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10° ¢/ moINt h .c 40°C 96 %
40°C c Ni =2.50 x 10~ mol/L
1.53 x10° g/ molNi h 5.0 x 107 mol/L 4¢
M, 8g
1.23 x 10'g/ molNi- h
c 30C M, M, AN 800
7.71 x 10° 80°C 1600 c
M, 4.22%x10°. c
Table 1 Results of $-pinene polymerizations catalyzed by a ~ ¢/MAO*
Entry Catalyst ¢, min Yield g Conv % Activity” M, x1073 PDI
1 a 30 2.53 63.3 1.01 6.87 1.70
2 30 2.18 54.5 0.89 9.86 1.93
3 c 30 2.99 74.8 1.20 7.71 1.75
4 c 15 2.47 61.8 1.98 6.26 1.63
5 c 60 3.80 95.0 0.76 7.82 1.71

* Polymerization conditions polymerization temperature 30°C. Ni =2.50 x 10"*mol/L n Al /n Ni =800 pB-pinene 4 g solvent toluene

20 mL " In unit of 10° g/ molNi h

total volume

Table 2 Influences of reaction conditions on f3-pinene polymerization®
n Al / T, [3-Pinene Yield Conv M,
Entry Catalyst Activity* PDI
n Ni C g g % x 1073
2 b 800 30 4. 2.18 54.5 0.89 9.86 1.93
6 b 800 40 4.0 3.38 84.5 1.37 8.56 1.90
7 b 800 50 4.0 3.77 94.3 1.51 7.87 1.88
8 b 800 60 4.0 2.85 71.3 1.16 7.20 1.87
3 c 800 30 4.0 2.99 74.8 1.20 7.71 1.75
9 c 800 40 4.0 3.84 96.0 1.53 7.66 1.75
10 c 800 50 4.0 3.70 92.3 1.48 7.23 1.72
11 c 800 60 4.0 3.50 87.5 1.40 6.15 1.62
12 c 800 80 4.0 3.40 85.0 1.35 4.22 1.40
13" c 800 40 8.0 6.15 76.9 12.3 7.17 1.64
14> c 1600 40 8.0 7.43 92.9 14.8 7.69 1.76
* Polymerization conditions polymerization time 30 min Ni =2.50 x 10~* mol/L solvent toluene total volume 20 mL. "> Ni =5.0 x 10~° mol/L
° In unit of 10° g/ moINi h
2.2 -
B a Hb d
2 MA A ony
N /MAO B- . :
e H,C ?m d
H Hin
‘8- WH HCH f 3
1
b 60C B-
2 Entry 8 "H-NMR
Abraham " Offermann NMR - | )
10 5 0
5=0.8 d S
le
b £ Fig. 1 "H-NMR spectrum of poly B-pinene obtained by b/MAO
C
at 60°C  Al/Ni = 800
0=1.91.6 1.4
5.3 a®’ 2 /



Fig. 2
at 60°C Al/Ni = 800

3 C-NMR spectrum of poly S-pinene obtained by b/MAO

20(%)

Fig. 3 WAXD curve of poly [B-pinene

B- MAO at 30°C
15~ 18 2-
. Brookhart B-
MAO
v IMAO
11
MAO 2- p-
REFERENCES
1 Gozenbach C T Jordan M A Yunic R P.Encycl Polym Sci Tech 1970 13 575 ~ 596
2 Ruckel E R Arlt H G Wojcik R T. Adhesion Science and Technology. New York Plenum Press 1975.395 ~ 400
3 Li An Long Liang Hui Lu Jiang . Acta Polymerica Sinica 2006 1 151 ~155
4

Robert W J Day A R.J Am Chem Soc 1950 72 1226 ~ 1230

obtained by b/

MAO

9 2- /MAO B- 877
MAO 8- 8-
1 -

8- " C-NMR 1

2. 8-
"H-NMR " C-NMR
B_
a b §=128.4 135.7 5 8- X-
=125.4 129.1 i WAXD 3.
i 20=15.8°
B-H; B-H, DSC
10 ﬁ‘ Tg
g DSC T,

. f (|ZH3

il dmen )=
bTe CH,
a
1 1|AJ
1
100 50 0
5
1|0 2|0 3‘0 4|0



878 2009

Pietila H Sivola A Sheffer H.J Polym Sci Part A Polym Chem 1970 8 727 ~ 737

Modena M Bates R B Marvel C S.J Polym Sci Part A Polym Chem 1965 3 949 ~ 960

Martinez F.J Polym Sci Part A Polym Chem 1984 22 673 ~ 677

Lu J Kamigaito M Sawamoto M Higashimura T Deng Y X.Macromolecules 1997 30 22 ~ 26

Martinez F GaJardo I.J Polym Sci Part A Polym Chem 1981 19 1533 ~ 1538

10 YuP Li AL Liang H Lu J.J Polym Sci Part A Polym Chem 2007 45 3739 ~ 3746

11 Huang Z F Song KM Liu F'S Long J M Hu Hao Gao HY Wu Q.J Polym Sci Part A Polym Chem 2008 46 1618 ~ 1628
12 Huang Z F Gao HY Zhang L Wu Q. Chinese J Polym Sci 2008 26 5 567 ~ 573

O 0 9 N W

13 Abraham R J Cooper M A Indyk H Siverns T M Whittaker D. Organic Magnetic Resonance 1973 5 8 373 ~ 377
14 Offermann W.Organic Magnetic Resonance 1982 20 4 203 ~ 204

15  Bryliakov K P Talsi E P Bochmann M. Organometallics 2004 23 149 ~ 152

16 Zhang J K Ke ZF Bao F Long J M Gao HY Zhu F M Wu Q.J Mol Catal A Chem 2006 249 31 ~ 39

17 Dubois M A Wang R Zargarian D Tian J Vollmerhaus R Li Z Collins S. Organometallics 2001 20 663 ~ 666

18 Groux L F Zargarian D Simon L C Soares ] B P.J Mol Catal A Chem 2003 193 51 ~ 58

19 Iitel S D Johnson L K Brookhart M. Chem Rev 2000 100 1169 ~ 1203

20 Mecking S. Angew Chem Int Ed 2001 40 534 ~ 540

HIGH EFFICIENT POLYMERIZATION OF B-PINENE CATALYZED
BY 2-AMINOPYRIDINE NICKEL [ COMPLEXES/MAO

HUANG Zengfang' > CHENG Shan' GAO Haiyang' WU Qing'
" Institute of PolymerScience ~ School of Chemistry and Chemical Engineering Zhongshan University — Guangzhou 510275
% Zhongshan Institute  University of Electronic Science & Technology —Zhongshan 528402

Abstract A series of 2-aminopyridine Ni II complexes bearing different substituent groups ~ 2-PyCH, NAr NiBr

Ar= 2 6-dimethylphenyl a  Ar = 2 6-diisopropylphenyl b Ar = 2 6-difluorophenyl ¢ have been
synthesized . In the presence of methylaluminoxane MAOQO these Ni complexes could be highly efficient to catalyze
B-pinene polymerization and afforded poly B-pinene s with higher molecular weight than those prepared by
traditional cation polymerizations. Among these complexes complex ¢ with ortho-electroattracting-substitution
exhibited the highest catalytic activity up to 1.48 x 10’g/ moINi h  while complex b with bulky ortho-isopropyl-
substitution gave the highest molecular weight of the polymer. The effects of polymerization conditions on the catalytic
activity and the molecular weight of poly [-pinene s were also studied. With an increase in temperature the
catalytic activity increased and reached a maximum value at 40 ~ 50°C  and the molecular weight of the obtained
polymer decreased . Increasing in monomer concentration molar ratio of MAO to the Ni complexes or decreasing in Ni
complex concentration would increase the catalytic activity for 3-pinene polymerization.The ' H-NMR and " C-NMR
analyses of the obtained polymers revealed that the polymers consisted of alternating sequences of isobutylene and
cyclohexene units indicating the propagation proceeded in a manner typical for conventional carbocationic
polymerization process .
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