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1.1 &

B-TEH5 (Acros, Bl B £9 98% ) fif HIal #E Cal,
FEAE T vk 28 18 B IR o -8 8 2 % (PEC, Wako
Chemicals , i B £5 98 % ) J8, FR 2R 4B 0E il s MMA . BA
SHAEE >99%) A 10% NaOH /KB Bk, K ¥
Zehif, FEK CaCl, FTEET TR, EAATE
CaH, TE7E T Ik IE 2 /@ W5 Ik ; NBS (LK 99.5% ) H
AIBN (&6 B 99% ) 4+ B FH 7K # H B T 25 & sl ks
TiCl, . Ti{ 0iPr), . CuBr. bpy ( Aldrich, #i & > 99%)
B 3 nBu, NCI( Tokyo Kasei, S 98% ) HE#
R @B LB (B8 AR ) ¥R G o
HI7E P,0; .CaH, HE/E T ZEWHIK .
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B-IEMHEHEAETENN, SAT A
SRIFEENTREETHHT. ATREOENHER
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AYBEINBREFE REANE , BEERERE
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PEC/TICI/Ti(OiPr),

Living caticnic
polymerization
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wnn CH2 (lj wAn
CH,

poly( f-pinene)

CuBr/bpy
ATRP of BA, MMA or St

poly( f-pinene}-g-polyBA (R=H, R'=C

OOC,H)

poly{ f-pinene)-g-polyMMA(R = CH;,R' CE)OCH3)

poly( f-pinene}-g-polySt (R=H, R'=C¢Hs)

CH,
N\M—Cl—R'
R
Scheme 1
MMA grafting
80}
— enl St grafting
g 60
g
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o
E
S 20F
0 I i 1 1 1
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Fig. 1 Time-conversion curves of ATRP grafting of MMA, BA and St
with brominated poly( #-pinene) in the presence of CuBr and bpy at
100 °C

0.1g of brominated poly ( 8-pinene), 3 mL of monomer; [ C-Brly/
[ CuBr]ly/[bpyly = 1/1/3;in bulk (for BA and St) or in toluene (for

MMA: 3 mL of toluene)

2.0+ MMA grafting
z L5F
§ LOF St grafting
£ (]

G.5¢ BA grafting

/ Y
0.0 1 1 1 1 'l
0 2 4 6 8 10
Time (h}

Fig. 2 First-order kinetic plots of the ATRP grafting of MMA, BA

and St {see Fig. 1 for the polymerization conditions}

WE IR, SKXKFHEMRLEE - KA
M, & MMA .BA St HEHE, Y GPC HRZR

Preparation of macroinitiator and poly(ﬁ-pinene)-g-po!yM( M = BA . MMA or St)

HREE A 2 IR R 4y A 09 B0, H & v B B 1) 4
FRITFBE; X = AR R B A K
FFFNEM . BA St BEE=Y S FRESFNAR
M IM, ca. 1.5),LLZAE L, MMA B =11
STERAIGEEERE (M /M, =1.57); X HER
HFRXSFI EAHBERERST FERN MMA
PAEAFRBHTIRER.

Po]y( ﬂ -pinene)-g-PSt
8070
M /M = 150

Poly( 2 -pinene)}g-PMMA
= 12280
M, IM,= 157

+ Brominated

Poly( 8 -pinene»g-PBA 1 \ Poly( § -pinene)

M, = 18670 4
M /My = 151 D g"w /A%n4£01.29
!
\
\
1
1
1
\
]
1
1
\
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\
..
L 1 1 1 1
5.0 25 2.0 35 30

IgM,, (PSt)

Fig. 3 MWD curves of the precursor macroinitiator and the grafling
19.1%, MMA conversion ca.
19.7% ; see Fig.

copolymers { BA conversion ca.
22.5% , St convemsion ca. 1 for the reaction

conditions}

LI B3 A EMITR GPC BT E SRR, Bk
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B BB ASTIANYS CuBrbpy ESABRK
ATRP B| 81K & Fra| % (9 BA.St 5L MMA $8 5 Kf
WARTIER G RIFFAE .
2.2 HEEERWKH HNMR S
B 4(A) ~4(D) 4 BIHRAE - RIB KT
3| R, B-FEM S BAMMA 70 St BRI K
'"H-NMREH EEELRYHER L REET

HTCH+CH HBr
1J:OOCH1C3H7 COOCH,CyH,
d

A
[cu {m—lcur{m

COOCH. ‘O0CH:
e’ f’ &
C

Fig. 4 'H-NMR spectra of macroinitistor (A), poly( S-pinene)-
g-polyBA (B), poly ( B-pinene }-g-polyMMA (C) and poly ( 8-
pinene)-g-polySt (D) (BA conversion ca. 19.1%, MMA
conversion ca. 22.5% , St conversion ez . 19.7% ; see Fig. 1 for

the reaction conditions)

BT 55 M 28 T ) B P AUSRARAE Wi i (b) 2 4
T LATREE ] BA BT B0 T 4B 45 E TR ()
MMA B 75 ) P BE R IOk (o) 1 St 25 B 36 R IR
W% (h) . B 4(B) ~ 4(D) i (d) . (£) 1 () /1
A5 % B BAE MMA FIES St AL R 3 5 A
B 4 g 20 75 B0 45 A R A B VST IR 4 A) R4
FHAMMBRABEELS Br ABHE
(—C=—C—CHBr— )M R i () EEBH K EY
BOWEE Nk X R B, BALE AT
B ERQEIHST ATRP R RS, AR TR 8-
VMR ESE, B BALE MMA I E St N XEMNH
R IERY .

or Calculated Value
MMA grafting
80
£
£ 60f St grafting
£
.,,% 401 BA grafting
Q‘ﬂ
[}
20
[}] 1 1 1 1
0 20 40 60 30

Conversion of grafting monomer (%)

Fig. 5 DP, values of the grafting chains as a function of
the conversion of the grafting monomers (see Fig. 1 for the

reaction conditions)

By ' H-NMR 3% & I 0% Y58 BE b i AT D) 3R 78 4
BHEMRYBSE(DP,)E. X T BA B,
DP,=c/d + 1; % F MMA 454, DP, = e/f + 1;
ST St A, DP, = h/5 g A 5 R, N H-
NMR 3 B3 MMA 2R St i BARCEEHKERN
LREREE K REEAREEEN, MESH
TR BB AR T K4 F 5| &R b B4 I G TR g
RETRBIH B EMEYS. L E'HNMR &
WERER BEEBENEEKETEFNHDTFER
BEAHRERMEEERSTH, MUEREE
HwHUBLTAY RS T EANKER S EHT
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SYNTHESIS OF COPOLYMERS OF S-PINENE BY THE COMBINATION
OF LIVING CATIONIC POLYMERIZATION AND ATRP

LI Anlong, LIANG Hui, LU Jiang
( Institute of Polymer Science , School of Chemistry and Chemical Engineering, Sun Yar-sen( Zhongshan} University, Guangshou  510275)

Abstract Graft copolymers of f#-pinene with methyl methacrylate (MMA), butyl acrylate (BA) or styrene (St)
were synthesized by the combination of living cationic polymerization and atoih transfer radical polymerization
(ATRP) . B-Pinene polymers with predetermined molecular weights and narrow molecular weight distributions
{MWDs) were prepared by living cationic polymerization with the 1-phenylethyl chloride /TiCl,/Ti { OiPr),/
;rLBu4 NCl initiating system, and the obtained polymers were brominaied quantitatively by N-bromesuccinamide in
the presence of AIBN, yielding poly( A-pinene) macroinitiators with 50% of bromine contents ( Br/8-pinene unit
molar ratio = 0.5) . The macroinitiater, in conjunction with CuBr and 2,2’-bipyridine, was used to initiate ATRP
grafting of BA, MMA and St. All of the grafting polymerizations induced linear first-order kinetic plots and gave graft
] copolymers with controlled molecular weights and MWDs, suggesting that these polymerizations are controllable.The
structures of the obtained graft copolymers of 3-pinene with ( methyl) methacrylate or styrene were confirmed by ' H-
NMR spectra.

Key words 3-Pinene-based graft copolymers, MMA, BA, St, Living cationic polymerization, ATRP



