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Fig. I Real catalysis and their model
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{1 M=Fe,Coi{ I )R =9-Anthracene, triphenylmethyl, meta-texphenyl; R" = CHy, Ph; L= CH,CN, Ph;P;{ E)R = Cl, Ph,P
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HMAEREWEH (1) FFE, 2B U EE Tk
FIFEE TR GBS0 (2a) , 285 0 P BB 1 BE
Boorgs (3a), ZREHBA RN A TEA(TS
(2a-d4a) | FHAR R KA G (4a), Ni f1 8-C LHI H
Z AT B, — Fh Agostic B EF (5a), Bh B # 35 i
RITE G, SEHLEE A K (I 2 FR) .
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Fig. 2 Neutral mechanism of ethyiene polymerization by Ni( Il } salicyladimine complexes
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0.00lnm (BFFYRBE M LASHRNE 1), %8
HERMEEHH C—H, BYN52RBZAFEE
— S0 a-agostic HE/ERA,BE 1 RS
a-agostic AR 1a PRORER & BTz
] iz BH % fF A, & # R L & H F
(NH—=CH—CH=CH—O)Ni F @ f F R 5 1 #17
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2a F12 P45 5 0.1372 nm # 0.1374 nm, 5[ %
KRB BN AR ZBUIGRE K 0.1332 1m
4 A T 0.004 nm #1 0,0042 nm, .83 2. 5
CEFmpisi ATREERBNEA, ZHES
¥ 3| (NH—CH—CH=CH —O)Ni FHERK .2 K1
5518 B3 R TS(2a-4a) fl TS(2-4), 4R 3 4+
T EAMUAE — B2, 2504 403, 1i em™!
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Cs—C B85 F] 0.1401 # 0.1403 nm, H;
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MANEmAREL N—C B R hER 2a f12
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(4a)

W AEH, 54 63.95 cm™' 48.84i em™' .7 2a
—=3a—~T 2ada) RNITEP, ZENTHEY
(NH=CH—CH=—CH—O)Ni F H §, Ni— C"™" &
M RER 3a, R HEE RS ELS TS(2a4a) . 4
B R AR (IRC) A 2B TS(2a4a) 4L da 3 H
%7) 3a EED 2a EHB FHRANERS EX L
L TSR, WAE TR 3, Sk
BE—EHEENT9 T om™ RN It
B THES NERMAR(RC)FHFTH IR
EBEFEDTI0EXRN2ZENEES, BDZHE
EHTHANFE EHTEENTES 28BS
TR FREMTBEH B 4a(4) 4 WREFE
EW 34 C—HEF, GG—H, fiC,—H, LA —

(5a)
Fig. 3 Optimized geometry of various compeunds in the neutral mechanism
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B)C—HE 0.109 nm ¥ 0.0096 # 0.0073 nm, #iBH
5N FAEEHRBEH Agostic HE/EH. Ni—H,, i
FEE LA, K 0.1785 #0 0.1861 nm, XEHIE L
BT Sa 15 PHEFEMRER B-agostic HEIEH.
MNE AT, BHRUILENEELBE 2a>T
(2a-4a)—~4a 1 2—~Ts (2-4)—~4, BUBIEHEA Ni— I
HBEWOER WHENVERY Gubss BB BARRY .

Table 1 Bond lengths of reactant, intermediates, second order saddle
point, and transition state in the Ni-catalyzed reaction of ethylene
polymenization { BALYP/LANL2MB , bond length unit: nm) for cationic

catalytic reaction mechanism

1 2 3 TS(24) 4 5
Ni—N  0.1832 0.1889 0.1877 0.193% 0.1989 0.1959
Ni—0  0.1923 0.1996 0.2001 0.1932 0.1852 O0.1857
Ni—C,  0.1881 0.1926 0.1957 0.2030 0.2424 0.3418
C;—H, 0.1115 0.1098 0.1093 0.1093 0.1100 6.1103
C—H;  0.1101 0.1103 0.1102 0.1104 0.1116 0.1103
C—H,,  0.1102 0.1103 0.1:02 0.1104 0.1117 0.1100
Ni—Cyq 0.2253 0.2545 0.2342 0.2653 0.2273
Ni—Cs 0.2253 0.2358 0.2012 0.1960 0.1903
C—Cis 0.3034 0.2541 0.2269 0.1568 0.1555
Cis—Cie 0.1374 9,1364 0.1403 0.1538 0.1512
Cis—Hyg 0.1186
Cis—Hx 0.1104
Ni—H,g 0.1785

Table 2 Bond lengths of reactant, intermediates and transition state in
the Ni-catalyzed ethylene polymerization { B3LYP/LANL2MB, bond length

unit: am) for neutral catalytic reaction mechanism

la 2a 3a  TS(2a-da) 4a 5a
Ni—N  0.1811 0.1847 0.1829 0.1892  0.1%41 0.1920
Ni—0  0.1837 0.1919 0.1883 0.1880  0.1804 0.1817
Ni—C;  0.1915 0.1956 0.1952 0.2086 0.2714 0.3451
C;—H,; 0.1109 0.1098 0.1097 0.1093  0.1103 0.1101
C;—H; 0.1098 0.1100 0.1099 0.1100 0.1100 ©0.1102
C—Hy,  0.1099 0.1100 0.1100 0.1100  0.1117 0.1100
Ni—Cis 0.2232 0.2841 0.2284 0.2718 0.2306
Ni—Cy5 0.2233 0.2832  0.2034  0.1931 0.1911
C—Cye 0.3033 0.3142  0.2234  0.1559 0.1554
Ci;—Cig 0.1372 0.1348 0.1401  0.1348 0.1526
Cis—Hg 0.1163
Cig—Hn 0.1104
Ni—Hjg 0.1861
2.2 EERSH

S FRAUVEAEH L EPEER Y
54 1a WEREE & 613.3 ki/mol, ik.BH RO B F K2 K
LG REME, EARNER TE M
TRESNE E3 L 1a X8, ~&&88 2 H
2a P L BB A RER 394K - mol™' M

77.5 kI mol ' (RN B&4% LA RER WM 4), 1%
HZBAERIRAETFEEPLOBELES B PR
HPLER BT REERNEA, CHRERE—
EHNEERREFMCEMNER. G HEED
(NH=CH—CH=CH—O)Ni F N .2— TS (2-4)
fl2a—>TS(2a4da) BELBHEMKN - ELE
B, Hy s L EE 4 B0 R 56.0 A1 78.33 kJ-mol ',
FE O PR B F BB ML b b R LI Bl AT
M TS(2-4)—~4, X EEEFILH137.9 ki mol ™',
M TS(2ada) ~da AT EERE T /L K 181.23
kI*mol™' .5 7l Sa BB EMHA, Ef1tk 4
daMBER 5 $IE T 16.7#116.6 kJ-mol ', BER
TEARMHEBRA. 1+ CH,—~5 TR # R
AH=242.8 kJ-mol ™' ,1a + C,H,—~5a T i 1
RFLAH=197.9kI'mol ' i EXHLBSRNEY
ZEEHEE Agostic BREEFTEEH .
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-50F 0.0 3 TS24
o~ 2 834
o 150 s -loiz 4 .
—'.E -250¢ 223 2428
ot
S -350r
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& 450+
LF]
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-750} © 40 5g
-850 o 1 1 I -71946 “HT
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Fig. 4 Relative energies on the reaction paths
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FORME, LB ERMETFRTEER L, E
ANBESHJRE, ZHEN - HLESS M 48
HEEERNR LB~ LRI T 54
HBNER B ESW2H2ath  REABLB L
BAHBENAEIFAHR. 2 B ELTE
B 0.271817 MR A, 2a BT 0.153296 4
HBs, RS E FESEPLOREMRTS
P RO XRENIFLYH N K 1a
PN DT -PET EREFZESIHREE
A% R R, BB TR R ) T 3
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Table 3 Atom charges for ethylene

BY B AF T & TS(2-4)F T8, W7 2—TS(2-
Free ethylene Ethylene in 2 ethylene in 2a
4) 1 2a—TS(2a-4a) P, Ni—C, MK 55 7

Cyy —0.154790 -0.136189 - 0. 149497

Ce - 0.154790 - 0.136067 ~0.149521 H54% .6.6% HMEEHHT FAMEE. . E 4R
H,s 0.07739 0.134868 0.113889 dah HFZREMTHNEE E N e s
Hyy 0.077393 0.137166 0.112268 w . o

Hys 0.077396 0.137188 0.112267 A BTN . 25 4 F1 da GBI H K C,—C, R
Hap 0.077393 0.134851 0.113890 FEFEY 5 0 5a Bt , BT f-agostic M EEH, 8-

Co—Ho BILEMBABRFAFIHIOIELRE
Ni, BN Prilfgoa iy >, WA R 5N

Table 4 Charges on Ni for various species

2 TS(24) 4 5
0.193130 0.233737 0.290799 (.269051 7.5%.77.9% ’ﬁﬂ)g *ﬁﬁmﬁ@mﬂﬁiﬁﬁ
2a TS(2a-4a) 4a 5a RLEEYHT Ni TR A H [-agostic HEE
- 0.024547 0.021248 0.031492 0.006958 %Eg*%ﬁm;ﬂgﬁﬁ i
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THE NEUTRAL MECHANISM OF THE NOVEL NICKEL CATALYST FOR
ETHYLENE POLYMERIZATION

LIU Jiawen', LIU Ying' , YANG Xiaozhen’, LIU Yue'
(' Department of Chemistry, Harbin Normal University , Harbin 150080)
(? State Kev Laboratory of Polymer Physics and Chemistry , Institute of Chemistry . Chinese Academy of Sciences, Beijing  100080)

Abstract Some Ni{ Il ) salicyladimine complexes are neutral single component polymerization catalysts which can
tolerate many functional groups. They can catalyze polymerization of olefins even olefins with polar groups. The
catalytic  polymerization mechanism  was  modeled by the  reaction of  ethylene  with

{NH=CH—CH=CH—0)NiCH,R. The neutral reaction mechanism and the cationic reaction mechanism of
ethylene polymerization were studied based on DFT method at BALYP/LANL2MB level. The result shows that the
insertion is initiated by the complexation of the incoming ethylene with the electron-deficient metal center to form a
n-complex . This complexation assists the insertion of the ethylene into the metal-carbon bond via a four member
cyclic transition state. After insertion, a product with ¥-agostic interaction is formed. Finally, a preduct is formed
with the 8-agostic interaction species resembling the starling material,s0 a new vacant coordination site is available
for the next ethylene to coordinate and propagate the chain . Moreover, the calculation results indicate that the neutral
reaction mechanism is similar with the cationic reaction mechanism. Compared with the cationic reaction mechanism,
the neutral reaction mechanism is easier to initialize . By comparing, it is shown that the interaction of ethylene with
the cationic active center is stronger than that with the neutral active center. The activation energy for the cationic
mechanism is lower than that for the neutral mechanism. It implies that the process of the cationic reaction
mechanism is easier than that of the neutral mechanism.The $-agestic action plays an imporiant role in the neutral
catalytic reaction mechanism, and it dominants the Ni charges in the alkyl complexes.

Key words Neutral catalytic mechanism, Ethylene polymerization, Density functional method



