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One of the principal uses of transition-metal organometallic
complexes is as reagents and catalysts in organic syntheses.1 Most
of these applications exploit the fact that the chemistry of an organic
molecule bound to a transition-metal center is markedly different
from that exhibited by the molecule in its free state. In recent years,
considerable attention has focused on simple hydrocarbons as the
organic molecules to be transformed, primarily due to the potential
for functionalization of these readily available materials into more
desirable, higher-value products.2 Our previous contributions to this
area have included the development of 16-electron organometallic
complexes of molybdenum and tungsten based on the Cp*M(NO)
(Cp* ) η5-C5Me5; M ) Mo, W) fragments for the sequential
activation of hydrocarbon C-H bonds.3 We now wish to report
that the Cp*W(NO) fragment can also be used to mediate the three
transformations of cyclohexene summarized in Scheme 1.

The three transformations are initiated by coordination of
cyclohexene to the tungsten center and formally involve (a)
intramolecular C-H activation of cyclohexene to form anη3-
cyclohexenyl hydrido complex,4 (b) combination of cyclohexene
and H2 to form anη1-cyclohexyl hydrido complex,5 and (c) coupling
of two molecules of cyclohexene with concomitant loss of two
hydrogen atoms to form a novelη1,η3-(cyclohexyl)cyclohexenyl
ligand.6 The requisite 16e [Cp*W(NO)(η2-cyclohexene)] intermedi-
ate can be generated by hydrogenolysis of an appropriate Cp*W-
(NO)(hydrocarbyl)2 precursor in cyclohexene. The specific bis-
(neopentyl) system that we have examined in detail is illustrated
in Scheme 2 along with our rationale that accounts for the formation
of the isolated products1, 2, and3. Thus, treatment of wine-red
Cp*W(NO)(CH2CMe3)2 with H2 (1 atm) in neat cyclohexene in a
1:30:100 molar ratio under ambient conditions for 3 h results in
the formation of a red-brown solution that contains1, 2, and3 as
the main organometallic products in an approximate 6:1:2 ratio,
respectively (as estimated by1H NMR spectroscopy). Extraction
of the dried reaction residue with cold Et2O and crystallization of
the extracted material from THF at-30 °C affords red diamond-
shaped crystals of3. The remaining material was purified by
chromatography on silica with hexanes/Et2O as eluant to eventually
obtain2‚Et2O as dark red crystals and1 as a yellow powder.7

The identity of complex1 as an η3-cyclohexenyl hydrido
complex has been established by its characteristic spectroscopic
properties, most notably its1H NMR spectrum (C6D6) that contains
a distinctive hydride resonance atδ -0.57 (1JWH ) 131.7 Hz) and
its IR spectrum as a KBr pellet that exhibits aνWH at 1898 cm-1.
We have previously isolated1 in 32% yield from the gentle
thermolysis of Cp*W(NO)(CH2CMe3)(η3-H2CCHCMe2) at 50°C
in neat cyclohexane.8

Bimetallic complex2‚Et2O is quite thermally sensitive, and its
identity has been confirmed by a single-crystal X-ray diffraction
analysis.9 Its intramolecular metrical parameters resemble those
previously established for related complexes containing W2(µ-H)2

central cores.10 Specifically, its W-W bond length of 3.0315(2) Å

is indicative of a WdW double bond that enables each tung-
sten center to attain an 18-valence-electron configuration. As
shown in Scheme 2, we believe that2 arises via adduct formation
between the transiently formed 16-electron hydrido complexes,
Cp*W(NO)(H)(C6H11) and Cp*W(NO)(H)(CH2CMe3).

Finally, monometallic complex3 has been characterized by
conventional spectroscopic methods, and its solid-state molecular
structure (Figure 1) has been established by an X-ray crystal-
lographic analysis.11 Its most interesting structural feature is the
η1,η3-(cyclohexyl)cyclohexenyl ligand, which again results in the
metal center attaining an 18-electron configuration. The unsym-
metricalη1,η3 (as opposed to anη2,η2) mode of attachment of this
coupled ligand to the metal center is probably reflective of electronic
factors. We have previously seen manifestations of similar factors
in Cp′M(NO)(η4-trans-diene) complexes (Cp′ ) Cp (η5-C5H5) or
Cp*) of both molybdenum12 and tungsten.6

Figure 1. Solid-state molecular structure of3 with 50% probability thermal
ellipsoids shown. Selected interatomic distances (Å) and angles (deg):
W(1)-N(1) ) 1.780(2), N(1)-O(1) ) 1.225(3), W(1)-C(1) ) 2.273(2),
W(1)-C(8) ) 2.284(2), W(1)-C(9) ) 2.268(2), W(1)-C(10)) 2.434(2),
C(8)-C(9) ) 1.413(3), C(9)-C(10) ) 1.401(3), W(1)-N(1)-O(1) )
174.8(2), C(1)-W(1)-C(8) ) 70.62(9), C(8)-W(1)-C(10) ) 61.68(8),
C(8)-C(9)-C(10) ) 118.8(2).

Scheme 1

Published on Web 04/22/2005

6928 9 J. AM. CHEM. SOC. 2005 , 127, 6928-6929 10.1021/ja0426692 CCC: $30.25 © 2005 American Chemical Society



Consistent with the reaction sequences contained in Scheme 2
are the following facts. Dihydrogen is an essential reactant since
Cp*W(NO)(CH2CMe3)2 simply does not react with cyclohexene
alone under ambient conditions. Furthermore, the use of D2 in
place of H2 does not result in any incorporation of deuterium
into 1 or 3. Finally, 1 does not convert to3 when exposed to
cyclohexene under the reaction conditions employed. Interestingly,
when effected in a 1:10 mixture of cyclohexene/hexanes, the
reaction of Cp*W(NO)(CH2CMe3)2 with H2 affords only bimetallic
2, which can be isolated by crystallization from the final reaction
mixture at-30 °C. The preliminary results of DFT calculations
on these systems are generally consistent with the transformations
depicted in Scheme 2 being operative in neat cyclohexene.
However, they also suggest that 16-electron Cp*W(NO)H2 plays a
pivotal role as a reactive intermediate in a 1:10 cyclohexene/hexanes
mixture.13

In summary, we have succeeded in isolating and characterizing
three different types of organometallic products resulting from the
transformations of cyclohexene effected at the Cp*W(NO) fragment.
Current studies with this system are directed at establishing which
other unsaturated substrates will undergo these types of conversions
and at delineating the characteristic chemistry of the product
complexes. The results of these investigations will be reported in
due course.
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