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Abstract 

Novel trisubstituted ethylenes, oxy ring-disubstituted isopropyl 3-(R-phenyl)-2-cyanoacrylates, 

RPhCH=C(CN)CO2CH(CH3)2 (where R is 2,6-dimethoxy, 3,4-dimethoxy, 3,5-dimethoxy, 4-
methoxy-2-methyl, 4-methoxy-3-methyl, 3-ethoxy-4-methoxy, 4-ethoxy-3-methoxy) were prepared 
and copolymerized with styrene. The monomers were synthesized by the piperidine catalyzed 
Knoevenagel condensation of ring-disubstituted benzaldehydes and isopropyl cyanoacetate and 
characterized by CHN elemental analysis, IR, 1H- and 13C-NMR. All the ethylenes were 

copolymerized with styrene in solution with radical initiation (ABCN) at 70C. The composition of 

the copolymers was calculated from nitrogen analysis, and the structures were analyzed by IR, 1H 
and 13C-NMR, GPC, DSC, and TGA.  
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Introduction  

Ring–functionalized trisubstituted ethylenes (TSE), esters of 3-

phenylcyanoacrylic acid, R1PhCH=C (CN) CO2R2 continue to 

attract attention as compounds with interesting properties and as 

comonomers for modification of commercial polymers. Thus, 

methoxy ring-substituted methyl ester of 2-cyano-3-phenyl-2-

propenoate, MCPP was used in synthesis of pyridotriazines and 

triazolopyridines [1]. Dimethylamino ring-substituted MCPP was 

examined among other cyanovinylheteroaromatics in relation to 

organic nonlinear optics [2]. There are a number of applications of 

ethyl 2-cyano-3-phenyl-2-propenoate, ECPP and its ring-

substituted derivatives which include studies of catalysis [3] and 

potential antimicrobial and antioxidant agents [4]. 2,4-

Dimethoxyphenyl ECPP was used in design, synthesis and study 

of anticancer activity of novel benzothiazole analogues [5], in 

synthesis of thiazacridine derivatives as anticancer agents against 

breast and hematopoietic neoplastic cells [6] and in DABCO-

catalyzed Knoevenagel condensation using hydroxy ionic liquid 

as a promoter [7]. This ECPP was involved in catalysis study of 

N,N'-dialkylimidazolium dimethyl phosphates [8], in synthesis 

and study of antimicrobial activity of some cyanoacrylates [9], as 

well as in synthesis of antiproliferative active 2-

aminobenzimidazole derivatives [10]. 3, 4-Diethoxyphenyl ethyl 

cyanoacrylate was used in synthesis of 3-hydroxypyridines [11]. 

We have reported synthesis and styrene copolymerization of a 

number of dimethyl and dimethoxy ring-substituted esters of 

cyanophenylacrylates (CPA): methyl ester of CPA [12,13], ethyl 

CPA [14,15], propyl CPA [16], and butyl CPA [17]. In 

continuation of our exploration of novel isopropyl CPA compounds 

[18-20] with the objective to synthesize novel structures with a 

various functional groups and explore the feasibility of their 

copolymerization with styrene we have prepared some oxy ring-

disubstituted isopropyl 3-(R-phenyl)cyanoacrylates (IPCA), 

RPhCH=C(CN)CO2CH(CH3)2, where R is 2,6-dimethoxy, 3,4-

dimethoxy, 3,5-dimethoxy, 4-methoxy-2-methyl, 4-methoxy-3-

methyl, 3-ethoxy-4-methoxy, 4-ethoxy-3-methoxy. To the best of 

our knowledge, there have been no reports on either synthesis of 

these isopropyl 3-phenylcyanoacrylates, nor their copolymerization 

with styrene. 

Experimental and Materials 

2,6-Dimethoxy, 3,4-dimethoxy, 3,5-dimethoxy, 4-methoxy-2-

methyl, 4-methoxy-3-methyl, 3-ethoxy-4-methoxy, 4-ethoxy-3-

methoxybenzaldehydes, isopropyl cyanoacetate, piperidine, 

styrene, 1,1'-azobiscyclohexanecarbonitrile, (ABCN), and toluene 

supplied from Sigma-Aldrich Co., were used as received. 

Instrumentation 

Infrared spectra of the TSE monomers and polymers (NaCl plates) 

were determined with an ABB FTLA 2000 FT-IR spectrometer. 

The melting points of the monomers, the glass transition 

temperatures (Tg), of the copolymers were measured with TA 

(Thermal Analysis, Inc.) Model Q10 differential scanning 

calorimeter (DSC). The thermal scans were performed in a 25 to 

200ºC range at heating rate of 10ºC/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 

thermogravimetric analyzer (TGA) TA Model Q50 from ambient 

temperature to 800ºC at 20ºC/min. The molecular weights of the 

polymers was determined relative to polystyrene standards in THF 

solutions with sample concentrations 0.8% (w/v) by gel permeation 
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chromatography (GPC) using a Altech 426 HPLC pump at an 

elution rate of 1.0 mL/min; Phenogel 5μ Linear column at 25ºC and 

Viscotek 302 detector. 1H- and 13C-NMR spectra were obtained on 

10-25% (w/v) monomer or polymer solutions in CDCl3 at ambient 

temperature using Avance 300 MHz spectrometer. Elemental 

analyses were performed by Midwest Microlab, LLC (IN). 

Results and Discussion 

Synthesis of Monomers 

The oxy ring-disubstituted isopropyl 3-phenylcyanoacrylates 

(IPCA) were synthesized by Knoevenagel condensation [21] of a 

ring-disubstituted benzaldehyde with isopropyl cyanoacetate, 

catalyzed by base, piperidine (Scheme 1). 

 

Scheme 1: Synthesis of isopropyl 3-phenylcyanoacrylates, where R 

is 2, 6-dimethoxy, 3, 4-dimethoxy, 3,5-dimethoxy, 4-methoxy-2-

methyl, 4-methoxy-3-methyl, 3-ethoxy-4-methoxy, 4-ethoxy-3-

methoxy. The preparation procedure was essentially the same for 

all the monomers. In a typical synthesis, equimolar amounts of 

isopropyl cyanoacetate and an appropriate ring-substituted 

benzaldehyde were mixed in equimolar ratio in a 20 mL vial. A few 

drops of piperidine were added with stirring. The product of the 

reaction was isolated by filtration and purified by crystallization 

from 2-propanol. The condensation reaction proceeded smoothly, 

yielding products, which were purified by conventional techniques. 

Isopropyl 3-(2,6-dimethoxyphenyl)cyanoacrylate 

Yield 82%; mp 118°C, 
1
H-NMR  8.4 (s, 1H, CH=), 7.5-6.5 (m, 

3H, Ph), 5.2 (m, 1H, OCH), 3.9 (d, 6H, CH3O), 1.2 (d, 6H, 

CH(CH3)2); 
13C-NMR  159 (C=O), 148 (HC=), 133, 126, 121 

(Ph), 116 (CN), 103 (C=), 71 (OCH), 70 (OCH3), 22 

(CH(CH3)2); FTIR (cm-1): 3120-2790 (m, C-H), 2250 (m, CN), 

1724 (s, C=O), 1615 (C=C), 1250 (s, C-O-CH3), 810, 762 (s, C-

H out of plane). Anal. Calcd. for C15H17NO4: C, 65.44; H, 6.22; 

N, 5.09; Found: C, 63.89; H, 6.35; N, 4.99. 

Isopropyl 3-(3,4-dimethoxyphenyl)cyanoacrylate 

Yield 89%; mp 109°C, 1H-NMR  8.1 (s, 1H, CH=), 7.8-6.8 (m, 

3H, Ph), 5.2 (m, 1H, OCH), 3.9 (d, 6H, CH3O), 1.4 (d, 6H, 

CH(CH3)2); 
13C-NMR  166 (C=O), 155 (HC=), 152, 149, 127, 

98 (Ph), 116 (CN), 111 (C=), 71 (OCH), 56 (OCH3), 22 

(CH(CH3)2); FTIR (cm-1): 3982-2867 (m, C-H), 2224 (m, CN), 

1723 (s, C=O), 1607 (C=C), 1286 (s, C-O-CH3), 842 (s, C-H out 

of plane). Anal. Calcd. for C15H17NO4: C, 65.44; H, 6.22; N, 

5.09; Found: C, 63.46; H, 5.98; N, 4.85. 

Isopropyl 3-(3,5-dimethoxyphenyl)cyanoacrylate 

Yield 87%; mp 98°C, 1H-NMR  8.1 (s, 1H, CH=), 7.3-6.5 (m, 

3H, Ph), 5.2 (m, 1H, OCH), 3.8 (d, 6H, CH3O), 1.4 (d, 6H, 

CH(CH3)2); 
13C-NMR  161 (C=O), 155 (HC=), 133, 108, 106 

(Ph), 116 (CN), 104 (C=), 77 (OCH), 56, 55 (OCH3), 22 

(CH(CH3)2); FTIR (cm
-1

): 3095-2807 (m, C-H), 2223 (m, CN), 

1732 (s, C=O), 1609 (C=C), 1264 (s, C-O-CH3), 854 (s, C-H out 

of plane). Anal. Calcd. for C15H17NO4: C, 65.44; H, 6.22; N, 

5.09; Found: C, 62.68; H, 6.24; N, 5.20. 

Isopropyl 3-(4-methoxy-2-methylphenyl)cyanoacrylate 

Yield 92%; mp 123°C, 1H-NMR  8.5 (s, 1H, CH=), 7.5 - 6.6 

(m, 3H, Ph), 5.3 (m, 1H, OCH), 3.8 (s, 3H, OCH3), 2.3 (s, 3H, 

CH3), 1.3 (d, 6H, CH(CH3)2); 
13C-NMR  163 (C=O), 152 

(HC=), 143, 131, 123, 112 (Ph), 116 (CN), 101 (C=), 71 (OCH), 

55 (OCH3), 22 (CH(CH3)2), 20 (CH3); FTIR (cm-1): 3052-2847 

(m, C-H), 2218 (m, CN), 1717 (s, C=O), 1558 (C=C), 1279 (s, 

C-O-CH3), 935, 844 (s, C-H out of plane). Anal. Calcd. for 

C15H17NO3: C, 69.48; H, 6.61; N, 5.40; Found: C, 68.05; H, 6.61; 

N, 5.27. 

Isopropyl 3-(4-methoxy-3-methylphenyl)cyanoacrylate 

Yield 81%; 123°C, 1H-NMR  8.1 (s, 1H, CH=), 7.5 - 6.6 (m, 

3H, Ph), 5.3 (m, 1H, OCH), 3.9 (s, 3H, OCH3), 2.2 (s, 3H, CH3), 

1.4 (d, 6H, CH(CH3)2); 
13C-NMR  161 (C=O), 154 (HC=), 132, 

131, 110 (Ph), 116 (CN), 99 (C=), 70 (OCH), 56 (OCH3), 21 

(CH(CH3)2), 16 (CH3); FTIR (cm-1): 3061-2832 (m, C-H), 2220 

(m, CN), 1705 (s, C=O), 1562 (C=C), 1283 (s, C-O-CH3), 927, 

833 (s, C-H out of plane). Anal. Calcd. for C15H17NO3: C, 69.48; 

H, 6.61; N, 5.40; Found: C, 69.64; H, 6.81; N, 5.52. 

Isopropyl 3-(3-ethoxy-4-methoxyphenyl)cyanoacrylate 

Yield 79%; mp 59°C, 1H-NMR  8.2 (s, 1H, CH=), 7.4-6.6 (m, 

3H, Ph), 5.1 (m, 1H, OCH), 4.2 (q, 2H, OCH2), 3.8 (d, 3H, 

CH3O), 1.3 (t, 3H, CH3), 1.2 (d, 6H, CH(CH3)2); 
13C-NMR  163 

(C=O), 153 (HC=), 153, 149, 126, 113, 111 (Ph), 116 (CN), 100 

(C=), 68 (OCH), 64 (OCH2), 56 (OCH3), 22 (CH(CH3)2, 15 

(CH3); FTIR (cm-1): 3021-2867 (m, C-H), 2228 (m, CN), 1712 

(s, C=O), 1619 (C=C), 1254 (s, C-O-CH3), 827 (s, C-H out of 

plane). Anal. Calcd. for C16H19NO4: C, 66.42; H, 6.62; N, 4.84; 

Found: C, 65.78; H, 6.38; N, 4.29. 

Isopropyl 3-(4-ethoxy-3-methoxyphenyl)cyanoacrylate 

Yield 94%; mp 33°C, 1H-NMR  8.2 (s, 1H, CH=), 7.6-6.3 (m, 

3H, Ph), 5.2 (m, 1H, OCH), 4.1 (q, 2H, OCH2), 3.7 (d, 3H, 

CH3O), 1.3 (t, 3H, CH3), 1.2 (d, 6H, CH(CH3)2); 
13C-NMR  164 

(C=O), 151 (HC=), 153, 148, 125, 112, 111 (Ph), 116 (CN), 104 

(C=), 69 (OCH), 65 (OCH2), 55 (OCH3), 21 (CH(CH3)2, 16 

(CH3); FTIR (cm-1): 3067-2821 (m, C-H), 2232 (m, CN), 1730 

(s, C=O), 1614 (C=C), 1243 (s, C-O-CH3), 821 (s, C-H out of 

plane). Anal. Calcd. for C16H19NO4: C, 66.42; H, 6.62; N, 4.84; 

Found: C, 65.66; H, 6.58; N, 4.86. 

Copolymerization 
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To the best of our knowledge, there have been no reports on 

copolymerization of the oxy-ring-substituted IPCA compounds. 

Copolymers of the ST and the IPCA monomers were prepared in 

25-mL glass screw cap vials at ST/IPCA = 3 (mol) the monomer 

feed using 0.12 mol/L of ABCN at an overall monomer 

concentration 2.44 mol/L in 10 mL of toluene. The 

copolymerization was conducted at 70ºC. After a predetermined 

time, the mixture was cooled to room temperature, and 

precipitated dropwise in methanol. The conversion of the 

copolymers was kept between 10 and 20% to minimize 

compositional drift. The composition of the copolymers was 

determined based on the nitrogen content. 

 
Scheme 2: ST-IPCA copolymer synthesis, R = 2,6-dimethoxy, 

3,4-dimethoxy, 3,5-dimethoxy, 4-methoxy-2-methyl, 4-methoxy-3-

methyl, 3-ethoxy-4-methoxy, 4-ethoxy-3-methoxy. The ST-IPCA 

copolymers were characterized by nitrogen elemental analysis, 

FTIR, 1H- and 13C-NMR spectroscopies. Thermal behavior was 

studied by DSC and TGA. 

Styrene - isopropyl 3-(2, 6-dimethoxyphenyl) cyanoacrylate 

copolymer 

Yield 13%; 1H-NMR  7.7 – 6.4 (8H, Ph), 5.4 - 5.1 (1H, OCH), 

4.1 – 3.6 (1H, CHPh –ST), 3.8-3.6 (6H, CH3O), 1.5 - 1.2 (2H, 

CH2), 2.6 - 2.3 (1H, CH-ICPP), 1.4 - 1.1 (6H, CH(CH3)2); 
13C-

NMR  173-167 (C=O), 152 - 101 (Ph), 117 - 114 (CN), 68 - 56 

(OCH), 60 - 56 (OCH3), 52 - 42 (CH, CH2), 25 - 22 (CH(CH3)2); 

FTIR (cm-1): 3062-2856 (m, C-H), 2242 (m, CN), 1738 (s, C=O), 

1237 (s, C-O-C), 982 (s, C-H out of plane). Nitrogen content 

2.71%.  

Styrene - isopropyl 3-(3, 4-dimethoxyphenyl)cyanoacrylate 

copolymer 

Yield 15%; 1H-NMR  7.8 – 6.5 (8H, Ph), 5.5 - 5.1 (1H, OCH), 

4.2 – 3.6 (1H, CHPh –ST), 3.8-3.4 (6H, CH3O), 1.3 - 1.2 (2H, 

CH2), 2.6 - 2.4 (1H, CH-ICPP), 1.4 - 1.2 (6H, CH(CH3)2); 
13C-

NMR  172-167 (C=O), 152 - 103 (Ph), 116 - 114 (CN), 68 - 58 

(OCH), 63 - 56 (OCH3), 52 - 43 (CH, CH2), 26 - 22 (CH(CH3)2); 

FTIR (cm-1): 3029-2855 (m, C-H), 2243 (m, CN), 1743 (s, C=O), 

1247 (s, C-O-C), 987 (s, C-H out of plane). Nitrogen content 

2.36%.  

Styrene - isopropyl 3-(3, 5-dimethoxyphenyl) cyanoacrylate 

copolymer 

Yield 11%; 1H-NMR  7.6 – 6.3 (8H, Ph), 5.4 - 5.2 (1H, OCH), 

4.2 – 3.5 (1H, CHPh –ST), 3.9-3.5 (6H, CH3O), 1.6 - 1.3 (2H, 

CH2), 2.7 - 2.4 (1H, CH-ICPP), 1.5 - 1.2 (6H, CH(CH3)2); 
13C-

NMR  174-166 (C=O), 152 - 100 (Ph), 117 - 115 (CN), 68 - 58 

(OCH), 60 - 54 (OCH3), 54 - 41 (CH, CH2), 25 - 23 (CH(CH3)2); 

FTIR (cm-1): 3077-2869 (m, C-H), 2243 (m, CN), 1740 (s, C=O), 

1238 (s, C-O-C), 978 (s, C-H out of plane). Nitrogen content 

2.2%.  

Styrene - isopropyl 3-(4-methoxy-2-

methylphenyl)cyanoacrylate copolymer 

Yield 12%; 1H-NMR  7.5 - 6.6 (Ph), 5.3-5.2 (OCH), 3.8-3.7 

(OCH3), 2.3-2.2 (CH3), 1.3-1.1 (CH(CH3)2); 
13C-NMR  163-161 

(C=O), 153-112 (Ph), 116-114 (CN), 71-69 (OCH), 55-52 

(OCH3), 22-20 (CH(CH3)2), 20-16 (CH3); FTIR (cm-1): 3045-

2823 (m, C-H), 2243 (m, CN), 1727 (s, C=O), 1279 (s, C-O-

CH3), 932-842 (s, C-H out of plane). Nitrogen content 2.17%.  

Styrene - isopropyl 3-(4-methoxy-3-

methylphenyl)cyanoacrylate copolymer 

Yield 11%; 1H-NMR  7.7-6.3 (Ph), 5.3-5.1 (OCH), 3.9-3.7 

(OCH3), 2.4-2.1 (CH3), 1.4-1.2 (CH(CH3)2); 
13C-NMR  163-160 

(C=O), 136-110 (Ph), 116-112 (CN), 70-68 (OCH), 57-53 

(OCH3), 21-19 (CH(CH3)2), 16-13 (CH3); FTIR (cm-1): 3087-

2821 (m, C-H), 2232 (m, CN), 1720 (s, C=O), 1283-1010 (s, C-

O-CH3), 930-823 (s, C-H out of plane). Nitrogen content 2.45%. 

Styrene isopropyl 3-(3-ethoxy-4-

methoxyphenyl)cyanoacrylate copolymer 

Yield 14%; 1H-NMR  7.8-6.3 (Ph), 5.2-4.9 (OCH), 4.2-3.0 

(OCH2), 3.8-3.6 (CH3O), 1.3-1.0 (CH3), 1.2-0.9 (CH(CH3)2); 
13C-NMR  165-159 (C=O), 155-109 (Ph), 116-114 (CN), 68-65 

(OCH), 64-62 (OCH2), 56-53 (OCH3), 22-20 (CH(CH3)2, 15-11 

(CH3); FTIR (cm-1): 3042-2878 (m, C-H), 2237 (m, CN), 1742-

1732 (s, C=O), 1254-1107 (s, C-O-CH3), 827-734 (s, C-H out of 

plane). Nitrogen content 0.68%.  

Styrene isopropyl 3-(4-ethoxy-3-

methoxyphenyl)cyanoacrylate copolymer 

Yield 11%; 1H-NMR  7.8-6.2 (Ph), 5.2-4.9 (OCH), 4.1-3.9 

(OCH2), 3.7-3.5 (CH3O), 1.3-1.1 (CH3), 1.2-0.9 (CH(CH3)2); 
13C-NMR  167-163 (C=O), 154-110 (Ph), 116-112 (CN), 69-67 

(OCH), 65-63 (OCH2), 55-50 (OCH3), 21-18 (CH(CH3)2, 16-12 

(CH3); FTIR (cm-1): 3071-2832 (m, C-H), 2238 (m, CN), 1732-

1712 (s, C=O), 1249-1119 (s, C-O-CH3), 834-785 (s, C-H out of 

plane). Nitrogen content 0.79%. Copolymerization (Scheme 1) of 

ST and the oxy ring-substituted IPCA resulted in formation of 

copolymers (Table 1) with weight-average molecular masses 56 

to 65 kD. Since IPCA monomers do not homopolymerize, the 

most likely structure of the copolymers would be isolated IPCA 

monomer units (n = 1) alternating with short ST (m = 1 - 4) 

sequences (Scheme 2). The copolymers prepared in the present 

work are all soluble in ethyl acetate, THF, DMF and CHCl3 and 

insoluble in methanol, ethyl ether, and petroleum ether. 

According to the nitrogen elemental analysis, between 5.6 and 

30.1 mol% of IPCA monomer is present in the copolymers 
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prepared at ST/IPCA = 3 (mol). In an attempt to qualitatively 

correlate the observed monomer reactivities, we considered 

copolymer composition data. The relative reactivity of ST in 

copolymerization with these monomers can be estimated by 

assuming applicability of the copolymerization equation (Eq. 1) 

of the terminal copolymerization model [22]: 

            m1/m2 = [M1](r1[M1] + [M2])/[M2]([M1] + r2[M2])  (1) 

Table 1: Molecular characteristics of P (ST-co-IPCA) copolymers. 

 

R Nitrogen 

wt% 

% mole 

ST 

% mole 

IPCA 

1/r1 MW
 

kD 

2,6-(OCH3)2 2.7 70 30 2.27 63.2 

3,4-(OCH3)2 2.4 75 25 1.46 56.3 

3,5-(OCH3)2 2.2 78 22 1.21 52.5 

4-OCH3-2-CH3 2.2 79 21 1.11 62.8 

4-OCH3-3-CH3 2.5 75 25 1.50 59.8 

3-OC2H5-4-OCH3 0.7 94 6 0.19 62.2 

4-OC2H5-3-OCH3 0.8 93 7 0.23 57.5 

Table 2: Thermal behavior of P (ST-co-IPCA) copolymers. 

R Tg (ºC) Onset of decom. (ºC) 10 wt%  loss (ºC) 50 wt% loss (ºC) Residue Wt. %) 

2,6-(OCH3)2 105 222 287 339 1 

3,4-(OCH3)2 124 202 289 353 4 

3,5-(OCH3)2 117 210 290 328 4 

4-OCH3-2-CH3 99 240 296 339 3 

4-OCH3-3-CH3 96 210 278 344 4 

3-OC2H5-4-OCH3 89 172 215 362 2 

4-OC2H5-3-OCH3 105 180 250 374 2 

M1 and m2 are the mole fractions of ST and IPCA monomer 

units in the copolymer, respectively, [M1] and [M2] are the 

concentrations of ST and an IPCA in the monomer feed, 

respectively. The monomer reactivity ratios, r1 and r2 are k11/k12 

and k22/k21, respectively. In the absence of the self-propagation of 

IPCA monomers (k22= 0, r2 = 0), and at the monomer feed ([M1]/ 

[M2] = 3), the above equation yields:  

r1 = (m1/m2 – 1)/3    (2) 

Or the equation for the relative reactivity of styrene radical 

k12/k11 with IPCA monomers 

1/r1 = 3/ (m1/m2) – 1   (3) 

Consideration of monomer reactivities according to Equation 3 

also involves the assumption of minimal copolymer 

compositional drift at given conversion. This non-rigorous 

kinetic treatment [22] allows estimation of the reactivity of a ST-

ended polymer radical in reaction with IPCA monomer. The 

order of relative reactivity (1/r1) for the IPCA monomers is 2, 6-

dimethoxy (2.27) > 4-methoxy-3-methyl (1.50) > 3, 4-dimethoxy 

(1.46) > 3, 5-dimethoxy (1.21) > 4-methoxy-2-methyl (1.11) > 4-

ethoxy-3-methoxy (0.23) > 3-ethoxy-4-methoxy (0.19). More 

detailed information on the copolymer composition at different 

monomer feed ratios would be necessary for the application of 

copolymerization models that would allow prediction of 

copolymer composition. 

Thermal behavior 

Thermal transitions of the ST-IPCA copolymers were analyzed by 

differential scanning calorimetry (DSC). All the copolymers were 

amorphous and show no crystalline DSC endotherm on repeated 

heating and cooling cycles. The glass transition temperatures Tg of 

the copolymers were measured by DSC. The second heating results 

were obtained in all cases so that the samples become drier without 

“thermal memory”. Table 2 shows glass transition values for the 

ST-IPCA copolymers prepared in this work with no correlation to 

the size and position of the IPCA ring substitution apparently due to 

non-uniform composition, monomer unit distribution, and/or 

molecular weight and MWD. A single Tg value was observed for all 

the copolymers with values higher than polystyrene (104ºC). 

Information on thermal stability of the copolymers was obtained 

from thermogravimetric analysis (Table 1). Decomposition of the 

copolymers in nitrogen occurred in two steps, first in the 250-500ºC 

range with residue (1-4% wt), which then decomposed in the 500-

800ºC range. The decomposition products were not analyzed in this 

study, and the mechanism has yet to be investigated.  

Conclusion 

Novel trisubstituted ethylenes, oxy ring-disubstituted isopropyl 3-

phenylcyanoacrylates were prepared and copolymerized with 
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styrene. The compositions of the copolymers were calculated from 

nitrogen analysis and the structures were analyzed by IR, H1 and 
13C-NMR. The thermal gravimetric analysis indicated that the 

copolymers decompose in in two steps, first in the 200-500C 

range with residue (1-4% wt), which then decomposed in the 500-

800ºC range. 
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