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1.1 {XEEMKF

JIT R 035 28 — 2R B/ A s A S T 5 28 R o 1, 31 0y v L vl B N 43 w4,
A28 BRI S A AL AR R A A ] 52, 6- — H 2R (Aladdin ) |, 2l 97% ; — G0N, 45 99. 5% 57K
FESA, 2R 99. 5% (Aladdin) ; = 2%, 4l 99% (LTI ) s NiBr, - DME, £ i 97% (f& [ Aldrich
ONE]) 52,6- SN IEIR M SR 90 + % s LMk 4l 989% 53 ,5- " FH Lk Sl EE 99% 53 ,5- R SENEmE,
4l 98% (& Alfa A7) , HEAM M ; 1852k £ 45 (ALELCL ,EASC) g T+ Akzo Nobel 23], 28 B 25
BZE 1.0 mol/L 5,

BRUKE Vertex-70 B BL 27 A AR (A8 E A7 4 58 23 F] ) , KBr 35 5 Unity 400 BUAZ i 4R ( 32

2014-12-12 Y Fi ,2015-01-19 &[] ,2015-04-02 #5257

E R A RFHEIE S HEREIEEWUH (51203092) ¥t B3 H

IR AZ R, R 207 ; Tel :024-89388092 ; Fax:024-89388092 ; E-mail : yf18231@ 163. com; WF5T 7 7] : MR A 5 3 4

LR B 8K 224 BFST 5 5 Tel :0431-85262303 ; Fax:0431-85262303 ; E-mail : xqzhang@ ciac. ac. en; WFFEH7 ] : ke il B I



910 R e 2 EORVAE S

Varian 23] ) , L CDCL f DMSO SHyE#, TMS i INFR ; Waters 515 BIEER 155 4150 (32 [E Waters 24
A]) , LAY G A A, O 1.0 mL/min, LS5 A K ZARARHERE i b N AR ; Series T CHN/O
2400 BYTCER 34X (3¢ [ PERKIN ELMER 22 7)) o Bruker Smart Apex B X S £k B et 477 548 (8 A1 4
A AR ( -88.5 C) BRI Tl . CCD K€ , MoK Sk R GIR , P4 0. 071073 nm, §f
F LS50 b SMART F2 %852 , F SAINT 1 SADABS X 117 5 54 #4740 45 kb 3, % B SHELXTL-97
AR

1.2 BERESMHIEM

FCHR 3a ~3e & 3CHRL 10 ] D7 A48, FLAA 3a ~3e FIRL B YY) 4a ~de 15 PRI Scheme 1,
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Scheme 1 Synthesis of complexes 4a ~4e

et 3a 14 2 A 2,6- TR (3. 2 ¢,26. 4 mmol) iITAF 50 mIL DU M7 L A
= LM (4.2 mL,30 mmol) , 38 o 1H R i F i in oK B ESA (2. 8 mL,24 mmol) , FE IR M+ 12 h, [ 4
He , A IEFEEL N - HCL, Y80 B 25 DUk i, 75 30 19 AR 28 O e e PR G , 1 08 L T4, 19 381 AT B R 1a
(5.2g),/"#96.3% . fb5% 1a(2 g,8.9 mmol) H T 50 mL HIZ i) A i — & AR (1 mL,
13.3 mmol) , F 80 °C [m] it S i 4 h, 98 F Bk 25 A< I N7 1) — SRR 2%, in A 50 mL HEOR | = 2 i
(1.5 mL,10. 8 mmol) FIALME(0. 61 g,8.9 mmol) , FE T 12 ho FMZEH 5 , i 1EB L EL N -HCL,
JEBR 500, s AR R IE C be F 45 0, 19 B B4R 6014 3a(0. 53 g) , =% 21. 6% . JLE /3 Hr Sl
(CooHyy N, ) /% + C 78.34(78.52) ,H 6.26(6.22) N 15.4(15.26) ., 'H NMR (400 MHz, DMSO) ,
5:8.68(s,1H,Pz—H); 7. 74(s,1H,Pz—H) ; 7.36 ~6. 78 (m,8H,Ar—H) , 1. 99(s,6H, Ar—CH,) .

BefA 3b & T kS 3a MR, U 55.2% o JGER 53 BT SEIE ( CoHy Ny THEH ) /% : C 79. 12
(79.17) ,H7.01(6.98) ,N 13.87(13.85) . '"H NMR(400 MHz,CDCL,) ,5:7.29 ~7.12(m,5H,Ar—H) ;
6.91 ~6.82(m,3H,Ar—H) ;6. 05 (s, 1H,Pz—H) ;2. 62(s,3H,Pz—CH, ) ;2. 22 (s,3H, Pz—CH, ) ;2. 06
(s,6H,Ar—CH,) .

Bt 3c (A 0 2245 3a AT, YR 25.2% o JG R S0 Hr SEIAE ( Co Hos Ny 315508 ) /% - C 79. 68
(79.72) ,H7.61(7.6) ,N 12.71(12.68) . '"H NMR (400 MHz,DMSO) ,5:8. 61 (s, 1H,Pz—H) ;7.76(s,
1H,Pz—H) ;7. 64 ~6.98 (m,8H, Ar—H) ;6. 63 (s, 1H,Pz—H) ;2. 84 (s,2H,i-Pr—H) ;1. 06 ~0. 89 (d,
12H,i-Pr—CH,) ,

Bitk 3d 196 T 25 3a MR, R 60. 1% o JTE 43 B SEIUE ( Co Hy Ny TR ) /% - C 80. 11
(80.18) ,H 8. 08(8.13),N 11.81(11.69), "H NMR (400 MHz,DMSO) ,5:7. 28 ~6.99(m,8H,Ar—H) ;
6.18(s,1H,Pz—H); 3.24(s,3H,P~—CH, ) ; 2.89(m,2H,i-Pr—H); 2.09(s,3H,Pz—CH,); 1.07 ~
0.89(d,12H,i-Pr—CH, ) .

Fefk 3e Y& M 5 3a M), Y% 15.2% o JCE 3T S ( C Hyy Ny 5 {E ) /% : C 84.39
(84.43) ,H 6.91(6.88),N 8.68(8.69), 'H NMR (400 MHz,DMSO0),5:7.8 ~6.94(m,18H, Ar—H) ;
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2.73(m,2H,i-Pr—H) ;1. 23 ~0. 73(m,12H,i-Pr—CH, ) ,

BCA5 ) da BY5 1 2 BEOCHR 8 ] 73 76 NLAURYT , ke A 4 1 RIS B -h AR YOI AL AA 3a
(0.2 g,0.73 mmol) \NiBr, - DME(0. 224 ¢,0.73 mmol ) #1 THF (3 mL) ,$i££ 4 h, J 54l 308500,
AKECEE G AT DLUE, i I8 15 Bk sk (A oK, & A5 TR AL B, 77 2 82% . Ju 2 43 i 5Ll
(CH N,Br, Nitt&(H) /% : C 43.51(43.78) ,H 3.36(3.47) ,N 8.36(8.51), FTIR(KBr) ,o/cm™";
2926,2856,1636,1533,1492 1446 ,1403 ,1360,1320,1209,1164,1096,1059,1001 ,945 913,767,702,

BCEY) 4b 1A T2 4a 250, BIBCIR 3b 5 NiBr, - DME 75 THF 1 2 i 75 B 8 AR (R R, iR
77.9% o TCEA5YHTSZIAE ( CooHyy Ny Br, Nif 1248 ) /% : C 45.89(46.03) ,H 3.92(4.06) ,N 7.88(8.05)
FTIR(KBr) ,o/cm ™' :3110,3045,3002,2924 ,1615 1591 ,1567 ,1494 ,1443 | 1386 ,1365,1214,1176 1160,
1123,1092,1059,992,921,846,832,797,780,746,703 ,

BCE) de B9G BUTES 4a K00, BECIA 3¢ 5 NiBr, - DMETE THF 1 2 i 75 BITR 48 4 8 K, 1o
71.2% o TCEA5HTSZIAE ( Cpy Hys Ny Br, Nif 128 ) /% : C 47.93(48.05) ,H 4.49(4.58) ,N 7.51(7.64)
FTIR(KBr) ,o/cm ' :2974 2945 2865 1638 ,1534 ,1492 1458 14251406 ,1381,1357,1328,1210,1158,,
1094 ,1059,1002 ,945 915,773,706,

BCEY) 4d 9GS 4a 600 LR 3d 5 NiBr, - DMETE THF H 5 1 45 2 L 21 88 K, 1o
80. 1% ., JCZE A3 Hr S L ( Copy Hyo Ny Br, Nij 13518 ) /% : C 49. 77 (49.87) ,H 5.9(5.06) ,N 7.11(7.27),
FTIR(KBr) ,o/cm ™' ;2965 ,2869,1612,1562,1489 ,1458 1447 1383 ,1362,1335,1319,1205,1178 ,1155,
1131,1099,1066,992 933,819,797 771,749,717,

BCEW) de G BUUTTE S 4a K000, HECIK 3e 5NiBr, - DMEZE THF 1 2 i 15 B e 4 4 8 K, 1o
65.8% o TLEAFHT S ( Coy Hyy N, Br, Nit 144 ) /% : C 58.93(58.16) ,H 4. 63(4.74) ,N 5.89(5.98)
FTIR(KBr) ,o/cm ™' ;2971 ,2865,1625,1560,1508 ,1486 , 1460 ,1403 ,1349 , 1327 ,1307,1281,1173 1154,
1080,1026 941,921,804 ,757 ,727 ,693 ,

1.3 BERK

RGN AE S s B I 70 AL FAY 30 mL LR b i AT o F B AR 13- T e/ HOR
W EASC/ H 2R W IUF AR OB 25 0R PR B8 IR 2 K th R & 24 et ml g, HEA 1%
2,6- U T H-A- TR, N /D i R IR I SRR W R SR SO K HABI A2 50 mL S b i, w0
G e S O = S S REERTIE 7 7/ W =R B PG S B C SR VN

2 RSN

2.1 EEYIRLDINRAE

FTIR FAF & B, B4 3b H C=N 5 A1 45 4ig 3h W 5 i BAE 1661 ~ 1651 em ™' (& 1) ;i 54 4b
1) C=N & |21 feh 4 4I 2y W Wi e [ (B 050 75 1) 7% 2,
FAE 1636 ~ 1614 cm ™' 4b; 380 C=N HH 1 N i+
5 Ni &4 TR
2.2 EBEVMMRMEEN

BB 0 2 A XA A T B P e R A A TR
TERFEIR , o Mo FeES M A TRG B 3R A, Horp B )
4b 1938 7, BA Y 4b 1R i LTk 1) L DMF
TR0 Y HORAT , S iAR G5+ 55 358 B A 350 40 ;
KA IR W 2 s, B &9 4b J& T gk 1800 : '16'00 1200 1200 1000 800
F P2, /c A5[afE, AT Cs XPFRPE, 4 =/ o/ em .
SRR, DN B B2 g on v (8 TR TR
LTl o, &b T = A OBUHE 2 DTS AL E . Ni

complex 4b

ligand 3b
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N3 N1.O By 47 B K 43 51 0. 2062 (2) . 0.2060(3) F10.2038(2) nm; N1—Ni—N3 | Ni—N1—C15 FI
Ni—N3—C23% £ 43 3] >4 76. 88° 121. 28°F1 139. 3°,

K2 HCEY4b i iRas R
Fig.2 ORTEP view of complex 4b, drawn at 30% of probability; hydrogen atoms are omitted for clarity
Selected bond distances( nm) ; Nil—N1 0.2062(2), Nil—N(3) 0.2060(3), Nil—Brl 0.24401(5), Nil—Br2 0.24533(5),
Nil—O1 0. 2038 (2). Selected bond angle ( ). N1—Nil—N3 76. 88 (10), N1—Nil—Brl 94. 20 (7 ), NI—Nil—B2
93.53(7), N3—Nil—Brl 114.21(7), N3—Nil—Br2 118.55(7), N3—Nil—OI 88.33(9), N1—Nil—O0I 165.03(10),
Nil—N3—C6 118.0(2), Nil—NI1—N2 113.55(18), CI5—N3—Nil 121.28(19), C2—N1—Nil 139.3(2), N3—C6—N2
115.6(3)

2.3 THREARM

L EASC S B0, B 48 T e i Ni(ID B 5 A T IR AR G478 MR L Al I, Al 4
J& B TC AL RS AT PR B o B O A B IBOBE R B2 (H ,de ;Me ,4d s Phde) , REPIR
H1 66. 8% FEARZE 19. 6% ,iX Ity T3 WAL AT EL . I3 — 5T, A2 18] 457 BEL A AS [v) BE A R 52 0 Jor 153 3¢
BN ST AR FLN-1,4 2540 & 53528 90% Zity

x1 FEARKRENERESY/EASCEUT _EREER
Tablel 1,3-Butadiene polymerization with 4a ~4e/EASC*

Microstructure®/ %

Run Complex Yield/ % M, x1073¢ M,/M} )
Cis-1,4 Trans-1,4 1,2
1 4a 73.6 24.0 4.0 89.9 7.1 3.0
2 4b 65.3 8.4 2.3 91.5 5.9 2.6
3 4c 66.8 13.0 4.0 88.7 8.1 3.2
4 4d 57.7 8.1 3.0 90.6 6.8 2.6
5 4e 19.6 17.5 2.1 91.0 5.2 3.8

a. Polymerization conditions; in toluene at 20 °C for 4 h, [ Bd]/[Ni] =2000, [ Al]/[Ni] =50, [Bd] =1.85 mol/L; b. determined by
GPC eluted with THF ( polystyrenes as standards) ; c. determined by IR and NMR.

e B A Y 4d g AL, P 1 BN BE AN DA SR 5 i . 3 2 nT LA Y B SR A il
FEMTEE , RAE PICRIZ IR R, 60 CIPAEIR KAH 83. 7% o #E— 2 THEiR L 2 80 °C, RGPl
AREAR(T9. T% ) o T8H i i P T A AR BE T 52 1 22 , LR XU %/ AL(iBu ) 5 JEARTR) BEAT T — 060
Bty MR L 20 CHRRE 60 C R AWIUCHR A 99% FEARE 40% ' o X RITZ AR R A R
R mR AR E M. RIS, BT i3 R G W R-1,4 58 M. 72 20 CrF, TR REWmmi-1,4 &5y
90. 6% ;80 CHI-1,4 ISR 64. 8% o DX T HEH WL TH R, Xf 30 PN 2 (anti) [ PO 24 AR E 1Y
[ P (syn) B8 T B G I BE A TR, SR G WIAR X 201 IR R A1, HL A B 8 58, 3% A2 1
Tl TR RS SN R S B o B R A RIAE R, RE -1 ,4 SR A R, XWEm T
T IR A AR anti-syn M TUEEHLS R 1Y, 70805 HRH L T 5008 A anti-A4 8 5 B S 6T, T M
LU/ IMEAT T IR IR AR TR, IR anti- A4 A S8 23 IR [R] 1A] syn-#4 TURE 4, AT 3 20 -1, 4 &5 s
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jjn[lz-B: .
*2 REBREMAEX4d/EASC ELT _HKREEHFM
Table 2 Effects of temperature and time on 1,3-butadiene polymerization with 4d/EASC*

Run Temperature/ °C Time/h Yield/ % M, x10 73 M,/M}* ) Microstructure/%
Cis-1,4 Trans-1,4 1,2
6 0 4 51.1 11.7 2.6 90.2 6.3 4.5
7 20 4 57.7 8.1 3.0 90.6 6.8 2.6
8 20 15 74.8 5.1 3.5 88.0 9.7 2.3
9 20 24 77.9 4.5 3.5 85.5 12.5 2.0
10 40 4 81.0 7.1 3.3 82.4 15.4 2.2
11 60 4 83.7 4.0 3.5 77.5 20.6 1.9
12 80 4 79.7 2.9 3.0 64.8 33.4 1.8

a. Polymerization conditions:in toluene, [ Bd]/[ Ni] =2000, [ Al]/[Ni] =50, [Bd] =1.85 mol/L; b. determined by GPC eluted with
THF ( polystyrenes as standards) ; c. determined by IR and NMR.

e 3 AT, B AL/Ni BE R ECRSE N , SRS P IAC 3 0 i B vy, i iy 7 P A it P v 5 L
JirElo TR SR G WIAR RS 231 I B T, EL 2R A A2 8, 3 i) BE R T e 20 1 B 1) EASC 556 4% 3 A
(1o EASC FISEAR RS IR AR A e, TR R G WIIINE-1 4 & B39 7E 90% Zith .

%3 AUNi E/RIE3T 4d/EASC L T /G R &R
Table 3 Effect of Al/Ni molar ratio on 1,3-butadiene polymerization with 4d/EASC*

Microstructure®/ %

Run n(Al)/n(Ni) Yield/ % M, x1073* M,/M,"

Cis-1,4 Trans-1,4 1,2
13 10 50. 1 9.0 2.6 91.1 6.0 2.9
14 20 56.3 8.2 2.9 90.8 6.5 2.7
15 50 57.7 8.1 3.0 90.6 6.8 2.6
16 100 62.4 6.1 3.1 90.2 7.0 2.8
17 200 75.0 5.6 3.4 89.5 8.0 2.5

a. Polymerization conditions :in toluene at 20 °C for4 h, [ Bd]/[ Ni] =2000, [ Bd] =1.85 mol/L; b. determined by GPC eluted with THF
(polystyrenes as standards) ; c. determined by IR and NMR.

KA FTIR X A5 53R T i b 47 T 450 =4
B3 i T 0 (Run 8,38 2) 1Y FTIR 3% ], H
H 738 911 F1967 cm ' AR5 i-1,4 1,2 Fifz-1,4
SER IR TE R ST UG o AR R A5 W A e i B AR 1 2R
BYIN-1,4 1,2 FR-1,4 8584 585050k 88% |
2.3%M19.7% o J T HAUE FTIR iy 45 5, it —2 LU trans-1.4
"H NMRX] RS W it £ AE (K 4) . §5.40 F164.98
Wb 5 R 1,40 1, 225 4 1 iR 06, AR A8 A% R I e ny
BUMERRICTH SRR I B G YR 1,4-81 1,2-858% 50 o0 oo 900 700 500
AN 97. 2% F12.7% ofem” .

A HNMR SRR S0 4 3R T IRIEL R

ig.3 IR spectrum of polybutadiene( Run 8, Table 2)

FL-1,4 G54, Rt —2 38 122 C NMR SHZ R &
YT RAE . B 5 01,4, 52-1,4 Z5F A RFAEIE 7373 62 T 8 129. 6 1 130. 1 Ab, BUEAHAR 1 —CH, 1)
FRAEIE S B T 8 27. 45 Fl 32. 74 Ab;1,2-PB 1 —CH= fl =CH, [J45F 154> BI7E 8 142.5 F1 114.2
Abo BRI ARR T 1,4 21,4 F1,2 5K & 5K 88.3% 9. 0% F12.7% , 5 FTIR F
'"H NMRi}# 25505,
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3.6 C
A ¢ 7
Cll-l IZIC/ \Clzcz\ =G Gt
_ 4 6\ Cl x C3 Cﬁﬁ(%
HC—C\H H/C=CH H/C Kt AR
2 z N
O Ch, HCH-CIL, C,
o3 s
CZ
72 8
1 131 130 129
5.7 53 49 6 C
J - .5 - JL,; G 1 G 1 C,C, l
8 6 4 2 0 150 120 90 60 30 0
19 S5
B4 T M H NMR A K5 T " C NMR g
Fig.4 'H NMR spectrum of polybutadiene ( Run 8, Fig.5 " C NMR spectrum of polybutadiene ( Run 8,
Table 2) Table 2)
—+- N
3 45 B

T —RSIEMEE L Ni( I1) BEa9, 080 Hatb AT 73R 1k xR a2 EASC 54k, al il &
FARE A3 TR g 4500 ~9000 JIFi-1,4 554 89. 5% ~91. 1% HIWIREE T — M. BCAAR RG2S (a7 BELXF T &
Py AL TS A BOR R, BEH CIE s (A7 BEL A 3, R A MR R R BESR AL I T, R A WIIL
RGN, ARG IR BE D 80 T, R PO I AT FEAG, I AL IA R BA RA7 s iR AR e

2 % X #

[1] Barcia F L, Soares B G, Sampaio E. Adhesive Properties of Epoxy Resin Modified by End-Functionalized Liquid
Polybutadiene[ J]. J Appl Polym Sci,2004,93.2370-2378.

[2] Barcia F L, Amaral T P, Soares B G. Synthesis and Properties of Epoxy Resin Modified with Epoxy-Terminated Liquid
Polybutadiene[ J]. Polymer,2003,14.5811-5819.

[3] REN Wentan,ZHANG Yong,PENG Zonglin,et al. Characteristics of Liquid Rubber and It's Application in Rubber Industry
[J]. China Rubber Sci Technol Market ,2006,6:16-20(in Chinese).
FESCIZ, SR T 55 255K, . AR IR B R SOAEAR I Tl R A T ] 4 AH 3 77 3% ,2006,6 : 16-20.

[4] LIANG Tao, WEI thng,ZHANG Huiyi,et al. Progress in Research and Development of Diene Liquid Rubber[J]. Polym
Bull ,2012,(4) :11-16 (in Chinese).
T8, BREE RS TR IR, . BURZSBMAR IO DT ik [T ). & o 3841 ,2012,(4) : 11-16.

[5] CHENG Qian,LIANG Jizhao. Progress in Research and Development of Polybutadiene Liquid Rubber[ J]. Special Purpose
Rubber Prod,2013,34.72-76(in Chinese)
FRAE IR, BT MR B LS b R [T ], 4 A i) 5 , 2013 ,34.72-76.

[6] LIANG Tao, WANG Hongshan, GAO Yangguang,et al. Research Progress in Liquid Rubber[ J]. China Synthetic Rubber
Ind ,2010,33 . 482-487(in Chinese) .
A, Bt S DL, . AR BT RELT ], S i T 0k ,2010,33:482-487.

[7] Lotti L, Coiai S, Ciardelli F, et al. Thiol-Ene Radical Addition of L-Cysteine Derivatives to Low Molecular Weight

Polybutadiene[ J]. Macromol Chem Phys,2009,210.1471-1483.

LIU Heng, WANG Feng,ZHANG Xuequan,et al. Synthesis, Characterization of Bis ( arylcarboximidoyl -chloride ) pyridine

Ni( I ) Complexes and Their Catalytic Behavior for the Synthesis of Liquid Polybutadiene[J]. Chem J Chinese Univ,

2014,35.1336-1342(in Chinese) .

XIME, EJR 5Kk 4e, 4. MEBEXOI LA Ni(ID) BEG PG i RAE ML A RRIR R T IR [T]. &F FAL

%237 ,2014,35.1336-1342.

[9] Wang F,Liu H,Zheng W J,et al. Fully-Reversible and Semi-Reversible Coordinative Chain Transfer Polymerizations of
1,3-Butadiene with Neodymium-Based Catalytic Systems[ J]. Polymer,2013,54:6716-6724.
[10] Wang Y Y,Lin S A,Zhu F M et al. Nickel( I ) Complexes Bearing Pyrazolylimine Ligands: Synthesis, Characterization,
and Catalytic Properties for Ethylene Oligomerization[ J]. Inorg Chim Acta,2009,362 :166-172.
[11] Gong D R,Wang F,Wang B L,et al. Highly Trans-1,4 Selective Polymerization of 1,3-Butadiene Initiated by Tron ( II )

—
e e}
[



5 8 1] I A « AH Y BRI 5 WA 5 0 R AE S A 1,3-T MR & 915

Bis(imino ) pyridyl Complexes[ J]. Inorg Chim Acta,2011,373.47-53.

[12] Liu H,Jia X Y,Wang F,et al. Synthesis of Bis( N-arylcarboximidoyl-chloride ) pyridine Cobalt( II ) Complexes and Their
Catalytic Behavior for 1,3-Butadiene Polymerization[ J]. Dalton Trans,2013,42.13723-13732.

[13] Porri L,Giarrusso A, Ricci G. Recent Views on the Mechanism of Diolefin Polymerization with Transition Metal Initiator
Systems[ J]. Prog Polym Sci,1991,16:405-441.

Pyrazolylimine Ni(II) Complexes: Synthesis,
Characterization, and Catalytic Behaviors for
1,3-Butadiene Polymerization

HAN Chao®, LIU Heng”, YANG Feng"* , HU Yanming”, ZHANG Xuequan””
(“ School of Materials Science and Engineering ,Shenyang University of
Chemical Technology ,Shenyang 110142, China
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Abstract A series of NN-bidentate nickel ( Il ) complexes bearing pyrazolylimine ligands (4a ~ 4e) was
synthesized and characterized by FTIR and elemental analysis. Determined by X-ray single crystal diffraction,
complex 4b adopted distorted trigonal bipyramidal geometry around the central metal. Activated by
ethylaluminum sesquichloride (EASC) , all complexes exhibited high cis-1,4 selectivity towards 1,3-butadiene
polymerization to afford liquid polybutadienes( PB) with relative molecular mass of 4500 ~9000 and 91% cis-
1,4 content. The catalytic activity of the complex decreased as the hindrance of the substituent on the ligand
increased. The effects of Al/Ni molar ratio and polymerization temperature on the polymerization were further
investigated in details. The catalytic activity increased with the increase of polymerization temperature from
20 °C to 60 °C, and the polymer yield only slightly decreased even at a high temperature of 80 °C , indicating
high thermal stability of the active species generated by the present catalytic system.
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