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The Reactivities of a -Substituted 
Acrylonitriles and Acrylic Esters 
in Radical Copolymerizations 

BUNICHIRO YAMADA and TAKAYUKI OTSU 
Department of Applied Chemistry 
Faculty of Engineering 
Osaka City University 
Sugimotocho, Sumiyoshi-ku, Osaka, Jupan 

SUMMARY 

In order to clarify the effect of the substituents in a-substituted 
acrylonitriles and acrylic esters on their relative reactivities toward a 
polystyryl radical, the radical copolymerizations of diethyl methylene- 
malonate, ethyl a-chloroacrylate, ethyl a-bromoacrylate, a-chloroacrylo- 
nitrile, methyl a-methoxyacrylate, and a-methoxyacrylonitrile with styrene 
@Iz) were investigated at 60°C. From the copolymerization parameters ob- 
tained in this study and those reported in the literature, it was confirmed 
that the a substituents additively contributed to the values of log Q and 
e of the monomers. Hence, the reactivities of a-substituted acrylonitriles 
and acrylic esters relative to unsubstituted acrylonitrile and methyl acry- 
late toward polystyryl radical, respectively, were expressed by the follow- 
ing equation: 

log (rel. react.) = Alog Qx + 0.83 up 

where A log Qx and up are the resonance and polar substituent constants 
of a substituents, respectively. The values of A log Qx were determined 
for CH30, CH3, C6Hs,  C1, Br, OCOCH3, COOCH3, and CN substituents, 
and these values were closely related to the other resonance substituent 
constants such as ER and R of corresponding substituents, except for OCH3 
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1552 B. YAMADA AND T. OTSU 

substituent. This relationship could also be applied to monosubstituted ethyl- 
enic monomers by using the same parameters. However, the reactivities of 
a-substituted styrenes deviated from this relationship because of the low ceil- 
ing temperatures of these monomers. 

INTRODUCTION 

Many attempts to clarify the correlation between the structure and the 
reactivity of a series of vinyl monomers in their radical copolymeiizations 
have been made on the basis of the effect of their substituents. In 1948, 
Walling and co-workers [ 11 reported that the reactivities of nuclear-substituted 
styrenes toward a polymer radical were correlated with the polar substituent 
constants in the Hammett equation. Similar correlations were recently ob- 
served on phenyt vinyl sulfides 121 and vinyl benzoates [ 3 ] .  

However, the importance of the resonance effect of the substituents on the 
copolymerization reactivities of p-substituted styrenes [4] and pheny methac- 
rylates [S] and on the chain-transfer reactivities of such compounds as sub- 
stituted cumenes [6] was pointed out recently. Yamamoto and Otsu [7] 
have proposed a generalized Hammett equation which includes the resonance 
term of the substituents, and t h s  equation has been found to be satisfactorily 
applicable in many radical reactions. 

On the other hand, we have found that the effect of the ester groups on 
the reactivities of alkyl acrylates [8] ,  alkyl methacrylates (9, l o ] ,  alkyl 
thiolacrylates [ 11 1, alkyl cinnamates [ 121, and vinyl esters [ 131 toward apoly- 
mer radical was fitted with the polar substituent constants in the Taft equa- 
tion. However, Chikanishi and Tsuruta [ 141 have suggested that the effect of 
a-alkyl groups in methyl a-alkylacrylates on their copolymerization reactivities 
was determined only with the steric substituent constants of their a-alkyl 
groups. Recently, Cameron [ 151 also stated the importance of both polar 
and steric effects of a substituent in these a-substituted acrylate momomers. 

In an original discussion of the Alfrey-Price Q-e scheme [ 161 , it was sug- 
gested that the log Q and e values of 1,l-disubstituted ethylenic monomers 
could be predicted from the additivity with respect to both substituents. But 
since accurate copolymerization data of 1,l-disubstituted ethylenic monomers 
were not known extensively, the validity of such an expectation was unproved. 

Therefore, we attempted to investigate systematically the substituent ef- 
fects of 1 ,I-disubstituted ethylenic monomers on their copolymerization re- 
activities. The present paper describes these substituent effects on the radical 
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a-SUBSTITUTED ACR YLONITRII,ES AND ACR YLlC ESTERS I553 

copolymerization reactivities of some a-substituted acrylonitriles and acrylic 
esters with styrene as a reference monomer. 

EXPERIMENTAL 

Monomers 

a-Methoxyacrylonitrile and methyl a-methoxyacrylate were prepared ac- 
cording to Baker’s method [ 171 . Ethyl a-chloroacrylate and ethyl a-bromo- 
acrylate were synthesized by dehydrohalogenation of corresponding ethyl 
a. 0-dihalopropionate. Diethyl methylenemalonate was prepared from di- 
ethyl malonate and p-formaldehyde in acetic acid [ 181 . Ethyl a-acetoxy- 
acrylate was prepared by dehydrochlorination of ethyl a-acetoxy-o-chloro- 
propionate [ 191 . These synthesized monomers were confirmed to be pure 
by elementary analyses, refractive indices, and infrared spectra. Commer- 
cially available methyl a-cyanoacrylate, a-chloroacrylonitrile, and styrene 
were purified by fractional distillation under reduced pressure. 

Copolymerization Procedure 

The bulk copolymerizations were carried out in a sealed ampoule at 
60°C. The ampoule containing the comonomers and a,a’-azobis-isobutyro- 
nitrile (AIBN) was degassed by a freezing and thawing method and then 
sealed off under vacuum, after which polymerization was begun. After a 
given polymerization time, the contents of the ampoule were poured into 
a large amount of methanol or diethyl ether to isolate the copolymer. 
The copolymer thus obtained was purified by reprecipitating from benzene 
or dimethylformamide solution into methanol. The compositions of the 
copolymers were calculated from the results of their carbon, nitrogen, or 
halogen analyses. The monomer reactivity ratios were determined from the 
copolymer composition curve by the curve-fitting method. 

Ultraviolet Spectra 

Ultraviolet spectra of a-substituted acrylonitriles and acrylates were 
measured by a Hitachi EPS-IIU spectrophotometer, using n-heptane as a 
solvent over the wavelength range of 195-300 mp. 
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1554 B. YAMADA AND T. OTSU 

Table 1. Copolymerization of Diethyl Methylenemalonate (MI ) with Styrene 
(M,) in the Presence or Absence of Acetic Acid at 60°C: [AIBN] = 1.7 X lom3 

Mole/Liter 

Copolymer [MI] in CO- _ _ _ _ _ _ _  
monomer, [AcOH]/[M,], Time, Conversion Carbon, [M,],  
mole % molar ratio min % % mole % 

14.9 
23.1 
30.2a 
31.8 
41.2 
51.2 
62.0 
72.la 
73.7 
88.7b 

0 
0 
0.19 
0 
0 
0 
0 
0.19 
0 
0.19 

20 
20 
30 
20 
20 
20 
20 
15 
20 
15 

3.4 
4.2 
3.9 
5.8 
7.2 
8.5 
8.4 
5.6 
7.7 
8.9 

70.62 
70.00 
69.97 
69.62 
69.42 
69.12 
68.98 
68.07 
68.08 
67.90 

46.6 
48.7 
48.8 
49.8 
50.4 
51.2 
51.7 
54.4 
54.4 
54.7 

a[AIBN] = 2.0 X mole/liter. 
b[AIBN] = 2.4 X loq3 mole/liter. 

100 I 
h 

2 

0 
b 
E 

5 50 

- 
v 
L aJ 

- 
0 
n 
0 
U 
C .- 

0 50 100 
[Mi] i n c o monomer ( rn ole-%) 

Fig. 1. Copolymer composition relation for the copolymerization of diethyl 
methylenemalonate (M,) with styrene (M,) at 60°C in the presence (0) and 

absence (0) of acetic acid. 
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a-SUBSTITUTED ACR YLONITRILES AND ACRYLIC ESTERS 1555 

RESULTS AND DISCUSSION 

The results of the bulk copolymerization of diethyl methylenemalonate 
(M,) with styrene (M,) at 60°C are shown in Table 1; the composition 
curve is illustrated in Fig. 1. Although diethyl methylenemalonate, as well 
as methyl a-cyanoacrylate, is expected to be readily polymerized anionical- 
ly, the results of the copolymerization in the presence or absence of acetic 
acid, which was an inhibitor for anionic polymerization, were unchanged, 
as shown in Table 1 and Fig. 1. Accordingly, it was concluded that the 
copolymer was obtained solely via radical mechanism. 

ethyl a-bromoacrylate (MI) with styrene (M,) at 60°C. 
Table 2 and Fig. 2 show the results of the radical copolymerization of 

Table 2. Copolymerization of Ethyl aSromoacrylate (M, ) with Styrene 
(M,) at 60°C: [AIBN] = 1.8 X Mole/Liter 

Copolymer 
[ M I 1  in 

comonomer, Time, Conversion Bromine, [Ml I 3 

mole % min % % mole % 

9.5 
18.9 
28.5 
38.3 
48.3 
58.3 
68.5 
78.8 
89.6 

85 
65 
50 
40 
40 
40 
40 
40 
40 

4.7 
5.9 
5.6 
5.9 
5.8 
5.6 
6.0 
5.9 
5.9 

24.04 
26.84 
27.38 
29.37 
3 1.85 
33.08 
34.28 
36.62 
39.3 1 

40.4 
46.6 
52.7 
56.6 
59.0 
63.4 
65.3 
72.5 
80.9 

Although the copolymerizations of a-chloroacrylonitrile [20] and methyl 
a-chloroacrylate [21] were made previously, the reported monomer reac- 
tivity ratios were doubtful as compared with the results of the present 
study. The copolymerizations of these monomers with styrene were re- 
examined at 60°C. The results are shown in Tables 3 and 4 and Fig. 3. 

From these results, the copolymerization parameters for a-substituted 
acrylonitriles and acrylic methyl or ethyl esters are summarized in Tables 5 
and 6 respectively, in which the reported values are also indicated. As can 
be seen from these tables, all the a-substituted acrylonitriles and acrylates, 
except for methyl a-methoxyacrylate and a-methoxyacrylonitrile, were 
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Fig. 2. Copolymer composition relation for the copolymerization of ethyl 
a-bromoacrylate (M,) with styrene (M,) at 60°C. 

Table 3. Copolymerization of a-Chloroacrylonitrile (MI ) with Styrene (M,) 
at 60°C: [AIBN] = 5.9 X Mole/Liter 

Copolymer 
[ M I 1  in 

comonomer, Time, Conversion, Chlorine, [MI 1 7  

mole % min % % mole % 

15.5 
29.2 
41.2 
52.4 
62.3 
71.3 
79.4 
86.9 

10 
60 
60 
60 
60 
90 
90 

3 60 

0.7 
4.5 
4.9 
4.9 
4 .O 
5.7 
4.6 
7.5 

15.20 
17 .OO 
17.55 
18.93 
19.67 
20.65 
21.1 1 
24.29 

39.3 
43.5 
44.7 
47.7 
49.3 
51.4 
52.4 
58.9 
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a-SUBSTITUTED ACR YLONITRILES AND ACRYLIC ESTERS 1557 

Table 4. Copolymerization of Ethyl aChloroacrylate (MI ) with Styrene 
(I&) at 60°C: [AIBN] = 1.8 X Mole/Liter 

Copolymer [MI1 in 
comonomer, Time, Conversion, Chlorine, [MI1 9 

mole % min % % mole % 

9.3 90 3.1 12.70 
18.8 45 1.6 13.10 
37.5 30 2.3 14.86 
48 .O 30 2.6 15.96 
58.1 15 1.6 16.72 
68.3 15 1.8 18.63 
78.1 15 1.9 19.64 
89.3 15 1.7 21.25 

0 50 100 

(Mi) i n c o rno no rner ( m o I e-%) 

41.8 
43.3 
46.9 
54.2 
57.2 
65 .O 
69.2 
76.2 

Fig. 3. Copolymer composition relations for the copolymerizations of 
(1) ethyl a-chloroacrylate (M, ) with styrene (M2) and (2) a-chloroacrylo- 

nitrile ( M I )  with styrene (M2) at 60°C. 
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1558 B. YAMADA AND T. OTSU 

Table 5. Copolymerization Parameters of a-Substituted Acrylonitrile (Mi : 
CH2 =C(X)CN) in Their Radical Copolymerizations with Styrene (M,) at 

60°C 

X rl  1 2  1% l l rz  Q i  e l  Ref. 

E H 3  0.35 0.53 0.276 0.72 0.40 [221 
CH 3 0.16 0.30 0.522 1.12 0.81 ~ 4 1  

c 6HS 0.7 0.02 1.699 9.60 1.26 1231 
H 0.04 0.40 0.398 0.60 1.20 ~ 4 1  

OCOCH, 0.20 0.16 0.796 1.17 1.06 125 1 

CNa 0.001 0.005 2.301 20.1 2.85 1271 

c1 0.13 0.06 1.223 2.83 1.40 This work 

COOCH, 0.03 0.01 2.00 12.6 2.1 [261 

aAt 45°C. 

Table 6. Copolymerization Parameters of a-Substituted Acrylic Esters 
(MI : CH2 =C(X)COOR) in Their Radical Copolymerizations with Styrene 

(M2)  at 60°C 

X R rl 12  log 1/12 Qi e i  Ref. 

OCH3 CH3 0.51 1.10 -0.041 0.47 0.04 [221 

C6H.5 C2H5 0.19 0.04 1.398 4.28 1.41 [ I  11 

CH3 CH3 0.50 0.50 0.310 0.74 0.40 1241 

H CH3 0.18 0.75 0.124 0.42 0.60 ~ 4 1  

OCOCH3 C2HS 0.20 0.57 0.243 0.54 0.67 ~191  

Cl C2H5 0.30 0.08 1.097 2.65 1.13 This work 

Br C2HS 0.50 0.06 1.301 3.70 1.07 This work 

COOC2Hs &Hs  0.08 0.03 1.522 4.78 1.66 This work 

CN CH3 0.03 0.01 2.000 12.6 2.1 1261 
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a-SUBSTITUTED ACR YLONITRILES AND ACRYLIC ESTERS 1559 

more reactive than the respective unsubstituted monomers. It was interest- 
ing to note that the reactivities of these a-methoxy derivatives were low, as 
was the case for vinyl ethers. It was also noted that a-cyano, carboethoxy, 
carbomethoxy, and phenyl derivatives showed an excellent alternating ten- 
dency with styrene. 

As shown in Tables 5 and 6 ,  it was highly improbable that the relative 
reactivities of these acrylonitrile and acrylate monomers were determined 
solely by the polar factor of their substituents. Since the reactivities for 
methyl and ethyl esters of some a-substituted acrylates were almost identi- 
cal [12], the logarithms of relative reactivities (I/rz) of these acrylonitriles 
and acrylates were plotted against the polar substituent constant (up) of 
their a substituents, as shown in Fig. 4. From this figure, no definite corre- 
lation between the relative reactivities and the up constants were found. 

:1 
I 

H 

) 

B 

1 

0.8 

Fig. 4. Plots of log l /rz versus Hammett up constants of a-substituents in 
the copolymerizations of a-substituted acrylonitriles (0) and acrylates (0) 

with stvrene fM-1. 
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0 @/ 

I I 

0 1.0 2 .o 
logl/rzof d-substituted acrylonitrile 

- 20 -10 0 
1 1  I 

logl/rz of vinyl monomer 

Fig. 5 .  Plots of relative reactivities of a-substituted acrylates toward poly- 
styryl radical versus those of a-substituted acrylonitriles (0) and of niono- 

substituted ethylenic monomers (0). 

When the relative reactivities of a-substituted acrylates were plotted with 
those of a-substituted acrylonitriles and monosubstituted ethylenic mono- 
mers published in the literature [24], however, a fairly good straight-line 
relationship with unit slope was obtained, as shown in Fig. 5. From this 
figure, it was suggested that the a substituents in acrylates had as much 
effect on their relative reactivities as those in a-substituted acrylonitriles 
and monosubstituted ethylenes. 

acrylonitriles and acrylates toward polystyryl radical into the polar and 
resonance factors of a substituents according to the Q-e scheme. The 
values of Q and e for these acrylonitriles and acrylates are also summarized 
in Tables 5 and 6. 

From these tables, the e values obtained for a-substituted acrylonitrile 
and acrylate monomers were closely correlated with the up values of their 
a substituents, as in Fig. 6, in which those for vinyl monomers carrying the 

We next attempted to separate the relative reactivities of a-substituted 
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a-SUBSTITUTED ACR YLONITRILES AND ACRYLIC ESTERS 1561 

CH3 H OdOCH3 

Fig. 6.  Correlation between the e values of a-substituted acrylonitriles (O), 
a-substituted acrylic esters (O), and monosubstituted ethylenic monomers 

(a), and the up constants of their substituents. 

corresponding substituents are also indicated. It was observed that the 
straight lines had almost the same slope, i.e., 2.4, which was very close to 
that for vinyl monomers reported by Furukawa and Tsuruta [28]. As 
seen in Fig. 6, the plots for the acetoxy group in vinyl acetate, ethyl a- 
acetoxyacrylate, and a-acetoxyacrylonitrile, and for the phenyl group in 
ethyl atropate and atroponitrile deviated from these straight lines. Since 
the negative e value was reported for vinyl acetate, the use of a positively 
large op value (t0.3 1) [29] for the acetoxy group in radical polymeriza- 
tion might be doubtful. Alternatively, an appropriate up value for the 
acetoxy group might be estimated, from Fig. 6, to be -0.05. Similar devia- 
tions for the phenyl group in a-phenyl derivatives are discussed later. 

The intercepts of three straight lines on the ordinate in Fig. 6 corre- 
spond to the differences in the e values for acrylonitrile, methyl acrylate, 
and ethylene. Hence the e values for a-substituted acrylonitriles, a- 
substituted acrylates, and monosubstituted ethylenes may be formulated 
as follows: 
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1562 B. YAMADA AND T. OTSU 

= e  t 2.4 (ap)X 
CHZ=Cy H 

Since the polar factor of the a substituents of these monomers contrib- 
uted additively to their e values, their resonance factors were expected to 
operate simultaneously with their log Q values. The increments in log Q 
values resulting from the introduction of cyano and carbomethoxy groups 
into the a position of monosubstituted ethylenic monomers are shown in 
Table 7. For example, since the log Q values of methyl a-cyanoacrylate 
and acrylonitrile were 1.10 and -0.22, respectively, the increment (A log Q) 
resulting from the introduction of the carbomethoxy group into the a posi- 
tion of acrylonitrile was 1.32. 

Table 7. The Contributions of Cyano and Carbomethoxy 
Groups to the Values of log Q of asubstituted Acrylo- 

nitrile and Acrylate 

a Substitute log QCOOR A log QCN 

OCH3 1.162 1.352 

H 1.447 1.602 

C6Hs (0.681) (0.982) 
C1 1.78 1 1.808 
Br 1.892 - 

OCOCH, 1.318 1.654 

COOCH, 1.053 1.477 

CN 1.320 1.525 
Mean 1.43 f 0.29 1.57 +0.10 
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a-SUBSTITUTED ACRYLONITRILES AND ACRYLIC ESTERS 1563 

From Table 7, it is obvious that the increments in a series of a-substi- 
tuted acrylate and acrylonitrile monomers were almost constant regardless 
of their a substituents, except the phenyl group, and the mean values of 
the increments obtained for both a-substituted monomer series were deter- 
mined as 1.57 kO.10 and 1.43 * 0.29 for the cyano and carbomethoxy 
groups, respectively. 

Table 8. The Increment of log Q by a Substitution 
on Acrylonitrile or Methyl Acrylate 

a Substituent A log Q ERa Rb 

OCH3 0.06 0.11 0.1 1 

CH3 0.26 0.03 0.03 
H 0 0 0 

C6H5 
c1 0.74 0.10 0.07 
Br 0.95 0.1 2 0.08 

(1.06) - - 

OCOCH3 0.20 - - 

COOCH3 1.43 - 

CN 1.57 0.24 0.49 

a Reference [7]. 
bReferences [4] and [30] .  

Similarly, the increments in log Q values resulting from the introduction of 
the other substituents into the a position of acrylonitrile and methyl acry- 
late monomers were determined. These values for various a substituents 
are shown in Table 8. Although the increment for phenyl substitution 
was also determined, the increment shown in Table 8 does not explain the 
increment of log Q value of ethylene by phenyl substitution to styrene. 

The resulting A log Q values are considered to be a measure of the 
resonance contribution made by the corresponding a substituents to the 
reactivities, if their steric effects are neglected. Accordingly, it is inter- 
esting to compare these values with the reported resonance substituent 
constants. 

Yamamoto and Otsu [7] have presented the following generalized 
Hammett equation, which contains both polar and resonance contributions 
by the substituents: 
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1564 B. YAMADA AND T. OTSU 

log (rel. react.) = p o  + -yER 

where (r and ER are polar and resonance substituent constants, respectively, 
and p and y are reaction constants. Irnoto et al. [4] have evaluated the 
resonance substituent constants (R) from the mutual copolymerization of 
p-substituted styrenes. The values of ER and R are also shown in Table 8. 

From Table 8 it is clear that the A log Q values of the substituents 
follow a trend similar to the ER or R values. Since the values of ER or R 
are those determined for the para substituents across the benzene ring, this 
finding indicated that the steric factor of the a substituents in the present 
monomer series did not significantly affect their reactivities, i.e., their Q 
values. Accordingly, log Q values of 1,l-disubstituted ethylenic monomers 
might be formulated as in the following equation, in a manner similar to 
the formulation of their e values: 

A relationship similar to those of Eqs. (1) and (2) seems to be unable 
for evaluating the Q and e values of various 1,l-disubstituted ethylenic 
monomers. 

It has been assumed by Alfrey et al. [16] that the copolymerization 
reactivities (k21) of vinyl monomers are represented as the sum of both 
polar and resonance factors due to the substituents, i.e., 

By combining this equation with Eqs. (1) and (2), the relative reactivities 
of a-substituted acrylonitrile and acrylate monomers can be formulated as 
follows: 
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where (k21)0 and (Ql)o are the relative reactivities and the Q values of 
unsubstituted acrylonitrile and methyl acrylate, respectively, and (k21)X and 
(Ql)x are those for a-substituted monomers. The plot of log (kzl)x/(k21)o 
with up values is shown in Fig. 7, in which the straight line with slope of 
0.83 in Eq. (3) is indicated. Hence the deviations from this line must cor- 
respond to A log Qx values thus graphically obtained are compared with 
their mean values (Table 8), the mean values for the cyano and carbo- 
methoxy groups are somewhat larger than those obtained from Figure 7. 

2.0 
0 
h 

Fi 
5 . 1.5 
X 

h 

5 

rn 1.0 
Y 
v 

0 
...+ 

0.5 

Fig. 7. Application of Eq. (3) to the relative reactivities of a-substituted 
acrylonitriles (0) and acrylic esters (a). The deviations from the straight 

line with the slope of 0.83 correspond to A log Qx. 

These discrepancies might be due to the uncertainties in the copolymeriza- 
tion parameters for unconjugated ethylenic monomers which were used to 
calculate the mean values of A log Q for the cyano and carbomethoxy 
groups. 

It is known that vinyl monomers in which the double bond is con- 
jugatcd with the substituent are more reactive than unconjugated vinyl 
monomers, and a linear correlation between their log Q values and ab- 
sorption maxima is given in Ref. [31]. In Fig. 8, when absorption maxima 
of a-substituted acrylonitriles and acrylates in n-heptane were plotted 
against log Q values, no straight-line relationship was obtained. It is 
clear that the log Q values for 1 ,I-disubstituted ethylenic monomers can- 
not be predicted simply from their absorption maxima. 
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1 

200 220 240 

Fig. 8. Plot of the absorption maxima against the log Q values of a-substi- 
tuted vinyl monomers: (1) methyl a-cyanoacrylate, (2) diethyl methylene- 
malonate, (3) ethyl atropate. (4) ethyl a-chloroacrylate, ( 5 )  a-chloroacrylo- 
nitrile, (6) ethyl a-acetoxyacrylate, (7) a-methoxyacrylonitrile, (8) methyl 

a-methoxyacrylate. 

Since some 1,l -disubstituted ethylenic monomers, in which both substi- 
tuents can conjugate with the reacting double bond, form a cross-conjugation 
system, a red shift in absorption maxima following the introduction of the 
a substituent into acrylonitrile and methyl acrylate monomers was not so 
large as compared with that following the introduction of the corresponding 
substituent into ethylene. Nor might the steric inhibition of the conjuga- 
tion by the substituents be neglected. Absorption maxima of ethylene and 
methyl acrylate monomers were reported to be 170.3 mp in vapor phase 
and 201.5 mp in isooctane [31]. However, diethyl methylenemalonate 
showed an absorption maximum at 198 mp in n-heptane. 

Although the substituents in 1,l-disubstituted ethylenic monomer were 
conjugated with reacting double bond in a different manner from those in 
monosubstituted ethylenic monomer, the resonance contribution of the 
substituents to stabilize the incipient radical in the transition state was 
considered to be similar in 1 ,l-disubstituted ethylenes and monosubsti- 
tuted ethylenes, as can be seen from the observed additivity in log Q 
value. 
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Table 9. Homopolymerizability of a-Substituted Vinyl Mono- 
mers by Radical Mechanism 

Parent monomera 

a-Substituent Acrylic ester Acrylonitrile Styrene 

OCH, 0 X x ~ 3 2 1  
CH 3 0 0 X 

H 0 0 0 
C6H5 x ~ 4 1  x ~ 3 1  X 

c1 0 0 X [351 

Br 0 (0) o<) 
OCOCH3 0 [191 0 [36] X [371 

COOCH3 x [381 0 [26] x ~ 4 1  

CN 0 [26] x ~ 7 1  x ~ 3 1  

a@: Polymerized to high polymer. 0 : Polymerized slowly 
to high polymer. X : No polymerization. 

As mentioned in the preceding section, the abnormal behavior of a-phenyl- 
substituted monomers must be considered. Although the introduction of a- 
methyl substituent into methyl acrylate or acrylonitrile leads to an increase 
in their Q values, as shown in Table 7, that into styrene decreases the Q value. 
The decrease in styrene Q value may be due to a low ceiling temperature of 
styrene derivatives. Recently, the ceiling temperatures in the polymerizations 
of methyl atropate [33] and a-methoxystryrene [34] at 1 mole/liter of solu- 
tion were reported to be -40 and below -8O"C, respectively. 

Since no detailed data on the ceiling temperature of various monomers 
were available, the ceiling temperatures for a-substituted acrylonitriles, 
acrylates, and styrenes were qualitatively compared from their radical homo- 
polymerizabilities at 60°C. These results are summarized in Table 9. It can 
be seen from this table that the homopolymers were obtained from most of 
the a-substituted acrylonitrile and acrylate monomers. However, among a-  
substituted styrenes, only the unsubstituted styrene was homopolymerized. 
Since the steric factor of a substituent was not considered to be the main 
factor for determining the homopolymerizability as expected from the 
copolymerization study, such an observation might suggest that the a- 
substituted styrenes except styrene had ceiling temperatures lower than 60°C. 
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1568 B. YAMADA AND T. OTSU 

We considered that the abnormal behavior of styrene derivatives was due 
to their low ceiling temperatures as compared with the present polymeriza- 
tion temperature. If copolymerization data obtained at a temperature suf- 
ficiently lower than the ceiling temperature were available, we could discuss 
the reactivity of a-substituted styrenes as we have discussed the reactivity 
of a-substituted acrylonitriles and acrylates. 
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