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ABSTRACT: The influence of initiator, solvent, monomer concentration, and temperature on the ring-
opening polymerization of 1,4-anhydro-2,3-di-O-benzyl-6-O-pivaloyl-a-D-glucopyranose (1) and 1,4-anhydro-
3,6-di-O-benzyl-2-O-pivaloyl-a-D-glucopyranose (2) was investigated. Polymerization of 1 gave non-
stereoregular polymers consisting of mainly (1—5)-a-glucofuranosidic units with an [«}p value of ca. +84°.
Polymerization of 2 with phosphorus pentafluoride catalyst produced new stereoregular polysaccharide
derivatives, 3,6-di-O-benzyl-2-O-pivaloyl-(1—5)-8-p-glucofuranans, with an [a]p value of ca. —66°. Substituted
polymers were characterized by 'H- and ®C-NMR spectroscopy, polarimetry, and gel permeation
chromatography. Debenzylation and depivaloylation of the substituted polymers afforded unsubstituted
(1—5)-B-glucofuranan. The electronic effect on the ring-opening polymerization and the mechanism of the
ring-opening polymerization are discussed. This is the first paper to describe the preparation of (1—5)-g-

glucofuranan with an [«]p value of ca. -204°.

Introduction

Many efforts have been devoted to the synthesis of
cellulose. The condensation of 2,3,6-glucose tricarbanilate
with phosphorus pentoxide in a mixture of chloroform/
dimethyl sulfoxide has been reported to give a cellulose-
like polymer with high stereoregularity, but the molecular
weight of the resulting polysaccharide after removing the
protective group was low.! Recently, Kobayashi et al.
achieved in vitro synthesis of cellulose via a non-biosyn-
thetic path by condensation of 3-D-cellobiosyl fluoride with
cellulase.?2 However, it is impossible to yield regioselec-
tively derivatized cellulose from the nonprotected cellulose
obtained by their method. Such cellulose derivatives are
important for studying the relationship between structure
and properties. These polymers may be obtained only by
an organic synthetic method.

On the other hand, the synthetic approach to cellulose
via ring-opening polymerization of 1,4-anhydro-2,3,6-tri-
O-benzyl-a-D-glucopyranose, for the first time reported
by Micheel et al.34 yielded a cellulose-like polymer. Uryu
et al.b also tried the polymerization of the same monomer
but obtained an unexpected stereoregular (1—5)-a-D-
glucofuranan, with stereochemistry elucidated on the basis
of the antiperiplanar theory of Deslongchamps.® Since
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1,4-anhydro-a-D-glucopyranose, which may also be re-
garded as 1,5-anhydro-8-D-glucofuranose, has two ring-
opening modes, that is, 1,4- or 1,5-ring scission, there are
four possible structural units in the polymer obtained,
which are caused by the ring-opening modes and anomeric
a- and $-configurations. Ring-opening polymerization is
affected by reaction conditions, and there is a possibility
of achieving the chemical synthesis of cellulose by finding
optimum reaction conditions.

We previously reported the substituent effects on the
stereoselective glycosylation in the syntheses of cello
oligosaccharides.”® The benzyl group at 0-3 was indis-
pensable for obtaining 8-linked glucosides stereospecifi-
cally’ in high yield, and the pivaloyl group introduced
intothe O-2 led to 8-glycosidiclinkage by the 3-side attack
of the glycosyl acceptor because of the neighboring-group
participation.?

There is a good possibility of synthesizing the expected
B-(1—~4)-glucan with both stereo- and regioselectivities
by the ring-opening polymerization utilizing such sub-
stituent effects. In fact, Ichikawa et al.? and Kobayashi
et al.,!0 recently, reported the syntheses of (1-+6)-8-D-
galacto oligosaccharides by applying the neighboring-group
participation of the 2-O-acyl group. There are no papers
describing such substituent effects in ring-opening po-
lymerization of 1,4-anhydro-a-D-glucopyranose deriva-
tives.

© 1994 American Chemical Society
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Table 1. Polymerization of 1,4-Anhydro-2,3-di-O-benzyl-6-O-pivaloyl-a-D-glucopyranose

polymer structure, %@

exp concn, monomer/solv, temp, time, yield, 10-3 [alp, (1—5)- (1—=5)- (1—4)- (1—4)-
no initiator mol % solv g/100 mL °C A Mgpc DP deg o-F 8-F a-P g8-P
1 PF; 40 CH.Cl; 100 -78 189 74 8.1 189 +94.9 58 0 42 0
2 PF; 20 CH.Cl; 100 -78 192 56 7.0 166 +82.1 44 0 46 10
3 PF; 5 CH,Cl, 100 -78 192 54 94 221 +90.2 42 0 41 17
4 PF; 20 CH:Cl, 50 -30 252 88 4.0 9.5 +784 54 16 22 8
5 PF; 5 CHCl; 100 -30 191 83 125 29.3 +86.6 72 0 22 6
6 PF; 20 CHCl, 50 0 252 80 4.2 9.8 +68.2 37 14 32 17

7 PF; 5 CH,Cl, 100 0 229 62 7.2 16.8 +83.7 ca.100 0 trace trace
11 PF; 20 toluene 50 -30 262 64 49 1156 +77.2 62 trace 17 21
12 PF; 5 toluene 50 -30 233 18 49 116 +108 91 0 9 trace
14 BF3Et,0 5 CH.Cl; 100 -30 238 78 15,0 352 +85.7 55 6 24 15
16 SbClg 5 CH.Cl; 100 -30 166 7 58 13.6 +56.7 71 16 0 13

¢ Determined from the proportion of anomeric peaks in the 13C-NMR spectrum of poly(1).

Table 2. Polymerization of 1,4-Anhydro-3,6-di-O-benzyl-2-O-pivaloyl-a-D-glucopyranose

polymer structure, %2

exp concn, monomer/solv, temp, time, yield, 103 [alp, (1—5)- (1—=B6)- (1—>4)- (1—4)-
no. initiator mol % solv g/100 mL °C %  Mgpc DP deg a-F 8-F a-P B-P
21 PF; 15 CH,Cl, 50 -30 22 54 3.8 89 -57.1 0 ca. 100 0 0
22 PF; 10 CH,Cl, 50 -30 21 80 73 171 -66.2 0 ca. 100 0 0
23 PFs 5 CH,Cl, 50 -30 34 87 94 220 -66.9 0 100 0 0
24 PFs 5 CH,Cl; 33 =30 23 61 6.7 158 -65.1 0 100 0 0
25 PF; 5 CH,Cl, 25 -30 27 71 53 124 -63.7 0 100 0 0
26 PF; 1 CH,Cl, 50 -30 39 13 73 172 -61.2 0 100 0 0
30 PF; 5 toluene 100 -30 32 65 128 30,1 -69.1 0 100 0 0
31 PF; 5 toluene 50 -30 25 100 13.0 30,8 -69.3 0 100 0 0
32 PF; i toluene 50 ~-30 38 60 18.1 426 -61.2 0 100 0 0
36 PFj 5 CH,CICH,Cl 50 -30 41 86 73 17.1 -64.6 0 100 0 0
37 PFs 5 CH;3NOq 50 -28 27 52 80 187 -76.0 0 100 0 0
40 BF3.Et,0 5 CHCl, 50 -30 60 78 7.5 176 -69.3 0 100 0 0
41  SbCl; 5 CH,Cl, 50 -30 20 100 3.4 8.1 -65.6 0 100 0 0

¢ Determined from the proportion of anomeric peaks in the 3C-NMR spectrum of poly(2).

In the previous paper, we reported the synthesis of two - OR; - OR;
novel compounds, 1,4-anhydro-2,3-di-O-benzyl-6-0O-piv- §ho o 0
aloyl-a-D-glucopyranose (1) and 1,4-anhydro-3,6-di-O- ° R0 | oR,

~

benzyl-2-0-pivaloyl-a-D-glucopyranose (2), for the purpose
of the chemical synthesis of cellulose.l! These compounds
may be expected to give regioselective 1,4-pyranan by the
electron-withdrawing acyl group at the 6-O position and
to induce stereoselective 8-glycosidic bond formation by
the neighboring-group participation of the 2-O-acyl group.

In this study, we investigated the possibility of syn-
thesizing (1—4)-3-D-glucopyranan (cellulose) via the ring-
opening polymerization of 1 and 2.

Results and Discussion

Molecular Weights of Poly(1)s and Poly(2)s Syn-
thesized from 1 and 2, Respectively. The influence of
reaction conditions on the molecular weight of the polymers
was investigated. The results are summarized in Tables
1 and 2. Number-averaged molecular weights of poly(1)s
and poly(2)s, determined by gel permeation chromatog-
raphy (GPC) using polystyrene standards, ranged from
4000 (DP = 9.5) to 12 500 (DP = 29.3) and from 3400 (DP
= 8.1) to 18 100 (DP = 42.6), respectively.

Compound 1 polymerized at —78 °C, but compound 2
did not at that temperature because 2 crystallized out at
-78 °C. Number-averaged molecular weights of poly(2)s
obtained using phosphorus pentafluoride as catalyst at
-30 °C decreased in the order: in toluene > dichlo-
romethane > nitromethane > 1,2-dichloroethane (Table
2, experiment nos. 23, 31, 36, and 37), decreased, especially
in dichloromethane, with decreasing concentrations of 2
(monomer/solvent (g/mL), 50, 33, and 25) (Table 2,
experiment nos. 23-25), and decreased with an increase
in the concentration of phosphorus pentafluoride (5, 10,

[ (1—»4)-cx-pyranan] [ (1—>4)-B-pyranan]

OR;
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i o% "
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Figure 1. Ring-opening modes of 1,4-anhydro-a-D-glucopyranose
derivatives.

and 15 mol %) (Table 2, experiment nos. 21-23). Com-
pound 2 polymerized more readily than 1 in toluene (see
experiment nos. 12 and 31).

Structure of Poly(l)s Synthesized from 1. In
general, there are four possible structural units in the poly-
(D-glucose) prepared via ring-opening polymerization of
1,4-anhydro-a-D-glucopyranose derivatives, namely, the
(1—4)-8- ((1->4)-8-P) and (1—4)-a-D-glucopyranosidic
((1—~4)-a-P) units and the (1—5)-8- ((1—5)-8-F) and
(1—5)-a-D-glucofuranosidic ((1—=5)-a-F) units (Figure 1).
The structures of these synthetic glucans were determined
by means of polarimetry and 13C-NMR spectroscopy
reported by Uryu et al.®

All poly(1)s are dextrorotatory, as shown in Table 1.
Taking into account the high positive specific rotation,
the poly(1) may be a (1—5)-a-D-glucofuranan derivative
or a (1—>4)-a-D-glucopyranan derivative, i.e., an amylose
derivative.
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Figure 2. 22.5-MHz 3C-NMR spectra of (A) poly(1) prepared
by PF5 at 0 °C (Table 1, experiment no. 7), (B) poly(1) prepared
by PF; at —30 °C (Table 1, experiment no. 4), and (C) poly(1)
prepared by PF; at —78 °C (Table 1, experiment no. 1) (CDCl3
as solvent).
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Figure 3. 500-MHz 'H-NMR spectrum of 3,6-di-O-benzyl-2-
O-pivaloyl-(1—5)-8-D-glucofuranan (CDCl; as solvent).

BC-NMR spectra of poly(1)s synthesized from 1 are
shown in Figure 2. Inspectrum 2A of poly(1) having [a]p
+83.7° (Table 1, experiment no. 7), the anomeric peak
appeared as almost a single peak at 100.2 ppm. In order
to assign the peak at 100.2 ppm, the poly(1) having [a]p
+83.7° was desubstituted and acetylated. The anomeric
peak of acetylated poly(1) appeared at 100.4 ppm, which
is distinctly different from the 95.7 ppm peak of amylose
acetate.’2 On the other hand, the anomeric peak of
cellulose acetate, i.e.,a (1—4)-3-D-glucopyranan derivative,
appears at 100.5 ppm.!2 However, the cellulose acetate
has [a]p -21°,13 which is distinctly different from [a]p
+109° of the acetylated poly(1). Therefore, the anomeric
peak at 100.2 ppm was assigned to (1—5)-a-F units.

Spectrum 2B of poly(1) (Table 1, experiment no. 4)
shows the four anomeric peaks consisting of 96.7, 100.2,
102.4,and ca. 107 ppm. The C-1 peaks of the nonreducing
end group of two dimeric model compounds, namely,
maltose and cellobiose derivatives® with the same protec-
tive group system as that of poly(1l)s, appeared at 96.7 and
102.4 ppm, respectively; so, the anomeric peaks of poly-
(1)s at 96.7 and 102.4 ppm were assigned to (1—>4)-a-P
and (1—4)-8-P units, respectively. Then, the fourth

Synthesis of (1—>5)-8-D-Glucofuranan 5939

Figure 4. 125-MHz 3C-NMR spectrum of 3,6-di-O-benzyl-2-
O-pivaloyl-(1—5)-8-D-glucofuranan (CDCl; as solvent).

Table 3. 'H-NMR Chemical Shifts of
3,6-Di-O-benzyl-2- O-pivaloyl-(1—5)-8-D-glucofuranan
H-1 H-2 H-3 H-4 H-5 H-6 H-¢ benzyl-H
S, ppm 514 517 3.87 4.05 4.15 3.64 3.46 4.61,4.36,4.38
Table 4. 3C-NMR Chemical Shifts of
3,6-Di-O-benzyl-2-O-pivaloyl-(1—5)-8-D-glucofuranan
C1 C2 C3 C4 C-5 C6 Dbenzyl-C C=0
6, ppm 107.95 79.61 79.95 80.41 74.96 70.09 71.67,73.33 177.13

anomeric peak at ca. 107 ppm was assigned to (1-—5)-8-F
units. Inspectrum 2C, poly(1) had a structure consisting
of (1—4)-a-P and (1—5)-o-F units at -78 °C.

It turned out that stereoregularities were affected by
the catalysts used, concentration of the catalyst, and
reaction temperature, asshownin Table 1. The production
of (1—+5)-a-F units increased with a decrease in the
concentration of PF5 catalyst. Phosphorus pentafluoride,
boron trifluoride etherate, and antimony pentachloride
gave relatively highly stereoregular poly(l)s. Trifluoro-
methanesulfonic anhydride, which served as agood catalyst
for stereoregular polymerization of the 1,3-anhydro-3-D-
glucopyranose derivative,4 did not cause stereoregular
polymerization of 1.

None of these conditions, however, gave a completely
stereoregular polymer. The difference between our present
results and those of Uryu et al.5is the production of (1—4)-
a-P units at =78 °C. This fact clearly indicates that the
neighboring participation of 6-O-pivaloyl groups affects
the structures of poly(1)s.

Structure of Poly(2)s Synthesized from 2. All poly-
(2)s are levorotatory, as shown in Table 2. Taking into
account the high negative specific rotation, the poly(2)s
may be (1—5)-8-D-glucofuranan derivatives or (1—4)-3-
D-glucopyranan derivatives.

1H- and 13C-NMR spectra of poly(2) having [a]p-69.3°
are shown in Figures 3 and 4, respectively. These spectra
indicate that the poly(2) has a high degree of stereoregu-
larity. The anomeric peak of stereoregular poly(2) ap-
peared at 108 ppm as asharp singlet. Inordertodetermine
the structure of the stereoregular poly(2), it was desub-
stituted and acetylated. The anomeric peak of the
acetylated poly(2) appeared at 106.2 ppm. On the other
hand, anomeric peaks of cellulose acetate, i.e., a (1—=4)-
B-D-glucopyranan derivative, and amylose acetate, i.e., a
(1—4)-a-D-glucopyranan derivative, have appeared at
100.5 and 95.7 ppm, 12 respectively. The chemical shift of
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Figure 5. 2D-NMR spectra of 3,6-di-O-benzyl-2-O-pivaloyl-(1—5)-8-D-glucofuranan (Table 2, experiment no. 31): (A) plot from
COSY experiment and (B) plot from HMQC experiment (CDCl; as solvent).

the C-1 resonance of the acetylated poly(2) is clearly
different from that of cellulose acetate. Therefore, it was
concluded that the stereoregular poly(2) is 3,6-di-O-benzyl-
2-0-pivaloyl-(1—5)-8-D-glucofuranan. Thisstereoregular
polysaccharide has a high degree of crystallinity and a
melting point of ca. 120 °C determined by microscopic
observation.

The 'H resonances for the completely stereoregular poly-
(2)s were assigned via their cross-peaks in the COSY
spectrum (Figure 5A). The 13C resonances were assigned
by comparing the 1H assignments with the TH-13C cor-
relation data obtained from an HMQC experiment (Figure
5B). The assighments of proton and carbon peaks are
summarized in Tables 3 and 4, respectively.
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The relationships between reaction conditions and
stereoregularity are shown in Table 2. The stereoregular
(1—5)-3-D-glucofuranan derivatives were obtained in four
kind of solvents. Phosphorus pentafluoride, boron tri-
fluoride etherate, and antimony pentachloride gave ster-
eoregular poly(2)s at —30 °C. Trifluoromethanesulfonic
anhydride did not cause stereoregular polymerization at
=30 °C, as in the case of polymerization of 1. Stereo-
regularities of poly(2)s increase with a decrease in the
concentration of PF5 catalyst (Table 2, experiment nos.
21-23).

The fact that polymerization of 2 produced a stereo-
regular §-D-glucofuranan derivative indicates that the
neighboring participation of 2-O-pivaloyl groups strongly
affects the polymerization of 2 to yield stereoregular poly-
(2)s.

Substituent Effects and Mechanism of Polymer-
izations. Scheme 1 illustrates the proposed propagation
mechanism of polymerization of 1 to produce (1—4)-a-P
and (1—5)-a-F units. Phosphorus pentafluoride as cata-
lyst coordinates with the acetal oxygen of the 1,4-anhydro
ring, the carbonyl oxygen of the pivaloyl group at the 6-O
position attacks C-1 from the 8-side to form a dioxacar-
benium-ion intermediate, and the oxygen of the anhydro
ring of the next monomer attacks from the opposite side,
i.e., a-side, of the intermediate to form (1—4)-a-P units.
Without such neighboring-group participation of the 6-O-
acyl group, the (1—5)-a-F units are produced as expected
from the results of Uryu et al.b

Scheme 2 illustrates the proposed propagation mecha-
nism of the polymerization of 2 to yield (1—5)-3-D-
glucofuranan. The production of (1—5)-8-F units clearly
indicates neighboring-group participation of the pivaloyl
group at the 2-O position. The catalyst coordinates with
the oxygen of the 1,5-anhydro ring, the electron density
of which increases due to the electron-donating benzyl
group at the 6-O position. This coordination would result
in the formation of a (1—5)-g-furanose ring. The carbonyl
oxygen of the pivaloyl group at the 2-O position attacks
C-1 from the a-side to form a dioxacarbenium-ion inter-
mediate, and then the oxygen of the 1,5-anhydro ring of
the next monomer attacks from the opposite side, i.e.,
B-side, of the intermediate to form (1—5)-8-F sequences.
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Deprotection of Substituted Polymers. Stereoreg-
ular 3,6-di-O-benzyl-2-O-pivaloyl-(1—5)-8-D-glucofuranan
was debenzylated and depivaloylated with sodium in liquid
ammonia to give free (1—5)-8-D-glucofuranan. The IR
spectrum of free (1—5)-3-D-glucofuranan was compared
with that of the (1—5)-8-D-glucofuranan derivative, as
shown in Figure 6. In spectrum 6A of the (1—5)-38-D-
glucofuranan derivative, there are bands due to the pivaloyl
group at 1740 cm™! and due to benzyl groups at 700 and
740cm-1, Inspectrum 6B of free (1—5)-8-D-glucofuranan,
those bands have disappeared. The 13C-NMR spectrum
of free (1—5)-8-D-glucofuranan in D50 is shown in Figure
7. Signals from the protective groups have completely
disappeared. The signal of the anomeric peak appears at
108.0 ppm.

Experimental Section

Polymerization. All polymerizations were carried out using
a high-vacuum line capable of maintaining a vacuum of 1 X 10-3
Torr. Monomer was dried in a polymerization ampule by
evacuating for a few hours. Methylene chloride was dried over
P,0;, distilled, and degassed by freezing and thawing three times
in a high-vacuum line. All solvents were transferred under high
vacuum. Phosphorus pentafluoride was generated from p-
chlorobenzenediazonium hexafluorophosphate by decomposition
at 160 °C and transferred to a reaction ampule. SbCls, BFs—
Et20, and (CF3S0,);0 were added into the reaction ampule
through the rubber septum by syringe. The reaction apparatus
was then separated by melting at a constriction and placed in a
bath of the appropriate temperature. Polymerizations were
terminated by adding cold methanol at the polymerization
temperature. After dilution with ethyl acetate and chloroform
(1:1, v/v), the polymer solution was washed with water. The
solution was dried over anhydrous sodium sulfate and concen-
trated to dryness. n-Hexane was added to the polymer mixture.
The remaining monomer was repeatedly extracted with hot
n-hexane while applying ultrasonic waves. The residual polymer
was finally dried in vacuo.

Deprotection. The stereoregular (1-+5)-3-D-glucofuranan
derivative (25.6 mg) dissolved in toluene (0.2 mL) and 1,2-
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Figure6. IR spectraof (A) 3,6-di-O-benzyl-2-O-pivaloyl-(1—5)-
B-D-glucofuranan and (B) deprotected (1—5)-8-b-glucofuranan.
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Figure 7. 3C-NMR spectrum of (1—5)-3-D-glucofuranan (in
D,0, DSS as external standard).

dimethoxyethane (0.2 mL) was added dropwise to a solution of
small pieces of metal sodium in 5 mL of liquid ammonia at 78
°C. The reaction was allowed to continue for 2 h followed by
successive addition of ammonium chloride and several drops of
water. Deprotected polymer was dialized with water and freeze-
dried (yield, 4.5 mg, 46%). [alp —204° (¢ 0.1, H:0). 3C-NMR
(D20, DSS as external standard): § 108.0 (C-1), 82.8, 82.2, 774,
75.8 (C-2, C-3, C-4, C-b), 61.5 (C-6). Selected polymers were
deprotected by the above-mentioned method.

Macromolecules, Vol. 27, No. 21, 1994

Acetylation of Deprotected Polymer. The deprotected
polymer was acetylated by acetic anhydride/pyridine (3:1, v/v)
at 60 °C. After 12 h, the reaction mixture was concentrated to
dryness. The acetylated (1—5)-8-D-glucofuranan had [a]p-76.8°
(c0.95, CHCly). 1BC-NMR (CDCly): 6106.2(C-1),79.9,79.2,73.7
(C-2, C-3, C-4, C-5), 62.2 (C-6), 170.6, 169.9, 169.0 (C=0), 20.7
(Ac). Selected polymers were acetylated by the above-mentioned
method.

Measurements. The 200-MHz !H-NMR and the 22.5-MHz
13C-NMR spectra of substituted glucans were measured in CDCl;
at ambient temperature with tetramethylsilane (Me,Si) as the
internal standard using a Varian X1.-200 FT-NMR spectrometer
and a JEOL FX-90Q FT-NMR spectrometer, respectively. The
chemical shifts are expressed in ppm downfield of the internal
Me,Si absorption. The 1¥C-NMR spectrum of unsubstituted
glucan was recorded in D;O with DSS as external standard. The
structure of the selected stereoregular (1—5)-3-D-glucofuranan
derivative was established via two-dimensional homo- and
heteronuclear NMR experiments using a Brucker AM-500.
Specific rotations were measured with a JASCO Dip-4 digital
polarimeter in CHCl; or H,O at 25 °C. Infrared spectra were
recorded with a Shimadzu FT IR-4000 spectrophotometer.
Molecular weight distributions of the substituted polymer were
analyzed by gel permeation chromatography in tetrahydrofuran.
A Waters universal liquid chromatograph injector (Model USK),
a Waters solvent delivery system (Model 6000A), a Waters
refractive index detector (Series R-400), a Waters absorbance
detector (Model 440), and Shodex columns (KF802 and KF803)
were used. The flow rate was 1.0 mL/min. Calibration curves
were obtained by using polystyrene standards (Shodex).

Acknowledgment. The authors are indebted to Dr.
K. Kobayashi for useful suggestions for the high-vacuum
technique and to Dr. M. Terasawa for obtaining 2D-NMR
spectra. This investigation was supported in part by a
Grant-in-Aid for Scientific Research from the Ministry of
Education, Science, and Culture of Japan (No. 044531141).

References and Notes

(1) Husemann, E.; Muller, G. J. M. Makromol. Chem. 1966, 91,
212.
(2) Kobayashi, S.; Kashiwa, K.; Kawasaki, T.; Shoda, S. J. Am.
Chem. Soc. 1991, 113, 3079.
(3) Micheel, F.; Brodde, O.-E.; Reiking, K. Liebigs Ann. Chem.
1974, 124.
(4) Micheel, F.; Brodde, O.-E. Liebigs Ann. Chem. 1974, 702.
(5) Uryu, T.; Yamaguchi, C.; Morikawa, K.; Terui, K.; Kanai, T.;
Matsuzaki, K. Macromolecules 1985, 18, 599.
(6) Deslongchamps, P.; Mareau, C.; Frehel, D.; Atlani, P. Can. J.
Chem. 1972, 50, 3402.
(7) Takano, T.; Nakatsubo, F.; Murakami, K. Cellul. Chem.
Technol. 1988, 22, 135,
(8) Nishimura, T.; Takano, T.; Nakatsubo, F.; Murakami, K.
Mokuzai Gakkaishi 1993, 39, 40.
Ichikawa, H.; Kobayashi, K.; Sumitomo, H.; Schuerch, C.
Carbohydr. Res. 1988, 179, 315.
(10) Kobayashi, K.; Ishii, T.; Okada, M.; Schuerch, C. Polym. J.
(Tokyo) 1993, 25, 49.
(11) Kamitakahara, H.; Nakatsubo, F.; Murakami, K. Mokuzai
Gakkaishi 1994, 40, 302.
(12) Gagnaire, D. Y.; Taravel, F. R.; Vignon, M. R. Carbohydr. Res.
1976, 51, 157.
(13) Malm, C. J.; Tangure, L. J.; Laird, B. C.; Smith, C. D. J. Am.
Chem, Soc. 1953, 75, 80.
(14) Good, F. J., Jr.; Schuerch, C. Macromolecules 1985, 18, 595.

9

-



