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ABSTRACT: A new DL-polysaccharide (1—6)-a-DL-glucopyranan (DL-dextran, 3) was synthe-
sized by the cationic ring-opening polymerization of 1,6-anhydro-2,3,4-tri-O-benzyl-8-DL-
glucopyranose (1) followed by debenzylation of the resulting polymer (2). The anhydrosugar
derivative 1 was prepared from 3,4-dihydro-2H-pyran-2-carbaldehyde (acrolein dimer, 4) via eight
reaction steps. Polymerization of 1 was undertaken using o-fluorotoluene, dichloromethane, and 1-
nitropropane as solvents and phosphorus pentafluoride, antimony pentachloride, and tantalum
pentachloride as initiators at different temperatures ranging from —78 to —45°C. The diad
tacticities of 2 and 3 were evaluated from their **C NMR spectra. The isotactic diad content varied
from 55 to 729 depending upon the reaction conditions, being higher for the polymers prepared in
a less polar solvent at lower temperature. DL-Dextran 3 having a number average molecular weight
up to 3.6 x 10* was soluble in dimethyl sulfoxide and water, did not show a melting point and began
to decompose at ca. 260°C. Water sorption and enzymatic hydrolysis of 3 were measured and

compared with those of natural dextran.
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Dextran is a class of polysaccharides con-
taining a backbone of predominantly (1—
6)-a-linked D-glucose units.! It is produced in
nature by bacteria growing on a sucrose sub-
strate. Since dextran first came under close
examination more than one hundred years ago,
abundant studies have been reported on the
chemical structures and biological proper-
ties of dextran as well as its enzymatic syn-
thesis.!** In the meantime, dextran has been
proposed for use .in industrial and medical
applications, particularly in the latter field.
Thus, partially hydrolyzed dextran with a
molecular weight in a range of 5x10* to
10 x 10* has been used as a substituent for
blood plasma in the treatment of shock,>* and
sulfated dextran has been employed as a syn-

thetic analogue of heparin exhibiting anti-
coagulant activity.>-®

Natural dextran has in general branched
structures. High molecular weight linear dex-
tran was synthesized by the ring-opening
polymerization of 1,6-anhydro-2,3,4-tri-O-
benzyl-f-p-glucopyranose followed by de-
benzylation,”® and its biological and immu-
nological reactions have been tested in com-
parison with those for natural dextran.” Dur-
ing a series of works on the chemical synthesis
of pL-polysaccharides, we synthesized several
(1-6)-linked deoxypolysaccharides by the
ring-opening polymirizatien of 1,6-anhydro-
sugar derivatives obtained from noncarbo-
hydrate sources, and examined their chemi-
cal, physical, and physiological properties in
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relation to their molecular structures, as
model compounds for elucidating sophisti-
cated functions of naturally occurring poly-
saccharides.’"!7 As a continuation of these
works, we describe herein the first chemical
synthesis of linear DL-dextran (3) by the
ring-opening polymerization of 1,6-anhydro-

2,3,4-tri-O-benzyl-f-pL-glucose (IUPAC no-
menclature, 2(a),3(a),4(a)-tris(benzyloxy)-6,8-
dioxabicyclo[3.2.1]octane) (1), followed by
debenzylation of the resultant polymer (2),
with particular emphasis on the tacticity of the
polymer.'®

0 “CHp “CHp
0Bn BnO 0, HO 0,
~0-7 —» BnO —> HO
: BnO HO
OBn 0B °< 3 =
1 2 Bn,-CHaCgHs

RESULTS AND DISCUSSION

Synthesis of Monomer
1,6-Anhydro-2,3,4-tri-O-benzyl-f-pL-glu-
copyranose 1 was synthesized primarily ac-
cording to the synthetic procedures for DL-
glucose described by Brown et al.!®~2! with
modifications. The synthetic route is illus-
trated in Scheme I. The preparation of 3,8,9-
trioxatricyclo[4.2.1.0>*Jnonane (8) has been
reported in a previous paper.!® The reaction
of 8 with n-butyl lithium in diethyl ether at
—5——10°C gave an unsaturated alcohol
(9) in moderate yield. Epoxidation of 9 with
m-chloroperbenzoic acid in dichloromethane
took place stereoselectively to yield the cor-
responding epoxide (10). Alkaline hydrolysis
of 10 in aqueous dioxane also occurred ster-
eoselectively to produce 1,6-anhydro-$-pL-glu-
copyranose (11) as syrup which did not
readily crystallize. Subsequent benzylation of
11 with benzyl chloride and sodium hydride in
dimethylformamide afforded the tribenzyl
derivative 1 which was in turn crystallized
from ethanol. The overall yield of 1 from 4
was approximately 5%;. The bottleneck step in
this synthetic route for 1 is the bromination of
5 in which a nearly equimolar mixture of
equatorial and axial stereoisomers is formed
and only the axial isomer is subsequently
dehydrobrominated to 7. The new monomer
was identified as 1 by elemental analysis and
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by IR, 'H, and '3C NMR spectroscopies.

Polymerization

Polymerization of optically active 1,6-an-
hydro-2,3,4-tri-O-benzyl-f-D-glucopyranose
hasalready been examined in detail by Schuerch
et al*>~?* and Uryu et al**~?7 According to
their papers, the best conditions for obtain-
ing high molecular weight stereoregular
polymers consisting of 1,6-a-linked glucosyl
residues are as follows: solvent, dichloro-
methane; initiator, phosphorus pentafluoride;
temperature, —60°C. However, as it was one
of our chief objects to investigate how the
tacticity of polymer 2 derived from racemic
monomer 1 varied depending on the reaction
conditions, the polymerization of 1 was un-
dertaken under a variety of conditions (sol-
vent, o-fluorotoluene, dichloromethane, and 1-
nitropropane; initiator, phosphorus penta-
fluoride, antimony pentachloride, and tantalum
pentachloride; temperature, —78——45°C).
The results of the polymerization are listed in
Table 1.

Polymer 2 was a white solid having a melt-
ing point of 42—47°C, which is consider-
ably lower than that (54—58°C) of the cor-
responding optically active D-polymer derived
from 1,6-anhydro-2,3,4-tri-O-benzyl-f-D-glu-
copyranose. The solubility of 2 was similar
to that of the optically active D-polymer; 2 was
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Scheme I. Synthetic route for 1,6-anhydro-2,3,4-tri-O-benzyl-B-DL-glucopyranose.
Table I. Polymerization of 1,6-anhydro-2,3,4-tri-O-benzyl-8-DL-glucopyranose (1)
Monomer Initiator Solvent®  M/S ratio® Temp Time Yield . Iso. diad®
Exptl. M,
-4
No. (mmol) mol%, m gm~ c°c n 9y X1 o
T-77 1.08 (2.5) PF, 4 DM 1 1.08 —60 0.5 87 49 55
T-76 1.08 (2.5) PF; 4 DM 2 0.54 —60 0.5 85 5.3 56
T-75° 1.08 (2.5) PF; 4 DM 2 0.54 —60 05 89 10.4 (100)
T-3 0.86 (2.0) PF, 5 DM 2 0.43 —-60 5 958 2.4 55
T-82 0.86 (2.0) PF; 5 DM 6 0.14 —60 96 88 1.8 56
T-72 1.08 (2.5) PF; 4 DM 2 0.54 -78 8 80 7.0 55
T-73 1.08 (2.5) SbCls 6 DM 2 0.54 —78 20 27 1.6 63
T-78 0.55 (1.3) PF; 8 NP 1.5 0.37 —-60 2 86 2.4 54
T-79 0.55 (1.3) TaCl; ca. 8 NP 1.5 0.37 —60 72 10 0.5 57
T-80 0.86 (2.0) PF; 5 FTL 6 0.14 —45 96 96 2.8 69
T-81 0.86 (2.0) PF; 5 FTL 6 0.14 —60 96 88 3.7 72

* DM, dichloromethane; NP, 1-nitropropane; FTL, o-fluorotoluene.
b Ratio of the weight of monomer to the volume of solvent.
¢ By gel permeation chromatography (polystyrene standard).

4 By '3C NMR spectroscopy.

¢ Optically active monomer, 1,6-anhydro-2,3,4-tri-O-benzyl-B-D-glucopyranose.

T [«]3° +114.1 (c, 0.98, chloroform).

® Anal. Calcd for (C,,H,505),: C, 74.98%; H, 6.25%. Found: C, 74.99%; H, 6.58%

soluble in a wide variety of organic solvents
including benzene, carbon tetrachloride, chlo-
roform, 1,4-dioxane, tetrahydrofuran, ethyl-
acetate, acetone and dimethylformamide.

A typical 13C NMR spectrum of 2 obtained
by the polymerization of 1 is presented in
Figure 1, together with the assignments of the
signals.?® The appearance of only one signal ¢
at §97.32 in the anomeric carbon region indi-
cates that the polymer is exclusively compos-
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ed of (1—-6)-a-linked pyranosyl residues. It is
noticeable that the signals i and k appear as
a pair of peaks of different intensities, respec-
tively, as clearly demonstrated in the expand-
ed spectrum of the signal i. In view of the
fact that the corresponding polymer derived
from optically active 1,6-anhydro-2,3,4-tri-O-
benzyl-f-D-glucopyranose under similar con-
ditions does not show such splittings, the
splittings of the signals i and k are not due to
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Figure 1. !'3C NMR spectrum of 2,3,4-tri-O-benzyl-(1 »6)-a-DL-glucopyranan prepared in dichlorom-

ethane at —60°C with phosphorus pentafluoride as
50 MHz; internal reference, tetramethylsilane.

the presence of different structural units but
due to the different diad placements of the
D- and L-enantiomeric monomeric units in
the polymer chain.

On the basis of the comparison of the
chemical shifts of the }*C NMR spectrum of 2
with those of the corresponding optically
active polymer consisting of the D-enantio-
meric units, the peak at 6 72.34 was assigned
to the benzyl methylene carbon on O(2) in the
DD and LL consecutive units (isotactic diads)
and accordingly, the peak at 673.12 was as-
signed to that in'the DL and LD crossover units
(syndiotactic diads). Such separation of signals
due to tacticity is often observed in *C NMR
spectra of polyacetals derived form bicyclic
acetals possessing a 6,8-dioxabicyclo[3.2.1]-
octane skeleton.?® “3! The well-resolved peaks
of the signal i made it possible to determine
accurately the diad tacticity of 2 from the
relative peak areas. The isotactic diad contents
thus determined are given in the last column of
Table I.

The diad tacticity of 2 obtained by the
polymerization in dichloromethane was not
altered with reaction temperature under
otherwise identical conditions (T-76 and T-
72). When o-fluorotoluene was used as the
solvent, the isotactic diad content of 2 in-
creased, although very slightly, at lower tem-
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the initiator. Solvent, CH,Cl,; temperature, 50°C;

perature (T-80 and T-81). The tacticity of 2
was affected also by the initiators employed; a
polymer having a higher isotactic diad content
was formed with antimony pentachloride
which produces a counter anion of a larger size
than that for phosphorus pentafluoride (radius
of counter ion, A:>? PFg, 2.6; SbClg, 3.0) (T-
72 and T-73). The effect of solvents on the.
tacticity of 2-is more clearly discernible.
When less polar o-fluorotoluene (¢=4.22) was
used as the solvent, 2 having the highest
isotactic diad content (729;) was obtained at
—60°C (T-81). This value is appreciably
higher than that (56%) of 2 prepared in di-
chloromethane (¢=8.93) under otherwise
identical conditions (T-82). However, no
significant difference in tacticity was observed
between the polymers obtained by the polym-
erization in dichloromethane and in more
polar 1-nitropropane (¢=23.24). The effect of
monomer concentration on the tacticity of 2
was negligibly small in the range of the ratio of
the weight of monomer to the volume of
solvent of 1.08—0.14 for the polymerization in
dichloromethane at —60°C with phosphorus
pentafluoride as the initiator.

Previously, the authors found, for the first
time, that the stereospecific polymerization of
a racemic bicyclic acetal, 6,8-dioxabicyclo-
[3.2.1]octane, constituting the skeleton of 1

Polymer J., Vol. 18, No. 8, 1986
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Scheme II.

was induced by conventional Lewis acid in-
itiators.?’ On the basis of the D,L-copolymer-
ization of enantiomerically unbalanced mono-
mer mixtures, it was confirmed that the ster-
eospecific polymerization giving the poly-
mers which were rich in isotactic diad pro-
ceeded by the growing chain end control
mechanism,>3 that is, it arose from the enan-
tiomer selection at a growing chain end.?® The
formation of 2 containing isotactic diad
ranging from 55 to 729 in the present case also
can be accounted for in a similar manner.
According to CPK molecular model in-
spection, steric and electronic repulsions be-
tween a growing chain end and a monomer of
the same chirality become minimum, when the
monomer approaches the anomeric carbon of
the terminal unit by taking a spatial arrange-
ment as illustrated in Scheme II (left). On the
other hand, when a growing chain end reacts
with a monomer of the opposite chirality, the
most preferable approach of the monomer to
the anomeric carbon of the terminal unit ap-
pears to be that shown in Scheme II (right). In
the latter case, however, steric and electronic
repulsions between the bulky substituents of
the growing chain end and of the incoming
monomer seem to be slightly greatér than
those in the former case; in other words, the
former propagation is somewhat energetically
favorable. Although omitted in Scheme II

Polymer J., Vol. 18, No. 8, 1986
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Possible modes of enantiomer selection at the growing chain end.

for simplification, the penultimate unit of a
growing chain end and a counter anion may
contribute, more or less, to the enantiomer
selection at the chiral growing chain end.
It is speculated that, because of the steric
requirement of the penultimate and perhaps
more remote units, the spatial arrangement of
a counter anion of a larger size should be
confined to a greater extent than that of a
counter anion of a smaller size; that is, the
former anion is conceivably forced to lie in
such a position as to interfere with the ap-
proach of monomer to the growing chain end.
Taking the effect of the initiators on the
tacticity of 2 into consideration, it would
appear that a larger counter anion interferes
more greatly with the approach of the mono-
mer whose chirality is opposite to that of
the growing chain end. As the tightness of
an ion pair generally increases with decreas-
ing polarity of solvents, the influence of the
counter ion becomes more significant in sol-
vents of low polarity. Furthermore, the di-
pole moment of monomer having polar sub-
stituents is more susceptible to the orienta-
tion effect by a dipole—dipole interaction be-
tween a growing chain end and an incoming
monomer in less polar solvents, so that the
direction of the approach of the monomer
to the anomeric carbon of the terminal unit
is more intensely restricted than in polar sol-

605



M. OKADA et al.

Table II. Debenzylation of 2,3,4-tri-O-benzyl-(1 —6)-a-DL-glucopyranan (2)

20 . NH, Toluene DME® Yield Me Iso. diad?
—_— "__(‘ ———— -
g ml ml ml o x10 %
0.608 (T-3) 50 13.5 4.5 96° 1.5 55
0.718 (T-72) 70 20 8 97 3.6 56
0.221 (T-73) 30 6 2 90 1.1 (63)'
0.685 (T-81) 70 20 8 97 29 72

1,2-Dimethoxyethane.

By *3C NMR spectroscopy.

- 0o & o o ®

Before debenzylation.

Sample numbers correspond to the experimental numbers in Table 1.
By gel permeation chromatography (pullulan standard).

Anal. Caled for (CgH,405),: C, 44.44%; H, 6.22%. Found: C, 44.45%; H, 6.35%.

1 1 1 - ! u

1 Il 1 'l 1
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Figure 2.

i
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s, ppm

13C NMR spectrum of (1-6)-a-DL-glucopyranan. Solvent, D,0; temperature, 50°C; 50 MHz;

internal reference, acetone. Polymerization conditions: solvent, CH,Cl,; initiator, PF; temperature,

—60°C.

vents. Consequently, the isotactic propaga-
tion between a growing chain end and a
monomer of the same chirality becomes
more favorable than the syndiotactic prop-
agation between a growing chain end and
a monomer of the opposite chirality in less
polar solvents. However, in view of the rela-
tively low stereospecificity in the polymeriza-
tion of 1, the free energy difference between
the two propagations (~D* +D and ~D™* +
L) must be considerably small, even in less
polar solvents.
Conversion
(DL-Dextran)
Polymer 2 was readily debenzylated by the
conventional method using metallic sodium in

to (I-6)-a-DL-Glucopyranan
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ammonia. Table II presents some of the results
of the debenzylation. (1- 6)-a-DL-Glucopy-
ranan (DL-dextran) 3 thus prepared was sol-
uble in dimethyl sulfoxide and water, and
insoluble in other common organic solvents.
In this respect, there was no difference between
3 and (1—6)-a-D-glucopyranan (clinical dex-
tran). However, the former began to decom-
pose at lower temperature (~260°C) than the
latter (~295°C) (DSC).

Figure 2 shows the *C NMR spectrum of 3
derived from 2 prepared by the polymerization
in dichloromethane at —60°C with phos-
phorus pentafluoride as the initiator. The
signals were assigned as indicated in Figure 2
by comparison with the '3C NMR data of

Polymer J., Vol. 18, No. 8, 1986
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(1-6)-a-D-glucopyranan.?® In Figure 2, each
of signals a, b, d, and f appears as a pair of
peaks of different intensities, as exemplified
by the expanded spectrum of the anomeric
carbon signal a. A linear (1-6)-a-D-linked
dextran shows six sharp signals unambiguous-
ly assigned by selective proton-irradiation,
following identification of proton signals by
homonuclear irradiation.?® Therefore, the
splittings of the signals of DL-dextran un-
doubtedly arise from the different diad
placements of D- and L-glucose units in the
polymer chain. On the basis of the chemical
shifts, the peak of a stronger intensity for each
of these signal pairs is assignable to the re-
spective carbons in isotactic diads and the
peak of a weaker intensity to the corre-
sponding carbons in syndiotactic diads. The
diad tacticity of 3 was evaluated from the
relative peak areas of the best resolved signal
pair f. It was in good agreement with the
tacticity determined for 2 before debenzyl-
ation.

Water Sorption

Water sorption of synthetic dextran 3 hav-
ing a number average molecular weight of
1.6 x 10* was measured at relative humidities
ranging from 10 to 979 at 25°C, and com-
pared with that of clinical dextran having a
comparable molecular weight. Figure 3 re-
presents water sorption isotherms for the two
dextrans. Although no significant difference
was found between the two dextrans at lower
relative humidities, the synthetic DL-dextran
showed higher water sorption than the clinical
dextran at higher relative humidities. In view
of the fact that the water sorption of natural
dextran was reduced by an increase in the
crystallinity of the samples,3*3> the difference
in water sorption between the two dextrans
arises primarily from the lower structural reg-
ularity of synthetic DL-dextran; the synthetic
DL-dextran used for the measurement was
composed of both D- and L-glucose units dis-
tributed considerably randomly along the

Polymer J., Vol. 18, No. 8, 1986
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Figure 3. Water sorption of (1 - 6)-a-glucopyranans at
25°C. O, synthetic pL-dextran, M,=1.5x 10*; @, clini-
cal dextran, M,=1.6 x 10*.

100

polymer chain (isotactic diad content, 55%).
Consequently, the synthetic DL-dextran may
form intermolecular hydrogen bonding less
effectively than the clinical dextran, thus ex-
hibiting higher water sorption.

Enzymatic Hydrolysis of DL-Dextran

The hydrolysis of DL-dextran 3 by an endo-
dextranase from a Penicillium species was ex-
amined at 37°C in an acetate buffer solution at
pH 5.3. The hydrolysis was monitored by
calorimetric determination of the reducing end
units of the saccharides produced during the
reaction. The final degree of hydrolysis of DL-
dextran having a number average molecular
weight of 3.6 x 10* and an isotactic diad con-
tent of 56% was 10.99, based on the total
glucose units, whereas that of clinical dextran
having a number average molecular weight of
2.8 x 10* was 51.9% under the identical con-
ditions. The remarkable difference between the
two dextrans clearly reflects the substrate
selectivity in the enzymatic hydrolysis. De-
tailed analysis of the hydrolysis of DL-dextran
in relation to the microstructure will be re-
ported elsewhere.
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EXPERIMENTAL

1,6-Anhydro-2,3,4-tri-O-benzyl-f-pL-glu-
copyranose (1) was synthesized from 3,4-di-
hydro-2 H-pyran-2-carbaldehyde (4) via eight
reaction steps as illustrated in Scheme 1. The
precursor of monomer 1 was prepared pri-
marily according to the procedure described
by Brown et al.'® %! with some modifications.

Preparation of 4(a)-Hydroxy-6,8-dioxabi-
cyclo [3.2.1]oct-2-ene (9)*° '

A solution of r-butyl lithium in n-hexane
(46 ml, 72mmol) was diluted with dry ethyl
ether (100ml). The solution was slowly
added to a solution of 3,8,9-trioxatricyclo-
[4.2.1.0**Inonane (8, 6.87 g, 54 mmol) in dry
diethyl ether (100 ml). The rate of addition was
adjusted so as to keep the reaction temperature
at —5——10°C. After the addition of the bu-
.tyl lithium solution, the reaction mixture was
stirred for 1.5h at —5——10°C. Diethyl ether
(30 ml) saturated with water and then water
(70 ml) were cautiously added to the mixture.
The organic layer was separated and washed
with two 20 ml portions of water. The aqueous
layers were combined, salted out, and ex-
tracted thoroughly with fifteen 60 ml portions
of chloroform. The combined chloroform ex-
tracts were dried over anhydrous magnesium
sulfate. After filtration, the solvent was re-
moved on a rotary evaporator under reduced
pressure. The brown oily residue was purified
by column chromatography (column, silica
gel; eluent, ethyl acetate:n-hexane=2:1,
v/v). Yield. 4.67g (67%); mp, 65—66°C. IR
(KBr) cm™*, 3400 v _y, 730 6 c_y (cis olefin);
'H NMR (CDCl,), 6620 (dd, J=4.7Hz
J=9.5Hz, 1H, H-2), 5.82 (ddd, J=1.8Hz,
J=3.8Hz, J=9.5Hz, 1H, H-3), 5.52 (m, 1H,
H-5),4.68 (m, 1H, H-1), 3.55—3.70 (m, 3H, H-
4 and 2H-7), and 2.20 ppm (d, J=10.8,, O-H);
13C NMR (CDCl;), 6130.44 (C-2), 126.27
(C-3), 102.49 (C-5), 70.41 (C-1), 68.81 (C-7),
and 65.61 ppm (C-4).
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Preparation of 5(a)-Hydroxy-3,7,9-trioxatri-
cyclof4.2.1.0** Jnonane (10)
m-Chloroperbenzonic acid (purity 809,

5.1g, 26 mmol) was added to a solution of 9

(2.5g, 20mmol) in dry dichloromethane

(100 ml), and the mixture was stirred at room

temperature for 20h. As the reaction pro-

ceeded, m-chlorobenzoic acid precipitated
out of the solution. The precipitate was filter-
ed and washed with cold dichloromethane.

The combined filtrates were stirred -with

anhydrous sodium carbonate to neutralize

excess m-chloroperbenzoic acid and m-chlo-
robenzoic acid dissolved in the solution.

After filtration, the solvent was removed on

a rotary evaporator under reduced pressure.

The residue was purified by column chroma-

tography (column, silica. gel; eluent, ethyl

acetate). Yield, 2.5g (86%); mp, 107—108°C

IR (KBr) cm™?, 3440 vo_y, 1225 ve_o (ep-

oxide); '"H NMR (CDCl,), 6522 (d, J=

2.0Hz, 1H, H-6), 4.70 (m, 1H, H-1), 3.98 (d,

J=7.4Hz, 1H, H-8), 3.79 (dd, J=4.2Hz,

J=7.4Hz, 1H, H-8), 3.60 (d, J=4.4Hz, 1H,

H-5), 3.35 (m, 1H, H-2), 3.25 (dd, J=1.7Hz,

J=4.4Hz, H-4), and 2.80 ppm (br, 1H, O-H);

13C NMR (CDCl,), 6102.33 (C-6), 69.39 (C-

8), 65.77 and 65.09 (C-1 and C-5), 50.56 and

49.35ppm (C-2 and C-4).

Preparation of 1,6-Anhydro-o-DL-glucopy-
ranose (11)

A solution of barium hydroxide octahydrate
(6.0 g, 19 mmol) in water (40 ml) was added to
a ‘solution of 10 (2.20g, 15mmol) in 1,4-
dioxane (40ml). The reaction mixture was
heated at 100°C for 20h under a stream of
nitrogen. After the reaction mixture was
cooled to room temperature and diluted with
1,4-dioxane (75ml), gaseous carbon dioxide
was bubbled into the solution to precipitate
barium ion as barium carbonate. The re-
sultant mixture was centrifuged, and the
supernatant was separated from the precipi-
tate. A mixture of 1,4-dioxane and water
(1:1, v/v) was added to the precipitate and
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the mixture was again centrifuged. The super-
natants were combined and the solvent was
removed on a rotary evaporator under re-
duced pressure to give a yellow syrup. Since
attempts to crystallize the crude product were
unsuccessful, it was benzylated without further
purification.

Preparation of 1,6-Anhydro-2,3,4-tri-O-ben-

zyl-B-DL-glucopyranose (1)

To a solution of 11 (2.48g, 15mmol) in
dimethylformamide (60 ml) there was added in
portions sodium hydride (purity 509 in oil
dispersion, 3.1g, 65mmol) which had been
washed twice with n-hexane to remove oil.
The mixture was stirred for half an hour at
room temperature and then heated to 60°C.
Benzyl chloride (6.8g, 54mmol) was added
dropwise to the solution, and the reaction
mixture was heated at 60°C for 2h. It was
cooled to room temperature and poured
into ice—water (150 ml). The mixture was then
extracted with four S0ml portions of chlo-
roform. The combined chloroform extracts
were washed with four 50 ml portions of water
and dried over anhydrous magnesium sulfate.
The mixture was filtered and the filtrate was
freed from the solvent on a rotary evaporator
to yield a brown viscous oil. It was chroma-
tographed on silica gel by using a mixed
solvent of ethyl acetate and n-hexane (1:1 v/v)
as eluent. The product was repeatedly recrys-
tallized from ethanol. Yield, 2.6 g (37%); mp,
80—81°C; IR (KBr)cm !, 1500 v -_ (phenyl),
1100 v _g (ether), 1025 v _o (acetal), 750 and
700 & ¢ _ i (monosubstituted phenyl); 'H NMR
(CDCly), 67.20—7.35 (m, 15H, 3C¢H;), 5.46
(s, 1H, H-1), 4.58 (s, 2H, CH,C¢Hs), 4.54 (s,
2H, CH,C¢H,), 4.43 (s, 2H, CH,C¢Hs), 3.89
(d, J/=7.0Hz, 1H, H-6), 3.5—3.7 (m, 3H, H-3,
H-5, and H-6), and 3.35 ppm (m, 2H, H-2 and
H-4); 3C NMR (CDCl,) §137.70 (C¢Hs,,
ispso), 128.18 (C4Hs, ortho), 127.68 and 127.56
(C¢Hs, meta and para), 100.49 (C-1), 77.02
(C-3), 76.37 (C-2), 76.25 (C-4), 74.33 (C-5),
71.98, 71.65, and 71.08 ppm (CH,C¢Hs), 65.37

(C-6) (the numberings are based on the no-
menclature in carbohydrate chemistry). Anal.
Calcd. for C,,H,30,: C, 74.98%; H, 6.53%.
Found: C, 75.69%; H, 6.49%,.

Polymerization Procedures

Monomer 1 was purified by repeated re-
crystallization from ethanol and finally from a
mixed solvent of dichloromethane and n-
hexane (1:2, v/v), and dried in a glass vessel
connected to a high vacuum line. Dichloro-
methane and o-fluorotoluene were refluxed
over calcium hydride and distilled. Toluene
was washed successively with conc. sulfuric
acid, water, and aqueous sodium carbonate,
refluxed over pieces of sodium metal, and
distilled. Antimony pentachloride was dis-
tilled under reduced pressure. Phosphorus
pentafluoride was generated by heating ben-
zenediazonium hexafluorophosphate. Tanta-
lum pentachloride was used as supplied. A
high vacuum technique was employed for
polymerization. Polymerization was carried
out at different temperatures between —78
to —45°C. After a prescribed period of time,
the reaction mixture was poured into a large
volume of methanol to precipitate a poly-
mer. It was purified by reprecipitating two
or three times from a dichloromethane so-
lution to methanol, followed by freeze-drying
from a benzene solution. IR (KBr) cm™?,
3050 v _y (arom.), 1090, 1070, and 1020 v¢_o
(acetal), 735 and 695 d-_y (monosubstituted
phenyl); 'H NMR (CDCl,), §7.22 (brs, 15H,
3C¢Hs), 4.3—5.1 (m, 7H, H-1 and 3CH,C¢Hs),
and 3.2—4.1ppm (m, 6H, H-2, H-3, H-4,
H-5 and 2H-6); !3C NMR (CDCl,), 6138.77,
138.56 and 138.24 (C4Hs, ipso), 128.05, 127.76,
and 127.12 (C¢Hs, ortho, meta, and para),
97.32 (C-1), 81.79 and 81.47 (C-3), 80.42
(C-2), 77.53 (C-4), 75.18 (CH,C¢Hy), 74.77
(CH,C¢H;), 73.12 and 72.34 (CH,C¢Hsy),
70.95 and 70.40 (C-5), 66.91 and 65.65 ppm

(C-6). Anal. Calcd for (C,,H,505),: C, 74.98%;

H, 6.52%. Found: C, 74.99%;; H, 6.58%.
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Debenzylation

A solution of polymer 2 (0.6 g) dissolved in
a mixed solvent of dimethoxyethane (4.5 ml)
and toluene (13.5ml) was slowly dropped to
liquid ammonia (50ml) on a three-necked
flask equipped with a cold finger trap and
immersed in a dry ice/methanol bath. After the
addition of the solution, the cooling bath was
removed, and small pieces of sodium metal
(0.7 g) were added in portions to the solution
until a dark blue color persisted. After stirring
the mixture for 1h, a small amount of am-
monium chloride was cautiously added to
decompose the excess sodium, and then water
(10ml) was added dropwise to the mixture.
The cold finger trap was removed, and the
mixture was stirred until most of the ammonia
evaporated. The aqueous and organic layers of
the resultant reaction mixture were separated
and the organic layer was extracted with two
20ml portions of water. The water extract
combined with the aqueous layer was washed
with three 30 ml portions of dichloromethane,
and dialyzed in a stream of water for a few
days. The aqueous solution was concentrated
by a rotary evaporator under reduced pressure
and freeze-dried. Yield 0.22 g (96%). IR (KBr)
cm™!, 3400 vo_y, 1150 vc_ (alcohol), 1100,
1070, and 1020 v _, (acetal); '"H NMR (D,0),
04.84 (d, J=3.3Hz, 1H, H-1), 4.00—3.67 (m,
3H, H-5 and 2H-6), 3.62 (d, J=10Hz, 1H,
H-3), 3.46 (dd, J=3.6 Hz, J=11Hz, 1H, H-2),
3.38 (t, J=8.3Hz, 1H, H-4); 3C NMR (D,0),
698.76 and 97.96 (C-1), 73.59 and 73.34 (C-3),
71.63 (C-2), 71.16 and 70.40 (C-5), 69.96 (C-
4), 66.87, and 66.11 ppm (C-6). Anal. Calcd for
(C¢H,005),: C, 44.44%; H, 6.22%,. Found: C,
44.45%; H, 6.35%,.

Characterization

'H and !3C NMR spectra were recorded on
a JEOL FX-200 instrument operating at
200 MHz (*H) and 50 MHz (*3C), respectively,
on solutions in deuteriochloroform or deu-
terium oxide. Tetramethylsilane and acetone
were employed as internal references for so-
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lutions in deuteriochloroform and deuterium
oxide, respectively. IR spectra wete measured
by a JASCO A-3 spectrometer. Number-
average molecular weights of the polymers
were estimated by gel permeation chromatog-
raphy (colum, Shodex A80M, 1m; eluent,
chloroform; polystyrene standard for 2:
column, Shodex OHpak B804 0.5m plus
OHpak B805 0.5m; eluent, water; pullulan
standard for 3).

Measurement of Water Sorption

Samples were dried to constant weight un-
der reduced pressure at 100°C prior to mea-
surement. A sample (about 0.1 g) was weighed
in a phial and placed in a desiccator in which
relative humidity was adjusted to a constant
value by a saturated aqueous solution of ap-
propriate inorganic salts.>” The desiccator was
kept in a room controlled at 25°C. Water
sorption was represented as the percent of
weight increase based on the dry sample.

Enzymatic Hydrolysis

Enzymatic hydrolysis of dextrans was car-
ried out by using an endo-dextranase from a
Penicillium species (Sigma Chemical Co.,
Grade I). The progress of the hydrolysis was
monitored by colorimetric determination of
the reducing end units of the saccharides pro-
duced during the hydrolysis.3® About 30mg
of a sample was weighed in a 25 ml volumetric
flask, to which 23 ml of an acetic acid—sodium
acetate buffer solution (pH 5.3) was added
to dissolve the sample. The flask was im-
mersed in a bath thermostated at 37°C for
15min, and then an aqueous solution of dex-
tranase (2.4mgl~') was added to the mark of
the flask. Immediately after mixing, a 1ml
portion of the soltion was pipetted out and
mixed with 1 ml of Fehling’s solution in a test
tube. The test tube was heated for 10 min in a
boiling-water bath. After cooling, 1ml of
Nelson’s reagent was added to the mixture to
dissolve the cuprous oxide completely. The
blue solution was then diluted with water to an
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appropriate volume in accordance with the
quantities of saccharides involved. After speci-
fied intervals, 1 ml portions of the solution
were taken out and analyzed in a similar
manner.
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