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Developing block copolymerizations with usually 
available initiator system is strongly required in industrial 
process. 1 Recently, living-like radical polymerization 
systems depending on the initiators such as nitrooxide 
compounds 2,2,6,6-tetramethyl-1-piperidinyloxy, free 
radical (TEMPO) or Cu(I)/bipyridine provided useful 
methods to prepare polystyrenic2 block copolymers and 
polymethacrylic3 block copolymers, respectively. Group 
transfer polymerization is also attractive to prepare 
blocked polymethacrylic copolymers. 4 These initiator 
systems make the block copolymerizations running at a 
relatively simple experimental condition. However, in­
ducing living ability of the propagating end with current­
ly available reagent (lower cost) and easier demand is 
still important in the synthetic polymer chemistry. In 
our recent work, it was found that the chlorodiphenyl­
phosphine (CDP) can initiate the polymerization of 
methacrylates in the presence of epoxy compounds. 5 •6 

Particularly, this method gives high molecular weight 
polymers with general synthetic operation.6 We propose 
that the polymerization proceeds by way of group­
transfer mechanism with forming phosphino enolate site 
that has long lifetime to give favorably high molecular 
weight polymer. In this paper, we report that the initiator 
of CDP/epoxide is utilizable in the block copolymeriza­
tion of methacrylates. 

EXPERIMENTAL 

The monomers, methyl methacrylate (MMA), n-butyl 
methacrylate (n-BMA), t-butyl acrylate (t-BA), benzyl 
methacrylate (BzMA), cyclohexyl methacrylate (e­
RMA), n-butyl methacrylate (n-BMA), methyl acrylate 
(MA), tetrahydrofurfuryl methacrylate (TFMA), cyclo­
hexyl acrylate (c-HA), and glycidyl methacrylate (GMA) 
were purchased from Tokyo Kasei Inc. and used after 
passing through a silica column and drying on 4 A 
molecular sieves. GMA was used as epoxide fraction 
in preinitiator. CDP was purchased form Tokyo Kasei 
Inc. and used as obtained. N,N-Dimethylformamide 
(DMF) (anhydrous degree) was obtained from Wako 

Chemcal Co. 

Synthesis of Poly(Bz M A -b- TF M A) 
A 50 ml, one necked round bottomed flask, fitted with 

magnetic stirring bar, and three-way cock, was flushed 
with argon under reduced pressure and heated condition. 
With flushing by argon, DMF (lOml), TFMA (2.37ml, 
14.5 mmol), CDP (0.09 mmol, 0.1 ml from 0.2 g ml- 1 

toluene solution), and then GMA (0.01 ml) were added 
to the flask with syringes, respectively. The mixture was 
stirred for 24 hat 60oC. After adding again 5 ml of DMF, 
a small amount of solution was taken by syringe from 
the reaction mixture for GPC (molecular weight) and 1 H 
NMR (conversion) measurements. The second monomer, 
BzMA (2.46ml, 14.5mmol), was added by syringe and 
the mixture was stirred for further 24 h at the same 
temperature. After taking a small amount of the solu­
tion for measurement of GPC and 1 H NMR, 20 ml of 
chloroform was added. The solution was poured into a 
large amount of methanol. The precipitates were washed 
by methanol and dried. Yield 75% (based on the total 
amount of TFMA and BzMA) with Mn 89 x 103 and 
2.94 polydispersity. 

The other block copolymers were prepared through 
the same procedure with identifying the conversion of 
M1. 

Characterizations of the Polymers 
Conversion of the monomers M 1 and M 2 was 

evaluated by 1H NMR (250MHz, Bruker AC 250P, in 
CDC13 relative to tetramethylsilane (TMS) standard 
at c:5 = 0) with comparing the integration values for 
COOCH 2 residues on side chain of polymer and on the 
unreacted monomer. The composition (in mol%) for the 
blocked copolymers was also estimated by 1 H NMR 
from the integration ratio for M 1 and M 2 residues. 
GPC measurement was made by the Analytical Dept. 
Dainippon Ink & Chemicals Inc. (HLC-08 GPC system 
equipped with Showa Denkou columns, tetrahydrofuran 
(THF) as eluent). 

1 To whom correspondence should be addressed. Present address: Synthetic Chemistry Lab, Kawamura Institute of Chemical Research. 631 Sakado, 
Sakura, Chiba 285-{)078. Japan. 
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Scheme 1. 

Table I. Monomer structures and yields 
of polymethacrylates• 

Monomer Yield/% 
------

n-BMA 93 
n-BA 92 
c-HA 91 
TFMA 90 
MMA 80 
MA 54 

'[Monomer]/[CDP] = 160/1; COP, 9.06 x 10- 2 mmol; GMA, 0.01 
ml; DMF, 5.0ml; 24h, 60oC under Ar. 

100 80 60 
ml 

Figure 1. GPC profiles for polymers in block copolymerization: (a) 
The first stage polymer, poly(TFMA), obtained after 24h; (b) second 
stage polymer, poly(BzMA-b-TFMA), obtained after 24 h from adding 
BzMA; (c) final sample, poly(BzMA-h-TFMA), after precipitated. 

RESULTS AND DISCUSSION 

To use CDP/epoxide as initiator in block copolymer­
ization, whether the first monomer is highly consumed 
in a selected condition should be confirmed. We in­
vestigated first the relations between the structure of 
monomers and yield of polymers in DMF solvent. Table 
I shows the results. Within 24 h reaction time at 60°C, 
the monomers such as n-BMA, n-BA, c-HA, and TFMA, 
are well polymerized and the yields of the corresponding 
polymers were over 90%. Hence, it seems that those 
monomers, i.e., methacrylates and acrylates, can be used 
as M 1 monomers in block copolymerization. 

Ushing TFMA and BzMA as M 1 and M 2 , respective­
ly, block copolymerization was examined as shown in 
Scheme 1 and Figure 1. It was found that the conversion 
of TFMA by 24 h was 92% and the corresponding 
polymer showed 47 x 103 number averaged molecular 
weight (Mn) with 3.45 polydispersity. After second 
monomer, BzMA, was added into the polymer solution 
and stirred further for 24 h, the conversion of BzMA was 
found to be 72% and the Mn increased to 79 x 103 with 
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Figure 2. 1H NMR profiles for polymers: (a) poly(BzMA); (b) 
poly(BzMA-b-TFMA); (c) poly(BzMA-ca-TFMA). 

3.28 polydispersity. This indicates that the block 
copolymerization may proceed smoothly. After re­
precipitation and drying, the block copolymer having 
89 x 103 Mn with 2.94 polydispersity, was obtained in 
75% yield. The mole ratio ofM 1 to M 2 in this copolymer 
was determined 48/52 by 1 H NMR spectroscopy. Figure 
2 showed the 1 H NMR profiles for block and random 
copolymers obtained from BzMA/TFMA and for 
poly(BzMA) with (CDP/GMA) initiator, respectively. 
The random copolymer (composition ratio TFMA/ 
BzMA =50/50) showed methylene signal of benzyl re­
sidues at 4.96 ppm. In comparison with the random 
copolymer, the methylene peak for the block copolymer 
resonated at 4.87 ppm, as in the case of homopolymer 
poly(BzMA). The 0.1 ppm up-field shift for the block 
copolymer may be due to the ring-current effect of 
benzene ring 7 where the side benzyl groups on BzMA 
block are neighboring each other as like with 
poly(BzMA). In random copolymer, monomers M 1 and 
M 2 may be highly alternative in the main chain. This 
would reduce the ring current effect between benzyl 
groups on side chains. The block copolymerization of 
TFMA with BzMA was influenced by the solvent amount 
(see Table II). After M 1 polymerized for 24 h in definite 
amount of DMF (lOrn!), further addition of DMF in 
block copolymerization stage rose up the conversion of 
M 2 and yields of the copolymer. The composition of M 2 

in the block copolymer also increased progressively with 
addition of DMF after M 1 polymerized. 

Selecting n-BMA as M 1 monomer, block copolymer­
ization was carried out using MMA, BzMA, MA, c-HA, 
and TFMA as M 2 monomers according to the above 
method for 24 hand further 24 h. As summarized in Table 
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Table II. Block copolymer obtained from TFMA (M 1) and BzMA (M 2)" 

DMFinml Conversion/% Yield Compositionh 
M.x 10- 3 MwfM. 

I st stage/2nd stage MtfMz % Mt/Mz 

10/0 90/42 56 61/39 80 2.76 
10/5.0 92/72 75 48/52 89 2.94 
10/10 89/95 85 39/61 59 3.17 

•cDP, 9.06x I0- 2 mmol; [M 1]/[M2]/[CDP]=l60/160/l; GMA, O.Olml; 60°C, 24h/24h, Ar. h In mole ratio. 

Table III. Block copolymerization of n-BMA (M 1) with various monomers (M 2)• 

Conversion/% Yield Compositionh 
Mz M.x!0- 3 MwfM. 

MtfM 2 % Mt/Mz 

MMA 100/88 96 53/47 25 2.27 
BzMA 77/83 83 64/34 64 3.28 
MA 88/86 58 47/53 71 3.19 
c-HA 90/95 98 50/50 39 3.24 
TFMA 63 97 2.58 

•cDP, 9.06 x I0- 2 mmol; [M 1]/[M2]/[CDP] = 160/160/1; GMA, 0.01 ml; 60°C, 24h/24h, Ar. h In mole ratio. 

Table IV. Block copolymerization of c-HA (M 1 ) with various monomers (M 2)• 

Conversion/% Yield Compositionh 
Mz M.x 10- 3 Mw/M. 

MtfMz % MtfMz 

MA 100/49 77 71/29 41 2.43 
n-BA 96/60 81 77/23 44 2.24 
MMA 94/71 84 63/37 39 2.11 
n-BMA 100/35 61 82/18 32 3.95 
BzMA 96/49 79 80/20 69 3.40 

•cDP, 9.06x I0- 2 mmol; [M 1]/[M2]/[CDP]=160/160/l; GMA, O.Olml; 60°C, 24h/24h, Ar. bIn mole ratio. 

III, poly(n-BMA) obtained from first stage blocks not 
only with methacrylates but also with acrylates to give 
the corresponding block copolymers. The compositions 
of M 1 to M 2 on the copolymers are nearly half and half 
except for the case of BzMA. 

By the same method, c-HA was used as M 1 monomer 
to prepare block copolymers in which acrylates and 
methacrylates were used as M 2 monomers (Table IV). 
The conversion ofM 1 (c-HA) within 24h was very high. 
However, the conversion of M2 after 24 h was in the 
range 35-70%, depending on the structure of the 
monomers. M2 content in the block copolymers (cal­
culated from 1H NMR using the reprecipitated samples) 
is below 40mol% due to lowering M 2 conversion. 
Compared to the poly(n-BMA), the polymeric chain of 
poly(c-HA) is very soft. This feature may affect the 
propagating ability of the second block leading to 
decrease of the conversion of M 2 monomers. Selecting 
of the M 1 monomers for block copolymerization in the 
CDPjepoxide initiator system should thus be based not 
only on the polymerizability of M 1 but also on the 
property of the polymer formed from M 1. 

All block copolymers discussed above showed uni­
modal GPC trace although the values of the molecular 
distribution varied between 2 and 3.5. The broad dis­
tribution would be determined by the case of the first 
stage polymerization. CDP/epoxide preinitiator system 
cannot control molecular weight in solvent polymeriza­
tion because the true phosphorous initiator is generated 
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from the reaction between CDP and monomer in the 
presence of epoxide. Without epoxide participation, no 
polymerization of the monomers can occur at 60°C even 
for a long reaction time. We should show that the 
consumption of the M 1 monomers in the first stage is 
high, but not complete. Thus, the remaining M 1 mono­
mer must be introduced randomly to the second block 
in the stage of block copolymerization. 

In conclusion, the CDPjepoxide preinitiator system 
can be used for block copolymerization of methacrylates 
with a convenient procedure. 
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