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Activation of carbon-carbon bonds by metal complexes in
homogeneous media remains a challenge in the field of organo-
metallic chemistry. Success has primarily been limited to systems
in which strain relief or aromatization is a driving force, or where
the C-C bond activation is promoted by directing or activating
groups.2 We report here the C-C bond activation of R-CN (R )
Me, Ph, (4-CF3)Ph, (4-MeO)Ph,iPr, tBu) using a cationic Rh(III)
complex.

Addition of 1.0 equiv of Ph3SiH to the previously reported
complex [Cp*(PMe3)Rh(Me)(CH2Cl2)]+BAr′4- (1, Ar′ ) 3,5-
C6H3(CF3)2) resulted in release of methane and quantitative
formation of [Cp*(PMe3)Rh(SiPh3)(CH2Cl2)]+BAr′4- (2, Scheme
1).3 At room temperature, this reaction was complete within seconds
and is analogous to the Si-H activation reaction reported by
Bergman for the corresponding Ir(III) system.4 Addition of 1.0 equiv
of MeCN to2 caused immediate displacement of dichloromethane
to form theη1-nitrile adduct [Cp*(PMe3)Rh(SiPh3)(NCMe)]+BAr′4-

(3). Alternately, addition of MeCN to1 resulted in formation of
[Cp*(PMe3)Rh(Me)(NCMe)]+BAr′4- (4). Subsequent addition of
Ph3SiH to 4 resulted in Si-H activation and release of methane to
form 3 (Scheme 1).

Complex2 is difficult to isolate as decomposition occurred upon
removal of solvent even at-40°C. However, theη1-nitrile complex
(3) can be isolated as a thermally sensitive, orange solid. In solution,
3 is stable below-20 °C for prolonged periods of time. However,
upon standing in solution at room temperature overnight, complex
3 converted quantitatively to another product which we have
characterized as the C-C activation product, [Cp*(PMe3)Rh-
(Me)(CNSiPh3)]+BAr′4- (5, eq 1).

Complex5 exhibited in the1H NMR spectrum resonances attribut-
able to Cp*, PMe3, SiPh3, and Me moieties. Assignment of these
resonances was supported by13C{1H} NMR data.5 Of note is the
appearance of a signal atδ 173.4 ppm (dd,1JRh-C ) 23.1 Hz,2JP-C

) 65.7 Hz),which is diagnostic of the isonitrile carbon. An alternate
structure for5 is the Rh(V) species [Cp*(PMe3)Rh(SiPh3)(Me)-
(CN)]+BAr′4- resulting from direct oxidative addition of Me-CN.
However, this possibility was ruled out by the29Si NMR spectrum
of 5 which revealed a singlet at-17.95 ppm, indicating that SiPh3

is not directly bound to the Rh center. Use of CD3CN instead of
CH3CN resulted in exclusive formation of [Cp*(PMe3)Rh(CD3)-
(CNSiPh3)]+BAr′4-.

In light of these results, we examined other nitrile substrates to
determine the scope of this C-C activation reaction. Since complex

2 was not isolable, it was generated in-situ by adding 1.0 equiv of
Ph3SiH to a dichloromethane solution of1 (as in Scheme 1). Adding
1.0 equiv of PhCN to a solution of2 resulted in quantitative
formation of [Cp*(PMe3)Rh(Ph)(CNSiPh3)]+BAr′4- (6) within 1
h at room temperature (Scheme 2). Similarly, adding 1.0 equiv of
4-trifluoromethylbenzonitrile or 4-methoxybenzonitrile to2 resulted
in the corresponding C-C activation products (7 and8, Scheme
2). Complete conversion to complex7 occurred within 15 min,
and complete conversion to8 occurred within 4 h.

Addition of 1.0 equiv ofiPrCN to a solution of2 also resulted
in formation of the C-C activation product, [Cp*(PMe3)Rh(iPr)-
(CNSiPh3)]+BAr′4- (9, Scheme 2). This reaction was complete
within 2.5 days at room temperature. We were able to grow yellow-
orange crystals of9 in 75% isolated yield (quantitative yield by
NMR). The X-ray crystal structure of9 is shown in Figure 1.6 This
structure confirmed the Rh-C-N-Si bond linkage and that
cleavage of theiPr-CN bond occurred.* To whom correspondence should be addressed. E-mail: mbrookhart@unc.edu.
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Addition of 1.0 equiv oftBuCN to a solution of2 resulted in
immediate formation of theη1-nitrile adduct [Cp*(PMe3)Rh(SiPh3)-
(NCtBu)]+BAr′4- (10). Complex10 is relatively stable, and small
amounts of the C-C activation product were observed only after
several days at room temperature. Heating a solution of10 to 50
°C for 3 days resulted in approximately 50% conversion to
[Cp*(PMe3)Rh(tBu)(CNSiPh3)]+BAr′4- (11,Scheme 2). However,
conversion to11 was incomplete and only a mixture of decomposi-
tion products were formed after prolonged heating.

In the course of our studies on the C-C activation reactions
discussed above, we observed by1H and31P{1H} NMR spectros-
copy the appearance of variable amounts (depending on the nitrile
substrate used) of a transient intermediate which grew in as the
reaction progressed and disappeared upon quantitative formation
of product. Possible structures for this intermediate are shown in
Figure 2. The first possibility,12a, is a Rh(V) species formed by
oxidative addition of R-CN. Migration of the silyl group to
nitrogen would result in the C-C activation product. Complex12b
is a Rh(III) η2-nitrile complex which can then undergo oxidative
addition of R-CN with subsequent or concerted silyl migration to
form the product. The last possibility,12c, is a Rh(III)η2-iminoacyl
complex which can form the final product by migration of the R
group to the Rh center.

Reactions involving aryl cyanides exhibited significant build-
up of the transient intermediate species before complete conversion
to product. Thus, we could generate the intermediate at low
temperatures and completely characterize it by NMR spectroscopy.
For example, addition of 4-methoxybenzonitrile to2 at -40 °C
led to exclusive formation of theη1-nitrile complex [Cp*(PMe3)-
Rh(SiPh3)(NC(4-OMe)Ph)]+BAr′4- (13). A 29Si NMR spectrum of
13 (at -20 °C) revealed a resonance atδ 17.52 ppm (dd,JRh-Si )
JP-Si ) 20 Hz), corresponding to the silyl group. Since the Si atom
is bound directly to the Rh center, coupling to both103Rh and31P
nuclei was observed. A spectrum of the product (8) revealed a
resonance atδ -19.54 ppm (s) corresponding to the silyl group.
Since the Si atom is three bonds away from Rh, no coupling to
either 103Rh or 31P was observed. If a solution of theη1-nitrile
complex is allowed to warm to 15°C for 20 min, a mixture of the
η1-nitrile complex (13), the intermediate (14), and the product (8)
is observed in an approximate ratio of 5:90:5 (by NMR). Cooling
this reaction to-20 °C to prevent further product formation and

acquiring a29Si NMR spectrum allowed characterization of the
intermediate. Asinglet corresponding to the intermediate was
observed atδ -21.76 ppm, indicating that the Si atom in the
intermediate is not directly bound to the Rh center. Thus,12c is
the only plausible intermediate. Precedent for this type ofη2-
iminoacyl complex exists in the literature.7 However, none of the
examples exhibit reactivity similar to the system described here.

Parkin has shown that photolysis of anansamolybdenocene,
[Me2Si(C5Me4)2]MoH2, in the presence of MeCN results in the loss
of H2 and oxidative addition of the C-C bond of MeCN to form
[Me2Si(C5Me4)2]Mo(Me)(CN).8 Examples of C-C cleavage of aryl
cyanides are more common.9 A recent example from Jones showed
that reaction of [(dippe]NiH]2 with PhCN leads to initial formation
of an η2-nitrile complex which then undergoes oxidative addition
to form (dippe)Ni(Ph)(CN).10

In this work we have shown that a cationic Rh(III) complex will
C-C activate the bonds of a wide range of nitriles, including cases
involving cleavage of a secondary or tertiary carbon center. With
the exception oftBuCN, facile cleavage of the C-CN bond occurred
quantitatively at 25°C. Studies are currently underway to extend
the scope and establish full mechanistic details of this reaction.
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Figure 1. ORTEP diagram of [Cp*(PMe3)Rh(iPr)(CNSiPh3)]+ (9).

Figure 2. Possible structures for intermediate.
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