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A NEW METHOD OF GLYCOSYLATION 

N. K. KOCHETKOV, A. J. KHORLIN, A. F. BOCHKOV 
Instimte for Chemistry of Natural Products, USSR Academy of scienm, Moscow 

(Received 30 Sep:tmtxr l%S; in revised form 22 February 1966) 

Attract-A novel method of glycosylation using I ,244kyl onhocstcn of sugars 8s glycosylating 
agents and a new convcnienr synthesis of these orthocstrn is dcscribeJ. 

THE synthesis of various complex glycosidcs require methods which are highly stereo- 

specific, convenient and reliable in addition to their being applicable to different types 
of sugars and aglyconcs. The only general method of glycosylation-the Koenig- 
Knorr rcactionld and its m4fications4ocs not resolve all the synthetic problems 
of modem sugar chemistry and further does not guarantee satisfactory and repro- 
ducible yields of glycosidcs. The weakness of Helferich modification is the absence 
of su&ient stereospecificity of the reaction.* In this paper, a new method Of 
O-glycosylation is described in which 1.2~(ralkyl orthocsters lead stercospccificahy 
to 1 ,2-rrmrqlycosidcs.10 
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1. Condemurion of acetykated tqlucopyranose I ,2_O_alkyl orthoacerares with 
cholesterol 

The reaction of acetylatcd Dglucose-1.2~O-alkyl orthoacctatcs (I or II) with 
cholesterol (III) provides a basis for a new method of glycosylation. It has bun 
shown that the condensation of I (or II) with III can proceed in one of two directions 
[glycosylation (I) or rccstcrification (2)]lr depending on the reaction conditions 

As may be seen from ‘fable 1, the formation of the acetylatcd glycoside (IV) or the 
new orthocster (V) is determined by the nature of the solvent and the type and amount 

l cf. Refs. 6, 7 and 8. 9. 

’ W. Kocnigs and E. Knorr, tkr. Drsch. Chcm. GCS. 34,957 (1901). 
’ W. L. Evans, D. D. Reynold, pnd E. A. Talky, A&. Car6. Gem. 6.27 (19Jl). 
’ R. U. Lemieux. A&. Curb. Chem. 9, 1 (1954). 
a L. J. Hay-ncs and F. H. New& Ado. Curb. Chcm. 10,207 (1955). 
‘ J. Con&e. G. A. Lewy and C. A. Marsh. A& Curb. Chem. 12,157 (19S7). 
’ H. N. Flowers and R. W. Jcanloz, 1. Org. Ckm. 28.1377 (1963). 
’ H. N. Flomn and R. W. Jeanlot, /. Org. C&m. 28.2983 (1%)). 
’ B. Hclferich and J. Zirncr. Ckm. Ber. 9!5, 2604 (1962). 
’ J. bmann and D. Beck. M@s Arm. 630, S6 (1960). 

I* N. K. Kochctkov, A. J. Khorlin and A. F. Mkov, Tetruhedron Letters 289 (1964). 
*’ A. J. Khorlin. A. F. Bochkov and N. K. Kochetkov. Khim. pCroaWch soea%unly 6 (1966). 
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of catalyst used. In solvents of weak polarity all the catalysts investigated give rise 
to reestetication (2). p-Toluenesulfonic acid (TsOH) as catalyst in all solvents 
investigated gives similar results but with catalysts such as HgBra or CuBra in polar 
solvents (MeNO,, MeCN) both reactions (1) and (2) take place. In these cases, 
each solvent-catalyst system is characterized by a definite amount of catalyst per mole 
of orthoester and if less catalyst is used only reesterifrcation occurs. If the amount 
of catalyst is higher than this critical value, glycosylation (2) predominates. The 
smallest amount of catalyst was required when ~trorne~~e as solvent and HgBr, 
with O%lO25 moles of TsOH as catalyst were used. In this case the amounts of HgBr, 
corresponding to the change in the reaction pathway was 0~001-0~008 mole per mole 
of orthoester. 

The data thus obtained, resulted in the preparation of the tetra-acetate of chol- 
esteryl #?-D-glucopyranoside (IV) in 45 % yield and a standard procedure of glycosyla- 
tion was developed. This involves the condensation of sugar orthoesters with alcohols 
in boiling nitromethane in the presence of HgBr, (0*02-0*07 mole per mole of alcohol). 
The procedure was successfully applied to the synthesis of various compounds 
containing glycosidic bonds. 

2. Synthesis of sugar orthoesters 

The syntheses of sugar orthoesters starting from the corresponding 1,2-trans- 
acy~aIogenoses have been described in the literature.*r7 But since these halogenoses 
are generally unstable and sometimes unobtainable, the method of synthesis of 
orthoesters described by Helferichl* and later applied by Schulz and Steimnaus,W 
starting from more stable 1,2-cis-acylhalogenoses, have been modified. The time of 
reaction has been shortened and the isolation of orthoesters improved. Furthermore, 
a new method of orthoester synthesis based on the condensation of 1,2-c~-acy~~o~n- 
oses with alcohols in boiling ethyl acetate in the presence of PbCOs and CaSO, 

la E. Fisher, M. Borgmann and A. Rabe, Ber. Rtsch. Chem. Ges. 53,2362 (1920). 
Is H. G. Fletcher Jr. and R. K. Ness, J. Amer. Chem. Sot. 77, 5337 (1955). 
I4 W. N. Haworth, E. H. Hirst and M. Stacey, L Gem. Sot. 2864 (1931). 
IS R. N. Ness and H. G. Fletcher Jr., J. Amer. Chem. SOC. 76, 1663 (1954). 
lo R. U. Lemieux and C. Brice, Canad. J. Chem. 33,109 (1955). 
I7 R. U. Lemieux and J. D. T. Cipera, Canad. J. Chem. 34,906 (1956). 
Is B. Helferich and K. Weiss, Chem. Ber. 89,314 (1956). 
I9 M. Shulz and IX Steinmaus, Zeitschr$t ftir Nfft~rf~rsch~ 196,263 (1964). 
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(dryeritep has been developed. The method affords high yields of a series of acetylated 
sugar-l ,Zalkyl orthoacetates and acetylatcd 1 ,tO-cholesteryl orthoacetyl-r>-gluco 
pyranosc (V). The formation of orthoestcrs by the condensation of 1,2-ci.r-acylhalo- 
geneses with alcohols probably depends on the double inversion of configuration at 
the glycosidic centrc which involves participation of ethyl acetate: 

MO Ye 
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Many acylhalogenoscs exist as mixtures of anomers and when used as such for 
orthocster synthesis, one of the anomers gives rise to the 1 ,Zorthocster and the other 
to the isomeric glycoside. When the 2.3,~tri-O-bcnzoyl+arabinopyranosyl bromides 
or 2.3.5tri-O-bcnzoyl+arabinofuranosyl bromides were condensed with methanol 
under conditions required for a conversion of the predominating anomer of each 
mixture to the orthocster, the corresponding orthoesters contaminated with some 
isomeric glycosidcs were obtained. The successful use of these orthoesters (without 
separation from the corresponding methylglycosides) in the synthesis of disaccharides 
(see below) shows, that the presence of the glycosidcs does not interfere in the condensa- 
tion of orthocsters with alcohols. Thus, whereas the mixtures of anomeric acylhalo- 
geneses cannot be applied as such for the stereospecific Koenig+Knorr synthesis of 
glycosidcs, conversion to orthoesters renders them effective and stereospecific (see 
below) glycosylating agents. 

Since the usual aldoses are capable of forming orthoestcr functions, the sugar 
orthocsters are important new glycosylating agents and are generally more available 
than 1.2~cb-acylhalogcnoses which arc used in the stereospecific synthesis of glycosides 
by the Koenig+Knorr reaction. 

3. Scope and synthetic application of rhe glycosykation reaction 

The influence of orthoesrer structure. In order to compare the reactivity of sugar 
orthocstcrs of different types, a series of oligosaccharides with 1 -+ 6 glycosidic bonds 
were synthesized” using the standard conditions of glycosylation. The oligosaccha- 
ride derivatives (VII, IX. XI, XIII, XV, XVII)-the only products of glycosylation 
isolated from the reaction mixtures by crystallization or chromatography-were 
identical with those described in the literature. 

The orthoesters of hexoscs, 6-deoxyhexoses, pentoses and disaccharides are 

n A. J. Khorlin. A. F. Bochkov and N. K. Kochetkov. h. A&d Nauk SSSR. ser. Khim. 2214 (1%). 
*I N. K. Kochctkov, A. J. Khotlin and A. F. Bochkov. Do&l. &ad. Nauk SSSR 162. 104 (1965). 
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glycosylating reagents of about equal reactivity and yield the corresponding oligo- 
saccharides in high yields. The synthesis of the trisaccharide derivative (XVII) from 
the disaccharide orthoester (XVI), demonstrates the possibility of elongating a 
carbohydrate chain by two monosaccharide units simultaneously and the synthesis of 
higher oligosa~ha~des and glycosides with long carbohydrate chains.22 The synthesis 
of XIX (93 %) and XV (54%) in the yields indicated from 3,4-di-0-benzoyl-1,2-0- 
methylorthobenzoyl-&L-arabinopyranose (XVIII) and the corresponding orthoacetate 
(XIV), respectively shows that saccharide orthobenzoates are more active glycosylating 
agents than the orthoacetates. 

CH,OH 

BzoqJoMe + AcOc$k-OJY 2% Y$iq;& 

OAc OAc 

XmI Ph X XIX 

The reactiviry of dz~re~~ hydroxyl groups. A series of ~-D-~u~op~ano~l-~ 
glucoses21*23 were synthesized by condensation of 3,4,6-tri-0-acetyl-1,2-O-ethyl 
orthoacetyl-cc+glucopyranose (II) with various partially protected glucoses con- 
taining free OH-groups at Ct2) (XXII), C,,, (XXII and XXV) and C,,, (XX) in order 
to establish the comparative reactivity of the hydroxyl groups of different types. 

$H,OAc 

+ 
OEt 

CH,OAc 

II Me 

HO 

+ 

OAc 

st N. K. Kochetkov and A. J. Khorlin, Ilokf. Akad. Nauk SSSR 150,128P (1963). 
aa A. J. Khorlin, A. F. Bochkov and N. K. Kochetkov, Izv. Akad. Nauk SSSR, ser. Khim 168 (1966). 



A new method of glycosylation 699 

The disaccharide derivatives resulting from the condensations were isolated from 
the reaction mixture and purified by chromatography and crystallization. Compounds 
XXI and XXIII were identified by comparison with known compounds and the struc- 
ture of unknown laminaribiose derivatives (XXIV and XXVI) was proved by removal 
of protecting groups followed by periodate oxidation. The recently described 
syntheses of laminaribiose2* and its derivativea are invalidated by complications and 
low yields. The new approach to the synthesis of XXV should make the derivatives 
of la~na~biose and, probably, other 3-O-glycosyl-glucoses more available. 

The lowest yield was obtained on the glycosylation of XX. This result is in a good 
agreement with poor reactivity of this compound in the Koenig+Knorr reaction.25 
The glycosylation of methyl 4,6-0-benzylidene-a-D-glucopyranoside (XXII) con- 
taining two free hydroxyl groups yielding disaccharides XXIII and XXIV provided a 
direct comparison of the reactivity of hydroxyls at C,,t and Cf3). The comparison of 
the yields in this series shows that activity of sugar hydroxyls decreases as follows: 

C(e) > %e) ;a C(3e) ' q,,* 

The above data show clearly the possibility of preparative syntheses of different 
1,2,-trans-glycopyranosides with complex aglycones via sugar orthoesters. 

~~~t~e~i~ 5f~r~no~i~e~. Although furanoside bonds are widely distributed in 
natural carbohydrates, the synthesis of glycosides and oligosaccharides with this type 
of bonding is difficult. Moreover, the partial hydrolysis of polysaccharides, yielding 
new oligosaccharides, cannot, as a rule, lead to these compounds. On the other hand, 
as there is an essential steric difference in the structure of pyranose and furanose 
orthoesters, the former belonging to the cis-hydrindane type and the latter to the 
cis-pentalane type, the application of the new method to the synthesis of furanosides 
was both of preparative and theoretical interest. 

The condensation of 3,5,6-tri-0-acetyl-1,2-O-methyl orthoacetyl-a-D-galacto- 
furanose (XXVII), obtained from the co~esponding 1,2-f~u~~-c~oride,~ with 
1,2,5,6-tetra-O-benzoyl-D-mannitol (XXVIII) under normal conditions of glycosyla- 
tion gave 1,2,5,6-tetra-O-benzoyl-3-0-(2,3,5,~tetra-O-acetyl-~-D-galactofuranosyl)-D- 
manmtol (XXIX) as the only glycosylation product.2s. The saponification of XXIX 
led to 3-0-(@-D-galactofuranosyl)-D-mannitol (XXX), identical with the natural 
compound isolated by Lindberg et al. from ~eZtigerff ~oriz~~tufis2' and thus con- 
firming its structure. 

In order to determine the comparative activity of pyranose and furanose ortho- 
esters the condensation of 3,5-di-0-benzoyl-1,2-O-methyl orthobenzoyl+L-arabino- 
furanose (XxX1) with 1,2,3,4-tetra-0-acetyl+D-glucopyranose (X) was carried out 
under conditions similar to those used in the synthesis of vicianose derivatives (XV 
and XIX). The reaction gave rise to the corresponding derivative of 6-0-(a-~- 
arabinofuranosyl)~D-glucose (xXx11); its structure was established by conversion 
into the disaccharide recently described. A comparison of the yields of XXX11 
(90%) and XIX (93 %) indicates that the size of the sugar ring (pyranose or furanose) 
has practically no in3uence on the glycosylating activity of the orthoesters. 

p* P. Bgchli and E. C. V. Percival, .I. Chem. Sot. 1243 (1952). 
ali K. Freudenberg and K. v. Oertmn, Liebigs Ann. 574, 37 (1951). 
as M. L. Wolfrom, P. McWain, R. Pagnucco and A. Thompson, J. Org. Chem. 29,454 (1964). 
I7 B. Lindberg, B. -G. Silvander and C. A. Wachtmeister, Actu Chem. Scami. 18,213 (1964). 
s N. K. Kochetkov, A. J. Khorlin and A. F. Bochkov, Bokt. Akad. Nauk SSSR 161,1342 (1965). 
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the investigation of the bonds between carbohydrate and 
peptide components of glycopeptides and their stability,msJ* O-@-o-galactofuranosyl)- 
L-serine methyl ester (XXXVI) was synthesized according to the scheme:3* 

l 

_, -0 17% 0 . 0 -CM, . ~COOMO 

?Ac . ’ /‘O 

+ Ho--m, $-m _ * OAc * 
NHCOOCHph 

NHCOOCH2Ph 
. ..’ 

*OAc o * -our OAc OAc 

&OAc w XXXIII 
&,OAc XXXIV 

XmII 

n,/pd 
0. OfCH,. COOUI 

c on / 
j NH2 

4 

‘OH m ’ OH on 
&OH xxxv tH,OH xxx-f1 

The synthesis of this compound as well as galactofuranosyl-mannitol 
could not be carried out by any other known method as the corresponding 
acyl-halogenoses are not known. 

4. The possible mechanism of the reaction 

In all cases of glycoside synthesis via orthoesters, it was proved by careful analysis 
of reaction mixtures (TLC), that 1,2-rru~&ycosides are the only product of the 

a PA. G. Vsdina, V. A. Derwitskaya and N. K. Kochetkov. Izv. Akod. Nauk SSSR. Ser. Khim. I814 
(1965). 

m N. K. Kochctkov. V. A. Dctevitskaya, L. M. Lichoscherstov. N. V. Molodtsov and S. G. Kara- 
Muma. Te:rahcdron 18, 273 (1962). 

.a N. K. Kochctkov, V. A. LIcrcvitskaya and N. V. Mohxbv. Izu. Akud. Nank SSSR, Sk. Khfm. 
in peas. 

” N. K. Kochctkov, V. A. Dcrcvitskaya, A. J. Khorlin. M. G. Va6na and A. E-‘. Bochkov, Im. AkuJ. 
Nauk SSSR. Ser. Khim. 1698 (1965). 
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condensation of orthocsters with alcohols. Occasionally, traces of unidentified by- 
products were observed. The protecting groups used (acetates, bcnzoates, alkylidencs, 
mcthylglycosidcs, benzyloxycarbonyl) arc, therefore, stable under the reaction 
conditions. 

The first considerations concerning the mechanism of this new reaction of 
glycosylation, based on the general concept of nucleophilic substitution at the glyco- 
sidic centre,’ although in agreement with experimental data, require special 
investigation. 

The first step of glycosylation should be the formation of a carbonium cation 
(XXXVII) which then undergoes a nucleophilic attack either on the electrophilic 
orthoester carbon [giving rise to the new orthoester, (3)) or on the glycosidic centre 
[resulting in the glycoside formation (4)]. 

,r o\ 
A 

,r-- -0 

(‘0 
‘/ 

-< A = H’. Hg&, etc. 

O- 0. 

-. ;;A 

0 6. 
R 

A1h xxxm R 

0 R’ , - -0 

:o> qr / 

“0 J H 
-- ,a 

0: 0,&m' 

R 
R 

(3) 

The direction of the reaction is determined probably by a complex anion such as 
[HgBrJ which can arise by dissociation of HgBr, in polar solvents. This anion 
forms a close ion pair with the cation (XXXVII) thus shielding of the electrophilic 
orthocster carbon and directing the reaction to glycosylation. In media of low polarity 
or when catalysts such as TsOH or Hg(OAcX are used or when the complex anion 
is present in low concentrations or its formation inhibited, then the electrophilic 
orthoestcr carbon of XXXVII is subject to nucleophilic attack and transglycosylation 
OCXUTS. 

The rearrangement of the orthoester into methylglycoside described by Helferichle 
probably proceeds via preliminary splitting of methanol and its subsequent glycosyla- 
tion by a cation of type XXXVII, the reaction mechanism being esscntiahy analogous 
to that mentioned above. Under conditions resembling glycosylation, the rearrange- 
ment of orthoesters into isomeric glycosides was observed (Table 1). The formation 
of this type of compound from the starting orthoesters limits the yields of glycosides 
obtained by this method. In fact, in all cases methyl or ethylglycosidcs isomeric with 
starting orthoesters were detected as contamination products of glycosylation. 
The improved glycosylating activity of orthobcnzoates is due to stabilization of the 
cation (XXXVII) by conjugation with an aromatic nucleus. 

EXPERIMENTAL 
The CHCI, and CCI, used were freed from ~raas of acid by two-fold distillation over CaCO,; 

MeNO, was dbtilkd over urea at lO&#)[) mm Hg and twice over P,O,. AcOEt was wshcd with 
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FIG. I. The typical chromatogram of reaction mixture. 

1 -unchanged orthocstcr 
2--methyl or ethyl glyqsidc 
3-condensation product 
4-unchanged alcoholic component 
S-products of degradation of orthocstcr 

In all the casts invcstigatcd the fair separation of the spars 2, 3 and 4 was obtained. 
The pain of spoor l-2 and 4-5 were xparatcd rather sharply cxccpl very few 

cxpcrimcnrs. 

29. 1.2: 3,4-Di-O-iroprop~l~ne-~O-(2,3,4,~~erra-O-ace~~l-~~-~~~ucopyr~s~~a-~~a~act~pyr~se 
(VII) 

A mixture of II (1.01 g. 2.71 mmoks). VI (0.47 g. 1.81 mmoks). MeNO, (IS ml) and HgBr, 
(0.1 mmoks) was allowed to mact for I.5 hr. The product (VII) was purihcd by chromatography on 
alumina, yield 0.55 g (Sl.S%). After crystallization from Et,O-,hexanc. VII had m.p. 14@142”, 
IZlD -54.S” (~046. CHCI,). Lit.-: m.p. 141”. [x]n -52.6” in ClxCHCHClr. (Found: C, 52.83; 
Ii. 6.51. Cak. for C,,H,O,,: C. 52.89; H. 6,48O/;.) Sysrcm A. 

30. 1.2: 3,4- Di_Qiropropyli&~~2,3,4,~~erra~cef,vl-,~~~a~ac~opyra~sy~~-~~a~actopyra~se 
(IX) 

A mixture of VIII (I.36 g. 3.63 mmola). VI (0.70 g. 268 IIUTW~CS), McNO, (20 ml) and HgBr, 
(0.085 mmoks) was allowed IO react for 1.5 hr. The product (IX) was purilkd by chromatography on 
alumina. yield 145 g(64%) as a syrup, [I]” .47’ (c 0.61. CHCl,). Lit.“: m.p. 101-102”. [a]n -44.7” 
(CI,CHCHCl,), System A. 

Compound IX obtained in the foregoing expcrimcm was saponified (002N McONa, 20”. 12 hr) 
and hydrolyscd (O.IN H,SO,, 80”, 1.S hr) and XL purified by partition chromatography on Scphadcx 
G-25. yield 0.39 g (43 7:. cak. for VI). Reprccipitation with h&CO from McOH gave XL. [z]n A 39” 
(CO 53; quil.. II,O). R, 0.26. Lit.“: [z]u - 34.1” (quil.. H.0). (Found: C. 41.88: 11. 6.52. 
Calc. for C,,H,,O,,: C. 42.13; H. 6,48p:.) System F. 

31. 1 ,2,3.4-Tetra-O-aceryl-6-~2,3.4.6-rrrra-O-acetyl-,~~~luwpyra~sy~~~~~ucop~~se (XI) 

A mixture of II (0.57 g. 1.50 mmoks). X (0.3s g, 1.00 mmok), MeNO, (10 ml) and HgBr, 
(Qo3 mmok) was allowed IO react for I.5 hr. After IWO crysrallizationr from EI,O hcxanc. the 
product (XI; 0.24 g. JSo//,) had m.p. 191- 193.5”. [z]n .-4’ (~4.2. CHCI,). Lit.O: m.p. 1%“. [a]n 
- S3S’(CHCl,). (Found: C, 49.59; H, 5.75. Calc. for C,H,O,,: C. 49.55; H. 564 %.) Syslcm A. 

1e K. Frcudcnbcrg. A. Not and 1:. Knopf, Her. Dfsch. Chem. Ges. 60.938 (1927). 
a* K. Prcudcnbcrg. A. Wolf, E. Knopf and S. H. Zahccr. Ber. D:seh. Chem. Ges. 61, 1743 (1928). 
a0 I). D. Reynolds and W. H. Evans, 1. Amer. Clrcm. Sor. 60, 2S59 (1938). 
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of m.p. on admixturc with an authentic sample; both substances being identical chromatographkally. 
Lit.-: m.p. 232”. [zh, ~47” (CHCl,);” m.p. 227-228”. [zh .;.42.4” (CHCl,). 

In the mother liquor a considerable amount of XXIII (&@41) and a substance with RIO.18 
(XXIV) were observed, System D. 

38. Methyl 2-0~ccryl-3-0-(2,3.4,~refra-O~ce~yl-~-~glucopyr~sy~,~nzyl~~~-~ 
glucopyfanosti (XXVI) 

(a) Amorphous XXIV (R, 0.18, system D) present in the foregoing mother liquor (37) was isolated 
by chromatography on alumina, yield XXIV, 0.18 g (70,;). This was acetylated with Ac,O (0.7 ml) 
in pyridinc (I .O ml) at 20” for 48 hr and the reaction mixture evaporated with benzene. Crystallization 
of the residue from benzene-pet. ether yielded XXVI @I I g). which after recrystallization had m.p. 
164.5-l&S”. [zk, i.22” (c 1.36. CHCl,). (Found: C. 5504; H, 6.18. C,HtiO,,requires: C. SS.04; 
H. 5.85%) System C. 

(b) Compound II (0.85 g. 2.26 mm&s). XXV” (@SO g. l-51 mmoles). MeNO, (IO ml) and HgBr, 
(0045 mmok); reacted for 3 hr. Chromatography on alumina followed by aystalliration from 
bcnztne-pet. ether yielded XXVI (@28 g. 28%). After recrystallization, XXVI had m.p. l68-170’, 
[a]n t.22.5” (c 1.34. CHQ,). A mixture of XXVI with the compound obtained in 38(a) showed no 
depression of m.p. ; the both substances are identical chromatographkally, System C. 

Methyl &4,6.2’,3’.4’.6’-hepra~acetyl-a-laminaribiode (XLII). A solution of XXVI (@28 g. 
0.43 mmole) in 60% AcOHaq (IO ml) was heated at 80’ for I5 min and then evaporated. The residue 
obtained was aoetylated with Ac,O (3 ml) in pyridine (5 ml). After 48 hr at 20”. the mixture was 
poured onto ice, extracted with CHCI, and the extract, after usual treatment evaporated. Crystal- 
lization of the dry residue from I&O-pet. ether yielded XL11 (@22 g. 79 “/A), which after recrystallization 
had m.p. 189-192’. [zh, ;39” (~2.18. CHCI,). (Found: C. sQo8; H. 6.06. C,,H,,O,, requims: 
C. 4984; H. 5.89x.) System C. 

Merhyl a-lominaribioside (XLIII). Compound XL11 (@I7 g. 0.265 mmole) was saponified with 
@IN MeONa (IO ml. 20”. 3 hr). Neutralization with a cation-exchanger followed evaporation and 
crystallization of the residue from EtOH-Mc,C&EI,O yielded XLIII. m.p. 177-179”. [aJr, +85” 
(C 1.37. H.0). System G. 

Pcriu&r oxidoriun 01 XLIII. Compound XL111 (IO mg. 0.027 mmole) was treated with NaIO, 
(0.5 mmolc) in acetate buffer (0 75 ml. pH 4.6) at 20” for 20 hr in the dark. After dcmincralization, 
half of the solution was evaporated, the residue treated with 0.1 N H,SO, (loo’. I hr). then nculralized 
with BaCO,. treated with NaBH, (20 mg) in I ml of 807; .McOHaq (20”. 24 hr) and demineralized. 
Methyl z-o-glucopyranoside, glycerol and ethylene glycol were identifkd in the solution obtained 
by paper chromatography. The second half of the solution obtained after oxidation of XL111 was 
evaporated. (he residue hydrolysed with 2N H&SO, (100”. 2 hr) and neutralized with BaCO,. Glucose 
was idcntifKd in the hydrolysatc by paper chromatography. System Cl. 

39. 1,2.5,6Tefra-O-&nroyl-3-0_(2,3,5.6-fe~ra-O-ocer,vl-;~v~~alacfo~ura~ryl)_~numnirol (XXIX) 

Compound XXVII (1.81 g. 5 00 mm&s), XXVIIIU (203 g. 4.00 mmolcs). MeNO, (20 ml) and 
HgBr, (0.2 mmolc); reacted for 3.S hr (with heating under rcflux during the last I.5 hr). Crystal- 
lization from CHCI, (IO ml)-Et.0 (90 m&pet. ether (40 ml) yielded XXIX (I.05 g, 28.33/,). m.p. 
159-162’. [a],, -36’ (c 2.0. CHCI,). (Found: C, 62.26; H. 5.27. C,,H,O,, requires: C. 62.07; 
Ii, 5.21:;.) System C. 

3-0-(;~-r>-Galac~o/uranosylI)-D-mclNlirol (XXX). Compound XXIX (0.27 g) in CHCI, (IO ml) was 
trcatcd with 10% Et,N in abs MeOH at 37” for Shr. The residue obtained after evaporation 
was then treated with IO!/. Et,N in abs McOH (20 ml) at 37”for I3 hr. the solution evaporated and the 
carefully dried residue crystallized from EtOH-Me,CGEt,O, yielding XXX (0.10 g. 100%). AfIer 
recrystallization. XXX had m.p. 158.5.159”, [aIt, 60’ (c 1.86. H,O). A mixture of XXX with the 
natural compound showed no depression of m.p. and both substances were identical by chromato- 
graphic behaviour and IR spectra. Lit.“: m.p. 161-163”. [a],, -64” (H,O). (Found: C. 4166; 
H, 7.15. Cak. for C,,Il,,O,,: C, 41.85; H. 7.03 “/;.) System F. 

u K. Freudcnberg. H. Toepffcr and C. C. Anderson, B&r. Drsch. Chem. Grs. 61, 1750 (1928). 
4’ B. Coxon and H. G. Fletcher Jr., /. Or,,. Chem. 26.2892 (1961). 
u R. W. Jcanloz and D. A. JeanloG 1. Amer. Chrm. Sot. 79.2579 (1957). 
‘* C. Fischer, &r. Dtsch. Chem. Gcs. 48, 266 (I91 5). 
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40. 1,2,3,~Tetra-O-acetyl-6-0-(2,3,5-tri-O-benzoyl-a-~-arab~ofura~syI)-~-~-glucopyranose (XXXD) 

A crude sample of XXXIa (see 7; 0.95 g, 2-00 mmoles), X (O-35 g, 1.00 mmole), MeNO, (10 ml) 
and HgBr, (0.05 mmole); reacted for 2-5 hr. Isolation according to the procedure described in 35 
yielded XXX11 (O-71 g, 90x), which was dissolved in toluene (8 ml) and rapidly precipitated with 
pet. ether (100 ml). A finely crystalline XXXH was obtained (058 g) m.p. 72-75”, [aIn +23” 
(c l-87, CHCI,). (Found: C, 60.87, H, 490. C,,H,,O,, requires: C, 6060; H, 5*09%.) System A. 

DO-(a-L_~r~i~~ra~sy~D-gI~ose (XLIV). Compound XXX11 (040 g) was sa~nified with 
O-IN MeONa (10 ml) at 20” for 3 hr. Precipitation of the reaction product with E&O from EtOH 
yielded amorphous XLIV (O-16 g, 100%) which after crystallization from MeGH-EtOAc yielded 
finely crystalline XLIV, m.p. 153-155”, [c&, -37” (c 1.4; equil., H,O), Ro 1.16. Lit.60: m.p. 
163-165”, [aIn -40” (equil., H,O), R, l-20. (Found: C, 42.41; H, 6.58. Calc. for CliHIoOlo: 
C, 42.30; H, 6.46x.) System G. 

41. 0-(2,3,5,6-Tetra-O-acetyl-~-D-galactofuranosyl)-N-~nzy~o~ycar~ny~-~-serine methyl ester 

(XXXJW 

Compound XXVII (2.30 g, 6.35 mmoles), XXX111 (2.00 g, 7.9 mmoles), MeNO* (20 ml) and 
HgBr, (0.4 mmole); reacted fat 3.5 hr. The product was dissolved in CHCla (10 ml) and Eta0 (30 ml) 
and pet. ether (100 ml) added with gentle heating. The mixture was set aside for several hr. The oil 
which separated (the mother liquor contained practically no XXXIV) was subjected to chroma- 
tography on alumina and yielded XXXIV (064 g, 17.3 %) as a syrup, [aID -17.4” (c 1.12, CHC&). 
(Found: C, 53.49, H, 5.88, N, 2-62. Cl(lH88014N requires: C, 5350, H, 5.69, N, 2.41%:) System A. 

O-(~-D-Galactofuranosyl)-N-benzyloxycar~ny~-~-serinemethylester(XXXV). Compound XXXIV 
(057 g) was saponified with 10% Et,N in abs MeOH (5 ml) at 20” for 10 hr. Evaporation with 
MeOH until complete removal of Et,N was followed by chromatography of the residue on silica gel 
yielding XXXV (0.31 g, 76x), as a syrup, [a& -37” (c 1.80, MeOH), System E. 

0-(~-D-Galacto~ra~sy~-L-serine methyl ester &XXV@ (oxalate). Compound XXXV (235 mg) 
was hydrogenated in 70 % MeOHaq (12 m1) in the presence of 5 % Pd-BaSO& (100 mg) and (COOH), 
(375 mg). After the completion of the reaction the catalyst was removed and the solution evaporated. 
The residue obtained was twice precipitated with Me&O from a minimal volume of MeGH. The 
amorphous oxalate of XXXVI was separated by ~ntrifugation and washed with EtrO, yield 130 mg 
(70%), [a]= -57” (c 1.0, HBO). (Found: C, 40.91; 11, 6.33, N, 428. C,,&,,O,,N, requires: 
C, 40.45; H, 6.63; N, 4*29%.) System H. 
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