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Abstract

Convenient syntheses of the ferrocene-based fulvalene-bridged heterobimetallic complexes [(n-CsHs)Fe(u-n : n-
C H,C,R,IM(CO),(n-C3;H )] (M =Mo or W; C,R,, = 1-indenyl, C;Me, or CsH,Me,) are described.
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1. Introduction

Investigations of homobimetallic molecular species
of the general type [L,M(p-bridge}ML, ] have been
very fruitful for the understanding of electron transfer
and charge delocalisation phenomena [1-3]. Many in-
organic and organometallic examples of such species
have been described since the complexes [(NH,)s-
Ru"(u-pyrazine)Ru™(NH,);°* [4] and [(n-CsHs)-
Fe''(p-n : n-C,,Hg)Fe" (n-CsHJ)] [5] first appeared.
Considerable progress has been made in extending the
range of Class II and III [6] mixed-valence homo-
bimetallic organometallic complexes, and most effort
has been focused on complexes which use one or two
fulvalenyl (C,,H,) or biphenyl (C,,H,,) ligands (or
derivatives thereof) to bridge the two metal centres
[1e-h,2].

Comparatively fewer studies of electronic coopera-
tivity in heterobimetallic complexes have been re-
ported. In 1981 Taube and coworkers showed, for the
first time, that weakly-coupled heterobimetallic, ‘mixed
valence’ ions could be prepared by using the ferrocenyl
[{(n-CsHs)Fe(n-CsH,)}, “Fc”] fragment as one of the
metal centres [7]. Subsequently, a range of Fc-based
heterobimetallic complexes has been described [8].
However, in contrast to the situation for homobimetal-
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lic systems, in the case of heterobimetallic complexes
non-fulvalenyl linkages have almost exclusively been
employed to connect the Fc unit to the second metal
centre. Furthermore, the small number of hetero-
bimetallic complexes that do contain a Fc moiety linked
to another metal centre through a fulvalene-type bridge
are, with one exception, of the bis(metallocene) type
[9). The paucity of compounds of the type [(7-
C;H )Fe(p —n:1m-C;H,C, R, )ML ] is acknowledged
to reflect the lack of suitable synthetic routes to these
compounds [10]. Such heterobimetallic complexes are
nevertheless attractive targets, since the ferrocenyl unit
has well-behaved redox properties and is chemically
robust, while the redox potential and donor/ acceptor
properties of the second metal centre {ML,} may be
varied by changing L and/or M. We report here a
convenient synthesis of a series of ferrocene-based
fulvalene-bridged compounds of the type [(n-CH)-
Fe(p-n:n-C;H,C,R,)ML,]; where ML, = Mo(CO),-
(n-C3Hj5) or W(CO),(n-C3Hy).

2. Results and discussion

Plenio has recently described the synthesis of the
ferrocene-substituted dimethylcyclopentadiene and 1-
indene complexes, [(n-CsHs)Fe(n-CsH,CsH;Me,)]
(1) and [(n-CsH()Fe(n-CsH, IndH)] (2; Ind = 1-
indenyl) [10a]. By analogy we have prepared the 2-fer-
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Scheme 1. (i) CsOMe,H,, Et,0, 18 h then HCl(aq), 25%; (ii) "BuLi
(1.6 M), Et,0, 1 h, 86%.

rocenyl-1,3,4,5-tetramethylcyclopentadiene (major iso-
mer) derivative [(n-CsH)Fe(n-CsH,CsHMe )] 3) [11]
from lithioferrocene [12] and 2,3,4,5-tetramethylcyclo-
pentene-1-one [13] in ca. 25% yield (see Scheme 1).
The lithio-salts of 1-3, namely Li[(n-CsHs)Fe(n-
C,H,C;H,Me,)] (Li-1), Li[(n-CsHs)Fe(n-CsH ,Ind)]
(Li-2) [10a] and Lil(n-CsH s)Fe(n-CsH ,C Me,)] (Li-3)
[11] are readily obtained in gram quantities as weigh-
able solids by treating hexane or Et,O solutions of the
corresponding diene with n-butyllithium. The com-
pounds Li-1-Li-3 are useful precursors to ferrocene-
based, fulvalene-bridged heterobimetallic complexes.

Reaction of Li-3 with [MoBr(n-C;HXMeCN),-
(CO),] [14a] in THF gave, after chromotography on
alumina, the 2,3,4,5-tetramethylfulvalene-bridged Fe—
Mo heterobimetallic complex [(n-CsH)Fe(u-n:n-
C;H,CsMe,)Mo(CO),(n-C3H,)] (4) in 15% vyield (see
Scheme 2). Similarly, reaction of Li-1 and Li-2 with
[MoBr(n-C;H)MeCN),(CO),] or [WCI(n-
C;HXMeCN),(CO),] [14b,c] gave the corresponding
Fe-Mo or Fe-W analogues [(n-CsHs)Fe(u-n:7-
C;H,CsH,Me, )M(CO),(n-C;H)] M =Mo, 5; M =
W, 6) and [(n-CsH)Fe(p-n : n-CsH,Ind)M(CO)(n-
C;H)l (M = Mo, 7; M =W, 8). The spectroscopic data
for 4-8 are consistent with their being the exo-allyl
isomers depicted in Scheme 2. Monomeric analogues
of 4-8, namely [(1-CsR s)M(CO),(n-C;R5)] (M = Mo,
W) have been reported previously [15].

{MoBr(n-C3Hs)(MeCN)5{CO);} or [WCI(n-C3Hs)(MeCN)2(CO),)
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Scheme 2. (i) Lil(n-CsHs)Fe(n-CsH CsMe,)) (Li-3), THF, 18 h,
15%; (ii) Lil(n-CsH)Fe(n-CsH,CsH,Me,)] (Li-1), hexane, 0.5 h,
70%; (iii) Li[(n-CsH 5)Fe(n-CsH ,Ind] (Li-2), hexane, 0.5h, 25%.

Fig. 1. caMERON thermal ellipsoid plot (30% probability) of [(n-
CsHg)Fe(p-n:1-CsH,Ind)M(CO)(n-C;H;)] (7). Hydrogen atoms
omitted for clarity. Selected distances (A): Fe(1)-Cp .ny 1.64,
Fe(1)-Cpeenyay 1.64, MO(1)~Cponsy 2.04, Mo(D)-C(1) 1.940(4),
Mo(1)-C(2) 1.929(3), Mo(1)-C(3) 2.337(4), Mo(1)-C(4) 2.196(4) and
Mo(1)-C(5) 2.3294) where Cpenyrys CPeeni2) aNd CPepyay Tefer to
the computed centroid for the Fe(n-CsH;), Fe(n-CsH,) and Mo(C
ring of Ind) ring carbons respectively.

Recrystallisation of [(n-CsHs)Fe(u-n : n-CsH JInd)-
Mo(CO),(n-C3H,)] (7) from hexane afforded single
crystals suitable for an X-ray diffraction analysis [16].
The molecular structure of 7 shown in Fig. 1 supports
the solution state structures proposed for 4-8 and
reveals the presence of mutually trans {(n-C;H)Fe}
and exo-{Mo(CO),(n-C;H,)} fragments linked by a
planar u-n:7-CsH,Ind unit. The computed torsion
angle between the normals to the C;H, and indenyl C,
ring least-squares planes is 2.8°, confirming the copla-
narity of the n-C;H, and n-Ind rings. All other angles
and distances about the Fe and Mo centres are as
expected from comparison with unimetallic complexes
of the type [Fe(n-CsR),] [17] and [(n-C;RM(CO),-
(7-C3;HYI (R =H, M = Mo; R = Me, M = W), respec-
tively [15b,c]. A preliminary crystal structure determi-
nation [18] for [(n-CsH)Fe(u-n : n-CsH,C,-
Me ,)Mo(CO),(n-C;H;)] (4) also shows the basic struc-
tural motif of mutually trans {(n-C;H)Fe} and exo-
{Mo(CO),(n-C;H,)} fragments in 4-8.

It is interesting to compare the solution v(CO) IR
data for the Mo-Fe heterobimetallics [(1-CsH)Fe(u-
1 : n-CsH,CsMe, )Mo(CO),(n-C; Hy)] 4; »(CO) =
1932, 1846 cm™") and [(n-CsH)Fe(u-n : n-CsH Ind)-
Mo(CO),(n-C;H,)] (7; 1944, 1861 cm~!) with those
for the molybdenum monomers [(1-CsMes)Mo(CO),-
(n-C3Hj)] (9; n(CO)=1931; 1845 cm™') [15e} and
[(n-CoH;)Mo(CO),(n-C;H,)] (10; »(CO) = 1945, 1862
cm~') [15a]. The negligible differences in frequency
between the pairs of v(CO) bands for 4 and 9 and
between those for 7 and 10 imply that there is little
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‘leakage’ of electron density between Fe and Mo in the
ground state of the complexes 4-8. The apparent in-
ductive effect of the {(n-C;H)Fe(CsH,)} substituent
on the Mo-bound ring is qualitatively about that of a
single H atom or Me group. The v(CO) values for the
compounds 4 (v(CO) = 1932, 1846 cm™'), 5 (:(CO) =
1936, 1851) and 7 (»(CO) = 1944, 1861 cm ™~ !)] suggest
that new ligands (n-CsH)Fe(C;H,C,R,,) should, by
selection of the appropriate {C,R,} fragment, allow
the electron density (and hence E, ;) at the second
centre to be tuned in other complexes of the type
[(n-CsHFe(u-n:n-CsH,C,R,,JML, ]. Electrochem-
ical studies of the heterobimetallic complexes 4-8 are
in progress.
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