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Electrophilic trisubstituted ethylene monomers, alkyl and alkoxy ring-disubstituted 2-phenyl-1,1-dicyanoethylenes, RCsH;CH=C(CN),
(where R is 2,4-(CHz),, 2,5-(CHj3),, 2,3-(CH30),, 2,4-(CH30),, 2,5-(CH;30),, 3,4-(CH50),, 3-C,Hs0-4-CH30, 4-CH30-3-CHj), were syn-
thesized by piperidine catalyzed Knoevenagel condensation of ring-disubstituted benzaldehydes and malononitrile, and characterized by
CHN elemental analysis, IR, 'H- and '>C-NMR. Novel copolymers of the ethylenes and vinyl acetate were prepared at equimolar
monomer feed composition by solution copolymerization in the presence of a radical initiator (ABCN) at 70°C. The composition of the
copolymers was calculated from nitrogen analysis, and the structures were analyzed by IR, 'H and "*C-NMR, GPC, DSC, and TGA.
High T, of the copolymers, in comparison with that of polyvinyl acetate, indicates a substantial decrease in chain mobility of the copolymer
due to the high dipolar character of the trisubstituted ethylene monomer unit. The gravimetric analysis indicated that the copolymers

decompose in the 190—700°C range.

Keywords: trisubstituted ethylenes; radical copolymerization; vinyl acetate copolymers

1 Introduction

Trisubstituted ethylenes (TSE, CHR' = CR?R?) continue to
attract the attention of polymer chemists as reactive comono-
mers and as models for mechanistic studies. It was shown that
electrophilic tri- and tetrasubstituted olefins are particularly
useful in delineating the transition from radical to ionic chem-
istry (1). Previous studies showed that trisubstituted ethylenes
containing substituents larger than fluorine have very low
reactivity in radical homopolymerization due to polar and
steric reasons. Although steric difficulties preclude homopo-
lymerization of most tri- and tetrasubstituted olefins, their
copolymerization with a monosubstituted alkene makes it
possible to overcome these steric problems (2). Copolymeri-
zation of trisubstituted ethylenes, having double bonds substi-
tuted with halo, cyano, and carbonyl groups and electron-rich
monosubstituted ethylenes such as styrene, N-vinylcarbazole,
and vinyl acetate (3—5) show a tendency toward the for-
mation of alternating copolymers. Ring—unsubstituted
2-phenyl-1,1-dicyanoethylene was copolymerized with
styrene (6), vinyl acetate (7), vinyl ethers (8), methyl
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methacrylate (9), and N-vinyl-2-pyrrlidone (10). In relation
to applications, 1,1-dicyanoethylene (vinyledene cyanide)
and its copolymer with vinyl acetate showed piezoelectric
activity (11). Unlike fluoropolymers, this copolymer is amor-
phous with high 7, of 178°C and has alternating monomer
unit structure. The copolymer has impedance similar to that
of human body and has been suggested for medical appli-
cations as an ultrasonic transducer (12). When a high
electric field is imposed to the copolymer film near its glass
transition temperature, a thin fiber-like assembly about
10 nm thick appears on the surface (13). This behavior in
electrical field (piezoelectrical and dielectrical) has been
attributed to a strong dipole moment of nitrile groups and
the presence of free volume which is capable to abate electro-
static interactions between vinyl acetate dipoles and facilitat-
ing orientation of these dipoles in the direction of the applied
field (14).

In continuation of our studies of the monomer structure-
reactivity correlation in the radical copolymerization of
ring-substituted 2-phenyl-1,1-dicyanoethylene monomers
(15), we have prepared alkyl and alkoxy ring-disubstituted
2-phenyl-1,1-dicyanoethylenes, RC{H;CH=C(CN), (where
R is 2,4-(CHj),, 2,5-(CHs),, 2,3-(CH30),, 2,4-(CH50),,
2,5-(CH50),, 3,4-(CH;0),, 3-C,Hs0-4-CH;0, 4-CH;0-3-
CH3;), and explore the feasibility of their copolymerization
with vinyl acetate.
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2 Experimental

2.1 General Procedures

Infrared spectra of the TSE monomers (NaCl plates) and
polymers (KBr pellets) were determined with a Nicolet Avatar
360 FT-IR spectrometer. The melting points of the monomers
and the glass transition temperatures (7,) of the copolymers
were measured with a TA (Thermal Analysis, Inc.) Model
2010 differential scanning calorimeter (DSC). The thermal
scans were performed in the 25 to 200°C range at a heating
rate of 10°C/min. Tg was taken as a midpoint of a straight
line between the inflection of the peak’s onset and endpoint.
The thermal stability of the copolymers was measured by a ther-
mogravimetric analyzer TA Model 2090 from ambient tempera-
ture to 800°C at 20°C/min. The molecular weights of the
polymers were determined relative to polystyrene standards in
THF solutions with sample concentrations 0.8% (wt/vol) by
gel permeation chromatography (GPC) using a Waters Model
510 pump at an elution rate of 1.0 mL/min; Styragel (Waters)
columns in series: 106, 105, 104, 103, and 500 A. at 25°C, a
Model 410 refractive index and Viscotek TS0A differential visc-
ometer detectors. "H- and '*C-NMR spectra were obtained on
10—25% (w/v) monomer or polymer solutions in CDCl; at
ambient temperature using a Bruker Avance 300 MHz spec-
trometer. Elemental analyses were performed by Quantitative
Technologies Inc. (NJ).

2.2 Synthesis of Monomers

The TSE monomers were synthesized by Knoevenagel con-
densation of the alkyl ring-substituted benzaldehyde with mal-
ononitrile, catalyzed by base, piperidine. 2,4-(CHz),, 2,5-
(CH3),, 2,3-(CH30),, 2,4-(CH30),, 2,5-(CH30),, 3.,4-
(CH30),, 3-C,Hs0-4-CH;0, 4-CH;0-3-CH;s-benzaldehyde,
malononitrile, and piperidine supplied from Aldrich
Chemical Co., were used for monomer synthesis as received.
The preparation procedure was essentially the same for all
the monomers. In a typical synthesis, equimolar amounts of
malononitrile and an appropriate ring-disubstituted benzal-
dehyde were mixed with a small amount of DMF in an Erlen-
meyer flask. A few drops of piperidine were added with
stirring. The crystalline product of the reaction was isolated
by filtration and purified by crystallization from 2-propanol.
Syntheses of 2,5-dimethyl (16), 2,3-dimethoxy, 2,4-dimethoxy,
2,5-dimethoxy, and 3,4-dimethoxyphenyl-substituted 1,1-
dicyanoethylenes were reported recently (17).

2.2.1 2-(2,4-Dimethylphenyl)-1, I-dicyanoethylene

Yield: 71%; mp 120°C; 1H-NMR 6 2.3 (s, 6H, CH3), 7.1, 7.2,
8.1 (m, 3H, Ph), 8.2 (s, 1H, CH=); 13C-NMR 6 21 (CH;), 87
(C=), 130, 133, 136, 139 (Ph), 113 (C=N), 159 (CH=); IR
3032, 2945 (w, C-H, Ph), 2223 (m, C=N), 1577 (m, C=C),
946, 807 (m, C-H out-of-plane bending). Anal. Calcd. for
CioH oNy: C, 79.10; H, 5.53; N, 15.37; Found: C, 78.87; H,
5.32; N, 15.35.
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2.2.2  2-(3-Ethoxy-4-methoxyphenyl)-1, I-dicyanoethylene

Yield 93%; mp 147°C; "H-NMR 81.5 (t, 3H, CH3), 3.9 (s, 3H,
OCHs), 4.1 (q, 2H, CH,), 6.9, 7.4, 7.6 (m, 3H, Ph), 7.7 (s, 1H,
CH=); >C-NMR & 14 (CH;), 56 (OCH3), 65 (CH,), 77
(>C=), 113 (CN), 111, 112, 124, 128, 148,156 (Ph), 159
(HC=); IR 2981, 2909, 2982 (w, C-H, Ph), 2226 (m, CN),
1579, 1511, 1446 (m, C=C), 926, 844 (m, C-H out-of-
plane bending); Anal. Calc. for C;3H,N,O,: C 68.41%, H
5.30%, N 12.27%; Found: C 67.97%, H 4.99%, N 12.38%.

2.2.3  2-(3-Methyl-4-methoxyphenyl)- 1, I-dicyanoethylene
Yield 76%; mp 113°C; 'H-NMR & 2.2 (s, 3H, CH;), 3.8
(s, 3H, OCH3), 7.1-7.5 (m, 3H, Ph), 7.9 (s, 1H, CH=);
BC-NMR 6 16 (CH3), 56 (OCH3), 77 (>C=), 113 (CN),
114, 115, 128, 126 (Ph), 159 (HC=),160 (O-Ph); IR 3018,
2964, 2848 (w, C-H, Ph), 2219 (CN), 16010, 1586 (s, Ph),
960, 814 (m, C-H out-of-plane bending); Anal. Calc. for
CoHoN,O: C 72.71%, H 5.08%, N 14.13%; Found: C
72.44%, H 4.59%, N 14.38%.

2.3 Copolymerization

Vinyl acetate and ethyl acetate (Aldrich) were used as
received. 1,1’-Azobis(cyclohexanecarbonitrile) (ABCN)
(Aldrich) was recrystallized twice from ethyl alcohol and
then dried under reduced pressure at room temperature. Copo-
lymers of the TSE monomers and vinyl acetate were prepared
in 25-ml glass screw cap vials at TSE/VAC = 1/1 molar
ratio of the monomer feed using 0.12 mol/L of ABCN at
an overall monomer concentration 2.44 mol/L in 10 ml of
ethyl acetate. The copolymerization was conducted at 70°C.
After a predetermined time, the mixture was cooled to room
temperature, and precipitated drop wise in petroleum ether.
The crude copolymers were purified by reprecipitation from
chloroform solution into an excess of petroleum ether. The
composition of the copolymers was determined based on
the nitrogen content.

3 Results and Discussion

3.1 Monomer Synthesis

The TSE monomers were synthesized by Knoevenagel con-
densation (18) of a ring-disubstituted benzaldehyde with an
active hydrogen compound, malononitrile, catalyzed by a
base, piperidine (Scheme 1). The condensation reaction

CHO H  ,CN
GN o eridi C=C.
@ . CHy piperidine CN
CN < l}
R R

Sch. 1. Monomer synthesis (where R is 2,4-(CHjz),, 2,5-(CHs),,
2,3-(CH30),, 2,4-(CH30),, 2,5-(CH30),, 3,4-(CH30),, 3-C,Hs0-
4-CH;0, 4-CH30-3-CHj).



10: 07 24 January 2011

Downl oaded At:

418

CN
A _ /CN —CH-C—CHy GH——
C=Csen , HC=¢H - 5 G 2 G
@ OCOCHS CN  OCOCHs
R
R n

Sch. 2. Copolymer synthesis (where R is 2,4-(CHj),, 2,5-(CHjz),,
2,3-(CH;0),, 2,4-(CH;0), 2,5-(CH30),, 3,4-(CH;0),, 3-C,Hs
0-4-CH;0, 4-CH50-3-CH3).

proceeded smoothly, yielding crystalline products, which
were purified by conventional techniques.

3.2 Homopolymerization

An attempted homopolymerization of the TSE monomers in
the presence of ABCN did not produce any polymer as indi-
cated by the lack of a precipitate in methanol. Inability of the
monomers to polymerize is associated with steric difficulties
encountered in homopolymerization of 1,1- and 1,2-
disubstituted ethylenes. Homopolymerization of VAC under
conditions identical to those in the copolymerization
experiments yielded 28.7% of poly(vinyl acetate), when poly-
merized for 30 min.

3.3 Copolymerization

Copolymerization (Scheme 2) of vinyl acetate and the alkyl
and alkoxy ring-disubstituted 1,1-dicyanoethylenes resulted
in formation of copolymers (Table 1) with weight-average
molecular masses 1.8 x 10° to 3.2 x 10* daltons. According
to elemental analysis, the copolymers have equimolar compo-
sition, which is indicative of high reactivity of the monomers
in cross-propagation reactions.

3.4 Structure and Properties

A comparison of the spectra of the copolymers and polyvi-
nyl acetate shows that the reaction between the TSE

Kharas et al.

monomers and VAC is a copolymerization. All the IR
spectra of the copolymers show overlapping bands in the
3000—2800 cm ™' region corresponding to C-H vibrations.
The absorptions of the VAC units appear at 1760—
1740 cm ™' (carbonyl group), 1370—1360 cm ™' (wagging
CH3), 1280—1220 cm ™' (stretching COO), and 1010 and
1110 cm ™' (stretching C-C-C). The bands for the TSE
monomer unit are 2226—2232cm” ' (w, CN), 1610—
1580, 970—920, 850—800, 740—650 for the phenyl group.
The broadening of the NMR signals in the spectra of the
copolymers is apparently associated with head-to-head
structures, which formed through the attack of a VAC-
ended radical on both sides of the TSE monomer unit
(19). Thus the 'H-NMR spectrum of the unsubstituted
TSE-VAC copolymer shows a broad peak in the 6.2—
7.5 ppm region corresponding to the phenyl ring protons
of TSE. A broad signal in the 5.7 ppm region is assigned
to the VAC methine protons. The resonance signal at
2.8 ppm is assigned to the methine proton of TSE unit.
The band at 1.6 ppm is assigned to methyl protons
whereas the two shoulders at 1.2 and 0.9 are assigned to
the methylene of VAC unit. The '*C-NMR spectra of the
copolymers also support the suggested skeletal structure
of the copolymers. Thus, in the typical spectrum of the
VAC-TSE copolymer the assignment of peaks as follows
170 ppm (C=0), 115—133 ppm (phenyl carbons),
160 ppm (phenyl carbons bonded to halogen), 121 ppm
(CN) of TSE unit. The absorbance at 170 and 21 ppm
may be assigned to the carbonyl and methyl of VAC. The
absorptions at 45 and 74 ppm are assigned to the methylene
and the methine signals carbon resonances respectively, of
the VAC unit. Alkyl and alkoxy protons and carbons of
TSE monomer units have the same chemical shifts as
those of the monomers. IR and NMR data showed that
these are true copolymers, composed of both TSE and
VAC monomer units. The copolymers prepared in the
present work are all soluble in methyl ethyl ketone,

Table 1. Copolymerization of vinyl acetate (M) and alkyl and alkoxy ring-disubstituted 1,1-dicyanoethylenes, RCqH;CH=C(CN), (M,)

TGA
Residue at
R Yield’, wt.%  Nwt%  M,inpol,mol%  Myx 10D  T7,,°C  Onsetdemp.,°C 600°C, %
2,4-(CHs), 16 10.23 48.48 2.4 117 206 16
2,5-(CHs), 28 10.45 50.11 22 120 198 18
2,3-(CH;0), 24 8.51 51.00 1.8 119 187 15
2,4-(CH;0), 81 8.48 50.65 2.7 120 203 19
2,5-(CH;0), 91 8.49 50.77 2.7 124 201 20
3,4-(CH;0), 13 8.53 51.24 32 116 207 20
3-C,H;0, 86 8.17 51.10 1.9 121 191 13
4-CH;0
4-CH;0, 12 9.97 51.03 1.8 118 193 14
3-CH,

“Polymerization time was 8 h.
br, ¢, transition was observed by DSC.
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acetone, benzene, THF, DMF and CHCIl; and insoluble
cyclohexane, and in ethyl and petroleum ether. They are
amorphous and show no crystalline DSC endotherm. Rela-
tively high T, of the copolymers (Table 1) in comparison
with that of polyvinyl acetate (7, = 28—-31°C) indicates
decrease of chain mobility of the copolymer due to the
high dipolar character of the TSE structural units.

Information on the degradation of the copolymers was
obtained from thermogravimetric analysis. The TGA in
nitrogen and air produce similar traces. The decomposition
of the copolymers occurred in two steps, presumably acetic
acid elimination in the 190—350°C range followed by a
more slow decomposition of the formed residue at 350—
600°C. Such two step degradation, acetic acid elimination
followed by polyacetylene degradation is known for poly-
vinyl acetate (20). The decomposition products were not
analyzed in this study, and the mechanism has yet to be
investigated.

4 Conclusions

Novel trisubstituted ethylenes, alkyl and alloxy ring-
disubstituted 2-phenyl-1,1-dicyanoethylene were prepared
via a base catalyzed condensation of appropriate substituted
benzaldehyde and malononitrile. The copolymerization of
the monomers with vinyl acetate results in equimolar
alternating copolymers. The composition of the copolymers
was calculated from nitrogen analysis and the structure was
analyzed by IR, 'H and '*C-NMR. High glass transition
temperature of the copolymers (>80°C) in comparison with
that of polyvinyl acetate indicates a substantial decrease in
chain mobility of the copolymer due to the high dipolar
character of the trisubstituted monomer unit. The
decomposition of the copolymers occurred in two steps,
acetic acid elimination in 190—350°C range followed by a
more slow decomposition of the formed residue at 350—
700°C.
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