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ORIGINAL ARTICLE

A highly efficient, operationally simple and selective thia-Michael addition
under solvent-free condition

Najmodin Azizi*, Alireza Khajeh-Amiri, Hossein Ghafuri and Mohammad Bolourtchian

Research & Technology, Chemistry & Chemical Engineering Research Center of Iran, P.O. Box 14335-186, Tehran, Iran
(Received 3 December 2008, final version received 27 April 2009)

The rapid and very simple conjugate addition of thiols to a,B-unsaturated carbonyl compounds under solvent-
free conditions in the presence of catalytic amount of lithium hydroxide at room temperature is reported. The
reaction of aryl, alkyl, aliphatic, and hindered thiols with chalcone, enone, and nitrostyrene gave the
corresponding Michael adducts with significant advantages, such as high conversions, short reaction time,
mild reaction conditions, low cost, simple catalyst, and high to quantitative yields with excellent chemoselectivity.

X
R + R;SH

R

LiOH, rt
[ X
Rls)v

neat, 1-4 h

X=CN, COOMe, COR, NO, 60-97%
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Introduction

Due to the growing concern for the impact of organic
solvents on the environment as well as on the human
body, organic reactions without use of conventional
organic solvents have attracted the attention of syn-
thetic organic chemists. Thus, the development of
simple and clean reactions without using organic
solvents is one of the important topics in current
chemistry (/).

Sulfur-containing motifs are ubiquitous in natural
products (2,3) and biologically active molecules (24,
4), including calcium antagonist dilthiazem (5). Given
the widespread availability of sulfur nucleophiles and
o,B-unsaturated alkenes, there is substantial interest
in developing efficient C—S bond-forming reactions
via thia-Michael addition from these simple starting
materials. Thus, several efforts have been made to
develop newer and simple methodologies for thia-
Michael addition that lead to the development of
various base (6) and acid (7) catalysts. Furthermore,
catalyst free and highly efficient conjugate addition of
thiols to o,B-unsaturated carbonyl compounds in
water and ionic liquids at room temperature and

quaternary ammonium salts at high temperature have
been reported (8).

However, there are various limitations such as
long reaction times, use of organic solvents, high
temperatures, moderate yields, and limited substrate.
Additionally, the range of sulfur-centered nucleo-
philes and Michael acceptors well suited for both
catalytic and stoichiometric methodologies are
generally restricted to simple thiols and enones, and
there have been few straightforward syntheses of these
uncomplicated enones, e.g., chalcone, which cannot
react in water even under forcible conditions.

In regard to the above, there is a constant need to
develop a suitable alternative reaction methodology
in which uses the hindered thiol and o,B-unsaturated
ketones still remains an important reaction metho-
dology challenge for the thia-Michael addition
reaction.

Results and discussion

As a part of our research aimed at developing green
chemistry by using water as the reaction medium
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or by performing organic transformations under Table 1. Range of alkyl halides and thiols.

solvent-free conditions (9), herein, we describe a LioH. 1t R
simple, highly efficient, and eco-friendly method for RN RSH ———— R S)Vx
the synthesis of B-sulfido carbonyl compounds from 1 2 restdmah
aromatic and aliphatic thiols and o,B-unsaturated X= CN., COOMe, COR, NO, eo-ome
Michael acceptors at room temperature under CH,SH

first studied the reaction of thiophenol and chalcone
with different loading of starting materials and
solvent. It was found that the reaction of chalcone

SH
(3 mmol) and thiophenole (3 mmol) in the presence of O/ @[ @[N\%SH
. . o . R
2h

solvent-free conditions. @ o \
In order to find the best reaction conditions, we

commercially available lithium hydroxide (15 mol%)
under solvent-free conditions proceeded smoothly

within 30 min to afford the conjugate addition
products exclusively and in quantitative yields. Entry Alkyl halide Thiols Yields (%)

Furthermore, in organic solvent such as CH,Cl,

8a
and CH3CN, the Michael addition reaction pro- ; ;E 3;83
ceeded at longer reaction times to give the desired 3 2 9482
product in low yields (Scheme 1). 4 /YOME 2d 0%
Having established the optimal conditions, sub- 5 o 2e g28f
sequent studies were carried out under the optimized 6 2f 70%°
conditions with 15 mol% of LiOH at room tempera- 7 2¢° 785¢
ture under solvent-free conditions to determine its 8 2h 75%
scope with respect to the thiols and Michael acceptor. 9 2a 9788
Thus, a series of thiols and unsaturated compounds 10 2b 978a
were subjected to this simple procedure, and the 11 A eN 2¢ 9482
results are summarized in Table 1. In all cases, 12 2e 828"
lithium hydroxide-catalyzed reactions proceeded 13 2h 95™
smoothly and gave the corresponding products in 14 2a 9572
good to excellent yield. 15 _ACN 2b 9578
Both aliphatic and aromatic thiols react with a 16 2h° 9471
variety of conjugated alkenes by this procedure to 17 24 957d
produce the corresponding adducts in high yields. As 18 NG Y b 957d
evident from the results, thiophenols bearing either 19 2eb 90™™
electron-donating or electron-withdrawing groups 20 2h® 787m
did not make any difference in this reaction. Simi- a1l 2a 9o
la.rly, the cor.respon.dmg products from the reaction of 2 Ph 0 2P 908
aliphatic thiols with o,p-unsaturated alkenes were 23 : 2eb gs8i
obtained with high yields. In general, the reaction c
rates are faster with aromatic thiols compared to ;‘5‘ /YMe ;i gg&‘
those of aliphatic thiols and very poor thiols such as o 8a

. . . . 26 2c 80

4-nitrothiophenol did not react due to the decrease in

nucleophilicity of the sulfur atom of 4-nitrothiophe- 27 o 2a° 97%"
. 28 2b° §48h
nol compared to that of thiophenol. Under further Ph&\)kph a ¢

observation, we examined the reactivity of hetero- 2 2 80
cyclic thiols in the presence of lithium hydroxide. 31 2a 958h
However, the reactions gave the products in moderate 32 o 2b 90°%"
33 s, 2c 80?1

Q i SPh O i‘; 3 ;db ;gg

. o €
oAy @ _Lonash oA, 36 2f° 60"
SFC,rt,1h
97%

?Yields based On NMR.
Scheme 1. Optimization of reaction condition. ®Purified by column chromatogaphy.
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yields under solvent-free conditions due to poor
nucleophilicity of heterocyclic thiols.

Similarly, various o,pB-unsaturated compounds
such as methyl acrylate, acrylonitrile, acrylamide,
B-nitrostyrene, chalcone, benzylidenacetone, and cin-
namonitrile underwent 1,4-addition with a variety of
thiols to furnish the corresponding addition products.
Furthermore, a reactive Michael acceptor such as
methyl vinyl ketone was used to give Michael adducts
under catalyst free conditions at 0°C with short reac-
tion time. The Michael addition reaction was also
attempted with B-nitrostyrene. Nitrostyrene deriva-
tives are important intermediates not only for the
synthesis of drugs, pigments, and pharmaceuticals,
but also for the development of functional organic
materials. In general, B-nitrostyrenes have good
electrophilicity compared to enones and show a
higher reactivity under solvent-free condition. When
B-nitrostyrenes were treated with thiophenols in the
absence of any catalyst at room temperature, the
reaction afforded the corresponding compound in
high yields at short reaction times (Table 1). In
addition, chemoselective thia-Michael addition
over aza-Michael addition during intra-molecular
competition has been achieved in the reaction of
2-aminothiophenole with various Michael acceptor.

The reactions are relatively faster with aromatic
thiols compared to aliphatic thiols. In general, the
reactions are completed in a short period (14 h) and
the products are obtained in high yields ranging from
60 to 97%. In the absence of catalyst, the reactions
are slow and the products are obtained in low yields.
Products of all known compounds gave acceptable
'"H NMR and "*C NMR spectra that matched the
data reported in the cited references.

Experimental

General methods

"H NMR spectra were recorded on 500 MHz NMR
spectrometer and '*C NMR spectra were recorded on
125 MHz NMR spectrometer, respectively, using
CDCl; or DMSO, as a solvent, Chemical shifts
have been expressed in (ppm) downfield from tetra-
methylsilane. All amines, Michael acceptor are com-
mercially available and were purchased and used
without further purification. Water and other sol-
vents were distilled before used.

General procedure of Michael addition of enones and
nitrostyrene with thiols catalyzed by LiOH

To a stirred solution of Michael acceptor (3 mmol)
and LiOH (15 mol%) in the test tube, thiols
(3.1 mmol) were added and the resulting mixture
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was stirred at room temperature for 60-240 min.
After completion of reaction in most cases, pure
products were obtained upon washing with water. In
a few cases, the crude product was further purified by
flash column chromatography to provide the corre-
sponding product. All compounds were characterized
on the basis of their spectroscopic data (IR, NMR)
and by comparison with those reported in the
literature (6,7).

Conclusion

In summary, an operationally simple and straightfor-
ward thia-Michael addition of aromatic and aliphatic
thiols to electron-deficient olefins under solvent-free
conditions with good to excellent yields has been
developed. The efficacy of this method is due to its
operational simplicity which only requires stirring
the reaction mixture at ambient temperature without
the use of any additional energy source like heating or
sonication. The procedure generality is evident from
its success with varied kinds of Michael acceptors
and thiols, and very importantly its economic viabi-
lity due to the use of inexpensive and commer-
cially available chemicals to affect this C—S bond
formation.
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