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Abstract 
A series of benzylidenerhodanine derivatives were synthesized by the crossed Aldol 
condensation of aromatic aldehydes with rhodanine using tetrabutylammonium bromide (TBAB) 
as phase transfer catalyst in water under microwave irradiation. The reactions were completed in 
8~10 min with 71~96% yield, short reaction times, environmentally benign conditions and easy 
work-up. 
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Introduction 
 
Rhodanine derivatives have proven to be attractive compounds due to their outstanding 
biological activities and have undergone rapid development as anticonvulsant, antibacterial, 
antiviral and antidiabetic agents.1 At the same time, rhodanine derivatives have been reported 
also as Hepatitis C Virus (HCV) protease inhibitors2 and used as inhibitors of uridine diphospho-
N-acetylmuramate/L-alanine ligase.3 Therefore, the synthesis of these compounds is of 
considerable interest. The rhodanine (2-thiono-4-thiazolidinone) moiety has been synthesized by 
various methods such as the addition of isothiocyanate to mercaptoacetic acid followed by acid-
catalyzed cyclization, or the reaction of ammonia or primary amines with carbon disulfide and 
chloroacetic acid in the presence of bases.4 Condensation of aromatic aldehydes at the 
nucleophilic C-5 active methylene has been performed using piperidinium benzoate in refluxing 
toluene5 or sodium acetate in refluxing glacial acetic acid.4 Recently, Sim et al.6 reported the 
synthesis of 5-arylalkylidene rhodanines in 60-82% yields by heating the reactants suspended in 
toluene at 110˚C for 3 days. Sing et al.7 reported the condensation of rhodanine with an aldehyde 
(0.1 mmol) by heating in anhydrous EtOH (200 mL) for 6 h at 80˚C. Alternatively, rhodanine 
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(0.1 mmol), ketone (0.1 mmol) and NH4OAc (0.2 mmol) were refluxed in toluene (500 mL) for 3 
days ( 61-92% yields). Obviously, these methods involve long reaction times, high temperatures, 
use large quantities of organic solvents and some give unsatisfactory yields. Therefore, it is 
useful to develop new methods, which are simple and environmentally friendly for the synthesis 
of 5-arylalkylidene rhodanines. 

The wide applicability of microwave irradiation in chemical reaction enhancement is due to 
high reaction rates, formation of cleaner products, and operational simplicity. 8, 9, 10 Zhang, 
Alloum et al. reported the successful synthesis of some 5-arylalkylidene rhodanines on solid 
inorganic supports in dry media under microwave irradiation.11, 12 Since then, Toda et al.13 have 
reported the first examples of aldol condensation in the absence of solvent. Due to stringent and 
growing environmental regulations, organic chemists have endeavored to develop clean, 
economical, and environmentally safer methodologies. One of the most promising approaches is 
to utilize water as reaction medium.14, 15 The use of microwave irradiation to carry out organic 
reactions is a well-established procedure since the reactions are clean, rapid and economical. 
Application of phase-transfer catalysis (PTC) instead of traditional technologies for industrial 
processes provides substantial benefits to the environment. The combination of the these 
techniques has shown excellent results.16 

We have reported previously a high yield synthesis of bis(benzylidene)cycloalkanones by the 
aldol condensation in an aqueous medium under phase-transfer catalysis and microwave 
irradiation.17 This paper reports an efficient and clean synthesis of 5-arylalkylidenerhodanines by 
the aldol condensation of aromatic aldehydes with rhodanine using tetrabutylammonium bromide 
(TBAB) as phase-transfer catalyst in an aqueous medium under microwave irradiation (Scheme 
1). This reaction requires only 8-10 minutes, proceeds in 71~96% yields, is environmentally 
benign, with low energy consumption and easy work-up. 
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a) Ar = C6H5, b) 2-ClC6H4, c) 4-ClC6H4, d) 4-NO2C6H4, e) 3-NO2C6H4, f) 4-CH3C6H4, g) 4-
CH3OC6H4, h) 4-(CH3)2NC6H4, i) 2-furyl, j) 2-HOC6H4, k) 3,4-(OCH2O)C6H3, l) 3-HO-4-
CH3OC6H3  

 
Scheme 1 
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Results and Discussion 
 
The reaction of m-nitrobenzaldehyde (1e) with rhodanine was tested as a model reaction and was 
explored initially without any catalyst using water as a solvent under microwave irradiation for 
20 min. Unfortunately, the target compound could not be obtained (Table 1, entry 1) presumably 
due to the fact that the reactants exist as a non-miscible mixture of oil and water. Therefore, 
TBAB as phase-transfer catalyst, was applied for this reaction. The results showed that when the 
molar ratio of TBAB, aromatic aldehyde and rhodanine was 0.3:1:1, the reaction proceeded 
efficiently (Table 1, entry 2). An attempt to maximize the yield and shorten the reaction time, by 
increasing the amounts of TBAB, did not increase the rate of the reactions nor the yield of 3e 
(Table 1, entry 3-4). At the same time, various phase-transfer catalysts such as 
tetraethylammonium bromine (TEAB), triethylbenzylammonium chloride (TEBAC), PEG-400 
and PEG-600 were also investigated for this reaction. The reaction proceeded with TBAB, 
TEAB and TEBAC as phase-transfer catalyst and gave 3e in 96, 74 and 63% yield, respectively 
(Table 1, entries 2, 5, 7). However, with PEG-400 and PEG-600 as phase-transfer catalysts, 
compound 3e was not obtained after microwave irradiation for 20 minutes (Table 1, entry 8, 9).  
 
Table 1. Influence of type and amount of catalyst on the reaction of 3e with rhodanine a 

Entry Phase transfer Catalyst (mol.) Time (min) Yield (%) 

1 TBAB 0 20 0 
2 TBAB 0.3 8 96 
3 TBAB 0.6 8 77 
4 TBAB 0.9 8 55 
5 TEAB 0.3 8 74 
6 TBAB 0.3 240b 65 
7 TEBAC 0.3 8 63 
8 PEG-400 0.3 20 0 
9 PEG-600 0.3 20 0 

a m-Nitrobenzaldehyde (1mmol), rhodanine (1mmol), catalyst and 5mL water; microwave power 
195W, pulsed irradiation. 
b Carried out under conventional reflux heating instead of microwave irradiation. 
 

It is believed that Q4N+ X- (TBAB) serves both as a phase-transfer catalyst and as a base 
because the reactants would exist as a non-miscible mixture of oil and water in the absence of 
Q4N+X-, and 5-CH2 of rhodanine cannot be removed by the alkali effectively. Therefore, the 
carbanion or enolate ions would not be formed in the reaction, which would explain why the 
reaction does not take place in the presence of polyethylene glycol, or in the absence of TBAB. It 
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is also obvious that the rates of the reactions were accelerated by microwave irradiation. For 
instance, in the case of 3e, the yield is only 65% after refluxing for 4 hrs (Table 1, entry 6).  

In addition to our study in an aqueous medium, the aldol condensations of aromatic 
aldehydes with rhodanine in acetic acid using sodium acetate as catalyst under microwave 
irradiation was investigated. The results show that the reaction requires long times and proceeds 
in low yields in organic media when compared with the aqueous medium (Table 2). 
 
Table 2. Reaction times, yields of 3a-3m in organic medium and in water medium 

In Organic Medium In Aqueous Medium 
Products Time  

min 
Yields    
(%)a 

Time 
(min) 

Yields  
 (%)b 

Mp 
(°C) 

Lit. mp 
(°C) 

3a 8 76 8 86 205-206 199-202 18 
3b 10 45 8 77 177-178 179.5-180.5 11 
3c 10 81 8 75 242-243 224-230 18 
3d 10 89 8 85 255-256 180.5-181.5 11 
3e 10 94 8 96 269-270 263-264 11 
3f 15 43 8 83 233-234 219-223 18 
3g 10 40 8 80 261-262 240-246 18 
3h 10 60 8 78 283-284 266-270 18 
3i 10 74 8 70 228-229 228-229 11 
3j 15 71 8 72 221-222 200-20219 
3k 15 61 10 71 278-279 >30020 
3l 15 60 10 77 223-225 231-231.511 

aAromatic benzaldehyde (1mmol), rhodanine (1mmol), NaOAc (1.2 mmol) and 5mL AcOH; 
microwave power 195W, pulsed irradiation. bAromatic benzaldehyde (1m mol), rhodanine 
(1mmol), TBAB (0.3 mmol) and 5mL water; microwave power 195W, pulsed irradiation. 
 
 
Experimental Section 
 
General Procedures. All compounds prepared were characterized by 1H NMR, IR and 
elemental analyses and are described in the experimental section. Melting points were 
determined in a XT-5 digital melting point instrument and are uncorrected. IR spectra were 
recorded on a Nicolet Avatar 360 FT-IR spectrometer. 1H NMR spectra were measured at 400 
MHz on a Burke-400 spectrometer using TMS as internal standard and DMSO-d6 as solvent. MS 
spectra were obtained on a LCQ Advanbage instrument. Elemental analyses were determined 
using a Perkin-Elmer 240C Elemental Analyzer. The reactions were carried out with a modified 
commercial microwave oven (Sanle WP650D 650w) under atmospheric pressure. All the 
reagents are commercially available. 
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General experimental procedure. A mixture of the aromatic aldehyde (1mmol), rhodanine 
(1mmol), TBAB (0.3 mmol) and water (5 mL) in an Erlenmeyer flask (25ml) equipped with a 
reflux condenser were irradiated in a microwave oven at 195 watts at 100°C for 8~10 minutes. 
After the completion of the reaction was monitored by TLC, the reaction mixture was allowed to 
stand at room temperature to solidify. The solid obtained was collected, washed with 2-3 mL 
water. It was dried and recrystallized from 3 mL DMF-H2O (50:50 by v/v) to give 3a~l. For 
example, 3l: yellow solid; mp. 223~225˚C; 1H NMR (400 MHz, DMSO-d6): δH: 13.71(s, 1H, 
NH), 10.09 (s, 1H, OH), 7.59 (s, 1H, CH=), 7.17(s, 1H, aromatic H), 7.14 (d, 1H, J = 8.4Hz, 
aromatic H), 6.95 (d, 1H, J = 8.4Hz, aromatic H), 3.84 (s, 3H, CH3O); IR (KBr) ν: 3340, 3266, 
3007, 2934, 1714, 1591, 1181 cm-1; MS m/z: 266.4 (M-H)-; Anal. Calcd for C11H9NO3S2: C, 
49.42; H, 3.39; N, 5.24. Found: C, 49.67; H, 3.32; N, 5.15 
 
 
Acknowledgements 
 
We thank the National Natural Science Foundation of China (No. 20571029) and Jiangsu Key 
Laboratory for Chemistry of Low-Dimensional Materials for financial support. 
 
 
References 
 
1. (a) Ohishi, Y.; Mukai, T.; Nagahara, M.; Yajima, M.; Kajikawa, N.; Miyahara, K.; Takano, 

T. Chem. Pharm. Bull. 1990, 38(7), 1911. (b) Momose, Y.; Meguro, K.; Ikeda, H.; 
Hatanaka, C.; Oi, S.; Sohda, T.. Chem. Pharm. Bull. 1991, 39(6), 1440. 

2. Sudo, K.; Matsumoto, Y.; Matsushima, M.; Fujiwara, M.; Konno, K.; Shimotohno, K.; 
Shigeta, S.; Yokota, T. Biochem. Biophys. Res. Commun. 1997, 238, 643. 

3. Sim, M. M.; Ng, S. B.; Buss, A. D.; Crasta, S. C.; Goh, K. L.; Lee, S. K. Bioorg. Med. Chem. 
Lett. 2002, 12(4), 697.  

4. (a) Brown, F. C. Chem. Rev. 1961, 61(5), 463. (b) Singh, S. P.; Parmar, S. S.; Raman, K. V.; 
Stenberg, I. Chem. Rev. 1981, 81(2), 175. 

5. Lohray, B. B.; Bhushan, V.; Rao, P. B.; Madhavan, G. R.; Murali, N.; Rao, K. N.; Reddy, K. 
A.; Rajesh, B. M; Reddy, P. G.; Chakrabarti, R.; Rajagopalan, R. Bioorg. Med. Chem. Lett. 
1997, 7(7), 785. 

6. Lee, C. L.; Sim, M. M. Tetrahedron Lett. 2000, 41(30), 5729. 
7. Sing, W. T.; Lee, C. L.; Yeo, S. L.; Lim, S. P.; Sim, M. M.. Bioorg. Med. Chem. Lett. 2001, 

11(2), 91. 
8. Kappe C. O. Angew. Chem. Inter. Ed. 2004, 43, 6250. 
9. Alema, S. A. Chem. Soc. Rev. 1997, 26(3), 233. 
10. El Sayed H.; El Ashry and Ahmed, A. K. ARKIVOC. 2006, (ix) 1. 



General Papers                                                                                                             ARKIVOC 2006 (xiv) 175-180 

ISSN 1424-6376                                                               Page 180                                                                 ©ARKAT 

11. Zhang, M.; Wang, C. D.; Yu, S. L.; Tian Z. B.; Zhang, L. Chem. J. Chin. Univ. 1994. 15, 
1647; Chem. Abstr. 1995, 122, 213992z. 

12. Alloum, A. B; Bakkas, S.; Bougrin K. and Soufiaoui, M. New J. Chem. 1998, 22, 809. 
13. Toda, F.; Tanaka, K.; Hamai, K. J. Chem. Soc., Perkin Trans,1 1990, 3207. 
14. Li, C. J. Chem. Rev. 1993, 93, 2023. 
15. Wang, X.; Zhang, Mi.; Zeng, Z.; Shi, Da.; Tu, S.; Wei, X.; Zong, Z. Arkivoc 06-1679DP 
16. Deshayes, S.; Liagre, M.; Loupy, A.; Luche, J. L. and Petit, A. Tetrahedron  1999, 55, 

10851. 
17. Zhou, J. F. Org. Prep. Proced. Int. 2005, 37, 75. 
18. Sun, J.; Jiang, Y.; Yan, C. G. Chem. J. Int. 2001, 032009ne; Chem. Abstr. 1995, 114, 

213992z. 
19. Varghese, S.; Tiwari, S.; Tiwari, B. M. L. Asian J. of Chem.  2003, 15(1), 439.  
20. Maximiliano, S.; Paula, D.; Sabina, J.; Jairo, Q.; Rodrigo, A.; Braulio, I.; Manue, N.; Laura, 

R.; Francisco, M. G.; Ricardo, D. E. and Susana, A. Z. Bio. Med. Chem. 2007, 15, 484. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


