine (1.5 ml, 
-29 mmoles), and the resultant solution was kept for 23 h at ~35”. The solution 

was evaporated to dryness at 30”, carbon tetrachloride was added to, and evaporated 
from, the residue, and the latter was dissolved in dry chloroform-d. The n.m.r. 
spectrum of the solution was identical with that6 of the bromide 3, and the integrated 
intensities of the H-l signal (Z 3.25, J1,7 4.0 Hzj and of the acetyl-group signals were 
in the ratio 1:12. T.1.c. of the solution showed a primSpa component (RF 0.80) 
chromatograpbically indistinguishable from 3: very minor side-products, having 
RF 0.42,0.31,0.29,0.20, and 0.1, were also present. 

Bromination of the mono-oxide 5 to give the bromide 3. - The mono-oxide S 

(133 mg, 180 pmo1e.s) was treated with bromine (1.5 ml, -29 mmoles) by exactly the 
procedure used in the preceding experiment, and identical results were obtained. 
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ABSTRACT 

Tetra- 0-acetyl-/II-D-glucopyranosylsulfenyi bromide (2) has a bivalent sulfur 
atom that exhibits electrophilic character. With such sulfur nucleophiles as benzene- 
thiol and a-toluenethiol, the sulfenyl bromide 2 reacts to give mixed disulfides (5 and 6, 
respectively) and, with such arylamines as aniline or o-chloroaniline, the sulfur atom 
of 2 attacks the nucleophilic nitrogen atom to give sulfenamides (7 and 8, respectively). 
Addition of 2 to the double bond of cyclohexene gives trans-2-bromo-l-(tetra-O- 
acetyi-fl-D-ghrcopyranosylthio)cyciohexane (3); the 3’,3’,6’,6’-tetradeuterated analog 
was prepared by use of cyclohexene3,3,6,6& With NJV-dimethylaniline, the 
sulfenyl bromide 2 reacts by attack at the pura position to give p-(dimethylamino)- 
phenyl tetra-0-acetyl-1-thio-P-D-glucopyranoside (l), although a concurrent, major 
reaction-pathway gives bis(tetra-0-acetyl-fi-D-glucopyranosyl) disulfide (4). With 
phenol and various enolizable ketones, the sulfenyl bromide 2 reacts to give the 
disulGde 4 in high yield. The structures assigned to the products were contirmed by 
n.m.r. spectroscopy. Such glycosylsulfenyl halides as 2 thus offer a potential route to 
a wide range of thio sugar derivatives by reactions with thiols, amines, and alkenes. 

RESULTS AND DISCUSSION 

The accompanying paper’ describes reactions leading to the formation of tetra- 
0-acetyl-/?-D-glucopyranosylsulfenyl bromide (2), including a convenient preparative 
method for obtaining 2 in quantities of 50-100 millimoles. At the time when the 
sulfenyl bromide 2 was first described*, the suggestion was made that it might be 
useful in various types of synthetic reaction based on attack by an electrophilic, 
bivalent sulfur atom on a site of high electron-density. Experimental support for 

*Preliminary report, C. V. HOLLAND, D. HORTON, MARTHA J. MILLER, AND W. N. TURNER, Abstracts 
Papers Amer. Chem. Sot. Meeting, I49 (196.5) ID: see also. preceding paper (ref. 1) and refs. l-3. 
isupported, in part, by the Agricultural Research Service, U.S. Department of Agriculture, Grants 
No. 12-14-lOO-720801) and 12-14-9201(71) (O.S.U.RF. Projects 1827 and 2573) administered by 
the Northern Utilization Research and Development Division, Peoria, Illinois. 
**To whom inquiries should be addressed. 
ZUndergraduate Research Participant, 1964-1965. 
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these predictions has been the subject of a brief report3. The present paperrecords 
detailed studies of the reaction of the sulfenyl bromide 2 with various tbiols, aromatic 
amines, an alkene, an aromatic system activated for electrophilic attack, various 
ketones, and phenol. 

Reaction of2 with thiols. - Treatment of the sulfenyl bromide 2 with an excess 
of benzenethiol in carbon tetrachloride for 1 h at room temperature gave the glucosyl 
phenyl disulfide 5 in high yield. Similar treatment of 2 with a-toluenethiol gave the 
benzyl analog (6), also in high yield. The structures of 5 and 6 are established by the 
elemental analyses, spectral data, and optical rotatory data recorded in the Experi- 
mental section. The n.m.r. spectra of 5 and 6 at 100 MHz in chloroform-d&e Tables I 
and II) showed the H-l, 2,3, and 4 signals as multiplets perturbed by second-order 
effects, as anticipated4 for this type of system_ 

OAc 

I 

OH 
OAc 

D D 

n I 

Acoq @ - 
AcO 

&s_sR Lr 
AcO 

b)Ac OAc 
4 5 R=Ph 

6 R=Cl+.Ph 

The facility with which 2 reacts with thiols to give such disulfides as 5 and 6 
makes the reaction a useful one for identifying the reactive sulfenyl halide 2 (and 

R R 

3 R=H 
3aR= D 

7 R=Ph 

Cl 

related analogs) by “trapping” it as a stable derivativelg3. 
Addition of 2 to cyclohexene. - The suKeny1 bromide 2 reacted readily with 

cyclohexene to give a high yield of a crystalline product whose elemental analysis 
showed it to he an adduct of the two reactants. A minor side-product was bis(tetra- 
O-acetyl-P-D-glucopyranosyl) disulfide (4). The adduct was formulated as truns-2- 
bromo-l-(tetra-O-acetyl-~-D-glucopyranosylthio)cyclohexane (3) by analogy with 
the established’ truns mode of addition of simple suIfeny1 halides to alkenes; further 
support for this configuration was provided by n.m.r. spectral data. 

A (&-) pair of enantiomorphic products will result from trans-addition of a 
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non-dissymmetric sulfenyl halide to a cyclic alkene. trans-Addition of an optically 
active sulfenyl halide, such as 2, to cyclohexene will generate a pair of products that 
are related as diastereoisomers. The relative proportions of the two diastereoisomers 
formed will depend on the magnitude of the asymmetric inductive effect6 in the 
reaction. Strong asymmetric induction would cause one diastereoisomer to pre- 
ponderate; if the effect is weak, the two diastereoisomers will be formed in almost 
equal amounts. 

On recrystallization from ether-petroleum ether, the adduct 3 did not behave as 
a mixture separable by fractional recrystallization; this observation indicated that 3 
was either a single diastereoisomer or a cocrystallized mixture of the two diastereo- 
isomers as a molecular complex or solid solution. Consideration of molecular models 
afforded no evidence suggesting strong asymmetric induction in the addition of 2 to 
cyclohexene, and, since the yield of crystalline product was high (66%), the occurrence 
of a cocrystallized mixture of diastereoisomers was suspected. Strong supporting 
evidence for this supposition was provided by n.m.r. spectroscopy. 

The lOO-MHz n.m.r. spectrum of the adduct 3 in chloroform-d (see Tables I 
and II) shows the signals of H-1,2,3, and 4 of the sugar moiety as a multiplet (r 4.67- 
5.38), the H-6 signals at T 5.83, and the H-5 signal at T 6.27; these assignments follow 
from detailed studies already reported4 for acetylated 1-thio-p-D-glucopyranose 
derivatives. A broad, one-proton multiplet, with bands centered at z 5.41 and 5.63, 
may be assigned to H-2’ of the cyclohexane moiety * ; this is the spectral region where 
the proton of a C-CHBr-C system in a 6-membered ring is observed’. Another one- 
proton multiplet, at r 6.68, is assigned to H-l’ by analogy with observations* on the 
proton of a C-CHSR-C group in a 6-membered ring-system. The signals of the 
methylene protons in the cyclohexane moiety are observed as a complex “envelope” 
at high field. 

Detailed analysis of the H-l ’ and H-2’ signals was not possible, because these 
protons show, in addition to vicinal (J 1 n,2s) coupling, further couplings to their adjacent 
methylene groups (at C-6’ and C-3’, respectively). To clarify the n.m.r. spectral 
interpretation, the adduct (3a) of 2 with cyclohexene-3,3,6,6-d, was prepared. In this 
product, the signals of H-l’ and H-2’ were observed unperturbed by strong couplings 
to the vicinal (CD,) groups at C-6’ and C-3’, respectively, because H-D couplings9 
are only 15.4% of the magnitude of the corresponding H-H couplings. 

In chloroform-d, the H-2’ signal of 3a was observed, not as one doublet 
(showing the J1.,2 . coupling), but as fu;o doublets, at z 5.43 (splitting, 5.0 Hz) and at 
T 5.65 (splitting, 5.5 Hz), of approximately equal intensity. The splittings were con- 
firmed to arise from spin-coupling (J~,J’>, because they were of the same magnitude 
in the 60-MHz spectrum. The separation of the doublets was 22 Hz in the IOO-MHz 
spectrum, and 13 Hz in the 60-MHz spectrum; as these separations are proportional 
to the spectrometer frequency, the spacing between the two doublets is a true chemical- 
shift, and not the result of signal multiplicity lo_ In addition, the separation of the two 

*Primed numbers refer to the cyclohexane moiety. 

Carbohyd. Res., 9 (1969) 201-214 



R. A. BELL, D. HORTON, M. J. MILLER 

doublets was changed by changing the solvent; in acetone-d, at 100 MHz, the 
separation was 14 Hz. 

The appearance of two, independent H-2’ signals provides strong indication 
that compound 3a (and therefore 3) is a 1: 1 mixture of two closely related, molecular 
species, presumably the diastereoisomeric frans-adducts. Complementary evidence 
is provided by analysis of the H-l ’ signal, and by spin-decoupling experiments on the 
H-l’ and H-2’ resonances. III chloroform-d at 100 MHz, the H-l’ signal of 3a is 

observed as hvo overlapping doublets, at z 6.69 (splitting 5.0 Hz) and z 6.72 (splitting 
5.5 Hz); the spplittings are the same in the 60-MHz spectrum, and arise, therefore, 
from spin coupling (J1 ,,*‘), w h ercas the separation of the doublets is a chemical- 
shift effect, because it is diminished from ~3 Hz (at 100 MHz) to -2 Hz in the 
60-MHz spectrum. In acetone-d, at 100 MHz, only one doublet (spacing, -5.5 Hz) 
is observed for H-l’, indicating that, in this solvent, the chemical shift of H-l’ is 
the same for both species present in 3a. 

Spin-decoupling experiments (see Fig. 1) were performed at 100 MHz with 
solutions of 3a in chloroform-d and also in acetone-&. In each case, irradiation of the 

IO chloroform-d 

H-2’ H- 1’ 

D D Br H 

H 2’=‘4’ H 

H H 
In acetone - ds 0 

1’ 6, 5’ 

RS H 

H-2’ H-c 
0 D 

3a 

IA4 _A Irrodiote low-field H-2’ 

-kl A_ Irradiate high-field H-2’ 

u 1 Irrodlate H-l’ 

M No irrodiotion 

I I1 I,,, I , I I I t,, 1 I I 

5.4 5.6 ” 6.6 6.6 t 5.3 5.5 ‘ . 6.6 6.8 2 

Fig. 1. Spin decoupling of the H-l’ and H-2’ signals in the IOO-MHz, n.m.r_ spectra of 2-bromo- 
(tetra-U-acetyI-~-D-glucopyranosylthio)cyclohexane-3’,3’,6’,6’-d~ (3a) in chloroform-d and 
acetone&s. 

H-l ’ signals caused collapse of both H-2’ doublets into singlets. Irradiation of the 
low-fieId, H-2’ doublet did not perturb the higher-fieId, H-2’ doublet, but one of the 
K-1 ’ doublets collapsed to a singlet in the chloroform-d spectrum. As the H-l ’ 
doublets coincided in acetone-d,, the effect was observed by the appearance of a 
cenrrai singlet flanked by a doubler, to give an apparent triplet. Irradiation of the 
higher-field, H-2’ doublet did not perturb the low-field, H-2’ doubler, but collapse of 
the corresponding H-l ’ doublet took place. 

The foregoing data establish that 3 (and 3a) contain approximately equal 
amounts of two species that are differentiable by n.m.r. spectroscopy. The possibility 
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that hindered rotation is involved is considered remote, because the H-l’ and H-2’ 
signals in the spectrum of 3 in hexachloroacetone l1 showed no indication of collapse 
as the temperature was raised from 20 to 105”. 

The observed Jl.,2s couplings (5.0 and 5.5 Hz) accord with formulation of 
the two forms of 3a (and therefore 3) as the diastereoisomeric trans-adducts. Had the 
adducts been cis, the J1n,2. coupling would have been only 3-3.5 Hz, because of the 
gauche relationship of H-l’ and H-2’ (axial-equatorial or equatorial-axial) in either 
chair conformation of the cyclohexane ring. In the trans-adduct, the favored chair 
conformer of the cyclohexane moiety (equatorial S and Br) would have H-l’ and 
H-2’ antiparallel, giving a coupling of w 8 Hz, and this value would be diminished by 
any substantial contribution from the less-favored conformer, having H-l’ and H-2’ 
diequatorial (J,,,,, l-2 Hz), in rapid equilibrium’2 with the favored form. 

Formulation of 3 as a diastereoisomeric mixture of rrans-adducts has not been 
verified independently by chemical degradations. 

Reaction qf‘2 with amines. - The sulfenyl bromide 2 reacted readily with aniline 
to give the crystalline sulfenamide 7 in 82% yield. o-Chloroaniline reacted similarly to 
give the corresponding sulfenamide (8). In each case, a trace of the disulhde 4 
accompanied the sulfenamide. The elemental analyses of the products established that 
they had been formed by condensation of one molecule of the amine with one molecule 
of sulfenyl bromide, with the loss of a molecule of hydrogen bromide. This evidence 
does not prove the sulfenamide structure, because attack of 2 on the aryl ring-positions 
cannot be excluded. The n.m.r. spectra provided clear confirmation of the sulhenamide 
structure, because, in each compound, a one-proton singlet was observed (at z 4.76 
for 7 and at T 4.24 for 8, with chloroform-d as solvent) that could be assigned to the 
NH proton of a sulfenamide, because it was exchanged slowly when the sample was 
deuterated. Furthermore, in the region for aryl protons, compound 7 showed five 
protons, and 8 showed four protons, thus proving that substitution on the aryl 
nucleus had not taken place. 

The n.m.r. spectra for 7 (see Fig. 2) and 8 were closely similar, and were analyzed 
completely for the ring protons on the sugar moiety by first-order inspection (see 
Tables I and II). The assignments were verified by spin decoupling. A striking feature 
of the spectra is the exceptionally high field-position of the H-l signal, which is 
upfield of the H-2, H-3, and H-4 signals and is close to the H-6 signals. Because the 
H-l signal is shifted away from the H-2, H-3, and H-4 signals, it is possible to analyze 

the latter signals readily. In most of the acetylated derivatives of I-thio-/3-D-ghco- 

pyranose, the proximity of the H-l signal to those of H-2, H-3, and H4 makes detailed 
spectral analysis difficult4. It has not been established whether the unusual shielding 
of H-l in 7 and 8 is an inductive effect of the sulfenamide group, or whether it is the 
effect of the location of H-l in the shielding region of the x-cloud above or below the 

aromatic ring. 
Reaction of 2 with an activated aryl derivative. - The sulfenyl bromide 2 was 

allowed to react in a carbon tetrachloride medium with two molar equivalents of 
NJV-dimethylaniline. The latter was selected as an activated, aromatic molecule that 

Carbohyd. Res., 9 (1969) 201-214 
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readily undergoes substitution, principally at the para position, by ekctrophihc 
reagents. The major product isolated was, however, the disulEde13 4 (yield 62%), 
although the anticipated product, p-(dimethylamino)phenyl tetra-U-acetyl-l-thio- 
b-D-glucopyranoside (l), was formed simultaneously, in low yield. The structure of the 
product 1 was readily apparent from the data of elemental analysis and n.m.r. 

8 
t-! 

Aryl 

l.........I......,,.I.,.,.,,.,l.,,,,.,,.~,... 
I * . I . 

2 3 4 5 67 

Fig. 2. The low-field portion of the IOO-MHz, n.m.r. spectrum of 2-chloro-I-(tetra-O-acetyl-B-D- 
ghxopyranosylsulfenamido)benzene (8) in chloroform-d. 

spectroscopy; the spectrum was amenable to first-order analysis of the carbohydrate 
portion, and the assignments (see Tables I and II) were confkmed by spin decoupling. 
Chemical confirmation of the structure of 1 was obtained by independent synthesis 
through couphng of tetra-O-acetyl-a-r+glucopyranosyl bromide with p-dimethyl- 
aminobenzenethiol, as first described by Montgomery, Richtmyer, and Hudson14. 
The procedure was improved by preparin, m the thiol from p-(dimethylamino)phenyl 
thiocyanate by reduction with lithium aluminum hydride instead of tin and acid. 

ye2 

2 + 

0 
l>L 

0°C OAC 

9 10 

I + Me2N~s-*~Nti2 + $‘+ 1 (?) 

ar 
11 

A complex series of secondary reactions ensued if, after thekIfenyI bromide 2 
had been treated with two molar proportions of N,N-dimethylaniline, the reaction 
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Compound CoupIing consrants in Hzb 

J1.a 52.3 J3.4 J4.5 J5,sa JWI Jee,eb 

1 9.5 9.5 8.8 9.3 3 4.5 13 
3= 
3aC 
3acse 
5 
6 

7 
8 
9 

d d 

d d 

d d 

d d 

d d 

9.4 9.5 
9.3 9.5 
d d 

d d 

d d 

d d 

d 9 
d 9 
9.5 9.6 
9.3 9.6 
d d 

d d 

d d 

d d 

4.0 2 
4.5 2 
2.7 4.2 
2.5 4.1 
4.5 2.6 

d 

d 

d 

12 
12 
12.2 
12.2 
12.3 

aThe data refer to 100~MHz spectra and solutions in chloroform-d. bH-6a and H-6b are the protons 
on C-6 ofthesugar moiety resonating at lower and higher field, respectively. See Fig. 1 and Discussion 
fordetailsofcouplingofH-I’andH-2 ‘.dNot measured because of second-order effects. %I acetone-ds. 

mixture (presumably containing the product 1; NJV-dimethylanike hydrobromide; 

probably, the disulfide 4; and, possibly, other products) was heated for 20 min at 
a relatively high temperature (105”). Fractionation of the reaction mixture gave, in 
addition to bis(tetra-O-acetyl+D-glucopyranosyl) disulfide (4), p-bromo-N,N- 
dimethylaniline (12), bis(p-dimethylaminophenyl) disulfide (ll), tetra-O-acetyl-or-D- 
glucopyranosyl bromide (lo), and a product closely resembling the adduct 1 in its 
n.m.r. spectral data, but containing an additional sulfur atom; it was formulated 
as p-(dimethylamino)phenyi tetra-O-acetyl-fi-o-glucopyranosyl disuEde (9). These 
products probably arise by a series of metathetical reactions between primary reaction 
products, and free-radical bromination of the amine by 2 is a possible route to 12. 
The factors controlling the distribution of these products were not investigated. 

Reaction of 2 with ketones and pltenol. - To determine whether the sulfenyl 
bromide 2 would react with enolizable ketones by attack of sulfur at the c+position 
to the carbonyl group, separate experiments were conducted with 2 and acetophenone, 
acetone, and cyclohexanone, respectively. In each case, the reaction gave bis(tetra-0- 
acetyl-8_D_glucopyranosyl) disulfide (4) in high yield. Possibly, free-radical bromination 
of the ketones provides a more favored reaction-pathway than electrophilic attack 
by sulfur on the enolic forms of the ketones. The disulfide 4 was also obtained in high 
yield in the reaction between the sulfenyl bromide 2 and phenol, and no product of 
attack on the aryl ring by sulfur was detected. 

General. - The general procedures used in this paper are the same as those 
given in the preceding paper’. 
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Phenyl terra-0-acetybfl-D-glucopyranosyi disulfide (5). - To a suspension of 
tetra-O-acetyl-@-D-glucopyranosylsulfenyl bromide (2) that had been prepared’ 
from tetra-O-acetyl-l-S-acetyl-l-thio-IJ-D-glucopyranose (2.08 g, 5.1 mmoles) in 
carbon tetrachloride (60 ml) was added benzenethiol (1 ml, 9.8 mmoles) in carbon 
tetrachloride (9 ml), and the mixture was kept, with occasional swirling, for 1 h at 
room temperature. The resultant, clear solution was washed successively with water 
(100 ml), aqueous sodium hydrogen carbonate (100 ml), and water, dried (magnesium 
sulfate), and evaporated to give a crystalline residue. Recrystallization from ethanol 
gave 5 as needles; yield 1.85 g (63%), m.p. 123-124”, [a]b” -241 f 1” (c 1.9, chloro- 
form); RF 0.87; A,, xBr 5.72 (OAc), 6.32, 6.77, 6.96 (aryl), and 9.12 pm (aryl C-S) ; 

AEzH 287 (E 3,300) (shoulder), 274 (3,800), 236 (10,300), and 207 nm (12,300); n.m.r. 
data, see Tables I and II; X-ray powder diffraction data: 13.91 VW, 10.91 vs (l), 9.46 w, 
8.93 w, 6.93 vw, 7.14 VW, 6.37 vw, 5.87 VW, 5.50 s (3,3), 5.26 s (2), 4.98 m, 4.78 s (3,3), 
4.43 w, 4.20 m, 3.95 m, 3.72 m, and 3.62 m. The product was homogeneous by t.1.c. 

Anal. Calc. for Cz0Hz409S2: C, 50.83; H, 5.12; S, 13.57. Found: C, 50.53; 
H, 5.12; S, 13.40. 

The mother liquors contained a major and a minor component, having the 
chromatographic characteristics of 5 and the disulfide 4, respectively. 

Benzyl terra-0-acety&%D-ghKopyra?zosy~ diszdfide (6). - The procedure of the 
foregoing experiment was used, but with a-toluenethiol (1 ml, 8.4 mmoles) instead of 
benzenethiol. The crude product, obtained as an oil, crystallized spontaneously. 
Recrystallization from ethanol-petroleum ether gave 6 as white, fluffy needles, yield 
1.68 g (68%), m.p. 117-118” (a form having ap. 94-95” was also encountered3), 

blF -185 &lo (c2,3, chloroform); R, 0.88; JpG 5.72 (OAc), 6.71, and 6.90 pm 
(aryl). llEtoH 271 (E 2,200), 220 (11,000) (shoulder), and 208 nm (14,000); n.m.r. 
data, ‘seemGblcs I and II; X-ray powder diffraction data: 12.66 m, 11.26 m, 10.25 w, 
9.28 s (2), 7.34 w, 6.59 vvw, 5.48 vs (l,l), 4.96 vs (l,l), and 4.68 vs (1,l). 

Anal. Calc. for C,,H,60& C, 51.84; H, 5.39; S, 13.18. Found: C, 51.99; 
H, 5.29; S, 13.28. 

T.1.c. of the mother liquors revealed a major component having the same 
mobility as 6, together with a trace of a product having the chromatographic character- 
istics of the disulfide 4. 

trans-Z-Bromo-I-(tetra-O-acetyZ-~-D-g~ucopyranosyIth~o)cycZohexane (3). - A 
suspension of the sulfenyl bromide 2 (22.27 g, 50.2 mmoles, prepared1 from 20.00 g of 
tetra-O-acetyi-l-~-acetyl-l-thio-/?-D-glucopyranose) in carbon tetrachloride (200 ml) 
was shaken for 1 h at room temperature with a solution of cyclohexene (5.1 ml, 
50.3 mmoles) in carbon tetrachloride (10 ml). The resulting, clear solution was washed 
successively with water (100 ml), saturated aqueous sodium hydrogen carbonate 
(100 ml), and water, dried (magnesium sulfate), and evaporated to a syrup. The 
syrup was dissolved in the minimal volume of ether, and petroleum ether was added 

to incipient turbidity. The product 3 had a tendency to separate as an oil, but, by 
careful manipulation, it could be obtained as colorless, stout needles; yield (in 5 crops) 

15.0 g (57%, raised to 66% by chromatographic isolation of further 3 from the mother 

Carbohyd. Res., 9 (1969) 201-214 



210 R. H. BELL, D. HORTON, M. J. MZLLER 

liquors), mp. 86-87” (87-8S” after one recrystallization), [a];’ -22.0 + 1.0” (c 2.8, 
chloroform); & 0.88 (chromatographically homogeneous); 2::: (Be&in-Elmer 
Model 337 spectrometer) 5.70,5.76 (OAc), 11.17 (axial H at C-l), 13.58, and 13.84 pm 
(equatorkP C-Br); A:::” 274 (E 70) (shoulder), 242 (290) (shoulder), 224 (1025) 
(shoulder), and 207 nm (1300); n.m.r. data, see Tables I and II; X-ray powder 

diffraction data: 10.19 m, 7.01 m, 6.22 m, 5.29 vs (l), 5.OOs(3), 4.72 VW, 4.45 VW, 
4.22 s (2,2), 4.05 vw, 3.90 w, 3.75 vw, 3.56 vw, 3.44 s (2,2), 3.24 w, 3.10 w, 3.01 vw, 
and 2.86 w. 

Anal. Calc. for C,,H,,BrO,S: C, 45.72; H, 5.56; Br, 15.21; S, 6.10. Found: 

C, 45.88; H, 5.26; Br, 14.99; S, 6.36. 

The mother liquors were combined and evaporated. T.1.c. of the residue indicated 

the presence of two components, having the characteristics of 3 and the disulfide 4. 
Column-chromatographic fractionation gave 3 as the faster-moving component, 
obtained crystalline from ether-petroleum ether, yield 2.018 g (9%), m-p. 82-85”. 

The slower-moving component was crystallized from ether-petroleum ether to give 

bis(tetra-O-acetyl-B-D-gkcopyranosyl) disutide (4); yield 303 mg (l-7%), m.p. 
(after one recrystallization) 139-140”, identical with an authentic sample by mixed 
m-p., elemental analysis, and comparative i.r. spectra. 

When the experiment was conducted on a 2-gram scale, the yield of 3 isolated 

by direct crystallization was 73%. 

trans-2-Bromo-l-(tetra-O-acetyl-B-D-glucopyranosylthio)cycZohex~e-3, 3,6, 6-d4 
(3a). - This compound was prepared by the route used for 3, but with 489 mg of the 

sulfenyl bromide 2 and 96 mg of cyclohexene-3,3,6,6-~~ (Ref. 16), and the deuterated 
derivative 3a was obtained, rap. and mixed m.p. with 3, 85-86”; n.m.r. data: see 

Tables I and II and Fig. I. 
Tetra-0-aceiyl-j?-D-gIucopyranosylsulfene (7). - To a suspension 

of the sulfenyl bromide (3.24 g, 7.3 mmoles) in carbon tetrachloride (40 ml) was added 
aniline (1.4 ml, 15.4 mmoles), and the mixture was kept for 1 h at room temperature. 
Water (100 ml) was added to the cloudy, yellow, reaction mixture, and the mixture 
was shaken. The organic layer was separated, and treated by the procedure used in 
the preparation of compound 5. The resultant syrup was dissolved in ether (50 ml), 
and the solution was decolorized with carbon, and concentrated, and petroleum ether 

was added to opalescence. Refrigeration of the solution gave 7 as colorless, fine needles; 

yield 2.76 g (83%), m.p. (after one recrystallization) 116117”, [a]gl -330 +2” 

(c 2.4, chloroform); RF 0.85 (homogeneous); &,.,,, KBr 5.72 (OAc), 6.23, and 6.70 pm 

(a@); E-“,‘,“,” 288 (E 2,000) (shoulder), 244 (10,300), and 206 nm (13,900); n.m.r. 

data, see Tables I and II; X-ray powder diffraction data: 12.53 vvw, 10.13 vs (l), 
7.16 w, 6.40 w, 5.69 w, 5.31 s (2), 5.14 m, 4.49 m, 4.27 m, 3.96 w, 3.67 m, and 3.52 m. 

Anal. Calc. for C,,H,,NO,S: C, 52.73; H, 5.53; N, 3.08; S, 7.04. Found: 

C, 52.78; H, 5.45; N, 3.28; S, 6.85. 
T.1.c. of the mother liquors indicated the presence of 7 and of a minor component 

having the mobility of the distide 4. 

2-Chloro-l-(tetra-O-acetyl-~-D-gIucopyr~osyI~~~~nido)benzene (8). - To a 
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suspension of 2 (5.11 g, 11.5 mmoles) in carbon tetrachloride (70 ml) was added 
o-chloroaniline (3 ml, 28.4 mmoles) in carbon tetrachloride (7 ml). A white solid 
separated at once. After 1 h at room temperature, the suspension was fIltered to remove 
the insoluble amine salt, and the titrate was treated by the procedure used for com- 
pound 5. The resultant syrup was kept for 12 h at 30’ under vacuum to remove traces 
of solvent, and was then dissolved in anhydrous ether (10 ml). Petroleum ether was 
added to opalescence, a crystal nucleus was added, and the solution was refrigerated 
for 18 h to give 8 as colorless needles; yield 2.36 g (42%), mp. (after one recrystalli- 
zation) 84-85”, [a]:’ -311 _+2” (c 3.9, chloroform); RF 0.87; 222 5.72 (OAc), 6.25, 
6.80 (aryl), and 7.34 pm (secondary arylamine); A::,“,” 295 (a 5,000) (shoulder), 
276 (8,000) (shoulder), 244 (14,000), and 210 nm (25,000); n.m.r. data, see Fig. 2 
and Tables I and II; X-ray powder diffraction data: 12.58 w, 9.99 m, 8.15 m, 6.63 m, 
6.28 m, 5.91 w, 5.51 vw, 5.28 w, 5.00 vw, 4.77 vs (IJ), 4.29 vs (l,l), 4.01 s (2), 3.70 m, 
3.35 w, and 3.16 m. 

Anal. Calc. for Cz,Hz,C1N09S: C, 49.03; H, 4.94; Cl, 7.24; N, 2.86; S, 6.55. 
Found: C, 48.91; H, 4.94; Cl, 7.34; N, 3.10, S, 6.66. 

T.1.c. of the mother liquors revealed a major component corresponding to 8, 
and a trace of a product chromatographically indistinguishable from the disultide 4. 

p-(Dimethylamino)phenyl tetra-0-acetyl-I-thio+wglucopyrunoside (1). - 
A. From sulfenyl bromide 2 and N,N-dimethyhzniline. To a suspension of the sulfenyl 
bromide 2 (2.972 g, 6.7 mmoles) in carbon tetrachloride (50 ml) was added N,N- 
dimethylaniline (2 ml, 15.8 mmoles); the mixture turned green. After 1 h at room 
temperature, the mixture was evaporated (bath temperature t43”), and the resultant 
syrup was dissolved in dichloromethane (100 ml). The solution was treated by the 
procedure used in the preparation of compound 5. The resultant, green syrup was 
dissolved in ether, and petroleum ether was added to opalescence. Several crops of 
crystals were collected; the first three (total yield 1.522 g, 62%, m.p. 126127O) were 
recrystallized to give pure bis(tetra-O-acetyl-/?-D-glucopyranosyl) disuhide 4 (1.348 g), 
m.p. 141-142”, indistinguishable from an authentic sample’ by t.l.c., i-r. spectra, and 
X-ray powder diffraction pattern. The fourth and fifth crystal fractions, yield 206 mg, 
were shown by t.1.c. to contain 4 as a minor component, together with a principal com- 
ponent (1) having Rr 0.81. Recrystallization (twice) from ethanol gave 1 as colorless 
needles, m.p. 150”, [a]r -54.7 +2” (c 0.9, chloroform) (lit.14 m.p. 150-151”, [f&O 
-47” in chloroform); RF 0.81; Azf 5.72 (OAc), 6.23 and 6.68 pm (aryl); AEgH 276 
(E 12,500) and 208 nm (16,900); n.m.r. data, see Tables I and II; X-ray powder 
diEraction data: 15.63 vw, 12.71 vw, 10.58 vs (I,l), 8.48 vs (l,l), 6.96 m, 5.6Om, 
5.27 m, 5.00 m, 4.74 w, 4.51 w, 4.39 s (2,2), 4.23 s (2,2), and 4.04 w. 

Anal. Calc. for C,,H,,NO,,S: C, 54.64; H, 6.05; N, 2.90; S, 6.63. Found: 
C, 54.87; H, 6.11; N, 3.21; S, 6.96. 

B. From terra-0-acetyi-a-D-glucopyranosyl bromide and p-dimethylamino- 
6enzenethioZ. The procedure of Montgomery, Richtmyer, and Hudson14 was modified. 
p-Dimethylaminophenyl thiocyanate ’ ’ (18 g, 101 mmoles) in dry ether (200 ml) was 
added with stirring to a suspension of lithium aluminium hydride (4.0 g, 105 mmoles) 
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in dry ether (200 ml) that was maintained at 0”, and stirring was continued for 45 min. 
The mixture was processed by the general procedure” used for the reduction of 
nitriles with lithium aluminum hydride. The resultant, ethereal solution was decanted 
from the gray-white residue, and evaporated to give p-dimethylaminobenzenethiol 
(9.0 g, 59 mmoles). The latter was not further purified, because of the ease with which 
it undergoes oxidative dimerization, and it was condensed immediately with tetra-O- 
acetyl-cc-D-glucopyranosyl bromide (20 g 48.6 mmoles) by the general method of 
Purves’g. Evaporation of the yellow, turbid reaction-mixture gave a yellow syrup, 
which was partitioned between dichloromethane (100 ml) and water (100 mI). The 
turbid mixture was filtered, and the organic phase was separated, dried (magnesium 
sulfate), and evaporated to give a yellow syrup. Crystallization of the syrup from 
ether-petroleum ether gave 1; yield 5.2 g (22%), m.p. (after recrystallization) 149-150”, 
identical by mixed m-p., i.r. spectrum, and X-ray powder diffraction pattern with 1 
prepared by method A. 

Reaction of suifenyl bromide 2 with N,N-dimethylaniline to give p-(dimethyl- 

amino)phenyZ tefra-O-acetyl-&D&copyvanosy~ disuIjide (9). - To a suspension of 2 
(3-086 g, 7.0 mmoles) in carbon tetrachloride (50 ml) was added NJV-dimethylaniline 
(2 ml, 15.8 mmoles), and the mixture was kept for 0.5 h at 30”. The resultant solution 
was evaporated to a syrup at &JO”, the syrup was dissolved in dichloromethane 
(100 mI), and the solution was processed as described for compound 5. The syrup 
obtained showed major components having RF 0.88 and 0.51 (t.1.c.). The mixture was 
subjected to column chromatography. The tist fractions eluted from the column 
were evaporated to a syrup that was distihed at 180” (bath)/O.lS torr to givep-bromo- 
N,N-dimethylaniline (12); yield 0.168 g, m.p. 52-54” (liL2’ m.p. 54.7”), RF 0.99 
(detected very slowly by sulfuric acid). 

Anal. Calc. for C8H,,BrN: C, 48.02; H, 4.89; Br, 39.82; N, 7.00. Found: 
C, 47.85; H, 4.89; Br, 39.94; N, 7.09. 

The product was identical with an authentic sample of 12 by mixed m.p. and 
by i.r. and n.m.r. spectra. 

Continued elution of the column gave a chromatographically homogeneous 
component, RF 0.88, that crystallized from ethanol to give the disulfide 9 as pale- 
yellow needles; yield 307 mg (8.5%), mp. (after one recrystallization) 156-1573 

22 -324 +3” (c 1.6, chloroform); RF 0.9; AEE 5.72 (OAc), 6.25, and 6.65 ,um 
y&l); A:gH $1 (E 11,500), 268 (8,800) , and 208 nm (12,700); n.m.r. data, see Tables I 
and II; X-ray powder diffraction data: 16.50 vvw, 15.22 vvw, 10.84 vs (l), 8.48 s (3,3) 
7_76w, 6.76vvw, 6.05 w, 5.74vvw, 5.4Om, 5.09m, 4.80s (2), 4.41 w, 4.22w, 4.06s, 
(3,3), 3.78 s (3,3), and 3.68 m. 

Anal. Calc. for CZ2HzgNOgS2: C, 51.25; H, 5.67; N, 2.72; S, 12.44. Found: 
C, 51.06; H, 5.78; N, 2.97; S, 12.13. 

Continued elution of the column gave, fist, a mixture of components having 
Rrz 0.88 and 0.50, and then the component having RF 0.50, alone; from the latter 
fractions, the crystalline disutide 4 was obtained, yield 1.11 g (44%), m-p. (after 
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reci-ysla~ation from ethano1) 141-142", identical with authentic 4 by mixed m.p., 

i.r. and n.m.r. spectra, and X-ray powder diffraction pattern. 
A second experiment was performed under similar conditions, except that 5.0 g 

(11.3 mmoles) of 2 and 5 ml (39.4 mmoles) of N,N-dimethylaniline was used, and the 
initial syrupy product was heated for ~20 min at 105”/0.2 torr. Column-chromato- 
graphic fractionation of the product gave, in the early fractions, bis(p-dimethylamino- 
phenyl) disulfide (ll), isolated crystalline from ether; yield 566 mg, m.p. 117.5-l 18.5” 
(lit.’ ’ m.p. 118”). 

Anal. Calc. for C1,sH20N,S2: C, 63.11; H, 6.62; N, 9.20; S, 21.06. Found: 
C, 63.18; H, 6.56; N, 9.20; S, 20.98. 

Further elution of the column gave fractions that contained tetra-O-acctyl-a-n- 
glucopyranosyl bromide (lo), yield 2.155 g (46%), identical with an authentic sample 
by i-r. and n.m.r. spectra. 

The next compound to be eluted from the column was the disuhide 9, yield 
324 mg (6%), identical with the product obtained in the preparation already described. 
Subsequent fractions yielded the disuhide 4, yield 446 mg (5%), m.p. 141-142”. 

In a third experiment, the reaction between 2 (1.17 g) and 2 equivalents of 
N,ZV-dimethyIaniiine was allowed to proceed for 60 h at 30°, and the product was 
isolated without heating it above 40”. Fractionation gave the monosuEde 1(188 mg, 
15%), and the disulfide 4 (579 mg, 60%). 

Reaction of su&nyI bromide 2 with (a) acetophenone, (b) acetone, (c) cyclo- 
hexanone, and (d) phenol. - Suspensions of the sulfenyl bromide 2 in carbon tetra- 
chloride were treated, in separate experiments, with the following ketones or enols, 
in the molar proportions indicated (relative to 0.1 mole of 2): acetophenone (I .O mole) 
acetone (4.4 moles), cyclohexanone (1 .O mole), and phenol (1.1 moles). The reaction 
mixtures were kept for l-3 h at room temperature, and then processed by the general 
procedures used for isolating coupling products formed from 2. In each of the four 
experiments, the principal product, isolated crystalline in 70%, 63%, 76%, and 75% 
yield, respectively, was bis(tetra- 0-acctyl-fi-D-glucopyranosyl) disulflde (4), m. p. 
142-143”, identical with an authentic sample by mixed m.p., i.r. spectrum, and X-ray 
powder diffraction data. 
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OXAZOLINE SYNTHESIS OF 
1,2-mm.s-2-ACETAMIDO-2-DEOXYGLYCOSIDES 

S. E. ZURABYAN, T. P. VOLOSUVK, AND A. J. KHORLIN 

Institure for Chemistry of Natural Products, (I. S. S. R. Academy of Sciences, MOSCOW (U. S. S. R.) 

(Received June 14th, 1968; in revised form, July 27th. 1968) 

AnsTR4c.r 

The glycosylating activity of 2-methyl-glyco[1’,2’:4,5]-2-oxazolines has been 
investigated in connection with the synthesis of 1,2-~rans-2-acetamido-2-deoxy- 
glycosides. Treatment of 2-methyl-4,5-(3,4,6-tri-O-acetyl-2-deolry-a-D-gIucopyrano)- 
2-oxazohne (1) and 2-methyl4,5-[4-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-8-D_ 
glucopyranosyl)-3,6- di-0-acetyi-2-deoxy-a-D-gkopyrano]-2-oxazofine (2) with 
p-nitrophenyl 2-acetamido-3,4-di-O-acetyl- (3) and p-nitrophenyl 2-acetamido-3-0- 
acetyl-2-deoxy-j?-D-glucopyranoside (4) in the presence of catalytic amounts of 
toluene-psulphonic acid gives p-nitrophenyl 2-acetamido-6-O-(2-acetamido-3,4,6- 
tri-U-acetyl-2-deoxy-8_D-gluco~~~osyl)-3,4-di-O-acetyl-2-deoxy-~-D-~ucopyranos- 
ide (7), p-nitrophenyl 2-acetamido-6-0-(2-acetamido-3,4,6-tri-OD- 
glucopyranosyl)-3-U-acetyl-2-deoxy-P-D-glucopyranoside (9), and p-nitrophenyl 
O-(2-acetamido-3,4,6-tri- O-acetyl-2-deoxy-B-D-glucopyranosyl)-(l-+4)- 0-(2-acet- 
amido-3,6-di-O-acetyl-2-deoxy-8_D-glucop~anosyl)-(l~6)-2-acetamido-3,4-di-O- 
acetyl-2-deoxy-j?-D-glucopyranoside (11) in yields of up to 50%. 

INTRODUCTION 

Amongst the methods for the synthesis of 1,2-rrans-2-amino-2-deoxy- 
glycosides”‘3, that based upon the reaction of Zsubstituted glyco[l’,2’:4,5]-2- 
oxazolines with an aglycon is distinguished by its simplicity and efficiency’0-13. The 
oxazoline method, however, has been confined to the synthesis of 1,2-trans-2- 
benzamido-2-deoxyglucosides, because the only readily available reagents were 
2-phenyl-gluco[l’,2’:4,5]-2-oxaxolines’0-’s. Although 2-methyl-4,5-(3,4,6-tri-O-acetyl- 
2-deoxy-a-D-galactopyrano)- and 2-methyl4,5-(3,4,6-tri-O-acetyl-2-deoxy-/3-D-man- 
nopyrano)-2-oxazolines have been described recently as by-products of the 
acetylation of Zacetamido-2-deoxy-D-galactose and the D-LVCWZ~ analogue’6, such 
reagents are still very inaccessible. 

A general route for the synthesis of 2-substituted glyco[l ‘, 2’:4,5+2-oxazolines 
(including the 2-methyl derivatives) is shown on the following page. 

This paper describes glycosylation by 2-methyl-glyco[l’,2’:4,5]-2-oxazoline 
in the synthesis of 1,2-trans-2-acetamido-2-deoxy-D-glycosides. These compounds 
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are of interest, since, in all known cases, the 2-amino-2-deoxy sugar residues of 
naturahy occurring carbohydrates are IV-acetylated, and because 2-acetamido-2- 
deoxy-D-glycosides are analogues of glycosidase (i.e., lysozyme) substrates. 

R= Me, Ph;X=No,,CIO_-,OSOZ 

RESUJLTS AND DISCUSSION 

The glycosylating capability of 2-methyl-4,5-(3,4,6-tri-U-acetyl-2-deoxy-a-D- 
glucopyrano)-2-oxazoline (1) and 2-methyl-4,5-[4-0-(2-acetamido-3,4,6-tri-O-acetyl- 

2-deoxy-8_Dglucopysyl)-3,6-di-U-acetyl-2-deoxy-a-D-glucopyrano]-2-ox~o~e(2) 
was investigated by examination of their reactions with p-nitrophenyl Zacetamido- 
3,4-di-O-acetyl-2-deoxy-6 (3) and p-nitrophenyl 2-acetamido-3-0-acetyl-2-deoxy-P-D- 

glucopyranosides (4). Glycoside 4 was obtained by treatment of p-nitrophenyl 
2-acetamido-4,6-O-benzylidene-2-deoxy-P-D-glucopyranoside1s (5) with acetic an- 
hydride in pyridine, followed by removal of the benzylidene group from the result- 
ing 3-acetate 6 by treatment with 60% aqueous acetic acid for 30 min at lOO”, which 

also caused some glycoside hydrolysis. 

. 
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On heating a solution of the oxazoline 1 in dry toluene-nitromethane with the 

alcohol 3 in the presence of a catalytic amount of toluene-p-sulphonic acid, p-nitro- 
phenyl 2-acetamido-~-O-(2-acetamido-3,4,6-tri-U-acetyl-2-deoxy-~-D-~ucop~anosyl)- 
3,4-di-0-acetyl-2-deoxy-fi-D-glucopyranoside (7) was obtained in 49% yield; the 
Koenigs-Knorr reaction gave6 a 2.4% yield of compound 7. The /I-D-configuration 
of the (146)~glycosidic bond in compound 7 was established from the n.m.r. spectrum 
(H-l doublet at 6 5.40 p.p.m., J 1,2 9.0 Hz), and also by comparison of the observed 
and calculated molecular rotation values. Saponification (Zemplen) of the acetate 7 

yielded the glycoside 8. 
Glycosylation of the diol4 with the oxazoline 1 under the above conditions gave 

46% of p-nitrophenyl 2-acetamido-6-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D- 
glucopyranosyl)-3-U-acetyl-2-deoxy-&D-glucopyranoside (9). The structure of com- 
pound 9 was proved by its conversion into acetate 7, and by 0-deacetylation to give 
glycoside 8. Paper chromatography of the reaction mixture indicated also the formation 
of the branched trisaccharide, p-nitrophenyl2-acetamido4,6-di-O-(2-acetamido-3,4,6- 

tri- 0-acetyl-2-deoxy-B-D-glucopyranosyl)-3- O-acetyl-2-deoxy-/I-D-glucopyranoside 

(10). The synthesis of disaccharide 9 shows that 2-methyl-gluco[l ’, 2’:4,5]-2-oxazolines 
can be used for selective glycosylation of a primary hydroxyl group, thus providing 

a means for obtaining starting materials for the synthesis of hetero-oligosaccharide 

derivatives containing amino-sugar residues. 
Under the above conditions, the glycosylating activity of the oxazoline 2 is 

similar to that of the analogue 1. Condensation of oxazoline 2 with the partially 
protected glycoside 3 gave p-nitrophenyl O-(2-acetamido-3,4,6-tri-0-acetyl-2-deoxy- 

/I-D-glucopyranosyl)- (1 + 4)- 0-(2-acetamido-3,6-di- 0-acetyl-j?-D-glucopynosyl)- 
(1~6)-2-acetamido-3,4-di-O-acetyl-2-deoxy-~-D-glucopyranoside (11) in 30% yield. 

The acetate 11 was saponified by Zempltn’s procedure to give the trisaccharide 
glycoside 12. The &D-configuration of the (1+6)-linkage in the trisaccharide deriva- 
tives 11 and 12 was indicated by comparison of the observed and calculated molecular 
rotations. 

Thus, it appears that 2-methyl-glyco[l ’, 2’:4,5]-2-oxazolines may serve generally 

as convenient starting materials for the synthesis of 1,2-trans-2-acetamido-2-deoxy- 
glycosides. Moreover, the synthesis of the trisaccharide derivative I.2 reveals an 
advantage of the oxazoline method, in that an oligosaccharide chain may be lengthened 
by two 2-acetamido-2-deoxy-D-glycopyranose residues in a single step. The formation 

of trisaccharide derivative 10 indicates that 2-methyl-glyco[l ’, 2’:4,5]-2-oxazolines 

are able to glycosylate secondary hydroxyl groups, although more drastic conditions 
are required for these reactions. The method is being studied further. 

EXPERIMENTAL. 

Melting points were measured on a Kofler apparatus and are corrected. Optical 
rotations were determined with a Hilger M-142 polarimeter. Silica gel KSK (lOO- 
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150 mesh for columns and 150 mesh with 5% gypsum for t.1.c.) was used for chromato- 
graphy. The ratio of weight of adsorbent: weight of substance was 50-100: 1. Detection 
was effected with ammonia vapour or cont. sulphuric acid. Paper chromatography 
was performed on Filtrak Niederschlag FN3 paper with chloroform-methanol 
(9:1, A; and 193, B) and butyl alcohol-ethanol-watet (5:2:5, C). Evaporations were 
performed at 3540” in vacua. N.m.r. spectra were obtained with a JEOL JNM-4H-100 
spectrometer with tetramethylsilane as internal reference and methyl sulphoxide 
as solvent. 

p-Nitrophenyl 2-acetamido-3-O-acetyl-4,6-O-benzylidene-2-deoxy-8-D-gIucopyra- 

noside (6). - Compound 5 12.36 g, m.p. 241.5-242” (decomp.), [cc]$’ -32” (pyrid- 
ine))18 was acetylated with pyridine (45 ml) and acetic anhydride (21 ml) in the usual 
way to give the title compound (2.15 g, 83%), m.p. 274-276” (decomp., from N,N- 
dimethylformamide-methanol), [a]? -2” (c 1.2, N,ZV-dimethylformamide), RF 0.67 
(t.l.c., solvent A) (Found: C, 58.2; H, 5.3: N, 5.9. CzaHz,NzO, talc.: C, 58.5; H, 5.3; 

N, 5.9%). 

p-hritrophenyl 2-acetamido-3-O-acetyI-2-deoxy-B-D-glucopyranoside (4). - 

A suspension of compound 6 (6 g) in 60% aqueous acetic acid (180 ml) was stirred 
for 30 min at 100”. The solution was then evaporated, benzaldehyde was removed 
from the residue by codistillation with water, and traces of acetic acid were removed 
by codistillation with toluene. Compound 4 was isolated by elution of the residue 
(4.9 g) from silica gel, using chloroform-methanol with an increase in the methanol 
content from 5-20%. The fractions were monitored by t.1.c. (solvent A). The fractions 
containing the substance with RF 0.25-0.28 were combined and evaporated to give 
material (2.58 g, 53%), m.p. 200-201 o (decomp., from ethyl acetate-light petroleum), 

MiY -17” (c 1.45, methanol) (Found: C, 50.0; H, 5 3; N, 7.2. Ci6HZONZ09 talc.: 
C, 50.0; H, 5.2; N, 7.3%j. 

On heating compound 4 (44 mg) with anhydrous zinc chloride (40 mg) and 
benzaIdehyde (0.5 ml), the benzylidene derivative 6 (26 mg) was obtained having 
m.p. and mixed m.p. 272” (decomp.). 

p-Nitrophenyl 2-acetamido-6-0-(2-acetamido-3,4,6-tri-O-acetyZ-2-deoxy-P-D- 

giuco~yranosyl)-3,4-di-0-acetyl-2-deoxy (7). - To a mixture 
of compounds 1 (2.7 g, [a]:’ +lO” (chloroform)}” and 3 (1.03 g, m-p. 
235-236” (decomp.))6 in dry toluene (15 ml), toluene-p-sulphonic acid (10 mg) was 
added. Dry nitromethane (7.5 ml) was added to the boiling suspension, and the heating 
was continued for 45 min at 120-130”. The product was collected, washed with toluene 
and ether, and recrystallised from methanol to give the title compound (0.95 g, 49%), 
m.p. 258.5-260” (decomp.), [a],, -27’, w], -204” (c 0.42, chloroform), RF 0.55 
(t.l.c., solvent A); the sum of the [MJ, values of 2-acetamido-2-deoxy-/&n-glucose 
tetra-acetateI and p-nitrophenyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-8-D-gluco- 
pyranoside2’ is -209”; n.m.r. data: H-l doublet, 6 = 5.40 p.p.m. (J1,2 9.0 Hz); 
(Found: C, 51.15; H, 5.5; N, 5.9. C~~H~1N~O18 caic.: C, 50.9; H, 5.5; N, 5.6%). 

For the hydrate of compound 7, 0sawa6 recorded m-p. 257-258” (decomp.), [a]i3 

-43” (chloroform). 
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p-Nitrophenyl 2-acetanzido-6-0-(2-acetamido-2-deoxy-~-~-giucopyranosy~-2- 

deoxy-j?+-glucopyranoside (8). - The acetate 7 (0.5 g) was saponified in dry methanol 
(10 ml) with M methanolic sodium methoxide (OS ml). The product was collected, 
washed with methanol, and recrystallised from 90% methanol to give the title com- 
pound (275 mg, 74%), m.p. 218-219”, [a]? -43” (~0.49, 70% methanol in water) 
(Found: C, 48.1; H, 5.7; N, 7.6. CzZH,,N,O,, C&L: C, 48.4; H, 5.7; N, 7.7%). 
The substance was homogeneous in paper chromatography (&loNAc 1.44, solvent C). 
For the dihydrate of compound 8, Osawa reported6 m.p. 220-221 o (decomp., softening 
at 210”) and [a]: -55” (70% methanol in water). 

p-Nitrophenyl 2-acetamido-6-0-(2-acetamido-3,4,6-tr~-O-acetyl-2-deoxy-~-~- 
gIz~copyranosyi)-3-O-acety~-2-~oxy-~-D-g~ucopyranosjde (9)_ - A suspension of 
compounds 1 (1.61 g) and 4 (0.47 g) and a catalytic amount of toluene-p-sulphonic 
acid in a mixture of toluene (6 ml) and nitromethane (4.5 ml) was heated for 40 min 
at 120-130”. The product was then collected, washed with nitromethane-toluene and 
ether to give chromatographically homogeneous compound 9 (0.46 g, 46%), m.p. 
245-246” (decomp.) (from methanol), [a]? -25” (~0.8, methanol), RP 0.20 (t.l.c., 
solvent B) (Found: C, 50.4; H, 5.5; N, 5.8. CS0HX9N301, talc.: C, 50.5; H, 5.5; 
N, 5.9%). 

With acetic anhydride and pyridine in the usual manner, compound 9 was 
converted into the acetate 7, mp. and mixed m.p. 258-259” (decomp.). Saponification 
of compound 9 with sodium methoxide in methanol afforded compound 8, m.p. 205” 
(decomp.), chromatographically identical with authentic material. 

The mother liquor remaining after the isolation of compound 9 was treated with 
2 drops of pyridine and evaporated to dryness. The excess of compound 1 was extracted 
with ether, and the residue was treated with charcoal in methanol. The filtered solution 
was treated with acetic anhydride and pyridine to give a product which was eluted 
from silica gel with chloroform-methanol (0+5% methanol). The fractions containing 
the substance with RF 0.15-0.17 (t.l.c., solvent B) were combined and evaporated, 
and the residue (46 mg) was saponified, and analysed by paper chromatography. 
In addition to compound 8, a substance with RGLuNAc 1.03 was detected, which was, 
presumably, p-nitrophenyl 2-acetamido4,6-di-O-(2-acetamido-2-deoxy-@-gluco- 
pyranosyl)-2-deoxy-8_lSglucopyranoside. 

p-Nitrophenyl 0-(2-acetamido-3,4,6-tri-O-acetyZ-2-deo_~y-~-~glucopyranosyZ)- 
(i-,4)-0-2-acetamido-3,6-di-O-acetyZ-2-deo~-~-~gZucopyr~osyl-(Z-,6)-2-acetamido- 

3,4-di-0-acetyl-2-deoxy-/?-D-glucopyranoside (11). - A mixture of the oxazoline” (2) 
{ 1.27 g, np. 189-190”, [a]? -8” (chloroform)), compound 3 (1.2 g), and a catalytic 
amount of toluene-p-sulphonic acid was heated for 30 min at 130-140” in dry nitro- 
methane (10 ml) and toluene (8 ml). The product was collected, washed with nitro- 
methane-toluene (30 ml, 1:2) and ether to give chromatographically homogeneous 
compound ll(0.65 g, 30% calculated with respect to the oxazoline 2), m-p. 289-290” 
(decomp.) (from methanol), [c&’ -31°, [M], -323’ (c 0.55, methanol-nitromethane, 
l:l), RF 0.4-4 (t.l.c., solvent A); the sum of the [MJ, values of methyl di-N-ace@-/I- 
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chitobioside penta-acetate*l and pnitrophenyi 2-acetamido-3,4,6-tri-O-acetyl-2- 
deoxy-#?-~-glucopyranoside20 is -494” (Found: C, 50.7; H, 5.6; N, 5.3. C,,HssN402s 
talc.: C, 50.7; H, 5.6; N, 5.4%). 

p_iVitrophenyZ 0-(2-acetamido-2-deoxy-~-~giacopyranbsy~-(Z-,4)-0-(2-acetam- 

ido-2-deoxy- fl- D -glucopyranosyl) - (I + 6)-2-acetamido-2~eoxy-8_D-gZucopyranoside (12) 
- A suspension of compound ll(0.6 g) in dry methanol (80 ml) and M methanolic 
sodium methoxide (0.8 ml) was heated until dissolution was complete. The mixture was 
then maintained at 5” for 2 days, and the product was collected, and washed with 
methanol to yield chromatographicaliy homogeneous compound 12 (0.36 g, 80%), 
m-p. 239-241” (decomp.) (from aqueous methanol), [LY];’ -47.5”, [MID -371” 
(c 1.19, water), GlvNAc 1.13 (solvent C); the sum of the [MI, values of methyl di-N- 
acetyl-j?-chito-bioside* 1 and p-nitrophenyl 2-acetamido-2-deoxy-@-giucopyranos- 
ide*’ is -218” (Found: C, 45.6; H, 6.1; N, 6.9. C30H44N~018.2H20 talc.: C, 45.9; 
H, 6.2; N, 7.1%). 
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DIRECTION OF CHAIN PROPAGATION AND THE INSERTION 

OF THE BRANCH RESIDUES* 
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Department of Biochemistry, CoiIege of Biological Sciences, Unioersity of Minnesota, St. Paul, Minnesota 

SSlOI (LL S. A.) 

(Received September 3rd, 1968) 

ABSTRACT 

The polysaccharide produced by the mold Sckrotium rolfsii Sacc. lends itself 
to studies of in viuo biosynthesis, since means are available to degrade pulse-labeled 
polysaccharide and determine the specific activity of all of the types of D-ghCOSe 

residue present in its structure. Studies of this kind show, by direct measurement of 
the specific activities of the reducing and nonreducing terminals, that the direction of 
chain elongation is toward the nonreducing terminal. They show further that the 
interbranch, branch-point, and branch D-glucose residues are inserted into the 
structure of the molecule at about the same point in tiqe, and that the D-glucose 
residues go intact into the structure, with no rearrangement of the carbon chain. 
The significance of these observations to the route of biosynthesis of the polysacchar- 
ide is discussed. 

lNTRODUCfION 

Because of the availability of specific means of chemical degradation, the 
j?-D-glucan of S. rolfsii lends itself to the study of certain aspects of its in vivo bio- 

synthesis. This glucan consists of a backbone of B-D-( 1+3)-linked D-glucopyranosyl 
residues bearing single p-~-(1 +6)-linked D-glucopyranosyl residues as branches that 
are attached, on the average, to every third &lucose residue in the main chain’. 
The availability of a highly purified D-glucanase that quantitatively degrades the 
polymer to a mixture of D-glucose and gentiobiose’, coupled with the use of the Smith- 
degradation’, permits the determination of the specific activities of all of the different 
types of D-glucose residue present in pulse-labeled polysaccharide. These residue 
types are: D-glucose residues at the reducing and nonreducing terminals, D-glucose 
residues between the branch points (interbranch D-glucose), branch-point D-ghCOSe, 

*This is Paper No. 6665, Scientific Series, Minnesota Agricultural Experiment Station. 
**Present address: Department of Biochemistry, University of California at Berkeley, Berkeley, 
California 94720, U. S. A. 
tPre.sent address: Department of Biochemistry, University of Massachusetts, Amherst, Massachusetts 
01003, U. S. A. 
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and side-chain D-glucose. It is also worthy of note that it is possible to measure, 
sequentially, the specifk activities of the D-glucose residues in the main chain, pro- 
ceeding from the nonreducing terminal toward the interior of the polysaccharide. 

Thus, it is possible to pulse-label polysaccharide in oivo by feeding uniformly 
la-&led D-glucose to S. rolfsii, and, through measurement of the relative specific 
activities of the different types of D-glucose, to determine both the direction of chain 
propagation and the relative time of insertion of the branch and the main-chain 
D-glucose residues. It is the purpose of the present article to describe these methods 
of degradation, and present specific activity data obtained from pulse-labeled material. 

RESULTS AND DISCUSSION 

Degradation methods. -The procedure used for measuring the specific activities 
of the reducing and nonreducing terminal residues involved repeated Smith-degradation 
(periodate oxidation, borohydride reduction, and mild hydrolysis with acid’). When 
the polysaccharide is submitted to Smith-degradation, all of the side-chain residues 
and the nonreducing terminal residues are removed, and the reducing terminal is 
converted into a D-arabinitol residue. A second Smith-degradation on this material 
converts this D-arabinitol into a stably bound glycerol residue, and liberates glycerol 
from the nonreducing, terminal D-gh3COSC residue. The specik activity of the glycerol 
liberated is the same, on a molar basis, as that of the nonreducing terminal of the 
polysaccharide, if uniformly labeled D-glucose is used in the experiment. Repeated 
application of the Smith-degradation technique will yield glycerol from the non- 
reducing terminal newly established, but the other end of the polysaccharide molecule 
is not afhxted. By this means may be measured, in a sequential manner, the specific 
activities of the D-glucose residues in the main chain, proceeding from the nonreducing 
terminal toward the interior of the polysaccharide. The specific activity of the reducing 
terminal can be determined by hydrolyzing, under more strenuous conditions, the 
material resulting from a complete Smith-degradation; this liberates the glycerol 
situated at the reducing terminal end, and the specific activity of this, on a molar basis, 
is the same as that of the D-glucose residue that originally occupied the reducing 
terminal position. 

The procedure used for determining the specific activities of the branch, 
branch-point, and interbranch D-glucose residues involved hydrolysis of the poly- 
saccharide with the CXO-/?-D-(1 +3)-glucanase2 of Basidiomycete QM806. This enzyme 
has been shown to convert the polysaccharide quantitatively into D-glucose and 
gentiobiose. The D-glucose arises from the interbranch D-glucose residues, and it can 
readily be isolated and its specific activity determined. The reducing moiety of the 
gentiobiose arises from the branch-point D-glucose residues, and the nonreducing 
moiety comes from the branches. The gentiobiose is reduced with sodium borohydride, 
the product is hydrolyzed, and the D-glucose in the hydrolyzate is separated from the 
D-glucitol by electrophoresis; the specific activity of each compound is then determined. 

Preliminary studies on the uptake of labeled D-glucose. - In order to iind out 
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if labeled D-glucose is readily taken up by the organism and incorporated intact into 
the polysaccharide, the fungus was grown for 44 h on D-glucose-I-r4C and on 
D-ghCOSe-6-‘4C, respectively. The labeled polysaccharide was then isolated, the 
average specific activity of the D-&CO%? residues in it was determined, and the 
distribution of the specific activity and the location of the label in three of the D-glucose 
fractions already described (interbranch, branch-point, and branch D-glucose) were 
determined. It was found that D-glucose is readily taken up and incorporated into 
the polysaccharide, and that the specihc activities of the three types of D-glucose are 
the same, within experimental error, after 44 h. Each of the types of D-glucose was 
degraded, essentially by the procedure of Bevill et aL3, to determine the location of 
the label. It was found that, when D-glucose-l- 14C is fed, all three D-glucose fractions 
are labeled at C-l, and there is no significant label at the other five carbon atoms. 
Similarly, when D-glucose-6-‘4C is fed, all three D-glucose fractions are labeled solely 
at C-6. These results established that D-glucose is taken up from the medium and 
incorporated into the polysaccharide without alteration of the carbon chain. 

Direction of chain propagation. - The direction of propagation of the chain 
during the biosynthesis of a polysaccharide (i.e., toward the nonreducing or reducing 
terminal) is a matter of some importance. In the past, it has been assumed that all 
polysaccharide chains are propagated in the direction of the nonreducing terminal, 
but there is little evidence to support this as a general phenomenon. In fact, Robbins 
et aL4 have recently produced convincing evidence that the polysaccharide that 
constitutes the surface O-antigen of Sabnonella newington is elaborated toward the 
reducing terminal. Furthermore, Ebert and Patat and their co-workers claim that 
dextransucrase and levansucrase elaborate their polysaccharides toward the reducing 
terminal through an insertion type of mechanism5-‘. Their evidence is based on 
kinetic studies, and is not convincing to the present authors, but it must be admitted 
that the reaction mechanism they propose is chemically feasible. On the other hand, 
Hehre has established that the amylosucrase from Neisseria per-atta elaborates its 
polysaccharide toward the nonreducing terminal’, and Dedonder and his co-workers 
claim that the levansucrase of Bacillus subtilis does the same’-“. 

The S. roZfsii polysaccharide is particularly suitable for studies on the direction 
of chain elongation because, in contrast to previous studies of this type on other 
polysaccharides, it is possible to determine the specific activities of the reducing and 
nonreducing terminals directly. The results of such studies on a sample of poly- 
saccharide labeled with a 2-minute pulse of uniformly labeled D-glucose are shown in 
Table I. From the reasoning given, it is evident that, if the D-glucose pulse is sufficiently 
short to result in asymmetric labeling of the two chain-terminals, the direction of 
propagation can be determined by comparing the specific activities of the terminals. 
If the nonreducing terminal has the higher specXc activity, the direction of pro- 
pagation is toward that end. If the reverse is true, the direction of propagation is 
toward the reducing terminal. From examination of Table I, it is evident that the 
direction of propagation is toward the nonreducing terminal, as its specific activity 
is more than 20 times that of the reducing terminal. 
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TABLE 

DIRECTION OF CHAIN PROPAGA-IION 

Substance counted 

Polysaccharide resulting from the 
tirst Smith-degradation 

Nonreducing terminal of the 
above polysaccharide 

Polysaccharide resulting from the 
second Smith-degradation 

Nonreducing terminal from the 

above polysaccharide 
Glucose from the reducing terminal 

Specific activity of the 
glucose (da.mirl.pmol-1) 

788 

3070 

764 

2930 
140 

=d = disintegrations. 

Insertion of the side chains. - A number of possible mechanisms for the bio- 
synthesis of a polysaccharide of the S. rotfsii type may be envisaged. A trans-D- 
glucosidase could transfer D-glucosyl residues from a donor to a growing b-~-(1 33)- 

linked chain. This chain could then be acted upon by another trans-D-glucosidase 
that would transfer single D-glucosy! residues from a donor to the 6-hydroxyl group 
of residues in the chain. Shduld this type of synthesis be involved, it would be expected 
that, after a pulse-label of sufiiciently short duration, the side-chain D-ghCOSc residues 

would have a significantly higher specific activity than those in the main chain, since 
the incoming, labeled D-glucose would be transferred as branches to pre-existing 
unlabeled chains. Certain other schemes of synthesis are equally plausible. The 
biosynthesis could involve the combined action of one trans-D-glucosidase building 
up the j?-D-(143)-backbone from a donor and another that transfers single D-glucosyl 
residues from the nonreducing terminal to O-6 of the penultimate, D-glucosyl residue. 
Such a mechanism would result in a product in which the various types of D-glucosyl 
residues in the pulse-labeled polysaccharide all have the same specific activity, as 
they all enter the same region of the polysaccharide at about the same time. A bio- 
synthesis that involves the synthesis of a tetrasaccharide donor, followed by a trans- 
D-glycosylase that transfers these tetrasaccharide units into the growing chain, could 
also result in uniform specific activity in pulse-labeled material. 

Sclerotizzm rolfsii appears to elaborate its polymer on the surface of the 
mycelium, and then to extrude it into the medium. An appreciable proportion of the 
polymer cannot be washed off the mycelium, but it can be obtained by boiling the 
mycelia, disrupting them in a sonifier, and then washing the disrupted cells with water. 
As would be expected, during pulse experiments, the polymer on the cell surface 
(referred to as “cellular polysaccharide”) becomes labeled sooner than the poly- 
saccharide in the medium (referred to as “extracellular polysaccharide”). This is 
shown in Table II, from which it is evident that significant labeling of the cellular 
polysaccharide can be obtained at 30 set, at which time there is no detectable activity 
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in the extracellular polysaccharide. The distribution of specific activity among the 
various types of D-glucose in both cellular and extracellular polysaccharide is shown 

TABLE IL 

INCREASE OF SPECIFIC ACTIVITY WITH TlhiE IN THE CELLULAR AND EXTRACELLULAR POLYSACCHARIDES 

Time of exposure 
to labeled D-gkose 

(sed 

Specific activity (&.min-l.~mol-l) 

Cellular Extracellafar 
polysaccharide polysaccharide 

30 491 f27b 0 
900 5,920 1,820 

1,800 7,100 3,950 
3,600 20,200 9,750 

7,200 24,700 22,700 
72,000 49,400 48,200 

=d = disintegrations. 
bThis is the statistical variation in the count of this sample; the statistical variation for all other 
samples is negligible. 

in Table III. It is evident that, even at the shortest pulse-time that will provide signi- 
ficant labeling of the polysaccharide, the different types of D-glucose residue all have 
the same specific activity. This result excludes a mechanism involving synthesis of the 

TABLE III 

DISTRIBUTION OF SPECIFIC ACTIVITY IN THE CELLULAR AND EXTRACELLULAR POLYSACCXARIDES 

Time of exposure Specific actiuity (da.min-l.pmof-1 of glucose) 
to labeled 
D-&COSe Whole Znterbranch Gentiobiose Branch unit Branch-point 

(set) polwaccharide D-glucose D-gklcose D-glucose 

Cellular 
polysaccharide 
30 491 f27b 439 f17b 424 f26b 450 f32b 429 f24b 

900 5,920 5,450 5,400 5,320 5,800 
3,600 20,200 19,300 18,000 19,200 19,300 

Extracellular 
polysaccharide 
30 0 0 0 0 0 

900 1,825 1,800 1,770 1,750 1,820 
1,800 3,950 3,850 3,720 3,890 3,750 

ad = disintegrations. 
aThis is the statistical variation in the counts of these samples: the statistical variation for all other 
samples is negligible. 

backbone followed by later insertion of the side branches, and clearly establishes that, 
in any given region in the polysaccharide, the interbranch, branch-point, and branch 
residues are inserted at about the same moment in time. 
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EXPERIhENTAL 

General methods. - Measurements of radioactivity were made with a liquid 

scintillation counter, Nuclear Chicago Corporation Model 724. All evaporations were 

conducted in a rotary evaporator under vacuum at 40”. De-ionization was accomplished 

by passing solutions through columns of Amberlite IR-120 (Hf) and Amberlite 
IR-45 (OH-) ion-exchange resins, unless otherwise indicated. Reducing power was 

measured by the Nelson-Somogyi method”, and carbohydrate spots on paper 
chromatograms and electrophoretograms were visibilized by the procedure of 
Trevelyan et al.“. Paper chromatography was performed by the descending method, 
with one of two solvents: (A) 7:1:2 (v/v) propyl alcohol-ethyl acetate-water, or 

(B) 7:1:2 (v/v) pyridine-ethyl acetate-water. Centrifugation was conducted at 4” 
and 35,000 g. Formaldehyde liberated by periodate oxidation was determined by the 

chromotropic acid procedure14. Periodate was determined by the method of Aspinall 
and Ferrier”, and total glucose by the phenol-sulfuric method16. Whenever a 

compound was determined in the eluate of a chromatogram spot, an appropriate 

correction was made for the blank for the paper. 

Grot~‘?/z of Sclerotium rolfsii. - The organism was maintained on Bacto malt 
agar (Difco Laboratories), and was grown in liquid culture, in Erlenmeyer flasks, 
on a rotary shaker (200 cycles/min) at room temperature (26-27”). This aeration of 

submerged cultures was necessary for both maximum growth and polymer production. 

The medium had the following composition (g/100 ml), unless otherwise noted; 

n-glucose, 4.0; NaNO,, 0.2; MgSO,. 7H,O, 0.15; KH,PO,, 0.1; Bacto yeast extract, 
0.1. S. rolfsii produces sclerotia (vegetative fruiting-bodies), and all mycelial pre- 

parations used in this work were produced by inoculating the liquid medium (15 ml 

in a 125-ml Erlenmeyer flask) with a few mature sclerotia. After the sclerotia had 
germinated, the medium was homogenized under sterile conditions in a Servall Omni- 

mixer for 1-2 min, and then grown for another 24 h, at which time, by plating, the 
culture was checked for contamination_ This procedure provided a highly disperse 

preparation of mycelia that could be used for labeling experiments or for the further 
propagation of vegetative cells. 

Procedure for producing labeled polysaccflaride. - In the experiments in which 

D-glucose-l-‘aC and D-glucose-6-14C were used, the labeled sugar (50 ,&i, specific 

activity 150 mCi/mmol) was added under sterile conditions to the contents of a 125-ml 

Aask prepared as described, and the mixture was shaken for 44 h. Cells were removed 

by centrifugation, and the polysaccharide was precipitated by the addition of ethanol 

(5 vol). The polysaccharide (20-40 mg) was dissolved in 100 ml of water, and the 

soIution was dialyzed against distilled water for 48 h. The precipitation with ethanol 

and the dialysis were then repeated, and the polymer was precipitated with ethanol, 
and dissolved in water for further manipulation. The specific activity of the poly- 

saccharide remained constant after both dialyses, and, as a further check on freedom 

from contamination with labeled small molecules, it was subjected to electrophoresis 

in borate buffer, pH 9.2, at 600 volts. The polysaccharide is not mobile in this system, 
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but glucose and glucose esters move to the anode. No radioactivity could be detected, 
other than at the origin. 

Polysaccharide used in the study of the direction of chain propagation was 
prepared by suspending 92 g (wet weight) of 64-h-old mycelia in 200 ml of growth 
medium (D-glucose omitted), shaking for 15 min, and then adding 500 &i of uni- 
formly labeled D-glucose- r4C (150 mCi/mmol). Shaking was continued for 2 min, and 
the preparation was heated for 15 min at 100’. The mycelia were centrifuged, the 
residual mat was mixed with 100 ml of water in an omnimixer at low speed, and the 
preparation was recentrifuged. This washing procedure was repeated twice more, the 
original extract and washings were combined, and the polysaccharide was preci- 
pitated by the addition of ethanol. The precipitate was washed with three SO-ml 
portions of 80% ethanol, and reprecipitated twice more from 400 ml of water -with 
ethanol. It was dissolved in 800 ml of water, and the solution was dialyzed for 24 h 
at 4”, and stored for future use. 

When material pulse-labeled for a short time was desired, the level of D-glucose 
in the growth medium was lessened from 4.0 to 0.5%. The organisms were grown in 
a 500-ml Erlenmeyer flask containing 100 ml of growth medium which was inoculated 
with 20 ml of homogenized inoculum prepared as already described. The culture was 
shaken for 48 h, and then uniformly labeled D-glucose was added under sterile 
conditions (100 FCi, specific activity 150 mCi/mmol). The flask was re-placed on the 
shaker, and 15-ml aliquots of the growing culture were removed at the elapse of the 
time intervals indicated. The samples were chilled in stainless-steel centrifuge-tubes 
kept at -lo”, and were centrifuged to separate the mycelia from the medium; the 
mycelia were stored at - 10” pending further use. The polymer in the medium was 
precipitated by addition of ethanol (4 ml per ml), removed by centrifugation, and 
dissolved in 30 ml of NJV-dimethylformamide; the solution was dialyzed for 24 h at 
4’ against 1:19 (v/v) NJV-dimethylformamide-water, and then against water for 72 h. 
This procedure completely removed labeled D-glucose that had been added to unlabeled 
polysaccharide. The polysaccharide was precipitated from the final dialysis medium 
by the addition of ethanol. 

Cellular polysaccharide was prepared from the mycelium by thawing the 
mycelial preparation, heating it in 7 ml of water for 5 mm at lOO”, cooling to 4", and 
disrupting the cells in a Branson SoniGer for 2 min at 6.4 amp. (Microscopic exami- 
nation showed that the mycelia are completely disrupted by this treatment.) The 
samples were centrifuged, and the residue was washed with 5 ml of water. The 
supematant liquor and washings were combined, and the polysaccharide was pre- 
cipitated by the addition of 40 ml of ethanol, collected by centrifugation, and dialyzed 
as described for the extracellular polysaccharide. 

Enzymic hydrolysis of the polysaccharide, and isolation of gentiobiose and 
D-gIucose. - Polysaccharide (l-2.5 mg) was dissolved in 10 ml of 50 mu acetate buffer, 
pH 4.8, containing 20 units of highly puriiled exo-/?-D-(l-,3)-glucanase, and the 
mixture was incubated for 36 h at 37”. The enzyme had a specific activity of 
260 units/mg; the unitage and assay have been described previously’. Determination 
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of the reducing power liberated showed that enzymic hydrolysis was complete after 
36 h. The mixture was then heated in boiling water, de-ionized, concentrated, and 
chromatographed on Whatman No. 1 paper with solvent A for 30 h. Only two radio- 
active products appeared on the chromatograms, namely, gentiobiose and glucose, 
and each was isolated by eluting the proper area on the paper. 

Determination of the specific activities of interbrunch, branch-point, orld branch 

D-gZuco.se. - The spcci& activity of the glucose eluted from the chromatograms was 
found by counting the solution and determining the amount of glucose present by 
use of the Nelson-Somogyi procedure12. 

The gentiobiose (0.2-0.4 mg) was dissolved in I ml of water, and sodium boro- 
hydride was added in two I-mg portions, 2 h apart. The mixture was kept overnight 
at room temperature, made acid with 500 mM acetic acid, and passed through a 
column of Amberlite IR-120 (I-I+) ion-exchange resin to remove sodium ions. The 
eluate from the column was evaporated to dryness, and the borate was removed as 
methyl borate by repeated addition and evaporation of methanol. The resulting 
gentiobiitol was dissolved in 2 ml of 500 mM sulfuric acid, and the solution was 
heated for 12 h at lOO”, cooled, and de-ionized. It was concentrated to a small volume, 
applied to Whatman No. 1 paper, and electrophoresed for 2.5 h at 600 volts with 
100 mhr sodium molybdate, pH 5.0, as the electrolyte. The glucose and glucitol spots 
were located, and were eluted from the paper without prior removal of the molybdate. 
In order to remove the molybdate, each sample was adjusted to pH 10.0 with 500 mM 
sodium hydroxide, and successively passed through columns of Dowex AG-1 x2 (Cl-) 
and Amberlite IR-120 (H+) ion-exchange resins. The samples were then counted, and 
the concentration of glucose was determined by the Nelson-Somogyi method12 
and that of glucitol by periodate oxidation followed by determination, with chromo- 
tropic acid, of the formaldehyde released14. The specific activity of each sample 
could then be calculated. 

Determination of the specljic irctivity of the reducing and nonreducing terminals 

by Smith-degradation. - The polysaccharide (360 mg) was treated in the dark with 
15 mu periodic acid (1 liter) for 117 h at 4”. The consumption of periodate was followed 
by the method of Aspinall and Ferrierl’ ; it became constant after 50 h (380 mmol 
per D-glucose residue). The excess of periodate was decomposed by addition of the 
calculated amount of ethylene glycol, and the solution was concentrated to 400 ml 
and dialyzed for three days against several changes of water. 

To the dialyzed solution (460 ml) was added a solution of sodium borohydride 
(32 mg) in 10 ml of water. The reduction was allowed to proceed for 14 h at room 
temperature with occasional shaking. Hydrochloric acid (50 mM) was added to 
neutrality, and the solution was concentrated to 200 ml. 

Partial hydrolysis with acid was accomplished by adding hydrochloric acid 
to pH 1.0 and keeping the solution overnight at 25”. The resulting polymer was 
centrifuged off, and washed with 80% ethanol until the washings were free from 
radioactivity. The supematant liquor and washings were combined, and de-ionized, 
and glycerol (the only material in the supematant liquor that gave a silver spot by 
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the Trevelyan procedure13) was separated by paper chromatography with solvent B, 
eluted from the paper, and counted. The glycerol was determined by the method of 
Lambert and Neish14, and its specific activity was calculated. This Smith-degradation 
procedure was repeated twice more, and the glycerol liberated was isolated each time 
and its specific activity determined. In each case, glycerol was the only Tollens- 
positive material in the supernatant liquor. 

After the third Smith-degradation, the residual polysaccharide (188 mg), 
which contained no free glycerol, was dissolved in 2 ml of 90% formic acid, 500 mM 
sulfuric acid (25 ml) was added, and the mixture was heated under reflux for 14 h 
in a boiling-water bath. The solution was cooled, an6 znade alkaline with sodium 
hydroxide, and a stream of air was bubbled through the solution for 2 h at reflux 
temperature. During this time, the reducing power of the solution fell to a negligible 
value. The solution was then de-ionized and concentrated, and the material was 
chromatographed in solvent B. Glycerol was the only Tollens-positive material 
detected, and its specif?c activity was determined as already described. 
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The acetonation of cc-D-talopyranose in the presence of anhydrous copper(H) 

sulphate and sulphuric acid has been re-examined, and the major.products have been 

shown to be 2,3:5,6-di-U-isopropylidene-~-D-talofuranose (1;28%) and 1,2:5,6-di-U- 

isopropyhdene-fi-D-talofuranose (2, 10%). These structures were allocated primarily 

on the basis of mass spectrometry and nuclear magnetic resonance spectroscopy. 

Oxidation of diacetal 1 with acetic anhydride in methyl sulphoxide gave 2,3:5,6-di-O- 

isopropylidene-D-talono- 1,4_lactone (4). 1,2:5,6-Di-O-isopropylidene3- U-toluene- 
p-sulphonyl-B-D-talofuranose (3) was obtained on sulphonylation of diacetal 2. 

INTRODUCTION AND DISCUSSION 

Bimolecular nucleophilic displacement of en&z-sulphonyloxy groups attached 

to trioxabicyclo[3.3 _ Oloctane ring systems has afforded stereospecific syntheses 

of a number of 3-amino-3-deoxy’*2 and 3-deoxy-3-fluoro sugars3s4 which are often 

difficult to prepare by other methods. Such displacements have been reported with 

1,2:5,6-di-O-isopropylidene-3-O-toluene-p-sulphonyl-~-D-allofuranose1~3 and 1,2:5,6- 

di-O-isopropylidene-3-O-toluene-g-sulphonyl-a-D-gulofuranose2,4. With a view to 
extending these studies, we sought to prepare 1,2:5,6-di-O-isopropylidene-3-U- 

toluene-p-sulphonyl-P-D-talofuranose (3) which contains an ezzdo-su!phonyloxy 

group that should, by analogy, undergo ready displacement. 

2R=H 

3 R= S02- &H_,Me 

Acetonation of D-talose, in the presence of anhydrous copper(U) sulphate and 

concentrated sulphuric acid, was rep.ork# to yield a mixture of 2,3:5,6-di-p-iso- 

propyhdene-D-talofuranose (1) and 1,2:5&i-di-0-isopropylidene-&D-talofuranose (2). 
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Diacetal 1 was not isolated, and its presence was indicated by the isolation of 2,3:5,6- 
di-O-isopropyhdene-D-talono-l&lactone (4) following oxidation of the products of 
acetonation with alkaline permanganate. The structure of diacetal2 was founded on 
its recovery after oxidation, which implied the absence of a free, primary hydroxyl 
group. Clearly, a more definitive allocation of structure is required in this case, and 
it was thought that modern spectroscopic methods might be applied advantageously 
to this problem. 

Although new preparations of D-ta!ose have been reported6*’ recently, hydroxy:- 
ation of D-gala&al* with perbenzoic acid appeared to be most amenable to large-scale 
work. This procedure gives a mixture of D-talose and D-galactose that is separated by 
extraction of D-talose into boiling methanol, in which D-galactose is relatively 
insoluble. In our hands, complete separation of the two hexoses was not achieved by 
the extraction procedure, although the methanol-soluble material was enriched in 
D-tdOSe. Chromatographically pure D-talose was obtained either by peracetylation 
of the hexose mixture, followed by fractional crystallisation of the derived penta-U- 

acetyl-a-D-talopyranose and deacetylation, or, more efficiently, by using the counter- 
current extraction procedure described in the Experimental section. 

Acetonation5 of cz-D-talopyranose was shown (t.1.c.) to give two major products 
and a small proportion of a third component. Chromatography on silica gel afforded 
the major components, which were designated as A and B in order of their elution 
from the column. Compound A (28%) was further purified by distillation, and 
compound B (10%) was obtained in crystalline form. Elemental analyses showed that 

they were both diacetals, and this was also clearly indicated9 by the presence of a 
prominent peak at m/e 245 (M- 15) in their mass spectra (see Figs. 1 and 2). 

Mass spectrometry provides9 an elegant means of distinguishing between di-O- 
isopropylidenealdohexopyranoses and their furanose counterparts. The most 
characteristic fragmentation process of di-O-isopropylidenealdohexofuranoses is 
scission of the C-&C-5 bond, which gives rise9 to an ion of m/e 101. Peaks at m/e 101 
were present in the mass spectra of both A and B (Figs. 1 and 2), which are thus 
identified as talofuranose diacetals. Although the mass spectra of 1,2:5,6-di-0- 
isopropyhdene-a-D-&cofuranose and 2,3:5,6-di-O-isopropylidene-a-D-mannofuran- 
ose are closely similar, the 2,3:5,6_diacetal has a more intense peak at m/e 243 (M - 17), 
due’ to the attachment of the hydroxyl group to C-l rather than to C-3. This difference 
was also apparent* in the spectra of diacetals A and B, which were tentatively assigned 
the 2,3:5,6- and 1,2:5,6_arrangements, respectively, on this basis. 

These assignments were supported by n.m.r. spectroscopy (deuteriochloroform) 
of the diacetals by comparison of the H-l couplings. The H-l signals in both spectra 
were shifted well downfield, and, for diacetal A, H-l appeared as a doublet (J 9 Hz) 
centred at ‘t 4.59, which collapsed to a singlet upon the addition of deuterium oxide. 
This treatment also removed a doublet (J9 Hz) centred at r 5.64, which can be 

*This is seen more clearly from the original mass spectra. where peak amplifications of fourteen- 
and fifty-fold are recorded, than from Figs. 1 and 2. 
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ascribed to the hydroxylic proton. The n.m.r. data are readily reconciled with 
structure 1, where strong coupling is observed initially between the hydroxylic proton” 
and H-l. Exchange of the hydroxylic proton for deuterium removed this coupling. 
The resulting appearance of H-l as a singlet (J e OS Hz) signtied a rrans-arrange- 

l( 31 

245 

m/e 
c 

Fig. 1. Mass spectrum of diacetal A (2,3:5,6-di-0-isopropylidene-a-D-talofuranose). 
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Fig. 2. Mass spectrum of diacetal J3 (1,2:5,6-di-0-isopropylidene-B-D-talofuranose). 

ment’l of the protons at C-l and C-2. The H-l signal for diacetal B was observed as 
a doublet (J4 Hz), centred at z 4.16, which was untiected by the addition of deuterium 
oxide. The size of the H-l-H-Z coupling is compatible” with a &s-arrangement of 
these protons, as required by structure 2. The combined spectroscopic evidence 
supports the structures 2,3:5,6-di-U-isopropylidene-a-D-talofuranose (1) for A and 
1,2:5,6-di-U-isopropylidene-/I-D-talofuranose (2) for B. 

Confhmation of the structure of diacetal 1 was afforded by its conversion into 
the known’ 2,3:5,6-di-0-isopropyhdene-D-talono-l&lactone (4) on oxidation with 
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acetic anhydride-methyl sulphoxide”. 1,2:5,6-Di-O-isopropylidene+-~-talofura- 
nose (2) gave a crystalline sulphonate (3) on treatment with toluene-p-sulphonyl 
chloride in pyridine. 

MiUs13 predicted, from conformational principles, that the 2,3:5,6-diacetal 1 
would preponderate at equilibrium on acetonation of D-talose, and our findings 
substantiate his arguments. The proportion of diacetal 2 found in this investigation 
is significantly less than that (- 34%) obtained in a comparable experiment by 
Bosshard’, whose material was of uncertain purity. 

2,3:5,6-Di-0-isopropylidenealdohexoses are currently of interest., since they 
offer a means, by way of the chloro derivatives, of synthesising nucleosides containing 
these sugars14. 

EXPERIMENTAL 

Thin-layer chromatography (t.1.c.) was performed on Kieselgel G, and detection 
was effected with the vanillin-sulphuric acid reagent 15. Infrared spectra were obtained 
on a Perkin-Elmer 257 spectrometer, and n.m.r. spectra were obtained with a Perkin- 
Elmer R-10 spectrometer for ca. 10% solutions in deuteriochloroform with tetra- 
methylsilane as internal reference. Mass spectra were measured with an A.E.I. MS9 
spectrometer (ionising potential 58 ev), using a direct insertion technique. 

Preparation of u-o-talopyranose. - A mixture of D-talose and D-galactose was 
prepared by hydroxylation of D-gala&al as described in the literatures. The proportion 
of D-talose in the mixture was increased by a single extraction with boiling methanol, 
followed by filtration and evaporation. This mixture was used in the purification 
procedures described below. Repeated treatments with boiling methanol failed to 
give D-talose in chromatographically pure form. 

(a> Acetylation. The mixture (2 g) in pyridine (48 ml) containing acetic anhydride 
(50 ml) was stirred for 17.5 h at room temperature, and t.1.c. (ethyl acetate-acetone, 
1:1) then indicated that the reaction was complete. The solution was poured into 
ice-water (300 ml), the aqueous solution was extracted with chloroform (3 x 500 ml), 
and the combined extracts were washed with water (3 x 500 ml) and dried (CaCI,). 
Removal of the solvent afforded a syrup which crystallised (0.58 g) from ethanol. 
Recrystallisation from chloroform-ethanol gave penta-0-acetyl-cc-D-talopyranose 
(0.11 g), m-p. 106-107”; lit., m-p. 106.5-107” (ref. 16), m-p. 104-105” (ref. 7). Addi- 
tional quantities (totalling 0.67 g) of the pentaacetate were obtained from the mother 
liquors by fractional crystallisation. 

The pentaacetate (0.6 g) was deacetylated by using the ZemplCn procedure, and, 
on complete reaction, the solution was stirred with a slight excess of Amberlite 
IR-120(Hf) resin until it was neutral. The filtered solution was concentrated, and the 
syrupy residue was crystallised from an equal quantity of methanol to @ve a-D-talo- 
pyranose (0.14 g), m-p. 129-130”; lit.*, m-p. 133-134”. This material was shown to 
be pure by paper chromatography (ethyl acetate-pyridine-water, 40: 11:6). 

@) Counrercurrent extraction. D-Talose and D-galactose had RP values of 0.13 
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ad 0.07, respectively, in butyl alcohol saturated with water, and this solvent system 
was the most suitable of those examined for use with a Gallenkamp countercurrent 
apparatus. A typical run was conducted as follows. 

The mixture (2 g) was dissolved in the lower phase of water saturated with 
butyl alcohol (0 m!), and the solution was distributed in the first six tubes of the 
countercurrent apparatus. Five hundred transfers were then carried out automatically 
by using an upper phase of butyl alcohol saturated with water, with shaking and 
settling times of 3 min each; the volumes of the upper and lower phases employed 
were 20 m! and 10 m!, respectively. Combination and evaporation of the appropriate 
fractions from the lower phase (as indicated by paper chromatography) gave a syrup 
which was crystallised from an equa! volume of methanol at 0”. Two recrystallisations 
gave a-D-talopyranose (1.1 g), m-p. 128-129”, which was shown to be free from 
D-galactose by paper chromatography. 

Acetonation of a-D-talopyranose. - Crystalline D-talose (1 g) in dry acetone. 
(25 ml) containing cont. sulphuric acid (0.05-0.1 ml) and anhydrous copper sulphate 
(2.5 g) was shaken for 48 h at room temperature, after which time t.1.c. (ethyl acetate- 
chloroform, 2: 1) showed the presence of two major components, together with a small 
proportion of a slower-moving component and unreacted hexose. Solid material 
was filtered off and washed thoroughly with acetone, and the filtrate was neutra!ised 
with a few drops of cont. ammonia and filtered. Removal of the solvent left a syrupy 
residue (ca. 1 g) which was chromatographed on silica gel (elution with ethyl acetate- 
hexane, 1:l) to give, in order of elution, 2,3:5,6-di-O-isopropylidene-a-D-talo- 
furanose (1) (0.41 g, 28%), b-p. 150-160” (bath)/O.l-O.2 mm, [aID +2 +l” (CC, 
chioroform), v_ 1375 (CMe,) and 34OOcm-’ (OH) (Found: C, 55.8; H, 8.1. 
C,,H,,,Os talc.: C, 55.4; H, 7.7%); and 1,2:5,6-di-O-isopropylidene-&~-talo- 
furanose (2) (0.14 g, lo%), m-p. 85-86” (from ether-light petroleum, b.p. 40-60”), 
[aID -25 + 1” (c 0.47, chioroform), v,, 1375 (CMe2) and 3465 cm-’ (OH) (Found: 
C, 55.2; H, 7.4. C12HZ006 talc.: C, 55.4; H, 7.7%). Bosshard reported [aID -25.2” 
(c 3.1, acetone) for a syrupy material of uncertain purity. 

The n.m.r. spectra showed the following salient features: diacetal 1, T 4.59 
(l-proton doublet, J 9 Hz, H-l); 5.64 (l-proton doublet, J 9 Hz OH); 8.53, 8.62, 
and 8.68 (12 protons, integrated ratio ca. 2:1:1, 2 CMe,); addition of deuterium oxide 
resulted in the collapse of the H-l doublet at T 4.59 to a singlet and the Pisappearance 
of the doublet at ‘t 5.64; diacetal2, z 4.16 (l-proton doublet, JI,z 4 Hz, H-l); 8.43, 
8.59, and 8.63 (12 protons, integrated ratio ca. 1:1:2, 2 Me,C). 

2,3:5,6-Di-0-isopropylidene-D-talono-I,4-Zactone (4). - A solution of the 
diaceta! l(O.11 g) in methyl sulphoxide (8 ml) and acetic anhydride (1 ml) was stirred 
for 19 h at room temperature, whereupon t.1.c. (ethyl acetate-hexane, 1:l) revealed 
the formation of a single product. Most of the solvent was evaporated off at low 
pressure (ca. 0.5 mm), the residue was dissolved in chloroform (25 ml), and the organic 
layer was washed with water (5 x 15 m!) and dried (MgSO,). Removal of the solvent 
tiorded a crystalline residue (0.1 g) which was recrystallised from light betroleum 
(b-p. IOO-120°) to give the lactone 4, m.p. 129-130”, [aID + 19 &-2” (c 0.49, acetone), 
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1770 (y-lactone) and 1380 cm-’ (CMe,); liL5, m-p. 129-130”, [aID +!7 +2” 
FZ.85, acetone). 

1,2:5,6-Di-O-isopropylidene-3-O-toiuene-p-su~DhonyZ-~-D-taIofuranose (3). - 
Treatment of the diacetal 2 with toluene-p-sulphonyl chloride in pyridine, in 
the usual way, gave the sulphonate 3 (73%), m-p. 136-137” (from aqueous ethanol), 
[a& -84.5” (c 0.6, chloroform) (Found: C, 54.75; H, 6.2; S, 7.9. C,,H,,OsS talc.: 
C, 55.1; H, 6.3; S, 7.7%). 
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Note 

Structural studies on the O-specific side-chains of the cell-wall 
lipopolysaccharide from Salmonef/a typhimurium LTZ 

In a previous publication’, we reported on structural studies of the O-specific 
side-chains of the cell-walI IipopoIysaccharide from Salmonella typhimurium 395 MS, 
and a detailed structure for these side chains was proposed. This structure differred 
in certain respects from the general structure suggested previously for group B 
Salmonella lipopolysaccharides 2*3 This indicates either that there are considerable . 
structural variations within the group B Salmonella lipopolysaccharides or that the 

previously suggested structure has to be revised. The structural investigation of 
different lipopolysaccharides from this group is therefore a matter of some interest, 
and we now report on such studies on the lipopolysaccharide from Salmonella 
typhimurium LT2. 

The lipopolysaccharide was isolated from bacterial cell-walls, and the presence 
of 0 factors 4,5, and 12 in the bacteria and the lipopolysaccharide were established 
as previously described’. The chemical studies were also performed by the methods 
employed in the investigation of the 395 MS lipopolysaccharide’ and will only be 
described briefly here. 

A hydrolysate of the lipopolysaccharide contained o-glucose, o-galactose, 
u-mannose, r.-rhamnose, and abequose, in the relative molar proportions 14:26:21:20:20. 
The presence of U-ace@ groups was demonstrated by ix. and n.m.r. [in (CD,),!301 
spectroscopy. 

The lipopolysaccharide was fully methylated and hydrolysed, the methylated 
sugars were converted into alditol acetates, and the mixture was analysed by g.1.~~ 
and mass spectrometry’. The results are summarised in Fig. 1 and in TabIe I, which 
also gives the results from the methylation analysis of the 395 MS lipopolysaccharide. 
2,3-Di-O-methyl-L-rhamnose and 2,3,4,6-tetra-O-methyl-D-glucose did not separate 
on the ECNSS-column, but were well separated on a polyphenyl ether column. 

The percentage of 2,3,4,6-tetra-O-methyl-D-glucose is higher for the LT2 
lipopolysaccharide (9.7%) than for the 395 MS lipopolysaccharide (l-8%), the 
difference accounting for the higher percentage of n-glucose residues in the former( 14%) 
than in the latter (5%). The terminal D-glucose residues in the repeating units of the 
side chains are linked to the Ltposition of the D-galactose residues, and a correspond- 
ing increase in the percentage of 2,6-di-0-methyl-D-galactose and a decrease in the 
percentage of 2,4,6-tri-O-methyl-D-galactose are also observed. 2,6-Di-O-methyl-D- 
galactose was only tentatively identified in the previous study. The substitution 
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pattern was evident from the mass spectrum, and the T-value was the same as that 
given by an authentic derivative. The retention times of the corresponding D-glucose 
and D-mannose derivatives diier from that of the galactose derivative, thus identifying 
the sugar unambiguously. 

TABLE I 

METHYL ETHERS FROM THE WYDROLYSATE OF hiETHYLATED LIPOPOLYSACCHARlDE 

Sugars Peak Ta kfol % b 

LT2 395 MS 

2,4-Di-O-methylabequose A 0.32 3.8 7.0 
2,3-Di-0-methyl-r_-rhamnose B 0.98 19.5 21.4 
2,3,4,6-Tetra-O-methyl-D-glucose B 1.00 9.7 1.8 
2,3,4,6-Tetra-0-methyl-D-galactose C 1.25 I.6 1.3 
2,4,6-Tri-0-methyf-D-manaose D 2.08 2.7 2.1 
2,4,6-Tri-0-methyl-D-galactose E 2.26 10.7 20.9 
3,4,6-Tri-0-methyl-D-hexose F 2.50 1.3 - 
4,6-Di-0-methyl-D-maose G 3.29 18.8 21.2 
2,6-Di-0-methyl-D-galactose H 3.62 9.7 1.8 
3,6-Di-0-methyl-D-galactose I 4.30 2.0 1.1 
2,4-Di-O-methyI-D-glucose K 5.10 2.0 1.1 

aRetention times of the corresponding afditol acetates on the ECNSS-M column relative to 1,5-di- 
O-acetyl-2,3,4,6-tetra-0-methyl-D-giucitol. bAs a considerable proportion of 2,4-d&O-methyl- 
abequose was lost during the methylation analysis, the mol % of the metbylated sugars are given 
relative to that of 2,3-di-0-methyl-r-rhamnose, which it is assumed represents the moI% of L-rhamn- 
ose ir? the original lipopolysaccharide. 

Fig. I. G.1.c. separation of methylated sugars, as their aIdito1 acetates, obtained from the hydrolysate 
of the fully methylatcd Iipopolysacchatide. 

The substance in peak F is, according to its mass s,>ectrum, derived from a 
3,4,6-tri-O-methylhexose. The retention time (T2.50) differs from that of the D-mann- 
ose derivative (T 1.95). Rerefence samples of the correSpoiMl.kg D-glucose and 
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D-galactose derivatives were not availabIe. This methyl ether was not detected in 
the methylation analysis of the 395 MS lipopolysaccharide, where the component was 
probably hidden in the tail of the large peak of the 2,4,6-tri-0-methyl-D-galactose 
derivative. 

The component in peak I, previously identified as a 3,6-di-0-methylhexose 
derivative, has now been identified as the 3,6-di-O-methyl-D-galactose derivative. 

The T-values of some D-galactose and D-mannose derivatives, for which 
reference samples were not available, were determined as follows. Methyl P-D- 

gaIactopyranoside and methyl a-D-mannopyranoside, respectively, were partially 
methylated with the Purdie reagent, the reaction mixtures were converted into alditol 
acetates and fractionated by g.l.c., and the components were identified by mass 
spectrometry. 

The molar percentages of D-glucose, D-galactose, D-mannose, L-rhamnose, and 
abequose, calculated from the methylation analysis and referred to the percentage 
of r_.-rhamnose found in the sugar analysis, are 12:24:22:2(X4, respectively. The 
agreement between these values and the sugar analysis is good, except for abequose. 
It seems probable that a considerable proportion of the volatile 2,4-di-o-methyl- 
abequose and derivatives was lost during concentration of the solutions. 

Part of the lipopolysaccharide was subjected to a mild, acid treatment, in order 
to hydrolyse all of the abequosidic linkages. A methylation analysis was then per- 
formed on the remaining polymeric and oligomeric material. As with the 395 MS 
lipopolysaccharide, it was found that virtually all of the 4,6-di-O-methyl-D-mannose 
had disappeared, being replaced by 3,4,6-tri-O-methyl-D-mannose. 

To locate the 0-acetyl groups, the free hydroxyl groups in the lipopolysac- 
charide were protected as acetals by treatment with methyl vinyl ether, the 0-acetyl 
groups were removed under alkaline conditions, and the product was methylated and 
hydrolysed. Analysis of the mixture of sugars obtained, as their alditol acetates, 
revealed the presence of D-glucose, D-galactose, D-mannose, and L-rhamnose, in the 
same relative proportions as in the original hpopolysaccharide. About 50% of the 
abequose had disappeared and was replaced by 2-0-methylabequose. 

The lipopolysaccharide, in 0.05~ sulphuric acid, was kept at 80°, and the change 
in optical rotation was followed. A rapid decrease from [a&e +74++42O was 
observed over 4 h, followed by a slower decrease to t-24” over 20 hours. This demon- 
strates that the abequose residues are a-D linked and that the L-rhanmose is fi-linked. 

The present results show that the 0-antigenic side-chains of the S. typhimurium 
LT2 lipopolysaccharide have the same general structure (Fig. 2) as was found for 
the 395 MS hpopolysaccharide. There are, however, some differences between the 
two polysaccharides. In the LT2 lipopolysaccharide, about 50% of the D-galactose 
residues in the side chains carry a-D-glucopyranose residues in the 4-position, whereas; 
in the 395 MS lipopolysaccharide, the proportion is considerably lower. Furthermore, 
in the former, only about 50% of the abequose residues are acetylated in the 2-position, 
whereas, in the latter, all of the abequose residues are substituted. The average 
number of repeating units in the side chains in the former is approximately 8 and in 
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the latter approximately II, as estimated from the percentages of 2,4,6-t% and 
4,6-d& U-methyl-D-mannose. 

AcC.Jx-Abep ~-D-C+ AcO...Za-Abep a-n-Gp 

i i i 
3 4 

-I 

i 4 

D-Manp-(l~)-~-L-Rhap-(l~3)~-~G~~(l 
I 

-t2)-~-D-Manp(l-t4>-~-~-Rhap-(l-t3)a_o-G(1- - 

Fig. 2. Proposed structure for the O-specific side-chains of the lipopolysaccharide from Salmonella 
-7 

typhimurium LT2. 

The minor components identified in the methylation analysis, 2,3,4,6-tetra-U- 
methyl-D-galactose, 3,4,6-tri-U-methylhexose, 3,6-di-U-methyl-D-galactose, and 2,4- 
d&U-methyl-D-glucose are probably derived from the basal core of the lipopoly- 
saccharide. The presence of 2,3,4,6-tetra-U-methyl-D-galactose, 2,4-di-U-methyl- 
D-glucose, and a tri-U-methylhexose is consistent with general ideas on the structure 
of this part of the molecule2*3, but the presence of 3,6-di-U-methyl-D-galactose is 
not. The structural significance of these findings is, however, uncertain, and 
structural studies on the basal core should preferably be performed with the R-mutants, 
which lack the O-specific side-chains. 

ExI?ERI&IENTAL 

The bacteria were killed by irradiation with 6oCo y-rays (12ooO rad/min for 
1 h) before disintegration, but, in all other respects, the experimental methods used 
were identical with those uSed in the investigation of the Salmonella typhimurium 
395 MS lipopolysaccharidel. 
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Formation of a difficultly soluble saccharate of lactulose 
with calcium hydroxide 

The formation of compounds (“saccharates”) of D-fructose and the sugars of 
the sucrose group with barium, calcium, and strontium hydroxides is well known. 
The formation of saccharates has been used for isolating these sugars from mixtures 
containing aldoses, and also from bioIogica1 materials’ -3; however, it has not been 
apphed with reducing oligosaccharides containing ketose moieties. 

In this study, it is shown that, among the alkaline earth hydroxides, that of 
calcium gives with Iactulose (4-0-fl-D-galactopyranosyI-D-fructose) a difficultly 
soluble saccharate which may be used for partial isolation of Iactulose from mixtures. 

EXPERIMENTAL 

Materials. - The alkaline earth hydroxides were purchased from the Kanto 
Chemical Co., Inc. (Tokyo) as type-guaranteed reagents and were used without 
further purification. CrystaIIine Iactulose was prepared according to the method of 
Montgomery and Hudson4, modified in that ion exchangers were used to remove 
Iactobionic acid and inorganic salts. Lactose (Koso Chemical Co., Ltd., Tokyo) was 
purified by recrystallization. 

Delem~ination of iacfdose. - To 10 ml of a 2.0-2.5% solution of IacNose in 
each of a number of 15-16 x 150 mm test tubes was added a weighed amount of 
one of the various alkaline earth hydroxides. The samples were mixed and kept in 
an ice-water bath with frequent agitation for 1 h at O-4”, and the samples were then 
filtered. For determination of lactulose remaining in the filtrates, the cysteine- 
carbazole-sulfuric acid reaction’ was applied to 1 ml of diluted filtrate as described 
previously6. A 1:500 dilution of the filtrates was suitabie for the measurements. 

Paper chromatography of the reaction mixtures. - Circular paper chromato- 
graphy was performed according to the procedures in the previous paper7 with 
4:1:2 butyl alcohol-acetic. acid-water as the developer. Spots were detected by 
aniline hydrogen phthaIate* and Dimedon spray reagents. Calcium was determined 
volumetricahy with sodium (ethylenedinitrilo)tetraacetate, with cakein as the 
indicatorlO. 

Formation of saccharates of Zactulose with alkaline earth hydroxides. - Equal 
ahquots of a 2.5% solution of IactnIose were respectiveIy treated with barium, 
calcium, and strontium hydroxides at O-4”. The hydroxides dissolved rapidly on 
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vigorous agitation. The proportions of the different alkaline earth hydroxides added 
are given in Table I. It is evident from the diminished content of lactulose in the 
f&ate that the formation of a difficultly soluble Iactulose compound occurs with 
calcium hydroxide, but not with barium or strontium hydroxides. In most cases, 
the calcium hydroxide-lactulose complex formed suddenly as a pasty or flocculent 
precipitate within 3-5 min after addition of the calcium hydroxide. 

TABLE I 

EFFECT OF THREE AL- EARTH HYDROXIDES ON THE PRJXIPITA-IION OF SAC CHARATES OF LACTULOSE 

Alkaline wt. Molar ratio of Luctulose 
earth added hy&oxide: remaining in 
hy&oxide (mgl Iactulose the fiIwa@ 

(%I 

Calcium 51 0.99 89.2 
hydroxide 102 1.96 32.5 

153 2.95 26.7 

Barium 
hydroxide 440 2.00 98.5 

Strontium 
hydroxide 372 2.00 99.0 

=The percentage of the initial concentration (2.5%) of lactulose in the starting solution. 

After the addition of 105 mg of calcium hydroxide to 10 ml of 2.5% lactulose 
solution, the mixture was centrifuged at 5000 g for 10 min at O”, and immediately 

afterwards both the supematant liquor and the precipitate were analyzed. The 
precipitate was suspended in a small volume of water, and then 200 d of concentrated 
hydrochloric acid was added dropwise to dissolve the solid completely. The temper- 
ature of the suspension during mixing, and subsequently, did not exceed that of the 
ice bath. (Uncontrolled heating would cause degradation of lactulose.) CaIcium and 
lactulose were determined: 18.6 and 80.8 mg in the supematant liquor, and 38.2 

and 162.5 mg in the precipitate, respectively. Thus, the molar ratio of calcium 
hydroxide to Iactulose in the precipitate was 2.02:1. As the calcium hydroxide dis- 
solved to form an almost clear solution before precipitation occurred, the ratio 
should fairly represent the composition of the calcium hydroxide compound of 
Iactulose YcaIcium lactnlosate”). 

Precipitation of calcium Iactulosate in the presence of lactose. - Solutions were 
prepared containing 20 mg of Iactulose per ml in aqueous solutions containing graded 
concentrations of lactose. To each of these preparations was added 300 mg of calcium 
hydroxide at O-4”, and each mixture was then assayed for lactulose. In Fig. 1, the 
optical absorbance at 560 run, after color development in the reaction mixture, is 
plotted as a function of the concentration of lactose. Lactulose remaining in the 
filtrate of the treated mixture increases with increasing concentration of lactose 
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Concentrations as low as 4.5% of lactose were found to depress the precipitation of 

the lactulosate significantly. 

03 I 
I 

0 150 300 450 600 750 

Lactose (mg) 

Fig. 1. Effect of lactose on the precipitation of calcium lactulosate. The concentration of lactulose 
was 200 mg/ml before the treatment with calcium hydroxide. The optical absorbance is a measure 
of the lactulose in the filtrate (not precipitated by calcium hydroxide). 

Table II presents the data obtained from the samples to which had been added 

different weights of calcium hydroxide (10 ml of the 2.0% Iactulose solution contain- 

ing 3.0% of lactose). The lactulose remaining in solution is decreased markedly with 

increased weight of calcium hydroxide added, in the range of 105-400 mg. 

TABLE II 

PRECIPITATION OF LACTULOSE IN LACTOSE-LACTULOSE hUXTURE S CONTAINING VARIOUS PROPORTIONS 

OF CALCIUhf HYDRO)aDEn 

Calcium hydroxide 

Ow) 

renraining in the filtrate 

Oprical absorbance b % f 

10s 0.530 97.0 
200 0.325 57.0 
400 0.185 32.5 
600 0.170 29.8 

aAssays were performed as described in the text, except that the amounts of calcium hydroxide were 
varied as indicated. %ee legend to Fig. 1. CBased upon the initial lactulose content, as shown in 
Table I. 

Regeneration of lactrdose from the precipitated calcium hydroxide complex. - 

Samples (50 ml) of 2.5% lactulose solution (with or without 1 g of added lactose) were 

treated with 1.5 g of calcium hydroxide. To prevent the formation of a pasty precipitate, 

it was found necessary to add the reactants alternately in small portions. -with mixing. 

Carbohyd. Res., 9 (1969) 242-246 



NOTES 245 

At completion of the precipitation, the complexes were filtered off by suction, and 
washed with three 15-ml portions of chilled lime-water. The filter cakes were then 
suspended in chilled water, and the suspensions were carbonated at 2-6” by addition 
of a small amount of chopped Dry Ice. After the calcium carbonate formed had been 
filtered off and washed, the filtrates were evaporated to dryness in vacua. No indication 
of a carbohydrate other than lactulose (RF 0.45) was found in the concentrates. 
The yields and optical rotations of the anhydrous products were 0.8 g, [a];’ -50” 

(equilibrium, c 3, water) for the sample without lactose, and 0.7 g, [a];’ -49” (c 2, 
water) for the sample with lactose. The [LY]$’ of anhydrous lactulose is -51”. 

Essentially the same results were obtained by replacing the 1 g of lactose with 
0.5 g of D-glucose or D-galactose. When the concentration of lactulose was below 
l%, formation of the precipitate did not proceed satisfactorily. If the precipitate was 
kept for a longer time prior to carbonation, gradual decomposition of lactulose 
could be detected. Even in samples kept for a day in a refrigerator (0 t-49, color 
changes were observed. 

DISCUSSION 

The difficuItIy soluble saccharate of D-fructose has been shown to contain 
1 atom of calcium per moIecule’. Evidence has now been presented which indicates 
that one molecule of calcium lactulosate contains two atoms of calcium. The weight 
ratio (0.235) of lactulose to calcium in the Iactulosate coincides with the calculated 
ratio (0.234), assuming that the formula is Cr2H 22 0 I 1 - 2Ca(OH),. Thus, it would 
appear that the precipitate is dicalcium lactulosate. In this connecticn, it may be of 
interest that saccharates of sucrose, raffinose, and stachyose, containing two moles of 
alkaline earth hydroxides per molecule, have been isolated”*r2. 

Since !actose, like other sugars and polyhydric alcohols, forms a soluble 
complex with calcium ion13-16, the decreasing precipitation of lactulosate in the 
presence of lactose might be due to the chelation of part of the calcium hydroxide 
with the lactose. It would seem, therefore, that the increased solubility of calcium 
lactulosate in the presence of lactose may be reversed by addition of an excess of 
calcium hydroxide (above the concentration range required for formation of a chelate 
with lactose). The changes in solubility of the calcium lactulosate are in general 
accord with the findings of earlier investigators, who observed an increased solubility 
of calcium D-fructosate proportional to the concentration of D-glucose in solution’. 

These techniques may be used for achieving partial separaticn of lactulose 
from lactose or other aldoses in solution. 

Laboratory of Animal Products Technology, 

College of Agriculture, 

Tohoku University, 

Sendai (Japan) 

SUSUMU ADACHI 
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Note 

The degree of polymerisation of xylan in the cell wall 
of the green seaweed Penicifhs dumetosus 

The cell walls of several siphoneous, green algae are known to be constituted 
principally of a xylan1-3. Chemical investigations of the xylans of some of these species 
suggest that only j&(1+3)-linked D-xylose residues may be present’*3. The seaweed 
under discussion here does not appear to have been examined extensively by chemical 
means, but studies of several “xylan” weeds, including PeniciZZus species, by physical 
techniques (including X-ray diffraction analysis) have established that xylan chains 
occur bonded together helically in partly crystalline microfibrilsz*4. The latter obser- 
vation, especially, suggests that the xylan chains themselves may occur as reasonably 
long molecules in the cell walls. This is true of cellulose which has a similar biological 
function to the algal xylans. However, available estimates of the degrees of poly- 
merisation (OP) of the xylans from several species favourl both number and weight 
averages in the range 42-67. These results suggest that the lengths of the native xylans 
are both uniform and short (200-300 A). The earlier workers did not comment on the 
magnitudes of the measured LIP values, but, since the isolation procedures included 
treatments with hot acidic and alkaline solutions, it seems probable that these are 
too low. 

To obtain further information, a more detailed study of the xylan from Penicilhs 
dmzetosus has been undertaken. This has involved the preparation of a fully nitrated 
xylan derivative which can be made in quantitative yields from the cell-wali fibre. 
This denvative is readily soluble in ethyl acetate and other organic liquids, and so 
is suitable for molecular weight studies. Some preliminary results obtained by the 
technique of osmometry are given here. 

EXPERBENTAL AND RESULTS 

The fibrous cell-wall material was obtained by successively extracting fresh 
Fronds (from a deep-frozen supply) with aqueous solutions of butyl alcohol (saturated), 
sodium lauryl sulphate (0.3% w/v), and urea (5G% w/v) several times for short periods 
(30 set) in a Waring Blendor. The residue was suspended overnight in aqueous 
EDTA (2% w/v), and then dtalysed against running water (4 days), centrifuged, and 
washed with methanol and ether. The insoluble residue so obtained (ca. 20% of the 
dry plant) consisted of carbohydrate (ca. 75%, determined after acid hydrolysis’) 
and protein (ca. 12%), the remainder being most probably bound water and residual 

Carbohyd. Res., 9 (1969) 247-249 



248 NOTE 

inorganic substances. (The native xylan is known to include 10-15% of bound water 
in its structure even after extensive drying over phosphorus pentoxide4.) The carbo- 
hydrate component consisted of xylose (94%) and glucose (6%), as determined by 
a gas-liquid chromatographic procedure after acid hydrolysis and conversion of the 
reducing monosaccharides into the aIdito1 acetates. 

Xjlan nitrates were prepared by suspending the fibrous cell-wall (0.1 g) for 
1 h in a nitration mixture (IO ml) containing 40.4 g of phosphorus pentoxide per 100 g 
of 90% fuming nitric acid (sp. gr. 1.483 at 20°)6. In this way, nitrations were carried 
out at temperatures ranging from -40 to -I- 17”. The crude, nitrated products were 
precipitated in ice-water and washed well with cold water. They were stabilised by 
treatment with water (3 x 100 ml for 2 min) at 90”, and finally washed with methanol 
and ether. The products (ca. 0.13 g) were suspended in ethyl acetate (10 ml) and 
agitated gently for 1 h before centrifuging (4000 g for 15 min). The supernatants were 
concentrated to 5 ml and added to light petroleum (100 ml). The purified xylan 
nitrates were obtained as fibrous, white solids after drying in vacua for 1 h at 50”. 
Nitrogen contents were determined by a modified Kjeldahl procedure’ (theoretical 
nitrogen content for a di-nitrated xylan is 12.6%). Portions of the nitrated xylans 
were denitrated with ammonium hydrosulphide solution’. The reconstituted xylans 
(80% recovery) contained 90-94% of carbohydrate, consisting of xylose and glucose 
in the same proportions as in the original xylan. 

‘Osmotic pressure measurements were obtained at 30” in ethyl acetate solution 

by means of a Hewlett-Packard model 503 osmometer. Stable solution pressures 
were usually obtained within 5-10 min, and no permeation of the membrane by 
solute was observed. 

The results (Table I, Fig. 1) show that the average DP values of xylan chains 
in PeniciZhs dumetosus (and presumably other species) are considerably greater than 
hitherto indicated in the literature. The values of DP obtained depend markedly on 

TABLE I 

Nitration Yield of xylan N(%) DPN 
temperature (“) nitratea (%) 

-617 9.5 12.4 125 113 
-I-z 94 12.3 450 *45 
-10 89 12.4 700 170 
-20 80 12.5 950 &95 
-40 30 - 840 484 

=CaIcuIated on cell-wali xylan content of 75%. 

the temperature of the nitration reaction, due presumably to the increasing degradation 
of chains with rising reaction temperature, although at temperatures below -2O”, 
a limiting value of DP, appears to be obtained. This value provides a minimum 
estimate of about 1000 for the average DP of the native xylan. 
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Fig. 1. Plots of z/c D concentration: w, tl7”; A-A, +2”; O-0, -10"; A-A, -20"; 
X-X,-40". 

Work is in progress to complement these results by investigating this polymer 

system with other physical techniques. 
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Note 

Deplacement nucleophile d’un p-tolu&nesulfonate exo sur 
h&&ocycle furanose - Acck au 3-amino-3-d&oxy-D-ribose 

travail’, nous avons montr& que l’assistance d’un groupe 
hydroxyle &it susceptible de favoriser le deplacement, par des agents nuclCophiIes, 
de stionates steriquement encombrks. 

Nous rapportons I’application de cette mtthode ?t la preparation du 3-amino- 
3-desoxy-D-ribose. On sait que ce compose est un constituant de I’antibiotique 
puromycine. 

Deux methodes d’accb au 3-amino-3-desoxy-D-ribose ont Cte d&&es par 
Baker et colL2. Elles font toutes deux intervenir l’ouverture d’un cycle epoxyde par 
l’ammoniac et conduisent de ce fait a des melanges d’isomeres qui rendent laborieuse 
la preparation de cet aminopentose. 

Nous sommes partis d’un derive aisement accessible, le 1,2-U-isopropylidene- 
3-0-p-tolylsulfonyl-D-xylofuranose 1 obtenu en une etape en partant du D-xylose. 

L’action de l’azothydrate de sodium sur ce compose 1 en solution dans la 
N’, N”, N”-hexamCthylphosphoramide conduit avec un rendement de 16% au derive 
3-azido 2 de configuration ribo. 

Le spectre i&a-rouge de ce compose montre bien l’absorption Q 2100 cm-’ 

caracteristique du groupement azide. Le spectre de masse montre des fragmentations 
B M-15, M-31 et M-74 correspondant au clivage du groupement 0-isopropylidSne3 
et de l’alcool primaire exocyclique en C-5. 

Le speetre de r.m.n. est tres proche de celui obtenu pour le 3-desoxy-1,2-0- 

isopropylidene-3-thiocyano-D-ribofuranose’. Outre le doublet B 6 1,46 ppm (6 H) 
caractk-istique du radical isopropylidke, on remarque un doublet B S 5,78 ppm dfi 
B l’hydrogke anomkique coupli avec le proton en a; J,,z 4 Hz. L’hydrogene en 

C-2 donne un triplet A 6 4,71 ppm; J1,2 4 5 Hz, J2,3 4,5 Hz. Le proton en position 3, , 
deplad par l’effet inductif du groupement azide, se retrouve A 6 3,53 ppm sous forme 
d’un quadruplet; J2,3 4,5 Hz et J3,4 10 Hz. Le proton en C-4 se manifeste par un 
doublet de triplets B 6 4,i3 ppm; J3,4 10 Hz et J4,5 5 Hz. 

Ces rQu1tat.s confurnent l’obtention du 3-azido-3-desoxy-1,2-O-isopropylidene- 
D-ribofuranose. 11 est probable que la formation de ce compose partant d’un stionate 
de configuration xyZo fait intervenir un mecanisme identique B celui que nous avons 
propose pour la formation du thiocyanate correspondant’. En effet, l’action de 
l’azothydrate de sodium sur le 5-dCsoxy-1,2-O-isopropylidbne-3-O-p-tolylsulfonyl- 
u-xylofuranose ne conduit pas dans les memes conditions expCrimentales & un 
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d6placement app&iable du sulfonate en C-3. La formation probable d’une liaison 
hydrogene entre I’un des atomes d’oxyg&ne du sulfonate et le groupe hydroxyle 
en C-5 serait done, come nous I’avons propose pr&%demment’, a I’origine d’un 
d&placement des charges negatives sur le sulfonate, favorisant ainsi 1’Ctablissement 
d’un &at de transition plus propice a l’attaque nuclCopb.ile sur C-3. 

_._YZ& RG 

OYO IP 

2R=Nj 
1 3R=NHz 

4 R = NH-_C6H3(N02$ 

OH 

L’hydrogenation catalytique de I’azide 2 en presence de platine d’Adams 
conduit avec un rendement quantitatif au 3-amino-3-desoxy-1,2-O-isopropylid&e-D- 
ribofuranose (3) isoM sous forme de son d&iv6 2,4_dinitroph&ryle 4. 

L’action de l’acide chlorhydrique dih.6 sur le d&iv& amin& 3 conduit au 3-amino- 
3-desoxy-D-ribose 5 isole sous forme de son chlorhydrate et identique au compose 
d&-it par Baker et colL2. 

PARTIE EXPbIMENTALE 

M&hodes gnprales. - 32s spectres de r.m.n. ont 6th mesur& dans CDCI, B 
la frkquence de 60 MHz sur apparei1 Varian A-60 par M”’ L. Alais. Les d6placements 
chimiques sent mesur& en 6 (ppm) a partir de la raie du tCtram&hylsiIane prise 
comme zero de reference. 

Le spectre de masse a Cte mesure sur un appareil Atlas CH, sous la direction 
de M. B. C. Das. 

IRS microanalyses &mentaires ont et6 r&lides sous la direction de Mu’ Miiller 
du Laboratoire Central de Micro-analyse du C.N.R.S. 

Les pouvoirs rotatoires ont et6 determines a I’aide du Quick polarimetre de 
Roussel et Jouan. 

Les points de fusion ont Ct6 mesures sous microscope sur platine de Leitz 
et sont corriges. 
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I,2-O-IsopropyZi&ne-3-O-p-toZyZsu@zyi-~xyZofuranose (1). - Le 1,2-0- 

isopropyiidkne-D-xylofuranose4 (14,5 g) est dissous dans de la pyridine anhydre 
(55 ml) et addition& de chlorure de triphknylcarbinol (21,3 g, 1 Cquiv. molaire) 
prdalablement recristallisk. On lake 48 h & temperature ambiante. On ajoute alors 
le chlorure de p-toluhesulfonyle (17,3 g, 1,2 iquiv. molaire) dissous dans la pyridine 

(60 ml) et on laisse de nouveau 24 h B temperature ambiante. L.e melange total est 
alors versC dans l’eau et la solution aqueuse extraite & plusieurs reprises par le chloro- 
forme. Les solutions chloroformiques rCunies sont law&s par l’hydrog&osulfate 
de potassium B 5% jusqu’k tlimination cornpEte de la pyridine, puis par l’hydrogkno- 
carbonate de sodium en solution aqueuse sat&e, e&n par l’eau. Apr&s skhage par 
le sulfate de sodium, la solution chloroformique est amenee B set et le rksidu dissous 
dans du methanol (300 ml) contenant 0,16% (v/v) d’acide chlorhydrique commercial. 
On suit l’hydrolyse du radical triphknylmethyle par chromatographie sur plaque de 
gel de silk. Au bout de 3,5 h d’agitation & temptrature ambiante, la rkaction est 
complkte. L’acide chlorhydrique est tlimink par le carbonate d’argent et la solution 
mCt.banolique, aprk filtration et Cvaporation, conduit g une huile qui est placCe 
sur colonne de gel de silice Cquilibree dans le benzbne. Par Clution avec benz&e- 
Ether (3:1), on obtient 15,5 g de produit identique au composC primitivement d&it’. 

3-Azido-3-d~soxy-I~-O-isopropyZid~ne-D-ribofur~ose (2). - I.x p-toluke- 
sulfonate I (9&I g) est dissous dans la iV’* N”, N”‘-hexamCthylphosphoramide (50 ml) 
et addition& d’azothydrate de sodium (lo,65 g, 6 Cquiv. molaires). On garde pendant 
4 jours & 110”. Le solvant est alors Cvapork sous vide; le r&idu, repris par le cbloro- 
forme, est IavC par une solution contenant 20% de chlorure de sodium. La solution 
chloroformique, sCchCe avec le sulfate de sodium, est rgduite sous vide. L’huile 
obtenue est purifiee par chromatographie sur colonne de gel de silk. Par Clution 
avec be&nedther (3:1), on obtient 700 mg de produit; eb,,, 105-llO”- n23 1,4812; 2 D 
[a];(j + 126,7” (c 1,42, CHCls). 

Anal. Calc. pour C,H,,N,O, : C, 44,64; H, 6,09; N, 19,53_Trouve: C, 44,71; 
H, 6,06; N, 19,49. 

3-D~soxy-3-(2,4-dinitroph~nyZ~i~o)-1,2-O-isopropyZid~ne-D-ribof~anose (4). 
- L’azide 2 (930 mg) est dissous dans l’Cthano1 et hydrog&G B pression ordinaire 
pendant 4 h en p&ewe d’oxyde de platine d’Adams (280 mg). Une partie (168 mg) du 
compost? amine ainsi obtenu sous forme d’une huile est dissoute dans l’bthanol(5 ml) 
et additionnee de 2,4-dinitrofluorobenzkne (300 mg) dissous dans l’&hanol (5 ml). 
Aprks addition de carbonate de calcium (2 g), on laisse 24 h & tempkrature ambiante, 
avec agitation_ L’extraction, r&Ii&e de la manike habituelle, permet d’isoler une 
huile (250 mg) qui cristallise spontanement et qui est recristallisk dans un mGlange 
benzene-&her de p&role. P.f. 146-147”; [ali +86” (c 1,2.S, CHCl,). 

Anal. CaIc. pour C14Hl,N3 0,: C, 47,32; H, 4,82; N, 11,83. Trouvt : C, 47,60; 
H, 4,72; N, 11,62. 

3-Amino-3-d&oxy-D-ribose chlorhydrate (5). - Le d&iv& amink 3 (270 mg) est 
dissous dans l’acide chlorhydrique aqueux B 1% (10 ml) et la solution est chauffkc 
B refiux pendant 6.5 h. Une chromatographie sur papier indique que l’hydrolyse 
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est alors totale : alcool butylique-acide adtique-eau (4:1:5); papier Whatman no 1; 
RF du derive 3 0,57; RF du derive 5 0,15; revelation B la ninhydrine pour 3 et 5 et 
au periodate-benzidine pour 5. On am&e B set & une temperature ne d&passant pas 
50”. Le chlorhydrate de 3-amino-3-dboxy-D-ribose est recristallisd dans un melange 
eau-methanol contenant 1% d’acide chlorhydrique; p.f. 164-165”; [@ -38,4+ 
-25,6” (10 min. c 1,17; H,O). 

Anal. Calc. pour C5H12N04Cl : C, 32,35; H, 6,47; N, 7,54. Trouve : C, 32,42; 
H, 6,67; N, 7,57. 
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Methyl 4,6-O-benzylidene3-cyano 2,3-dideoxy-w~-e~thru-hex-2- 
enopyranoside and its addition reactions 

Recently’, a method of synthesis of such cyan0 sugars as compound 1 was 
described, as was the epimerisation 1 + 4 in the presence of dilute, methanolic sodium 
methoxide. The structure of compound 1 was established by an X-ray crystallographic 
study on its 2-Gp-bromobenzenesulphonyl (brosyl) derivative, which showed that there 
was considerable deformation of the pyranose ring due to interaction between the 
syn-axial cyano and methoxyl groups. It was of interest, therefore, to study the structure 
of compound 4, and the preparation of its 2-Dbrosyl derivative 5 was undertaken. 

CN CN f-2 OR 

1 R=H 
2 R=Ts 
3 R=Ac 

4 R’=H=R2 
5 R’=Bs, R’=H 
6 R’=Me, ti=H 
7 R’=Mc , R2=D 

6 9 lOR=W 
11 R=A.c 

The product, however, did not have the expected structure 5, but was shown to 
be the cyano-olef’in 8; m-p. 314.5-215.5°; [rr] g +l 5g3 (c 0.94, chloroform); H-2,. 
T 3.55: M’273.099, CrsHrs NOa talc.: 273.1001: which must have arisen via prior 
sulphonylation to give compound 5, having H-3 and the C-2 ester group antiparallel, which 
then underwent facile elimination. The altroside 2 (and its brosyl analogue) do not have 
the required stereochemistry for this type of elimination. That these derivatives can be 

prepared from compound 1 in pyridine solution shows that epimerisation about the cyano 
group does not occur in that solvent. 

Compound 8 should undergo addition reactions and lead to a variety of 
branched-chain sugar derivatives. It is of interest to compare its reactions with those of the 
much-studied*-“, analogous nitro-olefin 9. Many reagents, including alcohols and amines, 
have been added across the double bond of compound 9, which may also be prepared 
in situ from the precursors 10 and 1 I. 

Treatment of cyano-olefin 8 with methanolic sodium methoxide gave the 3-cyano- 
3-deoxy-2-Gmethyl-mannoside 6 { m.p. 141- 141.5”, [ol] g -13.6” (c 0.84, chloroform)), 
which was characterised by n.m.r. spectroscopy (Jr, Z 1 Hz, J,, 3 3 Hz, J3, 4 1 ! Hz). 
Treatment of compound 8 with sodium methoxide in deuteromethanol gave the deutero 
compound 7; the quartet at T 6.7, assigned to H-3, in the n.m.r. spectrum of compound 6 
disappeared in the conversion 6 -+ 7. Compound 6 was also obtained by prolonged attack 
of methanolic sodium methoxide on the 2-O-toluenep-sulphonyl-altroside 2. The same 
reagents with the 2-U-acetyl-altroside 3 caused only deacetylation and epimerisation to 
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the mannose derivative 4 (cf: ref.3). The methanol-toluene-alumina reagent system 

(used by Baer3 on the hydroxy derivative IO) with compound 2 gave only the cyano- 

olefin 8. Treatment of compound 2 with diethylamine-tetrahydrofuran (which, with 

compound 11, gave3 an addition product r&z the nitro-olefin) again gave only the cyano- 

olefin 8 (90%); this is the best route found so far to compound 8. 

The above differences in the reactivity of compounds 8 and 9 reflect the different 

abilities of the cyano and nitro groups to activate the double bond. It is of further interest 
to note that additions to the nitro-olefin system were carried outZs4 on a P-D anomer (i.e. 9) 

and gave addition products having the gZzrco configuration, whereas addition to the cyano- 
olefin was with an OI-D anomer (i.e. 8) and gave a product having the mantzo configuration. 
These results show that the attackin g group approaches from the least-hindered side to 

give a product having a n-am-1 ,- 7-configuration. Since the additions are carried out under 

basic conditions, the group at C-3 (eirher nitro or cyano) adopts the more-stab!e, 
equatorial position. 

We thank ICI (Pharmaceuticals Division) for financial support. 
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ABSTRACT 

Technology, Woiuerhampton (Great 

The preparation of active, water-insoluble derivatives of /3- and y-amylase by 
chemical coupling with a diazotised 3-(g-aminophenoxy)-Z-hydroxypropyl ether of 
cellulose, and a water-insoluble derivative of j?-amylase by coupling with a 2-hydroxy-3- 
(p-isothiocyanatophenoxy)propyl ether of cellulose is described_ The activity retained 
on insolubilisation is considerably higher than that commonly retained on water- 

insolubilisation of hydrolytic enzymes active against macromolecular substrates. 
It is suggested that this is connected with the exo-hydrolytic character of /3- and 
y-amylase. The insoluble enzymes are relatively more resistant to hea‘t denaturation 
than the free enzymes in solution. 

INTRODUCTION 

We have previously described the insolubilisation of cc-amylase by chemical 
reaction with derivatives of microcrystalline cellulosel, The choice of microcrystalline 
cellulose was motivated by the need for a dense, hydrophilic carrier, available in 
fine particulate form. Low enzyme-to-carrier ratios were employed, in an attempt 
to avoid over-crowding of the enzyme molecules on the carrier surface, thus mini- 
mising the serious steric effects encountered with water-insoluble enzymes active 
against macromolecular substrates. Although the enzyme preparations having lowest 
enzyme-to-carrier ratios had the highest activities, maximal activity was still only 6% 
of that of the free enzyme in aqueous solution. To date, of the hydrolytic enzymes 
coupled to insoluble carriers with retention of activity, most have been of the endo- 
hydrolase type. It may be that reactions involving such enzymes are more susceptible 
to steric effects than are the corresponding reactions in which the enzymes attack the 
polymeric substrate from the chain ends. It seemed logical therefore to extend our 
investigations to the exo-amylolytic enzymes & and y-amylase. 

EXPWhlJBTAL 

Materials. - The 3-(p-aminophenoxy)-2-hydroxypropy2 ether hydrochloride 
of cellulose (20.7 pequiv. of ether linkage/g) was prepared as previously described’. 
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Crystalline /3-amylase (sweet potato) was purchased from the Sigma Chemical 
Company, London, England, and a partially purified solution of y-amylase (A. Niger-) 
was a gift from the Lord Rank Research Laboratories, High Wycombe, Bucking- 
ham&ire, England. 

Further purification of y-amylase. - After exhaustive dialysis against acetate 
buffer (0.02~, pH 4.5), the y-amylase solution was dilllted with an equal volume of 
ethanol (96%) cooled to O-2” and treated with starch according to the method of 
Cameron’. 

Water-insoluble j?-amylase derivctives. - (a) Obtained by coupling &amyIase 
with the 3-(p-aminophenoxyj-2-hydroxypropyl ether of cellulose activated with thio- 
phosgene. The cellulose ether hydrochloride (100 mg) was placed in a stoppered 
test-tube and magnetically stirred into a slurry with phosphate buffer (3.5~, pH 6.8, 
0.5 ml). Thiophosgene solution (lo%, 0.2 ml) in carbon tetrachloride was added, 
stirring was continued for 20 min, and a further aliquot (0.2 ml) of thiophosgene 
solution was then added. After a further 20 min, acetone (15 ml) was added, and the 
solid 2-hydroxy-3-(p-isotbiocyanatophenoxy)propyl ether was recovered by centri- 
fugation. The washing cycle was repeated twice with sodium hydrogen carbonate 
solution (O.~M, 15 ml) and twice with borate buffer (O.O&, pH 8.6, 15 ml). After 
decantation of the final washings, a solution of P-amylase (5 mg) in borate buffer 
(0.05~~ pH 8.6, 1 ml) was added, and coupling was allowed to proceed with gentle 
magnetic stirring for 48 h at O-5”. The water-insoluble &amylase derivative was 
subjected to five cycles of alternate washing with acetate buffer (0.02~, pH 4.8, 15 ml) 

and a solution of sodium chloride (M, 15 ml) in the same buffer. After two further 
washings with acetate buffer (15 ml) and final decantation of the washings, the 
/&amylase derivative was re-suspended in the same buffer (10 ml). 

(b) Obtcined by coupling /.l-amylase with the 3-(p-aminophenoxy)-Z-hydroxy- 
propyi ether of cellulose activated with nitrous acid. The cellulose ether hydrochloride 
(100 mg) was stirred magnetically at 0” with hydrochloric acid (N, 5 ml). Aqueous 
sodium nitrite (2%, 4 ml), precooled to 0”, was added, and stirring was continued 
for 15 min. The diazotised cellulose ether was washed four times with phosphate 
buffer (0.075~~ pH 7.6-7.7, 15 ml) at 0”. After decantation of the final washings, 
a solution of &amylase (5 mg) in phosphate buffer (0_075M, pH 7.6-7.7, 1 ml) was 
added, and coupling was allowed to proceed with gentle magnetic stirring for 48 h 
at O-5”. A solution of phenol (O.Ol%, 5 ml) in saturated, aqueous sodium acetate 
at 0” was then added. After a further 15 rnin, the water-insoluble /3-amylase derivative 
was recovered by centrifugation. The supernatant was discarded, and the derivative 
was subjected to the washing procedure described for the fi-amylase derivative 
prepared by isothiocyanato coupling, and suspended in acetate buffer (10 ml). 

The effectiveness of the washing procedure was checked on a control sample 
of the cellulose ether hydrochloride (100 mg) which had been stirred with a solution 

of /I-amylase (5 mg) in phosphate buffer (0.075h1, pH 7.6-7.7, 1 ml) for 48 h at O-5”. 
Water-insoluble y-amylase derivatives. - (a) Obtained by coupling y-amylase 

with the 3-(p-aminophenoxy)-24ydroxypropyl ether of cellulose activated with thio- 
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plzosgene. The coupling was performed as described for the corresponding fi-amylase 
derivative. The washing procedure adopted for the water-insoluble y-amylase derivative 
was also similar to that used for the /I-amylase derivative, except that acetate buffer 
(0.02M, pH 4.5) was employed. After decantation of the final washings, the y-amylase 
derivative was suspended in the same buffer (10 ml). 

(b) Obtained by coupling y-anzyhe with tlze 3-(p-anzinoplzetzoxy)-24zydroxy- 

propyl ettzer of cellulose activated with nitrous acid. The coupling was performed as 
for the corresponding #I-amylase derivative. The washing procedure and preparation 
of the final suspension of the water-insoluble y-amylase derivative were similar to 
those used for the water-insoluble y-amylase derivative prepared by isothiocyanato 
coupling. The effectiveness of the washing procedure was checked by means of a 
control experiment similar to that described for /I-amylase. 

Determination of bound enzymes. - The water-insoluble enzyme derivatives 
were hydrolysed with 6~ hydrochloric acid for 18 h at 1 lo”, and the hydrolysates 
were neutralised with 6~ sodium hydroxide and then subjected to ninhydrin assay3. 
The original enzyme concentration in the hydrolysates was estimated by reference to 
standard graphs relating absorbance (570 nm) to known amounts of a hydrolysate of 
the free enzyme. A control assay was performed on the neutralised hydrolysate of 
the 3-(p-aminophenoxy)-2-hydroxypropyl ether of cellulose which demonstrated 
that the carrier did not affect the ninhydrin assay. 

Deternzitzation of amyiolytic activity. - j?-Amylase activity was determined by 
measuring the initial rate of hydrolysis of a solution of soluble starch (1%) in acetate 
buffer (0.02~, pH 4.8) at 20”. y-Amylase activity was similarly determined against 
soluble starch (1 “A) in acetate buffer (0_02M, pH 4.5) at 45”. The same rate of magnetic 
stirring was employed for all determinations. 

The initial rate of hydrolysis was determined by following the rate of formation 
of reducing sugar by assay of aliquots of the digests with the dinitrosahcylate reagent 
of Bernfeld4. The absorbance changes (520 nm) thus recorded were interpreted in 
terms of reducing sugar by means of standard graphs for maltose @amylase) or 
D-glucose (y-amylase). 

Stability of zuater-insotztble /S- and y-anzylase to storage in suspension in aqueous 

bzrffer. - After storage at O-5” for three months, the activity of the preparations was 
redetermined, and the percentage of the original activity remaining was calculated. 

Stability of zuater-insoluble f3- and y-amyhe to heat denatnration. -A suspension 
of the /?-amylase derivative prepared by the diazonium salt technique was maintained 
at 40” in acetate buffer (0.02~, pH 4.8) for 7 days, and its activity determined at 
intervals (see Fig. 1) against magnetically stirred starch solution, as described pre- 
viously. A control incubation was performed in which the water-insoluble /I-amylase 
suspension was replaced by a solution of free /?-amylase in acetate buffer (0.02~, 
pH 4.8). The percentage of the original activities remaining after various time intervals 
was then calculated_ The experiment was repeated at 50” over an incubation period 
of 4 days. The stability of y-amylase (see Fig. 2) was determined by means of similar 
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Time tmin) 

Fig. 2. Heat denaturation of soluble and d&o-coupled y-amylase on incubation in acetate buffer. 
0 -0, water-insoIubIe y-amylase at 50’; a---8, soluble y-amylase at 50”; A-A, water-insoluble 
y-amylase at 60”; A-A, soluble y-arnyhse at 60°; q --_O, water-insoluble y-amylase at 70°; 84, 
soIubIe y-amylase at 70”. 

the spectacular exception of papain5-8, the activity of such surface-bound enzymes 
towards macromoleculesgJO never exceeds more than about 5% of the free solution 
activity. 

The lack of activity of the isothiocyanato-coupled y-amylase preparation 
demonstrates the importance of investigating covalent binding of a given enzyme 
by more than one type of linkage. Coupling via the isothiocyanato group, which 
involves reaction with proteins at the cr-amino chain-ends and the a-amino group of 
lysineg, must either damage the active site in y-amylase or cause it to be attached in 
such a way that the active site is compietely hindered. 

It is interesting to note that Axen and PorathlO have prepared enzymically 
inactive, water-insoluble @tmylase derivatives by chemical reaction with the 
2-hyclroxy-3-(p-isothiocyanatophenoxy)propyl ether of crosslinked dextran (Sepha- 
dex). Loss of activity was explained in terms of exclusion of the substrate from the 
interior of the three-dimensional matrix in which the enzyme was buried. The high 
retention of enzyme activity in the isothiocyanato-coupled B-amylase preparation, 
in which the enzyme is dispersed on the carrier surface, seems to support the conclusion 
of these workers. 

The activity retained after storage for 3 months in acetate buffer by diazo- 
coupIed Samylase (lCKl%), isothiocyanato-coupled @my&e (89%), and diazo- 
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coupled y-amylase (lOO%), was a considerable improvement on the diazo-coupled 
cc-amylase (62% retention of activity over 4 months) previously reported. 

Investigation of the rate of heat denaturation of free, isothiocyanato-, and 
diazo-coupled & and y-amylase (Figs. 1 and 2) at different temperatures reveaIed 
that the water-insoluble derivatives were more stable in all cases. Two points emerged 
from these experiments. First, the difference in stability between the soluble and water- 
insoluble enzymes was much more marked at higher temperatures, and second, some 
of the chemically bound enzyme molecules are much more stable to heat denaturation 

than others. This was particularly marked with y-amylase, the water-insoluble form 

of which lost over 75% of its activity during incubation for three hours at 70” and was 
thereafter relatively stable. These observations may be consistent with the binding 
of some enzyme molecules by more covalent linkages than others. Support of the 
enzyme at several points by covalent linkages may effectively help in preserving 
its tertiary structure against disruptive thermal vibrations_ 
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SULPHATED POLYSACCHARIDES OF THE GRATELOUPIACEAE FAMILY 1 
PART IIII. A POLYSACCHARIDE FROhf PhyZZymenia cornea 
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Chemistry Department, Rhodes University, Grahamstown (South Africa) 
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ABSTRACT 

PhyZ/y??zenia cornea, a red seaweed of the Grateloupiaceae yielded a sulphated 
polysaccharide phyllymenan, which, on acid hydrolysis, gave o-galactose, 2-O-metbyl- 
D-galactose, 4-0-methyl-L-galactose, 6-0-methylgalactose, and xylose. Alkali 
treatment of phyllymenan indicated that all of the sulphate units were alkali-stable. 
Periodate-oxidation studies on phyllymenan, and on both partially and fully desul- 
phated phyllymenan, indicated that no cr-glycol groups were formed during desul- 
phation. Partial hydrolysis of phyllymenan resulted in the isolation and characterisation 
of 4-O-/3-o-galactopyranosyl-D-galactose and 4-O-B-D-galactopyranosyl-2-O-methyl- 
D-galactose. 

INTRODUCTION 

The family Grateloupiaceae of the Rhodophyceae consists of ten genera* 
comprising some hundred species. The sulphated polysaccharides elaborated by this 
family of seaweeds have received little attention, and only in the case of the sulphated 
polysaccharide (aeodan) of Aeodes orbitosa Iv3 has any detailed investigation been 
made. Apart from this, Araki et al. 4 have reported the isolation of DL-galactose, 
3,6-anhydro-o-galactose, 2-0-methyl-L-galactose, 4-O-methyl-D-galactose, D-xylose, 
and 2-0-methyl-3,6-anhydro-L-galactose from the sulphated polysaccharide of 
Gruteloupia elliptica. In this paper, we report the results of studies on the sulphated 
polysaccharide (phyllymenan) extracted from PhyZZymenia cornea. 

RESULTS AND DISCUSSION 

PhyZZymenia cornea is fairly easily recognised by its broad, bright-red, wrinkled 
fronds. The weed, found in fair quantity in certain areas along the east coast of 
Southern Africa, grows mainly in deep water and is best collected from the drift 
after spring tide. 

Exhaustive extraction of fresh, wet PhyZZymenia cornea with hot water, followed 
by centrifugation, and precipitation of the mucilage into ethanol, afforded a sulphated 
polysaccharide, phyllymenan. Purification of phyllymenan was effected by dissolution 
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in water, centrifugation, and precipitation into ethanol. Phyllymenan was extracted 
and purified from three batches of seaweed (see Table I). The weed was found growing 
at Kowie Point (ca. 120 miles east of Port Elizabeth), but not at P&met (CG. 130 miles 
east of Port Elizabeth) where it was collected from the drift. All three samples of 

TABLE I 

POLYSACCHARIDES EXTRACTED FROM Phyttymenia cornea 

Date of collection 15-7-1966 22-8-1966 15-I-1967 
to 
26-Z-1967 

Place Palmiet 

Weight of PhyUymenia (g) 320 
Weight of polysaccharide (g) 32 
@I8 (degrees) +s1.2 

(c 0.64) 
N (%) 0.00 
OCHa (%) 5.09 
sod+ (%) 18.09 
NaSOs- [A] (%) 19.41 
3,6-Anhydrogalactoses (%) 0.52 
Galactosea [Bl (%I 43.40 
Monomethylgalactose 28.88 

[Cl (%) 
Sulphated ash (%) 8.24 
Molar ratios of A:B:C 19:27:16 

Kowie 
Point 

200 
10 

t-81.1 
(c 0.74) 

0.00 
4.30 

19.28 
20.68 

0.40 
45.22 
24.4 

14.78 15.91 
20:28:14 20:26:16 

Palmiet 

2,400 
240 

+63.3 
(c 0.49) 

0.48 
4.95 

19.62 
21.05 

0.56 
42.20 
28.27 

phyllymenan failed to precipitate from aqueous solution when mixed with potassium 
chloride solution, and in this respect it resembles aeodan3 and the strIphated poly- 
saccharide of Grateloupia elliptica 4. Two of the three samples of phyllymenan had 
identical specific rotations. The lower specific rotation of the third sample can pro- 
bably be attributed to contamination of the polysaccharide with protein (N, 0.48%) 
All three samples of phyllymenan contained similar proportions of ester sulphate, and, 
like aeodanls3, contained galactose, 2-O-methyl-D-galactose, and 6-U-methyl-D- 
galactose, together with smaller proportions of xylose, 4-O-methyl-r.-galactose, and 
3,6-anhydrogalactose. 

The quantity of galactose (talc. as C6HIoOs) present in each sample of phylly- 
menan (see Table I) was determined by the Somogyi micromethod’, after hydrolysis, 
and separation by paper chromatography. The quantity of mono-O-methylgalactoses 
(talc. as C,H,,Os) present in each sample of phyllymenan, calculated from the 
methoxyl values, was found to vary from 24 to 29%. In this respect, phyllymenan 
differs from aeodan’ which contained ca. 10% of mono-O-methylgalactoses. 2-O- 
Methyl-D-galactose was found to be the preponderant mono-O-methylgalactose 
present in each sample of phyllymenan. The ratio of hexose to sulphate in the three 
samples of phyllymenan was ca. 42:20 (cf. ca. 42:27 for aeodan3). All three samples of 
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phyllymenan contained ca. 0.5% of 3,6-anhydrogalactose. It is interesting to note 
that the polysaccharide of Grateloupziz elliptica contained 8% of 3,6-anhydro-D- 
galactose. 

The products of hydrolysis of a sample of phyllymenan were separated on a 
cellulose column, using half saturated butyl alcohol, to give, in crystalline form, 
galactose, 2-0-methyl-D-galactose, and 4-0-methyl-L-galactose. Galactose was 
characterised by conversion into mucic acid. In addition, xylose and &U-methyl- 
galactose were detected in the mixed fractions, but it was not possible to separate pure 
samples of these sugars by paper chromatography. However, a fraction containing 
galactose andxylose and one containing 2-0-methylgalactose and 6-0-methylgalactose 
were obtained when the partial hydrolysate of phyllymenan was eluted from a charcoal- 
Celite column, and it was possible to separate pure samples of xylose and 6-O-methyl- 
galactose from these two fractions (see later). No glycerol was detected in the hydrolys- 
ates of any of the samples of phyllymenan (cJ aeodan3). 

A sample of phyllymenan was examined in the ultracentrifuge in phosphate 
buffer, and only a single peak was observed even after 188 min of centrifugation. 
This peek was not as sharp as that given by aeodan3. Nevertheless, the sample appeared 
to be homogeneous. The infrared spectrum of phyllymenan exhibited the general 
absorption band for ester sulphate at 1240 cm-‘, but did not show any well-defined 
bands6 for axial, equatorial, or primary ester sulphate (800-860 cm-‘). 

Treatment of phyllymenan with alkali in the presence of borohydride’ (to 
minimize end-group degradation) resulted in an 89% yield of polysaccharide containing 
17.67% of sulphate. Although a reduction in sulphate content of 1.6% occurred during 
this treatment, there was no increase in the content of 3,6-anhydrogalactose’. Hence, 
phyllymenan differs from aeodan’ in not containing any (1+2)- or (l-+4)-linked 
galactose 6(or 3)-sulphate residues. Hydrolysis of the alkali-modified phyllymenan, 
followed by paper chromatography, revealed the presence of galactose, 2-O-methyl- 
galactose, 6-O-methylgalactose, 4-0-methyIgalactose (trace), and xylose (trace). 
The small decrease in sulphate content which occurred during alkali treatment of 
phyllymenan was probably the result of O-S cleavage of alkali-stable groups. 

Complete desuIphation of the polysaccharide was achieved by shaking at room 
temperature for 48 h with 0.15~ methanolic hydrogen chlorideg. This treatment 
gave a 86% yieId of desulphated polysaccharide. Paper-chromatographic examination 
of a hydrolysate of the non-reducing, methanol-soluble material revealed that 
galactose, UKmethylgalactose, and traces of 2-U- and ‘I-O-methylgalactose were 
removed during the desulphation process. Less than 10% of the sugar units present 
in phyllymenan were removed during the desulphation process. Treatment of phylly- 
menan with 0.1~ methanolic hydrogen chloride for 48 and 72 h at room temperature 
decreased the sulphate content of the polysaccharide from 19.28% to 8% and 4.7%, 
respectively. 

It is well known that polysaccharides containing uronosyl linkages are resistant 
to hydrolysis and undergo very little degradation when desulphated with methanolic 
hydrogen chlorideg. No uranic acid was detected in any of the sampIes of phyllymenan, 
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and hence the stability of the glycosidic linkages to cleavage in phyllymenan can 
probably be ascribed to the shielding effect of the large number of methoxyl groups 
present in the macromolecule. 

Oxidation of phyllymenan with periodate ceased after 72 h at room temperature 
(Tables II and III) when 0.121 (0.153) mole of periodate had been consumed per 

TABLE II 

PERIODAn REDUCED (MOLE) PER C6-ANHYDRO-UNI= 

Time (h) 5 24 48 72 96 

Phyllymenan 
Desulphated phpllymenan 
Partially desulphated 

phyllymenan (SO4*-, 4.7%) 

0.067 0.092 0.111 0.121 0.121 
0.150 0.161 0.161 0.161 0.161 

0.116 0.149 0.149 0.149 0.149 

TABLE III 

PEFUODATE REDUCED (MOLE) PER SULPHATE-FREE ANHYDROHEXOSE UNlT 

Tilne (12) 5 24 48 72 96 1 

Phyllymenan 
Dcsulphated phyllymenan 
Partially desulphated 

phyllymenan (SOZ-, 4.7%) 

0.085 0.116 0.140 0.!53 0.153 
0.150 0.161 0.161 0.161 0.161 

0.122 0.157 0.157 0.157 0.157 

C,-anhydro-unit (sulphate-free anhydrohexose unit). In the case of desulphated and 
partially desulphated phyllymenan, the reduction of periodate ceased after 24 h at 
room temperature. The desulphated phyllymenan had then consumed 0.161 (0.161) 
mole per C6-anhydro-unit, whereas partially desulphated phyllymenan had consumed 
0.149 (0.157) mole per C,-anhydro-unit. 

The accurate determination of the true reduction of periodate for every sugar 
residue in a sulphated heteropolysaccharide is complex, and the reduction of periodate 
in terms of a “C,-anhydro-unit” is usually chosen for simplicity and is calculated on 
the assumption that the polysaccharide is a homohexan. Such results are of value for 
comparison with those for substances of similar composition. However, the results 
for sulphated polysaccharides expressed in this manner cannot be used for direct 
comparison with those for similar desulphated polysaccharides. If, on the other hand, 
allowance is made for the different sulphate content of these polysaccharides, and the 
results of periodate reduction are expressed on a sulphate-free basis, ciz., per sulphate- 
free anhydrohexose unit, then direct comparisons become more valid (see Table III). 
The low consumption of periodate by desulphated phyllymenan suggests the presence 
of either (a) a large proportion of (1+3) links, or (6) units containing other glycosidic 
links, but carrying methoxyl groups and/or branches in such positions as to render 
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these units immune to periodate, or (c) a mixture of (a) and (b>. 
The reduction of periodate (calculated bn a suIphate-free basis) (Table III) 

by phyllymenan, desulphated phyllymenan, and partially desulphated phyllymenan 
was approximately the same in each case. This indicates that desulphation of 
phyllymenan does not result in the production of any new cr-glycol groups. These 
results, together with the fact that all of the sulphate groups in phyllymenan are 
alkali stable, indicate that only those units which are substituted in position 3 carry 
sulphate. 

Partial hydrolysis of phyllymenan with acid, followed by separation of the 
neutral products on a charcoal-Celite column, yielded four monosaccharide and 
several oligosaccharide fractions. Since xylose and 6-0-mcthylgalactose had only 
been tentatively identified by paper chromatography, the opportunity was taken, 
while isolating the oligosaccharides, of isolating and characterising these two sugars. 
The major saccharides isolated were 4-0-P-D-galactopyranosyl-D-galactose (1) and 
4-0-P-D-galactopyranosyl-2-0-methyl-D-galactose (2). The latter compound gave 
galactose and 2-0-methylgalactose on hydrolysis, and galactose as the only reducing 
sugar after borohydride reduction and hydrolysis. Hence, 2-O-methyl-D-galactose 
occupied the reducing end of the molecule. This was confirmed when the disaccharide 

failed to react with the-triphenyltetrazolium chloride spray. G.1.c. of the methanolysed, 
methylated disaccharide revealed the presence of methyl 2,3,4,6-tetra-O-methyl- 
galactoside and methyl 2,3,6-tri-0-methylgalactoside in the molar ratio 1 .O: 1.08. 
In addition to the above two disaccharides, smaller amounts of a gaIactosylgalactose (3) 
and a second methylated oligosaccharide (4) were isolated from the partial hydrolysate. 
The disaccharide 3 gave galactose and unchanged material on hydrolysis, and its 
infrared spectrum was different from that given by 4-O-P-D-galactopyranosyl-D- 
galactose. It seems likely that 3 is composed of D- and L-galactose or two molecules of 
L-galactose. The possibility that it is in the furanose form is ruled out by its resistance 
to acid hydrolysis. The methylated saccharide 4 was obtained as a syrup that gave 
2-0-methylgalactose, 6-0-methylgalactose, and unchanged material on partial 
hydrolysis with acid. Reduction of this saccharide with borohydride, followed by 
paper chromatography of a hydrolysate of the product, revealed a major spot having 
the mobility of 6-0-methylgalactose, and a very faint spot having the mobility of 
galactose. The minute trace of galactose most probably resulted from demethylation 
of some of the 6-U-methylgalactose during the reduction procedure. Examination of 
the methanolysed, methylated saccharide by g.1.c. revealed peaks due to methyl 
2,3,4,6-tetra-0-methylgalactoside and methyl 2,3,6-tri-0-methyIgalactoside. The 
peaks at T 5.33 and 5.82 were abnormally large, and, since the T values of methyl 
2,4,6-tri-0-methylgalactoside coincide with these two T values, it was concluded that 
the abnormality was due to the presence of some methyl 2,4,6-tri- 0-methylgalactoside. 
Calculations (based on the assumption that the area under the peak at T 3.85 equals 
100% of methyl 2,3,6-tri-0-methylgalactoside) indicated that the methyl 2,4,6-tri-O- 
methylgalactoside constituted ca. 23% of the methanolysate. The molar ratios of 
methyl 2,3,4,6-tetra- 0-methylgalactoside, methyl 2,3,6-tri- 0-methylgalactoside, and 
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methyl 2,4,6-tri-U-methylgalactoside in the methanolysate were thus 1.31:0.76:0.60. 
These results suggest that this saccharide is a mixture of 2-0-methyl-3-0-(6-O- 
methyl)-D-galactopyranosyl)-D-galactose and 2-O-methyl4O-(6-O-methyl-D-galacto- 
pyranosyl-D-galactose. On the other hand, paper chromatography of the oligo- 
saccharide indicated a single compound. 

There is thus clear evidence that the macromolecule contains a high proportion 
of 4-O-P-D-gaIactopyranosyI-2-O-methyl-D-galactose residues and a lesser proportion 
of 4-O-&D-galactopyranosyl-D-galactose residues. There is also tentative evidence 
for the presence of 2-O-methyI-3-0-(6-O-methyl-D-galactopyranosyl)-D-galactose 
residues and 2-O-methyl4U-(6-O-methyl-D-gaIa~topyranosyl)-D-galactose residues 
in small proportions. It seems, furthermore, that L-galactose, 3,6_anhydrogalactose, 
and xylose couId be minor constituents. 

EXPERIMENTAL 

Unless otherwise stated, concentration of solutions was carried out at 40”/20mm, 
and specific rotations were measured in water. Paper chromatography was carried 
out with Whatman No. 1 filter paper. The following solvent systems were used: 
( 1) ethyl acetate-acetic acid-formic acid-water (18:3: 1:4), (2) butyl alcohol- 
pyridine-water (9:2:2), (3) butyl alcohol-ethanol-water (40: 11:9), and (4) methyl 
ethyl ketone saturated with water containing 1% of cont. ammonia. p-Anisidine 
hydrochloriderO, periodate-benzidine”, aniline-diphenylaminc-phosphoric acid12, 
and 20% sulphuric acid in ethanol are sprays Q, 6, c, and d, respectively. &,, values 
refer to rates of movement relative to that of galactose. Thin-layer chromatography 
(t.1.c.) was carried out on glass plates coated with silica gel G containing calcium 
sulphate as binder, employing methyl ethyl ketone-water (85:7) as solvent. RTniG 
values of methylated sugars refer to the rates of travel relative to that of tetra-O- 
methyl-D-galactose on thin-layer plates. Gas-liquid chromatography (g.1.c.) was 
carried out on a Beckman GC-2A chromatograph equipped with a flame-ionization 
detector. The stationary liquid phase, ethylene glycol succinate (14%) and poiyethylene 
glycol (O.lO/,), was supported on Chromosorb W (SO-100 mesh) and maintained at 
an operating temperature of 170”. Retention times (T) are relative to that of methyl 
2,3,4,6-tetra-O-lmethyl-fl-D-glucopyranoside. Infrared spectra were recorded on a 
Beckman tR-8 spectrophotometer using KBr discs. 

Extraction and purification of polysaccharide. - Wet Phyllyrnezia cornea was 
mixed with hot water, and acetic acid was added to pH 3. The mixture was heated 
(0.75 h) with constant stirring until the weed had disintegrated, and the solution was 
then strained through muslin and centrifuged while still hot, yielding a clear mucilage. 
The residual weed was extracted a second and a third time, and the combined extracts 
were set aside for 24 h at 4”, when a colloidal precipitate appeared which was removed 
by centrifugation. Precipitation into ethanol (5 vol.) afforded a fibrous, white product 
which was collected, washed with ether, and dried. Purification of the polysaccharide 
was effected by dissolution in water, centrifugation of the solution, and precipitation 
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into ethanol (5 vol.). The recovered polysaccharide was washed with ether, and dried 
in wcuo at 45”. The properties of the polysaccharides isolated from three samples of 
Phylfynzenia are compared in Table I. 

Chromatographic examination (solvents 1,2, 3, and 4) of the neutralised acid 
hydrolysate of each of the polysaccharides revealed the presence of galactose (major), 
2-U-methylgalactose (major), 6-O-methylgalactose, PO-methylgalactose (trace), 
and xylose (trace) with sprays a and b. The polysaccharide failed to precipitate from 
solution when mixed with potassium chloride solution. 

Separation and characterisation of the components of the polysaccharide. - Poly- 
saccharide (16 g; [I$,~ +81.2”; SOa-, 18.09%) was heated on a boiling-water bath 
with N sulphuric acid (75 ml) for 16 h. The hydrolysate was neutralised with barium 
carbonate, deionised with Arnberlite IR-120 (Hf) and IR-4B (OH-) resins, and 
evaporated to a thick, mobile syrup (9.5 g) which was applied to a cellulose column 
(47 x 5.4 cm). The column was eluted with butyl alcohol-water (95:5), and fractions 
(ca. 50 ml) were collected. On the basis of paper chromatography, recombination into 
four fractions was effected. 

Fraction I. The syrup (0.34 g) contained the degradation products of the 
hydrolysis. 

Fraction II. The syrup (2.3 g) was shown by paper chromatography (solvent 3) 
to be a mixture of 2-O-methylgalactose (major sugar, R,, 2.1) and 6-O-methyl- 
galactose (RGol 1.85). An aqueous solution of the syrup was decolourised with charcoal, 
filtered, and evaporated to dryness, and the residue was crystallised from ethanol- 
ethyl acetate. Recrystalhsation from the same solvent gave 2-O-methyl-D-galactose, 
m-p. and mixed m.p. 146-148”, fc&’ f-56.6 (2 mm)-+ +86.6” (c 0.6). Oldham and 
BellI3 reported m.p. 147-149”, [a]n + 53-, + 82.6O.‘ The infrared spectrum of this 
sugar was identical with that of authentic 2-O-methyl-D-galactose, but different from 
those of 6-O-methyl- and 4-O-methyl-galactose. 

Eraction III. The syrup (0.73 g) was shown by paper chromatography (solvents 
I, 3, and 4) to contain 6-O-methylgalactose (major sugar), xylose, 2-O-methyl- 
galactose, and 4-Gmethvlgalactose- An aqueous solution of the syrup was decolourised 
with charcoal, filtered, and evaporated to dryness, and the residue was crystallised 
from methanol to give needles (5 mg), m.p. 202-207”, [I%];~ -53.4 (2 mm)-+ -83.5” 
(~0.34). This sugar moved w&b the mobility of authentic 4-O-methylgalactose in 
solvents 1, 2, 3, and 4. Demethylation” with hydrobromic acid, followed by paper 
chromatography, revealed the presence of galactose and unchanged material. The 
sugar showed no depression in m.p. when mixed with 4-O-methyl-L-galactose’4, 
but, with authentic 4-U-methyl-D-galactose3, the m-p. was depressed to 186-192”. 
The infrared spectra of the D and L sugars were identical. 

Fraction W. The crystalline solid (2.1 g), after several recrystallisations from 
ethanol, had [cL]~~ + 80” (c LO), m-p. and mixed m.p. 166-167” with authentic D-galact- 
ose. Oxidation with nitric acid-water (1:l) yielded mucic acid, m.p. and mixed m.p. 
212-213”. 

Action of alkali on the polysaccharide. - The polysaccharide (1.57 g; [t~]k‘j 
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+81-l”; SO,‘-, 19.28%) in water (200 ml) containing sodium borohydride’ (0.5 g) 
was set aside for 48 h at room temperature. Sodium hydroxide (20 g) and sodium 
borohydride (1.5 g) were then added, and the solution was heated for 9 h at 80”, with 
additions of sodium borohydride (0.5 g) every hour. After dialysis against frequently 
changed distilled water, the solution was concentrated and freeze-dried to a white 
foam (1.4 g; 89%). It had [c$,~ +43.5” (c 0.83) (Found: 3,6-anhydrogalactose’, 
0.67; SO,“-, 17.67%). Chromatography of an acid hydrolysate (solvents 3 and 4) 
revealed the presence of galactose, 2-0-methylgalactose, 4-0-methylgalactose (trace), 
6-0-methylgalactose, and xylose (trace). 

Desulphation of the poly~accharide~. - The polysaccharide (1 g ; [ct]k6 + 8 1. lo ; 
so,‘-, 19.28%) was shaken with 0.15M methanolic hydrogen chloride (75 ml) for 48 h 
at room temperature. The undissolved material was filtered off and washed with 
methanol (3 x 30 ml). The filtrate and washings were neutralised with silver carbonate, 
and concentrated to a non-reducing syrup (350 mg). Paper chromatography of an 
acid hydrolysate of the syrup showed the presence of galactose (major sugar), 6-0- 
methylgalactose (minor sugar), and traces of 2-O- and PO-methylgalactose. 

The insoluble material was dissolved in water (100 ml) and dialysed (3 days) 
against distilled water. After concentration, the polysaccharide (0.69 g) was isolated 
by freeze-drying. It had [a];’ +90” (c 0.8) (Found: SO,“-, 0.0%). Paper chromato- 
graphy of an acid hydrolysate revealed the presence of galactose, 2-0-methylgalactose, 
and traces of 4-O- and 6-0-methylgalactose. 

In another experiment, thepolysaccharide (1 g; [alA +81-l”; SOG2-, 19.28%) 
was shaken with 0.1~ methanolic hydrogen chloride (75 ml) for 48 h to give a 74% 
yield of desulphated polysaccharide, [a];’ +95” (c 0.61) (Found: SOG2-, 8%). 

In a third experiment, the polysaccharide(1 g; [c@ ~81.1”; SO,‘-, 19.28%), 
after being shaken for 72 h with 0.1~ methanolic hydrogen chloride, gave a 70% 
yield of desulphated polysaccharide (Found: SO, 2-, 4.7%). Paper chromatography of 
an acid hydrolysate of this material revealed the presence of galactose, 2-O-methyl- 
galactose, and traces of 4-O- and 6-0-methylgalactose, and paper chromatography 
of a hydrolysate of the derived methyl glycosides showed the presence of galactose, 
6-0-methylgalactose, and minute traces of 2-O- and 4-0-methylgalactoses. 

In a fourth experiment, the polysaccharide ([x]k6 + 63.3”; SOb2-, 19.62%) gave 
a 67% yield of polysaccharide after a single (48 h) treatment with 0.15~ methanolic 
hydrogen chloride (Found: SOJ-, 12.3%). 

Periodate oxidation of the polysaccharide. - The polysaccharide (28.9 mg; 
[alA t81 .l”; SOd2-, 19.28%), desulphated polysaccharide (29 mg; [a];’ +90”; 
SO;-, O%), and partially desulphated polysaccharide (2.5 mg; SO%-, 4.7%) were 
dissolved separately in water (5 ml), and 0.298hI sodium metaperiodate (5 ml) was 
added to each solution. The solutions were set aside at room temperature in the dark, 
and, at intervals, the periodate consumption was determined’5 on aliquots (0.10 ml) 
(Tables II and III). The oxopolysaccharides, isolated from these solutions by freeze- 
drying after dialysis, contained galactose, 6-0-methylgalactose, 2-0-methylgalactose. 
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and CO-methylgalactose (trace). 
Quantitative estimation of galactose in thepolysaccharide. -This was determined 

as described for aeodan3 ; see Table I for results. 
Examination of the polysaccharide in the ultracentrifge. - The polysaceharide 

([ali l-81.1”; S04’-, 19.28%) was examined at a concentration of 0.5% in 0.1~ 
sodium phosphate buffer at an ultracentrifuge speed of 56,000 r.p.m. 

Partial hydrolysis of the polysaccharide. - Hydrolysis with N acid for I h 
proved to be satisfactory for the production of some oligosaccharides, whereas 
others were produced in greater concentration when the hydrolysis was carried out 
with 0.75~ acid for 0.75 h. 

The polysaccharide (20g; [alA + 63.3”; SO,‘-, 19.62%) was heated on a boiling- 
water bath with 0.75~ sulphuric acid (130 ml) for 0.75 h. Ethanol (240 ml) was added, 
and the precipitated polysaccharide (0.2 g) was removed by filtration. The hltrate was 
concentrated (150 ml) under diminished pressure, neutral&d with barium carbonate, 
deionised, and evaporated to a mobile syrup (2.8 g). In a second hydrolysis experi- 
ment, the polysaccharide (20 g) was heated with N sulphuric acid for 1 h, and the 
mixture of neutral sugars (3.8 g) was isolated as above. The syrups were combined, 
dissolved in the minimum quantity of water, and applied to a charcoal-Celite column 
(1~1; 5.4 x 60 cm). Monosaccharides were eluted with water, and oligosaccharides 
with aqueous alcohol of increasing strength. Fractions (ca. 50 ml) were combined on 
the basis of paper chromatography. 

Fraction I. The syrup (600 mg) contained galactose (major sugar) and xylose. 
Separation of this mixture of Whatman 3MM paper (solvent l), followed by extraction 
of the appropriate portions of the papers, yielded D-galactose (300 mg), m-p. and 
mixed m-p. 165-167”, [a]r +76.9” (c 1.56), and D-xylose (15 mg), m.p. and mixed 
m.p.16 145-146”, [LY]&~ + 19.0” (c 0.55). 

Fraction IL The syrup (350 mg) contained (paper chromatography using 
solvents 1, 3, and 4) galactose, CO-methylgalactose, and 2-O-methylgalactose. 

Fraction III. The syrup (260 mg) contained 2-O-methylgalactose (major sugar) 
and 4-0-methylgalactose. 2-0-Methylgalactose, m.p. 148-150”, was obtained when 
this fraction was mixed with ethanol-ethyl acetate. 

Fraction IV. The syrup (244 mg) was a mixture of 2-0-methylgalactose and 
6-0-methylgalactose. The 2-0-methylgalactose readily crystallised from ethanol- 
ethyl acetate; m.p. 148-150”. The mother liquor was concentrated to a syrup and 
separated on Whatman 3MM paper (solvent 2). The portions of the papers correspond- 
ing to 6-0-methylgalactose were extracted with water, and the extracts were eva- 
porated to dryness, yielding a solid which, after recrystallisation from ethanol, had 
[alA +76.5”, m.p. 118-120” alone and in admixture with authentic 6-O-methyl-D- 
galactose. Nunn and von Holdt” reported m.p. 122-123”. 

Fraction V. The syrup (90 mg), eluted with 4-10% aqueous ethanol (3.0 l), 
was a mixture of three oligosaccharides, RGol 0.21, 0.3, and 0.45 (solvent l)_ 

Fraction VI. The syrup (50 mg), eluted with 4-10% aqueous ethanol (1.5 l), 
was a mixture of two oligosaccharides, RGol 0.21 and 0.3 (solvent 1). Repeated 
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the specific rotation of the compound. 
Fraction X. The syrup (260 mg), eluted with 15% aqueous ethanol (7 I), 

contained at least four oligosaccharides, RcO, 0.14, 0.22, 0.78,. and 1 (solvent 1). 
This fraction was not further investigated. 

Fraction XI. The syrup (240 mg), eluted with 15-50% aqueous ethanol (2 l), 

consisted of a fast-moving oligosaccharide (RGnl 1.86) and at least three other oiigo- 
saccharides (IZcol 0.1-0.22) (solvent 1). Separation on Whatman No. 1 paper (solvent l), 

followed by extraction of the appropriate portions of the papers with methanol, 
afforded a cbromatograpbically pure syrup (35 mg), [u]k6 +55.5” (c 0.69, RGnl 1.86 
(solvent l), 1.67 (solvent 2), and 1.55 (solvent 3); it gave a yellow-green colour with 
spray c, but failed to react with the triphenyltetrazolium chloride spray. Partial, acid 
hydrolysis, followed by paper chromatography (solvents 2 and 3), revealed the 
presence of 2-U-methylgalactose, 6-O-methylgalactose, and starting material, 
Reduction of the saccharide, followed by paper chromatography of the hydrolysate 
of the non-reducing syrup, revealed the presence of 6-0-methylgalactose and a minute 
trace of ga!actose. A portion of the oligosaccharide (10 mg) was methylated and 
methanolysed, and the derived methyl glycosides were examined by g.1.c. Peaks 
corresponding to 2,3,4,6-tetra-0-methylgalactose (T l-98), 2,3,6-tri-U-methylgalactose 
(T 3.85, 4.38, 5.33, and 5.82), and 2,4,6-tri-0-methylgalactose (T 5.33 and 5.82), in 
the approximate molar ratios of 1.31:0.76:0.60, were observed. In addition, a small 
peak due to 2,3,4-tri-0-methyigalactose (T9.30) was observed. This sugar is con- 
sidered to have arisen from demethylation of some of the 2,3,4,6-tetra-O-methyl- 
galactose during methanolysis. The above evidence suggests that this “saccharide” 
is a mixture of 2-O-methyl40-(6-O-methyl-D-galactopyranospl)-D-galactose and 
2- 0-methyl-3- O-(6- O-methyl-D-gaiactopyranosyl)-D-galactose. However, paper 
chromatography of the oligosaccharide (solvents l-4) always revealed a single, 
discrete spot. 

The eluate after Fraction XI revealed an almost continuous streak with no 
discrete spots. Hence, no further fractions were collected. 
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ABSTRACT 

Twenty-eight substituted phenyl B-D-xylopyranosides were hydrolysed in 
hydrochloric acid. Rate coefiicients and kinetic parameters were determined. Appli- 
cation of the Hammett-Zucker, the Bunnett, and the entropy criteria indicate a 
unimolecular (A-l) mechanism. The linear relation between activation entropy and 
enthalpy, proved by the Exner method, indicates that some of the xylosides may 
be hydrolysed via a different mechanism. o&o-Substituents have a rather complex 
influence on the reaction. 

INTRODUCTION 

In a previous paper’, we described the acid-catalysed hydrolysis of alkyl 
/?-D-xylopyranosides. The present investigation is concerned with the influence of 
substituents on the rate parameters of the hydrochloric acid-catalysed hydrolysis of 
phenyl /?-D-xyiopyranosides. 

The accepted mechanism, first suggested by Edward’, is analogous to the A-l 
mechanism for the hydrolysis of acetals 34. The slow, rate-limiting step involves 
unimolecular heterolysis of the glycoside conjugate acid to form a cyclic carbonium- 
oxonium ion, which then reacts with water. 

Similar investigations have been carried out for substituted phenyl cx-D-gluco- 
pyranosides5, phenyl B-D-glucopyranoside&‘, and phenyl fl-D-glucopyranosiduronic 
acids7. In these studies, the authors accepted the A-l mechanism with fission of the 
glucosyl-oxygen bond’, but without ring-opening. They showed that, for the #J-D- 

series, electron-releasing substituents facilitate the reaction_ The Hammett reaction 
constant has a low value because the substituents have an influence on both the 
formation of the conjugate acid and its subsequent heterolysis, but affect these two 
processes in opposing manners, thus-partially cancelling each other. 

RESULTS AND DL5CUSSION 

Twenty-eight phenyl B-D-xylopyranosides were hydrolysed in 0.1~ aqueous 
hydrochloric acid at different temperatures. Rate coefficients, energy and entropy 
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of activation, and estimated standard deviations are presented in Table L All of the 

reactions are fxrst order and In k is a linear function of l/T. 

TABLE I 

RATE COEFFI~S AND KINETIC PARAMI333tS FOR THE HYDROLYSIS 0~ PHENYL /~-D-XYL~~YRAN~STC)?~~ 

IN o.lhf HYDROCHLORIC ACID 

Io5kl (set-l) 

60” 70” 80” 

E Ass (60”) A Gt (60”) 
kcal. mole-1 Cal. deg-1. mole-1 kcal. mole-l 

1 None 
2 p-ChIoro 
3 m-Chloro 
4 o-Chloro 
5 p-Methyl 
6 m-Methyl 
7 o-Methyl 
8 p-Nitro 
9 m-Nitro 

10 c-Nitro 
11 p-Chloro-m-methyl 
12 2,CDimethyl 
13 3,CDimethyl 
14 2,dDimethyI 
15 2,3,STrimethyl 
16 Z+Dichloro 
17 p-Amino 
18 o-Amino 
19 m-Amino 
20 p-Acetamido 
21 m-Acetamido 
22 o-Acetamido 
23 pMethoxy 
24 o-Methoxy 
25 P-Ethoxv 
26 b-Benzyioxy 
27 p-Bromo 
28 m-Bromo 

2.59 &to.05 9.50 
2.21 &0.03 8.00 
2.19 &to.07 7.64 
4.44 z&o.03 14.9 
2.40 &0.04 8.51 
2.96 &to.10 10.7 
2.21 f0.03 7.98 
1.31 10.03 4.34 
1.47 &O.Ol 4.93 
4.90 f0.06 14.6 
2.21 f0.04 8.08 
2.18 f0.13 8.28 
2.36 ho.14 9.09 
7.95 SO.30 30.2 
1.50 &to.01 6.83 
3.26 &0.18 11.4 
0.99 f0.03 3.40 
0.17 *to.01 0.57 
0.82 rtO.07 2.92 
2.85 &O.OS 10.4 
3.25 10.12 10.5 
2.61 f0.03 9.66 
1.93 10.02 7.43 
7.50 &0.07 24.8 
2.09 f0.05 8.31 
2.08 zO.07 7.49 
1.94 &to.04 7.15 
2.05 SO.06 6.92 

32.5 29.6 f0.5 
26.9 29.2 &0.6 
25.3 28.6 f0.3 
46.3 27.4 f0.2 
27.9 28.7 10.4 
36.3 29.3 ho.6 
26.9 29.2 f0.2 
14.7 28.3 r0.3 
15.6 27.6 &-to.3 
39.9 24.7 50.2 
27.3 29.4 (0.3 
29.1 30.3 +0.7 
32.6 30.7 f1.2 

106 30.3 so.9 
28.7 34.5 f0.3 
37.3 28.5 il.2 
10.9 28.0 f0.6 

1.8 27.5 kO.8 
9.8 29.1 *0.2 

35.5 29.5 *o-7 
31.6 26.6 f0.9 
31.7 29.2 *to.2 
26.7 30.7 so.3 
76.8 27.2 f0.2 
30.7 31.4 AO.4 

25.1 29.1 50.4 
24.6 29.7 f0.3 
21.7 27.6 f0.4 

f11.6 f1.5 25.08 
+10.0 *1.5 25.19 

+8.3 *1.5 25.16 
+6.1 &LO 24.70 
+9.0 &LO 25.12 

+ 10.0 h1.7 25.00 
+9.6 fl.0 25.17 
-t-6.3 AI.0 25.51 
-l-4.4 &-l-O 25.50 
-1.7 &-l-O 24.62 

+10.7 *1.0 25.19 
+13.8 &2.0 25.18 
+ 14.7 rt4.0 25.14 
+16.0 &3.0 24.33 
f25.1 &I.0 25.44 

+a.7 *3.0 24.92 
+4.s h2.0 25.70 
-0.2 c2.3 26.86 
f7.7 *0.5 25.90 

fll.4 &2.0 25.01 
f3.2 12.0 24.93 

+10.5 *1.0 25.06 
+ 14.3 *o.s 25.27 

+6.6 rtO.6 24.37 
+X6.5 Al.0 25.22 

+9.7 -11.2 25.22 
fll.3 *1.0 25.26 

f5.1 &I.3 25.22 

InJruence of the acid concentration. - If the rate-limiting step involves the 

unimolecular heterolysis of the conjugate acid to a glycosyl carbonium ion (A-l), a 

linear relation between the logarithm of the rate coefficient and the Hammett acidity 

function should exist’. For a number of phenyl B-D-xylosides, the pseudo-first-order 

rate coefficient kl was determined at constant temperature and various concentrations 

of hydrochloric acid (Tables II and III). 

In all cases, log k, showed a linear dependence on H,,, but the requirement of 

unit slope was only approximately fulfilled. A least-squares fit of the data yields the 

values given in Table IV, where b represents the slope, sb the estimated standard 

deviation on b, spix the standard error of the estimate, R the number of points, and 
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TABLE II 
INFLUENCE OF THE ACID CONCENTRATION 

I@kl see-1 

279 

ON THE RATE COEFFICIENT (COLORIMETRIC DEl-ERMMATIONS) 

HCI (M) 0.1 0.25 0.30 0.50 0.75 1.0 1.5 
H: +0.9s +0.55 +0.45 +0.20 - 0.03 -0.20 -0.47 

Substituent 

None 
p-Chloro 
p-Methyl 
p-Chloro-m-methyl 
p-Nitro 
o-N&o 
p-Ethoxy 
p-Benzyloxy 
Z&Dimethyl 
3,4-Dimethyl 

TtW1p. 
(degf ees) . 
60 2.59 
60 2.19 
60 2.70 
so.2 2.23 
45 0.18 
60 4.20 
60 2.09 
59.9 2.11 
65 4.33 
65 4.71 

- 8.26 15.3 - 40.0 65.8 
- 7.39 13.3 - 32.1 57.6 
- 9.00 15.4 - 38.0 66.8 
4.77 - 13.3 20.7 32.8 - 
0.465 - 0.98 1.76 2.45 - 

’ - - 23.6 - 55.7 164b 
6.18 - 13.6 20.9 32.0 - 
5.36 - 12.5 - 28.8 - 

9.07 - 25.4 - 62.5 - 
12.4 - 27.3 - 69.9 - 

QFrom Ref. 13. bin 2~ HCI (&IO = -0;69). 

TABLE III 
INFLUENCE OF THE ACID CONCENTRATION ON THE RATE COEFFICIENT (POLARIMETRIC DEIERMINATIONS) 

l@kl (se&) ut 45” 

HCl (M) 1 2 3 4 5 
I-G -0.20 -0.69 -1.05 -1.40 - 1.76 

Subsfituent 
None 4.59 14.4 36.3 79.4 176 
p-Methyl 4.89 14.3 37.0 81.6 186 
p-Chloro 3.93 12.3 30.2 65.9 137 
p-Nitro 2.45 7.5 18.1 37.6 79 
o-N&o 8.75 26.6 62.7 119 - 
m-Acetamido 4.33 12.4 30.7 65.2 142 
p-Ethoxy 4.31 13.4 34. I 73.9 168 

“From Ref. 13. 

Q the intercept of the function log 105k, = a + bH,, as calculated by regression 
analysis. For the parameter b, however, a t-test indicates that, in most cases, the 

deviation from unity is not significant. 
According to Bunnett’O, a better criterion is a plot of log k, + Ho ttersus log 

(activity water) (log a&o)_ The slope of the resulting straight line defines the new 
parameter zu. However, if this is done for the phenyl j3-D-xylosides, all of the plots 

are curved the slopes dependent on acid concentration. is thus 
to calculate w parameters rough graphical is given Table IV). 
all cases the slope b of the Hammett-Zucker plot is greater than unity, the sign 
of w is negative and thus in accordance with a unimolecular- mechanism. In the other 
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cases, w is positive, which should lead to the conclusion that the hydrolysis proceeds 
by an S,2 mechanism entailing a oucleopbilic attack of water on the conjugate acid. 
This change of mechanism is highly improbable. Moreover, if the sign of IO is deter- 
mined by the value of 6, whose deviation from unity is statistically not significant, 
the sign itself is determined by the random variations, and the positive w-values 
cannot invalidate the conclusion from the Zucker-Hammett criterion. The only 
possible conclusion is that, in all cases, w approaches zero, suggesting the same A-l 
mechanism for all of the phenyl B-D-xylosides. For alkyl /?-D-xylosides’, all b-slopes 
are greater than unity and all w-values negative, but, in these cases, the deviations 
from unity are statistically significant. 

TABLE IV 

SLOPES OF TIE ZUCKER-HAh%hlETT PLOTS; W PARAhfETER 

Substituent Method -b wz sb n a W 

None 

p-Methyl 
p-Chloro 

p-Chloro-m-methyl 
p-Ethosxy 

p-Nitro 
2,,6Dimethyl 
3&Dimethyl 
p-Benzyloxy 
o_Nitro 
m-Acetamido 

p”:: 
P 
c 
P 
C 
c 
P 
c+p 
c 
C 
C 
C 
P 

0.985 0.023 0.020 
1.021 0.018 0.015 
1.022 0.020 0.017 
0.980 0.009 0.008 
0.997 0.023 0.019 
1.00 0.048 0.051 
0.991 0.025 0.026 
1.025 0.017 0.014 
0.975 0.016 0.006 
0.982 0.002 0.002 
0.987 0.008 0.009 
0.969 0.015 0.017 
0.952 0.006 0.004 
0.980 0.018 0.015 

5 
5 

: 
5 
5 
5 
5 

10 
4 
4 
4 
4 
5 

0.376 +os 
0.464 -2.0 
0.476 -0.2 
0.308 fO.8 
0.407 +0.1 
0.298 -0.2 
0.311 +- 0.4 
0.433 -0.2 
0.204 +0.3 

0.601 fl.O 
0.638 +0.7 
0.273 1-l-7 
0.558 +2.0 
0.437 +0.2 

When log k, - log [HCl] is plotted tlersus log a,,, the slope of this line delines 
the parameter w *. According to Bunnetti’, water acts as a nucleophile in the rate- 
determining step if w* < -2. When the values of k, determined in the interval 1 to’ 
5~ hydrochloric acid (Table III) are used, the plots are approximately linear and the 
w*-parameter takes the value - 6 to - 7 for all xylosides. Ifthe k,-values determined at 
lower acid concentration (Table IQ are used, the points are scattered, and an exact 
determination of w? is impossible. A rough estimation, however, gives a constant 
value of ca. --LO for all of the xylosides. Hence, in all cases, w* indicates an S,2 
mechanism, in contrast to the w-parameter, the Hammett criterion, and the entropy 
criterion. 

Thus, it seems that, for the hydrolysis of glycosides, the w and w* parameters 
reflect more than g simple hydration change in the transition of the conjugate acid to 
an activated complex. 

Isokinetic relationship. - In this series of similar reactions, a linear relation 
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between the activation enthalpy and entropy was proved by plotting two values of 
log kl, obtained at two different temperatures, ag‘ainst each other according to the 
Exner” method. Using the k, values from Table I, a plot of log 106k, (SOO) verszrs 
log lO”k, (60”) gives a linear relation. Regression analysis yields the equation: 

log 106k (SOa) = 1.102 + 0.982 log 106k (60”) with slope b = 0.982 +O.OSO, 
isokinetic temperature #l = -lSS’K, TJT, = 0.943, n = 28, the correlation coeffi- 
cient r = 0.977, and the standard error of the estimate s,,,~ = 0.067. 

If the values of the derivatives 10, 15, and 18, which deviate slightly from the 
calculated line, are omitted, one finds the equation: 

log 106k(800) = 1.10+0.983 log 106k(600), with b =0.983 20.042, j3 = -138”K, 
I = 0.983, s~,~ = 0.045, and n = 25. 

A t-test indicates that, in both cases, the slope 6 does not deviate significantly 
from unity. Since this deviation, however, causes a large uncertainty in the p-value, 
the calculations were repeated using log 106k at 70”. This yields: 

log 106k(70”) versus log 106k(60”): b = 0.99 kO.02, j? = -95”K, and 
log 106k(80”) versus log 106(700): b = 1.00 t0.02, fl = 0°K. The most probable 
b-value approaches unity, and hence j3 approaches zero. In the Exner classification, 
this represents case 2, with E constant and a rate controlled mainly by changes of d St, 
which means that purely electronic effects of the substituents are of minor importance. 
If, on the other hand, the /?-value is not zero, but negative, and 1 z=- b > T,/T,, this 
represents case 4 or the reverse of compensation. 

The same reaction series was analyzed by the Leffler12 method in which E is 
plotted versus &. Regression analysis yields the equation (60”); 

E(kca1) = 26.0+0.317&*, with p = 317”K, ss = 6”K, s,,,= = 0.488, r = 0.964, 
and n = 28. 
In this case, the iso‘kinetic temperature is different from the value in the Exner plot 
and approaches the mean temperature (343°K) of the experiment. Since log k is 
approximately constant, this p-value probably represents an “error slope”. With the 
exception of the 2,3,5_trimethylphenyl and possibly the o-nitrophenyl and o-arnino- 
phenyl derivatives, all points fit the calculated Exner isokinetic line, which suggests 
that these compounds are hydrolyzed by the same A-l mechanism. Even normal 
ortfio effects do not deviate the points from the line. 

Alkyl B-D-xylopyranosidesl reacted in a somewhat different way. In contrast 
to the phenyl analogues, both activation parameters were variable, but in the sense 
that their effects partially compensated each other. The Leffler plot was quite real 
and resulted in an isokinetic temperature of the same order as found in the Exner 
plot. Moreover, the p-value was positive and higher than the temperature of the 
experiment. 

Free-energy relationship. - Graphical analysis indicates that several points 
deviate strongly in a log 106k,(60”) uersm cr plot. The values for the compounds 
4, 7, 10, 12, 14, 15, 16, 17, 18, 19, 22, and 24 were thus omitted in the calculations. 
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rate nor the activation parameters are changed signScantly. This also indicates that 
steric effects play a minor role. In fact, because of the equatorial position of the 
aglycon and the unimolecuhu nature of the rate-limiting heterolysis of the protonated 
reacta& steric hindrance factors in the transition state of the A-I mechanism are 
unlikely. 

TABLE V 

LINEAR FREE-?SNERGY RELATtONSI3lP 

Substituent e7 log xm1 AIog IO% 

obseroed calculated 

None 
p_Chloro 
m-Chloro 
o-Chloro 
p-Methyl 
m-Methyl 
o-M&y1 
p-Nitro 
m-Nitro 
o_Nitro 
pChloro-m-methyl 
2.6Dimethyl 
3,4-Dimethyl 
2,dDimethyl 
2,3,5-Trlmethyl 
2&Dichloro 
p-AIL&l0 

o-Amino 
m-Amino 

p-Acetamido 
m-Acetamido 

o-Acetamido 
p-Methoxy 
o-Methoxy 
p-Ethoxy 

p_Bentyloxy 
p-Bromo 
m-Bromo 

0.00 
+ 0.277 
+0.373 
+0.20 
-0.170 
- 0.069 
-0.17 
+ 1.27 
+0.710 
Cl.22 
+0.158 
-0.34 
-0.239 
-0.34 
-0.308 

+ 0.427 
+0.60 

-to.86 
0.00 

+0.21 
0.00 

- 0.268 
-0.39 
-0.24 
- 0.03= 

+0.232 
+0.391 

1.412 
1.344 
1.340 

1.647 
1.380 
1.471 
I.344 
1.117 
1.167 
1.690 
1.344 
1.338 
1.373 
1.900 
1.176 

1.513 
0.996 
0.230 
0.911 
1.454 
1.512 
1.417 
1.286 
1.875 
1.320 
1.318 

1.288 
1.312 

1.361 +0.051 
1.328 +0.016 
1.307 -I- 0.033 

1.332 +0.315 
1.386 -0.006 
1.371 +0.100 
1.386 -0.042 
1.176 - 0.059 

1.258 -0.091 
1.183 +0.507 
1.338 -IO.006 
1.411 - 0.073 
1.396 - 0.023 
1.411 +0.489 
1.406 -0.230 

1.298 +0.215 
1.273 -0.277 
- 

0.912 
1.361 
1.331 
1.361 
1.400 
1.418 
1.396 
1.364 

1.327 
1.304 

- 

-0.001 
+0.093 
+0.1s1 
+ 0.056 
-0.114 
+0.457 
- 0.076 
- 0.046 

- 0.039 
+ 0.008 

aFrom Ref. 16. 

These factors, however, can influence the initial state of the molecule. In the case 
of the 2,6-dimethyl derivative, the enhanced rate is probably due to a decrease of the 
entropy in the initial conformation, the activation energy remaining constant. A 
second o-methyl group, in contrast to the same group in the metu (3,44imethyl) or 
pura position (2,4-dimethyl), prevents the rotation of the aglycon. When only one 
o-methyl substituent is present, this is not the case, and the rate is not changed 
signi&antly. 
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The other ortha grqups have a more complex influence, and neither polar nor 
steric factors alone can explain the rate changes. These derivatives deviate signifi- 
cantly from the Hammett plot; the effect of the orrho group does not parallel the effect 
of the same group in the para position, e.g., a nitro group increases the rate in the 
art/lo, but decreases it in the para position; a methoxyl group (g* = -0.39) and a 
chloro group (o* = t0.20) both increase the rate. 

Even if one considers the possibility that some of the ortho substituents interfere 
sterically or by hydrogen bonding with the glycon, so that the p-orbitals of the substi- 
tuent and of the benzene ring are prevented from becoming parallel to each other, 
thus inhibiting delocalisation through the z-electrons, the remaining inductive effect16 
(cJ cannot explain the differences in rate. In one case, the o-methoxyl group, inhibition 
of the resonance changesf6 the sign of G (cl = t0.33) and can thus explain why this 
substituent has the same effect as the cbloro group, but even then the point still 
deviates from the Hammett plot. 

From the values of Tables I and V, it follows that ortho groups capable of 
hydrogen bonding with the hydroxyl group at C-2 increase the rate by lowering the 

ener,T of activation. The entropy change becomes less favorable. The hydrogen bond 

influences the electron density around the glycosyl-oxygen atom more than is accounted 

for by the a-value, but because of the two opposing effects on protonation and 

heterolysis, the overall effect on the rate remains speculative_ Although this explanation 

cannot be ruled out, it becomes improbable if the influence on protonation is dominant 
(Q is negative), because hydrogen bonding should then decrease the rate. Hydrogen 

bonding may also result in a decrease in entropy of the initial state of the molecule, 

caused by restriction imposed upon rotation of the aglycon. Even the conformation 
of the glycon may be changed, either by steric strain imposed by bulky groups or by 
hydrogen bonding. These factors may alter the change of molecular order on passing 

to the transition state and/or the energy necessary to reach a half-chair conformation. 

Probably several of these effects co-operate, and for the moment it seems impossible 

to separate them. 

Three of the phenyl j&II-xylosides show exceptional activation parameters. 
The 2,3,5_trimethylphenyl derivative has a high activation ener,oy and entropy. 

For the o-nitrophenyl and o-aminophenyl compounds, both parameters are small. 

It is difficult to imagine that the high entropy in the case of the 2,3,5_trimethylphenyl 
xyloside is a result of a decrease in entropy of the initial conformation because none 
of the dimethylphenyl xylosides show this effect. It is also noteworthy that these 
compounds do not fit the isokinetic relationship. This, together with the unusual 
value of AS*, suggests a change in mechanism. One possibility is the open-chain 
mechanism, with protonation of the ring-oxygen atom (in this case owing to the base- 
weakening effect of the strong electron-withdrawing substituents on the glycosidic 
oxygen), and heterolysis with ring opening. Since, in this case, the aglycon remains 
attached to the g!ycosyl oxygen-atom in the heterolysis step, steric effects can play 
a dominant role and markedly influence&. In the open-chain mechanism, electron- 
withdrawing groups impede both protonation and heterolysis, and the rate should 
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thus decrease. This is, however, not the case, and in the present state of knowledge 
this expIanation must remain specuIative. 

EXPERWENTAL 

The synthesis of the substituted pheoyl B-D-xylopyranosides was performed as 
described previously’7-1g. The hydrolyses were carried out ip lO-ml, glass-stoppered 
tubes, immersed in a thermostat bath (accurate to within 0.05”). Exactly measured 
portions of the xyloside solution (0.001~) in hydrochloric acid were transferred into 
the tubes. These were stoppered and placed simultaneously in the thermostat bath. 
When they had reached thermostat temperature, the first tube was withdrawn and 
this time taken as zero. After measured intervals, the other tubes were withdrawn, 
cooled, and neutralized with the calculated amount of sodium hydroxide. The con- 
centration of the phenol was then determined calorimetrically. For nitrophenol, 
the yellow color developed in alkali was measured with a Beckman C calorimeter 
at 400 nm (Jenaer Schott lL/PIL firter). For the other phenols, the concentration was 
determined by the method of Folin and Ciocalteu “, the blue colours being measured 
with a Klett-Summerson calorimeter with filter 42 (40@-465 nm). For each phenol, 
a calibration curve had to be constructed, using the absorption of known concen- 
trations of the phenol in similar conditions. 

The first-order rate coefficients (ln k, set-‘) were calculated from least-squares, 
straight-line fits of the usual log plots: log S, = log So - kt, which were always linear. 

The polarimetric measurements, carried out with a Perkin-Elmer Model 141 
photoelectric polarimeter, and the calculations of the thermodynamic activation 
functions with their estimated standard deviation, were performed as described 
previously’. 
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NUCLEOPHILIC DISPLACEMENT REACTIONS IN CARBOHYDRATES 
PART Ix*. THE SOLVOLYSIS OF METHYL 6-@MET HANESULPHONYL-2,3-DI-&METHYL- 

~?-D-GALAC~~PY~~NOSIDE: A MI~I-I~XY-OROUP PARTICIPATION** 

1. s. &IMACOhlBE AND 0. A. CHING 

Chemistry Department, The University, Birmingham I5 (Great Britain) 

(Received July 26th, 1968) 

ABSTRACT 

The solvolysis of methyl 6-O-methanesulphonyl-2,3-di-U-methyl-~-D-galacto- 
pyranoside (8) in boiling 50% aqueous methanol, in the presence of sodium acetate, 
afforded three products which were identified as methyi 3,6-anhydro-2-O-methyl- 
P-D-galactopyranoside (9), methyl 2,3,6-tri-0-methyl-P-D-galactopyranoside (12), 
and methyl 2,3-di-0-methyl-/?-D-galactopyranoside (7). Anhydro-sugar 9 is considered 
to result from attack of solvent on an oxonium-ion intermediate 14, formed as a 
consequence of methoxy-group participation in displacement of the sulphonic ester 
group, while compounds 7 and 12 may result either from solvent attack upon the 
oxonium ion or from a solvent-assisted displacement of the sulphonic ester group. 

INTRODUCTION 

Investigations by Winstein and his co-workers’.’ and others3 have established 
that methoxy-group participation in solvolytic displacement reactions is substantial 
for the MeO-5 and MeO-6t cases. For example, bothp-bromobenzenesulphonates 1 
and 2 undergo anchimerically assisted solvolyses in ethanol, via the cyclic oxonium 
ion 3, to give a mixture of compounds 4 and 5, together with a smali proportion of 
2-methyltetrahydrofuran (6)_ Examples of methoxy-group participation reported in 
the carbohydrate field have all involved the migration of a methoxy group that was 
part of an acetal system. Thus, a small proportion of 1,3,4,6-tetra-0-acetyl-2-U- 
methyl-D-glucopyranose was formed on brominolysis4 of methyl 3,4,6-tri-0-acetyE2- 
deoxy-2-iodo-cr-D-mannopyranoside in acetic acid, and methyl 5-Gp-bromobenzene- 
sulphonyl-6-deoxy-2,3-U-isopropylidene-B-L-allofuranoside gave 6-deoxy-2,3-O-iso- 
propylidene-5-0-methyl-D-talofuranose on treatment with sodium hydroxide in 
aqueous g-dioxanes. More recently, 1-0-benzoyl-2,3,5-tri-0-benzyl-4-O-methyl-L- 
lyxose methyl hemiacetal was obtained from a benzoate displacement reaction on 
2,3,5-tri-U-benzyl-4-O-toluene-p-sulphonyl-D-ribose dimethyl acetal as a consequence 

*Part VIZL: J. S. Brimacombe and F. Hunedy, J. C&m. Sot. (C), in press. 
**Preliminary communication: Chem. Commun., (1968) 781. 
i-In describing nucleophilic participation, it is frequently convenient to use the symbol “G-n”, 
where G is the participating group and n the size of the ring formed in the transition state. 
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of methoxy-group participation and migration 6. Benzyloxy-group participations are 

also IUIOWII~*~, and, pertinent to the subsequent discussion, methyl 2,3-di-O-benzyl- 
6-0-methanesulphonyl-B_D-galactopyranoside was readily solvolysed in boiling, 
aqueous methanol 

Me 

to give7 methyl 3,6-anhydro-2-0-benzyl-)3-D-galactopyranoside 

6)Me 

7 R=H 

8 R= S4M.z 

HO 

OMe 

9 R=H 

10 R=Me 

11 R=C@ 

OMe 

12R=H 
13 R = S02’Me 

I MeOH 

5N2 %O 
3: + 

7 f 12 

7+9-i-i-2 
MeOH, I+0 

--H+ 

Scheme: possibIe mechanisms for 
sulphonate 8. 
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In view of the participation obtained in the latter case, it was of interest to see 
if the methylated analogue 8 would undergo an assisted solvolysis. Mechanistic 
rationalisations invoking a participation mechanism should preferably be based on 
both kinetic and product data3. Kinetic data are not readily obtained with carbo- 
hydrate sulphonates containing acid-labile groups, because of the n&d to neutralise 
the sulphonic acid released. In these cases, a participation mechanism can often be 
inferred from the isolation of products (for example, compounds 5 and 6 -from 
ethanolysis of the aliphatic sulphonate 1) which would not be expected from an 
unassisted reaction. 

DISCUSSION 

The title sulphonate 8 was prepared by graded, acidic hydrolysis of methyl 
4,6-U-benzvlidene-2,3-di-O-methyl-B-D-galactopyranoside followed by selective 
methanesulphonylation of the primary hydroxyl group of the resulting diol 7. On 
solvolysis in boiling 50% aqueous methanol, in the presence of sodium acetate, 
methanesulphonate 8 was slowly transformed into three products, and the solvolysis 
was terminated when t.1.c. indicated the virtual disappearance of starting material; 
this required approximately 95 h compared with a time of 17 h for the complete 
solvolysis of methyl 2,3-di-O-benzyi-6-O-methanesulphonyl-~-D-galactopyranoside 
under comparable conditions’. The products of the solvolysis were separated by 
chromatography on silica gel and were identified as methyl 3,6-anhydro-2-U-methyl- 
B-D-galactopyranoside (9), methyl 2,3,6-tri-O-methyl-B-D-galactopyranoside (12), 
and methyl 2,3-di-0-methyl+D-galactopyranoside (7) in the following way. 

The n.m.r. spectra of compounds 7 and 12 revealed the presence of three and 
four methoxyl groups, respectively, and both gave D-galactose (chromatographic 
identification) as the only reducing sugar on demethylationg. Williams and Jeanloz” 
have recently prepared compound 12 by partial methylation of diol 7 with methyl 
iodide and silver oxide. Our compound was identical with an authentic specimen 
prepared by this method, and both compounds were converted into the same crystal- 
line Cmethanesulphonate 13. The t.1.c. properties and the n.m.r. and infrared 
spectra of the dimethylgalactoside were identical with those of dio17, and this structure 
was coniirmed by its conversion into the crystalline methanesulphonate 8. 

Elemental analyses of the third product, which was eluted first from the column, 

were in reasonable agreement with the molecular formula C8H1405, and the 
appearance of a top mass peak at m/e 159 (M -31) in its mass spectrum was consistent 
with this molecular formula. N.m.r. spectroscopy confirmed the loss of the sulphonic 
ester group, and, more significantly, the spectrum contained resonances attributable 
to the presence of only two methoxy groups. From this evidence and by analogy with 
the solvolysis of methyl 2,3-di-O-benzyl-6-O-methanesulphonyl-B-D-galactopyrano- 
side7, it is reasonable to assign the structure methyl 3,6-anhydro-2-0-methyl+?-D- 
galactopyranoside (9) to this compound. Methylation of the hydroxyl group gave a 
product formulated as methyl 3,6-anhydro-2,4-di-O-methyl-/I-D-galactopyrano- 
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side(lO), which was identical, with a sample prepared by acid-catalysed anomerisation’ ’ 
of methyl 3,6-auhydro-2,4-cli-O-methyl-z-D-galactopyranoside. Both materials had 
melting points (72-74”) somewhat lower than that (S3-84O) recorded in the literature”, 
aithough their optical rotations were in close agreement with reported values; repeated 
recrystallisation and sublimation did not alter the melting points. The compounds 
appeared to be homogeneous by t.l.c., and the n.m.r. spectra were identical and 
compatible with the structure assigned. 

This discrepancy between the two sets of melting points is not readily accounted 
for, and an unequivocal identZcation of anhydro-sugar 9 is essential to subsequent 
mechanistic considerations. In order to verify the proposed structure, the per- 
methylated anhydro-sugar 10 and the trideuteriomethyiated analogue 11 were 
examined by mass spectrometry. In addition to a prominent peak at m/e 173 (M -31), 
the mass spectrum of anhydro-sugar 10 contained prominent peaks at nz/e 101 and71, 
which arise by the fragmentations shown. These fragmentation patterns have been 
substantiated” for other permethylated 3,6-anhydrohexopyranosides, and the base 
peak at m/e 71 is characteristic of these sugars; additional mass-spectroscopic 
evidence for structure 10 is reported in the Experimental section. It can be seen that 
the ions of m/e 101 and 71 contain carbon atoms 2-4 and 4-6 of the parent sugar, 
respectively. In the mass spectrum of the trideuteriomethylated analogue 11, compar- 
able fragments appeared at m/e 176, 104, and 74. This fragmentation pattern is 
entirely consistent with structure 11, and, thus, the accumulated evidence supports 
structure 9 for the product from the solvolysis. 

M+- MeOCH=CH-~HOMe + 

m/e 101 

M+ -HCOOMe 
P H2C=CH 

Me&H-CHO 
-zHOMe 

m/e 71 

There is ample analogy with other systems1-3 to indicate that anhydro-sugar 9 
results from nucleophilic attack on a bicyclic, oxonium-ion intermediate 14, pre- 
sumably formed by a methoxy-assisted solvolysis of the sulphonate 8 (see Scheme). 
Compounds ‘7 and 12 may have arisen either from a solvent-assisted displacement or 
from attack of solvent at C-6 of the oxonium-ion intermediate 14. Although the 
direct displacement of carbohydrate sulphonates is known with the more nucleophilic 
hydroxideI and methoxide14 ions, there is little information on their behaviour 
under conditions comparable to those used in the present investigation. However 
we have recently observedi that methyl 6-0-methanesulphonyl-2,3-di-O-methyl-a-n- 
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allopyranoside undergoes a solvent-assisted displacement under comparable con- 
ditions. The relative extents of the two possible pathways leading to compounds 7 
and 12 will depend on the driving force provided by methoxy-group participation, 
on which we have no information. 

Allred and Winsteinld have attributed the extents of Me-O and methylene C-O 
bond cleavage with five- and six-membered, cyclic oxonium-ions to differences in 
ring strain and to steric hindrance at the 0-methylene carbon atoms. These factors 
will presumably control the formation of products from oxonium ion 14, which can 
be considered as a fused five- and seven-membered ring system. It is likely that 
oxonium ion 14 will adopt a IC conformation of the pyranoid ring, for reasons which 
we have suggested’ previously and which are discus~ed’~ for structurally related 
3,6-anhydro-sugars. It is noteworthy that the extent of Me-O bond cleavage with 
oxonium ion 14 is substantially greater than for the five-membered, oxonium ionla 3, 
and its behaviour, in this respect, resembles more cIosely that of the O-methyltetra- 
hydropyranium ion Id Steric factors are probably responsible for the absence of . 

rearranged products which might result from solvent attack at C-3 of oxonium ion 14. 
Examination of a molecular model of oxonium ion 14, based on the conformation 
shown, revealed that the approach of nucleophiles to C-3 is hindered by the neigh- 
bouring, axial substituents. 

EXPERIMENTAL 

4,6-0-benzylidene-2,3-di-O-methyl-B_D-galactopyranoside. - Sodium 
hydride (2.5 g) was added in small portions to a stirred solution of methyl 4,6-O- 
benzylidene-/I-D-galactopyranoside’* (2.9 g) in NJV-dimethylformamide (100 ml), 
and, after 1 h, methyl iodide (6 ml) was added dropwise. Stirring was continued for 
24 h, whereupon the excess of reagents was destroyed by the careful addition of dry 
methanol (70 ml), and the solvents were removed. The residue was extracted with 
chloroform (150 ml), and the extract was washed with 3% sodium thiosulphate 
solution (150 ml) and water (4 x 150 ml), and dried (MgSOJ. Removal of the 
solvent gave a residue which was decolorised (ethanol) and then recrystallised from 
chloroform-light petroleum to yield the product (2.4 g), m.p. 144-146”, [c&, + 15” 
(c 1, methanol); lit.“, m.p. 148”, [c$, + 18” (chloroform). 

MethyZ 6-O-methanesulphonyl-2,3-di-O-met~~y~-~-~-gaIactop~~ranoside (8). - 
To a solution of diol 7 (1.1 g, obtained by graded, acidic hydrolysis of the previous 
compound essentially as described in the literature”) in dry pyridine (50 ml) was 

Curbohyd. Res., 9 (1969) 287-294 



292 J. S. BRIMACOMBE, 0. A. CHING 

gradually added a cooled (O”) solution of methanesuIphony1 chloride (0.42 ml) in 
pyridine (20 ml), and the solution was set aside overnight at room temperature. 
Processing in the usual manner, with chromatography on silica gel (100 g, elution 
with chloroform-methanol, 9:1), gave methanesulphonate 8 (0.64g), m-p. 84-86” 
(from ethyl acetate-light petroleum), [a]n - 11” (c 2, chloroform) (Found: C, 39.75; 
H, 6.8; S, 10.8. CIoHZoOBS talc: C, 40.0; H, 6.7; S, 10.7%). N.m.r. data: r 5.60 
(l-proton doublet, J, ,2 6.5 Hz, H-l); 6.47, 6.49, 6.52 (3-proton singlets, methoxy 
groups); and 6.96 (3-proton singlet, Me _ SO,). 

The soiuoZy.sis of methyZ 6-O-methanesulphonyl-2,3-di-O-met~~yI-~-~-gai~c~~- 

py’anoside (8). - The title sulphonate (0.57 g) in 50% aqueous methanol (120 ml) 
containing sodium acetate trihydrate (0.6 g) was heated under reflux for 95 h, after 
which time, t.1.c. (ethyl acetate) indicated the virtual disappearance of starting 
material and the formation of three products. The solvents were removed under 
diminished pressure, and toluene (2 x 15 ml) was distilled from the residue to remove 
the last traces of solvents. The residue was extracted with ethyl acetate (3 x 25 ml), 
and the combined extracts were concentrated to ca. 20 ml and chromatographed on 
silica gel (100 g) by elution with ethyl acetate and, for the last component, with 
methanol; the following compounds were eluted. (i) Methyl 3,6-anhydro-2-G 
methyl-j?-D-gaktopyranoside (9) (128 mg, 35%), m.p. 4-7” (from ether-light 
petroleum), [a]n -85” (c 0.5, chloroform) (Found: C, 49.4; H, 7.45. CsH,,OS cak: 
C, 50.5; H, 7.4%). N.m.r. data: r 5.51 (l-proton singlet, H-l); 6.62, 6.64 (3-proton 
singlets, two methoxy groups). (ii) Methyl 2,3,6-tri-0-methyl-,&D-galactopyranoside 
(12) (81 mg, 18% j, [I& -22” (c 0.6, chloroform); lkl’, [a]n - 16” (c 0.7, chloroform); 
n.m.r. data: -c 5.47, 6.50, 6.55, and 6.63 (3-proton singlets, four methoxy groups). 
(iii) Methyl 2,3-di-0-methyl-j?-D-galactopyranoside 7 (180 mg, 43%), [c& ca. 0” 

(c 2.5, methanol); n.m.r. data: r 6.52, 6.53, and 6.59 (3-proton singlets, three methoxy 

groups). 
Identification of anhydro-sugar 9. - This was achieved by its conversion into 

methyl 3,6-anhydro-2,4-di-O-methyl-jI-D-galactopyranoside (IO) and the 4-O-t& 
deuteriomethylated compound 11 as follows. 

A solution of anhydro-sugar 9 (0.125 g) in iV,Iklirnethylformamide (10 ml) 
was treated with sodium hydride (50 mg) and methyl iodide (0.5 ml) by the standard 
procedure . ” The crude product was chromatographed on silica gel (ethyl acetate 
as eIuant) to give methyl 3,6-anhydro-2,4-di-O-methyl-j3-D-galactopyranoside (10) 
(0.11 g), m-p. 72-74” (from water), [c&, - 78” (c 0.8, methanol). The infrared spectrum 
of the product showed no absorption attributable to hydroxyl groups, and it could 
not be distinguished from a sample prepared according to the literature procedurel’ ; 

this material also had m.p. 72-74” (from water) which was not depressed on admixture 
with the compound described above. The values m-p. 83-S4”, [aID -82” (c 0.5, 

methanol) are reported by Haworth, Jackson, and Smithl’ for compound 10. The 
n.m.r. spectrum was consistent with the structure assigned and showed, inter alia, 

three methoxy resonances. 
A similar procedure was used in trideuteriomethylation of anhydro-sugar 9 
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to give methyl 3,6-anhydro-2- 0-methyl40-trideuteriomethyl-fi-n-galactopyrano- 
side (ll), m-p. 76-78”. 

Characteristic fragmentations of anhydro-sugars 10 and 11, based on Heyns 
and Scharmann’s” interpretation of the mass spectra, are described in the text. 
The mass spectrum of anhydro-sugar 10 also contained peaks at m/e 141 (M-Me& 
MeOH, A$), 109 (M-Me&MeOH;MeOH, Af), 175 (M-CHO, L,), 143 
(M-CHO+MeOH, L,), 131 (M-MeOCHCHO, MI), 99 (M-MeO&ICHO- 

MeOH, M2), and 73 (-Ma = CHCHO, IV,). Ions belonging to the L, M, and iV 
series are considered by Kochetkov and Chizhovzl to be characteristic of methyl 
3,6-anhydro-2,4-di-0-methylhexopyranosides, since they arise from rupture of the 
C-5-C-6 bond, followed by C-5-C-l rearrangement and subsequent fragmentation. 

identification of methyl 2,3,6-tri-O-methyl-B_D-galactopyranoside (12) and methyl 
2,3-di-0-methyl-/I-D-galactopyranoside (7)_ - Compound 12 (41 mg) in pyridine 
(20 ml) was treated with methanesulphonyl chloride (0.1 ml) for 4 h, and the reaction 
mixture was then processed in the usual manner. Chromatography of the crude 
product on silica gel (30 g, elution with ethyl acetate) gave methyl 4-O-methane- 
sulphonyl-2,3,6-tri-O-methyl-/I-D-galactopyranoside 13 (45 mg), m-p. 141-142” 
(from acetone-light petroleum) (Found: C, 42.3; H, 6.8; S, 10.4. C,,HI,O,S talc: 
C, 42.0; H, 7.05 ; S, 10.2%). The t.1.c. properties and i.r. spectrum of this material 
were indistinguishable from those of the product resulting from methanesulphonyl- 
ation of authentic” compound 12; on admixture, the samples had m-p. 141-142”. 

Methanesulphonylation of diol 7, as already described, gave methyl 6-0- 
methanesulphonyl-2,3-di-O-methyl-~-~-galactopyranoside (S), m.p. and mixed m.p. 
84-86”. The i.r. spectrum of the methanesulphonate was identical to that found 
previously. 
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Department of Agricultrrral Biochemistry, University of Arizona, Tucson, Arizona 85721 (U. S. A.) 

(Received September 3rd, 1968) 

ABsrRAcr 

Vinylation of methyl a-D-glucopyranoside (1) gives a mixture of products 
that usually contains all of the monovinyl ethers. Reaction conditions that favor 
increased conversion cause an increase in the proportion of divinyl ethers. Methyl 
3-O-vinyl-a-D-glucopyranoside (3) was found to be isolable by an extraction procedure. 

INTRODUCTION 

The addition of an alcohol to acetylene in the presence of a base results in the 
formation of a vinyl ether. Industrial applications of this reaction have utilized varioxus 

monohydric alcohols. The vinylation of a few alditols and carbohydrates has been 

studied in some detail, and it has been found that a mixture of rather closely related 
products generally results1-6. From the vinylation of methyl a-D-glucopyranoside (l), 
Kircher and Deutschman’ isolated methyl 2-O-vinyl-a-D-glucopyranoside (2), and 
obtained evidence that the three other monovinyl ethers possible were also formed. 

The purpose of the present work was to obtain more specific information about 
the effect of reaction conditions on the vinylation of 1, and to characterize the mixture 
of vinylation products more completely. 

DISCUSSION 

Vinylations were performed by allowing acetylene to react with the glycoside 1 

for a predetermined period of time, at a specified temperature and pressure, in a 
mixture of potassium hydroxide, p-dioxane, and water. The mixture was then treated 

with carbon dioxide, and evaporated to dryness. Successive extraction of the residue 

with solvents in the order of their increasing polarity (petroleum ether, benzene, 
ether) gave extracts containing products that increased in polarity and decreased in 
vinyl substitution, as judged by t.1.c. and g.1.c. behavior and i.r. spectra. However, 
a practical separation of all of the components in this way was not possible. Methyl 
3-0-vinyl-a-D-glucopyranoside (3) was the only product that could be obtained pure 
by repeated extraction of the dried residue with petroleum ether. Methyl 2-O-vinyl- 
a-D-ghrcopyranoside (2) had previously been isolated from an aqueous solution of the 
carbonated reaction mixture by continuous extraction with ether’. 
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A degree of substitution (D. S.) of unity was arbitrarily selected as the optimal 
extent of vinylation, because the monovinyl ethers appear to be more suitable for 
subsequent polymerization than more highly substituted products. More than thirty 
experiments were performed toward this goal, in accordance with a fractional- 
factorial, statistical design*. Empirically determined ranges for the variables were: 
time (I-9 h), temperature (115-175”), pressure (250-550 lb. in-‘, gauge), base con- 
centration (20-104 mg per g of a), and volume percent of water in the solvent mixture 
(35-95%). In order to obtain a statistical yield-value for a given set of conditions, 
it was necessary to measure, by g.l.c., the mole fraction of each product and of 1 in 
the reaction mixture. An effort was made to prepare voIatiIe derivatives of the methyl 
U-vinyl-a-D-glucopyranosides by trimethylsilylation, but considerable decomposition 
to 1 was observed. Therefore, the reaction mixture was hydrogenated, to give the 
corresponding methyl O-ethyl-a-D-glucopyranosides, per(trimethylsily1) derivatives of 
which were readily prepared. 

Methyl 3-O-ethyEc+~-glucopyranoside (4), which has previously been synthe- 
sized by two routes’, was obtained by hydrogenation of methyl 3-0-vinyl-c+D- 
glucopyranoside (3), the monovinyl ether isolated in this work. A synthesis of methyl 
2-O-ethyl-cr-D-glucopyranoside (5) has also been reported’, but an alternative synthetic 
method was developed here (see Scheme 1). Ethylation of methyl 3-O-acetyl-4,6-O- 

Scheme 1. 

Q 5 

benzylidene-a-D-glucopyranoside (6) gave a mixture of methyl 3-O-acetyI-4,6- O- 
benzylidene-2- 0-ethyl*-D-glucopyranoside (‘7) and methyl 2- 0-acetyl4,6- O-benzyl- 
idene-3-0-ethyl-a-D-glucopynoside (8) (85 and 15%, respectively), from which 
the major product 7 was obtained by fractional recrystallization. Compound 7 was 
converted into methyl 4,6- 0-benzylidene-2- O-ethyl-E-D-glucopyranoside (9) by 
saponification with sodium methoxide in methanol. The n.m.r. data for the inter- 
mediates are given in Table I. The spectrum of ethyl ether 9 further confirmed our 
previous assignment of hydroxyl resonances in other substituted methyl &D&CO- 
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pyranosidesg. Conversion of 9 into methyl 2-0-ethyl-a-D-glucopyranoside 
accomplished by treatment with dilute sulfuric acid. 

TABLE I 
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N.M.R. SPECiRA= OF SUB STITUrED METHYL. 4,6-o-BENZYLIDENE-a-D-GLUCOPYRANOSIDES M =YL. 
SULFoXlDE-ds 

Compound Ph PhCH H-l H-3 Other ring OMe 2-OR 3-OR 
prorons 

60 

7 

9 

3.33s 4.84s 5.62d 5.25nl 6.08- 6.84s 5.09d 8.06s 
(3.0)C 7.08 (5-O) 

2.65s 4.44s S.lld 4.83m 5.86- 6.73s 9.02t 8.08s 
(3.2) 6.88 0.0) 

2.62s 4.46s 5.23d 6.0- 5.86- 6.74s 9.02t 4.84s 
(3.3) 7.0 7.00 (7-O) (6-O) 

aChemicaI shifts are on the T scale, relative to Me&i (in MeaSO-d6); spectra obtained at 60 MHz; 
d, doubIet; m, muItipIet; s, singIet; t, triplet. %ampIe contained a trace of water. cValues in paren- 
theses are coupling constants (in Hz). 

Attempts were made to synthesize methyl 4-0-ethyl-a-D-glucopyranoside (10) 
and methyl 6-0-ethyl-a-D-glucopyanoside (11) from methyl 2,3-di-0-benzyl-6-0- 
trityl-c+D-glucopyranoside and methyl 2,3,4-tri-0-benzoyl-a-D-glucopyranoside, 
respectively. In both cases, insufficient amounts of product were obtained for satis- 
factory characterization, but the behavior of each on t.1.c. and g.1.c. was consistent 
with the zones and peaks identified by the technique to be described subsequently. 

In order to substantiate the behavior of synthetic compounds on g.l.c., samples 
of polysaccharides containing (1+2), (143), (1+4), and (l-6) a-D-glucosidic 
linkages (namely, crown-gall polysaccharide, Iamiuaran, amylose, and dextran, 
respectively) were vinylated (D.S. 1), the products hydrogenated, and the products 
methanolyzed4. The resulting mixtures of methyl 0-ethyl-a-D-glucopyranosides were 
pertrimethylsilylated, and the ethers were subjected to g.1.c. The absence of known 
peaks on the chromatograms were taken to represent the position of the predominant 
repeating linkage in the respective polysaccharide structure, and the peaks on each 
chromatogram were assumed to show the positions of the free hydroxyl groups in 
the original polysaccharide. These data were correlated with those obtained with 
synthetic materials and with product mixtures from vinylation; the pertinent chromato- 
grams are shown in Figure 1. The peak assignment for methyl 2,6-di-O-ethyl-a-D- 
glucopyranoside (12) was deduced from its relative position and from the fact that 
this peak appeared in the products of the ethylation and methanolysis of cellulose, 
amylose, and laminaran, in which O-2 and O-6 derivatives preponderate4. 

TLC. and g.1.c. showed that every reaction mixture contained methyl mono- 
0-vinyl-c+D-glucopyranosides, methyl di-O-vinyl-a-D-glucopyranosides, and unre- 
acted 1. In most cases, it was found that all of the possible monosubstituted products 
were present, whereas only one or two disubstituted products were present. The 
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formation of tri- and tetra-substituted products was suppressed when at least 25% of 
water was present in the solvent mixture. 

1 

11 
lo -l!Y!kk 4 

5 13 

12 

A 

1 

4’0 k.- 5 
13 

D E 

Fig. 1. Chromatograms of ethyl ethers of 1 derived from vinylation of: 1 (A), crown-gall polysacchar- 
ide (B), laminaran (C), amylose (D), and dextran (E). 

Interpretation of the statistical data showed that interplay of the reaction 
variables resulted in alternative sets of reaction conditions that could be so selected 
as to provide a particular percentage of vinylation, and the compensation of any one 
of the variables by all of the others could be determined. An increase in the value of 
any of the variables time, temperature, pressure, and concentration of potassium 
hydroxide, or a decrease in the percentage of water, caused an increased percent 
conversion, but changes that favored increased percent conversion also favored an 
increase in the proportion of divinyl ethers. It was not found possible to select 
conditions that would favor the formation of a particular monosubstituted product 
over the others. The preponderant component in the disubstituted fraction was, in 
every instance, methyl 2,3-di-O-vinyl-cl-D-glucopyranoside (3), and it was the only 
di-ether present in the product from about 75% of the experiments. In the rest of 
the experiments, minor proportions of methyl 2,6-di-O-vinyl-or-D-glucopyranoside 
and, occasionally, another component (thought to be methyl 3,6-di-O-vinyl-a-D- 
glucopyranoside) were present. 

The order of elution observed for the pertrimethylsilylated ethyl ethers of 1 
suggests that the relative retention times vary directly with the number of consecutive, 
oxygen-containing functional groups (ether or acetal) that are not trimethylsilylated. 
For the 3- and 4-ethyl ethers, some interference with the binding of the a&al oxygen 

Carbohyd. Res., 9 (1969) 295-303 



VINYLATION OF METHn X-D-GLUCOPYRANOSIDE 299 

atoms to the stationary phase apparently occurs; this would account for their lower 
retention-times as compared with those for the pertrimethylsilyl ethers of 1 and of 
the 2- and dethyl ethers. 

TABLE II 

T.L.C. OF O-SUB STITUTED hETHYL OI-D-GLUCOPYRANOSIDE 

Compound Substituent RF calues, benrene-butyi alcohol 

(49.9 v/o) (9.-I a/u) (4.-Z v/v) 

1 
10 

4 
5 

11 
13 
12 

9 

4-O-ethyl 

3-O-ethyl 
2-O-ethyl 
6-O-ethyl 
2,3-di-O-ethyl 
Z,ddi-O-ethyl 
4,6-0-benzylidene 
4,6-0-benzyIideneJ-O-ethyl 
4,6-0-benzylidene-2-O-ethyl 

0.05 0.10 
0.19 0.24 

0.27 0.30 
0.29 0.31 
0.34 0.37 
0.42 
0.48 

0.08 0.45 
0.30 0.60 

0.62 

EXPERIMENTAL 

General. - Melting points are uncorrected. T.1.c. was performed on Silica 
Gel G (E. Merck, Germany), with benzene+thyl alcohol or benzene-butyl alcohol. 
The spots were visibilized by spraying the dried chromatogram with a 10% (w/v) 
solution of phosphomolybdic acid, and heating for 5 min at 100”. G.1.c. was conducted 
in an apparatus constructed in this laboratory. An isothermal system, maintained by 
a Dynapac (Lab-Line Instruments, Inc.) proportional temperature-controller, was 
used with a Gow-Mac (Gow-Mac Instrument Company) tungsten-wire, detection 
cell. A I-mV full-scale recorder provided with disc integration was used. The appa- 
ratus was constructed of Marinite (Johns-Manville Corp.), with a 2-in wall-thickness 
throughout. An internal fan assured even distribution of heat. The column (10 ft 
of stainless steel, 0.25in diam.) was packed with 7% Carbowax 20M on Chromosorb 
W (60-80 mesh); helium was the carrier gas. 1.r. spectra were recorded with a Perkin- 
Elmer Infracord spectrometer, model 137, and optical rotations were measured with 
a Bendix Automatic polarimeter or a Rudolph polarimeter Model 80. N.m.r. spectra 
were recorded with a Varian Associates A-60 spectrometer (60 MHz), with tetra- 
methylsilane (Z = 10.00) as the internal or external standard. Methyl sulfoxide-d6 
and chloroform-d were obtained from Merck, Sharp and Doihme, Ltd., Canada, and 
were used without purification. Most of the samples for the n.m.r. studies were 
degassed. The assignment of all hydroxyl peaks was confirmed by deuterium oxide 
exchange. Elemental analyses were performed by Schwarzkopf Microanalytical 
Laboratory, Woodside, New York. 

Trimethylsilylation of the hydrogenated vinylation-reactiorr mixtures was 
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performed by the procedure of Sweeley et a1.l’; methyl j?-D-xylofuranoside was 
employed as the internal standard. 

Methyl 3-0-vinyl-a-D-ghcopyranoside (3). - The equipment used, and the 
procedure for handling acetylene, have been described previously3. A mixture of 
50 g (260 mmoles) of 1, 2 g of potassium hydroxide, 50 ml of redistilled p-dioxane, 
and 50 ml of water was placed in a 300-r& autoclave and stirred. The autoclave was 
flushed with nitrogen, seaied, and heated to 150”. Acetylene, compressed to 400 lb. inm2 
(gauge) was admitted, and this pressure was maintained for 12 h. The autoclave was 
cooled, and vented, and carbon dioxide was passed into the reaction mixture to 
saturation. The mixture was evaporated to dryness, and the residue was continuously 
extracted for 24 h with petroleum ether (b.p. 30-60”). The extract was evaporated to 
dryness, and, after one week, the residue had partially crystallized. Three recrystal- 
lizations from benzene and three from methanol gave 2.5 g of product, m.p. 125-125.5”, 
[LX]: + 155.8” (c 1, ethanol), v,,, CHC’3 3600, 3400, 3100, 2910, 1640, 1450, 1360, 1315, 
1160, 1080, 1020, 945, 895, and 840 cm-‘. 

Anal. Calc. for C9H1606: C, 49.09; H, 7.27. Found: C, 48.95; H, 7.12. 
VinyZation of methyZ u-D-glucopyranoside (1) for statistical treatment. - The 

procedure was similar to that already described for compound 3. A mixture of 5 g of 1, 
potassium hydroxide in the range of 0.1 to 0.7 g, water in the range of 35 to 95 ml, 
and p-dioxane in the range of 65 to 5 ml was placed in a 300-ml autoclave and stirred. 
The temperature, pressure of acetylene, and elapsed time of reaction were varied in 
the ranges of 115 to 175”, 250 to 550 lb. ine2 (gauge), and 1 to 9 h, respectively. After 
saturation with carbon dioxide, the mixture was evaporated to dryness and the residue 
was mixed with methanol. The suspension was filtered, and the filtrate was diluted to 
200 ml with absolute methanol. 

Hydrogenation of methyl 0-vinyl-a-D-gZucopyranosides. - A lOO-ml portion 
of the methanol solution just described was treated with hydrogen in the presence of 
5% palladium-on-carbon. When the reaction was complete, the catalyst was removed 
by filtration, and the filtrate was evaporated to dryness. The residue, a mixture of 
methyl O-ethyl-a-D-glucopyranosides, was analyzed by g.1.c. of the trimethylsilyl 
ether?‘. 

Vinylation of polysaccharides. - A mixture of 2.5 g of the polysaccharide and 
75 ml of redistilled p-dioxane was beaten in a Waring Blendor for 2 min. To this 
mixture was added a solution of 1.25 g of potassium hydroxide in 25 ml of water, 
and blending was continued for 3 min. The mixture was placed in a 300-ml autoclave 
which was then flushed with nitrogen and heated to 165’ while the mixture was stirred. 
Acetylene gas was admitted, and its pressure maintained at 450 lb. inm2 (gauge) for 
5 h. The autoclave was cooled and vented, and carbon dioxide was passed in until 
the base had been partially neutralized. The suspension was filtered, and the product 
was precipitated by pouring the filtrate into 400 ml of ethyl ether. The crude pre- 
cipitate was filtered off, and treated with boiling methanol orp-dioxane, the suspension 
was filtered, and the product was precipitated with ethyl ether, and dried in a vacuum 
desiccator. 
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Hydrogenation of vinyiated poiysaccharide. 
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a D. S. in the range of 0.8 to 1.2, 

- To a suspension of 800 mg of 
5% palladium-on-carbon in 100 ml of methanol was added 200 mg of the vinylated 
polysaccharide. The mixture was hydrogenated for 70 h at 50” and 1,800 lb. in-’ 
(gauge). The catalyst was removed by filtration, and the filtrate was evaporated to 
dryness, yielding a pale-yellow, amorphous material. 

Methanolysis of ethylated polysaccizaride. - The product obtained by hydro- 
genation of the vinylated polysaccharide was mixed with 100 ml of methanol and 3 ml 
of cont. hydrochloric acid, and the mixture was boiled under reflux for 36 h and cooled. 
The mixture was stirred with Anion Resin CT-375 (Eli Lilly and Company) for 
2 h at 25”, the suspension was titered, and the filtrate was evaporated to dryness. 
The product, a nkxture of methyl U-ethyl-a-D-glucopyranosides, was analyzed by 
g.1.c. of the trimethylsilyl ethers”. 

Metlzyl 3-O-acetyl-4,d-O-benzylidene-cr-D-gZzzcopyranoside (6). - The pre- 
paration of this compound has been describedll; m.p. 175-176”, I$‘$,’ 3650, 2950, 
2880,1750,1455,1405,1370,1310,1230,1145,1125,1100, 1078,1060,1050,1035 (sh), 

992.918.895, and 695 cm-‘. 
Methyl 3-0-acetyl-4,6-0-benzylidene-2-O-et~zyl-a-~-gizzcopyranoside (7). - A 

solution of 3.2 g (10 mmoles) of 6 in 50 ml of _rV,N-dimethylformamide and 15.6 g 
(100 mmoles) of ethyl iodide was stirred with 11.6 g (50 mmoles) of silver oxide for 

28 h at room temperature. The mixture was filtered, and the filtrate was evaporated to 
dryness. Based on comparison of areas in the n.m.r. spectrum at x 4.83 (3-O-acetyl) 
and T 5.2 (2-O-acetyl), the crude product was estimated to be a mixture of the desired 
product 7 (85%) and its isomer 8 (15%). Fractional recrystallization from petroleum 
ether (b.p. 60-65’) gave 7, yield 1.9 g (54%), m.p. 135”, vztf: 2970, 2900, 2875 (sh), 
1750, 1460 (sh), 1450, 1440 (sh), 1365, 1320, 1305, 1270, 1225, 1195 (sh), 1180, 1090, 
1055, 1035,990,915, 897, 875, and 695 cm-‘. 

Anal. Calc. for C18Hz407: C, 61.35; H, 6.86. Found: C, 61.27; H, 6.64. 
Methyl 4,6-0-benzylidene-2-0-ethyl-a-D-glucopyranoside (9) - A solution of 

compound 7 (1.77 g, 5 mmoles) in 20 ml of 5% sodium methoxide in methanol was 

boiled for 2 h under reflux, evaporated to dryness, made neutral with M sulfuric acid, 

and extracted with chloroform. The extract was evaporated to dryness, and the result- 

ing crude product was recrystallized from petroleum ether (b-p. 60-6S”) to yield 
0.93 g (60%) of crystalline product; m.p. 129-130”, vL:F 3600, 2950, 1400, 1382, 
1320, 1150 (sh), 1140 (sh), 1125 (sh), 1092, 1088 (sh), 1060, and 1000 cm-‘. 

Anal. Calc. for C,,H,,O,: C, 61.92; H, 7.15. Found: C, 61.82; H, 7.11. 
Methyl 2-0-ethyl-a-D-gZzxopyranoside (5). - A solution of 780 mg (2.5 mmoles) 

of 9 in 15 ml of 50 mhl methanolic sulfuric acid was stirred for 1 h at room temperature. 
After neutralization with Anion Resin CT-375, the suspension was filtered, and the 

filtrate was concentrated to 8 ml. Some starting material was recovered by filtration. 

The filtrate was concentratkd to 5 ml, and crude product gradually separated; this 
was recrystallized from ethyl acetate to yield 22 mg (40%) of 5. m.p. 135-136”, 
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Fd 3450, 2940, 1630, 1482 (sh), 1440, 1410, 1380, 1360, 1338, 1322, 1280, 1240, 
1198,1160, 1120, 1038,925,908,890, 852, 835,762, snd 715 cm-‘. 

Methyl 3-0-ethyk-D-ghxopyranoside (4) from methyl 3-o-vilryl-a-D-gko- 

pyranoside (3). - To a suspension of 200 mg of 5% palladium-on-carbon in 70 ml 
of methanol was added 1.25 g (5.6 mmoles) of 3. The mixture was hydrogenated 

for 4 hat room temperature and400 lb. in-’ (gauge). Recrystallization from methanol- 

ether gave 4, yield 1.0 g (80%); m.p. 139-140”, [oiji5 + 152” (c 1, ethanol), vF& 3450, 
2900, 1630, 1460, 1400, 1365, 1335, 1320, 1280, 1240, 1225, 1205, 1190, 1155, 1130, 
1115, 1085,1060, 1045, loM), 910,842, 818, and 745 cm-l. 

MethyZ 4-O-ethyl-a-D-glucopyranoside (10). - Ethylation of methyl 2,3-di-O- 
benzyM-U-trityl-rx-D-glucopyranoside’2 was conducted as for the preparation of 7. 
The expected product, methyl 2,3-di-O-benzyl4O-ethyl-6-OO-trityl-a-~-glucopyranos- 
ide, was obtained only as a clear syrup, despite repeated purification by chromato- 
graphy on alumina; ~2; 3080,2950, 1950, 1740, 1600, 1495, 1450, 1375, 1360, 1260, 
1195, 1160, 1100, 1045,920,902, and 698 cm-‘. 

Subsequent reduction of this product by hydrogenolysis in the presence of 
palladmm-on-carbon, or with sodium in liquid ammonia, gave a crude mixture. 
Separation of the more polar fraction of this mixture on silica gel, followed by g.1.c. 
of the trimethylsilyl ethers showed two peaks. The major peak corresponded to 
pertrimethylsilylated 10, and the minor peak to methyl tetrakis-U-(trimethylsilyl)- 
a-D-ghrcopyranoside. 

Attemptedpreparation of methyl 6-0-ethyl-a-D-glucopyranoside (11). - Detrityl- 
ation of methyl 2,3,4-tri-O-benzoyl-6-O-trityl-cr-D-glucopyranoside’3 by either 
hydrogen bromide in glacial acetic acid or hydrogen bromide in chloroform at 0” 
gave mixtures in which the products were only partially detritylated. Higher reaction- 
temperatures yielded detritylated mixtures which, when ethylated as described for 7, 
yielded a mixture of all four methyl mono-O-ethyi-cr-D-glucopyranosides, as shown 
by g.1.c. of the pertrimethylsilyl ethers. 

Methyl 2,3-di-0-ethyl-c+D-glucopyranoside (13). - The preparation of this 
compound has been described previously4. 
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ABSTRACT 

A kinetic study has been made of the hydrolysis of 5-bromo4chloroindol- 
3-yl j?-D-glucopyranoside (1) by almond emulsin. The rate of hydrolysis depends on 
the nature of the buffer, and decreases in the following order of buffers: phos- 
phate > acetate > citrate > ‘cTris” hydrochloride. The rate in phosphate buffer 
was found to pass through a sharp maximum at pH 6.23, and detailed studies were 
made at pH 6.10 to 6.75 for a range of substrate concentrations and temperatures. 
Up to a substrate concentration of 500 mr, the Michaelis-Menten law is obeyed 
accurately over the range of pH investigated. At higher concentrations of substrate, 
there is some falling off of the rate. The K, for 1, calculated from a Lineweaver-Burk 
plot, is 1.38 IIIM. The average energy of activation is 12.4 kcal/mol, which is within 
the range reported for the hydrolysis of other aryl p-D-glucopyranosides by this 
enzyme. The study demonstrates the potential utility of the indigogenic principle in 
the evaluation of the kinetic parameters of other hydrolytic enzymes. 

INTRODUCTION 

Recent reports from this laboratory have described the synthesis of a number 
of indol-3-yl p-D-glycopyranosidesl that have found application as agents for the 
histochemical localization of corresponding glycosidases in lian tissue2-5. 
The chromogenic reaction-sequence underlying what has come to be known6 as the 
“indigogenic principle” is initiated by enzymic release of an intermediate indoxyl 
(indol-3-yl) derivative (2). On air oxidation, the latter (cf:, Scheme 1) is rapidly and 
irreversibly transformed into an essentially insoluble (and highly colored) indigo 
derivative (3) that is deposited at the sites of activity. 

*Inquiries concerning this paper should be addressed to this author at the Detroit Institute of Cancer 
Research, Division of the Michigan Cancer Foundation, 4811 John R. Street, Detroit, Michigan 
48x& IL S. k 
**This paper is taken from a dissertation submitted by this author to the Graduate Division of The 
University of Detroit, in partial fulfilment of the requirements for the degree of Doctor of Philosophy. 
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A kinetic study of the acid-catalyzed hydrolysis of several substituted indol-3-yl 
/?-D-glucopyranosides’ failed to disclose for the reaction any unusual mechanistic 
features that could be directly attributed to the particular aglycon. Instead, the 
investigation indicated the potential utility of other O-indoxyl derivatives for the 
kinetic characterization of acid- and base-catalyzed reactions. 

+ Hz0 
p-o-Glucosidase 

OH 

Although almond emulsin is usualiy regarded as being a @-D-glucosidase, it 
shows differing glycosidase activity toward a range of aryl /3-D-glycosides and di- 
saccharide&‘, but these activities have been clearly demonstrated to reside in a single 
enzyme’. We now describe extension of the indigogenic principle to evaluation of the 
kinetic parameters for the hydrolysis of 5-bromo-4~chloroindol-3-yl /?-D-glUCO- 
pyranoside (1) by almond emulsin. 

EXPERIMENTAL 

5-Bromo4chloroindol-3-yl /3-D-glucopyranoside (1). - Was prepared as 
already described’ ; m.p. 240-243” (dec.), [ali3 - 89” (c 1 .O, NJGlimethylformamide). 
The purity of 1 was checked by t.1.c. on silica gel with 43:7 (v/v) butyl-alcohol- 
water. Compound 1 is available from Pierce Chemical Co., Rockford, Illinois. 

Almond em&in was purchased from Sigma Chemical Co., St. Louis, Missouri. 
A 1% solution of the enzyme was assayed with salicin according to the procedure 
of Joubert and Van der Walt lo A unit of J?-D-glucosidase is defined as the amount . 

of enzyme that liberates 200 pg of D-glUCOSe during IO min at 30”. 
Rates were determined spectrophotometrically with a Gary Model 11 recording 

spectrophotometer and cells equipped with jackets and thermostated by a Haake 
Type F constant-temperature bath. The jackets and bath were joined in series to a 
Thermo-Cool heat-exchanger; the arrangement provided regulation of temperature 
to +0.02” over the desired range (25-37”). Rates were followed by observing the 
formation of 5,5’-dibromo-4,4’-dichloroindigo (3) at” 660 nm. 
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Beer-Lambert plots were used for ascertaining the quantity of 3 formed in the 
oxidation step. These plots, in turn, afforded a measure of the intermediate indoxyl 
compound (2) generated in the hydrolysis step. The procedure of Cotson and HoIt” 
was used in preparing the plot, which is based on the spectrophotometric measurement 

of the rate of appearance of 3. When the oxidation is effected in aqueous media, 
3 is deposited as a colloidal suspension, the stability of which is not suitable for optical 
measurement. The dye sol can be stabilized by inclusion of 0.5% of polyvinyl alcohol, 
so that the dye sol does not change during several hours. 

A linear relationship was observed in a plot of the concentration of 3 uer.s~s 
optical absorbance at 660 nm, over the desired range of concentration, in phosphate, 

citrate-phosphate, acetate, and “Tris” maleate buffers. The plot depicted in Fig. 1 
is considered to be typical. 

‘.05r--- 

I 1 I I I I I I 8 
0 4 6 12 16 

Ccncentroticn of 5-brOmO-4-Chlwoindol-3-01 (1OmM) 

Fig. 1. Beer-Lambert plot for 5,5’-dibromo-4,4’-dichIoroindigo in 200 mM phosphate buffer at 
pH 6.23. 

The choice of a phosphate buffer system for rate studies was based on a com- 
parison of the amount and rate of hydrolysis of 1 in the systems already described. 

The course of hydrolysis is given in Fig. 2 by plotting log [S/G - X)] versus t according 
to the first-order rate-expression 

t 
2.303 [Sj 

= -fog[S_-xl. 
k 

where [S] is the initial concentration of substrate, X is the amount of substrate 

hydrolyzed by the enzyme in t min, and k is the velocity constant observed. A com- 
parison of the buffers tested showed that the amount and rate of hydrolysis decreases 
in the following order: phosphate S- acetate > citrate-phosphate > “Tris” maleate. 

From Fig. 2, it is apparent that first-order kinetics are followed up to ca. 65% com- 
pletion of the reaction. An explanation of the deviation from linearity is provided later. 

The procedure in each experiment was similar, and the following is typical. 
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The reactants, consisting of 2 ml of oxygenated phosphate buffer* (200 mh& pH 6.75) 
2 ml of the stock solution of substrate (490 mu), and 2 ml of enzyme (1.2 mg), were 

separately warmed to 30 &0.02”, mixed, and immediately transferred to a 3.5~ml 
cuvet (lo-mm pathway). The addition of enzyme, the transfer of the reaction mixture 

0 Phosphate 

13 Acetate 

d Citrate-phosphate 

0 *Trise moleate 

0 40 80 120 160 

Time IminI 

Fig. 2. Rate of hydro!ysis of 5-bromo4-chloroindol-3-yl &D-glucopyranoside 
buffer systems (200 mu) at 30”; [a0 = 163.1 mu and [Ejo = 33.2 no. 

at PH 6.45 in several 

to the optical cells, and the introduction of the cells into the spectrophotometer 
required less than 30 sec. In all measurements, the reference cell contained a solution 

having the same concentration of polyvinyi alcohol and of salt, and having the same 
pH, as for the reaction mixture. The rate of appearance of the indigo derivative (3) was 
followed at 660 nm. From a knowledge of the concentration of 3 and the initial con- 
centration of 1, the fraction of unreacted substrate (1) couId be calculated. 

RESULTS AND DISCUSSION 

Aerobic oxidation of indoxyl derivatives to indigo dyes (e.g., 2 to 3) has been 

studied kinetically over the range of pH of 6 to 8.5 (“Tris” buffer)“. Above pH 8.5, 
the rate of oxidation is too high to be measured accurately by conventional techniques. 
At pH 6, data are obtained that indicate for the reaction an apparent, first-order rate 

that increases with time. However, measurements of foo.s at initial concentrations of 

indoxyl derivative of 125 to 500 mu gave the same value, namely, 48 f5 min at 
19.4”. At 30”, the reaction is too rapid to be followed by this method. By contrast, 
a foS5 value of 108 +4 min was obtained for the enzymic conversion of 1 into 2 at 30” 
in phosphate buffer at pH 6.1 over a range of concentration of substrate of 110 to 
400 mbi. This result precludes the possibility that the (nonspeci&) air oxidation is 
the slow step in the overall reaction. It is of interest that the aerobic oxidation of 2 

*Cotson and Holtll have shown that sufficient oxygen is present in the solution to maintain an 
adequate excess during an experiment. 
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was also found to be not rate-determining in the acid-catalyzed hydrolysis of this 
substrate’. Accordingly, the conversion of 2 into 3 has been ignored in our subsequent 
treatment of the kinetics of the hydrolysis of 1 by almond emulsin. 

In systems for which Michaelis-Menten kinetics are applicable, the rate of the 
reaction increases with the concentration of the substrate up to a certain point, after 
which it remains constant”. However deviations of the type indicative of the pheno- 
menon of substrate inhibition were observed in the hydrolysis of 1 at fixed concen- 
trations of enzyme and various concentrations of the D-glucoside. Thus, a plot of the 
data (see Fig. 3), in the form of v versus [S] at pH 6.75, reveals that the rate passes 

0 200 400 600 

Substrate concentration (mM) 

Fig. 3. Plot of rate versus substrate concentration for the hydrolysis of 5-bromo-4-chloroindol-3-y 
fl-D-gkcopyranoside by almond em&in in 200 mu phosphate buffer at pH 6.75. Assay conditions 
as for Fig. 2. 

through a maximum as the concentration of substrate increases, and then decreases; 
this finding indicates that the deviation arises because of substrate inhibition”. 

Inhibition by products. - An examination of the variation of initial rates with 
concentration indicated interference by products in the course of the hydrolysis of 1. 
The phenomenon was investigated by analyzing the change of concentrations of 
reactant and products with time, by use of the graphical version of Van ‘t Hoff’s 
differential method’3. 

The results of applying this procedure to the present data are shown in Fig. 4, 
which is a plot of log rate versus log [Sj. Each of the dotted curves represents a determi- 
nation of the rate at a given initial concentration and, therefore, corresponds to the 
change in concentration with time. The complete curve indicates the change in initial 
rate with initial concentration, the initial rates having been derived from the dotted 
curves by extrapolation. At low concentration, the plot of log u against log [Sj has 
a slope of unity, showing that the rate varies linearly with the initial concentration. 
A significant feature of Fig. 4 lies in the discrepancy between the order with respect 
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to time (Le., the slopes of the dotted curves) and that with respect to concentration 
(the slopes of the full curve). It may be noted that, in the vicinity of the maximum, 
where the order with respect to concentration is close to zero, the slopes of the dotted 

3000 

s 

.E 5: 1000 

c 

-I 

al 

2 

z -I 300 - 

‘100 
10 

Log (initial substrate concentration in mM) 

Fig. 4. Plot of log rate versus log [s]; the broken lines are for concentration changes in a single 
experiment, and the full curve represents the initial rates and concentrations. The apparent order is 
given by the slope. The broken curves relate to the following initial concentrations of S-bromo4 
chloroindol-3-yl fi-o-glucopyranoside: A = 81.6 mu; B = 111 mM; C = 208.1 mM; D = 322.1 mM: 
E = 499.6 mu; and F = 599.4 mu. Assay conditions as for Fig. 2, pH 6.75. 

curves are very high, indicating a rapid decline in the rate as the reaction proceeds. 
That the products interfere with the course of reaction13 is indicated by a higher 
order with respect to time than is observed with respect to concentration. 

The effect of pH, over the range of 6.1 to 6.75, on the rate of hydrolysis of 1 is 
shown in Fig. 5. The rates are at a maximum between pH 6.2 and 6.3 for substrate 

lo- 

Substrate concentmtion 
0 163-Y mM I 
A 110.8 mM 
0 81.6 mM 

I 
I I 6.05 a25 6.45 665 

PH 

Fig. 5. The effect of pH (6.1 to 6.75, phosphate buffer) on the rate of hydrolysis of 5-bromo4 
chloroindol-3-y1 @-glucopyranoside. Assay conditions as for Fig. 2, [a0 = 81.6 to 163.1 mu. 
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concentrations of 81.6 to 163.1 mu. However, the reaction at the optimal pH (6.23) 

was observed to fall considerably below the asymptotic approach to 100% hydrolysis 
that would be given by normal, fist-order kinetics (see Fig. 6). 

Substrate concenrrotion 
A 81.5 mM 1 

0 163.1 rr0P.l 

20 43 60 80 loo 120 140 160 180 

Time (min: 

Fig. 6. Course of hydrolysis of 5-bromo4chloroindok3-yl j?-D-glucopyranoside by almond em&in 
in 200 rnM phosphate buffer, pH 6.23. Assay conditions as for Fig. 2. 

A similar phenomenon has been observed in the hydrolysis of p-nitropheny 
p-D-glucopyranoside both by em&in8 and Stachybotrys cztra, a fungal j?-D-glucos 

idaseL4. It was suggested that the D-glucose liberated is a powerful, competitive 
inhibitor of the enzyme, because the phenol derivatives tested did not exert a com- 
parable effect. The interference observed in the present system must, almost certainly, 

be due to D-ghCOSe, as compounds related to the aglycon do not usually act as 
competitive inhibitors”. 

Inhibition by metal ions. - A slight, but nonetheless sign&ant, inhibition of 

activity was observed with both Ag+ and H$+. By contrast, the effect of Zn’+ was 
almost negligible (cf., Table I). For the same cations, Wallenfels and Fischef6 
observed inhibition, of a comparable magnitude, of the hydrolysis of p-nitrophenyl 

TABLE I 

mmBrnor4 BYMFTAL~ONOF~EHYDROLYSIS~F~-BR~M~~C~~~~~~~-~-~~~-O-O~~~O~~NOSIDE 
BY ALMONDEMULSIN= 

Metalion Concentration, Inhibition. 
mM % 

A& 29 19.0 
Hi&= 13 17.0 
Z&+ 14 0.08 

aThe enzyme and the inhibitor were incubated for IO min at 303 and the reaction was initiated by 
addition of substrate (163.1111~); phosphate buffer, pH 6.2. 
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fl-D-galactopyranoside by calf-intestine /3-u-galactosidase; the findings were attributed 
to a nonspecific binding that caused changes in the tertiary structure of the protein. 

KM and the energy of activation. - The initial velocity (v) of the hydrolysis of 1 
was measured at several concentrations of substrate over the pH range of 6.1 to 
6.75. From Fig. 3, it is apparent that application of the Michaelis-Menten law to the 
determination of K&f is inappropriate, because the rate falls off beyond a substrate 
concentration of 500 mu. Therefore, KM was determined by use of a Lineweaver- 
Burk” plot, which yieIded an essentially invariant value, 1.36 (t_ 0.02) mu, over the pH 
range of 6.1 to 6.75. This constant compares favorably with the value (2.59 HIM) 

reported’ for the hydrolysis, by commercial, almond emulsin, of p-nitrophenyl 
j%&ucopyranoside. In fact, K, vahzs having the same order of magnitude have been 
recorded’8g1Q for the hydrolysis of o-nitrophenyl /?-D-ghrcopyranoside with a more 
highly pmified form of the same enzyme. 

The effect of temperature on the rate of hydrolysis of I was examined over the 
temperature range of 25 to 40’. Plotted in the conventional, Arrhenius way, the results 
are linear in the neighborhood of the optimal pH (see Fig. 7). The departure of the 
curve from linearity occurs only at temperatures at which the enzyme is, apparently, 
inactivated. The average energy of activation is 12.4 kcal/mol, which is within the 
range of values reported for the hydrolysis of other aryl /?-D-glucopyranosides by 
almond emukin”. 

3./i 
lO’/T C’KJ 

Fig. 7. Eflkct of temperature on the hydrolysis of S-bromo4chloroindol-3-ylfl-D-glucopyranoside by 
almond em&in in 200 mu phosphate buffer, pH 6.1 and 6.3. Assay conditions as for Fig. 2. 

It has been shown that almond emulsin displays a lack of specificity toward 
C-4 and C-5 of the sugar moiety’ 8S1g. The present study indicates that, as might be 
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expected, the enzyme is also relatively insensitive to the nature of the aglycon. Of 
greater significance is the fact that the present work constitutes a clear demonstration 
of the potential application of the indigogenic principle to the study of other hydrolytic 
enzymes. 
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DBPLACEMENTS EN SERIE ME;THYL FURANOSIDE. 
SYNTHkSE DE DlklVl% DU ~,~,~-TRIAMINO-~,~,~-TR~I%OXY-D- 

ARABINOSE ET -D-XYLOSE* 

JEAN HILDEWEIM, JANINE CLI~OPHAX, ANNE-MARIE SBPULCHRE ET S’IEPHAN D. GI!RO 

Institut de CIzimie des Substances NaturelIes, C. N. R. S., 9I Cif-sw-Yvette (France) 

(Rgu le 17 juillet 1968) 

SohlMAIRE 

Le methyl 5-azido-5-dboxy-2,3-di-O-p-tolylsulfonyl-8-D-ribofuranoside, trait6 
par I’azothydrate de sodium dans la N,N-dimCthylformamide, foumit apres 2,5 h & 
145”, ie diazide 3 caract&is& par un d&iv6 di-llr-benzoyld cristallin. Le methyl 5-ben- 
zamido-2,3-benzoyl~pimino-2,3,5-trid~oxy-~-D-l~ofuranoside (7) a Bt& obtenu avec 
un rendement de 61% B partir du diazide 3, par traitement de ce dernier avec l’alu- 
minohydrure de lithium, suivi d’une benzoylation. L’azidolyse de I’aziridine 7 a 
foumi deux composts dans le rapport 1,8:1 qui, apr&s hydroggnation et N-benzoyl- 
ation, ont don& respectivement les methyl 2,3,5-tribenzamido-2,3,5-trid&oxy-B-D- 
arabinoside et -xyloside correspondants. L’absence de r&activitC du groupement 
tosyloxy sur C-2, vis-&vis de deplacements du type SN2 est discutCe. 

ABSTRACT 

Methyl 5-azido-5-deoxy-2,3-di-O-p-tolylsulfonyl-B-D-ribofuranoside was treated 
with sodium azide in N,N-dimethylformamide for 2.5 h at 145” to give the diazido 
compound 3, characterised as crystalline di-Wberzoyl derivative. Methyl 5-ben- 
zamido-2,3-benzoylepimino-2,3,5-trideoxy-~-D-lyxofuranoside (7) was obtained in 
61% yield from diazide 3 by treatment with lithium aluminum hydride, followed by 
direct benzoylation. Azidolysis of 7 with sodium azide in N,N-dimethylformamide 
gave two compounds in a ratio 1.8: 1, which were readily converted, after hydrogenation 
and N-benzoylation to the corresponding methyl 2,3,5-tribenzamido-2,3,5-trideoxy- 
/3-D-arabinoside and -xyloside, respectively. The lack of reactivity of the tosyloxy 
group at C-2 towards S,Ztype displacements is discussed. 

INTRODUCTION 

La dkouverte dans la nature de compos& amin& et polyaminCs, possCdant des 
propri&& antibiotiques et antitumorales’-3. a CveillC l’int&& de nombreux auteurs et 

*14” Communication sur les deplacements en s&ie tCtrahydrofurarmique. Pour la 13= communication, 
voir J. ClGophax, J. Hildesheim, A. M. Sepulchre et S. D. G&o, Bull. Sot. Chim., sous presse. 
Une communication preiiminaire a BtB publik : J. Clbphax, S. D. G&o et J. Hildesheim, Chem. 

Commun., (1968) 94. 
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a stimul6 la synthese de monosaccharides possedant des fonctions azotees. Ces 
efforts ant, en particulier, porte sur l’elaboration de d&i& polyaminks et rCcemment4, 
la synthese d’un hexose de forme pyrano’ide contenant quatre fonctions aminCes a 
et6 rbalisee. 

Bien souvent, les problemes soulevk pour la rtalisation d’une telle polyfonction- 
nalite ont pu Ctre resolus, soit A l’aide de reactions du type S,2, soit par des reactions 
du type anchimerique sur des molCcules substituees par des sulfonates convena- 
blement situ&. 11 est neanmoins surprenant de constater le nombre restrein@ de 
travaux ayant pour objet l’introduction de multiples fonctions azot&es dans des 
d&-iv& tetrahydrofuranniques. 

La par-tie glycosidique de la puromycine7 est un << 3-amino-3-desoxy-D-ribose J). 
Cet antibiotique posstde des propriMs biologiques du plus grand inter&. En con- 
sequence, l’elaboration de derives diamints et triamines du type furano’ide (pr& 
curseurs synthetiques des di- et triamino-nucleosides correspondants), exerce une 
certaine attraction aussi bien du point de vue chimique que du point de vue biologique. 

Dans ce travail, nous decrivons l’introduction successive de trois fonctions 
azotkes dans un pentofuranoside, le produit de depart &ant le methyl 2,3,5-tri-U- 
p-tolylsulfonyl-B-D-ribofuranoside. 

L’action de l’azothydrate de sodium dans la dimethylformamide pendant 30 min 
A 100” sur le methyl 2,3,5-tri-O-p-toiylsulfonyl-B-D-ribofuranoside’ (1) a men&, avec 
un rendement de 90 %, au methyl 5-azido-5-desoxy-2,3-di-O-p-folylsulfonyl-/l-D- 
ribofuranoside (2). 

Une seconde fonction azide peut Ctre introduite dans l’oside 2 par le deplacement 
direct de l’un des deux sulfonates secondaires. Ceci a CtC realise en augmentant, 
d’une part la temperature B 145” et, d’autre part, le temps de chauffage. Le methyl 
3,5-diazido-3,5-did6soxy-2-O-p-tolylsulfonyl-~-~-xylofuranoside (3) a 6tb ainsi obtenu 
avec un rendement de 60%. En outre, le diazide 3 ttant une huile, le compose a et6 
caractCrisC, aprb hydrogenation suivie d’une benzoylation, par son derive di-N- 
benzoyle cristallin 4. 

I1 est B noter que le derive diazidomonotosyle 3 peut &tre obtenu directement B 
partir du tritosyle 1 par traitement direct de celui-ci avec de l’azothydrate de sodium. 

Le spectre de r.m.n. du diazide 3 montre Ie proton glycosidique B 4,87 p.p.m.; 
il apparalt sous forme d’un doublet de faible couplage, J,,Z 2 Hz. Ceci est en accord 
avec une relation trm2.s des protons sur C-l et C-2_ On remarque, d’autre part, que 
l’hydrogke de C-3 qui, dans le cornposh 2 apparaissait vers 4,75 p.p.m., a subi un 
deplacement diamagnetique. 11 apparalt dans le diazide 3, vers 4,4 p-pm., comme un 
multiplet non rbsolu. Les donnees de la r.m.n. suggkent done fortement que le 
deplacement s’est produit avec inversion de configuration sur C-3. 

11 ne nous a pas BtC possible en revanche d’introduire une troisibme fonction 
azide par cette voie dans le diazide 3, des conditions reactionnelles plus poussks 
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menant invariabiement Q une decomposition extensive. Cette demi&e observation, 
c’est-a-dire qu’un deplacement ne peut avoir lieu sur C-2 dans le compost 3, mdme 
en presence d’un nucleophile puissant comme l’est I’ion azide, suggere que C-2 est 
un site non reactif. Ce fait peut Ctre ration&se en fonction de l’environnement 
Bectronique de C-2 qui a, dans sa proximite immediate, d’une part, l’oxygene du 
methoxyle anomerique, d’autre part, I’oxygene de l’h&6rocycle. Au tours d’un 
processus de substitution du type S,2, il en resuherait des interactions dipolaires qui 
s’opposeraient a la formation d’un &at de transition sur C-2. II est vraisemblable 
que le haut degre de selectivite observe ici et dans d’autres cas similairesg, lors de 
deplacements nucleophiles sur des composes possedant le systeme cis-ditosyloxy 
(par exemple 1 ou 2), est dQ B l’absence quasi totale de reactivite du groupement 
tosyloxy sur c-2. 

8R=H 
S R= COPh 

NHCOPh 

12 

CH2NHCOPh 

I 8 

AH‘OPtl 

13 

14 15 16 

m/e 220 m/e 321 m/e 218 

Afin de prouver de facon definitive la relation trans des groupements azide et 
tosyle dans Ie compose 3, nous avons tent6 de le convertir en aziridine corres- 
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menant invariablement B une dkcomposition extensive. Cette demihe observation, 
c’est-&dire qu’un deplacement ne peut avoir lieu sur C-2 dans le compose 3, m6me 
en presence d’un nuclCophile puissant comme I’est l’ion azide, suggere que C-2 est 
un site non reactif. Ce fait peut Qtre rationalise en fonction de l’environnement 
Clectronique de C-2 qui a, dans sa proximite immediate, d’une part, I’oxygene du 
methoxyle anomerique, d’autre part, I’oxygene de I’hCtCrocycle. Au tours d’un 
processus de substitution du type S,Z, il en rQuiterait des interactions dipolaires qui 
s’opposeraient a la formation d’un &at de transition sur C-2. II est vraisemblable 
que le haut de& de sClectivitC observe ici et dans d’autres cas similairesg, lors de 
deplacements nucleophiles sur des composes possedant le systeme cis-ditosyloxy 
(par exemple 1 ou 2), est dQ k l’absence quasi totale de rtactivite du groupement 
tosyloxy sur c-2. 

Me 

* 

=‘-&A 
OMe 

Q 
OTs OTs 

2 

8R=H 
9 R=COPh 

i@Me cei 

*3 N3 
10 11 

NHCOPh 

14 

m/e 220 

AHCOPh 

13 

15 16 
m/e 321 m/e 218 

Afin de prouver de facon defkitive la relation irons des groupements azide et 
tosyle dans Ie compose 3, nous avons tent6 de le convertir en aziridine corres- 
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vation du spectre de r.m.n. B 100 MHz. Le proton glycosidique de I’isomkre XJ&J 11 
se prkente sour forme d’un doublet de faible couplage : J1,2 1 Hz, & 4,87 ‘p.p.m., 
alors que le proton de C-2 apparait comme un quadruplet vers 3,92 p.p.m. Par 
irradiation de ce dernier proton, on observe la disparition du couplage du proton 
glycosidique ainsi qu’une simplification du multiplet vers 4,82 p.p.m., dfi B l’hydro- 
gene de C-3. Le proton de C-4, qui apparait sous forme d’un multiplet complexe 
vers 3,1 p-p-m., ne modifie pas, apres irradiation, i’apparence du proton vicinal a 
la fonction azide sur C-2. Un tel comportement est en faveur de la structure xyZo 11. 

L’hydrog&ation catalytique des deux isomtres 10 et 11, suivie d’une benzoyia- 
tion in situ, foumit respectivement sous forme cristalline, le methyl 2,3,5-tribenzamido- 
2,3,5-tridesoxy-j?-D-arabinofuranoside (12) et le methyl 2,3,5-tribenzamido-2,3,5- 
tridboxy-/3-D-xylofuranoside (13). 

PARTIE JXP&IME?NTALE 

Les chromatographies sur colonne ont CtC effectuees sur gel de silica Davison 

(100-200 Mesh). Les separations en couche mince ont CtC faites B I’aide de Kieselgel 
G (E. Merck, Darmstadt). 

Les spectres de r.m.n. ont et& sauf mention contraire, mesures dans le chloro- 
forme, B la frequence de 60 MHz avec un spectrophotometre Varian A-60. Les 
ddplacements chimiques sont mesures a partir de la raie du tetramethylsilane, p&e 
comme zero de reference et exprimes soit en Hz soit en 6. 

Les spectres de masse ont CtC effect& dans le service de 1’Institut sur un 
’ appareil MS 9 de la compagnie A. E. I. 

Les points de fusion ont 6th determines sur un appareil Koffler et sont corrigb; 

les pouvoirs rotatoires ont CtC mesurCs sur un appareil << Quick 1) de Roussei et Jouan. 
Toutes les analyses ont tte fournies par le service de micro-analyse du C. N. R. S. 
M&thy2 5-azido-5-d~soxy-2,3-di-O-p-tofyIsulfony~~-~-ribofur~oside (2). - 

Le tritosylate 1(3,098 g) est dissous dans la N,N-dimbthylformamide anhydre (30 ml) 
est additionne d’azothydrate de sodium (520 mg, 62% d’exds). Le tout est port& a 
100” pendant 30 min. La solution reactionnelle est alors refroidie et ver&e dans une 
ampoule contenant du chloroforme. La solution chloroformique est lavee 3 fois 
B l’eau, puis est s&hGe sur sulfate de sodium, BvaporCe B pression r&d&e et finalement 
sous vide pousse ahn de chasser les demieres traces de N,N-dimethylformamide. 
Le residu cristallise dans ie methanol (2,2 g; 90 Oh). Une recristallisation dans le m&me 
solvant donne un p.f. 122-123”; [a]? t-80,5” (c 0,63, chloroforme). 

Anal. Calc. pour CZ0Ht3N308SZ : C, 48,29; H, 4,62; N, 8,45; S, 12,87. Trouve : 
C, 48,29; H, 4,66; N, 8,23; S, 13,09. 

Me’thyl 3,5-diazido-3,5-did~soxy-2-O-p-toZyr~~onyZ-~-D-xyfofuranoside (3). 
Voie A - Le monoazide 2 (lo,13 g), dissous dans la N,N-dim&hylformamide 
anhydre (100 ml) est additionnC d’azothydrate de sodium (6,65 g, 5 Cq.). Le tout 
est portC, sous agitation magnetique & 145” pendant 2,5 h. Apres refroidissement, 
la solution reactionnelle est extraite comme pour le produit 2. Le residu brun montre 
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alors deux taches sur couche mince (solvant : a&ate d’dthyledther de p&role 1:4). 
La tache migrant le moms (RF 0,50) est du produit de depart n’ayant pas reagi. 
L’autre tache (RF 0,55) est le diazide 3. Le sirop est dissous dans le methanol chaud 
(40 ml) qui, par refroidissement, lake deposer 2,4 g de cristaux du produit de depart 2. 
Les eaux m&es sont concentries et chromatographiees sur une colonne de gel de 
silicc (300 g) prealablement CquilibrCe dans un milange d’adtate d’CthyleGther de 
p&role (1:4). L’Clution se fait a l’aide du mQme solvant. On recueille ainsi 3,2 g 
de diazide pur (55,s %), [a]g4 -56” (c 0,53, chloroforme). 

Voie B. - Le tritosylate 1 (55 g) dissous dans la NJV-dimethylformamide 
(500 ml) est additionne d’azothydrate de sodium (39,5 g; 3,47 Cq.). Le tout est 
port6 a 145” pendant 2,5 h. Apres refroidissement, le melange reactionnel est trait6 
comme pour la voie A; lo,04 g de monoazide 2 sont r&up&& par cristallisation. 
Le reste du produit fournit, aprcs chromatographie, 14,56 du diazide 3 (rdt. 58,5%, 
compte tenu du monoazide 2 form&). 

M&hyl 3,5-dibenz~mido-3,5-did~soxy-2-O-p-tolylsuZfo~yZ-~-o-xyIo~~ranoside 

(4). - Le diazide 3 (300 mg) dissous dans le methanol (15 ml) est hydrogen6 pendant 
45 min en presence de platine d’hdams (100 mg). Aprts ce laps de temps, on filtre 
sur Mite, rince au methanol et concentre le volume a environ 10 ml et ajoute 550 mg 
(50% d’exck) d’anhydride benzojque. Aprb 2 h d’agitation magnetique a tempCra- 
ture ordinaire, le precipite forme est titrc (200 mg), p.f. 170-177”, homo&ne en 
couche mince (RF 0,s); acetate d’6thyleGther de petrole (4~1). Une recristallisation 
dans le methanol donne un p.f. 173,5-175”, [a]? -79,2 (c 0,65, cbloroforme). 

Anal. Calc. pour C2,HzsN,0,S : C, 61,82; H, 5,38; N, 5,34; S, 6,lO. TrouvG : 
C, 62,06; H, 5,44; N, 5,55; S, 6,39. 

M&hyI 5-benzamido-3-benzoyf~pimino-2,3,5-trid~soxy-~-D-lyxofura~oside (7). - 

Une solution de diazide 3 (2,5 g) dissous dans le tetrahydrofuranne (25 ml) frakhe- 
ment distille est versk goutte a goutte dans une suspension d’aluminohydrure de 
lithium (1,14 g) et de tetrahydrofuranne (10 ml) refroidie a O”, sous agitation magne- 
tique. Le bain est ainsi conserve & 0” durant 1,5 h, apres quoi, le melange Gactionnel 
est port6 a reffux pendant 2 h. L’exces d’hydrure est ensuite dttruit par des petites 
portions d’cther humide. Le tout est filtr6 sur Glite et le pr&ipite, abondamment 
lavd a l’aide de tetrahydrofuranue. Le filtrat est evapore et le sirop residuel, dissous 
dans le methanol (25 ml). On ajoute 4,75 g d’anhydride benzoique et la solution 
est gardee une nuit a temperature ordinaire. Le methanol est ensuite evapore Q 
pression reduite et le risidu est agitC avec du bicarbonate de sodium aqueux. 
Aprb I h de ce traitement, le tout est transvase dans une ampoule contenant du 
chloroforme et la phase organique est lavee a l’eau jusqu’a neutralit& Apres skhage 
sur sulfate de sodium et distillation du solvant, le rksidu est cristallise dans un melange 
d’acetate d’&hyle-&her de p&role, 1,322 g (53 Oh). La chromatographie des eaux 
m&s augmente le rendement de 5 ii lo%, p.f. 126-128”; [ciJg3 -92,5” (c 0,4, chloro- 
forme). 
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Anal. Calc. pour CtOHZ205NZ : C, 68,17; H, 5,72; N, 7,95. Trouvt : C, 67,87; 
H, 5,73; N, 8,17. 

Me’thyl 2,5-dibenzamido-2,3,5-tridPsoxy-P_D-thrC (9). - Le 

diazide 3 est dissous dans le m&hanol (50 ml) et additionnk d’hydrate d’hydrazine 
B 98 % (3,5 ml). On ajoute alors avec pr&aution 4 B 5 grosses spat&es de nickel 
Raney vieilli. 11 se produit un echauffement. Aprts 10 min la suspension est portCe 
5 reflux durant 1 h 20 min. Une filtration sur Celite donne une solution Claire qui est 
ensuite concentrCe B 30 ml. On ajoute alors 1,380 g (50% d’exds) d’anhydride 
benzo’ique. Le melange riactionnel est gardd 1 h Zr temperature ordinaire sous 
agitation magnetique, aprts quoi il est Cvapore B sec. Le rCsidu est ensuite tritur6 
pendant 1 h avec du bicarbonate de sodium aqueux et le tout est vers6 dans 
une ampoule contenant du chloroforme. Apr&s lavage B l’eau, i’extrait chlorofor- 
mique est st&hC sur sulfate de sodium et concentre en un sirop jaune pble. Ce sirop 
est ChromatographiC sur une colonne de gel de silice prealablement Cquilibree avec 
du chloroforme. Ce mEme solvant Clue les impure&. La substance est CluCe avec 
le chloroformemethanol(98:2), 255 mg (34,4%), p-f. 161-163”, [a]&’ -23,5” (c 0,68, 
chloroforme). 

Anal. 

Me’thyl 3-azido-2,5-dibenzamido-2,3,5-trid~soxy-B_D-arabinoficranosi (10) et 
mtthyl 2-azjdo-3,5-dibenzamido-2,3,5-trjd~soxy-~-D-~yZofz~ranos~de (11). - L’aziridine 
7 (310 mg) est dissoute dans la N,N’-dimCthylformamide (7,5 ml) et addition&e 
d’azothydrate de sodium (225 mg, 4 Cq.). Le tout est port6 B 140” pendant 45 min. 
Le melange rcactionnel est alors trait6 de la man&e habituelle. Le rCsidu est dissous 
dans un peu de benz&ne et ch_romatographi& sur une colonne de gel de silice (30 g) 
Cquilibrke dans ce mEme solvant. La polarit& est alors augmentCe rapidement jusqu’& 
60% B l’aide du chloroforme. Le premier isom&e 11 est G!u& avec ce syst&me. On 
recueille 102 mg (29,3 “A) de cristaux homog?nes en couche mince (RF 0,65; a&ate 
d’Cthyle+Zther depCtrole4:i). Unerecristallisationdans un melange d’adtate d’Cthyle- 
Cther de petrole donne un p-f. 193-195O; [a]2 - 130’ (c 0,95; chloroforme). 

Anal. Calc. pour C20H2LN505 : C, 60,75; H, 5,35; N, 17,71. TrouvC : C, 60,84; 
H, 5,35; N, 17,56. 

Le second isomcre 10 est obtenu en augmentant la polarit& du solvant jusqu’g 
80 % avec le chloroforme. On obtient 19 1 mg (54,7 Oh), d’un produit homogene sur 
plaque, (RF 0,55; acetate d’&hyle-&her de p&role 4:1), qui cristallise dans un melange 
d’a&ate d’Cthyle-&her de pktrole, p.f. 158-160”; [c&~ -4” (c 1,56, chloroforme). 

Anal. ac. pour C,,H,,N,O,: C, 60,75; H, 5,35; N, 17,?1. Trouve: C, 60,75; 
H, 5,41; N, 17,41. 

MPthyZ 2,3,5-tribe~amido-2,3,5-trjd~so_Ky-8_D-arabjn~furanosjde 12. - Le 
dCrivC 10 (100 mg) est dissous dans le m&than01 (10 ml) et hydrog6n8 pendant 
30 min en prdsence d’oxyde de platine (40 mg). La suspension est filtrCe sur CClite 
et le pr&ipitt est rincC B l’aide de mdthanol. Le volume du filtrat est concent& B 
10 ml et l’on ajoute 80 mg (I,3 Gq.) d’anhydride benzoi’que. La solution est gardCe 
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quelques heures A temperature ordinaire. Le pr&ipitC forme est alors filtri, rind 
au methanol et recristallis6 dans un melange de chIoroforme-&her de p&role (80 mg), 

p.f. 304-306”; [a]$’ - 64” (c 0,17, chloroforme). 
.And. Calc. pour C2,H2,N30s : C, 68,48; H, 5,75; N, 8,87. TrouvC : C, 68,34; 

H, 5,76; N, 8,65. 
MHzyZ 2,3,5-‘-rribenzamido-2,3,S-rri~soxy-~-D-xy~ofuranosi~e (13). - Le pro- 

census d’obtention est essentiellement le mCme que pour le d6rive.12; il est nkessaire 
neanmoins de doubler le volume de methanol et au besoin de chauffer afin de solubili- 

ser la substance, lors de l’hydrogenation; 89 mg sont obtenus B partir de 100 mg de 11, 
p.f. 282-284” ; [I&~ -20,6” (c 2,9, chloroforme). 

Anal. Calc. pour C,,H,,N,OS : C, 68,48; H, 5,75; N, 8,87. TrouvC : C, 68,36; 
H, 6,03; N, 8,54. 
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A NEW CHEMICAL SYNTHESIS OF a,a-TREHALOSE 
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Microbiologicai Chemistry Research Laboratory, Department of Organic Chemistry, University of 
Newcastle upon Dyne (Great Brituin) 

(Received June 7th, 1968; in revised form, July 17th, 1968) 

ABsTRAcT 

2,3,4,6-Tetra-O-benzyl-D-glucopyranose has been treated with 2 equivalents 
of the corresponding glycosyl chloride under modified Koenigs-Knorr reaction 
conditions. Hydrogenolysis of the protecting groups of the syrupy product, followed 
by chromatography on Dowex-1 (HO-) resin gave cr,cr-trehalose (Cc-D-glucopyra- 
nosy1 cc-D-glucopyranoside) and cc,/&trehalose (a-D-gkopyranosyl /I-D-glucopy- 
ranoside) in yields of 18 aud 2 %, respectively. 

INi-RODUCTION AND DISCUSSION 

cr,a-Trehalosel (a-D-glucopyranosyl a-D-glucopyranoside) Cl), one of Nature’s 
“reserve” sugars and the only naturally occurring isomer of the series, has been 
synthesised, but only in very low yield, by the acid reversion of D-glucose2*3 
and (together with a&trehalose) by condensation+ of Brigl’s anhydride with 2,3,4,6- 
tetra-O-acetyl-D-glucose (containing 65% of the cc-anomer). Haq and WbeIansP6 
obtained a small proportion of trehalose during the synthesis of nigerose (~-O-CC-D- 
glucopyranosyl-D-glucose). Recently’, both a,a- (1) and a&trehalose (2) were 
isolated as by-products during the synthesis of some glucosides of glycerol and ribitol. 

. RO RO 

I R=H 2 R=H 
3 R=AC 4 R=s4c 
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The main difficulty encountered in the synthesis of disaccharides of this type 
lies in specifically obtaining the a-D-glycosidic linkage. It has been shown that u-linked 
glycosides can be prepared in moderate yield by using per-0-benzylated glycosyl 
chlorides under modified Koenigs-Knorr conditions’. Glycosyl chlorides are not 
normally used in such reactions as they are relatively unreactive’. However, it has 
been demonstrated that removal of the halogen from these compounds by silver ions 
is much faster, if, instead of depending on the heterogeneous reaction with silver 
carbonate, a mixture of this salt and a small amount of soluble silver perchlorate is 
usedg. The yields of a-D-glycosides’ indicate that, in the presence of silver perchlorate, 
the glycosyl chloride largely dissociates into an ion pairg*” before reacting with an 
aglycon. Thus, the configuration of the glycosidic linkage in the product does not 
depend entirely upon the conhguration at the anomeric centre in the chloride. 

Under these conditions’*‘, 2,3,4,6-tetra-0-benzyl-D-glucose was treated with 
2 mol of 2,3,4,6-tetra-0-benzyl-D-glucosyl chloride, which appears to be preponder- 
antly the a-anomer’. Elution of the crude product from alumina with benzene-ether 
(2O:l) gave a clear syrup, which was hydrogenated over palladium to give material 
having the same mobility on paper chromatograms as cc,a-trehalose. Elution with 
ether-ethanol (9: 1) gave 2,3,4,6-tetra-0-benzyl-D-glucose, some of which probably 
resulted from the hydrolysis of unreacted chloride during the isolation procedure. 

Elution of the disaccharide fraction from Dowex-1 (HO-) resin” with water 
gave a,or-trehalose (l), as the dihydrate, and c&trehalose (2), in yields of 18 and 2 %, 
respectively, which were characterised as the octa-acetates (3) and (4). No /?,/3- 
trehalose seemed to be formed in the reaction. 

The above result iilustrates further the usefulness of 2,3,4,6-tetra-o-benzyl- 
D-glucosyl chloride-silver carbonate-silver perchlorate in the synthesis of Z-D- 

glucosides which are normally difficult to prepare. 

1.r. spectra were determined on Nujol mulls. Evaporations were carried out in 
cacuo at 40”. Column chromatography was carried out on alumina (B.D.H. grade) 
and on Dowex-I (HO-) resin (2 % cross-linked, 200400 mesh). T.1.c. was performed 
on silica gel G (Merck) with benzene-ether (5:3) and detection with 3% ethanolic 
sulphuric acid at 140”. Light petroleum was the fraction having b-p. 60-80”. Paper 
chromatography was carried out on Whatman No. 1 paper with the organic phase of 
butyl alcohol-ethanol-water-cone. ammonia (40: 10:49: l)“, and the descending 
technique. The periodate-SchifF3*‘” and silver nitrate-sodium hydroxide” sprays 
were used as location reagents. 

Reaction between 2,3,4,6-tetra-O-benzyh-glucopyranosyi chloride and 2,3,4,6- 

tetra-0-benzyh-ghcopyranose. - 2,3,4,6-Tetra-0-benzyl-D-glucopyranose’ (3.0 g), 
silver carbonate9 (10 g), and Drierite (20 g) were suspended in dry benzene (125 ml), 
and the mixture was stirred at room temperature in the dark for 18 h. Silver perchlor- 
ate (0.35 g), from which several portions (50 ml) of dry benzene had been evaporated, 
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was then added, followed by a solution of 2,3,4,6-tetra-0-benzyl-D-glucopyranosy~ 
chloride’ (3.1 g, 1.0 mol) in dry benzene (100 ml) during 8 h with continuous stirring. 
Ail operations were conducted in the dark. Stirring was continued for 24 h, and a 
further portion (3.1 g, 1.0 mol) of the chloride in dry benzene (100 ml) was added 
over 4 h. On completion of this final addition, stirring was continued for a further 
8 days. The mixture was filtered through “Cefite”, the inorganic material was washed 
well with benzene (100 ml), and the combined filtrate and washings washed with 
water (4 x 250 ml), dried (Na,SO,, &CO,), and evaporated. A solution of the result- 
ing syrup (8.09 g) was eluted from alumina (300 g) with benzene-ether (20: 1,120O ml), 
and concentration of the eluate gave a clear syrup (1.54 g). Elution with ether-ethanol 
(9:1), followed by evaporation, gave a thick, semi-crystalline residue which was 
recrystallized from ether-light petroleum to give 2,3,4,6-tetra-0-benzyl-D-glucose 
(3.47 g), m.p. I48-150”, [a]? +20” (c 1.7, chloroform); lit.16, m.p. 148”, [x];’ +21.2” 
(chloroform). 

The material eluted with benzene-ether (20:1) was hydrogenolysed (310-ml 
uptake in 27 h) in the presence of palladium (from 2.5 g of the oxide) in ethanol-p- 
dioxane (150 mi, I:l). Removal of the catalyst and evaporation of the filtrate gave 
material (0.49 g) which had the same mobility on paper chromatograms as authentic 
cr,Mrehalose (R, 0.48). It was dissolved in water (2 ml) and applied to a column 
(40 x 3.5 cm) of Dowex-1 (HO-) resin; elution was carried out with CO,-free water, 
and the eluate was collected in 20-ml fractions. Fractions 12-17 gave, on evaporation, 
and crystallization of the residue from aqueous ethanol, a,or-trehalose (1) as the 
dihydrate (378 mg, 18 %), m.p.98-105”, [cijg’ + 175” (c 1.4, water); lit.4*17,m.p. 97-98”, 
[a]&’ + 178”; cx fi,j?-trehalose’s, m.p. 135-140”, [a];’ -40”. With acetic anhydride- 
anhydrous sodium acetate, in the usual manner, compound 1 gave the known 
octa-acetate (3), m.p. and mixed m.p. 98-IOO”, [a]:: +160” (c 1.1, chloroform); 
IiL4, m-p. lOl”, [a];’ + 163”. 

Fractions 20-26 contained @trehalose (2, 42 mg, 2 “A) which, after recrystal- 
lization from aqueous ethanol, had m-p. 138-145”, [a];5’ +93” (c 0.78, water); lit.“, 
m-p. 145-150”, [aID t95”. Acetylation as above gave the octa-acetate (4), m.p. 
and mixed m.p. 140-142O, [a]g +84.5” (c 0.68, chloroform); lit.“, m.p. 140-141”, 
[aID +85”. 

On t.l.c., compounds 3 and 4 had RF values (0.155 and 0.205, respectively) 
that were identical with those of the authentic compounds. 
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ABSTRACT 

A method is described for the fractionation of oligosaccharides by molecular 
size on columns of cation-exchange resin with water as the sole eluant. The same 
system allowed separation of inorganic ions and acidic carbohydrates from neutral 
components..The elution of amino acids and peptides is described, and the application 
to separation problems in carbohydrate chemistry is discussed. 

INTRODUCTION 

The fractionation of molecules of different size on columns of porous particles 

may be regarded as a partition between the liquid inside the porous medium and the 
external solution. Larger molecules have a greater degree of exclusion and are thus 
eluted before those of smaller size. When the porous medium contains a high con- 
centration of fixed ionic groups, charged molecules and electrolytes may be excluded 
from the matrix. Such ion exclusions are based on the Donnan distribution of an 
electrolyte between the liquid inside the porous medium and the external solution’. 
Ion-exchange resins, by virtue of their ionic groups and cross-linked matrix, should 
provide the basis for separation by both principles. This paper describes an investi- 
gation of the application of these principles to the separation of carbohydrates, 
carbohydrate derivatives, amino acids, peptides, and inorganic ions. 

METHODS AND RESULTS 

Column preparation. - Cation-exchange resins AG-SOW x2, x4, and x8 (Bio- 

Rad Laboratories, 200-400 mesh, H+) were converted into the appropriate cationic 
form by washing successively with distilled water (5 bed-volumes), aqueous lithium, 

calcium, or barium chloride (N, 10 bed-volumes), and distilled water (10 bed-volumes). 
The regenerated resins were packed into vertical glass columns by the addition 

of the resin slurry to the water-filled column, the resin being allowed to settle under 
gravity. Analytical-scale columns (150 x 0.6 cm diameter) and preparative columns 
(210 x 3.8 cm diameter) were prepared, constant-Bow conditions being achieved 
with the aid of peristaltic pumps (0.23 and 1.9 ml/min, respectively). The columns were 
maintained at 25” unless otherwise stated. 
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And’ticaZ procedures. - Column eluates were monitored continuously with 
the aid of automated, spectrophotometric procedures. Hexose-containing components 
were determined2 by the cysteine-sulphuric acid method3. Formaldehyde obtained 
from periodate oxidation of carbohydrates was determined by the pentane-2,4-dione 
procedure4*‘. Amino acids were analysed by the ninhydrin method, using the standard 
Technicon procedure6. 

Techuicon Auto-analyser modular equipment was employed for all automated 

analysis methods. 
Int-estigation of the effect of cationic form and degree of crosslinking of the 

resin. - Analytical-scale columns of 2, 4, and 8 % cross-linked resin in the lithium, 
calcium, and barium forms were loaded with solutions of carbohydrate mixtures 
(100 ~1) containing amylopectin, isomaltotriose or ralIlnose, and D-glucose (50-100 pg 
of each component). Because of the reduction in bed volume under pressure, particu- 
larly with the resins of low cross-linking, the columns were loaded under conditions 
of working pressure. The columns were eluted with de-aerated, distilled water, and 
the eluates monitored by the automated cysteine-sulphuric acid procedure. 

In order to present the results in terms independent of column volume and 
dimensions, the results throughout this paper are given as a retention factor defined 
as the ratio of the elution volume of the component to the bed volume of the column 
under operating conditions. Table I and Fig. 1 show the results obtained. 

1 

8 

6 Li+2 % 

4’ 

Li+8 % 

02 

I I-VI 
I ) .I. .I. . . 

02 0.4 0.6 0.8 113 

I 
t 

++ 2% 

i 

C-a++ 8% 

0.2 0.4 0.6 Q8 1.0 

Retention factor 

I 
! 

eo” 2% 

Em++ 8 % 

ill\ 
0.2 0.4 0.6 Os8 IO 

Fig. 1. Separation of amylopectin, trisaccharide, and D-glucose on resins of various cross-linking 
and ionic form. Analysis by the cysteine-sulphuric acid method. 

Inuestigation of the effect of temperature. - A jacketed column of AG-SOW x2 
&ii+) resin was loaded with mixtures of amylopectin and D-glucose, and eluted with 
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TABLE I 

EFFECl- OF CATION AND DEGREE OF CROSS-LINKING ON THE FRACITONATION OF CARBOHYDRATES 

104l Cross-linking % Retention factor 
Amylopectin Isomaltotriose D-Gkose 

0.37 0.61 0.78 
Li+ ‘4 0.29 0.41 0.49 

8 0.30 0.31 0.40 

Ca2+ 2 0.27 0.47 0.59 
8 0.55 0.55* 0.64 

Baz* 2 0.40 0.53 0.61 
8 0.49 0.498 0.66 

*Raffinose 

water at various temperatures, as previously described. The results obtained are 
shown in Table II. 

TABLE II 

EFFECT OF TEMPERATURE ON THE SEPARATION OF AMYLOPECT’IN AND D-GLUCOSE 

Temperature Retention factor 
(degrees) Amylopectin ~-Glucose 

25 0.36 0.77 
50 0.37 0.78 
75 0.37 0.78 

Fractionations of carbohydrates. - Various carbohydrates were independently 
loaded and eluted from an analytical column of AG-SOW x2 (Li’) resin. The column 
eluate was monitored by the cysteine-sulphuric acid and/or the periodate-pentane- 
2+dione procedures, as appropriate. The retention factors obtained are listed in 
Table III. The results obtained when mixtures of these compounds were fractionated 
showed no significant deviation from the elution profiles of individual components. 
A typical multi-component separation is shown in Fig. 2. 

Quantitative recovery of monosaccharides from the column, when present in 
admixture, was con&med by g.1.c. analysis of the trimethylsilyl ethers, using SE30 
(10 % on Celite) as stationary phase. The positions and integrated peak areas were 
identical with those obtained from the original sample. 

The separations were not affected when samples of carbohydrates containing 
salts, e.g., sodium phosphate or lithium sulphate, were fractionated. Sodium ions 

were exchanged for lithium ions during the elution, and the elution position of the 
exchanged lithium ions was determined by flame photometry. 
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TABLE 111 
FRACTlONATIONS OF CARBOHYDRATES 

Compound Retention factor Compound Retention factor 

Amylopectin 0.37 
Dextran 80 0.37 
Li+ 0.37 
N-Acetylueuramiuic acid 0.37 
D-Gluconic acid 0.37 
Glyceric acid 0.37 
Mahohexaose 0.55 
Maltohexaitol 0.55 
Laminaripentaose 0.59 

Ratiinose 0.61 

Laminaritriose 
Lamiuaribiose 
Maltose 
D-Glucose 
D-Mannose 

D-Galactose 
L-Fucose 
Gdactitol 
t-Acetamido-2.deoxy- 

D-glucose 
2-Acetamido-2.deoxy- 

D-mannose 

0.61 
0.70 
0.70 
0.78 
0.78 . 
0.78 
0.78 
0.78 

0.78 

0.78 

f 06. 
5: 8 
: 0.4. 4 

0.2. 

Retention factor 

Fig. 2. Fractionation of various carbohydrates on a column of AG-SOW x2 C&i+) resin. Analysis 
by thecysteine-sulphuric acid ( -) and periodate+formaldehyde (-_ ._.._..) methods. (l)D-Gluconic 
acid, (2) maltopentaitol, (3) 2-acetamido-2-deoxy-D-glucose, (4) amylopectin, (5) kaminaripentaose, 
(6) laminaritriose, (7) maltose, and (8) D-@ucose. 

Fractionation of amino acids, peptides, and protein. - A series of amino acids, 

sptides, and protein was independently loaded and eluted from an analytical-scale 
column of AG-SOW x2 (Li+) resin. The column eluate was monitored by the ninhydrin 
procedure, and the retention factors observed are recorded in Table IV. The results 
obtained with mixtures did not significantly deviate from those obtained with-single 
components, and a typical separation is shown in Fig. 3. 
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TABLE IV 

SEPARARONS OF AMINO ACIDS AND PEPTIDES 

compound Retention factor compound Retention factor 

Glutamic acid 0.37 
Bovine serum albumin 0.37 
Glutamine 1.13 
Scrine 1.13 
Proline 1.27 
Glycine 1.41 

Phenylalanine 
Glycyl-glycyl-glycine 
Glycyl-glycyl-glycyl- 

glycyl-glycine 
Lysine 

4.12 
6.04 

8.65 
co 

\ 
01“ ! 

0 2.0 4.0 6.0 8.0 10.0 

Retention factor 

Fig. 3. Separation of amino acids and peptides on a column of AG-SOW x2 (Li+) resin. Analysis 
by the ninhydrin method. (1) Giutamic acid, (2) Glutamine, (3) Glycine. (4) Phenylalanine, (5) Glycyl- 
glycyl-glycine, and (6) GlycyI-glycyl-glycyl-glycyl-glycine. 

Separations on a preparative scale. - Solutions (2-10 ml) containing mixtures 
of amylopectin, various oligosaccharides, and D-glucose (ca. 2 g of each component) 
were loaded and eluted from a preparative column of AG-SOW x2 (I?) resin. A 
suitable proportion of the eluate was monitored by the automated cysteine-suiphuric 
acid method, and the residual eluate collected in fractions. The purity of components 
obtained was confirmed by chromatography, and the retention factors observed 
are shown in Table V. 

TABLE V 

SRPAlWnONS OF OLIGOSACCHARIDES ON A PRKPARATNR SCALE 

Compound Retention factor Compound Retention factor 

Amylopectin 0.38 -. Panose 0.61 
komaltotetraose 0.55 Isomaltosc 0.67 
Laminaritriose 0.61 Sucrose 0.70 
Mekzitosc 0.61 D-Glucose 0.78 
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DISCUSSION 

A column packed with an ion-exchange resin will contain two physically 

distinguishable, liquid environments: the liquid inside the matrix of the cross-linked 
resin and that occupying the interstices between the particles of porous resin. The 
distribution of non-ionic solutes between these two phases will be dependent on their 
molecular dimensions. For large, solute molecules, which cannot enter the stationary 
phase, the distribution coefficient is zero, and the molecule will be eluted in a volume 
equivalent to the interstitial volume. Small, solute molecules, which may be distributed 
equally between the two phases and hence have a distribution coefficient of unity, 
are eluted in a volume equivalent to the total liquid volume of the column. The factors 
affecting the equilibrium distribution of small alditols, such as glycerol and D-glucitol, 
on various ion-exchange resins have been discussed by Mathisson and Samuelson’. 

The ionizable groups on the matrix influence the distribution coefficient of 
ionic solute molecules between the two phases, thus introducing a parameter which 
does not exist with such non-ionic matrices as cross-linked dextran. With a resin 
containing completely ionised matrix substituents, e.g., sulphonic acid, cation- 
exchange resins, ionic solutes are virtually excluded from the matrix. A combination 
of these two principles should provide an important technique for the fractionation 
of carbohydrates by charge and molecular size. 

Jones et al.’ employed a cation-exchange resin for the fractionation of certain 
mono- and di-saccharides, and suggested that cross-linked (2 % divinylbenzene) 
polystyrenesulphonic acid was the most satisfactory. This resin also permitted partial 
resolution of O-alkylated monosaccharides. Wheaton and Baumang have developed 
ion exclusion, using cross-linked polystyrenesulphonic acid, for the fractionation 
of a series of organic acids, those with higher dissociation constants being eluted 
first with water. 

Since a combination of ion exclusion and fractionation by molecular size was 
desired and the latter is the more affected by environmental changes in the resin, 
initial investigations were concerned with the fractionation of a polymer-, ohgomer-, 
monomer series. The elution positions (with water) of amylopectin, isomaltotriose, 
and D-glucose showed predictable changes when both the degree of cross-linking and 
the cationic form of the resin were varied. To provide a basis for direct comparison 
of results, the elution volumes were expressed as a factor (retention factor) of the 
total bed-volume of the column under operating conditions. An increase in the 
percentage of divinylbenzene cross-linking from 2 to 8% resulted in a decreased 
exclusion limit of the resin matrix, so that, on the x8 resin, amylopectin and the 
trisaccharide were eluted together (Table I, Fig. 1). Furthermore, the resolution of 
polymer and monomer was diminished. Change in the cation from Li’ to Cat’ 
and Ba2’ also resulted in decreased separations between monomer, trimer, and 
polymer. The optimal resin conditions for fractionation of oligosaccharides by 
molecular size appeared to be 2% cross-linking with lithium counter-ion, and, in 
this form, Dowex-50 gives a highly swollen matrix in water’. The separation between 
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amylopectin and D-glucose was unaffected by changes in operating temperature 
between 25 and 75” (Table II). 

Examination of the elution profiles of various neutral carbohydrates (Fig. 2, 
Table III) illustrates the application of this type of column to the fractionation of 
oligosaccharides by molecular size. No separation was observed between oligo- 
saccharides of similar chain length but differing linkages, although small differences 
in retention factors were observed. Similarly, alditols and O-glycosylalditols, obtained 
by reduction of the corresponding aldose or substituted aldose with sodium boro- 
hydride, were fractionated by size and eluted in the same position as the parent 
compound. 

The utilisation of the ion-exclusion principle is revealed in the elution of acidic 
carbohydrates (Table III). Thus, N-acetylneuraminic acid, D-&ICOniC acid, and 
glyceric acid were excluded from the resin matrix and eluted in the same position 
(0.37) as species of large molecular weight. Ely this technique, D-gluconic acid was 
separated from o-glucono-1,44actone, the lactone being eluted as a small, neutral 
molecule. This provides a convenient method for separation of acidic carbohydrates 
from neutral entities of low molecular weight, with the advantage that water is the 
sole eluting agent. Salts containing cations other than lithium are essentially excluded 
from the matrix, the cation being exchanged for lithium. Neutral carbohydrates 
of low molecular weight may thus be separated from inorganic ions, and acid 
hydrolysates, after neutralisation with lithium hydroxide or carbonate, can be desalted. 
Similarly, inorganic ions and protein in enzymic digests of carbohydrates may be 
removed from the products of low molecular weight. No observable change in the 
elution pattern of oligosaccharides was found in the presence of inorganic ions, and 
recoveries of carbohydrates from the columns were quantitative as determined by 
gas-liquid chromatography. Similar elution profiles were obtained for fractionations 
of oligosaccharides on a preparative scale, the retention factors being in direct 
comparison with those obtained for the analytical experiments (Table V). 

Examination of the elution profiles of various amino acids (Table IV, Fig. 3) 
indicated that acidic amino acids (e.g., glutamic acid) were excluded from the resin 
matrix. All other amino acids investigated were retarded to varying extents, being 
eluted in volumes greater than the bed volume of the column. Phenylalanine was 
severely retarded, whilst lysine was not eluted with water, presumably due to exchange 
with lithium cations. Oligopeptides of the glycine series were separated, those of 
greater chain-length being the most strongly retarded. 

Fractionation on AG-SOW x2 (Lii) resin thus combines two separation princi- 
ples. The use of water as an eluant for fractionation by molecular dimensions or 
charge (ion exclusion) provides the basis for a mild method of separation and simpli- 
fies both recovery from, and analysis of, materials in the column eluates. The use of 
an analytical-grade resin, in which there is a closer control of mesh size ( > 95 % 
within the 200-400 mesh range), enables higher flow-rates to be employed without 
loss of resolution, gives greater reproducibility, and precludes the need for special 
techniques for column packing. 
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ABSTRACT 

The p.m.r. spectra of ethyl 3-(glycosylamino)crotonates derived from D-glucose, 
D-galactose, D-mannose, and L-rhamnose, and those of their corresponding U-acetyl 
derivatives, have been examined. The results confirm that the amino and ethoxy- 
carbonyl groups of the enamine portion of these substances are in cis disposition and 
intramolecularly bonded. No other isomeric or tautomeric forms could be detected 

under the conditions used. Pyranose ring sizes and anomeric configurations (/I-L 

for the rhamnose derivative, and j?-D for the remaining compounds) are assigned 
to the O-acetyl derivatives on the basis of the chemical shifts and coupling constants 
observed. The same pyranose structures and anomeric configurations are proposed 

for the parent compounds after considering the chemical shifts and coupling constants 
of the anomeric protons. 

INTRODUCTION 

GIycosylamines react with ethyl acetoacetate yielding’ ethyl 3-(glycosylamino)- 

crotonates (la). The formulation of these substances with the amino and ethoxy- 

carbonyl groups in cis disposition (compounds referred to as cis isomers in this paper) 
was based on spectroscopic (u.v. and i-r.) data which did not exclude the possibility 
of their existence in solution in an equilibrium with minor proportions of the tratzs 

?Et 

Eto2c Me 
I 

G-N=C-CH,C02Et 
Me Me NH 

I 
G b 

IC 

la 
G = glyCOSY1 grOUP 

lb 

isomer (lb), and/or the tautomeric imino ester (1~). It is known2*3 that simple 3-(alkyl- 
amino)crotonic esters exist in the liquid state and in solution as a mixture of the geo- 
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metric isomers similar to structures la and lb in which the cis form usually pre- 
ponderates. These isomers can be easily distinguished by p.m.r. spectroscopy2~3. 

The assignment of the a-D anomeric configuration to compounds of the type la 
was based on the values of their optical rotations; and was tentative, since only one 
isomer was isolated in each case. 

In order to clarify the dubious points in the formulation of ethyl 3-(glycosyl- 
amino)crotonates and to have further confirmation of the complete structure, an 
investigation of the p.m.r. spectra of these substzurces and those of their O-acetyl 
derivatives has now been carried out. 

EXPERIMENTAL 

Campou~~?... - Ethyi 3-(glycosylamino)crotonates derived from D-glucose, 
D-galactose, D-mannose, and L-rhamnose, and their corresponding O-acetyl deriva- 
tives, were prepared as described previously’. Ethyl 3-(o-galactosylamino)crotonate 
had m.p. 179-180”, which was higher than that (m.p. 159-160”) previously given; 
the remaining properties agreed with those reported. 

Anal. Calc. for C,,H,,NO,: C, 49.5; H, 7.3; N, 4.8. Found: C, 49.8; H, 7.2; 
N, 4.5. 

Acetylation of this compound gave a tetra-acetate having the same physical 
constants as previously described’. 

P.m.r. spectra. - Spectra were measured at 100 MHz and 26-28” with a Varian 
HA-100 spectrometer, using sweep-widths of 1000 and 500 Hz, and sweep rates of 
2.0 and 1.0 Hz/set. Solvents used were methyl sulfoxide-d, for the S-(glycosylamino)- 
crotonic esters, and chloroform-d for their O-acetyl derivatives. The concentrations 
of solutions were lO-20%. Tetramethylsilane was used as the internal standard. 
Deuterations were effected by shaking the solutions with a few drops of deuterium 
oxide. 

RESULTS AND DISCUSSION 

O-Acetylated ethyl 3-(gZycosyZamino)crotonates 

The p.m.r. data of the O-acetylated ethyl 3-(glycosylamino)crotonates, com- 
pounds 2, 4, 6, and 8, are presented in Table I. 

The signals due to the enamine portion of these compounds were easily identi- 
fied by comparison with the absorption typical of 3-(alkylamino)crotonic esters2*3. 
The cis forms (similar to structure la) of these substances show a broad signal at 
S 8.0-8.9 due to the intramolecularly bonded amino group, and a singlet at 6 1.8-1.9 
produced by the :C-Me group. The corresponding tram forms (similar to structure lb) 
show the N-H signal at 6 5.50-6.60, and the :C-Me singlet at 6 2.2-2.4. The olefinic 
proton of a particular cis isomer comes into resonance at a higher field than the 
same proton of the corresponding frans form; however, the small difference (approxi- 
mately 0.1 p.p.m.) between the chemical shifts of these protons precludes their use 
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in the assignment of co&&rations in the cases where only one isomer is available. 
In the spectrum of ethyl 3-(2,3,4,6-tetra-O-acety~-~-D-g~ucopyranosy~amino)- 
crotonate (2) (see Table I and Fig. I), the broad doublet (JNH,L 9.0 Hz), of intensity 
one, at S 8.86 is ascribed to the chelated amino proton; the splitting is produced 
by the coupling with the anomeric proton (H-l). The olefinic proton appears as a 
singlet at 6 4.66, superimposed on the high-field branch of the triplet due to H-l 
(see below). The methyl singlets, of total intensity fifteen, which appear at 6 1.98-2.07, 
are ascribed to the four acetoxyl groups of the sugar portion of the molecule, and 
to the :C-Me group of the ci.s-3-aminocrotonic ester. The triplet, of intensity three, 
at 6 1.23 and the quartet at 6 4.10, which overlaps the signal due to the two protons 
on C-6 of the sugar portion (see below), are assigned to the ethoxycarbonyl function. 
No signal was observed in the region 6 2.2-2.4 which couId be ascribed to the :C-Me 
group of the frans form. It is then concluded that this compound exists in chloroform 
solution in the chelated cis form 2. 

Me-4’+ 4Ac 
- 

Iv-” 

I. J-O- \ 

886 H-1 H-2’ 11111 

H-2 + H-3 + H-4 

’ I 1 ,“-” 
I 11 

2H-6+2-Ha 

1 

I 

5.44 a.93 a.is\ 
4.66 

432 a90 373 207 IQ8 123 

Fig. 1. The lOO-MHz pm-r. spectrum of ethyl 3-(2,3,4,6-tetra-U-acetyl-/?-D-glucopyranosylamino)- 
crotonate (2) in chloroform-d. 

The pyranose structure of the sugar portion of compound 2 has been demon- 
strated previously by chemical meansI. The interpretation of the spectrum of this 
part of the molecule is as follows. The triplet at 6 4.75 is due to the anomeric proton 
and was identified by a double-resonance experiment with irradiation of the N-H 
proton. Under these conditions, this triplet collapsed to a well-defined doublet whose 
spacing (9.1 Hz) was taken as J, ,2. The value of Jl,* indicates that H-l and H-2 
are in trans-axial disposition and, therefore, that compound 2 has the P-D anomeric 
configuration. The multiplet at 6 3.73 is assigned to H-5 by analogy with the spectra 
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of B-D-glucopyranose penta-acetate4 and of penta-acetyl B-D-glucopyranosylamine’ ; 
the two quartets at approximately 6 4.08 and 6 4.24, which appear partly obscured 

2R=Ac 
3 R=H 

6 R=At 
7 R=H 

RO 

4 R=Ac 
5 R=H 

?JR 

8 R=Ac 
9 R=H 

by the methylene signal of the ethoxycarbonyl group, are due4*5 to the two H-6 
signals (total intensity of four for the resulting multiplet). The multiplets of total 
intensity three in the region 6 4.93-5.44, arise from H-2, H-3, and H-4. Of these 
multiple& the quartet centered at 6 5.05 is assigned to H-4 because irradiation of 
H-5 caused the collapse of this quartet to a doublet whose spacing (9.0 Hz) was 
taken as JS,4. Presumably, the triplet at 6 5.06, which appears superimposed on the 
H-4 quartet, is due to H-2 which is co-axial to H-4 on the same side of the pyranose 
ring’. The remaining triplet at lowest field (6 5.32) is then ascribed to H-3. It can be 
seen that, with the exception of H-l which appears at relatively high field, the remain- 
ing sugar protons of compound 2 show chemical shifts and couphng constants very 
similar to those of penta-acetyl 8-D-glucopyranosylamine5, thus providing a further 
conlkmation of the /I-D-glucopyranose structure. 

The cis structure and anomeric confifiguration of ethyl 3-(2,3,4,6-tetra-0- 
acetyl-j3-D-galactopyranosylamino)crotonate (4) could also be easily deduced from 
its p.m.r. spectrum (Table I). The doublet (JNrtl 9.0 Hz) at S 8.91 is due to the 
intramolecularly bonded amino proton. The singlet of intensity three at 6 2.15 is 
attributed to the axial C-4 acetoxyl group of the pyranose ring rather than to a trans 
:C-Me group. The group of singlets, of total intensity twelve, at 6 1.97-2.04 is considered 
to include the two equatorial acetoxyl groups of the sugar ring, the C-6 acetoxyl 
group, and the cis :C-Me group. The olefinic singlet, at 6 4.66, appears also in this 
compo-und very close to the triplet at 6 4.70 due to the anomeric proton. Irradiation 
of the aminic proton resulted in the collapse of this triplet to a doublet, the spacing of 
which (Jl,* 8.7 Hz) indicated the 8-D anomeric confguration of the compound. The 
remaining signals of this spectrum are assigned as follows. The quartet (.13,4 3.0 Hz: 
J4,5 1.0 Hz) at b 5.40 is ascribed to the equatorial H-4, because of its position at 
lower field than the other protons of the pyranose ring and of the coupling constants 
involved. The quartet centered at 6 5.09 is clearly due to H-3 which is strongly 
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coupled (Jzs, 10.0 Hz) to axial H-2 and weakly (J3,J to equatorial H-4. The quartet 

(J,,z; J2,J 10.0 Hz) with centre at 6 5.29, which collapsed upon irradiation of H-l, 
is assigned to H-2. The protons on C-5 and C-6 give rise to a complex ABC spin 
system in the region 6 3.84-4.30, overlapping the quartet of the ethoxycarbonyl 
group. The triplet at 6 1.23 is also due to the latter group. The chemical shifts and 
coupling constants of the sugar protons of this substance demonstrate the pyranose 
structure previously assigned’. 

In the spectrum of ethyl 3-(2,3,4,6-tetra-O-acetyl-B-D-mannopyranosylamino)- 
crotonate (6) (Table I), the presence of the doublet (JNH,I 10.0 Hz) at 6 9.15 due to 
the intramolecularly bonded N-H group was taken as indication of the cis disposition 
of the enamine portion. The singlet of intensity three at 6 2.31 is assigned to the axial 
C-2 acetoxyl group, and the remaining methyl singlets, of total intensity twelve, 
between 6 1.98 and 2.07, are considered to arise from the other aeetoxyl groups of 
the sugar moiety and the :C-Me group in cis dispo Ition. The singlet at ii 4.65 is 
assigned to the olefinic proton. The anomeric proto: appears al 6 4.95 as a quartet 

(JNH.I; J,,, 1.3 Hz) which collapsed into a doublr:t of spacing equal to Jls2 upon 
irradiation of the N-H proton. The equatorial H-2 \ as identified as the quartet (J, ,* ; 

Jz,s 3.2 Hz) at 6 5.47, because of the position at low field of this signal and of thecoupling 
constants involved. The quartet at 5 5.10, having a spacing equal to J2,3 and a larger 
one (J3,4 equal to 10.0 Hz), is assigned as H-3. This quartet overlaps the high-field 
branch of the triplet ( J4,5 ; J3 s4 10.0 Hz) at 6 5.20, due to H-4. As in the D-glucose 
derivative 2, protons on C-5 and C-6 give rise to an ABX aoin system in the 6 3.604.35 
region. 

The chemical shifts and coupling constants of protons H-2 to H-6 in com- 
pound (6) are very similar to those observed’ in penta-acetyl j?-D-mannopyranosyl- 
amine; this confirms the pyranose structure previously given to the former compound 
on a chemical basis’. Assignment of anomeric configurations based on the Jlm2 

values is not feasible for D-mannose derivatives. However, a tentative assignment can 
be made for compound 6 by comparing the chemical shifts of H-l and H-5 with the 
chemical shifts of the same protons in the j?-D-glucopyranose derivative 2. For 
compound 6 H-l appears at a field of 0.18 p.p.m. lower than for the D-glucose 
derivative 2. This paramagnetic shift of the axial H-l can be ascribed to the different 
shielding effect of the acetoxyl group on C-2 when in an axial instead of an equatorial 
pcsition. Deshielding effects of the same order of magnitude have been observed in 
acetylated aldopyranoses4*6 and in penta-acetyl glycopyranosylamine?. Compound 6 
would then have H-l in axial disposition and, therefore, the B-D anomeric con- 
figuration. Assuming that the rules enunciated by Lemieux and Stevens4 for the 
estimation of chemical shifts in acetylated aldopyranoses also hold for the compounds 
under discussion, the chemical shift of the equatorial H-l of the Q-D anomer of 
compound 6 would be cc. 5.15. Furthermore, the chemical shifts of H-5 in compounds 2 
and 6 are almost identical, thus suggesting that, in both cases, H-5 has the same 
neighbouring substituents on C-l and C-3. It seems reasonable to assume, by analogy 
with the observations made on acetylated aldopyranoses4, that, in the Q-D anomer 
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of compound 6, the axial amino group would produce a deshielding eftect on the 
opposing axial H-5. 

The signals due to the enamine portion of the L-rhamnose derivative 8 (see 
Table I) appear at almost the same positions as in the D-mannose derivative 6, thus 
indicating that compound 8 is also a cis isomer. Likewise, the chemical shifts and 
coupling constants of H-l in both compounds are almost identical; therefore, com- 
pound 8 is formulated with a pyranose structure and, tentatively, with the B-L ano- 
merit configuration. As in previous cases, the anomeric proton was identified by 
irradiation of N-H which caused the collapse of the H-l quartet to a doublet having 
spacing equal to J1,z (1.6 Hz). A quartet (JrS2; J2,s 3.0 Hz) is produced by H-2 at 
6 5.43; irradiation of this proton removed Jr,, and resulted in collapse of the H-l 
quartet to a doublet having a spacing equal to J NH,1 (10.0 Hz). For this compound, 
H-3 and H-4 produce a complex multiplet between 6 5.0 and 5.15. The assignment of 
the signals of the remaining protons are straightforward. 

Ethyl 3-(glycosyZamino)crotonates 
The p.m.r. spectra of these substances were measured in methyl sulfoxide-d,, 

in order to prevent effects due to hydrolysis and/or mutarotation’. Under these 
conditions, the signals produced by the protons of the enamine portion can be readily 
observed_ Treatment of the samples with deuterium oxide eliminated the signals of 
the easily exchangeable hydroxyl protons but not the doublet produced by the intra- 
molecularly bonded N-H group, which seems to undergo a much slower hydrogen 
exchange. The multiplet due to the anomeric proton then became apparent, and was 
identified by irradiation of N-H. As expected, the signals deriving from the other 
protons of the sugar moiety appear at higher field (6 3.00-3.75). For example, in the 
spectrum of ethyl 3-(/?-o-glucopyranosylamino)crotonate (3) (see Table II), the 
assignments of the doublet (JmrI 8.4 Hz) at 6 8.77 to the intramolecularly bonded 
N-H, the singlet at 6 1.96 to the cis C-Me group, and the quartet (J 7.0 Hz) at 6 3.98 
and triplet at 6 1.15 to the ethoxycarbonyl group are straightforward. The integral 
values for this part of the spectrum, which are in agreement with the above inter- 
pretation, and the absence of any signal between 8 2.0 and 2.4 indicate the absence 
of the trans form. A multiplet, of intensity three, at 6 4.44, included the signals due 
to the olefinic proton, one hydroxyl proton, and H-l. Irradiation of N-H strongly 
affected the structure of this multiplet. Treatment of the sample with deuterium 
oxide changed the multiplet into a triplet (J,,, % Jrm,l cy 8.5 Hz) centered at 6 4.44 
and assigned to H-l, and a singlet at 6 4.49 belonging to the olef?nic proton. The 
value of J, S2 is the expected one for a trans-axial relationship of H-l and H-2 on a 
pyranose ring, and indicates the /SD anomeric configuration of this compound. 

The absorptions due to the enamine portion of the remaining ethyl 3-(glycosyl- 
amino)crotonates (Table II) are almost identical to the ones of the D-glucose deriva- 
tive 3. This indicates that all of these substances are cis isomers. The anomeric proton 
of the D-galactose derivative 5 (see Table II) appears at almost the same field, 
6 4.41, as that for the D-glucose analogue; however, the value of J,,* (5.0 Hz) does 
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not allow any definite conclusion to be drawn with regard to the anomeric con- 
figuration. Therefore, formula 5 for this substance is tentative. 

In the D-mannose and L-rhamnose derivatives, H-l shows the splittings (JNH,I 
9.2-9.6 Hz; .T 1 ,* LX 1 .O Hz) anticipated for glycopyranoses having these configurations. 
However, these H-l protons appear at a field 0.3 p-p-m. lower than for the &D-&CO- 

pyranose derivative 3. This paramagnetic shit is of the same order of magnitude as 
that produced on the axial H-l of glycopyranoseS by changing the ~hydroxyl group 
on C-2 from the equatorial to the axial position6** ; it can be ascribed to the 
same effect. On this assumption, H-l in the compounds under discussion should be 
axial, and -these substance should have the B-D and B-L anomeric configurations as 
indicated in formulae 7 and 9, respectively. 

The above results show that ethyl 3-(glycosylamino)crotonates have a larger 
tendency to adopt the cis configuration la than do simple 3-(alkylamino)crotonic 
esters3. The difference is particularly noticeable in methyl sulfoxide solution in which 
ethyl 3-(methylamino)crotonate exists in the trans form to an extent of ca. 40%, 
whereas compounds 3, 5, 7, and 9, exist exclusively in the cis form la. The greater 
stability of the cis forms of these compounds might be ascribed to the electron- 
withdrawing effect of the glycosyl group which most likely increases the electro- 
negativity of the nitrogen atom and strengthens the hydrogen bond. 

ACKNOWLEDGMENTS 

The authors express their gratitude to Professor F. Garcia Gonzalez for his 
interest, and to Dr. J. Calderon, Instituto de Quimica Organica General, Madrid, 
for the microanalyses. 

REFERENCES 

1 A. G&EZ Sk3CHEZ AND 3. VELASCO DEL PINO, Carbohyd. Res., 1 (1965) 421. 
3 G. 0. DUDEK AND G. P. VOLPP, J. Amer. Chem. Sac, 85 (1963) 2697. 
3 A. G6hm SANCHEZ, M. TENA ALDAVE, AND U. SCHEIDEGGER, J. Chem. Sot. (C’), (1968) 2570. 
4 R. U. LEMIEUX AND J. D. STEVENS, Cm. J. Chem., 43 (1965) 2059. 
5 A. G~MEZ SANCHEZ, M. TENA ALDAVE, A. CERT VERTUL.&.AND U. SCHEIDEGGER,KII~~~~~S~~~ 

results. 

6 L. D. J%uL, Tetrahedron Lett., (1964) 1457. 
7 B. CASUAND M. REGGIANI, Tetrahedron Left., (1964) 2839; B. CASU, M. REGGIANI, G. G. GALLO, 

AND A. VIGEVANI, Tetrahedron, 22 (1967) 3061. 
8 R. U. LEMIEUX AND J. D. STEVENS, Can. J. Cbem., 44 (1966) 249. 

Carbohyd. Res., 9 (1969) 335-343 



344 CARBOHYDRATE RESEARCH 

Note 

Preferential toluene-p-sulphonylation of methyl 
6-0-trityl-ot-D-mannofuranoside. 
Part II’. Synthesis of 3,5.6-tri-0-methyl-D-mannose” 

Until recently, only two methyl ethers of D-mannofuranose (namely, the 
2,3,5-tri- and 2,3,5,6-tetra-O-methyl derivatives) were known’**, although derivatives 
of 5,6-di-O-methy&-mannose have been described. We have recently reported4 on 
the synthesis of 3,5-di-U-methyl-D-mannose, and we now describe the synthesis 
of 3,5,6-tri-0-methyl-D-mannose. 

Methyl 3,5-di-O-methyl-2-O-tosyl~-6-O-trityl-a-~-mannofuranoside4 (l), on 
successive detritylation, methylation, detosylation, and hydrolysis, yielded crystalline 
3,5,6-tri-0-methyl+mannose (5) having m.p. 73-74.5”, [a]E6 + 12.S” (water). The 
constitution of the sugar follows from its mode of synthesis, and con&rnation was 
obtained by the following observations: (a) demethylatior? produced mannose, 
(b) the high MG value in borate buffer showed that position 2 is unsubstituted, 
(c) oxidation with bromine water yielded a crystalline product having properties 
characteristic of a y-lactone6, and (6) the derived tri-0-methylhexitol consumed 
one mole of periodate per mole, and the oxidized sugar produced arabinose on 
demethylation. 

EXPERIMENTAL 

The general experimental methods have been described previously’. 
Methy 3,S-di-O-methyl-2-0-tosyl-a-D-mannofuranoside (2). - A solution of 

methyl 3,5-di-O-methyl-2-O-tosyl-6-O-trityl-a-D-mannofuranoside4 (1) in dry chloro- 
form saturated with dry hydrogen chloride was kept for 30 min at 0”. Neutralization 
(silver carbonate), filtration, and evaporation gave a syrup that was purified by 
chromatography on a column of silica gel, with acetone<hloroform (1:lO) as eluant, 
to give a homogeneous (t.1.c.) syrup (80%), [ali +54.9” (c 6.2, chloroform). 

Anal. Calc. for C,,H,,OsS: C, 51.05; H, 6.43; S, 8.52; OCH,, 24.73. Found: 
C, 51.16; H, 6.29; S, 8.58; OCHs, 24.22. 

‘Methyl 3,5,6-tri-O-methyl-2-0-tosyl-a-D-mannofuranoside (3). - Compound 2 
(0.90 g) was treated with methyl iodide (50 ml) and silver oxide (5 g). Filtration and 
evaporation gave a homogeneous (t.1.c.) syrup (0.90 g, 95%), [a]&’ +62.2” (c 3.05, 
chloroform). 

Anal. Calc. for C,7H260sS: C, 52.32; H, 6.27; S, 8.22; OCH,, 31.79. Found: 
C, 51.92; H, 6.35; S, 7.88; OCH,, 31.50. 

*For Part. I, see Ref. 4. 
**Contribution No. 107 of the Food Research Institute, Canada Department of Agriculture. 
*Tosyl = toluene-p-sulphonyl. 
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Methyl 3,5,6-tri-O-methyl-a-x-D-mannofuranoside (4). - A solution of com- 
pound 3 (0.866 g) in dry methanol (25 ml) was mixed with a solution of sodium 
methoxide (from 1.2 g of sodium) in dry methanol (25 ml). After the mixture had been 
refluxed for 16 h, it was cooled to room temperature and evaporated, water (15 ml) 
was added, and the suspension was extracted with chloroform (3 x 15 ml). Evaporation 
of the extract yielded a syrup (0.456 g, 87%), [a]:’ t-61.8” (c 5.5, water). Paper 
chromatography of the glycoside produced a single spot having RF 0.84 (solvent A) 
and giving a blue stain with spray B (Found: OCH3, 51.81. Tri-0-methylhexoside 
GalG.: 52.5%). 

3,5,6-Tri-O-methyl-D-mannose (5). -Compound 4 (0.425 g) was hydrolyzed with 
0.5N sulphuric acid (4 ml) for 3 h at 100”. Neutralization (barium carbonate), filtration, 
and evaporation of the hydrolysate gave a syrup that showed two minor, faster- 
moving impurities, besides the main component (t.1.c.). The impurities were removed 
by chromatography on a column of silica gel with chloroform-acetone (l:l). The 
syrup (0.380 g, 95%), on paper-chromatographic (solvent A) and electrophoretic 
examination showed a single component having R,, Ra, and MG values of 0.60, 
0.77, and 0.52, respectively. Immediate crystallization was induced on storage of 
the syrup in a vacuum desiccator. Recrystallization from isopropyl ether, first at 
room temperature and then at 0”, gave compound 5, m.p. 73-74.5”, [a]2,6 + 10.6 
(3 min)+12.8’ (5 h, equil.) (c 1.5, water). 

Anal. Cab. for C,H,aO,: C, 48.64; H, 8.15; OCH3, 41.90. Found: C, 48.95; 
H, 8.42; OCH,, 41.99. 

3,5,6-Tri-O-methyl-D-mannono-I,~-factone (6). - A mixture of compound 5 
(0.07 g), water (2 ml), barium carbonate (0.15 g), and bromine (20 drops) was kept 
in the dark for 70 h. Bromine was removed by aeration, and the solution, after acidifi- 
cation with hydrochloric acid, was extracted continuously with chloroform for 24 h. 
The extract was dried (Na,SO,), filtered, and concentrated to a syrup which was 
distilled at 140-145” (bath)/O.Ol mm to give the lactone. Crystallization from iso- 
propyl ether containing a few drops of ethanol gave compound 6, m.p. 132-133”, 
[a]g6 +43.2 (initial)+ f37.5” (14 days, incomplete) (c 0.53, water), v:t: 1780 cm-‘. 

Anal. Calc. for CgHr606: C, 49.09; H, 7.27. Found: C, 49.19; H, 7.20. 
Periodate oxidation of 3,5,6-tri-O-methykwnannito~. - 3,5,6-T&O-methyl-D- 

mannose (0.068 g) was reduced with sodium borohydride’. The resulting, syrupy 
hexitol (0.064 g) was oxidized in aqueous solution (50 ml) containing 0.1~ sodium 
periodate (20 ml). The consumption of periodate, determined by the arsenite method’, 
was 1.08 moles per mole of hexitol after oxidation for 2 and 24 h. 

The solution remaining after periodate oxidation was extracted with chloroform 
(12 x 20 ml). The syrupy product was recovered, and a portion (0.005 g) on demethyl- 
ation with boron @ichlorideS gave arabinose (identification by paper chromatography) 

Food Research Institute, 
Cana& Department of dgriculture, 
Ottawa (Canada) 

I. R. SIDDIQUI 
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Note 

The reaction of D-glucose benzoylhydrazone with base 

It was reported by Pinkus’ that D-glucose -reacts with benzoylhydrazine in 
aqueous alkali to yield glyoxal bis(benzoylhydrazone) (1) and pyruvaldehyde bis- 
(benzoylhydrazone). Diels and coworkers2 obtained glyoxal bis(phenylhydrazone) 
in high yield when D-arabino-hextdose phenylosazone was refluxed in 1% alcoholic 
potassium hydroxide for 5 h. Simon and Moldenhauer3 observed that hot 0.1~ 
alcoholic potassium hydroxide converts D-arabin+hexulose phenylosazone into 
glyoxal bis(phenylhydrazone) in 85% yield, and into 2,4_dihydroxybutyric acid in 
about 45% yield. Wolfrom and coworkers4 obtained glyoxal bis(phenylhydrazone) 
when either D-galactose phenylhydrazone or o-arabinose phenylhydrazone was 
heated with metbanolic or ethanolic pyridine at 120-130”. These investigators 
suggested that homolytic fission occurs, followed by the union of two C, fragments 
to yield the osazone. 

H-C = N-NHPh + 2H--&=N-NHPh + H-C=N-NHPh 

I I 
GJ H-C=N-NHPh 

We have observed that, when D-arabino-hexulose benzoylhydrazone (2) 
is reflexed in 1% potassium hydroxide in ethanol for 1 h, the solution is acidified with 
acetic acid, and sufficient water is added to dissolve the brown residue, glyoxal 
bis(benzoylhydrazone) (1) separates in low yield. In order to determine the source 
of the glyoxal carbon atoms, D-glucose-i- 14C benzoylhydrazone (2a) and D-glucose- 
2-14C benzoylhydrazone (2b) were prepared, and subjected to the same alkaline 
decomposition. The results are described in Table I. 

The results indicate that, in forming osazone 1, a labeled entity derived from 
C-l and C-2 of 2 competes with glycolaldehyde fragments derived from the non- 
labeled atoms C-3 to C-6 of 2 for reaction with the benzoylhydrazone groups. Dilution 
of the product from the labeled fragment with that from the nonlabeled fragments 
accounts for the specific activity observed. The fragmentation could result from a 
reversed-aldol mechanism’. 

Supporting this approach is our observation that the reaction of 2 with glyoxal 
in the presence of acetic acid produces 1 in good yield. Simon and coworker@ 
reported the conversion of 2-(phenylhydrazino)acetaldehyde phenylhydrazone 
(PhNHNHCH,-CH=N-NHPh) into the osazone in high yieId in nonaqueous 
medium in the presence of acetic acid and the absence of phenylhydrazine. They also 
reported the ready conversion of glycolaldehyde into glyoxal bis(phenylhydrazone) 
in the presence of phenylhydrazine in methanolic acetic acid. 
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TABLE I 

XXADlOAmITY DATA 

Ru:io of actioity of Actioity, dptnlmg 
giyOXd bis(benzoylhy&azone) Reactant 
to r&t of D-&Zron? be?r.z&- 
iiy&ozone 

Product 
Gtyoxol bls(benzoyByuFuzone) 
(Mol. wt. 294) 

0.333 
0.284 
0.288 

0.319 
0.308 
0.249 

D-ghCOSe-l~4c benzoylhydra- 
zose (MoL SY. 298) 

61,800O 20,500 
78,000 22,000 

111,500 32,000 

D-ghcose-2-14c benzoylhydrazone 
Nooo 20,400 

62,400 19,200 
101,500 27.300 

ExPEsuMENTAL 

Materials and metho& - D-G1ucose-l-L4 C and -2-14C were purchased from 
Nuclear Chicago. Radioactivity was measured with a Nuclear Chicago Liquid 
Scintillation Counter. 

D-Glucose benzoylhydrazone (2,2a, and 2b). - A solution of D-glucose (1.00 g) 
and benzoylhydrazine (1.00 g) in 95% ethanol (10 ml) was refhrxed for 8 h, and then 
cooled to give 2, as colorless crystals; yield 1.19 g (71%), m.p.’ 185-187” (dec.), that 
could be recrystallized from 95% ethanol. 

Reaction of 2,2a, and2b with base. - A solution of D-glucose benzoylhydrazone 
(100 mg) in 1% ethanolic potassium hydroxide was refhuced. The mixture turned dark 
brown almost immediately. After 1 h, the solution was acidilied with glacial acetic 
acid, and water was added to dissolve the brown residue. Yields of l-4 mg of 1 were 
obtained in different experiments. Compound 1 was identified by its i-r. spectrum, 
m.p. and mixed m.p. 

Samples (l-2 mg) for counting were solubilized with Nuclear Chicago NBS 
(10 drops), scintillation solution (5 ml)* (Nuclear Chicago Liqua3uor diluted 25:l 
with toluene) was added, and then acetic acid was added until the yellow color had been 
discharged or until the soiution was acidic, and the milky sample was immediately 
counted. Compounds 1 and 2 were counted at the same time in the same way. 

ACKNOWLEDGMENT 

This work was supported, in part, by a City University Faculty Research Grant. 

Department of Chemistry, C.S. RUSSELL 
The City CoIiege of The ROBERT LYONS 
City University of New York, 

Net0 York, iV. Y. IO031 (U. S. A.) 

*Samples were counted with 5 ml and 10 ml of scintillation solution to maximize the counts. 

Carbohyd- Res.. 9 (1969) 347-349 



NOTE 349 

REFERENCES 

1 G. PXNKUS, Chem. Ber., 31 (1898) 31. 
2 0. DIELS. R. MEYER, AND 0. ONNEN, rtnrr., 525 (1936).94. 

3 H. SIMON AND W. M~LDENHAUER, Chem. Ber., 100 (1967) 312i. 
4 H. EL KHADEM, M. L. WOLFROM, 2. M. EL SHAFEI. AND S. H. EL A~HRY, Carbohyd- Res., 4 (1967) 

225. 
5 W. L_ Eves CJtem. Rev_. 31 (1942) 537, 
6 H. SIMON, G. HEURACX-I, AND H. WACKEIR, Chew. Ber., 100 (1963) 31O6. 

7 B. H~LMBERO, APED Kern& 7 (1954) 50. 

Carbohyd. Res., 9 (1969) 347-349 



350 ’ 

Note 

CARBOHYDRATE RESEARCH 

Photochemical degradation of some 2.4-dinitroanilino derivatives 
of sugars* 

Photochemical procedures for effecting preparative transformations in the 
carbohydrate field, introduced in earlier work from this laboratory’, have been 
demonstrated in several different systems ‘*‘. The present report describes the behavior 
of I-deoxy-1-(2&dinitroanilino)-D-glucitol (4) and the sodium salt (2) of 2-deoxy- 
2-(2,4-dinitroanilino)-D-gluconic acid upon irradiation with ultraviolet light. 

Akabori and co-workers4 observed that N-(2,4_dinitrophenyl) derivatives 
of a-amino acids are photosensitive, whereas the a-N-(2&dinitrophenyl) derivative 
of lysine is stable to light. Russell 5*5 showed that photolysis of W(2,4dinitrophenyl)- 
leucine gives 3-methylbutyraldehyde, carbon dioxide, and 4-uitro-2-nitrosoaniline; 
other N-(2,4-dinitrophenyl) derivatives of a-amino acids also undergo photo&tic 
degradation, although 4-uitro-2-nitrosoaniline is not formed in all instances. Neadle 
and Pollitt’ established that 6-nitrobenzimidazole l-oxide may be a minor product 
accompanying 4-nitro-2nitrosoaniline, and the proportions of these two products 
depend upon the pH of the solution being photolyzed. 

Since N-(2Jdinitrophenyl) derivatives of amino sugars are frequently used 
for chromatographic separation and for characterization of the parent amino sugars, 
it was of interest to study the behavior of such derivatives upon irradiation_ The 
objectives of this investigation were to determine whether degradations of the type 
observed’ with N-(2,4-dinitrophenyl)leucine take place in carbohydrate derivatives 
containing an a-amino acid system, and also to assess the stability to light of the 
2,4_dinitroanilino group when it is substituted on an alditol chain. 

i-Deoxy-l-(2,4-dinitroanilino)-D-glucitols~10 (4) was prepared in essentially 
quantitative yield by treatment of I-amino-l-deoxy-D-glucitol oxalate’l with l-fluoro- 
2&dinitrobenzene in the presence of sodium hydrogen carbonate, and the product 
was further characterized as its pen&acetate (see Experimental section). Irradiation 
of an aqueous methanolic solution of 4 for 96 h, with a mercury-arc lamp enclosed in 
a quartz finger immersed in the solution’, caused no decomposition of 4 that could 
be detected by chromatography. Addition of sodium hydrogen carbonate to the 
solution had no marked effect, although very slight decomposition was observed 

*Supported by the Nationat Institutes of Health, Public Health Service, Department of Health, 
Education, and Welfare, Bethesda, Maryland, 20014; Grant No. GM-11976-04 (The Ohio State 
University Research Foundation Project 1820). 
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after irradiation for 72 h. It was concluded that compound 4 is not appreciably 
changed by U.Y. irradiation unless a very extended period of exposure is used. 

A 2-deoxy-2-(2$-dinitroanilino)aldonic acid was prepared for photochemical 
study by treating 2-amino-2-deoxy-D-gluconic acid” (1) with I-fluoro-2+dinitro- 
benzene and sodium hydrogen carbonate in aqueous ethanol, to give 2-deoxy-2-(2,4- 
dinitroanilino)-D-gluconic acid as its sodium salt (2). The crude reaction product 
contained 2 as the major component; by preparative t.l.c.13, 2 was obtained free 
from minor side-products of greater chromatographic mobility. The salt 2, obtained 
as a chromatographically homogeneous, yellow glass, showed i-r. spectral absorption 
for the ionized carboxylate group; absorptions for un-ionized CO,H groups or 
C = 0 groups of a lactone were absent. 

Irradiation of 2 in water or aqueous sodium hydrogen carbonate, by the pro- 
cedure used for the alditol derivative 4, led to complete decomposition of 2 in 2.5 h, 
as revealed by t.1.c. and paper chromatography. The U.V. spectrum of the solution 
showed characteristic changes over this period of time (see Experimental section); 
irradiation for longer periods did not cause noticeable further changes in the U.V. 
spectrum of the solution or in chromatograms of the product mixture. 

The product mixture contained a yellow component that could be extracted 
into ethyl acetate. Evaporation of the extract gave a yellow solid that contained no 
carbohydrate moiety, as shown by n.m.r. spectroscopy. The chromatographic and 
spectral properties of the yellow solid indicated that it was probably 4-nitro-2- 
nitrosoaniline5, together with a second, minor product. The colorless, aqueous solution 
remaining after extraction with ethyl acetate was found to contain a singlecomponent, 
a carbohydrate indistinguishable from D-arabinose (3). Acetylation of this product 
gave tetra-O-acetyl-a&D-arabinopJranose, indistinguishable by n.m.r. spectrum from 
an authentic sample prepared by acetylating syrupy &P-D-arabinose. 

co; 
I 

HCNHf 

I 

~0~ 

HOCH 

I - 
t-icon HCOH 

I I 
HCOH tKOH 

I I 
HCOH 

C+OH C%OH 
3 I 

CH20H 

1 2 4 

The results indicate that the amino sugar derivative 2 is readily degraded by 
U.V. light to the corresponding lower aldose 3, whereas the alditol derivative 4 is 
stable. This difference in behavior may be a useful diagnostic tool in structural work. 
The ease with which compound 2 is degraded by U.V. light serves to emphasize the 
need for caution in spectrophotometric assays or chromatographic resolution of 
similar compounds, if interference from artifacts of photolytic degradation are to 
be avoided. 
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It may be possible to use the reaction 2-3 as a method for one-carbon descent 
of the chain with 2-amino-2-deoxyaldoses, by oxidation of an N-(2,4-dinltrophenyl) 
derivative to the aldonic acid, followed by photolysis of the latter. Identification 
of the resultant aldose would serve to establish the total structure of the amino sugar, 
except for the configuration at C-2. Such a method might be a useful complement 
to the one, useful for free 2-amino-2-deoxy sugars, that is based on degradation with 
ninhydrin14. 

EXFERIMENTAL 

General. - Solutions were concentrated below 40” under diminished pressure. 
Melting points were determined with a Thomas-Hoover “Unimelt” apparatus and 
are uncorrected. 1.r. spectra were measured with a Perkin-Elmer Model 137 “Infra- 
cord” i.r. spectrophotometer. N.m.r. spectra were measured at 60 or 100 MHz with 
Varian A-6OA or HA-100 n.m.r. spectrometers. Chemical shifts are given on the 
r-scale, for solutions in chloroform-d with tetramethylsilane as the internal standard. 
X-Ray powder diffraction data give interplanar spacings, A, for CuKa radiation. 
The camera’diameter was 114.59 mm. Relative intensities were estimated visually: 
m, moderate; s, strong; w, weak; v, very. The strongest lines are numbered 
(1, strongest), and double numbers indicate approximately equal intensities. Micro- 
analyses were performed by W. N. Rond. T.1.c. was conducted with Silica Gel G 
(E. Merck, Darmstadt, Germany), and colorless components were detected with 
sulfuric acid. Paper chromatography was performed on Whatman No. 1 paper, 
and colorless components were detected with alkaline silver nitrate and aniline 
hydrogen phthalate. 

Irradiation procedure. - The urmltered output of a mercury-arc lamp was 
used, by the procedure described by Horton and Jewell’. 

I-DeoXy-l-(2,4-dj~itroanilino)-D-gluciroz (4). - To a Solution of l-amino- 
I-deoxy-D-ghicitol oxalate l1 (22.6 g, 100 mmoles) and sodium hydrogen carbonate 
(16.8 g, 200 mmoles) in a mixture of water (250 ml) and acetone (250 ml) was added 
I-fluoro-2,4dinitrobenzene (18.6 g, 100 mmoles) and the mixture was stirred for 
18 h at 30”. The slightly turbid solution was filtered, and the filtrate was concentrated 
to 100 ml. The resulting suspension was kept for 1 h at O“, and the product was 
filtered off, washed with two 50-ml portions of water at 0”, dried, and recrystallized 
from hot water (500 ml) to give 4, yield 33.5 g (97%), m.p. 164-165.5”; t,, (40% 
methanol in water) 214.1 (E 1.33 x 104), 256.9 (9.57 x 103), and 361.1 nm (1.82 x 104). 

For this compound, prepared by somewhat different procedures, Weygand 
et al.’ gave m.p. 166”; Foye and Feldmann’ gave m.p. 167-169”; and den OtterlO 
gave m.p. 151-152O. 

2,3,4,5,6-Penta-O-acetyZ-Z-deoxy-I-(2,4-dini~ro~i~ino)-~-glucitoZ. - A solution 
of 4 (1.00 g) in pyridine (10 ml) and acetic anhydride (5 ml) was kept for 18 h at 
25” and then poured onto ice (60 g). The mixture was stirred for 3 h, during which 
time the gum #at was precipitated initially solidified. The product was filtered off, 
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washed with water, and dried; yield 1.60 g (99%). Recrystallization from boiling 
ethanol (50 mI) gave the product as large, lemon-colored prisms; yield 1.58 g (98%), 
m.p. 124-126”, [c&l +2.9 + 1.2” (c 1.7, chloroform); X-ray powder diffraction data: 
11.55 w, 8.67 vw, 7.44 vs (2), 6.41 VW, 5.87 s (3,3), 5.03 w, 4.70 m, 4.50 m, 4.12 vs (l), 
3.75 s (3,3), 3.61 VW, and 3.25 m. 

Anal. CaIc. for Cz2H2,N3014: C, 47.39; H, 4.89; N, 7.54. Found: C, 47.35; 
H, 5.13; N, 7.85. 

Irradiat_ion of I-deoxy-I-(2,4-dinitroaniZino)-D-glucitoZ (4) - A. In aqueous 

methanol. A solution of 4 (720 mg) in 80% aqueous methanol (150 ml) was irradiated’ 
under nitrogen for 96 h at room temperature. Throughout the experiment, only 
starting material (RF 0.85, papergram, 4:1:5 butyl alcohol-acetic acid-water) could 
be detected, before or after spraying the paper with aniline hydrogen phthalate. 

B. In the presence of sodium hydrogen carbonate. To a solution of 4 (520 mg) 
in warmmethanol (60 ml) were added water (40 ml) and a solution of sodium hydrogen 
carbonate (1.5 g) in water (50 ml), and the solution was irradiated for 72 h. At the 
end of this time, chromatographic examination showed that 4 remained essentially 
unchanged, although a trace of material having the chromatographic characteristics 
of o-glucose was present, together with a trace of a yellow component having RF - 0.9. 

Sodium 2-deoxy-2-(2,4-dinitroaniZino)-D-ghxcon (2). - To a solution of 
2-amino-2-deoxy-D-gluconic acid12 (1, 2.6 g) and sodium hydrogen carbonate (4.66 g) 
in water (60 ml) was added a solution of l-fluoro-2,klinitrobenzene (4.96 g) in ethanol 
(60 ml), and the mixture was stirred for 3 h at room temperature. The solution was 
concentrated in vacua to remove ethanol, and the aqueous solution was washed 
3 times with ether to remove excess of l-fluoro-2&dinitrobenxene. The aqueous 
solution was brought to pH 7 by adding M hydrochloric acid, and then evaporated 
below 35”, and the residue was dried in a vacuum desiccator. The residue was extracted 
with methanol (50 ml) and the extract was filtered from insoluble salts. The extract 
was evaporated, and the residue was dried, re-extracted with methanol, and the 
extract freed of insoluble salts by titration. Evaporation of the solvent gave crude 2 as 
a yellow syrup in essentially quantitative yield. This product showed moderate 
absorption at 5.82 pm in its i.r. spectrum (film), and t.1.c. (3:2 chloroform-methanol) 
showed the presence of a yellow, major component having RF -0.2 and minor, 
yellow components having RF -0.6 and -0.8. The major component was isolated 
from 320 mg of the crude syrup by preparative t.l.c.13 on 4 plates coated with a 
l-mm layer of adsorbent, to give chromatographically homogeneous, syrupy 2, 
yield 219 mg (68%), [ali -44 22” (c 0.8, water); RF 0.86 (papergram, 4:1:5 butyl 
alcohol-acetic acid-water), 0.54 (papergram, 4: 1 tert-butyl alcohol-4.25M aqueous 
ammonia); ,I,,,, (in 4% aqueous NaHCO,) 231.1 (~9.1 x lo”), 267.1 (9.1 x 103), 
365.1 nm (1.5 x 104); Az’n”: 2.95 (OH), 6.12 (CO,-), 6.38, 6.54, 6.67 sh (aryl C=C), 
7.04, 7.45, 7.80 sh, 8.05 sh, 8.60, 8.72, 9.00, 9.55 (broad), 10.75, 12.1 (broad), and 
13.38 pm. The product was dried in uacuo for 3 days at 100”. 

Anal. Calc. for C12H14N3NaO10: C, 37.60; H, 3.68; N, 10.96; Na, 6.00, 
Found: C, 37.77; H, 4.29; N, 10.87; Na, 5.71. 
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The i.r. spectrum of the cbromatograpbically purified 2 resembled that of the 
crude product, except that no absorption near 5.8 pm was observed. The elemental 
analysis indicated the presence of water of hydration even after prolonged drying. 

PhotoZysis of sodium 2-deoxy-2-(2,4-dirzitt_oanih_no)-D-gluconate (2). - A 
solution of the salt 2 (192 mg) in 4% aqueous sodium hydrogen carbonate (150 ml) 
was photolyzed at room temperature, and the progress of the reaction was monitored 
by chromatography and by U.V. spectroscopy of aliquot samples. T.1.c. (3:2 chloro- 
form-methanol) revealed that the starting material had been completely decomposed 
after 2.5 h. The u-v. spectrum (which, at the outset, showed maxima at 365 and 267 nm, 
in approximately 2:l relative intensity) changed until, after 3 h, maxima were observed 
at 349 and 279 nm in approximately equal intensities (compare refs. 5 and 6). The 
absorption at 231 nm, observed for 2 at the outset, shifted to 215 nm after 3 h, with 
little change in intensity. Irradiation for a further 3 h gave no further change in the 
product, as revealed by chromatograpbic or U.V. spectral examination_ 

The photolysis was halted after 6 h, the suspension was filtered to remove a 
small amount of brown, insoluble material, and the yellow titrate was extracted with 
three 30-ml portions of ethyl acetate. Evaporation of the combined extracts gave a 
yellow solid (-60 mg) that showed no signals above t 4.0 in its n.m.r. spectrum; 
paper chromatography (4: 1 tert-butyl akoholA.25hr aqueous ammonia) revealed 
the presence of two yellow components having RF 0.85 (minor) and 0.90 (major), 
and no additional components were revealed when the paper was sprayed with aniline 
hydrogen phthalate. Paper chromatography of the aqueous phase reveaIed no colored 
component; &d, when the paper was sprayed with aniline hydrogen phthalate, 
a single component, having chromatographic characteristics identical with those of 
D-arabinose (3), was observed. 

Evaporation of the aqueous phase, and acetylation of the residue with acetic 
anhydride-sodium acetate gave tetra-O-acetyl-a&D-arabinopyranose, which was 
chromatographically homogeneous (RF 0.65, t.l.c., 9: 1 benzene-methanol) and, 
by t-l-c., i-r. spectrum, and n.m.r. spectrum, identical with a sample of the tetraacetate 
prepared by acetylating a mutarotated sample of D-arabinose. The n.m.r_ spectrum 
(100 MHz) showed that the a-D pyranose anomer (7 4.32, doublet, .J1,2 6.3 Hz, 

H-l; 7 7.86, 7.88, 7.93, 7.95, acetyls) was the major component; these data coincide 
with those determined for an authentic sample of a-D-arabinopyranose tetraacetate. 
The fi-D-pyranose anomer (7 7.84, 7.98, acetyls) was also present_ 

Longer periods of irradiation were required for decomposition of all of the 
starting material when larger samples of 2 were employed_ 

In a second experiment, a solution of 2 (315 mg) in salt-free water (150 ml) 
was photolyzed for 6 h at room temperature under nitrogen. ‘Ibe solution was extracted 
with ethyl acetate to remove yellow material (-79 mg) and the colorless, aqueous 
phase was concentrated to -20 ml. The solution was passed through a column of 
Amber&e MB-3 mixed-bed resin (15 ml), and the column was washed with water 
(200 ml). Evaporation of the combined effluents gave chromatographically homo- 
geneous D-arabinose (3); yield 65 mg (52%). Crystallization from aqueous methanol 
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gave the I-D anomer of 3, m.p. 158-159°, [c# -103” (equil., c 1.0, water) @t.l’ 
m.p. 159-160”, [& - 105.1” in water), identical with an authentic sample by mixed 
m-p. and X-ray powder diffraction pattern. 
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Note 

CARBOHYDRATE RJSEARCH 

Mutarotation of D-glucose and D-mannose in aqueous solution* 

D-Glucose (1) and o-marmose (2) exhibit pseudo-first-order kinetics during 
mutarotation, as monitored by the changes in optical rotation (o.r.) in a suitable 
solvent. Each of these hexoses is available as the a- and the /l-pyranose in crystalline 
form. Both anomers of each sugar exhibit the same kinetics of mutarotation; hence, 
it would be expected that, at equilibrium in water, these two hexoses are present in 
only two major forms, namely, the a- and the @-pyranoses. Optical rotation studies, 
however, cannot exc!ude the possible presence of other tautomers (e.g., the a- and 
/&furanoses) which, due to compensation, might not contribute to the optical rotatory 
data. Recently, the trimethylsilylation procedure’ for preparing volatile derivatives 
of sugars has been appliedze3 to the measurement, by g.l.c., of the individual tautomers 
of D-galactose in solution in pyridine. Bentley and Botlock4 developed a trimethyl- 
silylation procedure, and prepared pertrimethylsilyl derivatives of sugars without 
apparent change in the position of the anomeric equilibrium that exists in water. 

Identification of the pertrimethylsilyl derivatives of tautomers separated by 
g.1.c. is a prerequisite to use of the procedure of Bentley and Botlock4 for the study of 
the tautomerization of sugars. The pertrimethylsilyl derivatives of D-glucopyranose 
and D-mannopyranose tautomers obtained by g.l.c.3 have now been characterized 
by elementary analysis, polarimetry, and p.m.r. and i.r. spectrometry. For both of 
these hexoses during mutarotation and at equilibrium in aqueous solution, the 
kinetic and thermodynamic data obtained by g.l.c.4 have been compared with those 
calculated from o.r.** for the same sample, in order to determine the extent to which 
the trimethylsilylation procedure alters the position of the reaction, either during 
mutarotation or at equilibrium. 

The gas-liquid chromatograms of the pertrimethylsilyl derivatives of mutaro- 
tated o-glucopyranose and D-mannopyranose showed two peaks (see Fig. 1). For 
characterization, each compound was isolated by preparative g.1.c. as previously 
described3. The data used to establish the identity of each peak, in descending order 
of elution from an (ethylcyano)siliconz column are shown in Table I. The molecular 
rotations found are consistent with those reported for the peracetylated tautomers 
of rr-glucopyranose and D-mannopyranose6. The 1CKLMHz p.m.r. spectra of the four 

*Presented, in part, at the 155th meeting of the American Chemical Society at San Francisco, 
California, in April, 1968. 
**The rate and equilibriumconstants werecalculated according to the procedure described by Isbeli 
and PigmarS. 
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compounds in chloroform-d showed three general types of protons. (a) The first 
signal of three sets occurred at z 4.5-5.5, and is assigned to the anomeric proton. 

c 

JO 14 18 

TIME {Minufes] 

22 

2A 

L 

4.5 7.5 JO.5 73.5 

TIME (Minutes) 

Fig. 1. Gas-liquid chromatogram of per-U-trimethylsilylated tautomers of o-glucose (1) and 
o-mannose (2) in aqueous solution at the equilibrium. 

TABLE I 

DATA CHARACTERIZING TEE TRIMETHYISILYL TETRA-O-(TRIhlETlIYLSILYL)-D-HEXOSLDES STUDIED 

PertrimethykiIyf ether of 
trimeth_vIsiIyl 

[alz3 
degZes 

IM] loo-MHz, p.m.r. data EIementary 
analysis 

Chemical shift Jr,2 coupling 
of w-1 (Hz) C H Si 

signal, t percenta found 

a-o-Glucopyranoside +80.5 +43,500 4.6 (doublet) 3.0 46.71 9.61 25.53 
P-D-Glucopyranoside + 4.6 + 2,530 5.2 (doublet) 7.0 46.69 9.58 25.29 
a-o-Mannopyranoside +40.5 +21,870 5.1 (doublet) 1.2 46.06 9.70 25.08 
@-o-Mannopyranoside -20.1 - 10,870 5.3 (singlet) 0.0 46.62 9.59 25.58 

Walt. for CsH7Os(SiMea)s; C, 46.66: H, 9.63: Si, 25.92%. 

According to Lemieux et al.‘, the anomeric proton of an a-D-aldohexopyranose in 
the CI (D) conformation resonates at a iower chemical shift than for the #?-D anomer 
in the same conformation, owing to interaction of this proton of the former with the 
p-orb&& of the ring-oxygen atom. For the four compounds studied, the signals given 
by the anomeric proton and their fist-order coupling-constants (Jr,*) are in good 
agreement with the anomeric configurations assigned. (6) The second set of signals, 
at r 5.5-7.0, is assigned to the remaining methine and methylene protons. (c) The third 
set, resonating at about z 10, is assigned to protons of the O-trimethyIsiIy1 groups. 
The integrated areas of these three sets of proton signals were in the ratios of 1:6:45, 
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consistent with the view that the pairs of compounds isolated are the pertrimethyl- 
silyl ethers of the anomers of trimethylsilyl D-glucopyranoside and D-mannopyranos- 
ide, respectively. Moreover, i.r. analysis failed to reveal any bands attributable 
to. hydroxyl or carbony absorption. The results of elementary analysis of these four 
compounds were in agreement with the values calculated for C,H,O,(SiMes)s. The 
structural and configurational assignments for each compound were verified by 
trimethylsilylation immediately after dissolution of each pure, crystalline compound 
(1 and 2) in water; g.1.c. then revealed only one major peak for the compound having 
the configuration assigned. 

TABLE II 

kx 
RATE CONSTANTS= OF Q Z+ p TRANSFORhUiTION DETERMINED BY G-L-C. AND 0-R. 

ka 

sugar Rate g.1.c. 
constant (x IO-) 

DGlucopyranose k$- 0.63 
ka”-5” 0.39 
k$- 1.69 
k+=’ 1.02 

D-Mannopyranose kl15” 0.48 
ka=‘” 1.04 
k125” 1.31 
k&=’ 2.78 

nCaIculated as log10 and expressed in min-1. 

ax- 

(x 10-9 

0.70 
0.41 
1.69 
1.03 
0.44 
1.02 
1.25 
2.84 

The information obtained from these data indicates that 1A and 1B (see Fig. 1) 
are trimethylsilyl tetra-O-(trimethylsilyl)-c and -j?-D-glucopyranoside, respectively, 
and 2A and 2B are trimethylsilyl tetra- C%(trimethylsilyl)-c+ and -j?-D-mannopyrano- 
side, respectively. 

The rate constants of the cz 2 /3 tr an sf ormation, determined by both g.1.c. 
2 

and or. during mutarotation and at equilibrium, are shown in Table II. The thermo- 
dynamic properties of the a $ fl t ransformation, calculated from the data given, are 
summarized in Tables III and IV. The value of dH obtained for D-glucopyranose is 
in agreement with that calculated from the optical rotatory data of Isbell and P&man* 
(- 59 cal/mol); however, these values are about 20% of those measured by calori- 
metryp*lo. The reason for this discrepancy is not yet known. The thermodynamic data 
of activation, E, and dSf for D-glucopyranose are 5 to 10% lower than those reported 
by S&mid and Bauer” and Los and Simpson I2 . The value of d Gt for D-glucopyranose 
is about 10% lower than those reported l1 It is interesting that, from the thermo- . 
dynamic data, the observed entropy of activation for both of these hexoses is about 
20-30 times the entropy dxerence between a- and /?-D-hexopyranoses. Therefore, 
we suspect that the structure of the transition state is significantly different from that 
of either of the two pyranose anomers. 
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TABLE III 

THERhfODYNAhUCS OF EQUILIBRIUM FOR o( + B TRANSFORhIATION" 

D-GIucopyra12ose~ D-MannopyranoseC 

g-I-c. 0-r. g.2.c. 0-r. 

AG -311 -313 +440 +480 
AH -50 -50 +254 +313 
AS +0.87 +0.84 -0.64 TO.57 

aExpressed in cal. mol-l, except for entropy values, which are given in cal. mol-l .deg-I. 
bCalculated for 30”. 
%alculated for 20”. 

TABLE IV 

kr 
mmhfo~twmrcs ~FA~TIVATI~N FOR asp TRANSFOR~~ATION~ 

kr 

Sugar g.I.c. 0.r. 

kl kz kl ka 

AGS +22.11 +22.78 f22.08 +22.78 
D-Glucopyranoseb En f18.01 +17.57 f16.09 +16.81 

Ass -13.5 - 17.1 -19.8 - 19.6 

AGS +21.89 f21.44 +21.92 +21.43 
D-Mannopyranosec Ea +17.04 +16.85 +17.75 +17.43 

ASt - 16.49 - 15.66 - 14.22 - 13.66 

%xpressed in kcal. mol-r, except for entropic values, which are in cal. mol-r.deg-1. 
bCaIculated at 30’. 
CCalcuIated at 20”. 

The kinetic and thermodynamic data obtained from g.1.c. are in excellent 
agreement (r = 0.99) with those calculated from optical rotation results. The results 
of the present study increase the potential usefulness of this g.1.c. technique as a 
method in the study of tautomerization of sugars, especially for those sugars that 
exhibit complex mutarotation. 
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Preliminary communication 

The synthesis of (1 S,4!3)-7-toluene-p-sulphonyloxy-2,5-Dioxabicyclo[ 2.2.11 heptane’ 

As a part of a programme’ directed towards the synthesis and reactions of 
bicyclic systems containing two heteroatoms, we now report on base-promoted 
cyclization reactions of sulphonates 1 and 2 leading to derivatives of dioxabicyclo [2.2-l ] - 
heptane. 

Treatment of the Pans-disulphonate’ 1 with boiling, methanolic sodium 
methoxide (2.2 mol) for 5 h gave a product (80%), m-p. 73-74”, [a] D --55O (c 1, 
chloroform), which had a molecular weight of 270 (mass spectrometry) and an elemental 
analysis corresponding to the molecular formula, C12 HIGO S. The presence of the 
sulphonic ester group and the absence of a hydroxyl group were confirmed by infrared 
spectroscopy. These data suggested that the product was (lS,45’)-7-toluene-psulphonyloxy 
2,5-dioxabicyclo [2.2.1] heptane (3). The formation of 3 can be rationalized in terms of 
an intramolecular, nucleophilic displacement. The hydroxyl group in compound 1 is 
D-am to the C-4 tolueneq-sulphonyloxy group and thus suitably disposed, in the 
presence of methoxide ion, for rearward attack to give the dioxabicycloheptane 3. 

CTs 
3 R=Ts 

OTs OTs 

1 4 R=H 2 
5 R=Ac 

Structure 3 is supported unequivocally by the n.m.r. spectrum which showed 
the following signals: a 3-proton singlet at 2.45 p.p.m. (methyl); a 4-proton multiplet 
centered at 7.60 p.p.m. (aromatic): 2-proton singlets at 3.86 and 3.95 p.p_m. (C-3 and 
C-6 methylene groups): l-proton multiplets at 4.22 and 4.26 p-p-m. (H-l and H4); and a 
l-proton quartet at 4.78 p_p.m. (H-7). 

Compound 3 is totally asymmetric; the chiral centres at C-l and C-4 have the 
S configuration, and C-7 has no chirality. The cyclization 1 -+ 3 involves the loss of the 
original asymmetry of C-3. From this type of geometry, it follows that the cis-di-0 
sulphonyloxy system 2 should also give rise to the compound 3. 

When the cis-disulphonate3 2 was heated with methanolic sodium hydroxide 
in methanol (2.2 mol.) for 5 h, the starting material 2 was recovered in high yield (80%). 
After heating had been continued for 18 h, the starting cis-disulphonate 2 was still the 
major component of the mixture, but compound 3 was also present and was sub- 
sequently isolated in 15% yield. 

The relative rates at which compounds 1 and 2 undergo cyclization is 
remarkable. The ready formation of 3 from 1 may be attributed to the removal, during 
cyclization,of the severe gauche interaction between the C-2-CH2 OH and C-3-OTs groups 

.in 1. In contrast, the cis-disulphonate 2 gives rise to 3 only under forcing conditions and 
in low yield (15%)). 
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Having at hand the bridged bicyclic system 3,it was of interest to examine its 
behaviour towards substitution and solvolytic reactions. Only a limited amount of 
information is available on solvolytic reactions of heterocyclic analogues of bridged 
derivatives ‘H _ When sulphonate 3 was heated with an excess of either sodium azide 
or sodium benzoate at 1 SO0 in N,N-dimethylformamide for periods of 24-48 h, the 
starting product was recovered in high yield. Infrared spectroscopic examination of 
the mother liquors did not reveal any trace of azide or ester (OCOPh) bands. It is apparent 
that the lone electron pair of O-2 in 3 is not favourably directed towards the 7 position to 

provide anchimeric assistance in the displacement reactions. However, when 3 was treated 

with lithium aluminium hydride in tetrahydrofuran, O-S cleavage occurred, and the 
resulting alcohol 4 was characterized as its oily acetate 5, b-p. 55”/0.05 mm, 
[or] D -35” (c 1, chloroform). Tosylation of alcohol 4 gave the starting sulphonate 3. 
Thus, it is apparent that no skeletal changes had occurred during the detosylation step. 
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Preliminary communication 

Molecular-sieve chromatography with “Sepharose 4B”; the detection of artefacts of 
high molecular weight in acidic polysaccharides 

Molecular-sieve chromatography (M-S.C.) with “Biogel P300” and “DEAE- 

Sephadex” has been used to estimate the molecular weights of some acidic poly- 
saccharides and their degradation products’-6 and to separate the components of 
polysaccharide mixtures7. Unfortunately, several polysaccharides were foundID *a 4 to 
have molecular weights higher than the exclusion limits of these cross-linked dextran 
and cross-linked polyacrylamide gels. However, spherical, porous silica beads, porous 
glass beads, and agarose gel beads (e.g., “Sepharose”; Pharmacia, Uppsala) giving useful 
fractionation ranges for much higher molecular weights are now available_ We report the 
chromatographic behaviour of nine acidic polysaccharides on “Sepharose 4B” (& 
fractionation range ca. 3-30 X 105). 

Specimens of the gum polysaccharides from Acacia arabica’. 
A. campylacantha6, A. laeta4. A. nilotica’, A. nubicag, A. pycnantha”, A. senegal” 
[samples BB(aj and QN1] , and A. seyal’ were available; they had been prepared 
from aqueous solutions of the native gum by filtration, dialysis, and freeze-drying, and 

had been stored for different periods ofup to 1 year in the essentially neutral, salt 

form, not the free-acid form. 

Of these specimens, all except A. pycnantha gum gave distinct elution patterns 
involving 2 peaks, the first (corresponding to material of very high molecular weight) 
being at the void volume (V,) of the column. The relative proportions of the two peaks, 
and the elution volume (V,) of the component of lower molecular weight, were 

reproducible for each individual specimen. The gums from A. seyal, A. nubica, and 

A. campylacantha gave small peaks at Vo; A. arabica. A. nilotica, and A. Senegal gave 
much larger peaks at V, [the QNI sample of A. Senegal gum had a higher, relative 

proportion of the peak at V. than the BL3(a) sample, which has” a lower intrinsic 
viscosity]. For A. Zaeta gum, the major peak in the elution pattern was at VO; this 
species is known’* to be unusual in forming mucilaginous gels if solutions are allowed 
to stand for several days. The single peak given by A. pycnantha gum, which hasI an 
unusually low M,, for an Acacia exudate, was at virtually the same elution volume 
(Vi) as sucrose; “Sepharose 4B” is therefore an ineffective molecular sieve for this 
particular species. ’ 

These results appeared to give clear evidence that Acacia polysaccharides may 
be polydisperser4: recent studies”’ were interpreted on the assumption, based largely on 

the absence of marked discontinuities in experiments invoIving electrophoresis and 
ion-exchange chromatography, that the polysaccharides were polymolecular’4 _ It had, 
however, been noted previously 11~ ‘** l5 that Acacia exudates that had been stored for 

periods of up to a year in the freeze-dried form tended either to be insoluble or to 
give much more-viscous solutions than had been given, for the same concentration, 
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immediately after freeze-drying. The apparently polydisperse specimen of A. senegal 
QiV1 gum had indeed been isolated about 1 year previously; in contrast, a fresh 
preparation of this gum did not give a peak at V. when examined immediately after 
freeze-drying. 

The possibility that the component of apparent high moIecular weight at V, 
was an artefact, arising either from the purification or freeze-drying stages, or from some 
molecular aggregation process during storage in the freeze-dried form, was therefore 
investigated. Fresh solutions of each of the gums involved were therefore prepared direct 
from the natural exudates; the solutions were filtered and dialysed, but not freeze-dried. 
Although A. pycnantha gum gave an elution pattern identical with that observed previously, 
each of the other eight samples now gave only 1 peak which was, moreover, at the 
same value of Ve observed for the component of lower molecular weight in the poly- 
disperse samples. 

These values of Ve on “Sepharose 4B” clearly indicated the relative order of 
moIecuIar size found independently in light-scattering measurements, e.g., A. niZoticd3, 
M,cI 2.27 X 106, V, 76 ml; A. arabicP, M, 1.87 X 106, V, 80 ml; A. nubica16, M, 
0.87 X 106, V, 90 ml; A. seyal’, A4, 0.85 X 106, Ve 90 ml: A. Zaed3, M,, 
0.72 X 10”. Ve 95 ml; A. Senegal QNI”, M, 0.60 X 106. V, 100 r&A. campy~ucuntha6, 
M,, 0.30 X 306. V, 110 ml; A. pycnantha l3 , M,,, 0.06 X 106, V, 120 ml. 

In the ultracentrifuge, each of the fresh gum solutions gave symmetric 
boundaries. In contrast, solutions of the aged,freeze-dried specimens of A. arabica, 

A. nilotica, and A. Senegal gums each gave asymmetric boundaries; for A. laeta gum, 
separation into two components was achieved. 

When examined” on “Bio-Glas 500”, a purified sample of A. arabica gum gave 
a shoulder at V. in addition to the major peak; Citrus limonia gum behaved similarly. 
On “Bio-Gel P300”, several freeze-dried Araucaria exudates gavel9 a major peak in the 
useful fractionation range of that gel, but some sampIes showed a second peak at or 
near Vu 

Genera other than Acacia may also therefore be prone to molecular aggregation 
in purified or freeze-dried forms. Although it is already clear that molecular weight 
determinations and M-SC. studies of acidic polysaccharides should always be made on 
freshly purified material, the phenomenon of apparent molecular aggregation demands 
further investigation. 

EXPERIhlENTAL 

Molecular-sieve chromatography was carried out on columns (1.5 X 45 cm) of 
“Sepharose 4B” with M sodium chloride as eluant. To prevent “wall effects”, the glass 
columns were pretreated with 1% dichlorodimethyisilane in benzene at 60” and then 
packed with the pre-swollen gel. Eluant was allowed to flow for 2 days to remove the 
bacteriostatic agent, sodium azide. The column was calibrated in terms of V. (“Blue 
dextran 2000”, component of high molecular weight) and Vi (sucrose). Polysaccharide 
(10 mg) dissolved in 1 SM sodium chloride (1 ml) was applied to the column by 
layering beneath the M sodium chloride. Fractions, collected from a 2-ml syphon by an 
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automatic collector, were screened by the phenol-sulphuric acid method. Elution 
volumes (V,) were estimated to the nearest ml from the peak maxima. 

Ultracentrifugation was carried out (through the courtesy of Professor R. Brown. 
F.R.S.) by Mr. R. Hart, using a Beckman Model E Ultracentrifuge at 20,410 r.p.m. 
Boundaries were detected by using Schlieren optics. 
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Preliminary communication 

Occurrence of glucofuranose residues in sialoglycolipids from Echinodermafa 

We have reportedlB * the isolation, from gonads of the sea urchin 
Strongylocentrotus intermeditts. of a group of closely related sphingo&~colipids 
containing sialic acid. These compounds are ceramide-oligoaldosides containing oligo- 
saccharide chains of up to five sugar residues’, of which glucose is the sole, neutral 
monosaccharide, as shown by paper chromatography of acid hydrolysates (2N sulphuric 
acid, 100°, 2 h) and g.1.c. of the trimethylsilylated3 products of methanolysis (0.5~ 
methanolic hydrogen chloride, 80”, 24 h). 

The periodate-oxidation data for these sialoglycolipids indicate that, at least, a 
proportion of the glucose residues are in the furanose form. The mixture of glycolipids 
was oxidized with O.Olhl sodium periodate for 24 h at 4O, followed by reduction with 
sodium borohydride and methanolysis. The product mixture was trimethylsilylated and 
subjected to g.1.c. which revealed the presence of equal amounts of glucose and xylose. 
Removal of the trimethylsilyl residues (80% methanol, 50”, 1 h) afforded methyl glucoside 
and methyl xyloside, identified by t.1.c. (silica gel, chloroform-methanol-water, 6:4: 1, 
detection with orcinol-sulphuric acid)_ Acid hydrolysis (2N sulphuric acid, 80”, 2 h) of 
the mixture of methyl glycosides gave rise to glucose and xylose, identified by paper 
chromatography (butyl alcohol-pyridine-water, 6:4:3, detection with aniline hydrogen 
phthalate). The formation of xylose in this manner from the glycolipids can be attributed 
to the presence of glucofuranose residues having free hydroxyl groups at C-5 and C-6. 

The presence of glucofuranose residues also explains the lability of the sialo- 
glycolipids towards mild, acid hydrolysis2 _ Thus, the treatment of these glycolipids with 
0.01~ sulphuric acid for 1 h at 80” results not only in removal of sialic acid residues (as 
is usual for gangliosides of mammalia) but also in extensive cleavage of the oligo- 
saccharide chain, leading to the formation of a ceramide-monoghrcoside. 

Similar results, indicative of the presence of glucofuranose residues, have been 
obtained with sialoglycolipids isolated from tissues of another representative of the 
Echinodermata, namely, the starfish Patiriapectinifera. Following the application in 
sequence of periodate oxidation, borohydride reduction, and methanolysis, xylose was 
detected, although the original sialoglycolipids contained only glucose, galactose, and 
arabinose as neutral monosaccharides. 

The occurrence of glucofuranose residues in sialoglycolipids from Echinodermala 
is uncommon, since, hitherto, the glucose residues of glycolipids of animal, vegetable, and 
bacterial origin have been shown to have the pyranose structure. 
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FRACTIONATION OF DEXTRAN AND HYALURONIC ACID ON POROUS 

SILICA BEADS’ 

S A BARKER, B W HA=, J B MARSIERS, AND P J SOMERS 

Department of Chenztstry, The Unzuerszty, Bzrmzngham IS (Great Brztazn) 

(Received September 27th, 1968) 

ABSTRACT 

The evaluatron of porous srhca beads in the fractionation of polysaccharrdes 
m aqueous solutron by molecular srze is described Beads havmg pore srzes m two 
different ranges have been cabbrated for dextran, and another pore-size range has 
been calibrated for hyaluromc acid The effect of sample concentratron, flow rate, 
and temperature on the elutron curves IS examined, and the drstnbutron of molecular 
weight for o dextran sample determined The advantages of porous s&a beads over 
an organic molecular-sieve material, due to their rigidity and chemxal inertness, 

are discussed 

INTRODUCTION 

Molecular-sieve chromatography provrdes a technique for the separation of 
solutes on a basis of molecular srze, both on an analytical and a preparatrve scale 
The cahbration of a chromatographic column of a molecular sieve with the appro- 
priate standards may lead directly to a close estrmatron of the average molecular 
weight (mu, or &I”) of a polymolecular sample and, m particular, to an evaluation of 
the distnbutron of molecular weight 

In the past few years, much work has been published on the use of orgamc- 
based, molecular-sieve materials m the fractronatron of brologrcal compounds Wrth 
their recent commercial availabihty, porous glass and srhca beads having pore sizes 
m well-defined ranges appear to offer certain advantages over other sieve materials 
m the routme fractionatron and analysis of biochemical polymers 

The present study shows the evaluation and cabbratron of porous srlrea beads 
m the fractionation of dextran and hyaluromc acid m aqueous solution 

Porous srhca beads (Porasrl) were obtained from Waters Associates (Instru- 
ments) Ltd (Stockport, Cheshire, Great Bntam) Porasrl Types C (20-40 nm), 
D (40-80 nm), and E (Xl-150 nm) of quoted 75-100 mesh range were employed 

Fractronated dextran samples, having a defined range of molecular weight, 
were obtamed from Pharmacra (Uppsala, Sweden) 
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This txeatment was appEed to ale ehltion cme of a-gJucose on a cohmlll of 
Porasil-II D-Glucose, which may be regarded as the monomer unit ofdextran, gave 
for the cohnnn a HETP of 0.65 cm and a reduced plate height @lBTP/av diameter 
of particle) of 3 9. These values are ofthe same order as those determined by de Tries 
and co-workers6 for benzene in tetrahydrofuran on Poraal-C. 

The cabbratron of Porasrl-E for hyaluromc acrd requrred a sample having a 
broad drstrrbutron of molecular weight. Thrs was prepared artrficrally by degrading 
hyaluromc acxd of hrgb molecular we&t to drfferent extents and combmmg the 
resulting samples The bmitmg or mtrmsrc vrscosrty of the eluant fractrons was 
measured. The Mark-Houwmk’ modficatron of Staudmger’s ongmal equatron’ 
relates the mtrinsrc vrscos~ty (vi) of a solute species to a function of rts molecular 

we&t (iK)- 

where K and a are constants for the specres Laurent’ has shown that for hyaluroruc 
acrd this equation becomes 

q, = 036xMO 78 

Thus, the vacoslty-average molecular werght (a,,) for each fraction was calculated, 
and Frg 3 shows the plot of log m,, agamst retentron factor as well as the orrgmal 
elution curve 

It IS clear that molecular-sreve columns of porous sihca beads may bc used m 
the raprd determmatron of the average molecular werghts of samples of polysaccharrdes 
and m the calcuIatron of the molecular werght distrrbutron of such species The assay 
used with the dextran determmatrons led drrectly to H,, but rf an end-group assay 
were used the m,, of a sample would he given 

The porous s&a “gel” has defimte advantages over orgamc gels due to its 
inorgamc nature Once such a column has been cabbrated, it may be used mdehmtely 
as a routine analytrcal and preparative tool m the fractronatron of polymers accordmg 
to molecular srze There IS no possrbrhty of sample contammatron due to bacteno- 
logrcal or chemical degradatron of the bed, and the column may be cleaned zn sztzz 

with, for example, hot mtrrc acrd The rrgrdrty of the beads results m a constant, 
total bed-volume, even when the column IS operated at hrgh back-pressures, due 
either to high flow-rates or fine-mesh particles 
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ABsmcr : 

A maltodextrin phosphorylase found ‘in cell extracts ‘of several s&ins of 
Streptococcus mitis has been purifi6d andfreed from several other_enzymes concemed- 
with glycogen synthesis and degradation. Mtiltodextrins were the best p&erg for 
the synthetic reaction; glycogen Was a ljoor primer foi this lihosphorylad. Further 
indic&ions that the enzyme was not a glycogen phosphorylase were (i) its lack. of 
binding with glycogen, (ii) the high Km value for glycogen which was 130-fold 
higher than that of muscle phosphorylase, (iii) the low rate of phosphorolysis of 
glycogen, and (iv) the- low limit of conversion of glycogen itito Diglticop$anosjli 
phosphate. A second pbosphorylase was found with particulate glycogen in the pellet 
obtained on centrifuging sonicatedcells. This was considered& be the enz$me involved 
in the degradation of glycogen. 

INTRODUCTION 
.: 

Many of the ewes found in micro-organisms that store glycogen are similar 
to tliose used by plants and animals for the synthesis and degradation of starch or’ 
glycogen. The enzymes cdncemed have analogous fun&idns and may.be di&in&ishe~ 
from each other mainly. by dgerences in their specificity. For linslance,. -muscle 
phosphorylase and potato P-enzynie degrade glycogen andamylo@&in, r$specti%zlyi 
in reactions that are chemically identical, yet the plarit &zyme has little1 or -no 
action2 on glycogeti. . . 

There have been few s@di& on bacterial- ‘jhos$hcnylas& Cell G&a& of 
Streptococcus bobis .and~ Arthrobacter SP.~ were shown to contain phqsph&ylases 
that degraded s&ble starch, and pho.+hojl&e .activity .iri +n~ &xtra+ of ‘&io; 
bac?er&m tum~f~&e& was .tieasured by the ~ncoipdra&i’ &f ti-giuco&‘%?from 
D-g!uco$yra@osyl ‘phosphate into. glycogen. A ’ he&led -sgd$. w&G &de .gf : t&e” 
maltodb@rin phosphoryl&e6 of Z. coli, sit &de&e ~a9 @ro$&& of: ti giycoge 
phosphoryl&e’-& E. coli. --’ ’ : . . .’ 1 Ii __ ._ __ ._ .: : .: .--. ._ ___ 

‘: 

.Y’_, 
*D&cat& i; prof,soi $t~~P&$, $,R;S. : ‘. ... ’ ..: :, 1. .: ‘.‘;_ :-.. .;: _ .: f T : .: _. .._.- 

: 
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tiectly because of primer m D-glucopyranosyl phosphate or m phosphorylase, but 
because of the presence of a hydrolytx enzyme that converted a few nucrograms of 
Ineffective pnmer mto a larger number of molecules of effiaent pnmer 

Thts investigation was supported by grants from the National Health and 
Me&Cal Research Councd of Austraha, and the Dental Board of New South Wales 
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Sulphation of a sugar derivative with the pyridine-sulphur trioxide reagent in 
pyridme solution has been shown to be an equilibrium reaction. For polysulphation 
to occur, it is necessary to use enough reagent to oversaturate the pyridine and to 
form a reagent-rich, second phase With these conditions, barium sahs of a number of 
sugar and glycoside GuIphates have been prepared by definitive routes. fl-D-GaIactose 
4-sulphate and two D-galactoside Csulphates have been synthesized by an improved 
method. 

INTRODUCTION 

Although defimuve syntheses of many monosaccharide monosulphates have 
been reported m the literature’ s2, only a few monosaccharide &sulphates have been 
synthesized by strictly definitive routes The recognition that certain polysaccharides 
contain monosaccharide disulphates as constituent umts’ led us to attempt the 
syntheses of some monosaccharrde and glycoslde drsulphates, as model compounds 
for a study of the chemical and physical properties of this class of compound This 
paper descriies the preparation of a range of these compounds and some important 
features of the reactions leading to their syntheses For comparison purposes, a 
stock of D-galactose 4-sulpbate was also required, and a new route for its syntheses 
is inchrded. 

When a sugar derivative containing more than one free hydroxyl group is 
treated in pyridine sohrtion with the reagent, pyridine-sulphur trioxide&, a mixture 
of starting compound and mono- and poly-sulphates results In the past, in order to 
obtam polysufphation, it has been the practice’ to use an excess of ffie suhjhatmg 
reagent and prolonged reactton times at temperatures of W-809 From experience 
with the syntheses described here, it became apparent that the sulphation process is 

















MONOSAC CHARIDE SULPHATES. VII 405 

was catalytrcally debenzoylated (barmm methoxrde) Punficatron on a cellulose column 
gave methyl a-D-galactopyranoade P(banum sulphate) (3 4 g) whrch crystaihsed 
slowly from aqueous ethanol [Found C, 24 6, H, 3 9. (C,H,,O,S),Ba talc C, 24 6; 
H, 3 84%] 

Treatment of sugar sulphates wzth ddute acrd - Sodmm salts (10 mg each) 
of D-glucose 3-, D-glucose 6-, D-galactose 4-, and D-galactose 6-suiphate were sepa- 
rately heated m 0 33~ sulphurrc acrd (3 ml) at 100”. After Intervals of OS, 1, and 3 h, 
ahquot porttons (ca 1 ml) were neutrahsed (B&Q,), centrrfuged, and evaporated 
Exammatron by paper chromatography (ethyl acetate-acetrc acrd-water, 6 3 2, whrch 
resolves rsomenc monosulphates) showed that only startmg materral and the free 
sugar were present in all of the samples 
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QUANTITATIVE ANALYSIS OF GENTIOBIOSE 

407 

AND ISOMALTOSE 
IN ADMIXTURE, AND ITS APPLICATION TO THE 
CHARACTERIZATION OF DEXTRINS* 

M L WOLFROM AND G SCHWAB 

Department of Chemrstry, The Oluo State Umverslty, Columbus, Oh.0 43210 (U S A ) 

(Received September 26th. 1968) 

AB!wR4cT 

Genttobiose m adrmxture with lsomaltose was selectrvely hydrolyzed byemulsm, 
and the resultant D-glucose was separated from unchanged rsomaltose by thm-layer 
chromatography on borohydnde-reduced nucrocellulose The separated sugars were 
located, eluted, and assayed photometrically by the anthrone method 

Representattve, acid-modified dextrms were parttally acrd-hydrolyzed under 
conltions wherem reversion was neghgtble, and drsacchande formation was maxrmal 
Inorgamc salt was removed by extractron of the neutralized, evaporated hydrolyzate 
with N,N-drmethylformamide under anhydrous condnrons, and the extract was 
analyzed by the above method without solvent removal The method gives comparable 
results for the charactenzation of dextrmatton and IS more rapid than those prevtously 
utrhzed 

INTRODUCTION 

In connection with experiments on dextrm formation, a method for the quanti- 
tative analysts of IlzIxtnres of genttobrose (6-O-j?-D-glucopyranosyl-n-glucose) and 
isomaltose (6-O-a-D-glucopyranosyl-u-glucose) was needed. The extremely small 
drfferences m the R, values of these closely related disaccharides, m all the well- 
established developer systems, render their separation by chromatographxc methods 
very difficult Their separatron was first achieved by Ough’, who used twenty-day, 
contmuous, descendmg, paper chromatography 

We have applied herem the selective cleavage of gentiobiose by emulsm, so 
that the resultant mtxture of rsomaltose and D-glucose reduces the problem to the 
simple separatron of isomaltose from D-glucose Smtable conditions for the actton 
of emulsm on gentrobiose are stated’ to be a substrate concentration of 5 g/l00 ml 
in acetate buffer @H 5.0) at 40” The buffer could not be employed, however, smce 
Its relatrvely high ~omc strength interfered with the subsequent separatron of the 
sugars by thin-layer chromatography Removal of the ions Hnth ion-exchange resms 

*De&cated to Professor Stzmley Peat, F R S 
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a thm layer of toluene, and the vessel was stoppered and placed m a thermostat for 
48 h at 37” The other half of the neutrahzed hydrolyzate was evaporated to dryness 
under dunmished pressure and extracted ~lth 10 ml of dry N,N-Qmethylformamtde, 
as described above Spots of 125 ~1 of the solution were then apphed to the &m-layer 
plates and chromatographed as described above, except that the development was 
repeated three tunes urith mtermediate drying After locatton and elutron of the zone 
contammg gentrobrose and rsomaltose, thetr combmed amount was determined by the 
anthrone reaction, as described prevrously The part treated wrth emulsm was analyzed 
III the same way, except that only the rsomaltose was determmed, the D-glucose was 
developed off the plate The analytrcal data are recorded in Table III 

TABLE III 

FRAGMENTATION ANALYSES OF DEXTRMS 

Dextrm type Gentrblose + rsomaltose Isomaltose 

(aCld-modrfea” Averag@ ~(g % Aterageb yg 
absorbance equw absorbance equrv 

% 

Gentloblose, 
by d:fference, 

% 

Dark canary 0 532 648 65 0 336 409 41 24 

Whrte 0 416 507 51 0 290 354 35 16 

~Kmdly supphed by the Chnton Corn Processmg Co , Chnton. Iowa, a dlvlslon of Standard Brands, 
Inc , produced from corn starch bAverage of 9-12 readmgs 

DISCUSSION 

Solutions of lsomaltose and of gentlobiose alone were sublected to the same 
condrtrons as the mrxtures and were used for cahbratron curves Correspondence of 
the absorbance values found for the mrxtures with those of the cahbration values 
(Table I) showed the cleavage of genuobiose m the mixtures, as well as the separation 
of the resultant rsomaltose and D-glucose nnxture, to be quantitative (Table II). The 
separatton was good, even if one of the sugars was present m a five-fold excess over the 
other, The upper hmtt for succe‘ssful separation of the two sugars was not determmed, 
but 100 pg of lsomaltose could be separated quantttatrvely from 100 pg of gentiobrose 
The accuracy of these analyses was + I pg (1 O-l 2 pg) 

There are no b-~-(1 +6) linkages present in natural starches, so that gentrobiose, 
contatmng a #?-D-(1 -6) mtersugar lmkage, provrdes a measure of the amount of such 
linkages formed m the dextrmatron process At the same time, there wrll be about an 
equal amount of a-D-(1+6) linkages formed, and these will appear m the new 
lsomaltose umts so produced A certam number of a-D-(1 46) hnkages are present m 
starches at theu- branch-pomts Now the acid fragmentation method is necessarily 

not quantttauve, but, under ngorously controlled conchtrons, the results can be 
comparable It has been established 6, by rsolatrve methods, that these disaccharide 
umts are present in dextrins so that non-rsolatrve, thm-layer chromatography then 
becomes a vahd procedure for such known constituents The procedure herein 
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described IS raprd and IS probably more nearly quantttatrve than the extrusive, sihcate 
column, acetate chromatography used prevrously m thts laboratory 

The data of Table III Indicate a larger formatron (reversron) of new linkages 
(2.4 x 2 = 4 8%) m the dark canary dextrm than m the white dextrm (1.6 x 2 = 3 2%), 
formed under nnlder concfitions If these values (twice the gentrobtose found) are 
subtracted from the comparative total amount of rsomaltose, the differences show a 
1 7 and 1 9% nutial value for lsomaltose, winch should be present in the original 
corn starch used Thrs compares with the value 0 8% (calculated from the value 1% 
obtamed on waxy-marze amylopectm’8 and here corrected for the average amylose 
content of dent corn starch (1 00-O 24 = 0 76) The lower value of 0 8 was obtamed 
on the undoubtedly less-quantitative, and more-laborrous, acetate column, tsolattve 
method”. 
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ARsTR4cT 

Biosynthetic studies with Na, “CO, on I;ircu.s veszculosus by Bidwell’ have 
shown that D-mannitol is the main respiratory substrate, but that a proportion of the 
radioactivity is incorporated into fucoidin, alginic acid, alkali-soluble alcohol-soluble 
matenal, and into the msolubIe residue remaming after the remova of the other 
materials by acid and alkali extraction. The quantity of seaweed used in the bio- 
synthetic studies prevented a complete 1nvesDgatlon of the various materials. Large- 
scale extractlon, under the conditions used in the above studxes, has now revealed 
that the “fuco1d1n” 1s indeed a mixture of fucoid1n and laminarm, and that the 
“algmlc acid” 1s contaminated with a sulphated glucuronoxylofucan which has been 
found 1n thus genus for the first time The a&all-soluble, alcohol-soluble material 
is a partmlly degraded portion of this glucuronoxyIofucan Further extraction of the 
insoluble residue gives additional, crude glucuronoxylofucan, and an acid-insoIubIe 
and an acid-soIubIe glucan are separated by extraction with 6~ alkali after rmld 
treatment with chIorite Tentative evidence is advanced for the presence of (l-+3)- 
and (l-4)-linked D-ghICOSe units 1n these glucans and in the final residue 

I;ircus ve.sz&JosuT, a brown seaweed, has previously been shown to metabolise 
the following carbohydrates D-manmto13, laminarm4, fucoidin’, algimc acid”, and 
&lulose’ Recent, biosynthetic studies by Bidwell’ with NazX4C0, have demon- 
strated that, although D-manmtof 1s the main respiratory metabohte m this weed, 
radioactivity is also incorporated into the polysaccharides The “fucoidin” was 
extracted from the weed by acid at pH 2, and the “afginic acid” with dilute sodium 
carbonate, and each was precipitated from these solutions with 75% ethanol. The 
man&o1 remained in the acidic, alcoholic supernatant, and the alkaline, alcoholic 
supernatant aIso contained radioactive material, as did the insoluble residue Bidwell 
found that 90% of the radioactivity was incorporated after 4 5 h incubation, and, 
thereafter, umabelled sodium carbonate was supplied for a total of 74 h, with 
alternating 12 h periods of light and dark After 24 h, the radioactivity in the insoluble 
residue decreased in the fight and increased in the dark, indicating that it also 

l D&cated to Prufessor Stanley Peat, F R S 
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codd be obtamed. Ionophoresls m borate buffer gave two spots, MG 0 59 and 0.46 
(ref 16), ldentlcal, respectively, with mauuose and gulose run as controls. 

Insoluble residue - Paper chromatography of a formic acid hydrolysate of 
the dried, msoluble residue (50 mg) (total dry weight, 17 g) gave glucose (ma~ur), 
fucose, xylose, and a slower spot RFSc 0.56 and 0.64 (solvents I and 2, respecttvely). 
A portion (0.3 g) was added to ice-cold sulphurlc acid (80% w/w; 0 3 ml), and the 
mixture was kept for 18 h at 20”. It was then diluted to give an acid concentration 
of 2~, heated m a sealed tube for 5 h at lOO”, neutrahsed with banum carbonate, 
and filtered. The filtrate was concentrated, and examined by paper chromatography. 
Glucose and trace quantities of fucose and xylose were detected The glucose was 
confirmed with glucose oxldase14. 

Extractron of the msolubie reszdue wrth anzmonzum oxalate-oxalzc acrd - The 

we& ~~uluble residue (15 g, dry weight) was extracted with a solution of ammomum 
oxalate and oxahc acid (each 0 25% by weight; pH 2.8) for 20 h at 80”. The residual, 
msoluble matenal C (dry weight, 12 g) was removed by centtiugatlon, and the 
solutlon was dialysed until free from oxalate. It was then concentrated and freeze- 
dned to a dark sohd (3 g) This gave a positive test for uromc acid”, and hydrolysis 
of a portlon (50 mg) gave fucose, xylose, and glucuromc acid Attempts to purify the 
rest of this material were unsuccessful. 

MzId trearmeizt of znsoluble reszdue C wzth chlorzte, followed by alkali extractron. 

- The msoluble residue C (6 g, dry weight) in dilute acetic acid (250 ml, contammg 
1 ml of glacial acetic acid) was treated with sodmm chlorite (3 g) hourly, for a total 
of 6 h. The chlorite solution was dlalysed until free from Cl- (10 days) Concentration 
of the solution from the dlalysls sac gave a cream glass D (1 g, carbohydrate content, 
ca 12%) The msoluble, off-white, gelatmous residue, separated from the chlorite 
solution by centnfugatlon, was washed with water (3 x 50 ml) It was then stirred 
with 6~ potassium hydroxide (125 ml) for 2 days at room temperature A residue 
was agam removed by centnfugatlon, washed until neutral, and freeze-dried to a 
white, fibrous solid E (305 mg, carbohydrate content, 100%) The supernatant hquld 
wds acldlfied @H 5) with glacial ace& acid The denved, white precipitate was freed 
from adsorbed alkalr by dlalysu, and the resulting slurry was freeze-dned to a white 
soiid F (50 mg, carbohydrate content, 100%). The acidic, supernatant solution was 
dlalysed, concentrated, and freeze-dried to an off-white solid G (40 mg, carbohydrate 
content, 96%) 

A portlon of each of the solids D, E, F, and G was hydrolysed, and the hydrol- 
ysates were exammed by paper chromatography That from D gave spots corres- 
pondrng to a varrety of ammo acids (spray b] and small proportions of fucose, 
xylose, and acldlc oligosacchandes (sprays a and c) The major spot from all the 
other materials had the moblhty of glucose (confirmed with glucose oxidase), but 
trace amounts of fucose, xylose, and acid spots were detected m the hydrolysates 
of GandF 

Enzymrc hydrolyses of giucans E, F, and G -(a) j?-(I+3)-D-Ghanase. Glucan E 

(14 4 mg), I: (9 mg), G (5 mg), Ian&arm (9 4 mg), and hchenm (23 3 mg), each in 
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&rate buffer at pH 4.5 (1 ml), were separately mcubated wrtb a speci%ic &(1*3j-D- 

glucanase (9 mg m each) (kmdly gtven by Dr E T. Reese) at 38” After 4 h, portions 
(0 5 ml) were removed, diluted (2 ml), and heated to borlmg for 5 min. The cooled 
solutron was treated with Bio-deminroht mixed-bed resin (carbonate form) to remove 
morgamc 1011s. The residual, incubation mrxtures were treated smularly after mcu- 
bation for 18 h All of the solutions, after concentratron to dryness, were examined 
by paper chromatography. All (except those from E which gave only faint spots) 
gave strong spots for glucose (confirmed with glucose oxrdasei4), and all except E 
(mcludmg those from lammarm and hchemn) gave a smgle, ohgosacchande spot, 
Rc 0.55 (c$ lamina~biosc and Mobrose, RG 0 72 and 0 59, respectively) (solvent 2) 
All of the spots were considerably stronger 1x1 the 18-h incubates 

(6) CeZMzse. Glucans E (8 mg), F (6 mg), and lichenin (6 6 mg) in curate 
buffer at pH 4.5 (1 ml) were each Incubated wrth cellulase (4 mg) (Sigma) for 4 and 
18 h at 47” as above Paper chromatography revealed only glucose m all of the 
incubates Again, the spots from the 18-h mcubation were more intense than those 
from the 4-h mcubatron No ohgosaccharrdes were revealed Trace quantrtxes of 
gJactose were detected m the cellulase 
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ASECTS OF THE P.M a SFEmm OF 
BRANCHED-CHAIN METHYL GLYCOPYRANOSIDES 

R D XmGAhiW c -D 

Department of Chemistry, Bwkbeck CoIIege (Unwersrty of London), Malet Street, London, WC I 
(Great Brxiamn) 

(Recewed November 2Sth, 1968) 

ABsTRAcr 

The chemical shifts and proton couplmg constants of varrous methyl U-ISO- 
propyhdeneglycopyranosrdes have been measured It has been shown that the 
variatron m the chemrcal sbrft of the e&o-methyl group of the rsopropybdene residue 
provrdes a convement method for the deternunatron of the configuratron of branched- 
chain glycopyranosrdes 

INTRODUCTlON 

A senes of mvestrgatrons reported from thrs laboratory has been concerned 
wrth the preparatron1-6 of branched-chain sugars and with the assrgmnent of 
confrguratron at the branch point’ Cotiguratronal studies have involved an examr- 
natron of mtramolecular hydrogen-bondmg by mfrared spectral measurements and 
of the cbromatographrc mobrlmes of the branched-chain glycosides m solvent systems 
mcorporatmg benzeneboromc acid Also, we have studied the p m r spectra of a 
range of glycosrdes of tbrs type to evaluate the appbcabrbty of such measurements in 

assignments of configuratron at the site of branching The present report describes 
the results obtained 

DISCUSSION 

The spectra obtained were consistent wrth the structures assrgned to the 
glycosrdes on chemical evrdence, but rt was not possrble to assign complete structures 
on the basis, of the n m r spectral measurements alone However, one trend m the 
spectra of a senes of O-rsopropybdenated branched-cham glycosrdes was particularly 
notrceable. Tbrs concerns the chenucal sbrfts of the methyl groups of the isopropyl- 
rdene residue and can be used as a means of determrmng the configuratron at the 
branch point In Table I, the chemical shifts are hsted for the endo- and e.uc-methyl 
groups of the rsopropyhdene group for a senes of glycostdes (see Table I, compounds 
1-17) having the general formulae A, B, and C The erzdo-methyl group can be 
expected to be deshrelded by the pyranoid nng and so 1s assigned to the downfield 
signal . ‘*’ It can be seen from the values gtven m Table I that the chermcal shrft of 

l Dedxated to Professor Stanley Peat, F R S 
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(50 ml) was added to an ethereal solutron of methylmagnesmm rodrde [prepared from 
methyl lo&de (7 74 g) and magnesmm (1 44 g) m dry ether (50 ml)] After heating 
under reilux for 1 5 h, the product was Isolated m standard fashron as a clear syrup 
(1 49 g, 45%), b p 60”/0 06 mm, [c$, -23” (c 1 2, chloroform). 

Anal Calc for C11H2,,05- C, 56 9, H, 8 7. Found C, 56 9, H, 8 8. 
MethyZ 6-deoxy-3,4-0-uopropy~~dene-2-C-met/?yEo (17) - 

Methyl 6-deoxy-3,4-O-lsopropyhdene-cr-L-Zyxo-hexopyranoadulose1 r (1 g) m dry 
ether (50 ml) was added dropwrse wrth sttmng to a cold solutton of a Gngnard reagent 
prepared from methyl iodide (1 g), magnesium (0 4 g), and ether (30 ml) The 
reactron was conducted, and the product Isolated, as described above Compound 17 
was obtamed as a colourless syrup (0 77 g, 72%), b p 60”/0 2 mm, [arID - 70” (chloro- 
form) 

Anal Calc for C, 1H,,05 C, 56 9, H, 8 7 Found C, 56 7; H, 8.7 
Deacetonation of compounds 7, 14, and 17 - The U-rsopropyhdene compound 

(-3 mmoles) was chssolved in methanol (30 ml) contarmng cone hydrochlonc acrd 
(0 3 ml), and the solutron was warmed for 1 h at 50” The cooled solution was 
neutrahsed with silver carbonate and filtered, and the filtrate was evaporated The 
products had the followmg constants 

Compound field [a]~ 

(%) 

Chromarographrc 
mobrhty (RF) 

Soluent A Soluent B 

Methyl 6-deoxy-4-C-methyl-a-L-talopyranosxde 89 -94” (EtOH) 0 73 092 
Methyl 6-deoxy-+C-methyl-a-c-r- 

mannopyranoslde 30 - 0 70 0 72 

Methyl 6-deoxy-2-C-methyl-a-L- 
galactopyranosldea*b 81 - 151” (MeOH) 0 82 0 84 

=Found C, 49 6, H, 8 2 Calc for CsH160s C, 49 99, H, 8 4 am p 155” (from ethyl acetate) 
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OF Wtm.vfkltia (SLXPI’ERY ELM MUCILAGE)* 
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Department of Chemwry, Queen’s Umoersrty, Kmgston, Onrano (Canada) 

(Recewed September 30th. 1968) 

ABsTRAcT 

Slippery elm mucilage contams residues of L-rhamnose, Dgalactose, 3-U- 
methyl-D-galactose, and D-galacturonic acrd. The methylated polysacchande yields 
3-O- and 4-O-methyl-crhamnose, 2,3,4,6_tetra- and 2,3,6-tn-0-methyl-o-galactose, 
and 2,3,4-u-r- and 2,3-dr-0-methyl-Dgalacturomc acul, m addition to trace amounts 
of 2,3,4-W- and 3,4-di-0-methyl-L-rhamnose and 2,4,6-trr-0-methyl-D-galactose. 
Borohydnde reductron of the penodate-oxidrsed poIysaccharrde yrelds a poiyaIcoho1, 
whrch, on partial hydrolysis wrth acid., affords O-(3-O-methyl-Dgalactopyranosyl)- 
(1-+4)-O-(3-~-methyl-D-galactopyranosyl)~l~4)-~-(3-~-methyl-D-galactopyr~o- 
syl)-(l-+4)-r;-rhamnose Mild, acid hydrolysis yields a Smith-degraded polysacchande 
Methylatton analyses are reported for the polyalcohol and for the Srmth-degraded 
polysacchartde It is concluded that the polysacchande contams chams of 3-0- 
methyl-D-galactose residues attached to the C-4 positions of certam L-rhamnose 
residues, and that 3-U-methyl-D-galactose residues occur m some cases as non- 
reducing end-groups D-Galactose IS attached as single residues or as CO-substrtuted 
residues to the C-3 positrons of some L-rhamnose resrdues Thrs evtdenee mdrcates 
that the polysaccharrde 1s more hrghly branched than was at one time supposed 

INTRODUCTION 

Earlier mvestrgatrons l-’ on the structural features of a water-soluble poly- 
saccharide obtained by autohydrolysrs of shppery elm mucilage have shown rt to 
contam D-galacturomc acrdl, L-rhamnose’, n-galactose’, and 3-0-methyl-Dgalac- 
tose6, m the approximate molar proportrons6 of 22 l-1, respecttvely. Graded, acid 
hydrolysis afforded an aldoblouromc acid contaming Dgalacturomc acid and 
L-rhamnosel, which was later shown2 to be 2-O-@-D-galactopyranosyluronic acid)- 
L-rhamnose In ad&tron, exammation4 of the methylated polysacchande, obtained 
after methylatron wrth methyl rodrde and thalhum hydroxrde and thalhum ethoxtdes, 
showed that it contained 3,4-di-(2 parts) and 4-0-methyl-L-rhamnose (2 parts), 
2,3,4,6_tetra-(2 parts), 2,3,6-(1 part) and 2,4,6-tri-0-methyl-D-galactose (1 part), and 

l D&cated to Professor Stanley Peat, F R S 
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ration on Whatman No 3MM paper m solvents cf) and (a) successively to give an 
ohgosaccharlde (7 mg), [c& + 11 ‘+ + 13” (eqml.) (c 0 7, water), wluch was homo- 
geneous on paper chromatograms m four soivents [RRhn 0 25, 1x1 solvent (c), 0 27 m 
solvent (d), 0 86 m solvent (e), and 0 59 m solvent cfll N m r data m deutermm oxide 
7 8 54 (doublet, CH, group on rhamnose residue); 6 37, 6 44, OCH3 groups on 
3-CLmethylgalactose residues) On hydrolysis with N sulphunc acid for 7 h at IOO”, 
the ohgosacchande ylelded 3-O-methylgalactose and rhamnose m the molar propor- 
tlons of 2 7 1. Borohydnde reduction of the olrgosacchande, followed by acid 
hydrolysis and g 1 c of the denved acetates, showed the presence of rhammtol and 
3-O-methylgalactose A portlon (6 mg) of the ohgosaccharide was methylated twxe 
with methyl lo&de and sdver oxide m iV,N-d~methylformanude’s G 1 c of the 
methanolysls products revealed peaks havmg retention times correspondmg to those 
of the methyl glycosldes of 2,3,4,6-tetra- (+) [(I) T 1.72, (II) 1 771 and 2,3&n-0- 
methyl-D-galactose (+ +) [(I) T 3 00, 4.04, 4 35, (zz) 3 00, 4 10, 4.451, and 2,3-dl-( t) 
[(I) T 1 45, 1 72, (IL) 1.43, 1 801 and 3-O-methyl-L-rhamnose (trace) [(I) T 3 30, 
(II) 3 371 Hydrolysis of the methyl glycowdes, followed by paper chromatography 
m solvent (6), confirmed the presence of 2,3,4,6-tetra-(& 0 84) and 2,3,6-tn-U- 
methyl-D-galactose (& 0 58), and 2,3-dl-U-methyl-L-rhamnose (R, 0 68) 
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ABSTRACT 

Extracts of carrot roots and tomato fruits show a range of carbohydrase 
activities, including substantial maltase, mgerase, and lsomaltase actwty In addmon, 

the extracts unexpectedly showed dlsproportronatron activity w&h maltotrlose and 
higher maltosaccharides. This latter activity (D-enzyme) can be separated from the 
cr-glucosidases by continuous eTectrophoresis The purified D-enzymes show a similar 
catalytic activity to the corresponding potato enzyme, but difkr in optimum pH 
and other propertles. 

Durmg a survey of the carbohydrase activities of various plant tissues, Hutson 
and Manners2 noted that extracts of carrot roots (DUUCUS carom) and tomato fruits 

(Solanum Iycopersrcum) showed unexpectedly high a-glucosidase actlvlty The latter 
has now been mvestlgated further, and, durmg pur&atlon, evidence for the presence 
of a maltosacchande dlsproportronatmg-enzyme srrmlar to potato D-enzyme was 
obtamed Smce D-enzyme IS one of several starch-metabohsmg enzymes first isolated 
by Professor Peat and his co-workers3, we now report details of the carrot and 
tomato enzymes as an appropriate contribution to this volume. 

h%ETJXODS AND MATERIALS 

General methods. - The followmg solvent systems were used for paper chroma- 
tograms (A) propyl alcohol-ethyl acetate-water4 (14 2 7), (B) Isopropyl alcohol- 
acetic acid-water5 (54-8 18); (CT) methyl ethyl ketone-acetic acid-water” (9 1 1) 

A Beckman Spinco Model CP continuous electrophoresis cell was used at a constant 
voltage of 700 volts and 40 mamps for the fractronatron of protem mate&. Protein 
and gkose were ana.Iysed by using a calorimetsi~ method’ and a &c.ose oxi&s~Tris 
reagents, respectively. 

Preparatton of enzyme extracts - All operations were carried out at 2” 
Mmced carrot trssue, from 336 g of roots, was homogenrsed in 1 htre of 0 4~ sodmm 

*Dedicated to Professor Stanley Peat, FR S For Part XX, see Ref 1 
**Present address- Department of Pathology, Umvemty of Bntlsh Columbia, Vancower 8, Canada 
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actrvrty IS confined solely to the reducmg D-glucose resrdue’ 3 The behavrour of the 
carrot and tomato enzymes was simifar The maftosaccharides-‘4C were eluted from 
the paper strrps and combmed to yreld a carrot and a tomato maltosaccharrde 
fraction After reductron wrth potassmm borohydrrde, the solutrons were neutrahsed 
wrth acetrc acid and hydrolysed wrth 2~ sulphurrc acrd (3 h at XXY) The neutrahsed 
hydrolysates were exammed by paper chromatography m solvent C and shown to 
contam only D-glUCOSC and D-ghKltO1. SGannmg of the paper strrps wrth the Panax 
apparatus showed that aI1 the radroadwity was in the r+glucitol 

The abrlity of other sugars to serve as acceptors was exammed in drgests at 
pH 5 3 containing maltopentaose (2 mg) and enzyme preparatron (2 mg) m a total 
volume of 2 ml After the rodme stammg-power had become constant (11 h), portions 
(0 2 ml) of each digest were added to solutrons of acceptors (2 mg m 0 3 ml of water) 
and incubated for 5 h The efficrency of maltose and methyl a-D-glucopyranosrde as 
acceptor substrates, relative to D-glucose, was 33 and 60% with the carrot enzyme, 
and 42 and 83% with the tomato enzyme 

DISCUSSION 

The present mvestrgatron confirms and extends the prevrous study 2 on plant 
a-glucosrdases The relatrvely high nigerase activity of the carrot and tomato prepa- 
rations 1s notable, and from the fractronation study with ammomum sulphate, rt 
would appear that these trssues, hke those of alfalfa, contam a mrxture of a-gluco- 
srdases whose catalytrc propertres are very srmllar to each other. In contrast to 
alfalfa, the mtxture of carrot and tomato a-glucosrdases could not be separated by 
contmuous electrophoresrs The zn viva functron of the a-glucosrdases IS not yet known, 
partrcularly smce ohgosaccharrdes or glucans contammg a hrgh proportion of 
a-(1 -+3)- or a-(1+6)-D-glucosrdrc linkages are not produced by these plants 

The abrhty of the enzyme extracts to drsproportronate maltosaccharrdes was 
unexpected. D-Enzyme was first isolated from potato Jurce3 and 1s also present m 
the broad bean14, but had not hrtherto been described m other plant trssues However, 
certain sweet-corn extracts also show D-enzyme actrvrty (unpubhshed work), and Its 
drstrrbutron m the plant kmgdom may be wrder than was orrgmally beheved The 
carrot and tomato enzymes are snmlar to potato D-enzyme m then abrhty to transfer 
reversibly two or more D-glucose resrdues from maltotrrose or a hrgher maltosac- 
charade to an acceptor which may be D-glucose, maltose, maltotrlose or higher 
maltosaccharrde, or to methyl a-D-glucopyranosrde At equrhbrmm, the products 
stam wrth rodme and therefore contam more than about twenty u-glucose residues 
Since the product from maltotrrose IS completely degraded by /?-amylase, It contams 
only a-(l-+4)-hnked D-glucose residues The transfer of D-glucose resrdues to the 
OH group at C-4 of D-glucose IS also a characterrstrc of the potato enzyme. 

The mabrhty of the carrot and tomato enzymes to produce maltosaccharrdes 
from maltose, and to mcorporate D-glucose mto maltosaccharrdes m the presence of 
maltose, IS a clear dlstmctlon between D-enzyme actron and the relatrvely common 
trans-a-glucosylatron catalysed by a maltase or a-glucosrdaseg. 

Carbdzyd Res ,9 (1969) 441450 
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The carrot and tomato D-enzyme drffer from the potato enzyme m some 
respects, the optimum pH and temperature of the latter bemg about 6 7 and 45”, 
respectively, and m the relative actrvrtres with maltose and methyl cr-D-glucopyranoside 
acceptors (11 and 37% of that with D-gluc~se)~. The zn vzvo role of D-enzyme IS 
not clear In the potato and broad bean, which are trssues actrvely concerned wrth 
the syntheses and degradation of starch, rt has been suggested 1 5 that D-enzyme plays 
some part in the for-matron of the plvners which are requrred for the synthesis of 
linear chains of a-(1+4)-linked D-glucose residues Smce the starch content of the 
carrot root and tomato fruit 1s generally low (a figure of 0.02% has been quoted for 
the latter) ’ 6, rt seems unhkely that the relatively active D-enzyme is concerned with 
zn vzvo metabolism 
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ABs-IRAcT 

Toluene-p-sulphonylatlon (tosylation) m the prunary poslt~on IS proposed as a 

method for stablhsmg polysacchade lmkages to actd condttlons The degree of 

stablhsation depends on the aglycon, as It does for uromc actd derrvatrves The method 
1s convement and can grve serm-quantltatrve mformatron but has the drawback that 
O-methyl-O-tosyl ohgosacchandes are difficult to purrfy and must be rdentrfied 
Indirectly Side reacttons prevent the use of formic acid for glycoside hydrolysis 
when toluene-p-sulphomc esters are present, but aqueous chloroacetrc acid or 
methanolysis is satrsfactory 

Successive trlphenylmethylation (tntylatlon), methylatton, detntylation, tosyl- 
atron, and methanolysis of dextran gave mamly denvatives of rsomaltose The struc- 
tural rmphcatlons of tlus and other evrdence are discussed Trrtylatlon of dextran 
occurs most raprdly at C-6 but IS not as specrfic as m monosaccharrde reactrons 

INTRODUCTION AND DISCUSSION 

The charactensatlon of the branchmg pattern of amylopectm by Professor 
Stanley Peat and his colIeagues’ IS one of the rmportant structure proofs of carbo- 
hydrate chermstry By the elegant use of specrfic enzymes, the molecule was shown 
to correspond to the “random branched”, rather than the “lammated” or “herrmg 
bone”, model Most problems of thrs complexrty still cannot be tackled by nonenzynuc 
methods, and It 1s a challenge to the polysaccharrde chemist to devise approaches 
through simple reactrons which are equally effectrve It IS especially desirable to have 
more methods by which particular lmkages in polysacchandes can be broken selec- 
trvely, and m thrs paper we descnbe an attempt to use the propertres of toluene-p- 
sulphonates for the purpose. 

These esters are themselves stable to acid and, when present at C-2, are known 
to stabrhse glycosrde linkages to acrd hydrolysrs2. Presumably, the carbomum ion 
at C-l, winch would be a hydrolysis intermediate, IS destabrbsed by the mductrve 
effect. By analogy wrth pyranuronoades3, toluene-p-sulphonates at C-6 should be 
sufficiently electron wrthdrawmg to stab&se the glycostde to a useful extent. The 
measurements made by Hme and Ramsey4 correspond to an mductrve substrtuent 

l Dedxated to Professor Stanley Peat, F R S 
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Fraction 2 (0 061 g) was shown by paper chromatography, t 1 c., and methanol- 
ysls and g 1 c (for methods, see above) to consist of 2,3,4-tn-0-methylglucose 

Fractton 3 (0 017 g) was shown by the methods used for the preceding Fractton 
to consist of 2,4-dr-0-methylglucose 

Fraction 1 was separated by preparative chromatography on silica gel plates 
(ethyl methyl ketone) The faster component (60 mg) was located with rodme vapour 
and eluted wtth acetone Re-exammatron of thts punfied material by t 1 c showed at 
least four carbohydrate toluene-p-sulphonates, of which two were maJor components 
and, m retrospect, are probably anomertc forms of the same derivattve The mixture 
was methylated, detosylated, remethylated, and exammed by g 1 c., usmg the proce- 
dures described above Isomaltosides were detected [Tf 1.48, 2 00, 2 60 (mmor)], 
but no mgerosrdes 

Relatrtie yrelds of methy ethers from O-methyl-O-trrtyldextran and O-methyl- 
0-iosyZde_.utran - Each poIysaccharide (10 mg) m methanohc hydrogen chlortde 
(3% w/v, I mI) was heated on a bothng water-bath for 41 h After neutrahsatron 
wtth silver carbonate, filtratton, and evaporation, the products were analysed by 
g 1 c on a polyethylene glycol adlpate (10% on Gas Chrom P) column at 175”, 
using the Pye Argon Chromatograph with “Sr detector When each mixture was 
loaded to give similar peak heights for 2,4-dl-0-methylglucosldes, the peak heights 
for the faster 2,3,4-tn-0-methylglucoside derived from 0-methyl-0-tntyldextran and 
0-methyl-0-tosyldextran were m the ratto 21 10 (The second 2,3,4-n-r-O-methyl- 
glucostde peak was off the chart ) 
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ABSTRACT 

The condensation of butyraldehyde and D-manmtol has been studred, and the 
1,3 2,s 4,6-&r-, 1,3 4,6- and 1,3 5,6-dt-, and 1,3- and 3,4_monoacetals have been 
charactensed Their n m r spectra have been determined, and assignments made 
that confirm the rmg sizes 

INTRODUCTION AND DISCUSSION 

Hoist’ reported that condensation of butyraldehyde with D-manmtol m the 
presence of concentrated sulphurrc acid yrelds a syrupy tnacetal(79%) This product 
was not chemically charactensed In our hands, his method yielded dlacetals (three 
g 1 c. peaks, 3% isolated) and tnacetals (three g 1 c peaks, 60% Isolated), but the 
only pure compound obtamed was a trace (0 7%) of the crystallme 1,3 2,5 4,6- 
tnacetal With phosphoryl chlonde as catalyst, removal of the water of condensation 
by azeotroprc distdlatlon gave the rmxed &acetals, but no 1,3 2,5 4,6-tnacetal could 
be isolated However, use of aqueous hydrobromrc acid as catalyst gave better yields 
(13-17%) of the crystalhne 1,3 2,5 4,6-trracetal; when less aldehyde was used, the 
crystalline 1,3 5,6-diacetal (2%) was also obtamed The main (; e., syrupy) tnacetal 
fraction obtained by Holst’s method or by using phosphoryl chloride always yielded, 
on partial hydrolysis wrth acid, a mixture of 3,4- and 1,3-monoacetals, from which 
the crystallme 3&somer (2-7%) could be obtamed Partral hydrolysis of the 
1,3 2,5 4,6-tnacetal with acid yielded the crystalhne 1,3 4,6-&acetal(24%) and crystal- 
line 1,3-monoacetal(22%) 

The structure of the 1,3-acetal 1 was proved as follows It consumed 1 94 mol 
ofperiodate and gave 105mol. offormaldehyde and 0 975mor offormic acid The 
maJor fission product of oxidation was identrcal (paper chromatography) with 
2,4-O-butylidene-o-erythroseq and acetylauon yielded 2,4-O-butylidene-D-erythrose 
acetate” (lt5700). The acetal 1 d-3 not migrate when subJected to ionophoresis in 
moIybclate5 buffer (pII 5XlJ; when hydrolysed, it gave mannitol and butyraldehyde, 
It gave a crystalhne tetrabenzoate and a crystallme benzeneboronate but not a 
>- _ 
“~CXXZn&Xron~ 
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The acetal (0 3 g) was ox&sed as descnbed2 for 4,6-0-butyhdene-D-glucose. 
The fission product (single spot, RF 0.945) co-chromatographed with 2,4-U-butyl- 
Idene-D-erythrose m butyl alcohol-ethanol-water (40 11.19, v/v) A portlon (0 05 g) 
was acetylated and ylelded the acetate (16%), m p and mlxed m p 154-155”, the 
Infrared spectrum (KBr disc) was ldentlcal to that of the authentic acetate 

Denvatzves of I,3-0-butyhdene-D-mannztol - (a) The acetal gave the 2,4,5,6- 
tetrabenzoate (40%), m p 125-127” (from methanol), [ct]g +26 2” (c 1 7, chloroform) 
(Found C, 69 9, H, 5 7, Bz, 64 4 C3sHS601,, talc C, 69 9, H, 5 6, Bz, 64 4%) 
Deacylatron regenerated the parent acetal 

(b) The acetal (0 15 g) was treated with benzeneboromc anhydnde (0 066 g, 
0 33 mol ) m methanol, to afford a monobenzeneboronate (0 18 g), m p 116-l 180 
(from 4 parts of carbon tetrachionde), ]a]:: - 10 85O (c 1 7, chloroform) (Found 
C, 59.7; H, 7 4; 8, 3 2 CIBH2,B0, talc C, 59.65, H, 7.2; B, 3 4%) 

Perrodate o.urda:zon of 3,4-0-butyhdene-D-mannltol The acetal consumed 1 97, 
2 03, and 2 06 mol of perlodate (4 4 mol. lmtlally present) after 0 6, 4 5, and 18 h, 
respectively, and gave I 96 mol of formaldehyde No acldlty developed durmg the 
oxldatlon 

Derwatwes of 3,4-0-butyhdene-D-manmtol - (a) The acetal(0 4 g) was treated 
as descnbed22 for the preparation of D-arabmose bls(benzeneboronate), and gave 
the 1,2 5,6_bls(benzeneboronate) (0 58 g), m p 69-72” (from 5 parts of hght petroleum), 
[a]&’ +45 0” (c 1 7, chloroform) (Found C, 64 7, H, 6 3; B, 5 2 Cz2HZ6B206 talc 
C, 64 7, H, 6 4, B, 5 3%) 

(b) The acetal (0 15 g) gave the 1,2,5,6_tetrabenzoate (0 18 g), m p 88-90 5” 
(from methanol), [a];’ -8 75” (c 1 5, chloroform) (Found C, 69.9, H, 5 5, Bz, 64 1%) 
Deacylatlon regenerated the acetal, m p. 114-l 15” 

Acrd hydr0Zysr.s of the 1,3- and 3,4-monoacetals - The acetal (0 16-O 2 g) m 
0 2~ acid was treated for 30 mm as descrlbed2 for the hydrolysis of 4,6-O-butyhdene- 
D-glucltol The 1,3- and 3&acetals gave 63 and 73% of D-manmtol hexa-acetate and 
79 and 74% of butyraldehyde blsdlmedone, respectively, the appropriate rmxed 
meltmg-pomts showed no depresslon 

I,6-Dz-O-ben~oyZ-2,4-dr-O-merhy~-3,5-O-me~hy~ene-D-n~ann~to~ - 1,6-Di-O- 
benzoyl-2&O-methylene-D-manmto15 (10 g), NJV-Amethylformamlde (25 mi), methyl 

lodlde (15 ml), and silver oxide (10 g) were shaken for 41 h After bemg processed m 
the usual manner, the product was purified on alumma (180 g) by usmg hght petro- 
leum-benzene (2 1) + benzenexhloroform (2.1). The first sohd matenal eluted, 
m p 76-77”, was rejected as It could not be purified The remalmng material afforded 
the &methyl ether (4 1 g), m p 78-80” (from 4 parts of ethanol), [a]k3 +2 0” (c 1.7, 
chloroform) (Found C, 63 9, H, 6 1; OMe, 14 1; Bz, 48 3 C23Ht60, talc C, 64 2, 
H, 6 1, OMe, 14 4; Bz, 48 8%) 

1,3,5,6-Tetra-0-acetyl-2,4-dr-0-methyl-D-mannltol - 1,6-Dr-0-benzoyl-2,4-d& 
0-methyl-3,5-0-methylene-D-manmtol m chloroform was treated mth methanohc 
sodmm methylate m the usual way, and ylelded crude, syrupy &methylmethylene-D- 
manmtol A portlon (0 13 g) of tlus syrup was refiuxed for 4.5 h with 0 6~ hydro- 
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chloric acid (2 ml) m the presence of phloroglucmo123 (0 05 g, 0 68 mol ) The 
resultmg 2,4-di-O-methyl-D-manmtol was contaminated with an impurrty. Acetylation, 
and crystalhsatron from light petroleum-ethanol, afforded the tetra-acetate (ca 10% 
based on the crude &methyhnamutol), m p 86 5-87.5”, whxch showed no depresston 
on adnuxture with the prevrously prepared tetra-O-acetyl-2&Qmethyl ether Punfi- 
cation of the &-O-methyl-D-manmtol on cellulose (CF 11 grade), usmg butyl alcohol- 
hght petroleum (b-p 10&120”)-water (15 15 1, v/v), followed by acetylatton, also 
gave the pure tetra-acetate (2%) 
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ABSTRACT 

The methyl ethers of ethyl 2-deoxy-2-(2,4-duutroamhno)-a-D-glucopyranoslde 
(2) and the correspondmg free sugar (1) have been syntheslsed They are crystalhne 
and are rea&ly separated and Identified chromatographlcally Their structures were 
established by defimtive synthesis, mterconverslon, and penodate-oxldatlon stu&es 
The 4- (10) and 6- (11) methyl ethers were synthesised vza ethyl 3,4-dl-U-acetyl-2- 
deoxy-2-(2,4-d~n~troan~lmo)-6-O-tr~tyl-a-~-glucopyranoside (3) and Its de-0-tntylated 
denvatlve (7) When 7 was methylated, the acetyl group at C-4 migrated to C-6 (76%) 
The C-3 acetyl group m the 3,6-dr-O-acetyl4O-methyl denvatlve 6 underwent 
methanolysls and acid hydrolysis abnormally slowly The 3,6-do- and the 4,6-dl- 
methyl ethers, 12 and 13, were synthesised by graded methylatlon of the P and 
6-monoethers, 10 and 11 The 3-methyl ether 17 was synthesised via ethyl 4,6-0- 
benzylidene-2-deoxy-2-(2,4-~mtroanllino)-a-D-glucopyranoside (15), and the 3,4- 
&methyl ether 20 was obtamed by hydrolysis of the product of methylatlon of ethyl 
2-deoxy-2-(2,P~nitroanilmo)-6-O-trityl-cr-D-glucopyranos~de (18) The 3,4,6-tnmethyl 
ether 14 was obtamed by methylatlon of glycoslde 2 

INTRODUCTION 

We have reported’ recently a method of lmkage analysis of mucopolysacchandes 
based upon the formatlon of N-2,4-duutrophenyl (Dnp) derivatives of the de-N- 
acylated polysacchandes Apphcatlon of tbs method to heparm has led to the lsolatron 
of, znier aha, a Dnp-Asaccharlde and a monosulphated Dnp-tetrasacchande Our 
subsequent mvestlgatlons on the structure of these ohgosaccharldes Included methyl- 
atlon stu&es, and authentic specimens of the methyl ethers of 2-deoxy-2-(2,4_dmltro- 
amlmo)-D-glucose (Dnp-D-glucosamme) wele reqmred as reference compounds Tlus 
paper describes the synthesis of these ethers and theu ethyl glycosldes 

RESULTS AND DISCUSSION 

The synthesis of the three monomethyl, three dlmethyl, and one tnmethyl 
ethers of 2-ammo-2-deoxq-D-glucopyranose have all been reported’-‘, and although 

*Part III P F Lloyd and B Evans, J Chem Sot (c), (1968) 2753 
**Dedicated to Professor Stanley Peat, F R S 
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3,4&methyl ether 20 (0 52 g, 84%) had m p. 99-lOO”, [a]: +8 9” (c 0 4, m chloro- 
form) (Found C, 48.1; H, 6.0, N, 9.8. C,,H,,N,O, talc - C, 47.9. H, 5.7, N, 10 4%). 

Dettztylatzon of compounds 22 and 21. - Detrrtylatron, as described above, of 
compound 22 gave the 4-O-methyl derrvatrve 10 (60%), m p and mrxed m p 176-177” 
Smularly, compound 21 gave the 3-O-methyl derivatrve 17 (41%), m p 146147”, 

[G? -32 8” (c 0 1, chloroform), which was identxcal wrth the product formed by the 
altematrve method described above. 

Hydtolyszs of the metlzyl ethers of ethyl 2-deoxy-2-(2,4-dznzttoanzizno)-a-Dgluco- 
pytanoszde - The methyl ether (0.10 g) was heated m 3~ hydrochlonc acrd (100 ml) 
for 6 h at 100”. The solutron was neutrahsed wrth sdver carbonate, filtered, and 
evaporated to dryness The resrdue was &solved m acetone and subJected to prepara- 
tlve t 1 c (soIvent B) The reducmg sugar was extracted from the excused band wrth 
acetone, and recrystalhsed from ethanol In Gus manner, compounds, 10, 11,17, 20, 
12, 13, and 14 were converted mto the correspondmg reducing sugars m 6&70% 
yrelci. The propertres and analyses for these products are given m Table II. 

Penodate oxzdatzon - (a) Test for the presence of hydtoxyf groups on contzguous 
carbon atoms. The compound (5 mg) was chssolved m acetone-water (2 1 v/v, 5 ml), 
and sodium metapenodate (20 mg) was added After bemg shaken for 6 h, the mtxture 
was mtered, concentrated, and exammed by t-1 c. The absence of the yellow spot 
correspondmg to the startmg material indicated that penodate oxrdation had occurred 

(b) Test for the presence of hydroxyZ and 2,4-dznzttoanilmo groups on contzguous 
carbon atoms - The compound (10 mg) m acetone-water (2 1 v/v, 10 ml) was 
shaken wrth Amberhte IRA-401 (OH-) (5 ml) untrl the solutron became colourless 
(10-15 mm) The resm was removed, sodmm metaperrodate (40 mg) was added, and 
the solutron was shaken for 6 h _4fter filtratron, I-fluoro-2,4_drmtrobenzene (0 1 ml), 
sodmm carbonate (20 mg), and ethanol (2 ml) were added The mrxture was shaken 
overmght, atered, concentrated, and exammed by t.1.c. ; the absence of the spot 
correspondmg to the startmg material indicated that oxrdatron had occurred 
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Potato D-enzyme IS a transglycosylase that &spropotionates maltotiose and 
higher maltodextrms by the transfer of maltodextrmyl ra&cals between maltodextrms, 
with the rupture and re-formation of a-(1+4)-D-glucos1&c bonds. Only malto- 
dextrms or srrmlarly structured polymers are group-donatmg substrates D-Glucose 
and a varrety of other sugars can act as acceptors, Earher workers bad noted that 
D-enzyme appears to operate on maltodextrms under constramt Maltose IS not a 
donor substrate Only one bond m maltotnose, that at the reducmg end, 1s acted on 
In the higher dextrms, there are two “forbidden” linkages The nonreducmg-end 
bond, and that pcnultlmate to the reducmg end, cannot be spht. 

The present paper tests and fully supports the hypotheses of forhdden linkages 
and their locations m the donatmg molecule The tests have mvolved quantitative 
exammatlon of the way m whch (a) maltodextrms and o-glucose-‘4C Interact m the 
presence of D-enzyme, and (b) maltotnose- 14C IS dsproporttlonated mto D-glucose 
and other maltodextrms It IS noted that maltosyl groups are transferred more 
rapxdly than any larger group, and that the rate of transfer of the maltosyl group to 
D-glucose is equal m malto-tnose, -pentaose, and -hexaose (A maltosyl group 
cannot be transferred from the tetraose ) 

INTRODUCTION 

D-Enzyme 1s a transglycosylase &scovered m the potato by Peat, Whelan, and 
Reesl. It &sproportronates maltodextrms by spllttmg off a maltosyl or larger group 
from a donor molecuIe and transfemng the group to an acceptor molecule with the 

*(By W J Whelan, at present at the Department of Blochemlstry, Umversxty of M~arm, Florida, 
U S A ) Tius trrbute to Professor Stanley Peat, F R S , comes from only one of the authors smce 
Dr Glyn Jones d&m 1960 He and I were formerly undergraduate and graduate students of Professor 
Peat (CC It 195l-n, W.1 W 1942-48) and I an acadenuc colleague durmg 1947-55 Weboth derived 
the utmost benefit from the mspnxtion and kmdly aEectlon shown to us by this dedxated and 
dlstmgurshed scientist. The present paper, whxh depended on his earher work, and which was carried 
out Hnth tis help and encouragement, 111 secondmg Dr Jones from Bangor to my laboratones m 
London, 1s dedxated to Professor Peat wxth respect and grautude for his leadershlp to us and to 
science 
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of the maltosyl residue. When maltopentaose is formed (equation l), the reacttons 
open to It are (2) and a preferred, but unproducttve, reaction m wluch a maltosyl 
group IS transferred, z e , m the termmology of Table I, M5+M3 + M3 +M5 
Smnlarly, for maltoheptaose, the preferred reaction, I maltoheptaose is a donor, 
should be M7 + M3 $ 2M5 Even If maltopentaose reacts with D-glucose, the second 
most-abundant substrate, rt can only re-form pentaose or give nse to tnose. Therefore, 
even progress to the heptaose is held up, except that, rf the roles of donor and acceptor 
are reversed m equation (2), there w111 now be a “preferred” reactron wluch leads to 
the same two products, maltohcptaose and o-glucose 

Table II compares the products at eqmhbrmm with yields of the same sub- 
stances obtamed by Peat et al 4 m a preparative-scale reaction between maltotnose 
and D-enzyme It wrll be seen that there IS a good correlatton between the two sets of 
data, obtained in quite dtfferent ways The only major difference IS the 2 1% molecular 
proporhon of maltose noted by Peat et al 4, where we find none. Almost certamly, 
thts could be ascrrbed to amylase m the less-pure D-enzyme preparatton used earlier 

The role of maltose reqmres further constderatron We have shown here con- 
clusrvely that maltose IS not formed by D-enzyme Since any reaction m which 
D-enzyme participates may be presumed to be reversible, tt follows that, If maltose 
cannot be formed, it should not be taken up. Yet we have earlier reported that 
maltose can funchon as an acceptor m a reaction m which amylopectm was the 
donor’ Relative to D-glucose (lOO), its acceptor achvity of 11 was poor We now 
know that the commerctal brand of maltose we used in the earher expernnents 
contams about 5% of maltotnose3 Walker’ and Palmer, Ryman, and Whelan’ have 
noted that the rates of action of other transglycosylases on maltose are enhanced when 
maltotnose IS added It may be that the apparent acceptor acttvity of maltose with 
D-enzyme2 IS traceable to a maltotrrose impurny 

Conchmons - The foregoing expenments have proved correct the ongmal 
hypothesis of Peat, Whelan, and Rees’ to explain D-enzyme specificity as regards 
transferable and forbidden lmkages m maltodextrins While the hypotheses 1s proven, 
we still await an explanation of why D-enzyme acts 111 thts way As regards the for- 
bidden nonreducmg-end bond, an explanahon can be advanced If this bond could be 
splrt, then, m a reactton with D-glucose, neither the D-glucosyl group transferred nor 
the acceptmg D-glucose would be polymeric, and contam a-(1 +4)-D-glucosuhc bonds. 
The parallel here IS pullulanase, an enzyme cpecific for the hydrolysis of a-(1+6)+- 
glucosuhc bonds lo The smallest substrate for thts enzyme is the tetrasacchande 
62-z-maltosylmaltose The enzyme will not spht a-(1+6+glucosnhc bonds when 
only a D-glucose umt lies on one stde or other of the bond Ltke pullulanase, D-enzyme 
may be specific for the transfer of maltodextnnyl residues, pullulanase to water, 
D-enzyme to another carbohydrate The paradox with D-enzyme IS that the bond 
penultunate to the reducing end is also forbidden Except for the case of maltotnose, 
if this bond were to be spht, the transferred fragment would always be polymeric. 
It may be that the inability to act on tins bond arises out of the fact that, m maltotriose, 
the forbidden nonreducmg-end bond IS also the forbidden “penultimate” bond. 
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If maltotrrose cannot be ahgned wrth D-enzyme such/that the enzyme acts on the 
nonreducmg-end bond, then no other larger substrate can ahgn itself to have its 
penulttmate bond spht, regardless of the size of the molecule and the size of the 
potentially transferable maltodextrmyl group Thrs restnctron does not Impose any 
constraint on the abrhty of D-enzyme to transfer any Bven maltodextrmyl group. 
The only group it wrll not transfer IS D-glucosyl Thus, d we look collectively at 
maltotrrose-maltohexaose, we find examples (Table I) where maltosyl, malto-trrosyl, 
-tetraosyl, and qentaosyl can be transferred So the constraint, which prevents 
D-enzyme from transfernng a D-glucosyl residue from maltotrrose, perststs m larger 
molecules so as to prevent a maltosyl residue bemg transferred from maltotetraose, 
maltotriosyl from maltopentaose, maltotetraosyl from maltohexaose, etc. Thrs rather 
ngrd specrficny towards donor substrates IS not nearly so marked urlth acceptor 
substrates. A wade variety of sugars2, includmg L-sorbose”, can act to receive 
transferred maltodextrmyl radicals 
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(Received November 4th, 1968) 

Analysis of complex nuxtures of methyl ethers of D-glucose by gas-hqmd 
chromatography of their tnmethylsdyl denvatives 1s described.. The ratio of the 
speck retention volumes for CL- and /3-anomers vanes urlth the total number of 
methyl substrtuents and then posItion on the D-glucose molecule The ratlo of the 
retention volume of any tnmethylsdyl denvatlve relative to its methyl analogue IS 
Independent of the number of trlmethylsdyl or methyl groups elsewhere m the 
molecule 

Molar responses of the tnmethyls~lylated metbyl ethers of D-glucose are almost 
independent of the number of methyl substltuents Quantitative analysis of mixtures 
of all D-glucose methyl ethers substituted at C-2, C-3, and/or C-6 1s possible wth 
two columns 

INTRODUCTION 

Methyl ethers of glucose can be separated by column1*2 and paper chromato- 

3-5 graphy - A combmation of these techmques has been used by Croon” to determme 

the relative reactivltles of the hydroxyl groups in cellulose towards a variety of 
methylatmg agents Gas-liqmd chromatography has been used to separate methyl 
0-methyl-D-glucosides7-g The monomethyl ethers are, however, not sufficiently 
volatile to be separated m this way, and, even m the case of the &methyl ethers, 
column temperatures of the order or’ 200” are reqmred”. Increased volatlhty can be 
achieved by makmg the fully substituted U-acetyl’ l or 0-tnmethylsdyl denva- 
tlves l 2-1 4. Quantitative determinations of fully trunethylsdylated sugars have been 
made “-’ *, but little mformatlon as to the molar responses of these denvatlves has 
been reported’ 731 ’ 

In the work described here, the relative molar responses of a senes of methyl 
ethers have been determmed, and quantitative analyses of complex nuxtures acbeved. 

D-Glucose and a senes of methyl ethers of D-glucose were exammed by gas- 

hqmd chromatography as their fully tnmethylsdylated denvatives As the methyl 























ReIativeIy small variatrons in column temperature were found to produce 
surprisingly large differences in scparatron. The separatron of a-D-glucose, 3-U-methyl- 
fl-D-glucose and 2,Gdi-O-methyI_B-D-glucose is markedly affected by a change m 
column temperature from 123 to 125” (Frg, 3) In thxs case, a small Merence rn 
separation of overlapping peaks is enhanced geometricaIIy. 

Analysii ofgas-&paid chromatograms. - Peak areas were measured by plani- 
meter, and the area attrrbutable to mdrvrdual components was computed m one of 
three ways, observing the following order of preferences in the calculatron- (I) the 
fully separated peaks, (2) the peaks computed from combmed peaks on one column 
and fuITy separated peak or peaks on a second coh.tmn, and (3) peaks computed from 
a combmed peak and fully separated peaks of the correspondmg anomers, assummg 
a 1 1 anomenc ratro No computed value was used for further estrmatron of ml- 
vidual components of compound peaks The three methods were (a) by use of measure- 
ments from three columns, (b) by us-mg results from pans of columns (i and 3, 
I and 4, or 3 and 4), and (c) by usmg one column only (column 3) and assummg 
an anomenc ratio for all components of 1 1, wmch IS a reasonable tist approxlmatlon 
based on measured amounts of each anomer over a large number of determmattons 
Table VI shows that reasonably good agreement was obtamed between results 
computed by the abbreviated methods (b), usmg 3 drfferent pans of columns, and (c) 
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SOME STRUCTURAL STUDIES OF BREA GUM 
(AN EXUDATE FROM Cerczdzzm australe JONHST )* 

A S CEWO**, M STACEY,AND J M WEBBER 

Department of Chemrszry, Umvers:ty of Bwnrmghan~, P 0 Box 363, Bwmmgham 15 (Great Brrtarn) 

(Recewed December 1 Ith, 1968) 

The gum exudate (brea gum) from the leguminous tree Cerczdzzznz c;ustrale 

contams residues of L-arabmose, D-xylose, D-glucuromc acid, and 4-O-methyl-o- 
glucuromc acid, m the approximate molar ratios of 1 7 6 3 19 0 9 Autohydrolysls of 
the gum afforded (chromatographlc Identlficatlon) xyloblose (and homologues), 
2-O- and 4-U-(a-D-glucopyranosyluromc acid)-D-xylose, and 2-O-(4-U-methyl- 
glucopyranosyluromc acid)-D-xylose The prmcipal, neutral components of the 
methylated gum were 3-O- and 2,3,4-trl-O-methyl-D-xylose, by chromatographlc 
methods, 2,3-do-0-methyl-D-xylose and -L-arabmose, and a tn-0-methylarabmose 
were also detected After reduction, the acldlc products from the methylated gum 
gave, znter alza, 3,4-dl-U-methyl-D-glucose and 2&l-trl-O-methyl-D-glucose (chro- 
matographlc Identlficatlon) 

The maJor structural features of brea gum appear to be a @-(l-4)-lmked 
D-xylan backbone Cposslbly contammg some (I + 2)-lmkages] that IS heavily 2-substl- 
tuted by short branch-chams contammg residues of D-uylose (and L-arabmose) and 
D-ghJCUrOmC acid, m which both types of residue may be termmal Approximately 
one-third of the uromc acid IS present as the 4-methyl ether, and, m the punfied 
polysacchande, a slmllar proportlon of the acid residues IS lactomsed Supportmg 
evidence for these features was obtained by penodate-oxrdabon studies of the 
carboxyl-reduced polysaccharlde 

In possessmg this type of structure, wbch IS not common amongst plant gums, 
brea gum appears to be closely related to sapote gum (from Supota ac1zra.s) 

INTRODUCTION 

Cerczdzzrm azzstrale Jonhst IS a legummous tree that grows m dry areas of the 
central, western, and north-western regions of the Argentme Republq where It 1s 
known as cbrea’ The exudate (brea gum) of this tree forms slowly m wounds made 
In the bark of the trunk or mam branches, the productlon of gum IS high m dry, hot 
weather, but dnnmlshes durmg the ramy season Brea gum IS commonly used m 
Argentma as a substitute for gum arable 

*Delcated to Professor Stanley Peat, F R S 
**Present address Departamento de Quhmca Orgamca, Facukad de Cxenclas Exactas y Natwales, 
Umversldad de Buenos Aires, Buenos Ares, Argectma 
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(120 ml) for 7 h at 95”. The cooled solution was neutrahsed pa(OH), and BaCO,I 
and treated with Amberhte IR-120 (H+) The resultmg product was treated wrth 
DeAcrdue FF (CO:-; 70 ml), and the neutral sugars were recovered by elution wrth 
water; yield, 2 5 g Elutron with N ammomum carbonate gave the methylated, acidic 
sugars, yield of free acids, 1 g. 

Neutral sugars These products (2 1 g) were placed on a cellulose column 
(53 x4 5 cm) which was then eluted with solvent A to give. Fractzon A A chromato- 
grapmcally pure syrup (0 543 g), [aID + 14” (c 0.1, water), RTG 0.95, MG 0 0, that 
was rdenttfied as 2,3,4-trt-0-methyl-D-xylose by conversion mto 2,3,4-tri-O-methyl- 
D-xylonolactone2 g, m p and mured m p 52-54”. 

Fractzon B A syrup (1 39 g) that was refractronated as described below 
Fractzon C. A chromatographrcally pure syrup (0.513 g), RTG 0 51, M, 0 71, 

[a]k6 + 14” (c 0 7, water), that was Identified as 3-0-methyl-n-xylose by converston 
mto the amlme derrvative30, m-p and mixed m.p 137” 

Fracrzon D A chromatograpmcally pure syrup (0 03 g) that was rdentrfied as 
n-xylose by conversion into the di-0-benzyhdene dunethyl acetalz4, m p and mixed 
m p 210-211”. 

Refractzonatzon of Fractzon B. Cellulose-column chromatography of tlus 
materral gave components that were Identical with fractions A and C, together 
wrth an mtermehate fracuon (0 3 g) that gave xylose (s) and arabmose (w) on 
demethylation In solvent A, the components of this mtermedrate fraction were 
chromatograpbrcally mdstmgulshable from 2,3-d+O-methyl-D-xylose (s) (RTG 0 80) 
and 2,3-di-0-methyl-L-arabmose (w) (R,, 0 74) 

Aczdzc sugars The acrdrc sugars (1 g) were placed on a cellulose column 
(50 x 4 cm) wl-nch was eluted with solvent D to grve Frachon I A syrup (0.18 g), 
R, 0 75, which was treated with 4% methanohc hydrogen chloride, followed by 
reduction with hthmm alummmm hydnde Acid hydrolysis of the reduced product 
(N H2S04, 55 h, 95”) gave 3-0-methylxylose (RTG 0 51, Al, 0 71), 3,4&Gmethyl- 
glucose (RTG 0 63, Mo 0 30), and a small proportion of a product having R,, 0.95, 
Mo 0 00 (probably 2,3,4-tn-0-methylxylose) (solvent A, buffer F) 

Fractzons II 20 V These fractions (total weight, 0 479 g), whrch respectrvely 
contamed compounds havmg RF 0 76,0 76 and 0 57,0 43, and 0 35, were mdividually 
treated as for fraction I, and all gave mrxtures in whrch 3-U-methylxylose and 3,4-di- 
O-methylglucose were the mam components 

A portion (0 25 gj of the combined, reduced products from fractions I-V was 
fractronated on cellulose, as described for the neutral sugars, to grve Fractzon a. 
A syrup (0 1 g), RTG 0 94 (s) (2,3,4-tn-O-methyl-xylose and -arabmose) and R,, 0 87 
(s) (2,3,4-tn-0-methylglucose) Demethylatron gave xylose (s), arabmose (w), and 
glucose (s) 

Fractzon b A syrup (0 035 g), RTG 0 63, [a];’ +87 2” (c 0 6, water), wluch 
was Identified as 3&h-O-methyl-D-glucose by conversron mto the amlme derivative3 ‘, 
m p and mured m p. 171-173”. 

Fractzon b’ A rmxture (40 mg) of b and c 
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BREA GUM 

Fractzon c A syrup (70 mg), [q, lzo + 14.2” (c 0 5, water), wbch was Identical 
with the 3-O-methyl-D-xylose from fraction C 
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Sugars, photochermcal degradauon of 2,4- 
dmItroamiine denvatives, 350 

Sweet-corn debranchmg enzymes, 107 
Synthesis of 2-deoxy-2-methylammo-D-gulose, a 

component of streptothncme-hke antlblotuzs, 
125 

Talose, acetonauon of D-, 231 
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2,3,5-Tnammo-2,3,5-tndeoxy-D-arabmose, den- 

vatlves of, synthesis of, 315 

Vmylatlon of methyl a-D-glucopyranoside, 295 

Xylan, from cell wall of the green seaweed 
Pemcdius dumetosus, degree of polymensation 
of, 247 

Xylopyranosldes. acid hydrolysis of phenyl &D-, 
277 

ERRATA 

p 72, he 11 below formulae, for epoxlde read epoxide 4a 

p. 74, line 7 below formula, for V, read Vo 

p. 74, he 13 up, for 10 00 read 1 00 

p. 76, lme 5, for pentrlbose read pentose 
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