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Reductive Coupling of Organometals

Induced by Oxidation. Detection of Metastable
Paramagnetic Intermediates

Sir:

The labilization of organometal intermediates is vital to the
success of many catalytic organic processes. Indeed, a large
number and variety of rather stable alkyl derivatives of tran-
sition metals are now known,! and it is necessary to find factors
which determine how the alkyl-metal bond is selectively
cleaved.

We wish to show that otherwise stable organometal com-
plexes can be induced to undergo facile reductive coupling of
a pair of alkyl ligands when subjected to oxidation. For ex-
ample, dialkyl(bipyridyl)iron(II) complexes, RiFe(bipy),,
usually afford a mixture of hydrocarbons consisting mostly of
disproportionation products (RH and R(-H)) on thermolysis.2
However, these six-coordinate complexes decompose imme-
diately at room temperature when treated with a variety of
reagents listed in Table I, especially the 1-equiv oxidants such
as hexachloroiridate(IV) and cerium(IV). The most striking
result is the high yields of coupled products, R-R, obtained
with even halogens.? Reductive coupling of alkyl groups in-

AN R-R + FeBrybipy:, (1)
/Fe(bipy)2 + Br, —Q

R 2R-Br + FeBrybipy), (2)

duced in this manner appears to be intramolecular, since no

crossover product (propane) is obtained when mixtures of

methyl- and ethyliron derivatives are treated. Similar results
are obtained with the other transition metal analogues,

Table I. Induced Decomposition of Dialkyliron(11) Complexes?
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(CH3),Co(acac)(PMe,Ph); and (CH3;CH;):Co(acac)-
(PMe2Ph)2.4

Cis and trans, square-planar organonickel(II) complexes
also undergo reductive coupling under similar conditions. Thus,
n-butane is the major product from cis-diethyl(bipyridine)-
nickel (1), (CH3CH,;),Ni(bipy), when it is treated with either
NaslrClg, Bry, or even Oy in THF solutions.’ Similarly, the
thermally stable diarylnickel(II) complexes, trans-Ar;Ni-
(PEt3)s, afford excellent yields of biaryls when treated with
either NaIrClg, CuBr,, Brs, I, ICl, Co(III), Ce(IV), or
TI(HI) trifluoroacetates.® Reductive coupling of ligands is not
limited to only metal complexes containing two carbon-cen-
tered ligands. When a series of stable monoarylnickel(Il)
complexes, trans-ArNi(X)(PEt3),, were treated with these
reagents, arylphosphonium salts containing ArPEt;+ were
formed in excellent yields, with X = Br, Cl, I, NCS, NO», and
NCO.” The arylphosphonium group is also readily eliminated
from trans-ArNi(X)(PEt;), with hexachloroiridate, when X
= CN and CH3, but it is accompanied by ArCN and ArCH,.”®

EtBP\ Ar

Ni + 2IrCl™* —— ArPEt*
Br/ N s 3

PEt,
+ BrNiPEt;* + 2 IrCl,™®  (3)

The stoichiometry of arylphosphonium elimination induced
by hexachloroiridate is represented by eq 3. If the reaction of
0-CH3CgH4NiBr(PEt;), is carried out at —50 °C, an intense,
stable electronic spectrum with Amax 410 nm and ESR spec-
trum with g = 2,196 are observed immediately, independent
of whether Na,IrClg, Ce(TFA)s, or CuBr, is employed. The
g value, however, varies with the aryl group, being shifted to
2.205and 2.198 with Ar = 0-CH3;0Cg¢H, and 0-CICgHy, re-
spectively. We ascribe these spectral changes to a paramag-
netic nickel(IIT) species® formed by 1-equiv oxidation.?

ArNiBr(PEt3)2 + IrC16—2 — AI'NiBr(PEt3)2+ + II'C16—3
(4)

On warming this solution to ~18 °C, the ESR spectrum dis-
appeared irreversibly with a half-life of ~20 min, which we
associate with reductive elimination from the paramagnetic
arylnickel(III) species.'®

ArNiBr(PEts),* — ArPEt;* + BrNiPEt, (5)

Independent experiments show that similar nickel(I) com-
plexes!! are readily converted to nickel(II) derivatives under
the conditions of these experiments.

The oxidation of ArNiBr(PEt3), in eq 4 does not go to
completion, since more than an equivalent amount of Na,IrClg
is required to convert it completely to the paramagnetic nick-

Me;Fe(bipy),® EtsFe(bipy)s,

Products, mmol

mmol mmol Reagent MeH Me-Me Me-Et Et-Et Other

0.05 Na,IrClg 0.007 0.034 ¢, d

0.05 Brs 0.002 0.030 e
0.05 Na,IrClg 0.005 0.044 ¢
0.05 Br, 0.002 0.048

0.05 0.05 NasIrClg 0.009 0.040 0 0.051 af

0.05 0.05 Bry 0.002 0.030 0 0.051 g
0.05 Cly 0.005 0.046 ¢
0.05 I 0.002 0.031 ¢
0.05 ICl 0.002 0.043
0.05 TI(TFA)3 0.002 0.052 ¢
0.05 Ce(TFA)4 0.007 0.050 c
0.05 Co(OAc)s3 0.003 0.053 c

2 In 3 mL of THF at 25 °C with excess reagent under argon. All reactions occurred on mixing. ¢ This compound is difficult to purify and
may be slightly impure. ¢ Traces (<0.001 mmol) of ethylene detected. ¢ No methyl chloride. ¢ Methyl bromide (0.011 mmol). / No methyl
or ethyl chloride. & Methyl and ethyl bromides (0.014 and 0.006 mmol).
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el(II1) species using an ESR probe. Moreover, an equilibrium
constant of ~10~2 is deduced by measuring the intensity of the
hexachloroiridate absorption with stop-flow techniques in the
presence of varying amounts of o-CH;3;CgH4NiBr(PEts),.
Quenching the paramagnetic species at =50 °C with zinc dust
leads to about 50% recovery of the reactant.

A preliminary electrochemical study of AryNi(PEt;); was
examined at a stationary platinum electrode in acetone solution
by cyclic voltammetry. A single anodic peak P, was observed
at 0.68 V relative to SCE.!2 The reverse scan exhibited a single
cathodic peak P, at —0.38 V which is associated with the oxi-
dation observed at Py. If the scan is restricted to voltages <0.5
V, the reduction at P, is not observed. Therefore, P, cannot be
due to a primary reduction of AraNiL,. The oxidation of
Ar;NiL, is irreversible at all scan rates even at =78 °C.
However, the current ratio /,(2)/1,(V) is independent of the scan
rate, and its magnitude, 0.53, though less than the ideal limit
of 1.0, is quite large. Thus, P, is attributable to the reduction
of a major intermediate in the oxidation of Ar,NiL,. Fur-
thermore, the lifetime of this intermediate must be comparable
with the time scale of the electrochemical measurement. We
tentatively propose the following EC mechanism,!3 in which
the cathodic process P, corresponds to the reduction of the
solvated intermediate, AroNiL,(S)*.

ArNiL, —> Ar,NiLy* (6)
fast

ALNILy* + S — ArNiLy(S)*+ 7
|

ArNiLy(S)* ——> products (8)

where L = PEt;, Ar, 0-CH3;0CgH4 and S = solvent.

The substitution-lability of the paramagnetic nickel(I1I)
species in eq 7' is also shown in the ready addition of carbon
monoxide at —50 °C to afford the acylnickel(III) species (g
=2.16)

ArNiBr(PEt;),*

co —¢
—> ArCONIiBr(PEt;),* «— ArCONiBr(PEt3),

which is identical with that obtained independently by oxida-
tion of the acylnickel(II) complex!® with Na,IrCls.'® A
paramagnetic nickel(IIl) species can also be obtained from
bromine oxidation of ArNiBr(PEts),. Although it is different
from that obtained with Na,IrClg, having a g value of 2,194
and undergoing a more rapid reductive elimination, it can be
converted to the same acylnickel(III) species if phosphine is
added in the presence of CO. The pattern of reactivity of
halogen toward organometals is similar to that observed in
Table I with 1-equiv oxidants. The labilization of alkyl-metal
bonds under these conditions has bearing on the mechanism
of electrophilic cleavage of transition metal bonds generally,
especially in the light of oxidative processes already identified
in some cases.!”
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Manifestations of Sulfur to Sulfur
Through-Space Interactions in Complex Ion Spectra
Sir:

Musker and coworkers'-2 have described some remarkable
redox characteristics of 1,5-dithiocane. The structural features
that facilitate the oxidation of the molecule to a monopositive
and to a dipositive ion lead to some rather unexpected effects
when the molecule is a ligand, which we report in this paper.
A splitting of the ligand to metal charge-transfer band in the
visible is observed when the ligand is coordinated to Ru(l1l);
furthermore, a strong intervalence absorption is observed in
the Ru(IHI)-Ru(II) mixed valence complex despite the fact
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