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Summary: An (arylimido)vanadium(V)-methyl complex
containing a ketimide ligand, (ArN)VMe(NdCtBu2)2 (4,
Ar ) 2,6-Me2C6H3), could be isolated and identified by
1H, 13C, and 51V NMR spectra, elemental analysis, and
X-ray crystallography. The complex 4 was treated with
alcohols (phenols), affording various methyl complexes
by ligand exchange between the ketimide and alkoxy
(aryloxo) groups exclusively, and reaction of the methyl
group with the alcohols (phenols) did not take place.

Transition metal-alkyl complexes are one of the most
important reagents or intermediates in stoichiometric/
catalytic organic reactions as well as in olefin polym-
erization. Since classical Ziegler-type vanadium cata-
lysts displayed unique characteristics (rapid propagation
affording high molecular weight polymer) in olefin
coordination/insertion polymerization,1,2 synthesis and
reaction chemistry of the vanadium-alkyls attract con-
siderable attention. However, these alkyl species tend
to be reactive and/or thermally labile,3,4 and reductions
to the lower oxidation states were often observed in
some vanadium(V) alkyls.5 Here we introduce the
unique first example that the reaction of a bis(ketimide)-

vanadium(V)-methyl complex, (ArN)VMe(X)2 (4, Ar )
2,6-Me2C6H3, X ) NdCtBu2), with alcoholic reagents
affords the ligand exchange product between the ketim-
ide and aryloxide (alkoxide) without the reaction with
the methyl group occurring.

The bis(ketimide)vanadium chloride complex, (ArN)-
VCl(X)2 (1), could be prepared in high yield (72.9%) by
treating (ArN)VCl3 with 2.0 equiv of LiX in Et2O
(Scheme 1). The synthetic procedure is related to that
for (ArN)VCl2(X) (2) reported recently,6 and the complex
was identified by 1H, 13C, and 51V NMR spectra,
elemental analysis (EA), and X-ray crystallography.7,8

The reaction of (ArN)VCl3 with 3.0 equiv of LiX in Et2O
gave the corresponding tris(ketimide) complex, (ArN)-
VX3 (3), in a moderate isolated yield (37.9%), and the
complex was identified by 1H, 13C, and 51V NMR spectra
and EA.8

The crystal structure showed that 1 has a distored
tetrahedral geometry around V, and the V-N(CtBu2)
bond distances (1.805, 1.803 Å) were slightly longer than
that in the monoketimide analogue (2, 1.787 Å), and the
N(Ar)-V-Cl and N(Ar)-V-N(CtBu2) bond angles
(110.2°, 105.9°, or 106.1°, respectively) were somewhat
larger than those in 2 (98.42°, 102.62°, or 103.95°,
respectively). The resonances in the 51V NMR spectra
(in CDCl3) were influenced by introduction of the
ketimide ligand [δ ) 72.4 (mono, 2), -195 (bis, 1), and
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-387 (tris, 3)], strongly suggesting that an electron
donation from the ketimide into the vanadium occurred.

The methyl analogue, (ArN)VMe(X)2 (4), could be
prepared in high yield (85.2%) by treating 1 with
MeMgBr in Et2O and was identified by 1H, 13C, and 51V
NMR spectra, EA, and X-ray crystallography.8,9 The
crystal structure showed that 4 has a distored tetra-
hedral geometry around V, and the V-N(CtBu2) dis-
tances (1.825-1.827 Å) were slightly longer than those
in 1 (1.803-1.805 Å). The V-Me distance (2.064 Å) is
in the range of V(V)-C bond lengths in (arylimido)-
vanadium(V)-dibenzyl analogues (2.026-2.103 Å)4b and
is close to that in Li[(tBu3SiN)2VMe2] (2.043, 2.050 Å);4a

the distance is shorter than some V(II-IV)-Me com-
plexes (2.118,3f 2.206-2.222 Å3a,b,g,h).

Note that the reaction of 4 with phenol and 2,6-
dimethylphenol (1.0 equiv) in n-hexane exclusively
afforded the other methyl complexes, (ArN)VMe(OAr)-
(X) (5a, 5b), respectively (Scheme 2), and the reaction
with the methyl group did not take place. The reaction
of 4 with iPrOH also afforded (ArN)VMe(OiPr)(X) (6).
The results clearly indicate that the methyl group in 4
is not reactive toward alcohol under these conditions,
although ordinary metal-alkyl bonds (especially in
early transition metals) are readily reacted with alcohol
to give alkoxide (phenoxide). Although some V(III)-
methyl complexes catalyze ethylene polymerization/
oligomerization without cocatalyst,10 4 and 5b did not
react with ethylene (1 atm) in benzene-d6.

The reaction of 4 with 5-hexen-1-ol in n-hexane
afforded (ArN)VMe[OCH2(CH2)3CHdCH2](X) (7), and
the complex was identified by 1H, 13C, and 51V NMR
spectra and EA.11 Two species were observed in the 51V
NMR spectrum (δ -102.7, -231.3 ppm at 20 °C), and
the ratios depended upon the temperature (Figure 2).8
The species in the higher field was observed exclusively
at 60 °C and was identified as 7a by the 1H NMR

spectrum (Figure 2a), because the resonances observed
at 4.5-6.0 ppm were identical with those in our previous
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Scheme 2

Figure 1. ORTEP drawings for 1 (top) and 4 (bottom).
Thermal ellipsoids are drawn at the 50% probability level,
and H atoms are omitted for clarity.

Figure 2. 1H (extended at 4.0-6.0 ppm) and 51V NMR
spectra (in CDCl3) for 7 at various temperatures. 1H NMR
spectra at (a) 60 °C and (b) -60 °C. 51V NMR spectra at (c)
40 °C, (d) 0 °C, and (e) -40 °C.
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example of Ti.9 This was also supported by the fact that
the reaction of 4 with n-hexanol afforded a species
observed at -238 ppm in the 51V NMR spectrum
accompanying the formation of HNdCtBu2.8 In contrast,
the species observed in the lower field became dominant
below -40 °C, and we assume that this would be the
olefin coordination species (7b), although the insertion
did not take place under these conditions. A ∆G value
of 8.6 kcal/mol was obtained from the 51V NMR spectra
measured at various temperatures (-60 to 60 °C).8

Although 4 did not show any catalytic activities for
initiating polymerization of ethylene, methyl methacry-
late, and ε-caprolactone (CL), the ketimide-aryloxo
analogue 5b initiated polymerization of ε-CL, affording
the ring-opened polymer.8 As far as we know, this is
the first example that V initiates the ring-opening
polymerization. Note that the Mn value for the polymers
increased linearly upon increasing the polymer yields
with narrow molecular weight distributions.13 Also note
that the resultant polymer contained the aryloxo gourp
as the polymer chain end, and the Mn value estimated
by the 1H NMR spectrum was close to that by GPC,8,13

clearly indicating that the polymerization took place in
a living manner. Moreover, ethylene polymerization
took place by 5b in the presence of methyl aluminoxane

(MAO, activity ) 160 kg PE/mol V h), affording linear
polyethylene,14 although 5b did not show catalytic
activity without cocatalyst.

We have presented a unique example of stable vana-
dium(V)-methyl complexes and succeeded in preparing
various methyl complexes by ligand exchange reactions.
Although the exact reason the methyl group did not
react with alcohol is not clear at this moment, this fact
should introduce new insight into designing efficient
organo-vanadium complex catalysts.
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(12) Synthesis and identification of Cp*TiMe[OCH2(CH2)nCHdCH2]-
(OAr) (n ) 1, 3, Ar ) 2,6-iPr2C6H3) and Cp*Ti(CF3SO3)[OCH2(CH2)n-
CHdCH2](OAr): Nomura, K.; Hatanaka, Y. Inorg. Chem. Commun.
2003, 6, 517.

(13) Conditions: 5b 20 µmol, ε-CL 5.0 mmol, CDCl3 2.5 mL, 100
°C.8 Yield 33 mg after 12 h, Mn ) 0.9 × 104, Mw/Mn ) 1.2; 118 mg
after 24 h, Mn ) 1.8 × 104 (1.72 × 104 by 1H NMR), Mw/Mn ) 1.3; 314
mg after 48 h, Mn ) 3.6 × 104, Mw/Mn ) 1.5. Detailed results are shown
in the Supporting Information.

(14) Conditions: 5b 5.0 µmol, toluene 5 mL, MAO 2.5 mmol,
ethylene 8 atm, 10 min, 50 °C. Polymer yields 133 mg, Mw ) 20.2 ×
104, Mw/Mn ) 7.21. The broad PDI values maybe due to precipitation
of polyethylene.
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