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bstract
A simple and highly stereoselective method has been developed for the synthesis of (Z)-�-iodo Baylis–Hillman adducts utilizing gallium(III)
odide as a novel reagent. This new procedure offers significant advantages such as high conversions, short reaction times and enhanced Z-selectivity
ogether with mild reaction conditions.

2006 Elsevier B.V. All rights reserved.

lman

e
r
�

c
a
l
b
o
2

p
b
c
s
h
3
a
g

eywords: Gallium compounds; Multi-component reaction; �-Iodo Baylis–Hil

The coupling of activated vinyl compounds with aldehy-
es in the presence of 1,4-diazabicyclo[2.2.2]octane (DABCO),
nown as Baylis–Hillman reaction, is widely used to con-
truct �-hydroxy alkyl or aryl vinyl systems [1]. In particular,
-halovinyl ketones are versatile building blocks in organic
ynthesis especially in the preparation of heterocyclic and
rganometallic compounds [2]. The �-iodovinyl ketones are ini-
ially prepared by coupling of aldehydes with �,�-acetylenic
etones using TiCl4/(n-Bu)4NI reagent system [3]. Subse-
uently, various reagents such as TiCl4, TiBr4, Et2AlI, TMSI,
eCl3·7H2O/NaI and MgI2 have been used as halogen sources
s well as promoters [4,5]. Among these reagents, TiCl4, TiBr4,
nd TiCl4/(n-Bu)4NI are known to generate the E-isomer as the
ajor product at 0 ◦C, whereas Et2AlI, TMSI, CeCl3·7H2O/NaI

nd MgI2 produced the Z-isomer under similar conditions [4,5].
owever, the use of corrosive and hazardous reagents is undesir-

ble in view of today’s environmental consciousness. Recently,
here have been considerable interest in gallium mediated trans-
ormations [6]. Due to their unique Lewis acid activity, gallium

alides have been widely used for a variety of organic trans-
ormations [7]. In particular, gallium(III) compounds are being
onsidered as effective Lewis acids to activate alkynes under
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xtremely mild conditions [8]. However, there have been no
eports on the use of gallium(III) iodide for the synthesis of
-iodovinyl ketones.

In this article, we wish to report a simple, convenient and effi-
ient protocol for the synthesis of �-iodovinyl Baylis–Hillman
dducts from aldehydes and �,�-acetylenic ketones using gal-
ium(III) iodide as novel reagent. Accordingly, treatment of
enzaldehyde 1 with 3-butyn-2-one 2 in the presence of 35 mol%
f GaI3 afforded 3-hydroxy(phenyl)methyl-4-iodo-(Z)-3-buten-
-one 3a in 81% yield (Scheme 1).

In a similar fashion, various aromatic aldehydes such as
-nitro-, p-fluoro-, p-chloro-, p-cyano-, p-methyl- and m-bromo-
enzaldehyde reacted smoothly with 3-butyn-2-one to afford the
orresponding �-iodovinyl ketones (entries b–g, Table 1). Acid
ensitive substrates like cinnamaldehyde and hydrocinnamalde-
yde (entries h and i, Table 1) underwent smooth coupling with
-butyn-2-one to give the respective adduct. Other substrate such
s thiophene-2-carboxaldehyde also gave the desired product in
ood yield (entry j, Table 1). Encouraged by these results, we
urned our attention towards various substituted ynones. Sur-
risingly, low conversions were obtained when methyl group
f 3-butyn-2-one was replaced by n-pentyl group. For example,
reatment of benzaldehyde with 1-octyn-3-one gave the corre-

ponding �-iodovinyl ketone in 45% yield having Z-selectivity
entries k, Table 1 and Scheme 2).

In case of 3-phenyl-1-propyn-3-one, the reaction took place
apidly at room temperature, but no desired product was obtained
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Scheme 1.

Table 1
Gal3-promoted synthesis of �-iodo Baylis–Hillman adducts

Entry Aldehyde 1 Ynones 2 Producta 3 Time (h) Yield (%)b

a 4.0 81

b 3.5 88

c 3.0 80

d 3.5 79

e 4.0 77

f 5.0 82

g 4.5 75

h 4.0 83

i 5.0 62

j 3.0 68

k 7.5 45

l 7.0 48

a All products were characterized by 1H NMR, IR spectra and mass spectrometry.
b Yield refers to the isolated pure products after column chromatography.
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nder the reaction conditions. In this experiment, iodide addi-
ion product was obtained instead of desired aldol product.
his may be due to intrinsically lower reactivity of aldehydes

n comparison to 3-phenyl-1-propyn-3-one. The aldehyde was
emain unaffected in the reaction mixture, which was recov-
red while work-up. Finally, we have attempted the coupling of
enzaldehyde with internal alkyne such as 1-phenyl-1-hexyne.
o reaction was observed under similar reaction conditions.
he reaction was successful only with alkyl substituted ter-
inal ynones. In most of the cases, the reactions were found

o be highly stereoselective affording exclusively Z-isomers in
igh yields. The Z-stereochemistry of the products were deter-
ined on the basis of the chemical shift values of vinyl and

llylic protons in the 1H NMR spectrum of the products and also
y comparison with reported data [3,4]. It is note worthy that
-butyn-2-one gave higher yields compared to 1-octyn-3-one.
he efficacy of various metal iodides such as GaI3, InI3, AlI3,
gI2, and ZnI2 were studied for this transformation. Among

hese reagents, GaI3 was found to be more effective in terms of
onversion and reaction rates. Best results were obtained with
5 mol% of GaI3. Similar results were also obtained when reac-
ions were carried out using 10 mol% of GaI3 and 1 equiv. of
aI. However, the reactions did not take place in the absence
f gallium(III) iodide even under refluxing conditions. Among
arious solvents such as dichloromethane, tetrahydrofuran and
oluene tested, acetonitrile appeared to give the best results. The
cope and generality of this process was illustrated with respect
o various aldehydes and the results are presented in the table
9].

In summary, we have described a simple, convenient and
fficient protocol for the synthesis of �-iodovinyl ketones from
ldehydes and 3-butyn-2-one/1-octyn-3-one utilizing GaI3 as
ovel reagent. GaI3 is a solid and stable to air or moisture and
ase to handle even in multi-gram scale and is found to acti-
ate alkynes very effectively under mild conditions. This method
ffers several advantages such as high conversions, mild reac-
ion conditions, high Z-selectivity, experimental simplicity, high
romoting activity of GaI3 which makes it a useful and attractive
trategy for the preparation of �-iodovinyl ketones.
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