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Novel oxy ring-substituted isopropyl 2-cyano-3-arylacrylates, 

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

benzyloxy, 4-benzyloxy, 4-acetyloxy, 3-acetyl, 4-acetyl, 4-acetylamino, 4-methoxy-2-

methyl, 4-methoxy-3-methyl, 3-ethoxy-4-methoxy, 3,4-dibenzyloxy, 3-benzyloxy-4-

methoxy, 4-benzyloxy-3-methoxy, 2,3-dimethyl-4-methoxy, 2,5-dimethyl-4-methoxy, 2,4-

dimethoxy-3-methyl, 2,4-dimethoxy-6-methyl, 3,5-dimethoxy-4-hydroxy) were prepared 

and copolymerized with styrene. The acrylates were synthesized by the piperidine catalyzed 

Knoevenagel condensation of oxy ring-substituted benzaldehydes and isopropyl 

cyanoacetate and characterized by CHN elemental analysis, FTIR, 1H and 13C-NMR. All the 

acrylates were copolymerized with styrene in solution with radical initiation at 70C.  The 

composition of the copolymers was calculated from nitrogen analysis, and the structures 

were analyzed by FTIR, 1H and 13C-NMR. Thermal properties of the copolymers are 
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characterized by DSC and TGA. Decomposition of the copolymers in nitrogen occurred in 

two steps, first in the 200-500ºC range with a residue, which then decomposed in the 500-

800ºC range. 

Keywords: cyanoarylacrylates, Knoevenagel condensation, radical copolymerization, 

styrene copolymers 

 

1. Introduction 

Oxy ring–functionalized cyanoarylacrylates, R1PhCH = C(CN)CO2R
2 have found various 

applications as functional compounds in organic and polymer synthesis. Thus, phenoxy 

ring-substituted ethyl cyanoarylacrylate (ECAA) was used in synthesis of tetrazoles 

compounds [1]; it was a product of condensations catalyzed by triazine-based microporous 

network [2], imidazolium chloride immobilized SBA-15 [3], and biocatalyst lipase, 

Aspergillus oryzae [4]. The ECAA was also used in N,N'-dioxide-lanthanum(III)-

catalyzed asymmetric cyclopropanation with 2-bromomalonates [5]. It was employed in 

DBU-mediated [4 + 2] annulations of donor-acceptor cyclopropanes [6], in synergistic 

NaBH4 reduction/cyclization in synthesis of 3-oxabicyclo[3.1.0]hexane derivatives [7], as 

well as in studies on synthetic access to pyrano[3,2-c] quinoline and 3-substituted 

quinoline derivatives [8]. Benzyloxy ring-substituted ECAA was used in synthesis and 

biological evaluation of arylidene-thiazolidinediones with potential hypoglycemic and 

hypolipidemic activities [9]. Acetyl ring-substituted ECAA was involved in synthesis 

from nitriles with retention of the cyano group [10], in iridium hydride complex catalyzed 

addition of nitriles to carbon-nitrogen triple bonds of nitriles [11], and in synthesis (E)-
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trisubstituted alkenes via bismuth triflate-catalyzed rearrangement of acetates [12]. 

Acetamido ring-substituted ECAA was used in heterocyclic syntheses of 

dihydropyridines [13] and in synthesis of polyimides from 4-aminophenylsuccinic acid 

and 3-(4-aminophenyl)glutaric acid [14]. 4-Acetylamino ring-substituted isopropyl 2-

cyanophenylacrylate was reported as a nonlinear optical material [15]. Alkyl 2-

cyanoacrylates are a family of vinyl monomers renowned for their high reactivity and 

instant adhesive properties [16]. Thus, isopropyl cyanoacrylate was reported in 

preparations of semipermeable membrane microcapsules [17] and as fissure sealant in 

dental application [18]. 

       We have reported earlier synthesis and styrene copolymerization of oxy ring-substituted 

methyl [19-24], ethyl [25-27], propyl [28-31], butyl [32-34], isobutyl [35-37], methoxyethyl 

[38,39], and octyl [40-42] cyanoarylacrylates. In continuation of our exploration of novel 

trisubstituted ethylene compounds we have prepared isopropyl oxy ring-substituted 

cyanoarylacrylates, ICAA, RPhCH=C(CN)CO2CH(CH3)2, where R is 3-phenoxy, 4-

phenoxy, 2-benzyloxy, 3-benzyloxy, 4-benzyloxy, 4-acetyloxy, 3-acetyl, 4-acetyl, 4-

acetylamino, 4-methoxy-2-methyl, 4-methoxy-3-methyl, 3-ethoxy-4-methoxy, 3,4-

dibenzyloxy, 3-benzyloxy-4-methoxy, 4-benzyloxy-3-methoxy, 2,3-dimethyl-4-methoxy, 

2,5-dimethyl-4-methoxy, 2,4-dimethoxy-3-methyl, 2,4-dimethoxy-6-methyl, 3,5-

dimethoxy-4-hydroxy, and copolymerized with styrene. To the best of our knowledge there 

have been no reports on either synthesis of these compounds (except 4-acetylamino [15]), 

nor their copolymerization with styrene [43]. 
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2. Experimental 

3-Phenoxy, 4-phenoxy, 2-benzyloxy, 3-benzyloxy, 4-benzyloxy, 4-acetoxy, 3-acetyl, 4-

acetyl (90%), 4-acetamido (97%), 4-methoxy-2-methyl, 4-methoxy-3-methyl, 3-ethoxy-4-

methoxy, 3,4-dibenzyloxy, 3-benzyloxy-4-methoxy, 4-benzyloxy-3-methoxy, 2,3-dimethyl-

4-methoxy, 2,5-dimethyl-4-methoxy, 2,4-dimethoxy-3-methyl, 2,4-dimethoxy-6-methyl, 

3,5-dimethoxy-4-hydroxybenzaldehydes, isopropyl cyanoacetate, piperidine, styrene, 1,1'-

azobiscyclohexanecarbonitrile, (ABCN), and toluene supplied from Sigma-Aldrich Co., 

were used as received. Instrumentation is described in the first paper of this isopropyl esters’ 

series [44]. 

 

3. Synthesis and characterization of isopropyl 2-cyano-3-arylacrylates  

All isopropyl 2-cyano-3-arylacrylates (ICAA) were synthesized by were synthesized by 

Knoevenagel condensation [45] of appropriate benzaldehydes with isopropyl cyanoacetate, 

catalyzed by base, piperidine (Scheme 1). 

 

Scheme 1: Synthesis of isopropyl 2-cyano-3-(R-aryl)acrylates where R is 3-phenoxy, 4-

phenoxy, 2-benzyloxy, 3-benzyloxy, 4-benzyloxy, 4-acetyloxy, 3-acetyl, 4-acetyl, 4-
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acetylamino, 4-methoxy-2-methyl, 4-methoxy-3-methyl, 3-ethoxy-4-methoxy, 3,4-

dibenzyloxy, 3-benzyloxy-4-methoxy, 4-benzyloxy-3-methoxy, 2,3-dimethyl-4-methoxy, 

2,5-dimethyl-4-methoxy, 2,4-dimethoxy-3-methyl, 2,4-dimethoxy-6-methyl, 3,5-

dimethoxy-4-hydroxy. 

 

The preparation procedure was essentially the same for all the compounds. In a typical 

synthesis, equimolar amounts of isopropyl cyanoacetate and an appropriate 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 [44]. No stereochemical analysis of the novel oxy 

ring-substituted ICAA was performed since no stereoisomers (E or/and Z) of known 

configuration were available. 

 

3.1. Isopropyl 2-cyano-3-(3-phenoxyaryl)acrylate 

Yield 78%; mp 80.4°C; 1H-NMR:   8.2 (s, 1H, CH=), 8.0-7.1 (m, 9H, Ph), 5.2 (m, 1H, 

CH), 1.4 (d, 6H, CH3); 
13C-NMR:  167 (C=O), 154 (HC=), 158, 157, 132, 130, 127, 

123, 118, 114 (Ph), 116 (CN), 104 (C=), 68 (OCH), 22 (CH3); FTIR: (cm-1) 3021-2846 

(m, C-H), 2226 (m, CN), 1724 (s, C=O), 1534 (C=C), 1263 (s, C-O-CH3), 824 (s, C-H 

out of plane). Anal. calcd. for C19H17NO3: C, 74.25; H, 5.58; N, 4.56; Found: C, 76.38; 

H, 5.90; N, 4.64. 

3.2 Isopropyl 2-cyano-3-(4-phenoxyaryl)acrylate 
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Yield: 89%; mp 74.6°C; 1H-NMR:  8.2 (s, 1H, CH=), 8.0-6.9 (m, 9H, Ph), 5.2 (m, 1H, 

CH), 1.4 (d, 6H, CH3); 
13C-NMR:   167 (C=O), 154 (HC=), 157, 156, 131, 130, 125, 

123, 118 (Ph), 116 (CN), 100 (C=), 68 (OCH), 22 (CH3); FTIR: (cm-1) 3052-2865 (m, C-

H), 2222 (m, CN), 1720 (s, C=O), 1253 (s, C-O-CH3), 767, 727 (s, C-H out of plane). 

Anal. calcd. for C19H17NO3: C, 74.25; H, 5.58; N, 4.56; Found: C, 74.07; H, 5.55; N, 

4.53. 

3.3 Isopropyl 2-cyano-3-(2-phenylmethoxyaryl)acrylate 

Yield 87%; mp 55.7°C; 1H-NMR  8.2 (s, 1H, CH=), 8.1-7.0 (m, 9H, Ph), 5.2 (s, 2H, 

OCH2),  5.1 (m, 1H, CH), 1.5 (CH3); 
13C-NMR  167 (C=O), 152 (HC=), 137, 131, 130, 

129, 128, 127, 122, 112 (Ph), 116 (CN), 111 (C=), 71 (OCH2), 68 (OCH), 22 (CH3); 

FTIR (cm-1): 3065-2758 (m, C-H), 2221 (m, CN), 1718 (s, C=O), 1580 (s, C=C), 1257 (s, 

C-O-CH3), 833, 762 (s, C-H out of plane). Anal. Calcd. for C20H19NO3: C, 74.75; H, 

5.96; N, 4.36; Found: C, 73.49; H, 6.01; N, 4.65. 

3.4 Isopropyl 2-cyano-3-3-(phenylmethoxyaryl)acrylate  

Yield 82%; mp 100.8°C, 1H-NMR  8.2 (s, 1H, CH=), 7.8-7.1 (m, 9H, Ph), 5.3 (m, 1H, 

CH),  5.2 (s, 2H, CH2), 1.3 (d, 6H, CH3); 
13C-NMR  166 (C=O), 154 (HC=), 159, 137, 

133, 130, 129, 128, 127, 114 (Ph), 116 (CN), 104 (C=), 70 (CH2), 68 (CH), 22 (CH3); 

FTIR (cm-1): 3192-2826 (m, C-H), 2226 (m, CN), 1724 (s, C=O), 1576 (s, C=C), 1276 (s, 

C-O-CH3), 730, 684 (s, C-H out of plane). Anal. Calcd. for C20H19NO3: C, 74.75; H, 

5.96; N, 4.36; Found: C, 74.99; H, 6.12; N, 4.45. 

3.5 Isopropyl 2-cyano-3-(4-phenylmethoxyaryl)acrylate  
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Yield 86%; mp 108.4°C; 1H-NMR  8.2 (s, 1H, CH=), 8.0-6.9 (m, 9H, Ph), 5.3 (m, 1H, 

CH),  5.2 (s, 2H, CH3); 
13C-NMR  166 (C=O), 154 (HC=), 156, 137, 131, 129, 128, 127, 

115 (Ph), 116 (CN), 100 (C=), 70 (CH2), 68 (CH), 22 (CH3); FTIR (cm-1): 3152-2824 (m, 

C-H), 2220 (m, CN), 1715 (s, C=O), 1276 (s, C-O-CH3), 814, 760 (s, C-H out of plane). 

Anal. Calcd. for C20H19NO3: C, 74.75; H, 5.96; N, 4.36; Found: C, 74.76; H, 6.00; N, 

4.35. 

3.6 Isopropyl 2-cyano-3-(4-acetoxyaryl)acrylate 

Yield 78%; mp 78.3°C; 1H-NMR  8.2 (s, 1H, CH=), 8.1-7.0 (d, 4H, Ph), 5.2 (m, 1H, 

CH), 2.4 (s, 3H, CH3CO2), 1.3 (d, 6H, OCHCH3); 
13C-NMR   169 (O=CCH3), 167 

(C=O), 154 (HC=), 153, 131, 125, 122 (Ph), 116 (CN), 100 (C=), 68 (CH), 22 (CH3)2 21 

(Ph-OCOCH3); FTIR (cm-1): 3200-2800 (m, C-H), 2222 (m, CN), 1763 (s, C=O), 1593 

(C=C), 1271 (s, C-O-CH3), 872, 910 (s, C-H out of plane). Anal. Calcd. for C15H15NO4: 

C, 65.92; H, 5.53; N, 5.13; Found: C, 63.88; H, 5.78; N, 5.17. 

3.7 Isopropyl 2-cyano-3-(3-acetylaryl)acrylate 

Yield 91%; mp 145.7°C; 1H-NMR  8.5 (s, 1H, CH=), 8.4-7.0 (m, 4H, Ph), 5.2 (m, 1H, 

CH), 2.7 (s, 3H, CH3CO), 1.2 (d, 2H, CH3); 
13C-NMR  197 (O=CCH3) 166 (C=O), 154 

(HC=), 137, 134, 129, 125 (Ph), 116 (CN), 104 (C=), 68 (CH), 26 (CH3CO), 22 (CH3); 

FTIR (cm-1): 3075-2849 (m, C-H), 2226 (m, CN), 1734 (s, C=O), 1612 (C=C), 1281 (s, 

C-O-CH3), 837 (s, C-H out of plane). Anal. Calcd. for C15H15NO3: C, 70.02; H, 5.88; N, 

5.44; Found: C, 69.22; H, 6.11; N, 5.52. 

 



8 

 

 

3.8 Isopropyl 2-cyano-3-(4-acetylaryl)acrylate 

Yield 76%; mp 133.1°C; 1H-NMR  8.3 (s, 1H, CH=), 8.1 (s, 4H, Ph), 5.3 (m, 1H, CH), 

2.7 (s, 3H, CH3CO), 1.4 (d, 6H, CH3); 
13C-NMR  197 (O=CCH3) 166 (C=O), 154 

(HC=), 142, 131, 129, 125 (Ph), 116 (CN), 104 (C=), 68 (OCH), 26 (CH3CO), 22 (CH3); 

FTIR (cm-1): 3175-2851 (m, C-H), 2218 (m, CN), 1732 (s, C=O), 1607 (C=C), 1268 (s, 

C-O-CH3), 843 (s, C-H out of plane). Anal. Calcd. for C15H15NO3: C, 70.02; H, 5.88; N, 

5.44; Found: C, 69.01; H, 5.97; N, 5.36. 

3.9 Isopropyl 2-cyano-3-(4-acetamidoaryl)acrylate 

Yield 82%; mp 160.1°C; 1H-NMR  9.5 (s, 1H, NH), 8.2 (s, 1H, CH=), 8.1-7.1 (m, 4H, 

Ph), 5.2 (m, 1H, CH), 2.2 (s, 3H, CH3CO), 1.3 (d, 6H, CH3); 
13C-NMR   169 (NHC=O), 

166 (C=O), 154 (HC=), 151, 134, 121, 119 (Ph), 116 (CN), 96 (C=), 68 (CH), 24 

(CH3CO), 22 (CH3); FTIR (cm-1): 3057-2832 (m, C-H), 2220 (m, CN), 1705 (s, C=O), 

1585 (C=C), 1254 (s, C-O-CH3), 858 (s, C-H out of plane). Anal. Calcd. for C15H16N2O3: 

C, 66.16; H, 5.92; N, 10.29; Found: C, 66.24; H, 5.96; N, 10.35. 

3.10 Isopropyl 2-cyano-3-(4-methoxy-2-methylaryl)acrylate 

Yield 88%; mp 66.8°C, 1H-NMR  8.5 (s, 1H, CH=), 8.4-6.7 (m, 3H, Ph), 4.3 (t, 2H, 

OCH2), 3.9 (s, 3H, PhOCH3), 2.5 (s, 3H, PhCH3), 1.8 (m, 2H, OCH2CH2), 1.0 (t, 3H, 

OCH2CH2CH2CH3); 
13C-NMR   163 (C=O), 152 (HC=), 143, 131, 123, 112 (Ph), 115 

(CN), 100 (C=), 68 (OCH2), 56 (PhOCH3), 22 (OCH2CH2), 21 (PhCH3), 10 

(OCH2CH2CH3); IR (cm-1): 3054-2818 (m, C-H), 2218 (m, CN), 1745 (s, C=O), 1597 (s, 
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C=C), 1246 (s, C-O-C), 828, 794 (s, C-H out of plane). Anal. Calcd. for C15H17NO3: C, 

69.48; H, 6.61; N, 5.40; Found: C, 69.20; H, 6.69; N, 5.57. 

3.11  Isopropyl 2-cyano-3-(4-methoxy-3-methylaryl)acrylate 

Yield 42%; mp 98.2°C, 1H-NMR  8.1 (s, 1H, CH=), 7.9-6.7 (m, 3H, Ph), 4.2 (t, 2H, 

OCH2), 3.9 (s, 3H, PhOCH3), 2.2 (s, 3H, PhCH3), 1.8 (m, 2H, OCH2CH2), 1.0 (t, 3H, 

OCH2CH2CH3); 
13C-NMR   163 (C=O), 155 (HC=), 133, 132, 128, 124 (Ph), 116 (CN), 

99 (C=), 68 (OCH2), 56 (PhOCH3), 22 (OCH2CH2), 16 (PhCH3), 10 (OCH2CH2CH3); IR 

(cm-1): 3038-2767 (m, C-H), 2212 (m, CN), 1727 (s, C=O), 1660 (s, C=C), 1228 (s, C-O-

C), 998, 773 (s, C-H out of plane). Anal. Calcd. for C15H17NO3: C, 69.48; H, 6.61; N, 

5.40; Found: C, 69.47; H, 6.54; N, 5.40. 

3.12 Isopropyl 2-cyano-3-(3-ethoxy-4-methoxylaryl)acrylate 

Yield 93%; mp 86.7°C, 1H-NMR  8.2 (s, 1H, CH=), 7.9-6.8 (m, 3H, Ph), 4.3 (t, 2H, 

OCH2), 4.2 (q, 2H, PhOCH2), 3.9 (s, 3H, PhOCH3), 1.8 (m, 2H, OCH2CH2), 1.5 (t, 3H, 

PhOCH2CH3), 1.0 (t, 3H, OCH2CH2CH3); 
13C-NMR   163 (C=O), 155 (HC=), 154, 149, 

128, 125, 113, 111 (Ph), 116 (CN), 99 (C=), 68 (OCH2), 65 (PhOCH2), 56 (PhOCH3), 22 

(OCH2CH2), 15 (PhOCH2CH3), 10 (OCH2CH2CH3); IR (cm-1): 3054-2767 (m, C-H), 

2229 (m, CN), 1722 (s, C=O), 1592 (s, C=C), 1248 (s, C-O-C), 838, 797 (s, C-H out of 

plane). Anal. Calcd. for C16H19NO4: C, 66.42; H, 6.62; N, 4.84; Found: C, 66.31; H, 6.57; 

N, 4.87. 
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3.13 Isoropyl 2-cyano-3-(3,4-dibenzyloxyaryl)acrylate 

Yield 97%; mp 93°C, 1H-NMR  8.1 (s, 1H, CH=), 7.9-6.9 (m, 13H, Ph), 5.3 (d, 4H, 

OCH2Ph),  4.3 (t, 2H, OCH2), 1.8 (m, 2H, OCH2CH2), 1.0 (t, 3H, OCH2CH2CH3); 
13C-

NMR   163 (C=O), 155 (HC=), 153, 149, 136, 129, 128, 127, 125 (Ph), 115 (CN), 100 

(C=), 71 (PhCH2O), 68 (OCH2), 21 (OCH2CH2), 10 (OCH2CH2CH3); IR (cm-1): 3015-

8265 (m, C-H), 2243 (m, CN), 1593 (s, C=C), 1726 (s, C=O), 1269 (s, C-O-C), 982, 862 

(s, C-H out of plane). Anal. Calcd. for C27H25NO4: C, 75.86; H, 5.89; N, 3.28; Found: C, 

75.65; H, 5.88; N, 3.23. 

3.14 Isopropyl 2-cyano-3-(3-benzyloxy-4-methoxyaryl)acrylate 

Yield 68%; mp 113°C, 1H-NMR  8.1 (s, 1H, CH=), 7.9-6.9 (m, 8H, Ph), 5.2 (s, 2H, Ph 

OCH2),  4.3 (t, 2H, OCH2), 4.0 (s, 3H, PhOCH3), 1.7 (m, 2H, OCH2CH2), 1.0 (t, 3H, 

OCH2CH2CH3); 
13C-NMR   163 (C=O), 152 (HC=), 155, 148, 136, 129, 128, 127, 125, 

111 (Ph), 114 (CN), 99 (C=), 71 (PhOCH2), 68 (OCH2), 56 (PhOCH3), 21 (OCH2CH2), 

10 (OCH2CH2CH3); IR (cm-1): 3042-2878 (m, C-H), 2241 (m, CN), 1729 (s, C=O), 1592 

(s, C=C), 1276 (s, C-O-C), 829, 745 (s, C-H out of plane). Anal. Calcd. for C21H21NO4: 

C, 71.78; H, 6.02; N, 3.99; Found: C, 72.09; H, 6.11; N, 4.14. 

3.15 Isopropyl 2-cyano-3-(4-benzyloxy-3-methoxyaryl)acrylate 

Yield 68%; mp 108.9°C, 1H-NMR  8.1 (s, 1H, CH=), 7.9-6.9 (m, 8H, Ph), 5.3 (s, 2H, Ph 

OCH2),  4.3 (t, 2H, OCH2), 4.0 (s, 3H, PhOCH3), 1.8 (m, 2H, OCH2CH2), 1.0 (t, 3H, 

OCH2CH2CH3); 
13C-NMR   163 (C=O), 153 (HC=), 155, 150, 136, 129, 128, 127, 125, 

113, 112 (Ph), 114 (CN), 100 (C=), 71 (PhOCH2), 68 (OCH2), 56 (PhOCH3), 22 
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(OCH2CH2), 10 (OCH2CH2CH3); IR (cm-1): 3069-2812 (m, C-H), 2234 (m, CN), 1742 (s, 

C=O), 1565 (s, C=C), 1246 (s, C-O-C), 845, 723 (s, C-H out of plane). Anal. Calcd. for 

C21H21NO4: C, 71.78; H, 6.02; N, 3.99; Found: C, 71.77; H, 6.04; N, 3.99. 

3.16 Isopropyl 2-cyano-3-(2,3-dimethyl-4-methoxyaryl)acrylate 

Yield 72%; mp 146.1°C, 1H-NMR  8.6 (s, 1H, CH=), 8.1-6.8 (m, 2H, Ph), 5.3 (m, 1H, 

OCH), 3.8 (s, 3H, OCH3), 2.3, 2.0 (s, 6H, PhCH3), 1.3 (d, 6H, CH3); 
13C-NMR  160 

(C=O), 153 (HC=), 145, 138, 121, 117 (Ph), 115 (CN), 108 (C=), 69 (OCH), 55 (CH3O) 

21 (CH3), 16 (PhCH3); IR (cm-1): 3188-2838 (m, C-H), 2234 (m, CN), 1736 (s, C=O), 

1601 (s, C=C), 1266 (s, C-O-C), 768, 699 (s, C-H out of plane). Anal. Calcd. for 

C16H19NO3: C, 70.31; H, 7.01; N, 5.12; Found: C, 69.96; H, 7.13; N, 5.18. 

3.17 Isopropyl 2-cyano-3-(2,5-dimethyl-4-methoxyaryl)acrylate 

Yield 83%; mp 120.7°C, 1H-NMR  8.4 (s, 1H, CH=), 8.1-6.6 (m, 2H, Ph), 5.2 (m, 1H, 

OCH), 3.7 (s, 3H, OCH3), 2.3, 2.0 (s, 6H, PhCH3), 1.3 (d, 6H, CH3); 
13C-NMR   168 

(C=O), 157 (HC=), 145, 133, 128, 126 (Ph), 115 (CN), 105 (C=), 71 (OCH), 59 (CH3O) 

22 (CH3), 19 (PhCH3); IR (cm-1): 3183-2812 (m, C-H), 2236 (m, CN), 1731 (s, C=O), 

1623 (s, C=C), 1265 (s, C-O-C), 776, 693 (s, C-H out of plane). Anal. Calcd. for 

C16H19NO3: C, 70.31; H, 7.01; N, 5.12; Found: C, 69.75; H, 7.25; N, 5.18. 

3.18 Isopropyl 2-cyano-3-(2,4-dimethoxy-3-methylaryl)acrylate 

Yield 78%; mp 117.4°C, 1H-NMR  8.5 (s, 1H, CH=), 8.2-6.7 (m, 2H, Ph), 5.1 (m, 1H, 

OCH), 3.8, 3.6 (s, 6H, OCH3), 2.0 (s, 3H, PhCH3), 1.3 (d, 6H, CH3); 
13C-NMR   163 

(C=O), 150 (HC=), 161, 162, 150, 129, 120, 118 (Ph), 116 (CN), 109 (C=), 71 (OCH), 
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64, 57 (CH3O) 21 (CH3), 16 (PhCH3); IR (cm-1): 3132-2812 (m, C-H), 2218 (m, CN), 

1717 (s, C=O), 1571 (s, C=C), 1278 (s, C-O-C), 781, 676 (s, C-H out of plane). Anal. 

Calcd. for C16H19NO4: C, 66.42; H, 6.62; N, 4.84; Found: C, 66.70; H, 6.73; N, 4.87. 

3.19 Isopropyl 2-cyano-3-(2,4-dimethoxy-6-methylaryl)acrylate 

Yield 91%; mp 102.3°C, 1H-NMR  8.3 (s, 1H, CH=), 7.3 (m, 2H, Ph), 5.1 (m, 1H, 

OCH), 3.8, 3.7 (s, 6H, OCH3), 2.3 (s, 3H, PhCH3), 1.3 (d, 6H, CH3); 
13C-NMR  161 

(C=O), 151 (HC=), 160, 150, 141, 120, 118 (Ph), 116 (CN), 96 (C=), 70 (OCH), 55, 54 

(CH3O) 21 (CH3), 19 (PhCH3); IR (cm-1): 3122-2811 (m, C-H), 2227 (m, CN), 1700 (s, 

C=O), 1565 (s, C=C), 1291 (s, C-O-C), 786, 687 (s, C-H out of plane). Anal. Calcd. for 

C16H19NO4: C, 66.42; H, 6.62; N, 4.84; Found: C, 65.74; H, 6.91; N, 4.81. 

3.20 Isopropyl 2-cyano-3-(3,5-dimethoxy-4-hydroxyaryl)acrylate 

Yield 83%; mp 156.0°C, 1H-NMR  8.1 (s, 1H, CH=), 7.3 (s, 2H, Ph), 5.1 (m, 1H, OCH), 

3.8 (s, 6H, OCH3), 1.3 (d, 6H, CH3); 
13C-NMR  163 (C=O), 151 (HC=), 143, 135, 128 

(Ph), 115 (CN), 100 (C=), 87 (OCH), 57 (CH3O), 21 (CH3); IR (cm-1): 3012-2822 (m, C-

H), 2232 (m, CN), 1716 (s, C=O), 1575 (s, C=C), 1267 (s, C-O-C), 789, 689 (s, C-H out 

of plane). Anal. Calcd. for C15H17NO5: C, 61.85; H, 5.88; N, 4.81; Found: C, 62.04; H, 

6.17; N, 4.81. 

3.21 Isopropyl 2-cyano-3-(4-hydroxy-3,5-dimethyl-4-hydroxyaryl)acrylate 

Yield 74%; mp 201.6°C, 1H-NMR  8.2 (s, 1H, CH=), 7.3 (s, 2H, Ph), 5.1 (m, 1H, OCH), 

2.2 (s, 6H, CH3), 1.3 (d, 6H, CH3); 
13C-NMR  166 (C=O), 153 (HC=), 161, 126, 125, 

123 (Ph), 115 (CN), 100 (C=), 67 (OCH), 22 (CH3), 16 (PhCH3); IR (cm-1): 3022-2834 
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(m, C-H), 2236 (m, CN), 1721 (s, C=O), 1585 (s, C=C), 1256 (s, C-O-C), 792, 676 (s, C-

H out of plane). Anal. Calcd. for C15H17NO3: C, 69.48; H, 6.61; N, 5.40; Found: C, 

69.63; H, 6.89; N, 5.50. 

 

4. Copolymerization 

Copolymers of the styrene (ST) and the ICAA compounds, P(ST-co-ICAA) were 

prepared in 25-mL glass screw cap vials at ST/ICAA=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 

composition of the copolymers was determined based on the nitrogen content (cyano 

group in ICAA monomers). The conversion of the copolymers was kept between 10 and 

20% to minimize compositional drift (Table 1). Since ICAA monomers do not 

homopolymerize, the most likely structure of the copolymers would be short styrene 

sequences alternating with isolated ICAA monomer units (n = 1) (Scheme 2).    

 

Scheme 2: Copolymerization of ST and the ring-substituted isopropyl 2-cyano-3-(R-

aryl)acrylates. R is 3-phenoxy, 4-phenoxy, 2-benzyloxy, 3-benzyloxy, 4-benzyloxy, 4-

acetyloxy, 3-acetyl, 4-acetyl, 4-acetylamino, 4-methoxy-2-methyl, 4-methoxy-3-methyl, 3-
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ethoxy-4-methoxy, 3,4-dibenzyloxy, 3-benzyloxy-4-methoxy, 4-benzyloxy-3-methoxy, 2,3-

dimethyl-4-methoxy, 2,5-dimethyl-4-methoxy, 2,4-dimethoxy-3-methyl, 2,4-dimethoxy-6-

methyl, 3,5-dimethoxy-4-hydroxy. 

 

  TGA 

 

 

R 

 

Yielda 

wt% 

 

N 

wt% 

ICAA 

in 

pol., 

mol% 

 

MW  

kD 

 

Tg 

ºC 

 

Onset of 

decomp. 

ºC 

10% 

wt 

loss, 

ºC 

50

% 

wt 

loss

, ºC  

Residue 

at 

500ºC, 

wt% 

3-C6H5O 14.1 2.39 27.2 41.2 116 217 285 358 3 

4-C6H5O 10.2 2.48 28.8 38.8 154 218 268 367 2 

2-C6H5CH2O 11.3 2.27 26.0 32.1 137 219 294 342 3 

3-C6H5CH2O 15.3 2.44 29.2 41.9 123 212 291 364 3 

4-C6H5CH2O 12.3 2.19 24.6 34.9 110 240 298 377 2 

4-CH3COO 14.1 2.15 24.8 29.5 136 218 289 350 4 

3-CH3CO 10.7 2.53 26.0 59.1 136 214 285 390 4 

4-CH3CO 10.4 2.64 27.6 64.3 129 225 282 342 2 

3-CH3CONH 11.4 3.82 18.4 39.0 129 210 296 381 3 

4-CH3O-2-CH3 14.4 2.94 32.4 24.8 110 159 247 345 3 

4-CH3O-3-CH3 12.1 2.22 21.9 30.2 128 274 314 357 4 
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3-C2H5O-4-CH3O 16.8 2.58 29.1 31.0 83 242 312 358 4 

3,4-(PhCH2O)2 17.2 1.94 26.2 42.0 88 234 317 356 2 

3-PhCH2O-4-CH3O 12.8 2.08 24.4 35.1 114 270 329 366 9 

4-PhCH2O-3-CH3O 14.3 1.99 22.8 42.8 117 244 317 354 11 

2,3-Dimethyl-4-

methoxy 

12.2 3.3 40.7 53.2 109 145 234 332 2.0 

2,5-Dimethyl-4-

methoxy 

15.2 3.49 44.8 62.7 112 172 247 338 4.1 

2,4-Dimethoxy-3-

methyl 

17.1 2.62 29.8 64.2 113 165 277 345 3.4 

2,4-Dimethoxy-6-

methyl 

13.2 3.23 41.9 63.2 104 156 248 335 1.6 

3,5-Dimethoxy-4-

hydroxy 

10.6 2.55 28.7 55.4 132 233 268 330 6.8 

4-Hydoxy-3,5-

dimethyl 

14.4 2.54 40.7 52.3 110 199 252 339 5.7 

 

aConditions: ST/ICAA: 3 (mol) / Toluene / 70ºC / 5 hrs.  
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5. Structure and Thermal Properties 

The structure of ST- ICAA copolymers was characterized by IR and NMR spectroscopy. A 

comparison of the spectra of the monomers, copolymers and polystyrene shows, that the 

reaction between the trisubstituted ethylenes and styrene is a copolymerization. IR spectra of 

the copolymers show overlapping bands in 3300-2700 cm1 region corresponding to C-H 

stretch vibrations. The bands for the PCPP monomer unit are 2242-2227 (w, CN), 1742-

1726 (s, C=O), and 1252-1227 cm-1 (m, C-O). Benzene rings of both monomers show ring 

stretching bands at 1512-1468 and 1523-1461 cm-1 as well as a doublet 786-671 cm-1, 

associated with C-H out of plane deformations. These bands can be readily identified in 

styrene copolymers with trisubstituted ethylene monomers containing cyano and carbonyl 

electron withdrawing groups [19-42].  

The 1H-NMR spectra of the ST- ICAA copolymers show a broad double peak in a 

6.0-8.0 ppm region corresponding to phenyl ring protons. A resonance at 4.3-3.8 ppm is 

assigned to the methoxy and methyleneoxy protons of ICAA monomer unit. A broad 

resonance at 3.9-2.1 ppm is assigned to the methyl and methine protons of ICAA, and 

methine and methylene protons of ST monomer unit close to the propenoate unit, which are 

more subjected to deshielding than the ones in polystyrene. The low and high field 

components of the signal are associated with ICAA monomer unit in head-to-tail and head-

to-head structures. A broad resonance peak in 0.9-2.2 ppm range is attributed to the methine 

and methylene protons of styrene monomer sequences, as well as to alkyl ester and alkyl-Ph 

protons of ICAA. The 13C-NMR spectra also support the suggested skeletal structure of the 

copolymers.  Thus, the assignment of the peaks is as follows: 164-160 ppm (C=O), 156-130 
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ppm (quaternary carbons of both phenyls), 143-120 ppm (phenyl carbons), 118-112 ppm 

(CN), 60-50 ppm (methine, quaternary carbons and alkoxy ICAA carbons), 47-45 ppm (ST 

methine), and 44-40 ppm (ST methylene), 36-14 ppm alkyl carbons of ICAA. 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. The molecular weights 

were measured by GPC in THF.  According to GPC analysis the copolymers had weight-

average molecular masses 24.8 to 64.3 kD (Table 1).  

All the copolymers were amorphous and show no crystalline DSC endotherm on repeated 

heating and cooling cycles. Table 2 shows glass transition values for the ST-ICAA 

copolymers prepared in this work with no correlation to the size and position of the ICAA 

ring substitution apparently due to non-uniform composition, monomer unit distribution, 

and/or molecular weight and MWD. A single Tg was observed for all the copolymers with 

values 84-154ºC. Information on thermal stability of the copolymers (Table 2) was obtained 

from thermogravimetric analysis (Table 2). Decomposition of the copolymers in nitrogen 

occurred in two steps, first in the 247-500ºC range with residue (2-11% 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.   

Conclusions 

Novel trisubstituted ethylenes, oxy ring-substituted isopropyl cyanoarylacrylates were 

prepared and copolymerized with 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 two steps, 
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first in the 247-500C range with residue (2-11%wt), which then decomposed in the 500-

800ºC range. 

 

Acknowledgments 

The authors are grateful to acknowledge that the project was partly supported by Chicago 

Society of Coating Technology.  

References 

1. Rueger N, Fassauer GM, Bock C, Emmrich T, Bodtke A, Link A. Substituted 

tetrazoles as multipurpose screening compounds. Molecular Diversity, 2017; 21(1): 

9-27. https://doi.org/10.1007/s11030-016-9711-x  

2.  Ansari MB, Parvin MN, Park S-E. Microwave-assisted Knoevenagel condensation 

in aqueous over triazine-based microporous network. Research on Chemical 

Intermediates, 2014; 40(1): 67-75. https://doi.org/10.1007/s11164-013-1456-x  

3. Parvin MN., Jin H, Ansari MB, Oh SM, Park SE. Imidazolium chloride immobilized 

SBA-15 as a heterogenized organocatalyst for solvent free Knoevenagel 

condensation using microwave. Applied Catalysis, A: General. 2012; 413-414: 205-

212. https://doi.org/10.1016/j.apcata.2011.11.008 

4. Borse BN, Shukla SR, Sonawane YA. Simple, efficient, and green method for 

synthesis of trisubstituted electrophilic alkenes using lipase as a biocatalyst. 

Synthetic Communications. 2012; 42(3): 412-423. 

https://doi.org/10.1080/00397911.2010.525334  

https://doi.org/10.1007/s11030-016-9711-x
https://doi.org/10.1007/s11164-013-1456-x
https://doi.org/10.1016/j.apcata.2011.11.008
https://doi.org/10.1080/00397911.2010.525334


19 

 

 

5. Zhang Y, Lin L, Chen Y, Liu X, Feng X. N,N'-dioxide-lanthanum(III)-catalyzed 

asymmetric cyclopropanation of 2-cyano-3-arylacrylates with 2-bromomalonates. 

Advanced Synthesis & Catalysis 2017; 359(11): 1831-1836. 

https://doi.org/10.1002/adsc.201700212  

6. Liu J, Qian S, Su Z, Wang C. DBU-mediated [4 + 2] annulations of donor-acceptor 

cyclopropanes with 3-aryl-2-cyanoacrylates for the synthesis of fully substituted 

anilines. RSC Advances. 2017; 7(61): 38342-38349. 

https://doi.org/10.1039/c7ra07230a  

7.  Liu J, Wang L, Qing X, Zhang F, Wang T, Wang C. Synergistic NaBH4 

reduction/cyclization of 2-aroylcyclopropane-1-carboxylates: Synthesis of 3-

oxabicyclo [3.1.0] hexane derivatives. European Journal of Organic Chemistry. 

2017; 1012-1018. https:// doi.org/10.1002/ejoc.201601341 

8. El-Taweel FMA, Elagamey A-GA, Khalil MHM. Studies on quinolin-2(1H)-one 

derivatives: synthetic access to pyrano[3,2-c] quinoline and 3-substituted quinoline 

derivatives. American Chemical Science Journal. 2013; 3(4): 532-549. 

9.  Da Costa Leite LFC, Veras Mourao RH, Alves de Lima MC, Galdino SLins, 

Hernandes MZ, Neves, FAR, Vidal, S, Barbe, J, Pitta, IR. Synthesis, biological 

evaluation and molecular modeling studies of arylidene-thiazolidinediones with 

potential hypoglycemic and hypolipidemic activities. European Journal of Medicinal 

Chemistry. 2007; 42(10): 1263-1271. https://doi.org/10.1016/j.ejmech.2007.02.015  

10. Murahashi S-I. Synthesis from nitriles with retention of the cyano group. ChemInform. 

2005; 36(12). https://doi.org/10.1002/chin.2005122741 

https://doi.org/10.1002/adsc.201700212
https://doi.org/10.1039/c7ra07230a
https://doi.org/10.1016/j.ejmech.2007.02.015
https://doi.org/10.1002/chin.2005122741


20 

 

 

11. Takaya H, Naota T, Murahashi S-I. Iridium hydride complex catalyzed addition of 

nitriles to carbon-nitrogen triple bonds of nitriles. Journal of the American Chemical 

Society. 1998; 120(17): 4244-4245. https://doi.org/10.1021/ja974106e  

12.  Ollevier T, Mwene-Mbeja TM. Bismuth triflate-catalyzed rearrangement of acetates 

of the Baylis-Hillman adducts into (E)-trisubstituted alkenes. Tetrahedron. 2008; 

64(22): 5150-5155. https://doi.org/10.1016/j.tet.2008.03.053  

13. Mashaly MM, El-Gogary SR, Kosbar TR. Enaminones in heterocyclic syntheses: 

Part 4. A new one-step synthetic route to pyrrolo[3,4-b]pyridine and convenient 

syntheses of 1,4-dihydropyridines and 1,1'-(1,4-phenylene)bis(1,4-dihydropyridine).  

Journal of Heterocyclic Chemistry. 2014; 51(4): 1078-1085. 

https://doi.org/10.1002/jhet.1609  

 14. Teshirogi T. Polyimides from 4-aminophenylsuccinic acid and 3-(4-

aminophenyl)glutaric acid. Journal of Polymer Science, Part A:  Polymer Chemistry. 

1988; 26(12): 3403-3407. https://doi.org/10.1002/pola.1988.080261223  

15. Nonlinear optical material of cyano(acetylamino)cinnamate ester. Hidaka, Takaharu; 

Nakatani, Hiroyuki; Yamanaka, Kazu. Jpn. Kokai Tokkyo Koho (1991), JP 

03206429 A 19910909. 

16. Duffy C, Zetterlund P, Aldabbagh F. Radical polymerization of alkyl 2-

cyanoacrylates molecules. Molecules. 2018; 23(2): 465-486. 

https://doi.org/10.3390/molecules23020465 

17.       Holl RJ, Chambers RP. The synthesis of semipermeable membrane microcapsules    

            using in situ cyanoacrylate ester polymerization.  Journal of Microencapsulation.   

https://doi.org/10.1021/ja974106e
https://doi.org/10.1016/j.tet.2008.03.053
https://doi.org/10.1002/jhet.1609
https://doi.org/10.1002/pola.1988.080261223
https://doi.org/10.3390/molecules23020465


21 

 

 

            2002; 19(6): 699-724. https://doi.org/10.1080/02652040110055225  

18.  Irmansyah WK, Yamaki M. A fundamental study of fissure sealant in dental  

            application:  in vitro adhesive tensile strength. Journal of Materials Science:   

           Materials in Medicine. 1990; 1(1): 33-7. https://doi.org/10.1007/bf00705351  

19.  Kim K, Blaine DA, Brtek LM, Flood RM, Krubert CG, Rizzo AMT, et al. Synthesis  

            and copolymerization of trisubstituted ethylenes with styrene - 6. Alkoxy, phenoxy,   

            and cyano ring-substituted methyl 2-cyano-3-phenyl-2-propenoates. Journal of  

           Macromolecular Science, Part A: Pure and Applied Chemistry, 2000; 37: 841-851.   

           https://doi.org/10.1081/ma-100101126  

20.    Kharas GB, Pierce EE, Aguirre KC, Anyaeche RO, Arrieta CL, Falk NL. et al  

        Novel copolymers of styrene. 13. Oxy ring-substituted methyl 2-cyano-3-phenyl-2- 

       propenates. Journal of Macromolecular Science, Part A: Pure and Applied Chemistry,    

       2014; 51(6): 465 – 469. https://doi.org/10.1080/10601325.2014.906243  

21. Kharas GB, Chavez SE, Luna AN, Lusk EE, Mendez DP, O’Rourke DS, et al. 

           Novel copolymers of styrene. 11. Some ring-substituted methyl 2-cyano-3-phenyl- 

          2-propenates. Journal of Macromolecular Science, Part A: Pure and Applied  

        Chemistry, 2014; 51(1): 1-5. https://doi.org/10.1080/10601325.2014.850616  

22.   Sun Y, Larson GB, Mc Manigal KA, Manahan J, Sawicki AD, Kharas GB.   

       Synthesis and copolymerization of some ring-substituted methyl 2-cyano-3-phenyl-  

       2-propenoates.  Designed Monomers and Polymers, 1998; 1: 251- 255.  

       https://doi.org/10.1163/156855598x00369  

https://doi.org/10.1080/02652040110055225
https://doi.org/10.1007/bf00705351
https://doi.org/10.1081/ma-100101126
https://doi.org/10.1080/10601325.2014.906243
https://doi.org/10.1080/10601325.2014.850616
https://doi.org/10.1163/156855598x00369


22 

 

 

23. Novel Copolymers of Styrene. 14. Ring-disubstituted Methyl 2-Cyano-3-Phenyl-2-

Propenoates. Kharas, Gregory B.; Shahbain, Ahlam; Fabbri, Jenna L.; Fanter, Cornelia E.; 

Garcia, Daniel R.; Ibarra, Maria G.; Lane, David; Marshall, Emily; Pierce, Erin E.; Sanchez, 

Ian F.; et al. Journal of Macromolecular Science, Part A: Pure and Applied Chemistry 

(2014), 51(5), 394-398. 

24. Novel Copolymers of Styrene and Dialkoxy Ring-substituted Methyl 2-cyano-3-phenyl-

2-propenoates. G.B. Kharas, J.L. Christensen, D.J. Cichanski, K.E. Goldman, C.L. Gordon, 

L.M. Knowles, C.N. Krefft, M. Matouk, and  K. Watson. J. Macromol. Sci., 43 (7) 989-994 

(2006). 

25. Novel Copolymers of Styrene. 6. Alkoxy Ring-substituted Ethyl 2-Cyano-3-phenyl-2-

propenoates.G.B. Kharas, A.A. Delgado, N.E. Anderson, A. Bajor, A.C. Colbert, A. 

Coleman, C.E. Gregory, J. Hayes, J. Lantin, J.M. Malecki, T.C. Murphy, A. Oprescu, B.F. 

Rydzon, and I. Timoshevskaya.  J.Macromol. Sci. A50 (3) 276-280 (2013). 

26.    Kharas GB, Delgado AA, Gange N, Hattzell MC, Hawley NW, Kupczyk  

         KA, et al., Novel copolymers of styrene. 5. Oxy ring-substituted ethyl  

2-cyano-3-phenyl-2-propenoates. Journal of Macromolecular Science, Part A: Pure 

and Applied Chemistry, 2013; 50(3): 271-275.  

https://doi.org/10.1080/10601325.2013.755375     

27.   Kharas GB, Molina ES, Bobot B, Bueno J, Carney J, Chung JYC, et al., Novel   

        copolymers of styrene. 2. Some ring-substituted ethyl 2-cyano-3-phenyl-2-propenoates.   

        Journal of Macromolecular Science, Part A: Pure and Applied Chemistry, 2013; 50(1):   

        1-5. https://doi.org/10.1080/10601325.2013.735950  

https://doi.org/10.1080/10601325.2013.755375
https://doi.org/10.1080/10601325.2013.735950


23 

 

 

28.   Kharas GB, Dos Santos CF, Gao Y, Godina R, John P, Kent C, et al., Novel  

       copolymers of styrene. 2. Oxy ring-substituted propyl 2-cyano-3-phenyl-2-propenoates.  

       Journal of Macromolecular Science, Part A: Pure and Applied Chemistry, 2016, 53(10):   

       600-604. https://doi.org/10.1080/10601325.2016.1212306  

29.   Kharas GB, Barros WMB, Ackerman KE, Chanos A, Comuzzie BM, Dalloul R. et al. 

        Novel copolymers of styrene. 3. Some ring-substituted propyl 2-cyano-3-phenyl-2-  

       Propenoates. Journal of Macromolecular Science, Part A: Pure and Applied Chemistry,  

       2016; 53(10): 605-609. ps://doi.org/10.1080/10601325.2016.1212307  

30. Novel Copolymers of Styrene. 6. Some Ring-Disubstituted Propyl 2-Cyano-3-Phenyl-2-

Propenoates. G.B. Kharas, L.A. Alyahya, S. M. Rocus, A. Ismail, R. Juarez, A. 

Kavaliauskaite, K.Y. Lechuga, A.C. Leeper, and G.C. Lenti. J. Macromol. Sci. A53(12) 

725-728 (2016). 

31. Novel Copolymers of Styrene. 5. Alkyl and Alkoxy Ring-Disubstituted Propyl 2-Cyano-

3-Phenyl-2-Propenoates. G.B. Kharas, W.M.B. Barros, A. Affaneh, L.A. Alyahya, A.S. 

Ansari, M.J. Asztalos, P.T. Burns, Y. Cardoza, K.J.O. Galvan, K.J. Hall, S.M. Short, and 

M.A. Sovereign. J. Macromol. Sci. A53(11) 664-668 (2016). 

32. Novel Copolymers of Styrene. 5. Methyl and Methoxy Ring-Disubstituted Butyl 2-

Cyano-3-Phenyl-2-Propenoates. G.B. Kharas, H. Feng, L.A. Arendt, S.E. Belton, M.Q. 

Edwards, E.K. Franz, A. Grin, C.M. Hale, I.C. Oyeyipo, A.L. Wolske, P.L. Zavala, and A. 

Zenunovic. J. Macromol. Sci. A52, 976-981 (2015). 

33.   Kharas GB, Feng H, Aranda C, Navarro ME, Pacheco S, Pazderka Q. et al. Novel  

        copolymers of styrene. 2. Oxy ring-substituted butyl 2-cyano-3-phenyl-2-propenoates.   

https://doi.org/10.1080/10601325.2016.1212306
https://doi.org/10.1080/10601325.2016.1212307


24 

 

 

       Journal of Macromolecular Science, Part A: Pure and Applied Chemistry,  

       2015; 52(7): 504-509. https://doi.org/10.1080/10601325.2015.1039320  

34.  Kharas GB, Gao Y, Aburas J, Chintanaphol C, Davis ML, Dolubizno H, et al. Novel   

        copolymers of styrene. 3. Some ring-substituted butyl 2-cyano-3-phenyl-2-propenoates.   

    Pure and Applied Chemistry, 2015; A52(8): 593-598. 

https://doi.org/10.1080/10601325.2015.1050630  

35. Synthesis and styrene copolymerization of novel ring-substituted isobutyl 

phenylcyanoacrylates. A. Cimino, A.G. Nunez, V.N. Patel, S.R. Patel, R. Ramadan, M.S. 

Shah, A. Sisson, T. Valadez, J.C. Watkins, A. Zientarski, and G.B. Kharas. 260th ACS 

National Meeting & Exposition, San Francisco, CA, USA, August 23-27 (2020), POLY-

0077. https://doi.org/10.1021/scimeetings.0c06661 

36. Synthesis and styrene copolymerization of novel dimethyl and dimethoxy ring-

substituted isobutyl phenylcyanoacrylates. A. Cimino, E.M. Camacho, S.M. Evans, D. 

Garza, D.A. Gregory, J.C. Petrescu, M.J.E. Rocha, B.J. Scannell, K.M. Schreck, M. 

Zuljevic, S.M. Rocus, W.S. Schjerven, G.B. Kharas. ChemRxiv (03.08.2020). 

https://doi.org/10.26434/chemrxiv.11401347.v3 

37. Synthesis and styrene copolymerization of novel oxy ring-disubstituted isobutyl 

phenylcyanoacrylates. M. Bailey, M.A. Barcinski, A.L. Galloway, A.M. Guzman, S. 

Hussaini, N.A. Khatib, E.D.R. Parisi, T. Tuff, B.D. Williams, S.M. Rocus, W.S. 

Schjerven and G.B. Kharas. ChemRxiv (07.08.2020). 

https://doi.org/10.26434/chemrxiv.11401347.v4 

https://doi.org/10.1080/10601325.2015.1039320
https://doi.org/10.1080/10601325.2015.1050630
https://doi.org/10.1021/scimeetings.0c06661
https://doi.org/10.26434/chemrxiv.11401347.v3
https://doi.org/10.26434/chemrxiv.11401347.v4


25 

 

 

[38] Synthesis and Styrene Copolymerization of Novel Trisubstituted Ethylenes: 3. Phenoxy 

Ring-substituted 2-Methoxyethyl Phenylcyanoacrylates. Kacy S. Bradford, Abeer 

Fatima, Muhammed M. Ghazal, Ljupka Gjorgjevska, Stephen J. Heimann, Alexis B. 

Jordan, Erick Ortega, Francis C. Regacho, Anna M. Rohrer, Karla  Santana, Caitlin 

Smicklas, Isabel Uribe, Yazmeen I. Villanueva, Jin J. Yi, Sara M. Rocus, William S. 

Schjerven, and Gregory B. Kharas. ChemRxiv. Preprint. (12.29.2020). 

https://doi.org/10.26434/chemrxiv.13262660.v3 

[39] Synthesis and styrene copolymerization of novel trisubstituted ethylenes: 6. Methyl and 

methoxy ring-disubstituted 2-methoxyethyl 2-cyano-3-phenyl-2-propenoates. Sean F. 

Bobrov, Elizabeth J. Bruce, Kailee J. Buttice, Eduardo Cortes, Feona M. Cotter, 

Kathleen M. Fortune, Svetlana Galkina, Nick Goedert, Erin D. Jurgerson, Kelly J. 

Mcgowen, Maximilian J. Nufer, Esha K. Patel, Sara M. Rocus, William S. Schjerven, 

and Gregory B. Kharas. ChemRxiv. Preprint. (19.01.2021). 

https://doi.org/10.26434/chemrxiv.13262660.v6 

[40] Synthesis and styrene copolymerization of novel trisubstituted ethylenes: 3. Oxy ring-

substituted octyl phenylcyanoacrylates. Zena Ahmad, Burcin Asilturk, Dana R. 

Fasman, Erin R. Hocker, Sean P. Markey, Karina Martinez, Aisha Owens, Jasmine S. 

Ramirez, Oscar Rios, David Villegas, Jack N. Wiley, Lindsay M. Winders, Sara M. 

Rocus, William S. Schjerven, and Gregory B. Kharas. ChemRxiv. Preprint. 

(26.03.2021). https://doi.org/10.26434/chemrxiv.13262660.v14 

[41] Synthesis and styrene copolymerization of novel trisubstituted ethylenes: 6. Methyl, 

halogen and oxy ring-disubstituted octyl phenylcyanoacrylates. Emma J. Clajus, 

https://doi.org/10.26434/chemrxiv.13262660.v3
https://doi.org/10.26434/chemrxiv.13262660.v6
https://doi.org/10.26434/chemrxiv.13262660.v14


26 

 

 

Natalie Cote, Rama Dalloul, Giulia M. DiMarco, Mollie J. Eriksson, Yesenia Garcia, 

Nathalie A. Gijsbers, Jay H. Kaila, Amina S. Malik, Madeeha I. Mohiuddin, Anaa 

Mulk, Neil T. Patel,  Sara M. Rocus, William S. Schjerven, and Gregory B. Kharas. 

ChemRxiv. Cambridge Open Engage Version 17 Jul 11, 2021. 

 https://doi.org/10.33774/chemrxiv-2021-k812v-v17 

[42] Synthesis and styrene copolymerization of novel trisubstituted ethylenes: 5. Dimethyl 

and dimethoxy ring-substituted octyl phenylcyanoacrylates. Martin S. Wasilewski, 

Grant W. Boyson, Georgina N. Canavesio, Sarah N. Keaton, Matthew R. Lee, Luke 

Meyer, Zoe A. Ryan, Eric Seeger, Mahmood I. Shah, Rebeca M. Tojo Suárez, Anahi 

F. Toolabian, Bernadette C. Tudor, Sara M. Rocus, William S. Schjerven, and Gregory 

B. Kharas. ChemRxiv. Cambridge Open Engage Version 16 Jul 07, 2021. 

https://doi.org/10.33774/chemrxiv-2021-k812v-v16 

[43]   SciFinder structure search Jan 27 2022.  

[44] Synthesis and styrene copolymerization of novel trisubstituted ethylenes: 1. Alkyl ring-

substituted isopropyl 2-cyano-3-phenyl-2-propenoates. R.L. Pride, C.J. Anderson, M.S. 

Aelion, O.S. Barry, M. Berry, E. Blankemeyer, M.M. Bolton, A. Bravo, I. Chae, C.M. 

Franco, M. Galindo, W.S. Schjerven, G.B. Kharas. J. Macromol. Sci. 55 (4) 355-

361(2018). 

[45]  Smith MB, March J. Addition to carbon-hetero multiple bonds, In March's Advanced 

organic chemistry.: J. Wiley & Sons, New York, 2001, Ch.16, 1225. 

 https://doi.org/10.1002/9780470084960.ch16   

 

https://doi.org/10.33774/chemrxiv-2021-k812v-v17
https://doi.org/10.33774/chemrxiv-2021-k812v-v16
https://doi.org/10.1002/9780470084960.ch16


27 

 

 

 

 


