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ABSTRACT 

The efficient synthesis of sixteen 5-arylidene-2,4-thiazolidinediones by aldol 

condensation reaction of 2,4-thiazolidinedione, mono- and di-substituted 

arenealdehydes and KOH using ultrasound irradiation is reported. The desired 

compounds were obtained in a few min (10-30 min) with moderate to good yields (25-

81%).  
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1 INTRODUCTION  

Many studies have described the biological properties of 5-arylidene-2,4-

thiazolidinediones [1] such as: anti-inflammatory activity due to the capacity of PPARγ 

ligands [2], reduction of retinal neovascularization activity [3], aldose reductase 

inhibitor [4,5], anti-inflammatory and antioxidant properties [6] and antifungal action 

[7].  

With all these promising biological activities, it would be useful if the synthesis 

of these compounds were easy, fast and showed goods yields. The literature reports 

several methods for the synthesis of 5-arylidene-2,4-thiazolidinediones such as sodium 

acetate in acetic acid under reflux conditions [8], KOH and ethanol under reflux [9], 

piperidine in ethanol under reflux [10-12], polyethene glycol (PEG-300) under reflux 

[13] and ethylenediamine diacetate as catalyst at room temperature [14]. 



  

Under all previously mentioned reaction conditions, products were formed after 

several hours of reaction. Currently, studies are performed looking for new methods that 

facilitate and speed up some reactions. The literature shows the emerging use of 

microwave irradiation to promote synthesis, including the synthesis of 5-arylidene-2,4-

thiazolidinediones which takes 10-30 min [15-17]. 

Likewise, another good possibility is the use of sonochemistry. Ultrasound 

irradiation produces the cavitation effect that accelerates some synthetic reactions. 

Cavitation is the formation, growth and violent collapse of bubbles in liquid medium 

that cause high temperatures and pressures inside the bubbles promoting chemical and 

physical transformations by enhancing mass transfer and turbulence in the liquid 

[18,19]. Due to this capacity, ultrasound irradiation is used in a great number of 

chemical reactions such as: acetylation of alcohols [20], synthesis of stilbenes by Suzuki 

cross-coupling [21], synthesis of ketones from aryl tannanes [22] and Michael addition 

[23]. The aldol condensation reaction was also reported [24, 25] and provides good 

support for performing this work. Our research group also showed the efficiency of 

ultrasound energy for the synthesis of thiazolidinones in good yields for 5-35 min [26, 

27]. Recently, a few 5-arylidene-2,4-thiazolidinediones were synthesized in good yields 

using an ultrasound bath at 80°C for 20 min in the presence of ionic liquids [28], 

however, this is the first time that such compounds have been synthesized using the 

more efficient ultrasound irradiation by probe. 

 Therefore, continuing our research program, the aim of this paper is to reduce 

the reaction time for the synthesis of 5-arylidene-2,4-thiazolidinediones using the non-

conventional ultrasonic methodology. 

 

2 RESULTS AND DISCUSSION  
 

All compounds were previously published in the literature according to: 3a 

[29];3b, 3f, 3j [14]; 3c, 3h, 3i [11]; 3d, 3e, 3k [9];3g [30]; 3l [31]; 3m [32]; 3n [33]; 3o 

[34]; 3p [35].  

First of all, we synthesized the compound 3c (yield 59%) by reaction of 2,4-

thiazolidinedione 1, 4-methoxybenzaldehyde 2c and KOH (excess) in reflux of ethanol 

for 6 hours according to Venkatesan et al. [8]. The study of the conditions for the 

synthesis of compound 3c using ultrasound irradiation is summarized in Table 1 and the 

progress of reactions was monitored by GC analysis. The reaction carried out only with 



  

ultrasound irradiation did not result in the desired product (Entry 1) and a base was 

needed, applying the Knoevenagel condensation. Thus, the reaction with triethylamine 

and sodium acetate showed a small amount of 3c (Entry 2-5). The best condition found 

was the reaction using excess potassium hydroxide as a base for 20 min (Entry 8). It is 

interesting to note that only trace of compound 3c was observed when the reaction was 

carried out with refluxing ethanol for 20 min. The formation of product 3c was 

confirmed by CG/MS and NMR [36]. 

 

Table 1.Study of reaction conditions to synthesis of compound 3c 

Entry Base 
Equimolar proportion 

(1:2c:base) 

Time 

(min) 

GC-analysis 

(%) 3c 

1 - 1:1 30 None 

2 Triethylamine 1:1:1 20 Trace 

3 Triethylamine 1:1:2 30 19 

4 Sodium acetate 1:1:1 20 Trace 

5 Sodium acetate 1:1:2 20 Trace 

6 Potassium hydroxide 1:1:1 15 Trace 

7 Potassium hydroxide 1:1:2 15 84 

8 Potassium hydroxide 1:1:2 20 100 

9 Potassium hydroxide 1:1:3 20 100 

 

Thus, all the compounds 3a-p were synthesized from reaction of 1 mmol of 2,4-

thiazolidinedione 1, 1 mmol of arenealdehyde 2a-p and 2 mmol of potassium hydroxide 

(Scheme 1). The reaction times of all arenealdehydes were continuously monitored and 

the final times for each of them were shown in Table 2. The crude products were 

purified by a simple washing with a hot solution mixture of hexane:ethyl acetate (9:1) 

All compounds were obtained from moderate to good yields and were submitted 

to GC–MS analysis which proves the aldol condensation, with exception of compound 

3n [37] that was analyzed by 1H and 13C NMR due to the fact that it is only soluble in 

DMSO. The configuration of 5-arylidene-2,4-thiazolidinediones might be Z according 

to previously studies found in the literature [11,17].  
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Table 2: Yields and selected physical properties of 5-arylidene-2,4-thiazolidinediones 3a-p synthesized by ultrasonic methodology. 

Comp. R Time (min) m.p. (C)
a 

Yield (%)
b 

GC–MS analysis m/z (%) 

3a 2-OCH3 15 235-237 51 235 (M+, 65), 164 (100), 149 (45), 121 (40), 77 (35). 

3b 3-OCH3 15 195-196 65 235 (M+, 40), 164 (100), 134 (15), 121 (20), 77 (20). 

3c 4-OCH3 20 205-207 34 235 (M
+
, 35), 164 (100), 149 (60), 121 (25), 77 (27). 

3d 2-Cl 30 217-220 43 239 (M
+
, 15), 204 (90), 168 (100), 133 (30), 89 (45). 

3e 3-Cl 15 211-213 81 239 (M
+
, 30), 168 (100), 133 (20), 89 (35), 84 (15). 

3f 4-Cl 15 228-230 72 239 (M
+
, 25), 168 (100), 133 (20), 84 (15), 66 (10). 

3g 2-F 15 194-196 50 223 (M+, 20), 180 (10), 152 (100), 107 (20), 76 (15). 

3h 3-F 15 167-169 62 223 (M+, 28), 152 (100), 107 (20), 76 (15), 69 (10). 

3i 4-F 10 214-215 54 223 (M
+
, 20), 152 (100), 107 (20), 76 (15), 69 (5). 

3j 4-CH3 15 225-226 40 219 (M
+
, 35), 148 (100), 115 (15), 91 (15), 74 (15). 

3k 3-OH 15 239-240 25 221 (M
+
, 30), 150 (100), 121 (25), 77 (15), 39 (10). 

3l 2,3-OCH3 20 163-165 51 235 (M+ - OCH3, 45), 164 (100), 149 (60), 121 (25), 77 (20). 

3m 2,4-OCH3 10 241-243 69 265 (M+, 4), 235 (50), 164 (100), 149 (40), 121 (20), 77 (37). 

3n 2,5-OCH3 15 147-149 58 c 

3o 2,6-Cl 15 147-149 79
 

273 (M
+
, 10), 238 (100), 202 (80), 167 (30), 123 (30), 101 (20). 

3p 2-Cl, 6-F 10 148-150 80 257 (M
+
, 15), 222 (90), 186 (100), 151 (25), 93 (30). 

a 
- melting points are uncorrected; 

b 
- yields of isolated compounds; 

c 
- not determined because it is only soluble in DMSO.



  

We tried to obtain the 5-arylidene-2,4-thiazolidinediones from there action of 

electron-withdrawn nitrobenzaldehydes (orto, meta and para), however to our surprise 

we only identified the starting materials by CG analysis. Furthermore, these reactions 

produce an emulsion that can be harmful to ultrasound equipment.  

 

 

3 EXPERIMENTAL 
 

All common reagents and solvents were used as obtained from commercial 

suppliers without further purification. The reactions were carried out with a microtip 

probe (3 mm) connected to a 500W Sonics Vibra-cell ultrasonic processor operating at 

20 kHz at 25% of the maximum power output. The progress of reactions was monitored 

by TLC and by a Shimadzu Gas Chromatograph GC-2010, Column I.D., 0.25 mm; 

Columnlength, 30 m; Column Head Pressure, 14 psi, program: T0 = 50 °C; t0 = 2.0 min; 

rate 16.0 °C/min; Tf = 250 °C; tf = 10.0 min; Inj. = 250 °C; Det. = 270 °C. Melting 

points were determined using open capillaries on a Fisatom model 430 apparatus and 

are uncorrected. GC–MS analyses were performed on a GC 2010-plus GC–MS-

QP2010SE System AOC-20i – auto injector.  1H and 13C NMR spectra were recorded 

using a Bruker Ac-200F spectrometer (1H at 200MHz and 13C at 50 MHz) in DMSO. 

 

3.1 General procedure for the preparation of 5-arylidene-2,4-thiazolidinediones 3a-p. 

 

A mixture of 2,4-thiazolidinedione 1 (1 mmol), corresponding arenealdehyde 

2a-p (1 mmol) and 2 or 3 mmol KOH in ethanol (10 mL) were placed in a 25 mL 

beaker. The reaction mixture was then sonicated by an ultrasonic probe with a 

frequency of 24 kHz at room temperature from 10 to 30 min according to 

arenealdehyde. After reaction time, the solvent was evaporated, the resultant solid was 

neutralized with solution of HCl 1 mol/L and filtrated under reduced pressure. When 

necessary, the compounds were washed with a hot solution of hexane:ethyl acetate (9:1) 

to supply the pure products (3a, 3l, 3n and 3o). 

 

4 CONCLUSIONS 

 

In summary, ultrasound irradiation is an excellent method to promote the clean 

and fast synthesis of sixteen 5-arylidene-2,4-thiazolidinediones in moderate to good 

yields, in some cases without any further purification. This methodology reduces the 

amount of solvent and diminishes the reaction time.  



  

5 ACKNOWLEDGMENTS 

 

The authors thank CNPq, CAPES and FAPERGS for the financial support. We 

also thank Ms. Hedy Hofmann for the English correction. 

 

6 REFERENCES AND NOTES 

[1] S.V. Jain, D.K. Vora, C.S Ramaa, Bioorg. Med. Chem. 21 (2013) 1599. 

[2] C.D. Barros, A.A. Amato, K.B.R. Iannini, A.L. Silva, E.S. Leite, M.Z. Hernandes, 

M.C.A. Lima, S.L. Galdino, F.A.R. Neves, I.R. Pitta, Bioorg. Med. Chem. 18 (2010) 

3805. 

[3] S. Nakamura, K. Hayashu, H. Takizawa, T. Murase, K. Tsuruma, M. Shimazawa, H. 

Kakuta, H. Nagasawa, H. Hara, Curr. Neurovasc. Res. 8 (2011) 25. 

[4] V. Carbone, M. Giglio, R. Chung, T. Huyton, J. Adams, R. Maccari, R. Ottana, A. 

Hara, O. El-Kabbani, Eur. J. Med. Chem. 45 (2010) 1140. 

[5] L.K. Soni, A.K. Gupta, S.G. Kaskhedikar, Med. Chem. Res. 17 (2008) 258. 

[6] L.A. Faine, M. Rudnicki, F.A. César, B.L. Heras, L. Boscá, E.S. Souza, M.Z. 

Hernandes, S.L. Galdino, M.C.A. Lima, I.R. Pitta, D.S.P. Abdalla, Curr. Med. Chem. 

18 (2011) 3351. 

[7] P.L. Lobo, B. Poojary, K. Manjunatha, A. Prathibha, N.S. Kumari, Pharma 

Chemica. 4 (2012) 867. 

[8] M.A. Ibrahim, M. Abdel-Megid Abdel-Hamed, N.M. El-gohary, J. Braz. Chem. Soc. 

22 (2011) 1130. 

[9] S. Venkatesan, R. Singh, Int. J. Chem. Pharm. Sci. 1 (2010) 17. 

[10] S.S. Purohit, A. Alman, J. Shewale, Int. J. Pharm. Pharm. Sci. 4 (2012) 273. 

[11] G. Bruno, L. Costantino, C. Curinga, R. Maccari, F. Monforte, F. Nicolo, R. 

Ottana, M.G. Vigorita, Bioorg. Med. Chem. 10 (2002) 1077. 

[12] L.V. Sonawane, S.B. Bari, Int. J. Biol. Chem. 5 (2011) 68. 

[13] S.R. Mahalle, P.D. Netankar, S.P. Bondge, R.A. Mane, Green Chem. Lett. Rev. 1 

(2008) 103. 

[14] Y. Zhang, Z. Zhou, Org. Chem. Int. 2012 (2012) article ID 194784, 

doi:10.1155/2012/194784. 

[15] G.S. Alegaon, K.R. Alagawadi, Med. Chem. Res. 21 (2012) 3214. 

[16] B.R.P. Kumar, M.J. Nanjan, B. Suresh, M.D. Karvekar, L.J. Adhikary, Heterocycl. 

Chem. 43 (2006) 897. 



  

[17] B.R.P. Kumar, M. Soni, S.S. Kumar, K. Singh, M. Patil, R.B.N. Baig, L. Adhikary, 

Eur. J. Med. Chem. 46 (2011) 835. 

[18] G. Cravotto, P. Cintas, Chem. Soc. Rev. 35 (2006) 180. 

[19] A. Iskalieva, B.M. Yimmou, P.R. Gogate, M. Horvath, P.G. Horvath, L. Csoka, 

Ultrason. Sonochem. 19 (2012) 984. 

[20] A.R. Gholap, K. Venkatesan, T. Daniel, R.J. Lahoti, K.V. Srinivasan, Green Chem. 

5 (2003) 693. 

[21] R. Cella, H.A. Stefani, Tetrahedron 62 (2006) 5656. 

[22] M.J.L. Fiego, M.A. Badajoz, C. Domini, A.B. Chopa, M.T. Lockhart, Ultrason. 

Sonochem. 20 (2013) 826. 

[23] M. Baron, E. Métay, M. Lemaire, F. Popowycz, J. Org. Chem. 77 (2012) 3598. 

[24] D.J. Pacheco, L. Prent, J. Trilleras, J. Quiroga, Ultrason. Sonochem. 20 (2013) 

1033. 

[25] R. Prasath, P. Bhavana, S.W. Ng, E.R.T. Tiekink, J. Organomet. Chem. 726 (2013) 

62. 

[26] P.D. Neuenfeldt, A.R. Duval, B.B. Drawanz, P.F. Rosales, C.R.B. Gomes, C.M.P. 

Pereira, W. Cunico, Ultrason. Sonochem. 18 (2011) 65. 

[27] D.P. Gouvea, V.D.O. Bareño, J. Bosenbecker, B.B. Drawanz, P.D. Neuenfeldt, 

G.M. Siqueira, W. Cunico, Ultrason. Sonochem. 19 (2012) 1127. 

[28] Suresh,  J.S. Sandhu, Org. Med. Chem. Lett. 3 (2013) 2. 

[29] T. Mendgen, C. Steuer, C.D. Klein, J. Med. Chem. 55 (2012) 743. 

[30] X. Liu, H. Xie, C. Luo, L. Tong, Y. Wang, T. Peng, J. Ding, H. Jiang, H. Li, J. 

Med. Chem. 53 (2010) 2661. 

[31] L. Musial, J. Staniec, RocznikiChemii. 38 (1964) 1105. 

[32] Y.M. Ha, Y.J. Park, J. Kim, D. Park, J.Y. Park, H.J. Lee, J.Y. Lee, H.R. Moon, 

H.Y. Chung, Eur. J. Med. Chem. 49 (2012) 245. 

[33] D.H. Yang, B.Y. Yang, Z.C. Chen, S.Y. Chen, Org. Prep. Proced. Int. 38 (2006) 

81. 

[34] Y. Hu, T. Xie, K. Fu, H. Kang, P. Wei, H. Huang, Heterocycles 78 (2009) 757. 

[35] T.S. Djakovic, C. Sarbu, N.J. Perisic, Z.C. Lozanov, Turk. J. Chem. 33 (2009) 149. 

[36] Selected NMR data for (Z)-5-4-(methoxybenzylidene)thiazolidine-2,4-dione 3c: 1H 

NMR (200 MHz, DMSO, JH-H=Hz): 7.47 (d, 2H, 3J=8.7); 7.29 (s, 1H, CH vinylic); 7.01 

(d, 2H, 
3
J=8.8); 3.77 (s, 3H, OCH3). 

13
C NMR (50 MHz, ppm): 182.2 (C=O); 175.4 



  

(C=O); 158.9, 132.8, 130.4 (2C), 128.8, 122.5 and 114.1 (2C) (aryl and vinylic); 55.1 

(OCH3). 

[37] Selected NMR data for (Z)-5-(3,5-dimethoxybenzylidene)thiazolidine-2,4-dione 

3n: 
1
H NMR (200 MHz, DMSO, JH-H=Hz): 7.90 (s, 1H, CH vinylic); 7.06 (s, 2H), 6.87 

(s,1H); 3.81 (s, 3H, OCH3); 3.74 (s, 3H, OCH3). 
13

C NMR (50 MHz, ppm): 167.7 

(C=O); 167.1 (C=O); 152.9, 152.2, 126.3, 123.6, 121.8, 117.4, 113.1 and 112.9 (aryl 

and vinylic); 55.9 (OCH3); 55.4 (OCH3). 

 

 



  

 

Universidade Federal de Pelotas 

Centro de Ciências Químicas, Farmacêuticas e de Alimentos 

 

 

Sonochemistry: A good, fast and clean method to promote the 

synthesis of 5-arylidene-2,4-thiazolidinediones. 

 

Bruna B. Drawanz
a
, Camila S. Ribeiro

a
, Hellen G. Masteloto

a
, Patrícia D. Neuenfeldt

a,b
, 

Claudio M.P. Pereira
c
, Geonir M. Siqueira,

a
 Wilson Cunico

a*
 

 

 

 

> Sixteen 5-arylidene-2,4-thiazolidinediones were synthesized by ultrasound 

irradiation> The desire products were obtained in short reaction times (10-30 min)> 

Ultrasound irradiation is efficient to aldol condensation reaction.  

 


