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Carbometalation of alkynes produces cis-substituted alkenyl-
metals and is an extremely useful method for a stereoselective
olefin synthesis.1 Among these, the transition metal-catalyzed
carbostannylation has advantages in view of synthetic utility, since
the resulting alkenylstannanes can be transformed further to vari-
ously substituted ethylenes through cross-coupling reactions.2 We
have already demonstrated that a palladium complex coordinated
by aN-(2-diphenylphosphinobenzylidene)-2-phenylethylamine lig-
and (1) catalyzes syn-addition of alkynylstannanes to alkynes.3

Since then we have been studying activities of palladium catalysts
using various ligands and have found that dimerization-car-
bostannylation of alkynes takes place with alkynyl-, alkenyl-, and
allylstannanes. Herein we report that the reaction provides a con-
venient method to produce highlyπ-conjugated alkenylstannanes
with three to six covalent bonds being generated in one batch.

Using bis(phenylimino)acenaphthene (2a) in lieu of iminophos-
phine 1 as a ligand, we observed that the palladium-catalyzed
carbostannylation of ethyl propiolate (3a) with tributyl(phenyl-
ethynyl)tin (4a) proceeds smoothly, being accompanied by dim-
erization of the alkyne to give diethyl (1Z,3E)-6-phenyl-1-tri-
butylstannylhexa-1,3-dien-5-yne-1,4-dicarboxylate (5a)4 through
a stereoselective syn-addition (Scheme 1). Typical conditions fol-
low: a reaction of3a (3 mol) with 4a (1 mol) in toluene in the
presence of a 1:2 mixture of [PdCl(η3-C3H5)]2-2a (5 mol % of
Pd) at 50°C for 40 min gave5a in 77% yield as a single isomer.
Solvent and a palladium complex coordinated by a different ligand
were examined and compared in the reaction of3a with 4a.
Conversion in a period of 1 h is summarized in Table 1. In such
a polar solvent as THF, dioxane, DME, or DMF, the reaction
with the Pd-2acatalyst was slow (entries 1-6). Diimines having
an electron-withdrawing or -donating substituent on Ar did not
accelerate the reaction (entries 8-11). Bulky diimine2f was tot-
ally ineffective (entry 12). A palladium complex with acyclic di-
imine ligand2g gave a mixture of 2:1 and 1:1 carbostannylation

products (entry 13). Only a 1:1 carbostannylation product was
obtained with a palladium-1 catalyst as we disclosed before
(entry 14).3 The reaction without any ligand was slow to give
1:1 carbostannylation product7 (R1 ) Et, R2 ) H, R3 PhC2) in
a low yield (entry 15).

The scope and limitations of the dimerization-carbostannyl-
ation were next examined using various organostannanes and
alkynes (Table 2). Tributyl(hexynyl)tin and tributyl(trimethylsi-
lylethynyl)tin also reacted with3a with high regioselectivities in
good yields (entries 2 and 3). Alkenylstannanes were more reac-
tive than alkynylstannanes to give the corresponding conjugated
(stannyl)trienes consisting of two regioisomers5 by the reaction
with 3a (entries 4-6). In addition to3a, dimethyl acetylenedi-
carboxylate (3b) also was applicable to the reaction with these
organostannanes (4a-f), giving alkenylstannanes5g-l6 in a ster-
eoselective manner (entries 7-12). At least one ester substituent
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Table 1. Palladium-Catalyzed Dimerization-Carbostannylation of
Ethyl Propiolate (3a) with Tributyl(phenylethynyl)tin (4a)a

entry ligand (Ar in2) solvent conv. (%)b prod(s)

1 Ph (2a) toluene 89 5a
2 Ph (2a) THF 71 5a
3 Ph (2a) dioxane 70 5a
4 Ph (2a) CHCl3 70 5a
5 Ph (2a) DME 64 5a
6 Ph (2a) DMF 53 5a
7 Ph (2a) octane <5 5a
8 4-CF3C6H4 (2b) toluene 80 5a
9 3,5-(CF3)2C6H3 (2c) toluene 49 5a

10 4-MeOC6H4 (2d) toluene 68 5a
11 4-MeC6H4 (2e) toluene 89 5a
12 2,6-(i-Pr)2C6H3 (2f) toluene <5 5a
13 (2g) toluene 31 5a, 7c

14 (1) toluene 84 7d

15 none toluene 20 7e

a The reaction was carried out in a solvent (3 mL) at 25°C using3a
(1.0 mmol) and4a (0.34 mmol) for 1 h in thepresence of [PdCl(η3-
C3H5)]2 (8.2µmol) and a ligand (16µmol). b Determined by119Sn NMR.
c 5a/7 ) 54/46.d The regioisomer of7 was also detected (7/isomer)
4/1). e Regioisomer was not detected.
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on acetylene seems to be essential for the reaction to occur; neither
phenylacetylene, 1-octyne, nor 1-butyn-3-one gave the corre-
sponding carbostannylation product. Cinnamyl(tributyl)tin can also
participate in the carbostannylation in use of3b (entry 13).6

Elsevier and co-workers recently reported a three-component
coupling of an acetylenedicarboxylate, an organic halide, and
tetramethylstannane, using a palladium-diimine 2e complex as
a catalyst.7 The catalytic cycle is considered to involve a reaction
of palladacyclopentadiene8a (cf. Figure 1), derived from Pd-
(0)-2eand dimethyl acetylenedicarboxylate (3b), with an organic
halide followed by transmetalation with tetramethylstannane.

With an expectation that a palladacyclopentadiene might be
involved in our reaction, we monitored the reaction by1H NMR,
choosing2eas a ligand, because the methyl substituent gave more
information. Indeed,1H NMR spectra of the reaction of3b with
4d showed peaks no other than those of palladacycle8a in addi-
tion to those of the substrate and product (Figure 1). Furthermore,
palladacycle8b was prepared from Pd(0)-2aand allowed to react
with 3 equimolar amounts of4d to give carbostannylation product
5j in a good yield, and8b was shown to be an equally active
catalyst (Scheme 2). All of these observations suggest that the
catalytic cycle should involve the formation of a palladacyclo-
pentadiene intermediate from a Pd(0) complex and 2 mol of an
alkyne followed by its reaction with an organostannane, although
subsequent steps of the catalytic cycle are not clear at present.

The dimerization-carbostannylation reaction using alkenyl- and
alkynylstannanes is significant, as conjugated trienes and dienynes
are produced from alkynes with high stereoselectivity by the
catalytic process. Furthermore, a reaction of (E)-bis(tributylstan-
nyl)ethene (4h) with alkynes3a and3b affordedR,ω-distannyl-
pentaenes9a and 9b, generating six new covalent bond all in
one batch.

The utility of the dimerization-carbostannylation reaction is
demonstrated by the transformation to more conjugated com-
pounds through a cross-coupling reaction (Scheme 3). Thus, the
cross-coupling reaction of5a with 4-iodonitrobenzene, bromo-
(phenyl)ethyne, or 1,4-diiodobenzene in the presence of Pd(0)/
CuI8 gave10, 11, or 12 in a reasonable yield, respectively.

In conclusion, we have disclosed that dimerization-carbostan-
nylation of alkynes takes place with a palladium catalyst and a
diimine ligand to give highly conjugated alkenylstannanes in a
stereoselective manner. Further studies on extension of the reac-
tion and synthetic applications are in progress in our laboratories.
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Table 2. Dimerization-Carbostannylation of Alkynes Catalyzed
by Palladium-Diimine 2aa

entry alkyne R3
temp
(°C)

time
(h)

yield
(%)b prod(s) 5/6c

1 3a PhCtC (4a) 50 0.7 77 5a, 6a >99/1
2 BuCtC (4b) 30 3 93 5b, 6b >99/1
3 TMSCtC (4c) 20 0.5 75 5c, 6c >99/1
4 CH2dCH (4d) 50 0.7 72 5d, 6d 79/21
5 (E)-PhCHdCH (4e) 50 1 78 5e, 6e 89/11
6 (E)-n-Hex-CHdCH (4f) 50 1 76 5f, 6f 71/29
7 3b PhCtC (4a) 70 2 77 5g
8 BuCtC (4b) 90 19 32 5h
9 TMSCtC (4c) 90 2 52 5i

10 CH2dCH (4d) 50 2 76 5j
11 (E)-PhCHdCH (4e) 50 1 75 5k
12 (E)-n-Hex-CHdCH (4f) 50 8 75 5l
13 (E)-PhCHdCHCH2 (4g) 50 1 86 5md

a The reaction was carried out in toluene (3 mL) at 50°C using an
alkyne (1.0 mmol) and an organostannane (0.34 mmol) in the presence
of [PdCl(η3-C3H5)]2 (8.2µmol) and2a (16µmol). b Isolated yield based
on the organostannane is given.c Determined by119Sn NMR. d A 1:1
carbostannylation product7 was also obtained in 4% yield.

Figure 1. 1H NMR (200 MHz) spectrum of the reaction mixture (at ca.
31% conversion) in the reaction of3b with 4d in the presence of [PdCl-
(η3-C3H5)]2-2e complex (20 mol % of Pd, Pd/2e ) 1) in CDCl3 at 25
°C.
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