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Abstract : 3-Methoxy-4-cyano-2, 9-dioxabicyclo[ 4. 3.0 Jnon-3-ene (1) was prepared by (4+2) cye-
loaddition reaction of methyl a-cyanoacrylate with 2, 3-dihydrofuran. Compound 1 was copolymerized
with styrene by cationic initiator to obtain vinyl terpolymers containing 2, 3-tetrahydrofurandiyl
group. Terpolymers 2 were soluble in common solvents and the inherent viscosities were in the ra-

nge 0.2~0.4 dL/g. Sclution-cast films were clear and brittle, showing T, value of 99.6C.

INTRODUCTION

Because tetrahydrofuran and its derivatives are
stable under normal battery conditions and wetta-
ble by the solvent-electrolyte solution, the effort to
incorporate tetrahydrofuran units into a polymer
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chain was tried by several polymer chemists.!
Thus the polymers containing tetrahydrofuran can
be used as a effective battery separator. Poly(2,3-
tetrahydrofurandiyl) may be obtained by the copo-
lymerization of 2,3-dihydrofuran at low tempera-
ture using boron {rifluoride gas or boron trifluo-
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ride etherate as initiators.>™*

In recent years, we have reported a synthetic
route to vinyl terpolymers by cationic copolymeri-
zation of substituted pyrans with styrenes>® This
work is now extended to the construction of ano-
ther type of vinyl terpolymers containing 2,3-tet-
rahydro-furandiyl unit. The present paper descri-
bes the synthesis of vinyl terpolymers composed
of methyl a-cyanoacrylate, 2,3-dihydro-furan, and
styrene. Properties of terpolymers were analyzed
by thermal and spectroscopic methods.

EXPERIMENTAL

Materials

The reagent grade chemicals were purified by
distillation or recrystallization before use. Dichlo-
romethane was dried with anhydrous calcium ch-
loride, distilled over anhydrous calcium hydride,
and stored in a brown bottle. Chloroform was ref-
luxed with phosphorus pentoxide, followed by fra-
ctional distillation. Benzene was purified by drying
with calcium hydride, refluxed and distilled under
nitrogen. Styrene was distilled from calcium hyd-
ride under reduced pressure and used immedia-
tely. 2,3-Dihydrofuran was dried with anhydrous
sodium sulfate, followed by fractional distillation
under nitrogen. Boron trifluoride etherate was
treated with a small amount of diethyl ether and
distilled under reduced pressure. Technical grade
methyl a-cyanoacrylate for adhesive use was used
without further purification.

Measurements

All measured temperatures were uncorrected.
IR spectra were taken on a Hitachi Model 260— 30
infrared spectrophotometer. ‘H-NMR spectra were
obtained on a Varian EM 360L NMR spectrometer
(60 MHz). The glass transition temperatures (T,)
were measured on a DuPont 910 differential scan-
ning calorimeter in a nitrogen atmosphere. DuPont
951 thermogravimetric analyzer with a heating
rate of 10C/min up to 500C was used for the ther-
mal degradation study of the terpolymers in a nit-
rogen atmosphere. Melting points were taken on
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a Buchi 512 melting points apparatus.
Preparation of 3-Methoxy-4-cyano-2,9-dioxabi-
cyclo[4. 3.0] non-3-ene (1) : Compound 1 was
prepared by a known method’ from methyl a-cya-
noacrylate and 2,3-dihydrofuran, and recrystalli-
zed twice from benzene. 1: mp 79~80C ; 'H-
NMR (CDCl,) 6 1.58~2.24 (2H, m), 2.26~2.95 (3
H, m), 3.80 (3H, s), 395 (2H, m), 570 (1H, d) :
IR (KBr) 2200 (C=N), 1640 (C=C) cm™.
Cationic Copolymerization of 3-Methoxy-4-cy-
ano-2, 9-dioxabicyclo[ 4. 3. 0Jnon-3-ene (1) with
Styrene. A representative cationic copolymeriza-
tion procedure was as follows ! In a rubber septum
stopper capped polymerization tube was placed a
dichloromethane solution of 1 (0.91g, 50mmole)
and styrene (0.52g, 50mmole). The resulting solu-
tion was flushed with dry nitrogen for 20min. The
polymerization tube was then placed at —50C un-
der nitrogen, and 0.01 mL of boron trifluoride
etherate was added to the solution. After 89 hr the
polymerization tube was taken out and the poly-
merization mixture was poured into a large vo
lume of diethyl ether. The precipitated white poly-
mer was collected and reprecipitated from chloro-
form into diethyl ether. Thus obtained polymer
was dried in a vacuum oven at room temperature.
2:1.0g (70% yield) : n,,;,=0.32 dL/g (C=0.5g/dL
in chloroform at 25C). '"H-NMR (CDCl,) 8 1.10~
2.75 (m, 8H), 3.35~4.30 (m, 6H), 6.30~7.33 (m,
5H) ; IR (KBr) 3018 (aromatic C—H), 2240
(CN), 1640 (C=0), 707 (aromatic). The copoly-
mer composition was calculated from 'H-NMR
spectra by the integration ratios of proton resona-
nce peaks (8=6.30~7.33, phenyl group, 5H ; §=3.
35~4.30, —CO,CH; and —CH—-O—CH,—, 6H).

RESULTS AND DISCUSSION

Compound 1 was prepared according to a proce-
dure similar to that reported already.” In dilute
benzene solution, compound 1 was obtained in a
rather low yield and always contaminated by the
homopolymer of methyl a-cyanoacrylate. After poly
(methyl a-cyanoacrylate) was removed by suction
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Terpolymers Containing 2,3-Tetrahydrofurandiy! Group

filtration, the crude product was recrystallized
twice from benzene. Monomer 1 is thermally uns-
table and isomerized to ring-opened compounc?at
room temperature within a few days. Monomer 1
is very reactive toward cationic initiator polymeri-
zing readily.”®

We have tried cationic copolymerization of mo-
nomer 1 with styrene and p-methoxystyrene
(Scheme 1). Copolymerizations of 1 with styrene
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Scheme 1

were carried out in dichloromethane solution with
boron trifluoride etherate at —50C. The copoly-
merization results are summarized in Table 1. The
copolymer composition was analyzed by 'H-NMR
and IR spectra. . Representative 'H-NMR spect-
rum is shown in Figure 1. The IR spectra confir-
med the expected chemical structures, exhibiting
all the absorption bands attributable to the func-
tional groups comprising the copolymers. The ca-
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Fig. 1. 'H-NMR spectrum of the copolymer containing
approximately 37.5 mol % of methyl a-cyanoacrylate,
37.5 mol % of 2, 3-dihydrofuran, and 25 mol % of st-
yrene. 60 MHz, room temperature, arbitrary concent-
ration in CDCl,.

Table 1. Cationic Copolymerization of 3-Methoxy-4-cyano-2, 9-dioxabicyclo[ 4. 3. 0Jnon-3-ene (1) with St-

yrene under Various Conditions

A+B)/ Initiator® to . Yield of Copolymer
1}\\’[onomel:3r ﬁl/g Solvent (Solven)t Monomer Tesénp, Tlgle' Polymer Corri\)po}s]itionh Nint'

g/mL mol % % A/B, mol/mol
1 St 1.00 CH:Cl, 0.57 0.8 —50 89 70 77/23 0.32
1 St 125 CH.Cl. 0.53 0.9 —50 92 78 75/25 0.29
1 St 0.50 CHCl, 0.78 0.5 —-30 45 50 60/40 0.28
1 d 1.00 CH.Cl, 0.80 0.7 —50 60 88 48/52 0.26
1 d 0.50 CHClL; 0.90 0.5 -30 72 92 25/75 0.30

* Initiator : Boron trifluoride etherate.

" Copolymer composition estimated from 'H-NMR and IR spectra,
“ Concentration of 0.5 g/dL in chloroform at 25TC.

4 p-Methoxystyrene.
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Table 2. Thermal Properties of Terpolymer 2

Degrad Temp,"C Residue” at

Terpolymer T,' C

10%-loss half-loss  500C, %
c 99.6 278 364 26.8
d 844 309 387 13.2

" Determined from DSC curves measured on a Du-
Pont 910 differential scanning calorimeter with a
heating rate of 10C/min in a nitrogen atmosphere.

" Determined from TGA curves measured on a Du-
Pont 951 thermogravimetric analyzer with a heating
rate of 10C/min in a nitrogen atmosphere.

® Terpolymer composition (mol/mol/mol) @ methyl a-
cyano-acrylate/2, 3-dihydrofuran/styrene = 38.5/38.5/
23.0.

“ Terpolymer composition (mol/mol/mol) : methyl o-
cyano-acrylate/2, 3-dihydrofuran/p-methoxystyrene
=24.0/24.0/52.0.

tionic polymerizability of compound 1 is higher
than that of styrene, and the copolymer always has
lower styrene contents as shown in Table 1. Ho-
wever, the reactivity of p-methoxystyrene toward
cationic polymerization is similar to that of mono-
mer 1. The striking feature of the copolymeriza-
tion is that it provides a synthetic route to terpoly-
mer composed of three vinyl monomers. The ter-
polymer cannot be prepared from the mixtures of
three vinyl monomers. Thus, we prepared vinyl
terpolymers containing 2, 3-tetrahydrofurandiyl
units.

The thermal behavior of terpolymer was investi-
gated by DSC at scanning rate of 10C/min to de-

210

termine the glass transition temperature (T,). The
results are shown in Table 2. Solution-cast films
were clear and brittle, showing T, value of 99.6C.
The terpolymers were soluble in common solvents
such as chloroform and acetone, and the inherent
viscosities measured in chloroform were in the ra-
nge 0.2~04 dL/g.

We are exploring the perparation of various ter-
polymers and the results will be reported later.
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