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ABSTRACT

Pd-catalyzed silylstannylation of acetylenes tolerates a variety of reactive functional groups (aldehydes, nonterminal acetylenes, epoxides,
activated and unactivated olefins), providing easy access to precursors that can be converted into carbocyclic and heterocyclic compounds
via free radical or Heck reactions. Examples of the synthesis of pyrrolidines, bicyclic â-lactams, hydrindanes, and tetrahydrofurans are described.

While trying to expand the scope of the trialkylsilyltrialkyl-
stannane-mediated cyclization of 1,6-diynes,1, 2 (Scheme 1,
1 f 4), we have found that some individual steps of the
reaction are remarkably selective for monosubstituted acety-
lenes. As illustrated in Scheme 1, neither the putative initial
1,2-silylpalladation (e.g.,1 f 2) nor the subsequent carbo-
palladation (e.g.,2 f 3) takes place at the more substituted
acetylene (R) TMS or Me). Such chemoselectivity results
in the formation of a (Z)-1,2-silylstannyl olefin5 as the only
product when one of the acetylenes is nonterminal. The
reaction at the terminal acetylene proceeds with excellent
regio- and stereoselectivity, leading to the olefin with a

terminal SiR3 group and an internal SnR3 group. Instead of
a nonterminal acetylene, the second functional group can also
be an activated or unactivated olefin, a 1,3-diene, an
aldehyde, or even an epoxide. Because of the presence of
unsaturation on the appendage and the facility with which a
C-Sn bond can be replaced by a C-X bond (e.g.,6a, 6b),
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Scheme 1. Selectivity in the Silylstannylation of Acetylenes
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alternate strategies for cyclization of these adducts can now
be envisioned. In this paper we report several examples of
such applications of the silylstannyl olefins for the synthesis
of highly functionalized carbocyclic and heterocyclic com-
pounds. These include (a) cyclizations of vinyl radicals, (b)
intramolecular Heck additions of vinyl iodides to acetylenes
and olefins, and (c) additions ofâ-alkoxyradicals (generated
from epoxides and Cp2TiCl) to vinylstannanes.

Examples of the exquisite selectivity in the silylstanny-
lation of substrates with terminal acetylenes are shown in
Table 1. Typically the reaction is run in a hydrocarbon
solvent such as benzene with a slight excess of the silyl-
stannane in the presence of 5 mol % of a Pd(0) source such
as (Ph3P)4Pd or Pd2(dba)3 and a phosphine.3 Depending on
the substrate, temperatures between 25 and 80°C are
employed. Optimization of the reaction for a new substrate
is best accomplished by mixing the reagents and the catalyst
in a deuterated solvent and following the reaction by1H
NMR. Conditions have been found where nonterminal
acetylenes (entries 1 and 2), activated or unactivated olefins4

(entries 3-8), 1,3-dienes (entry 7), epoxides (entry 9), and
aldehydes3 are also not affected. The proline-derived acety-
lenic alcohol derivative13, which is a potential source of
bicyclic alkaloid intermediates, is readily converted into a
silylstannyl olefin (entry 5). The corresponding allyl alcohol
from which 13 was derived underwent the reaction, albeit
in a lower yield (21%). Several epoxyacetylenes,3 exempli-
fied by 19a,b (entry 9), gave the silylstannyl olefin in
surprisingly good yields.

The vinyl-stannane substrates are useful intermediates for
further synthesis. For example, the acetylenes5aand5b upon
treatment with iodine in CH2Cl2 give very high yields of
the vinyl iodides6a and 6b with complete retentionof
stereochemistry at the double bond (Scheme 1). Treatment
of the iodide6b with Bu3SnH in refluxing benzene gives
the (Z,Z)-bis-alkylidenecyclopentane21b in 48% yield (eq
1). An interesting application of this sequence for the

synthesis of a bicyclicâ-lactam is shown in eq 2. Precursors
such as8 are easily synthesized via Hart’s imine-ester enolate
cycloaddition5 followed by N-propargylation and silylstan-
nylation. Treatment of8 with iodine in CH2Cl2 followed by
cyclization mediated by Bu3SnH at 90°C in toluene give
the bicyclicâ-lactam23 in 61% yield.

Table 1. Silylstannylation of Functionalized Acetylenesa

a See Scheme 1 and the text for a typical procedure. See Supporting
Information for other examples, including aldehyde and acetylenic ester
substrates, and specific experimental details.b Yield of two steps.
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Employing this strategy, readily available dimethyl 2-(3-
propynyl)malonate can be used as a cyclopentane-annulation
reagent. The two prototypical substrates shown in Table 1,
entry 8 were readily prepared from a mixture of (()-carveol
mesylate and sodium dimethyl 2-(3-propynyl)malonate using
a procedure similar to what has been reported by Trost.6 The
cis-adduct17a undergoes the silylstannylation (to18a)
followed by iodination to give the vinyl iodide24, which
when subjected to radical cyclization gives a mixture of
alkylidenecyclopentanes,25 (eq 3). Note that a highly
congested ring junction with a quaternary carbon is produced
in this key step in a very respectable 75% yield. Not
surprisingly, a mixture ofZ- andE-vinylsilanes is obtained
in the reaction.7 The configuration of the ring junction has
been assigned ascis on the basis of ample precedents for
the formation of bicyclo[4.3.0]-nonane skeletons under
similar situations.8

The trans-malonate adduct17b, upon silylstannylation
followed by iodination, give a surprisingly high 86% yield
(two steps) of the vinyl iodide26. Under Heck reaction
conditions 26 gives 82% of a vinylsilane27 with the
formation of an endocyclic olefin. Unlike the radical reaction,
the configuration of the vinylsilane (Z) is maintained in the
Heck reaction. However, upon treatment with catalytic
amounts ofp-toluenesulfonic acid, theZ-vinylsilane 27
rearranges to a more stableE-vinylsilane 28 in nearly
quantitative yield. A similar strategy can also be used for

the synthesis of bis-alkylidenetetrahydrofurans as shown in
eq 4. The vinyl iodide29 was prepared starting from

propargyl bromide andtrans-cinnamyl alcohol in three steps
and was subjected to intramolecular Heck reactions to give
the product as a mixture of two isomers in a ratio of 9:1,
with the (Z,E)-product predominating.3,9

Titanium(III)-mediated epoxide opening as a method of
generation of functionalized radicals has become a powerful
tool for the synthesis of carbon-carbon bonds, homolytic
reductions, and deoxygenations.10 The vinylstannane adducts
derived from the epoxy acetylenes (e.g.,20a,b) undergo
facile cyclization upon treatment with Cp2TiCl in THF (eq
5).11 The product was isolated as a mixture ofE andZ-olefins
(31a 1.0:0.2;31b 1.0:0.6).12

In summary, in this communication we demonstrate the
remarkable functional group compatibility of the silylstan-
nylation of acetylenes that permits the preparation of
polyfunctional molecules that are difficult if not impossible
to synthesize by conventional methods. Applications for the
synthesis of highly functionalized carbocyclic and hetero-
cyclic compounds through free radical or Heck cyclization
protocols illustrate the myriad possibilities of using these
building blocks for further synthesis.
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Scheme 2. Cyclopentane Annulation via Heck Reaction
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