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The Synthesis and Characterization of
Bis(fulvalene)dimolybdenum and Its Monocarbonyl
Adduct

Sir:

Recent interest in the structure and bonding of bis(fulval-
ene)dimetal complexes,! and our interest in the catalytic
properties of coordinatively unsaturated derivatives, has led
us to explore synthetic routes to complexes of the early tran-
sition metals.

We wish to report the synthesis of bis(fulvalene)dimolyb-
denum (1) and its monocarbonyl adduct, bis(fulvalene)di-
molybdenum monocarbonyl (2). The synthesis of 1 utilized an
in situ preparation of the bicyclopentadienide or fulvalene
dianion,? followed by reaction with molybdenum(II) acetate
to yield the dinuclear complex as a slightly soluble, dark red,
air-sensitive solid. This thermally stable compound was puri-
fied® by vacuum sublimation at 250 °C.

Magnetic susceptibility measurements on solid samples from
4 to 300 K indicate that 1 is diamagnetic. The TH NMR
spectrum of 1 exhibited two widely spaced areas® of resonance
(tetrahydrofuran-dg 6 4.22, 6.45) for protons of the bridging
fulvalene ligand, analagous to those observed for bis(fulval-
ene)diiron(II, I1),? bis(fulvalene)dicobalt(III, II1) dication,$
and (n*m3-fulvalene)hexacarbonyldimolybdenum(Mo-Mo).2d
The large chemical shift difference between protons o and 3
to the bridge seems to be associated with a relatively coplanar
disposition of five-membered rings. Both the 'H NMR and
infrared spectra’ of 1 support its formulation as a dinuclear
complex of D,j point group symmetry.

Although the exact mode of ligand bonding and the degree
of metal-metal bonding in this complex are presently unknown,
two extremes warrant discussion. If substitution of molyb-
denum(Il) acetate occurs without lowering the order of its
quadruple bond, as has been found in tetrallyldimolybdenums?
and the octamethyldimolybdate(II) ion,? then the fulvalene
ligand may bond in a bis(biallyl) manner as a bridging
7 ip-ligand. Alternatively, if the fulvalene moiety bonded as
an #:°-bridging ligand and a relatively coplanar disposition
of five-membered rings were maintained, the metal-metal
distance would be approximately 4.0 A.7 The observed di-
amagnetism could then be attributed to either an increase in
d-orbital splitting to yield a 16 electron, e,* configuration for
each molybdenum, or to direct metal-metal exchangel®
(bonding) or ligand propagated exchange.'d:2 Some inter-
mediate geometry involving slippage of metal atoms from the
pseudo-fivefold axis of the rings’® or bending of the bridge
between rings!® might easily allow for a metal-metal double
bond and a closed shell configuration.

In reactions with w-acceptor ligands, 1 behaves as a Lewis
acid. Carbon monoxide at 20 atm reacts with 1 to yield a
slightly soluble, air sensitive, red-brown monocarbonyl ad-
duct,'! 2. In tetrahydrofuran solution, 2 exhibits one sharp
metal carbonyl stretch at 1735 cm~!. The 'H NMR spectrum
at 360 MHz of 2, in Figure 1, exhibits three widely spaced
areas of resonance with well-resolved fine structure. The res-
onances at highest field consist of two multiplets separated by
0.05 ppm, which exhibit splittings that are similar to the
symmetrical five- and six-line patterns of the resonances at
lower field. Homonuclear spin-decoupling experiments clearly
show the spectrum to be that of a completely coupled ABCD
spin system, with coupling constants ranging from 2.9 to 0.8
Hz. In the absence of detailed structural information and
possible magnetic anisotropy introduced by metal-metal
bonding!? as well as the complexity of cross-ring coupling in
unsaturated five-membered rings,'? no assignment of the
spectrum is offered at this time. However, both the 'H NMR
and infrared spectra are consistent with a structure of Co,
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Figure 1, The 360-MHz 'H NMR spectrum of bis(fulvalene)dimolyb-
denum monocarbonyl in 99% tetrahydrofuran-ds. The large peak
marked*, and the shoulder at /ower field are solvent resonances.

symmetry shown in Figure 1, in which there are four symmetry
related sets of nonequivalent protons for each n°-ring, a
metal-metal bond, and a symmetrically bridging carbonyl.
Alternatively, some form of asymmetric bridging carbonyl may
be present in a system undergoing rapid intramolecular ex-
change.

Further synthetic and structural studies are underway in an
effort to define the unique aspects of metallofulvalene com-
plexes, compared to their “parent” metallocenes.

Acknowledgments, Acknowledgment is made to the donors
of the Petroleum Research Fund, administered by the Amer-
ican Chemical Society, and the U.S. Energy Research and
Development Administration for support of this research. High
field TH NMR spectra were obtained at the Stanford Magnetic
Resonance Laboratory which is supported by National Science
Foundation Grant No. GR 23633 and National Institute of
Health Grant No. RR 00711. The technical assistance of Mr.
R. Nunlist is gratefully acknowledged.

References and Notes

(1) (a)D. O. Cowan, C. Levanda, J. Park, and F. Kaufman, Acc. Chem. Res.,
6, 1(1973); (b) C. LeVanda, D. O. Cowan, and K. Bechgaard, J. Am. Chem.
Soc., 97, 1980 (1975); (c) W. H. Morrison, Jr., and D. H. Hendrickson, /norg.
Chem., 14, 2331 (1975); (d) C. LeVanda, K. Bechgaard, D. O. Cowan, U.
T. Mueller-Westerhoff, P. Eiloracht, G. A. Candella, and R. L. Collins, J. Am.
Chem. Soc., 98, 3181 (1976).

(2) (a) W. v. E. Doering, ''Theoretical Organic Chemistry, The Kekule Sym-
posium”’, Butterworths, London, 1959; (b) E. A, Matzner, Ph.D. Thesis, Yale
University, 1958; (c) J. C. Smart and B. L. Pinsky, J. Am. Chem. Soc., 99,
956 (1977); (d) J. C. Smart and C. J. Curtis, Inorg. Chem., submitted for
publication.

(3) Anal. Caled for CyoH1gMo,: C, 53.59; H, 3.60; Mo, 42.81. Found: C, 53.61;
H, 3.61; Mo, 42.90.

(4) The extremely low solubility of this compound and limited availability of
suitable NMR instrumentation has hampered a detailed analysis of its
spectrum; however, such studies are in progress.

(5) F. L. Hedberg and H. Rosenberg, J. Am. Chem. Soc., 91, 1258 (1969).

(6) A. Davison and J. C. Smart, J. Organomet. Chem., 49, C43 (1973).

(7) The infrared spectrum of 1 is qualitatively similar to those of bis(fulval-
enejdiiron (a) and bis(fulvalene)dinickel® in which x-ray crystallographic
studies have established structures of D,, symmetry. One interesting dif-
ference, however, is a relatively large splitting of the C~H stretching band
(¢(CH) 3065, 3030 Nujol mull): (a) M. R. Churchill and J. Wormald, /norg.
Chem., 8, 1970 (1969); (b) J. C. Smart, P. Sharp and B. Pinsky, manuscript
in preparation.

(8) F. A. Cotton and J. R. Pipal, J. Am. Chem. Soc., 93, 5441 (1970).

(9) F. A. Cotton, J. M. Troup, T. R. Webb, D. H. Williamson, and G. Wilkinson,
J. Am. Chem. Soc., 96, 3824 (1974).

(10) Structure determinations of (7°:n5-fulvalene)dititanium complexes con-
taining other bridging groups indicate that the dihedral angle between the
two rings of a fulvalene ligand can be as high as 25.8°. L. J. Guggenberger
and F. N. Tebbe, J. Am. Chem. Soc., 98, 4137 (1976).

(11) Anal. Calcd for Co1H1gMo20: C, 52.96; H, 3.39; Mo, 40.29. Found: C, 52.84;
H, 3.20; Mo, 40.12.

(12) J. San Filippo, Jr., Inorg. Chem., 11, 3140 (1972).

(13) J. W. Emsly, J. Feeney, and L. H. Suitcliffe, "High Resolution Nuclear
Magnetic Resonance Spectroscopy’’, Vol. 2, Pergamon Press, New York,
N.Y., 1966.

James C. Smart,* Calvin J. Curtis

Department of Chemistry and Materials

and Molecular Research Division of the Lawrence Berkeley
Laboratory, University of California

Berkeley, California 94720

Received December 22, 1976

Journal of the American Chemical Society [/ 99:10 /| May 11,1977



