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Summary: The deprotonated form of [(fluorene)FeCp]PFs
functions as an efficient cyclopentadienyliron (CpFe)
transfer reagent to other cyclopentadienyls (Cp’) to give
mixed ferrocenes (CpFeCp'). By using this method,
many new mixed ferrocenes have been prepared, and one
of the mixed ferrocenes has been used to make bi- and
trimetallic compounds.

Due to its high stability and its versatility as starting
material in the synthesis of useful compounds, ferrocene
plays a key role in many areas of research, and
extensive chemistry associated with ferrocene has been
published.! An important advantage of the ferrocene-
containing complexes is that their electron-donor ability
may be fine-tuned by the choice of number and nature
of the substituents.2 Thus, the synthesis of ferrocenes
with tailor-made properties has been a goal for many
synthetic chemists. Many useful synthetic methods
have been published.® However, most of the published
methods are applicable only in special cases.* In fact,
there seems to be a dearth of systematic investigations
into the complexation behavior of substituted cyclopen-
tadienyl ligands because there are no general routes to
synthesize unsymmetrically substituted ferrocenes.

Several years ago, Manriquez et al.5 reported the use
of Cp*Fe(acac) as a Cp*Fe transfer reagent. However,
attempted use of CpFe(acac) as a CpFe transfer reagent
was not successful. The use of [CpFe(p-xylene)]PFs in
ligand exchange reactions to prepare substituted met-
allocenes has been reported,® but in this reaction, the
cyclopentadiene derivatives are limited only to 6-(di-
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methylamino)pentafulvenes. We have screened several
Fe(l) and Fe(ll) complexes as CpFe transfer reagents.
Among the compounds which we have screened, CpFe-
(5-oxocyclohexadienyl) and CpFe(naphthalene)™ have
some marginal utility. Only sometimes are they suc-
cessful in transferring the CpFe moiety. However, the
deprotonated form of [CpFe(fluorene)] PFg can be ap-
plied very successfully to transfer of the CpFe moiety
in most cases. Several years ago, the thermal and
electron-transfer-induced isomerization of Fe(y5-fluor-
enyl)(#°-CsHs) were reported.” In this communication,
we demonstrate the usefulness and the scope of the
CpFe transfer reaction using the deprotonated form of
[CpFe(fluorene)]PFs.

[CpFe(fluorene)]PF¢ (1) was synthesized by a known
route.® Treatment of 1 with t-BuOK in THF generated
the deprotonated fluorene iron complex 2, which has
been reported earlier by Treichel and Johnson.® When
2 was treated with hydrocarbon-substituted cyclopen-
tadienides, mixed ferrocenes were obtained in reason-
able to high yield (eq 1).2° The scope of the substituted
cyclopentadienides can be seen in Table 1.11
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Several results presented in Table 1 are worthy of
comment. (1) This synthetic route is quite generally
applicable to the synthesis of mixed ferrocenes bearing
hydrocarbon substituent(s). (2) This route is quite
efficient and produces moderate to high yields. Moise
and Leblanc!! reported the formation of 11 by refluxing
a solution of FeCl, with NaCp and the anion from
6-methyl-6-phenylfulvene in THF for 2 days. However,
they obtained 11 in only 11% yield. By using the CpFe
transfer reaction, 11 was obtained in 81% yield. (3) The
reaction is quite straightforward, and therefore, the
products are easily separated in pure form. In most
cases, byproducts were ferrocene and fluorene. (4) The
successful conversion of 6 to 7 demonstrates the utility
of this new synthetic route for the preparation of
bimetallic 1,1-diferrocenylethylene. The low yield of 7
was due to its partial decomposition during column
chromatography on silica gel. After isolation, 7 can be
stored in the freezer for several days. Compound 7
cannot be obtained by other routes. (5) Substituted
cyclopentadiene derivatives used in this study were
easily obtained from readily available organic com-
pounds. Most of the cyclopentadiene derivatives used
in this study were known or could be easily synthesized.
(6) Multigram quantities of mixed ferrocenes can be
obtained.’? Thus, the route described in this report is
quite useful from a synthetic point of view.

At present we have no conclusive mechanism to
explain the formation of mixed ferrocenes. However, it
is well-known that arene ligands in (arene)FeCp*
cations are readily displaced by other ligands®1314 due
to their stability in the free state and the longer bond
length®> of Fe to the arenes compared to the cyclopen-
tadienyl ligands. Thus, we expected that for 2 a ring
slippage and ring displacement by a 2e or 6e nucleophile
may be possible without difficulty. As we expected,
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was separated and purified. The yield based on 2 was 81% (6.10 g).
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Table 1. Yields of Mixed Ferrocenes

entry Cp anions product isolated yield(%)
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a An isomeric mixture.

treatment of 2 with P(OMe); in THF led to a ligand
exchange to yield CpFe{P(OMe)s}3".1® The reaction
may involve the nucleophilic substitution by Cp’ anion
with a concomitant ring slippage and, finally, ring
displacement and the liberation of fluorene and forma-
tion of CpFeCp’. A similar interpretation has been
presented to explain the formation of [(arene)M(CO)3]"*
(M=Cr,n=0;, M= Mn, n=1) in the reaction of
[(naphthalene)M(CO)3]"* or (N-methylpyrrole)Cr(CO)3;
with arenes.®

(13) (a) Gill, T. P.; Mann, K. R. J. Organomet. Chem. 1981, 216, 65.
(b) Lee, C. C.; Gill, U. S;; Igbal, M.; Azogu, C. I.; Sutherland, R. G. J.
Organomet. Chem. 1982, 231, 151. Compounds 2 (generated in situ
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dissolved in 20 mL of THF. The solution was heated at reflux for 5 h
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was added to the reaction mixture to provide a suitable counteranion.
The resulting solution was concentrated and the product precipitated
by adding an excess of Et,0. The precipitates was filtered, recrystal-
lized from CH,CI,/Et,0, and dried. The product was obtained in 71%
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that reported by Gill and Mann.132 FAB mass (M*): m/z 493.
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One of the ways to prepare bi- and polymetallic
compounds is through the utilization of a compound
having cyclopentadienyl or phenyl rings.l” Thus, we
expected that 5 could be used to make bi- or trimetallic
compounds. Reaction of 5 with Cr(CO)s gave 15 and
16 in 18% and 62% vyields, respectively (eq 2).18

n-BupO / THF , A

5 + Cr(CO)g ”
Cr(CO),s Cr(CO),
),
X S + (2)
8% ' &%
15 16

The molecular structure of 16 was studied by X-ray
crystallography (Figure 1).1° At first, we expected that
the two Cr(CO); moieties would be in syn arrangement.
However, the two Cr(CO); moieties are in anti confor-
mation presumably due to steric congestion. To reduce
the steric congestion between the two Cr(CO); moieties,
the two phenyl groups are not in the same plane as the
cyclopentadienyl ring. Recently, we and our collabora-
tor?® reported the control of ligand substitution and
addition to (arene)Cr(CO)3; complexes by attachment of
a self-closing redox-switch ferrocenyl group. We expect
that 15 and 16 will show similar chemical behavior.
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Figure 1. ORTEP drawing of 16 with the atomic number-
ing. Selected bond distances (A): Fe—C(1), 2.049(4); Fe—
C(3), 2.042(4); Fe—C(4), 2.024(4); C(1)—C(2), 1.445(5); C(2)—
C(3), 1.419(6); C(3)—C(4), 1.414(6); C(1)—C(11), 1.476(5).
Selected bond angles (deg): C(1)—C(2)—C(3), 107.1(3);
C(1)—C(5)—C(4), 108.9(4); C(2)—C(1)—C(5), 106.9(3); C(1)—
C(2)—C(17), 125.7(3); Cr(1)—C(03)—0(03), 179.5(3).

The synthetic method described in this communica-
tion is generally applicable to the synthesis of mixed
ferrocenes. In particular, it will be very useful for the
construction of mixed ferrocenes suitable for the syn-
theses of charge-transfer complexes and thermotropic
liquid crystals.?! The physical studies of the biferrocene
compound 7 and the heterobimetallic compounds 15 and
16 are in progress.
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