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Summary: A cationic rhenocene-acetonitrile adduct
[Cp2Re(NCMe)](BF4) (2) reacted with an excess of ben-
zene and thiophene under UV irradiation to give the
C-H bond activation products [Cp2Re(H)Ph](BF4) (6)
and [Cp2Re(H)(2-C4H3S)](BF4) (7) in high yields. Depro-
tonation of 6 proceeded by treatment with DBU to give
phenylrhenocene Cp2RePh (8), while protonation of 8
with HBF4 regenerated 6.

The chemistry of rhenocene derivatives is distinctly
less-developed than that of other transition-metal met-
allocene derivatives.1,2 Particularly, very little has been
investigated about the generation and reactivity of the
16e rhenocene cation [Cp2Re]+,1k although it is isoelec-
tronic and isostructural to tungstenocene Cp2W, which
is well-known to be highly active toward C-H bond
activation.3 In the course of our research on the
synthesis and reactivity of cationic metallocenes,4 we
became interested in the difference in the reactivity
between Cp2W and [Cp2Re]+ originating from the dif-
ference of their electron richness and charge. Here, we
report a new convenient synthesis of a cationic rhenocene
derivative [Cp2Re(NCMe)](BF4) having acetonitrile as
a labile ligand, its thermal reactions with some nucleo-
philes, and activation of the C-H bond of benzene and
thiophene under photolytic conditions.

Photolysis of [Cp2Re(H)2](BF4) (1)5 in MeCN with a
medium-pressure mercury lamp caused gas evolution
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and afforded [Cp2Re(NCMe)](BF4) (2)6 as moderately
air- and moisture-stable red crystals in 93% isolated
yield (eq 1).

This reaction is considered to proceed through pho-
toinduced reductive elimination of H2 generating the
rhenocene cation [Cp2Re]+, which is then attacked by a
solvent molecule to give 2. Surprisingly, although [Cp2-
Re(H)2]+ is known as the oldest metallocene poly-
hydride,1b to our knowledge, there has been no report
on the photolysis of [Cp2Re(H)2]+.

The 1H NMR spectrum of 2 in acetone-d6 shows two
singlets at δ 2.67 and 5.00 ppm assigned to the
coordinated MeCN and the Cp ligands, respectively.
This large downfield shift of the signal of the acetonitrile
ligand compared to that of free acetonitrile (δ 2.03 ppm)
is rationalized by its binding to a cationic metal center.4

The acetonitrile ligand in 2 is labile and can be easily
replaced by other ligands. Thus, 2 reacted with PPh3,
t-BuNC, or PhCtCH slowly at room temperature and
resulted in substitution of the acetonitrile ligand with
the nucleophile to yield [Cp2Re(PPh3)](BF4) (3), [Cp2-
Re(CNtBu)](BF4) (4), and [Cp2Re(η2-PhCtCH)](BF4) (5),
respectively, in 71-88% yields (eq 2).

Complex 2 did not react with benzene or thiophene
thermally at room temperature, but under UV irradia-
tion, 2 reacted with an excess of benzene to afford the
hydrido(phenyl)rhenocene cation [Cp2Re(H)Ph](BF4) (6)
in 88% yield.7 Similarly, photolysis of 2 in the presence
of excess thiophene yielded the 2-thienyl complex [Cp2-
Re(H)(2-C4H3S)](BF4) (7) in 80% yield (eq 3). To our
knowledge, these are the first examples of intermolecu-
lar C-H bond activation by a rhenocene derivative.8

Selective activation of the C-H bond of thiophene is
rare.9

The 1H NMR spectrum of 6 in acetone-d6 shows two
singlets at δ -12.23 and 5.75 ppm assigned to the
hydrido and Cp ligands, respectively, together with the
signals of the phenyl group. A variable-temperature 1H
NMR study (300 MHz, acetone-d6) of 6 showed the
existence of hindered rotation around the Re-Ph bond:
The signals of the ortho protons, which appeared as two
sharp doublets at 250 K, broadened on warming and
coalesced at 296 K. The ∆Gq

296K was estimated by
coalescence-point method to be 60 kJ mol-1.

The kinetic isotope effect (KIE) was measured from
photolysis of the acetone solution of 2 in the presence
of an excess of a 1:1 mixture of C6H6 and C6D6 at 3 °C.
The ratio of 6/6-d6 after 45 min of irradiation was
determined by 1H NMR to be 1.09:1. Thermal or
photochemical interconversion between 6 and 6-d6 is
negligible under the conditions (vide infra), so that this
ratio reflects the KIE for arene complexation. This
small value indicates that the C-H bond breaking is
not the rate-limiting step. This value is close to that
for the secondary isotope effect observed by Jones and
Feher in the precoordination of benzene to form an η2-
C6H6 complex for the reaction of Cp*Rh(PMe3) with
benzene (kH/kD ) 1.05).10 Therefore, it is suggested that
the reaction of 2 with benzene also proceeds through
the π-coordination of benzene as a rate-limiting step
followed by the insertion of the rhenium fragment into
a C-H bond.

Complex 6 was thermally stable in the solid state but
gradually decomposed in acetone-d6 at room tempera-
ture. In the presence of 1 equiv of MeCN, the amount
of 6 decreased slowly at room temperature and gave 2
in ca. 80% yield after 2 days. Furthermore, in the
presence of excess C6D6, 6 was converted to [Cp2Re(D)-
(C6D5)](BF4) (6-d6) quantitatively over 3 days at room
temperature with formation of C6H6. This reaction was
not particularly accelerated by photoirradiation. These
observations suggest that reductive elimination of ben-
zene from 6 occurs slowly in solution. The rate of the
elimination of benzene is much slower than that of
alkane from the hydrido(alkyl) derivatives, [Cp2Re(H)-
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(R)]+ (R ) Me, Et, benzyl, etc.), that occurs at ca. -30
°C, even in the solid state.1u Owing to this moderate
stability of 6 and facile elimination of benzene from it,
6 could become a convenient precursor of the 16e
rhenocene cation [Cp2Re]+.

Because of the cationic character, 6 was readily
deprotonated by DBU to give phenylrhenocene Cp2RePh
(8) in 70% yield. This reaction is reversible, and the
protonation of 8 with HBF4 regenerated 6 in 85% yield
(eq 4).

The 1H NMR spectrum of 8 in C6D6 shows one singlet
at δ 3.97 ppm and two multiplets at ca. δ 8.98-7.09 and
8.05-8.08 ppm assigned to the Cp and phenyl groups,
respectively. Although the solvent is different, the
extremely large upfield shift of the Cp signal of 8
compared to that of cationic 6 (∆δ ) 1.78 ppm) is
apparently due to the charge difference.

The C-H bond activation by cationic transition-metal
complexes has been investigated recently,11-13 but most
reactions gave organometallic complexes without M-H

bonds directly, and no intermediate which keeps a
hydrogen on the metal center has been isolated. In this
work, we demonstrated that the rhenocene cation [Cp2-
ReIII]+ is electron rich enough to undergo oxidative
addition of benzene to give [Cp2ReV(H)Ph]+ and the
latter complex is acidic enough for deprotonation to give
[Cp2ReIIIPh]. These two steps can become a part of-
transition-metal-mediated functionalization of hydro-
carbons, and are now under investigation.
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