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REA2ER) T AU kg, A b4, )M Bk Rk Aldrich 377, 7860 C
T4 REER IR 12 h J52EH, BUR 0.4 ¢/mL HZE WA H; MAO AL (S0,), - 18H,0
H 437K i = F HEER (AlMey ) A (H,0/AL BEJRH 1. 3) 5 ( DME) NiBr, 4% SCHR[ 12 ] 7k H il

"H NMR Z£AER 25 [ Varian 23 7 Mercury-Plus 300 BUAZREILIRTEAL , F MR, 7570 A U
FRACAS &, TMS I FR. JCE TR SR Elementar 23 7] Vario EL JCE ML FT. FAB-MS
FAERH VG ZAB-HS FIHAY, 3-SR B IEAR. L0586 (FTIR) 4387 R H Nicolet 205 FTIR 14N
PEAY, KBr JE A 2. HUR T (TGA) R NETZSCH 23 B TG-209 FUHE T GIE , N,
4, THEHR 20 °C/min, 7F 50 ~600 CYEFNICRA T L. ~2EHEH(DSC) 401K Perkin-
Elmer /A H] MDSC TA-2910 25 BT (I 2, N, <4, LA 20 C/min FHE#CRIHE 2 350 C, fHE 2
min, A 20 °C/min FIR % 20 C, LA 10 °C/min FHEZE 350 C, i3 W IHRIMZ. BEWH T8 K&
534 K FH Waters Alliance GPC 2000 %9 % e (6 35 A 52, IR 1,2, 4-= &2, MR N
135 °C, WEN 1.0 mL/min, FFHIARAER IR LM RER A IE.
1.2 BEMBEEYHNERSRIE

S CIR13 158, A BT WA mEmsS7 R e AR L1 T 12 (Scheme 1)
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Scheme 1 Synthesis route of pyrazolylimine ligands and bispyrazolylimine nickel complexes

.21 N-(FKE13,5-—FHEpu ETHFE)XETRE(LL) BH L& FRFTHEAL(LS mL,
12 mmol ) MILA# 50 mL PUS IR H, SRIGIMA =2 (2.0 mL, 14.6 mmol) FIZEFHEEE (1.4 mL,
12.4 mmol) , &4, TEEBEHE 12 h. OVE )G, o iEBR%E Et,N - HCL, WBOERR L Rk, 525
O EABERE. MIBERE (1. 97 g, 10.0 mmol) HiE MG ALAN(1. 1 mL, 15.1 mmol), T 80 °C [l i
2 h, JEHEBR AR AT, A 50 mL IR | = Z (1.7 mL, 12.2 mmol ) F 3,5-— F SLnt mg
(0.96 g, 10.0 mmol) , TEIRN 12 h. MRS, i uEFR 2 ELN - HCL, BRI FIF R, g
B IE C bR B4, SRS AR (L) 2. 14 g(7.78 mmol) , %K 77. 8% . TLE /T (% ) SEIE
(C H,NITBAE) . € 78.22(78.52), H6.25(6.22), N 15.23(15.26). "H NMR (300 MHz, CDCI,) ,
8:7.67~7.64(d, 2H, Ar—H); 7.50 ~7.39(m, 3H, Ar—H); 7.20 ~7.08(m, 2H, Ar—H); 6.81 ~
6.71(m, 3H, Ar—H); 5.80(s, 1H, P—H); 2.28 (s, 3H, P~—CH,); 1.78 (s, 3H, Pz=—CH,).
FAB*-MS, m/z; 274, 275, 276, [M* ]; 196, 197, 198, [M*-Ph]; 179, 180, 181, [ M*-C,H,N,].

1.2.2 4-FAHEN-(FKHE135-ZFHALHTHFRL)(12) KETREOFH & HIFEM L MHE,
e 3. 41 g(15.0 mmol) , 3,5- " FIJEALME 1. 44 g(15.0 mmol ). F=H A il 2R £ 1 (AR 5/1)
SRR AR B, BRI, 15 AR (12)2. 69 ¢(8.8 mmol), =# K 58.6%. LR
M (% ) SEME (C,yH N,O HEAH) . C74.41(74.73); H6.25(6.27); N 13.70(13.76) ; "H NMR (300
MHz, CDCL,), 6:7.65~7.62(d, 2H, A—H); 7.48 ~7.37(m, 3H, Ar—H); 6.78 ~6.67(m, 4H,
Ar—H); 5.84 (s, 1H, Pz=—H); 3.78 (s, 3H, OCH,); 2.31(s, 3H, P~—CH;); 1.77(s, 3H, Pz—
CH,). FAB*-MS, m/z: 304, 305, 306, 307, [M* ]; 226, [M*-Ph]; 210, 211, 212, [M*-C,H,N, ].
1.2.3 R-N-(F#E-1,3,5-Z Wb T HF L) RA TR R AE(Cat. 1) B H & 7EN, KBRPT,
$i 4.0 mmol L1 fNEN S WA, 140 mL 4 CH, CLIFAFECIR. JILA 2.0 mmol (DME) NiBr, , T2 {i i
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P18 h. RIEEHIG, WERR AN, NE CEEVIERL A Y. B TR, Cat. 1 AL EAREIE,
FEHR96. 2% . JCEIHT (% ) SZIAE ( Cy Hyy Ny NiBr, iH B ) : € 56.42(56.17); H 4.28 (4.46);
N 10.62(10.93). FAB*-MS, m/z: 687, 689, 691, [M*-Br]; 608, 610, [M*2Br]; 411, 412, 413,
414,415, [M*-Br-L1]; 331, 332, 333, 334, 335, [M*-2Br-L1]; 180, 181, [L1-C;H,N, ] *.
1.2.4 WA-FEAHEN-(FHE1,35-ZFHapb HTHFRH)KETH_RNHE(Ca.2) W & HIET
A Cat. 1. Cat. 2 &R, 73 98.0%. JCE DM (% ) SLME ( Cyy Hyg Ng O, NiBr, T AE)
€ 55.40(55.01); H 4.63(4.26); N 9.73(10.14). FAB*-MS, m/z: 746, 748, [ M*-Br]; 668,
[M*2Br]; 441, 442, 443 444 445, [M*-Br-12]; 362, 363, 364, 365, [ M*-2Br-12]; 210, 211,
[12-(CH,N, ] *.
1.3 BkRENES

A A SEIRISTE A8 TOK | TR SR R AT, KA REREPE T A A S0 0 50 mL A HRAE
LA T HAAMTHYE 1 h, BRIOKRZE R, R AR E S 3 WE AR EMNARITIEE,
RN ATH R H MAO | I | BEVK R BRI IR, DRI BT 16 mL. fEIRBEHER G BN, A
R R 10% MR- LB IR 4R OB, FFUTTE 24 h, IR RG W QB 3 s, T 60 CT
A THREEE, FRERATY, HEMRCE, I THICEALE.

2 FER5TE

2.1 B&EEF AVNI BRI BESHZMN

R IR EENHEALRCR N RS R IR AR K (6 1), 78 20 ~80 CHEEI, Cat. 1/MAO Al Cat.
2/MAO 4 Z % VK s B A8 s VS B AL RO, B R AR TR, XML R 11k
WORSeTHE G REAR. T A B T3 & SRS AL R AR, (R — 2D T =i e, W 2RI
AR, RTFEPIMEIRR | EIERCRIITE 60 °C AR ARAE, 40914 5. 35 x 10° g PNBE/(mol Ni)
(Cat. 1) fi1 4.91 x 10° ¢ PNBE/(mol Ni) (Cat. 2). RARENREYNSFRMSFRESABARK
MR, BE RS, REVI SRR, /5 FES M. 8% RE W80 R/NE Y
KN 5 95 P R SO e 4 I 4 2R A SRGIRBE R THET, i TREFE RS TR A Be R TaE RS K IE 1L g,
R R AR U RE IR BRI AR, SECR AW/ FEREIL. Fitt, MERESREN &, REWHN
Iy TERARER. WFE AT, ARSI, Cat 1 BUALSCRL Cat. 2 ARG, 3k AT REE 45 f T3t
P —OCH, A VR FAEASER I 2k v Jo] Bl 9 L = B R, AN R T R ol s A A TRC S A A AR 2%

Table 1 Influences of temperature on nobornene poly- Table 2 Influences of Al/Ni molar ratio on nobornene

merization with Cat. 1/MAO and Cat.2/MAO polymerization with Cat. 1/MAQO and Cat. 2/
catalytic systems” MAO catalytic systems®
. Molar ratio
Catalyst Run IP/OL C.E.? Yield(%) M, M,/M, Catalyst Run C.E.? Yield(%) M, M. /M,
of Al to Ni
Cat.1 11 20 3.43 534 8.93x10° 1.79 Cat.1 15 400 1.8  29.0 5.75x10° 2.24
12 40 4. 65 72.6  4.21x10° 2.05 1-6 800 4.34 67.8 4.27x10° 2.32
13 60 5.35 83.4 4.12x10° 2.36 12 1000 4.65 72.6  4.21 x10° 2.05
14 80 2.88 44.9  2.35x10° 2.49 1-7 1200 4.39 68.1 3.72x10° 2.26
Cat.2  2-1 20 0.93 14.6  8.13x10° 1.97 Cat.2 25 400 0.57 8.8  6.54x10° 2.13
22 40 1.75 27.4  6.62x10° 2.22 26 800 1.69 26.4  6.88x10° 2.07
2-3 60 4.91 76.6  6.25x10° 2.36 22 1000 1.75 27.4  6.62x10° 2.22
24 80 2.14 33.4  2.76 x10° 2.44 2-7 1200 1.13 17.5  6.14x10° 2.42
a. Polymerization conditions; solvent, toluene; total volume 16 a. Polymerization conditions ; solvent, toluene; total volume 16 mL;
mL; 5.0 pmol catalyst; 3.2 ¢ NBE; time =30 min; n(Al)/n(Ni) = 5.0 pmol catalyst; 3.2 g NBE; time =30 min; n(Al)/n(Ni) =1000;
1000; b. catalytic efficiency, in units of 10° ¢ PNBE/(mol Ni). b. catalytic efficiency, in units of 10° g PNBE/(mol Ni).

AL/Ni BEIR b U M B/ MAO HEALAAR 2 B ROCR . AW T T A —E
M2, AR AL/Ni BEJR FE XA IR VK B R A n0 52 4l T3 2. 459380, Cat. 1 Il Cat. 2 DAZ01E
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MAO [WFEH ™ A X REK R I A Wos Gk, BEE AL/Ni BE/R L34, Cat. 1/MAO #l Cat. 2/MAO
PEAL AR R AR SE NG B, XX PR IR R, fefE AL/Ni BEJR Lo 1000. AR 1 Fik 2
AL, AR BB VK I 1 o T i B, 302 R TR AU R/ MAO fEAL IR R VK F IR R Al fe
B DK R s AR I 3R A 1 KO FE S50 DR L& K2R B-H H RS 551, MELUR AR AL FT 3K
2.2 EEFIRENBEESHZNE

TERGIRIE R 40 °C . AL/Ni BE/REE A 1000 B, AT EEXT Cat. 1/MAO 1R RAEALREIK A
REMRME 1R, HE TR S, ERENSNLT, MATIHTRE AR X Cat. 1 AR AR K.
MBI BERARAT (2.5 x 10 ™* mol/L) , TR BEAL SR T BA PR G AL R B A s SR AL sr vk
RA BRI, R RCR ARG AR TERG N SAEIL R L H) 3. 13 x 10 mol/LL i, ik
RORIKF e [4. 65 x 10° g PNBE/(mol Ni) ], BUHFPAIRFEIL RN 72. 6% ; b — A5 48 s Ak 5 A ok
E, HEARROCRIEAR, 1 ARG AR R A Thi. X2 T RS AR B Ak — 2 ik, A bR
T, RARFREEER K, PR IO Y HOZ B, R SRR .
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Fig.1 Influences of concentration of Cat.1 on polymeri- Fig.2 'H NMR spectra of polynorbornene in o-di-
zation of NBE in the presence of MAO chlorobenzene-d, obtained by Cat.1/MAO
Polymerization conditions: toluene solvent; total volume 16 mL; 3.2 g (a) and Cat.2/MAO(b) catalytic systems

NBE; t, =40 °C; Al/Ni molar ratio; 1000; time: 30 min.
2.3 BEYMRL
WFFE &I, AU B/ MAO R R AR 45 44 T i1k NBE A 15 5% PNBE 25449 #HALL,
"H NMRIEF A& 2 fiz. B'H NMR UL, 768 0.8 ~3. 0 3 Bl P9 BRAG 6 4 g 1 S SEdiR g | w4331
HJEA C5/C6 LS, Hrlk C7 IMEH RS, Cl/C4 BRH SR C2/C3 Bk A 7 A i 3t
PRI, BEAL, 768 5.0 ~6. 0 Yl PN A H B FF IR 5 (3 3B A B A5 3 F= 0 i SU L iR 0, 2 SRR 14
FIZE SR DI BUHE B IV B/ MAO R Rk NBE JAJ24% 2, 3 - i U T A7 in il B A 7 SRk A1, 3R
BTN CREIENN P YA TP R A=), 1K 3 J2& Cat. 1/MAO Al Cat. 2/MAO b1k 15 3] & vk
R RA Y FTIR J6i%E. MK 3 Al%0, 1450 em ™ &0 3EAY C—H AXFFRASTEIRSN, 941 em ~'AbfK)
WU A NBE JACR AP EIRER[ 2. 2. 1] BEe BRI it ™) 78 1620 ~ 1680 em ™' Z [A] 304 H BT

a, b are Run 1-1 and Run 2-1 in Table 1, respectively.
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Fig.3 FTIR spectra of polynorbornene obtained by Cat. 1/ Fig.4 TG and DTG curves of polynorbornene
MAO(a) and Cat.2/MAO(b) catalytic systems (Run 1-1 in Table 1)

a, b are Run 1-1 and Run 2-1 in Table 1, respectively.
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SRR ARSI, 7F 996 em ™' (FC = CHYTRIZMEAEIR SN ) M1 735 em ' (X C = C BRI IME 12
Psh) At %A H B NBE 535 5 15 5 4 v U Iz 2RI 2K 245 40 110 1 4718 152 0% 3 1 RSB A IR i i '
I, AT KHFTREREG =Y PNBE J&4% Z MG R A 07 A7, N OISR G =, B
VKR g R TR (51 LI 4. 7R TR 21 400 CHY, REWIFIAA BB AT, 156 BH UL M I et £k
FIE R IR A0 PNBE HA R IEEE. WIRER T IE H, 75 460 CELREY
B R R B R, MR E 2 45. 8% 5 1 500 °C 28 A /0l AR GE R (48 >90% ). %} PNBE #E4T
DSC i, 25, 750 ~350 CIEEIN, REEVK A7l DSC #h4k LA g ik (55, 1A
H SRR IR, B TRV IR S Y S AL S AR IR L ¢, AR W I T o0 IR BE , Rt
D75 % 35 A 2 AR T
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Norbornene Polymerization Catalyzed by Bispyrazolylimineylimine
Nickel( I ) /MAO Catalytic Systems

WANG Yuan-Yuan, ZHU Fang-Ming, LIN Shang-An"

(Institute of Polymer Science, College of Chemistry and Chemical Engineering ,
Sun Yat-sen University, Guangzhou 510275, China)

Abstract Two bispyrazolylimine nickel complexes[ bis-N-( phenyl-1,3,5-dimethylpyrazolylmethylene ) pheny-
limine nickel dibromide ] (Cat.1) and [ bis-4-methoxy-N-( phenyl-1,3 ,5-dimethylpyrazolylmethylene) pheny-
limine nickel dibromide ] ( Cat.2) were synthesized. Norbornene polymerization catalyzed by Cat. 1/MAO and
Cat. 2/MAO systems was investigated. The catalytic efficiency, molecular weight and molecular weight distri-
bution were influenced by the polymerization conditions, such as the polymerization temperature, Al/Ni molar
ratio and catalyst concentration. The results show that Cat. 1/MAQO and Cat. 2/MAO systems displayed a high
catalytic efficiency with 10° ¢ PNBE/(mol Ni) magnitude order. The molecular weights of PNBE were higher
than 10° and the molecular weight distributions were around 2. According to 'H NMR and the FTIR spectra,
the mechanism of the norbornene polymerization is vinyl-addition type polymerization.

Keywords Bispyrazolylimine nickel complexes; Nobornene polymerization; Vinyl-addition type polymeriza-
tion (Ed.: D, 7Z)



