tion condition prevents the subsequent thermal isomeriza-
tion of the products.
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Halide Catalysis of the Oxidative Addition of Alkyl
Halides to Rhodium(I) Complexes
Sir:

The oxidative addition reaction has become widely recog-
nized as one of the most characteristic reactions of d® and
d!° complexes. Despite the importance of the oxidative ad-
dition reaction of methyl iodide to rhodium complexes, de-
tailed studies of such reactions with rhodium(I) phosphine
complexes have encountered several difficulties of interpre-
tation.! The generally accepted first step in these reactions
is nucleophilic attack of the metal complex on the carbon of
the methyl iodide.2 Since halide ions might act to displace
neutral ligands to produce highly nucleophilic rhodium(I)
anions and halide ions might well be present in systems in-
volving complexes with labile phosphine and arsine ligands
in methyl iodide, we felt it worthwhile to explore the effect
of halide ions on methyl iodide addition reactions. Accord-
ingly we studied the effect of BusNI on the rate of methyl
iodide addition to [Rh(Ph3As)2(CO)I], [Rh-
(Ph3Sb)2(CO)1],* and [Rh(Ph3P),(CO)1]. The reaction in-
volving the triarylstibine complex is a particularly inter-
esting test because triarylstibines are not quaternized by
alkyl iodides, and hence this system should be free of halide
ions.
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Figure 1. The effect of halide ion on the rate of reaction of [Rh(Ph;-
As)2(CO)I] (0.03 M) with CH3l (3.25 M) in CH,Cly: A, with no
added halide ion; B, BusNI (0.0003 M) added; C, BusNI (0.003 M)
added.

0.4
IS [
i
03 [\\\
Z oz >
= C ™
S | \A\.
@ |
<
i
|
0.1 L
10 20 30
TIME IMINUTES)

Figure 2. The effect of halide ion on the rate of reaction of
[Rh(Ph3Sb),(CO)I] (0.03 M) with CH3l (3.25 M) in CHaCla: A, with
no added halide ion; B, with BusNI (0.003 Af) added; C, with BusNI
(0.006 M) added.

The results of these studies are presented in Figures |
and 2.4 It can be seen that added halide ions exert a power-
ful catalytic effect on the rate of oxidative addition of meth-
yl iodide to the arsine and stibine complexes. However, by
contrast there is a negligible effect on the rate of reaction
with the phosphine complex.

In so far as increased nucleophilicity should increase the
rate of reaction with methyl iodide, a logical mode of rate
enhancement by halide ion is generation of anionic rhodium
species. Accordingly we have studied the following equilib-
ria spectrophotometrically.®

[Rh(L),(CO)I] + I" === [RW(L}(CO)I,]" + L

We find that the equilibrium constants in CH,Cl; at 22°
are as follows: for L = Ph;P, K < 3 X 1073; for L = PhsAs,
K =~ 0.05; and for L = Ph3Sb, K ~ 2 X 1073 It is apparent
that the neutral species are strongly favored in systems con-
taining small amounts of excess halide, but of course a
mechanism involving anionic species as intermediates might
still be possible if the rate of reaction of the anionic species
with methyl iodide greatly exceeds that of the neutral
species, We therefore studied the relative rate of reaction of
the anionic and neutral species with methyl iodide. While
we find that the anionic rhodium species react so rapidly at
room temperature, even at very low concentrations of meth-
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Scheme |

[Rh(L),(COMI] + I = [RR(LY(CO)L,]* + L

slcwlcﬂgt very fast lCng
L
[CH,Rh(L),(CO)L,] + I" == [CH,Rh(L)}(CO)L;]
Kq
or “

[CH;Rh(L)(COV,] + I’

yl iodide, that we were unable to obtain accurate kinetic
data; it 1s still possible to place a lower limit for the relative
rates of >10% i.e., the anionic species are far more reactive
than the neutral rhodium species in this type of oxidative
addition.

We therefore propose that the catalytic effect of halide
lons in these systems arises from the type of mechanism
shown in Scheme I.

The liberation of free halide ion from a rhodium(III)
complex is necessary in the above scheme. Now it is well
known that the alkyl group on a transition metal is a power-
ful trans labilizing ligand, and indeed the reaction of
[Rh(Ph;P);Cl] with CH;l results in formation of a five-
coordinated rhodium(III) complex with the coordination
position trans to the methyl group being vacant.® Thus it is
reasonable to assume that the halide ion is liberated from
an anionic rhodium(I11) species with sufficient speed that
the catalytic effect is produced. In agreement with this
scheme the addition of excess triphenylstibine to the
[Rh(Ph;Sb),(CO)I]-CH;l reaction inhibits the catalytic
effect of halide. Also the reaction is first order in added ha-
lide ion and methyl iodide, at least during the first part of
the reaction in the stibine complex system. The gradual loss
of rate which occurs in the stibine complex system at high
conversions (see Figure 2) is not accompanied by any
marked spectroscopic change and it scems likely that an
equilibrium between the rhodium(III) species, as shown in
Scheme I, is reducing the amount of free halide in the sys-
tem and hence the overall reaction rate.

It is apparent from this study that trace levels of halide
ion can play an important role in reactions involving nucleo-
philic behavior by a labile metal complex. The lack of ha-
lide catalysis with the phosphine complex presumably re-
sults from the position of the equilibrium between neutral
and anionic rhodium(I) species in the presence of halide ion
(vide supra). This is not to imply that ionic species are not
also important in the reaction of methyl iodide with
[Rh(Ph;P)»(CO)I] since we find that the conductivity of
the solutions steadily increases over the course of the reac-
tion. By contrast no evidence of halide catalysis in the reac-
tion of [Ir(L)2(CO)X] complexes with methyl iodide is ob-
served and neither is there an appreciable increase in con-
ductivity during these reactions.

Acknowledgments, The author wishes to express his ap-
preciation for the experimental assistance of Messrs. W. O.
Weinreis and T. Moore.

References and Notes

(1) I. C. Douek and G. Wilkinson, J. Chem. Soc. A, 2604 (1969).

(2) P.B. Chock and J. Halpern, J. Am. Chem. Soc., 88, 3511 (1966).

(3) [Rh(PH3Sb),(CO)l] was charged as the solid complex [Rh(Ph3Sb)s(CO)I]
which is apparently completely dissociated into [Rh(Ph3Sb)x(CO)] +
Ph3Sb In methylene chloride and chloroform as judged from molecular
weight determinations. This dissociation phenomena has also been docu-
mented for the arylstibine chloro-rhodium complexes by P. E. Garrou and
G. E. Hartwell, J. Organomet. Chem., 69, 445 (1974). We also studied
methyl iodide addition to the chloro complex and find the same behavior
as described here for the iodo complex. Detailed studies of chloro com-
plexes were not performed, however, after it was observed that halide
exchange was occurring in the system [Rh(PhgP),(COXCI] + CHjal. Simi-

larly we observed that chloride and bromide salts would catalyze the

reactions as described above for [BugN]I.
(4) The products of methyl iodide addition to [Rh(PhgP)(CO)X] and
[Rh(PhsAs)2(CO)X] are mixtures of compounds containing both methyl—
rhodium bonds and acetyl-rhodium as indicated by both infrared and NMR
data.' The reaction product of [Rh(Ph3Sb)2(CO)l] + CHal can be isolated
as an orange solid by evaporation and recrystallization from CH,Cl,—
CH30H. This materlal analyzes as the simple adduct [Rhly-
CH3(CO)Ph3Sb).]. Anal. Caled for CagHaal,ORhSb,: C, 41.28; H, 2.98; |,
22.96. Found: C, 41.23; H, 3.15; |, 23.65. The infrared spectrum shows
¥CO at 2049 cm™" and the PMR spectrum of this material shows the
CHg-Rh at 6 — 1.30 ppm (downfield from TMS) with ARhH) = 2 Hz. The
compound shows no tendency to isomerize to an acetyl-containing
species. The same product is formed with or without the halide catalyst.
Salts of the anions [Rh(LXCO)X,] ™ have been prepared by D. E. Morris
et al. by reaction of compounds of the type [Rh(LXCO)X], with halide
salts (private communication).
(6) P. G. H. Troughton and A. C. Skapski, Chem. Commun., 575 (1968).

(5

Denis Forster

Corporate Research Department, Monsanto Company
St. Louis, Missouri 63166

Received October 25, 1974

Primary Amine Catalysis of the Isomerization of a 3,v-
Unsaturated Ketone to Its o,5-Unsaturated Isomer. A
Possible Model for Enzymatic Double Bond Migration in
Unsaturated Ketones

Sir:

Enzymes which catalyze the interconversion of §,y-un-
saturated ketones and their a,8-unsaturated isomers have
been objects of growing interest lately. The most thoroughly
characterized enzymes of this type are the AS-3-ketosteroid
isomerases which catalyze the isomerization of §,y-unsatur-
ated-3-ketosteroids to their «,8-unsaturated isomers.! The
enzyme from Pseudomonas testosteroni has been investi-
gated in some detail, although little is known about the
mechanism of the mammalian enzymes. The reverse reac-
tion, «,8 to B8,y isomerization, is catalyzed in the prosta-
glandin series by prostaglandin A isomerase.? In addition,
Abeles? has postulated that the mechanism of action of 2-
keto-3-deoxy-L-arabonate dehydratase includes a similar
isomerization as one step. We wish to report that primary
amines are capable of catalyzing the isomerization of §,y-
unsaturated ketones to their a,8-isomers. This reaction, in-
volving the intermediate formation of a Schiff base, is very
efficient and may represent a model for the corresponding
enzymatic isomerizations.*

When 3-methyl-3-cyclohexenone is added to an aqueous
solution of a 2,2,2-trifluoroethylamine buffer, the formation
of 3-methyl-2-cyclohexenone can be monitored at 240 nm
(the Amax Of 3-methyl-2-cyclohexenone) by uv spectroscopy.
At moderate concentrations of buffer (<0.4 M) the appear-
ance of the a,8-unsaturated isomer is pseudo first order
after an initial induction period. If, however, the reaction is
monitored at 268 nm, a rapid initial absorbance increase is
observed, followed by a slower decay which corresponds to
the rate of formation of 3-methyl-2-cyclohexenone. NMR
and uv spectra taken of solutions before significant decay of
the absorbance at 268 nm indicated the presence of the pro-
tonated Schiff base (I) of 3-methyl-2-cyclohexenone and
trifluoroethylamine. We were able to isolate 1 from the
reaction of trifluoroethylamine and 3-methyl-3-cyclohexe-

+
HNCH,CF,
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