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ABSTRACT 

The reaction of penta-0benxoyl-a-D-ghrcopyranose with chloroform-1,4- 
dioxane-liquid ammonia gave l,l-bis(benxam;do)-6-0-benxoyl-1-deoxy-o-glucitol 
(29.0%), three partially benzoylated derivatives of N-benxoyl-a-D-gluco- 
furanosylamine (23.6%), a small proportion of N-benxoyl-di-0-benxoyloyl_gD-gluco- 
furanosylamine (0.2%), and four partially benxoylated derivatives of a-D-gluco- 
pyranose (9.9%). The structures of the hitherto-unknown products, and their 
anomeric configurations, were established by chemical and spectroscopic methods. 
The conformations in solution of both anomers of N-benzoyl-D-glucofuranosyl- 
amine, their partially benxoylated derivatives isolated from the ammonolysis reac- 
tion, and the per-O-acetyl derivatives of the various compounds were analyzed by 
‘H-n.m.r. spectroscopy. 

INTRODUCTION 

The action of ammonia in protic solvents upon peracylated monosaccharides 
and disaccharides has been extensively studied, The reactions were conducted in 
aqueous or alcoholic ammonia solution. In most cases, l,l-bis(acylamido)-l- 
deoxyalditols and N-acylglycosylamines were found to be formed simultaneously. 
The relative amounts of acyclic and cyclic nitrogenated products have been shown 
to depend on the substrate configuration, the acyl group, and the solvent. The 
subject has been reviewed’. 

The action of ammonia in aprotic media upon acylated sugars was earlier 
studied by Zechmeister and T&h 213. After heating a mixture of octa-O-acetylcello- 
biose and liquid ammonia in a sealed tube for 48 h at W, they could isolate an 

*Deceased Oct. 4th, 1984. 
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iV-acetylcellobiosylamine (17%) and, by subsequent acetylation of the residue, the 
peracetate of l,l-bis(acetarnido)-1-deoxycellobiitol. For this compound, the 
authors proposed3 alternative structures that were lateti rejected. The N-acetyl- 
cellobiosylamine obtained was subsequently demonstrated to be the /3 anomer, as 
its peracetate was identical with the N-acetyl-hepta-O-acetyl+cel.lobiosylamine 
prepared by other workerG. The isolation of ammonium acetate from the reaction 
mixture was also reportedr.3. 

The methanolic ammonolysis of penta-O-benzoyl-D-giucopyranose6 afforded 
1, 1-bis(~~~do)-~-deoxy-D-~u~tol. Apportion of chromato~aphi~ techniques’ 
allowed the isolation of ~-benzoyl-ED-glucopy~n~yl~ine as a minor product. 
On the other hand, when ~nta-O-benzoyl-D-~ucop~anose was submitted to 
ammonolysis in 2-propanol or 2-butano18, l,l-bis(benzamido)-6-O-benzoyl-l- 
deoxy-D-glucitol was produced. 

The aim of the present work was to study the action of liquid ammonia upon 
the same compound. Aprotic conditions were chosen in order to avoid the competi- 
tive alcoholysis of benzoyloxy groups. The ammonolysis was conducted at -60”. 
Because the substrate is insoluble in liquid ammonia at this temperature, 
chloroform-l+dioxane was added to provide a homogeneous reaction medium. 
Under the conditions employed, a slow reaction took place. Nevertheless, these 
conditions proved to be advantageous because the lower rate of ~monolysis of 
benzoyloxy groups ahowed the isolation of partially benzoylated cyclic and acyclic 
nitrogenated products. These compounds provided information as to which of the 
benzoyloxy groups of the substrate had been involved in the reaction. Moreover, 
the high yield of cyclic nitrogenated products obtained invalidated the earlier 
proposal9 that the bulky benzoyloxy groups hinder the cyclization leading to N-ben- 
zoyl-D-glucofuranosylamines. 

RESULTS AND DISCUSSION 

The ~monolysis of penta-~-be~oyl-ff-D-gluc~yr~os~ in l:1:2 
~~orofo~~,~~ox~~liquid amonia for 100 h at -60” afforded a complex mix- 
ture of products, most of which were isolated by chromato~aphi~ techniques and 
characterized by chemical and spectroscopic procedures. The identified products 
and their respective yields are indicated in Table I. 

From the reaction mixture, benzamide, ammonium benzoate, and benzoic 
acid were also isolated, in yields respectively corresponding to 1.047, 0.866, and 
0.106 mol per mol of starting material. It was demonstrated that benzoic acid pro- 
ceeded from the ammonium benzoate originally present in the reaction medium, so 
that the overall yield of the latter product should be considered to be 972 mmol per 
mol. The foregoing yields imply a substrate recovery of 62.7% and a benzoyl-group 
recovery of -76% in the products isolated. 

Compound 1, the major product of the a~onolysis, was separated by spon- 
taneous crystallization from the reaction mixture, after evaporation of ammonia. A 
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TABLE I 

PRODUCIS FROM THE AMMONOLYSIS OF PBNTA-O-BENZOYL-a-D-GLUCOPYRANOSE lN 1: 1: 2 CHLOROFORM- 

1,4-DIOXWE~QUID AMMONIA 

Compound Yield (%) 

l,l-Bis@enzamido)-GO-bemmyl-ldeoxy-D-glucitol (1) 29.0 
N-Bemoyl-6-0-benzoyl-mD-glucofuranosylamine (3) 11.9 
N-Benzoyl-3,6-di-O-benzoyl-a-D-glucofuranosylamine (4) 9.6 
N-BenzoylJ,Cdi-0-benxoyl-a-D-glucofuranosylsmine (5) 2.1 
N-Benxoyl-3,6-di-O-benzoyl-gD_glucofuranne (6) 0.2 
2,6-Di-0-benzoyh-D-ghcopyranose (16) 0.7 
2,4,6-Tri-O-benzoyl-a-D-ghcopyranose (17) 1.4 
3,4&T+0-benzoyl-a-D-ghcopyranose (18) 5.4 
2,3,4,6-Tetra-0-benzoyl-a-D-glucopyranose (19) 2.4 

further amount of 1 was isolated by chromatography. This compound had alreadys 
been described, and was identified by comparison with an authentic sample. Its 
peracetate (2) was prepared. 

When compounds 3, 4, and 5 were submitted to ammonolysis in methanol, 
N-benxoyl-cr-D-glucofuranosylamine (7) was obtained. Under the same treatment, 
compound 6 afforded N-benxoyl-B_D-glucofuranosylamine (8). 

The furanose structure for compound 7 was established by oxidation with 
periodate, which produced 1.02 mol of formaldehyde per mol. The cr-anomeric 
configuration was assigned by chemical methodslo (see Scheme 1). By periodate 
oxidation, followed by borohydride reduction of the aldehyde groups produced, 
compound 7 yielded a new product in which all optically active centers were elimi- 
nated, except C-l of the original monosaccharide. The optical rotation of the result- 
ing polyalcohol(l4) was compared with that obtainedll by an analogous treatment 
of N-benxoyl-a-D-galactopyranosylamine (W). The similarity between the optical 
rotations of the polyalcohols produced from 7 (-4.3”) and 15 (-5.1”) demonstrated 
that both original compounds had the same configuration at C-l. The ‘H-n.m.r. 
spectrum, which is described later, provided further evidence for the (Y anomeric 
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3 R’ =: x,i$= NHBz,R’ = R4 = R5= ti,R6= %z 

4 R’ = I+,$=: NH%z,R3 = R5.= H,R4 = R6= Br 

5 d = H,d=r NH%z,R3= R4= H,$=t i?@ = %z 

6 R’= NHBI,R”= H,R3= R== H,R4= R6= Bz 

7 R’ = H,d= NH%z,R3= d= R5= R6r= H 

LI R’ = NH%z,R’=: H,R3 = R4 = R5j-_ R6=: H 

S R’ = H,R* = NH%t,R3 = R4 = R5-_ R6=: AC 

10 R’ = H,R* =NU%z,R3= R4= R5=: Ac,R6= 02 

11 R’ = H,R2 =NH%t,R3 = R= = Ac,R4 = R6= BZ 

12 R’ = U,R2 =NHBz,R3= R4= Ac,RS=rR6= 02 

13 R’ = NW0z,R2 = H ,R3= R= = Ac,R4= R6= 82 
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configuration of compound 7. Acetylation of 7 afforded the tetraacetate 9. 
For compound 3, the furanose ring and CT anomeric con~g~ation were 

obvious, as, by methanolic ammonolysis, compound 7 was obtained (75.2%). 
Acetylation of 3 afforded the triacetate 10. The benzoyloxy group was suspected 
from the beginning to be at C-6, because of the well-known resistance towards 
ammonolysis of the benzoyl group that esterifies the primary alcoholic hydroxyl 
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group of monosaccharides **l*. This suspicion was confirmed by the ‘H-n.m.r. 
spectrum of acetate 10. 

Compound 4 afforded compound 7 (74.6%) by methanolic ammonolysis, 
revealing a furanose structure and a-anomeric configuration. Acetylation of 4 pro- 
duced the diacetate 11. Ammonolysis of 4 in 2-propanol gave compound 3; this fact 
revealed that one of the benzoyloxy groups of compound 4 was at C-6. The location 
of the other benzoyloxy group, at C-3, was shown by the ‘H-n.m.r. spectrum of 4. 
Furthermore, the ‘H-n.m.r. spectrum of acetate 11 confirmed the position of the 
benzoyloxy groups at C-3 and C-6. 

Compound 5 obviously had a furanose ring and a-anomeric configuration, 
because, by methanolic ammonolysis, compound 7 was produced (69.4%). Acetyl- 
ation of 5 afforded the diacetate 12. The position of benzoyloxy groups at C-5 and 
C-6 was revealed by the ‘H-n.m.r. spectrum of 5. Further evidence was obtained 
from the ‘H-n.m.r. spectrum of acetate 12. 

The furanose structure for compound 8 was established by periodate oxida- 
tion, which produced 0.98 mol of formaldehyde per mol. Owing to the scarcity of 
material, the &anomeric configuration could not be ascertained by chemical 
methods, and was assigned on the basis of the ‘H-n.m.r. spectrum, as is later 
discussed. 

Compound 6 showed infrared absorptions characteristic of the amide and 
benzoate carbonyl groups. When submitted to methanolic ammonolysis, compound 
6 afforded compound 8 (57.8%), indicating a furanose structure and fi-anomeric 
configuration. Acetylation of 6 produced the diacetate W, which could not be crys- 
tallized but was chromatographically homogeneous. The mass spectrum revealed 
the molecular ion at m/z 575, in accordance with the molecular weight of a d&O- 
acetyl-N-benzoyl-di-0-benzoyl-D-glucosylamine. 

Concerning the position of benzoyloxy groups in compound 6, one of them 
was expected to be at C-6, as all the monosaccharides isolated from the reaction 
mixture had the primary alcoholic hydroxyl group esterified. The location of the 
other benzoyloxy group, at C-3, was demonstrated by the ‘H-n.m.r. spectrum of 6. 
In addition, a comparative analysis of the ‘H-n.m.r. spectra of both anomers of 
N-benzoyl-D-glucofuranosylamine (7 and 8), N-benzoyl3,6-di-O-benzoyl-D-gluco- 
furanosylamine (4 and 6), and 2,5-di-0-acetyl-N-benzoyl-3,6-di-0-benzoyk- 
glucofuranosylamine (11 and W) showed that the components of each anomeric 
pair differ only in their configuration at C-l. The location of benzoyloxy groups at 
C-3 and C-6 of compound 6 was thus confirmed. 

In regard to the partially benzoylated derivatives of a-D-glucopyranose iso- 
lated from the reaction mixture, compound 16 had earlier13 been described, and so 
hadi4J5 compound 19. Our products were identified by comparison with authentic 
specimens. 

Compound 16 was acetylated under two different conditions. By treatment at 
0” with pyridine-acetic anhydride, the triacetate 26 was obtained, whereas heating 
at loo” with sodium acetate-acetic anhydride afforded the triacetate 21 already13 

described. 
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R50 

R’ 

16 d = H,R2 = OH,R3= Br,R4= R5= H 

17 R’ = H,R~= oH,R3= R5= Bz.R’= H 

16 d = H,R’= OH,R3= H,R4= R5= ~~ 

16 R’ = H,R’= 0H,R3= R4= R5= ~~ 

20 R’ = H,R’= OAc,d= Bz,R’= R5 = AC 

21 d = OAc,R’ =H,R3 =B~,R~=R~= Ac 

22 R’= H,R2= 0Ac,R3 = R’ = R5 = ez 

23 d = 0Ac,R2= H,R3=R4=R5= ~~ 

24 d = H,R2= 0Ac,RS=R5=~~,R4= Ac 

23 R’ = H,R’= oAc,R3=Ac,R4= R5= ~~ 

In the same way, compound 19 gave two different acetates when submitted 
to the two acetylation conditions; the first treatment produced the alreadyI pre- 
pared acetate 22, and by the second method the acetate 23 was obtained. 

The structures of compounds 17 and 18 were chemically established by con- 
version into known derivatives, as shown in Scheme 2. 

The characterization of compound 17 as 2,4,6-tri-O-benzoyl-a-o-gluco- 
pyranose was accomplished by methylation under conditions that avoid acyl migra- 
tion, using diazomethane-boron trifluoride etherate”. The major product (76.5%) 
was the monomethyl derivative 26, identified as 2,4,6-tri-O-benzoyl-3-O-methyl-cu- 

CH20Bz CH20Bz 

17 
=HzNz 

BFj -:q + ‘z:-I$qoMe 

OH 
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C HZOH 
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CHzN2 MeONa Ho 

BF3 MeOH 
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Scheme 2 
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TABLE III 

coupwp~o CONSTAMP (Hz) IN THE WN.M.R. SFECTRA~ OF N-BENZOYL-D-GLUCORIRANOSYLAMWE 

DEP. IVATIVES 

7 GWJ 3.5 1.0 3.0 7.5 3.5 5.5 -11.0 9.0 
8 GD,N ::: iv0 3.5 7.5 3.0 5.5 -11.3 9.0 
3 qD,N d d d 9.0 
4 ‘GD,N 3.7 0.8 2.8 d d ; ; 9.1 
6 GD,N 2.0 1.0 4.0 d d d d 8.7 
5 C,D,N 3.5 1.0 3.2 8.2 2.5 5.7 -12.0 9.0 
9 CDCI, 3.7 0.9 3.5 9.6 2.7 4.9 -12.1 9.7 

GD,N 4.0 1.4 3.6 9.0 2.7 5.5 -12.2 9.5 
10 CDCI, 3.7 0.9 3.6 9.6 2.8 5.0 -12.1 9.7 

C&N* 4.0 1.4 3.8 9.0 2.7 5.5 -12.2 9.5 
ll CDCls 3.8 1.2 3.6 9.6 2.5 4.9 -12.2 9.7 

C,D,NC 4.5 1.7 3.8 9.0 2.5 5.2 -12.5 9.0 
l3 CDCl,e 1.8 1.8 4.0 9.7 2.7 5.2 -12.5 9.0 
12 CDCl, 3.8 1.f 3.7 9.1 2.5 5.6 -12.1 9.7 

C,D,Ne 4.5 1.7 4.0 9.2 2.5 6.0 -12.2 9.1 

‘%ata obtaiued from spectra recorded at a sweep width of 250 Hz. *At 100 MHz. The proton on C-6 
that resonates at higher field is denoted Ha’. dNot determined because of second-order effects. ?At 60 
MHz. 

D-@UCOpyranOSC I8 by comparison with an authentic specimen. The reaction also 
afforded minor amounts (9.5%) of a dimethyl derivative (27) whose physical 
properties agreed with those reported for methyl 2,4,6-tri-0-benzoyl-3-O-methyl- 
,&D-glucopyranoside r9zo. From compound 17, the diacetate 24 was prepared. 

A similar procedure was applied to establish the structure of compound 18 as 
3,4,6-tri-O-benzoyl-~-D”~u~pyranose. Methylation of 18 with di~omethan~ 
boron trifluoride etherate afforded the syrupy dimethyl derivative 28, which was 
homogeneous by thin-layer chromatography, and showed a clear IN-n.m.r. 
spectrum. Subsequent debenzoylation with sodium methoxide in methanol af- 
forded a dimethyl derivative of Dglucose (29)) identified as methyl 2-O-methyl-e 
D-~ucop~anoside *r~ by cornp~~n with an authentic sample. A~tylatio~ of 18 
produced the diacetate 25. 

The configuration at C-l of the earlier prepared D-glucose benzoates 16 and 
19, and their peracetates 21 and 22, had not been reported. These anomeric 
configurations, as well as those of the new derivatives 17, 18, 20, 23, 24, and 25 
described here, were assigned by lH-n.m.r. spectroscopy. It is known that, in the 
D-ghrcopyranose series, the value of J,,2 is usually within the range of 3-4 Hz for a! 
anomers (H-l, H-2 in the cis equato~al-vial relationship) and 7-9 Hz for j? 
anomers (H-l, H-2 in the trans diaxial r~la~onship)~. In the present study, the 
values of Jr,* obtained demonstrated that compounds l&l?, l&19,20,22,24, and 
25 were a anomers (J,,Z 3.5 Hz), and compounds 21 and 23 were ,6 anomers (J12 
8.0 Hz). 
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‘H-Mm. T. spectra of the N-benu))tl-D-gtarcofuranosylamine ~eriv~~v~. - 
The spectra of compounds 7,8, and 3-6 were measured in pentadeute~op~~ne, 
and those of compounds 9-n in deuteriochloroform. For the sake of comparison, 
the spectra of compounds 9-l2 were also recorded in deuteriopyridine. The 
chemical shifts and multiplicities observed are given in Table II, and the coupling 
constants in Table III. 

The spectrum of iV-benzoyl-a-D-ghtcofuranosylamine (7) is a representative 
example that illustrates the signals from the seven protons of the carbon chain. The 
H-l signal appears clearly separated to low field, as a well defined pair of doublets, 
through coupling with H-2 and N-H. When H of N-H is exchanged for D by adding 
deuterium oxide, H-l collapses to a doublet. The H-2 and H-3 resonances give rise 
to four-line patterns having similar ~upl~g-instant values. The assignments of 
these signals were based on analogies 24. The H-4 resonance appears as a rather 
distorted quartet between the H-2 and H-3 signals, owing to strong coupling with 
H-3. The signal for H-5 is a broad multiplet superimposed on the H-2 pair of 
doublets. The H-6 and H-6’ resonances display the typical eight-line pattern for the 
AB portion of an ABX system. The doublet corresponding to N-H is the lowest- 
field signal in the spectrum, and disappears on deuterium exchange, as well as the 
broad signal arising from hydroxyl protons. 

The spectra of the acetyl derivatives %l3 in deuteriochloroform and 
deuteriopyridine are all amenable to first-order analysis. As the N-H resonates in 
deuteriochloroform at higher field than in deuteriopyridine (see Table II), due to a 
higher degree of hydrogen bonding in the latter solvenP, the H-l quartet appears 
slightly distorted in the spectra recorded for solutions in chloroform, because of the 
proximity of the N-H signal. The assignments of H-2 and H-3 quartets, (that show 
similar ~up~mg~nst~t values) were verified through spin-de~upling experi- 

TABLE IV 

PRCVMNCHEMICAL-SHIFTCIWNGESMWE ~H-N.M.R.s~~~o~BEN~~A~D~~N~DE~A~ 

WHBNBENZGYLOXYGROUPSAREREPLACEDBYHYDROXYLGROUPS 

Compound ALP (p.p.m.) 

H-I H-2 H-3 H-4 H-5 H-6 H-P 

34e +0.11 f f f f f f 
qdte -0.01 f 4-1.26 f f f f 
546 +0.13 +0.03 4-0.16 +0.31 +1xJ3 +1.02 +0.77 
6c.s +o.tx? f +1.26 f f f f 

3,5,6-‘IX-O-benzoyl-1,2-O- +0.10 +0.08 +1.17 +0..57 +1.51 +o.!z +0.66 
benzylidene-a-D-glucofuranoseh’ 

%I C$DsN. 6Diierence between the pmton ehe~~-s~ v&ue and that observed for the same proton 
in the compound resulting from repiacing benzoyloxy gmups by hydroxyl groups. Beebe pmton at G6 
resonatin8 at higher field is denoted H-6’. dReferred to wmpotmd 7. ~he~~i-sag values from Table 
II. ~emical-shift values not determined. sReferred to compound 8. kChemical-shift values from ref. 
26. aeferred to 1 ,2-O-beozylidene-cx-o-@ucofuranoseuz. 
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TABLE V 

PROMN ~C~SHI~ CHANGES M THE lH-~.~.~. SPEC~RS OF BENZOYLATED FURANOSE DERIVATIVES 

WHEN BENZOYLOXY OROUPS ARE REPLACED BY ACETOXY GROUPS 

Coaxed Soivent I&P (p.p.m.) 

H-I H-2 H-3 H-4 H-3 H-6 H-6’& 

10c.d CDCI, +0.03 +0.03 +0.04 +0.07 +a.17 +0.16 i-O.32 

C,DsN +0.03 +0.02 +0.07 +0.08 +0.18 +0.1a +0.2a 

1l”d CDCls +0.12 +0.20 +0.27 +0.23 +0.23 t-o.21 +0.36 
C,DsN +0.18 +0.26 +0.40 +0.29 +a.33 +0.26 +0.37 

acod CDCI, +0&I +0.08 +0.03 +0.24 co.50 -I-o.21 +0.47 

CsDsN +0.11 +0.11 +0.20 +0.38 +a.54 +a.35 +o.so 

3,5,6-Tri-O-benaoyl- CDCI, +0.17 +0.19 +0.39 +0.37 +a.!51 +a.33 +0.44 
1,2-O-benaylidene- 
a-D-ghlcofuranosee~f 

“Difference between the proton chemical-shift value and that observed for the same proton in the com- 
pound resuhing from replacing benzoyfoxy groups by acetoxy groups. bThe proton at C-6 resonating at 
higher field is denoted H-6’. eReferred to compound 9. hernia-shy values from Table II. eReferred 
to 3,5,~tri-O-a~~l-l,2-O-isopropyIidene-a-~~u~~~~ =. ~Chemi~-ship values from refs. 26 and 
27. 

ments. By irradiating, in turn, H-l, H-2, and H-3, the appropriate collapse of 
signals was observed. In all instances, the lower-field quartet corresponds to H-3. 

The spectra of the p anomers 8,6, and l3 closely resemble those of the corre- 
sponding a anomers 7, 4, and 11, but display the H-l signal shifted upfield, the 
N-H signal shifted downfield, and a considerably smaller Jr,, value. In the spectra 
of 8 and 13, the H-2 signal is an apparent triplet as a result of the similar magnitude 
of Jr r and J2,s values. 

Structural analysis. - In order to ascertain the position of benzoyloxy groups 
in the partially benzoylated N-benzoyl-D-glucofuranosylamines 3, 4, 5, and 6, the 
spectra of these compounds were compared with the spectrum of the corresponding 
0-debenzoylated derivative (7 or 8, depending on the compound). The observed 
differences in chemical-shift values for the protons of the carbon chain are indicated 
in Table IV. The spectrum of a closely related compound, namely, 3,5,6-tri-o-ben- 
zoyl-1 ,2-O-~nzylidene-~-D-glu~~anosez6, is also compared with the spectrum 
of its debenzoylated derivative 26. The shifts to lower field of the signals from the 
protons reveal the presence of a benzoyloxy group at C-3 for compounds 4 and 6, 
and demonstrate the location of benzoyloxy groups at C-S and C-6 of compound 5. 

As the chemical-shift values for H-6 and H-6’ could not be measured from 
the spectra of 3 and 4, in order to demonstrate the presence of a benzoyloxy group 
at C-6 of these compounds, the spectra of the peracetates 10, 11, and 12 were 
compared with the spectrum of the peracetyl derivative of iV-benzoyl+D-gluco- 
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TABLE VI 

H-l AND N-H ~HEMI CALSHI~ CHANGES IN THE 'H-N.M.R. SPEW OF IV-BENZOYLDGLUCO- 
FURANOSYLAMNEDERIVATlVESBYlNVERTINGTHEANOMJXICCONmGURAlTON 

Compound H-I, O-2 H-I’ 
relationship 6 (@p.m.) t:.m.) 

NH, O-2 N-Ha A& 
relationship 6 (p.p.m.) (p.p.m.) 

7* trans 6.89 +0.20 cis 8.54 
w CiS 6.69 trans 8.90 

-0.36 

4* trans 6.88 cis 8.90 
6d CiS 6.71 +0.17 

trans 9.28 
-0.38 

1P tra?fs 6.48 
WC cis 6.13 +0.35 

cis 6.78 
trans 7.07 -0.29 

Walues from Table II. *Difference between the H-l chemical-shift values for Q and @ anomers. Offer- 
ence between the N-H chemical-shift values for a and j3 anomers. % C$D,N. In CDCl,. 

furanosylamine (9). The observed differences in chemical-shift values for the 
protons of the carbon chain, in chloroform and in pyridine, are recorded in Table 
V. The spectrum of 3,5,6-tri-O-benzoyl-l,2-O-benzylidene-cr-D-glucofuranose26 is 
also compared with the spectrum of 3,5,6-tri-0-acetyl-1,2-O-isopropylidene-a-D- 
glucofuranose”. The downfield shifts experienced by the signals from the protons 
demonstrate the presence of a benzoyloxy group at C-6 in compound 10, confirm 
the location of benzoyloxy groups at C-3 and C-6 of compound 1l, and indicate 
that C-5 and C-6 bear benzoyloxy groups in compound 12. 

The anomeric configuration for the compounds studied could also be estab- 
lished or confirmed on the basis of the lH-n.m.r. spectra. 

It is known that, in furanose derivatives, when the anomeric pair is available, 
the contlguration at C-l can be assigned unambiguously by comparison of the H-l 
chemical shifts for the two anomers. When the substituents at C-l and C-2 are in a 
trum relationship, H-l resonates at higher field% than when they are in the cti 
orientation. The difference has been ascribedzg to the shielding that an oxygenated 
group at C-2 exerts on H-l when the two are situated on the same side of the ring. 
The H-l chemical shifts. for the anomeric pairs studied here, and the observed 
differences for each pair, are indicated in Table VI. 

The shielding is also exerted on the N-H amidic proton when this group is in 
a cti relationship with the oxygenated substituent at C-2. This effect had been ob- 
servedsO in a study of N-acylglycopyranosylamines. The N-H chemical shifts for the 
anomeric pairs analyzed in the present work, and the differences obtained for each 
pair, are recorded in Table VI. 

In furanose derivatives, when only one component of the anomeric pair is 
available, the configuration at C-l can be assigned on the basis of the .Ji,* value. 
Although J,,, values can vary within the range of 3.5-&O Hz for cis protons and 
O-&O Hz for Puns protons 31, due to the flexible nature of the furanose ring, a 
systematic study of furanose derivatives32 showed that H-l and H-2 in a trans re- 
lationship usually give rise to Ji,* values of 2 Hz or less. The JiJ values from Table 
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TABLE VII 

7 
8 

: 77 (98) 49 
(101) 77 (98) 44 

4 40 82 (93) 48 
6 61(113) 77 (98) 35 
5 42 77 (98) 47 
9 33 70(104) 41 
10 33 70 (104) 39 
11 27 67 (108) 38 
l2 27 67 (108) 37 

III are in agreement with these observations, as, in all instances, .71,2 > 3.5 Hz for 
a anomers (H-l, H-2 c&oriented) and Ii,2 d 2.0 Hz for p anomers (H-l, H-2 
trans-oriented). 

Conformationd andysh. - The conformations of the N-benzoyl-D-ghrc- 
furan~yla~ne derivatives were analyzed from the rH-n.m.r.-spectral data for 
solutions in deute~opy~~ne, in order to compare the hydroxylat~d compounds 
and their peracetylated analogs in the same solvent. 

To perform the conformational analysis of the furanoid ring, various reported 
modifications of the Karplus equation were tested; the best approach to the experi- 

TABLE VIII 

EsTww3Da DIwxxAL ANGLES (DEGREES) IN DIFFERENT CONFORMATIONS 0F IV-REN~~YL-D~Luco- 

FURANOSYLAMINES 

Conformationb Zc 

E2 0.28 
0.32 
0.36 
0.40 

‘T2 0.31 
0.36 
0.40 
0.43 
0.46 

3E 0.23 
0.28 
0.32 

43 (77) 
49 (71) 
54 (66) 
58 (62) 

31(89) 
36 (84) 
40 (89) 
44 (76) 
47 (73) 

22 (98) 
26 (94) 
30 W) 

77 
71 
66 
62 

82 31 
77 36 
72 40 
68 44 
65 47 

85 35 
77 43 
71 49 

26 
30 
33 
36 

*From the model of Abraham and McLauchlan 3R. bFor the nomenclature of conformations, see ref. 39. 
COut-of-plane displacement (A) of the atoms indicated in the conformational designation. aI’he first 
value corresponds to the Q anomer, and that indicated in parentheses, to the @ anomer. 
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mental data was given by the relation proposed by Streefkerk et al.“, which takes 
into account the angular dependence of the vicinal coupling on the electro- 
negati~ties of the substi~en~. 

In the application of the modified Karplus equation, the following electro- 
negativity values (X) were used: Xn 2.1 (ref. 34), X, 2.5 (ref. 34), X-o 3.3 (ref. 
39, XoH 3.4 (ref. 35), X,,, 3.7 (ref. 36), X,,, 3.8, and Xunnz 3.3. The last two 
values were calculated by the method of Cavanaugh and Dailey35 from the iH- 
n.m.r. data for ethyl benzoate and N-ethylbenzamide, respectively. The dihedral 
angles between vicinal ring-protons, calculated from the observed coupling con- 
stants (& J2,3, and J3,J for the N-benzoyi-D-giucofuranosylamine derivatives are 
indicated in Table VII. 

For vicinal ring-protons in a cis relationship, such as H-3, H-4 in all the com- 
pounds studied, and H-l, H-2 in the a anomers, only the values of 4 smaller than 
120“ have physical significance. Moreover, as the puckering of the furanose ring 
preferably occurs in such a way that C-2, or C-3, or both, is (are) displaced from 
the mean plane of the ring 37, for the N-benzoyl-a-D-glucofuranosylamines 7,4,5, 
and 9-12, the larger h,3 values are not compatible with the values obtained for +I2 
and &,& Similarly, for the ~-~~yl-~D-~u~o~anosyl~nes 8 and 6, the larger 
#i;2 and kd values are incompatible with the corresponding values of &,4, as 
follows from irrspection of molecular models. Therefore, the values indicated in 
parentheses in Table VII were discarded. 

To deduce the favored #nfo~ation from the values of (b obtained, the 
model of Abraham and McLauchlarP was applied. The dihedral angles between 
vicinal ring-protons, estimated from that model for various symmetrical conforma- 
tions of iV-benzoyl-D-glucofuranosyiamines, with different degrees of ring pucker- 
ing, are shown in Table VIII. 

On comparing the dihedral angles for compounds 7,4,5, and 9-l2 (see Table 
VII) with the values listed in Table VIII for the a anomers, the minimal deviations 
are observed for the 3T2 conformation. However, as +i,s is smaller than +s4, a 
contribution of the 3E conformation has to be considered. Thus, the “average” 
conformation for the N-benzoyi-cr-D-giucofuranosyiamine derivatives, resulting 
from the time-averaging of the various forms that are freely interconverted within 
a limited segment of the pseudorotational cycle40,41, should be one that is inter- 
mediate between the 3T2 and 3E forms. 

Similarly, a comparison of the dihedral angles for compounds 8 and 6 (see 
Table VII) with those listed in Table VIII for the @ anomers, indicated that the 3T2 
~nfo~ation gives the best agreement. Nevertheless, the similar magnitude of +r,r 
and Qrrs for compound 8 and the low value of #s4 for compound 6, point to a 
~n~bution of the Es form in the confo~ation~ equ~b~um. 

The foregoing results are in accord with the criteria that predict the favored 
conformation of a furanose 41@. For ~-~~oyl-D-glu~~r~osyl~nes, the 3T2 
conformation permits maximum staggering of the substituents on C-l, C-2, C-3, 
and C-4, relieving cis l,Zinteractions, and allows the bulky side-chain to assume a 



qwzs&equatorial position. The cuntributiun uf the SE conformation observed for 
the cu aaomers probably arises from an attempt to lessen the destabilization pro- 

duced by the electronegative substituent on C-l (-NHBz) in a quasi-equatorial 
orientation in the 3& form (unfavorable anomeric effect). On the other hand, the 
contribution of the E2 conformation observed for the /3 anomers may be due to an 
attempt to alleviate the 1,3-parallel interaction between the -NH’& group on C-l 
and the oxygen atom on C-3 in the 3rZ form, even at the expense of lessening the 
staggering of the bulky substituents in the C-3-C-4 bond. 

Because no significant changes in the confutation are observed when 
hydroxyl groups are replaced by acetoxy or benzoyloxy groups, it may be concluded 
that the size of the ring substituertts in the N-benzoyl-D-~ucofuranosylamines dues 
nut affect the conformational state of the ring. 

The $2, 4.31 and J3,4 values for the N-benzoyl-a-D-glucofuranosylamine 
derivatives (see Table III) are close to those reported for N-acetyl-a-D-gluco- 
furanosylamineU and for esters af 1 ,2-O-isopropylidene-27*43 and 1,2-O-benzylid- 
enema-D-glucofuranose 3. In all instances, the coupling values indicate a 3TZ 
“average” conformation, and preclude the contribution of the ?& form to the con- 
formational population. However, the coupling constants reported fur methyl a-D- 
glucofuranoside41 and penta-O-benzoyl-a~glucofuranose~ reveal that these cum- 

pounds exist as mixtures of VZ and 2T3 forms, with the former pre~nderatin~~* 
The significant changes produced in the cunfurmatiunal state of the furanoid ring 
when a benzamidu group on C-1 is replaced by a benzoyloxy gruup suggest that, in 
the N-benzoyl-cw-D-glucotiranosylamines, the -NH- of the benzamido group is 
responsible for the population of a single segment of the pseudorotational itinerary. 
The reasons for this behavior are not readily apparent. 

For the corresponding p anomers, the conformational state of the furanoid 
ring is not altered when a beazamido group on C-1 is replaced by a methoxyl, 
a;cetoxy, or benzoyloxy group, The J 1 ,*, JzT3, and J3,4 values for the N-benzuyl-/3-D- 
glucufuranosylamines 8 and 6 (see Table III>, and thuse reported for methyl #SD- 
~~cu~ranuside41 and for penta-O-acetyl- and penta-O-benzuyl-/3-D-gluco- 
furarwseM indicate that a single segment of the pseudurotatiunal cycle is populated 
by these cumpuunds, 3T2 being the “‘average” confurmatiun. 

The favured conformation in pyridine solution fur the N-benzuyl-cw-D-gluco- 
furanusyfamine derivatives agrees with that determined in the solid state for a 
related furanose compound, namely ethyl l-thio-cw-D-glucofuranoside, The calcula- 
tion of the phase-angle of pseudorotation (P) from the torsion angles reported for 
this compound in the crystal fEormdfi, gave P = -0.5”. This value corresponds to an 
ideal 3& conformation, according to a descriptoti7 applied in the carbohydrate 
field* 

The orientation of the side chain for the N-benzoyl-D-glUcofuranosylamine 
derivatives was determined by assuming that the energy barriers for rotation 

around the C-4-C-5 and C-5-C-6 bonds are low. From the various orientations that 
arise by rotation, only the staggered rotamers were considered: a,> a,, and tr, of-the 
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H-4 H-4 H-4 

Ii-5 i-5 H-5 

b, b2 b3 

Fig. 1. The staggered rotamers of the C-4-C-5 fragment (a,, a,, and a3) and of the C-5-C-6 fragment 
(b,, 4, and b3) in TV-benz.oyI-rqhxofuranosylamines. 

C-4-C-5 fragment, and b,, b,, and b, of the C-5-C-6 fragment (see Fig. 1). The 
mole fractions of these rotamers in the equilibrium were calculated from the J4,5, 
J5,6, and Js,6e values according to the method described by Streefkerk et a1.33. 

In the C-4-C-5 fragment, rotamer a3 was neglected, because of the unfavor- 
able 1,fparalIel interaction between O-3 and O-5. On the basis of the theoretical 
values of J4,5 for both of the remaining rotamers, calculated as had previously been 
proposedB, the mole fractions of a, and a, for the N-benzoyl-D-gluco- 
furanosylamine derivatives were derived from the observed J4,5 values. The values 
obtained (see Table IX) reveal a considerable preponderance of rotamer a,, having 
H-4 and H-5 in the trans-coplanar relationship. Rotamer a2 is disfavored, because 
of the 1,3-parallel interaction between C-6 and O-3. 

For the C-5-C-6 fragment, the mole fractions of rotamers b,, b,, and b, were 
deduced from the observed J5,6 and J5,6r values, in combination with the theoretical 
values of J5,6 and J5,6n for each of the three rotamers. The values obtained (see 
Table IX) indicated that the C-5-G6 fragment of the N-benzoyl-D-gluco- 
furanosylamine derivatives exists as a mixture of rotameric states with a substantial 
contribution of rotamers b, and b,, having H-5 in a trans-coplanar relationship with 
H-6’ and O-6, respectively. The lower contribution of rotamer b, to the conforma- 
tional population results from the destabilizing, 1,3-parallel interaction between 
O-6 and the ring-oxygen atom. 

The geminal coupling-constant J6,60 also indicates the orientational preference 
for the C-5-C-6 bond. Molecular orbital theory48 predicts that, in rotamer b,, where 
the 0-5-C5x-6 plane bisects the axis between the geminal protons H-6 and H-6’, 
an algebraic increase of J6,6t (smaller negative value) is expected. In such cases, 
values of J6,at yl g 1 ‘n between -9.5 and -10 Hz were obtained33v49. On the other 
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TABLE IX 

CALCULATfXI MOLE FR#dXTONS (n) FOR THE ROTAMERs f, 2, AND 3 OF (ri) THE c-4-c-5 FRAGh%E,NT AND (b) 

THE C-5-C-6 FwxGr+wNT 0~ N-BEN~~DOL~C~~~NOS~M~E DERIVAWES 

u 

“I 

0.61 
0.61 
0.71 
0.80 
0.80 
0.80 
0.83 

n2 “i 

0.39 0.00 

0.39 0.00 
0.29 0.00 
0.20 0.00 

0.20 0.00 
0.20 0.00 
0.17 0.00 

b 

4 

0.40 
0.41 
0.47 
0.44 
0.44 
0.41 
0.50 

n2 n3 

0.42 0.18 

0.46 0.13 
0.43 0.10 
0.45 0.11 

0.44 0.12 
0.49 0.10 
0.40 0.10 

#Excluded, because of the unfavorable 1,3-parallel interaction between O-3 and U-5. 

hand, in rotamers b, and b2, where the O-5-G-5-G-6 plane and the axis between 
H-6 and H-6’ tend to the parallel a~~gement, an algebraic decrease of the geminal 
coupling (larger negative value) is expected. In such cases, values of Jti,@ between 
-11 and -12 Hz have been reported33s49. The J6,6, values for the iV-benzoyl-D- 

glucofuranosylamine derivatives vary from - 11 to -12.5 Hz (see Table III), 
revealing a great preponderance of rotamers b, and b, over b,. 

Our results concerning the preferred orientation of the side chain for the 
~-benzoyl-D-~uco~ranosylamine derivatives are in reasonable agreement with 
those reported% for 1 ,2-O-isopropy~dene-~-~-glu~~ano~-6-13G and its ~-k-Jo 

epimet. Considering the C-4-G-5 bond of these ~m~unds, the values of H-4, 
H-5, and r3G-6, H-4 vicinal couplings are consistent with the preponderance of a 
rotamer having H-4 and H-5 in a &ans orientationso. In regard to the C-5-G-6 
fragment, the magnitude of the H-&H-6 and H-S,H-6’ vi&al couplings indicates a 
preference for the rotamer having H-5 guuc~e to H-6 and rraras to H-6‘. However, 
the small value of r3C-6, H-S geminal coupling suggests that the rotamer having H-5 
trans to O-6 is the most highly favored5”. 

With respect to the orientation of the C-l-NHBz fragment, the benzamido 
group is known as a stable, planar structure, with N-H and C-O in truns arrange- 
mentsl. Concerning the C-l-NH bond of the N-benzoyl-D-glucofuranosylamines, 
the large values for J,,NH, varying from 8.7 to 9.7 Hz (see Table III), suggest a 
fruns-coplanar relationship between H-l and N-H in a rotamer of restricted rota- 
tion. It has been pointed out 24*51~52 that the &arts arrangement is energetically favor- 
able, because of less steric hindrance with nei~bo~ng groups, as can be appreci- 
ated by inspection of molecular models. 

EXPERIMENTAL 

Gerzerul rne~~~~s. - Melting points were dete~ined with a Fisher-Johns 
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apparatus, unless otherwise specified, and are uncorrected; mixed melting points 
were measured in capillary (cap.) tubes. Optical rotations were determined in 1-dm 
tubes with a Perk&Elmer 141 polarimeter. Absorbances were measured with a 
Beckman D.U. spectrophotometer. Evaporations were conducted below 45”, under 
diminished pressure. Samples for analysis were dried over phosphorus pentaoxide 
at 60-100X33 Pa. Column chromatography was performed on silica gel (Davison) 
grade 923 (100-200 mesh). Thin-layer chromatography (t.1.c.) was conducted on 
glass plates (10 x 20 cm) coated with silica gel G (Merck, 0.25-mm thickness). The 
following mixtures of benzene-2-propanol (v/v) were used as developing solvents: 
A, 97:3; B, 24:l; C, 9:l; D, 4:l; E, 3:2; and F, 1:l. Detection was effected with 
iodine vapor. Preparative t.1.c. was performed on glass plates (10 x 20 cm) coated 
with silica gel GF, (Merck; l-mm thickness); indication was effected by irradiation 
with U.V. light. Unless otherwise specified, identi~cation of a known corn~~d was 
made by comparison with an authentic sample, by mixed melting point, and by i.r. 
spectra. 1.r. spectra were recorded for Nujol mulls with a Perkin-Elmer 137-B In- 
fracord spectrophotometer, which was calibrated against a polystyrene standard. 
Unless otherwise stated, ‘H-n.m.r. spectra were recorded at 60 MHz with a Varian 
A-60 spectrometer. Spectra at 100 MHz were recorded with a Varian XL-100 
spectrometer, operated in the continuous-wave mode. The concentration of each 
sample was -10% (w/v). The spectra of compounds 6 and 8 were measured at 100 
MHz, in the pulse, Fourier-transform mode, with a Varian XL-100-15 spectrometer 

coupled with a 620 L VFT computer; sample concentrations of -2% (w/v) were 
used; both spectra were recorded after sufficient data-accumulation (100 scans). 
The probe temperature was 20-25”. Tetramethylsilane (-1%) was employed as the 
internal reference-standard. Hydroxyl and NH protons were exchanged for 
deuterium by adding deuterium oxide; deuteration of NH groups was complete 
only after 24 h. Spinde~up~g experiments were performed on solutions in 
chloroform-d with the XL-100 eq~pment operated in the ~ntinuous-wave mode. 
Spectra were analyzed on a first-order basis; the coupling constants reported (Hz) 
are the observed line-spacings. All vicinal coupling-constants were taken as 
positive, but the geminal coupling constant J6,6, was assumed to be negative, in 
analogy to the data on geminal coupling constants for other saturated carbo- 
hydratess3. Signal multiplicities are indicated by: bs, broad singlet; d, doublet; dd, 
double doublet; m, multiplet; o, octet; q, quartet; s, singlet; sp, septet; and t, 
triplet. Mass spectra were recorded with a Varian MAT CH 7-A spectrometer at 
70 eV. 

1,2,3,4,6-Penta-O-benwyh-u-D-glucopyranose. - A solution of a-D-glucose 
(70 g) in dry pyridine (420 mL) was cooled to -20” and benzoyl chloride (365 mL) 
was slowly added. After standing for 1 h at o”, tbe mixture was kept overnight in a 
refrigerator and then for 5 h at room tem~rat~e. It was now poured into ice-water 
(5 L); the solid deposited was pulverized, filtered off, washed with water, soaked 
in methanol, and dried. The crude product (270 g) was recrystallized from 3:l 
methanol-acetone; after four recrystallizations, a pure product was obtained (129 g, 
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47%); m.p. 191~WY, [a]80 +138.4’ (c 1, chl~rofo~); ht. m-p. 187”, [alo t-138.5” 
(chloroforrn)M; m.p. 190-191”, [a]o +136JY (chloroform)55. 

I,I-Bis(benzamido)-6-O-benzoyl-l-deoxy-~-glucitol (1). - To anhydrous 
liquid ~monia (700 mL), stirred at -6O”, was added portionwise a solution of 
penta-O-benzuyl-cu-D-glucopyranose (50 g) in 1: 1 (v/v) chloroform-l ,Pdioxane 
(700 mL) during 10 min. The homogeneous mature was kept for 100 h at -W, 
and a crystalline precipitate slowly formed. Ammonia was then evaporated by 
sti~ng the mixture, protected from moisture, at room temperature. The crystals 
deposited were filtered off (8.6 g); they had m.p. 188-192~ (dec.). Two recrystalhza- 
tions from ethanol afforded a product having m.p. 191-193” (cap.); it was identified 
as ammonium benzoate by comparison with an authentic sample; lit.S6 m.p. 190”. 

The previous filtrate was kept for 24 h at room temperaturq a crystalline 
precipitate (9 g) was formed, RF 0.25 ft.l.c., solvent D). Rec~stal~ization from 
ethanol gave 1, m,p. 219-220” (dec.), m.p. 207-208” fdec.; cap.), fa]g6 -t-3.0” (c 1, 
py~dine), iden~ed by compa~son with an authentic sample; Iit8 m.p. 2~~2~~, 
[CC]45 +6.3” (pylidine). 

The filtrate was evaporated to dryness, and a solid (34.1 g) was obt~n~d. 
T.1.c. of the residue (solvent c) showed nine spots, R, 0.90,0.80,0.65,0.50,0.40, 
0.35,0.27,0.20, and 0.15. 

Starring mixture 
4 Solvents I, 2, 3, and 48 
+ Fractions I-67 -+ No residue 

hwum Mixture B 
J, 1 Solvents 5 and 60 

Compounds 1 and 3 -* Fractions 6%lOI-+ No residue 
_1 Soivent 78 
--+ Fractions 102-103 + Compound 19 

4 Solvent 7 
-3 Fractions 104-107 -+ Compound 19 and benzoic acid 

j‘ Solvent 7 
-+ Fractions 108-110 -+ Compound 17 and beuzok acid 

2 Solvent 7 
-+ F~c~ons 111-112 + ~rn~ad 17 

J, Solvent 7 
-+ Fractions 113--157 -t Compounds 4,6, and 18 

1 Solvent 7 
9 Fractions 15&X-167 I, Bermamide 

4 Solvent 7 
-+ 

4 
Fractions 168-208 --* Compound 5 and benxamide 

Solvent 8” 
-+ Fractions 209-229 -+ Compound 16 

J Solvent 98 
3 Fractions 230-262 -+ Un~stalli~bie residue 

Scheme 3. The ~ctionat~n oftbe ammono~~~ baron ~~ by ~~urnn ~omato~phy. ~u~~vent 
systems used for development and elution: (1) benzene; benxew-chioroform (2) 75; (3) 2:3; Q 
chloroform; c~~or~o~2-p~p~oi (5) 99: 1; (6) 49: 1; (7) 19: 9: 97:3; (8) 1; (9) 1.1 
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‘I’be ammonolysis was repeated under the same conditions, with a further 
amount (50 g) of penta-O-benzoyl-a-D-glucopyranose; 8.6 g of ammonium ben- 
zoate and 8.8 g of compound 1 were isolated. Total yield of Arnold beuzoate: 
17.2 g. The remaining residue (33.6 g) was combined with that proceeding from the 
first ammonolysis reaction, and the mixture (67.7 g) was submitted to chromatog- 
raphy on a column (170 X 8 cm) of silica gel (4200 g) (see Scheme 3). The material 
was pulverized and placed on the top of the column, between two disks of filter 
paper. Fractions (500 mL each) were collected. 

The development was performed with benzene, mixtures of benzene with 
increasing concentrations of chloroform, and then chloroform; 67 fractions that left 
no residue on evaporation were collected. At this stage, most of the adsorbed 
material that still remained at the top of the column had turned crystalline. There- 
fore, it was removed to be studied separately (mixture A; 12.5 g). Meanwhile, the 
chromatographic separation of the remaining components adsorbed in the column 
Ernst B) was prosecuted. 

T.1.c. of mixture A (solvent f)) showed only two spots, R, 0.60 and 0.25. The 
solid was dissolved in boiling ethanol; on cooling, white crystals (3.3 g) were ob- 
tained, RF 0.25 (solvent I>) and 0.15 (solvent C), Re~sta~~a~on from the same 
solvent afforded a further amount of 1, m.p. 219-220” (dec.), [@]A0 +3.8’ (c 1, 
pyridine); total yield of compound 1: 21.1 g (29.0%). 

2,3,4,5-Tetra-O-acetyl-l,l-bb(benzamido)-6-O-benzoyl-deoxy-D-glucitol 

(2). - Compound l(500 mg) was dissolved in 1: 1 pyridine-acetic anhydride (10 
mL). The solution was kept for 24 h at room tem~ra~e and then poured into 
ice-water (100 mL). The resulting solid was filtered off, and recrystallized from 
ethanol, yielding 520 mg of 2, m.p. 209-210” (sintering from 194-19Y), [a]&@ 
-44.0” (c 1, chlorofo~)~ lH-n.m.r. (CIXls): S 5.78 (m, J1,r 9.0, JlsJH 7.0, ilsjw’ 9.0 
Hz, H-l; doublet on deuteration), 6.35 (q, J2,32.0 Hz, H-2), 5.70 (q, &a 7.5 Hz, 
H-3), 5.45 (t, Jd5 7.5 Hz, H-4), 5.23 (m, & 3.0, Js,6C 5.0 Hz, H-5), 4.62 (q, &s 
-12.0 Hz, H-6), 4.34 (ql H-6’), 8.23 (d, NH; disappeared on deuteration), 7.32- 
8.15 (16H,~~d~‘~, and 1,97,2.07,2.10, and2.16(4s, 12H,4OAc). 

And. Calc. for C&H&&O,,: C, 62.13; H, 5.32; N, 4.14. Found: C, 61.94; H, 
5.48; N, 4.28. 

N-Benzoyl-6-0-benzoyi-tu-D-gl~o~~n~y~~ine (3). - The ethanolic 
mother liquor remaining after ~st~~a~on of 1 was ~ncen~a~ to l/lOth of its 
original volume, and kept for 24 h at room temperature. A crystalline precipitate 
was formed (6.6 g, 11.9%); R, 0.60 (solvent D) and 0.20 (solvent C). Recrystalliza- 
tion from ethanol gave 3, m.p. 177-178”, m.p. 174-175” (cap.), [alA +30.2“ (c 1, 
pawned; for lH-n.m.r. data in py~~ne-d~~ see Tables II and III. 

And Calc. for C&Iz,NO,: C, 62.01; H, 5.46; N, 3.62. Found: C, 61.89; H, 
5.43; N, 3.78. 

2,3,5-T~-O-ucetyl-N-be~y~-6-O-benz~y~-~D-gl~o~an~~y~i~e (10). - 
Arnold 3 (200 mg) was acetylated with 1: 1 p~~~a~ti~ anhydride (4 mL) as 
described for 1. Recrystallization of the crude product from ethanol gave 10 (228 
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mg), m-p. 151-152”, [~1]&l +53.9” (c 0.5, chlorofo~); for the iH-n.m.r. data in 
pyrldine-ds and CDCl,, see Tables II and III. 

Anal. Calc. for C&E-f,,NO,s: C, 60.81; H, 5.30; N, 2.73. Found: C, 61.09; H, 
5.42; N, 3.02. 

N-Benzoyl-a-D-gltlctrfuranosylarrairse (7) - Compound 3 (1 g) was dissolved 

in 16% (w/v) methanolic ammonia (40 mL); the solution was kept for 18 h at room 
temperature, and then evaporated to dryness. T.1.c. of the residue showed one 
spot, R, 0.60 (solvent E); the solid crystallized (550 mg, 75.2%) from 2-propanol. 
Recrystallization from the same solvent gave 7, m.p. 171-173”, [al&O +45.@ (c 1, 
ethanol), [alA +41.6” (c 0.6, water); ‘H-n.m.r. (100 MI-Ix, D,O): 6 6.00 (d, J,,, 3.8 
Hz, H-l), 4.30 (q, J2,r 0.6 I=iz, H-2), 4.38 (q, & 3.0 Hz, H-3), 4.15 (q, J4,s 8.6 Hz, 
H-4), 3.92 (m, J5,6 2.7, J5,6, 6.0 Hz, H-5), 3.84 (q, J6,6, -12.5 Hz, H-6), 3.62 (q, 
H-6’), and 7.49-7.81 (5 H, Ar); for the *H-n.m.r. data in pyridine-d,, see Tables II 
and III. 

Anal. Calc. for C,,H,,NO,: C, 55.12; H, 6.05; N, 4.95. Found: C, 55.21; H, 
6.25; N, 5.00. 

Periodate oxidation of 7 - (a) Determination of formaldehyde. A solution of 
compound 7 (7.07 mg) in 15mM aqueous sodium metaperiodate (10 mL) was kept 
in the dark for 24 h at 35”. An aliquot (1 mL) was withdrawn, iodate and periodate 
were removed by addition of 0.5~ sulfuric acid (1 mL) and M sodium arsenite (0.5 
mL), and, after 10 min, the solution was diluted with water to 10 mL. On a sample 
(1 mL) of the resulting solution, the determination of formaldehyde was performed 
by the chromotropic acid method 57. The absorbance (0.425) of the sample at 570 
nm corresponded to a formaldehyde production of 1.02 mol per mol of 7. 

(b) Dete~~~~ut~o~ of motner+c co~~gur~~on. To compound 7 (17.7 mg, 63 
clmol) was added %nM aqueous sodium metaperiodate (1.76 mL, 132 pmol), and 
the solution was kept in the dark at 4”. After 48 h, the optical rotation remained 
constant: [al&O +21.3”. To the resulting solution were added sodium hydrogen- 
carbonate (6 mg) and sodium borohy~ide (6 mg). The optical rotation remained 
constant after 24 h: [alJo -4.3”, in agreement with the value reported” for N-ben- 
zoyl-~-D-galactopyr~osyl~ine submitted to the same treatment. (The optical 
rotations were calculated on the basis of the weight of the original ~orn~und,~ 

2,3,5,6-Tetm-O-acetyl-N-benzoyl-a-D-g~~cofrsra~osy~a~~ne (9). - Com- 
pound 7 (100 mg) was acetylated with 1: 1 pyridine-acetic anhydride (2 mL) as 
described for 1. The resulting solid was recrystallized from 1:2 2-propanol- 
petroleum ether (b.p. 6&70”), yielding 125 mg of 9, m.p. 136-137”, [alA +44.1” 
(c 0.6, chloroform); for *H-n.m.r. data in pyridine-d, and CDCl,, see Tables II and 
III. 

Anal. Calc. for C,,H,,NO,,: C, 55.87; H, 5.58; N, 3.10. Found: C, 56.10; H, 
5.84; N, 3.15. 

2,3,4,6- Terra-U-benzoyi-~--D-gl~co~yranose (19). - After the removal of 
mixture A from the top of the column, the development of the chromatogram was 
continued using mixtures of chloroform with increasing concentrations of 2- 
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propanol (see Scheme 3). Employing 99:l and 49:l chloroform-2-propanol, 33 
fractions that left no residue on evaporation were collected (fractions 68-101). The 
elution of the adsorbed products was initiated with 97:3 chloroform-2-propanol 
(fractions 102-208), continued with a 19:l mixture of the same solvents (fractions 
209-229), and finished with 9: 1 chloroform-2-propanol (fractions 23&262). The 
fractions collected were monitored by t.1.c. 

Fractions 10&107 contained a major product, R, 0.70 (solvent B); fractions 
W-107 showed, in addition, a white spot having an erratic RF value (benzoic acid). 

On evaporation, fractions 102-103 afforded a colorless, amorphous residue 
that crystallized in vmuo. Recrystallization from ligroin (b.p. lo(r120’) gave 19 
(1.7 g), R, 0.70 (solvent B) and 0.90 (solvent C); m.p. 118-120”, [a]h2 +72.2” (c 
0.5, chloroform), [a]62 +70.2” (c 0.5, ethanol); ‘H-n.m.r. (CDCI,): 6 5.74 (d, H-l, 
J,,~3.5IIzondeuteration),5.30(q,J,,,9.5Hz,H-2),6.27(t,J3,49.5H~,H-3),5.71 
(t, J4,5 9.5 Hz, H-4), 4.23-4.77 (3 H, H-5,6,6’), 7.17-8.12 (20 H, Ar), and 3.96 (bs, 
OH; disappeared on denteration). It was identified by comparison with an 
authentic sample; lit. m.p, 119-120”, [a@ +70.6” (ethanol)14; m.p. 117-120”, [a]n 
+72.4” (chloroform)‘~. 

Evaporation of fractions 104-107 gave a residue (1.8 g), which was dissolved 
in chloroform (10 mL). The solution was extracted with 5% aqueous sodium 
hydrogencarbonate; on acidifying the aqueous extract with 2~ hydrochloric acid, 
0.84 g of benzoic acid were obtained, m.p. 121-122”, identical with an authentic 
sample. The chloroform layer was washed with water, dried (anhydrous sodium 
sulfate), and evaporated, yielding a syrup that crystallized on standing in vacua. 
Rec~stallization from ligroin (b.p. 1~12~) afforded a further amount of 19 (0.35 
g); m.p. I18-120”, [a]&2 +70.8” (e~anol); total yield of Arnold 19~ 2.05 g 
(2.4%). 

l-O-AcetyZ-2,3,4,6-tetra-O-benzoyl-cu-D-glucopyranose (22). - Compound 19 
(200 mg) was dissolved in pyridine (2 mL) and treated with acetic anhydride (2 mL) 
at 0”. The solution was kept for 24 h in a refrigerator and then evaporated in vacua 
over sulfuric acid and potassium hydroxide. The resulting syrup crystallized from 
ethanol. Recrystallization from the same solvent gave 180 mg of 22, m.p. MO- 
161.5”, [a];* +90.2” (c 0.5, chloroform); ‘H-n.m.r. (CDCl& 6 6.65 (d, J,,, 3.5 Hz, 
H-l), 5.55 (q, JZs 9.5 Hz, H-2), 6.23 (t, J3,4 9.5 Hz, H-3), 5.78 (t, J4s 9.5 Hz, H-4), 
4.33-4.65 (3 H, H-5,6,6’), 7.18-8.17 (20 H, Ar), and 2.21 (s, 3 H, OAc). It was 
identified by comparison with an authentic sample; lit.i6m.p. 160-161”, [a&, +91.3* 
(chloroform). 

l-O-Aceryi-2,3,4,6-tetra-O-benzoyZ-~-D-glucopyranose (23). - Compound $9 
(200 mg) was heated with acetic anhydride (2 mL) and freshly fused sodium acetate 
(120 mg) for 3 h at 100”. The solid material obtained on pouring the reaction 
mixture into ice-water crystallized from ethanol. On recrystallization from the 
same solvent, 23 (180 mg) was obtained; m-p. 189-lW, [alho +56.0” (c 0.5, 
chloroform); lH-n.m.r. (CDCI,): S 6.12 (d, JI,Z 8.0 JFIz, H-l), 5.466.02 (3 H, H- 
2,3,4), 4.28 (m, J45 -10.0, JS,6 -5.0, J5,6, -3.5 HZ, H-5), 4.63 (q, H-6), 4.47 (q, 
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H-6”), 7.1&&17 (20 H, Ar), and 2.02 (s, 3 H, OAc). 
And. Calc. for CJSSO,,: C, 67.71; H, 4.70. Found: C, 67.86; H, 4.68. 
2,4,6- TV-0-benzoyl-cu-D-glucopyranose (17). - T.1.c. of fractions lW-112 

(solvent B) revealed the presence of a major component (RF 0.50); fractions 108- 
110 contained, in addition, benzoic acid. 

Evaporation of fractions 108-110 afforded a residue (2.1 g) that was dissolved 
in chloroform (10 mL), and the sohttion extracted with 5% aqueous sodium 
hydrogencarbonate. On acidification of the aqueous extract with 2M hydrochloric 
acid, a further amount (1.01 g) of benzoic acid separated; total yield of benzoic 
acid: 1.85 g. The c~orofo~ solution was washed with water, dried, and evapo- 
rated; the syrupy residue obtained crystallized (0.85 g) from benzene; m.p. llS- 
119“; RF 0.50 (solvent B) and 0.80 (solvent C). 

On evaporation, fractions 111-112 gave a syrup (0.72 g) that crystallized from 
benzene; the crystals (0.60 g) had m.p. 115-11P; R, 0.50 (solvent B). The two 
crops of crystals were combined (1.45 g), and purified by column chromatography 
using benzene containing increasing concentrations of chloroform. The fractions 
collected were monitored by t.1.c. (solvent B). The product having RF 0.50 was 
eluted with 7:3 benze~e~hlorofo~. Fractions showing only the spot with R, 0.50 
were combined and evaporated, to give crystals (1.0 g, 1.4%). Recrystallization 
from benzene afforded 17; m.p. 124-f26”, [c&$s +81.6* (c 0.5, ethanol); tH-n.m.r. 
(CDCI,): S 5.62 (d, H-l, Jt_z 3.5 Hz on deuteration), 5.13 (q, JZs 9.5 Hz, H-2),5.42 
(t, J3,4 9.5, J4,5 9.5 Hz, H-4), 4.30-4.75 (4 H, H-3,5,6,6’), 7.20-g.17 (15 H, Ar), and 
2.03-2.97 (2 OH, ~sap~a~d on deuteration). 

Anal. Calc. for C&H%O+ C, 65.85; H, 4.91. Found: C, 65.68; H, 4.97. 
1,3-Di-O-aceryZ-2,4,6-hi-O-benzoyf-ar-D-glucopyraraose (%I). - Compound 

17 (60 mg) was acetylated with pyridine (0.8 mL) and acetic anhydride (0.8 mL) as 
described for 19. The resulting syrup was dissolved in meth~o~, and the solvent 
evaporated at low temperature. On repeating this ~eatment several times, the 
product crystallized (SO mg). Revitalization from the same solvent gave 24; m.p. 
129-131”, [o]h3 +107.4“ (c 0.5, chloroform); rH-n.m.r. (CDCI,): S 6.63 (d, J,,z 3.5 
Hz, H-l), 5.40 (q, J2,, 9.5 Hz, H-2), 5.99 (t, J3,4 9.5 Hz, H-31, 5.61 (t, J4,5 9.5 Hz, 
H-4), 4.30-4.65 (3 H, H-5,6,6’), 7.27-8.15 (15 H, Ar), and 1.88 and 2.19 (2 s, 6 H, 
2 OAc). 

Ad. Calc. for C&HzsOrr : C, 64.56; H, 4.90. Found: C, 64.34; H, 5.11. 
2,4,6- ~~-O-~e~zuy I-3-O-me~~y f-ru-D-gfuco~y~anose (26). - Com~o~d 17 

(150 mg) was dissolved in d~c~orometh~e (2 mL); the solution was cooled to 0” 
and 3% (v/v) boron trifluoride etherate in dichloromethane (0.2 mL) was added. 
Then, while the temperature was kept at O”, a solution of diazomethane in dichloro- 
methane was added portionwise, until a faint yellow color persisted in the reaction 
mixture for a short time. After 30 min at O”, a white solid was filtered off, the 
filtrate was successively washed with 10% aqueous sodium hydrogencarbonate and 
water, dried (magnesium sulfate), and evaporated to a syrup that crystallized from 
4: 1 ethanol-water; the crystals (85 rng) had R, 0.40 (solvent A). A fnrther recrys- 
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tallization from the same solvent mixture gave 26; m.p. 187-W”, m-p. 181-182” 
(cap.), [@]A0 i-96.0” (c 0.5, chloroform); iH-n.m.r. (CDCi,): S 5.59 (t, Jr,r 3.5, 
Ji,on 3.5 Hz, H-l; doublet on deuteration); 5.08 (q, &s 9.5 Hz, H-2), 4.12 (t, & 
9.5Hz, H-3),5.45 (t,&9.5Hz, H-4), 4.22-4,69(3H,H-5,6,6’),7.19-8.15 (UH, 
Ar), 3.45 (s, 3 H, OMe), and 3.61 (d, OH, disappeared on deuteration). It was 
identified as the title componnd by comparison with an authentic sample; lit.lS m.p. 
180-182”, [a&@ +93.6” (chlorofo~). 

Methyl 2,#,6-tri-O-benzoyl-3-O-methyl-&D-glucopyr~oside (27). - The 
mother liquor from the first crystallization of 26 was evaporated to a syrup (63 mg). 
Examination by t.1.c. (solvent A) showed two spots, R, 0.40 and 0.80. The syrup 
was chromatographed on a dry column (10 x 1.4 cm) of silica gel (6 g); elutions 
were performed by using benzene with increasing concentrations of ethyl acetate. 
Fractions (4 mL each) were collected, and monitored by t.1.c. (solvent A). Elution 
with 19: 1 benzene-ethyl acetate afforded the product with R, 0.80 (fractions 6-9), 

and a 9:l mixture of the same solvents eluted the component having R, 0.40 
(fractions U-18). 

Evaporation of fractions 6-9 gave a residue that crystallized from ethanol. 
The crystals (15 mg, 9.5%) bad m.p. 130-132” (sinte~g from X&P), [o&j0 +16.3” 
(c 0.19, chloroform), in agreement with the values reported for 27; lit. m.p. 125- 
126”, [o]n +14.7* (chloroform)lg; m.p. 132-134”, [oJ# +16” (chloroform)“. 

From fractions 11-18, on evaporation, and treatment of the residue with 4: 1 
ethanol-water, a further amount (33 mg) of 26 was obtained; total yield of ui: 118 
mg (76.5%). 

N-Benutyl-3,6-di-O-ben~y~-cr-D-gl~o~r~~osy~~ (4). - When fractions 
113-157 (see Scheme 3) were examined by t.1.c. (solvent C), two spots, having RF 
0.65 and 0.50, were detected. On evaporation, they afforded a partially crystalline 
residue (13.1 g) which was dissolved in boiling benzene. On cooling, crystals were 
obtained (6.7 g, 9.6%); RF 0.65 (solvent C). Recrystallization from toluene gave 4; 
m.p. 187-188”, m.p. 181-182” (cap.), [a]$’ +45.5” (c 0.5, acetone), [o&O +2.0” (c 

1, pyridine), [4B -15.0” (c 1, pyridine); for ‘H-n.m,r. data in pyridine-d,, see 
Tables II and III. 

Anal. Calc. for C&HZ,NOs: C, 65.98; H, 5.13; N, 2.85. Found: C, 65.89; H, 
5.07; N, 2.98. 

2,5-I)i-O-aceryl-N-be~zoy~-3,6-di-O-benzoyt-cu-D-gf~o~ra~osylu~~ne (11). 
- Com~und 4 (200 mg) was acetylated with 1: 1 p~~n~a~tic ~yd~de (4 mL) 
as described for 1. The product was recrystallized from ethanol, giving 11(215 mg); 
m.p. 121-123*, [a]&@ +30.0” (c 1, drloroform); for the rH-n.m.r. data in pyridine-d, 
and CIXl~, see Tables II and III. 

Anal. Calc. for C&H&JO1o: C, 64.69; H, 5.04; N, 2.43. Found: C, 64.84; H, 
5.05; N, 2.59. 

Converses of 4 into 3. - Compound 4 (200 mg) was dissolved in 8% (w/v) 
2-pr~pano~~onia (10 mL), and the solution was kept for 18 h at room temper- 
ature. Ex~ination by t.1.c. (solvent C) showed three spots, having RF 0.65 (start- 
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ing material), UAU, and 0.20. The soWion was evapurated tu a syrup that crystal- 
lized (65 mg) frum ethanol; R, 0.20 (sslvent c>. Re~~~ta~~ti~n frum the same 
solvent afforded 3; m.p. 177-178”, [cY]&~ +30.5” (c US, pyridine), identical with an 
authentic sample. On standing, the mother liquor from the first crystallization of3 
deposited 50 mg of compound 4. The component having R, &4U (solvent C) was 
later demonstrated to be N-benzoyl-5,B-di-U-benzoyl-rY-~-glueufuran~~ylamine 

(s)* 
Curtversion of 4 into 7. - Compound 4 (200 mg) was dissolved in 16% (w/v) 

methanolic ammonia (8 mL), and the solution was kept at room temperature. After 

5 min, t.1.c. of the reaction mixture (solvent C) revealed the presence of three 
components, having R, Cl.65 (starting material), 0.40 (compound 5), and 0.20 (com- 
pound 3). The examination by tJ.c. was repeated after 18 h; only one spot, having 

R, U.6Q (solvent E), was then detected. The solution was evaporated to a solid 
residue; recrystallization from 2-propanol afforded 86 mg (74.6%) of compound 7; 
m.p. 171-1X”, [a&$” +45S” (c I, ethanol), identical with an authentic sample. 

N-Benzoyl-3,6-di-O-benzuyt-P-D-gl~cQfurarrosylamine (6)+ - T.1.c. of the 
benzene matherwliquor remaining after crystailization of 4 showed ane main spot, 
RF U,5U (solvent c). On standing for 24 h at room temperature, crystals (U.15 g, 
U.2%) separated, R, 0.50 (solvent C); m.p. 171-173”. Recrystallization frum 
toluene afforded pure 6, m.p. 173-174°, [&j,$” -5.0” (E 0.6, acetone), [cr]$@ -8.5” 
(c 0.5, pyridine), far]& -42.5” (c 0.5, pyridine); pm;tX 352U-3240 (OH and NH), 
1700, 168U (benzoate C=U), 1630 (Amide I), and 1520 cm--f (Amide II); for the 
fH-n.m.r. data in pyridine-6,, see Tables II and III. 

Alaal. Calc. fur C-J&NO,: C, 65.98; El, 5.13; N, 2.85. Found: C, 65.70; H, 
5.42; N, 2.86. 

2,5- Di-(3-acetyl-N-benzuyl-3,6-d& O-benroy~--P-a-g~tccQ~uPanosy~u~ine (13). 

- Compound 6 (30 mg) was dissalved in 1: 1 pyridine-aeetic anhydride (0.6 mL); 
the salution was kept for 24 h at room temperature and then evaporated in vucuo 
over sulfuric acid and potassium hydroxide. The syrupy residue, which could not be 
induced to crystallize by the usual procedures, was dried at room temperature/O.13 
Pa, affording D as a colorless amorphous solid that showed a single spot in t.l.c., 
R, 0.58 (solvent B); [cY]~~ -36.4” (c US, chloroform); u,,, 3350 (NH), 1750-1680 
(acetate and benzaate C=O>, 1640 (Amide I>, and 1510 cm-l (Amide II); for W- 
nm.r. data in CDCI,, see Tables II and III; mass spectrum (e.i.): m/r 575 (M+-) 
(Calc.: 575.18). 

N-Benroyf-~D-gElsc~~~~~~~y~u~~~ (8). - compound 6 (30 mg) was dis- 
solved in 16% (w/v) methanolic ammonia (1.2 mL), and the solution was kept for 
18 h at mum temperature. On evapuratiun, a crystalline residue was obtained; 
recry&allizatian from ethanol afforded 8 as colorless needles (10 mg, 57.8%); R, 
MU (t.l.c., solivent E). After being dried at #“/U.13 Pa, it had m.p, 173-174”, [a]&@ 
-84.9’ (c U.2, water), [cK]&@ -101.8” fc 0.2, ethanol); vmax 3X9-3200 (OH and 

NH), 1640 (Amide I), and 1510 cm-l (Amide 11); for Wn.m.r. data in pyridine-d,, 
see Tables II and III; mass spectrum (e.i.): m!z 283 (M+*) (Calc.: 283.11). 
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Anal. Calc. for C,,H,,NO,: C, 55.12; H, 6.05. Found: C, 55.98; H, 6.26. 
Periodate oxidation of 8. Determination of formaldehyde. - Compound 8 

(0.67 mg) was dissolved in 15mM aqueous sodium metaperiodate (1 mL), and the 
solution was kept in the dark for 24 h at 35”. The determination of formaldehyde 
in the periodate oxidation mixture was performed as described for 7. The absorbance 
(0.395) of the sample at 570 nm corresponded to a formaldehyde productt,n of 
0.98 mol per mol of 8. 

3,4,6-Tri-0benzoyl-cr-D-glucopyranose (18). - The benzene mother-liquor 
~~II?&~I?P after the is~kt;on of 4 wag evanornted tn a svrun (5.53 ~1. Exnminatinn D ----- -.-r------ __ - -,--r \-.- D,. - ________ -__-__ 

by t.1.c. (solvent C) revealed the presence of a major component, R, 0.50. The 
syrupy material was purified by dry-column chromatography using benzene with 
increasing concentrations of ethyl acetate. Fractions were collected and monitored 
by t.1.c. (soivent C). The product having R, 0.50 was eluted with 7:3 benzene-ethyl 
acetate. The fractions that showed only the spot having R, 0.50 were combined and 
evaporated, giving a colorless amorphous solid that crystallized from toluene (3.8 
g, 5.4%). Recrystallization from the same solvent gave 18; m.p. 164-165”, m.p. 
162-163” (cap.), [u]~O +55-o” (c 0.5, ethanol); ‘H-n.m.r. (CDCI,): S 5.42 (d, H-l, 
J,,2 3.5 Hz on deuteration), 3.88 (c, H-2, & 9.5 Hz on deuteration), 5.78 (t, Jj,4 
9.5 Hz: H-3): 5.57 (H-4): 4.22-4.72 (3 H, H-5,6,6’)? 7.17-8.12 (15 H, Ar), and 3.02 
and 4.14 (2 bs, 2 OH, disappeared on deuteration). 

Anal. Calc. for (&H,O,: C, 65.85; H, 4.91. Found: C, 66.07; H, 5.22. 
1,2-~i-O-acetyZ-3,4,6-tri-O-benzoyZ-cu-D-gZucopyranose (25). - Compound 

18 (100 mg) was acetylated with pyridine (1 mL) and acetic anhydride (1 mL) as 
described for 19. The resulting syrup crystallized (75 mg) from methanol. Recrys- 
tallization from the same solvent gave 25, m.p. 191-192”, m.p. 189-190” (cap.), 
[a]$3 +42.0” (c 0.5, chloroform); ‘H-n.m.r. (CDCl,): S 6.46 (d, J1,* 3.5 Hz, H-l), 
5.35 (q, 52,3 9.5 Hz, H-2), 6.00 (t, &, 9.5 Hz, H-3), 5.66 (t, J4,5 9.5 Hz, H-4), 
4.27-4.62 (3 H, H-5,6,6’), 7.17-8.15 (15 H, Ar), and 1.88 and 2.19 (2 s, 6 H, 2 
OAc) . 

Anal. Calc. for q1H28011: C, 64.56; H, 4.90. Found: C, 64.36; H, 5.10. 
Methyl 2-0-methyl-a-r>-glucopyranoside (29). - Compound 18 (200 mg) was 

methylated under the conditions described for 17. The syrup obtained, on examina- 
tion by t.1.c. (solvent A), showed the presence of a major product having RF 0.48. 
The syrup was submitted to dry-column chromatography using benzene containing 
increasing concentrations of ethyl acetate. The fractions collected were monitored 
by t.1.c. (solvent A). The product having R, 0.48 was eluted with 19:l benzene- 
ethyl acetate. Fractions showing only the spot having R, 0.48 were combined and 
evaporated to a syrup (110 mg) that failed to crystallize. It was then dried at room 
temperature/O.13 Pa, to give methyl 3,4,6-tri-O-benzoyl-ZO-methyl-cY-D-gluco- 
pyranoside (28) as a colorless, amorphous solid; [alho +57.0” (c 0.5, chloroform); 
‘H-n.m.r. (CDCl,): 6 5.03 (d, J, 2 3.5 Hz, H-l), 3.65 (q, J2,3 9.5 Hz, H-2), 5.95 (t, 
& 9.5 Hz, H-3), 5.51 (t, J4,5 9.5 k, H-4), 4.22-4.70 (3 H, H-5,6,6’), 7.17-8.12 (15 
H, Ar), and 3.42 and 3.50 (2 s, 6 H, 2 OMe). 
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Compound 2% (60 mg) was dissolved in methanol (1 mL), and the solution 
was treated with 2u methanolic sodium me&oxide (0.05 mL). The mixture was 
kept for 6 h at room temperature, and the base neutralized with Dowex-SOW ion- 
exchange resin. The suspension was filtered and the filtrate evaporated to dryness. 
The syrupy residue showed a single spot in t.l.c., R, 0.50 (solvent F). It was purified 
by preparative t.1.c. using solvent F. The band having R, 0.50 was removed from 
the plate and extracted with methanol. The suspension was filtered and the filtrate 
evaporated to a solid residue (20 mg) that crystallized from butanone. Colorless 
regular prisms were obtained, m.p. 146-14g*, [a]$ +159.2” (c 0.2, water), iden- 
tified as 29 by comparison with an authentic sample; lit. m.p. 147-148” (refs. 21 and 
22), [alAg +155.0” (water)2f, [a]h4 +162.2” (water)“. 

N-~enzoyl-5,6-di-O-benzoyl-cw-D-gluco~ru~osy~a~~~ (5). - T.1.c. (solvent 
C) of fractions 158-208 (see Scheme 3) revealed the presence of a major product 
having R, 0.27; fractions X38-208 showed, in addition, a spot having R, 0.40. 

Evaporation of fractions 158-167 gave a crystalline residue (IO.8 g); on re- 
crystallization from benzene, benzamide (8.2 g) was obtained; m.p. 12~130”, R, 
0.27 (solvent C), identical with an authentic sample. 

Evaporation of fractions X8-208 gave a partially crystalline residue (13.5 g), 
which was dissolved in boiling benzene. On cooling, a further amount of benzamide 
(9.9 g) was obtained; total yield of benzamide, 18.1 g. The mother liquor was 
evaporated to a residue that crystallized (1.5 g, 2.1%) from benzene, R, 0.40 (sol- 
vent C). A further recrystallization from toluene, after decolorization of the solu- 
tion with activated charcoal, gave 5, m.p. 163-164”, m.p. M-162” (cap.), [c@J 
+49.0” (c 0.5, acetone), (cy]z” -5.0” (c 1, pyridine), [a]$& -28.5” (c 1, pyridine); 
for ‘H-n.m.r. data in pyridine-d,, see Tables II and III. 

Anal. Calc. for &H=NOs: C, 65.98; H, 5.13; N, 2.85. Found: C, 65.83; H, 
5.21; N, 3.02. 

2,3-ZX-O-acety~-N-be~zoyinzctyl-5,6-di-O-be~~oyl-~~-gZuco~r~~o~y~a~ine (12). 
- Compound 5 (200 mg) was acetylated with 1: 1 pyridine-acetic anhydride (4 mL) 
as described for 1. The crude product was recrystallized from ethanol, giving I.2 
(190 mg); m.p. 81-83”, [cy]&O +32.0” (c 1, chloroform); for the rH-n.m.r. data in 
pyridine-d, and CDCl,, see Tables II and III. 

Anal. Calc. for C,,H,@O,,: C, 64.69; H, 5.04; N, 2.43. Found: C, 64.57; H, 
5.28; N, 2.53. 

Conversion of 5 into 7. - Compound 5 (100 mg) was dissolved in 16% (w/v) 
methanolic ammonia (4 mL) and the solution was kept at room temperature. After 
5 min, examination by t.1.c. (solvent C’) showed three spots, having R, 0.65 (com- 
pound 4), 0.40 (starting material), and 0.20 (compound 3). After 60 min, a product 
having RF 0.60 (solvent E) was detected in the reaction mixture; this was the only 
com~nent revealed by t.1.c. after a reaction period of 18 h. The solution was 
evaporated to a solid residue; on re~~st~lization from 2-propanol, 7 (40 mg; 
69.4%) was obtained; m.p. 171-172”, [crJh5 +44.6” (c 0.5, ethanol); it was identical 
to an authentic sample. 
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2,6-Di-O-benzoyl-a-D-glucopyranose (16). - Examination by t.1.c. (solvent 
C’) of fractions 209-229 (see Scheme 3) showed the presence of a major component 
(R, 0.35) and a minor one (RF 0.40). Evaporation of the combined fractions af- 
forded an amorphous solid (0.78 g) which was extracted with boiling benzene to 
remove the component having R, 0.40. The insoluble material was dissolved in 
absolute ethanol (3 mL) and precipitated by adding hot petroleum ether (b.p. 60- 
70“) (6 mL); crystals were obtained (0.36 g, 0.7%); R, 0.35 (solvent C). A further 
recrystallization from the same solvent mixture gave 16; m.p. 187-188”, m.p. 181- 
182” (cap.), [a]B3 +57.6” (c 0.5, ethanol); ‘H-n.m.r. (acetone-d,): 6 5.50 (q, J1,* 

3.5, J1,oI-l 4.0Hz, H-l; doublet on deuteration), 4.93 (q, J2,3 9.5 Hz, H-2), 3.65-4.75 
(5 H, H-3,4,5,6,6’), 7.33-8.22 (10 H, A r , and 3.10 (2 OH; disappeared on deuter- ) 
ation). It was identified by comparison with an authentic sample; lit.13 m.p. 182”, 
[alAg +56.3“ (ethanol). 

1,3,4-Tri-O-acetyl-2,6-di-O-benzoyl-a-D-glucopyranose (20). - Compound 
16 (100 mg) was acetylated with pyridine (1 mL) and acetic anhydride (1 mL) as 
described for 19. The resulting syrup crystallized (110 mg) from methanol. Recrys- 
tallization from the same solvent gave 20; m.p. 119-120”, [alA +150.0” (c 0.5, 
chloroform); lH-n.m.r. (CDCl,): 8 6.53 (d, J,,, 3.5 Hz, H-l), 5.30 (q, J2,3 9.5 Hz, 
H-2), 5.77 (t, J3,4 9.5 Hz, H-3), 5.35 (t, & 9.5 Hz, H-4), 4.23-4.63 (3 H, H-5,6,6’), 
7.33-8.17 (10 H, A r , and 1.93,2.02, and 2.12 (3 s, 9 H, 3 OAc). ) 

Anal. Calc. for C&H,,O,,: C, 60.70; H, 5.09. Found: C, 60.67; H, 5.38. 
1,3,4- Tri-0-ace@-2,6-di-0-benzoyl-/3-D-glucopyranose (21). - Compound 

16 (100 mg) was acetylated with acetic anhydride (1 mL) and sodium acetate (60 
mg) as described for 19. The resulting solid crystallized (94 mg) from methanol. 
Recrystallization from the same solvent afforded 21; m.p. 181-182” (cap.), [alAo 
+63.6” (c 0.5, acetone); ‘H-n.m.r. (CDCl,): 6 5.93 (d, J1,2 8.0 Hz, H-l), 5.10-5.67 
(3 H, H-2,3,4), 4.07 (m, J4,s -10.0, Js,a -5.0, J5,6, -3.5 Hz, H-5), 4.57 (q, H-6), 
4.36 (q, H-6’), 7.33-8.17 (10 H, Ar), 1.92, and 2.02 (x2) (2 s, 9 H, 3 OAc); lit.13 
m.p. 176”, [a]h2 +64.7” (acetone). 

Examination by t.1.c. (solvent C) of fractions 230-263 (see Scheme 3) showed 
four spots, R, 0.40, 0.35, 0.27, and 0.20. On evaporation, they yielded an un- 
crystallizable residue (100 mg) that was not studied further. 

Conversion of ammonium benzoate into benzoic acid. -Ammonium benzoate 
(100 mg) was shaken with a suspension of silica gel (10 g) in benzene (30 mL). 
After 24 h, the solvent was evaporated; the remaining solid material was placed in 
a glass column and the product adsorbed in the silica gel was eluted with 97: 3 
chloroform-2-propanol. Evaporation of the eluate gave crystals (83 mg, 95.4%) 
having m.p. 120-122“. On recrystallization from water, they had m.p. 122”, and 
were identified as benzoic acid by comparison with an authentic sample. 
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