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Palladium-catalyzed coupling reactions of alkenyl ha-
lides with alkenyl or alkynyl metals have been used
widely in organic synthesis.1 For this reason, alkenyl
halides have become increasingly important. Particu-
larly, geometrically pure alkenyl halides have been
required in the stereospecific preparation of conjugated
polyenes and enynes.2 A number of important natural
products possess a (Z)-olefin unit in conjugated structures
(e.g., rhodopsins,3 eicosanoids,4 and enediyne antibiot-
ics5), all of which exhibit significant biological activities.
For the synthesis of such a unique structural moiety,
geometrically pure (Z)-1-halo dienes or (Z)-1-halo enynes
(Figure 1) are essential. In fact, some (Z)-(chloroethenyl)-
acetylenes have been employed for the preparation of
enediynes.6 Several methods were reported on stereo-
selective preparation of (Z)-1-halo alkenes.7 However,
they could not be used in conjugated systems.8 Herein,
we disclose a new and reliable procedure for preparing
geometrically pure (Z)-1-bromo dienes and (Z)-1-bromo
enynes based on Pd-catalyzed hydrogenolysis of 1,1-
dibromo dienes or 1,1-dibromo enynes with Bu3SnH.
These are then used for either stepwise or one-pot
construction of dienynes and enediynes by the Sonogash-
ira-Castro reaction.9
The typical reaction sequence is described in Scheme

1. First 1,1-dibromo-1-alkenes were prepared by C-1

homologation of the aldehydes by the standard pr-
ocedure.10 The stereoselective hydrogenolysis was car-
ried out in benzene with a slight excess of Bu3SnH in
the presence of Pd(PPh3)4 (4 mol %).11 Results of the
bromo dienes, trienes, and enynes syntheses are listed
in Table 1.
The hydrogenolysis proceeded very cleanly with high

stereoselectivity to give the geometrically pure (Z)-
bromoalkenes in good yields.12 The reactions were mostly
complete within 1 h at room temperature, and rate
enhancement was observed in the conjugated systems.13
For example, the reaction of 1,1-dibromo triene 1b was
approximately 4 times faster than that of 1,1-dibromo
diene 1a, while conjugation with a phenyl ring also
accelerated the reaction (compare entries 5 and 6). When
the reactions of (E)- and (Z)-1,1-dibromo 1,3-dienes 1c
and 1d were examined under the above reaction condi-
tions, the conjugated alkenyl moiety retained its stere-
ochemistry completely. 1,1-Dibromoalkenes 1e and 1f,
conjugated with an alkynyl group, gave (Z)-bromo enynes
2e and 2f in 69 and 63% yields. It was confirmed that a
hydride source for the hydrogenolysis was provided from
Bu3SnH by the fact that the use of Bu3SnD afforded the
deuterogenolysis product fully incorporated with deute-
rium at the terminal olefinic position.14
The palladium catalyst was essential for the reactions

and the selectivity.15 The reaction was complete when
an approximately equal molar amount of the Bu3SnHwas
consumed. On the other hand, when a large excess of
Bu3SnH was employed, over hydrogenolysis took place
leading to terminal alkenes. The differentiation of the
gem-dibromide is quite interesting,16 because the at-
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tempted regioselective coupling reaction of 1a with
(trimethylsilyl)acetylene, totally failed to give the diy-
nyldiene.
The (Z)-1-bromo dienes obtained are versatile building

blocks for the stereospecific synthesis of trienes or
dienynes bearing the (Z)-olefin unit, which is shown in
Scheme 2. A reaction of 2a with (3-methyl-1-butenyl)-
boronate under the Suzuki conditions17 afforded the
corresponding (E,Z,E)-1,3,5-triene 3 in 85% yield, while

2a reacted with (trimethylsilyl)acetylene to give the
dienyne 4 in 93% yield.18 As mentioned above, the
effectiveness of the catalytic cycle of Pd(0) and the clean
reaction conditions prompted us to examine these reac-
tions in a one-pot process. Thus, if the remaining Pd(0)
species is still active, and the (Z)-bromo dienes are stable,
another Pd-catalyzed reaction may be possible. Further-
more, as the bromo polyenes and bromo enynes are in
some cases relatively unstable,19 it is quite a beneficial
for them to be used for the successive reaction in one pot.
Therefore, as soon as the hydrogenolysis of 1a was
completed, additions of (trimethylsilyl)acetylene, diiso-
propylamine, and CuI to the reaction mixture, followed
by 60 min of stirring, completed the reaction to give 4 in
61% yield. On the other hand, the corresponding Suzuki
coupling afforded 3 in 40-50% yields.20
Recently, (Z)-3-ene-1,5-diynes have received a great

deal of attention.5 Therefore, this process could be
potentially valuable for their syntheses. In fact, the one-
pot reaction was remarkably effective, as shown in Table
2. The Pd-catalyzed hydrogenolysis of 1e with Bu3SnH
and the coupling with phenylacetylene gave 5a in 85%
yield in one pot. The same 5a was derived from 1f with
(trimethylsilyl)acetylene in 70% yield. Both TBDMS-
protected and -unprotected 3-hydroxy-5-phenyl-1-pen-
tynes were coupled with 2f, generated from 1f in situ, to
give 5b and 5c in 64 and 54% yields, respectively.21
In conclusion, we have found that Pd-catalyzed hydro-

genolysis of gem-1,1-dibromo polyenes and enynes with
Bu3SnH proceeds stereoselectively to afford geometrically
pure (Z)-1-bromo polyenes and enynes in good yields. The
combination of this reaction and the Sonogashira-Castro
or the Suzuki reaction is potentially useful for the
covenient preparation of (Z)-enediynes or -polyenes by
either stepwise or one-pot process.

Supporting Information Available: Experimental de-
tails and spectroscopic data for all compounds are available
(7 pages).
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Wiley: New York, 1993; Collect. Vol. 8, 532.

(18) The Heck reaction of 2a with methyl acrylate gave the corre-
sponding (E,E,E)-trienecarboxylate under the improved conditions of
Jeffrey (see: Jeffery, T. Tetrahedron Lett. 1985, 26, 2667).

(19) The bromo dienes and enynes gradually decompose, even when
kept in a deep freezer. However, they were reasonably stable in the
presence of triphenylphosphine.

(20) A terminal diene was formed as a serious byproduct in 30-
40% yields under the one-pot conditions.

(21) The stepwise yields were 63% (2f to 5a), 86% (2f to 5b), and
90% (2f to 5c).

Table 1. Palladium-Catalyzed Hydrogenolysis of 1,1-Dibromo Alkenes with Tributyltin Hydride

a Geometric purities were determined to be greater than 98% by 1H NMR. b Isolated yields.

Table 2. Preparation of Enediynes 5a-c in One Pot

a The second reaction. b Isolated yield.

Scheme 2
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