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I N T R O D U C T I O N

The compounds containing nitrogen, sulphur or oxygen
as a heteroatom showing high degree of biological and pharma-
ceutical activity. Particularly, heterocyclic molecules containing
thiazole, pyrazole, amid, azetidine and triazole moieties exhibit
wide range of biological activities. Thaizoles are one of the
most important alkaloids molecules found extensively in
biological systems, which play vital role in many of the bioch-
emical process. 4-Phenyl-2-aminothiazole gives us a wide range
of biological, pharmacological and medicinal applications like
antifungal [1], antibacterial [2], antihypertensive [3], anti-HIV
[4], anti-inflammation [5], antihelmintic and possesses immune
suppressant [6], pesticide activities [7], etc. 2-Aminothiazole
nucleus is a potential pharmacophore for a broad spectrum of
activities, comprising of antibacterial [8]. Moreover organic
compounds containing thiazole nucleus are found to possess
high second order hyper polarizability [9-12]. The pyrazole
and its derivatives were also possess antioxidant [13,14], anti-
inflammatory [15-18], antimicrobial [19-21], antimalarial [22],
etc.

The modifications of Schiff bases derived from differently
substituted heterocyclic compounds have proven highly effective
with improved potency and lesser toxicity. Microwave assisted
synthesis has become very important tool in organic synthesis
especially for heterocyclic compounds, due to very simple,

A green and environmentally benign protocol is developed for the
synthesis of Schiff bases of sulphur containing compound by irradiating
thiazole and pyrazole aldehyde in glycerol under microwave irradiation
at 70 ºC with trimethylsilyl chloride (TMSCl) as a catalyst. The method
has advantages such as excellent yield, use of green solvent, easy
work-up and most important the reaction completed within 2.5 min
by using TMSCl catalyst. The TMSCl is an acidic catalyst, which
enhances the yield of product, reaction time (with microwave, with
reflux at 75 ºC and with stirring at room temperature) which can be
easily removed from reaction mask.

A B S T R A C T



atom economy, convenient and easy work-up procedure [23].
Glycerol acts as a green reaction media as it is "organic water"
because of easily form strong hydrogen-bond networks, polar,
biodegradable, easily available, cheap, and non-toxic. Glycerol
and PEG have a wide range of solubility for organic and inor-
ganic compounds, including transition metal catalysts [24-29].
Trimethylsilyl chloride (TMSCl) reacts with alcohols, carbo-
xylic acids, which is probably the ultimate catalyst for acid
catalysed reactions [30,31]. Herein, we wish to report an effi-
cient microwave-assisted synthesis of Schiff bases of thiazole
and pyrazole carbaldehyde in lesser time with excellent yields.

E X P E R I M E N T A L

Preparation of substituted 1,3-diphenyl-4-pyrazol
(methylene)-2-aminothiazole (3a-i): 2-Aminothiazole (0.01
mol) is mixed with pyrazole carbaldehyde (0.01 mol) in glycerol
by introducing catalytical amount of TMSCl and , irradiate
with 400 W under microwave irradiation at 70 ºC which resulted
in the completion of the reaction within 2.5 min. Then reaction
product poured on crush ice, filtered and dried (Scheme-I).
The spectral data were consistent with previous literature reports
[26].

4-(4-Chlorophenyl)-N-((1,3-diphenyl-1H-pyrazol-4-
yl)methylene)thiazol-2-amine (3b): m.p.:  257-259 ºC (Lit.
259-261 ºC) [26]. IR (KBr, νmax, cm-1): 1628 (C=N), 859(C-Cl).
1H NMR (400 MHz) δ ppm: 9.9 (s, 1H), 8.5 (s, 1H), 7.1 (s, 1H),
6.9-7.7 (m, 14H). ES-MS (m/z): 439 [M+H]; HRMS-EI: found:
68.89; calculated: C, 69.00.

4-(4-Bromophenyl)-N-((1,3-diphenyl-1H-pyrazol-4-
yl)methylene)thiazol-2-amine (3c): m.p.:  252-254 ºC (Lit.
254-255 ºC) [26]. IR (KBr, νmax, cm-1): 1623 (C=N), 762 (C-Br).
ES-MS (m/z): 481 [M+H]; HRMS-EI: found: 60.95; calculated:
C, 60.85.

4-(4-Chlorophenyl)-N-((3-(4-chlorophenyl)-1-phenyl-
1H-pyrazol-4-yl)methylene)thiazol-2-amine (3f):  m.p.:  94-
96 ºC (Lit. 93-95 ºC) [26]. IR (KBr, νmax, cm-1): 1619 (C=N),
769 (Cl). 1H NMR (400 MHz) δ ppm: 9.8 (s, 1H), 8.3 (s, 1H),
6.9 (s, 1H), 7.0-7.9 (m, 13H).

4-(4-Nitrophenyl)-N-((1,3-diphenyl-1H-pyrazol-4-yl)-
methylene)thiazol-2-amine (3g):  m.p.:  257-259 ºC (Lit.  251-
253 ºC) [26]. IR (KBr, νmax, cm-1): 1618 (C=N), 1460 (NO2). 1H
NMR (400 MHz) δ ppm: 9.98 (s, 1H), 8.7 (s, 1H), 7.08 (s, 1H),
6.6-8.4 (m, 14H).

4-(4-Chlorophenyl)-N-((3-(4-fluorophenyl)-1-phenyl-
1H-pyrazol-4-yl)methylene)thiazol-2-amine (3k): m.p.:
125-127 ºC. IR (KBr, νmax, cm-1): 9.8 (s, 1H), 8.3 (s, 1H), 7.2 (s,
1H), 6.8-7.8 (m, 13H).

R E S U L T S A N D   D I S C U S S I O N

The Schiff bases of 2-aminothiazole and pyrazolyl aldehyde
derivatives have vert much attracted because of their wide appli-
cations in the field of pharmaceuticals as it contained the both
biologically and pharmacologically important group i.e.
thiazole and pyrazole rings. The wide range of methods are
there for the synthesis of Schiff bases, but most of them used
unstable, volatile, harmful, hazardous organic solvents and also
longer reaction time. To optimize the reaction conditions,
initially, we have performed the series of reactions with various
solvent and found that reaction proceed in organic solvent for
long time duration. In absence of catalyst, the reaction did not
proceed. After screening of different solvent, glycerol with
TMSCl catalyst was found to be best reaction condition (Table-
1, entry 6).

TABLE-1 
OPTIMIZATION OF THE SOLVENT FOR THE  

SYNTHESIS OF SCHIFF BASES (3a) 

Entry Solvents Volume 
(mL) 

Time 
(min) 

Yield (%)a 

1 Toluene 5 30 55-60 
2 Dichloromethane 5 25 58-63 
3 1,4-dioxane 5 23 60-65 
5 Isopropyl alcohol 5 18 73-78 
6 Glycerol 5 13 82-87 

aIsolated yield product 3a 

 
The IR spectra of compound 3b shows prominent peaks

at 1622 cm-1 for Schiff base conformation C=N, 861 cm-1 for
C-Cl of 4-chloroaryl-2aminothiazole and their absence of the
stretching at band for -NH and C=O. 1H NMR of compound
3b shows characteristic singlet at δ ppm 7.1 for 1H of H-C=N
it is conjugation with pyrazole ring, δ ppm 8.5 shows singlet
for 1H of pyrazole ring, δ ppm 9.9 as a singlet which is the
aromatic ring proton nearest to nitrogen (thiazole ring proton).
The above spectral data confirmed the structure of the product
3b. All the above spectral data clearly shows the formation of
title compounds.

Further, we screened different catalysts such as acetic acid,
conc. HCl, LiCl and TMSCl in the synthesis of these compounds.
It is found that the catalyst like acetic acid, conc. HCl and
LiCl gave moderate yield of compound 3a and firstly required
higher reaction time However, TMSCl gave excellent yield of
compound 3a in shorter reaction time as compared to other
catalysts (Table-2, entry 4).

(Z)-4-phenyl-N -((1,3-diphenyl-1H -pyrazol-4-yl)methylene)thiazol-2-amine
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Scheme-I: Synthesis of Schiff bases of pyrazolyl carbaldehyde and 2-amino thiazole
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TABLE-2 
OPTIMIZATION OF THE CATALYST FOR  
THE SYNTHESIS OF SCHIFF BASES (3a)a 

Entry Catalyst Time (min) Yield (%)b 
1 Acetic acid 13 84 
2 Conc. HCl 12 86 
3 LiCl 10 87 
4 TMSCl 5 94 

aReaction conditions: Pyrazole aldehyde (1 mmol), 2-aminothiazole (1 
mmol), catalyst (3-4 drops), glycerol 5 mL, microwave irradiation at 
400 W and 70 °C; bIsolated yield. 

 
The effect of temperature on the reaction were also evalu-

ated at room temperature, 40º, 50º and 70 ºC. The best results
were obtained at 70 ºC (Table-3, entry 4). It is found that TMSCl
catalyst completed this reaction within 15 min with refluxed
at 75 ºC while other catalysts required 40 to 80 min. However,
at room temperature, the reaction with constant stirring using
TMSCl yields the excellent results in 50-60 min whereas other
catalysts take more time 150 to 180 min for the completion of
the reaction.

TABLE-3 
OPTIMIZATION OF THE TEMPERATURE FOR  

THE SYNTHESIS OF SCHIFF BASES (3a) 

Entry Temperature (°C) Time (min) Yield (%)a 
1 Room temperature 40 70 
2 40 35 72 
3 50 25 80 
4 70 5 94 

aIsolated yield 

 
These results were encourage us to investigate the scope

of reaction and to generalize the scope reaction of this new
method under optimized conditions. As shown in Table-4, a
series of pyrazole carbaldehyde successfully reacted with series
2-aminothiazoles in glycerol at 70 ºC under microwave irradiator
with excellent yields.

TABLE-4 
EVALUATION OF COMPOUNDS (3a-i) 

Compd. R R1 Yield (%) Reaction 
time (min) 

3a H H 85 2.1-2.3 
3b Cl H 86 1.9-2.1 
3c Br H 86 1.9-2.1 
3d CH3 H 87 1.9-2.1 
3e Br Cl 88 1.9-2.1 
3f Cl Cl 87 1.9-2.1 
3g NO2 Cl 89 1.9-2.1 
3h NO2 H 90 1.9-2.1 
3i CH3 Cl 89 1.9-2.1 
3j Cl NO2 90 1.9-2.1 
3k Cl F 88 2.0-2.4 

 
Conclusion

A prospective alternative protocol for the synthesis of
Schiff bases containing thiazole and pyrazole aldehyde moeity
is described. This protocol has important advantages over prev-
iously reported procedures like lesser reaction time, eco-friendly
nature and simple work-up method.

R E F E R E N C E S

1. G. Beck and H. Heitzer, Preparation of 2-Chloro-5-Chloromethylthiazole,
US Patent 4,7482,43A (1988).

2. F.W. Bell, A.S. Cantrell, M. Hoegberg, S.R. Jaskunas, N.G. Johansson,
C.L. Jordan, M.D. Kinnick, P. Lind and J.M. Morin, Phenethylthiazole-
thiourea (PETT) Compounds, A New Class of HIV-1 Reverse Transcrip-
tase Inhibitors. 1. Synthesis and Basic Structure-Activity Relationship
Studies of PETT Analogs, J. Med. Chem., 38, 4929 (1995);
https://doi.org/10.1021/jm00025a010.

3. W.C. Patt, H.W. Hamilton, M.D. Taylor, M.J. Ryan, D.G. Taylor, C.J.C.
Connolly, A.M. Doherty, S.R. Klutchko and I. Sircar, Structure-Activity
Relationships of a Series of 2-Amino-4-thiazole containing Renin
Inhibitors, J. Med. Chem., 35, 2562 (1992);
https://doi.org/10.1021/jm00092a006.

4. T.K. Venkatachalam, E.A. Sudbeck, C. Mao and F.M. Uckun, Anti-HIV
Activity of Aromatic and Heterocyclic Thiazolyl Thiourea compounds,
Bioorg. Med. Chem. Lett., 11, 523 (2001);
https://doi.org/10.1016/S0960-894X(01)00011-7.

5. F. Clemence, O. Le Martret, F. Delevallee, J. Benzoni, A. Jouanen, S.
Jouquey, M. Mouren and R. Deraedt, 4-Hydroxy-3-quinolinecarboxamides
with Antiarthritic and Analgesic Activities, J. Med. Chem., 31, 1453 (1988);
https://doi.org/10.1021/jm00402a034.

6. K. Tsuji and H. Ishikawa, Synthesis and Anti-Pseudomonal Activity of
New 2-Isocephems with a Dihydroxypyridone Moiety at C-7, Bioorg.
Med. Chem. Lett., 4, 1601 (1994);
https://doi.org/10.1016/S0960-894X(01)80574-6.

7. M.C. Wilkes, P.B. Lavrik and J. Greenplate, Synthesis of N-Benzoyl-
N-alkyl-2-aminothiazoles: Heliothis virescens Proinsecticides, J. Agric.
Food Chem., 39, 1652 (1991);
https://doi.org/10.1021/jf00009a023.

8. N. Vukovic, S. Sukdolak, S. Solujic and T. Milosevic, Synthesis and
Antimicrobial Evaluation of Some Novel 2-Aminothiazole Derivatives
of 4-Hydroxychromene-2-one, Arch. Pharm., 341, 491 (2008);
https://doi.org/10.1002/ardp.200700215.

9. H.L. Chang, H.L. Lin, Y.C. Wang, S.A. Dai, W.C. Su and R.J. Jeng,
Thermally Stable NLO Poly(amide-imide)s via Sequential Self-Repetitive
Reaction, Polymer, 48, 2046 (2007);
https://doi.org/10.1016/j.polymer.2007.02.010.

10. T. Baehr-Jones, M. Hochberg, G. Wang, R. Lawson, Y. Liao, P.A. Sullivan,
L. Dalton, A.K.-Y. Jen and A. Scherer, Optical Modulation and Detection
in Slotted Silicon Waveguides, Opt. Express, 13, 5216 (2005);
https://doi.org/10.1364/OPEX.13.005216.

11. Y. Cui, H. Ren, J. Yu, Z. Wang and G. Qian, An Indanone-Based Alkoxy-
silane Dye with Second Order Nonlinear Optical Properties, Dyes
Pigments, 81, 53 (2009);
https://doi.org/10.1016/j.dyepig.2008.09.002.

12. F. Qiu, Y. Zhou, J. Liu and X. Zhang, Preparation, Morphological and
Thermal Stability of Polyimide/Silica Hybrid Material Containing Dye
NBDPA, Dyes Pigments, 71, 37 (2006);
https://doi.org/10.1016/j.dyepig.2005.05.009.

13. P.L. Lobo, B. Poojary, M. Kumsi, V. Chandra, N.S. Kumari and K.R.
Chandrashekar, Synthesis, Antimicrobial and Antioxidant Activities
of 2-[1-{3,5-Diaryl-4,5-dihydro-1H-pyrazolenyl}]-4-(4-nitrophenyl)-
[1,3]thiazoles, Med. Chem. Res., 22, 1689 (2013);
https://doi.org/10.1007/s00044-012-0154-3.

14. K. Hazra, L.V.G. Nargund, P. Rashmi, J.N.N. Sharath Chandra and B.
Nandha, Synthesis and Antioxidant Activity of Some Novel Fluorobenzo-
thiazolopyrazoline, Der Chem. Sinica, 2, 149 (2011).

15. B.P. Bandgar, S.S. Gawande, R.G. Bodade, N.M. Gawande and C.N.
Khobragade, Synthesis and Biological Evaluation of a Novel Series of
Pyrazole Chalcones as Anti-Inflammatory, Antioxidant and Antimicro-
bial Agents, Bioorg. Med. Chem., 17, 8168 (2009);
https://doi.org/10.1016/j.bmc.2009.10.035.

16. A.M. Youssef, M.S. White, E.B. Villanueva, I.M. El-Ashmawy and A.
Klegeris, Synthesis and Biological Evaluation of Novel Pyrazolyl-2,4-
thiazolidinediones as Anti-Inflammatory and Neuroprotective Agents,
Bioorg. Med. Chem., 18, 2019 (2010);
https://doi.org/10.1016/j.bmc.2010.01.021.

17. R.Verma, P. Chawla and S.K. Saraf, Syntheses, Characterization and
Evaluation of Some 1,3,4-Trisubstituted-5-pyrazolone Derivatives as
Dual Anti-Inflammatory and Antimicrobial Agents, Der Pharm. Sinica,
3, 546 (2012).

Asian Journal of Organic & Medicinal Chemistry  111

https://doi.org/10.1016/S0960-894X(01)00011-7
https://doi.org/10.1016/S0960-894X(01)80574-6


18. P.N. Balaji, L.K. Lakshmi, K. Mohan, K. Revathi, A. Chamundeswari
and P.M. Indrani, In-vitro Anti-Inflammatory and Antimicrobial Activity
of Synthesized Some Novel Pyrazole Derivatives from Coumarin
Chalcones, Der Pharm. Sinica, 3, 685 (2012).

19. A. Özdemir, G. Turan-Zitouni, Z. Asim Kaplancikli, G. Revial and K.
Güven, Synthesis and Antimicrobial Activity of 1-(4-Aryl-2-thiazolyl)-
3-(2-thienyl)-5-aryl-2-pyrazoline Derivatives, Eur. J. Med. Chem., 42,
403 (2007);
https://doi.org/10.1016/j.ejmech.2006.10.001.

20. Ch.S. Reddy, M.V. Devi, G.R. Kumar, L.S. Rao and A. Nagaraj, Synthesis
and Antimicrobial Activity of Linked Heterocyclics Containing Pyrazole-
Pyrimidine Rings, Indian J. Chem., 50B, 1181 (2011).

21. P. Patel, D. Gor and P.S. Patel, Synthesis, Characterization and Anti-
microbial Activities of N-[{4-[2-{3,5-bis(4-Methoxyphenyl)-4,5-dihydro-
pyrazol-yl}-2-oxoethoxy]phenyl}methylene] Substituted Aniline, Der
Chem. Sinica, 3, 896 (2012).

22. S. Kumar, G. Kumar, M. Kapoor, A. Surolia and N. Surolia, Synthesis
and Evaluation of Substituted Pyrazoles: Potential Antimalarials
Targeting the Enoyl-ACP Reductase of Plasmodium Falciparum, Synth.
Commun., 36, 215 (2006);
https://doi.org/10.1080/00397910500334561.

23. S. Chandrasekhar, C. Narsihmulu, G. Chandrashekar and T. Shyamsunder,
Pd/CaCO3 in Liquid Poly(ethylene glycol) (PEG): An Easy and Efficient
Recycle System for Partial Reduction of Alkynes to cis-Olefins under
a Hydrogen Atmosphere, Tetrahedron Lett., 45, 2421 (2004);
https://doi.org/10.1016/j.tetlet.2004.01.097.

24. M.H. Shaikh, D.S. Wagare, M. Farooqui and A. Durrani, Facile and
Green One-Pot Synthesis of 2-aminothiazoles in Glycerol-Water,
Heterocycl. Lett., 7, 1061 (2017).

25. D.S. Wagare, P.D. Netankar, M. Shaikh, M. Farooqui and A. Durrani, Highly
Efficient Microwave-Assisted One-Pot Synthesis of 4-Aryl-2-amino-
thiazoles in Aqueous Medium, Environ. Chem. Lett., 15, 475 (2016);
https://doi.org/10.1007/s10311-017-0619-1.

26. V. Ravibabu, B. Janardhan, G. Rajitha and B. Rajitha, Efficient One-
Pot Three-component Synthesis of Thiazolyl Pyrazole Derivatives under
Conventional Method, Der Chem. Sinica, 4, 79 (2013).

27. V.G. Kadajji and G.V. Betageri, Water Soluble Polymers for Pharmaceu-
tical Applications, Polymers, 3, 1972 (2011);
https://doi.org/10.3390/polym3041972.

28. D.S. Wagare, D. Lingampalle, M. Farooqui and A. Durrani, An Enviorn-
mentally Benign One-Pot Synthesis of 3-Arylfuro[3,2-c]coumarins in
PEG-400 and Water, Der Pharm. Chem., 8, 408 (2016).

29. D.S. Wagare, M. Farooqui, T.D. Keche and A. Durrani, Efficient and
Green Microwave-Assisted One-Pot Synthesis of Azaindolizines in
PEG-400 and Water, Synth. Commun., 46, 1741 (2016);
https://doi.org/10.1080/00397911.2016.1223314.

30. M.A. Brook and T.H. Chan, A Simple Procedure for the Esterification
of Carboxylic Acids, Synthesis, 201 (1983);
https://doi.org/10.1055/s-1983-30279.

31. T.H. Chan, M.A. Brook and T. Chaly, A Simple Procedure for the
Acetalization of Carbonyl Compounds, Synthesis, 203 (1983);
https://doi.org/10.1055/s-1983-30280.

112  Shaikh et al.


