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Synthesis of 1,3-Benzenedicarbonyl Thiourea
Derivatives under Phase Transfer Catalysis
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A series of 1,3-benzenedicarbonyl thiourea derivatives
have been prepared in good to excellent yield under the
conditions of solvent-free ground and phase transfer cataly-
sis using polyethylene glycol-400 (PEG-400) as the catalyst
at room temperature. The method has advantages of easy
operations, good yields, mild reaction conditions and purifi-
cation and environmental acceptability.
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INTRODUCTION

Thiourea derivatives have been found to possess many important
biological activities1. Some thioureas are useful as herbicides2, insecticides3

and plant-growth regulators4. Moreover, thiourea derivatives and isothiocya-
nates are very valuable intermediates in the synthesis of medicines5,6. In
recent years, thiourea derivatives play important roles in supramolecular
chemistry. They have been used as excellent receptors for anions, such as
fluoride, acetate and phosphate ions. The design, construction and anion
recognition and sensing of thiourea-based receptors involving mainly multi
hydrogen bonding interactions are widely reported7-9. Thiourea derivatives
have been assembled using multifunctional organic ligands to link metals
acting as node and supramolecular structures constructed from discrete
coordination-type units10,11.

Classical phase transfer catalysis synthesis of acyl isothiocyanates is
under liquid-liquid phase transfer catalysis using tetrabutylammonium
bromide as the catalyst, which after isolation reacted with aniline to give
the corresponding thiourea derivatives. However, in presence of water,
hydrolysis of the aroyl chloride may occur and the yield of the acyl
isothiocyanate is decreased. Consequently, we have conducted our



reaction under solid-liquid phase transfer catalysis conditions using PEG-
400 as the catalyst. It was found that the acyl chloride was quantitatively
converted to the corresponding acyl isothiocyanate. This intermediate was
then treated with various substituted aromatic amines to give the thiourea
derivatives (3) in high yields.

In addition, the use of dry ground technology in organic chemistry has
great-applied value and expensive prospects. It can simplify the reaction
separation and enhance the chemical yield, even can increase reaction
selectivity12,13. Moreover, in recent years, solvent-free organic synthesis
under phase transfer catalysis condition has received considerable atten-
tion. In comparison with normal reaction, it has many advantages such as
high efficiency and selectivity, easy separation and purification and
environmental acceptability14,15. All these merits are in accord with the green
chemistry's requirement of energy-saving, high efficiency and environmen-
tally benign. In view of these and in continuation of our earlier work on the
synthesis and activity of thiourea derivatives16-20, we report herein a conve-
nient and efficient method for the preparation of 1,3-benzenedicarbonyl
thiourea derivatives (3) under the condition of solvent-free ground and
phase transfer catalysis using polyethylene glycol-400 (PEG-400) as the
catalyst at room temperature. Yield, melting points, elemental analytical,
IR and 1H NMR data of the compounds 3a-h are given in Tables 1 and 2.

TABLE-1  
PHYSICAL AND ELEMENTAL ANALYTICAL DATA OF  

COMPOUNDS 3a-h 

Found (%) calcd. 
Compd. Ar 

Yield 
(%) 

m.p. 
(ºC) 

m.f. 
C H N 

3a C6H5 99.6 197-
198 

C22H18N4O2S2 60.78 
(60.83) 

4.20 
(4.15) 

12.94 
(12.90) 

3b 2-ClC6H4 99.3 200-
201 

C22H16N4O2S2Cl2 52.45 
(52.48) 

3.25 
(3.20) 

11.21 
(11.13) 

3c 4-ClC6H4 90.2 233-
234 

C22H16N4O2S2Cl2 52.52 
(52.48) 

3.22 
(3.20) 

11.16 
(11.13) 

3d 2-OC2H5C6H4 95.7 203-
204 

C26H26N4O4S2 59.73 
(59.77) 

4.96 
(4.98) 

10.78 
(10.73) 

3e 4-OC2H5C6H4 99.8 195-
196 

C26H26N4O4S2 59.73 
(59.77) 

4.96 
(4.98) 

10.78 
(10.73) 

3f 2-OCH3C6H4 99.7 214-
215 

C24H22N4O4S2 58.21 
(58.27) 

4.52 
(4.49) 

11.36 
(11.33) 

3g 2-NO2C6H4 72.4 201-
202 

C22H16N6O6S2 50.36 
(50.38) 

3.01 
(3.05) 

16.00 
(16.03) 

3h 1-Naphthyl 93.5 215-
216 

C30H22N4O2S2 67.40 
(67.42) 

4.16 
(4.12) 

10.45 
(10.49) 
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TABLE-2  
IR AND 1HNMR SPECTRAL DATA OF COMPOUNDS 3a-h 

Compd. IR (νmax, cm-1) 1H NMR (δ ppm) 

3a 3298, 3223, 3173, 3033 (NH); 
1700 (C=O), 1599, 1523 (C=C); 
1348, 1246, 1145 (C=S) 

12.56 (s, 2H, NHCO), 11.60 (s, 2H, 
NHAr), 7.28-8.58 (m, 14H, ArH) 

3b 3221, 3159, 3067 (NH); 1675 
(C=O), 1583, 1531 (C=C); 
1243, 1158 (C=S) 

12.63 (s, 2H, NHCO), 11.86 (s, 2H, 
NHAr), 7.34-8.66 (m, 12H, ArH) 

3c 3205, 3149, 3025 (NH); 1673 
(C=O), 1589, 1528 (C=C); 
1252, 1157 (C=S) 

12.50 (s, 2H, NHCO), 11.63 (s, 2H, 
NHAr), 7.43-8.57 (m, 12H, ArH) 

3d 3242, 3034, 2981 (NH); 1680 
(C=O), 1601, 1549 (C=C); 
1231, 1150 (C=S) 

12.98 (s, 2H, NHCO), 11.33 (s, 2H, 
NHAr), 7.24-8.56 (m, 12H, ArH), 
4.18 (m, 4H, CH2O), 1.41 (t, 6H, CH3) 

3e 3238, 3025 (NH); 1672 (C=O), 
1598, 1556 (C=C); 1235, 1145 
(C=S) 

12.88 (s, 2H, NHCO), 11.36 (s, 2H, 
NHAr), 7.28-8.62 (m, 12H, ArH), 
4.26 (m, 4H, CH2O), 1.48 (t, 6H, CH3) 

3f 3243, 3171, 3150 (NH); 1679 
(C=O), 1603, 1528 (C=C); 
1243, 1141 (C=S) 

12.98 (s, 2H, NHCO), 11.56 (s, 2H, 
NHAr), 7.00-8.60 (m, 12H, ArH), 
3.87 (s, 6H, CH3O) 

3g 3179, 2998 (NH); 1727 (C=O); 
1608, 1516 (C=C); 1242, 1182 
(C=S); 851, 737 (C-N) 

12.58 (s, 2H, NHCO), 11.58 (s, 2H, 
NHAr), 7.36-8.64 (m, 12H, ArH) 

3h 3422, 3133 (NH); 1652 (C=O), 
1532, 1280 (C=C), 1232, 1149 
(C=S) 

12.75 (s, 2H, NHCO), 11.68 (s, 2H, 
NHAr), 7.58-8.65 (m, 16H, ArH) 

 
EXPERIMENTAL

Melting points were determined with an X-4 digital melting-point
apparatus and are uncorrected. IR spectra were recorded in KBr on a Digilab
FTS-3000 FT-IR spectrophotometer and 1H NMR spectra on a Varian
Mercury plus-400 MHz spectrometer using DMSO-d6 as solvent and TMS
as internal reference. Elemental analyses were determined on a PE-2400
CHN instrument.

Isophthalyl chloride (1) is readily available by the reaction for
isophthalic acid with thionyl chloride and it is treated with ammonium
thiocyanate under the conditions of solid-liquid phase transfer catalysis
using 3 % polyethylene glycol-400 (PEG-400) as the catalyst and under
solvent-free ground at room temperature to give isophthalyl isothiocyanate
(2). This compound does not need to be isolated and reacts immediately
with various substituted aromatic amines under solvent-free ground at room
temperature to afford title compounds (3) in good to excellent yields. All
products were characterized by IR, 1H NMR spectra and elemental
analysis.
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General procedure for the preparation of 1,3-benzenedicarbonyl
thioureas:  The synthesis of 1,3-benzenedicarbonyl thioureas was carried
out by adding powdered ammonium thiocyanate (15 mmol), isophthalyl
chloride (5 mmol), PEG-400 (0.18g, 3 % with respect to ammonium thio-
cyanate) were ground up in a dried mortar at room temperature for 5-7 h,
Aromatic amine (10 mmol) was then slowly added with constant stirring
and the mixture was ground up at room temperature for 8-48 h. When the
reaction completed, the reaction mixture was washed with ethanol three
times and water three times to remove inorganic salts and filtered. The
resulting solid was recrystallised from DMF-C2H5OH-H2O to give pure
compounds 3a-h. The synthetic route of compounds 3a-h is illustrated in
Scheme-I.
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In conclusion, solvent-free ground is a facile and convenient method
for the synthesis of 1,3-benzenedicarbonyl thiourea derivatives under solid-
liquid phase transfer catalysis condition at room temperature. This tech-
nology has the advantages of mild reaction conditions, environmentally
benign, energy-saving, high efficiency, simple operation and high yield.
For these reasons, this methodology represents an important improvement
for the preparation of this kind of fine convenient procedure.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the support of the National
Natural Science Foundation of China (No. 20371040), the Natural Science
Foundation of Gansu province (3YS051-A25-01) and the Key Project of
Chinese Ministry of Education (No. 205161).

1954  Wei et al. Asian J. Chem.



REFERENCES

1. D.C. Schroeder, Chem. Rev., 50, 185 (1955).
2. Z.H. Li, Y. Zhang, Z.H. Peng and Y.G. Wang, Huaxue Shiji, 24, 218 (2002).
3. V.K. Madan, A.D. Taneja and V.P. Kudesia, J. Indian Chem. Soc., 68, 162 (1991).
4. T.B. Wei, J.C. Chen, X.C. Wang and S.Y. Yang, Chem. J. Chinese Univ., 13, 1217

(1992).
5. A.K. Saxena, S.K. Pandey, P. Seth, M.P. Singh, M. Dikshit and A. Carpy, Bioorg. Med.

Chem., 9, 2025 (2001).
6. W.C. Stevens, Jr, R.M. Jones, G. Subramanian, T.G. Metzger, D.M. Ferguson and

P.S. Portoghese, J. Med. Chem., 43, 2759 (2000).
7. D.J. Amilan, D.K. Krishna, G. Bishwalit and D. Amitava, Org. Lett., 6, 3445 (2004).
8. H.Y. Lu, W. Xu, D.Q. Zhang, C.F. Chen and D.B. Zhu, Org. Lett., 7, 4629 (2005).
9. P.C. John, J.A. Alan, B.J. Jean, L.S. Adam, M. Germinal, M.P. Nieves, N.L. Timothy,

S. Rameshwer, D.S. Bradley and P.D. Anthony, J. Am. Chem. Soc., 127, 10739 (2005).
10. K.R. Koch, S.A. Bourne,  A. Coetzee and J. Miller, J. Chem. Soc. Dalton Trans., 3157

(1999).
11. S.A. Bourne, O. Hallale and K.R. Koch, Crystal Growth Design, 5, 307 (2005).
12. K. Tanaka and F. Toda, Chem. Rev., 100, 1025 (2000).
13. L.J. Geng, J.T. Li and S.X. Wang, Chinese J. Org. Chem., 25, 608 (2005).
14. T.B. Wei, Q. Lin, Y.M. Zhang and W. Wei, J. Chem. Res. (S), 666 (2003).
15. T.B. Wei, Q. Lin, Y.M. Zhang and W. Wei, Synth. Commun., 34, 181 (2004).
16. T.B. Wei, J.C. Chen, X.C. Wang and Y.M. Zhang, J. Chem. Res. (S), 1, 138 (1995).
17. Y.M. Zhang, T.B. Wei and L.L. Wang, Synth. Commun., 27, 751 (1997).
18. T.B. Wei, J.C. Chen, Y.M. Zhang and L.L. Wang, Synth. Commun., 25, 1885 (1995).
19. T.B. Wei, J.C. Chen, X.C. Wang and Y.M. Zhang, J. Chem. Res., 138 (1995).
20. T.B Wei, Lin Q, Y.M. Zhang and H. Wang, Synth. Commun., 34, 2205 (2004).

        (Received: 31 March 2006;       Accepted: 17 October 2006)          AJC-5205

Vol. 19, No. 3 (2007)         Synthesis of 1,3-Benzenedicarbonyl Thiourea Derivatives  1955

AAPS WORKSHOP ON DRUG TRANSPORTERS IN ADME:
FROM THE BENCH TO THE BEDSIDE

5 – 7  MARCH  2007

BETHESDA NORTH MARRIOTT HOTEI AND CONFERENCE
CENTER, BETHESDA, MD, USA

Contact:
Tel.: 703-243-2800;  Fax: 703-248-9650
E-mail: meetings@aaps.org
Website: aapspharmaceutica.com/drugtransporters


