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ABSTRACT: Poly(enthionitrile)s and their copolymers have been newly synthesized by reacting
p-bis(1-chloro-2,2-dicyanovinyl)benzene(2) with sodium sulfide and bisphenol A by interfacial poly-
merization technique. The copolymers, which are soluble in organic solvents, possess good thermal
stability. These polymers undergo a curing reaction around at 350 C to give insoluble material
and show 80% of residual weight at 500 C and 60% at 650 T.

Introduction

Dicyanovinyl compound, 1-chloro-1-phenyl-2,2-di-
cyanoethene(1), can react with various nucleophiles
such as amines and phenoxide anions to form en-
aminonitriles and enaryloxynitriles. This vinylogous
nucleophilic substitution reaction was applied to the
synthesis of poly(enaminonitriles)! " and poly(en-
aryloxynitriles)™® by reacting p-bis(1-chloro-2,2-dicy-
anovinyl)benzene(2) with diamines and disodium
salts of aromatic diols. Recently, several different
diamines! % and aromatic diols™® were polymerized
with 2 and their thermal behaviors were reported
by Moore and Gong, respectively. The resulting
polymers, which are soluble in organic solvent, can
be cured thermally without evolution of volatile by-
products and then show excellent thermal stability.

Among the thermally curable functional groups,
nadimide, maleimide, N-cyanourea, styryl, acetyle-
nic and biphenylenic groups are most frequentely
employed for the preparation of thermally stable
polymers.® Although the curing mechanism has not
been fully elucidated, the dicyanovinyl group should
be one of the thermally curable functions.

Sulfide anion is another nucleophile for dicyano-
vinyl chloride which has been applied for the syn-
thesis of polysulfide.'* The introduction of sulfur
linkage into the polymer backbone enhanced the
thermal stability and resistance to the oxidation and
organic solvents. Sulfide anion can be also applied
to the dicyanovinyl compound 2 to form poly(en-
thionitriles).

In this work, new poly(enthionitrile)s were pre-
pared from 2 and sodium sulfide or disodium salts
of bisphenol A and the thermal properties of the
polymers were investigated.

Experimental

1-Chloro-1-phenyl-2,2-dicyanoethene (1) and p-bis
(1-chloro-2,2-dicyanovinyl)benzene (2) were prepa-
red by the method previously reported.! Disodium
salts of bisphenol A were prepared by reacting bis-
phenol A (Hayashi Pure Chem. Co.) with excess
NaOH, followed by recrystallization from ethanol.
Sodium sulfide (Na,S-9H,0, Katayama Chem.) were
used without purification. Toluene and nitroben-
zene were purified by conventional purification me-
thod.

IR spectra were obtained with a Midac FT-IR
spectrophotometer and '"H NMR spectra were reco-
rded on a Varian EM-360A spectrometer. Elemental
analyses were obtained with a Yanaco MT-3 CHN-
Analyzer. Thermal analyses were performed with
a Dupont 2100 and a Mettler thermal analyzer. GPC
data were obtained by Waters HPLC %Siﬂg three
columns (u-Styragel 10°, 10° and 10* A) in THF
and polystyrene standards at 254 nm.

Bis(1-phenyl-2,2-dicyanovinyl)sulfide (3a).
1.2 g (5 mmol) of sodium sulfide (Na,S-9H,0) were
dissolved in 20 mL of water and the reaction mix-
ture was transferred to the blender jar. A solution
of 1.89 g (10 mmol) of 1-chloro-1-phenyl-2,2-dicya-
noethene in 20 mL of toluene and 5 mole% of tetra-
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n-butylammonium chloride was poured, in one por-
tion, into the blender. After the blender was stirred
at full speed for 3 min, the organic layer was sepa-
rated and evaporated. The yellowish solid product
was filtered and then recrystallized from isopropyl
alcohol.

3a: Yield 85.7%; mp 244.1 T (uncorrected); IR
(KBr): 3061(C-H), 2229(CN), 1560(C=C), 1525, 12
62, 962, 753 and 696 cm™ ! 'H-NMR(, ppm, in
CDCly): 7.4(m, 10H, 2Ph-). Anal. Calcd for CooHioN,
S: C, 71.01%; H, 296%; N, 1657%; S, 48.52%.
Found: C, 7148%; H, 3.05%; N, 16.99%, S, 48.56%.

Bis(1-phenyl-2,2-dicyanovinyl)disulfide(3b).
In a round bottomed flask were placed 12 g (5
mmol) of sodium sulfide(Na.S-9H.0) and 0.16 g (5
mmol) of sulfur powder in 20 mL of water. The
mixtures were refluxed for 24 hr under nitrogen
flow. The resulting reaction mixture was cooled and
transferred to the blender. A solution of 1.89 g (10
mmol) of 1-chloro-1-phenyl-2,2-dicyanoethene and
5 mole% of tetra-n-butylammonium chloride in 20
mL of toluene was poured, in one portion, into the
blender. After the blender was stirred at full speed
for 3 min, the organic layer was separated and re-
moved by evaporation. The yellowish solid product
was filtered and recrystallized from isopropyl alco-
hol.

3b: Yield 85%; mp 214.2 T (uncorrected); IR
(KBr): 3060(C-H), 2229(CN), 1570(C=C), 1522, 12
68, 930, 768 and 698 cm~'. 'H-NMR(, ppm, in
CDCly): 7.4(m, 10H, 2 Ph-). Anal. Caled for CyHioN,
S,: C, 64.86%; H, 2.70%; N, 15.14%; S, 17.30%.
Found: C, 65.12%; H, 2.75%; N, 15.34%; S, 16.79%.

Preparation of 1-Phenoxy-1-phenyl-2,2-di-
cyanoethene (4). A solution of 1.89 g (10 mmol)
of 1 in 20 mL of toluene was added, in one portion,
to the stirred solution of 1.16 g (10 mmol) of so-
dium phenoxide and 5 mole% of tetra-n-butylam-
monium chloride in 20 mL of water. The blender
was stirred at full speed for 3 min. After the orga-
nic solvent was evaporated, the white solid was fil-
tered and then washed with distilled water. The
solid product was recrystallized from 1,2-dichloro-
ethane to give white crystal.

4: Yield 85%; mp 139.5~140 T (uncorrected); IR
(KBr): 3020(C-H), 2219(CN), 1585(C=C), 1250-1100
(C-0) cm L. 'H-NMR(S, ppm, in CDCl3): 7.4(m, 5H,
-Ph), 7.0(m, 5H, -O-Ph). *C-NMR(5, ppm, in CDCl):
71.2(=C(CN)y), 111.3, 113.1(-CN), 122.5, 128.0, 129.6,
130.1, 132.8, 151.5(aromatic C's) and 180.7 ppm(=C-
0-).

Reaction of 1 with Sodium p-methylphen-
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oxide and Sodium Sulfide. 0.338 g (2.65 mmol)
of sodium p-methylphenoxide and 0318 g (1.3
mmol) of sodium sulfide were dissolved in 20 mL
of water simultaneously and the mixture was trans-
ferred to the blender jar. The solution of 1 g (6.3
mmol) of 1 in 20 mL of toluene was poured into
the blender, in one portion, and stirred at full speed
for 3 min. After the organic solvent was evaporated,
the white solid was filtered and washed with distil-
led water. The solid product was dried under va-
cuum at 70 T for 8 hr. IR(KBr): 3058, 2990, 2224,
1584, 1505, 1331, 1230, 1192, 769, 696 cm™'. 'H-
NMR(S, ppm, in DMSO-dg) 74 (m, 2Ph-C(S-)=C
(CN); and Ph-C(OPhCH3)=C(CN),), 6.8(S, Ph-C
(OPhCH3)=C(CN)y), 2.2(S, Ph-C(O-PhCHz)=C(CN)y).

Polymerization of 2 with Sodium Sulfide. In
a 100 mL of container of blender, a solution of 2
g (6.6 mmol) of 2 in 20 mL of nitrobenzene and
5 mole% of tetra-n-butylammonium chloride was
placed. A solution of 1.6 g of Na;S+-9H:0 (6.6 mmol)
in 20 mL of water was poured into the blender.
The mixture was stirred for 3 min at full speed
and maintained for an additional 30 min at low
speed. The polymer was collected on a glass filter
and washed with water until it was free of salts.
The polymer was washed with methanol and dried
in vacuo.

A similar procedure was applied to the synthesis
of the poly(enthionitriles) with higher contents of
sulfur in the back bone.

6a: Yield; 77%. IR(KBr): 3012, 2221, 1572, 1240
and 1120 cm™'. Anal. Caled for -(CiHNS)n-: C,
64.62%; H, 1.64%; N, 21.24%; S, 12.50%. Found:
C, 63.85%; H, 1.70%; N, 21.09%; S, 12.55%.

IR and NMR spectra of other poly(enthionitrile),
6b, were analogous to those of the poly(enthionitri-
les) 6a.

Copolymerization of 2 with Sodium Sulfide
and Disodium Salts of Bisphenol A. A solution
of 1.2 g (5 mmol) of sodium sulfide, 1.36 g (5 mmol)
of sodium salts of Bisphenol A and 5 mole% of
tetra-n-butylammonium chloride in 20 mL of water
was transferred to a blender. The mixure of 2.99
g (10 mmol) of 2 in 20 mL of nitrobenzene was
added quickly to the blender at full speed and
maintained for 3 min. After the reaction, 100 mL
of methanol was added to the reaction mixture, and
the precipitate was filtered and washed with water.

The resulting polymer was purified by Soxhlet
extraction with boiling methanol for a day and
dried under vacuum at 60 T for 12 hr.

Similar synthetic procedures were applied for the
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preparation of copolymers with different content of
sulfur and bisphenol A.

7c: Yield 88%. IR(KBr): 3063, 2978, 2231, 700
cm . 'TH-NMR(S, ppm, in DMSO-ds): 7.5(s, 4H, aro-
matic H’s in fragment of 2) 6.9(s, 8H, aromatic H’s
in Bisphenol A), 1.5(s, 6H, 2-CH;). Anal. Calcd for
C21_5H11N4SQ5022 C, 6917%, H, 295%; N, 1501%,
S, 4.29%. Found: C, 69.36%; H, 3.01; N; 15.42%;
S, 3.82%.

IR and NMR spectra of other poly(enthionitrile)s,
7a, 7b, 7d, and 7f, were analogous to those of the
poly(enthionitrile) 7c.

Results and Discussion

Although various nucleophiles such as amines,
phenoxide anion, azide and alkoxide were studied,
sulfide anion has not been investigated as a nucleo-
phile to dicyanovinyl chloride for the synthesis of
enthionitriles. If this possibility holds, then sodium
sulfide can be linked to poly(enthionitriles).

Before the synthesis of polymer containing sulfur,
preparation of the model compounds was carried
out to demonstrate the feasibility of the formation
of the high molecular weight polymer and also to
use them in identification of polymers.

The model enthionitriles (3) and enaryloxynitrile
(4) were prepared by reacting 1-phenyl-1-chloro-2,2-
dicyanoethene (1) with sodium sulfide and sodium
phenoxide, respectively, as shown in Scheme 1.
When the reactions of sodium polysulfide(Na,Sx,
x:1~2) with 1 were carried out by a two phase
method using phase transfer agent, dicyanovinyl
sulfides with different contents of sulfur were ob-
tained in good yield after recrystallization.

Bis(1-phenyl-2,2-dicyanovinyl)sulfide(3a)  exhibi-
ted characteristic bands at 3061, 2229, 1560 and
696 cm ™! assignable to C-H, C=N, C=C and C-S,
respectively, in its IR spectrum."?

In the 'H-NMR spectra in Figure 1(a) enthionitri-
les 3a and 3b showed only a multiplet peak at 7.4
ppm corresponding to phenyl proton of fragment
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Figure 1. 'H-NMR spectra of (a) bis(1-phenyl-2,2-dicy-
anovinyl) sufide, (b) 1-(p-methylphenoxy)-1-phenyl-2,2-
dicyanoethene and (c) a mixture prepared by reacting
simultaneously sodium sulfide and sodium p-methyl-
phenoxide with 1-chloro-1-phenyl-2,2-dicyanoethene.
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of 1 in both cases. The elemental analysis matched
well with the presumed structure of enthionitriles.

Another model compound, 1-phenyl-1-phenoxy-
2,2-dicyanoethene (4) was also readily prepared by
reacting sodium phenoxide with 1 under the similar
conditions. In the NMR spectrum, the phenyl pro-
tons in 4 appeared as a multiplet at 74 ppm
whereas those of fragment of phenol were seen as
a multiplet at 7.0 ppm. In the ®C-NMR spectrum,
the presence of a peak at 180.7 ppm attributable
to =C-O-indicated that the enaryloxide linkage was
generated as following Scheme 2.

The reactivity of sulfide anion is comparable to
that of phenoxide anion. The pKa value of sulfide
anion and phenoxide anion is 13 and 10.3, respec-
tively.® The 1st S anion has high nucleophilicity
due to the electron donation of another anion. But,
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2nd anion was less reactive because of electron
withdrawing effect of formerly substituted dicyano-
vinyl group. The ratio of nucleophilicity of two
anions can be calculated, thecretically. At this point,
we have to determine the reactivity of two anions
experimentally. When the equimolar mixture of so-
dium sulfide and sodium 4-methylphenoxide are si-
multaneously reacted with 1, the NMR peaks of
the mixture of two solid products showed at 7.4
and 6.8 ppm assignable to aromatic proton in 3a
and 1-(p-methylphenoxy)-1-phenyl-2,2-dicyano-
ethene (5) and at 2.2 ppm assignable to methyl pro-
ton of 5, respectively. The NMR integration ratio
of aromatic and methyl proton at 7.4~6.8 ppm and
2.2 ppm is 17 to 3. Thus, the ratio of reactivity
of sulfide and phenoxide anions to 1l-chloro-1-phe-
nyl-2,2-dicyanoethene is 4 to 5 on the basis of ratio
of yields of two product as shown in Figure 1(c).

In the presence of 1 and excess sodium p-meth-
ylphenoxide and sodium sulfide, the similar results
were obtained as following Scheme 3. The 'H-NMR
spectra of the reaction mixture and model com-
pounds were displayed in Figure 1. When the poly-
merization was carried out in nitrobenzene-water
system in the presence of phase transfer catalyst,
precipitation of the poly(enthionitriles) was obser-
ved as indicated in Scheme 4. The results and con-
ditions of polymerization are summarized in Table
I

When the IR spectra of polymer derived from
2 and sodium sulfide was compared with the model

112

Table 1. Polymerization of 2 with Sodium Sulfide
and Sodium Salts of Bisphenol A'

Polymer  Na,S: Yield(%) My Ninh’
BPNagb
6a* 1:0 77 - -
6be* 1:0 71 - -
7a° 4:1 83 - -
7b 201 78 7,000 0.12
7c 131 88 10,000 0.17
7d 1:2 84 14,000 0.45
7e 1:4 91 22,000 0.50
7f 0:1 96 16,000 0.29

*Na,S; was used in place of Na,S.

Interfacial polymerizations were adopted at 20 C for
3 min using nitrobenzene/water system.

“Insoluble polymers were formed. ®Disodium salts of
bisphenol A. “Measured at a concentration of 1 g/dL
in DMF at 25 .
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Figure 2. IR spectra of (a) poly(enthionitrile), (b) the
copolymer obtained by polymerization of 2(leq) with
sodium sulfide (2/3eq) and bisphenol A (1/3eq), and (c)
the same copolymer after curing at 350 C for 1hr.
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Flgure 3. 'H-NMR spectra of copolymers obtained
from 2 with (@) 1:1, (b) 1:2, and (c) 1.4 ratio of
sodium sulfide and sodium salts of bisphenol A.

compound 3, it is confirmed that poly(enthionitrile)s
6a and 6b were formed. The polymerization of
different content of bisphenol A and sulfide was
attempted to obtain a controlled amount of two
units in the main chain of polymer. Copolymers
were prepared by simultaneously polymerizing bis-
phenol A and sodium sulfide in the following mole
ratios; 0/1, 1/4. 1/2, 1/1, 2/1 and 4/1 as indicated
in Scheme 5. The homopolymers produced during
copolymerization were removed by the consecutive
Soxhlet extractions with boiling methanol and
toluene.

The elemental analysis showed as acceptable re-
sult undergoing copolymerization of 2 with sodium
sulfide and sodium salts of bisphenol A. In the

Korea Polym. J., Vol. 2, No. 2, 1994

NMR spectra of copolymers, the presence of an ad-
ditional peak at 1.5 ppm assignable to methyl pro-
tons of bisphenol A could be detected as shown
in Figure 3. The peaks of the aromatic proton at
6.9 ppm and methyl proton at 1.5 ppm increased
as the units of bisphenol A increased.

In as much as exactly equivalent amount of so-
dium sulfide and sodium salt of bisphenol A were
used, the integration ratio of aromatic proton of
2 at 7.4 ppm and methyl proton provides approxi-
mately 4 to 3 indicating that the same amount of
two monomers were incorporated into the polymer
backbone.

The poly(enthionitrile)s 6a and 6b are slightly
soluble in polar aprotic solvents such as DMSO,
DMF, DMAc and NMP. As the amount of sulfur
in the poly(enthionitrile)s increased, the solubility
in such solvent as DMSO and DMF decreased ap-
parently.

Copolymers 7b~7e were soluble in common or-
ganic solvents such as THF and acetone. The incor-
poration of bisphenol A units in the polymer back-
bone enhanced the solubility in such solvents. The
viscosities of homopoly(enthionitrile)s, 6a and 6b
could not be obtained because of low solubility in
DMF and DMSO. The copolymers have inherent
viscosity of 0.2~0.5 dL/g and Mw in the range of
12,000~37,000. A hard and brittle film was cast
from the DMF solution of copolymer 7c¢, while a
tough and flexible films were cast from DMF solu-
tion obtained from polymers with high ratios of bis-
phenol A.

As can be seen from Figure 4(b), poly(enthionit-
rile) 6a shows an interesting differential scanning
calorimetry(DSC) curve with a large exotherm at
430 C. The calorimograms of these polymers did
not show any traces of glass transition and melting
temperature. The copolymers 7a~7c with irregular
sequence of two different monomers also showed
an exothermic peak around 370 C as shown in
Figure 5(a). But, the copolymers with higher conte-
nts of bisphenol A exhibited two consecutive exo-
therms.

DSC showed the first exotherm with maxima
around 250~280 C for all the copolymers 7d~7f.
This may be attributable to the crystallization of
pulymer chain caused by introduction of more rigid
bisphenol A units. The curing temperature is al-
most comparable to the literature value of 400 T.
When the samples were cooled and rescanned, no
exotherms were observed in Figure 5(b).

In the polymers 6a and 7¢, TGA showed an onset
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Figure 4. Differential scanning calorimograms of a) enthionitriles(3a), b) poly(enthionitriles)(6a), and c) thermogra-

vimograms of poly(enthionitrile)(6a).
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Figure 5. Differential scanning calorimograms and thermogravimogram of copolymers of 2 with sodium sulfide/so-
dium salts of bisphenol A (1/1). (a) First scan, b) 2nd scan, and ¢) thermogravimogram.

of weight loss at around exothermic temperature,
suggesting the simultaneous occurrence of decom-
position of polymer and a thermal curing reaction
of dicyanovinyl group. When a sample of polymer
7c was heated to 350 T, which is the beginning
of the exothermic peak, color changed from yellow
to brown and gradual change was observed in their
IR spectrum as it was heated. The nitrile band at
2210 cm ™! decreased apparently and the peak at
1580 c¢m ! was broadened as shown in Figure 2(c).
It might be due to that rearrangement or crosslin-
king of dicyanovinyl group occurred during heating
at the temperature of its exotherm. When the poly-
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mers were heated at 350 C for 1 hr, the polymers
were no longer soluble in the solvents for the un-
treated polymers.

The thermal stability data are listed in Table II
and TGA traces are exhibited in Figure 4 and 5.
Thermogravimetric analysis shows a 80% of resi-
dual weight for polymers 6a and 6b at 500 T . The
copolymers retained about 90% of weight at 400
T, 80% at 500 T and over a 60% at 650 C . Incor-
poration of bisphenol A units provides more rigidity
for the polymer chain and better stability at 400
C under nitrogen. The extreme thermal stabilities
were not obtainable in poly(enthionitriles) and their

Korea Polym. J., Vol. 2, No. 2, 1994
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Table II. Thermal Properties of Poly(enthionitriles) and Their Copolymers

Exotherm(C )

Residual weight(%)

Na,S : BPNay

Polymer

1st 2nd 300cC 400TC 500C 650C
6a 1:0 - 430 98 91 81 -
6b 1:0 - 418 97 89 81 -
7a 4.1 - 410 99 95 85 61
7b 2.1 - 372 98 9 83 67
7c 1:1 - 408 99 89 75 -
7d 1:2 281 390 99 87 72 51
Te 1:4 264 385 96 88 73 58
7f 0:1 245 380 - 94 89 -

“BPNa,: Disodium salts of bisphenol A.
®Na,S, was used in place of Na,S.

copolymers. In this case, the molecular weight did
not tend to increase to some extent and some oli-
gomeric polymers were formed in part. However,
thermal stability is related with the dicyanovinyl
group in the polymer chain.

An insolubility in solvent after curing, disap-
pearance of an exotherm during the 2nd scan of
DSC, reduction of the nitrile band in IR spectra
and the enhancement of thermal stability are the
evidence of inter- or intra molecular addition or
crosslinking reaction of dicyanovinyl group.

Conclusion

Poly(enthionitriles) and their copolymers have
been newly synthesized from difunctional dicyano-
vinyl compound 2 and sodium sulfide and sodium
salts of bisphenol A by the interfacial polymerzation
technique. Poly(enthionitriles) had a poor solubility
in polar aprotic solvents, while their copolymers
with bisphenol A were soluble in common organic
solvents. They undergo a curing reaction at the be-
ginning of DSC exotherm.

Moreover, they show 80% of residual weight at
500 C and 60% at 650 C. The exothermic peak
at around 400 C will be attributable to the decom-
position of the polymer and a curing reaction of

Korea Polym. J., Vol. 2, No. 2, 1994

dicyanovinyl group.
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