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Recently, much interest has been devoted to 
the study of rigid chain polymers, mainly due 
to their excellent mechanical and thermal 
properties. Most of these polymers form 
mesogenic shases on heating or dissolving. 
However, their infusibility and insolubility 
make them inaccessible for processing by 
conventional methods. To enhance the proces
sibility of these materials, several approaches 
have been attempted. The introduction of cyclic 
aromatic groups lying perpendicular to the 
backbone, crank shaft-shaped and flexible 
units into the main chain have been used_ 1-4 

Aromatic5 - 7 and aliphatic8 - 10 poly(enami
nonitrile )s and poly( enaryloxynitriles )11 - 13 

prepared from p-bis(l-chlorn-2,2-dicyanov
inyl)benzene and amines or diphenols are sol
uble in polar aprotic solvents. Tractability has 
been achieved by lowering melting temperature 
by the insertion of flexible units into the rigid 
backbone. 

A variety of structural modification allows 
the chain stiffness that can be altered from a 
relatively flexible polymer with a low glass 
transition temperature to a rodlike molecule 
with a high Tg. The incorporation of the flexible 

t To whom correspondence should be addressed. 
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alkylenic ether chain enhances the solubility in 
common organic solvents and decreases the 
melting temperature of poly( enaryloxynitriles ). 

In this paper, we report a series of poly
(enaryloxynitrile)s with flexible alkylenic ether 
units distributed on a diphenol moiety and 
their thermal properties. 

EXPERIMENT AL 

l-Chloro- l-phenyl-2,2-dicyanoethene (1) 
and p-bis( l -chloro-2,2-dicyanoviny 1) benzene 
(2) were prepared by the method previously 
reported by Moore and coworkers. 5 a,w-Bis( 4-
hydroxyphenoxy)alkanes were synthesized ac
cording to a method described by Griffin and 
Havens. 14 1,2-Dichloroethane was purified by 
the conventional purification method. FT-IR 
spectra were obtained with a Midac spectro
photometer and 1 H NMR spectra were re
corded on a Varian EM-360A spectrometer. 
Elemental analyses were obtained with a 
Yanaco MT-3 CHN-analyzer. GPC data were 
obtained with a Waters HPLC using three 
columns (µ-Styragel 102 , 103, and l 04 A.) in 
tetrahydrofuran and calibrated with poly-
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styrene standards. Theremal analyses of 
polymers were carried out on a Du Pont 2100 
and a Mettler thermal analyzer at a heating 
rate of l0°C min - i under nitrogen. 

Preparation of 1-( 4-M ethoxyphenyl)- l-phenyl-
2,2-dicyanoethene (3) 
p-Methoxyphenol (0.66 g, 5.0 mmol) dis

solved in a solution of sodium hydroxide 
(0.22 g, 5.5 mmol) in distilled water (20 ml) was 
placed in a blender jar and a solution of 1 (1 g, 
5. 3 mmol) in 20 ml of 1,2-dichloroethane was 
added quickly to the jar. After the blender was 
operated at full speed for 5 min, the organic 
layer was separated and the solvent was evap
orated. The white solid product was filtered, 
washed with distilled water several times, and 
recrystallized from isopropyl alcohol. 

A similar procedure was applied for the 
synthesis of the model compound 4 by reacting 
two equivalents of 1 with disodium salts of 
1,2-bis( 4-hydroxyphenoxy )ethane. 

1-( 4-M ethoxyphenoxy )-1-phenyl-2 ,2-dicyano
ethene (3) 
Yield 94%, mp 111 °C (uncorrected). 
FT-IR (KBr): 3120, 2970 (C-H), 2225 

(C=N), 1578 (C=C), and 1300-1150 (C-O) 
cm- 1 . 

1 H NMR (CDC1 3): (5 = 7.5 (m, 5H, Ph-), 6.8 
(s, 4H, CH3O-Ph-), 3.5 (s, 3H, CH3O-). 

Anal. Calcd for (C 17H 12N 2O2): C, 73.91 %; 
H, 4.35%; N, 10.14%. Found: C, 72.98%; H, 
4.27%; N, 10.06%. 

1,2-Bis[ 4-(l-phenyl-2,2-dicyanovinyloxy)phe
noxy ]ethene (4) 
Yield 92%, mp 227°C (uncorrected). 
FT-IR (KBr): 3110-2985 (aromatic C-H), 

2980-2865 (C-H), 2221 (C=N), 1580 (C=C), 
and 1300-1150 (C-O)cm- 1 . 

1 H NMR (CDC1 3 + dimethyl solfoxide 
(DMSO)-d6): b=7.5 (m, l0H, 2 Ph-), 6.9 (q, 
8H, 2 -O-Ph-O-), 4.2 (s, 4H, -CH2CH 2-). 

Anal. Calcd for (C34H 22N 4 O4 ): C, 74.18%; 
H, 4.00%; N, 10.18%. Found: C, 75.02%; H, 
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3.92%; N, 10.01 %. 

Gerneral Procedure of Polymerization of 2 with 
Disodium Salts of rx,w-Bis(4-hydroxyphe
noxy )alkane 
A solution of 2 (1 g, 3.3 mmol) and 5 mol¾ 

oftetra-n-butylammonium chloride in 20ml of 
1,2-dichloroethane was· transferred to the 
blender jar. Disodium salts of l,4-bis(4-hy
droxyphenoxy)butane (0.96 g, 3.3 mmol) in 
distilled (20 ml) water were added to the blender 
and the reaction mixture was sitrred at full 
speed for 5 min. A powdery polymer was pre
cipitated immediately, and the reaction mix
ture was stirred for an additional 3 min. The 
polymer was isolated from the jar and rinsed 
with large amounts of distilled water. The 
powdery product was replaced in the jar with 
30 ml of water and a few drops of 1 N HCI, 
and blended to a fine powder, filtered and dried 
under vacuum at 60°C for 12 h. 

5: FT-IR (KBr): 3120, 2910 (C-H), 2218 
(C=N), 1575 (C=C), and 1360-1145 (C-O) 
cm- 1 . 

1H NMR (DMSO-d6 +CDCl3): b=7.5 (br, 
4H, aromatic H's in 2), 6.8 (br, 8H, aromatic 
H's in diphenol), 3.8 (br, 4H, -OCH2CH 2O-). 

Anal. Calcd for (C28H 16N 4 O6 ) 0 : C, 71.19%; 
H, 3.39%; N, 11.86%. Found: C, 71.77%; H, 
3.31 %; N, 11.45%. 

6: FT-IR (KBr): 3122, 2915 (C-H), 2220 
(C=N), 1578 (C=C), and 1300-1120 (C-O) 
cm- 1 . 

1H NMR (DMSO-d6 +CDC13): b=7.5 (hr, 
4H, aromatic H's in 2), 6.8 (br, 8H, aromatic 
H's in diphenol), 3.8 (br, 4H, --OCH2CH 2CH2 

CH20-), 1.8 (br, 4H, -OCH2CH2CH2CH20-). 
Anal. Calcd for (C30H 20N 4 0 4 ).: C, 72.00%; 

H, 4.00%; N, 11.20%. Found: C, 72.31 %; H, 
4.11 %; N, 10.87%. 

Other poly(enaryloxynitrile)s with flexible 
alkylenic chain showed similar IR and NMR 
spectra as described above. 
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RESULTS AND DISCUSSION 

The reactivity of phenoxide anions toward 
dicyanovinyl chloride was determined accord
ing to the pKa of the corresponding phenol 
derivative. A comparison of pKa of p-me
thoxyphenol with that of phenol (pKa 10.0) 
indicates that an electron donating methoxy 
group at para-position enhance~ reactivity to 
dicyanovinyl chloride. a,w-Bis( 4-hydroxyphe
noxy)alkanes in this work possess pKa of 
10.23, 15 which shows appreciable reactivity to 
dicyanovinyl chloride. 

Polymerization was based on a representa
tive procedure for interfacial polymerization in 
the presence of a phase transfer catalyst. Model 
compounds resembling the repeating unit of 
polymers were prepared for demonstration 
of the feasibility of polymer formation and 
comparison with polymers. Two different 
model compounds, H4-methoxyphenoxy)-l
phenyl-2,2-dicyanoethene (3) and l,2-bis[4-(l
phenyl-2,2-dicyanovinyloxy)phenoxy ]ethane 
(4) were prepared by reactingp-methoxyphenol 
and l,2-bis(4-hydroxyphenoxy)ethane with 1 
as shown in Scheme 1. 

The sodium methoxyphenoxide reacted so 

CN q 
=C/ + 

c( 'cN 
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Scheme 1. 

+ 

3 

rapidly with 1 in two phase solvent system that 
the reactions were almost complete within 
5 min at room temperature. After recrystalliza
tion, a 94% yield of l-(4-methoxyphenyl)-2,2-
dicyanoethene (3) was obtained. Similarly, 
the condensation of diphenol compound, 1,2-
bis(4-hydroxyphenoxy)ethane with 1 was in
vestigated and found to proceed at room 
temperature to give l,2-bis[4-(l-phenyl-2,2-
dicyanovinyloxy)phenoxy]ethane (4) in 92% 
yield. 

Infrared spectra of model compounds 3 and 
4 showed absorption bands at 3120, 2910, and 
2218cm- 1 assignable to C-H and C=N, as 
well as two characteristic bands of C = C and 
C-0 at 1575 and 1360-1115cm- 1 , respec
tively. 

In the NMR spectrum, model compound 3 
showed peaks at 7.5ppm corresponding to 
aromatic proton of fragment of 1, while the 
peak of aromatic protons of phenol unit 
appeared at 6.8 ppm. The polymers obtained 
here were identified as poly(enaryloxynitrile)s 
by IR and NMR spectroscopy. The infrared 
spectra of the polymers were consistent with 
their assigned chemical structures and corre
sponded well with the spectra of the model 
compounds. Representative NMR spectra of 
the polymers and model compound 4 are given 
in Figure 1. 

The condensation of 2 with sodium salts of 
various diphenol derivatives was carried out 
by the interfacial polymerization15 as shown 
in Scheme 2. 

Table I summarizes the results of the po
lymerization of 2 with sodium salts of diphe
nol derivatives. Poly( enaryloxynitrile )s deriv
ed from flexible diphenol derivatives showed 
good solubility in polar aprotic solvents such 
as DMF, DMAc, DMSO, and NMP, and 
were soluble even in acetone and tetrahydro
furan. Poly(enaryloxynitrile)s 5 and 6 with 
short alkylenic ether chains were somewhat 
less soluble than those derived from long chain 
alkylenic chains in common organic solvents. 
The polymers possess Mn in the range of 
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a) 

b) X=2 

C) X=4 

8 7 6 5 PPM 4 3 2 1 0 

Figure 1. 1H NMR spectra ofa) model compound 4, and b), c) poly(enaryloxynitriles) prepared from 
2 and l,2-bis(4-hydroxyphenoxy)ethane and l,4-bis(4-hydroxyphenoxy)buthane. 

3000-5500 and Mw in the range of 9000-
14000. A film cast from a THF solution of 
polymer 8 was transparent and brittle, which 
could be due to rather low molecular weight. 

The polymers showed interesting differential 
scanning calorimograms as shown in Figure 2. 
The DSC thermo gram of the polymers showed 
a large exotherm at around 370°C, which did 
not reappear upon rescanning the sample. The 
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polymers derived from long chain alkylenic 
chain showed a trace of an endothermic peak, 
which implies that a high proportion of 
amorphous domain existed in the polymer 
structure. This was evidenced by X-ray dif
fractograms obtained from the polymerized 
sample powders in a deflection mode. On the 
other hand, polymers 5 and 6 with short chains 
exhibited well-defined melting transition at 308 
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X=2, 3, 4, 5, 6, 9 

5678910 

Scheme 2. 

Table I. Results and con"ditions of the polymerization 
of 2 with disodium salts of diphenol derivatives 

Yield 
Polymer• -{CH2-).- M. Mw 

% 

5 2 90 3600 14400 
6 3 92 5700 I 1200 
7 4 86 4200 12600 
8 5 84 3470 13800 
9 6 83 5400 10800 

10 9 95 2970 9000 

• Polymerizations were carried out for 5 min at room 
temperature, using the I ,2-dichloroethane/water 
system. 
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Thermal gravimetric analysis results are 

shown in Figure 3 and Table II. The aliphatic 
C-H bond has a low dissociation energy 
compared with an aromatic one and hence 
polymers having aliphatic units in the main 
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Figure 2. DSC thermograms of polymers of a) 5 (1st 
scan), b) 5 (2nd scan), c) 7, d) 9, and e) 10. 
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Figure 3. TGA traces of poly(enaryloxynitrile)s under nitrogen atmosphere. 
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Table II. Thermal properties of poly(enaryloxynitrile)s with flexible alkylenic ether units 

T• Endo 
Polymer -(CH 2-).-

oc 

5 2 314 
6 3 174 323 
7 4 106 
8 5 116 
9 6 96 

10 9 78 
·-- --------·-

chain do not usually show high thermal 
stability. However, polymers sustained a 90% 
residual weight at the temperature between 
370°C and 390°C and 75-80% of residual 
weight at 500°C. Within each series, greater 
thermal stability was observed in the case of 
polymers with shorter alkylenic chains. A 
sample of a polymer heated around 350°C 
corresponding to the beginning of its exotherm, 
displayed a gradual change in its IR spectra. 
The band of uncured polymer at 2235 cm - 1 . 

assignable to C = N was remarkably reduced, 
while bands at around 1580 cm - 1 were 
broadened and N-H stretching band appeared 
at around 3400 cm - 1 . After the polymer 
was heated, the previously soluble sample was 
completely insoluble in THF and DMF. This 
observation may be due to the chemical change 
of dicyanovinyl group to other functions such 
as C = N and N-H by intra or intermolecular 
addition or corss-linking reaction. 5 • 12 En
hanced thermal stability is associated with a 
dicyanovinyl group in the polymer chain. 

On the bases of these results, the chemical 
structures of polymers changed during heating 
to 390°C at most. However the decomposition 
of polymer seems to occur simultaneously 
during crosslinking of the dicyanovinyl group. 

Polym. J., Vol. 27, No. 5, 1995 

Exo 

355 
394 
368 
362 
377 
385 

10% Weigt 
Residual 

Lossf°C 
400°C 

393 89 
392 85 
389 87 
386 86 
382 83 
368 80 
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