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ABSTRACT: 2,4-Di-O-benzyl-(1 ..... 6)-Il-D-glucopyranan, which was synthesized by ring
opening polymerization of 1,6-anhydro-2,4-di-O-benzyl-3-0-tert-butyldimethylsilyI-P-D-glucopy
ranose and subsequent desilylation, was p-glucosylated or Il-mannosylated by the orthoester method. 
Deprotection of glycosylated polysaccharides with sodium in liquid ammonia was performed to 
give branched dextrans with free hydroxyl groups. Sulfation of the branched dextrans was carried 
out with piperidine N-sulfonic acid in dimethylsulfoxide to give new heparinoids. The Polymers 
were characterized by NMR spectroscopy, gel permeation chromatography, and optical rotation. 
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Many natural polysaccharides and oligo
saccharides participate in a variety of bio
chemical reactions in vivo. Recently, the 
relation between the chemical structure of 
carbohydrate and its biological functions has 
been reported in detail. Some investigators 
noted that both the structures of main chain 
and branching sugar unit are important for the 
polysaccharide to exhibit biochemical func
tions. An elicitor-active oligosaccharide which 
induces phytoalexins (antibiotics) in plant cells 
was purified from the mycelial walls of 
Phytophthora megasperma f. sp. glycinea l and 
its primary structure was revealed to be 
fJ-(l glucopentaose with fJ-D-gluco
pyranosyl branch at C-3 position of 2nd and 
4th glucose residues. 2 Furthermore, the elici
tor-active oligosaccharide was chemically syn
thesized 3 for its elicitor activity to be compared 
with that of the mycelial-wall-derived hepta
saccharide.4 Panaxans were extracted from 
the roots of Panax ginseng to elucidate the 
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structures of substances responsible for its 
lowering blood sugar levels. s A partial struc
ture of hypoglycaemic glycans, i.e., panax
ans A and B, was presumed to be oc-(1 link
ed D-glucopyranans having an oc-D-gluco
pyranosyl branch at the C-3 position. 6 A 
chemically synthesized panaxan which was 
obtained by ring-opening copolymerization of 
I ,6-anhydro-glucose and 1,6-anhydro-nigerose 
derivatives showed a significant hypoglycaemic 
activity in mice. 7 

The structure of a pentasaccharide residue 
was found to be the active site of blood 
anticoagulant in heparin. 8 Some investigators 
have reported the total synthesis of the heparin 
penta saccharide fragment which showed spe
cific binding to antithrombin III and also 
induced high anti-Xa activity.9,lo We reported 
the synthesis of sulfated polysaccharides 
which showed high anticoagulant activities 11 

and potent inhibitory effects on infection 
and replication of human immunodeficiency 
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virus. 12 Villanueva predicted the secondary 
structure of antithorombin III and the location 
of the heparin-binding site where the three 
lysine residues interact with one 6-0-sulfate 
and two 2-N-sulfates in heparin. 13•14 

The cationic ring-opening polymerization of 
1,6-anhydro-glucose derivatives with Lewis 
acid as an initiator gave stereoregular (1 
oc-o-glucopyranan derivatives. 15 •16 Most nat
ural dextrans have an oc-(l back
bone with oc-o-glucopyranosyl or oc-o-isomalto
syl units at C-3 position. 17 Ito and Schuerch 
Synthesized (1 having 
oc-o-glucopyranosyl branch at C-3 by ring
opening polymerization of 1,6-anhydro-2,4-
di-O-benzyl-3-0-crotyl-f3-o-glucopyranose, 
which can be regioselectively deprotected at 
C-3 after polymerization, followed by glu
cosylation and debenzylation. 18 Previously, 
we attempted to synthesize (1 
pyranan bearing 3-0-(oc-o-mannopyranosyl) 
branches by the ring-opening polymerization 
of 3-0-tert-butyldimethylsilylated 1,6-anhy
dro-glucose derivative and by subsequent 
branching. 19 

In this investigation, we report the synthesis 
and sulfation of (l with 
3-0-(f3-o-glucopyranosyl) or 3-0-(oc-o-manno
pyranosyl) branches. 

EXPERIMENTAL 

General Methods 
NMR spectra were recorded on a lEOL 

GX-270 spectrometer in chloroform-d and 
deuterium oxide using tetramethylsilane (TMS) 
and sodium 4,4-dimethyl-4-silapentanesulfo
nate (DSS) as the internal standards, respec
tively. Gel permeation chromatography was 
run on 3% solutions of polymers in tetra
hydrofuran by a Toyo Soda high-speed 
chromatograph (model HLC 802UR). The 
number-average molecular weights calculated 
by GPC were based on polystyrene calibration 
curve. The number-average molecular weights 
of water-soluble polysaccharides were de-
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termined by aqueous-phase gel permeation 
chromatography (columns, Toyo Soda TSK
gel; eluent, 66.7 mM phosphate buffer, pH 6.86) 
using standard dextrans as reference. Sulfur 
content analysis was performed by Ajinomoto 
Co., Ltd., analytical laboratory. Optical 
rotations were measured in chloroform or 
water at 25°C with Perkin-Elmer Model 241 
polarimeter using a l-dm cell. 

Polymerization and desilylation 
Polymerization of 1,6-anhydro-2,4-di-O

benzyl-3-0-tert-butyldimethylsilyl-f3-o-gluco
pyranose and regioselective deprotection (de
silylation) of the obtained polymer were car
ried out as described previously. 19 

Glycosylation with 3,4,6-tri-O-acetyl-oc-o-gluco
pyranose-l,2-(t-butyl orthoacetate) 
3,4,6-Tri-O-acetyl-oc-o-glucopyranose-l ,2-

(t-butyl orthoacetate) was prepared from 
pentaacetyl f3-o-glucose according to the 
literature.2o 

Glucosylation was carried out in chloro
benzene with 2,6-lutidinium perchlorate as the 
catalyst. 20 2,4-Di-O-benzyl-(l 
pyranan (300 mg, 0.88 mmol) and 3,4,6-tri-O
acetyl-oc-o-glucopyranose-l,2-(t-butyl ortho
acetate) (1.05 g, 2.60mmol) were dissolved in 
chlorobenzene (25 ml), and the solution was 
refluxed for 1 h using trap. After 
distillation of lO ml of solvent, 2,6-lutidinium 
perchlorate (1.8 mg) was added and the mixture 
was refluxed for 40 min. Purification of the 
polymer was performed three times by dis
solution-reprecipitation using a 
methanol system. Polymer was freeze-dried 
from benzene. All operations were repeated 
two times. (Yield, 357 mg) 

Glycosylation with 3,4 ,6-tri-O-acetyl-f3-o-man
nopyranose-l,2-(methyl orthoacetate) 
oc-Mannosylation was performed with man

nose orthoester as described previously. 19 The 
mole ratio of 2,4-di-O-benzyl-(1 
copyranan and 3,4,6-tri-O-acetyl-f3-o-manno-
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pyranose-l,2-(methyl orthoacetate) was 1: 3. 

Deprotection of branched polysaccharides 
A branched polysaccharide (glucosylated 

polymer, 140mg) was dissolved in 8ml of 
1,2-dimethoxyethane and the solution was 
added to 30 ml of liquid ammonia containing 
140 mg of sodium at -78°C. After 1.5 h, 
ammonium chloride was added until the blue 
color completely disappeared and then a small 
amount of methanol and 10 ml of distilled 
water were added successively. After evapora
tion of ammonia, the deprotected poly
saccharide solution was washed several times 
with methylene chloride and the solution was 
dialyzed for 3 days with running water. The 
branched polysaccharide was freeze-dried from 
water. Yield, 44.5 mg (66.5%). 

Sulfation of Branched Polysaccharides 
Sulfation of deprotected polyasccharide with 

piperidine N-sulfonic acid23 was carried out 
according to the method ofNagasawa et al. 24 

Glucose-branched polysaccharide (47 mg) 
was dissolved in 7 ml of dry dimethylsulfoxide. 
Piperidine N-sulfonic acid (448 mg) was added 
to the solution. The reaction mixture was 
heated for 1 h at 85°C under stirring. After 
cooling in a water bath, 7 ml of saturated 
sodium bicarbonate solution were added. The 
mixture was dialyzed successively with running 
saturated sodium bicarbonate solution over
night and running distilled water for 3 days 
and concentrated below 35°C. The sulfated 
polysaccharide was freeze-dried from water. 
Yield, 88mg (91.5%). 

RESULTS AND DISCUSSION 

Synthesis of 2,4-di-O-benzyl-(1-+6)-rx-D-gluco
pyranan (3) 
Ring-opening polymerization of 1,6-anhy

dro-2,4-di-O-benzyl-3-0-tert-butyldimethyl
silyl-J1-D-glucopyranose (1) catalyzed by phos
phorus pentafluoride (3 mol%) in dichloro
methane at - 60°C gave stereo regular 2,4-di-
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O-benzyl-3-0-tert-butyldimethylsilyl-( 1-+6)
rx-D-glucopyrananan (2) having a number
average molecular weight of 6.6 x 104 in high 
yield. The 1 H NMR spectrum of the polymer 
was assigned by 2-dimensional lH_1H COSY 
spectrum (Figure I). Desilylation of the 
polymer was performed with tetrabutylam
monium fluoride in tetrahydrofuran19 to give 
a regioselectively deprotected 2,4-di-O-benzyl
(1-+6)-a-D-glucopyranan 3. It is noteworthy 
that the tert-butyldimethylsilyl group, easily 
removed with fluoride anions, was stable to 
hexafluorophosphate anion during polymer
ization. 

Glycosylation of 2,4-di-O-benzyl-(1-+6)-rx-D
glucopyranan 
J1-Glucosylation was carried out with 2,6-

lutidinium perchlorate as catalyst in ni
trobenzene according to the method of 
Kochetkov20 as summarized in Table I. The 
mole ratio of the glucose residues (= free 
hydroxyl groups) to the orthoester was 1: 3. 
The obtained polymer (4) was easily dissolved 
in organic solvents such as benzene, acetone, 
and chloroform. Mole fraction of the glucos
ylated residues in the main chain was 0.25, 
as determined from the 1 H NMR spectrum 
by measuring the intensity of methyl protons 
in the acetyl group. Low degree of glucose 
branching may possibly have been due to the 
low stability of the tert-butyl orthoester.21 Re
glucosylation of the glucosylated polymer in 
the same way gave a more branched polymer. 
The mole fraction of the glucosylated residues 
was 0.36. As shown in Figure 2, the 13C NMR 
spectrum of the reglucosylated polymer showed 
absorptions due to acetyl groups at 20-21 and 
169-171 ppm originating from the glucosyl 
branch. It was found that the C-l carbon 
resonance consisted of two peaks; a larger one 
at higher field (97 ppm) was assignable to 
a-anomeric carbon in the main chain (rx-(1-+6)
linked) and the other at lower field (101 ppm) 
was attributed to the J1-anomeric carbon of the 
branch (J1-(1-+3)-linked). The mole fraction of 
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Figure 1. Contour plot of H-H COSY spectrum of 2,4-di-O-benzyl-3-0-tert-butyldimethysilyl-(1-+6)
a-D-glucopyranan (2). 
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Table I. Glycosylation of 2,4-di-O-benzyl
(1-+6)-a-D-glucana 

Yield [a]l,5C AI." 
Orthoesterb ---

% deg x 104 

Glucose 100 +95.4 6.8 
Glucose 89 +94.6 7.7 
Mannose 100 + 128.0 1O.l 

Mole frac-
tion of 

glycosylated 
unit in 

main chaine 

0.25 
0.36 
0.67 

+. \ Bn6' OBn n J::-0" 
Bn640 

OBn m 

a Starting polymer, Aln = 6.3 X 104; concentration of 
polymer in chlorobenzene, 20--29mgml- 1; catalyst, 
lutidinium perchlorate, 1 mol% to free hydroxyl 
groups in the polymer; temp., reflux; time, 40-45 min. 

b Mole ratio of the glucose residues to the orthoester 
was 1: 3. 

C Measured in chloroform (c I). 
d Determined by GPC using THF. 
e Calculated with PMR. 
, Reglucosylation of No. I. 

R 
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the glucosylated residues in the main chain was 
calculated from the 13C NMR spectrum by the 
C-l absorptions to give almost the same value 
(0.44) as that from 1 H NMR (0.36), indicating 
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Figure 2. 13C NMR spectrum of glucosylated polysaccharide (4). 

the glucosylation stereoselectively to have 
occurred (100% f3). 

oc-Mannosylation was carried out with 
3,4,6-tri-O-acetyl-f3-D-mannopyranose-l,2-
(methyl orthoacetate) as described previous
ly.19 The mole fraction of mannosylated 
residues in the main chain was 0.67 as 
calculated from the 1 H NMR spectrum. 

During the desilylation and glycosylation, 
main chain scission did not take place. 2 with 
DPn of 145 was reacted to give a f3-g1ucosylated 
polymer with DPn (main chain) of 167 and an 
oc-mannosylated polymer with DPn (main 
chain) of 179. 

Removal of Protective Groups into Branch
ed Polysaccharides Having Free Hydroxyl 
Groups 
Deprotection of branched polysaccharide 

was earied out with sodium in liquid ammonia 
at -78°C (Table II). The lH and 13C NMR 
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Table II. Simultaneous deprotection of 
branched polysaccharides' 

Starting 
Mole frac-

Na Yield tion of 
No. 

polymer 
----- glycosylated 

kind 
mg % deg unit in 

mg 
main chainc 

4 140 140 68.8 + 137.8 0.44 
2 5 310 510 61.6 + 110.2 0.70 

• Temp., -78°C; time, 90min. 
b Measured in water (c 0.5). 
c Calculated with CMR. 

spectra of deprotected glycosylated poly
saccharide (6) in D 20 showed the complete 
removal of protective groups (Figure 3). Benzyl 
groups in the main chain and acetyl groups in 
the branching unit were simultaneously re
moved under this condition. Figure 3A shows 
that glucosylated polysaccharide has two kinds 
of C-l carbons. The peak at the lower field 
(105.5 ppm) was assignable to the anomeric 
carbon of the branch (f3-(1 3)-linked), since 
the C-l carbon of lentinan «(1 3)-f3-D-glucan 
with branching) appeared at 106 ppm. The 
mole fraction of glucosylated residues in the 
main chain, as calculated from the C-l 
absorption, was 0.44. The mannosylated 
fraction of 7 was also determined to be 0.70 
(Figure 3B). 

Sulfation of Branched Polystlccharides 
Sulfation of branched polysaccharides 6 and 
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Figure 3. 13C NMR spectra of (l ..... 6)-a-o-glucopyrananans with (A) 3-0-(P-o-glucopyranosyl) and (B) 
3-0-(a-o-mannopyranosyl) branches (6 and 7). Peaks are assignable to carbons in three kinds of sugar 
residues as follows. Cn (n= I main chain with branching; Co', main chain without branching; Co", 
branching sugar unit. 

Table III. Sulfation of branched dextrans' 

Piperidine Sulfur 
Yield Mnb Starting polymer DMSO 

N-sulfonic acid content 
No. 

kind mg ml 

1 6 47 7 
2 7 81 14 

• Temp., 8YC; time, I h. 
b Dtermined by GPC using phosphate buffer. 

7 was carried out with piperidine N-sulfonic 
acid in a homogeneous dimethyl sulfoxide 
solution. The results are summarized in Table 
III. 

Sulfated polysaccharides were colored with 
a toluidine blue solution, indicating the 
presence of sulfate groups. A mixture of 
sulfated mannosyl polysaccharide (9) and 
toluidine blue solution became purplish red, in 

440 

% 
% 

x 104 
mg 

450 88 14.4 4.69 
820 130 15.5 5.34 

contrast to royal purple for sulfated glucosyl 
polysaccharide (8). The color reaction of 
sulfated ribofurananll which has cis sub
stituents showed purplish red. 22 In the case of 
sulfated xylofuranan 11 which has trans sub
stituents, the color was royal purple. 22 The 
reddish color was probably due to the cis 
substituent. 

The number of sulfate group per sugar unit 
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was calculated by elemental analysis. 8 had 1.7 
sulfur atoms per sugar unit and 9 had 2.0. Both 
8 and 9 contained a small amount of water. 
13C NMR spectrum of 9 indicated that the 
primary hydroxyl groups of all branching sugar 
units were sulfated, since the absorption of C-6 
carbon shifted downfield (5-6 ppm) after the 
sulfation. 

The number average degree of polymeriza
tion of 8 as determined by GPC was 98 with 
43 branching units, indicating that a few chain 
scissions had occurred. DPn of 9 was 86 with 
61 branchings. More sulfation might cause 
more main chain scissions. 
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