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Abstract

The derivatives of 4,5-diazafluorene-9-one-benzoylhydraztwé) @nd 2-pyridine-carboxaldehyde-benzoylhydrazosed) were pre-
pared. The compounds4 reacted with Ni(Ac)-4H,0 to form diagquabis[4,5-diazafluorene-9-one-benzoylhydrazone]nickel@h13),
while the compound$-9 reacted with (DME)NiB;s to form bisN-(pyridine-2-carboxaldehyde-benzoylhydrazone)]nickel(ll) dibromide
(14-18), respectively. All ligands and complexes were characterized by elemental analysis and spectroscopic analysis, along with the X-ray
single crystal diffraction techniques fa0, 13 and14. The nickel(ll) centers are six-coordinated with two corresponding ligands and two
coordinated solvents fdr0-13, while the geometry around the nickel atomlgf-18 is distorted octahedron with two ligands and two bro-
mides. Activated with methylaluminoxane, all nickel complexes show good activities for vinyl polymerization of norbornene and considerable
activities for ethylene oligomerization at ambient pressure. By usihghe influence of reaction conditions was carefully examined on the
catalytic behavior of vinyl polymerization of norbornene. The catalytic conditions were varied to investigate their effects on activity & ethylen
oligomerization. The resulting poly(norbornene)s were characterized BHIRMR, TGA, DSC and the viscosity measurement.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction (SHOP) based on nickel complex bearing P—O bidentate lig-
ands produces olefins at 1 million tons every yidr Re-

The polynorbornenes have been recognized as the ad-cently, various late transition metal complexes have been ex-
vanced materials with interesting and unique propeftigs plored for ethylene activationd0]. In our laboratory, we
Though vinyl polymerization of norbornene was found with have engaged in ethylene activation with various nickel com-
TiCls-based Ziegler catalygR], nickel-based complexes plexes having chelating ligands of diimini,N] [11], sali-
have been of more interest because of their good activ-cylaldimine N,O] [12] and 8-(diphenylphosphino)quinoline

ity and property of resulting polynorbornene (PNB)-8]. [P,N] [13]. Subsequently, the nickel complexes containing
The ethylene oligomerization presents one of the major in- 8-(diphenylphosphino)quinoling4] and salicylideneimide
dustrial processes for the production of lineawlefins, [15] were found to show high catalytic activity in vinyl poly-

and the commercially practiced shell high olefin process merization of norbornene, and the resulting PNBs have good
solubility in halogenated aromatic hydrocarbons. This has

* Corresponding author. Tel.: +86 1062557955; fax: +86 1062618239  tiggered a renewed interest in the development of a fam-
E-mail addresswhsun@iccas.ac.cn (W.-H. Sun). ily of nickel complexes which are useful for both vinyl
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polymerization of norbornene and ethylene oligomerization. 3.1.1. 4,5-Diazafluorene-9-one-benzoylhydrazdpe (

The nickel complexes containing 4,5-diazafluorene-9-one- The synthesis of 4,5-diazafluorene-9-one-benzoylhy-
benzoylhydrazone derivatives showed reasonable activitiesdrazone {) was reported in our previous pap6]; mp:

for ethylene oligomerizatiofi6]. The acylhydrazone canbe 162-164C. 'H NMR (300 MHz, C3SOCD3), § (ppm):

of two types of ketone and enolate in their nickel complexes 7.50-7.69 (m, 5H), 8.03 (d,=6 Hz, 2H), 8.245 (dJ=9 Hz,
under different condition of the complexation. The variations 1H), 8.545 (dJ=9Hz, 1H), 8.74-8.77 (t, 2H), 12.07 (NH).
of these complexes are investigated here. All nickel com- 3C NMR (75MHz, C3SOCDs), § (ppm): 124.3, 124.9,
plexes were characterized by elemental analysis and spectrd25.3, 128.7,129.1, 130.0, 132.5, 132.7, 133.3, 135.7, 152.1,
measurements as well as X-ray diffraction for the molecu- 157.7, 159.0. IR (KBr, cm'): 3386 (br), 3150 (br), 3061 (w),
lar structures of representative complexes. In the presence 02927 (w), 1741 (w), 1692 (s), 1593 (m), 1564 (s), 1515 (s),
cocatalyst methylaluminoxane (MAO), all nickel complexes 1486 (m), 1402 (s), 1341 (w), 1265 (s), 1182 (m), 1164 (m),
show reasonable catalytic activity for ethylene oligomeriza- 1132 (s), 1094 (m), 1073 (m), 1028 (w), 1001 (w). Anal.

tion and good catalytic activity for vinyl polymerization of
norbornene. The influence of reaction conditions on the cat-
alytic behavior was examined. The resulting PNBs were char-
acterized by IRTH NMR, TGA, DSC and the viscosity mea-
surement.

2. Experimental
2.1. General procedures

All manipulations of air- or moisture-sensitive compounds
were carried out under an atmosphere of nitrogen using stan

dard Schlenk techniques. Toluene was refluxed over sodium-
benzophenone until purple color appeared and distilled under

nitrogen atmosphere prior to use. &, was dried over cal-
cium hydride and distilled under nitrogen. Methylaluminox-
ane (MAQO) was purchased from Albemarle as 1.4 M toluene
solution. Norbornene (from Acros) was purified by distilla-

tion over potassium and used as a solution in dichloromethane

or toluene. All other chemical reagents were commercially
obtained unless otherwise stated.

IR spectra were recorded on a Perkin EImer system 2000

FT-IR spectrometer. The chemical shifts of NMR spectra
were measured with a Bruker BMX-300 MHz instrument

and expressed in ppm using TMS as internal standard. Ele-

mental analyses were performed by using an HP-MOD 1106
microanalyzer. Viscosity measurements were carried out in
chlorobenzene at 2% using an Ubbelohde viscometer. Dis-
tribution of oligomers obtained was measured on a Varian
Vista 6000 GC spectrometer and an HP 5971A GC-MS de-
tector.

3. Synthesis of Schiff-base ligands and complexes

3.1. Synthesis of ligands9

Calcd. (%) for GgH12N4O-CH3CH,OH: C, 69.35; H, 5.24;
N 16.17. Found (%): C, 69.24; H, 5.16; N, 16.49.

3.1.2. 4,5-Diazafluorene-9-one-2-
methylbenzoylhydrazong)(

4,5-Diazafluorene-9-one (360 mg, 2 mmol) was added to
a solution of 2-methylbenzoylhydrazine (280 mg, 2 mmol)
in absolute ethanol (30 ml). After the addition ptoluene
sulfonic acid (catalytic amount), the solution was refluxed
for 6h. The ethanol was partly removed in vacuum and
the remainder was kept cool over night. Yellow crystalline
product, 2, was obtained, which was then washed with
ethanol and dried in a vacuum oven overnight. Yield 540 mg
(80%); mp: 221-223C. *H NMR (300 MHz, C3SOCDy),
3 (ppm): 2.55 (s, 3H), 7.29-7.37 (m, 4H), 7.42—7.50 (m, 1H),
7.55-7.58 (dJ=7Hz, 1H), 8.20 (s, 2H), 8.74 (d,=3 Hz,
1H), 8.81 (d,J=5Hz, 1H), 9.90 (NH) ppm13C NMR
(75MHz, CD;SOCDy), § (ppm): 39.8, 123.9, 124.7, 124.9,
126.0,128.1,129.6,130.6,131.0,132.6,134.9, 135.2, 136.5,
151.9, 157.4, 158.9. IR (KBr, cn): 3339 (w), 3272 (w),
3092 (w), 3060 (w), 2962 (w), 2928 (w), 2856 (w), 1674 (s),
1607 (m), 1589 (m), 1562 (m), 1488 (m), 1456 (m), 1402
(s), 1343 (s), 1284 (m), 1205 (w), 1179 (w), 1165 (w), 1142
(m), 1112 (w), 1085 (m), 1045 (w). Anal. Calcd. (%) for
C19H14N40-(1/2)EtOH: C, 71.20; H, 5.08; N, 16.61. Found
(%): C, 71.64; H, 5.06; N, 16.51.

3.1.3. 4,5-Diazafluorene-9-one-3-
methylbenzoylhydrazon8)(

Compound3 was synthesized by a procedure similar to
that for 2 except that 3-methylbenzoylhydrazine was used,
and was obtained as yellow powder. Yield 590 mg (87%);
mp: 160-162C.1H NMR (300 MHz, CD;SOCDy), § (ppm):
2.48 (s, 3H), 7.27-7.46 (m, 4H), 7.75 (s, 1H), 7.82 (s,
1H), 8.20 (t,J=9Hz, 2H), 8.75 (dJ=5Hz, 1H), 8.81 (d,
J=5Hz, 1H), 10.03 (NH)}3C NMR (75 MHz, CD;SOCDy),

3 (ppm): 39.9,124.4,124.9,125.4,125.8,129.0,129.1, 130.0,
132.6, 133.2, 133.3, 135.7, 138.5, 152.1, 157.7, 159.0. IR
(KBr, cm™1): 3203 (br), 3062 (w), 3012 (w), 2965 (w),

4,5-Diazafluorene-9-one (dafo) was prepared accordingto2922 (w), 1734 (w), 1696 (s), 1672 (s), 1588 (m), 1564

the literature methofll6,17] The condensation reaction of
dafo with benzoylhydrazine in ethanol gave the ligahdsin
approximately 80—-95% yield. Ligan&s9 were synthesized
as described in the literatufg8] (Scheme 1

(m), 1512 (s), 1401 (s), 1340 (w), 1274 (s), 1196 (s), 1128
(m), 1096 (m), 1050 (w), 1001 (w). Anal. Calcd. (%) for
C10H14N40O-(1/2)EtOH: C, 71.20; H, 5.08; N, 16.61. Found
(%): C, 70.88; H, 5.00; N, 16.47.
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Scheme 1. Synthesis of liganiis9 and their complexe$0-18.

3.1.4. 4,5-Diazafluorene-9-one-4- tion with the disappearance of the corresponding stain to the

methylbenzoylhydrazoné)( reactants (12 h). After concentrating and cooling the solu-
Compound4 was prepared with 4-methylbenzoylhy- tion, the productb, was crystallized as colorless needles,

drazine according to the above synthetic procedure, andand then washed with a few milliliters of diethyl ether and

was obtained as yellow powder. Yield 610 mg (95%); mp: dried in vacuum. Yield: 870 mg (73%). The ligand was pre-

282-284C. 1H NMR (300 MHz, CxSOCLy), § (ppm): viously reported18] and its structures are confirmed with

2.48 (s, 3H), 7.29-7.44 (m, 4H), 7.89-7.914¢,8 Hz, 2H), H NMR and IR. IR (KBr, cntl): 3445 (br), 3034 (m),

8.21 (t,J=7Hz, 2H), 8.75 (d)=5Hz, 1H), 8.81 (d) =5 Hz, 1684 (s), 1596 (m), 1532 (s), 1481 (m), 1423 (m), 1301

1H), 10.00 (NH)13C NMR (75 MHz, CySOCDy), § (ppm): (m), 1268 (s), 1185 (w), 1136 (m), 1103 (m), 1077 (w),

39.9,124.4,124.9, 125.4,128.8, 129.7, 130.0, 130.4, 132.6,1051 (m).

135.7,143.0,152.2,157.8, 159.1. IR (KBr, cthr 3366 (br),

3231 (br), 3079 (w), 3011 (w), 2918 (w), 1697 (s), 1608 (m), .

1584 (w), 1564 (m), 1527 (s), 1501 (s), 1471 (w), 1400 (s), 3.1.6. 2-Pyridinecarboxaldehyde-2-chlorobenzoylhy-

1339 (w), 1289 (w), 1259 (s), 1185 (m), 1163 (m), 1135 (m), drazone 6) , ,

1118 (w), 1090 (m), 1039 (w), 1018 (w). Anal. Calcd. (%) for Compound6 was prepared according to the synthetic

C1oH14N4O-(1/3)H,0: C, 71.24; H, 4.61; N, 17.49. Found procedure fors except that 2-chlorobenzoylhydrazine was
(%): C, 71.53: H, 4 57N 17.34. used instead of benzoylhydrazine, and was obtained as col-

orless crystals. Yield 1030 mg (75%); mp: 112—-1€C4 1H
NMR (300 MHz, C3SOCD), § (ppm): 7.39-7.59 (m, 5H),
3.1.5. 2-Pyridinecarboxaldehyde-benzoylhydrazéie ( 7.69-7.76 (m, 2H), 8.03-8.05 (8= 7 Hz, 1H), 8.80 (s, 1H),
The ethanol solution containing the aldehyde (540 mg, 15.00 (NH).13C NMR (75MHz, C3SOCDy), § (ppm):
0.5 mmol) with a stoichiometric amount of the correspond- 124.9,127.0,127.8,128.8,130.8, 132.3, 136.7, 138.6, 139.7,
ing hydrazide was refluxed in the presence of a few drops 148.2, 151.6, 162.7, 169.5. IR (KBr, cth): 3442 (br), 3058
of glacial acetic acid. TLC was used to monitor the reac- (m), 1667 (s), 1599 (m), 1559 (w), 1477 (m), 1455 (m), 1416
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(s), 1337 (s), 1298 (m), 1264 (w), 1246 (m), 1148 (m), 1110
(m), 1048 (m), 1030 (w), 1002 (m). Anal. Calcd. (%) for
C13H10N3OCI: C, 60.12; H, 3.88; N, 16.18; Cl, 13.65. Found
(%): C, 60.25; H, 3.92; N, 16.20; ClI, 13.70.

3.1.7. 2-Pyridinecarboxaldehyde-2-methylbenzoylhy-
drazone ()

Compound7 was prepared with 2-methylbenzoylhy-
drazine instead of benzoylhydrazine in the synthesi§, of
and was obtained as colorless crystals. Yield 900 mg (71%);
mp: 106-108C.*H NMR (300 MHz, CDC}), § (ppm): 2.57
(s, 3H), 7.13-7.59 (m, 7H), 7.86 (s, 1H), 8.55 (s, 1H), 14.92
(NH). 13C NMR (75MHz, CDC}), § (ppm): 20.3, 124.1,
125.9,127.6,130.6,131.4,134.4,135.6, 137.9, 138.4, 148.1
152.3, 167.0. IR (KBr, cm): 3433 (br), 3341 (w), 3148
(m), 3052 (m), 2972 (m), 2927 (m), 2854 (w), 1679 (s),
1601 (m), 1501 (s), 1481 (s), 1429 (m), 1378 (w), 1296 (m),
1265 (m), 1248 (m), 1208 (w), 1165 (w), 1141 (m), 1103
(s), 1047 (s), 1012 (w). Anal. Calcd. (%) for gH13N30:

C, 70.28; H, 5.48; N, 17.56. Found (%): C, 70.07; H, 5.49;
N, 17.53.

3.1.8. 2-Pyridinecarboxaldehyde-3-methoxybenzoylhy-
drazone 8)

Similarly, 8 was prepared with 3-methoxybenzoylhy-
drazine and obtained as colorless crystals. Yield 1040 mg
(77%); mp: 100-102C. 'H NMR (300 MHz, CDC}), &
(ppm): 3.85 (s, 3H), 7.08 (dJ=8Hz, 1H), 7.37-7.44 (m,
2H), 7.52 (d,J=8Hz, 4H), 7.90 (tJ=8Hz, 1H), 8.70 (d,
J=4Hz, 1H), 15.51 (NH)13C NMR (75MHz, CDC}), &
(ppm): 54.0,111.4,117.0,118.1, 123.0, 124.8, 128.5, 133.0,
136.8, 137.4, 146.7, 150.8, 158.5, 162.8. IR (KBr, ¢
3434 (br), 3067 (w), 3005 (w), 2970 (w), 2939 (w), 2836
(w), 1682 (s), 1596 (m), 1534 (m), 1473 (m), 1427 (w), 1381
(w), 1328 (w), 1293 (s), 1276 (s), 1238 (s), 1181 (w), 1159
(w), 1106 (w), 1080 (w), 1048 (w). Anal. Calcd. (%) for
C14H13N302: C, 65.87; H, 5.13; N, 16.46. Found (%): C,
65.59; H, 5.15; N, 16.42.

3.1.9. 2-Pyridinecarboxaldehyde-4-methylbenzoylhy-
drazone 9)

The compoundd was prepared with 4-methylbenzoy-
Ihydrazine and formed as colorless crystals. Yield 990 mg
(78%); mp: 139-141C. *H NMR (300 MHz, CDC}), §
(ppm): 2.40 (s, 3H), 7.30-7.38 (m, 3H), 7.50 59 Hz,
2H), 7.89 (s, 3H), 8.71 (s, 1H), 15.47 (NH}3C NMR
(75MHz, CDCb), § (ppm): 21.4, 124.0, 125.8, 127.4, 129.3,
130.0, 137.9, 138.2, 142.6, 147.9, 152.0, 164.2. IR (KBr,
cm™1): 3437 (br), 3053 (w), 3029 (w), 2997 (w), 1667
(s), 1612 (m), 1593 (m), 1559 (w), 1535 (m), 1502 (m),
1478 (m), 1427 (m), 1400 (w), 1316 (w), 1296 (m), 1273
(s), 1251 (m), 1190 (w), 1156 (w), 1118 (m), 1105 (m),
1049 (s), 1006 (w). Anal. Calcd. (%) forigH13N30: C,
70.28; H, 5.48; N, 17.56. Found (%): C, 70.51; H, 5.62;
N, 17.85.
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3.2. Synthesis of complexes

3.2.1. 4,5-Diazafluorene-9-one-benzoylhydrazone
nickel(Il) complex 10) [19]
4,5-Diazafluorene-9-one-benzoylhydrazone (69 mg, 0.2
mmol) (1) was dissolved in ethanol (20 ml). Into this so-
lution, an ethanol solution (5 ml) of Ni(Ag4H20 (25 mg,
0.1 mmol) was added dropwise. The mixture was refluxed
for 24 h and yellow precipitate resulted. The product was fil-
tered, washed with hot ethanol and dried in a vacuum oven.
Yield 54 mg (73%); mp: >320C. Red crystals o0 suit-
able for X-ray measurement were obtained by slow evap-
oration of a solution ofL0 in its DMF solution. IR (KBr,
cm~1): 3399 (br), 3063 (W), 2925 (w), 1589 (m), 1564 (m),

1501 (s), 1484 (s), 1436 (m), 1406 (m), 1366 (s), 1350

(s), 1297 (m), 1171 (m), 1147 (w), 1091 (w), 1044 (s),
1003 (w).

3.2.2. 4,5-Diazafluorene-9-one-2-methylbenzoylhy-
drazone nickel(ll) complex.Q)

In a similar procedure as described f®, complex
11 was synthesized in the reaction of Ni(A&H,O and
2 as a yellow powder. Yield 56 mg (77%); mp: >320.
IR (KBr, cm™1): 3393 (br), 3064 (w), 2961 (w), 2925
(w), 1579 (m), 1563 (m), 1496 (s), 1426 (m), 1407 (s),
1345 (s), 1274 (m), 1163 (m), 1111 (m), 1088 (m),
1042 (s). Anal. Calcd. (%) for £§gH26NgO2Ni-2H20: C,
63.27; H, 4.19; N, 15.53. Found (%): C, 62.92; H, 3.93;
N, 15.32.

3.2.3. 4,5-Diazafluorene-9-one-3-methylbenzoylhy-
drazone nickel(ll) complexL@)

In a similar manner as described ft6, the complex
12 was prepared by the reaction of Ni(A&}H,O and
3 as a yellow powder. Yield 59 mg (79%); mp: >320.
IR (KBr, cm™1): 3396 (br), 3064 (w), 2923 (w), 1589
(m), 1563 (m), 1501 (s), 1470 (s), 1407 (s), 1347 (s),
1281 (m), 1217 (m), 1164 (w), 1135 (w), 1087 (w),
1045 (s). Anal. Calcd. (%) for £§gH26NgO2Ni-2H,0: C,
63.27; H, 4.19; N, 15.53. Found (%): C, 63.00; H, 4.11;
N, 15.44.

3.2.4. 4,5-Diazafluorene-9-one-4-methylbenzoylhy-
drazone nickel(ll) complex.@)

In a similar manner as described o, complex13was
prepared by reacting Ni(Ag¥H20 with 4 as a yellow pow-
der. Yield 59 mg (80%); mp: >32CC. Dark red crystals df3
suitable for X-ray measurement were obtained by slow evap-
oration of its DMF solution. IR (KBr, cm?): 3395 (br), 3064
(w), 2923 (w), 1611 (w), 1583 (m), 1514 (m), 1482 (s), 1428
(w), 1406 (s), 1348 (s), 1296 (m), 1177 (m), 1147 (w), 1090
(w), 1044 (s). Anal. Calcd. (%) for £8H26NgO2Ni-2H,0:

C, 63.27; H, 4.19; N, 15.53. Found (%): C, 63.84; H, 4.19;
N, 15.30.
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3.2.5. Bis[N-(pyridine-2-carboxaldehyde)benzoylhydra-
zone]nickel(ll) dibromideX4)

N-(Pyridine-2-carboxaldehyde)benzoylhydrazos)g90
mg, 0.4mmol) was dissolved in dichloromethane (15 ml).
A dichloromethane solution (5 ml) of (DME)NiBr62 mg,

225

3.2.9. Bis[N-(pyridine-2-carboxaldehyde)-4-methy-
Ibenzoylhydrazone]nickel(ll) dibromidé& )

In a similar manner as described fb4, the complex18
was prepared by the reaction of (DME)NjBand 9, as a
yellow-green powder. Yield 114 mg (82%); mp: 220-222

0.2 mmol) was added dropwise. The mixture was stirred at IR (KBr, cm1): 3404 (br), 3041 (w), 3003 (w), 2971

room temperature for 12 h and the nickel complex was pre- (w), 1624 (s), 1567 (m), 1532 (s), 1495 (s), 1428 (m),
cipitated as a yellow-green powder. The product was fil- 1303 (s), 1254 (m), 1218 (w), 1189 (m), 1146 (w), 1122
tered, washed with dichloromethane and dried in a vac- (m), 1102 (m), 1066 (s), 1002 (w). Anal. Calcd. (%) for

uum oven. Yield 115 mg (86%); mp: 189—191. Yellow-
green crystals ol4 suitable for single-crystal X-ray mea-
surement were obtained by slow diffusion of ethyl ether
into its dichloromethane solution. IR (KBr, cmh): 3402
(br), 3061 (w), 3006 (w), 1630 (s), 1574 (s), 1520 (s),
1480 (s), 1428 (m), 1306 (m), 1290 (m), 1104 (m), 1062
(m), 1003 (m). Anal. Calcd. (%) for £6H22NgO2NiBr2: C,
46.68; H, 3.31; N, 12.56. Found (%): C, 46.37; H, 3.40;
N, 12.37.

3.2.6. Bis[N-(pyridine-2-carboxaldehyde)-2-
chlorobenzoylhydrazone]nickel(ll) dibromid&5

In a similar manner as described fb4, the nickel com-
plex 15 was obtained as a yellow-green powder in the re-
action of (DME)NiBr and 6. Yield 125mg (85%); mp:
254-256'C. IR (KBr, cm1): 3429 (br), 3039 (w), 3001
(w), 1601 (s), 1559 (w), 1492 (s), 1463 (s), 1418 (m),
1304 (m), 1259 (w), 1128 (w), 1102 (w), 1062 (s), 1002
(W). Anal. Calcd. (%) for GgH20NgO2NIBr,Clo-H20: C,
41.31; H, 2.93; N, 11.12. Found (%): C, 41.34; H, 2.72;
N, 11.07.

3.2.7. Bis[N-(pyridine-2-carboxaldehyde)-2-methylben-
zoylhydrazone]nickel(ll) dibromidel6)

In a similar manner as described fb4, the nickel com-
plex 16 was formed as a yellow-green powder from the
reaction of (DME)NiBp and7. Yield 106 mg (76%); mp:
172-17£C. IR (KBr, cnit): 3430 (br), 3055 (w), 2957
(w), 1616 (s), 1597 (m), 1568 (m), 1510 (s), 1477 (s), 1427
(m), 1302 (m), 1255 (w), 1155 (w), 1109 (m), 1064 (m),
1002 (w). Anal. Calcd. (%) for €sH26NeO2NiBr2-H>0: C,
47.03; H, 3.95; N, 11.75. Found (%): C, 46.89; H, 3.79;
N, 11.44.

3.2.8. Bis[N-(pyridine-2-carboxaldehyde)-3-metho-
xybenzoylhydrazone]nickel(ll) dibromid&?

In a similar manner as described fad, the complex
17 was prepared by the reaction of (DME)NjBand lig-
and 8, as a yellow-green powder. Yield 128 mg (88%);
mp: 202—-204C. IR (KBr, cn1): 3417 (br), 3049 (w),
2965 (w), 1620 (s), 1599 (m), 1579 (s), 1520 (s), 1483 (s),
1434 (m), 1312 (s), 1257 (m), 1240 (m), 1160 (w), 1129
(m), 1070 (m), 1031 (w), 1005 (w). Anal. Calcd. (%) for
C28H26N604NiBr2~H20: C,45.02;H, 3.78; N, 11.25. Found
(%): C, 44.82; H, 3.53; N, 11.02.

CogH26NeO2NiBr-0.5H,0: C, 47.63; H, 3.85; N, 11.90.
Found (%): C, 47.46; H, 3.76; N, 11.76.

3.3. Polymerization of norbornene

In a typical procedure, the compléx (8 nmol) was dis-
solved in a Schlenk tube in 19.01 ml degassedCli un-
der nitrogen and a 5.56 ml Gi&l, solution of norbornene
(7.20 M, 40 mmol of norbornene) was added via a syringe.
The polymerization was initiated by adding 0.43 ml toluene
solution of 1.4M MAO (0.60 mmol). After 30 min, the
polymerization was terminated by injecting 200 ml acidic
methanol (methanol:Hgdne =95:5) into the reactor. The
polynorbornene was isolated by filtration, washed with
methanol, and dried in vacuum at 100 for 100 h. The
total reaction volume of norbornene polymerization was
25 ml unless otherwise stated, that was achieved by adding
solvent when necessary. Similarly, the polymerization of
norbornene was also carried out by using toluene as the
solvent.

3.4. Ethylene oligomerization

A flame dried three-necked round bottom flask was
vacuum-filled three times with nitrogen and loaded with the
complex (0-18). Charged with ethylene, the freshly dis-
tilled toluene was added and the solution was stirred for
10 min to sufficiently absorb ethylene in toluene. Then co-
catalyst, MAO, was added by a syringe to initiate the ethy-
lene oligomerization. The reaction mixture was stirred under
1 atm ethylene pressure for a desired time, and the catalytic
reaction was terminated with dilute HCI solution. An aliquot
of the reaction mixture was analyzed by GC and GC-MS.

3.5. X-ray crystallography measurements

Intensity data of crystal were collected on a Bruker
Smart 1000 CCD diffractometer at 293(2) K with graphite
monochromated Mo K radiation ¢ :O.71073&). Cell pa-
rameters were obtained by global refinement of the posi-
tions of all collected reflections. Intensities were corrected
for Lorentz and polarization effects and empirical absorp-
tion. The structures were solved by direct methods and re-
fined by full-matrix least-squares d¥f. Each H atom was
placed in a calculated position and refined anisotropically.
Structure solution and refinement were performed using the
SHELXL-97 Packag¢20]. Crystal data and processing pa-
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Table 1
Crystallographic data of complex&§, 13and14

Complex10 Complex13 Complex14
Empirical formula Q6H26N8Ni04 C50H54N12Ni06 C29H288r20|6N5Ni02
Formula weight 693.36 977.76 923.80
Crystal color Red Red Green
Crystal size (mm) 0.1 0.16x 0.12 0.10x 0.08x 0.06 0.32¢ 0.20x 0.18
Crystal system Monoclinic Triclinic Monoclinic
Space group C2lc P-1 C2lc
a(A) 17.631(7) 9.611(4) 22.913(2)
b (A) 7.248(3) 11.085(5) 12.3282(13)
c(A) 23.876(10) 12.297(5) 17.2771(15)
a(®) 90 100.497(6) 90
B(©) 98.320(8) 97.054(6) 130.504
y(°) 90 109.640(7) 90
V (A3) 3019(2) 1189.2(8) 3710.8(6)
4 4 1 4
Dealc (g cm3) 1.525 1.365 1.654
w(Mo Ka) (mm1) 0.700 0.472 3.145
F(000) 1432 514 1840
Temperature (K) 293(2) 293(2) 293(2)
1 (A) 0.71073 0.71073 0.71073
6 range () 2.33-25.02 1.72-26.39 3.22-26.35
Reflections collected 6035 6841 6896
Independent reflections 2672 4789 3733
Rint 0.0673 0.0316 0.0451
Goodness-of-fit on F2 1.011 1.111 0.998
Parameters 225 318 208

FinalRindices (> 20(1))
Rindices (all data)

R; =0.0500,wR> =0.0838
R;=0.0938,wR>=0.0948

R1=0.0539,wR>=0.1361
R;=0.0907,wR>=0.1593

Ry =0.0518,wR>=0.989
R;=0.1138wR>=0.1213

rameters are summarizediiable 1 Crystallographic data for

new strong absorptions are observed around 1500, 1480, and

the structural analysis has been deposited with the Cambridgel 296 cnt ! which are due to(C=N—N=C), v(N=C—-0), and
Crystallographic Data Center, CCDC Nos. 258309, 258310 v(C-0), respectively. This indicates that the ligands undergo

and 258311 for complexdd), 13 and14, respectively.

4. Results and discussion
4.1. Synthesis and spectroscopic characterization
All ligand compounds were prepared in good yields ac-

cording to the modified proceduf&8,19] According to a
reported methogiL9], an ethanol solution of Ni(Ag)4H,0O

tautomerization from the keto-form to the enol-form during
complexation. In IR spectra df4-18, the strong absorption
bands in the range 1601-1630chare ascribed to the-€D
stretching vibration, while the values are found to be in the
region of 1667—1684 cm for the free ligand$-9.

4.2. Structural features

The molecular structure df0 is shown inFig. 1. The
selected atomic distances and bond angles are listed in

was added dropwise into the ethanol solution containing Table 2 The solid structure 010 is centrosymmetric with

ligands 14, respectively. The corresponding nickel com-
plexes 10-13 were obtained as yellow precipitate. The
nickel complexed4-18 were synthesized by the reaction of
(DME)NIiBr; (DME: ethylene glycol dimethyl ether) and cor-
responding ligand§—9 in CH,Cl;. The resulting complexes

the nickel atom located in a distorted octahedral environ-
ment with two azomethine N and two enolic O atoms of
two ligands in the equation plane and two water O donors
in the opposite axial sites. The five-membered chelating ring
Ni(l)—O(l)—C(lZ)—!\l(Z)—N(l) is nearly planar with a mean

were precipitated from the reaction solutions after several deviation of 0.110& from the least-square plane and a bite

hours.

The weak broad bands between 3060 and 3445'dm
the IR spectra ofl-9 are ascribed to the stretching vibra-
tion of N-H and O-H. Characteristic band of(C=0) at
1667—-1697 cm? for the free ligand is an indication of the
keto-formin the solid state. The bands¢€=0) have disap-
peared for the complexd$-13; however, the resultant three

angle O(1}Ni(1)-N(1) of 76.19(10). The planar phenyl
ring forms a dihedral angle of 29.9vith the chelating ring.
The diazafluorene moiety also shows good planarity with the
mean deviation of 0.0374 and is inclined by 13.5 and 38.6
from the chelating ring and the phenyl ring, respectively. It
is noted that the gmige"N bond distance (1.308(43)) in

10 is shorter than the C - N distance of the diazafluorene
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2.840 and 2.813, respectivelyFig. 2(b) shows three neigh-
boring diazafluorene moieties depicting them stackings.
The three diazafluorene moieties of neighboring molecules
are parallel to each other, and there exist two types-af
stackings. The diazafluorene moiety including N(3AB) has
stacking with the diazafluorene moieties containing N(3E)
and N(3D), respectively, and the shortest center-to-center
distances are 3.29% (between the centers of two five-
membered rings) and 3.3§O(between the centers of five-
and six-membered rings), respectively. These short separa-
tions between the rings indicate the existence of the strong in-
termoleculafr—r stacking interactiof22]. On the whole, ev-

ery molecule is linked with four of its neighboring molecules
through eight intermolecule H bonds and four intermolecule
w—mr stacking interactions forming a two-dimensional hydro-
gen bond system.

Complex13is a centrosymmetric neutral molecule with
the nickel center of symmetry, in which there are two lig-
ands and two coordinated DMF moleculBgy; 3). The metal
atoms in the complex are hexa-coordinated bPNin a dis-
torted octahedral geometry withhhmethine@nNd Qumigeatoms
moiety (1.317(4)-1.322(®), indicating its double bond na- ~ from two enolic mononegative HL groups in the equatorial
ture. Compared to the relevant structural parameters of theplane, forming restricted bite anglesmethineM—Oamide

Fig. 1. Molecular structure of0, showing 30% probability displacement
ellipsoids with hydrogen atoms omitted for clarity.

ligand [21J, the GiiazafluoreneN (1.298(4)A) and Gamige—O
(1.248(4)A) bonds are elongated and/&de—N bond is short-
ened (1.290(3), 1.216(3), 1.378@)in HL-H,0, respec- y
tively). These facts confirm that the ligand was transformed mean deviation from least-square planes of 0.1280forms
dihedral angles of 22°2for 13 with diazafluorene ring and
The crystal packing showing intermolecular hydrogen 11.6 with the phenyl ring. The GazafiuorensN, Camige—O

to an enol form inlLO.

bonds andr— stacking interactions is depictedhig. 2(a). c
The different distances of hydrogen bonds are indicative of 1.327(4)A, respectively.
The nickel atom in the complex4 is hexa-coordinated

the different charge density of the two nitrogen atoms in the

diazafluorene moiety. The water molecule®{2AB) coor-
dinated to Ni(1B) used its two hydrogens to form two hy- by Ni(1)-O(1)-N(2) and Ni(1}O(1A)}-N(2A) is 101.9.
drogen bonds with diazafluorene N(3AG) and N(4D) atoms The chelating ring is inclined with 11°3rom the phenyl

with distances O(2AB)- - N(3AG) and O(2AB) - - N(4D) of

of 76.77(10), while the O atoms from two solvent molecules
occupy the axial sites. The five-membered chelating ring
Ni—N—N—C-0 in the equatorial plane is nearly planar with

and Gmige—N bond distances are 1.311(4), 1.273(4) and

(Fig. 4). The dihedral angle of the two planes formed

ring and 5.3 from pyridyl ring, respectively. The two

Table 2

Selected bond length&) and angles?) for 10, 13and14

Complex10 Complex13 Complex14

Bond lengths
Ni(1)—0O(1) 1962(2) Ni(1)-O(1) 2003(2) Ni(1)-O(1) 2109(4)
Ni(1)—N(1) 2217(3) Ni(1)-N(2) 2.154(3) Ni(1)-N(2) 2.075(4)
Ni(1)—0(2) 2045(2) Ni(1)-0(2) 2085(2) Ni(1)y-Br(1) 2.5061(9)
0O(1)-C(12) 1248(4) O(1)y-C(1) 1273(4) O(1)y-C(7) 1240(6)
N(2—C(12) 1308(4) N(1)-C(1) 1327(4) N(1)-C(7) 1342(6)
N(1)-N(2) 1.369(4) N(2-N(1) 1.392(4) N(2)-N(1) 1.381(5)

Bond angles
O(1)-Ni(1)—0(2A) 89.04(10) O(1y-Ni(1)—O(2A) 9022(10) O(1y-Ni(1)—N(2) 77.58(15)
O(1)—Ni(1)—N(1) 76.19(10) O(1-Ni(1)—N(2) 76.77(10) O(1y-C(7)-N(1) 1209(5)
O(2)—Ni(1)—N(1) 94.80(10) O(2y-Ni(1)—N(2) 8879(10) C(7-O(1)—Ni(1) 1132(3)
C(12-0O(1)—Ni(1) 1123(2) C(1-O(1)—Ni(1) 1110(2) Ni(1)—N(2)—N(1) 1108(3)
N(2—N(1)—Ni(1) 107.30(18) N(13-N(2)—Ni(1) 10872(19) O(1y-Ni(1)—O(1A) 805(2)
O(1A)—Ni(1)—O(2A) 9096(10) O(1A)Ni(1)—O(2A) 89.78(10) C(TN(1)—N(2) 1174(4)
O(1A)—Ni(1)—N(1) 10381(10) O(1Ay-Ni(1)—N(2) 10323(10) O(1y-Ni(1)—Br(1) 9123(10)
O(2A)—Ni(1)—N(1) 85.20(10) O(2A)Ni(1)—N(2) 9121(10) N(2)>-Ni(1)—Br(1) 9136(11)
C(12)-N(2)—N(1) 1118(3) C(1)-N(1)-N(2) 1107(3) Br(1A)—Ni(1)—Br(1) 97.83(5)
O(1-C(12)-N(2) 1271(3) O(1y-C(1)-N(1) 1261(3) N(2)-Ni(1)—Br(1A) 95.88(11)
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Fig. 2. (a) Crystal packing df0 showing intermolecular hydrogen bonds anér stacking interactions; (b) diagram of the diazafluorene unit®ishowing

the intermoleculatr—m stacking.

Fig. 3. Molecular structure of3, showing 30% probability displacement
ellipsoids with hydrogen atoms and molecules of DMF omitted for clarity.

bromine atoms occupygis-positions. The bond lengths of
Ni(1)-Br(1), Ni(1)-O(1), Ni(1)}-N(2) and C(7}0O(1) are
2.5061(9), 2.109(4), 2.075(4) and 1.24o§6)respectively.
These facts confirm that the ligand 14 is not in the enol
form. The N(3) atom in the pyridyl ring is not coordinated
to the metal center, forming intra-molecular hydrogen bond
with the hydrogen in the N(1) atom.

4.3. Polymerization of norbornene

Complexesl0-18 exhibited remarkable catalytic activ-
ities for polymerization of norbornene in the presence of
MAO. The catalytic activities of norbornene polymeriza-
tion of the vinyl addition type have been affected by sev-
eral parameters, including the nature of catalytic precursors,
reaction temperature, monomer concentrafi®d,15] and
reaction time as well as the viscosity of resulting polynor-
bornene Table 3. The polymer yields were slightly low for
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Fig. 4. Molecular structure af4, showing 30% probability displacement
ellipsoids with hydrogen atoms and molecules of,Ci omitted for clarity.

11 and15MAO system, and it was considered that methyl
substituents in thertho position hindered the insertion of

229

tivity for the catalytic activity of its complex. In addition,
polynorbornenes produced by complexies-18 exhibited
lower molecular weight than those generated by complexes
10-13 containing diazafluorene analogues. Similarly to our
previous result§l5], all PNBs produced here are soluble in
chlorobenzene. Their IR spectra show no traces of double
bonds remaining in the polymer.

To systematically investigate the effects of reaction
parameters on vinyl-polymerization of norbornene, the
system of diaquabis-[4,5-diazafluorene-9-one-benzoylhy-
drazone]nickel 10) was investigated by changing the reac-
tion parameters such as the solvent, Al/Ni ratio, reaction time,
temperature and norbornene/catalyst ratio (norbornene/Ni).
The results such as polymer yield, catalytic activity as well
as the molecular weight are listedTables 4—7 separately,
along with the reaction parameters.

The MAO amount is essential for the polymerization of
norbornene. Variation of the molar ratio of MAO:nickel com-
plex (Al/Ni) showed considerable effects on polymer yield in
either CH.CI, or toluene Table 4. The catalytic activity in-
creased with the increase in the Al/Ni molar ratio when it was
varied from 100/1 to 500/1, while it decreased with further in-
creasing Al/Ni ratio. At the same time, the molecular weight
increased from 580 to 2080 kg/mol when the Al/Ni molar ra-
tio changed from 50 to 75 and decreased to 1290 kg/mol at

norbornene. In entries 4, 7, 10, 13, 19, 22 and 25, monomeran Al/Ni molar ratio of 2000. The catalytic activities were in

can be fully converted into polymer within 30 min. However,
complexesl4-18MAO needed a higher Al/Ni molar ratio
to convert norbornene to polymer quantitatively in 30 min,
which demonstrate that the pyridyl ligan&s-9) lowered ac-

the range of 1.6& 10 to 9.42x 10° g PNB/(mol Ni h), and
the molecular weight ranged from 580 to 2080 kg/mol. The
catalytic activities in toluene were lower than in &El,, and

the molecular weight of PNB exhibited a similar tendency.

Table 3
Catalytic behavior of complexd-18 for the norbornene polymerization
Entry Complex Al/Ni Yield (%) Activity (x 10° g PNB/(mol Ni h)) My (x10* g/mol)
1 10 75 755 7.11 208
2 11 75 151 1.42 58
3 11 100 798 7.51 192
4 11 200 985 9.27 176
5 12 75 288 271 105
6 12 100 996 9.38 195
7 12 200 100 9.42 170
8 13 75 269 2.53 77
9 13 100 994 9.36 189
10 13 200 100 9.42 172
11 14 75 051 0.05 40
12 14 150 892 8.40 48
13 14 300 994 9.36 66
14 15 75 234 0.22 39
15 15 150 842 7.93 53
16 15 300 975 9.18 71
17 16 75 6.04 0.57 37
18 16 150 866 8.16 55
19 16 300 994 9.36 70
20 17 75 229 0.22 40
21 17 150 892 8.40 53
22 17 300 100 9.41 77
23 18 75 297 0.28 40
24 18 150 881 8.30 47
25 18 300 999 9.41 77

Polymerization conditions: 25C; reaction time, 30 min; dichloromethane; total volume, 25 ml; catalysm®8l; norbornene/Ni=5000.
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Table 4 Table 5
The relationship of Al/Ni ratio, polymer yield and catalytic activity of com-  Influence of the reaction temperatufi@ on catalytic activity of comple20
plex10 Entry Solvent T(°C) Yield (%) Activity My
Entry Solvent  AI/Ni  Yield (%) Activity M, (x10°g PNB/  (x10*g/mol)
(x1PgPNB/ (x10*g/mol) (mol Nihy)
(mol Nih)) 39  ChHCl, -15 230 2.17 146
26 CHCl» 50 17 0.16 58 40 CHCl» 5 37.6 3.54 161
1 CH,Cl, 75 755 7.11 208 1 CH,Cl, 25 75.5 7.11 208
27 CHCl» 100 100 9.42 162 41 CHCl» 35 63.3 5.96 52
28 CHCl, 200 100 9.42 143 42 Toluene 0 34.8 3.28 130
29 CHCl» 300 100 9.42 134 35 Toluene 25 34.8 3.28 83
30 CHCl» 500 100 9.42 136 43 Toluene 50 18.9 1.78 28
31 CHCIl, 1000 930 8.76 129 44 Toluene 75 15.6 1.47 17
32 CHCI, 2000 728 6.85 140 45 Toluene 100 10.3 0.97 7
33 Toluene 200 23 212 58 Polymerization conditions: total volume, 25 ml; reaction time, 30 min; nor-
34 Toluene 350 2B 2.59 72 bornene/Ni=5000; entries 1, 39-4 1ol catalyst, Al/Ni = 75; entries 35,
35 Toluene 500 38 3.28 83 42-45: 5umol catalyst, Al/Ni=500.
36 Toluene 1000 3a 2.86 95
37 Toluene 1500 3Q 2.84 105
38 Toluene 2500 28 2.69 88 the catalytic activity and molecular weight of PNB decreased
Polymerization conditions: 25; reaction time, 30 min; totalvolume, 25 ml; ~ With increasing temperature. The active species could have
entries 1, 26-32: Bmol catalyst; entries 33-38: Gmol catalyst; nor- low thermal stability in CHCI,. In the case of toluene as
bornene/Ni =5000. solvent, the catalytic activity and molecular weight of re-

sulting PNB decreased gradually with increasing tempe-
The norbornene polymerization was conducted at differ- rature.
enttemperatures. The activities have a wavy relationshipwith  Increase in the monomer concentration (reaction volume
the reaction temperature. In GBI, the increase in temper- and catalyst amount were kept constant), which serve as
ature from—15to 25°C results in the increase in the catalytic the increase in the norbornene/Ni ratio, caused rapid in-
activity from 2.17x 10° to 7.11x 10° g PNB/(molNih) and ~ crease in catalytic activites combined with a drastic in-
molecular weight from 1460 to 2080 kg/mol. However, both crease in molecular weight. It is easily explained like

Table 6
Influence of the monomer concentration on catalytic activity of comp@®x
Entry Solvent Norbornene/Ni Time (min)  Cy (mol/l) Yield (%) Activity (x10° g PNB/(mol Nih)) M, (x10* g/mol)
46 CHCl» 1250 30 0.40 39.6 03 18
a7 CH,Cl, 2500 30 0.80 46.6 29 23
1 CH.CI, 5000 30 1.60 75.5 11 208
48 CHCl, 10000 30 3.20 43.3 .85 192
49 CHCl» 20000 30 6.40 10.3 .88 118
50 Toluene 2500 30 0.50 17.2 a1 23
35 Toluene 5000 30 1.00 34.8 2B 83
51 Toluene 10000 15 2.00 31.6 91 137
52 Toluene 15000 10 3.00 23.5 .99 240
53 Toluene 20000 5 4.00 25.2 B6 228

Polymerization conditions: 25C; total volume, 25 ml; entries 1, 46—49: catalysgyr8ol, Al/Ni=75; entries 35, 50-53: catalystp®nol, Al/Ni=500.

Table 7
The relationship of reaction time and catalytic activity of compléx
Entry Solvent Time (min) Yield (%) Activity £ 10° g PNB/(mol Ni h)) M, (x10* g/mol)
54 CHCI, 5 180 102 171
55 CHCl; 15 422 7.95 177
1 CHxCl» 30 785 711 208
56 CHCl» 60 962 453 176
57 CHCI, 240 975 115 171
58 Toluene 5 D2 335 65
59 Toluene 15 13 260 67
35 Toluene 30 38 3.28 83
60 Toluene 60 35 181 81
61 Toluene 120 54 127 74
62 Toluene 240 65 077 73

Polymerization conditions: 28C; M/Ni=5000; total volume, 25ml; entries 1, 54-57u610l catalyst, Al/Ni=75; entries 35, 58—62:u8nol catalyst,
Al/Ni=500.
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Table 8
Ethylene oligomerization by using)-18MAO systems

Entry Complex Al/Ni (mol/mol) TemperaturéC) Activity (x10* g CoH4/(mol Nih)) Oligomers distribution (%)
C4y.C Gy C Lineara-olefin (C4)

1 10 100 30 686 98 2 23

2 10 500 30 856 98 2 41

3 10 1000 30 565 99 1 45

4 10 1500 30 230 99 1 43

5 11 100 30 509 97 3 33

6 12 100 30 239 83 17 6

7 13 50 30 608 56 44 99

8 13 75 30 105 92 8 17

9 13 100 30 362 76 24 7
10 13 200 30 326 84 16 11
11 13 500 30 661 98 2 99
12 13 1000 30 493 94 6 29
13 13 1500 30 459 93 7 31
14 14 300 30 624 100 0 99
15 14 500 30 828 99 1 28
16 14 800 30 109 98 2 36
17 14 1000 30 929 97 3 33
18 14 1200 30 736 96 4 42
19 14 1500 30 369 97 3 39
20 14 800 0 277 88 12 40
21 14 800 50 504 100 0 1
22 14 800 70 379 100 0 1
23 15 200 30 334 100 0 99
24 15 1000 30 700 96 4 25
25 15 1200 30 416 96 4 33
26 16 200 30 380 100 0 99
27 16 800 30 617 99 1 40
28 16 1200 30 307 100 0 38
29 17 200 30 544 100 0 99
30 17 500 30 838 99 1 50
31 17 1200 30 484 98 2 43
32 18 200 30 620 100 0 99
33 18 300 30 117 100 0 99
34 18 1200 30 439 99 1 40

Reaction condition: umol catalyst, 30 ml toluene, 0.5 h, 1 atm ethylene. Using toluene as the internal standard.

the regular olefin polymerization, higher concentration of conversion of norbornene into PNB was almost complete at
monomer gives rise to higher catalytic activity and high- 240 min. The molecular weight of PNB reached a maximum
order polyolefins. For example in GBI, the catalytic ac-  at 30 min. Similarly, the polymerization activity, yields and
tivity was only 9.33x 10 g PNB/(molNih) at a ratio of  molecular weight changed in toluene with increasing reaction
norbornene/Ni as 1250:1, whereas the high catalytic activ- time.
ity of 7.11x 10°gPNB/(molNih) was obtained at a nor- All the polymers obtained have been characterized by IR
bornene/Ni ratio of 5000:1T@ble §, and correspondingly  spectra. The IR spectra prove the absence of a double bond,
the molecular weight increased from 180 to 2080 kg/mol. In as no peaks appeared between 1620 and 168&.cfhis
addition, a catalytic activity of 3.88 10° g PNB/(mol Nih) further ensures the occurrence of vinyl-type polymerization
and a molecular weight of 1180kg/mol were obtained rather than ring-opening metathesis polymerization (ROMP)
at a norbornene/Ni ratio of 20000:1. Similarly, the cat- [24]. 'H NMR (o-dichlorobenzene), § (ppm): 0.87—2.28
alytic activity and the molecular weight of PNB increased (m, maxima at 0.87, 1.24, 1.59, 2.22). TGA showed that all
in toluene as solvent when the norbornene/Ni ratio was of the polymer samples were very stable with mass loss of
increased. 5—-7% up to 450C in nitrogen and 350C in the air. The de-
The longer the reaction time, the higher the yield of poly- termination of the glass transition temperatufg) (of vinyl
mer. The results of norbornene polymerization with different homo-polynorbornene is found to be difficult, since it is close
time are presented ifable 7 In CH»Cl,, the catalytic activ- to the temperature where decomposition setf2hbj. Our
ity increased rapidly at the beginning of 5-30 min, then in- endeavor for the determination @f of the obtained vinyl
creased slightly and leveled off due to a significant decreasepolymers also failed. All the polymer samples obtained were
in the monomer concentration in the reaction mixture. The soluble in chlorobenzene at room temperature. No indication
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of stereoregularity was observed, which was verified by the Acknowledgements

amorphous morphology of the products. The resulting poly-
norbornenes gave similar IR spectra, suggesting their similar

unigue properties.
4.4, Ethylene oligomerization

4.4.1. Catalytic activity and oligomers distribution

The influence of MAO on catalytic activities and the dis-
tribution of resulting oligomers of0-18 were carefully in-
vestigated, and the results are summarizethinle 8

Most complexes showed fairly good activities at the Al/Ni
molar ratio of 50-1000. Complet3 showed the high-
est catalytic activity of 3.6 10° g mol-tatm 1h1 at the
Al/Ni molar ratio of 100 at 30C. Reaction temperature ex-
erted great influence on catalytic activitiesd¥18. Opti-
mal catalytic activities were observed between 0 anti7.0
The oligomerization products b$0-18 were mainly C4
and C6. Compared to the activity [1.2310° gmol1h1,
Al/Ni=500] of our previous nickel complexes containing
ligand 1, in which the ligand coordinated with nickel in
the keto form[16], the complex10 with enolate coor-
dination of nickel with ligandl showed a lower activ-
ity [8.56 x 10* g mol-1h~1, Al/Ni=500]. The coordination
model affected the coordination and insertion of ethylene.

The variation of ligands clearly affected the activities

of the corresponding complexes; i.e., the phenyl ring con-

taining an additional alkyl substituent impaired the cat-
alytic activity for ethylene oligomerization. Under the
mild catalytic conditions (Al/Ni=100, 30C), 13 with 4-
methyl group on the phenyl ring showed a catalytic ac-
tivity of 3.62x 10°gmol~1h=1, while 11 with 2-methyl
groups on the phenyl ring showed a relatively lower
value of 5.09« 10*gmol1h=1. As to 14-18, the intro-
duction of chloro and methyl-groups into the ligands af-
fected the catalytic activities. The orders of the activity
werel8>14>17>15>16. From the two series of catalytic
systems, it is concluded that tHEYMAO and 18/MAO
systems, which contain a methyl substituent in the 4-
position of the ligand phenyl ring, show the highest catalytic
activities.

5. Conclusions

Complexesl0-18 serve as highly active catalysts for the

We are grateful to the National Natural Science Foun-
dation of China for the sanction of the research grant (No.
20272062). We thank Prof. T. Tatsumi for his kindly English
corrections.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, atoi:10.1016/j.molcata.2005.
01.009
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