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Fluoro- and fluoroalkyl-substituents exert a very high electron-withdrawing inductive effect
which reduces the electron density of the vinyl groups so that the reactivity towards carbanions
may be increased. The research work on the polymerization of fluorine-containing vinyl mono-
mers, however, has focused only on radical polymerization and only a few reports on ionic
polymerization are available. The e-value of Alfrey-Price’s @, e-scheme is one of the most
important scale to estimate the effect of the substituents on the reactivity of vinyl monomers. In
our previous papers it was peointed out that the e-values of fluoroalkyl acrylates and methacry-
lates are so large that these monomers readily undergo anionic polymerization.

To obtain further information on the general trend of the anionic polymerization of tri-
fluoromethyl-substituted vinyl monomers, the present research is concerned with the investiga-
tion of combinations of monomers and initiators which produce polymers of five trifluoromethyl-
substituted styrene derivatives such as o-trifflucromethylistyrene, m-trifluoromethylstyrene, p-
frifluoromethylstyrene, a-trifluioromethylstyrene and p-Trifluoromethyl-w-trifluoromethylstyrene,
and two trifluoromethy-substituted acrylates such as trifluorcethyl a-trifluoromethylacrylate and
hexafuorcisopropyl a-trifluoromethylacrylate. Poly{o-trifluoromethylstyrene) was obtained in
rather low yields by the initiations of n-butyllithium, a-methylstyrene oligomer dianion and
sodium naphthalene in toluene media. These compounds are well-known initiators for anionic
polymerization of styrene. However, these initiators gave the polymer in appreciable yields in 1,2-
dimethoxyethane. Lithinm butyldiethylzincate and Grignard reagents which are inactive for
styrene polymerization yielded the polymer in fairly good conversions. The polymer yield
increased with prolonged polymerization time. Diethylzinc and triethylaluminum which are
unable to initiate the styrene polymerization also gave the polymer in appreciable vields in 1,2-
dimethoxyethane. Polymerization reactivity of m- and p-trifiuoromethylstyrenes was, as a whole,
similar to o-trifluoromethylstyrene. The polymer thus obtained possessed a unimodal molecular
weight distribution measured by gel permeation chromatography, In proton magnetic resonance
spectrum of the polymer, absorptions of phenyl, methine and methyiene protons were observed
with an intensity ratio of 4 to 1 to 2. As a tentative conclusion, o-, m- and p-triflucromethyl-
styrenes were polymerized by the simple addition polymerization of the vinyl group without
any remarkable side reactions. According to the dependency of the polymer yields on polymeri-
zation time, para-isomer showed the highest anionic polymerization reactivity, and mefa- and
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ortho-isomers showed almost the same reactivity. ea-Trifluoromethylstyrene and p-
trifuoromethyl-a-trifluoromethylstyrene gave no polymer under the polymerization conditions
investigated here. Anionic copolymerization of a-triffuoromethylstyrene with methyl vinyl
ketone revealed that no addition reaction of a-trifluoromethylstyrene propagating end group took
place with methy! viny! ketone and a-trifluoromethylstyrene monomers. On the other hand, ethyl
a-trifluoromethylacrylate, which is hardly polymerized with radical initiators, has been reported
to give the polymer with lithium fert-butoxide, triethylaluminum, and diethyliethyl cyanoacetato)
aluminum as initiator. Anionic polymerization reactivities of the acrylates possessing two fluo-
roalkyl groups such as trifluoroethyl a-trifluoromethylacrylate and hexaflucrcisopropyl a-
trifluoromethylacrylate were investigated with several initiators. The polymers of these fluori-
nated monomers were obtained with the initiators of n-butyllithium, n-butylmagnesium chloride,
lithium butyldiethylzincate, and lithium fert-butoxide in ethereal solvents. The yields of poly-
(triflucroethyl a-trifluoromethylacrylate) were found to be generaily higher than those of poly-
{hexafiuorcisopropy! e-trifluoromethylacrylate). The anionic polymerization reactivity was,
therefore, in the order of ethyl a-iriflucromethylacrylate > trifluoroethyl a-triluoromethylacrylate
> hexafRuoroisopropyl a-trifluoromethylacrylate. Proton magnetic resonance spectra and gel
permeation chromatograms of the polymer thus obtained suggested that addition polymerization
of the vinyl group took place predominantly without appreciable side reactions. No solvent was
found for poly(hexafluoroisopropyl a-trifluoromethylacrylate), which behaved similarly as poly
(tetraflucroethylene).
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Table 1. Anionic polymerization of o-trifluoromethylstyrene.
Initiator Solvent Tﬁg)p. ’{I“jlg;lg ‘%%l)d
n-CyHgli Tol 60 5 3.1
0 5 0
—72 5 0
THF 60 5 6.3
DME 80 7 27.0
Na® {a-MeSt)2"Na* DME 80 7 329
Na-Naphthalene DME 80 7 28.7
LiZnBuEt, Tol 60 4 155
60 16 43.7
THF 60 4 6.5
DME 80 7 302
ﬂ‘C.qI‘IgMgB!' Tol 0 5 0
THF 60 4 9.8
DME 80 7 528
CgHsCH,MgCl Tol 0 5 0
DME 80 7 28.8
t‘,'C.‘HgOK Tol 0 5 0
Zn (C,Hg)s Tol 0 5 0
&0 4 5.8
60 16 26.9
THF &0 4 4.7
DME 80 7 21.0
Al (CzHg)y Tol 60 5 59
THF 60 4 5.2
BME 80 7 338
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Table 2. Anionic polymerization of m-triflucromethyistyrene.

Initiator Solvent Tﬁg)p. '(13:;? Xg}%l)d
n-CiHoLi Toluene 60 10 5.0
THF 60 10 41.0
DME 80 7 248
Na* {a-MeSt) " Na*t DME a0 7 29.5
LiZnC Hy (CoHs)e Toluene 60 10 11.3
THF 60 10 5.1
DME 80 7 36,5
n-CyHoMgBr Toluene 60 7 24
THF 60 7 20
DME 80 7 44
t-C4H,OK Toluene 60 7 24
DME 80 7 5.2
Zn (CgHs)e Toluene 60 10 2.1
THF 60 10 27.3
DME 80 7 24,1

Al (C,Hg); Toluene 60 12 0
THF 60 12 18.2
DME 80 12 9.4
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Table 3. Anicnic polymerization of p-trifluoromethylstyrene.

Initiator Solvent Tgbn)p. ?3;?(? }E}}%l}d
n-C,HgLi Tol 60 7 4.0
THF 60 5 60.0
DME 80 7 194
Na* (@-MeSt)2 "Na™* DME 80 7 30.7
Na-Naphthalene DME 80 7 53.0
LiZnBuEt, Tol 60 7 22.4
THF 60 5 58
DME 80 7 54.1
LiAlBuEt, Tol 60 7 5.0
THF 60 7 12.0
DME 80 7 44.6
n-CsHoMgBr Tol 60 7 3.6
THF 60 5 145
DME 80 7 18.9
CeHCH,MgCl Tol 60 7 0.2
THF 60 5 13.8
DME &0 7 295
t-C,H 0K Tol 60 7 3.0
THF 60 7 0.2
DME 80 7 1.5

Zn (CoHgle Tol 60 7 Q
THF 60 5 35
DME 80 7 183

Zn (Csz)z/CHaOI‘I

(1:1) DME 80 7 5.1
(1:2) DME 80 7 47.2
(7:8) DME 80 7 338
Al (C.Hs)g Tol 60 7 0.1
THF 60 G 0.3
DME 80 7 4.2
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@ Morc = 2.3 x 105

Mspe =6.2 x 10°
(8)

15 20

Fig. 1. GPC of poly {o-trifluoromethylstyrene)
(A) and poly (p-trifluoromethylstyrene) (B)
produced with LiZnCHgy{C.Hs)s in DME at
80°C.
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Fig. 2. 'NMR of poly (o-trifluoromethyl-
styrene) (A) and poly (p-trifiuoromethyl-
styrene) (B} produced with LiZnC,Hg(CyHg),
in DME at 80°C.
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Table 4, Copolymerization of a-TFMS with MVK

Initiator  M;/Mg*  Solvent Tf;g)l’- gg‘;g ‘E‘%‘)d
AlEt, 15/85  THF 30 3 17.3
35/65 128
50/50 8.2
65,35 5.5
85/15 16
ZnEt, 15/85  THF 30 3 9.0
35/65 4.9
50/50 3.7
65/35 14
85/15 0.7
50/50  THF —22 1 0.2
50/50  DME —22 i 0.3
50/50 Toluene —22 1 0.3

* My @-TFMS, Mg MVK
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Table 5. Anionic polymerization of fluoroalkyl a-trifluoromethylacrylates

. Time Poly (TFTF g
Initiator Solvent (day) }?;e(id (35) A) POI%&?E}%‘A)
n-CyHoLi THF 7 54.3 25.2
DME 7 59.0 11.1
n-CyHyMgCl THF 7 7.6 41.1
DME 7 115 14.2
LiZnC4Hy(CyHg)» THF 10 68.5 12.5
DME 7 69.0 16.1
Toluene 10 0 1
LiAIC,Hy(Collg)s THF 10 0 7.2
Toluene 10 0 0
t-CHOLA THF 10 371 10.1
DME 7 115 111
Toluene 7 0 0
+-CyH,OK THF 7 1] 0.6
DME 7 0 16.3
Zﬂ(02H5)2 THF 10 0 0
Toluene 10 0 0
CsHzZnacac THF 7 34.2 5.0
Tolugne 7 0 2.7
C,Hs;ZnECA THF 7 0 0
Toluene 7 ¢ 0
ANC,Hg)y THF 10 0 2.3
Toluene 10 0 0
{C.H),AIECA THF 10 0] 3.0
Toluene 10 0 0

a) Polymerization temperature: 60°C
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