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Abstract: A chiral allylic stannane, easily accessible via an enan-
tiotopos differentiating deprotonation of a 1-phenyl-1-alkenyl-
carbamate, is coupled with different aryl halides. In this
enantiospecific Stille reaction a h3-bound palladium species is as-
sumed to eliminate either to an arylated 1-alkenyl carbamate or, af-
ter migration of the carbamoyloxy group, to a 2-alkenyl carbamate.

Key words: stannanes, C–C coupling, enantioselectivity, allylic
compounds, palladium catalysis, asymmetric arylation

The Stille reaction has found numerous applications for
the palladium-catalyzed coupling of vinyl- and aryltri-
alkylstannanes with alkenyl or aryl halides (or the corre-
sponding triflates).1 In most of the examples, both leaving
groups are attached to sp2-carbon atoms. In few cases, in
which sp3-carbon atoms are involved, the palladium inter-
mediate is unable to undergo b-hydride elimination for
constitutional or steric reasons.2 Few examples of
stereospecific Stille-type acylations of chiral benzylic a-
alkoxy- or a-aminostannanes with acid chlorides have
been described in literature, so far.3 We now report on the
first arylation of an enantioenriched allylstannane, in
which its chiral information is almost completely retained.

During our studies on the (–)-sparteine-mediated g-depro-
tonation of 1-alkenyl carbamates, we prepared the allyl-
stannane (S)-2 with 94% ee (Scheme 1).4

Scheme 1 Synthesis of allylic stannane (S)-2

It turned out that 2 could easily be coupled with aryl
halides in the presence of Pd(PPh3)4 in DMF. Variation of
the reaction conditions or of the catalyst leads either to de-
composition of the starting material or to lower yields.

The coupling reaction leads to the formation of a g-arylat-
ed major product (R)-3 (Scheme 2). In most of the
reactions that were carried out the isomeric product 4 was
also formed.

Scheme 2 Pd-catalyzed coupling of a chiral allylstannane with aryl
halides

The absolute configuration of (R)-3a was established by
transformation into the known ketone (–)-(R)-5a
(Scheme 3).5

Scheme 3 Decarbamoylation of (–)-(R)-3a

One can assume that the reaction proceeds via an h3–p-
palladium complex as reported by Y. Yamamoto.6,7

Products 4 have the same enantiomeric purity as the cor-
responding g-products 3, but their absolute configuration,
at present, is unknown. This is also true for the product 4a.
Consequently, the precursor for the migration of the OCb
group is not the achiral regioisomer 6a, originating from
vinylogous aryl transfer in h3-complex B (Scheme 4,
Table 1).8 The exact mechanism of the coupling reactions
still has to be explored. We assume (in analogy to other
non-stereogenic Stille couplings) the following catalytic
cycle (Scheme 4, Table 1): the aryl halide undergoes an
oxidative addition with Pd(0) to give the arylpalladium
halide A, which reacts with the allylic tin compound (S)-
2 with stereoinversion to form the planar-chiral h3-al-
lylpalladium intermediate B1.

Alternatively an h1-palladium species B2 might be in-
volved in the course of the reaction. In both possible inter-
mediates the palladium cation is stabilized against
racemization by the strongly complexing N,N-diisopro-
pylcarbamoyloxy group. Intermediates B1 or B2 collapse
to form the coupling products 3 and 4 with retention of
configuration at the allylic moiety with extrusion of Pd(0).
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Scheme 4 Proposed mechanism of the enantiospecific Stille coupling with (S)-2
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Table 1 Coupling of (S)-2 (94% ee) with Different Aryl Halides

Entry ArX Product 3/yield (%) 3/ee (%)a [a]D
20,b Product 4/yield (%) 4/ee (%)a [a]D

20,b

1 3a/44 94 –64 4a/13 94 +44

2 3b/41 91 –54 c– – –

3 3c/51 >90 –85 4c/27 >90 +102

4 – c– – 4d/67 92 +49

5 3e/44 94 –70 4e/25 94 +89

6 3f/51 90 –60 4f/29 90 +85

a Determined by chiral HPLC (column: Chira Grom 2).
b c = 0.11–0.89, CHCl3.
c Not found.
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Palladium complex B obviously rearranges in part by
suprafacial migration of the OCb group to form the chiral
vinylpalladium intermediate D, in which the aryl residue
is transferred by expelling the Pd(0).

In conclusion, the first enantiospecific Stille coupling was
developed, overcoming one still remaining limitation of
the Stille reaction: coupling of an enantioenriched allyl-
stannane with different aryl halides. In these reactions an
almost complete transfer of chirality from the stannane to
the allylic carbamate is observed.
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