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Catalytic synthesis of carbocyclic and heterocyclic compounds
from acyclic olefinic and acetylenic precursors is a subject of
great topical interest. A wide variety of substrates including
eneynes, eneallenes, dienes, and diynes have been subjected to
metal-catalyzed intramolecular cyclizations.1 Many of these
reactions are characterized by operationally simple procedures,
high catalytic turnover and selectivity, and in several cases,
exceptional functional group tolerance of the reagents. More
recently, the value of such reactions have been enhanced further
by the use of bifunctional (X-Y) reagents such as R3Si-SiR′3,
R3Si-SnR′3, R3Si-BR′2, R3Sn-BR′2, as well as the more
traditional trialkylsilicon- and trialkyltin- hydrides.2 These reagents
are incorporated into the reaction leading to highly functionalized
end products (Scheme 1).

Last year we reported the cyclization of 1,6-diynes aided by
trialkylsilyltrialkylstannanes (R3Si-SnR′3)3 in the presence of Pd-
(0) to give novel, helically chiral 1,2-dialkylidenecyclopentanes
with an uncommon (ZZ)-geometry at the double bonds (eq 1).4

This highly stereoselective reaction proceeds in good yields with
no special care taken to avoid moisture and air, and is compatible
with common functional groups such as ethers, esters, amides,
carbonyl groups, and even tertiary amines. While the full synthetic
potential of the product dienes remains to be explored, preliminary
studies show that they undergo a number of selective transforma-
tions including proto-destannylation, Sn-halogen exchange, Stille
coupling, and epoxidation of the vinylstannane.5 Nevertheless,
one limitation of this andall other related X-Y-mediated
cyclizations that has become apparent is the lack of regioselec-
tivity in some unsymmetrical substrates as illustrated in eq 2. The

proline-derived diyne gave essentially a 1:1 mixture of regioiso-
meric products. We wondered whether by exploiting the different
reactivities of allenes and acetylenes in Pd-catalyzed X-Y
additions we could circumvent this problem.6 Thus, cyclization

of an alleneyne would give a highly substituted alkylidenecyclo-
pentane which maybe further elaborated through vinylsilane and
vinylstannane chemistry (Scheme 1). We were encouraged by a
timely study by Kang et al.7 who reported that symmetric diallenes
underwent Pd-catalyzed, stereoselective cyclization in the presence
of Bu3SnSnBu3 and Me3SiSnBu3. In the meantime, our expecta-
tions on the allenyne cyclization have been borne out, and in this
paper we report our initial findings on a highly chemo-, regio-,
and stereoselective silylstannylation/cyclization reaction of these
substrates.

The alleneyne3, in the presence of Ph3Sn-SiMe2But (1.1
equiv), Pd2(dba)3‚CHCl3 (5 mol % in Pd) and P(C6F5)3 (10 mol
%) in C6D6 undergoes an exceptionally clean reaction (>95%
yield of product by NMR) at room temperature to give the
cyclic product5a in 80% isolated yield (Scheme 2). The lower
isolatedyield of the product is a measure of the instability of
this relatively sensitive material which was isolated by column
chromatography on silica gel using hexane containing 5% Et3N.8

The structure and configuration of5a were unambiguously
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Scheme 1.Cyclizations Mediated by Bifunctional Reagents

Scheme 2.Silylstannylation/Cyclization of Allenyne
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established by NMR spectroscopy and elemental analysis. The
identity of the SnC-H and the geometry of the double bond are
clear from the coupling pattern (δ 6.40; s,2JSn-H ) 74 Hz) and
nOe difference spectrum.8 Among the large number of mono-
phosphine ligands that were screened for the reaction only P(3,5-
Me2-C6H3)3 and (C6F5)3P gave any appreciable reaction after 12
h at room temperature (39 and 61%, respectively). The source of
Pd, while not as critically important, showed a definite trend in
reactivity when used in conjunction with (C6F5)3P: (PhCN)2PdCl2
≈ [Pd(allyl)Cl]2/AgOTf>, Pd2(dba)3‚CHCl3. PdCl2. When the
reaction was repeated with a less reactive silylstannane, Bu3-
SnSiMe3, we were able to isolate an uncyclized adduct4b in
excellent yield (81% isolated along with 8%5b) and stereochem-
ical purity (Scheme 2).9 On prolonged heating (45°C, 48 h) the
intermediate allylstannane4b is quantitatively converted into the
cyclic product5b. Isolation of this key intermediate is indicative
of the higher reactivity of the allene moiety (vis-a`-vis the
acetylene) and has clear mechanistic implications (vide infra).
Presumably the corresponding allyltriphenylstannane4a is too
reactive to accumulate in solution to any appreciable degree.

Table 1 shows the generality of the cyclization reaction.
Reaction of Ph3Sn-SiMe2But with N-tosylalleneyne6 gives the
cyclic product7 in >90% yield at room temperature whereas the
oxygenated derivative8 gives the product9 as a single diaste-
reomer.8 The less reactive trimethylsilyltributyl stannane takes 5
h at 80°C to complete the cyclization of8 to give the product
10. At room temperature in the presence of (PhCN)2PdCl2 and
(C6F5)3P, 8 gives a mixture (1:3) of the allylstannane11 and the
cyclic product10.

The silyltin reagents are generally superior to other bis-
functionalization reagents in this type of cyclizations. For
comparison, reactions of3 and 8 with Me3Sn-SnMe3 and a
boron-tin reagent Me3Sn-B[-N(Me)CH2CH2(Me)N-] were
attempted. Judged by “in situ” NMR analysis, the distannylation
reaction proceed to give a good yield of13, albeit at a higher
temperatures (entry 8).8 Allenyne8 gave a mixture of cyclic and
acyclic products. The borostannylation is a relatively poor
reaction, giving a similar adduct (<50% crude yield). Isolation
of the Sn-Sn and Sn-B compounds presents significant prob-
lems, and upon chromatography severe losses are encountered.

A unified mechanism that accounts for the observed results is
shown in Scheme 3. Bidentate coordination of the Pd2+ on the
allene and acetylene (15) would lead to the more stableanti π-allyl
Pd-complex16, which upon reductive elimination with formation
of the less congested allylstannane and regeneration of Pd(0)
would give the primary product4b. A more energetically
demanding insertion of the acetylene into thisπ-allyl Pd complex
takes place at a higher temperature, leading to the cyclic product
5b via 17.10 In support of such a mechanism we have observed
that isolated4b can be converted into5b using Pd(0) and (C6F5)3P
at elevated temperatures.11
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Table 1. Cyclization of Alleneynes Mediated by R3SiSnR′3 and
R3SnSnR3

a A: 5 mol % Pd2(dba)3‚CHCl3 with 10 mol % P(C6F5)3; B: 5 mol
% Pd(PhCN)2Cl2 with 10 mol % P(C6F5)3. b Isolated yields (yields
determined by NMR in brackets).c Isolated material contained 8%5b.

Scheme 3.Possible Mechanism of Silylstannylation/
Cycliation of an Allenyne
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