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volves rotation of the #*-Cz;H,; group. The hydride ex-
change can be accounted for as a pairwise exchange that
might only occur with the cyclopentadiene rotated 90°
from its most stable orientation.

A third fluxional process shows broadening of both the
hydride ligands and the four C;Hg resonances beginning
at ~50 °C. Complete collapse of the C;Hg resonances
occurs at 80 °C as a resonance begins to grow in at é 3.57.
At 90 °C the hydride resonance disappears into the base
line, but decomposition to form 3 occurs rapidly at this
temperature before the limiting high-temperature spec-
trum can be attained.

The nature of this process is revealed by irradiating the
hydride resonance at  -5.67 at temperatures above 40 °C
and observing the complete collapse of only the CsHg
resonance at § 3.353. This latter resonance can be confi-
dently assigned to the endo hydrogen of the 1*-C;H; group,
which apparently undergoes exchange with the hydride
ligands on the time scale of relaxation processes (~1-5s™).
This corresponds to a AG* of about 18.5 kcal/mol and is
clearly a separate process from the other exchanges. In
the fast-exchange limit, resonances would have been ex-
pected at 5 3.82 (5 H) and —-3.30 (4 H). _ '

While the exact nature of the latter exchange process
is not known, a mechanism involving reversible reductive
elimination of H, followed by migration of the endo »*-
CsH; hydrogen to the metal can be ruled out since the
formation of 3 is observed to be irreversible, even under
1000 psi of Hy. Reversible loss of phosphine followed by
endo-hydrogen migration would produce CpRe(PPhy)H,,
which does not react with PPh,.1®  One possibility is shown
in eq 2, involving reversible migration of a hydride ligand
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to the C;H; ring to form a symmetrical 43-allyl interme-
diate. Such reversible migrations have been observed in
the related n*-cyclohexadiene system, which was also
characterjzed structurally,!* and in the related bis(ethyl-
ene) derivative.! Bercaw has also used a reversible metal
to Cp ring hydrogen migration to account for H/D ex-
change in zirconium hydride complexes.!® Further studies
of this and related processes are under way.*®
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Summary: Addition of W(°-CsMe;}CO),Me to PCl; in
dichloromethane produces sparingly soluble W(x°-
CsMe;)Cl, as a bright orange powder in ~80% yield.
[NEt,] [W(n®-CsMe;)Cls] and W(n3-C;Me;)Cl,(PMe,) can
be prepared readily. Addition of excess ZnMe, to W-
(n5-CsMe;)CI,(PMe;) produces yellow W(n>-CsMes)Me, in
good yield. The reaction between Mo(n®-C;Me;)(CO);Me
and PCl; in dichloromethane produces purple Mo(xn°-
Cs;Me;)Cl,. Addition of PMe, yields Mo(n®-CsMe,)Cl,-
(PMe,), but attempted preparations of Mo(n®-CsMe;)Me,
so far have failed. PCl; has also been used to prepare
W(n5'05Et5)CI4 ffom W(n5'05Et5)(o)Cl3.

The discovery of [Ta(n5-CsMe,R)(u-H)Cl,]; (R = Me,
Et) complexes! and their reaction with carbon monozxide
to give u-hydride u-formyl complexes of the type [Ta-
(75-CsMe R)CL](u-H)(u-CHO)? led to a search for related
chemistry of the less oxophilic metals Mo and W. Un-
fortunately, suitable high oxidation state mono(1>-C;Me,R)
starting materials such as M(n®-C;Me;)Cl, were unknown.
A tungsten complex with the formula [W(»*-C;Me,-t-
Bu)Cl,], was prepared via a reaction between the tung-
stenacyclobutadiene complex W{C(t-Bu)C(Me)C(Me)]Cl,
and 2-butyne,® but a more direct route to analogous, sim-
pler, #5-C;Me; complexes was clearly needed before the
chemistry could be explored in detail. We report here
simple, high-yield routes to molybdenum and tungsten
complexes of the type M(4°-CsMe;5)Cl, (M = Mo, W).

All attempts to prepare M(5°-C;Me;)Cl, complexes di-
rectly from MCL, (x = 5 or 6) and a mild 7°-C;Me; source
such as SnBuy(C;Me;), a type of reaction that has yielded
complexes such as Ta(n5-C;Me;)Cl,,* so far have failed.
Therefore we chose to prepare a lower oxidation state
complex containing one n5-C;Me; ring and subsequently
oxidize it. A solution of W(5°-CsMe;)(CO);Me® dissolved
in dichloromethane was added dropwise at 25 °C to 2.5
equiv of PCl; partially dissolved in dichloromethane. The
PCl; dissolved as the solution rapidly changed color to
orange and gas (presumably CO) evolved. After the mix-
ture was refluxed overnight, an almost iridescent orange
powder was filtered off and washed liberally with di-
chloromethane. It could be sublimed at 200 °C and <0.1
pum. Elemental analysis®® and subsequent reactions (vide
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infra) were sufficient to characterize the almost CH,Cl,
insoluble species as W(5%-C;Me;)Cl, (yield ~80%). We
presume that it is a dimer by analogy with [W(x®-
C:Me,-t-Bu)Cl,],,% and in accord with the compound’s
insolubility. W(n*-Cs;Me;)Cl, will react readily with NEt,Cl
in dichloromethane to give brown, crystalline [NEt,][W-
(n°-C5;Me;)Cl;]® and with PMe;, to form toluene-soluble,
green, crystalline W(s5-CsMe;)Cl,(PMe;).5¢  W(n5-
CsMe;)Cl, and its PMe; adduct have signals in their EPR
spectra in dichloromethane at 25 °C at g = 1.92and g =
1.90, respectively, with half-height widths of 50 and 64 G,
respectively.

An analogous reaction between Mo(55-CsMe;)(CO);Me’
and PCl; in dichloromethane yields a purple solution from
which microcrystalline purple Mo(5-C;Me;)Cl, can be
isolated in 290% yield.® Chloride ion will not add to the
metal to give a stable complex of the type [Et,N}[Mo-
(°-CsMe;)Cl;], but trimethylphosphine will add to give
purple Mo(n°-C;Me;)Cl,(PMe;).8* EPR spectra of Mo-
{(n*-CsMe5)Cl, and Mo(7°-C;Me;)Cl,(PMe;) in THF at 25
°C show relatively narrow peaks (half-height width ~ 7 G)
at g = 1.99 and 1.97, respectively, with couplings of 39 and
45 G to ™Mo (S = 8/,) and %Mo (S = 5/,) and of ~27 G
to 3P in the case of Mo(55-C;Me;)Cl (PMes).

W(n5-CsMe;)C1,(PMe;) reacts smoothly with excess
dimethylzinc in toluene to give a yellow, crystalline,
paramagnetic complex (g ~ 2 in pentane at 25 °C) in good
yield (~80%) that analyzes as W(n*-C;Me;)Me,.° An
X-ray structural study of W(®-C;Et;Me,)Me,° confirms
that the formulation is correct, that the molecule is a
monomer and that the geometry is square pyramidal.
W(r5-CsMe;)Cl, reacts similarly with dimethylzinc, but the
yield of W(55-CsMe;)Me, is only ~40%. So far we have
not been able to prepare Mo(5°-CsMe;)Me, in a similar
manner.

One of the main reasons for developing the W(x5-
CsMe;)Cl, and W(n°-C;Mes)Me, chemistry was in order
to prepare and structurally characterize what we expected
to be more crystalline complexes analogous to [W(n5-
C5Me4-t-Bu)H4]2 and [W(n5-C5Me4-t-Bu)H3]3.“ W(n5_
Cs;Me;)Me, reacts with H, at 1000 psig in pentane to yield
a mixture of two hydride complexes having signals at ~0.34
(Juw = 33 Hz) and ~1.65 ppm (br), respectively (cf. —0.81
and -1.86 ppm for the 55-C;Me,-t-Bu species above). 'H
NMR spectra of poorly crystalline samples of [W(#5-
C;Me;)H,], (obtained in ~25% yield by selective crys-
tallization from pentane) show the expected hydride signal
and W satellite intensities (cf. the n®-C;Me,-¢-Bu de-
rivative!'). The peak at —1.65 ppm in the mixture is as-
signed to [W(»®-Cs;Me;)Hj];, the broadening being due to
the slowing of a fluxional process that interconverts ail
hydride ligands (cf. [W(#°-CsMe,-t-Bu)H;)5t). These re-
sults suggest that the above approach to hydride complexes
will be generally successful for peralkylated cyclo-
pentadienyl complexes.

We have not yet seen any reactions in the literature in
which a transition-metal complex is chlorinated by PCl;
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and therefore are curious as to whether this type of reac-
tion might be more generally useful for preparing other
mono(n®-CsMe;) complexes, e.g., Re(n’-C;Me;)Cl,. We also
are now able to explore the chemistry of M(55-C;Me;)Cl,
(M = Mo, W) in more detail, in particular with respect to
formation of alkyl and hydrido complexes.
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Summary: Conproportionation of [Ni'(CNMe),] [PF.],
with Ni°CNMe), results in formation of the new binuclear
Ni' complex [Ni',(CNMe)s] [PF¢],. 1. Reaction of 1 with
bis(diphenylphosphino)methane (dppm) yields the novel,
asymmetrically bridged complex [Niy(u-CNMe)XCNMe),-
(dppm),] [PF¢]*CH,Cly, 2. The structure of 2 as a solid
has been determined by X-ray diffraction. In solution, 2
is fluxional and variable-temperature >'P{'H} NMR studies
indicate rapid interconversion of the asymmetric structure
of 2 above -45 °C.

While there exists a rich organometallic and catalytic
chemistry of nickel,! the chemistry of direct Ni-Ni bonds
has received relatively little attention. In the course of our
studies of the chemistry and photochemistry of the met-
al-metal bonds of binuclear Pd(I) and Pt(I) complexes,?®
we sought to examine the corresponding properties of
bonds between Ni(I) ions. We report herein the synthesis
of new binuclear nickel complexes which display a range
of unusual Ni-Ni interactions. The unprecedented
structure of a bis(diphenylphosphino)methane (dppm)
bridged complex is also described as well as preliminary
studies of its chemistry.

The new binuclear Ni(I) isocyanide complex [Ni,!-
(CNMe);]{PFgl,, 1, was prepared by conproportionation
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this author.
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