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Alkanes are among the most abundant and unre
active species in organic compounds. In industry 
free-radical activation of carbon-hydrogen bonds is 
often utilized at high temperatures, thereby limiting 
the selectivities in functionalization reactions. 
Therefore, it has been of great interest to achieve 
the selective carbon-hydrogen activation by the 
appropriate transition metal compounds.1 Only a 
few transition metals among the metal complexes 
have been observed to insert C-H bonds in satu
rated hydrocarbons through an oxidative addition 
mechanism. Of those, complexes of rhodium and 
iridium are found effective for that purpose.

In 1982, Bergman and Janowicz found that dihy- 
dridoiridium(III)complex (1) undergoes intermolec- 
ular oxidative addition to single C-H bonds in 
saturated hydrocarbons in high yield in homoge
neous solution under UV irradiation as shown in 
Scheme 1.2

Here, irradiation (爲max > 275 nm; high pressure 
Hg lamp, Pyrex filter) of this Ir complex in ben
zene resulted in loss of dihydrogen, yielding the

Scheme 1.

corresponding hydridophenyl complex (3), which is 
another example of sp2 C-H bond activation. Simi
lar stoichiometric oxidative addition of C-H bond 
of alkanes to a photochemically generated iridium 
complex was observed by Graham and Hoy ano 
almost at the same time. Scheme 2 show that irradi
ation of a solution of (n5-C5Me5)Ir(CO)2 (4) in neo
pentane at room temperature leads to the formation 
of the hydridoneopentyliridium complex (5).3

For a multinuclear transition metal complex hav
ing strong interaction among metals through either
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Scheme 2.
Scheme 3.

direct metal-metal bond or bridging ligands, the 
substrate can be activated in an efficient and charac
teristic manner probably due to the cooperative 
action between metals.4

In particular, dinuclear organotransition-metal have 
gained much attention seemingly due to the fact 
that bimetallic compounds incorporating two reac
tive metal sites in close proximity may be in easy 
access to reaction pathways not available to mono
nuclear systems as a result of mutually beneficial 
electronic and/or steric effects. However, it seems 
extremely of import to avoid fragmentation of the 
polynuclear framework so as to achieve true reac- 
tivity.5 To circumvent this undesirable process, a 
wide variety of chelating ligands such as diphos- 
phines,6 phosphido bridges,7 pyrazolate,8 indirectly 
linked cyclopentadienyl anions,9 and cyclic d- 
hydrocarbones10 have been utilized. However, their 
fundamental drawback has been the relatively weak 
metal-ligand bond. An exception is the class of 
linked cyclopentadienyls which offer a very robust 
framework to attached metals. For example, metal- 
cyclopentadienyl(M-Cp)bond is quite strong (90
118 kcal/mol)11 and relatively inert.12

Fulvalene-bridged dinuclear systems may exhibit 
different properties from those of Cp analogs, and 
of analogs based on Cp rings connected by inter
vening linkages. For the metal-metal bonded com
plexes with fulvalene ligand, the fulvalene ligands 
are likely to bend away from planarity to accomo
date the metal-metal bonds. This bent fulvalene 
ligand seems to weaken the metal-metal bond 
accordingly, resulting in unique reactivity.

In 1977, Rausch and Wood observed the hydro
carbon activation by CpIr(CO)2(6) under UV irradi
ation in benzene. The product recovered in low 
yield (2%) was shown by X-ray crystallographic 

analysis to be the diiridium O-phenylene complex 
(8). This product was assumed to be derived from 
the phenylhydrido complex (7) which is too ther
mally unstable to isolate ((Scheme 3).13

West in Vollhardt research group tried a similar 
photochemical reaction using fulvalene bisiridium 
tetracarbonyl (9) in benzene. The initial photoprod
uct would be the phenylhydrido complex (10), 
which should be subsequently activated at the 2- 
position on the phenyl ligand, leading to the doubly 
C-H activated product (11). This photochemical 
reaction was performed in 1.5 mM solution of the 
reactant in degassed dry benzene by a broad-band 
Hanovia 450 W medium Hg-vapor lamp with a 
water-cooled jacket (Scheme 4).14,21,22,23

In this report, we reveal the first sytheses of 
FvIr2(en)4(12)15 and FvRh(en)4 (en=ethylene) (13)16 
so as to explore the possible vinyl C-H activation 
chemistry therein. Preparation of the fulvalene bisir
idium tetraethylene (12) began with the degassed eth
ylene bubbled into the THF solution of [IKCOE'ClL 
for about 10 min. at 0 oC and then the yellow solid 
dispersion turned light yellow solution. Dilithioful-

ii
Scheme 4.
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valene was then introduced into the reaction solu
tion at 0 oC with ethylene bubbling for more than 
1hr, leading to a deep orange precipitation. This 
product solution was passed through Celite column 
and solvent was removed under vacuum.

In case of the preparation of fulvalene bisrhod
ium tetraethylene, [Rh(COE)2ClL was dispersed in 
THF at 0 oC for about 10 min., followed by addi
tion of DME solution of dilithiofulvalene.

The reaction solution was then stirred at ambient 
temp. for about 40 min. with ethylene purge. The 
dark solid slurry solution was then passed through 
alumina column, where only deep yellow solution 
was collected and solvent was removed under vac
uum. Columm chromatographic separation of prod
uct using the mixed solvent system (pentane: diethyl 
ether = 1 : 1 by vol.) was employed. Preparation of 
12 and 13 afforded the corresponding products in 
68% and 37% yields, respectively.

Photolysis of 12 in benzene at 15oC at N? purge 
for 3hr using broad-band Hanovia 450 W medium- 
presoure Hg-vapor lamp was performed, leading to 
the rather surprising product (21 )17, a quadruply 
intramolecular C-H activation product.

Perutz and Haddleton18 also observed the similar 
photochemical conversion of CpIr(C2H4)2 (14) into 
vinylhydride complex (15) (Scheme 5).

They also reported that 16 at UV irradiation in 
benzene at 2 5oC loses one ethylene to have a reac
tive intermediate, 17, which eventually undergoes

Scheme 6.

Scheme 7.

Si-H bond activation (18) (Scheme 6).
Here, the photochemical reaction of 12 in ben

zene seems to replace two ethylene by two benzene, 
and then undergo the photochemical conversion of 
the corresponding ethylene complex (19) into the 
corresponding vinylhydride complex (20) interme
diate, followed by loss 2H2 to yield the product (21) 
(Scheme 7).

During this photoreaction the hydrido ethyl inter
mediate formation can be evidenced by previous 
reaction 13, 14, 18.

However, the photochemical reaction of 13 in 
benzene under the similar reaction condition to the 
previous one gave a rather unexpected product (23), 
which may be in part explained by loss of one eth
ylene on photolysis, followed by the corresponding 
vinyl hydrido complex (22), eventually leading to 
the doubly C-H activated product (23)19 with loss of 
H214 (Scheme 8).

However, it seems rather unclear that this photo
chemical reaction does not afford any benzene coor
dination after loss of ethylene in contrast to previous

Scheme 8.
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photochemical reaction of Ir complex (12).
Here we notice that the sp2 C-H bond of coordi

nated ethylene here is already weaker than the free 
phenyl C-H bond; therefore, intramolecular C-H 
bond activation takes place to yield the doubly acti
vated product (23).

This result may be also supported by the similar 
bond dissociation energies of the corresponding sp 2 
C-H bond between benzene and ethylene20.

Much more effects in this regard should be 
directed towards the elucidation of this chemical 
reaction pathways.
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