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Abstract: A rapid one-pot synthesis of 3-akyl-5-[(2)-arylme-
thylidene]-1,3-thiazolidine-2,4-diones is described that occurs in
recyclable ionic liquid [bmim]PFg (1-butyl-3-methylimidazolium
hexafluorophosphate). Significant rate enhancement and good se-
lectivity have been observed.
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Combinatorial chemistry has gained importance as a tool
for the synthesis of awidevariety of useful compoundsin-
cluding pharmaceuticals.® In this context, the multiple
component condensation (MCC) approach is especially
appealing due to the fact that productsareformed inasin-
gle step and diversity can be achieved simply by varying
the reacting components. 3-Alkyl-5-arylmethylidene-1,3-
thiazolidine-2,4-diones are an important class of synthetic
intermediatesin organic synthesis and many of these com-
pounds display biological and pharmaceutical activities,
such as anticonvulsant, antithelmintic, antitubercular,
insecticidal, bactericidal, fungicidal, etc.? Generaly, 3-
alkyl-5-arylmethylidene-1,3-thiazolidine-2,4-diones were
prepared by the akylation of 5-arylmethylidene-1,3-thia-
zolidine-2,4-diones or the condensation of 3-alkyl-1,3-
thiazolidine-2,4-diones with aromatic aldehydes in re-
fluxing DMF or toluene.® These methods require first the
preparation of the intermediates, 5-arylmethylidene-1,3-
thiazolidine-2,4-diones or 3-alkyl-1,3-thiazolidine-2,4-
diones and give low total yields. To the best of our know-
ledge, there is no report in the literature on the synthesis
of 3-akyl-5-arylmethylidene-1,3-thiazolidine-2,4-diones
in a one-pot operation with an aromatic aldehyde, 1,3-
thiazolidine-2,4-dione and an alkyl halide. In addition, the
use of harmful organic solvents is undesirable from the
view of present environmental consciousness. Hence, the
development of rapid and eco-friendly synthesis of 3-
alkyl-5-arylmethylidene-1,3-thiazolidine-2,4-diones is a
challenging task.

Room temperatureionic liquids, especially those based on
the 1-n-alkyl-3-methylimidazolium cation, have shown
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great promise as an attractive alternative to conventional
solvents. They offer an eco-friendly reaction medium for
avariety of organic transformations, as they are non-vol-
atile, recyclable, non-explosive, easy to handle and ther-
mally robust. To date, some of the more important
reactions have been carried out and investigated in ionic
liquids.* As part of a program to investigate the range of
organic reactions possibleinionic liquids,® we have made
an attempt to provide a convenient and rapid synthesis of
3-alkyl-5-arylmethylidene-1,3-thiazolidine-2,4-diones by
ionic liquid-accel erated three-component reaction.

First, we investigated the three-component reaction of
benzal dehyde (1a) and 1,3-thiazolidine-2,4-dione (2) with
methyl iodide (3a) (Scheme 1). The results are presented
inTable 1.
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Scheme 1

We found that in the presence of Et;N, the reaction of
benzaldehyde (1a) and 1,3-thiazolidine-2,4-dione (2) and
methyl iodide (3a) in 1-n-butyl-3-methylimidazolium
hexafluorophosphate ([bmim]PFg) ionic liquid resulted in
the formation of 3-methyl-5[(Z)-phenylmethylidene]-1,3-
thiazolidine-2,4-dione (4a) in 83% yield. The reaction
proceeded smoothly at room temperature and was com-
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Tablel Three-Component Reaction of 1a, 2 and 3ain Different
Solvents to Form 4a?

Solvent Time (h) Temp (°C) Yield (%)°
[bmim] PR, 2 25 83
[bmim] PF, 8 25 10°
DMF 10 25 40
MeCN 10 25 26
toluene 10 25 13

a All the reactions were run with benzaldehyde (1a; 0.053 g, 0.5
mmol), 1,3-thiazolidine-2,4-dione (2; 0.059 g, 0.5 mmol), and Mel
(3a; 0.085 g, 0.6 mmol) indifferent solvents (2 mL) using Et;N (0.061
g, 0.6 mmol) as abase.

b |solated yields based on 1,3-thiazolidine-2,4-dione (2).

¢Using K,CO; as abase.

pleted within 2 hours. When the Et;N was replaced by
K,CO;, theyield of 4a was only 10% even after along re-
action period of 8 hours. Furthermore, we have performed
the reactions in other solvents such as DMF, MeCN and
toluene to compare the efficiency of theionic liquid. The
yields of 4a were 40%, 26%, and 13%, respectively, even
after areaction period of 10 hours. It is obvious that the
ionic liquid [bmim]PFs can truly accelerate the three-
component reaction of benzaldehyde (1a) and 1,3-thiazo-
lidine-2,4-dione (2) with methyl iodide (3a) to form 3-me-
thyl-5-[(Z)-phenylmethylidene]-1,3-thiazolidine-2,4-
dione (4a) which was characterized by 'H NMR, IR, and
melting point, which were in good accordance with thelit-
grature data.®

Then, the scope of the reactions of different aromatic al-
dehydes 1 with 1,3-thiazolidine-2,4-dione (2) and various
alkyl halides 3 was investigated (Scheme 2). We found
that the three-component reaction of aldehydes 1 with 1,3-

thiazolidine-2,4-dione (2) and akyl halides 3 occurred
easily in [bmim]PFg in the presence of Et;N to form the
corresponding 3-akyl-5-[(2)-arylmethylidene]-1,3-thiaz-
olidine-2,4-diones 4. The results are summarized in
Table 2. In fact, simple stirring of a mixture of aldehydes
1, 1,3-thiazolidine-2,4-dione (2), alkyl halides 3 and Et;N
in [bmim]PF, at room temperature for methyl iodide (3a)
or at 60 °C for other alkyl halides (3b—€) for 2—4 hours
gave, after extraction with diethyl ether, the desired
3-akyl-5-[(2)-arylmethylidene]-1,3-thiazolidine-2,4-di-
ones 4 in good yields and the reaction was found to be
generdly applicable. Different aromatic aldehydes con-
taining electron-withdrawing substituent, such as nitro
group, or electron-releasing substituent, such as methoxy
group reacted successfully. Severa alkyl halides contain-
ing chloro group, bromo group or iodo group succeeded
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Table2 Reaction of Aromatic Aldehydes 1, with 1,3-Thiazolidine-2,4-dione (2) and Alkyl Halides 3 in [bmim] PFg

Entry? ArCHO RX Product Temp (°C) Time (h) Yield (%)®
1 PhCHO (1a) Mel (3a) 4a 25 2 83
2 4-MeOC,H,CHO (1b) Mel (3a) 4b 25 2 81
3 4-NO,C4H,CHO (1c) Mel (3a) 4c 25 2 62
4 PhCHO (1a) PhCH,CI (3b) 4d 60 3 85
5 4-MeOCgH,CHO (1b) PhCH,CI (3b) de 60 3 84
6 4-NO,C4H,CHO (1c) PhCH,CI (3b) 4f 60 3 70
7 PhCHO (1a) 4-NO,C¢H,CH,CI (3c) 4g 60 4 68
8 PhCHO (1a) Me(CH,),CH,Br (3d) 4h 60 3 79
9 PhCHO (1a) Me,CHI (3¢) 4 60 3 75

aAll reactionswere run with aldehydes 1 (0.5 mmol), 1,3-thiazolidine-2,4-dione (2; 0.5 mmol), alky! halides 3 (0.6 mmol) and Et;N (0.6 mmol)

in [bmim]PFg (2 mL).
b |solated yields based on 1,3-thiazolidine-2,4-dione (2).
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for primary and secondary alkyl halides especially. The Z
or E configuration of all the products was determined by
the prospective method to calculate the chemical shifts of
the protons on variously substituted olefins. Sohda et al.
have reported the cal culated value of the methine protons
of Z productsin *H NMR spectrato be 7.90 ppm, whichis
consistent with our tested value, and the value of E-prod-
uctsto be 7.42 ppm. In addition, the Z-products are more
stable than the E-types.®

Theionic liquid can be typically recovered by extracting
out the product first, then washing the residue with water
followed by vacuum drying. The recovered ionic liquid
can be reused with no appreciable decrease in yield. The
results are summarized in Table 3.

Table3 Results Obtained Using Recycled lonic Liquid [bmim]PFg

Entry? Product Cycle Yield (%)°
1 4a 1 83
2 4a 2 83
3 4a 3 82
4 4a 4 84

a All reactions were run with benzaldehyde (1a; 0.053 g, 0.5 mmol),
1,3-thiazolidine-2,4-dione (2; 0.059 g, 0.5 mmol), and CHl (3a;
0.085 g, 0.6 mmol) in presence of Et;N (0.061 g, 0.6 mmol) in
[bmim]PF (2 ml) at 25 °C.

b |solated yields based on 1,3-thiazolidine-2,4-dione

Under the same conditions, the reaction of rhodanine (2-
thioxo-1,3-thiazolidine-4-one) with benzaldehyde (1a)
and Mel (3a) was aso investigated. But the expected
product, 3-methyl-5-[(Z)-phenylmethylidene]-2-thioxo-
1,3-thiazolidine-4-one was not observed.

In conclusion, we have provided a convenient and rapid
synthesis of 3-alkyl-5-[(Z)-arylmethylidene]-1,3-thiazoli-
dine-2,4-diones 4 by ionic liquid accelerated three-com-
ponent reaction. The simple operation combined with
easy recovery and reuse of the reaction media
([bmim] PFg), makes this process economic and environ-
mentally benign.

Melting points are uncorrected. IR spectra were recorded as KBr
pellets on Vector-22 IR spectrophotometer. 'H NMR spectra were
recorded on Bruker (400 MHz) spectrometer using TMSasaninter-
na standard. Elemental analyses were performed on Carlo ErbaEA
1106 instrument.

3-Methyl-5-[(Z)-phenylmethylidene]-1,3-thiazolidine-2,4-dione
(4a); Typical Procedure

Benzaldehyde (1a; 0.053 g, 0.5 mmol), 1,3-thiazolidine-2,4-dione
(2; 0.059 g, 0.5 mmal), Mel (3a; 0.085 g, 0.6 mmol) and Et;N
(0.061 g, 0.6 mmol) were added to [bmim] P (2 ml).The resulting
mixture was stirred at 25 °C for 2 h. Then the reaction mixture was
extracted with Et,O (4 x 15 mL). The remaining ionic liquid sus-
pension was washed with H,O, and reused after drying in vacuum.
The combined Et,0 solution was evaporated under reduced pres-
sure. The crude product was purified by preparative TLC (EtOAC—

n-hexane, 1: 4) to give 4a (0.091 g, 83%) asapaleyelow solid; mp
125-128 °C (Lit.%¢ mp 130 °C).

IR (KBr): 3017, 2925, 1742, 1672 cm™.

IH NMR (CDCl,): 8 =7.93 (1 H, s, ArCH=), 7.50-7.54 (5 H, m,
ArH), 3.28 (3H, s, NCH,).

5-[(Z)-(4-M ethoxyphenyl)methylidene]-3-methyl-1,3-thiazoli-
dine-2,4-dione (4b)

Mp: 145-147 °C.

IR (KBr): 3025, 2950, 1735, 1681 cm ™.

H NMR (CDCl,): § =7.88 (1 H, s, ArCH=), 7.27-7.49 (2 H, m,
ArH), 6.99-7.02 (2 H, m, ArH), 3.88 (3H, s, OCH;), 3.25 (3 H, s,
NCH,).

Anal. Calcd for C,H,;NO,S: C, 57.83; H, 4.42; N, 5.62. Found: C,
57.84; H, 4.40; N, 5.66.

3-Methyl-5-[(Z)-(4-nitr ophenyl)methylidene]-1,3-thiazolidine-
2,4-dione (4c)
Mp 180-185 °C.

IR (KBr): 3080, 1706, 1670, 1599 cm.

IH NMR (CDCly): 5=822-825 (2 H, s, ArH), 7.89 (1 H, s,
ArCH=), 7.76-7.81 (2 H, m, ArH), 4.25 (3H, s, NCHS,).

Anal. Calcd for C;;HgN,0O,S: C, 50.00; H, 3.03; N, 10.60. Found:
C, 50.03; H, 3.34; N, 10.55.

3-Benzyl-5-[(Z)-phenylmethylidene]-1,3-thiazolidine-2,4-dione
(4d)
Mp 133-134 °C (Lit.% mp 132.5-134.0 °C).

IR: 3035, 1730, 1684, 1604 cm ™.

IH NMR (CDClJ): 3 =7.93 (1 H, s, ArCH=), 7.28-7.52 (10 H, m,
ArH), 4.92 (2 H, s, NCH,).

3-Benzyl-5-[(2)-(4-methoxyphenyl)methylidene]-1,3-thiazoli-
dine-2,4-dione (4e)
Mp 144-146 °C.

IR (KBr): 3011, 2932, 1736,1673 cm ™.

IH NMR (CDCl,): 5 =7.87 (1 H, s, ArCH=), 6.98-7.48 (9 H, m,
ArH), 4.91(2 H, s, NCH,), 3.76 (3 H, s, OCH,).

Anal. Calcd for C;gH,sNO;S: C, 66.46; H, 4.62; N, 4.31. Found: C,
66.49; H, 4.62; N, 4.33.

3-Benzyl-5-[(Z2)-(4-nitr ophenyl)methylideneg]-1,3-thiazolidine-
2,4-dione (4f)
Mp 204-207 °C.

IR (KBr): 3153, 1720, 1698, 1601 cm™.

IH NMR (CDCly): 3=8.26-8.30 (2 H, m, ArH), 7.91 (1 H, s,
ArCH=), 7.18-7.69 (7 H, m, ArH), 4.96 (2 H, s, NCH.,).

Anal. Cacdfor C;H4,,N,0,S: C, 60.00; H, 3.53; N, 8.24: Found: C,
60.11; H, 3.57; N, 8.19.

3-(4-Nitrobenzyl)-5-[(Z)-phenylmethylidene]-1,3-thiazolidine-
2,4-dione (49)
Mp 188-190 °C.

IR (KBr): 3081, 1741, 1683 cm™.

IH NMR (CDCly): 3 =8.20 (2 H, d, J= 8.8 Hz, ArH), 7.99 (L H, s,
ArCH=), 7.56-7.64 (7 H, m, ArH), 4.98 (2 H, s, NCH,).

Anal. Cacdfor C;H,,N,0,S: C, 60.00; H, 3.53; N, 8.24. Found: C,
59.95; H, 3.55; N, 8.27.
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3-Butyl-5-[(Z)-phenylmethylideneg]-1,3-thiazolidine-2,4-dione
(4h)

Mp 80-82 °C.

IR (KBr): 3035, 2960, 2874, 1745, 1675, 1605 cm.

IH NMR (CDCl,): 8 =7.91 (1 H, s, ArCH=), 7.28-7.55 (5 H, m,
ArH), 3.76-3.79 (2 H, t, J = 7.2 Hz, NCH,), 1.66-1.77 (2 H, m,
CH,CH,CH,), 1.36-1.41 (2 H, m, CH,CH,), 0.95-0.99 (3H, t, J =
7.2 Hz, CH,).

Anal. Calcd for C,,H;sNO,S: C, 64.37; H, 5.75; N, 5.36: Found: C,
64.39; H, 5.75; N, 5.37.

3-1sopropyl-5-[(Z)-phenylmethyliden€]-1,3-thiazolidine-2,4-di-
one (4i)
Mp 68-70 °C.

IR (KBr): 2980, 1740, 1686 c™.

IH NMR (CDCl,): 8 =7.87 (1 H, s, ArCH=), 7.49-751 (5 H, m,
ArH), 4.66-4.73 (1 H, m, NCH), 1.49-151 (6 H, d, J = 5.2 Hz,
CHy).

Anal. Calcd for C;3H,3NO,S: C, 63.16; H, 5.26; N, 5.67. Found: C,
63.15; H, 5.27; N, 5.70.
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