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Anionic polymerization of fluorine-contain­
ing vinyl monomers is of considerable interest 
since these monomers are expected to readily 
undergo polymerization with anionic initiators 
of relatively low basicity as the electron density 
of the vinyl groups is reduced by the high 
electron-withdrawing effect of fluoro- and 
fluoroalkyl-substituents. The anionic polym­
erizations of fluorinated acrylates and meth­
acrylates have revealed that the polymers 
are produced with initiators of low reactivity 
such as organoaluminum compounds, and 
detailed study on initiation and propagation 
reactions has been reported. 1 

Though the same effect should appear in the 
polymerization of fluorinated styrene deriva­
tives, only a few studies on the polymerization 
of these monomers with anionic initiators have 
been reported. 2 The polymerization of rx­

trifluoromethylstyrene has produced no poly­
mer under radical and anionic polymerization 
conditions in spite of its high e value (Q = 0.43, 
e=0.90). 3 - 5 

As previously reported, the anionic polym­
erizations of ortho- and para-trifluoromethyl­
styrenes have, on the other hand, produced the 
corresponding homopolymers with initiators of 

* To whom all correspondence should be addressed. 

relatively low activity which are unable to yield 
the polymer of non-fluorinated styrenes under 
the same reaction conditions.6 The reactivity 
of styrene derivatives is, therefore, strongly 
influenced by the strong electron-withdrawing 
trifluoromethyl group. Muramatsu et al. 
reported that the polymerization reactivity of 
trifluoromethyl-substituted phenylacetylenes 
was of the order of or tho-> meta-> para­
isomer. 7 This suggests the polymerizability is 
affected by the electronegativity of the CF 3 

group, which decreases with increasing distance 
between ethynyl group and CF 3 group re­
gardless of the steric hindrance of CF 3 . 

In order to clarify the polymerization 
reactivity of ortho-, meta-, and para-trifluoro­
methylstyrenes the present report is concerned 
with anionic polymerization of meta-trifluoro­
methylstyrene (m-TFMS) with several ini­
tiators. A comparison of polymerization re­
activity of ortho-, meta-, and para-isomers of 
trifluoromethylstyrenes is also investigated 
based on yields of the polymers and examina­
tions of initiation reaction. 
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EXPERIMENT AL 

Materials 
m-Trifluoromethylstyrene was synthesized 

from CH 3Mgl and m-trifluoromethylbenzalde­
hyde in anhydrous ether, followed by dehydra­
tion with phosphorous pentoxide in anhydrous 
benzene; bp 51 °Cjl l mmHg, total yield 
37.2%. 8 ortho and para Isomers were synthe­
sized by the same method. 6 The monomers 
were further purified by refluxing over CaH 2 

and distillation under reduced pressure, and 
stored under purified nitrogen. Toluene and 
tetrahydrofuran (THF) were refluxed over 
CaH2 and then distilled under nitrogen. 1,2-
Dimethoxyethane (DME) was refluxed with 
CaH 2 and distilled under nitrogen. The 
distillate was further purified by refluxing with 
Al(C2H 5h and distillation under nitrogen. 
Commercial n-C4 H 9 Li and n-C4 H9 MgBr were 
used after determination of the concentra­
tions of the active species by a double titra­
tion method9 and alkalimetry, respectively. 
The disodium salt of a-methylstyrene living 
oligomer was synthesized from sodium metal 
and a-methylstyrene under nitrogen. 
LiZnC4 Hg{C2H 5) 2 was synthesized from an 
equimolar reaction of n-C 4 H 9 Li and 
Zn(C 2H 5)z under nitrogen. Potassium tert­
butoxide was purified by sublimation in vacuo 
and stored under nitrogen. Commercial 
Zn(C 2H 5)z and Al(C2H 5h were distilled under 
reduced pressure and stored under nitrogen 
atmosphere. Diethyl( ethyl cyanoacetato )alu­
minum (Et2AIECA) was synthesized from 
equimolar reaction of Al(C 2H 5h and ethyl 
cyanoacetate according to the literature. 10 

Polymerization 
m-TFMS ( 6. 7 mmol), initiator (0.13 mmol) 

and solvent (6ml) were charged to a polyme­
rization ampoule using a syringe under 
nitrogen atmosphere. The ampoule was sealed 
and kept at constant temperature. After an 
appropriate time, the polymer was isolated by 
reprecipitation with methanol and dried to 
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constant weight. 

Initiation Reaction 
TFMS (l0mmol), Et2AIECA (1 mmol), and 

DME (10ml) were added to a flask fitted with 
a three-way stopcock under nitrogen, and kept 
at 60°C. After a given time, the reaction mixture 
was quenched by sampling a portion of the 
reaction mixture and adding it to acetic acid. 
The concentration of hydrolyzed product, ethyl 
cyanoacetate, was determined by vapor phase 
chromatography using n-tetradecane as the 
internal standard. 

Measurement 
Gel permeation chromatogram was mea­

sured with a TOSOH HLC-802A equipped 
with TSK gel G4000HLX-G3000HXL­
G2000HXL column series using THF as the 
eluent. Vapor phase chromatogram was 
recorded with a HEWLETT PACKARD 
5890A equipped with DB-17 column. 

RESULTS AND DISCUSSION 

Anionic Polymerization of m-TFMS 
In order to compare the reactivity of 

m-TFMS with that of o- and p-isomers reported 
previously,6 the anionic polymerization of 
m-TFMS was examined with several initiators. 
The results are summarized in Table I. 
n-C4 H 9 Li, which is a well-known initiator for 
the living polymerization of styrene, gives 
relatively low yield in toluene, n-C4 H 9 Li and 
a-methylstyrene living oligomer dianion give 
polymers in appreciable yields in ethereal 
solvents. n-C4 H 9 MgBr, which is unable to 
initiate the anionic polymerization of styrene 
under the same reaction conditions, produces 
poly(m-TFMS) though the yields are very low. 
LiZnC4 H 9(C2H 5)z, one of the 'ate' complexes 
which show high activity to the polymerization 
of fluoroalkyl acrylates and methacrylates, 11 

yields the polymer in DME. Zn(C2H 5)z and 
Al(C2H 5h which are active initiators of 
2,2,2-trifluoro- l-trifluoromethylethyl meth-
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Table I. Anionic polymerization of 
m-trifluoromethylstyrene• 

Initiator 
Temp. Time Yield 

Solvent -- ----

Toluene 

THE 
DMF 

Na+(a-MeSt);-Na+ DME 
n-C4H 9 MgBr Toluene 

THF 
DME 
Toluene 

THF 
DME 
Toluene 
DME 
Toluene 

THF 
DME 
Toluene 
THF 
DME 

0C day % 

0 10 4.6 
60 10 5.0 
60 10 41.0 
80 7 24.8 
80 4 61.6 
0 7 1.0 

60 7 2.4 
60 7 2.0 
80 7 4.4 

0 10 0 
60 10 11.3 
60 10 5.1 
80 7 36.5 
60 7 2.4 
80 7 5.2 

0 7 0 
60 10 2.1 
60 10 27.3 
80 7 24.1 
60 12 0 
60 12 18.2 
80 12 9.4 

• Monomer, 6. 7 mmol; initiator, 0.13 mmol; solvent, 
6ml. 

acrylate1 and unable to initiate the polymeri­
zation of styrene and methyl methacrylate, 12 

produce polymers of m-TFMS with appreci­
able yields in THF and DME. The anionic 
polymerization of m-TFMS is found to yield 
the polymer with the initiation systems similar 
to those of ortho- and para-isomers reported 
previously.6 

Anionic Polymerization Reactivity of o-, m- and 
p-TFMS 
In order to clarify differences of the po­

lymerization reactivity of o-, m-, and p­

TFMS, the cx-methylstyrene living oligomer 
dianion and Et2AIECA systems were inves­
tigated in more detail. The dependency of the 
polymer yield on polymerization time is shown 
in Figure 1. The yields of the polymers of these 
three monomers increase steadily with increas-
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Figure 1. Time vs. polymer yield curves of amomc 
polymerization of or tho- ( O ), meta- ( () ), and para-TFMS 
(e) initiated with Na+(a-MeSt);-Na+. 

Table II. Polymerization of o-, m-, and p-TFMS 
with Et2AIECA 

Temp. Time Yield 
Run Monomer 

oc day % 

o-TFMS 40 7 12.1 
2 m-TFMS 40 7 8.6 
3 p-TFMS 40 7 22.0 

ing polymerization time and the increases of 
the polymer yields are of the order, para­
> meta-> ortho-TFMS, though very small 
difference is detected. 

Prior to the investigation of initiation 
reaction, the polymerizations of the monomers 
with Et2AIECA were examined. The results are 
shown in Table II. Et2AIECA is also fairly 
active for the anionic polymerization of these 
three monomers at 40°C in DME. GPC of 
poly(p-TFMS) obtained here is shown in 
Figure 2. The molecular weight distribution is 
unimodal and the molecular weight of the peak 
calibrated against monodisperse polystyrene 
standards is 1.4 x 105 • ECA moiety was not 
detected at the terminal by measurement of 1 H 
NMR since the molecular weight of the 
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Figure 2. GPC of poly(p-TFMS) (Sample: Table 2, run 
3). 
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Figure 3. Time vs. conversion curves of the initiation 
reaction of (C2H 5)iAIECA with ortho- (0), meta- (()), 
and para-TFMS ( •) calculated from the ethyl cyanoace­
tate moiety. 

polymer produced was too high. 
Initiation reactions of these three monomers 

with Et2AlECA were examined. The results are 
summarized in Figure 3, which shows the 
conversion of the ECA moiety measured by 
vapor phase chromatography after a portion 
of the reaction mixture was added to acetic 
acid. The reaction is fast at the early stage and 
then slower in the later stage of polymerization. 
The fast initiation reaction of the polymeriza­
tion of trifluoromethylstyrenes may take place 
in an anionic fashion by adding ECA anion to 
the vinyl group as far as the consumption of 
the initiator is concerned, as reported previous­
ly for the anionic polymerization of 2,2,2-
trifluoroethyl methacrylate with Et2AlECA. 1 

The initiation reactions of these three mono­
mers exhibit little difference as shown in Figure 
3. In general, the reactivity of ortho-, meta- and 
para-substituted aromatic compounds is differ­
ent by steric hindrance in many organic re­
actions. The reactivity in the anionic polym-
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erization of these three TFMS isomers is, 
however, concluded to show virtually little 
difference as far as the initiation and 
propagation reactions are concerned. The 
strong electron-withdrawing inductive effect 
seems, therefore, to overcome the effect of steric 
hindrance of trifluoromethyl group. 

The results presented in this article show 
anionic mechanism of the polymerization of 
trifluoromethylstyrenes as far as the initiation 
reaction is concerned, and strong electron­
withdrawing inductive effect of trifluorometh­
yl group is remarkably evidenced both in 
initiation and propagation reactions with the 
initiators of relatively low activity such as 
organoaluminum compounds. The reactivity 
order of three isomers examined here is 
para-> meta-> ortho-TFMS though very small 
difference is detected as far as the polymer 
yields and initiator consumptions are con­
cerned. 
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