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The 2,3-diphenyl-2-cyclopropen-l-y1 (Ph,cp) group is proposed for the 
activation of secondary as well as primary sugar hydroxyl groups in the synthesis of 
glycosides. Sugar Ph,cp ethers are easily obtained by the action of 2,3-diphenyl- 
2-cyclopropen-I-ylium perchlorate on suitably protected sugars in the presence of 
2,4,&trimethylpyridine. Condensation of Ph+p ethers with a slight excess of gly- 
cosyl bromide and silver perchlorate for 15 min at 50” gave the protected N-acetyl- 
allolactosamine, N-acetyllactosamine, and laminaribiose in 35-50% Jields. Protected 
trisaccharides were obtained in 35% yield. 

INTRODUCTION 

The formation of 1,2-rrans-glycosidic bonds in oligosaccharides has been 
obtained up to now mainly by condensation of a free hydroxyl group of the appro- 
priate sugar derivative with such glycosylating agents as glycosyl halideszm4 and 
sugar orthoesters5. The yield of these condensations is frequently low; for example, 
the difficulty of condensation with the hydroxyl group at C-4 [the least reactive of the 
hydroxyl groups of pyranoses in 4C, (D) conformation] is well kn~wn~~‘. As oligo- 
saccharides having a (l-+4)-linkage are wide-spread in Nature, their synthesis is of 
importance. One of the possible approaches involves the use of acyclic6 or 1,6-anhydro 
derivatives*-lo .The major disadvantage of this approach is the large number of steps 
involved in the synthesis of the starting material and the side reactions accom- 
panying the removal of the protecting groups. 

Another approach to the glycosylation of hydroxyl groups of low reactivity has 
been their activation by replacement of the proton with a metal cation or by intro- 
duction of special groupings that increase the nucleophilic reactivity of the oxygen 
atom. Some years ago, Kochetkov et al. l1 proposed the use of the tert-butyl group 
for this purpose. Thus, condensation of rert-butyl ethers and glycosyl halides in the 
presence of silver carbonate gave a number of glycosides of aliphatic alcohols and 

*These results were presented at the VII International Symposium on Carbohydrate Chemistry, 
Bra&lava (C.S.S.R.), August 5-9, 1974. For a preliminary communication, see Ref. 1. 
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hydroxy amino acids. No arguments in favor of the activation by the tert-butyl group 
were forwarded, and it cannot be excluded that, under the drastic reaction conditions 
employed, the splitting of 2-methylpropene and the formation of the corresponding 
alcohol took place; thus, the alcohol formed would have interacted with the glycosyl- 
ating agent. The general application of the tert-butyl group for the activation of 
hydroxyl groups of low reactivity has not, as yet, been demonstrated, and the only 
known example of its use in ohgosaccharide synthesis is that for the preparation of 
/3&trehalose “. 

An efficient method of oligosaccharide synthesis based on the condensation of 
sugar trityl ethers with glycosyl halides in the presence of silver perchlorate was 
developed by Bredereck et al. 1 3. The inductive effect of the trityl group increased the 
nucleophilicity of the oxygen atom of the aglycon. The trityl cation formed possesses 
high stability (in contrast to the terr-butyl cation) and, thus, it is not necessary to 
introduce a special proton acceptor. The advantage of this method lies in the mildness 
of the condensation conditions, the stereospecificity, the shortness of the time of the 
reaction, and also the high yield of products desired. However, the diEculty of 
tritylating secondary hydroxyl groups of sugars limits this method to the synthesis of 
oligosaccharides having a (1 +6)-glycosidic bond. 

In this connection, we began to search for a new activating group that would 
be able (a) to etherify secondary as well as primary sugar hydroxyl groups, and (b) to 
be split off by glycosyl perchlorate to form a stable cation. The 2,3-diphenyl-2- 
cyclopropen-l-y1 (Ph,cp) group was found to satisfy these conditions. 

RESULTS AND DISCUSSION 

Since the cyclopropenylium cation possesses an aromatic system, it has high 
stability, being even more stable than the trityl cation’4*15, but it has not, until now, 
been used in carbohydrate chemistry. 

Sugar Ph,cp ethers were obtained by treatment of partially protected sugars 
with 2,3-diphenyl-2-cyclopropen-l-ylium perchlorater6*r7 (1) in benzene, acetonitrile, 
or ethyl acetate solution, in the presence of 2,4,6-trimethylpyridine at room temper- 
ature. The reaction was monitored by t.1.c. on neutral alumina, and the Phzcp 
ethers were isolated by columr~ chromatography on the same adsorbent. Thus, the 
partially protected sugars 2,5, and 7 gave benzyl Z-acetamido-3,~di-O-ace@-2-deoxy- 
6-~-(2,3-diphenyl-2-cyclopropen-1-yl)-cr-~-g~ucopyranoside (3), benzyl 2-acetamido- 
3,6-di-O-acetyl-2-deoxy-4-U-(2,3-diphenyl-2-cyclopropen-l-yl)-a-D-glucopyranoside 
(6), and 3-O-(2,3-diphenyl-2-cyclopropen-1-yl)-1 ,2:5,6-di-O-isopropylidene-a-~gluco- 
furanose (S), respectively. The spectral data of 3, 6, and 8 were in agreement with the 
postulated structures. The position of the Ph,cp residue was proved by mild acid 
hydrolysis, which gave the starting compounds. 

The crystalline Phzcp ethers 3, 6, and 8 were extremely labile under acidic 
conditions, and they decomposed already during chromatography on silica gel. In 
contrast, they were stable to such alkali as sodium methoxide or triethylamine in 
anhydrous methanol, and ammonia in aqueous methanol. Benzyl Zacetamido- 
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2-deoxy-6-U-(2,3-diphenyl-2-cyclopropen-l-yl)-a-~-glucopyranoside (4) obtained by 
U-deacetylation of 3 is a crystalline compound possessing a U.V. spectrum cypica! for 
Phtcp ethersIs. Acetylation of 4 with acetic anhydride in pyridine at room temper- 
ature resulted in partial decomposition and in the formation of a mixture of 3 and 
benzyl 2-acetanido-3,4,6-tri-U-acetyl-2-deoxy-cr-D-glucopyranoside. 

Compound 3 was selected for testing the usefuhress of Ph,cp ethers in 
glycoside synthesis. Treatment of 3 with a slight excess of 2,3,4,6-tetra-U-acetyl- 
cr-D-galactopyranosyl bromide (9) in the presence of an equimolar amount of silver 
perchlorate in benzene solution at 50” gave the known N-acetyIallolactosamiine 
derivative I9 (10) in 50% yield*. The efficiency of the method was examined by 
synthesizing 2-acetamido-2-deoxy-6 U-/?-D-galactopyranosyl-D-glucose (N-acetyl- 
lactosamine, 13) and 3-U-P-D-glucopyranosyl-n-glucose (laminaribiose). 

CH20R’ 
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OAC OR’ NHAc OR’ 

9 10 R = Bzl, R’ = AC 12 R = Bzl.R’= AC 
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Only two syntheses of N-acetyllactosamine involving the direct glycosyIation of 
the equatorial hydroxyl group at C-4 of a 2-acetamido-2-deoxy-D-glucopyranose 
derivative were known. The synthesis” by the Koenigs-Knorr method, starting from 
2-acetamido-l,3,6-tri-U-acetyl-2-deoxy-cx-D-glucopyranose, gave only a 4% $eld. 
The condensation2’ of the partially blocked acetate 5 with 3,4,6-tri-U-acetyl-1,2- 
rert-butylorthoacetyl-c+D-galactopyranose increased the yield to 19%. The conden- 
sation of the Phzcp ether 6 and the bromide 9 gave benzyl 2-acetaruido-3,6-di-U- 
acetyl-2-deoxy-4- U-(2,3,4,6-tetra- U-acetyl-/I-o-galactopyranosyl)-a-D-glucopyrano- 

*Not at room temperature as described in our preliminary communicationl. 
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side (12) in a 35% yield (based on 6), and the formation of isomeric disaccharides was 
not observed. 

Subsequently, it was found that the condensation could be performed without 
separation of the Ph,cp intermediates. Thus, the reaction of 5 with perchlorate 1, 

followed by the treatment of the reaction mixture with the bromide 9 and silver 
perchlorate gave 12 in 42% yield (based on 5). Under the same conditions, the 
laminaribiose derivative 15 was obtained in 40% yield from 1,2:5,6-di-O-isopro- 
pylidene-cr-D-glucofuranose (7) and 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bro- 
mide (14). Previous reports indicated that treatment of 7 by the Koenigs-Knorr 
methdd22-24 and by the orthoester method25 resulted in the migration of the 5,6-0- 
isopropylidene group and in the formation of the (l-+6)-linked disaccharide. In the 
present synthesis, as well as in the syntheses of oligosaccharides just described, no 
formation of isomeric disaccharides was observed by paper chromatography after 
the removal of the protecting groups, which indicates tbaf the condensation is 
stereospecific. 

OAc 

14 

OAc 
15 

~H,oR 

17 R= AC, R’= BzI 

18 R = R’= H 

CH,OR 

RoQ GboBz, 

OR 
RO 0 0 I 

OR NHAC 

OR 

19 R= AC 

20R= ii 

When 8 was treated with the bromide 14 at room temperature, the orthoester 16 
was the major product of the reaction. Structure 16 was proved by n.m.r. spectro- 
metry and by mild acid hydrolysis26 to give tetra-0-acetyl-D-glucose and 7. 
Apparently, in the condensation of sugar Ph,cp ethers with glycosyl halides in the 
presence of silver perchlorate at room temperature the acyloxonium intermediates 
give mainly orthoesters, whereas at elevated temperatures oligosaccharides are 
formed. 
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This method is also convenient for the synthesis of higher-molecular-weight 
oligosaccharides. Thus, the condensation of the Ph+p ether formed from 5 with 
octa-O-ace@-cc-cellobiosyl bromide gave benzyl O-(2,3,4,6-tetra-O-acetyl-j’?-D-gluco- 
pyranosyl)-(1~4)-0-(2,3,6-tri-O-acetyl-~-D-glucopyranosyl)-(l~4)-2-acetamido-3,6- 
di-0-acetyl-2-deoxy-or-D-glucopyranoside (17) in 36% yield. The other possible use of 
this method is in the synthesis of higher-molecular-weight oligosaccharides involving 
the simultaneous glycosylation of two diphenylcyclopropenyloxy functions. There are 
only few descriptions of synthesis of branched oligosaccharides27~28_ A derivative 
of a branched trisaccharide, benzyl 2-acetamido-3-0-acetyl-2-deoxy-4,6-di-O- 
(2,3,4,6-tetra-O-acetyl-P-D-galactopyranosyl)-cr-D-glucop~anoside (19) was obtained, 
in 34% yield, starting from benzyl 2-acetamido-3-0-acetyl-2-deoxy-cc-D-gluco- 
pyranoside by treatment with two molar equivalents of perchlorate 1, and the sub- 
sequent action of two molar equivalents of the bromide 9 and silver perchlorate. The 
N-acetyllactosamine derivative and its (1 -@-analog were found to be the by-products 
of this synthesis and were identified by comparison with authentic samples of 10 and 
12, and 11 and 13 after 0-deacetylation and hydrogenolysis. 

The present method of oligosaccharide synthesis, based on the glycosylation of 
sugar Ph,cp ethers, proceeds under mild conditions and is sterically and structurally 
specific. In none of the syntheses described was the formation of detectable quantity of 
c+linked oligosaccharides or migration of the protecting groups observed. In contrast 
to the Bredereck reaction, secondary as well as primary hydroxyl groups can be 
glycosylated. 

EXPEFUMENTAL, 

General. - Melting points were determined with a Boetius apparatus and 
correspond to corrected melting points. Optical rotations were determined in semi- 
micro tubes with a Perkin-Elmer Model 141 polarimeter at 20-22”. N.m.r. spectra 
were recorded with a Varian XL-100 spectrometer with tetramethylsilane as internal 
standard. 1.r. spectra were recorded with a Perkin-Elmer Model 237 spectrophoto- 
meter. U.V. spectra were recorded with a Specord spectrophotometer. Mass spectra 
were recorded with a LKB Model 9000 spectrometer. T.1.c. was performed on 
alumina (neutral, Woelm, GFR) or on Silica Gel LS 5/40 plates (Lachema, 
Czechoslovakia), both adsorbents contained -5% of gypsum. The spots were 
detected by spraying the plates with 1:4 (v/v) cont. sulfuric acid-methanol and 
heating at 100-120”. Column chromatography was performed on Silica Gel L 100/160 
(Lachema, Czechoslovakia) or on alumina (neutral, Brockmann IV, Reanal, 
Hungary). Paper chromatography was performed on FiItrak FNl paper with 
5:5:4 (v/v) 2-methylbutanol-pyridine-water. Evaporations were carried out in uacuo 
at a bath temperature below 35”. 

Benzyl 2-acetamido-3,4-di-O-acetyI-2-deoxy-6-0-(2,3-dipher?yl-2-cyclopropen-I- 
yl)-or-D-glucopyranoside (3) - 2,4,6_Trimethylpyridine (0.45 ml) and 2,3-diphenyl- 
2_cyclopropen-1-ylium perchlorate 16s17 (1,0.90 g, 3.1 mmol) were added successively 
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to a solution of benzyl 2-acetamido-3,4-di-U-acetyl-2-deoxy-a-D-glucopyranoside29 
(2, 1.0 g, 2.53 mmol) in dry acetonitrile (10 ml). The mixture was stirred for 15 min 
at room temperature. The precipitate was removed by filtration and washed with 
acctonitrile. The combined filtrates were evaporated to dryness, and the residue was 
chromatographed on a column of alumina. Elution with a gradient of benzene-ether, 
monitored by t.1.c. on alumina in 3:97 (v/v) methanol-ether, gave chromatographi- 
tally homogeneous 3 (1.17 g, 80% yield), m.p. 141-142” (from ether); [a]i”-2z +97” 

(c 1, acetone); U.V. data: ;2_ MecN 302, 318 run, and shoulder at 287 nmr’; i.r. data: 
$$z 1800 cm- ’ (C=C, cyclopropenyl); n.m.r. data (chloroform-d): d 4.6 (s, 1 H, 
cyclopropenyl) and 7.3F7.9 (m, 10 H, 2 Ph); m.s. data: m/e 585 (Mi). 

Anal. Calc. for C,,H,,NO 8: C, 69.74; H, 5.68: N, 2.39. Found: C, 69.36; 
H, 6.01; N, 2.13. 

O-Deacetylation of 3 with sodium methoxide or triethylamine in anhydrous 
methanol or with ammonia in aqueous methanol gave benzyl2-acetamido-2-deoxy- 
6-O-(2,3-diphenyl-2-cyclopropen-l-yl)-a-~-glucopyranoside (4), m.p. 152-153” (from 
methanol); t.1.c. (alumina, 1~4, v/v, methanol-ether): R, 0.17; U.V. data: 2:“” 302, 
318 run, and shoulder at 287 nm. 

After acctylation of 4 with acetic anhydride in pyridine, t.1.c. on alumina 
(1:49, v/v, methanol-ether) showed the presence in the reaction mixture of two 
compounds identical with 3 and benzyl 2-acctamido-3,4,6-tri-O-acetyl-2-deoxy- 
a-D-ghrcopyranoside. 

Ben.& 2-acetamido-3,6-di-O-acetyl-2-deoxy-4-0-(2,3-d~pJ~e?~yJ-2-cycJoprope?z-~- 

yl)-a-D-ghcopyranoside (6). -This compound was obtained from benzyl2-acetamido- 
3,6-di-0-acetyl-2-deoxy-a-D-glucopyranoside’ ’ (5, 0.79 g, 2.0 mmol), I (0.70 g, 
2.4 mmol), and 2,4,6&imethylpyridine (OS ml) by the procedure described for 3; 
yield 0.72 g (62%). Recrystallized from acetone-ether-light petroleum, 6 had m-p. 
170-171”; [a]io-22 + 118” (c 1, acetone); i.r. and U.V. spectra of 6 identical with those 
of 3; n.m.r. data (chloroform-d): S 4.54 (s, 1 H, cyclopropenyl). 

Anal. Calc. for C,,H,,NO,: C, 69.74; H, 5.86; N, 2.39. Found: C, 69.86; 
H, 5.71; N, 2.28. 

A solution of 6 in methanol was treated with glacial acetic acid, kept for 1 h at 
room temperature, and neutralized with AV-17 (CO;-) anion-exchange resin, which 
was then removed by filtration. The filtrate was evaporated and the product obtained 
showed a chromatographic mobility (t.1.c. on silica gel in 1:24, v/v, methanol+&her) 
and constants identical with those of 5: m.p. and mixed m-p. 102-103”; [a]i”-2z +80° 

(c 1, chloroform). 
3-0-(2,3-DiphenyE-2-cycJoprope?a-l-yJ)-1,2:5,6-di-O-isopropylidene-a-r,-gJuco- 

furanose (8). - To a solution of 1,2:5,6-di-O-isopropylidene-c-glucofuranose (7, 
1.30 g, 5.0 mmol) in dry benzene (30 ml) were added successively 2,4,6-trimethyl- 
pyridine (0.80 ml) and 1 (1.75 g, 6.0 mmol). The mixture was stirred for 1 h at room 
temperature. The precipitate was removed by fiZration and washed with benzene. 
The combined filtrates were evaporated to dryness, and the residue was triturated 
with several portions of fight petroleum. TLC. on alumina in 1:2 (v/v) ether-light 
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petroleum showed that the product contained traces of starting compound 7. Crude 8 
(1.6 g) was obtained in 71% yield and gave an analytical sample after several 
recrystallizations from heptane, m-p. 92-94”; (a]~“-z* -20” (c 0.77, acetone); U.V. 
data: AMeCN 302, 316 nm, and shoulder at 287 nm; i-r. data: v>z’ 1808 cm- ’ (C=C, 
cyclopr~~enyl): n.m_r. data (chloroform-d): 6 4.54 (s, 1 H, cyclopropenyl) and 
7.2-7.9 (m, 10 H, 2Ph); m.s. data: 450 (Mf). 

AnaZ. Calc. for C,7H3006: C, 71.98; H, 6.71. Found: C, 72.20; H, 7.00. 
BenzyZ 2-acetamido-3,4-di-O-acetyl-2-deo~y-6-0-(2,3,4,6-terra-O-acetyl_P-D- 

galactopyranosyl)-a-D-ghcopyranoside (lO).‘- A solution of silver perchlorate (0.17 g, 
0.81 mmol) in dry benzene (4 ml) was added to a warmed (50”), stirred solution of 6 
(0.40 g, 0.68 mmol) and 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide (9, 
0.34 g, 0.81 mmol) in the same solvent (3 ml)_ The mixture was stirred for 10 tin at 
50”. The precipitate was removed by filtration and washed with chloroform. Several 
drops of pyridine were added and the combined filtrates were evaporated. The syrupy 
residue was evaporated with 34 portions of benzene, treated with acetic anhydride 
(2.5 ml) in pyridine (3 ml), and kept overnight at room temperature_ The acetylated 
mixture was processed in the usual manner and the residue was chromatographed on a 

column of silica gel with ether-methanol, the concentration of methanol increasing 
up to 1.25% ; yield of chromatographically homogeneous 10, identical with an 
authentic sample lg, 0.25 g (50%); [c&o-Z2 t58” (c 1, chloroform). 

Deacetylation of 10 gave known benzyl 2-acetamido-2-deixy-~-U-/?-D- 
galactopyranosyl-a-D-glucopyranosideig, m.p. and mixed m-p. 233-235” (from 
methanol) ; [c&o--p 2 -I- 110” (c 1, methanol). 

BenzyI 2-acetanzido-3,6-di-O-acetyi-2-deo=cy-4-0-(2,3,4,6-tetra-O-acetyZ-P-D- 

gaZactopyranosyi)-a-D-glucopyranosi (12). - A. From 6. The synthesis of 12 
starting from 6 (0.45 g, 0.77 mmol), bromide 9 (0.40 g, 0.97 mmol), and silver per- 
chlorate (0.20 g, 0.97 mmol) was performed by the procedure just described for 10. 
After crystallization from methanol, 12 was obtained in 35% (0.20 g) yield, m-p. 103- 
104” ; [a]:“-’ 2 +65” (c 1, chloroform); lit.21: m.p. 107-108.5”, [a]g5 +68” (c 0.65, 
chloroform). The i-r. spectrum of 12 was identical with that of an authentic sample. 

B. From 5. 2,4,6_Trimethylpyridine (0.84 ml, 6.3 mmol) and 1 (1.83 g, 
6.3 mmol) were added to a solution of 5 (2.4 g, 6.1 mmol) in dry benzene (50 ml). The 
mixture was stirred for 20 rnin at 50” and then 9 (2.28 g, 6.1 mmol) and a solution 
of silver perchlorate (1.24 g, 6.1 mmol) in dry benzene (30 ml) were added successively, 
and the stirring was continued for 15 min. Pyridine (2 ml) was added, the mixture 
titered, and the hlter cake washed with chloroform. The filtrate was treated as 
described for the synthesis of 8, and 12 (1.9 g, 43% yield, m-p. 103’) was isolated by 
column chromatography on silica gel. 

1,2:5,6-Di-O-isopropyiidene-3-0-(2,3,4,6-~etra-O-ace~Z-~-D-gZzzcopyranosyZ)-a- 

D-gkofuranose (15). - 2,4,6_Trimethylpyridiine (0.28 ml, 2.1 mmol) and 1 (0.62 g, 
2.1 mmol) were added to a solution of 7 (0.52 g, 2.0 mmol) in dry benzene (15 mI). 
The mixture was stirred for 15 min at 50”; and then 2,3,4,6-tetra-O-acetyl-a-D-&co- 
pyranosyl bromide (14,0.82 g, 2.0 mmol) and a solution of silver perchlorate (0.40 g, 
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1.92 mmol) in dry benzene (10 ml) were added successively. After the reaction mixture 
had been stirred for an additional 15-min period at 50”, it was processed as described 
for the synthesis of 10 and the resulting compound was acetylated. Compound 15 was 
isolated by column chromatography on silica gel with benzene-chloroform as 
eluent, the concentration of chloroform increasing up to 80% ; yield 0.47 g (40%); 
after recrystallization from ether-hexane, m.p. 135-136’; [o(];~-‘~ - 19’ (c 1, chloro- 
form); liL2? mp. 132-134”, [oil, -21” (c 2.5, chloroform). 

3,4,6-Tri-O-acetyi-1,2-0-[I-(I,2:5,6-di-0-isopropyIidene-a-D-g 
yZoxy)ethyZidene]-a-D-gZucopyramse (16). - To a solution of crude 8 (0.49 g, 
1.09 mmol) and 14 (0.29 g, 0.70 mmol) in dry benzene (10 ml) was added a solution 
of silver perchlorate (0.14 g, 0.70 mmol) in the same solvent (15 ml). The mixture was 
stirred for 30 min at room temperature and then filtered, and the filter cake was 
washed with benzene. Several drops of 2,4,6_trimethylpyridine were added, and the 
filtrate was evaporated to dryness. The orthoester 16 was isolated by column chro- 
matography on alumina with 2:3 (v/v) benzenexhloroform as eluent; yield 0.18 g 

(44%). After two recrystallizations from ether-light petroleum, m.p. 109-l IO”; 
[a]z”-22 - 12” (c 0.6, chloroform); n.m.r. data (cJ Ref. 30) (chloroform-d): 5.86 
(m, 2 H, H-l and H-l’), 1.8 (s, 3 H, orthoester Me), and 1.2-1.6 (12 H, 4 Me). 

BeIrzyZ 0-(2,3,4,6-tetra-O-acetyZ-~-D-gZ~copyranZ)-(I~4)-0-(2,3,6-tri-O- 

acetyZ-~-D-gZrtcopyra~zosyZ)-(I-,4)-2-aceta~nido-3,6-di-O-acetyZ-2-deoxy-a-D-gZuco- 

pymnoside (17). - The synthesis of 17 starting from 4 (395 mg, 1 .O nm~ol), 1(324 mg, 
1.1 mmol), 2,4,6_trimethylpyridine (0.15 ml, 1.1 mmol), octa- 0-acetyl-cc-cellobiosyl 
bromide3’ (700 mg, 1.0 mmol), and silver perchlorate (210 mg, 1.0 mmol) was 
performed as described for the synthesis of 12 (procedure B). Compound 17 was 
isolated by column chromatography on silica gel with ether-methanol as eluent, the 
concentration of methanol increasing up to 4%; yield 360 mg (36%); after recrystal- 
lization from acetoneether-hexane, m-p. 179-180”; [a]20-22 +35O (c 1, chloroform). 

Anal Calc. for C45H59N025 - H20: C, 52.37; H, 5.96; N, 1.36. Found: C, 52.41; 
H, 5.90; N, 1.38. 

0-Deacetylation of 17 and subsequent hydrogenolysis in the presence of 10% 
palladium-on-charcoal in aqueous methanol gave amorphous 0-(8-D-glucopyranosyl)- 
(1~4)-O-(B-D-gIucopyranosy1)-(1~4)-2-acetamido-2-deoxy-D-glucose (18), [a]6o-22 

-I- 30” (c 0.29, water) ; paper chromatography: RGol 0.42. The enzymic hydrolysis of 18 
with j?-D-glucosidase from sweet almond afforded D-glucose and 2-acetamido-2- 
deoxy-D-glucose, which were identified by paper chromatography. 

Benzyl 2-acetamido -2 - deoxy - 4,6- di- 0 -/I - D -gahZcfopyrcrrlOSy~ -a - D - gluco - 

pyrunoside (20). - The synthesis of the protected trisaccharide 19 starting from benzyl 
2-acetamido-3- 0-acetyl-2-deoxy-a-D-glucopyranoside3z (0.7c g, 2.0 mmol), per- 
chlorate 1 (1.28 g, 4.4 mmol), 2,4,6_trimethylpyridine (0.58 ml, 4.4 mmol), bromide 9 
(1.80 g, 4.4 mmol), and silver perchlorate (0.92 g, 4.7 mmol) was performed by the 
procedure just described for 12 (procedure B)_ After the acetylation step, the reaction 

mixture was chromatographed on a column of silica gel with ether-methanol, the 
concentration of methanol increasing to 4%, to give 0.69 g (34% yield) of amorphous 
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19, [a]?-22 -1-30" (c 0.2, chloroform); O.lOg (13% yield) of 12, m-p. 101-103” 
(from methanol), [&“-” 2 + 64” (c 1, chloroform) (see Ref. 21) ; and 18 identical with 
an authentic sample lq. O-Deacetylation of 19 with triethylamine in anhydrous 
methanol at room temperature gave crystalline 20, m.p. 160-161” (from methanol- 
ether), [a];'-" +86" (c 0.8, water). 

Anal. Calc. for C27H4iN016 *H,O: C, 49.61; H, 6.67. Found: C, 49.65: 
H, 6.75. 

Hydrogenolysis of 20 in aqueous methanol in the presence of 10% palladium- 
on-charcoal gave 2-acetamido-2-deoxy-4,6-di-O-(8-D-galactopyranosyl)-D-glucose; 
paper chromatography: Rcrrl 0.32. 

REFERENCES 

1 A. YA. KHORLIN, V. A. NEShfEYANOV, AND S. E. ZURABYAN, Carbuhyd. Res., 33 (1974) Cl-C3. 
2 G. ZEMPLJ%, Fort&w. Chem. Org. Notursf., 1 (1938) l-23. 
3 B. HELFERICH ANLI K.-F. WEDEhnzYER, Ann., 563 (1949) 139-145. 
4 J. CONCHIE, G. A. LEWY, AND C. A. MARSH, Adcan. Carbohyd. Chem., 12 (1957) 157-187. 
5 N. K. KOCHETKOV, A. YA. KHORLIN, AND A. F. BOCHKOV, Tetrahedron, (1967) 693-707. 

6 K. HEYNS, K. PROPP, R. HARRISON, AND H. PAULSEN, Chem. Ber., 100 (1967) 2655-2663. 
7 M. A_ E. SHABAN AND R. W. JEANLOZ, Carbohyd. Res., 20 (1971) 399-405. 
8 D. SHAPIRO, Y. RAB~SOHN, A. J. ACHER, AND A. DIVER-HABER. J. Org. Chem., 35 (1970) 1464- 

1467. 
9 C!. MERSER AND P. SINA?, Tetrahedron Lett., (1973) 1029-1032. 

10 F. Sc~hm-r AND P. SINA?~, Carb&vf. Res., 29 (1973) 99-l 11. 
11 N. K. KCCHETKOV, V. A. DEREVITSZEAYA, AND E. M. Kur.fov, Tetrahedron Left., (1969) 4769- 

4772. 
12 V. A. DERE~ITXAYA, E. M. KLILIOV, S. A. POGOSYAN, AND N. K. KOCHETKOV, Izo. Akad. Nauk 

SSSR, Ser. Khim., (1972) 1643-1644. 
13 H. BREDERECK, A. WAGNER, G. FABER, H. On; AND J. RAIJTHER, Chem. Ber., 92 (1959) 1135-I 139. 
I4 I. A. DYAKONOV AND R. R. KO~TIKOV, Usp. Khim., 36 (1967) 1305-1319. 
15 G. L. Cross, Aduan. Alicycl. Chem., 1 (1966) 53-127. 
16 R. BXESLOW, R. W~ER, AND M. BATIISTE, J. Org. Chem., 24 (1959) 415-416. 
17 D: G. FARNuhf AND M. BURR, J. Amer. Chem. Sot., 82 (1960) 2651. 
IL? R. RREXOW, J. LOCKHART, AND H. W. CHANG. J. Amer. Chem. SW., 83 (1961) 23754379. 

19 V. A. NEShfEYANOV, S. E. ZURABYAN, AND A. YA. KHORLIN, Tetrahedron Lett., (1973) 3213- 
3216. 

20 T. OKUYAMA, Tohoktt J. Exp. Med., 68 (1958) 313-317. 
21 S. E. ZURABYAN, E. N. LOPANTSEVA, AND A. YA. KHORLIN, Dokl. Akad. Nauk SSSR, 210 (1973) 

1216-1219. 

22 K. FREUDENBERG AND K. VON OERTZEN, Am., 574 (1951) 37-53. 
23 P. BACHLI AND E. G. V. PERCIVAL, _K Chem. Sot., (1952) 1243-1246. 
24 K. MATSIJDA, Chem. Ind. (London), (1958) 1627. 
25 N. K. KOCHETKOV, A. F. BOCHKOV, T. A. SOKOLOVS~CAYA, AND V. J. SNYATKOVA, Carbohyd. 

Res., 16 (1971) 17-27 
26 N. K. KOCHETKOV, A. YA. KHORUN, AND A. F. BOCHKOV, Zh. Obshch. Khim, 37 (1967) 338- 

343* 
27 A_ KLEMER. Chem. Ber., 89 (1956) 2583-2588. 
28 I. J. GOLDSTEIN AND B. LINDBERG, Acta Chem. Scar& 16 (1962) 383-386. 
29 M. L. SHULMAN, G. B. ABRAMOVA, V. N. PLSKAEVA, AND A. YA. KHORLIN, Izv. Akad. Nauk 

SSSR, Ser. Khim., (1971) 630432. 
30 A. F. BOCHKOV, V. I. SNYATKOVA, AND N. K. KOCHETKOV, Izo. Akad. Nauk SSSR, Ser. Khim., 

(1967) 2684-2691. 
31 E. FIWHER AND G. ZEhl~ti~, AJPZ., 372 (1909) 254-256. 
32 M. DEJTER-JUSZYNSICI AND H. M. FLOWERS, Carbohyd- Res., 18 (1971) 219-226. 


