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ABSTRACT 

Four different oligosaccharides containing the 2-acetamido-2-deoxy-@D- 
glucopyranosyl-(1+2)-a-D-mannopyranosyl sequence as a terminal disaccharide 
unit were synthesized, namely: 4-nitrophenyl O-(2-acetamido-2-deoxy$-D-gluco- 
pyranosyl)-(1~2)-O-rw-D-mannopyranosyl-(l~6)-~-D-mannopyranoside (27), 4- 
nitrophenyl 0-(2-acetamido-2-deoxy-~-D-glucopyranosyl)-(l~2)-O-~-D-manno- 
pyranosyl-( 1+6)-P-D-glucopyranoside (29)) ally1 O-(2-acetamido-Zdeoxy-P-D- 
glucopyranosyl-(1~2)-a-D-mannopyranosyl-(l~6)-~-D-glucopyranoside (31), and 
ally1 0-(2-acetamido-2-deoxy-P-D-glucopyranosyI)-(1~2)-0-cy-D-mannopyranosyl- 
(1~6)-O-P-D-glucopyranosyl-(l~4)-p-D-glucopyranoside (33). A common glyco- 
syl donor, namely, 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-P-D-glucopyrano- 
syl)-3,4,6-tri-O-acetyl-cu-D-mannopyranosyl bromide was employed for the syn- 
thesis of 27, 29, 31, and 33, the structures of which were all established by 13C- 
n.m.r. spectroscopy. 

INTRODUCTION 

A variety of N-acetyl-P-D-glucosaminyltransferases are known2-s to be in- 
volved in the biosynthesis of the asparagine (Asn)-linked oligosaccharides as shown 
in Scheme 1. All of these enzymes use UDP-D-G~cNAc as the glycosyl donor, but 
they only differ in their specificity for different acceptor-substrates, Of these trans- 
ferases, LJDP-GlcNAc: cr-D-mannopyranosyl-( l-+6)-N-acetyl-~-D-glucosylaminyl- 
transferase (GlcNAc-transferase V, or GnT-V) has attracted considerable interest 
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Scheme 1. Possible 2-acetamido-2-deoxy-/3-D-glucopyranosyl groups that can be attached to tri-D- 
mannopyranosyl cores of asparagine-linked oligosaccharides and the N-acetyl-P-D-glucosaminyl- 
transferases responsible for their additioni. 

P-D-GlcpNAc-(l-+2)-a-D-Manp 

Scheme 2. A heptasaccharide acceptor for GlcpNAc-transferase V. 

as a potential tumor marker. This enzyme catalyzes the transfer of a 2-acetamido-2- 
deoxy-/3-D-glucopyranosyl group from UDP-D-GIcNAc to O-6 of the (l-+6)-(Y-D- 
mannosyl residue that forms part of the trimannosyl core of Asn-linked glycans, 
thus initiating the synthesis of highly-branched structures that appear to be 
associated with neoplastic transformations3,6 and metastatic potential of certain 
tumor cells’. 

The heptasaccharide shown in Scheme 2 is known to act as a substrate for 
GnT-V (as well as for other glycosyltransferases), and it has been used to assay this 
enzymes. However, at the outset of these investigations, we speculated that such a 
larger molecule as a heptasaccharide might not be a prerequisite for recognition by 
the enzyme; rather, a structure no larger than a trisaccharide might be sufficient as 
a substrate. With a similar intention, Hindsgaul and associates independently 
synthesizeds, during these investigations, the trisaccharide /3-D-GlcpNAc-(l-+2)-CZ- 
D-Manp-(l-+6)-/3-D-Manp-O(CHZ),CO,Me, and demonstrated6z9 that it can 
effectively be utilized as a selective acceptor for GnT-V. On our part, however, we 
have generally preferred the use of benzyl and nitrophenyl glycosides in studies 
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related to N-acetyl-@-D-glucosaminyltransferases that are involved in the bio- 
synthesis of mucin-type O-linked glycans lo-l*. Because of their chromophore 
group, such compounds (and also the enzymic products derived therefrom) haye 
the advantage of being readily detectable by chromatographic techniques, e.g., 
t.1.c. or h.p.l.c., for their isolation and quantitative determination when assaying 
glycosyltransferases. Moreover, on reduction of their nitro group, nitrophenyl 
glycosides can readily be manipulated to provide conjugates that proved to be 
useful in affinity chromatography13, and as synthetic or artificial antigens14J5. This 
latter property is also shared by ally1 glycosides which can be copolymerized with 
acrylamide to produce polymer-supported substrates 16. Therefore, it was of interest 
to synthesize some of the oligosaccharides described herein as their 4-nitrophenyl 
or ally1 glycosides . 

Furthermore, it seemed reasonable to postulate that, in the saccharide 
sequence /3-D-GlcpNAc-(l+2)-a-D-Manp-(l+6)-P-D-ManpOR (where R is any 
aglycon or glycosyl group), HO-2 of the /3-D-mannosyl residue may not necessarily 
be involved as part of the recognition site for GnT-V. As a test of this postulate, 
we attempted the synthesis of some potential substrates containing the j?-D-gluco- 
pyranosyl rather than the P-D-mannopyranosyl residue. This would obviate the 
need for p-D-mannopyranosyl derivatives, the synthesis of which is hitherto 
wrought with difficulty. We describe herein the synthesis of the trisaccharides 27, 
29, and 31, and the tetrasaccharide 33. 

RESULTSANDDISCUSSIONS 

A common glycosyl donor, namely, 2-O-(2-acetamido-3,4,6-tri-0-acetyl-2- 
deoxy-P-D-glucopyranosyl)-3,4,6-tri-O-acetyl-ar-D-mannopyranosyl bromide (7) 
was employed for the synthesis of all of the four title oligosaccharides. Bromide 7 
was obtained in five, good yielding steps from methyl 3,4,6-tri-O-benzyl-a-D- 
mannopyranosidel’ (2). Glycosylation of 2 with 3,4,6-tri-O-acetyl-2-deoxy-2- 
phthalimido-/3-D-glucopyranosyl bromide (1), and deacylation-reacetylation in the 
usual manner18 afforded, in 88% yield, the peracetate 3, the ‘H-n.m.r. spectrum of 
which contained signals in support of the overall expected structure (see Experi- 
mental section). After catalytic hydrogenation, crude trio1 4 was directly acetylated 
to give methyl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-P-D-glucopyranosyl)- 
3,4,6-tri-O-acetyl-a-D-mannopyranoside (5). Compound 5 was subjected to 
acetolysis to afford the peracetate 6, which was readily converted into 7 by treat- 
ment with hydrogen bromide in dichloromethane. In the ‘H-n.m.r. spectrum of 6, 
a low-field doublet at 6 5.93 (-0.8 H*, J -1.5 Hz) was indicative of an anomeric 
mixture that was rich in the a-~ anomer. A similar doublet at 6 6.29 (-1 H*, J 
-1.5 Hz) in the spectrum of 7 strongly suggested that it existed almost exclusively 
as the a-D anomer. 

*Compared to the acetyl-group methyl protons. 
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For the synthesis of trisaccharide 27, 4-nitrophenyl 2,3-0-isopropylidene-P- 
D-mannopyranoside (11) was required as a glycosyl acceptor. This was readily 
obtained in excellent yield from 4-nitrophenyl p-D-mannopyranoside’9 (8) by way 
of the 6-tert-butyldiphenylsilyl ethers 9 and 10. The lH-n.m.r. spectrum of 

9 R’ = R2 = H ,R3 = ButPnZS, 13 R’ = C&W,-4,R2= H,R3,R3= CHC6~4~~e-4 

to R’.R’ = CMed, R2 = H , R3 = BUtPh*S, 
i 2 3 14 R = CgHqta-4, R = Ac.RJ, R = CHC6HpMe-4 

11 R’,R’=CMe,,RL= R3=H 1s A’ = C6H4NOL-4, F?= AC, R3 = H 

16 R1 = CH2-CH=CH2,RZ= R3=H 

I? R’ = CH~-CH=CH~,R2= H.R3, R3’PhC~ 

18 R’= CHz-CH=CH >,R’E nc,R3,R3=PhCn 

19 R1 = CH,-cH=CH2,d= AC,R3Z H 

CH20R2 

20R’=R2= H 

21 R’ = H,R’, R>= PhCH 

22 R’ = AC,RZ, R”= PhCH 

23 R’= Ac,R’= H 

24 R’ = R” = AC 
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chromatographically pure 11 was in conformity with the structure expected (see 
Experimental section). Glycosylation of 11 with 7 in acetonitrile and in the presence 
of mercuric cyanide and 4A molecular sieves gave, in 67% yield, 4-nitrophenyl O- 
(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-D-glucopyranosyl)-(l--t2)-0-(3,4,6-tri- 
O-acetyl-cu-D-mannopyranosyl)-(l~6)-2,3-O-isopropylidene-~-D-mannopyrano- 
side (25). The ‘H-n.m.r.spectrum of 25 contained signals in support of its overall 
structure; two doublets at S 8.20 and 7.19 (2 H each, J -10 Hz) accounted for the 
aromatic-ring protons, whereas a cluster of singlets (6 2.29-1.89, 21 H) evidenced 
the presence of seven acetyl-group methyl protons, and the isopropylidene methyl 
protons occurred as well-separated singlets at 6 1.59 and 1.44. 0-Deacetylation of 
25 in methanolic sodium methoxide, followed by cleavage of the acetal group of 26 
with aqueous trifluoroacetic acid in chloroform, furnished 27 in 64% yield. 

4-Nitrophenyl 2,3-di-O-acetyl-/3-D-glucopyranoside (15) was chosen as a 
glycosyl acceptor for the synthesis of the modified substrate 29. Compound 15 was 
readily prepared from 4-nitrophenyl P-D-glucopyranosideZo (12) by treatment with 

CHLOR5 CH20R5 

R50Rvpq 

HNAC 

/” 
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4-methoxybenzaldehyde-zinc chloride complex, followed by acetylation and sub- 

sequent cleavage of the acetal group. Condensation of diol 15 with 7 in nitro- 

methane, in the presence of mercuric cyanide and 4A molecular sieves, gave in 

67% yield the partially protected trisaccharide 28, which was 0-deacetylated to 

furnish in excellent yield the desired 29. 

Ally1 2,3-di-0-acetyl-p-D-glucopyranoside (19) and ally1 0-(2,3-di-O-acetyl- 

~-D-glucopyranosyl)-(l~4)-2,3,6-tri-O-acetyl-~-D-glucopyranoside (23) were re- 

quired as glycosyl acceptors for the synthesis of 31 and 33, respectively. Thus, ally1 

/3-D-glucopyranoside21 (16) was treated with a benzaldehyde-zinc chloride complex 

to give 17, which was conventionally acetylated to afford diacetate 18, the acetal 

group of which was cleaved in hot, aqueous acetic acid to furnish 19. Starting with 

ally1 4-O-/3-D-glUCOpyranOSyl-/3-D-glUCO13yranOSide’4 (2O), a similar procedure was 

employed for the preparation of 23, which had been previouslyt6 obtained by treat- 

ment of 20 with c-u,cu-dibromotoluene in boiling pyridine, followed by acetylation 

and debenzylidenation. Glycosylation of diol 19 with 7 in 1:l benzene-nitro- 

methane, in the presence of mercuric cyanide and 4A molecular sieves, afforded in 

moderate yield trisaccharide derivative 30, which was subjected to Zemplen trans- 

esterification to provide the desired 31. A similar glycosylation of 23 with 7, 

followed by acetylation (to facilitate chromatographic separation) of the product 

mixture, gave the fulIy protected tetrasaccharide derivative 32, which was likewise 

0-deacetylated to furnish 33. The r3C-n.m.r. spectra of trisaccharides 27, 29, and 

31, and tetrasaccharide 33 were all in good agreement with the structures assigned 

(see Experimental section). 

EXPERIMENTAL 

General merhods. - Melting points were determined with a Fisher-Johns 

apparatus and are uncorrected. Optical rotations were measured at -2.5” with a 

Perkin-Elmer 241 polarimeter. T.1.c. was conducted on aluminum sheets, pre- 

coated with 0.2 mm layers of Silica Gel 6OF-254 (E. Merck, Darmstadt, Germany); 

the components were located either by exposure to U.V. light, or by spraying the 

plates with 5% H,SO, in ethanol and heating. Silica gel used for column chromatog- 

raphy was Baker Analyzed (60-200 mesh). Unless otherwise indicated, the follow- 

ing solvents systems (v/v> were used for chromatography: (A) 4:l chloroform- 

acetone, (I?) 13:6: 1 chloroform-methanol-water, (C) 3:2 chloroform-acetone, (D) 

1:l ethyl acetate-hexane, (E) 5:4:1 chloroform-methanol-water, and (F) 9:l 

chloroform-methanol. N.m.r. spectra were recorded at -25”; ‘H-n.m.r. spectra 

with a Varian EM-390, and 13C-n.m.r. spectra either with a Varian XL-100 or a 

Bruker WP-200 instrument, at 90, 25.2, and 50.3 MHz, respectively; the positions 

of the peaks (6) are expressed from the tetramethylsilane signal. Organic solutions 

were generally dried with anhydrous Na$O,. Pyridine was dried over KOH, and 

dichloromethane and 1,2-dichloroethane were dried over 4A molecular sieves. 

Nitromethane and acetonitrile were distilled from P,O, immediately before being 
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used, and benzene was dried with Na. Elemental analyses were performed by 
Robertson Laboratory, 29 Samson Ave., Madison, New Jersey 07940. 

Methyl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-D-gLucopyranosy~)- 
3,4,6- tri-0-benzyl-a-D-mannopyranoside (3). - A mixture of methyl 3,4,6-tri-O- 
benzyl-cu-D-mannopyranosider7 2 (1.8 g, 3.9 mmol), silver trifluoromethanesulfonate 
(1.47 g, 5.7 mmol), 2,4,6_trimethylpyridine (0.65 g, 5.4 mmol), and 4A molecular 
sieves (4 g) in dichloromethane (30 mL), protected from light and moisture, was 
stirred for 30 min in an atmosphere of N,. A solution of 3,4,6-tri-O-acetyl-2-deoxy- 
2-phthalimido-/3-o-glucopyranosyl bromide (1, 2.7 g, 5.4 mmol) in dichloro- 
methane (15 mL) was added dropwise, with stirring, during 20 min, and the stirring 
was continued for a further 40 min. More portions of silver trifluoromethane- 
sulfonate (0.73 g, 2.8 mmol) and 2,4,6_trimethylpyridine (0.33 g, 2.7 mmol) were 
added, followed by the dropwise addition of a solution of bromine 1 (1.35 g, 2.7 
mmol) in dichloromethane (10 mL), and the stirring was continued for an addi- 
tional 3 h. T.1.c. (90:10:1, v/v, dichloromethane-ethyl acetate-acetone) then re- 
vealed the presence of a major product, faster-migrating than 2; some slower- and 
some faster-migrating impurities (presumably due to decomposition of 1) were also 
revealed by t.1.c. The mixture was diluted with an equal volume of dichloro- 
methane, and the solids were filtered off (a bed of Celite) and washed with di- 
chloromethane. The filtrate and washings were combined, successively washed with 
ice-cold water, cold 3% aqueous HCI, cold saturated NaHCO,, and water, dried, 
and evaporated to dryness. The foamy solid so obtained (-5.8 g) was boiled for 3 
h under N, in a mixture of ethanol (90 mL) and hydrazine hydrate (18 mL). It was 
then concentrated to dryness to give a residue, which was dissolved in pyridine (100 
mL) and acetic anhydride (50 mL) and heated for 30 min at -90”. The acetic 
anhydride and pyridine were evaporated under diminished pressure, and the 
residue was taken up in chloroform, successively washed with water, aqueous 
NaHCO,, and water, dried, and evaporated. The residue was applied to a column 
of silica gel and eluted with a solvent gradient consisting of O-20% acetone in 
chloroform. On evaporation, the fractions corresponding to the product gave a 
solid which crystallized from ethyl acetate to afford 3 (2.7 g; 88% based on 2), m.p. 
189-191”, [o]As +14” (c 0.7, chloroform); t.1.c. (A) R, 0.28; rH-n.m.r. (CDCI,): 6 
7.28-7.22 (m, 15 H, arom.), 3.30 (s, 3 H, OMe), 1.97 (m, 9 H, 3 OAc), and 1.72 
(s, 3 H, NAc). 

Anal. Calc. for C,,H,,NO,,: C, 63.54; H, 6.48; N, 1.76. Found: C, 63.66; H, 
6.21; N, 1.62. 

Methyl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-~-glucopyranosyl)- 
3,4,6-tri-0-acetyl-ry-D-mannopyranoside (5). - A mixture of 3 (3.4 g) and 10% 
Pd-C (3.4 g) in glacial acetic acid (80 mL) was shaken under H, at -345 kPa for 24 
h at room temperature. The suspension was filtered through a bed of Celite, the 
solid was thoroughly washed with glacial acetic acid, and the filtrate and washings 
were combined and concentrated under diminished pressure to give 4 as a foamy 
solid (2.2 g), which was slightly contaminated (t.1.c. solvent B) with some faster- 
migrating impurities. 
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A solution of crude 4 (2.1 g) in 1:2 acetic anhydride-pyridine (75 mL) was 

kept overnight at room temperature. It was then concentrated to dryness, and 

several portions of toluene were added to, and evaporated from the residue which 

was then dissolved in dichloromethane. Addition of ether-hexane caused the pre- 

cipitation of 5 (1.89 g, 72.5%), amorphous, [w];~ -12” (c 0.6, chloroform); t.1.c. 

(C) R, 0.41; ‘H-n.m.r. (CDCI,): 6 3.29 (s, 3 H, OMe), 2.00-1.94 (cluster of s, 18 

H, 6 OAc), and 1.85 (s, 3 H, NAc). 

Anal. Calc. for C,,H,,NO,,: C, 49.92; H, 6.05; N, 2.16. Found: C, 49.67; H, 

5.92; N, 2.09. 
2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-P_D-glucopyranosyl)-1,3,4,6- 

tetra-0-acetyl-D-mannopyranose (6). - A solution of 5 (1.65 g) in acetic anhydride 

(40 mL) containing 1% by volume of cont. H,SO, was stirred for 12 h at room 

temperature. The mixture was then diluted with dichloromethane (200 mL), succes- 

sively washed with water, saturated NaHCO,, and water, dried, and concentrated, 

and the residue dissolved in a small volume of ethyl acetate. Addition of ether 

caused the precipitation of 6 (1.55 g, 90%) as an amorphous solid, [a]$” -10” (c 

0.8, chloroform); t.1.c. (A) R,0.27; ‘H-n.m.r. (CDCI,): 6 5.93 (d, -0.8 H, J -1.5 

Hz, H-l) and 2.10-1.92 (cluster of s, 24 H, 7 OAc and NAc). 

Anal. Calc. for C,,H,,NO,,: C, 49.63; H, 5.80; N, 2.07. Found: C, 49.37; H, 

5.71; N, 1.90. 

2-0-(2-Acetamido-3,4,6-tri-O-acetyf-2-deoxy-~-D-glucopyranosy~)-3,4,6-tri- 

0-acetyf-a-o-mannopyranosyf bromide (7). - To a cold (-O”, bath), stirred 

solution of 6 (0.58 g) in dichloromethane (7 mL) was added a 31% solution of HBr 

in glacial acetic acid (7 mL), and stirring was continued for 12 h. The mixture was 

then poured into ice-water and extracted with dichloromethane, successively 

washed with water, cold saturated NaHC03, and water, dried, and concentrated to 

give 7 (0.47 g, 79%), amorphous, [a] A5 +53” (c 0.7, chloroform); t.1.c. (A) R, 
0.32; rH-n.m.r. (CDCI,): 6 6.29 (d, -1 H, J -1.5 Hz, H-l), 2.09-1.99 (cluster of 

s, 18 H, 6 OAc), and 1.92 (s, 3 H, NAc). 

4-Nitrophenyl 6-O-tert-butyldiphenyl.~ilyl-P_~-mannopyrano,~ide (9). - To a 

cold (0", bath), stirred solution of 4-nitrophenyl /3-D-mannopyranosidei9 (8; 4.8 g, 

15.9 mmol) and imidazole (2.7 g, 40 mmol) in dry N,N-dimethylformamide (60 

mL) was added tert-butylchlorodiphenylsilane (6.3 mL, 24 mmol), and stirring was 

continued for 2 h at -0”. The mixture was then poured into ice-water and extracted 

with chloroform. The chloroform solution was successively washed with water, 

saturated NaHCO,, and water, dried, and concentrated, and the residue applied to 

a column of silica gel and eluted with 49: 1 (v/v) chloroform-methanol. On evapora- 

tion, the fractions corresponding to the product afforded 9 (8.3 g, 96.5%), amor- 

phous, [a]$” -84” (c 1.2, chloroform); t.1.c. (C) R, 0.31; IH-n.m.r. (CDCI,): 68.08 

and 7.05 (d, 2 H each, J -10 Hz, arom.), 7.73-7.16 (m, 10 H, arom.), and 1.06 (s, 
9 H, CMe,). 

Anal. Calc. for C,,H,,NO,Si.0.5 H,O: C, 61.29; H, 6.25; N, 2.55. Found: C, 

61.51; H, 6.09; N, 2.48. 
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4-Nitrophenyl 6-O-tert-butyldiphenylsilyl-2,3-O-isopropylidene-~-~-manno- 
pyranoside (10). - To a solution of 9 (8 g) in dry acetone (60 mL) were added 
2,2_dimethoxypropane (60 mL) and 4-toluenesulfonic acid monohydrate (1.2 g). 
The mixture was stirred for 4 h at room temperature, made neutral by the addition 
of triethylamine, and then evaporated. The residue was purified in a column of 
silica gel with chloroform as the eluent to give 10 (8.1 g, 94%), a thick syrup, [a]65 
-74.5” (c 1.3, chloroform); t.1.c. (D) R, 0.39; ‘H-n.m.r. (CDCI,): 6 8.06 and 7.05 
(d, 2 H each, J -10 Hz, arom.), 7.70-7.20 ( m, 10 H, arom.), 5.51 (d, 1 H, J -2 
Hz, H-l), 1.55 and 1.40 (s, 3 H each, CMe,), and 1.06 (s, 9 H, CMe,). 

Anal. Calc. for C,,H,,NO,Si: C, 64.22; H, 6.43; N, 2.42. Found: C, 63.93; H, 
6.42; N, 2.37. 

4-Nitrophenyl 2,3-O-isopropylidene-/3-D-mannopyranoside (11). - A solu- 
tion of 10 (1.7 g, 2.9 mmol) in dry oxolan (35 mL) was treated with a M solution of 
tetrabutylammonium fluoride in oxolan (4.1 mL), and the stirring was continued 
for 2 h at room temperature. The mixture was concentrated to dryness, and the 
residue was purified in a column of silica gel with 15% acetone in chloroform as the 
eluent to afford a solid residue which was dissolved in a small volume of dichloro- 
methane. Addition of ether-hexane caused the precipitation of 11 (0.98 g, 98%), 
amorphous, [# -127” (c 1.2, chloroform); t.1.c. (A) Rr0.17; ‘H-n.m.r. (CDCI,): 
S 8.15 and 7.05 (d, 2 H each, .I -10 Hz, arom.), 5.57 (d, 1 H, .I -2 Hz, H-l), and 
1.53 and 1.40 (s, 3 H each, CMe,). 

Anal. Calc. for C,,H,,NO,: C, 52.78; H, 5.61; N, 4.10. Found: C, 52.65; H, 
5.52; N, 4.00. 

CNitrophenyl4,6-0-(4-methoxybenzyylidene)-~-D-glucopyranoside (13). - A 
mixture of 4-nitrophenyl/3-D-glucopyranoside20 (12; 12 g), anhydrous ZnCl, (12 g), 
and 4-methoxybenzaldehyde (150 mL) was stirred for 2 days at room temperature, 
and then poured into ice-water and ether, and stirred for 2 h. The precipitate was 
filtered off and thoroughly washed with ice-water and ether, and dried. On crystal- 
lization from pyridine-ether; it afforded 13 (11.5 g, 69%), m.p. W&192”, [a]bs 
-51” (c 0.5, 4:l chloroform-methanol), t.1.c. (A) R,0.22; ‘H-n.m.r. [CD,OD plus 
a little (CD&SO]: 6 8.20 and 7.22 (d, 2 H each, .I -10 Hz, C,H,NO,-4), 7.40 and 
6.85 (d, 2 H each, J -10 Hz, C,H,OMe-4), 5.50 (s, 1 H, PhCH), 5.18 (d, 1 H, J 
-7.5 Hz, H-l), and 3.73 (s, 3 H, OMe). 

Anal. Calc. for C,H,,NO,: C, 57.28; H, 5.05; N, 3.34. Found: C, 56.99; H, 
5.06; N, 3.27. 

4-Nitrophenyl 2,3-di-O-acetyl-4,6-0-(4-methoxybenzylidene)-B-D-glucopyra- 
noside (14). - A solution of 13 (5 g) in pyridine (60 mL) and acetic anhydride (30 
mL) was stirred overnight at room temperature. The crystalline material that 
separated was filtered off and thoroughly washed with ether to afford 14 (5.8, 
97%), m.p. 252-253”, [a] 2” -47“ (c 0.55, chloroform); t.1.c. (D) R, 0.48; ‘H-n.m.r. 
[(CD&SO]: 6 8.21 and 7.21 (d, 2 H each, J -10 Hz, C,H,NO,-4), 7.31 and 6.88 
(d, 2 H each, J -10 Hz, C6H,0Me-4), 5.79 (d, 1 H, J -7.5, H-l), 5.58 (s, 1 H, 
PhCH), 3.73 (s, 3 H, OMe), and 2.01 (s, 6 H, 2 OAc). 



134 S. H. KHAN, S. A. ABBAS, K. L. MAR-A 

Anal. Calc. for Cz4HzsN0,,: C, 57.25; H, 5.01; N, 2.78. Found: C, 57.09; H, 

4.81; N, 2.69. 
I-Nitrophenyl 2,3-di-0-acetyl-@-D-glucopyranoside (15). - Acetal 14 (4 g) 

was stirred in 60% aqueous acetic acid (200 mL) for 1 h at -70”. The acetic acid 
was evaporated under diminished pressure, the last traces being removed by 
coevaporation with several added portions of toluene, to give a solid which crystal- 
lized from methanol to afford 15 (2.5 g, 82%), m.p. 167-169”, [a]$’ -46” (c 0.6, 
4: 1 chloroform-methanol); t.1.c. (A) R, 0.17; ‘H-n.m.r. [CD,OD plus a little 
(CD,),SO]: S 8.17 and 7.15 (d, 2 H each, J -10 Hz, C,H,NO,-4), 5.42 (d, 1 H, J 
-8 Hz, H-l), and 2.06 and 2.01 (s, 3 H each, 2 OAc). 

Anal. Calc. for C,,H,,NO,,: C, 49.87; H, 4.97; N, 3.64. Found: C, 49.69; H, 
4.83; N, 3.44. 

Ally1 4,6-0-benzylidene-/I-D-glucopyranoside (17). - ZnC1, (3 g) was quickly 
added, with stirring, to benzaldehyde (11 mL), and stirring was continued for 0.5 
h. Ally1 /3-D-glucopyranoside 21 16 (3 g) was then added, the mixture was stirred 
overnight at room temperature, and poured into a stirred 1: 1 mixture of ice-water 
and hexane (-150 mL). The precipitate was filtered off, thoroughly washed with 
cold water and hexane, dried in the air, and dissolved in a small volume of dichloro- 
methane. Addition of ether-hexane caused the precipitation of 17 (2.8 g, 67%), 
amorphous, [a] 8” -53” (c 1.1, chloroform): t.1.c. (A) R, 0.27; ‘H-n.m.r. (CDCI,): 
6 7.50-7.18 (m, 5 H, arom.), 6.10-5.63 (m, 1 H, CH=CH,), and 5.42 (s, 1 H, 
PhCH) _ 

Anal. Calc. for C,,H,,,O,: C, 62.32; H, 6.54. Found: C, 62.53; H, 6.50. 
Ally1 2,3-di-O-acetyl-4,6-0-benzylidene-P-D-glucopyrunoside (18). - Com- 

pound 17 (1.3 g) in pyridine (30 mL) and acetic anhydride (15 mL) was kept over- 
night at room temperature. Acetic anhydride and pyridine were evaporated under 
reduced pressure, the last traces being removed by coevaporation with several 

added portions of toluene, and the residue was dissolved in a small volume of 
dichloromethane. Addition of ether-hexane precipitated 18 (1.46 g, WY”), 
amorphous, [a] 6” -86” (c 0.7, chloroform); t.1.c. (A) H, 0.65; IH-n.m.r. (CDCI,): 
67.43-7.20 (m, 5 H, arom.), 6.03-5.5X (m, 1 H, CH=CH,), 5.45 (s, 1 H, PhCH), 
and 2.00 (s, 6 H, 2 OAc). 

Anal. Calc. for C,,H,,O,: C, 61.21; H, 6.16. Found: C, 61.14; H, 6.02. 
Ally1 2,3-di-0-metyE-/3-D-glucopyrunoside (19). - Compound 18 (1.44 g) in 

60% aqueous acetic acid (70 mL) was stirred for 6.5 h at -55”. T.1.c. (C) then 
showed the disappearance of 18 and the presence of a product, slower-migrating 
than 18, together with some faster-migrating contaminants. Acetic acid was evapo- 
rated under diminished pressure, and several portions of toluene were added to, 
and evaporated from, the residue which was then dissolved in chloroform and 
applied to a column of silica gel. On elution with 9:l (v/v) chloroform-acetone, 
concentration of the fractions corresponding to the product afforded 19 (1.02 g, 

91%), syrup, [a];’ -51” (c 1.8, chloroform); t.1.c. (C) Rr0.36; ‘H-n.m.r. (CDCI,): 
6 6.03-5.57 (m, 1 H, CH=CH,), and 2.05 and 2.03 (s, 6 H, 2 OAc). 
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Anal. Calc. for C,,H,,O,: C, 51.31; H, 6.63. Found: C, 51.34; H, 6.61. 
Ally1 O-(4,6-O-benzylidene-p-D-glucopyranosyl)noside 

(21). - This compound was prepared from ally1 O-P-D-glucopyranosyl-(l-+4)-@- 
glucopyranosider6 (20) as described for 16 (to give 17). After the aforedescribed 
processing, the solid residue so obtained was dissolved in a small volume of 
methanol. Addition of ether precipitated 21 (1.8 g, 73%), amorphous, [a]$5 -42” 
(c 0.5, 4:l chloroform-methanol); t.1.c. (B) R, 0.7; ‘H-n.m.r. (CDCl, plus a little 
CD,OD): 6 7.5C-7.23 (m, 5 H, arom.), 6.07-5.67 (m, 1 H, CH=CH,), and 5.45 (s, 
1 H, PhCH). 

Anal. Calc. for C22H3001,: C, 56.16; H, 6.43. Found: C, 55.87; H, 6.16. 
Ally1 0-(2,3-di-0-acetyl-4,6-O-benzylidene-~-D-glucopyranosyl)-(1~4)-2,3, 

6-tri-0-acetyl-P-D-glucopyranoside (22). - Compound 21(1.7 g) was acetylated as 
described for 17 (to give 18), to give a solid residue which crystallized from di- 
chloromethane-ether-hexane to afford 22 (2.3 g, 94%), m.p. 236-238”, [(Y]&~ -53” 
(c 1.1, chloroform); t.1.c. (A) R, 0.68 {lit.16 m.p. 234-236” (from ethanol), [~_I]&O 
-43“ (c 1, chloroform)} ; rH-n.m.r. spectral data (CDCl,) were comparable to those 
previously reported16. 

Ally1 0-(2,3-di-O-acetyl-~-D-glucopyranosyl)-(1~4)-2,3,6-tri-O-acetyl-~-D- 
glucopyranoside (23). - Compound 22 (2.25 g) was deacetalated in hot, 60% 
aqueous acetic acid as described for 18 (to give 19), to give a solid residue which 
was applied to a column of silica gel. Elution with solvent A, and concentration of 
the fractions corresponding to the product afforded, after crystallization from di- 
chloromethane-ether-hexane, 23 (1.7 g, 87%), m.p. 193-195”, [c# -35” (c 1.2, 
chloroform); t.1.c. (C) R, 0.43 {lit.16, m.p. 194-196” (from toluene), [a]b3 -37” (c 
2.6, chloroform)}; lH-n.m.r. spectral data (CDCl,) were similar to those previously 
reportedlh. 

I-Mtrophenyl 0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-D-glucopyrano- 
syl)-(l-t2)-0-(3,4,6-tri-O-acetyl-c~-D-mannopyranosyl)-~l~6~-2,3-O-isopropylid- 
ene-J3-D-mannopyrunoside (25). - A mixture of 11 (0.34 g, 1 mmol), bromide 7 
(1.02 g, 1.5 mmol), powdered Hg(CN), (0.25 g, 1 mmol), and powdered 4A 
molecular sieves (1.2 g) in acetonitrile (25 mL) was stirred for 3 h at room temper- 
ature. T.1.c. (C) then showed the presence of a major product, slower-migrating 
than 11; some unchanged 11 was also revealed in t.1.c. The acetonitrile was evapo- 
rated under diminished pressure, the residue suspended in chloroform (125 mL), 
and the solids were filtered off through a bed of Celite and thoroughly washed with 
chloroform. The filtrate and washings were combined and successively washed with 
water, aqueous M KI solution, aqueous NaHCO,, and water, dried, and concen- 
trated, and the concentrate applied to a column of silica gel. Elution with a solvent 
gradient consisting of O-25% acetone in chloroform gave first unchanged 11 (0.1 
g), followed by 25 (0.45 g, 66.5% based on reacted ll), amorphous, [# -30” (c 
1.2, chloroform); t.1.c. (C) R, 0.19; ‘H-n.m.r. (CDCl,): 6 8.20 and 7.19 (d, 2 H 
each, J -10 Hz, arom.), 2.29-1.89 (cluster of s, 21 H, 6 OAc and NAc), and 1.59 
and 1.44 (s, 3 H each, CMe,). 
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Anal. Calc. for C,,H,,N,O,: C, 51.35; H, 5.68; N, 2.92. Found: C, 52.10; H, 
5.57; N, 2.56. 

4-Nitrophenyl 0-(2-acetamido-2-deoxy-P_D-glucopyranosy~)-(l~2)-O-~-D- 
mannopyranosyl-(Ij6)-2,3-O-isopropylidene-P-D-mannopyranoside (26). - Com- 
pound 25 (0.42 g) in 20mM methanolic sodium methoxide (65 mt) was stirred over- 
night at room temperature. T.1.c. (B) then showed the disappearance of 26 and the 
presence of a slower-migrating product; some slower-migrating contaminants that 
were undetectable under U.V. light were also revealed by t.1.c. The base was 
neutralized with a few drops of glacial acetic acid, and the solution was de-ionized 
with Amberlite IR-120 (H+) cation-exchange resin. The resin was filtered off 
through a bed of Celite and thoroughly washed with methanol, and the filtrate and 
washings were combined and concentrated to a small volume. The concentrate was 
applied to a column of silica gel and eluted with 27:12:1 (v/v) chloroform- 
methanol-water. On evaporation, the fractions corresponding to the product gave 
a solid which was dissolved in a little methanol. Addition of ether caused the pre- 
cipitation of 26 (0.21 g, 67%), amorphous, [E],$” -62” (c 0.8, methanol); t.1.c. (B) 
R, 0.27; ‘H-n.m.r. (CD,OD): 6 8.23 and 7.18 (d, 2 H each, J -10 Hz, arom.), 5.68 
(d, 1 H, J -1.5 Hz, H-l), 1.97 (s, 3 H, NAc), and 1.55 and 1.42 (s, 3 H each, 
CMe,) . 

Anal. Calc. for C,,H,,N,O,,: C, 49.29; H, 5.99; N, 3.97. Found: C, 48.99; H, 
5.71; N, 3.85. 

4-Nitrophenyl 0-(2-acetumido-2-deoxy-~-~-glucopyranosy~)-(l~2)-O-u-~- 
mannopyrunosyl-(l-+6)-p-D-mannopyrunoside (27). - A mixture of 26 (0.2 g), tri- 
fluoroacetic acid (0.8 mL), water (0.2 mL), and chloroform (5 mL) was stirred for 
4 h at room temperature. It was then evaporated, and several portions of toluene 
were added to, and evaporated from the residue. T.1.c. (E) revealed the presence 
of a major product, slower-migrating than 26, together with some faster-migrating 
contaminants. The crude product was applied to a column of silica gel and eluted 
first with 7:3 (v/v) chloroform-methanol, and then with solvent B. Concentration 
of the fractions corresponding to the major product gave a residue which was 
dissolved in a small volume of methanol. Addition of ether precipitated 27 (0.12 g, 
64%), amorphous, [(~]n. 2( -51” (c 0.9, methanol); t.1.c. (E) R, 0.45; 13C-n.m.r. 
[(CD&SO]: 6 101.40 (C-l”), 97.87 (C-l), 97.58 (C-l’), 78.97 (C-2’), 66.58 (C-4’), 
66.43 (C-6), 61.33 and 61.14 (C-6’,C-6”), 55.87 (C-2”), and 23.12 (NAc). 

Anal. Calc. for C,,H3,N,0,,: C, 46.85; H, 5.75; N, 4.20. Found: C, 46.61; H, 
5.88; N, 3.94. 

I-Nitrophenyi 0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-D-giucopyrano- 
syl)-(Z~2)-O-(3,4,6-tri-O-acetyl-a-D-mannopyranosy~)-(~~6)-2,3-di-O-acety~-~-D- 
gfucopyranoside (28). - A mixture of 7 (0.45 g, 0.72 mmol), 15 (0.27 g, 0.72 
mmol), Hg(CN), (0.36 g, 1.44 mmol), and 4A molecular sieves (0.23 g) in dry 
nitromethane (15 mL) was stirred for 21 h at -40”. It was then cooled, and the 
solids were filtered off and thoroughly washed with chloroform. The filtrate and 
washings were combined and processed as described for 11 (to give 25) to give a 
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residue which showed in t.1.c. (C) the presence of a major product, slower-migrat- 

ing than 15; some unchanged 15, as well as some faster- and slower-migrating con- 

taminants were also revealed in t.1.c. The crude product mixture was applied to a 

column of silica gel and eluted with a solvent gradient consisting of O-25% acetone 

in chloroform. On evaporation, the first fractions that emerged from the column 

gave unchanged 15 (0.1 g). Continued elution of the column and concentration of 

the fractions corresponding to the product gave 28 (0.3 g, 67% based on reacted 

15), amorphous, [cr] 6’ -7” (c 1.8, chloroform); t.1.c. (C) R, 0.27; ‘H-n.m.r. 

(CDCI,): 6 8.15 and 7.02 (d, 2 H each, J -10 Hz, arom.), 2.09-1.82 (cluster of s, 

24 H, 8 OAc), and 1.77 (s, 3 H, NAc). 

Anal. Calc. for C,,H,,N,O,,: C, 50.29; H, 5.44; N, 2.78. Found: C, 50.12; H, 

5.35; N, 2.68. 
4-Nitrophenyl 0-(2-acetamido-2-deoxy-~-D-glucopyranosyl)-(1~2)-0-a-D- 

mannopyranosyl-(l-+6)-P-D-glucopyranoside (29). - Compound 28 (0.15 g) was 

suspended in 20mM sodium methoxide in methanol (20 mL) and stirred. The 

suspended 28 gradually dissolved, and the stirring was continued overnight at room 

temperature. The base was neutralized with Amberlite IR-120 (H+) cation- 

exchange resin, the resin was filtered off and washed with methanol, and the filtrate 

and washings were combined and concentrated. The residue was dissolved in a 

little water and lyophilized to afford 29 (90 mg, 90%), amorphous, [cx]~ -62” (c 

0.8, water); t.1.c. (E) R,0.42; 13C-n.m.r. [(CD&SO]: S 101.50 (C-l”), 100.31 (C-l), 

97.57 (C-l’), 79.08 (C-2’), 66.03 (C-6), 61.40, 61.16 (C-6’&?‘), and 55.93 (C-2”). 

Anal. Calc. for C,,H3,N20,s~0.5 H,O: C, 46.22; H, 5.81; N, 4.15. Found: C, 

46.01; H, 5.65; N, 3.89. 

Ally1 0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-D-glucopyranosyl)-~~~2~- 
0-(3,4,6-tri-0-acetyl-~-D-mannopyranosyl~-~l~6~-2,3-di-O-acetyl-~-D-glucopyra- 
noside (30). - A stirred mixture of 19 (0.25 g, 0.82 mmol), powdered Hg(CN), 

(0.21 g, 0.82 mmol), and powdered 4A molecular sieves (0.8 g) in I:1 benzene- 

nitromethane (90 mL) was boiled until -15 mL of the solvent had distilled off. 

After cooling to room temperature, disaccharide bromide 7 (0.86 g, 1.23 mmol) in 

1: 1 benzene-nitromethane (18 mL) was added, and the stirring was continued for 

9 h at -45”. T.1.c. (C) showed the presence of a major product, slower-migrating 

than both 7 and 19; a faster-migrating contaminant was also revealed in t.1.c. The 

mixture was filtered through a bed of Celite, the solids were thoroughly washed 

with benzene, and the filtrate and washings were combined and diluted with ben- 

zene to a total volume of -300 mL. The solution was successively washed with 

water, M KI solution, aqueous NaHCO,, and water, dried, and concentrated to 

give a solid which was dissolved in a little dichloromethane. Addition of ether- 

hexdne precipitated 30 (0.35 g, 46%), amorphous, [a];’ -10” (c 0.9, chloroform); 

t.1.c. (E) R, 0.53; IH-n.m.r. (CDCl,): 6 6.04-5.60 (m, 1 H, CH=CH,), 2.10-2.04 

(cluster of s, 24 H, 8 OAc), and 1.92 (s, 3 H, NAc). 
Anal. Calc. for C,,H,NO,,: C, 50.81; H, 6.01; N, 1.52. Found: C, 50.76; H, 

5.94; N, 1.54. 
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Ally1 0-(2-acetamido-2-deoxy-~-~-glucopyranosyf)-(1~2)-O-a-~-mannopy- 
ranosyl-(I-+6)-P-D-glucopyranoside (31). - Compound 30 (0.3 g) in 2OmM 

methanolic sodium methoxide solution (40 mL) was stirred overnight at room 
temperature. It was then processed as described for 25 (to give 26), and the crude 
product was applied to a column of silica gel. Elution with solvent B and evapora- 
tion of the fraction corresponding to the product gave a solid which was dissolved 
in water and lyophilized to afford amorphous 31 (0.15 g, 79%), [(Y];~ -12” (c 0.9, 
methanol); t.1.c. (E) R, 0.45; 13C-n.m.r. [(CD&SO]: 6 102.29 (C-l), 101.41 (C-l”), 
97.34 (C-l’), 78.97 (C-2’), 66.23 (C-6), 61.41, 61.10 (C-6’&“), and 55.83 (C-2”}. 

Anal. Calc. for C,2H,,N0,6.H20: C, 45.77; H, 6.85; N, 2.36. Found: C, 
45.68; H, 6.47; N, 2.25. 

Ally1 0-(2-acetamido-3,4, 6-tri-0-acetyE-2-deoxy-P-D-gEucopyralz~syl)-(142)- 
0-(3,4,6-tri-O-acetyi-~-~-mannopyranosyl)-(Z~6)-0-(2,3,4-tri-O-acetyl-~-~-g~uco- 
pyranosyl)-(1~4)-2,3,6-tri-O-acetyl-P-D-glucopyranoside (32). - A stirred mixture 
of 23 (0.44 g, 0.74 mmol), powdered Hg(CN)z (0.2 g, 0.78 mmol), and powdered 
4A molecular sieves (0.7 g) in 1: 1 benzene-nitromethane (70 mL) was boiled until 
-1.5 mL of the solvent had distilled off. After cooling to room temperature, 
bromide 7 (0.68 g, 0.97 mmol) in 1 :l benzene-nitromethane (14 mL) was added 

and the stirring was continued for 5 h at -40”. It was then processed as described 
for 19 (to give 30) to give a residue which showed in t.1.c. (C) the disappearance of 
7 and the presence of a prominent spot having a mobility similar to that of 23. This 
crude product (-1 g) was dried in vacua , mixed with 1: 2 acetic anhydride-pyridine 
(20 mL) and kept overnight at room temperature. The acetic anhydride and 
pyridine were evaporated under reduced pressure, the last tracers being removed 
by coevaporation with several added portions of toluene. The crude product was 
applied to a column of silica gel and eluted with a solvent gradient consisting of 
O-20% acetone in chloroform. Evaporation of the earlier fractions that emerged 
from the column gave a compound (0.22 g) which had a chromatographic mobility 
(t.l.c., C) identical with that of an authentic sample of 24. Continued elution of the 
column and evaporation of the fractions corresponding to the product afforded 32 
(0.51 g, 55% based on 23), amorphous, [a]i” -7” (c 1.1, chloroform): t.1.c. (C)R, 
0.54; ‘I-I-n.m.r. (CDCl,): 6 5.97-5.60 (rn, 1 H, CH=CH,), 2.10-2.00 (cluster of s, 
36 H, 12 OAc), and 1.90 (s, 3 H, NAc). 

Anal. Calc. for CS3H73N033: C, 50.84; H, 5.88; N, 1.12. Found: C, 51.11; H, 
5.55; N, 1.33. 

Ally1 O-(2-acetamido-2-deoxy-P_n-giucopyranosy~)-(I~2)-O-(u-~-mannopy- 
ranosy2-(2~6)-O-P-D-giucopyranosyl-(l~4)-P-D-giucopyranoside (33). - Com- 
pound 32 (0.4 g) in methanol (60 mL) was treated with M sodium methoxide (1.2 
mL), and the mixture was stirred overnight at room temperature. After processing 
as described for 25 (to give 26), the residue so obtained was dissolved in a little 
methanol and precipitated by the addition of ether to afford 33 (0.19 g, 78%), 
amorphous, [cy) 6’ -6” (c 1.1, methanol); t.1.c. (E) R, 0.29; ‘“C-n.m.r. [(CD&SO]: 
6 103.18 (C-l’), 101.89 (C-l), 101.53 (C-l”), 97.65 (C-l”), 80.49 (C-4), 78.99 (C-2”), 
and 66.33 (C-6’). 
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Anal. Calc. for C29H49N021: C, 46.58; H, 6.61; N, 1.87. Found: C, 46.30; H, 

6.83; N, 1.90. 

ACKNOWLEDGMENTS 

The authors thank Dr. Rakesh K. Jain for valuable discussions. They are also 

grateful to Mr. Conrad F. Piskorz for his vahlable technical assistance and to Mr. 

J. Potienko for recording most of the 13C-n.m.r. spectra. One of us (S.H.K.) thanks 

Roswell Park Memorial Institute for a predoctoral research fellowship. 

KEFERENCES 

1 R. L. THOMAS,J. F. RUTAN,~. A. ABBAS,AND K. L. ~~ATTA, Carbohydr. Res., 189 (1989)21-30. 

2 K. YAMASHITA,T. OHKURA, Y. TACHIBANA, S. TAKASAKI, AND A. KOBATA,J. B~ol. Chem., 259 

(1984) 10 834-10 840. 

3 K. YAMASHITA,Y. TACHIBANA,T. OHKURA, AND A. KOBATA, .I. Biol. Chem., 260 (1985)3963- 
3969. 

4 H. SCHACHZR, Clin. Biochem., 17 (1984) 3-14; H. SCHATHTER, Biochem. Cell Biol., 64 (1986) 

163-181. 
5 H. SCHACHTER,S.NARASIMHAN,P.GLEESON.ANDG.VELLA.C~~.J. Biochem.Cell Biol., 61(1983) 

1049-1066. 

6 M. PIERCE,J. ARANGO,S.H.TAHIR,AND 0. HINDSGAUL, Biochim. Biophys. Res. Commun., 146 

(1987) 679-684. 

I J. W. DENNIS. S. LAFERTE, C. WAGHORNE, M. L. BREITMAN. AND R. S. KERBFL, Science, 236 

(1987) 582-585. 

8 S. H. TAHIR AND 0. HINDSGAUL, Can. J. Chem., 64 (1986) 1771-1781. 

9 0. HINDSGAUL,S.H.TAHIR,O.SRIVASTAVA,ANDM.PIERCE, Carbohydr. Res.,173(1988)263-272. 

10 S. YAZAWA,~. A. ABBAS,R.MADIYALAKAN,J. J.BARLOW,ANDK. L. MA'ITA, Carbohydr. Res., 
149 (1986) 241-252. 

11 I. BR~CKHAUSEN,E.S.RACHAMAN,K.L.MA~TA, AND H. SCHACHTER, Carbohydr. Res.,120(1983) 
3-16. 

12 I. BROCKHAUSEN,K. L. MA?TA,J. ORR,AND H. SCHACHTER, Biochemistry, 24(1986) 1866-1874. 

13 R. BLOCHAND M. M. PouRGER,FEBSL.~U., 44(1974)28&289. 
14 P. 2. ALLEN,I.J.GOLDSTEIN,ANDR.N.IYER, Biochemistry,6(1967)3029-3026;O. T. AVERY AND 

W. F. GOEBEL, J. Exp. Med., 50 (1929) 533-550. 

15 K. R. DIAKUN, S.YAZAWA,L. VALENZUELA,~. A. ABBAS.AND K.L.M~~~~,lrnrnun. Invest., 16 

(1987) l-11; 151-163. 

16 A. Y. CHERNYAK, K. V. ANTONOV,ANDN. K. KOCHETKOV, Carbohydr. Res., 141(1985)199-212. 
17 V. K. HANDA,J.J.BARLOW,AND K. L. MAYA, Carbohydr. Res.,76(1979) cl-c3;N. E. FRANKS 

AND R. MONTGOMERY, Carbohydr. Res., 6 (1968) 286-298. 
18 S. A. ABBASAND K. L. MAYA, Carbohydr. Rex, 123 (1983) 53-61. 
19 P. J. GAREGG, T. IVERSEN, AND T. NORBERG, Carbohydr. ReS., 73 (1979) 313-314. 

20 T. IVERSEN AND R. JOHANSSON, Synthesis, (1979) 823-824. 
21 R. ‘I’. LEE AND Y. C. LEE, Carbohydr. Res., 37 (1974) 19%201. 


