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Electrophilic  trisubstituted  ethylenes, some  ring-substituted ethyl  2-cyano-1-oxo-3-phenyl-2-propenylcarbamates,
RC¢H4CH=C(CN)CONHCO,C,Hs(where R is 4-(CH3);N, 4-(C,Hs);N, 4-CH;CONH, 4-CH;CO,, 3-C4Hs0, 3-C¢HsCH,O,
4-C¢HsCH,0), were prepared and copolymerized with styrene. The monomers were synthesized by the piperidine catalyzed
Knoevenagel condensation of ring-substituted benzaldehydes and N-cyanoacetylurethane, and characterized by CHN analysis,
IR, 'H- and BC-NMR. All the ethylenes were copolymerized with styrene (M;) in solution with radical initiation (ABCN) at
70°C. The compositions of the copolymers were calculated from nitrogen analysis and the structures were analyzed by IR, 'H-
and 3C-NMR. The order of relative reactivity (1/r;) for the monomers 3-CsH;sO (3.6) > 4-CH3CO> (3.5) > 3-CsHsCH,O (0.7)
~ 4-CsHsCH,O (0.7) > 4-CH3;CONH (0.27) > 4-(CH3),N (0.2) > 4-(C,H5),N (0.1). High 7; of the copolymers in comparison
with that of polystyrene indicates decrease in chain mobility of the copolymer due to the high dipolar character of the trisubstituted

ethylene structural unit. Decomposition of the copolymers in nitrogen occurred in one step in the 270-700°C range.

Keywords: Trisubstituted ethylenes, radical copolymerization, styrene copolymers

1 Introduction

Trisubstituted ethylenes (TSE, CHR' = CR?R?) continue
to attract the attention of polymer chemists as reactive
comonomers and as models for mechanistic studies. It was
shown that electrophilic tri- and tetrasubstituted olefins are
particularly useful in delineating the transition from rad-
ical to ionic chemistry (1). Previous studies showed that
TSE containing substituents larger than fluorine have very
low reactivity in radical homopolymerization of most tri-
and tetrasubstituted olefins, their copolymerization with
a monosubstituted alkene makes it possible to overcome
these steric problems (2). Copolymerization of trisubsti-
tuted ethylenes, having double bonds substituted with halo,
cyano, and carbonyl groups and electron-rich monosub-
stituted ethylenes such as styrene, N-vinylcarbazole, and
vinyl acetate (3—5) show a tendency toward the formation
of alternating copolymers. Ring—unsubstituted 2-phenyl-
1,1-dicyanoethylene was copolymerized with styrene (6),

* Address correspondence to: Gregory B. Kharas, Chemistry De-
partment, DePaul University, Chicago, IL 60614-3214. E-mail:
gkharas@depaul.edu

vinyl acetate (7), vinyl ethers (8), methyl methacrylate (9),
and N-vinyl-2-pyrrolidone (10).

In continuation of our studies of the monomer
structure-reactivity correlation in the radical copoly-
merization of TSE monomers with carbamate group
(11, 12) we have prepared novel ring-substituted
ethyl 2-cyano-1-oxo-3-phenyl-2-propenylcarbamates, RCq
H4,CH=C(CN)CONHCO,C,;H5 (where R is 4-(CH3);N,
4-(C,H;5),N, 4-CH3CONH, 4-CH3;CO,, 3-C¢HsO, 3-
C¢HsCH,;0, 4-C¢HsCH,;0), and explore the feasibility of
their copolymerization with styrene.

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, the glass transition temperatures (7;) of the
copolymers were measured with a TA (Thermal Analysis,
Inc.) Model Q10 differential scanning calorimeter (DSC).
The thermal scans were performed in the 25 to 200°C range
at a heating rate of 10°C/min. 7; was taken as a midpoint of
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a straight line between the inflection of the peak’s onset and
endpoint. The thermal stability of the copolymers was mea-
sured by a thermogravimetric analyzer TA Model Q50 from
ambient temperature to 700°C at 20°C/min. The molecu-
lar weights of the polymers were determined relative to
polystyrene standards in THF solutions with sample con-
centrations 0.8% (wt/vol) by gel permeation chromatogra-
phy (GPC) using a Altech 426 pump at an elution rate of
1.0 mL/min; TSK-GEL G4000Hygr column at 25°C, and
Viscotek 302 and Viscotek UV 2501 detector. ' H- and '*C-
NMR spectra were obtained on 10-25% (w/v) monomer
or polymer solutions in CDClj at ambient temperature us-
ing a Bruker 300 UltraShield spectrometer. Chemical shifts
are reported referenced to TMS as 0 ppm. Proton spectra
utilized 64 K data points with a sweep width of 31.4 kHz, a
pulse delay of 5.3s and 12000 scans accumulated. Elemen-
tal analyses were performed by Quantitative Technologies
Inc. (NJ).

2.2 Synthesis of Monomers

4-(CH3),N, 4-(C,Hs);N, 4-CH3;CONH, 4-CH;CO,, 3-
C¢Hs0, 3-CcHsCH,0, 4-C¢H;CH,O —substituted ben-
zaldehydes , N-cyanoacetylurethane, DMF, and piperi-
dine supplied from Aldrich Chemical Co., were used
for monomer synthesis as received. The preparation
procedure was essentially the same for all the TSE
monomers. In a typical synthesis, equimolar amounts of N-
cyanoacetylurethane and an appropriate ring-substituted
benzaldehyde were mixed with a small amount of DMF in
an Erlenmeyer flask. A few drops of piperidine were added
with stirring. The crystalline product of the reaction was
isolated by filtration and purified by recrystallization from
methanol.

2.2.1. Ethyl 2-cyano-1-oxo-3-(4-dimethylaminophenyl)-2-
propenylcarbamate

Yield: 37.0%; mp 176°C; 'H-NMR § 8.4 (s, IH, CH=),
6.7-8.0 (m, 4H, Ph), 4.5 (q, 2H, OCH>), 3.4 (m, 6H, N-
CH3), 1.3-1.4 (t, 3H, CH3); 3C-NMR § 160, 156, 154,
150, 119, 112, 93, 66, 63, 40, 31, 15, 14; IR 3283 (m, N-H),
2983 (m, C-H), 2202 (m, CN), 1751 (s, C=0), 1527 (C=C),
1170 (s, C-O), 797 (s, C-H out of plane). Anal. Calcd. for
Ci5H7N303: C, 62.71%; H, 5.96%; N, 14.62%; Found: C,
62.37%; H, 5.97%; N, 14.53%.

2.2.2. Ethyl 2-cyano-1-oxo0-3-(4-diethylaminophenyl )-2-
propenylcarbamate

Yield: 73.5%; mp 136°C; 'H-NMR § 8.2 (s, IH, CH=),
6.7-7.8 (m, 4H, Ph), 4.0-4.2 (q, 2H, OCH>), 3.4-3.6 (m,
4H, NCH,), 1.2-2.0 (m, 9H, CH3); *C-NMR § 163, 160,
155,152,151, 135,134,119, 112,111, 93,78, 77, 62, 62, 45,
37,32, 31,25,23,15,14,13; IR 3280 (N-H), 2979 (m, C-H),
2214 (m, CN), 1760 (s, C=0), 1518 (C=C), 1185 (s, C-0),
775 (s, C-H out of plane). Anal. Calcd. for C;7H;;N30Os3:

Kharas et al.

C, 64.74%; H, 6.71%; N, 13.32%; Found: C, 63.86%; H,
6.04%; N, 14.02%.

2.2.3. Ethyl 2-cyano-1-oxo0-3-(4-acetoamidophenyl)-2-
propenylcarbamate

Yield: 94.8%; mp 203°C; 'H-NMR § 8.4 (s, 1H, CH=),
7.7-8.0 (m, 4H, Ph), 4.1-4.2 (q, 2H, OCH,), 2.1 (t, 3H,
COCH3), 1.3-1.4 (t, 3H, CH3); 3C-NMR § 169, 166, 155,
151, 144, 132,122, 119, 113, 51, 32, 25, 14; IR 3336 (N-H),
3020 (m, C-H), 2217 (m, CN), 1756 (s, C=0), 1537 (C=C),
1195 (s, C-0), 779 (s, C-H out of plane). Anal. Calcd. for
C1sHsN304: C, 59.8%; H, 5.02%; N, 13.95%; Found: C,
58.88%; H, 4.99%; N, 13.69%.

2.2.4. Ethyl 2-cyano-1-oxo0-3-(4-acetylphenyl)-2-
propenylcarbamate

Yield: 87.2%; mp 170°C; 'H-NMR § 8.4 (s, 1H, CH=),
7.2-8.1 (m, 4H, Ph), 4.3 (s, 2H, OCH,), 4.1 (t, 3H, OCH3),
1.4 (t, 3H, CH3); 3C-NMR 6 169, 163, 158, 155, 152, 150,
133,129,128, 123,116, 113, 103, 63, 52, 14; IR 3268 (N-H),
2983 (m, C-H), 2227 (m, CN), 1775 (s, C=0), 1527 (C=0),
1182 (s, C-0), 775 (s, C-H out of plane). Anal. Calcd. for
Ci5H14N,05: C, 59.60%; H, 4.67%; N, 9.27%; Found: C,
58.64%; H, 4.58%; N, 9.20%.

2.2.5. Ethyl 2-cyano-1-oxo0-3-(3-phenoxyphenyl)-2-
propenylcarbamate

Yield: 73.6%; mp 147°C; '"H-NMR 8.4 (s, IH, CH=), 6.8—
7.8 (m, 9H, Ph), 4.2 (q, 2H, OCH>»), 1.4 (t, 3H, CH3);"*C-
NMR § 159, 158,156,150, 133,131, 130, 125, 124,120, 116,
104, 63, 14; IR 3277 (N-H), 2984 (m, C-H), 2226 (m, CN),
1774 (s, C=0), 1577 (C=C), 1211 (s, C-0), 777 (s, C-H
out of plane). Anal. Calcd. for C;9gH;¢N,O4: C, 67.85%; H,
4.79%:; N, 8.33%; Found: C, 67.34%; H, 4.63%; N, 8.27%.

2.2.6. Ethyl 2-cyano-1-oxo-3-(3-benzyloxyphenyl)-2-
propenylcarbamate

Yield: 87.4%; mp 126°C; '"H-NMR § 8.4 (s, 1H, CH=), 7.2—
7.8 (m, 9H, Ph), 5.3 (s, 2H, Ph-OCH>), 4.3 (m, 2H, OCH,),
1.4 (t, 3H, CH3); 3C-NMR § 159, 158, 156, 136, 133, 131,
129, 128, 125, 121, 116, 103, 70, 63, 14; IR 3278 (N-H),
2983 (m, C-H), 2223 (m, CN), 1760 (s, C=0), 1499 (C=C),
1195 (s, C-0), 740 (s, C-H out of plane). Anal. Calcd. for
CyoHsN»Oy4: C, 68.56%; H, 5.18%; N, 8.00%; Found: C,
68.39%; H, 5.16%; N, 7.83%.

2.2.7. Ethyl 2-cyano-1-oxo0-3-(4-benzyloxyphenyl)-2-
propenylcarbamate

Yield: 65.4%; mp 174°C; 'H-NMR 6§ 8.4 (d, 1H, CH=),
7.2, 7.9 (m, 4H, Ph), 7.3-7.7 (m, 5H, Ph), 5.2 (s, 2H, Ph-
OCH,), 4.3 (q, 2H, OCH,), 1.3 (m, 3H, CH3), *C-NMR
5 164, 159, 155, 150, 136, 134, 129, 128, 124, 117, 116, 99,
70, 63, 14; IR 3287 (N-H), 2986 (m, C-H), 2210 (m, CN),
1757 (s, C=0), 1516 (C=C), 1180 (s, C-0), 733 (s, C-H
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O= NHC02C2H5

Radlcal

X H— +Y CHy=
lmtlator
CN

= _NHC02C2H5

e

Sch. 1. Copolymer synthesis (where Ris 4-(CH3)2N, 4-(C2H5)2N, 4-CH3CONH, 4-CH3C02, 3-C6H50, 3-C6H5 CHzo, 4-C6H5 CHzo)

out of plane). Anal. Calcd. for C,0HsN,O4: C, 68.56%; H
5.18%; N, 8.00%; Found: C, 68.99%; H, 5.13%; N, 7.81%.

2.3 Copolymerization

Styrene (ST) (Aldrich) was purified by washing with aque-
ous sodium hydroxide, drying, and subsequently distill-
ing at reduced pressure. Ethyl acetate (Aldrich) was used
as received. 1,1’-Azobis(cyclohexanecarbonitrile) (ABCN)
(Aldrich) was twice recrystallized from ethyl alcohol and
then dried under reduced pressure at room temperature.
Copolymers of the TSE monomers and styrene were pre-
pared in 25 mL Pyrex screw cap ampoules at equimolar
ratio of the monomer feed using 0.0045 mol/L of ABCN
at an overall monomer concentration 2 mol/L in 20 mL of
ethyl acetate. The copolymerization was conducted at 70°C.
After a predetermined time, the mixture was cooled to
room temperature, and precipitated dropwise in methanol.
The crude copolymers were purified by reprecipitation from
chloroform solution into an excess of methanol. The com-
position 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 (13) of a ring-substituted benzaldehyde with an
active hydrogen compound, N-cyanoacetylurethane, cat-
alyzed by a base, piperidine.

RC¢H4,CHO + NCCH,CONHCO,C,Hs — RCcH4,CH
— C(CN)CONHCO,C,H

The condensation reaction 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
indicated by the lack of a precipitate in methanol. Inabil-
ity of the monomers to polymerize is associated with steric

difficulties encountered in the homopolymerization of 1,1-
and 1,2-disubstituted ethylenes (2). This type of steric hin-
drance would increase the activation energy required for
addition and slow down the rate of propagation to such
an extent as to favor the occurrence of a chain transfer
or termination instead. Homopolymerization of ST under
conditions identical to those in copolymerization experi-
ments yielded 18.3% of polystyrene, when polymerized for
30 min.

3.3 Copolymerization

Copolymerization (Scheme 1) of the ring-substituted ethyl
2-cyano-1-oxo-3-phenyl-2-propenylcarbamates with ST re-
sulted in formation of copolymers (Table 1) with weight-
average molecular weights of 12.2 to 95.4 kD.

According to elemental analysis of the copolymers, be-
tween 4.57 and 39.12% of TSE monomer is present in the
copolymers, which is indicative of certain reactivity of the
monomers towards ST.

In an attempt to qualitatively correlate the observed
monomer reactivities, we considered copolymer compo-
sition data obtained at [ST]/[TSE] = 2 monomer feed.
The relative reactivity of ST in copolymerization with these
monomers can be estimated by assuming applicability of
the copolymer composition (Eq. 1) of the terminal copoly-
merization model (2):

[Mi](r1 [M1] + [M2])/[IM2](IM{] + r2 [M2]) (1)

my and m, are the mole fractions of ST and TSE
monomer units in the copolymer, respectively; [M;] and
[M,] are the concentrations of ST and a TSE in the
monomer feed, respectively. In the absence of the self-
propagation of TSE monomers (ky; = 0, r, = 0), and at
(IM1/ [M,] = 2) monomer feed, Equation 1 yields Equa-
tion 2:

my/my =

ry=(my/my—1)/2 (2)

or the equation for the relative reactivity of styrene radical
ki12/ kyp with TSE monomers, (Equation 3):

1/ry =2/[(my/m2) — 1] (3)
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Table 1. Copolymerization of styrene (M;) and ring-substituted ethyl 2-cyano-1-oxo-3-phenyl-2-propenylcarbamates,

RCsH4CH=C(CN)CONHCO,C,H;s (M>)

TGA
Yield”, myin pol., Onset of 10% wt. 50% wt. Residue at

R Wt% N wt % mol % My, kD 71’,"C decomp. °C loss, °C loss, °C 500°C, wt%
4-(CH3),N 44 2.9 7.80 12.2 115 294 324 396 0
4-(CyH;5),N 30 1.77 4.57 20.0 114 286 325 395 0
4-CH;CONH 30 3.73 10.59 21.4 134 276 319 370 1
4-CH;CO;, 29 6.00 38.75 95.4 218 280 305 363 9
3-C¢H50 59 5.62 39.12 32.7 184 300 323 363 15
3-C¢HsCH,O 4 5.66 20.54 68.6 181 175 287 360 9
4-C¢HsCH,0 65 3.63 19.81 26.1 147 265 310 367 4

“Polymerization time was 5 h.
b T, transition was observed by DSC.

Consideration of monomer reactivities according to
Equation 3 also involves the assumption of minimal copoly-
mer compositional drift. This nonrigorous kinetic treat-
ment nevertheless allows estimation of the reactivity of a
styrene-ended polymer radical in reaction with electrophilic
monomer (2). The order of relative reactivity (1/r) for the
TSE monomers is 3-C¢Hs0 (3.6) > 4-CH;CO; (3.5) > 3-
CsHsCH,O (0.7) ~ 4-C¢HsCH,O (0.7) > 4-CH;CONH
(0.27) > 4-(CHj3),N (0.2) > 4-(C,Hs),N (0.1).

3.4 Structure and Properties

A comparison of the spectra of the monomers, copolymers
and polystyrene shows, that the reaction between the TSE
monomers and ST is a copolymerization. The structure of
ST-TSE copolymers was characterized by IR and NMR
spectroscopy. IR spectra of the copolymers show overlap-
ping bands in the 3700-3100, and 3100-2600 cm' region
corresponding to N-H and C-H stretch vibrations, respec-
tively. The bands for the TSE monomer unit are 2220-2270
(w, CN), 1652-1704 (s, C=0), and 1221-1262 cm~! (m, C-
0). Benzene rings of both monomers show ring stretching
bands at 1439-1497 and 1519-1597 cm™! as well as a dou-
blet 735-758, 694-708 cm™!, associated with out of plane
C-H bending motions. These bands can be readily identified
in ST copolymers with TSE monomers containing cyano
and carbonyl groups (11, 12). The broadening of the NMR
signals in the spectra of the copolymers is apparently associ-
ated with head-to-tail and head-to-head structures, which
formed through the attack of a styrene-ended radical on
both sides of TSE monomer (14). Thus, 'H-NMR spectrum
of the styrene copolymer with ethyl 2-cyano-1-oxo-3-(4-
benzyloxyphenyl)-2-propenylcarbamate (Figure 1) shows
a broad peak in a 6.0-7.7 ppm region corresponding to
phenyl protons. A double peak in a 4.5-5.4 ppm range is as-
signed to benzyloxy methylene group. A resonance in a 4.0—
4.3 ppm range is assigned to methylene of the ethoxy group,
similarly to one in the spectrum of N-cyanoacetylurethane.
Two signals, at 3.4 and 3.8 ppm are assigned to ST back-

bone protons, methine and methylene, which are in close
proximity cyano and urethane groups (14). A double peak
at 2.5 and 3.0 ppm is assigned to the methine protons of
a TSE unit in head-to-tail and head-to-head structures.
Broad, overlapping resonances in the 0.2-2.3 ppm range
are assigned to methine and methylene protons of ST
monomer unit in the ST-TSE and ST-ST dyads. The '*C-

Fig. 1. 'H-NMR spectrum of styrene copolymer with ethyl
2-cyano-1-ox0-3-(4-benzyloxyphenyl)-2-propenylcarbamate  in
CDCls.
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NMR spectra also support the suggested skeletal structure
of the copolymers. Thus, the assignment of the peaks is
as follows: 169 and 165 ppm (C=0), 148-135 ppm (qua-
ternary carbons of both phenyls), 125-128 ppm (phenyl
carbons), 112-113 ppm (CN), 50-60 ppm (methine and
quaternary carbons of TSE, and methylene carbon of ST),
40-44 ppm (ST methine), 32 ppm (OCH;), and 24-26 ppm
(methyl group). IR and NMR data showed that these are
true copolymers, composed of both TSE and ST monomer
units.

The copolymers prepared in the present work are all sol-
uble in ethyl acetate, THF, DMF and CHCI; and insoluble
in methanol, ethyl ether, and petroleum ether. They are
amorphous and show no crystalline DSC endotherm. Rel-
atively high T; of the copolymers (Table 1) in comparison
with that of polystyrene (T, = 95°C) indicates a 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. Decomposition
of the copolymers in nitrogen occurred in one step in the
270-700°C range (Table 1). The decomposition products
were not analyzed in this study, and the mechanism has yet
to be investigated.

4 Conclusions

Novel electrophilic trisubstituted ethylenes, ring-
substituted ethyl 2-cyano-1-oxo-3-phenyl-2-propenyl
carbamates were prepared via a base catalyzed con-
densation of appropriate substituted benzaldehyde and
N-cyanoacetylurethane. The copolymerization of the
carbamates with styrene results in copolymers. The com-
position of the copolymers was calculated from nitrogen
analysis and the structure was analyzed by IR, 'H and
BC-NMR. The order of relative reactivity (1/r;) for the
TSE monomers is 3-C¢H50 (3.6) > 4-CH3CO, (3.5) >
3-C¢HsCH,0 (0.7) ~ 4-C¢HsCH,O (0.7) > 4-CH3;CONH
(0.27) > 4-(CHj3),N (0.2) > 4-(C,H5),N (0.1). High glass
transition temperature of the copolymers in comparison
with that of polystyrene indicates a substantial decrease
in chain mobility of the copolymer due to the high
dipolar character of the trisubstituted monomer unit.

Decomposition of the copolymers in nitrogen occurred in
one step in the 270-700°C range.
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