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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 d8 and 
d10 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.1 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 Bu4NI on the rate of methyl 
iodide addition to [Rh(Ph3As)2(CO)I], [Rh-
(Ph3Sb)2(CO)I],3 and [Rh(Ph3P)2(CO)I]. 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. 

TIME IMINUIESI 

Jb * 5b * rto r>rj 

Figure 1. The effect of halide ion on the rate of reaction of [Rh(Ph3-
As)2(CO)I] (0.03 M) with CH3I (3.25 M) in CH2Cl2: A, with no 
added halide ion; B, Bu4NI (0.0003 M) added; C, Bu4NI (0.003 M) 

Figure 2. The effect of halide ion on the rate of reaction of 
[Rh(Ph3Sb)2(CO)I] (0.03 M) with CH3I (3.25 M) in CH2Cl2: A, with 
no added halide ion; B, with Bu4NI (0.003 M) added; C, with Bu4Nl 
(0.006 M) added. 

The results of these studies are presented in Figures 1 
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.5 

[Rh(L)2(CO)I] + I" = * LRh(L)(CO)I2]" + L 

We find that the equilibrium constants in CH2Cl2 at 22° 
are as follows: for L = Ph3P, K < 3 X KT5; for L = Ph3As, 
K « 0.05; and for L = Ph3Sb, K « 2 X 1O-3. 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 I 
LRh(L)2(CO)I] + I" ^ [Rh(L)(CO)I2]" + L 

s l o w l c H j I very fast I CH 3 I 

L 

[CH3Rh(LUCO)I2] + I" =*=* [CH3Rh(L)(CO)I3]-

or 

[CH3Rh(L)(CO)I2] + I-

yl iodide, that we were unable to obtain accurate kinetic 
data,' it is still possible to place a lower limit for the relative 
rates of >105 ; 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 
ions 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(Ph3PXiCl] with CH3I results in formation of a five-
coordinated rhodium(III) complex with the coordination 
position trans to the methyl group being vacant.6 Thus it is 
reasonable to assume that the halide ion is liberated from 
an anionic rhodium(III) species with sufficient speed that 
the catalytic effect is produced. In agreement with this 
scheme the addition of excess triphenylstibine to the 
[Rh(Ph3Sb)2(CO)I]-CH3I 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 seems 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(Ph3P)2(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. 
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Primary Amine Catalysis of the Isomerization of a /3,y-
Unsaturated Ketone to Its a,/J-Unsaturated Isomer. A 
Possible Model for Enzymatic Double Bond Migration in 
Unsaturated Ketones 

Sir: 

Enzymes which catalyze the interconversion of / ^ - u n 
saturated ketones and their a^-unsaturated isomers have 
been objects of growing interest lately. The most thoroughly 
characterized enzymes of this type are the A5-3-ketosteroid 
isomerases which catalyze the isomerization of 0,7-unsatur-
ated-3-ketosteroids to their a,/3-unsaturated isomers.1 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, a,/J to /3,7 isomerization, is catalyzed in the prosta
glandin series by prostaglandin A isomerase.2 In addition, 
Abeles3 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 ,8,7-
unsaturated ketones to their a,/3-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.4 

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 Xmax of 3-methyl-2-cyclohexenone) by uv spectroscopy. 
At moderate concentrations of buffer (<0.4 M) the appear
ance of the a,/3-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.6 We were able to isolate I from the 
reaction of trifluoroethylamine and 3-methyl-3-cyclohexe-

HNCH2CF3 

Jb 
I 
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