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Oxidation of CO to CO; by Ni-NO, Complexes:
a Mechariistic Study!
Sir:

The oxidation of carbon monoxide by nitrite is a thermo-
dynamically favored,? but kinetically slow,? process in the
absence of transition metal complexes. However, when com-
plexes of nickel, iron, cobalt, ruthenium, rhodium, or iridium
are present, carbon monoxide reacts readily with nitrite
forming carbon dioxide and the corresponding transition
metal-nitrosyl complex.* The present kinetic study was un-
dertaken to explore the specific role played by transition metal
complexes in promoting the oxidation of carbon monoxide by
nitrite.

The nickel complexes, Ni(NQ3)sL,, were selected for these
investigations. In their report of the reaction between
Ni(NO,)2(PEt3); and CO, Booth and Chatt* found that the
reaction was rapid at ambient conditions and produced the
reduced nickel-nitrosyl complex, Ni(NO)(NO3)(PEts),, in
good yield. However, these authors also found this {NiNO}!0
product to be air sensitive and difficult to purify. Although
CO; was presumed to be the oxidized product, it was not
identified in the reaction mixtures. Consequently, several
Ni(NO,),L> complexes have been prepared and their reactions
with CO examined.® Among these complexes, Ni(NO,)»-
(DPPE)7 has the combination of solubility, reaction rates, and
ease of product isolation most suited for the initial studies re-
ported here.

The reaction of Ni(NO3),(DPPE) with carbon monoxide
in dry, oxygen-free dichloromethane produced a deep purple
solution from which a dark blue microcrystalline complex.
Ni(NO)(NO,)(DPPE), was isolated in nearly quantitative
yield. The compound was characterized by elemental analysis
and IR and visible-UV spectroscopy.® The CO; evolved in this
reaction was identified by IR spectroscopy and gas chroma-
tography and analyzed by standard vacuum line techniques.3®
The stoichiometry corresponds to reaction 1:

CO + Ni(NO2)2(DPPE)

CH2Cly
— CO;, + Ni(NO)(NO2)(DPPE) (1)

No evidence for nickel species other than those in reaction |
was obtained from spectroscopic examination of the reacting
solutions.

The kinetic features of this reaction in CH,Cl, were ob-
tained at 20 °C by following the appearance of the absorption
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Figure 1. Plot of —In (4. — A,) vs. t at 570 nm for the reaction of
Ni(NO3)2(DPPE) with CO in CH,Cl; at 20.0 °C.
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Figure 2. Dependence of kqpsg 0n peo (20.0 °C, CH,Cly) for the reaction
of Ni{NO,)(DPPE) with CO.

band of the {NiNO}? product at 570 nm. The reaction rate was
determined at several pressures with CO present in a three- to
tenfold excess. Under these conditions, the reaction is first
order in Ni(NO3)2(DPPE), while k54 is linearly dependent
upon pco (Figures | and 2). The overall reaction is second
order, and there is no evidence for a first-order term in the rate
law, since, within experimental error, the plot of Xopsd Vs. pco
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Scheme 1
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has a zero intercept (Figure 2). Addition of the free-radical
inhibitor, 3-tert-butyl-4-hydroxy-5-methylphenyl sulfide, had
no effect on the rate of the reaction. Thus, the rate law,
~d{Ni(NO,)2(DPPE)}/dt = k»[Ni(NO,),(DPPE)}{CO],
is applicable with a value of 2.1 X 10~! dm? mol~!s~! for k,
at20°C.

It was concluded that this reaction is associative, which is
typical for square planar complexes of nickel(11).° The pro-
posed mechanism for this reaction, based on these results and
other chemical properties of square planar NiX,L1 complexes
discussed below, is outlined in Scheme I. In this mechanism,
the rate-determining step is the formation of the five-coordi-
nate monocarbonyl complex, Ni(NQ3)2(CO)(DPPE) (reac-
tion 2), followed by the transfer of an oxygen atom to CO
(reaction 3), and terminated by the loss of CO; (reaction 4).
The isolation and characterization of NiBr,(CO)(PMes),
reported recently by Saint-Joly et al.!? show that square planar
nickel complexes of the type NiX;L, will indeed add one CO
molecule. However, in the absence of an oxidizing NO, ligand,
no further reaction of CO takes place and the five-coordinate
monocarbonyl complex can then be isolated. When the NO;
ligand is present, an intramolecular attack on the CO ligand
analogous to that found for the reaction between the isoelec-
tronic NO* ligand and the nitro group of cis-[Fe(NO)-
(NO,)(S;CNMe,),} which we reported earlier! can take
place. The oxygen atom transfer from NO, to CO would then
produce an unstable intermediate or transition state similar
to the C-bonded CO; complex of Co(I), whose structure was
recently reported.'!

An alternative mechanism in which CO attacks the oxygen
atom of the coordinated NO; group is also consistent with the
observed rate law.'2 However, this mechanism provides a less
than satisfactory explanation of the lack of reaction between
NO;,™ and CO in the absence of transition metals and of the
dependence of the rate of reaction 1 on L,!3 In contrast,
Scheme I requires the rate of formation of Ni(NO3),-
(CO)L; to be dependent upon the electronic and steric re-
quirements imposed by L.14 Experiments in progress are de-
signed to detect the five-coordinate intermediate required by
Scheme I. It is also worth noting that these nickel complexes
are potential homogeneous catalysts for the reaction between
O, and CO at subatmospheric pressure, since we have found
that O, will oxidize Ni(NO)(NO;)(DPPE) to Ni(NO),-
(DPPE).!s

Another oxidation of carbon monoxide catalyzed by tran-
sition metals (reaction 5) has been extensively studied:!6

INO + CO — CO» + N,O (5)

Although reaction 5 is complicated and consists of several
steps, the transfer of at least one oxygen atom is required. One
of the possible mechanisms proposed for this reaction involves
the transfer of an oxygen atom from a coordinated nitro group
as one of the key reactions.!” The present study shows that the
nitro group can transfer an oxygen atom directly to carbon
monoxide, a step which may also play a role in the catalysis of
the CO/NO reaction.

Note Added in Proof. A recent study using '#O-labeled
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trans-[NI(NO;)»(PEt3),] has shown that -NO, is the oxygen
source for CO, production. The observed '80 enrichment of
product CO, is consistent with Scheme I, and a similar
mechanism was independently proposed by Doughty et al.!®
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Total Synthesis of di-Aplysistatin
Sir:

Aplysistatin (1) is a brominated sesquiterpene recently ex-
tracted from the South Pacific Ocean sea hare, Aplysia ang-
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