
Carbohydrate Research, 157 (1986) 157-169 
Elsevier Science Publishers B.V., Amsterdam - printed in The Netherlands 

157 

RING-OPENING POLYMERIZATION OF 1,6-ANHYDRO-2,4-DI-O- 
BENZYL-3-O-tert-BUTYLDIMETHYLSILYL-BD_GLUCOPYRANOSE AND 
SYNTHESIS OF a-(1+3)-BRANCHED DEXTRANS 

T~SHIYUKI URYU, MIIXNU YAMANAKA, MASAHIRO HENMI, KENICHI HATANAKA, AND Ku MATSUZAK~ 

Institute of Industrial Science, University of Tokyo, Roppongi, Minato-ku, Tokyo IO6 (Japan) 

(Received October l&h, 1985; accepted for publication in revised form, February lst, 1986) 

ABSTRACT 

Ring-opening polymerization of 1,6-anhydro-2,4-di-0-benxyl-3-0-tert-butyl- 
dimethylsilyl+?-D-ghtcopyranose (1) with a Lewis acid catalyst and desilylation with 
tetrabutylammonium guoride of the polymer obtained gave 2,4-di-O-benxyl- 
(l-6)a-D-glucopyranan having a free hydroxyl group at C-3. Copolymerixation of 
3-O-acetyl-l,6-anhydro-2,4-di-O-benzyl-aD-gopyranose (2) with 1 ,danhydro- 
2,3,4-to-i-O-benzyl-&D-glucopyranose (3) and subsequent deacetylation of the 
copolymer with the use of NJV-dimethylformamide-methanol containing sodium 
methoxide also gave a partially benzylated (l-*6)-a-D-glucopyranan. These 
polymer could be glycosylated to give branched polymers. Mannose, glucose, and 
galactose derivatives were used as glycosylation agents. Glycosylation by the ortho- 
ester method was used for mannose and the Eby and Schuerch method was used 
with glucose and galactose. Deprotection of the mannosylated polysaccharide was 
performed to give (l-*6)-a-D-glucopyranan having 3-0-(a-D-mannopyranosyl) 
branches. Polymers were characterized by molecular weight,. optical rotation, and 
by ‘H- and 13C-n.m.r. spectroscopy. 

INTRODUCTION 

Such polysaccharides as heparin, an anticoagulant agent, dextran, a plasma 
expander, polysaccharides with antitumor activity, polysaccharides of cell-walls, 
and oligosaccharide chains of blood-group determinants have recognized bio- 
chemical functions in the living organism. However, in natural polysaccharides 
having complex structures, the relation between structure and biochemical function 
is not always clear. 

The ring-opening polymerization of anhydro sugars provides stereoregular 
polysaccharides of definite structures that have been prepared from hexoses and 
pentoses as starting monosaccharidesl-9. The cationic ring-opening polymerization 
of 1,6-anhydro sugar derivatives and subsequent deprotection gives linear ( 1+6)-CY- 

4 D-hexopyranans - ‘, These polymers have been used for such biochemical studies 
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as the interaction of synthetic polysaccharides and proteins10-12, antigen-antibody 
reactions13-l6 and the specificity of enzymes17J8. 

Most natural polysaccharides have branches that may affect their biochemical 
functions. For example, dextran B512, elaborated by Leuconostoc mesenferoides 
strain B512, was shown to contain 95% of its glucose residues linked a-(1+6), with 
the remaining 5% being linked a-(1+3); the latter are localized at branching 
pointsr9. Chemical synthesis of some branched polysaccharides have been 
described20-25. 

The purpose of this research was to synthesize a (146)~a-D-glucopyranan 
having monosaccharide branches on O-3 of the glucose residues in order to 
investigate the interaction of synthetic, branched dextrans with anti-dextran anti- 
bodies or with such proteins as concanavalin A. For this it was first necessary to 
prepare polysaccharides having hydroxyl groups only at C-3. Kobayashi et al. 
prepared 2,4-di-0-benzyl-(l-6)-cr-D-glucopyranan by polymerization of 3-0- 
acetyl-1 ,danhydro-2,4-di-0-benzyl-P-D-glucopyranose and by subsequent removal 
of the acetyl groups %. After obtaining the same polymer with high molecular 
weight by using the crotyl group at O-3 as a selectively removable group, Ito and 
Schuerch synthesized (1+6)-cY-D-glucopyranan with various proportions of 3-0-(a- 
D-glucopyranosyl) side-chains27. 

In this investigation, we report the synthesis and cationic ring-opening 
polymerization of 1,6-anhydro-2,4-di-O-benzyl-3-O-ferf-butyldimethylsilyl-~-D- 

glucopyranose to give a stereoregular polysaccharide that can be deprotected regio- 
selectively. To confirm the advantage of the synthetic method using the silyl group, 
we undertook the polymerization of 3-0-acetyl-l,danhydro-2,4-di-0-benzyl-/3-D- 
glucopyranose with subsequent deacetylation. Glycosylation followed by 
deprotection of the partially benzylated (1+6)-a-D-glucopyranans obtained, thus 
leading to branched dextrans, is reported. 

RESULTS AND DISCUSSION 

Polymerization of l,6-anhydro-2,4-di-O-benzyl-3-O-tert-butyldimethylsilyl-~- 
D-glucopyranose (1). - Polymerization was performed with a Lewis acid as catalyst 
in dichloromethane at low temperature. The results are shown in Table I. 
Polymerization of 1 with phosphorus pentafluoride gave polymers having number- 
average molecular weight of 3.2-5.6 x 104 in high yields. Polymerization with low 
concentrations (1 and 2 mol%) of PF, catalyst gave polymers in relatively low 
yields, although in the polymerization of 1,6-anhydro-2,3,4-tri-0-benzyl-fl-D-gluco- 

pyranose (3), the optimum PF, concentration wasZ 0.8-1.0 mol%. The polymer 
yield increased by several percent with increasing monomer-to-solvent ratio (nos. 
110 and 105, nos. 107 and 109). The polymers obtained had high positive specific 
rotations of +118.6 to +126.8”, indicating a-specificity for the polymerization. The 
i3C-n.m.r. spectra of the polymers showed a single peak for C-l, and therefore, 
poly(1) was a stereoregular 2,4-di-O-benzyl-3-O-fert-butyldimethylsilyl-(1~6)-(u-D- 
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TABLE I 

POLYMERIZATION OF 1,6ANHYDRo-2,4-DI-0-B~Z~-~~-~e~-B~I~~lL~-~~LUCO~- 

OSP 

Polymer Monomer CH*Cl* Catalyst Yield bl? b 
no. (ET) W) (mol%) f”/o) (deg) 

111 0.3 0.6 1 35.8 +118.6 
106 0.3 0.6 2 68.7 +122.9 
105 0.3 0.6 3 84.3 +122.9 
110 0.3 1.0 3 78.3 +121.6 
107 0.5 0.6 3 87.5 +122.8 
109 0.5 0.5 3 91.1 + 126.8 
112 1.0 1.0 3 92.5 +124.1 
104 0.3 0.6 5d 14.7 +109.0 

iq x lo-de 

3.4 
3.2 
3.9 
3.5 
5.6 
4.5 
3.7 
0.7 

qemperature, -60”; time, 19.0-21.0 h; catalyst, phosphorus pentafluoride. bMeasured in CHCl, (c = 
1). CDetermined by gel-permeation chromatography. dAntimony pentachloride. 

glucopyranan (4). Antimony pentachloride was a very poor catalyst, polymerizing 
1 to a polymer of a low molecular weight (0.7 x 104) in low yield (14.7%), a result 
similar to that of polymerization 1,6-anhydro-2,3,4-tri-O-benzyl-gD_glucose. 

_@ Jizi$Ji:~~ 
n 

Me ? 
1 R=$i-But 4 R=Si-Buf 6 R=Ac 

Me de 7 R:H 

2 R.Ac s R=H 

3 R=Bn 

It is noteworthy that 1, which contains the teti-butyldimethylsilyl group, has 
high polymerizability, whereas 1,6-anhydro-2,3,4-tri-O-tert-butyldimethylsilyl-j3-o- 
glucopyranose showedz9 no polymerizability in dichloromethane with PF, concent- 
rations of 6 or 30 mol% at -60“ or 0”; oligomers or active species were not found 
and most of the monomer was recovered without desilylation. Previously, Ruckel 
and Schuerch reported that the trimethylsilylated homolog showed absolutely no 
polymerizability3. 

Desilylation of poZy(1) to give 2,4-di-0-benzyl-(l-6)-a-D-glucopyranan. - 
tert-Butyldimethylsilyl groups were removed from poly(1) (4) by using tetra- 
butylammonium fluoride in tetrahydrofura#. The reaction was completed upon 
refluxing for 3 h. The results are shown in Table II. Fig. l(a) shows the ‘H-n.m.r. 
spectrum of poly(1) and Fig. l(b) that of the desilylated polymer. Fig. l(b) shows, 
in place of the methyl group peaks of the tert-butyldimethylsilyl group (-0 and 0.9 
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TABLE II 

DESILYLATION OF POLY(1) 

Polymer starting Yield 1alP m,, x lo-46 

tl0. Polymer no. (W (de& 

203 103’ 65.7 +140.8 5.4 
207 107 - +140.6 6.0 
209 109 68.2 +143.4 6.0 
212 112 72.7 +143.3 4.4 

‘Measured in CHCl, (c = 1). bDetermined by gel-permeation chromatography. cMm: 5.5 x 104. 

p.p.m.), a peak for the hydroxyl group on C-3 (2.3 p.p.m.), indicating that the silyl 
ether linkage had been successfully cleaved to give 2,4-di-O-benzyl-(1+6)-a-D- 
glucopyranan (5). After the deprotection, an increase of specific rotations from 
+140.6” to +143.4” (lit.% +138.5”) was observed. Moreover, scission of the 
polymer backbone did not take place during the desilylation; for example, desilylation 
of poly(1) of d.p., 123 gave a polymer of almost the same d.p., (175, no. 207 in 
Table II). The increase in d.p., accompanying desilylation is probably due to 
molecular association by hydrogen bonding, because a polymer of d.p., 135 was 
obtained by acetylation of the desilylated polymer. 

-62 

_J 

- CH2Ph 
, , 

H-l H-4-H-6 

- CKH,l 

1 . 
(b) 

- C HzPh 

43 - 
H-l H-4 

__ 
7 5 4 3 f l P.p.m.0 

Fig. 1. IH-N.m.r. spectra of (a) 2,4-di-O-benzyl-3-O-teert-butyldimethylsilyi-(1~6)-a-~-glucopyranan 
(4) and (b) 2,4-di-0-benzyl-(l+6)-a-D-ghxopyranan (5). 
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Polymerization of 3-O-acetyl-l,6-anhydro-2,4-di-O-benzyl-&D-glucopyranose 
(2) and copolymerization of 2 with 1,6-anhydro-2,3,4-tri-0-benzyl-/3-D-gluco- 
pyranose (3). - Polymerization of 2 and copolymerization of 2 with 3 were per- 
formed under high vacuum. The results are shown in Table III. When the 
polymerization was conducted with PF, as catalyst in dichloromethane (nos. 11 and 
12), the yields and molecular weights of the polymers decreased with increasing 
mole fraction of 2 in feed. Kobayashi et ~1.3~ evaluated the monomer-reactivity 
ratios according to the Kelen-Ttidos method in this copolymerization system and 
found rl = 0.10 and rr = 3.3. This result reveals that the polymerizability of 2 was 
lowered by the existence of the acetyl group, probably because of interaction 
between PF, and the acetyl group of 2. We therefore used sulfur dioxide as solvent, 
as it was expected that SOZ might interact with PF, to lower the interaction between 
PF, and the acetyl groups in the monomer. However, the polymerization result was 
not improved, and the molecular weight of the polymers obtained was low (5000- 
9000). 

Deacetylation of copoly(2,3). - Deacetylation of copoly(2,3) (6) by sodium 
methoxide in N,N-dimethylformamide-methanol% gave the results summarized in 
Table IV. The mole fraction of hydroxylated glucose residues was determined by 

TABLE III 

WLYMBRl?XllON AND COF’OLYMERIZATION OF 3-0-ACETn-1,6-ANHYDRo-2,4-DI-O-BENZn_B-D 

FVRANOSE @vi,, 2) WITH 1,6-ANHYDRO-2,3+TRI-O-BBNZ!tL-@-GLUCOPYRANOSE (&, 3) AT -60” 

Polymer Mokfkaction Catalyst Solvent Time Yield Molefraction [I#~~ an x lo+ 
110. of iU, in feed T (mol%) 04 W) of MI unit f&g) 

in copolymeP 

11 1.00 PI% 5 SO, 27 19.1 1.00 +143.7 0.9 
12 1.00 SbCl, 10 SO, 2 8.8 1.00 - 0.5 
13 0.62 I% 5 CH*q 19.4 0.63 +135.0 1.6 
14 0.33 PFs 5 CH&l, 16 79.1 0.23 +125.4 7.3 
15 0.30 PF, 10 so, 26 60.2 0.20 +11X8 1.5 

Calculated from l3Gn.m.r. spectra. bMeasured in CHCI, (c = 1). CDetermined by gel-permeation 
chromatography. 

TABLE IV 

DBACFNLATION OF COPOLYMER OF 2 WITH 3 

Polymer Starting HCONMe, NalCH,OH Yield Molefraction [u]isb xx” x IO-*c 
no. polymer (mL) (mg)l(mL) (W of hydroxylated (deg) 

no. (g) glucose residues” 

23 13 0.3 20 10115 63.5 0.63 +123.4 2.5 
24 14 0.5 30 100/30 80.1 0.23 +119.7 4.1 
21 11 0.2 15 45113 74.7 0.20 +111.9 1.8 

Qlculated from %n.m.r. spectra. bMeasured in CHCl, (c = 1). ‘Determined by gel-permeation 
chromatography. 
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13C-n.m.r. spectroscopy. Acetyl groups were removed without scission of the main 

chain, as was the tert-butyldimethylsilyl group, and a partially benzylated (1+6)-o- 
D-glucopyranan (7) was obtained. However, deacetylation required five days for 
completion, whereas desilylation was completed in 3 h. 

Branching of partially benzylated (l-6)-ff-D-glucopyranan. - The partially 
benzylated (l-+6)-cu-D-glucopyranan containing hydroxyl groups, obtained by 

desilylation of poly(1) (5) or deacetylation of copoly(2,3) (7), was glycosylated to 
form branched polymers. Derivatives of mannose, glucose, and galactose were 
used as glycosylation agents. To form a-linked hexose branches, it is convenient to 
use the orthoester method for mannose and the method of Eby and Schuerch32 
employing 1-0-tosyl derivatives for glucose and galactose. Thus, 3,4,6-tri-O-acetyl- 
p-D-mannose-1,2-(methyl orthoacetate), 2,3,4-tri-0-benzyl-6-O-(N-phenyl- 

carbamoyl)-l-O-tosyl-cr-D-glucopyranose, and 2,3,4,6-tetra-O-benzyl-l-O-tosyl-a- 
D-galactopyranose were used for the glycosylation . 

Glycosylation of 2,4-di-0-benzyl-(l-+6)-cr-D-glucopyranan (5) with 3,4,6-tri- 
O-acetyl-BD-mannose-l,Z(methyl orthoacetate) was carried out with mercuric 
bromide as catalyst in nitromethane-dichloromethane33 (Table V, no. 303). In 
contrast to reactions with alcohols of low molecular weight, 10 equivalents of the 
orthoester (based on the polymer) and 50 mol% of the catalyst were required to 

effect the reaction. The reaction for 24 h at 60” under high vacuum caused 
glycosylation and gave the branched polysaccharide 8, whereas no reaction 
occurred at 25 or 40”. Despite use of 10 equivalents of the orthoester, the mole 
fraction of glycosylated residues in the main chain was only 0.34 per glucose 
residue, as calculated from ‘H-n.m.r. spectra. 

Accordingly, 2,6-lutidinium perchlorate was used as the catalyst and 
chlorobenzene as solvent for the glycosylation reaction33. The solution was boiled 
under reflux at atmospheric pressure for 45 min. The mole ratio of the glucose 
residues in the polymer to the orthoester used is shown in Table V, and 1 mol% of 

TABLE V 

Polymer 
tl0. 

Starting Mole ratio 
polymer no. of reactant9 

m,, x 10-Q M&fraction of 
glycosylated residues 
in main chain’ 

303f 203 1:lO - 6.8 0.34 
403 203 1:l +127.4 5.5 0.56 
407 207 1:2 + 132.3 8.2 0.98 
409 209 1:3 +133.1 4.7 1.01 
412 212 1:2 +135.3 4.5 0.91 

‘Polymer, 0.1-0.5 g; solvent, chlorobenzene (20 w/v%); catalyst, 2,dlutidinium percblorate (lmol% to 
p0lytth-X). bThe mole ratio of 2,4-di-O-benzyl-(1+6)-a-o-glucopyranan and 3,4,6-tri-O-acetyi-p-o- 
mannose-l,Z(methyl orthoacetate). ‘Measured in CHCl, (c = 1). Determined by gel-permeation 
chromatography. eCalculated from ‘H-n.m.r. spectra. fSolvent, nitromethane-dichloromethane; 
catalyst, mercuric bromide. 
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8 R1 = Bn . R2 i AC 
9 RI : R2 -_ H 

d LY Bn 

OBn 

10 R1 = H , R2 = OBn , R9 = OCONH@ 
11 R1:R3= OBn. R2=H 

catalyst was used in all experiments. In no. 403, although only 1 equivalent of 
orthoester to polymer was used, the mole fraction of glycosylated residues was 
0.56, which was about twice as high as that of no. 303. 

It was found that the latter was the superior method in this glycosylation 
reaction. When the quantity of the orthoester was increased, reaction readily 
occurred and glycosylation became essentially quantitative. The 13C-n.m.r. 
spectrum of the glycosylated polymer 8 (Fig. 2) shows carbonyl-group peaks at 170 

CH$O- 

I 
c-2 - C-6 
-CH2Ph 

Fig. 2. 13C-N.m.r. spectrum of mannosylated polysaccharide (8). 
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TABLE VI 

GLYCOSYLATION WITH I-o-TOSYL DERIVATIVES’ 

Polymer 
?lO. 

starting I-O-Tosyl 
polymer no. derivatives 

m,, x IO-4,” Mole fraction of Branching 
glycosylated residues ej$ciencfl 
in main chainc 

33 23 glucOsec 3.0 0.53 0.84 
34 24 glUCOS& 6.6 0.14 0.61 
31 21 galactosef 5.5 0.11 0.47 

%olvent, 1:2 dimethoxyethane-acetonitrile; temperature, 27”; time, 24 h. *Determined by gel-permea- 
tion chromatography. CCalculated from 13C-n.m.r. spectra. Molar ratio of glycosylated glucose residues 
to hydroxyl-containing glucose residues. 2,3,4-Tri-O-benzyl-~O-(N-phenylcarbamoyI)-I-O-tosyl-u-~ 
glucopyranose. ~2,3,4,6-Tetra-O-benzyl-l-O-tosyl-cr-o-galactopyranose. 

p.p.m. from the acetylated mannosyl branches, indicating that glycosylation had 
taken place. Of two C-l peaks, the one at higher field (97 p.p.m.) may be attributed 
to glucose residues in the main chain and the lower one (98 p.p.m.) to the mannose 
branches. 

Polysaccharides containing glucose and galactose as branches were next 
synthesized by the procedure of Eby and Schuerch32. 2,3,4-Tri-O-benzyM-O-(iV- 
phenylcarbamoyl)-a-D-glucopyranosyl bromide or 2,3,4,6-tetra-0-benzyl-ru-D- 
galactopyranosyl bromide were treated with silver p-toluenesulfonate in aceto- 
nitrile, and the resultant 1-0-tosyl derivatives were directly treated with the 
partially benzylated (1+6)-cr-D-glucopyranan (7) in dimethoxyethane-acetonitrile. 
Both reactions were performed under high vacuum. About 7-9 equiv. of the 
glycosyl bromides to the polymer were used, so that glycosylation occurred readily. 
The results are shown in Table VI and Figs. 3 and 4 show 13C-n.m.r. spectra of the 

A OCQNHPh 

C-Z-C-6 
-CHpPh 

lk0 lie ii0 im 90 

Fig. 3. 13C-N.m.r. spectrum of ghrcosylated polysaccharide (10). 
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CD,Cl, 

(I 
I I I I I I 1 

160 140 130 120 110 loo 90 90 70 90 6p.m. 50 

Fig. 4. 13C-N.m.r. spectrum of galactosylated polysaccharide (11). 

branched polysaccharides 10 and 11. The mole fraction of glycosylated units in the 
main chain was calculated by 13C-n.m.r. spectroscopy. The branching efficiency is 
defined as the molar ratio of the glycosylated glucose residues to hydroxyl- 
containing residues. For glucosylation, the branching efficiency of no. 31 was higher 
than of no. 32. As the concentration of hydroxyl groups of the starting polymer no. 
21 was higher and its molecular weight was lower than those of no. 22, the reactivity 
of no. 21 may be higher than that of no. 22. For galactosylation, the branching 
efficiency was lower than for glucosylation. The difficulty in tosylation, the 
difference of the protective group at C-6, and/or the configuration on C-4 could be 
the reason for the observed lower reactivity in galactosylation. 

Deprotection of mannosylated polysaccharides. - The mannosylated poly- 
saccharide 8 was deprotected by sodium in liquid ammonia at -78” to remove 

benxyl groups from the main chain and acetyl groups from the side chains (Table 
VII). Fig. 5 shows 13C-n.m.r. spectrum of the resultant polymer, which indicates 
the formation of a mannose-branched, (1+6)-a-D-ghrcopyranan (9) with complete 

TABLE VII 

DEPROTECTION OF MANNOSYlATED POLYSACCHARIDES TO GIVE BRANCHED DEXTRANS 

Polymer 
IlO. 

Starting 
polymer no. 

Jxn x IO-4b Mole fraclion of 
glycosylated residues 
in main chainC 

503 303 +161.0 2.1 0.37 
512 412 +176.4 1.7 0.93 

‘Measured in CHCl, (c = 1). bDetermined by gel-permeation chromatography. Qlculated from “C- 
n.m.r. spectra. 
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c- 1 C-2 - C-6 
n I I 

I 1 

100 90 
I 

60 
I I 

70 60 
P.p.m. 

Fig. 5. “C-N.m.r. spectrum of (1+6)-a-D-glucopyranan with 3-O-(a-D-mannopyranosyl) branches (9). 

removal of benzyl and acetyl groups. These polymers had high specific rotations of 
+161.0” to +176.4”. In this way, a synthetic dextran having 3-O-(cr-D-manno- 

pyranosyl) side-chains (9) was prepared. 

CONCLUSIONS 

Both the serf-butyldimethylsilyl group and acetyl group adversely influenced 
the cationic ring-opening polymerization by Lewis acid catalysts, and tri-O- 
substituted 1,6-anhydroglucose derivatives showed no polymerizabilities at all at 

low temperature 5*29. However, compounds 1 and 2, which contain these groups 
only at O-3, are polymerizable. In particular, compound 1 gave polymers 1 of 
higher molecular weights and in higher yields than did 2, and the tert-butyldimethyl- 
silyl group could be readily removed. 

Desilylation of poly(1) and deacetylation of copoly(2,3) gave partially 
benzylated (1+6)-a-D-glucopyranans (5 and 7) containing free hydroxyl groups at 
specific positions, and these could be glycosylated to give branched polymers. 

Glycosylation of the partially benzylated (l-6)-a-D-glucopyranans gave 
branched polysaccharides having mannopyranosyl, glucopyranosyl, and galacto- 
pyranosyl side-chains (8,10, and 11). Subsequent deprotection of the mannosylated 
polysaccharides gave an cw-( 1+3)-branched product, namely, a (1+6)-a-D-gluco- 
pyranan bearing 3-0-(cy-D-mannopyranosyl) side-chains (9). 

EXPERIMENTAL 

General methods. - The ‘H- and i3C-n.m.r. spectra of monomers and 
polymers were recorded with JEOL GX-400 and GX-270 spectrometers for 
solutions in chloroform-d using tetramethylsilane as internal standard, except for 
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the debenzylated polysaccharides, whose spectra were recorded for solutions in 
deuterium oxide with sodium 4,4-dimethyl-4-silapentane-1-sulfonate as the internal 
reference. Gel-permeation chromatography employed 1% solutions of polymers in 
tetrahydrofuran with a Toyo Soda high-speed liquid chromatograph (model HLC 
802UR). The number-average molecular weights determined by gel-permeation 
chromatography were based on standard polystyrene samples. For the 
debenzylated polysaccharides, the number-average molecular weights were 
determined by high-performance liquid chromatography, performed with a 
combination of Toyo Soda Model HLC-803D and Toyo Soda Model RI-8 
instruments in conjunction with standard dextran samples. Optical rotations were 
measured in chloroform at 25” with Perkin-Elmer Model 241 polarimeter using a 
I-dm cell. 

l,6-Anhydro-2,4-di-0-benzyl-3-O-tert-butyldimethylsilyl-SD_glucopyranose 

(1). - Compound 1 was prepared from 1,6-anhydro-2,4-di-0-benzyl-pD-gluco- 
pyranose34 according to the method of Hakimelahi and coworkers35. To a solution 
of 1,6-anhydro-2,4-di-0-benzyl-/3-D-glucopyranose (1.03 g, 3 mmol) in tetra- 
hydrofuran (10 mL), pyridine (1.21 mL, 15 mmol), silver nitrate (0.77 g, 4.5 mmol), 
and tert-butylchlorodimethylsilane (0.68 g, 4.5 mmol) were added and the mixture 
was stirred for 14 h at room temperature. The mixture was filtered, the filtrate was 
mixed with aqueous sodium hydrogencarbonate, and the aqueous solution was 
extracted with chloroform. The combined chloroform extract was evaporated and 
the residue purified on a column of silica gel with 2O:l benzene-ethyl acetate as 
eluant. Evaporation gave a clear syrup; yield 1.20 g (87.5%); [alA -32.9” (c 1, 
chloroform). 

Anal. Calc. for (&H3605Si: C, 68.39; H, 7.95. Found: C, 68.44; H, 8.03. 
3-O-AcetyZ-Z,6-anhydro-2,4-di-O-benzyl-~D-gZucopyrunose (2). - Com- 

pound 2 was synthesized and purified according to the procedure of ZemplCr@, 

MA5 -45.7” (c 1, chloroform); lit.% -31.8” (c 1, chloroform). 
1,6-Anhydro-2,3,4-tri-0-benzyl+D-glucopyranose (3). - Compound 3 was 

synthesized and purified as previously describeda, m.p. 90.0-91.0”, [alA -31.6” (c 
2.7, chloroform); lit.37, m.p. 89.5-90.5”, [d]h5 -30.8” (c 2.7, chloroform). 

Other materials for polymerization. - Phosphorus pentafluoride was 
prepared by thermal decomposition of p-chlorobenzenediazonium hexafluoro- 
phosphate (Ozark-Mahoning Co.), which had been recrystallized from water. 
Antimony pentachloride was purified by trap-to-trap distillation. Dichloromethane 
was purified conventionallys. Sulfur dioxide was dried over phosphorus pentaoxide 
and purified by trap-to-trap distillation in vucuo. 

Polymerization and copolymerization. - High-vacuum techniques were used 
for polymerization and copolymerization2s. Compound 1 was polymerized in 
dichloromethane. Polymerization conditions are shown in Table I. Purification of 
polymers was performed as previously described%. 

Desilylation of poZy(1). - Desilylation of 2,4-di-O-benxyl-S-O-tert-butyl- 
dimethylsilyl-(1+6)-a-D-glucopyranan was accomplished with tetrabutyl- 
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ammonium fluoride in tetrahydrofuran 31. To a solution of 2,4-di-O-benzyl3-O-tert- 
butyldimethylsilyl-(l-6)cr-D-glucopyranan (1.46 g) in 10 mL of tetrahydrofuran 
was added commercial M tetrabutylammonium fluoride (10 mL) in tetrahydrofuran, 
and the mixture was boiled under reflux for 3 h. The solvent was evaporated and 
the polymer was precipitated by the addition of methanol. The polymer was 
purified by reprecipitation from chloroform solution into methanol three times and 
by freeze-drying from benzene; yield 0.72 g (65.7%), [a]&” +140.8” (c 1, 
chloroform); lit.26 [cz]~~ +138.5”. 

Deacetylation of copoZy(2,3). - Deacetylation of copoly(2,3) was performed 
with sodium methoxide in N,iV-dimethylformamide-methanol for 120 h at room 
temperature; conditions are shown in Table IV. 

Glycosylation with 3,4,6-tri-O-acetyl+~-mannose-1,2-(methyl orthoacetate). 
- 3,4,6-Tri-0-acetyl-P-o-mannose-l,Z(methyl orthoacetate) was prepared from 
o-mannose according to the literature38-40 m.p. 108.5-110.0”; lit.“” m.p. 109-110“. 

Two orthoester methods for glycosylation were used; the first employed 
mercuric bromide in nitromethane-dichloromethane33. 2,4-Di-0-benzyl-(1+6)-o- 
D-glucopyranan (0.41 g, 1.2 mmol), 3,4,6-tri-O-acetyl-j3-D-mannose-l,Z(methyl 
orthoacetate) (4.34 g, 12 mmol), and mercuric bromide (0.21 g, 0.6 mmol) were 
placed in the reaction vessel and dried under high vacuum for 1 h. Nitromethane 
(14 mL) and dichloromethane (6 mL) were distilled into the vessel. The mixture 
was allowed to react for 24 h at 60’. Chloroform was then added and the solution 
was washed with aqueous sodium hydrogencarbonate. The organic layer was dried 
over anhydrous sodium sulfate and purified by reprecipitation three times and 
freeze-drying from benzene. 

In the second method, chlorobenzene was used as solvent and 2,6-lutidinium 
perchlorate as catalyst 33. 2,4-Di-0-benzyl-(1+6)+r_+glucopyranan and 3,4,6-tri- 
0-acetyl-@-D-mannose-1,2-(methyl orthoacetate) were dissolved in chlorobenzene, 
and the solution was distilled at atmospheric pressure. After distillation of a few 
mL of solvent, 2,6-lutidinium perchlorate was added and the mixture boiled under 
reflux for 40 min. The mixture was evaporated and the product purified by 

reprecipitation using chloroform-methanol three times and freeze-drying from 
benzene. 

Glycosylation with I-0-tosyl-D-glucose and D-g&CtOSf.? derivatives. - For 
glucosylation , 2,3,4-tri-O-benzyl-6-O-(N-phenylcarbamoyl)-l-O-tosyl-a-~-gluco- 
pyranose, which had been prepared by the reaction of 2,3,4-tri-O-benzyld-O-(N- 
phenylcarbamoyl)-cr+glucopyranosyl bromide (2.2 mmol) and silver p-toluene- 
sulfonate (2.5 mmol), was treated with partially benzylated (1+6)-t~-~-gl~~0- 

pyranan (0.3 mmol) in 12 mL of 2: 1 dimethoxyethane-acetonitrile according to the 
method of Eby and Schuerch 32,36*41. For galactosylation, 2,3,4,6-tetra-o-benzyl-l- 
0-tosyl-D-galactopyranose was used42,43. 

Deprotection of mannosylated polysaccharides. - The mannosylated polymer 
(-0.3 g) dissolved in 10 mL of dimethoxyethane was added dropwise to a solution 
of sodium (0.43 g) in 30 mL of liquid ammonia, and the reaction was allowed to 
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proceed for 2 h, with subsequent addition of knmonium chloride and water. The 
solution of free polysaccharide was dialyzed against running water for 5 days, 
concentrated to l-2 mL, and freeze-dried from water. 
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