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Living Radical Polymerization of Chloroprene

Shinji OZOE

In this article the applicability of reversible additionIfragmentation chain transfer(RAFT) radical

polymerization, which is a living radical polymerization(LRP) technique, to chlorobutadiene monomers was

studied. It was found that the radical polymerization of 2-chlorol1,30 butadiene(CPM), having an extremely high

homopolymerizability,proceeded with an apparent living characteristic by appropriate choice of dithioester

compound as the RAFT agent. It allows the synthesis of various CR block copolymers with narrow molecular

weight distribution, which is useful for a thermoplastic elastomer and an amphiphilic polymer for soaplfree

emulsion polymerization.
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Tabled [0 Radical copolymerization reactivity ratio
of CPMI M10and comonomef] M23" 100

Comonomerd M,[J r r;
styrene [7.84 0.05
06.02 0.03

methyl methacrylate 06.33 0.08
methacrylic acid 02.70 0.15
methyl acrylate 10.41 0.06
acrylonitrile [5.44 0.05
2,30dichlorol 1,30butadiene [0.36 2.15
1,30butadiene [2.86 0.00
03.41 0.06

sulfur 02.50 0.20
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Initiation and propagation
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Fig.O O Proposed mechanism
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Table O Data for the polymerization of CPM, DCB, St, MMA and BA with various RAFT agents

Entry Momomer RAFT 0 Moo cTAOO 157 Temp.  Time conv. M M MuIM
y agent 000 Oho 00O " nth M-V
1 CPM None 200010 100.09°" 40 69 24.2 95,900 O 2.02
2 CPM InIDDM"™  20000.3800.127 40 240 51.2 45800 23,900 1.85
3 CPM la 20000.3100.09° 40 317 52.0 30,500 30,300 1.31
4 CPM 2a 20000.3200.11°9 40 240 49.3 30,200 27,400 1.38
5 CPM 3a 20000.3810.12° 40 263 50.0 23,800 23,300 1.29
6 CPMIMAR™ 3a 10004100.2900.07¢7 50 71 69.6099.0 11,000 35,200 1.21
7 CPM 4a 20000.3700.12°7 40 202 33.7 28,200 16,200 2.02
8 CPM 5a 20000.3470.09°” 40 283 51.2 33,000 27,000 1.76
9 CPM 2b 20000.3400.11° 40 258 50.0 29,400 26,100 1.33
10 cPMIDCBY 2b 100010000.3470.11°0 40 138 60.5066.3 81,300 76,100 1.26
11 cpm” 2b 20000.4000.32° 30 304 60.2 38,100 61,000 1.58
12 cpm 2b 20000.3500.10” 60 160 69.3 43,000 35,100 1.45
13 cpm” 2b 20000.3800.11¢¢ 80 182 89.8 34,900 40,600 2.38
14 CPM 2c 20000.3800.12°~ 40 309 499 27,300 23,700 1.30
15 CPM 2d 20000.3800.11° 40 223 48.0 25500 23,400 1.29
16 MMA 2a 20000.3500.0497 60 79 66.7 250,000 37,900 2.08
17 MMA 2b 20000.3700.04%7 60 117 81.6 204,000 44,800 2.06
18 MMA 2c 20000.3800.04” 60 72 66.8 168,300 35,800 2.00
19 MMA 2d 20000.1700.04%7 60 119 82.3 51,500 96,500 1.22
20 St 2a 20000.3700.104” 60 206 30.3 14,100 17,200 1.18
21 St 4a 20000.3700.10%¢ 80 86 12.0 5000 6,900 1.22
22 St 5a 20000.3700.10%7 60 353 41.8 12,500 23,500 1.25
23 St 2b 20000.3800.10°C 80 223 64.1 24500 35600 1.24
24 St 2c 20000.3700.104” 60 309 50.0 27,300 23,700 1.30
25 BA 2a 20000.3870.04” 60 75 72.0 36,600 49,200 1.28
26 BA 5a 20000.3810.04 60 17 785 33,800 49,000 1.23
27 BA 2c 20000.3700.04 60 162 79.7 36,400 55200 1.34

alMolar ratiod b[2,2'C Azobi§] 2,40dimethylvaleronitrile[1] c[#,4'1Azobi§] 40 cyanovaleric acid(l]

d[2,2'1 Azobisisobutyronitrile(] e[1,1'1 Azobi§] cyanohexanel 10 carbonitrile[T] f{Polymerization in dioxanel
grotal monomer concentration is 40wt [0 hChl Dodecylmercaptan
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Table [0 Apparent chain transfer constant§l Ctr(J
of RAFT agents for CPM,St

RAFT agent CPM StP
5a 02.2 10

la 04.4
2a 06.4 29

3a 07.2

4a 12.2
nIDDM3 0o.7 19

alhl Dodecylmercaptan
b[Literature value®-2"
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Table 0 Data for the RAFT block copolymerization of various monomer composition

RAFT " MO Polymer 5 Temp. Time Conv.
Sampe Momomer agent Initiator Owtd O 0 MO0 RAFTOD ICF 000 oho OO0 M, Mnt  MyIM,
Homopolymerization P,
C1 CPM 2d VI65 20.4 20000.38400.114 40 261 49.2 27,100 22,900 1.27
Cc2 CPM 2d VI65 414 20000.44100.084 40 259 54.5 31,700 22,100 1.39
C3 CPM 2d VI65 66.5 20000.19400.031 30 144 14.9 21,100 13,800 1.16
C4 CPM la VI65 36.7 20000.08000.010 30 184 234 63,000 51,600 1.26
C5 CPM 2b VI65 69.0 20000.17500.003 30 425 115 16,700 11,900 1.20
S1 St 2d VI60 20.8 20000.37100.100 60 333 39.7 16,900 22,500 1.15
S2 St 2d VI40 90.1 20000.23500.009 80 51 28.5 19,200 25,500 1.10
M1 MMA 2d VI60 20.7 20000.16600.039 60 179 82.3 53,700 99,300 1.21
B1 BA 2d V160 40.6 20000.37000.026 60 45 74.0 45,000 51,500 1.32
Al MAA 2d V160 28.6° 200017.1900.550 80 35 67.2 O O O
Diblock copolymerization(d P,JbIP,
CC1 CPM Cc2 VI65 30.1 20000.29700.081 40 257 45.2 54,800 58,500 1.70
SC1 CPM S1 VI65 27.2 20000.44400.074 40 261 37.9 34,600 37,600 1.29
SC2 CPM S2 VI60 84.1 20000.04500.003 60 26 9.6 68,000 56,900 1.32
MC1 CPM M1 VI65 355 20000.30600.039 40 207 44.0 95,300 79,000 1.42
BC1 CPM B1 VI65 30.6 20000.17000.093 40 237 48.6 100,000 96,100 1.63
CD1 DCB C5 VI60 334 20000.39100.054 40 54 36.7 25,700 28,200 1.20
Cs1 St C3 VI60 52.5 20000.14500.021 60 188 19.1 34,200 48,5500 1.34
CM1 MMA C1 VI60 326 20000.28300.039 60 90 52.3 47,700 64,100 3.04
CB1 BA C4 VI60 18.9 20000.35100.023 60 161 22.4 75,500 79,400 1.67
AC1 CPM Al V165 29.0°" 20001.80505.581 40050 20042 60.6 4,600 4,000 1.40
Triblock copolymerization P;0bIP,0b0P;
SCs1 St SC2 VI60 99.4 20000.02300.001 60 9 2.8 91,700 93,700 1.30

alMolar ratiol] b[Polymerization in THF
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Fig.00 O TEM micrograph for CRIbIJPMMA diblock
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Table [0 Controllability of block copolymerization by
RAFT process

[0 Monomert] M,
CPM DCB MMA St BA

OPolymef] P;J

CR good  good n.c. good n.c.
PMMA good 0 O O O
PSt good O O O O
PBA fair O O O O

n.c.d not controlled
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