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A highly efficient one-pot method for the synthesis
of thioureas and 2-imino-4-thiazolidinones under
microwave conditions†

Chi-Min Chau,*ab Tzu-Jung Chuana and Kuan-Miao Liu*ab

A one-pot synthesis of symmetrical and unsymmetrical substituted thioureas and 2-imino-4-

thiazolidinones from simple starting materials under microwave irradiation and solventless conditions

without base additives is presented. Various di- and trisubstituted thioureas are obtained in good yields

in a few minutes. The sequential, three-component, one-pot synthesis of 2-imino-4-thiazolidinone

derivatives is also studied, with satisfactory results obtained.
Introduction

Thioureas are relevant compounds in the medical industry
because their derivatives and metal complexes exhibit signi-
cant biological activities such as anti-inammatory,1 analgesic,2

antimicrobial,3 and anticancer activities,4 and have potential
functions as fungicides,5 herbicides,6 rodenticides,7 and phe-
noloxidase enzymatic inhibitors.8 They are also treated as
essential intermediates for the synthesis of heterocyclic
compounds,9 as catalysts or auxiliaries in organocatalytic reac-
tions,10 and as anion recognition moieties in chemosensors.11

Because of their usefulness in these elds, numerous proce-
dures have been developed for the synthesis of substituted
thioureas, including the condensation of primary and
secondary amines with isothiocyanate,12 thiophosgene,13 or
derivatives thereof,14 the reaction of unsubstituted thioureas
with primary alkyl amines or of N,N0-di-Boc-substituted thio-
ureas with alkyl or arylamines,15,16 and the reaction of primary
amines with carbon disulde in the presence of mercury
acetate.17

Environmental protection has become a global concern. In
both research and industrial elds, attempts are now being
made to reduce the use of organic solvents, shorten reaction
times, and eliminate the use of additive materials.18 In addition,
the concept of “pot economy” has been emphasized,19 because
chemists can combine a sequence of chemical transformations
in a single reaction ask to complete a multistep synthesis
without the need for product isolation and purication between
each step, thus avoiding lengthy separation processes of
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intermediates and the generation of excess waste. Recently,
microwave-assisted reaction technology has been recognized
for its ability to enhance chemical reactions and generate clean
and high-yielding chemical transformations. The traditional
procedures used to prepare thioureas usually require bases and/
or organic solvents. Recently, a method for the synthesis of
thioureas in aqueous solution has been developed.20 On the
basis of green considerations, we hereby report an environ-
mentally benign procedure for the synthesis of thioureas under
microwave irradiation and solventless conditions without the
use of base additives. The reaction works well in a one-pot
fashion and is completed in a few minutes, with the desired
products obtained in good yields. Furthermore, this reaction is
also successfully extended to the synthesis of 2-imino-4-thia-
zolidinones, valuable compounds that have been applied in
various elds including materials, dyes, and pharmaceuticals.
Results and discussion

For the optimisation of the reaction conditions for the
synthesis of trisubstituted thioureas, diethylamine and
aniline were used as model secondary and primary amines.
The reaction parameters including the reaction solvents,
heating mode, and reaction times as well as the base additives
were screened (Table 1). For the preparation of trisubstituted
thioureas, a sequential, one-pot reaction procedure was
adopted. Diethylamine was reacted with carbon disulde in
THF under reux conditions for 1 h. Subsequently, aniline
was added, and the mixture was reacted for a further 20 h. The
desired product 1d was isolated in a yield of just 20%. We
supposed that the reaction involved two sequential steps:
intermediate dithiocarbamate formation followed by nucleo-
philic substitution of the primary amine. In order to under-
stand why the yield of 1d was so low, we monitored both steps
by thin-layer chromatography (TLC) and nuclear magnetic
resonance (NMR) spectroscopy. In the TLC experiments, a
This journal is © The Royal Society of Chemistry 2014
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Table 1 Optimisation of the reaction conditions for the synthesis of trisubstituted thiourea 1d

Entry Heating mode/solvent
2 steps (one-pot)/reaction
time Additive Yielda (%)

1 Reux/THF 1 h + 20 h No 20 (17)
2 Reux/1,4-dioxane 1 h + 20 h No 18 (15)
3 Reux/acetonitrile 1 h + 20 h No 20 (16)
4 Reux/THF 1 h + 20 h CaCO3 19 (15)
5 Reux/THF 1 h + 20 h Cs2CO3 21 (16)
6 Reux + uW/THF 1 h + 5 min No 82
7 uW/THF 5 min + 5 min No 86
8 uW/THF 5 min + 5 min Cs2CO3 86
9 uW/neat 5 min + 5 min No 87

a The yields in parenthesis are the yields aer 10 h reactions.
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yellow spot appeared 10 min aer the injection of diethyl-
amine into an equimolar amount of CS2, and the reaction
mixture was characterized by NMR aer a reaction time of 1 h.
It was seen from the NMR spectrum that the diethylamine was
consumed completely. We then checked the subsequent step
with the addition of the same molar amount of aniline. The
reaction mixture was characterized every hour. It was found
that the formation rate of the thiourea product was not as fast
as we expected. The aniline was only consumed completely
aer a reaction time of 20 h, but impurities started to appear
when the reaction time exceeded 10 h. Therefore, on the basis
of this evidence, we suggest that the ineffective nucleophilic
substitution of the primary amine to the dithiocarbamate may
contribute to the low yield of the reaction. In order to improve
the efficacy of this step, we tried changing the solvent to 1,4-
dioxane or acetonitrile, but the reaction times were still long
and the yield was not improved. Bases such as CaCO3 and
Cs2CO3 were added to increase the nucleophilicity of the
aniline, but the yield remained low. Finally, we carried out
this step under microwave irradiation, since it was suggested
that this may be able to provide efficient heating. Surprisingly,
the aniline was consumed completely within 5 min, the
formation of side products was avoided, and the yield of 1d
was increased dramatically to 82%. It is worth noting that this
type of aryl substituted thiourea compounds could not been
obtained by using the reported aqueous phase protocol.20

We then wanted to simplify the procedure and eliminate the
use of the solvent if possible. Therefore, we carried out the rst
step under microwave irradiation instead of heating at reux in
THF, and the results were found to be very satisfactory. The
yield was not increased further when Cs2CO3 was added.
Finally, it was found that the reaction was also very successful
when performed in solvent-free conditions. As shown in
This journal is © The Royal Society of Chemistry 2014
Table 2, under the optimized conditions, a number of trisub-
stituted thioureas were synthesized. Three secondary amines
(including diethyl amine (1), piperidine (2), andmorpholine (3))
and four different primary amines (such as n-hexylamine (a),
benzyl amine (b), 2-(aminomethyl) pyridine (c), and aniline (d))
were used, and the trisubstituted thioureas were all prepared in
satisfactory yields.

Besides the trisubstituted thioureas, symmetrical disub-
stituted thioureas could also be obtained easily. Two equiva-
lents of amine and one equivalent of CS2 were mixed together
and subjected to microwave irradiation for 5 min, and the
desired products were formed in excellent yields. The reac-
tions can be performed in solventless conditions or in THF
(Table 3, entry 4 and 6), depending on the amine properties
and the scale of the synthesis. If the amine is a liquid or the
scale is large enough so that the CS2 can immerse the solid
amine, solventless condition is a good choice. Because the
method reported here is highly efficient and both user- and
environment-friendly, it provides a good alternative for the
production of these types of compounds. To the best of our
knowledge, moreover, the one-step one-pot syntheses of dia-
ryl-substituted thioureas directly from arylamines have not
been reported until now.

We next considered whether it was possible to synthesize
trisubstituted thioureas in a one-step, three-component, one-
pot fashion. Thus, diethylamine (2 equiv.), n-hexylamine
(2 equiv.), and CS2 (1 equiv.) were mixed together and sub-
jected to microwave irradiation for 10 min. It was found that
the symmetrical dihexyl-substituted thiourea was the major
product together with trace unsymmetrical one. It was
revealed that the primary amine reacted with CS2 more
quickly than the secondary amine in the rst step, resulting in
the predominance of the symmetrical thiourea in the nal.
RSC Adv., 2014, 4, 1276–1282 | 1277
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Table 2 Synthesis of tri-substituted thioureas from simple amines in a sequential, one-pot, microwave-assisted procedurea

a These reactions were carried out following the entry 9 condition in Table 1.

RSC Advances Paper

Pu
bl

is
he

d 
on

 1
9 

N
ov

em
be

r 
20

13
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
V

ir
gi

ni
a 

on
 0

3/
12

/2
01

3 
21

:5
5:

51
. 

View Article Online
Aer several trials on adjusting the molar ratio of starting
materials, the yield of the trisubstituted thiourea was not
improved more. From this result, it is concluded that this one-
step three-component reaction method is not suitable for the
synthesis of unsymmetrical thioureas although it is very
successful in the preparation of symmetrical ones. And the
sequential one-pot procedure is the best choice for the
synthesis of unsymmetrical thioureas.

Having established a greener method for the synthesis of
thioureas, we wanted to apply it to the preparation of 2-imino-4-
thiazolidinones. There have been many reports on the synthesis
of 2-imino-4-thiazolidinones, with the best-known methods
being the treatment of thioureas with a-haloalkanoic acids or
their derivatives.21 Following on from our microwave synthesis
of thioureas, we wanted to develop a sequential one-pot strategy
for the synthesis of 2-imino-4-thiazolidinones from simple
amines. Through the reaction of a primary amine with CS2
followed by the addition of chloroacetic chloride in the same
microwave tube with irradiation for another 5 min, the 2-imino-
4-thiazolidinone was successfully obtained. No base was needed
1278 | RSC Adv., 2014, 4, 1276–1282
in these reactions, because the chloroacetic chloride was
reactive enough to react with the thiourea. Several 2-imino-4-
thiazolidinones were synthesized in high yields, and the results
are summarized in Table 3.
Conclusions

The proposed methodology provides an easier, safer, practically
convenient, and environmentally benign approach for the one-
pot synthesis of di- and trisubstituted thioureas and 2-imino-4-
thiazolidinones. The base- and solvent-free microwave-assisted
procedure provides an alternative greener method for the
synthesis of these types of compounds. This is the rst report on
the one-pot synthesis of symmetrical diaryl-substituted thio-
ureas from arylamines and the sequential three-component,
one-pot synthesis of 2-imino-4-thiazolidinones from simple
amines. Applications in the synthesis of natural products and
derivatives as well as chemosensors possessing these skeletons
are currently under development.
This journal is © The Royal Society of Chemistry 2014
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Table 3 Formation of symmetrical 1,3-disubstituted thioureas and 2-imino-4-thiazolidinones under microwave conditiona

a These reactions were carried out under solventless condition except entry 4 and 6 which were performed in THF. b Isolated yields. The yields in
parenthesis are the yields in sequential one-pot procedure.
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Experimental
General

All reagents were purchased from commercial sources and were
used without prior purication and solvents were dried before
use. Microwave irradiation experiments were carried out in a
dedicated CEM Discover monomode microwave apparatus. The
reactions were carried out in 10 mL glass tubes, sealed with
Teon septum, and placed in the microwave cavity. The
This journal is © The Royal Society of Chemistry 2014
reaction mixture was irradiated under power of 150 W for the
stipulated time, and the reaction mixture temperatures were
measured by the external IR sensor. The reaction tube was
cooled to room temperature with air jet cooling. All the reac-
tions were monitored by TLC using 0.25 mm silica gel plates
(Merck 60 F254) or aluminum-backed plates SILG/UV254 with
UV indicator. Silica gel (230–400 mesh) was used for ash
column chromatography. 1H and 13C NMR spectra were recor-
ded on a Varian 400 MHz spectrometer. IR spectra were
RSC Adv., 2014, 4, 1276–1282 | 1279
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recorded on a Perkin-Elmer FTIR spectrophotometer. HRMS
data was obtained from FOEL JMS-HX110 spectrometer.
General procedure for the synthesis of trisubstituted
thioureas from secondary and primary amine

A mixture of the appropriate secondary amine and carbon
disulde was subjected to microwave irradiation. The power
was set at 150 W and the temperature was set at 160 �C. Aer 5
min, the mixture was cooled to room temperature and the
primary amine was added. Themixture was then irradiated for a
further 5 min. The crude mixture was then cooled and subse-
quently puried by ash column chromatography.
General procedure for the synthesis of symmetrical
disubstituted thioureas

A mixture of the appropriate primary amine and carbon disul-
de was subjected to microwave irradiation. The power was set
at 150 W and the temperature was set at 160 �C. Aer 5 min, the
mixture was cooled to room temperature and the crude mixture
was puried by ash column chromatography.
General procedure for the synthesis of 2-imino-4-
thiazolidinones

A mixture of the appropriate primary amine and carbon disul-
de was subjected to microwave irradiation for 5 min. The
power was set at 150 W and the temperature was set at 160 �C.
Aer cooling to room temperature, chloroacetyl chloride was
added. The mixture was then irradiated for a further 5 min
under the same setting. The crude mixture was then cooled and
subsequently puried by ash column chromatography.
Selected data for typical compounds are given below

1,1-diethyl-3-hexylthiourea (1a). 1H NMR (CDCl3, 400 MHz) d
(ppm) 5.78 (br, 1H), 3.63–3.56 (m, 4H), 3.36 (brs, 2H), 1.48–1.60
(m, 3H), 1.35–1.08 (m, 11H), 0.83 (t, J ¼ 6.6 Hz, 3H); 13C NMR
(CDCl3, 100 MHz) d (ppm) 179.3, 45.8, 44.6, 31.1, 29.0, 26.3,
22.1, 13.6, 12.3; IR (neat, cm�1) 3311, 2932, 1533, 1186, 1102,
998, 852, 725; HRMS (EI, m/z) calcd for C11H24N2S (M+)
216.1660, found 216.1663.

3-Benzyl-1,1-diethylthiourea (1b). 1H NMR (CDCl3, 400 MHz)
d (ppm) 7.40–7.20 (m, 5H), 5.52 (brs, 1H), 4.86 (d, J ¼ 5.2 Hz,
2H), 3.67 (q, J ¼ 7.2 Hz, 4H), 1.23 (t, J ¼ 7.2 Hz, 6H); 13C NMR
(CDCl3, 100 MHz) d (ppm) 179.9, 138.1, 128.5, 128.4, 127.5,
127.4, 127.3, 49.8, 45.0, 12.5; IR (neat, cm�1) 3310, 3038, 2975,
2931, 2871, 1538, 1454, 1408, 1375, 1278, 1136, 963, 861; HRMS
(EI, m/z) calcd for C12H18N2S (M+) 222.1191, found 222.1185.

1,1-Diethyl-3-((pyridin-2-yl)methyl)thiourea (1c). 1H NMR
(CDCl3, 400 MHz) d (ppm) 8.49 (d, J ¼ 4.8 Hz, 2H), 7.66 (td, J ¼
7.6, 2.0 Hz, 2H), 7.38 (brs, 1H), 7.30 (d, J¼ 8.0 Hz, 2H), 7.20–7.15
(m, 4H), 4.93 (d, J ¼ 4.0 Hz, 2H), 3.72 (q, J ¼ 7.2 Hz, 4H), 1.25 (t,
J¼ 7.2 Hz, 6H); 13C NMR (CDCl3, 100 MHz) d (ppm) 179.1, 156.1,
148.0, 136.6, 122.3, 122.0, 49.6, 44.9, 12.3; IR (neat, cm�1) 3321,
2961, 2924, 2855, 1594, 1571, 1535, 1495, 1446, 1329, 1303,
1280 | RSC Adv., 2014, 4, 1276–1282
1184, 963, 861; HRMS (EI, m/z) calcd for C11H17N3S (M+)
223.1143, found 223.1140.

1,1-Diethyl-3-phenylthiourea (1d). 1H NMR (CDCl3, 400
MHz) d (ppm) 7.40–7.18 (m, 5H), 6.98 (brs, 1H), 3.75 (q, J ¼ 7.2
Hz, 4H), 1.29 (t, J ¼ 7.2 Hz, 6H); 13C NMR (CDCl3, 100 MHz) d
(ppm) 179.1, 139.2, 127.6, 125.8, 124.9, 44.9, 12.0; IR (neat,
cm�1) 3229, 3038, 2975, 2931, 2871, 1595, 1518, 1452, 1404,
1350, 1137, 1075, 1004, 910, 896, 761, 698; HRMS (EI, m/z) calcd
for C11H16N2S (M+) 208.1034, found 208.1031.

N-Hexylpiperidine-1-carbothioamide (2a). 1H NMR (CDCl3,
400 MHz) d (ppm) 5.38 (brs, 1H), 3.78–3.70 (m, 4H), 3.62–3.58
(m, 2H), 1.68–1.55 (m, 8H), 1.35–1.22 (m, 6H), 0.86 (t, J¼ 5.6 Hz,
3H); 13C NMR (CDCl3, 100 MHz) d (ppm) 180.0, 48.4, 45.7, 31.1,
28.9, 26.2, 26.1, 23.8, 22.1, 13.5; IR (neat, cm�1) 3286, 3064,
2931, 2856, 1537, 1443, 1385, 1334, 1244, 1119, 1022, 999, 878,
852, 727; HRMS (EI, m/z) calcd for C12H24N2S (M+) 228.1660,
found 228.1665.

N-Benzylpiperidine-1-carbothioamide (2b). 1H NMR (CDCl3,
400 MHz) d (ppm) 7.32–7.15 (m, 5H), 6.27 (brs, 1H), 4.78 (d, J ¼
5.2 Hz, 2H), 3.70–3.65 (m, 4H), 1.62–1.43 (m, 6H); 13C NMR
(CDCl3, 100 MHz) d (ppm) 180.1, 138.0, 127.9, 126.8, 126.6, 48.9,
48.4, 24.9, 23.6; IR (neat, cm�1) 3311, 3036, 2930, 2871, 1538,
1454, 1408, 1383, 1243, 1117, 998, 878, 849, 723; HRMS (EI,m/z)
calcd for C13H18N2S (M+) 234.1191, found 234.1189.

N-((Pyridin-2-yl)methyl)piperidine-1-carbothioamide (2c). 1H
NMR (CDCl3, 400 MHz) d (ppm) 7.52 (d, J¼ 4.8 Hz, 1H), 7.68 (td,
J ¼ 8.0, 1.6 Hz, 1H), 4.47 (brs, 1H), 7.31 (d, J ¼ 8.0 Hz, 1H), 7.21
(m, 1H), 7.95 (d, J ¼ 4.0 Hz, 2H), 3.87 (brs, 4H), 1.68 (brs, 6H);
13C NMR (CDCl3, 100 MHz) d (ppm) 180.1, 155.7, 148.4, 136.7,
122.3, 122.1, 50.1, 48.7, 25.4, 24.2; IR (neat, cm�1) 3321, 2961,
2920, 2855, 1594, 1566, 1535, 1475, 1436, 1240, 1116, 877, 848,
724; HRMS (EI, m/z) calcd for C12H17N3S (M+) 235.1143, found
235.1141.

N-Phenylpiperidine-1-carbothioamide (2d). 1H NMR (CDCl3,
400 MHz) d (ppm) 7.35–7.26 (m, 2H), 7.12–7.04 (m, 3H), 3.75
(brs, 4H), 1.64 (brs, 6H); 13C NMR (CDCl3, 100 MHz) d (ppm)
182.7, 140.3, 129.1, 124.8, 122.5, 51.0, 25.5, 24.1; IR (neat, cm�1)
3230, 3033, 2971, 2930, 2873, 1595, 1518, 1454, 1409, 1385,
1243, 1115, 998, 879, 849; HRMS (EI, m/z) calcd for C12H16N2S
(M+) 220.1034, found 220.1037.

N-Hexylmorpholine-4-carbothioamide (3a). 1H NMR (CDCl3,
400 MHz) d (ppm) 5.47 (brs, 1H), 3.77–3.67 (m, 8H), 3.65–3.58
(m, 2H), 1.54–1.44 (m, 2H), 1.28–1.10 (m, 6H), 0.86 (t, J¼ 6.4 Hz,
3H); 13C NMR (CDCl3, 100 MHz) d (ppm) 181.3, 65.5, 47.0, 45.5,
30.8, 28.4, 25.9, 21.8, 13.3; IR (neat, cm�1) 3280, 2932, 1537,
1334, 1277, 1234, 1109, 1066, 1025, 877, 759, 735; HRMS (EI,
m/z) calcd for C11H22N2OS (M+) 230.1453, found 230.1450.

N-Benzylmorpholine-4-carbothioamide (3b). 1H NMR
(CDCl3, 400 MHz) d (ppm) 7.35–7.18 (m, 5H), 5.70 (brs, 1H), 4.84
(d, J ¼ 4.8 Hz, 2H), 3.78–3.66 (m, 8H); 13C NMR (CDCl3, 100
MHz) d (ppm) 181.9, 137.6, 128.2, 127.3, 127.1, 65.6, 49.3, 47.3;
IR (neat, cm�1) 3315, 2968, 2927, 2858, 1535, 1493, 1448, 1360,
1277, 1234, 1109, 1066, 1023, 953, 877, 759, 736; HRMS (EI,m/z)
calcd for C12H16N2OS (M+) 236.0983, found 236.0985.

N-((Pyridin-2-yl)methyl)morpholine-4-carbothioamide (3c).
1H NMR (CDCl3, 400 MHz) d (ppm) 8.47 (d, J ¼ 4.8 Hz, 1H),
This journal is © The Royal Society of Chemistry 2014
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7.69–7.58 (m, 2H), 7.30–7.15 (m, 2H), 4.92 (d, J ¼ 4.0 Hz, 2H),
3.88–3.70 (m, 8H); 13C NMR (CDCl3, 100 MHz) d (ppm) 181.8,
156.1, 148.5, 137.1, 122.6, 122.4, 66.3, 50.2, 47.7; IR (neat, cm�1)
3320, 2961, 2923, 2857, 1594, 1570, 1535, 1476, 1436, 1330,
1274, 1208, 1116, 1027, 890, 759; HRMS (EI, m/z) calcd for
C11H15N3OS (M+) 237.0936, found 237.0933.

N-Phenylmorpholine-4-carbothioamide (3d). 1H NMR
(CDCl3, 400 MHz) d (ppm) 7.40–7.28 (m, 3H), 7.16–7.09 (m, 3H),
3.90–3.60 (m, 8H); 13C NMR (CDCl3, 100 MHz) d (ppm) 183.5,
139.9, 129.1, 125.3, 123.2, 66.1, 49.5; IR (neat, cm�1) 3204, 3034,
2962, 2921, 2855, 1595, 1528, 1497, 1448, 1335, 1308, 1228,
1209, 1113, 1030, 703; HRMS (EI, m/z) calcd for C11H14N2OS
(M+) 222.0827, found 222.0831.

1,3-Dihexylthiourea (4a). 1H NMR (CDCl3, 400 MHz) d (ppm)
5.72 (brs, 2H), 3.35 (brs, 4H), 1.65–1.53 (m, 4H), 1.34–1.23 (m,
12H), 0.86 (t, 6H, J ¼ 6.6 Hz); 13C NMR (CDCl3, 100 MHz) d
(ppm) 180.8, 44.1, 31.1, 28.7, 26.2, 22.1, 13.5; IR (neat, cm�1)
3320, 3069, 2930, 2861, 1557, 1334, 1240, 1118, 997, 878, 845,
726; HRMS (EI, m/z) calcd for C13H28N2S (M+) 244.1973, found
244.1976.

1,3-Dibenzylthiourea (4b). 1H NMR (CDCl3, 400 MHz) d

(ppm) 7.33–7.20 (m, 10H), 6.06 (brs, 2H), 4.60 (brs, 4H); 13C
NMR (CDCl3, 100MHz) d (ppm) 182.0, 136.7, 128.9, 127.9, 127.5,
48.5; IR (neat, cm�1) 3324, 2972, 2912, 2876, 1645, 1634, 1557,
1451, 1315, 943, 807, 770; HRMS (EI, m/z) calcd for C15H16N2S
(M+) 256.1034, found 256.1036.

1,3-Diphenylthiourea (4d). 1H NMR (CDCl3, 400 MHz) d

(ppm) 8.02–7.82 (brs, 2H), 7.42–7.34 (m, 8H), 7.28–7.24 (m, 2H);
13C NMR (CDCl3, 100 MHz) d (ppm) 179.9, 137.0, 129.6, 127.1,
125.3; IR (neat, cm�1) 3607, 3211, 3035, 3025, 2876, 1633, 1600,
1556, 1451, 1344, 1315, 1242, 1071, 933, 696; HRMS (EI, m/z)
calcd for C13H12N2S (M+) 228.0721, found 228.0719.

1,3-Di-p-tolylthiourea (4e). 1H NMR (CDCl3, 400 MHz) d

(ppm) 7.95 (brs, 2H), 7.16 (d, J ¼ 8.4 Hz, 4H), 7.10 (d, J ¼ 8.4 Hz,
4H), 2.26 (s, 6H); 13C NMR (CDCl3, 100 MHz) d (ppm) 180.0,
136.9, 134.5, 130.0, 125.4, 21.0; IR (neat, cm�1) 3605, 3212, 3035,
3024, 1633, 1601, 1555, 1451, 1315, 1242, 1071, 938, 876, 845,
720; HRMS (EI, m/z) calcd for C15H16N2S (M+) 256.1034, found
256.1031.

1,3-Bis(4-ethoxyphenyl)thiourea (4f). 1H NMR (CDCl3, 400
MHz) d (ppm) 7.58 (brs, 2H), 7.18 (dd, J ¼ 8.8, 3.2 Hz, 4H), 6.83
(d, J ¼ 8.8 Hz, 4H), 3.95 (q, J ¼ 7.2 Hz, 4H), 1.34 (t, J ¼ 7.2 Hz,
6H); 13C NMR (CDCl3, 100 MHz) d (ppm) 181.0, 158.0, 127.5,
115.2, 63.7, 14.7; IR (neat, cm�1) 3214, 3025, 2975, 2911, 2876,
1578, 1554, 1535, 1512, 1360, 1339, 1299, 1245, 1222, 1171,
1116, 1051, 835, 817, 724; HRMS (EI,m/z) calcd for C17H20N2O2S
(M+) 316.1245, found 316.1241.

1,3-Bis(4-iodophenyl)thiourea (4g). 1H NMR (CDCl3, 400
MHz) d (ppm) 8.25 (brs, 2H), 7.68 (d, J¼ 8.8 Hz, 4H), 7.23 (d, J¼
8.8 Hz, 4H); 13C NMR (CDCl3, 100 MHz) d (ppm) 180.7, 139.5,
137.3, 125.6, 88.5; IR (neat, cm�1) 3211, 3032, 3024, 2910, 2869,
1633, 1603, 1555, 1450, 1313, 1241, 1071, 934, 870; HRMS (EI,
m/z) calcd for C13H10I2N2S (M+) 479.8654, found 479.8658.

(E)-3-Hexyl-2-(hexylimino)thiazolidin-4-one (5a). 1H NMR
(CDCl3, 400 MHz) d (ppm) 3.75 (s, 2H), 3.67 (t, J ¼ 7.4 Hz, 2H),
3.24 (d, J ¼ 6.8 Hz, 2H), 1.64–1.52 (m, 6H), 1.38–1.22 (m, 10H),
0.90–0.80 (m, 6H); 13C NMR (CDCl3, 100 MHz) d (ppm) 171.2,
This journal is © The Royal Society of Chemistry 2014
150.7, 51.9, 42.6, 32.2, 31.3, 31.1, 30.3, 26.7, 26.1, 22.4, 22.2,
13.8, 13.7; IR (neat, cm�1) 2912, 1720, 1635, 1272, 1201, 692;
HRMS (EI, m/z) calcd for C15H28N2OS (M+) 284.1922, found
284.1925.

(Z)-3-Benzyl-2-(benzylimino)thiazolidin-4-one (5b). 1H NMR
(CDCl3, 400 MHz) d (ppm) 7.39–7.35 (m, 2H), 7.28–7.15 (m, 8H),
4.88 (s, 2H), 4.44 (s, 2H), 3.78 (s, 2H); 13C NMR (CDCl3, 100MHz)
d (ppm) 171.4, 152.6, 139.2, 136.1, 129.0, 128.9, 128.7, 128.5,
128.3, 128.3, 128.1, 127.7, 127.3, 126.8, 55.3, 46.0, 32.7; IR (neat,
cm�1) 3052, 1720, 1635, 1590, 1495, 1374, 1272, 1201, 690;
HRMS (EI, m/z) calcd for C17H16N2OS (M+) 296.0983, found
296.0987.

(Z)-3-Phenyl-2-(phenylimino)thiazolidin-4-one (5d). 1H NMR
(CDCl3, 400 MHz) d (ppm) 7.48–6.82 (m, 10H), 3.92 (s, 2H); 13C
NMR (CDCl3, 100MHz) d (ppm) 171.4, 154.9, 148.0, 134.7, 129.4,
129.1, 129.0, 128.0, 124.6, 120.9, 32.9; IR (neat, cm�1) 3048,
2936, 1727, 1635, 1580, 1455, 1374, 1269, 1195, 693; HRMS (EI,
m/z) calcd for C15H12N2OS (M+) 268.0670, found 268.0673.

(E)-2-(p-Tolylimino)-3-p-tolylthiazolidin-4-one (5e). 1H NMR
(CDCl3, 400 MHz) d (ppm) 7.25 (d, J ¼ 8.4 Hz, 2H), 7.19 (d, J ¼
8.4 Hz, 2H), 7.04 (d, J¼ 8.4 Hz, 2H), 6.73 (d, J¼ 8.4 Hz, 2H), 3.89
(s, 2H), 2.32 (s, 3H), 2.24 (s, 3H); 13C NMR (CDCl3, 100 MHz) d
(ppm) 171.6, 154.8, 145.6, 139.0, 134.1, 132.1, 130.1, 129.7,
127.7, 120.7, 32.8, 21.3, 20.9; IR (neat, cm�1) 3051, 2919, 1722,
1638, 1591, 1581, 1487, 1370, 1284, 1203, 1132, 693; HRMS (EI,
m/z) calcd for C17H16N2OS (M+) 296.0983, found 296.0979.

(E)-2-(4-Ethoxyphenylimino)-3-(4-ethoxyphenyl)thiazolidin-
4-one (5f). 1H NMR (CDCl3, 400 MHz) d (ppm) 7.20 (d, J¼ 8.4 Hz,
2H), 6.93 (d, J¼ 8.4 Hz, 2H), 6.77 (s, 4H), 3.98 (q, J¼ 7.2 Hz, 2H),
3.93 (q, J¼ 7.2 Hz, 2H), 3.88 (s, 2H), 1.34 (t, J¼ 7.2 Hz, 3H), 1.33
(t, J ¼ 7.2 Hz, 3H); 13C NMR (CDCl3, 100 MHz) d (ppm) 171.7,
159.1, 156.1, 155.0, 141.2, 129.0, 127.1, 121.9, 115.2, 114.9, 63.6,
63.5, 32.7, 14.9, 14.8; IR (neat, cm�1) 3421, 2983, 1728, 1633,
1508, 1477, 1393, 1246, 1194, 1045, 837, 789; HRMS (EI, m/z)
calcd for C19H20N2O3S (M+) 356.1195, found 356.1198.

(E)-2-(4-Iodophenylimino)-3-(4-iodophenyl)thiazolidin-4-one
(5g). 1H NMR (CDCl3, 400 MHz) d (ppm) 7.83 (d, J ¼ 8.4 Hz, 2H),
7.60 (d, J ¼ 8.4 Hz, 2H), 7.10 (d, J ¼ 8.4 Hz, 2H), 7.65 (d, J ¼ 8.4
Hz, 2H), 3.98 (s, 2H); 13C NMR (CDCl3, 100 MHz) d (ppm) 170.9,
155.1, 147.4, 138.6, 138.2, 134.2, 129.7, 123.0, 94.9, 88.7, 32.9; IR
(neat, cm�1) 3046, 2943, 2926, 2854, 1728, 1628, 1483, 1366,
1273, 1191, 1150, 1057, 874, 828, 808, 736; HRMS (EI, m/z) calcd
for C15H10I2N2OS (M+) 519.8603, found 519.8600.
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