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The polymerization of polar vinyl monomers with 
transition-metal complex has been difficult because po
lar groups coordinate to the active site to prevent polym
erization. Recently, several transition-metal complexes 
effective for the polymerization of polar vinyl monomers 
have been discovered, and for methyl methacrylate 
(MMA) living and stereospecific polymerizations have 
been conducted using early transition metal1 and rare 
earth metal complexes.2 Few examples of coordination 
polymerization have been reported for another polar 
monomers like acrylonitrile (AN),3- 7 and precision po
lymerization has not been achieved. 

Olefin polymerization by catalyst systems which con
sist of transition-metal complex carrying cyclopentadi
enyl groups and alkylaluminum compound has been in
tensively studied. Very high catalytic activity and preci
sion polymerization like living and stereospecific polym
erization have been achieved using these catalyst sys
tems. 8-10 Cyclopentadienyl groups and alkylaluminum 
compound are considered the key in these systems. How
ever, the polymerization of polar vinyl monomers by 
such catalyst systems has rarely been studied. 11 

Recently, we reported that CH3C(CH2PPh2)aCo(BH4), 

which was a late transition metal complex having a tri
pod phosphine ligand, is effective for the polymerization 
of polar vinyl monomers without alkylaluminum com
pound.6 The complex, however, had no cyclopentadienyl 
group, and was unstable in air. The polymerization be
havior of polar vinyl monomers should be studied by sta
ble cobalt complex with cyclopentadienyl group acti
vated by alkyl aluminum compound. This paper reports 
on the polymerization of polar vinyl monomers, espe
cially AN, by such a type of catalyst system. 

EXPERIMENTAL 

Materials 
AN, MMA, vinyl acetate, and styrene were washed 

with dilute NaOH and water, dried with CaC12 or 4A mo
lecular sieves, and distilled twice under dry nitrogen 
just before use for polymerization. Ethylene and propyl-

t To whom correspondence should be addressed. 
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ene were commercially obtained and purified with pass
ing through columns with KOH. Reagent grade solvents 
were dried with calcium hydride or 4A molecular sieves 
and distilled under dry nitrogen. Et3Al and toluene solu
tion of methylalumoxane (MAO) were purchased from 
Tosoh-akzo and used without further purification. Half
metallocene type cobalt complex was synthesized accord
ing to the literature12

•
13 as follows. In dry nitrogen, equi

molar amounts of CpCo(CO)2 and 12 were dissolved in 
dry THF followed by adding PPh3 in dry THF. After stir
ring for 24 h at room temperature, the precipitate was 
filtered, washed with toluene and hexane and dried in 
vacuo. 

Polymerization 
All polymerizations were carried out under dry nitro

gen atmosphere using standard Schlenk tube technique. 
Standard polymerization conditions and procedures 
were as follows: in toluene at room temperature for 24 h, 
[monomer]= 7 .5 M, [Co complex]= 7 .5 X 10-3 M, [Al com
pound]/[Co complex]= 200. In a 20 mL schlenk tube co
balt complex and monomer were dissolved in DMF fol
lowed by aging for 10 min at room temperature. A solu
tion of alkylaluminum compound was added by syringe 
to start the polymerization. For ethylene and propylene 
polymerization, a 100 mL stainless steel reactor was 
used. After polymerization, the solution was poured into 
dilute HCl solution of methanol to remove the catalyst, 
filtered, and dried in vacuo. Polymer yield was deter
mined by weighing the methanol insoluble product. 

Measurements 
1H and 13C NMR spectra of polymers were recorded at 

25°C in CDC13 or N, N':dimethylformamide (DMF)-d7 us
ing a JEOL GX-270 spectrometer. Molecular weight and 
molecular weight distribution were determined by size 
exclusion chromatography (SEC) measured at 40°C by 
Tosoh 8020 liquid chromatograph system equipped with 
Tosoh a-M and a-4000 polystyrene gel columns. DMF 
(containing 10 mM LiBr) was used as eluent, and a cali
bration curve was obtained by standard polystyrene 
samples. 
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Table I. Polymerization by CpCo(PPh3)1rEt3Al a 

Monomer e-value Polymer yield/% Mn MJMn 

Acrylonitrile 1.20 38 5600 2.2 
Methyl methacrylate 0.40 26 8400 2.0 
Ethylene 0 
Vinyl acetate -0.20 0 
Propylene -0.78 0 
Styrene -0.80 0 

a Polymerized in toluene at room temperature for 24 h, [Mono
mer] =7.5 M, [CpCo(PPh3)12] =7.5 mM, [Et3All =1.5 M. 

Table II. Polymerization of AN by CpCo(PPh3)1z-Et3Al a 

[Al]/[Co] Polymn time/h 
Polymer 

Yield/% Mn M,,/Mn 

200 24 38 5600 2.2 
50 24 18 5800 2.1 
10 24 4 4800 2.6 

0 24 0 
200 8 33 5200 2.0 
200 4 25 5100 2.6 
200 1 14 4800 2.9 

Et3Al b 24 9 3800 2.8 

" Polymerized in toluene at room temperature for 24 h, [AN]= 
7.5 M, [CpCo(PPh3)12] =7.5 mM. b Polymerized by Et3Al alone; 
[Et3Al] = 1.5 M. 

RESULTS AND DISCUSSION 

Polymerizations of various vinyl monomers were ex
amined using the CpCo(PPh3)12-Et3Al catalyst system. 
As shown in Table I, CpCo(PPh3H2-Et3Al polymerized 
polar vinyl monomers carrying electron-withdrawing 
group, which have large e-value, to give methanol
insoluble polymers in moderate yield. Methanol-soluble 
products included small amounts of linear oligomers. 
Molecular weight and molecular weight distribution of 
the polymers were several thousands and around 2, re
spectively. SEC curves of the polymer were unimodal, 
indicating the active species of the polymerization 
should be homogeneous. Polymer yield of AN was higher 
than that of MMA, though polymer molecular weight 
was lower. No polymer was obtained from polar mono
mers having electron-donating group. The polymeriza
tion of olefins did not occur, though [C5Me5P(OMe)s 
CoCH2CH-µ-H)+ is said to cause the living polymeriza
tion of ethylene.14 

Table II describes the polymerization of AN by 
CpCo(PPh3)12-Et3Al. The complex polymerized AN only 
when Et3Al was added as activator, and no polymer was 
obtained with CpCo(PPh3)I2 alone. The poly(AN) pro
duced was soluble in DMF. Polymer yield, only 4% when 
[Al)/[Co) was 10, dramatically increased with this ratio, 
and was saturated around 40%. CpCo(PPh3)Et2, in 
which iodines of CpCo(PPh3)12 are alkylated, did not 
give poly-(AN) without Et3Al. Thus, Et3Al acts not only 
as alkylating agent but also as modifier of monomer and/ 
or of active species. Polymer molecular weight and mo
lecular weight distribution were almost identical during 
polymerization, indicating some transfer and/or termi
nation reactions occur during polymerization. AN was 
polymerized by Et3Al alone, though polymerization ac
tivity was rather low. 
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Table III. Polymerization ofMMA by CpCo(PPh3)I2 " 

Al compound [Al]/[Co] 
Polymer 

Yield/% M,, MjMn 

EtaAl 200 26 12000 2.4 
EtaAI 20 5 9500 2.8 
EtaAI 0 0 
MAO 200 11 5400 2.7 
Et3Al b 

b 0 
MAOb 0 

a Polymerized in toluene at room temperature for 24 h, [MMA] 
=7.5M, [CpCo(PPh3)12]=7.5mM. b Polymerized by aluminum 
compound alone; [Al]= 1.5 M. 
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Figure 1. 1H NMR spectra of the polymer obtained by copolym
erization of AN and St with (a) CpCo(PPh3)lrEt3Al (b) Et3Al 
(measured in DMF- d7 , X: impurity). 

Table III describes the polymerization of MMA by 
CpCo(PPh3)I2-Et3Al. The polymerization occurred only 
when alkylaluminum compound was added and CpCo
(PPh3Jl2 alone could not produce poly(MMA). The poly
mer was a white solid, and soluble in various organic sol
vents like toluene and CHC13. Polymer yield was greatly 
dependent on [Al)/[Col, and reached 26% when this ratio 
was 200. The same was noted for AN, though polymeri
zation activity was lower than that of AN. No polymer 
was obtained by Et3Al or MAO alone. 

The living radical polymerization of polar vinyl mono
mers using transition metal complex is reported as 
atom-transfer radical polymerization.15 Thus, to make 
clear the polymerization mechanism, the copolymeriza
tion of AN with styrene (St) was attempted because co
polymerization reactivity of radical copolymerization is 
hardly affected by polymerization conditions. As shown 
in Figure lb, random copoly(AN-St) was obtained when 
equimolar amounts of AN and St were copolymerized by 
Et3Al alone (Polymerization conditions were similar to 
those for homopolymerization except for polymerization 
time of 30 min). The composition curve of this copolym
erization was similar to that ofradical copolymerization. 
Thus, polymerization by Et3Al is considered to proceed 
by a radical polymerization mechanism. When CpCo
(PPh3lir Et3Al was used, the main product of the co
polymerization was AN homopolymer, and only small 
aromatic peaks of styrene unit, probably derived from 
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Figure 2. 13C NMR spectrum of poly(AN) obtained by 
CpCo(PPh3lI2-Et3Al (measured in DMF-d7). 

the copolymer formed by Et3Al alone, were observed in 
the 1H NMR spectrum of the product (Figure la). This 
did not change even when [St]/[AN] increased, though 
polymerization activity greatly decreased. This was 
clearly different from the case of radical copolymeriza
tion. A radical polymerization inhibitor such as 2,2,6,6-
tetramethyl-l-piperidinyloxy radical (TEMPO) was es
sentially ineffective for the polymerization by CpCo 
(PPh3)Iz-Et3Al. Therefore, the polymerization by CpCo 
(PPh3)12-Et3Al should not proceed by radical polymeriza
tion mechanism, and the main product must be pro
duced by a polymerization mechanism different from 
that with Et3Al alone. 

The main chain structures of the produced polymers 
were examined since no highly stereoregular poly(AN) 
has been obtained thus far. Figure 2 shows the methine 
carbon region of 13C NMR spectrum of poly(AN) obtained 
by CpCo(PPh3 )12-Et3Al. The highest field peak was as
signed to the isotactic triad, though the central and low 
field peaks corresponded to hetero- and syndiotactic 
triad, respectively. 16 The intensity ratio of these three 
peaks was about 25 : 45 : 30, indicating that the poly 
(AN) has an atactic structure. Due to the a-methyl pro
ton of 1H NMR around 1.0 ppm the poly(MMA) produced 
with CpCo(PPh3)I2-Et3Al possessed a syndiotactic-rich 
atactic structure (Figure 3). Neither the structure of co
balt complex nor polymerization conditions affected the 
polymer main-chain structure of either monomer. 
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Figure 3. 1H NMR spectrum of poly(MMA) obtained by 
CpCo(PPh3)IrEt3Al (measured in CDCl3). 
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