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Activation of Molecular Oxygen, Hydrogen, Carbon Monoxide, and Olefins by
a Rhodium(I) Complex in Nonaqueous Media

By B. R. James* and (Miss) F. T. T. NG
(Department of Chemistry, University of British Columbia, Vancouver, British Columbia, Canada).

Summary The cyclo-octene complex [(C¢H,y,),RhCl], dis-
solved in dimethylacetamide containing chloride reacts
readily with molecular oxygen, hydrogen, carbon mon-
oxide, and some olefins to give species of importance in
homogeneous catalytic reactions.

THE cyclo-octene complex,! [(CgHy,),RhCl], is practically
insoluble in dimethylacetamide (DMA) under vacuum at
room temperature but dissolves readily in the presence of
0-5 M-LiCl. The labile octene ligands are detected in
solution and the complex is probably present as a mono-
meric RhI species containing only co-ordinated chloride and
solvent. Metal production occurs after long periods due to
disproportionation.

The RhI-DMA-CI- solution (1) rapidly absorbs O, to a
1:1 ratio at ambient conditions according to equation (1).

K
Rh! + O, = RhlIO, (1)
The solution ir. spectrum shows a band at 895cm-!
attributable to the O-O stretch.? Most significantly, the
oxygenated solution shows an e.s.r. signal with g = 2-0485
at 25°; at liquid-nitrogen temperatures the signal is split

into three components whose g values average out to that
measured at room temperature. These e.s.r. studies are
being continued but the signal is thought to be due to a
species such as RhII-O,~. Previously reported molecular
oxygen complexes of the @8 and d'° species, IrI, Ni°, Pd°,
and Pt°3* are all diamagnetic although the magnetic
properties of the oxygen complexes of RhI58 do not
appear to have been reported. The oxygen addition
appears to be irreversible in the present system.

On increasing the temperature to 80°, (1) absorbs more
oxygen continuously and a catalytic oxidation of the solvent
and the cyclo-octene occurs:

kl
RhlO, —— RhI 4 oxidation products (2)

The initial linear oxygenation rate is first order in total
rhodium and between zero and first order in oxygen.
Reactions (1) and (2) give rise to the rate law —-d[O,]/d¢
= Rk, K[O,][Rh]/(1 + K[O,]). Analysis of the kinetic data
gives K = 2:9 X 10® M~ and %; = 4-2 X 10~*sec™? at 80°.
Independent spectrophotometric measurements give K
ca. 5 x 10®M~1 at room temperature. The oxidation
appears to be a free-radical process; hydroperoxides could
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be formed by proton abstraction by the co-ordinated O,~.
Oxidations through the diamagnetic complexes are thought
to involve oxygen atom transfer.3:4.®

On exposing a solution of Rh1O, to H,, reaction (3) occurs,

RhIO, + H, - RhIH, + O, (3)

The O-O band at 895 cm~! disappears and a hydride stretch
at 1980 cm-1 appears; there is no net gas absorption or
evolution. In the absence of stabilizing ligands, the
RhIH, decomposes fairly rapidly to metal.

Solution (1) reacts with an olefin such as maleic acid
(MA) to give a RhI(MA) species. A solution containing
this species does not activate oxygen but is oxidized
stoicheiometrically to RhII. The RhI(MA) solution con-
taining an excess of MA reacts with H, (1 atm. ca. 60°) to
give a catalytic reduction to succinic acid. The kinetic
data (first order in H, and Rh, and zero order in olefin) are
in excellent agreement with those obtained earlier for a
system in which RhCl; was used as the starting material,1
and give strong evidence that Rh! intermediates are
involved in the RhIIT system:

k
RhI(MA) + H, —25 Rut -+ succinic acid (4)
fast
RhI + MA ——> RhI(MA) (5)

Reaction (4) is thought to involve oxidation addition of the
H,, followed by two successive single hydrogen atom
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transfers.’® Similar agreement has been found for data for
some RhCl,(Et,S);-catalysed hydrogenations and the
corresponding Rhl-cyclo-octene system in the presence of
diethyl sulphide.

Solution (1) rapidly absorbs 2 moles of CO per mole of
Rh to give solutions containing the [Rh(CO),Cl,]— anion.!?
A solution of RhIO, absorbs CO in a first-order manner, the

reaction rate being independent of CO pressure. The data
show that reactions (6) and (7) are occurring:
ks
RhIO, —— RhI 4 O, (6)
fast
RhI + 2CO ——— RhI(CO), (7)

kg is 0-6 X 10-3sec~! at 80° which combined with the K
value gives the rate constant for the forward reaction of
equation (1) as ca. 1-7 m~! sec~? at this temperature.

Solutions of RhI(CO), react with O, (1 atm.) to produce
CO,, and a mixture of CO and O, is catalytically converted
into CO, through the RhI(CO), complex. The nature of
this reaction, which could involve carbonate,® peroxy-
carbonate,* or carbon dioxide! complexes, is being studied
further.
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