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a b s t r a c t

Propylphosphonic anhydride (T3P�)-DMSO mediated oxidation of alcohols to carbonyl compounds and
their subsequent cyclization with aryl/hetero aryl amines and thioglycolic acid to afford 4-thiazolidinon-
es has been reported. Synthesis of 4-thiazolidinones directly from alcohols has been carried out for the
first time. Mild reaction conditions, wide functional group tolerance, ease of work-up, and good yields
are the noteworthy features of this protocol.

� 2012 Elsevier Ltd. All rights reserved.
4-Thiazolidinone represents an important class of heterocyclic
compounds in the view of its broad biological activities.1–9 Because
of its diverse pharmacological activities, several synthetic efforts
have been made to construct this ring. Most commonly employed
method is one-pot cyclocondensation of aldehydes, amines, and
mercaptoacetic acid.10 Many catalysts11–16 have been reported in
literature to accelerate the cyclocondensation and, in addition,
solid phase,17 micro wave heating,18 and polymer supported19

systems have also been developed.
However, the above mentioned methods advocate prolonged

heating, Dean-Stark removal of water, and tedious work-up proce-
dure. Hence, a protocol which circumvents these demerits attracts a
lot of attention of chemists. To the best of our knowledge, synthesis
of 4-thiazolidinones directly from alcohols has not been reported,
probably due to lack of reagent that oxidizes alcohol to carbonyl
compounds and mediates subsequent in-situ cyclocondensation
of carbonyl compounds with amines and mercaptoacetic acid.

On the other hand, several synthetic applications of T3P� have
been reported in the literature.20 Also, DMSO has been found to
be a good oxidizing agent in the presence of electrophilic reagent-
s.21a For instance, it oxidizes alcohols to carbonyl compounds in the
presence of polyphosphoric acid21b and T3P�.21c,d
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: +91 821 2500846.
re.ac.in, rangappaks@gmail.-
Recently, we have reported an one pot tandem approach for the
synthesis of benzimidazoles and benzothiazoles from alcohols
using DMSO-propylphosphonic anhydride (T3P�) media22 as an
oxidizing as well as cyclodehydrating agent. In continuation of
our work toward the development of new synthetic methodologies
toward biologically important heterocyclic compounds, we report
herein an efficient T3P�-DMSO mediated one pot three-component
synthesis of 4-thiazolidinones directly from various alcohols.23

This process involves oxidation, condensation followed by cycliza-
tion under mild reaction conditions.

Initially, we selected the reaction between benzyl alcohol(1a),
aniline(2a) and thioglycolic acid(3) in the presence of T3P� (50%
solution in ethyl acetate) in ethyl acetate and DMSO solvent mix-
ture in the ratio 2:1 as a media of choice (Scheme 1). Thus, the
reaction between 1a, 2a, and 3 in the presence of T3P� (1 equiv)
gave the required product 4a in 15% yield after 10 h (Table 1 entry
1). We observed that increase in the quantity of T3P� in the
reaction would enhance yield up to 92% in 5 h (Table 1 entry 2
and 3). Further increase in the quantity of T3P� in the reaction does
not affect the reaction time and yield (Table 1 entry 4). Later, we
diverted our interest to explore the effect of various solvents on
the reaction with solvent: DMSO ratio being 2:1 as a choice. Thus,
the reaction was screened in various solvents – toluene, benzene,
dichloromethane, chloroform, acetonitrile, dioxane and THF gave
decreased yield of 4a (Table 1, entries 5–11). At this stage, we con-
verged our interest to study the effect of temperature on the
EtOAc: DMSO mediated reaction. Thus, increase in temperature
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Scheme 2. Synthesis of 4-thiazolidinones (4).

Table 1
T3P�-DMSO mediated synthesis of 4a under different reaction conditions

Sl. No. Solventa T3P� (equiv)b Time (h) Temperature (�C) Yieldc (%) of 4a

1 EtOAc 1.0 10 0–25 15
2 EtOAc 2.0 5 0–25 86
3 EtOAc 2.5 5 0–25 92
4 EtOAc 3.5 5 0–25 91
5 Toluene 2.5 5 0–25 72
6 Benzene 2.5 5 0–25 60
7 CH2Cl2 2.5 5 0–25 40
8 CHCl3 2.5 5 0–25 45
9 CH3CN 2.5 5 0–25 52
10 Dioxane 2.5 5 0–25 50
11 THF 2.5 5 0–25 25
12 EtOAc 2.5 4.5 50 90
13 EtOAc 2.5 4 60 90
14 EtOAc 2.5 3 65 88
15 EtOAc 2.5 2 70 87

a Solvent and DMSO were taken in 2:1 volume ratio.
b T3P� (50% solution in EtOAc) was used to carry out the reactions.
c Isolated yield.
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Scheme 1. Synthesis of 2,3-diphenylthiazolidin-4-one (4a).
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of the reaction resulted in gradual decrease in reaction time with
very slight decrease in yield of 4a (Table 1, entry 12–15) as sum-
marized in Table 1.

With the optimized reaction condition in hand, we next ex-
plored the generality of the protocol by reacting various aryl/het-
eroaryl primary alcohols with aryl/heteroaryl amines and
thioglycolic acid as shown in Scheme 2. Thus, primary alcohols
and amines bearing various electron donating and electron with-
drawing substituents underwent reaction smoothly to give
respective 4-thiazolidinones in high yields (Table 2, entries 1–
11). It should be noted that many functional groups such as
hydroxyl, nitro, ester, methoxy, and Boc remain unaffected
throughout the reaction. Interestingly, secondary alcohols (1k,
1l, & 1m) also underwent smooth oxidation followed by cycliza-
tion to afford respective 4-thiazolidinones in high yields (Table 2,
entry 12–14).

The possible mechanism involves the reaction of DMSO with
T3P� followed by substitution reaction of alcohol and results in
the cleavage of phosphoester bond to form intermediate 5. Elimi-
nation of dimethyl sulfide gives carbonyl compound 6 which
undergoes condensation and cyclization with amine and mercap-
toacetic acid to afford thiazolidinone 4 as shown in Scheme 3.

In conclusion, we have demonstrated an excellent, mild, and high
yielding protocol for the synthesis of 4-thiazolidinones starting
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Table 2 (continued)

Entrya 1 2 4 Time (h) Yieldb,c (%)
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a T3P� (2.5 equiv), Alcohol (1.1 equiv), Amine (1.0 equiv) and Thioglycolic acid (1.0 equiv).
b Isolated yield.
C Literature reported compounds.
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directly from a variety of primary and secondary alcohols, aryl/het-
ero aryl amines, and thioglycolic acid. The main advantages of this
procedure are one pot operation, short reaction time, mild reaction
condition, broad functional group tolerance, ease of product purifi-
cation, and excellent yield. Further synthetic applications of T3P�

are currently underway in our laboratory.
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