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Ring-opening polymerization of 1,4-anhy-
drosugar derivative, which is equally regarded
as a 1,5-anhydrosugar derivative, has been
carried out to afford a polysaccharide. There
are four possible monomeric units in the
polymer, i.e., 1,5-a- and 1,5-f-furanosidic and
1,4-a- and 1,4-B-pyranosidic units, as described
previously.! The structure of the polymer was
attributed to the kind of sugar, protective
group, and polymerization conditions, which
were catalyst, temperature, and time. Usually,
a thermodynamically stable furanan-type poly-
mer is preferencially formed.2~7 Among sev-
eral investigations of the polymerization of
1,4-anhydrosugar derivatives, only two kinds
of sugars, i.e., ribose”® and 6-deoxytalose,!
were able to be polymerized to give cellulose-
type polymers.

Ring-opening polymerization of 1,4-an-
hydro-2,3-0-benzylidene-a-D-ribopyranose
(ABRP) with antimony pentachloride as
catalyst gave the first artificial cellulose-type
polysaccharide.® Selective B-1,4-scission was
caused by two factors: (1) selective coordina-
tion of SbCls among three oxygens, which are
1,4-linked oxygen, O-2, and O-3 in an initiation
step and (2) formation of an oxonium ion at
the O-4 oxygen at the growing chain end.

On the other hand, the polymerization of
1,4-anhydro-2,3-di-O-benzyl-a-D-ribopyranose

(ADBR) gave (1 - 5)-a-D-ribofuranan with any
catalyst at low temperatures.® 1,4-Anhydro-
2,3-di-O-t-butyldimethylsilyl-a-p-ribopy-
ranose (ADSR) was polymerized with ap-
propriate catalysts to give both stereoregular
(1-4)-p-D-ribopyranan and (1—5)-a-D-ribo-
furanan derivatives.’

Recently, we reported that the selective
ring-opening copolymerization of ABRP and
ADSR with SbCljy as catalyst at 0°C has given
stereoregular copolymers with 1,4-f-pyrano-
sidic structure (cellulose-type).°

In this study, we report that the copolymer-
ization of ABRP and ADBR with SbCl; as
catalyst at several temperatures to give a
copoly(ABRP-ADBR). Structure analysis of
the copolymer is performed by !'3C NMR
spectroscopy and optical rotation.

EXPERIMENTAL

1,4-Anhydro-a-D-ribopyranose (ribosan)
was prepared by the pyrolysis of D-ribose un-
der reduced pressure. Benzylidination of ribo-
san was carried out with o,a-dimethoxytoluene
and p-toluenesulfonic acid in DMF to give
ABRP monomer. ADBR monomer was syn-
thesized by benzylation of ribosan with benzyl
bromide and sodium hydride in DMF.

Copolymerization was carried out under
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Table I. Copolymerization of 1,4-anhydro-2,3-O-benzylidene-a-pD-ribopyranose (ABRP)
with 1,4-anhydro-2,3-di-O-benzyl-a-p-ribopyranose (ADBR)?
ABRP in ‘ s ABRP unit Stereoregularity/%
monomer Temp Yield [«]3 .
feed g copolymer ABRP ADBR
No. °C % deg (x10%) R
mol% mol% 148 150  14f 15«

1 33 0 19.1 —11.2 67 100 0 100 0
2 50 0 28.7 —28.0 6.4 82 100 0 100 0
3 67 0 42.5 —-39.2 6.9 90 100 0 100 0
4 50 -20 38.9 — 3.1 7.7 64 100 0 82 18
5 50 —40 54.0 —10.1 11.8 45 97 3 29 71
6 50 —60 78.4 +66.5 39 89 11 19 81
7 67 —60 67.3 +28.3 43 64 95 5 29 71

* Monomer (0.5g) concentration, 50 w/v%; solvent, methylene chloride; catalyst, antimony pentachloride; time,

3h.
® Determined by GPC.

high vaccum at low temperature in anhydrous
methylene chloride with antimony pentachlo-
ride as described previously.! 8 The copolym-
erization was terminated by the addition of
methanol. The polymer solution in chloroform
was neutralized with aqueous sodium hydrogen
carbonate solution and washed with water. The
polymer was purified by reprecipitation using
chloroform-methanol system, and then it was
finally freeze dried from benzene.

67.5MHz '3C NMR spectra were recorded
on a JEOL GX-270 spectrometer in chloro-
form-d using tetramethylsilane as the internal
standard. Optical rotations were measured in
chloroform at 25°C with Perkin-Elmer Model
241 polarimeter using 1-dm cell.

RESULTS AND DISCUSSION

Copolymerization of ABRP and ADBR was
carried out with antimony pentachloride as
catalyst in methylene chloride at low tempera-
tures under high vacuum. The results are
summarized in Table I. Copolymer composi-
tion, i.e., mole fraction of ABRP unit in the
copolymer, and stereoregularity of each
‘monomeric unit were determined by *3C NMR
spectroscopy.
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When mole fraction of ABRP in feed was
0.50, increasing polymerization temperature
tended to increase mole fraction of ABRP in
copolymer and to decrease the polymer yield,
indicating that the ring-opening polymeri-
zability of ADBR monomer relatively low at
higher temperatures. It can be accounted for
by degradation of the polymer, in the same
way as the case of homopolymerization of
ADBR with SbCls around 0°C.°

13C NMR spectra (acetal carbon region) of
copoly(ABRP-ADBR) prepared at several
temperatures are shown in Figure 1. In the
spectra of the copolymers prepared at relatively
lower temperatures, the C-1 absorption due to
1,5-a-furanosidic structure of ADBR unit was
observed at 101.7 ppm. On the other hand, in
the spectrum of the copolymer obtained at 0°C,
there were no 1,5-a peaks at 101.7 ppm,
indicating that ADBR unit at the growing
chain end caused f-1,4-scission at 0°C, giving
a polymer with regular structure. The absorp-
tion of methine carbon of benzylidene group
in 1,5-a-furanosidic unit of ABRP was not
observed in the spectrum of the copolymer
except the copolymer synthesized at lower
temperatures, indicating that ABRP unit made
p-1,4-scission at higher temperature. There-
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Figure 1. '3C NMR spectra (acetal carbon region) of
copoly(ABRP-ADBR) prepared at various temperatures.

fore, the copolymerization of ABRP and
ADBR (1:1 in monomer feed) with SbCl; at
0°C was found to give a stereoregular
(1-4)-B-p-ribofuranan derivative.
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ABRP ADBR Cellulose - Type Copolymer

As shown in Table I and Figure 2, in the
copolymerization of ABRP and ADBR at 0°C,
both ABRP and ADBR gave 1,4--pyranosidic
units in every monomer fraction in feed. At
0°C ABRP monomer seemed to be more
reactive than ADBR monomer. The monomer
reactivity ratios of ABRP (M;) and ADBR
(M,) at 0°C were evaluated by the Kelen—
Tiidés method,'® which is applicable to that
data in relatively high conversions. The
monomer reactivity ratios were r; =4.9+0.5
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Figure 2. '*C NMR spectra (acetal carbon region) of
stereoregular copoly(ABRP-ADBR) with various compo-
sition prepared at 0°C. (A, no. I; B, no. 2; C, no. 3 in
Table 1.)

and r,=0.3+0.1. The r, value indicates that
the ADBR monomer hardly attaches to the
growing chain end consisting of the ADBR
unit to open the 1,4-anhydro ring, i.e., ADBR
monomer has low homopolymerizability at this
condition (SbCls catalyst, 0°C). And it also
manifests that most ADBR units are dis-
tributed as single units through the main chain
of the copolymer. Dependence of the monomer
fraction in feed on the number-average se-
quence length of each component, which was
calculated using the monomer reactivity ratios,
is shown in Table II. It reveals that the
number-average sequence length of ADBR unit
was less than 2 over a wide range of monomer
fraction in feed.

In conclusion, it was found that ring-opening
copolymerization of 1,4-anhydroribose deriva-
tives with SbCls as catalyst at 0°C gave a
stereoregular (1—4)-f-linked (cellulose type)
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Table II. Number average sequence length in
copoly(ABRP-ADBR) (raprp=4.9, rappr =0.3)*

Mole fraction = Mole fraction Number average
in monomer feed in copolymer sequence length

ABRP ADBR ABRP ADBR ABRP ADBR

0.33 0.67 0.67 033 35403 1.6%0.2
0.50 0.50 0.82 0.18 59+0.5 1.340.1
0.67 0.33 0.90 0.10 10.84+1.0 1.2%+0.1

* Catalyst, SbCly; temperature, 0°C.

copolymer, which can be used as a starting
material of chemical synthesis of branched
cellulose-type polysaccharide. ADBR mono-
mer showed lower reactivity than ABRP
monomer at 0°C, while ADSR had the similar
reactivity to ABRP in the copolymerization of
0°C.?
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