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Multicomponent, solvent-free synthesis of b-aryl-b-mercapto
ketones using zirconium chloride as a catalystI
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Abstract—Zirconium chloride efficiently catalyzes the one-pot, three-component reaction of an aryl aldehyde, cyclic or acyclic enol-
izable ketones, and thiols under solvent-free conditions at room temperature to afford the corresponding b-aryl-b-mercaptoketones
via aldol-Michael addition reactions. This methodology affords a large number of b-aryl-b-mercapto ketone derivatives in high
yields and in short reaction times.
� 2007 Elsevier Ltd. All rights reserved.
Multi-component reactions are useful and efficient
methods in organic synthesis. The major advantages of
these reactions are (1) a single purification step, (2) high-
er yields than stepwise assembly, (3) the use of simple
and diverse precursors to construct complex molecules,
and (4) the use of only a single promoter or catalyst.
Thus, the development of new multi-component reac-
tions is a popular area of research in current organic
chemistry and is also acceptable from a ‘Green Chemis-
try’ point of view.1

b-Aryl-b-mercapto ketones are valuable synthetic scaf-
folds for medicinal as well as synthetic organic chemists.
b-Aryl-b-mercapto ketones are useful for the synthesis
of various biologically active compounds such as, thio-
chromans,2 thiopyrans3 benzothiazapines,4 4,5-dihydro-
isoxazoles, 4,5-dihydropyrazoles.5 etc. Traditionally
the synthesis of b-aryl-b-mercapto ketones is performed
by a sequence of two separate reaction steps, (i) synthe-
sis of an a,b-unsaturated ketone via an aldol reaction,
(ii) 1,4-conjugate addition of a thiol to an a,b-unsatu-
rated ketone via a thia-Michael addition. Michael addi-
tion of a thiol to chalcone is an efficient approach to
prepare b-aryl-b-mercapto ketones. Consequently, there
are several reports in the literature for thia-Michael
addition utilizing natural and synthetic phosphates,6
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InCl3,7 Cu(BF4)2ÆxH2O,8 Zn(ClO4)2
9 and NaOH,10

KOH,11 Ba(OH)2,12 hydrotalcites,13 and Cp2ZrH2/
NiCl2,14 for aldol condensation reactions. However,
both of these reactions require cumbersome workup
and purification steps. Most of these procedures have
several drawbacks, are time consuming and produce lots
of waste products.

Recently, zirconium chloride chemistry has attracted
much attention as ZrCl4 has emerged as an alternative
safe, economical, air, and moisture tolerant Lewis
acid which has been used in various organic
transformations.15

Therefore, we investigated a zirconium chloride cata-
lyzed one-pot, simple, mild, and efficient procedure for
the rapid construction of b-aryl-b-mercapto ketones
via a three-component aldol-Michael addition reaction
between substituted cyclic or acyclic enolizable ketones
1, aryl aldehydes 2, and thiols 3 (Scheme 1).

To the best of our knowledge there is no report on the
one-pot synthesis of b-aryl-b-mercapto ketones in the
literature.

Initially, a model one-pot, three-component reaction of
acetophenone 1a (1.0 mmol), benzaldehyde 2a
(1.0 mmol) and thiophenol 3a (1.8 mmol) was planned
(Scheme 2). Several Lewis acids were screened in our
model reaction (Table 1).

Interestingly, the use of other Lewis acids such as AlCl3,
SnCl4, ZnCl2, and BF3ÆOEt2 slowed the reaction and
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Table 1. One pot, three-component synthesis of 4a using different
Lewis acidsa

Entry Lewis acid Time (h) Yieldb (%)

1 No cat 24 —
2 ZnCl2 8 NR
3 AlCl3 6 10
4 SnCl4 10 Trace
5 BF3ÆOEt2 12 14
6 TiCl4 4 10
7 ZrCl4 1 92
8 ZrCl4/SiO2 1 40/48c

9 SiO2 2 45c

Reaction conditions:
a Benzaldehyde (1.0 mmol), acetophenone (1.0 mmol), thiol

(1.8 mmol), catalyst (30–40 mol %), rt.
b Isolated yield.
c Isolated yield of product 7.
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Table 2. Effect of catalyst loading on the one-pot, three-component
reactiona

Entry ZrCl4
b (%) Time (h) Ratioc

4a (Michael):8 (Aldol)

1 10 4.5 1.0:4.0
2 20 2.5 2.0:5.2
3 30 2.0 6.0:2.2
4 40 1.0 9.2:0.2
5 50 0.8 9.0:0.1

Reaction conditions:
a Benzaldehyde (1.0 mmol), acetophenone (1.0 mmol), thiol

(1.8 mmol), rt.
b Zirconium chloride (mol %).
c Ratio of 4a (Michael):8 (aldol, PhCOCH@CHPh) product.
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resulted in a small or trace amount of the desired prod-
uct. It was found that only AlCl3 gave a minor amount
of b-aryl-b-mercapto ketone 4a along with other side
products. While ZrCl4 gave a high yield of 4a within a
short time, a high molar percentage of the catalyst was
required. Thus, in order to enhance the reactivity of
the catalyst, silica supported ZrCl4 (ZrCl4–SiO2) was
used. Surprisingly, and contrary to our expectations,
thioacetylated product 7 was obtained as the major
product along with 4a as a minor product (Scheme 3).

Therefore, ZrCl4 alone was found to be the most effec-
tive Lewis acid catalyst for the one-pot, three-compo-
nent synthesis of b-aryl-b-mercapto ketone 4.
Various solvents such as EtOH, MeCN, CH2Cl2, THF,
Et2O, and PhMe were also screened for this reaction.
The best results were observed under solvent-free
conditions.

In order to investigate the catalyst loading in our model
reaction, the procedure was optimized using different
molar concentrations of zirconium chloride under
solvent-free conditions at room temperature (Table 2).
A high yield of adduct 4a was observed using
40 mol % of catalyst while with 20–30 mol % of catalyst,
a mixture of aldol 8 and Michael adduct 4a was
obtained. From these results, it was evident that the
catalyst concentration plays a crucial role in limiting
the reaction to yield products 4a or 8. This supported
the fact that the reaction proceeds via a one-pot aldol-
Michael condensation. An increased mol % of catalyst
did not improve the result to any greater extent.



Table 3. Zirconium chloride catalyzed one-pot, three-component reaction of substituted benzaldehydes with substituted acetophenones and thiolsa–d

Entry R1 R2 R3 Productc, 15 Time (h) Yieldd (%)

1 H H H 4a 1.0 92
2 H H 4-Me 4b 1.0 96
3 H H 4-Cl 4c 1.2 90
4 4-OMeb H H 4d 1.5 9517

5 4-OMeb H 4-Me 4e 1.2 94
6 4-OMeb H 4-Cl 4f 1.0 92
7 H 3-NO2

b H 4g 1.2 90
8 4-OHb H H 4h 1.8 88
9 H 4-OMe H 4i 1.5 85

10 4- Me 3-Cl H 4j 1.0 92
11 4- Me 3-Cl 4-Me 4k 1.0 90
12 4-OMeb 4-OMe H 4l 0.5 92
13 4-OMeb 4-OMe 4-Me 4m 0.5 9018

14 H 2, 6-C l H 4n 1.2 89
15 H Ph H 4o 1.5 87

Reaction conditions:
a Aldehyde (1.0 mmol), ketone (1.0 mmol), thiol (1.8 mmol), ZrCl4 (40 mol %), solvent-free, rt.
b Dry CH2Cl2 (1–2 ml) used for solid reactants.
c Product characterized by IR, 1H, 13C NMR, and mass spectroscopy.
d Isolated yield (%) after crystallization.
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In a further investigation, a sequential one-pot reaction
of benzaldehyde (1.0 mmol) and acetophenone
(1.0 mmol) in the presence of zirconium chloride
(20 mol %) was performed, leading to in situ generation
of chalcone 8. The progress of the reaction was moni-
tored by TLC. After the complete consumption of benz-
aldehyde and acetophenone, thiophenol (2 mmol) and
zirconium chloride (20 mol %) were added to the same
flask. Product 4a was obtained in 85–90% yield in
1–2 h. Encouraged by this initial result, a one-pot,
three-component reaction was performed by the simple
mixing of benzaldehyde (1.0 mmol), acetophenone
(1.0 mmol), thiophenol (1.8 mmol), and 40 mol % of
zirconium chloride. In comparison to the sequential
one-pot reaction, the three-component procedure gave
a comparatively high yield of 4a within 1 h without
any side product.16
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To explore the generality and scope of this method, a
wide variety of substituted aromatic aldehydes and
acetophenones were reacted with substituted thiols
under the same experimental conditions to afford
the corresponding b-aryl-b-mercapto ketones. ZrCl4
was found to be compatible with various substituents
(electron withdrawing as well as donating substitu-
ents) such as OMe, OH, NO2, Cl, and Me and
the resultant products were obtained in good to
excellent yields in short reaction times (Table 3)
(Scheme 4).

To further extend the scope and utility of this procedure,
the reaction between an aromatic aldehyde 2, a cyclic
enolizable ketone (substituted tetralone, cyclohexanone)
5, and substituted thiophenols 3 was investigated
(Scheme 5).
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Table 4. Zirconium chloride catalyzed one-pot, three-component coupling reaction of benzaldehyde with cyclic enolizable ketones and substituted
thiophenolsa,d

Entry R3 Cyclic ketone Productc Time (h) Yieldd

1 H Tetralone 6a 1.0 90
2 4-Me Tetralone 6b 1.8 94
3 H 6-OMe tetraloneb 6c 1.5 88
4 H Cyclohexanone 6d 1.8 10
5 4-Me 6-OMe tetraloneb 6e 1.2 80

Reaction conditions:
a Aldehyde (1.0 mmol), ketone (1.0 mmol), thiol (1.8 mmol), ZrCl4 (40 mol %), solvent-free, rt.
b Dry CH2Cl2 (1–2 ml) used for solid reactants.
c Product characterized by IR, 1H, 13C NMR, and mass spectroscopy.
d Isolated yield (%) after crystallization.
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It was noticed that the reaction of cyclohexanone, benz-
aldehyde, and thiophenol with a catalytic amount of
zirconium chloride (40 mol %) furnished the unexpected
bis aldol product 6I as the major product along with a
minor amount of the desired product (6d) (Scheme 6).

Prolonging the reaction time and increasing the amount
of ZrCl4 catalyst to 80 mol % did not improve the yield
of the addition product 6d. On increasing the concentra-
tion of thiophenol, many other side products were
obtained. Good results were obtained with tetralones.
The results are summarized in Table 4.

All the products (Tables 3 and 4) obtained were fully
characterized by spectroscopic methods including IR,
1H NMR, 13C NMR, and mass spectroscopy and also
by the comparison of the spectral data with reported
values.17,18

In conclusion, this method provides an efficient multi-
component approach for the synthesis b-aryl-b-mer-
capto ketones. The reaction is versatile and also offers
several advantages, such as high yields, shorter reaction
times, cleaner reaction profiles and simple experimental
and work-up procedures.
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