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Summary: A new class of triple- and quadruple-decker
complexes of iron and cobalt derived from pentalene was
prepared. The triple-deckers are prepared through the
reaction of the bis(hydropentalenyl)iron monolithium salt
2 with Cp*M(acac) (M = Fe, Co). Two types of iron
quadruple-deckers were also prepared, the first through
the reaction of 2with Fe(acac),, and the second through
thereaction of 3with n-butyllithium followed by Cp*Fe-
(acac).

There has been a great interest in the synthesis and
properties of one-dimensional organometallic polymers
based on sandwich compounds due to their potential

applications as advanced materials.! The possibility that.

polymers derived from transition-metal complexes of
pentalene (Chart I) might show interesting electrical and/
or magnetic properties associated with electron delocal-
ization and electronic cooperative interactions in odd
electron systems has motivated us to prepare several model
monomers related to such polymers and examine their
properties (Chart II).

Of particular relevance for the Cp*M(pentalene)M’'Cp*
(Cp* = #5-CsMe;) mixed valence derivatives are the results
of the X-ray studies, which show equivalent metallic
centers,? and 5"Fe Mossbauer spectroscopic studies, in-
dicating full delocalization for the monocationic system
[Cp*Fe(pentalene)FeCp*]1*BF - over the entire range 1.5~
300 K3

Since one approach to the design of electrically con-
ducting metallocene-type polymers is that the require-
ments for the desired electrical properties are inherent to
the individual molecules, the species shown in Chart II
can be envisioned as the subunits of a potential one-
dimensional conducting material. In this context, the
synthesis of dimeric, trimeric, and oligomeric metallocene-
type complexes have attracted increasing interest.+®

Along this line, we wish to report a synthetic route to
iron and cobalt triple- and quadruple-decker complexes
derived from pentalene, which can be considered as small
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Chart I. Hypothethical One-Dimensional Structure
of a Pentalene Transition-Metal Polymer

8g. “

M = Fe, Co, Ni

Chart II.
Bis[pentamethylcyclopentadienyl)metal]pentalene
Complexes

segments and/or the building blocks of a polymer of the
type shown in Chart L.

The reaction of bis(thydropentalenyl)ironl®(1, 1 equiv)
with n-butyllithium (1.6 M in hexanes, 1 equiv) generates
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spectively. Complexes 8 and 4 are obtained after removal
of the solvent under vacuum and extraction with hexane
to remove insoluble Li(acac), followed by crystallization
from hexane (Scheme I).12

Although 4 is paramagnetic, it can be conveniently
characterized through the H- and 13C-NMR spectra of
the oxidized derivative 5, isoelectronic with 3, obtained as
dark blue crystals after oxidation with ferrocenium

tetrafluoroborate (eq 1), precipitation of the salt with
diethyl ether to remove ferrocene, and crystallization by

ether/dichloromethane diffusion.
: i + -
BF4

Co Co
CHZC!
+ (W5.CoHs)oFe]*BFy — s @@ 9]
Fe Fe

4 S

Compound 3 (1 equiv) reacts with n-butyllithium (1.6
M in hexanes, 1 equiv) and subsequently with Cp*Fe-
(acac) (1 equiv) to afford the quadruple-decker complex
(Cp*Fe)s[(CgHg)oFel (6) (eq 2) in 51% yield as a brown

e
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microcrystalline powder after removal of the solvent under
vacuum, extraction with hot hexane, followed by slow

(12) All new compounds were characterized by NMR (except 4, which
is paramagnetic, and 7, which is discussed in the text), IR, and mass
spectra and by elemental analysis (see the supplementary material).
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crystallization from hexane. Complex 6 is very air sensitive
but thermall stable at 110 °C (boiling toluene).
Interestingly, compound 2 (2 equiv) reacts with bis-
(2,4-pentanedionato)iron(II),!113 Fe(acac)z (1 equiv), to
afford the quadruple-decker compound [(CgH7)Fels-
[(CsHg)oFel (7) (eq 3) in 40% yield after removal of the
solvent under vacuum, extraction with hot toluene, and

crystallization from boiling toluene.

THF
2 Fe + Fe(acac),

(3)

78-’20"

2

Compound 7 is isolated as a green crystalline powder,
which is very air sensitive but thermally stable. The
structure of 7 was assigned on the basis of elemental
analysis, its infrared spectrum, which isremarkably similar
to that of 11415 and shows a strong absorption at 718 cm-!,
probably due to an olefin C-H out of plane vibration,!5
and its mass spectrum, which is expected to be consistent
with that of 1. Indeed, the mass spectrum of 7 shows
clearly the molecular ion peak and the most important
fragmentations (peaks of greater intensity than 20% of
the base peak) are the same as those observed for 1.18
Unfortunately, due to the low solubility of 7 (about 400
mg/L in boiling toluene), we have as yet not been able to
get 1H- and 13C-NMR spectra.

Ascompound 6 is a convenient model to see if detrapping
is still operating in systems with more than two metal
centers, the quadruple-decker complex 7 represents, in
principle, a convenient building block for organometallic
species derived from pentalene. Also, it seems plausible
that by changing the metal in eqs 2 and 3, a number of
other heterometallic derivatives could be synthesized.

Further study to examine this possibility and to de-
termine the degree of delocalization in the trinuclear
species described is now in progress.
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