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Thermal C-H Activation Catalyzed by RhC1l (CH2=CH2) (PMe3)2. Hydrogen Transfer

from Cycloalkanes to Ethylene and Ethylene Insertion into Cycloalkanes
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Dehydrogenation of cycloalkanes to cycloalkenes 1is
catalyzed by RhC1 (CH2=CH2) (PMe3)2 under ethylene pressure
at a high temperature over 170 °C. Ethylene insertion into
sp3 C-H bond of cycloalkanes occurs at 230 °C to afford
ethylcycloalkanes.

Recently we have demonstrated that the RhC1(CO) (PMe3)2 (1) -hv
catalytic system efficiently functionalizes C-H bonds of hydrocarbons.l) A
problem of this system is the necessity of constant UV irradiation. Here,
we wish to report thermal C-H activation of alkanes with the ethylene

analogue of 1.2)
In the RhC1(CO) (PMe3)2-hv system, RhC1l (PMe3)2 was postulated as a key

intermediate (Eq. 1) .1.3) Hence, we investigated the reactivity of
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RhC1 (PMe3)2 equivalents. A chlorine-bridged diﬁer, [RhC1 (PMe3) 2124) (2) is
an easily accessible equivalent to "RhC1 (PMe3)2". Although cyclooctene (1
to 100 equivalent) did not form any adduct with 2, ethylene easily reacted
with 2 to give the four-coordinate complex, RhC1(CH2=CH2) (PMe3)2 (3). The
trans configuration of the two phosphine ligands can be assigned by the
relatively small rhodium-phosphorus coupling (Jrh-p = 120 Hz) in 31p-NMR.5)

Since the ethylene complex 3 easily decomposes in the absence of

excess ethylene at room temperature (Eq. 2),3) we investigated the
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RhCI(CH,=CH,)(PMe3), ———>  {RhCI(PMe;),}, + CH,=CH, (2)

utilization of a thermally generated "RhCl (PMe3)2" in catalytic C-H bond
activation. When a cyclooctane solution of 3 (0.010 mmol in 5 cm3) was
heated at 120 °C under ethylene (50 atm), no reaction occurred. However,
severer conditions (170 °C, 56 atm) resulted in catalytic cyclooctene
formation (Eg. 3). It is noteworthy here that the ethylene complex
remained undeteriorated after the reaction as judged from the UV
absorption. The dihydrogen abstracted from cyclooctane seems to have been
transferred to give ethane;6) no dihydrogen was detected in the gas phase.
Although transfer hydrogenation-type dehydrogenation of alkanes has been
well investigated by Crabtree and Felkin, the capable hydrogen acceptor has
been limited to t-butylethylene.7) Thus, the present procedure to use
ethylene is much more preferable from an economical view point. The
pentahydrido-iridium complex, IrHs5[P(i-Pr)3]2, which was reported to be a
very effective catalyst by Felkin,7P) exhibited only a low catalytic
activity under ethylene; turnover of cyclooctane dehydrogenation was 0.32
after 15 h at 170 °C under 58 atm of ethylene.

RhCI(CH,=CH,)(PMe), (2.0 mmol/dm?®)
O -0 - O
CH,=CH,, 15 h

Temp /°C Press. /atm Turnover (3)
170 11 3.0 0.0
170 56 9.2 0.2
230 30 32 7.2
230 70 1 14

The reaction under a lower ethylene pressure (11 atm at 170 °C)
resulted in partial decomposition of the complex; absorbance at 416 nm
decreased to 62% of the starting solution. On the other hand, the
reactions at 230 °C led to the complete disappearance of the absorption
band at 416 nm and a new band appeared at 361 nm with some deposit of the
metal. Interestingly, the reaction at 230 °C , especially under a higher
ethylene pressure, afforded ethylcyclooctane8r9) besides cyclooctene.
Examples of addition of aliphatic hydrocarbons to olefinic compoundslO) are
rare as compared with addition of arenes to C=C bond.ll) Butenes were also
formed in a considerable amount at 230 °C (turnover 12 after 15 h under 30
atm, 1- : 2-trans : 2-cis = 5 : 3 : 2).12)
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Cycloheptane reacted similarly to give <cycloheptene and
ethylcycloheptane (Eqg. 4).8:9) since cyclooctene and ethylcyclooctane were
not detected at all in the reaction of Eq. 4, the formation of these

products in Eg. 3 cannot be ascribed to ethylene oligomerization.

O RhCI(CH,=CH,)(PMe;), (2.0 mmol/dm?) O O/\
> +
CH,=CH, (70 atm), 230 °C, 15 h (4)
Turnover
19 11

In summary, thermal C-H activation of alkanes proceeded catalytically
with RhC1l (CH2=CH2) (PMe3) 2. Improvement of the catalytic activity and
utilization of other unsaturated compounds in place of ethylene will be

coming topics.
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