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VCl5(N-2,6-Me,CgH3)(0-2,6-'Pr,CeHg) - methylalumi-
noxane catalyst has exhibited remarkable catalytic activity for
ethylene polymerization. High molecular weight ring-opened
poly(norbornene) has been prepared in the presence of
V(CH,Ph),(N-2,6-Me,CgH3)(0-2,6-Pr,CaH,).

Olefin polymerization by homogeneous transition metal
catalysis attracts particular attention not only in the field of
organometallic chemistry, but also in the field of polymer
chemistry.! Although alot of examples have been well-known
concerning the effective catalysts with group 4B transition
metal catalysts, examples with vanadium complexes have been
limited?2 despite the fact that classical Ziegler—Natta vanadium
catalyst systems have displayed a number of interesting charac-
teristics* such as synthesis of high molecular weight polymers
with narrow polydispersity,> synthesis of ethylene/a-olefin
copolymer with high a-olefin content,® and others.” We thus
decided to extend our chemistry to find a new-type of vanadium
catalyst for olefin polymerization.

We focused (arylimido)vanadium(V) complex as the start-
ing compounds, because synthesis of vanadium complexes with
various arylimido ligand have aready been established by sev-
eral researchers,® and also because this ligand moiety should be
relatively stable at high temperature.8 Moreover, we also
focused to synthesize 14e vanadium(V) complex which should
be the same electron number of our original half-metallocene
type titanium catalyst.? In this paper, we wish to introduce our
preliminary results concerning olefin polymerization by
(arylimido)(aryloxy)vanadium(V) complexes.

(Arylimido)(aryloxy)vanadium complexes of the type,
VCI,(NAr)(OAr") [NAr = N-2,6-Me,CgH4, OAT' = O-2,6-
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Scheme 1.

IPr,CeH3 (1a), 0-2,6-Bu,-4-MeCgH, (1b)] have been prepared
in high yields from VCl5(NAr) by treating with 1 equivalent of
the corresponding phenol in hexane (Scheme 1).1° These com-
plexes have also been prepared by adding the corresponding
lithium phenoxide in Et,O. The products isolated were deep
purple microcrystals, and could be identified by 1H, 13C NMR
and repeated elemental analysis runs.10

Importantly, VCl,(N-2,6-Me,C¢H3)(0-2,6-'Pr,CsH,) (1a)
exhibited significant catalytic activity for ethylene polymeriza-
tion in the presence of d-MAO (methylaluminoxane, white
solid) which was prepared by removing toluene and excess
amount of AIMe; from commercialy available MAO (PMAO-
S, Tosoh Akzo Co.), and the activity increased at higher reac-
tion temperature (runs 1-3, Table 1). In addition, the resultant
polymer was linear, which was confirmed by NMR spec-
troscopy, and has exceptionally high molecular weight with
unimodal molecular weight distribution, and the polymerization
results were reproducible under these conditions. The lower
activity was observed if MMAO was used as cocatalyast in
place of d-MAO. The activity by 1b was lower than that by 1a,
suggesting that the steric bulk of the aryloxy ligand affects the

Table 1. Ethylene Polymerization Catalyzed by 1 - Cocatalyst System®

Run  Catalyst Cocatalyst ~ Temp. Yield Activity® M,0 My /M0

No.  (umol) (A/V)P /°C /mg /x10™*
1 la(5.0) d-MAO(1000) O 480 576 609 2.61
2 1a (5.0) d-MAO(1000) O 449 539 600  2.69
3 1a(5.0)0 d-MAO(1000) 25 802 962 292 288
4 1a (5.0) MMAO (1000)° 25 173 208
5 1b (5.0) d-MAO (1000) 25 202 242
6 1b (2.0) d-MAO (2500) 60 162 486 784 207

Reaction Conditions: toluene (30 mL), ethylene 8 atm, 10 min, 100 mL scale autoclave, d-MAQ (prepared by

removing AlMe; and toluene from commercially available MAQ).

®Molar ratio of Al/V. CActivity =

kg-PE/mol-V-h. 9GPC data in o-dichlorobenzene vs polystyrene standard. °n-Hexanc was used in place of
toluene, and MMAO (methyl isobutyl aluminoxane) was used in place of MAO.

Copyright © 2001 The Chemical Society of Japan



Chemistry Letters 2001

activity. We assume that the reason for the higher activity than
those previously reported using a series of (arylimido)vanadi-
um(V) complexes?®< would be due to the low coordinate (14€)
vanadium species as the starting catalyst precursor.

Attempt to isolate dibenzyl complex from la by treating
with PhCH,MgCl was not successful, probably due to the diffi-
culty for isolating from the reaction mixture. However, the
desired complex V(CH,Ph),(N-2,6-Me,CsH3)(O-2,6-'Pr,CqHy)
(2) could be synthesized from its tribenzyl analogue,
V(CH,Ph)5(N-2,6-Me,CgH,), M by treating with 1 equivalent of
2,6-'Pr,CgH;OH in CH,Cl,.1?

It should be noted that ring-opened poly(norbornene) could
be isolated if norbornene and 2 were dissolved in toluene.
Thisis, asfar as we know, the first example of the ring-opening
metathesis polymerization (ROMP) initiated by the vanadium
complex without cocatalyst. Moreover, this is also the rare
example affording exceptionally high molecular weight poly-
mer with unimodal molecular weight distribution (M,, = 4.69 x
106, M,,/M,, = 1.93).1* Since the polymerization would proceed
via metathesis mechanism, we assume that the vanadium-
alkylidene complex would be the active species in this cataly-
3'3_15

We are now exploring the effect of substituents for the
activity in ethylene polymerization, and attempting isolation of
vanadium—alkylidene complex which should be the proposed
active species for the ROMP. These results will be introduced
in the future.
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General experimental procedure for synthesis of 1a: Into a n-
hexane solution (30 mL) containing V(N-2,6-Me,CsH5)Cl5; (1.30
g, 4.70 mmoal), 2,6-Pr,C¢H,OH (838 mg, 4.70 mmol) was added
dropwisely at —30 °C, and the reaction mixture was warmed
slowly to room temperature, and then the mixture was stirred for
10 h. The solvent was removed in vacuo, and the resultant deep
brown tan residue was layered by n-hexane (ca. 5 mL) at —30 °C.
The chilled solution gave deep brown solid, which was washed
quickly with small amount of cold hexane and dried in vacuo.
Yield 1.82 g (93%). 'H NMR (CDCl,): 3 1.13 (d, 12H,
(CH3),CH—, J = 6.8 Hz), 2.38 (s, 6H, CHj), 3.24 (m, 2H,
Me,CH-), 6.82 (m, 3H), 7.10 (m, 3H) . 3C NMR (CDCl,): &
18.3, 23.2, 27.1, 123.3, 126.2, 127.3, 129.6, 136.2, 138.9, 166.5.
Anal. Calcd for C,gH,6Cl,NOV: C, 57.43; H, 6.27; N, 3.35.
Found (1): C, 57.46; H, 6.42; N, 3.22%. Found (2): C, 57.42, H,
6.40, N, 3.28%. For 1b, Yield 94%. H NMR (CDCl,): 8 0.97
(s, 18H), 1.93 (s, 3H), 2.07 (s, 6H), 6.42 (m, 3H), 6.64 (s, 1H),
6.82 (s, 1H). C NMR (CDCly): & 21.5, 22.7, 31.9, 35.5, 125.5,
126.0, 127.3, 129.9, 134.4, 139.0, 139.1, 168.6 . Ana. Calcd for
Cy3H3,CILNOV: C, 60.01; H, 7.01; N, 3.04%. Found(1): C,
59.86; H, 7.13; N, 2.80%. Found(2): C, 60.05; H, 7.24; N,
2.91%.

This complex was prepared according to the analogous procedure
for synthesis of V(CH,Ph);(N-2,6-'Pr,C¢Hs), V. J. Murphy and
H. Turner, Organometallics, 16, 2495 (1997).

Experimental procedure: Into acold CH,CI, solution (25 mL, —30
°C) of V(CH,Ph)(N-2,6-Me,C4H,) (1.0'g, 2.25 mmoal), 2,6-diiso-
propylphenol was added in several portions and the mixture was
stirred for 40 h at room temperature. The reaction mixture was
filtered through Celite pad, and the solvent was removed in
vacuo, and the resultant solid was dissolved in small amount of
hexane. The chilled solution gave deep brown microcrystals.
Yield 75%. For 2, IH NMR(CDCl,): & 1.32 (d, 12H), 2.97 (d,
10H), 3.20 (m, 2H), 7.23 (m, 16H).” 13C NMR (CDCl,): & 22.7,
27.1, 37.8, 37.9, 77.2, 120.6, 123.4, 125.9, 128.3, 128.4, 133.6,
141.8, 150.0.

Polymerization procedure: Into a round bottom flask (10 mL
scale) containing norbornene (235 mg) dissolved in toluene (2.9
g), atoluene solution (1.0 g) containing 2 (13.2 mg, 25 pumol) was
added in one portion at room temperature. The mixture was
stirred for 11 h, and the solution was poured into methanol (200
mL). The resultant solid was collected by filtration and was
washed with methanol, and was then dried in vacuo. Yield; 87 mg
(37%). Molecular weight and molecular weight distribution were
measured by GPC (Shimadzu SCL-10A with RID-10A detector,
column: ShimPAC GPC-806, 804, and 802) in THF vs poly-
styrene standard. *H NMR (CDCly): & 5.22 and 5.35 (br.m, 2H
olefinic), 2.80 and 2.37 (br.s, 2H), 1.85 and 1.08 (m, 2H), 1.81 and
1.36 (m, 4H). 13C NMR (CDCl,): & 134.0, 133.9, 133.8, 133.7,
and 133.1, 133.0 and 132.8 (olefinic), 68.0, 50.8, 43.4, 43.2, 42.7,
42.1,41.3, 38.6, 384, 33.1, 32.9, 32.3, 32.2, 25.6, 21.3.

Example concerning synthesis of high molecular weight ROMP
polymers, Y. Nakayama, H. Saito, N. Ueyama, and A. Nakamura,
Organometallics, 18, 3149 (1999).

Previous report concerning synthesis of vanadium-alkylidene
complex, seeref 8b.



