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Tetrasubstituted benzenes can be efficiently synthesized in a regioselective manner from alkynes and 2-bromoacrylates by palladium-catalyzed

cascade Sonogashira coupling —benzannulation reaction.

Polysubstituted benzenes are known useful compounds thategioselectivity problems that normally lead to a complex

are widely used in industry as well as in the laboratory. Thus,

mixture of products. In this context, intramolecular ap-

development of new multicomponent coupling reactions that proaches utilizing diynes or triynes have been explored as a

allow assembly of polysubstituted benzenes in a highly

regioselective manner is in high demand. Although substan-

promising tool to selectively afford polycyclic areneg.
However, additional synthetic operations are required if the

tial progress has been made in the synthesis of polysubsti-resultant polycyclic framework is not desirable.

tuted benzeng,* the development of transition-metal-

The [4+ 2] approach for the regioselective construction

catalyzed multicomponent coupling processes remains aof polysubstituted benzene is realized by the transition-metal-

challenge.
Among the most frequently employed methods for ac-

cessing polysubstituted benzenes is transition-metal-catalyzeq,

[2 + 2 + 2] cyclotrimerization of alkynes, which provides
a powerful approach for the synthesis of polysubstituted
benzené=* However, it suffers from serious chemo- and
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alkyne®® This reaction could be more regioselective than || NG

the [2 + 2+ 2] mode of cycloaddition since only the
regioselectivity of the formation of two carbeigarbon bonds
remains questionable. In other words, one of theg3bonds

in the benzene skelton (from enyne) is formed in a separate
step.

From the synthetic chemist’s point of view, ideal strategies
for preparing chemo- and regioselective benzene skelton
would involve sequences in which regioselective formation
of substituted benzene occurs in a one-pot procedure starting
with simple, readily available substrates. As a part of our
continuing program on the application of 2-haloacrylates in
organic synthesi¥, we report a one-pot, multicomponent
coupling method for the highly regioselective synthesis of gigyre 1. structure of4a.
polysubstituted benzene. The underpinning strategy is based
on the palladium-catalyzed intermolecular cascade process
involving sequential Sonogashira couphkhgand homo- To confirm the structure of produda, white crystals ofia
benzannulation reactidbetween 2-haloacrylate and alkyne suitable for X-ray analysis were obtain&dlhe structure of
partners (Scheme 1). This protocol is rarely reported for 4ais shown in Figure 1. It was worth noting that in this
highly regioselective synthesis of polysubstituted benzene procedure only a trace of diyne was detected by GC-MS.
in an intermolecular mannét. We next employed a series of other alkynes bearing alkyl-

and aryl-substituted groups. Table 1 summarizes results of

Scheme 1
2 R—=— Table 1. Formation of Benzenes from Alkynes and
1 Sonogashira R'O,C COR 2-Bromoacrylates by Sequential Sonogashira
+ Coupling 2 Benzannulation Coupling—Benzannulation Reaction
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R
2 /j\cozR' 3 R'0,C Br P
olVIe
2 4 Ph—— )\COZMe Meoﬁ% 85
1a 2a Ph 4a
We initially examined reaction of methyl bromoacrylate Hex COMe
and ethynyl-benzene in the presence of catalytic amounts of . — 2a MeO,C 2 68
Pd(PPh)4 and copper(l) chloride in a mixture of triethyl- 4b
amine and THF (1:2) as a solvent. Strangely, the corre- b Hex
sponding enyn@& was not obtained, but benzene derivative Bu COMe
4a was isolated in 35% vyield. At the same time, the g, — 2a MeO,C 2 72
homocoupling of ethynyl-benzene to the corresponding 4c
symmetrical diyne was also isolated in 10% yield. To 1e Bu
increase the formation of benzene and reduce the homo- Tol oM
coupling of diyne, we varied the reaction conditions and 1= MeO,C 2he 81
found that the benzene derivativta was formed with 4d
excellent yield when the reaction was carried out in THF as 1d Tol-p
the only solvent (Scheme #2'-(1-Methoxycarbonyl-vinyl)- 5 CsHi1
[1,1";3",1"Jterphenyl-5'-carboxylic acid methyl estierwas e R o COzEt -
obtained in 85% isolated yield with excellent regioselectivity. > """ — COsEt EtO: te
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various alkynes reacting with 2-haloacrylates in the presenceyields. Reactions of alkynege, 1a, and1lc, with ethyl

of catalytic amounts of Pd(PBb and CuCl. In all cases,
the corresponding products were formed in high to excellent
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2-bromoacrylat®b,'® gave similar productde, 4f, and4g,
respectively.

In summary, a completely new, one-pot, multicomponent
coupling reaction that allows facile access into polysubsti-
tuted benzene in a highly regioselective manner has been
reported by using a palladium-catalyzed cascade of Sono-
gashira coupling—benzannulation reactions. The reaction
provides an efficient method for the highly regioselective
synthesis of functionalized, polysubstituted benzene under
relatively mild conditions. Further investigations using other
2-halo-acrylic acid derivatives are in progress.
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