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Abstract

A simple and highly stereoselective method has been developed for the synthesis of (Z)--iodo Baylis—Hillman adducts utilizing gallium(I1I)
iodide as a novel reagent. This new procedure offers significant advantages such as high conversions, short reaction times and enhanced Z-selectivity

together with mild reaction conditions.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Gallium compounds; Multi-component reaction; (3-lodo Baylis—Hillman adducts

The coupling of activated vinyl compounds with aldehy-
des in the presence of 1,4-diazabicyclo[2.2.2]octane (DABCO),
known as Baylis—Hillman reaction, is widely used to con-
struct a-hydroxy alkyl or aryl vinyl systems [1]. In particular,
B-halovinyl ketones are versatile building blocks in organic
synthesis especially in the preparation of heterocyclic and
organometallic compounds [2]. The B-iodovinyl ketones are ini-
tially prepared by coupling of aldehydes with a,(-acetylenic
ketones using TiCls/(n-Bu)4NI reagent system [3]. Subse-
quently, various reagents such as TiCly, TiBrs, Ety All, TMSI,
CeCl3-7H,O/Nal and Mgl, have been used as halogen sources
as well as promoters [4,5]. Among these reagents, TiCly, TiBr4,
and TiCly/(n-Bu)4NI are known to generate the E-isomer as the
major product at 0 °C, whereas Et, All, TMSI, CeCl3-7H,O/Nal
and Mgl, produced the Z-isomer under similar conditions [4,5].
However, the use of corrosive and hazardous reagents is undesir-
able in view of today’s environmental consciousness. Recently,
there have been considerable interest in gallium mediated trans-
formations [6]. Due to their unique Lewis acid activity, gallium
halides have been widely used for a variety of organic trans-
formations [7]. In particular, gallium(III) compounds are being
considered as effective Lewis acids to activate alkynes under
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extremely mild conditions [8]. However, there have been no
reports on the use of gallium(IIl) iodide for the synthesis of
B-iodovinyl ketones.

In this article, we wish to report a simple, convenient and effi-
cient protocol for the synthesis of 3-iodovinyl Baylis—Hillman
adducts from aldehydes and o,[3-acetylenic ketones using gal-
lium(III) iodide as novel reagent. Accordingly, treatment of
benzaldehyde 1 with 3-butyn-2-one 2 in the presence of 35 mol%
of Galz afforded 3-hydroxy(phenyl)methyl-4-iodo-(Z)-3-buten-
2-one 3a in 81% yield (Scheme 1).

In a similar fashion, various aromatic aldehydes such as
p-nitro-, p-fluoro-, p-chloro-, p-cyano-, p-methyl- and m-bromo-
benzaldehyde reacted smoothly with 3-butyn-2-one to afford the
corresponding B-iodovinyl ketones (entries b—g, Table 1). Acid
sensitive substrates like cinnamaldehyde and hydrocinnamalde-
hyde (entries h and i, Table 1) underwent smooth coupling with
3-butyn-2-one to give the respective adduct. Other substrate such
as thiophene-2-carboxaldehyde also gave the desired product in
good yield (entry j, Table 1). Encouraged by these results, we
turned our attention towards various substituted ynones. Sur-
prisingly, low conversions were obtained when methyl group
of 3-butyn-2-one was replaced by n-pentyl group. For example,
treatment of benzaldehyde with 1-octyn-3-one gave the corre-
sponding (3-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
rapidly at room temperature, but no desired product was obtained


mailto:yadavpub@iict.res.in
dx.doi.org/10.1016/j.molcata.2006.09.035

310 J.S. Yadav et al. / Journal of Molecular Catalysis A: Chemical 264 (2007) 309-312

OH O
CHO Q 35 mol% Gal, w
+ /K >
=
@ CHLCN, rt. H™
1 2 3a Z-isomer
Scheme 1.
Table 1
Gals-promoted synthesis of B-iodo Baylis—Hillman adducts
Entry Aldehyde 1 Ynones 2 Product® 3 Time (h) Yield (%)°
OH O
i 7
4. 1
S - S X o
H 1
0] OH O
! R
b H .
Z | 3.5 88
O,N O,N H I
(0] OH O
(”) Il
H 3.0 80
c ///\ |
F F H 1
(0] OH O
(”) |
d H 35 79
PEN o
Cl Cl H I
(0] OH O
ICI) Il
H 4. 77
e ///\ | 0
NC NC H I
O OH O
i
H
f ///{ | 5.0 82
H,C H,C H I
(0] 0 OH O
e Br H I Br 45 75
Zz '
H I
OH O
1 0 L
h H 4.0 83
H I
OH O
i 2
i H 5.0 62
H I
H 1
[ 0 ) |
] sy H //“\ s 3.0 68
0 Z OH
OH O
9 0 I
K H /K/\/\ 75 45
o - '
H 1
0] OH O
(0]
1 H /K/\/\ 7.0 48
J@)L Z

e 5]

e
= i;

& All products were characterized by 'H NMR, IR spectra and mass spectrometry.
Y Yield refers to the isolated pure products after column chromatography.
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under the reaction conditions. In this experiment, iodide addi-
tion product was obtained instead of desired aldol product.
This may be due to intrinsically lower reactivity of aldehydes
in comparison to 3-phenyl-1-propyn-3-one. The aldehyde was
remain unaffected in the reaction mixture, which was recov-
ered while work-up. Finally, we have attempted the coupling of
benzaldehyde with internal alkyne such as 1-phenyl-1-hexyne.
No reaction was observed under similar reaction conditions.
The reaction was successful only with alkyl substituted ter-
minal ynones. In most of the cases, the reactions were found
to be highly stereoselective affording exclusively Z-isomers in
high yields. The Z-stereochemistry of the products were deter-
mined on the basis of the chemical shift values of vinyl and
allylic protons in the '"H NMR spectrum of the products and also
by comparison with reported data [3,4]. It is note worthy that
3-butyn-2-one gave higher yields compared to 1-octyn-3-one.
The efficacy of various metal iodides such as Gal3, Inl3, Alls,
Mgl, and Znl, were studied for this transformation. Among
these reagents, Galz was found to be more effective in terms of
conversion and reaction rates. Best results were obtained with
35 mol% of Gals. Similar results were also obtained when reac-
tions were carried out using 10 mol% of Gals and 1 equiv. of
Nal. However, the reactions did not take place in the absence
of gallium(IIl) iodide even under refluxing conditions. Among
various solvents such as dichloromethane, tetrahydrofuran and
toluene tested, acetonitrile appeared to give the best results. The
scope and generality of this process was illustrated with respect
to various aldehydes and the results are presented in the table
[9].

In summary, we have described a simple, convenient and
efficient protocol for the synthesis of (3-iodovinyl ketones from
aldehydes and 3-butyn-2-one/l1-octyn-3-one utilizing Galz as
novel reagent. Gal3 is a solid and stable to air or moisture and
ease to handle even in multi-gram scale and is found to acti-
vate alkynes very effectively under mild conditions. This method
offers several advantages such as high conversions, mild reac-
tion conditions, high Z-selectivity, experimental simplicity, high
promoting activity of Galz which makes it a useful and attractive
strategy for the preparation of 3-iodovinyl ketones.
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Typical procedure: A mixture of aldehyde (1 mmol), 1-butyn-3-one or
1-octyn-3-one (1.5 mmol), Galz (0.35 mmol) in acetonitrile (10 mL) was
stirred at room temperature for the appropriate time (see table). After com-
pletion of the reaction as indicated by TLC, the reaction mixture was diluted
with water and extracted with ethyl acetate (2x 10mL). The combined
organic layers were dried over anhydrous Na;SQOy, concentrated in vacuo
and purified by column chromatography onssilica gel (Merck, 100-200 mesh,
ethyl acetate—hexane, 1:9) to afford pure (Z)-B-iodovinyl ketones. Spectro-
scopic data for selected products: (3a) 3-hydroxy(phenyl)methyl-4-iodo-
(Z)-3-buten-2-one [4b]: IR (KBr): umax 3470, 3063, 2924, 2855, 1668,
1573, 1491, 1450, 1415, 1362, 1298, 1207, 1033, 964, 854, 761, 700,
561 cm~!. 'H NMR (300 MHz, CDCl3): § 7.38-7.20 (m, 5H), 6.70 (s, 1H),
5.51 (d, J=5.1Hz, 1H), 2.40 (s, 1H), 2.30 (s, 3H). EIMS: m/z (%) 302
(M*, 8), 175 (70), 131 (30), 105 (50), 77 (65), 43 (100); (3f) 3-hydroxy(4-
methylphenyl)methyl-4-iodo-(Z)-3-buten-2-one [4b]: IR (KBr): umax 3427,
2923, 1695, 1353, 1219, 1074,794, 772 cm~'. "TH NMR (200 MHz, CDCl3):
§ 7.25-7.10 (m, 4H), 6.60 (s, 1H), 5.40 (s, 1H), 2.50 (s, 1H), 2.35 (s, 3H),
2.25 (s, 3H). EIMS: m/z (%) 316 (M*, 8), 189 (80) 171 (10), 149 (10), 119
(50), 91 (48), 43 (100); (3j) 3-hydroxy-2-(thiophenyl)methyl-4-iodo-(Z)-3-
buten-2-one: IR (KBr): vmax 3416, 2928, 2856, 1697, 1459, 1363, 1216,
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1162, 1084, 1038, 761, 668 cm~!. 'H NMR (300 MHz, CDCl3): § 7.30 (m,
1H), 6.98-6.95 (m, 2H), 6.90 (d, J=1.5Hz, 1H), 5.70 (d, /J=5.0Hz, 1H),
2.88 (d, J=5.0Hz, 1H), 2.40 (s, 3H). EIMS: m/z (%) 308 (M™*, 5), 181
(50), 121 (10), 97 (55), 85 (45), 43 (100); (3k) 2-hydroxy(phenyl)methyl-
1-iodo-(Z)-1-octen-3-one: IR (KBr): vmax 3455, 3022, 2925, 1946, 1699,

1571, 1473, 1423, 1355, 1284, 1177, 1072, 869, 767, 697 cm~!. 'H NMR
(400 MHz, CDCl3): 6 7.39-7.26 (m, SH), 6.58 (s, 1H), 5.41 (s, 1H), 3.02 (s,
1H), 2.50 (m, 2H), 1.48-1.14 (m, 6H), 0.81 (t, J=7.2 Hz, 3H). EIMS: m/z
(%) 358 (M*, 10), 289 (8), 231 (30), 181 (10), 159 (18). 131 (150), 105 (40),
77 (75), 55 (65), 43 (100).
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