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ABSTRACT

A mild, general, catalytic system for the r-vinylation of carbonyl compounds has been developed. By employing [Pd(P tBu3)Br] 2 as catalyst
and LHMDS as base, vinyl bromides, vinyl triflates, and vinyl tosylates couple with 3-methyloxindole in satisfactory yields. The same catalytic
system is extended to the r-vinylation of ketones and esters.

In 1997, Buchwald,1 Hartwig,2 and Miura3 concurrently
reported the palladium-catalyzedR-arylation of ketones that
opened a new avenue for simple and useful construction of
molecules that were traditionally difficult to synthesize.4 In
parallel with advancements in transition metal mediated
C-C, C-N, C-O, C-S, and C-P bond formations in the
past decade, theR-arylation reaction has been expanded to
a variety of nucleophilic coupling partners such as ketones,5

esters,6 amides,7 nitriles,8 aldehydes,9 nitroalkanes,10 sul-

fones,11 and lactones.12 In this process, an enolate or a related
anion generated under basic conditions undergoes coupling
with an aryl halide in the presence of a palladium or nickel
catalyst. In the development of theseR-arylation reactions,
it was found that the ligand plays a critical role in the success
of the coupling reaction and a great deal of effort has been
placed in tuning the electronic and steric properties of the
ligand bound to the transition metal centers. While many
reports have appeared detailing substrate scope expansion
of the enolate coupling partner, the electrophilic component
is generally limited to aryl halides or aryl triflates. Expansion
of the electrophilic coupling partner to include olefinic
halides and triflates would allow ready access to the
corresponding vinyl carbonyl compounds. Buchwald has
recently reported an elegant asymmetricR-vinylation of
ketone enolates; however, the substrate scope is limited.13

Other examples for this useful transformation are scarce.12b

The importance of a generalR-vinylation reaction of enolates
stems not only from the frequent appearance of C-C double
bonds in natural products and biologically active compounds,
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but also from the rich and well-studied chemistry of olefins
that enables efficient synthesis of complex structures.
Therefore the development ofR-vinylation reactions is very
attractive, as an addition to the related transition metal-
catalyzed reactions such as Heck, Suzuki, Negishi, and Stille
couplings, where use of vinyl coupling partners has been
broadly used in the synthesis of natural products.14

In conjunction with one of our programs, development of
an effectiveR-vinylation reaction of carbonyl compounds
was desirable as a synthetic strategy. Herein, we report our
results on the successfulR-vinylation of 3-methyloxindole
and the related ketones and esters.

Oxindole1 was selected as the model substrate due to the
presence of the structural motif in many biologically
important compounds.15 To our surprise, direct arylation of
1 has not been studied, although indirect synthesis of
N-methyloxindole has been reported via intramolecular or
stepwise intermolecular arylation.16 To develop a useful
R-vinylation reaction, we examined the coupling of1 with
1-cyclohexenyl triflate2 under various conditions. Two
features of this reaction were notable: (i) Although vinyl
triflates are easily prepared from the corresponding ketones,17

use of vinyl triflates inR-vinylation of enolates has not been
reported. (ii) Substrate1 contains both C and N nucleophiles
which may result in the formation of mixed C-C and C-N
vinylated products when subjected to the reaction conditions.
To the best of our knowledge, there is no literature precedent
for R-arylation of an amide with a free N-H bond.

Initially, the model reaction was screened at 80°C in
toluene with either Pd2(dba)3/ligand combination or a
preformed palladium complex18 as the catalyst, with lithium
hexamethyldisilazine (LHMDS) as base to generate the
enolate in situ.

A few sterically hindered and electron-rich mono- and bis-
phosphines (Figure 1 and Table 1) were found effective,

providing 55-94% yields of the coupled product3 (Table
1, entries 1, 2, 3, and 7).19 The reaction catalyzed by the
dimeric Pd(I) complex [Pd(PtBu3)Br]2

20 afforded the highest
yield of 94% (Table 1, entry 1). Other ligands that have been

successfully used in related palladium-catalyzed couplings,
including R-arylations, were less effective for theR-vinyl-
ation of 1. Interestingly, no instances of C-N coupling
product were observed.21

Having identified [Pd(PtBu3)Br]2 as the optimal catalyst,
the effects of solvent and base were next examined. With
LHMDS as base, reactions in toluene or xylene proceeded
smoothly, but those performed in dioxane, THF, DME, or
DMF occurred with lower yields. With toluene as solvent,
reactions carried out with LHMDS or NaHMDS as a base
gave the best yields, while those with Cs2CO3, K2CO3,
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Figure 1. Selected ligand structures.

Table 1. Catalyst Evaluation

entry Pd-source ligand yield (%)a,b

1 [PtBu3PdBr]2 n/a 94
2 (PhPtBu2)2PdCl2 n/a 55
3 (DTBPF)2PdCl2 n/a 72
4 Pd2(dba)3 XantPhos <5
5 Pd2(dba)3 S-Phos <5
6 Pd2(dba)3 X-Phos <5
7 Pd2(dba)3 Q-Phos 83
8 Pd2(dba)3 IPr-HCl 9
9 Pd2(dba)3 BINAP 20

10 Pd2(dba)3 S-MOP 34
11 Pd2(dba)3 S-MOP* 32

a HPLC assay yield.b Reaction conditions: To a mixture of1 (1.0 equiv),
Pd source (5 mol % Pd), and ligand (5-10 mol %) in toluene was added
LHMDS (2.5 equiv). The mixture was stirred for 5 min followed by addition
of 2 (1.5 equiv). The dark solution was heated to 80°C for 24 h and analyzed
by HPLC.
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K3PO4, NaOtBu, or KOtBu showed lower or negligible
conversions.

With the optimal conditions in hand, we examined the
scope of this reaction by coupling of a variety of vinyl
bromides and triflates with1 (Table 2). Reaction of vinyl

bromides or triflates gave 56-89% yields (Table 2, entries
1-7), while terminal vinyl bromides coupled with1 afforded
an 84-85% yield of product with complete retention of
olefin geometry (Table 2, entries 2 and 3). Hindered tri- or
tetrasubstituted vinyl bromides or triflates also coupled
smoothly to give the desired product in 70-85% yield (Table
2, entries 4, 6, and 7). Coupling of 1-trifluoromethyl-2-
bromopropene with1 proceeded smoothly to afford 56%
yield of the desired vinylation product (Table 2, entry 5).22

Recently, vinyl tosylates have been used in coupling
reactions as organic halide equivalents due to the fact that
they are easy to prepare and generally are stable crystalline
compounds. However, they are also difficult coupling
partners and few studies have been reported with these
compounds.21bTo our delight, the current conditions provided
a 65% yield for the reaction of 1,2-dihydro-3-naphthyl
tosylate with 3-methyloxindole1 (Scheme 1).

To explore the generality of the current process, we
extended theR-vinylation reaction to other related carbonyl
compounds (Table 3). With use of the optimized reaction
conditions described above, both cyclic and acyclic ketone
enolates were shown to react with vinyl bromides and
triflates, providingâ,γ-unsaturated ketones in 48-95% yield.
Again the electron-deficient vinyl trifluoromethyl group was
introduced in 62-65% yield (Table 3, entry 2). Tetrasub-
stituted vinyl triflate or bromide was effective in this
coupling, though lower yields of 48% and 66%, respectively,
were obtained (Table 3, entries 3b, 6a, and 7).R-Vinylations
of methylene and methyl groups were moderate (56-81%)
in the cases studied (Table 3, entries 5, 6, and 7). The
R-vinylation reaction of the ethyl ester ofN-Boc-piperidine-
4-carboxylic acid was also successful under these conditions
(Table 3, entries 8 and 9).

Although asymmetric catalysis has been emerging as an
important tool in modern organic synthesis, enantioselective
R-arylation has yet to be established as a general method.
The reported asymmetric protocols are highly substrate-
dependent with little generality.13,19a,23

We screened a range of chiral ligands under our optimal
conditions forR-vinylation of 1 with 1-cyclohexenyl triflate
2. Preliminary results showed that some chiral ligands
mediated the asymmetric coupling reaction albeit in low yield
of product3. One of the promising ligands was MOP*24

(Figure 1 and Table 1), which gave 31% ee at 80°C (48 h,
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Table 2. Substrate Scope forR-Vinylation of 1

a Isolated yield.b Reaction conditions: To a mixture of1 (1.0 equiv)
and [PtBu3PdBr]2 (2.5 mol %) in toluene was added LHMDS (2.5 equiv).
The resulting mixture was stirred for 5 min followed by addition of vinyl
bromide, triflate, or tosylate (1.5 equiv).

Scheme 1
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yield 35%) and 40% ee at 40°C (96 h, yield 38%),
respectively.25

In conclusion, we have developed a mild catalytic system
for the R-vinylation of 3-methyloxindole1, as well as a
variety of ketones and esters with exclusive C-C bond
formation. The reaction affords good yields of products with
use of commercially available reagents, making this an
attractive method to introduce the C-C double bond into
organic molecules. Further mechanistic studies are required
to optimize the asymmetricR-vinylation reaction
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Table 3. Vinylation of Ketones and Esters

a Isolated yield.b Reaction conditions: To a mixture of ketone or ester (1.0 equiv) and [PtBu3PdBr]2 (2.5 mol %) in toluene was added LHMDS (2.5
equiv). The resulting mixture was stirred for 5 min followed by addition of vinyl bromide or triflate (1.5 equiv).
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