JIAICIS

COMMUNICATIONS

Published on Web 03/28/2002
Carbon —Carbon Bond Activation of R —CN (R = Me, Ar, 'Pr, 'Bu) Using a
Cationic Rh(Ill) Complex

Felicia L. Taw, Peter S. White, Robert G. Bergman,*! and Maurice Brookhart*
Department of Chemistry, Umrsity of North Carolina at Chapel Hill, Chapel Hill, North Carolina 27599-3290

Received January 2, 2002

Activation of carbor-carbon bonds by metal complexes in Scheme 1

homogeneous media remains a challenge in the field of organo- Cp* _|+ BAr'y ) Cp* “BAr,
X . T o | aMe 1.0 Ph;SiH [ .siPh
metallic chemistry. Success has primarily been limited to systems /Rh--\“ - - Rh-WSiPhs
in which strain relief or aromatization is a driving force, or where MesP CICH,CI S1OCHs  yep CICH.CI
R A - CH,CI 2
the C-C bond activation is promoted by directing or activating 1 2~z 2
groups? We report here the €C bond activation of RCN (R=
Me, Ph, (4-CE)Ph, (4-MeO)PhiPr, 'Bu) using a cationic Rh(lll) lm MeCN 1.0 MeCN
CH.Cl, CH,Cl,

complex.

Addition of 1.0 equiv of PESIH to the previously reported . i + N

Cp* BAr Cp* :

complex [Cp*(PMg)Rh(Me)(CHCI,)]"BAr'y~ (1, Ar' = 3,5- lp_.\\\Me _| ™ 10 PhsSiH |p WSiPh BArs
CeHy(CFy)) resulted in release of methane and quantitative P/Rh\ T10CH, Mo N
formation of [Cp*(PMe)Rh(SiPh)(CH,C)]*BAr's~ (2, Scheme e NCMe CH,Clp & NCMe
1).3 At room temperature, this reaction was complete within seconds 4 3

and is analogous to the -SH activation reaction reported by
Bergman for the corresponding Ir(ll) systémddition of 1.0 equiv
of MeCN to2 caused immediate displacement of dichloromethane
to form then!-nitrile adduct [Cp*(PMg)Rh(SiPR)(NCMe)]*BAr' 4~
(3). Alternately, addition of MeCN td. resulted in formation of
[Cp*(PMes)Rh(Me)(NCMe)I"BAr'4~ (4). Subsequent addition of
PhsSiH 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 at40 °C. However, theyl-nitrile complex

Scheme 2
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(3) can be isolated as a thermally sensitive, orange solid. In solution, 2 CH,Cly Mo P/Rh CNSIPh
. . . '3 3
3is stable below-20 °C for prolonged periods of time. However, 25°C 9 (~100%
upon standing in solution at room temperature overnight, complex ( )
3 convert_ed quantitatively to. anpther product which we have 3 oN o —|+BAr,4_
characterized as the € activation product, [Cp*(PMgRh- Fl{h_““%
(Me)(CNSiPh)]*BAr',~ (5, eq 1). CasCl Mes?”  YCNSIPh
50 °C
Cp* * BAry 11 (~50%)
25°C [ Me
— Rhy" (1)
overnight MesP”  YCNSiPhy

2 was not isolable, it was generated in-situ by adding 1.0 equiv of
PhsSiH to a dichloromethane solution df{as in Scheme 1). Adding
Complex5 exhibited in thetH NMR spectrum resonances attribut- 1.0 equiv of PhCN to a solution o2 resulted in quantitative
able to Cp*, PMeg, SiPh, and Me moieties. Assignment of these formation of [Cp*(PMeg)Rh(Ph)(CNSiP§]*BAr',~ (6) within 1

5

resonances was supported BE{H} NMR data® Of note is the h at room temperature (Scheme 2). Similarly, adding 1.0 equiv of
appearance of a signal@t73.4 ppm (ddiJrn-c = 23.1 Hz,2Jp¢ 4-trifluoromethylbenzonitrile or 4-methoxybenzonitrileoesulted

= 65.7 Hz),which is diagnostic of the isonitrile carbon. An alternate in the corresponding €C activation products7(and 8, Scheme
structure for5 is the Rh(V) species [Cp*(PMRh(SiPh)(Me)- 2). Complete conversion to complékoccurred within 15 min,
(CN)I*BAr';~ resulting from direct oxidative addition of Me-CN. 54 complete conversion ®occurred within 4 h.

However, this possibility was ruled out by tHSi NMR spectrum Addition of 1.0 equiv of PrCN to a solution of also resulted

_Of SWTji_Ch r?vebaled(? sinaletRathﬂ.QS ppLT, indficating that ?BP in formation of the G-C activation product, [Cp*(PMgRh(Pr)-
Is not directly oun ot € cent(_er. se of LI instead o (CNSiPR)]*BAr',~ (9, Scheme 2). This reaction was complete
CH3CN resulted in exclusive formation of [Cp*(PM&h(CD;)- -
(CNSiPh)] *BAr's- within 2.5 days at room temperature. We were able to grow yellow-
In light of these results, we examined other nitrile substrates to Klrl\a;lr;ge_rct:ys;als 09 in 7?A) |solate;ylelrc]i (qugntlth tive ¥|$Ir? by
determine the scope of this<C activation reaction. Since complex )- The -r_ay crystal structure '_SS own '_n igure t.This
structure confirmed the RRC—N-—Si bond linkage and that

* To whom correspondence should be addressed. E-mail: mbrookhart@unc.edu.cleavage of théPr—CN bond occurred.
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Figure 1. ORTEP diagram of [Cp*(PM&Rh(Pr)(CNSiPh)]* (9).
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Figure 2. Possible structures for intermediate.

Addition of 1.0 equiv offBUCN to a solution of2 resulted in
immediate formation of thg!-nitrile adduct [Cp*(PMg)Rh(SiPh)-
(NCBU)]*BAr's;~ (10). Complex10is relatively stable, and small
amounts of the €C activation product were observed only after
several days at room temperature. Heating a solutiob0db 50
°C for 3 days resulted in approximately 50% conversion to
[Cp*(PMes)Rh(BU)(CNSIiPR)] *BAr's~ (11, Scheme 2). However,
conversion tdl1 was incomplete and only a mixture of decomposi-
tion products were formed after prolonged heating.

In the course of our studies on the-C activation reactions
discussed above, we observed!byand3P{1H} NMR spectros-

acquiring a?°Si NMR spectrum allowed characterization of the
intermediate. Asinglet corresponding to the intermediate was
observed atd —21.76 ppm, indicating that the Si atom in the
intermediate is not directly bound to the Rh center. TH&; is
the only plausible intermediate. Precedent for this type;®f
iminoacyl complex exists in the literatufédowever, none of the
examples exhibit reactivity similar to the system described here.

Parkin has shown that photolysis of ansamolybdenocene,
[Me;Si(CsMeg)2]MoH,, in the presence of MeCN results in the loss
of H, and oxidative addition of the €C bond of MeCN to form
[MeSi(CsMey)2]Mo(Me)(CN).8 Examples of G-C cleavage of aryl
cyanides are more comma8r recent example from Jones showed
that reaction of [(dippe]NiHJwith PhCN leads to initial formation
of an#n?-nitrile complex which then undergoes oxidative addition
to form (dippe)Ni(Ph)(CN}°

In this work we have shown that a cationic Rh(lll) 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 0BUuCN, facile cleavage of the-&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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copy the appearance of variable amounts (depending on the nitrilepyps.acs.org.

substrate used) of a transient intermediate which grew in as the

reaction progressed and disappeared upon quantitative formationReferenceS

of product. Possible structures for this intermediate are shown in
Figure 2. The first possibilityl2a is a Rh(V) species formed by
oxidative addition of R-CN. Migration of the silyl group to
nitrogen would result in the €C activation product. Complek2b
is a Rh(lll) »?-nitrile complex which can then undergo oxidative
addition of R-CN with subsequent or concerted silyl migration to
form the product. The last possibilit¥2¢ is a Rh(lll) ?-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 2cat —40 °C

led to exclusive formation of the!-nitrile complex [Cp*(PMeg)-
Rh(SiPR)(NC(4-OMe)Ph)]BAr';~ (13). A 2°Si NMR spectrum of

13 (at —20°C) revealed a resonance@i7.52 ppm (ddJrn-si =

Jp—si = 20 Hz), corresponding to the silyl group. Since the Si atom
is bound directly to the Rh center, coupling to bé¥Rh and3!P
nuclei was observed. A spectrum of the produgt revealed a
resonance ab —19.54 ppm (s) corresponding to the silyl group.
Since the Si atom is three bonds away from Rh, no coupling to
either 19Rh or 3P was observed. If a solution of thg-nitrile
complex is allowed to warm to 18 for 20 min, a mixture of the
nt-nitrile complex (L3), the intermediatel(d), and the productg)

is observed in an approximate ratio of 5:90:5 (by NMR). Cooling
this reaction to—20 °C to prevent further product formation and
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