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Dirhodium carboxylates and carboximidates have emerged as
powerful and selective catalysts for many metal carbene transfor-
mations. They not only are highly efficient but also show
exceptional versatility; by simply changing the ligands on rhodium,
one can tune the reactivity of metal carbenes to favor either X-H
insertion, CdC addition, or ylide formation.1 One reaction that
cannot be controlled by ligand tuning is the promotion of aliphatic
1,2-C-C migration over 1,2-C-H migration because, until now,
C-H migration has always been the favored pathway.2 We have
now discovered the first examples where, by simply changing
ligands on rhodium, the normally favoredR-C-H migration
pathway can be completely reversed and unprecedentedR-C-C
migration dominates instead.3

Our discovery emanated from our interest in the reaction of
trimethylsilyldiazomethane with aldehydes. We recently reported
a novel one-pot procedure for the synthesis of silyl enol ethers from
aldehydes using lithiated trimethylsilyldiazomethane (LTMSD).4

In this process, after addition of LTMSD and quenching with
MeOH, an intermediate diazocompound1 is generated, which upon
treatment with Rh2(OAc)4 undergoes anR-C-H migration reaction
to furnish the silyl enol ether2 (Scheme 1). It occurred to us that,
if we substituted MeOH with TMSCl, this would generate a silylated
diazocompound4, which could, in principle, undergo the related
1,2-C-H migration reaction upon treatment with a suitable metal
catalyst and furnishR-silyl silyl enol ethers5, a potentially very
useful class of compounds.5

We began our investigations with dihydrocinnamaldehyde3b.
However, reaction with LTMSD followed by quenching with
TMSCl and treatment with Rh2(OAc)4 only furnished the diazo-
compound4b. Clearly, theR-silylated diazocompound4b generated
was substantially more stable than1 and therefore required more
vigorous conditions for its decomposition.6 After some experimen-
tation, two protocols, A and B, were established to effect metal
carbene formation followed by rearrangement. Method A involved
replacement of THF by toluene and heating to 110°C,7 while
method B involved using Rh2(tfa)4 at room temperature in place
of Rh2(OAc)4. These two protocols were applied to four representa-
tive aldehydes3a-d,8 and the results are summarized in Table 1.
The use of Rh2(OAc)4 gave the expected 1,2-C-H migration
reaction almost exclusively in the case of aldehydes3a-c,
furnishing the silyl enol ether5a-c with highZ selectivity together

with a small amount of 1,2-C-C migration product6a-c (entry
1). In the case of cyclohexanecarboxaldehyde3d, the 1,2-C-H
insertion still dominated but now was accompanied by competitive
1,3-C-H insertion (entry 3).9

Using Rh2(tfa)4 in place of Rh2(OAc)4 resulted in adramatic
and complete switch oVer from C-H migration to C-C migration
in all cases. These are the first examples of aliphatic C-C migration
reaction competing and actually dominating over the normally facile
C-H migration. Even in the case of substrates with the potential
for facile 1,5-C-H insertion (3a) or facile CdC addition (3c), the
aliphatic C-C migration reaction completely dominated when using
Rh2(tfa)4. Cyclohexanecarboxaldehyde3d also gave no 1,2-C-H
migration products at all; the products were wholly derived from
1,2-C-C migration and 1,3-C-H insertion (entry 4).

The distribution of products obtained from the different substrates
and catalysts can be understood by considering the possible
stereoelectronically required conformations for migration of the
intermediate metal carbenes (Scheme 2).10 We will initially consider
reactions of the primary aliphatic aldehydes (e.g.,3a) with
Rh2(OAc)4. The ratio of products formed is dependent on the
equilibrium populations of conformersA-D and the intrinsic rate
constants for 1,2-C-H (large)/1,2-C-R (small)/1,3-C-H (small)
migration/insertion reactions from the cognate conformer (Curtin-
Hammett). ConformerC is likely to be the most populated as it
suffers the least steric and electronic repulsions, but it is also the

Scheme 1. One-Pot Procedure for the Synthesis of Silyl Enol
Ethers

Table 1. Alkyl versus Hydride Migration in Rh-Catalyzed
Decomposition of R-Silylated Diazocompounds

a Ratios calculated by1H NMR of the crude reaction mixture.b Isolated
yield after Kugelrohr distillation.c Assignment based on NOESY experi-
ments on5b and6b. d Mixture of two diastereoisomers.
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least reactive. In contrast, conformersA andB are the most reactive
and can undergo very fast 1,2-C-H migration leading toZ andE
silyl enol ethers5a, respectively. The high selectivity in favor of
the Z isomer is because conformerB suffers combined steric and
electronic repulsion (between the acetate ligands attached to
rhodium and the oxygen of the silyl ether). In the case of the
secondary substituted aldehyde3d, the increased bulk of the R
group disfavors conformersA andB further, leading to increased
populations of conformersC and D, of which C will dominate.
The only pathways available to conformerC are 1,3-C-H insertion
or 1,2-C-C migration, and now 1,3-C-H insertion, furnishing the
cyclopropane7, begins to compete with the fast 1,2-C-H migration
from the very minor conformerA giving 5d.

The change in selectivity on going from Rh2(OAc)4 to Rh2(tfa)4
can be rationalized based on the increased electrophilicity of the
Rh carbenoid,11 which will lead to lower barriers for migration. If
the barriers to migration are now lower than the barriers that
interconvert conformationsA-D, the product ratio will reflect the
nascent population of the carbenoids (Curtin-Hammett principle
not applicable). It can be reasonably expected that the most stable
conformers of the carbenoid (C then D) are also those that are
formed most easily, and these lead to the observed silyl enol ethers
6a-c asZ (major)/E mixtures.

Interestingly, treatment of the diazocompound1 (R ) Ph(CH2)2)
with either Rh2(OAc)4 or Rh2(tfa)4 at room temperature furnished
silyl enol ether 2 derived wholly from C-H migration; no
competing C-C migration was observed. Thus, it seems that the
silyl group attached to the rhodium carbene exerts a profound effect
on the chemoselectivity of the migration. The effect is most likely
due to (i) the increased steric hindrance around the metal carbene,
which affects the populations and barriers to their interconversion,
of the stereoelectronically required conformations for migration,
(ii) destabilization of the rhodium carbene by the silyl group (it
stabilizes the diazocompounds but destabilizes the metal carbene
as the carbon center of the carbene is strongly electrophilic12),
promoting an earlier transition state, and (iii) the extent to which
the product distribution is dominated by rates of migration/insertion
reactions versus nascent conformer populations of the Rh car-
benoids, a factor controlled by ligands on rhodium. With acetate
ligands on rhodium, product distribution is controlled by rates of
migration/insertion (late transition state), while with trifluoroacetate
ligands, product distribution is controlled by conformer popula-
tions13 (early transition state).

In summary, we have developed a new and convenient synthesis
of R-silyl silyl enol ethers from aldehydes and trimethylsilyldiazo-
methane in good yield and high stereoselectivity. More importantly,
we have shown that, by tuning the ligands on rhodium, the normally
favored C-H migration process can be completely reversed to favor
C-C migration instead. This discovery adds to the rich history

associated with tuning chemoselectivity of rhodium carbenoid
reactions through choice of ligands on Rh.
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Scheme 2. Product Distribution in Rh-Catalyzed Decomposition of R-Silylated Diazocompounds
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