Downloaded by NORTH CAROLINA CONSORTIUM on June 29, 2009
Published on July 13, 2000 on http://pubs.acs.org | doi: 10.1021/0m000365s

Organometallics 2000, 19, 2947—-2949 2947

Intramolecular B—H Bond Activation from a
Dihydridobis(dimethylpyrazolyl)borate Ligand:
Formation of a Rhodium(lll) Carbene Hydride and a
Rare Example of Reverse a-Hydride Migration

Jake S. Yeston and Robert G. Bergman*

Department of Chemistry, University of California, Berkeley, California 94720, and Chemical
Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720

Received April 28, 2000

Summary: The new complex BpMe2Rh(CO)(pyridine) (1)
has been prepared and reacts with CHgsl to yield the

—_—
novel Rh carbene hydride complex HB(Mezpz),Rh(H)-

- 1

(D(CsHsN)(C(O)Me) (3), resulting from formal addition
of CH3sl across the Rh—C bond concomitant with hydride
transfer from B to Rh. Thermolysis of 3 induces migra-

—
tion of the Rh hydride to the a-carbon to give HB(Me;-

pz)zRh(I)(C5H5N)(CH((|))Me) (6), and a crossover study
supports intramolecular mechanisms for both hydride
transfer steps.

The hydridotris(3,5-dimethylpyrazolyl)borate (TpMez)
fragment, isoelectronic with though structurally distinct
from cyclopentadienyl, has become a versatile and well-
studied ancillary ligand in organometallic chemistry.>—3
In contrast, the bidentate dihydridobis(3,5-dimethylpyra-
zolyl)borate (BpM®2) ligand and its variously substituted
derivatives have been utilized less often.*° While most
applications of the ligand have relied on the innocence
of the BH, moiety, this functionality is intriguing in
light of the proximity to the coordinated metal center
of two potentially reactive hydrides and a latent Lewis
acidic center at boron; several instances of B—H reactiv-
ity have already been described.’°~14 Here we report the
preparation of BpMeRh(CO)(pyridine) (1) and its unex-
pected reaction with CHjsl, involving transfer of the
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boron-bound hydrogen in the BpMé: ligand to Rh. This
activation of the ancillary ligand leads to a novel boron-
stabilized Rh carbene hydride complex, which upon
thermolysis undergoes a reverse a-hydride migration to
leave a stable 5-coordinate, electronically unsaturated
Rh(I11) center.

Our starting point in the preparation of 1 was the
known BpMe&Rh(CO), complex 2.15 Consistent with
literature observations,'> while displacement of a CO
ligand in 2 by triphenylphosphine was rapid at room
temperature, the analogous substitution by pyridine did
not proceed thermally, nor did it proceed in our initial
attempts at photochemical activation.1® As an alternate
means of effecting the reaction with pyridine, we elected
to activate 2 with trimethylamine N-oxide, which has
been shown in many cases to labilize CO ligands by
oxidation to CO,.17 Treatment of a yellow pyridine
solution of dicarbonyl 2 with a stoichiometric amount
of trimethylamine N-oxide results in a color change to
bright orange. The reaction proceeds over the course of
1 h at room temperature, leading to yellow-orange BpMe:-
Rh(CO)(pyridine) (1) in 77% yield after crystallization
(Scheme 1).18 The complex exhibits a single CO stretch
in the IR at 1972 cm™? (cyclohexane), and the 'H NMR
spectrum of 1 in benzene solution is characterized by
four methyl singlets at 1.50, 2.33, 2.35, and 2.53 ppm,
two methyne singlets at 5.50 and 5.66 ppm, and three
pyridine resonances at 6.03, 6.50, and 8.45 ppm. The
inequivalence of the four pyrazolyl methyl groups and
two methyne protons is indicative of a square-planar
geometry at the metal center.

Interestingly, the CO stretching frequency of 1 in
cyclohexane is the same as that observed for the closely
related transient (13- TpMé2)Rh(CO) alkane adduct, which
Bromberg et al. identified spectroscopically on the
pathway for photoinduced C—H bond activation by
TpMe2Rh(CO),.1° We were therefore somewhat surprised
to find that complex 1 does not react with C—H
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or Si—H bonds at 45 °C.2° However, treatment of a
benzene solution of 1 with iodomethane results in
immediate reaction at room temperature to form a new
product quantitatively, as judged by 'H NMR.2! The 1H
NMR spectrum of this species exhibits a doublet at
—14.2 ppm characteristic of a hydride bound to Rh. The
IR spectrum exhibits a Rh—H stretch at 2060 cm™2.
Because we were unable to come to a definitive decision
about the structure on the basis of these spectroscopic
data, an X-ray diffraction analysis was carried out on
crystals obtained from a THF/pentane solution. The
product was shown to have the structure 3, as il-
lustrated in Scheme 1 and Figure 1. Formation of 3
involves a surprisingly deep-seated series of overall
bonding changes: addition of the C—1 bond across the
M~—C bond of a CO ligand to give an acyl or oxycarbene
functionality, which is presumably stabilized by coor-
dination of its oxygen atom to the BpMé2 boron atom,
and transfer of a hydrogen from the boron center to
rhodium.

The Rh=C—0 moiety in 3 bears significant Fischer
carbene character, as evidenced by a 300 ppm downfield
chemical shift for this carbon in the 2C{H} NMR
spectrum (Jrn-c = 35 Hz),22 and by its relatively short
Rh—C bond length (1.91 A). For comparison, typical
Rh—C single bond lengths in Rh(ll1) acyl moieties range
from 1.93 to 2.06 A 2325
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Figure 2. ORTEP diagram of 6.

Further transformation of 3 yields a second unex-
pected result. Thermolysis of the carbene complex in
benzene or THF at 45 °C for 36 h results in formation
of a new product in 71% NMR yield (Scheme 1). Crystals
of this product, obtained in 60% yield by vapor diffusion
of pentane into a toluene solution at —35 °C, were
analyzed by X-ray diffraction and shown to have the
structure 6, illustrated in Scheme 1 and Figure 2.
Formation of 6 from 3 thus entails migration of the
hydride ligand from the metal center to the carbene
carbon (the o-carbon bound to oxygen), leading to a
coordinatively unsaturated Rh bearing a boron-stabi-
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lized 1-alkoxyethyl group. In the 13C{'H} NMR spec-
trum of 6, the a-carbon resonance now appears as a
doublet at 89 ppm (Jrn-c = 20 Hz), while the proton
bound to this carbon evidences a surprisingly downfield
multiplet at 7.97 ppm (Jrh-1 = 5 Hz, Jy-y = 4 Hz) in
the 'H NMR spectrum. As shown in Figure 2, complex
6 exhibits a square-pyramidal geometry about the
5-coordinate Rh center (the sum of the angles formed
by I, the pyridine nitrogen, and the pyrazolyl nitrogens
with Rh at the vertex is 359.7°). Conversion of 3 to 6
results in a lengthening of the Rh—C and C—0O bonds
(from 1.91 to 2.11 A and 1.28 to 1.36 A, respectively)
and concomitant shortening of the O—B bond from 1.55
to 1.45 A6

To distinguish intermolecular and intramolecular
mechanisms of hydride transfer, both in the conversion
of 1 to 3 and 3 to 6, we performed a crossover experi-
ment employing unlabeled 1 and doubly labeled d-
B[(CH3),pz]Rh(}3CO)(py).?” In a reaction mixture of
these two complexes and iodomethane, an intermolecu-
lar hydride migration would lead to a statistical mixture
of H and D bound to 12C and 13C in the final product 6,
while an intramolecular mechanism would yield only
12C—H and 3C—-D products. A slight complication
resulted from the fact that the deuterated BpMe: ligand,
prepared from dimethylpyrazole and NaBD4,? could not
be isolated without significant hydride incorporation at
the boron (perhaps from the glassware surface), despite
prior deuteration of the pyrazole nitrogen and attempts
to deuterate the glassware. This exchange process was
no longer active once the ligand was bound to Rh: IR
analysis of doubly labeled 1 revealed >93% 13C incor-
poration and 60% deuterium incorporation at boron.
Equimolar amounts of this complex and unlabeled 1
were dissolved together in benzene and treated with
iodomethane, after which the solution was thermolyzed
to form 6.2° Analysis of the product mixture by H and
2H NMR spectroscopy supported a strictly intramolecu-
lar mechanism for both hydride migrations (B to Rh and
Rh to C). The 'H spectrum of the thermolyzed solution
exhibited one resonance at 7.97 ppm with an integral
of 0.5, corresponding to the proton on the unlabeled
a-carbon; additionally, two 13C-coupled satellites of this
resonance (Jc—y = 170 Hz) were integrated together to
0.2, consistent with the initial 40% H incorporation at
B in the 13C-labeled starting material. In the 2H
spectrum, only a 13C-coupled doublet was evident for
the deuterium bound to the a-carbon, indicating that
no intermolecular transfer had proceeded to place
deuterium on a 2C.

We do not yet have additional information about the
mechanisms of these processes. However, we believe
that formation of 3 from 1 proceeds by initial oxidative
addition of iodomethane across the Rh center, followed
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by migratory insertion of the methyl group. The hydride
transfer step remains intriguing. Several Bp-substituted
transition-metal complexes show evidence of an agostic
interaction between the boron-bound hydride and the
metal center,39-32 which supports a low-energy transi-
tion-state geometry for hydride migration in the forma-
tion of 3. It is thus unclear whether the hydride transfer
precedes or follows the methyl migration. Shriver and
co-workers have demonstrated dramatic acceleration of
migratory insertions upon coordination of Lewis acids
to metal-bound CO ligands.®334 If hydride transfer
preceded methyl migration in the formation of 3, the
boron could serve effectively as a tethered Lewis acid
to catalyze the methyl migratory insertion.

The conversion of 3 to 6 is a rare instance of reverse
o-hydride migration. There have been very few direct
observations of 1,2-migration from a metal center to a
carbene carbon, despite the fact that migration in
the opposite direction to form the carbene is quite
common.35=38 |n the present case, it is particularly
notable that the hydride transfer to carbon is irrevers-
ible, despite its resulting in a coordinatively and elec-
tronically unsaturated metal center. Once again, coor-
dination of the oxygen to the Lewis acidic boron may
help to drive the migration. The overall transformation
from 1 to 6 is not unprecedented: Carmona and co-
workers showed in 1995 that thermolysis of BpMé:2Mo-
(PMe3)(CO)2(C(O)Me) at 70 °C results in hydride mi-
gration from the boron to the acyl carbon.1? In that case
the Mo center remains coordinatively saturated through-
out the reaction.
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