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ABSTRACT

Bisphenylene orthocarbonate (I) was synthesized by the reaction of dicopper catecholate with carbon
tetrachloride, and underwent cationic ring-opening polymerization with the introduction of phenyl group into
the main chain. The obtained polymer with ester and ether group was verified by IR and !H NMR spectra.
Based on the analysis of the polymer structures, the polymerization mechanism was proposed. Its T,, and T,
are 254°C and 160°C respectively. No decomposition of the polymer was observed below 320°C. The volume
expansion property of the monomer during polymerization was studied by measuring the density difference

between I and its polymer at various temperatures.

INTRODUCTION

A large variety of spiro orthocarbonates were found to undergo ionic ring-opening

polymerization with zero shrinkage or slight expansion!!+?). This interesting property is very useful
in industrial applications, such as strain-free composites, potting resins and high gloss coatings; it
appears to be highly desirable to have monomers that polymerize with near zero shrinkage. For other
applications, such as precision castings, high strength adhesives, rock cracking materials and dental
fillings, it appears highly desirable to have monomers that undergo slight positive expansion upon
polymerization.
7 Many of the polymers that were previously reported, such as the ether-containing
polycarbonates obtained from polymerization of the spiro orthocarbonate, 1,5,7,11-tetraoxaspiro
(5,5) undecane with expansion in volume from 2—17%"), were liquid polymers. However, the
polymer with higher T, and T,, are very important for industrial applications. As we know, phenyl
group on the main chain of polymer would raise its T, and T, since the phenyl group restricts the
rotation of chain. For this reason, one monomer that appeared particularly attractive was
bisphenylene orthocarbonate (I), which was first synthesized by Harrod and Gheluwe!*l. But no
description of the polymerization of this monomer occurred in the literature.

This article reports on the synthesis and polymerization of I in the presence of cationic
initiators. It was found that this monomer underwent ring-opening polymerization by cationic
initiators with 3% expansion in volume. Thermal properties of the polymer were measured. Based
on the structyres of the polymer, the polymerization mechanism is discussed.
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EXPERIMENTAL
General

Solvents were generally of reagent grade. Ethanol was dried with metallic sodium and distilled
under dry nitrogen prior to use. Cuprous chloride was prepared by the method described by
Fernelius!®), *H NMR spectra were recorded by using Perkin Elmer 577 IR Spectrometer. The
number average molecular weight of polymer was determined using 117 VPO Molecular Weight
Apparatus.

The preparation of bisphenylene orthocarbonate (I)

I was prepared according to the procedures described by Harrod and Gheluwe!*l. The
purification of I was performed as follows: The obtained viscous oil was deposited on neutral
aluminum oxide (J.T. Baker Chemical Co.) column and eluted with CH,Cl, to yield 10.2g (45%) of
bisphenylene orthocarbonate. Further purification of this monomer was carried out by sublimation
at 80°C/0.02mmHg. M.P. 108——109°C

'H NMR (60MH, CDCl,) 6 7.1 ppm(S, 8H)
Anal. Calculated for C,3Hg0,: C 68.47%; H 3.50%
Found: C 67.98%; H 3.48%

Polymerization of bisphenylene orthocarbonate

The polymerization was carried out in 25 ml-round flask. 1 g of monomerin 2 mi of CH,Cl, was
stirred at room temperature for 24 h with a drop of BF;0EL, as initiator. After the polymerization
was completed, the reaction mixture was dropwise added into a stirred n-hexane to precipitate the
polymer. The collected solid was dried in vacuo at 80°C for 24 h, 0.85g (85%), a dark-brown solid
polymer was obtained. Its 'H NMR and IR spectra were measured and shown in Fig.2b and 1b
respectively.
Measurement of density

The densities of monomer and polymer at various temperature were measured by the
procedure described in the literature [6]. The modification of the procedure was made as follows:

After a sample of the polymer and mercury were weighed, then they were charged into a
dilatometer. The sample were melted and air in the sample and mercury ware removed under
vacuum. The melting polymer was allowed to be solidified at desired temperature. This procedure
was repeated several times to ensure the absence of air in the sample.

RESULTS AND DISCUSSION
Polymerization of bisphenylene orthocarbonate
I was synthesized by the reaction of dicopper catecholate (IT) with carbon tetrachloride in 45%
yield. As mentioned in the literature 4, this reaction involved the formation of free radicals. Il
reacted with carbon tetrachloride to generate simultaneously a* CCl; and a radicalo:géu (see
reaction 1). These two radicals may undergo a number of different reactions, of which, cross:
OCu OCuCl

+ CCh
OCu OCu

C(O'_ +  cul
OCu

+ -CCl;

(8D

coupling reaction produces an aryl trichloromethyl ether which is presumbly the precursor to the
formation of orthocarbonate (see reaction 2). The further substitution could conceivably occur to
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form I with lower yield.
O- OCCl,
QOCU v QOCu @

When the solution of Tin CH,Cl; was polymerized at room temperature over a period of 84 h
with approximate 1 mol% of BF; - OEt, as initiator. It was interesting to note that the monomer was
very easily sublimated when the bulk polymerization proceeded. Thus, it was necessary that the
whole flask had to be immersed in a oil bath for ensuring all monomers to be polymerized. After
polymerization was completed, the reaction mixture was poured into n-hexane while stirring to
precipitate polymer which was then purified by sublimation at 80°C—90°C/0.02mmHg. The
identification of the small amount of white solid sublimate by 1H NMR and IR spectra, as well as
elemental analysis, indicated that it was catechol. The dark-brown solid polymer in the bottom of the
flask was obtained.

The IR spectrum (Fig.1b) of this polymer shows an absorption band at 1800 cm™!

»

corresponding to the carbonyl (—g—) group; a band at 1160 cm ™! corresponding to C—0—C
group of ester; and another band at 1250 cm ™! corresponding to the diphenylene ether group. These
bands indicate that 1,4,6,9-tetraoxaspiro (4,4) nonane ring does open to form polymer Il according
to scheme 1.
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Fig.1. IR Spectra of bisphenylene orthocarbonate and its polymer
a: monomer; b: polymer
Analysis of the '"H NMR (Fig.2b) of this polymer also confirms its structure: the multiple
signals at 4 7.33 ppm and 6 6.73 ppm corresponding to phenyl protons attached to the oxygens of
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ester and ether respectively.

There are two possibilities for the formation of catechol. One is:
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Fig.2. 'H NMR Spectra of bisphenylene orthocarbonate and its polymer
a: monomer; b: polymer
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Scheme 2

We failed to collect phenylene carbonate. Possibly it was hydrolyzed by water to produce
cate¢hol as shown in scheme 2. Comparing with ethylene carbonate, this compeund was not stable,
thus it is not a strong driving force for the formation of polyphenylene ether, that is different from
the polymerization of 1,4,6,9-tetraoxaspiro—(4,4)nonane (IV).

Another possibility is that a trace of water caused the decomposition of this monomer.
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Table 1 Cationic polymerization of bisphenylene orthocarbonate in various conditions -

Initiator . Polymerization
No (conc. in mol%) Solvent yield M,
temp. (°C) ’time (h) (%)
1 BF;0Et,(1.0) Toluene” rt 17 28 _
2 BF;0E,(1.0) bulk 110 17 70 2,300
3 BF,0Et,(2.0) CH,CI? rt 84 85 1,200
4 SnCl,(1.0) bulk 110 18 65 1,970

a) Solution polymerization, ratio of M/S(W/V) = 1/2 (M = monomer, S =solvent)

As seen in Table 1, either BF;0Et, or SnCl, can initiate I to polymerize. Although the
molecular weight of the polymer is not very high, the T, and T, are 254 and 160°C respectively
measured on Perkin-Elmer DSC-2 Differential Scanning Calorimeter, which are higher than that of
the polymer obtained from IV. The decomposition of III had not been observed below 320°C.
Volume expansion during the polymerization of I

The simple method of investigating the volume expansion property of the monomer during its
polymerization is the measurement of density differences between monomer and its polymer,
although it does not exactly equal to the actual volume expansion during the polymerization,
because the purified polymer is used in the density measurement. Thus, the densities of T and its
polymer were measured at various temperatures. The plot of their density vs. temperature is shown
in Fig.3. Upon the density difference between I and its polymer at the definite temperature, the
volume expansions are calculated and listed in Table 2.

Table 2 Calculation of volume expansion during polymerization at various temperatures

Temperature Density of monomer Density of polymer Expansion
(°C) (g/ml) (g/ml) in volume®
20 1.462 1.419 +3.0
40 144 1.400 +3.1
60 1.425 1.380 +3.3
80 1.406 1.360 +34
100 1.285 1.340 —4.1
a. + : expansion; — : shrinkage

An inspection of Fig.3 indicates that the densities of the monomer I and its polymer appear to
across at 95°C. At that point, one would expect no change in volume during polymerization since the
two materials have the same density. Below that point, the expansions are 3—3.4%. It is slightly
larger than the expansion of 1,4,6-trioxaspiro (4,4) —nonane which had 0.1% expansion during the
polymerization!?). The possible reason is the higher density of I than monomer IV (d2° 1.16).

It has been demonstrated that bisphenylene orthocarbonate was easily prepared from catechol
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Fig.3 Density of bisphenylene orthocarbonate vs. temperature

a) monomer; b) polymer

and carbon tetrachloride and polymerized by cationic ring-opening mechanism with 3% expansion
in volume. The ether-containing polycarbonate has higher T, and T,
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