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ABSTRACT

The Friedel�Crafts reaction of (η4-tetraphenylcyclobutadiene)(η5-carbomethoxycyclopentadienyl)cobalt with acid chlorides/aluminum chloride
resulted exclusively in para-phenyl acylation. Both monoacylated (1.1 equiv of RCOCl/AlCl3) and tetraacylated products (>4 equiv of RCOCl/AlCl3)
were synthesized. Reaction of PhCC(o-RC6H4) (R = Me, i-Pr) with Na(C5H4CO2Me) and CoCl(PPh3)3 gave predominantly (η4-1,3-diaryl-2,4-
diphenylcyclobutadiene)(η5-carbomethoxycyclopentadienyl)cobalt metallocenes (1,3-[trans] vs 1,2-[cis] selectivity up to 6:1). Conformational
control of Friedel�Crafts reactions on the major isomers gave exclusively para-acylation of the unsubstituted phenyl groups.

(η4-Tetraphenylcyclobutadiene)(η5-cyclopentadienyl)-
cobalt 1 is an air and moisture stable metallocene readily
synthesized from diphenylacetylene (Scheme 1).1 The size
and geometry of 1, together with the relatively electron-
deficient cyclopentadienyl ring, differ from ferrocene and

have resulted in a number of specific applications. Exam-
ples include the use of 1,2-disubstituted planar chiral
derivatives of 1 as reagents and catalysts in asymmetric
synthesis,2 and the incorporation of cobalt metallocenes
into dendrimers,3 square-grid monomers,4 and molecular
rotors5 and gears.6 Some of these studies have employed
tetraaryl derivatives of 1, readily synthesized from the
corresponding diarylacetylene.3,4,7
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The generation of differentially substituted aryl deriva-
tives is significantly more challenging. For example, reac-
tion of diphenylacetylene, 4-bromodiphenylacetylene, and
(η5-cyclopentadienyl)cobaltdicarbonyl resulted in an es-
sentially statistical mixture of the four expected metallo-
cenes, and thus a low yield of the metallocene required, in
this instance, (η4-4-bromophenyltriphenylcyclobutadiene)-
(η5-cyclopentadienyl)cobalt (25%).5 In thisLetterwe report
onaFriedel�Crafts substitutionmethod for the synthesis of
monoaryl and tetraaryl derivatized cobalt metallocenes and
a stereoselective complexation method for the synthesis of
isomers containing a 1,3-[trans] arrangement of substituted
aryl groups attached to the η4-cyclobutadiene ligand.
In contrast to ferrocene, cobaltmetallocene 1 is a very poor

substrate for Friedel�Crafts substitution, and attempts to
perform this reaction on 1 have been reported to result in only
a traceamountofcyclopentadienyl ringacylatedproduct.1b In
our hands, heating 1 at reflux with 1.1 equiv each of acetyl
chlorideandaluminumchloride inCHCl3 for2hresultedonly
inmetallocenedecomposition.Wereasoned that thismightbe
prevented by deactivation of the metallocene by introduction
of an ester group on the cyclopentadienyl ring resulting in
selective Friedel�Crafts substitution of a phenyl group.
Friedel�Crafts reaction of cobalt metallocene 28 under

the same conditions resulted in a 1:4.6:1 ratio of 2, 3a, and
diacylated products respectively. Themajormonoacylated
para-substituted product 3a was isolated in 68% yield by
chromatography, with no trace ofmonosubstituted regioi-
somers (Scheme 2). The disubstituted products, which can
be either cis or trans, were obtained as a 2:1 ratio of para-
substituted isomers revealing the absence of stereoselectiv-
ity in the second substitution reaction. This monosubstitu-
tion methodology was extended to the introduction of
benzoyl and para-bromobenzoyl groups to give 3b and
3c respectively, the bromine substituent of the latter pro-
viding an additional handle for further functionalization.
The complete control of para-regioselectivity observed

in these monoacylation reactions gave us the confidence to
investigate tetraacylation. Use of 8 equiv each of acetyl
chloride and aluminum chloride and an extended 16 h
reaction time resulted in the generation of a single major

product, with 1H NMR spectroscopy revealing only trace
amounts of other acylation compounds. Following chro-
matography, tetra-para-acetyl substituted metallocene 4a
was isolated in 71% yield (Scheme 3). Use of benzoyl
chloride and para-bromobenzoyl chloride similarly re-
sulted in tetraacyl products 4b and 4c, with the latter
requiring a longer 48 h reaction time. The structure of 4b
was confirmed by X-ray crystallography (Figure 1). Steric
prevention of ortho-substitution results in the selective
formation of just one of the six possible tetraacyl isomers.

Scheme 1. Synthesis of Cobalt Metallocenes 1 and 2 Scheme 2. Mono-Friedel�Crafts Acylation of 2

Scheme 3. Tetra-Friedel�Crafts Acylation of 2

Figure 1. Representation of the X-ray structure of tetrabenzoyl
substituted metallocene 4b.
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An alternative strategy to direct substitution was em-
ployed to generate selectively one of the two possible trans
or cis disubstituted aryl isomers. Previous attempts to
synthesize an analogue of 2 derived from di(ortho-tolyl)-
acetylene were unsuccessful,9 suggesting the unfavorable
arrangement in these metallocenes of contiguous ortho-
substituted aryl groups. Using this observation as the basis
of a stereoselective synthesis, the reaction of (ortho-tolyl)-
phenylacetylene 5a under the standard conditions for
cobalt metallocene formation8 resulted in a 2.5:1 ratio of
stereoisomers 6a (Scheme 4). Purification of the major
isomer was achieved by recrystallization from CH2Cl2/
hexane, and the trans stereochemistry was confirmed by
X-ray crystallography. Use of (ortho-isopropylphenyl)-
phenylacetylene 5b in the same complexation procedure
resulted in an increase in selectivity to 6:1, with pure
trans-6b being obtained by a single recrystallization, and
the structure was confirmed by X- ray crystallography
(Figure 2). The distance between the two isopropyl
methine carbons is only 3.952 Å revealing that accommo-
dation of the additional methyl groups of tert-butyl ortho-
substituents would require a significant distortion. This
was therefore not attempted.
The trans-stereochemistryof themajor isomerof6aand6b

is in agreement with a study on the use of mixed disubsti-
tuted acetylenes for the synthesis of η5-cyclopentadienyl-
(triphenylphosphine)cobaltacyclopentadienes, with the
isomer distribution being controlled by the steric require-
ment of the acetylene substituents.10 Related coordinatively
unsaturated cobaltacyclopentadienes are intermediates in the
synthesis of tetraphenylmetallocenes 1 and 2.7 Thus the
formation of trans-6a/b proceeds via oxidative cyclization of
bis(η2-alkyne) complex 7 to give cobaltacyclopentadienyl 8
followedbyreductiveelimination/η4-coordination (Scheme5).

The X-ray crystal structure of 6b also reveals a signifi-
cant difference in the conformation of the substituted and
unsubstituted aryl groups; the former lies nearly perpendi-
cular to the cyclobutadiene ring, and the latter almost
coplanar (Figure 2). It was anticipated that orbital overlap
between the phenyl substituents and the η4-cyclobuta-
diene/cobalt moiety in metallocenes trans-6a/b would sig-
nificantly increase the susceptibility of the phenyl groups
toward Friedel�Crafts acylation. Although σp

þ for (η4-
C4Ph3)Co(η

5-C5H4CO2Me) is not known, a high σp
þ value

of �0.65 has been determined for the ferrocenyl
substituent,11 a value similar to that of the methoxy
group (σp

þ=�0.78) and consistent with the stability of R-
ferrocenylcarbenium ions.12 In the same manner, a cobalt
metallocene substituent will activate a conjugated phenyl
group toward electrophilic substitution, overriding the
weaker activation of the nonconjugated o-tolyl groups by
the methyl substituent (σp

þ = �0.31). Indeed, reaction of
6a with 1.1 equiv of acetyl chloride/aluminum chloride
resulted exclusively in para-phenyl substitution to give
9a (Scheme 6), and on use of 2.1 equiv of the reactants,
the double para-phenyl substituted product 10a was

Scheme 4. Stereoselective Metallocene Formation

Figure 2. Representation of the X-ray structure of trans-6b.

Scheme 5. Stereoselective Metallocene Formation
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obtained with no acetylation of the o-tolyl groups. The
iso-propyl substituted congener 6b also reacted with
the same level of conformational control to givemonoacetyl
derivative 9b (1.1 equiv ofMeCOCl/AlCl3) and the di-para-
acetyl derivative 10b (2.1 equiv of MeCOCl/AlCl3).

In conclusion, the Friedel�Crafts reaction of (η4-tetra-
phenylcyclobutadiene)(η5-carbomethoxycyclopentadienyl)-
cobalt 2 results in exclusive para-substitution of the
phenyl groups enabling the efficient synthesis of mono-
and tetrasubstituted cobalt metallocenes. Synthesis of a
related cobalt metallocene by cyclodimerization of (ortho-
isopropylphenyl)phenylacetylene results in a trans/cis selec-
tivity of 6:1, with the major isomer undergoing conforma-
tionally controlled mono- or di-para-phenyl Friedel�Crafts
acylation.The conformational selectivity aswell as regio- and
stereoselectivity illustrated in this work, coupled with the
synthetic versitility of the cyclopentadienyl ester substituent,7

will permit access to a variety of substituted cobalt metallo-
cenes for application in catalyst and materials synthesis.
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