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Introduction

The five-membered rhodanine core is an interesting heterocy-
clic ring system featured in a large number of natural or
synthetic compounds with a wide range of pharmacological
activities.” Rhodanine derivatives have been reported as small
molecule inhibitors for targets such as hepatitis C virus NS5B
polymerase* and human cathepsin D.? Furthermore, they have
been reported as antimalarial, antiviral, antibacterial, and anti-
cancer, and antidiabetic agents (Fig. 1).* Epalrestat is a well-
known and highly marketed drug comprising the rhodanine
nuclei and used to delay the progression of diabetic neuropathy.

It is therefore not surprising that numerous synthetic routes
have been developed to obtain this heterocyclic core, many of
which were recently reported.® Due to stringent and growing
environmental regulations, organic chemists have endeavored
to develop clean, economical, and environmentally safer
methodologies.” Current emphasis on the development of
multiple chemical transformations sequentially performed in a
single reaction vessel, without intermediary purification steps,
has led to the generation of a variety of molecular complexity.
The benefits of the green approach are based on reduced time,
costs, and waste generation, but compatibility and reliability
must be circumvented for such processes to become attractive
for industrial purposes. During the past decade, aldol-thia-

“Department of Chemistry, College of Science, King Saud University, P. O. Box 2455,
Riyadh 11451, Saudi Arabia. E-mail: ambarakat@ksu.edu.sa; Fax: +966 1-4675992;
Tel: +966 1-4675884

*Department of Chemistry, Faculty of Science, Alexandria University, P.O. Box 426,
Ibrahimia, 21321 Alexandria, Egypt

‘Department of Pharmaceutical Chemistry, College of Pharmacy, King Saud University,
P. O. Box 2457, Riyadh 11451, Saudi Arabia

T Electronic supplementary information (ESI) available. CCDC 930797, 931815,
930934 and 930932. For ESI and crystallographic data in CIF or other electronic
format see DOI: 10.1039/c3ra46551a

This journal is © The Royal Society of Chemistry 2014

yields (82-96%). As spontaneous precipitation always occurs at the end of the process, this leads to easy
separation of the products via a simple filtration.
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Fig. 1 Bioactive compounds containing the rhodanine and thiazoli-
dinedione framework.®

Michael protocol is an important process in organic chemistry
and has versatile applications in organic synthesis.® Different
catalysts and reaction media have been employed, such as Lewis
acids, cinchona alkaloids, ionic liquids, and solid support.” One
of the most promising approaches is using water as the reaction
medium as reported by Saeed Abaee, M. et al. on a multicom-
ponent synthesis of B-aryl-B-mercapto ketones.*

With this in mind and in continuation of our research
program on the developments of new routes to heterocyclic
system,' we now report the aldol-thia-Michael addition process
for the synthesis of rhodanine derivatives where water is used as
a green solvent in the presence of diethylamine. These products
were subjected for biological and pharmacological evaluation.

Results and discussion

In a preliminary experiment, treatment of 2-thioxothiazolidin-4-
one (1) with benzaldehyde (2) using water-diethylamine at
room temperature for 3 h (TLC control) afforded the (Z)-5-ben-
zylidene-2-thioxothiazolidin-4-one adduct (3a-HNEt,)."> The
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Fig. 2 X-ray diffraction structure of compound 3a-HNEt,.

Fig. 3 X-ray diffraction structure of compound 4a-HNEt,.

configuration of its double bond was determined on the basis of
X-ray diffraction analysis of its salt with diethylamine (Fig. 2).
Subsequently, addition of thiophenol to the mixture at this
point led to quantitative consumption of the reactants within a
few minutes and the formation of 4a-HNEt, in 96% yield
(entry 1). The structures of products 3a-HNEt, and 4a-HNEt,
were identified by their spectroscopy analysis. The structure of
4a-HNEt, was further confirmed by X-ray diffraction analysis.
The molecular structure of 4a-HNEt, is shown in Fig. 3. Inter-
estingly, the X-ray shown that 4a- HNEt, has been formed with a
molecule of diethylamine as a salt (Fig. 3). Encouraged by this
result, we proceeded to study the effect of different amines and
reaction conditions on the aldol-thia-Michael addition process
for the synthesis of rhodanines derivatives.
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Table 1 Screening of conditions for the aldol-thia-Michael addition
reaction of model substrate?

Entry Condition Time [h] Yield” (%)
1 Et,NH-H,0 3 96
2 iPr,NH-H,0 4 89
3 (Cyclohexyl),NH-H,0 4 83
4 Morpholine-H,0 3 80
5 NaOH-H,0 6 70
6 Et,NH 10 10
7 H,0 10 0

@ All reactions were carried out with 2-thioxothiazolidin-4-one 1
(3.0 mmol), benzaldehyde 2 (3.0 mmol) and diethylamine (3.0 mmol)
in water (2-3 ml) for the specified time for aldol condensation. ? Yield
of isolated product 4a-HNE,.
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Scheme 1 Model substrate during the optimization studies.

As shown in Table 1, it was found that iPr,NH-H,O afford
the aldol-thia-Michael adduct in excellent yield 89% (Table 1,
entry 2). Other secondary amines, such as (cyclohexyl),NH and
morpholine, behaved similarly and generated the respective
products (Table 1, entry 3 and 4) but showed lower efficiencies
as evidenced by the 83% and 80% yield respectively. NaOH was
also tested, and was found to be less efficient in the reaction;
only moderate yield was obtained (Table 1, entries 5). The
products could not be obtained in the absence of either amine
(entry 6) or water (entry 7), i.e. the reaction either could not be
processed or preceded too slowly to be detected. Collectively,
the best result with respect to yield was obtained by performing
the reaction by the combined promoting effects of both water
and diethylamine (Scheme 1).

A plausible mechanism can be proposed for the reaction as
shown in Fig. 4. First, the hydrogen bonding activation of the
C=0 group by water eases up the deprotonation of 1 by
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Fig. 4 A possible mechanistic pathway.
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diethylamine. The aldehyde is then attacked by the enolate to
form the aldol condensation product after dehydration of the
intermediate. The second thia-Michael addition under these
conditions produces the final product 4 (Fig. 4).**

To support the proposed mechanism, the reaction was stopped
before the addition of the thiophenol and after TLC showed
complete consumption of aldehyde and 2-thioxothiazolidin-4-
one. Analysis of the reaction mixture showed the presence of the
single product 3-HNEt, in quantitative yield. Furthermore, the
intermediate products 3b,c- HNEt, were separated and confirmed
by X-ray crystal structure determination (see ESI).T

In continuation of our on going program aimed at the
synthesis of rhodanine derivatives, the substrate scope was then
investigated. We applied the conditions to reactions of 1 with a
variety of other aldehydes followed by addition thiophenol. As
revealed in Table 2, (entry 1-18). The reactions proved to work
well with a range of aldehydes bearing either electron-with-
drawing or electron-donating groups to give the rhodanine
derivatives 4 with very good to excellent yields (82-96%).
Depending on the structure of the reacting aldehyde the prod-
ucts were isolated as adduct with diethylamine (Table 2, entries

Table 2 The synthesis of aldol-thia-Michael product in diethylamine—
water medium?®
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GP- General procedure

Entry Product R Yield (%)
1 4a-HNEt2 Ph 96”
2 4a Ph 93¢
3 ab p-CH;Ph 95¢
4 4c-HNEt, p-CIPh 92”
5 4c p-ClPh 91°¢
6 4d-HNE, p-BrPh 90"
7 ad p-BrPh 90°
8 e p-CH,0Ph 88¢
9 af 2,4,6-(CH;);Ph 83¢
10 4g-HNEt, p-NO,Ph 857
11 4g p-NO,Ph 85°
12 4h-HNEt, Naphthyl 91?
13 4h Naphthyl 90°
14 4i-HNEt, 2,4-Cl,Ph 82"
15 4i 2,4-Cl,Ph 81°
16 4j 2,6-Cl,Ph 80°
17 4k-HNEt, m-CH,;Ph 89>
18 4k m-CH,;Ph 87¢

“ All reactions were carried out with 2-thioxothiazolidin-4-one 1 (3.0
mmol), aldehyde 2 (3.0 mmol) and diethylamine (3.0 mmol) in water
(2-3 ml) for the specified time. ? Yield of the product isolated directly
from the reaction mixture (GP1). °Yield of isolated product 4
obtained by treatment of the corresponding salt 4-HNEt, with
aqueous HCI (10%) followed by extraction with DCM/EtOH (GP2).
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Table 3 The synthesis of aldol condensed product in diethylamine/
water medium?

H H H
' N
SN\NfO - ::'gtz Sﬁ; O ph-sH S§\/N o
S R RT, time N+ 10 mins s s,
R R Ph
1 2 3 4
Hs— N0
i
"
R
5
Entry 3 R Yield” (%)
S
1 3d \\ 93
o)
2 3e Q 91
HN
3 3f \\ 95
Z N
4 3g < 90

“All reactions were carried out with 2-thioxothiazolidin-4-one 1
(3.0 mmol), aldehyde 2 (3.0 mmol) and diethylamine (3.0 mmol) in
water (2-3 ml) for the specified time. ? Yield of isolated product 3d—f.

1,4,6,10,12,14, and 17) or as individual compounds (entries 2,
3,5,7-9,11, 13, 15, 16 and 18). In the case of adducts 4-HNEt,,
the corresponding free rhodanine derivatives 4 can be obtained
by treatment with 10% aqueous HCI.

Interesting and surprising was the fact that a variety of
heterocyclic aldehydes reacted under the optimized conditions to
always yield exclusively the product 3. A possible explanation of
such behaviour is that the heterocyclic fragment is probably more
conjugated with the double bond because of less steric factor due
to smaller cycles (Table 3, entry 1-3) and/or absence of one ortho-
proton (Table 3, entry 4). As summarized in Table 3, various
heterocyclic aldehyde such as thiophene-2-carbaldehyde, furan-2-
carbaldehyde, 1H-pyrrole-2-carbaldehyde and picolinaldehyde
were reacted with 2-thioxothiazolidin-4-one using diethylamine-
water medium afforded mainly product 5 in excellent yield (91-
95%). It has been observed that when furan-2-carbaldehyde was
used, the product was a mixture of 3 and 5 (Table 3, entry 2).
"HNMR spectrum shown a characteristic broad singlet at 6 13.67
ppm and ¢ 8.1 ppm which is assigned to the proton of thiol
tautomer 5 and the proton of NH tautomer 3 respectively.

Conclusions

In summary, a general and efficient procedure has been devel-
oped for facile synthesis of rhodanine derivatives. Reactions
occur under mild aqueous conditions using quantities of

RSC Adv., 2014, 4, 4909-4916 | 4911


http://dx.doi.org/10.1039/c3ra46551a

Published on 09 December 2013. Downloaded by National Dong Hwa University Library on 29/03/2014 09:11:54.

RSC Advances

diethylamine. More importantly, the products precipitate
spontaneously in the mixture allowing their convenient purifi-
cation without costly and time consuming chromatographic
separations. The reactions gave high yields of products in short
times. The full scope, asymmetric transformations and its
applications in the synthesis of biologically active molecules are
currently underway in our laboratory.

Experimental section

General: All the chemicals were purchased from Aldrich,
Sigma-Aldrich, Fluka etc., and were used without further
purification, unless otherwise stated. All melting points were
measured on a Gallenkamp melting point apparatus in open
glass capillaries and are uncorrected. IR Spectra were
measured as KBr pellets on a Nicolet 6700 FT-IR spectropho-
tometer. The NMR spectra were recorded on a Varian Mercury
Jeol-400 NMR spectrometer. "H-NMR (400 MHz), and "*C-NMR
(100 MHz) were run in either deuterated dimethylsulphoxide
(DMSO-ds) or deuterated chloroform (CDCl;). Chemical shifts
(6) are referred in terms of ppm and j-coupling constants are
given in Hz. Mass spectra were recorded on a Jeol of JMS-600H.
Elemental analysis was carried out on Elmer 2400 Elemental
Analyzer; CHN mode.

General procedure for aldol condensation thia-Michael
addition for the synthesis of 4-HNEt, (GP1)

A mixture of aldehyde 2 (3 mmol, 318 mg), 2-thioxothiazolidin-
4-one 1 (3 mmol, 400 mg), and diethylamine (3 mmol, 310 ul) in
3 ml of degassed H,O was stirred at room temperature for 3-5
hours until TLC showed complete disappearance of the reac-
tants. The thiol (3 mmol, 330 mg) was added to this mixture and
stirring was continued for another 4-6 min until TLC showed
completion of the reaction. The product precipitated and the
mixture was filtered and the solid portion was recrystallized
from a mixture of DCM/EtOH to obtain the pure product
4-HNE,.

General procedure for aldol condensation thia-Michael
addition for the synthesis of 4 (GP2)

A mixture of aldehyde 2 (3 mmol, 318 mg), 2-thioxothiazolidin-
4-one 1 (3 mmol, 400 mg), and diethylamine (3 mmol, 310 ul) in
3 ml of degassed H,O was stirred at room temperature for 3-5
hours until TLC showed complete disappearance of the reac-
tants. The thiol (3 mmol, 330 mg) was added to this mixture and
stirring was continued for another 4-6 min until TLC showed
completion of the reaction. Water (3 ml) was the added into the
reaction mixture, then extracted with DCM/EtOH (3 x 50 ml)
and the organic phase washed with 10% HCI (2 x 50 ml), fol-
lowed by brine (2 x 50 ml), and dried over MgSO,, and filtered
and evaporated to afford 4.
5-(Phenyl(phenylthio)methyl)-2-thioxothiazolidin-4-one com-
pound with diethylamine (1:1) (4a-HNEt,). 4a-HNEt, was
prepared from 2-thioxothiazolidin-4-one 1, benzaldehyde and
thiophenol according to the general procedure (GP1) yielding
yellow crystalline materials (1.17 g, 2.9 mmol, 96%). m.p: 180 °C;
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IR (KBr, cm ™ %): 3458, 3035, 2972, 1738, 1363, 1222; "H-NMR (400
MHz, DMSO-d,): 6 8.33 (bs, NH), 7.51-7.22 (m, 11H, CH & CH &
2Ph), 2.94 (q, 4H, J = 7.3 Hz, CH,CH3,), 1.16 (t, 6H, ] = 7.3 Hz,
CH,CH;); *C-NMR (100 MHz, DMSO-d): 6 = 203.2, 182.7,
136.3, 135.5, 135.4, 130.1, 130.0, 129.5, 128.1, 127.7, 124.7, 41.9,
11.6; LC/MS (ESI): 404 [M]"; anal. for C,oH,4N,0Ss; caled: C,
59.37; H, 5.98; N, 6.92; found: C, 59.40; H, 6.01; N, 6.90.%

The structure of 4a-HNEt, was confirmed by X-ray crystal
structure analysis. A crystal suitable for X-ray analysis of the
compound formed in DCM/EtOH at room temperature gives
yellow crystal.t

5-(Phenyl(phenylthio)methyl)-2-thioxothiazolidin-4-one (4a).
4a was prepared from 2-thioxothiazolidin-4-one 1, benzalde-
hyde and thiophenol according to the general procedure (GP2)
to yielding yellow materials (0.93 g, 2.79 mmol, 93%). m.p: 179
°C; IR (KBr, cm ™ '): 3455, 3010, 2965, 1745, 1360, 1225; "H-NMR
(400 MHz, DMSO-dg): 6 7.53-7.30 (m, 13H, NH & CH & CH &
2Ph), 2.33 (s, 3H, CH;); ">C-NMR (100 MHz, DMSO-d¢): 6 =
196.3, 170.0, 133.5, 132.2, 131.3, 131.0, 130.0, 129.7, 129.0,
128.2, 127.8, 126.1, 125.4; LC/MS (ESI): 331 [M]; anal. for
C16H13NOS;3; caled: C, 57.97; H, 3.95; N, 4.23; found: C, 60.00; H,
3.92; N, 4.25.%

5-((Phenylthio)(p-tolyl)methyl)-2-thioxothiazolidin-4-one (4b).
4b was prepared from 2-thioxothiazolidin-4-one 1, tolualdehyde
and thiophenol according to the general procedure (GP2) to
yielding yellow needle materials (983 mg, 2.85 mmol, 95%). m.p:
140 °C; IR (KBr, cm'): 3458, 3016, 2970, 1738, 1365, 1227; 'H-
NMR (400 MHz, DMSO-dj): 6 7.51-7.33 (m, 11H, CH & CH & 2Ph),
2.33 (s, 3H, CH3); >C-NMR (100 MHz, DMSO-d¢): 6 = 196.2,
170.0, 141.7, 136.3, 132.3, 131.0, 130.7, 130.6, 130.0, 128.1, 127.7,
21.6; LC/MS (ESI): 345 [M]'; anal. for C;,H;5NOS;; caled: C, 59.10;
H, 4.38; N, 4.05; found: C, 59.12; H, 4.40; N, 4.09.%

5-((4-Chlorophenyl)(phenylthio)methyl)-2-thioxothiazolidin-
4-one compound with diethylamine (1:1) (4c-HNE,).
4c-HNEt, was prepared from 2-thioxothiazolidin-4-one 1,
p-chlorobenzaldehyde and thiophenol according to the general
procedure (GP1) yielding yellow powder (1.21 g, 2.76 mmol,
92%). m.p: 103 °C; IR (KBr, cm ™ 1): 3459, 3035, 2973, 1738, 1365,
1226; "H-NMR (400 MHz, DMSO-d,): 6 8.34 (bs, 1H, NH), 7.52 (d,
2H, ] = 8.0 Hz, Ph), 7.38 (d, 2H, J = 8.0 Hz, CH & CH), 7.36 (d,
2H, ] = 8.0 Hz, Ph), 7.30-7.21 (m, 5H, Ph), 2.94 (q, 2H, ] = 6.6
Hz, CH,CH3;), 1.16 (t, 3H, J = 6.6 Hz, CH,CH;); "*C-NMR (100
MHz, DMSO-d;): 6 = 202.6, 182.7, 136.3, 136.1, 134.4, 133.6,
131.7, 130.0, 129.8, 129.6, 128.1, 127.7, 123.4, 41.9, 11.6; LC/MS
(ESI): 439 [M]'; anal. for C,oH,3CIN,0S;; caled: C, 54.71; H, 5.28;
N, 6.38; found: C, 54.70; H, 5.25; N, 6.37.%

5-((4-Chlorophenyl)(phenylthio)methyl)-2-thioxothiazolidin-
4-one (4c). 4c was prepared from 2-thioxothiazolidin-4-one 1,
p-chlorobenzaldehyde and thiophenol according to the general
procedure (GP2) yielding yellow powder (0.99 g, 2.73 mmol,
91%). m.p: 189 °C; IR (KBr, cm ™ %): 3445, 3021, 2986, 1710, 1365,
1220; "H-NMR (400 MHz, DMSO-d,): 6 7.68-7.29 (m, 12H, NH &
CH & CH & Ph); >C-NMR (100 MHz, DMSO-d): 6 = 196.0, 170.0,
136.0, 132.6, 132.5, 130.8, 130.1, 129.7, 129.0, 127.8, 126.9,
125.5; LC/MS (ESI): 365 [M]"; anal. for C;¢H;,CINOS;; caled: C,
52.52; H, 3.31; Cl, 9.69; N, 3.83; found: C, 52.51; H, 3.32; Cl, 9.71;
N, 3.86.%

This journal is © The Royal Society of Chemistry 2014
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5-((4-Bromophenyl)(phenylthio)methyl)-2-thioxothiazolidin-
4-one compound with diethylamine (1:1) (4d-HNEt,).
4d-HNEt, was prepared from 2-thioxothiazolidin-4-one 1,
p-bromobenzaldehyde and thiophenol according to the general
procedure (GP1) yielding yellow needle (931 mg, 2.7 mmol,
90%). m.p: 240 °C; IR (KBr, cm~'): 3458, 3015, 2970, 1738, 1365,
1227; "H-NMR (400 MHz, DMSO-d,): 6 8.30 (bs, 1H, NH), 7.69 (d,
2H, ] = 8.0 Hz, Ph), 7.53 (d, 2H, = 8.0 Hz, CH & CH), 7.49 (d,
2H, J = 8.0 Hz, Ph), 7.40-7.22 (m, 5H, Ph), 2.92 (q, 2H, ] = 6.6
Hz, CH,CH3;), 1.16 (t, 3H, J = 6.6 Hz, CH,CH,); ">*C-NMR (100
MHz, DMSO-d¢): 6 = 200.2, 167.1, 134.1, 134.1, 132.6, 132.2,
130.0, 128.1, 127.7, 125.9, 123.2, 41.5, 11.6; LC/MS (ESI): 345
[M]’; anal. for C,oH,3;BIN,OS;; caled: C, 49.68; H, 4.79; N, 5.79;
found: C, 49.70; H, 4.76; N, 5.81.%
5-((4-Bromophenyl)(phenylthio)methyl)-2-thioxothiazolidin-
4-one (4d). 4d was prepared from 2-thioxothiazolidin-4-one 1,
p-bromobenzaldehyde and thiophenol according to the general
procedure (GP2) yielding yellow powder (1.10 g, 2.7 mmol,
90%). m.p: 220 °C; IR (KBr, cm~): 3455, 3015, 2970, 1735, 1365,
1225; *H-NMR (400 MHz, DMSO-dg): 6 7.85-7.29 (m, 12H, NH &
CH & CH & Ph); *C-NMR (100 MHz, DMSO-dg): § = 196.0, 170.0,
133.0, 132.8, 131.6, 130.9, 130.0, 129.6, 128.2, 1227.7, 126.9,
124.9; LC/MS (ESI): 408 [M]"; anal. for C;cH;,BrNOS;; caled: C,
46.83; H, 2.95; Br, 19.47; N, 3.41; found: C, 46.85; H, 2.94; Br,
19.50; N, 3.40.%
5-((4-Methoxyphenyl)(phenylthio)methyl)-2-thioxothiazolidin-
4-one (4e). 4e was prepared from 2-thioxothiazolidin-4-one
1, p-methoxybenzaldehyde and thiophenol according to the
general procedure (GP2) yielding yellow powder (953 mg,
2.64 mmol, 88%). m.p: 190 °C; IR (KBr, cm '): 3458, 3016,
2970, 1738, 1366, 1228; *"H-NMR (400 MHz, DMSO-dg): 6 7.60
(bs, 1H, NH), 7.57 (d, 2H, ] = 8.8 Hz, Ph), 7.53 (d, 2H, ] = 8.0 Hz,
CH & CH), 7.44-7.27 (m, 5H, Ph), 7.11 (d, 2H, J = 8.8 Hz,
Ph), 3.86 (s, 3H, CH;); "*C-NMR (100 MHz, DMSO-d,): 6 = 196.0,
169.9, 161.9, 136.3, 133.2, 130.0, 128.1, 127.7, 126.0, 122.7,
115.6, 56.1; LC/MS (ESI): 361 [M]"; anal. for C,;H;5NO,S3; caled:
C, 56.48; H, 4.18; N, 3.87; found: C, 56.51; H, 4.18; N, 3.88.%
5-(Mesityl(phenylthio)methyl)-2-thioxothiazolidin-4-one (4f).
4f was prepared from 2-thioxothiazolidin-4-one 1, mesitylalde-
hyde and thiophenol according to the general procedure (GP2)
to yielding yellow powder (928 mg, 2.49 mmol, 83%). m.p: 180
°C; IR (KBr, cm™'): 3460, 3016, 2970, 1738, 1365, 1227; '"H-NMR
(400 MHz, DMSO-de): 6 10.46 (s, 1H, NH), 7.56-7.28 (m, 7H, CH
& CH & Ph), 6.97 (s, 1H, Ph), 6.91 (s, 1H, Ph), 2.28 (s, 3H, CHj3),
2.23 (s, 3H, CH3) 2.11 (s, 3H, CH3); "*C-NMR (100 MHz, DMSO-
de): 6 = 193.9, 143.9, 141.3, 136.3, 135.5, 130.8, 130.0, 128.9,
128.1, 127.7, 21.5, 21.2, 20.5, 20.2; LC/MS (ESI): 373 [M]"; anal.
for C1oH;oNOS;; caled: C, 61.09; H, 5.13; N, 3.75; found: C,
61.10; H, 5.11; N, 3.78.%
5-((4-Nitrophenyl)(phenylthio)methyl)-2-thioxothiazolidin-4-
one (4g). 4g was prepared from 2-thioxothiazolidin-4-one 1, p-
nitrobenzaldehyde and thiophenol according to the general
procedure (GP2) to yielding powder (1.14 g, 2.55 mmol, 85%).
m.p: 170 °C; IR (KBr, cm ™~ *): 3454, 3019, 2970, 1738, 1365, 1222;
'H-NMR (400 MHz, CDCL,): 6 8.26 (d, 1H, J = 8.8 Hz, CH), 7.62
(d, 1H,j = 8.8 Hz, CH), 7.49 (d, 2H, ] = 7.3 Hz, Ph), 7.36-7.19 (m,
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7H, 2Ph), 3.16 (q, 2H, J = 6.6 Hz, CH,CH3), 1.37 (t, 3H, ] = 6.6
Hz, CH,CH3); "*C-NMR (100 MHz, CDCl;): 206.9, 183.2, 147.1,
141.1,137.0, 130.5, 130.5, 129.2, 128.3, 127.5, 127.2, 124.2, 42.7,
11.6; LC/MS (ESI): 449 [M]'; anal. for C,oH,3N;0;S3; caled: C,
53.43; H, 5.16; N, 9.35; found: C, 53.45; H, 5.15; N, 9.36.%
5-(Naphthalen-1-yl(phenylthio)methyl)-2-thioxothiazolidin-
4-one compound with diethylamine (1:1) (4h-HNE,).
4h-HNEt, was prepared from 2-thioxothiazolidin-4-one 1,2-
naphthaldehyde and thiophenol according to the general
procedure (GP1) as yellow powder (1.24 g, 2.73 mmol, 91%).
m.p: 160 °C; IR (KBr, cm~1): 3458, 3031, 2970, 1738, 1663, 1348,
1216; *"H-NMR (400 MHz, DMSO-d,): 6 10.40 (s, NH), 9.16 (d, 1H,
J = 8.0 Hz, naphthyl) 8.27-7.29 (m, 13H, CH, CH, naphthyl, Ph),
2.92 (q, 2H, J = 6.6 Hz, CH,CHj;), 1.16 (t, 3H, ] = 6.6 Hz,
CH,CH;); *C-NMR (100 MHz, DMSO-d): 6 = 198.7, 194.9,
137.3, 136.3, 135.8, 133.8, 132.1, 131.6, 131.4, 131.2, 131.1,
130.3, 130.0, 129.5, 129.4, 129.2, 128.1, 127.9, 127.7, 127.4,
127.2, 126.2, 125.9, 124.6, 123.8, 41.7, 11.6; LC/MS (ESI): 454
[M]%; anal. for C,,H,¢N,08S3; caled: C, 63.40; H, 5.76; N, 6.16;
found: C, 63.43; H, 5.75; N, 6.15.%
5-(Naphthalen-2-yl(phenylthio)methyl)-2-thioxothiazolidin-4-
one (4h). 4h was prepared from 2-thioxothiazolidin-4-one 1,2-
naphthaldehyde and thiophenol according to the general
procedure (GP2) as yellow powder (1.028 g, 2.70 mmol, 90%).
m.p: 135 °C; IR (KBr, cm™): 3435, 3040, 2986, 1735, 1660, 1441,
1350, 1226, 1185; "H-NMR (400 MHz, DMSO-d,): 6 10.46 (s, NH),
9.20 (d, 1H, J = 8.0 Hz, naphthyl) 8.30-7.32 (m, 13H, CH, CH,
naphthyl, Ph); *C-NMR (100 MHz, DMSO-dg): 6 = 195.0, 169.4,
137.4,135.8,133.9, 131.8, 131.6, 130.7, 130.4, 129.6, 129.5, 129.3,
128.9, 128.7, 128.2, 127.7, 127.5, 126.3, 125.9, 124.7, 123.9,
122.4,; LC/MS (ESI): 381 [M]"; anal. for C,,H;5NOS;; caled: C,
62.96; H, 3.96; N, 3.67; found: C, 62.99; H, 3.92; N, 3.65.%
5-((2,4-Dichlorophenyl)(phenylthio)methyl)-2-thioxothiazoli-
din-4-one compound with diethylamine (1:1) (4i-HNE,).
4i-HNEt, was prepared from 2-thioxothiazolidin-4-one 1,2,4-
dichlorobenazaldehyde and thiophenol according to the
general procedure (GP1) yielding yellow powder (1.16 g, 2.46
mmol, 82%). m.p: 85 °C; IR (KBr, cm™'): 3458, 3022, 2970, 1738,
1348, 1216; "H-NMR (400 MHz, DMSO-dq): & 8.37 (bs, 1H, NH),
7.72 (s, 1H, Ph), 7.61-7.27 (m, 9H, CH & CH & Ph), 2.92 (q, 2H, J
= 6.6 Hz, CH,CHj,), 1.16 (t, 3H, ] = 6.6 Hz, CH,CH;); ">’C-NMR
(100 MHz, DMSO-dg): 6 = 202.1, 181.7, 138.8, 136.3, 135.4,
134.1, 132.3, 130.6, 130.0, 129.5, 128.9, 128.6, 128.1, 128.0,
127.7, 118.6, 41.9, 11.5; LC/MS (ESI): 473 [M]"; anal. for
C,oH,,CLLN,0S;; caled: C, 50.73; H, 4.68; Cl, 14.97; N, 5.92;
found: C, 50.72; H, 4.70; Cl, 5.01; N, 5.90.%
5-((2,4-Dichlorophenyl)(phenylthio)methyl)-2-thioxothiazoli-
din-4-one (4i). 4i was prepared from 2-thioxothiazolidin-4-one
1,2,4-dichlorobenazaldehyde and thiophenol according to the
general procedure (GP2) yielding yellow powder (0.97 g, 2.43
mmol, 81%). m.p: 55 °C; IR (KBr, cm™'): 3445, 3010, 2965, 1722,
1335, 1225, 1175; "H-NMR (400 MHz, DMSO-dg): 6 7.64-7.24 (m,
11H, NH & CH & CH & Ph); >*C-NMR (100 MHz, DMSO-d,): 6 =
200.7, 188.9, 141.3, 138.7, 135.5, 133.7, 132.6, 131.7, 130.6,
129.5, 128.9, 128.2, 127.9, 127.5, 125.7; LC/MS (ESI): 399 [M]";
anal. for C,3H;,Cl,NOS3; caled: C, 48.00; H, 2.77; Cl, 17.71; N,
3.50; found: C, 48.03; H, 2.78; Cl, 17.67; N, 3.48.%
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5-((2,6-Dichlorophenyl)(phenylthio)methyl)-2-thioxothiazoli-
din-4-one (4j). 4j was prepared from 2-thioxothiazolidin-4-one
1,2,6-dichlorobenazaldehyde and thiophenol according to the
general procedure (GP2) to yielding yellow powder (960 mg, 2.4
mmol, 80%). m.p: 165 °C; IR (KBr, cm '): 3458, 3022, 2970,
1738, 1348, 1216; "H-NMR (400 MHz, DMSO-d;): 6 8.36 (bs, 1H,
NH), 7.64-7.27 (m, 10H, CH & CH & Ph); *C-NMR (100 MHz,
DMSO-d,): 6 = 194.3, 168.5, 134.5, 134.19, 131.5, 131.1, 130.7,
129.1, 129.0, 128.6, 128.3, 128.0, 127.9, 127.5, 127.2; LC/MS
(ESI): 400 [M]'; anal. for C;cH;,CI,NOS;; caled: C, 48.00; H, 2.77;
N, 3.50; found: C, 48.05; H, 2.76; N, 3.51.%

5-((Phenylthio)(mn-tolyl)methyl)-2-thioxothiazolidin-4-one com-
pound with diethylamine (1:1) (4k-HNEt,). 4k-HNEt, was
prepared from 2-thioxothiazolidin-4-one 1,3-methyl-
benzaldehyde and thiophenol according to the general proce-
dure (GP1) yielding yellow powder (1.11 g, 2.67 mmol, 89%).
m.p: 145 °C; IR (KBr, cm ™ *): 3458, 3035, 2972, 1738, 1363, 1222;
"H-NMR (400 MHz, CDCl;): 6 8.30 (bs, NH), 7.49 (d, 2H, J = 7.3
Hz, Ph),7.39 (s, 1H, Ph),7.31-7.11 (m, 8H, CH & CH & Ph), 3.14
(q, 4H, J = 7.3 Hz, CH,CHj;),2.31 (s, 3H, CH,), 1.36 (t, 6H, J = 7.3
Hz, CH,CH;); *C-NMR (100 MHz, CDCl;): 6 = 207.0, 182.6,
138.8, 134.5, 132.7, 130.9, 130.5, 129.4, 129.1, 129.0, 128.7,
127.6, 127.2, 125.6, 42.8, 21.5, 11.6; LC/MS (ESI): 418 [M]"; anal.
for C,,H,,N,08S;3; caled: C, 60.25; H, 6.26; N, 6.69; found: C,
60.22; H, 6.25; N, 6.70.%

5-((Phenylthio)(m-tolyl)methyl)-2-thioxothiazolidin-4-one))
(4k). 4k was prepared from 2-thioxothiazolidin-4-one 1,3-
methylbenzaldehyde and thiophenol according to the general
procedure (GP2) yielding yellow powder (0.90 g, 2.61 mmol,
87%). m.p: 171 °C; IR (KBr, cm ™ *): 3446, 3009, 2960, 1698, 1445,
1225; '"H-NMR (400 MHz, CDCl,): 6 7.57-7.32 (m, 10H, NH & CH
& CH & Ph), 2.37 (s, 3H, CH;); *C-NMR (100 MHz, CDCl,): 6 =
196.3, 169.9, 139.4, 133.5, 132.3, 132.0, 131.5, 130.0, 129.9,
128.2, 128.1, 127.7, 125.8, 21.5; LC/MS (ESI): 345 [M]'; anal. for
C,,H,5NOS;; caled: C, 59.10; H, 4.38; N, 4.05; found: C, 59.13; H,
4.41; N, 4.07.%

General procedure for the synthesis of 3-HNEt, (GP3)

A mixture of aldehyde 2 (3 mmol, 318 mg), 2-thioxothiazolidin-
4-one 1 (3 mmol, 400 mg), and Et,NH (3 mmol, 310 pl) in 3 ml of
degassed H,O was stirred at room temperature for 3-5 hours
until TLC showed complete disappearance of the reactants.
The product precipitated and the mixture was filtered and the
solid portion was recrystallized to obtain the pure product
3-HNE,.

(2)-5-Benzylidene-2-thioxothiazolidin-4-one compound with
diethylamine (1 : 1) (3a-HNEt,). 3a-HNEt, was prepared from
2-thioxothiazolidin-4-one 1, and benzaldehyde according to
general procedure (GP3) as yellow crystalline materials; IR (KBr,
cm™'): 3458, 3016, 2970, 1738, 1430, 1366, 1228; "H-NMR
(400 MHz, DMSO-dj): 6 8.38 (bs, 1H, NH), 7.55-7.47 (m, 5H, Ph),
7.41 (s, 1H, CH), 2.95 (q, 4H, J = 13.9 Hz, CH,CHj,), 1.16 (t, 6H,
J = 7.3 Hz, CH,CH,); "*C-NMR (100 MHz, DMSO-dg): 6 = 200.1,
177.3, 134.6, 130.5, 130.1, 129.7, 128.0, 41.9, 11.6; LC/MS (ESI):
294 [M]"; anal. for C14H;gN,0S,; caled: C, 57.11; H, 6.16; N, 9.51;
found: C, 57.12; H, 6.16; N, 9.50.%
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The structure 3a-HNEt, was confirmed by X-ray crystal
structure analysis. A crystal suitable for X-ray analysis of the
compound formed in DCM/EtOH at room temperature gives
yellow crystal.f

(2)-5-Benzylidene-2-thioxothiazolidin-4-one compound with
diisopropylamine (1 : 1) (3b-HNiPr,). 3b-HN-iPr, was prepared
from 2-thioxothiazolidin-4-one 1, and benzaldehyde according
to the general procedure (GP3) using diisopropylamine to yield
yellow crystalline materials; IR (KBr, cm ™ '): 3454, 3028, 2970,
1738, 1430, 1366, 1225; "H-NMR (400 MHz, DMSO-dg): 6 8.38
(bs, 1H, NH), 7.51-7.44 (m, 5H, Ph), 7.18 (s, 1H, CH), 3.35 (m,
1H, CH(CHj,),), 1.20 (d, 6H, J = 6.6 Hz, CH(CHj3),); ">*C-NMR (100
MHz, DMSO-dg): 6 = 203.8, 184.4, 136.2, 135.7, 130.1, 129.5,
128.9, 124.0, 47.7, 19.3; LC/MS (ESI): 322 [M]"; anal. for
C16H,,N,08,; caled: C, 59.59; H, 6.88; N, 8.69; found: C, 59.60;
H, 6.86; N, 8.71.%

The structure 3b-HN-iPr, was confirmed by X-ray crystal
structure analysis. A crystal suitable for X-ray analysis of the
compound formed in DCM/EtOH at room temperature was
used in the structure determination. ¥

(2)-5-(4-Chlorobenzylidene)-2-thioxothiazolidin-4-one com-
pound with diethylamine (1:1) (3c-HNEt,). 3c-HNEt, was
prepared from 2-thioxothiazolidin-4-one 1, and p-chlor-
obenzaldehyde according to general procedure (GP3) to yield
yellow crystalline materials; IR (KBr, cm ™ '): 3458, 3016, 2970,
1738, 1430, 1366, 1228; "H-NMR (400 MHz, DMSO-d,):  8.40 (bs,
1H, NH), 7.53-7.24 (m, 5H, Ph & CH), 2.94 (q, 4H, J = 13.9 Hz,
CH,CH3), 1.16 (t, 6H, J = 7.3 Hz, CH,CH;); "*C-NMR (100 MHz,
DMSO-de): 6 = 196.6, 171.2, 132.6, 132.5, 130.0, 129.9, 41.9, 11.6;
LC/MS (ESI): 328 [M]'; anal. for C,4H;,CIN,0S,; caled: C, 51.13;
H, 5.21; N, 8.52; found: C, 51.12; H, 5.20; N, 8.50.%

The structure 3c-HNEt, was confirmed by X-ray crystal
structure analysis. A crystal suitable for X-ray analysis of the
compound formed in DCM/Et,0 at room temperature was used
for structure determination.f

General procedure for the synthesis of 3d-g (GP4)

A mixture of aldehyde 2 (3 mmol, 318 mg), 2-thioxothiazolidin-4-
one 1 (3 mmol, 400 mg), and Et,NH (3 mmol, 310 ul) in 3 ml of
degassed H,O was stirred at room temperature for 3-5 hours until
TLC showed complete disappearance of the reactants. Water (3
ml) was the added into the reaction mixture, then extracted with
DCM/EtOH (3 x 50 ml) and the organic phase washed with 10%
HCI (2 x 50 ml), followed by brine (2 x 50 ml), and dried over
MgSO,, and filtered off and evaporated to afford 3d-g.%
(2)-2-Mercapto-5-(thiophen-2-ylmethylene)thiazol-4(5H)-one
(3d). 3d was prepared from 2-thioxothiazolidin-4-one 1, and
thiophene-2-carbaldehyde according to the general procedure
(GP4) to yielding yellow powder (633 mg, 2.79 mmol, 93%). m.p:
223 °C; IR (KBr, cm™Y): 3456, 3018, 2970, 1738, 1430, 1366, 1228;
'H-NMR (400 MHz, DMSO-dq): 6 13.88 (bs, 1H, SH), 8.05 (d, 1H,
J = 5.1 Hz, thiophene), 7.88 (s, 1H, CH=), 7.68 (d, 1H, ] = 2.9 Hz,
thiophene), 7.28 (t, 1H, J = 3.6 Hz, thiophene); ">*C-NMR (100
MHz, DMSO-d;): 6 = 195.1, 169.5, 137.9, 135.9, 134.8, 129.8,
125.3,123.5; LC/MS (ESI): 227 [M]'; anal. for CgH;NOS;; caled: C,
42.27; H, 2.22; N, 6.16; found: C, 42.28; H, 2.20; N, 6.17.%
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(2)-5-(Furan-2-ylmethylene)-2-mercaptothiazol-4(5H)-one
with (2)-5-(furan-2-ylmethylene)-2-thioxothiazolidin-4-one
(2:1) (3e). 3e was prepared from 2-thioxothiazolidin-4-one 1,
and furan-2-carbaldehyde according to the general procedure
(GP4) as brown powder (620 mg, 2.73 mmol, 91%). m.p: 150 °C;
IR (KBr, cm™"): 3458, 3016, 2970, 1738, 1430, 1366, 1228; 'H-
NMR (400 MHz, DMSO-d;): 6 13.67 (bs, 1H, SH), 8.1 (s, 1H, NH),
7.52(d, 1H, J = 7.3 Hz, furan), 7.47 (s, 1H, CH=), 7.38 (t, 1H, ] =
7.3 Hz, furan, major isomer), 7.29 (t, 1H, J = 7.3 Hz, furan,
minor isomer), 7.16 (d, 1H, J = 2.9 Hz, furan), 6.76 (bs, 1H,
furan),; "*C-NMR (100 MHz, DMSO-dg;): 6 = 197.7, 169.7, 150.0,
148.8, 136.3, 130.0, 128.1, 127.7, 123.2, 120.3, 118.1, 114.4; LC/
MS (ESI): 210 [M]"; anal. for CgHsNO,S,; caled: C, 45.48; H, 2.39;
N, 6.63; found: C, 45.44; H, 2.42; N, 6.61.%

(2)-5-((1H-Pyrrol-2-yl)methylene)-2-mercaptothiazol-4(5H)-
one (3f). 3f was prepared from 2-thioxothiazolidin-4-one 1, and
1H-pyrrole-2-carbaldehyde according to the general procedure
(GP4) to yielding crimson powder (598 mg, 2.85 mmol, 95%).
m.p: 220 °C; IR (KBr, cm ™ 1): 3458, 3016, 2970, 1738, 1430, 1366,
1228; "H-NMR (400 MHz, DMSO-dq): 6 13.54 (bs, 1H, SH), 11.80
(s, 1H, NH), 7.50 (s, 1H, CH=), 7.28 (bs, 1H, Pyrrol), 6.52 (bs,
1H, Pyrrol), 6.39 (bs, 1H, Pyrrol); **C-NMR (100 MHz, DMSO-d):
6 =195.3,169.7, 127.7, 126.3, 122.5, 117.4, 115.5, 113.3; LC/MS
(ESI): 210 [M]'; anal. for CgH¢N,OS,; caled: C, 45.69; H, 2.88; N,
13.32; found: C, 45.72; H, 2.90; N, 13.33.%

(2)-2-Mercapto-5-(pyridin-2-ylmethylene)thiazol-4(5H)-one
(3g). 3g was prepared from 2-thioxothiazolidin-4-one 1, and
picolinaldehyde according to the general procedure (GP4) to
yielding yellow needle (599 mg, 2.7 mmol, 90%). m.p: 210 °C; IR
(KBr, cm ™ '): 3458, 3016, 2970, 1738, 1430, 1366, 1228; 'H-NMR
(400 MHz, DMSO-de): 6 13.66 (bs, 1H, SH), 8.78 (d, 1H, J = 5.1
Hz, Pyridine), 7.94-7.90 (m, 2H, Pyridine), 7.67 (s, 1H, CH=),
7.43 (t, 1H, J = 1.9 Hz, Pyridine); "*C-NMR (100 MHz, DMSO-d,):
0 = 202.5, 169.8, 151.6, 150.0, 138.1, 130.2, 128.7, 127.9, 124.5;
LC/MS (ESI): 222 [M]'; anal. for CqH¢N,O0S,; calcd: C, 48.63; H,
2.72; N, 12.60; found: C, 48.62; H, 2.72; N, 12.61.%
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