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Abstract : Various polyenaryloxynitriles were prepared by reacting p-bis(1-chloro-2,2-dicyanavinyl)
benzene (1) with aromatic diphenol derivatives. The inherent viscosities of polymers were in the range of
0.42-0.59 dL/g. The polyenaryloxynitriles are easily soluble in polar aprotic solvents such as N,N-dime-
thylformamide, N-methyl-2-pyrrolidinone and dimethyl sulfoxide. The polymers obtained from diphe-
nols with alkyl and acetal units were completely soluble in common organic solvents such as THE The
polymers undergo a curing reaction around 350°C to form crosslinked insoluble materials. They show a
large exotherm in DSC and exhibit a 10% weight loss between 360-500°C in nitrogen and 65-90%

residual weight at 500 °C.

Introduction

Thermally curable polymers have been exten-
sively studied for the high-temperature polymeric
materials with good thermal and mechanical
properties.* Recently, novel polyenaminonitriles™
and polyenaryloxynitriles®® have been prepared
by a vinylic nucleophilic substitution reaction,
which were thermally curable without elimination
of volatile byproducts and showed an excellent
thermal stability. The incorporation of dicyanovi-
nyl functionality into a polymer backboné™* pro-
moted a solubility in organic solvents and thermal
stability,

Earlier studies showed that the polyenaryloxyni-
triles were obtainable by reacting p-bis(1-chlolo-
2 2-dicyanovinyl)benzene (1) with various aro-
matic diols in the two phase sclvent system in the
presence of sodium hydroxide.**® The resulting
polymers showed as good thermal stability as
polvenaminonitriles without evolution of volatile
byproducts after thermal curing. Although interfa-
cial polymerization techniques have provided a
convenient method for the preparation of various
polyenaryloxynitriles, they produced the polymers
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of rather limited molecular weights.*"

In this study, a conventional condensation poly-
merization technique has been adopted for the
preparation of polyenaryloxynitriles. Several poly-
enaryloxynitriles containing rigid aromatic and
alkyl units were synthesized by solution polymer-
jzation techniques and characterized. In addition,
thermal properties including curing behaviors and
thermal stabilities were investigated.

Experimental

Chemicals and Measurement. p-Bis(1-chloro-
2,2-dicyanovinylibenzene (1) was synthesized ac-
cording to the method previously reported in the
literature ** Bisphenol A, 4,4'-dihydroxybenzo-
phenone, 4,4'-sulphonyidiphenol {(Aldrich Chemi-
cal Co.) were used after recrystallization from
ethanol. 3,9-Di(p-hydroxyphenyl)-2,4,8,10-tetra-
oxaspiro -[5,5]-undecane and 1,5-bis{4-hydro-
xyphenoxy)pentane were prepared by the me-
thod described in the literature.”” N, N-dimethyl
formamide (DMF) was purified by vacuum distil-
lation under reduced pressure after drying by
azeotropic distillation with benzene using a Dean-
Stark separator. The solubility behavior was tested
by dissolving 5 mg of powdery polymer sample in
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1 mL of DMF Melting point was determined on
an Aldrich Mel-Temp 1 melting points apparatus
using capillary tubes and were uncorrected. The
catalytic curing reaction with copper (I} acetylac-
etate was carried out with 2 wt% catalyst at 190-
200 °Cc for 1 h.

'H NMR spectra were recorded on a Varian
Gemini-2000 spectrometer. The chemical shifts
were recorded in ppm from tetramethylsilane as
an internal standard. Fourier-transform infrared
(FT-IR) spectra were taken on a Midac spectro-
photometer Model M-1200. Differential scanning
calorimetry of polymers was carried out on a
DuPont 2100 and thermal gravimetric analyses
were obtained with a Metiler Thermal Analyzer.
Gel-permeation chromatography (GPC) data
were obtained with a Waters HPLC using three
columns (107, 10° and 10°A) in THF and cali-
brated with polystyrene standards. [nherent vis-
cosities of polymer solutions were measured in a
Cannon-Fenske viscometer at 25°C. The polymer
solutions for the viscosity measurements were fil-
tered through sintered glass filter. Elemental anal-
yses were carried out with a Yanaco MT-3, CHN-
analyzer. The gel fraction was obtained by weigh-
ing the insoluble portion after filtering the solution
of the cured sample at 320°C.

Preparation of p-Bis(1-phenoxy-2,2-dicy-
anovinyl)benzene (2). A solution of phenol
(0.94 g, 10 mmol) in DMF (10 mL) and toluene
(10 mL) was placed in a three necked round-bot-
tomed flask (100 mL) equipped with a Dean-
Stark separator, a dropping funnel and a nitrogen
inlet system. The solution of potassium carbonate
(0.83 g, 6 mmol) in distilled water (5 mlL} was
added dropwise for 30 min with stitring. The
reaction mixture was refluxed for 2 h to remove
water. The solution of 1 (2.99 g, 10 mmol) in
DMF (10 ml) was added dropwise for 30 min
with stirring and maintained for 12 h at 80 °C.

The yellowish reaction mixture was cooled and
poured into the large amount of water. The pre-
cipitated solid product was washed with distilled
water and recrystallized in ethanol.

2: Yield 92%. mp 238°C; IR (KBr) 3110-2980
(C-H), 2220 (C=N), 1620 (C-H), 1580 (C=C),
1280-1120 {C-0) em™; 'H NMR (DMSO-d;) 8 7.6
(m, 4 H, aromatic protons in 1), 7.3-7.0 {(m, 10
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H, 2 Ph-O-); Anal. Calcd for CoeHaNOs: C,
77.29%: H. 3.38%: N, 1353%. Found: C,
77.18%: H, 3.32%:; N, 13.37%.

Representative Solution Polymerization
of 1 and Aromatic Diols. A solution of bis-
phenol A (2.28 g, 10 mmol) in DMF (10 mL) and
ioluene (10 mL) was placed in a three necked
round-bottomed flask {100 mL) equipped with a
Dean-Stark separator, a dropping funnel and a
nitrogen inlet system. The solution of potassium
carbonate (1.6 g, 12 mmol) in 5 mL of distilled
water was added dropwise for 30 min with vigor-
ous stirring. The reaction mixture was heated to
110 °C: and maintained for 2 h. The solution was
distilled to remove water and cooled. The solution
of 1 (2.9 g, 10 mmol) in DMF (10 mL) was added
dropwise for 30 min with stirring and maintained
for 12 h at 80 °C. The brownish reaction mixture
was cooled and poured into the large amount of
water. The precipitated polymer was washed with
ageous HCI (0.05 N HCI) and distilled water sev-
eral times, and purified by precipitation from
NMP solution into methanol. A similar procedure
was applied to prepare other polyenaryloxynitriles
4-8.

3: Yield 92%; IR (KBr) 3140-2975 {aromatic C-
H), 2870 ({aliphatic C-H), 2221 (C=N), 1580
(C=C), 1300-1060 (C-0) cm’; ‘H NMR (DMSO-
dsy 8 7.5 (s, 4 H, aromatic protons in 1), 7.2-6.9
(m, 8 H, -O-PhC(CHs):-Ph-O-}, 1.5 (br, s, 6 H,
-C(CHa)-); Anal. Caled for CesHisNiOs: C,
76.02%; H, 4.07%; N, 12.67%. Found: C,
75.82%: H, 4.01%; N, 12.49%.

4: Yield 86%; IR (KBr} 3120-2980 (C-H), 2218
(C=N}, 1737 (C=0), 1620 {C-H), 1576 (C=C]),
1280-1180 (C-0O) cm™; 'H NMR (DMSO-d;) 8 7.5
{(m, 4 H, aromatic protons in 1}, 7.7-6.8 (m, 8 H,
0-Ph-CO-Ph-0); Anal. Caled for CorHiaNaOs: C,
73.64%: H, 2.72%; N, 12.73%. Found: C,
73.22%; H, 2.61%; N, 12.56%.

5: Yield 84%; IR (KBr) 3061-2980 (C-H), 2221
(C=N), 1578 (C=C), 1331-1012 (C-O and C-5)
cm™; "H NMR (DMSO-ds) & 7.6 (s, 4 H, aromatic
protons in 1), 7.3-6.9 (m, 8 H, 2 Ph-5-Ph-);
Anal. Caled for CeeHiNO:S:: C, 75.73%; H,
291%: N, 13.59%. Found: C, 75.01%; H,
2.79%: N, 13.42%.

6: Yield 82%: IR {KBr) 3080-2975 (C-Hj, 2220
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(C=N), 1612 {C-H), 1580 (C=C), 1460 {§=0},
1310-1120 (C-O and C-S) cm*; 'H NMR (DMSO-
de) 8 7.6 (s, 4 H, aromatic protons in 1), 7.8-7.1
(m, 8 H, -O-Ph-SO,Ph-O-); Anal. Caled for
CosHoN:0,S: C, 70.27%; H, 2.70%; N, 12.61%.
Found: C, 69.72%; H, 2.58%; N, 12.41%.

7: Yield 92%:; IR (KBr) 3145-2975 (C-H), 2220
(C=N}, 1612 (C-H), 1580 (C=C), 1310-1120 (C-
0) cm™; '"H NMR (DMSO-ds + CDCl;) 8 7.6 (s, 4
H, aromatic protons in 1), 7.2-6.9 (m, 8 H, 2 -O-
Ph-}, 5.8 (s, 2 H, 2 -Ph-CH), 3.9 (s, 8 H, 4 -CH»-
0-); Anal. Caled for CuHzNQg: C, 69.47%; H,
3.86%; N, 9.82%. Found: C, 68.74%; H, 3.76%;
N, 9.58%.

8: Yield 90%: IR (KBr) 3120-2910 (C.-H), 2218
(C=N}, 1575 {C=C), 1360-1145 (C-O) cm’; 'H
NMR (DMSO-ds + CDCl) 8§ 7.5 (br, 4 H, aro-
matic protons in 1), 7.1-6.9 {br, 8 H, 2 -OPh-O-},
3.8 (br, 4 H, -OCH,CH:CH.CH,CH:0-), 1.8-1.0
(br, m, 6 H, -CH.CH;CH:-}; Anal. Calcd for
CssHaeoNyO4: C, 73.61%:; H, 4.09%; N, 10.41%.
Found: C, 72.89%: H, 3.99%; N, 10.09%.

Results and Discussion

To investigate the reactivity of phenoxide anion
to dicyanovinyl chloride in DMF and to compare
the possible structures of the polymers, model
compound p-bis{1-phenoxy-2,2-dicyanovinyl)
benzene (2) was synthesized by reacting 1 with
potassium phenoxide as illustrated in Scheme [
The model reaction was carried out in N,N-dime-
thylformamide to give p-bis{1-phenoxy-2,2-dicy-
anovinyl)benzene (2) in 92% vield.

Various aromatic diol derivatives, bisphenol A,
4 4'-dihydroxy benzophenone, 4,4'-thiodiphenaol,
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4 4'-sulphonyldiphenol, 3,9-di(p-hydroxyphenyl)-
2.4.8 10-tetraoxaspiro-[5,5]-undecane and 1,5-
bis{4-hydroxyphenoxy)pentane were adopted as
starting materials. The Scheme II outlines the
solution polymerization of 1 with potassium salts
of aromatic diols in DME

It is well known that the reactivity of phenoxide
anions to dicyanovinyl chloride is dependent
upon the pK, value of the corresponding phenol
derivatives. Diphenol derivatives in this experi-
ment showed a sufficient nucleophilicity to dicy-
anovinyl chloride.

The results of polymerization are summarized in
Table 1. The chemical structures of the model
compound and polymers were characterized by
NMR and IR spectroscopy and further comfirmed
by elemental analyses. The polymers obtained
here were identified as polyenaryloxynitriles by

Table 1. Results and Conditions of Polymerizations of 1 with Various Aromatic Diols °

Polymers Diols HO-X-OH N e MW Yield(%)
3 Ph-C({CH;)zPh- 0.55 12,200 92
4 -Ph-CO-Ph- 0.46 13,000 86
5 -Ph-S-Ph- 0.57 10,500 84
6 Ph-80;-Ph- 0.42 10,200 82
7 -Ph-CH{OCHz)2C(CH0)CH-Ph- 0.59 13,500 92
8 -Ph-O-(CHa)s-O-Ph- 0.56 13,100 90

* Polymerizations were carried out in DMF for 12 h at 80 °C,

® Viscosities were measured in DMF solution at 25 °C.

“ Molecular weights were measured from the soluble portion in THE
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comparing their IR and NMR spectra with those of
model compound 2. In the IR spectra, character-
istic absorption bands of C=N, C=C and C-O
were exhibited at 2220, 1580 and 1250-1100
cm’, respectively. The 'H NMR spectrum of poly-
mer 3 in DMSO-ds solution showed multiplets in
the range 6.8-7.2 ppm assigned to aromatic pro-
tons of bisphenol A moiety and a broad singlet
peak around 7.8-7.4 ppm atiributable to the frag-
ment of 1. These facts indicated that the poly-
enaryloxynitriles were successfully synthesized via
the solution polymerization techniques. These
spectral observations were consistent with those
of model compound. Elemental analyses also
supported the formation of the model compound
and polymers, and matched well with the calcu-
lated data.

As expected from the chemical structures, the
polyenaryloxynitriles were soluble in several polar
aprotic solvents such as N-methyl-2-pyrrolidinone
(NMP), N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DMSQ} and N,N-dimethylacetamide
{DMAc), whereas most polymers exhibited no sol-
ubility in polar protic solvents such as methanol
and ethanol. The polymers detived from 3,9-difp-
hydroxyphenyl}-2.4,8 10-tetraoxaspire-{5,5]-
undecane and 1,5-bis{4-hydroxyphenoxy)pen-
tane showed better solubilities than those of other
rigid aromatic diols. Higher solubility was associ-
ated with the alkyl units, which enhanced a flexi-
bility of the macromolecular chains. The polymers

b}

Heat flow (wig)
~— Exotherm Endotherm ———

I L L 1 1 )

o 100 200 300 400 500 600

Temperature (°C)

Figure 1. DSC thermograms of polymer 3; a) 1st scan,
b) 2nd scan and polymer 8,

obtained from solution pelymerization had inher-
ent viscosities of 0.42-0.59 dl/g. The weight aver-
age molecular weights obtained from soluble
portion in THF were in the range of 11,000-
13,000.

The polymers exhibit interesting thermal behav-
iors as shown in the data of Table Il. The typical
DSC traces of polymers showed a broad exothet-
mic peak starting from 300 °C and reaching max-
imum intensity around 335-355 °C at a heating
rate of 10 °C/min (Figure 1).

Polyenaryloxynitriles derived from rigid aro-
matic diols lacked a distinct exotherm in this tem-
perature region, which could be attributed to the
rigid structure of the polymer. The polymers with
less mobile chains required higher temperatures

Table Il. Thermat Properties of Polyenaryloxynitriles Obtained from 1 and
Various Aromatic Diols

Polymers T, Tends Tewo Tion’ T Residual Weight (%) Gel Fraction

°C 400°C  500°C  500°C (%)

3 232 - 350 439 391 93 36 93 53

3¢ ; ; ; 499 398 97 91 . :

4 ; ; 352 496 395 95 84 87 89

5 ; - 335 470 389 95 87 92 94

6 : ; 355 501 400 97 90 94 90

7 275 ; 338 361 362 81 69 75 72

8 201 272 332 356 358 79 65 72 79

* Temperature of endotherm.

4 Temperature of exotherm.

‘ Temperature of 10% weight loss.

4 Temperature of initial decomposition.
® Cured at 320 °C for 30 min.
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to cause the crosslinking.

The exothermic peak was completely absent
when the sample was cooled after heating to 320
°C in a sealed DSC pan at a heating rate of 10°C/
min and rescanned.

After curing the polymer sample at 320 °C for
30 min in a sealed tube under vacuum, the previ-
ously soluble sample became insoluble in THF
and DMF This fact may be due to the chemical
change of dicyanovinyl group by intermolecular
cross-linking. The crosslinked polymers were dark
brown and insoluble in the solvents that dissolved
the untreated samples. The extent of crosslinking
of cured samples was evaluated by extraction of
them with NMP at 60 °C for 30 min. The data of
gel fraction are shown in Table II. Polymers7 and
8 obtained from diphenols with alkyl moieties
exhibited lower gel fraction than those obtained
from other aromatic diols.

The curing of the dicyanovinyl group required a
high temperature between 280-355°C and, with-
out catalyst, curing reaction did not proceed
below 200 °C. When the curing reaction was car-
ried out with copper (II} acetylacetonate as a cata-
lyst, the curing reaction underwent at relatively
low temperature, 190 °C to give the crosslinked
polymer as shown in Figure 2.

The IR spectrum of the cured sample indicated
that the nitrile absorption band at 2220 cm’
decreased and peaks at 1540-1600 cmi’ broad-
ened. In the curing reaction of polyenaryloxyni-
triles, the intermolecular addition reaction would

Heat fiow (wig)

«——— Exotherm Endotherm ———
L)

0 100 200 300 w50 500
Ternperature (°C)
Figure 2. DSC thermogram of polymer 4; a}lst scan, b)

2nd scan, ¢} polymer 4 and copper catalyst (1st scan)
and d} polymer 4 and copper catalyst (2nd scan),
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take place although the exact structures of such
polymers and the mechanism are unclear at the
present time.

No melting endotherm was detected below 350°C.
Glass transition temperatures of polymers were
determined by the differential scanning calorime-
try (DSC) method. The polymers 3-6, however,
showed no distinct transition point in the DSC
thermograms. Only polymer 8 derived from aro-
matic diol containing aliphatic units showed a
glass transition temperature. At the temperature of
its exotherm, detectable weight loss of the poly-
mer was not observed by TGA as shown in Figure
3. This fact demonstirates that the polymers were
cured without evolution of the volatile byprod-
ucts.

The thermal stability data are listed in Table It
and TGA traces are exhibited in Figure 4. The
polymers sustained a 10% weight loss over a tem-
perature of 360-500 °C at a heating rate of 10°C/
min, and gave a residual weight varying from 65

g

3

t
~—— Endotherm Exoiherm ———
1]

o=

Residual Weight (%)

$

50 L L 1 L 1
0 100 200 300 400 500 600

Temperature (°C)

Figure 3. DSC thermogram of polymer 6; a)lst scan, b)
2nd scan and ¢} thermogravimetric anlaysis of polymer 6.
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Figure 4. Thermogravimetric analyses traces of a) poly-
mer 3, b} polymer 3 cured at 320 °C and c) polymer 8.
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to 90% at 500 °C in nitrogen. When the samples
of polymers were baked at 320 °C, which was the
initial point of curing temperature, in a sealed
tube for 30 min, the heat treated polymers
showed better thermal stability than those of
untreated ones at 500°C as illustrated in Figure 4.

The increase of 5-10% residual weight was
observed for all the polymers derived from aro-
matic diphenols. As shown in Table II, polymers
3, 4, 5 and 6 showed better thermal stability
than the alkyl substituted polyenaryloxynitriles 7
and 8.

Conclusion

Six structurally different polyenaryloxynitriles
containing various diphenol units were success-
fully synthesized from the reaction of p-bis(1-
chloro-2 2-dicyanovinylibenzene (1) with dipo-
tassium salts of diphenol derivatives by solution
polymerization in DME All the polymers were
readily soluble in polar aprotic solvents such as
DME DMSO and NMP The higher molecular
weight (0.42-0.59 dL/g} polymers were obtained
from the solution polymerization compared to the
the interfacial polymerization. They showed a
large exotherm in DSC scan and underwent a
curing reaction between 330 and 355 °C to form
insoluble material showing gel fraction above
90%. The polymers gave 65-90% residual weight
at 500 °C in nitrogen.
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