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ABSTRACT 
 

An eco-friendly synthesis of N-benzylidene-5-(styryl)-1,3,4-thiadiazol-2-amine and 4-(-2-(5-(-benzylideneamino)-1,3,4-thiadiazol-2-yl)vinyl)-2-

methoxyphenol starting from easily available reactant molecule. In the first step we synthesized substituted cinnamic acid and ferulic acid 3 

from various types of aldehyde with malonic acid catalyzed by sodium acetate. In second step of reaction, multicomponent approach cyclization 

followed by Schiff base formation 6 a-j from prepared acids 3 a-j, thiosemicarbazide and aldehydes, solvent free catalyzed by ionic liquid [Et3N 

H2SO4] under conventional method. 

 

Keywords: Ionic liquid, Sodium acetate, Thiosemicarbazide, 1,3,4-thiadiazol, Conventional method 

 

 

INTRODUCTION 

 

Sulfur and nitrogen containing heterocyclic compound particular 1,3,4-thiadiazole and its derivatives endure to a great interest of researchers 

owing to their great pharmaceutical and industrial fields. 1,3,4-thiadiazole was first described in 1882 by Fischer, Busch and his coworkers. The 

true environment of the ring system was established first in 1956 by Goerdler et al [1]. The beginning of sulphur drugs and the later discovery of 

mesoionic compound greatly accelerated the rate of progress in the field of thiadiazole. It carrying mercapto and amino substituents can exist in 

many tautomeric forms. The 1,3,4-thiadiazoles are conveniently divided into three subclasses: (I) Aromatic systems which include the neutral 

thiadiazole 1 and constitute a major part of this review. (II) Mesoionic systems 2 which is defined as five-membered heterocycles which are not 

covalent or polar and possess a sextet of electrons in association with the five atoms comprising the ring [2]. (III) Non aromatic systems such as 

the 1,3,4-thiadiazolines 3, 4 and the tetrahydro 1,3,4-thiadiazolidines 5 (Figure 1). 

 

 
 

Figure 1: Mesoionic structure of 1,3,4-thiadiazole 
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Figure 2: Synthesis of N-benzylidene-5-(styryl)-1,3,4-thiadiazol-2-amine and 4-(-2-(5-(-benzylideneamino)-1,3,4-thiadiazol-2-yl)vinyl)-2-methoxyphenol 

 

Thiadiazole derivatives possessed a wide range of therapeutic activities such as antimicrobial [3], anti-fungal [4], antileishmanial [5], 

antimycobacterial [6], analgesic, anti-inflammatory [7] antidepressant [8], antipsychotic [9] and anticonvulsant [9,10]. 1,3,4-thiadiazole 

derivatives exhibited interesting in vitro [11-13] and in vivo [14-17] antitumor activities. Inhibition of DNA and RNA synthesis specifically 

without appreciably affecting protein synthesis [18], inhibition of carbonic anhydrase [19], phosphodiesterase-7 [20], histone deacetylase [21] or 

as adenosine A3 receptor antagonists [22]. Analgesic, anti-inflammatory and anti-bacterial activity of Schiff Bases of 2-amino-5-aryl-1,3,4-

thiadiazoles [23]. In past, some 1,3,4-thiadiazole and its derivatives has been studied and investigated [24-36]. 
 
The interesting properties of ionic liquids room-temperature, organic salts that are liquid temperature below 100°C, have received considerable 

attention as substitutes for volatile organic solvents, non-flammable, non-volatile and recyclable, they are classified as green solvents. Owing to 

their remarkable properties, such as outstanding solvating potential, thermal stability [37,38] and their tunable properties by suitable choices of 

cations and anions [39]. ILs as they simultaneously possess the proton acidity and the characteristic properties of an ionic liquid [40,41]. 

Keeping in mind the biological significance of 4-((E)-2-(5-((E)-benzylideneamino)-1,3,4-thiadiazol-2-yl)vinyl)-2-methoxyphenol and the utility 

of ionic liquids for organic transformation [42-61], and in continuation of our earlier green approach research work [37] to exploring this 

research for the synthesis of Schiff base of 2-amino 1,3,4-thiadiazole containing Cinnamic and ferulic acid Figure 2. Herein we report synthesis 

of cinnamic acid and ferulic acid containing 1,3,4-thiadiazol derivatives using sodium acetate, acetic acid and [Et3N H2SO4] ionic liquid as a 

catalyst (Figure 2). 

 

EXPERIMENTAL SECTION 

 

Materials 
 
The chemicals with high purity, playing important role in the present synthesis of functionalized 1,3,4-thiadiazole starting from easily available 

cinnamic acid, aromatic acid, malonic acid and various aromatic aldehyde, amine in presence of ionic liquid.  
 
The ionic liquid [Et3N H2SO4] is prepared using reported method [38]. An appropriate molar proportion of starting materials was taken and the 

protocols of standard techniques were followed for the in situ multi-component synthesis of acid containing Schiff base of 2-amino 1,3,4-

thiadiazole (Figure 2). Melting points of synthesized product were recorded with the help of capillary tube and thermometer apparatus and were 

uncorrected. The IR spectra were recorded on a Fourier Transform Infra-Red (FTIR) spectroscopy (Bruker). 1H-NMR spectra were recorded on 

a 400 MHz Bruker spectrometer in solvent Deuterated Dimethyl Sulfoxide (DMSO-d6) and Deuterated Chloroform (CDCl3) as Part Per Million 

(ppm) downfield from a Tetramethylsilane (TMS) internal standard.  
 
Preparation of ionic liquid 
 
Procedure for the synthesis of triethyl ammonium hydrogen sulfate [Et3NH][HSO4]ILs 
 
In a small round-bottom flask (100 ml), immersed in water-bath and fitted with a reflux condenser. Sulfuric acid, (1.96 g, 0.02 mol) was drop 

wise added into triethylamine (2.02 g, 0.02 mol) at 60-65°C for one hour. After completion of addition, the reaction mixture was stirred for an 

additional period of one hour at 65-70°C. The residue was heated and removed water molecule from reaction mixture under a high vacuum until 

the weight of the residue remained constant. The obtained yield of [Et3NH] [HSO4] was 96%. Having characterization data: FTIR cm-1 3022 (N–

H stretch), 2818 (C–H stretch), 1236 (C–N stretch); 1H-NMR (400 MHz, DMSO-d6), δ(ppm)=1.13-1.27 (t, 9H, 3*9 CH3), 3.02-3.18 (q, 6H, 3*9 

CH2) and 8.84 (s, 1H, NH); 13C-NMR (75 MHz, DMSO-d6), δ (ppm)=11.06 (CH3) and 52.8 (CH2). 
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General procedure for the synthesis of compound 3 
 
A mixture of malonic acid (0.073 mol) in of sodium acetate and acetic acid (0.073 mol) (1:1) were mechanically stirr become to homogeneous 

(sticky solid) then substituted aromatic aldehyde (0.073 mol) was added in the reaction mixture and were reflux 85-90 min (TLC). The reaction 

became a honey-colored viscous liquid with the formation of bubbles during the reaction. The viscous liquid quickly solidified on cooling at 

room temperature to give a solid. The product were isolated, by dissolved in a minimum amount of ethanol and glacial acetic acid and were 

filtered and washed (three-four time) by cold 95% ethanol and instantly purified by recrystallization or air dried. 
 
(E)-3-(4-methoxyphenyl)acrylic acid (3): A spectroscopic quality product was obtained by purifying the compound through recrystallization 

from 98% or absolute ethanol. off-white to orange crystalline solid (needles); Yield: 93%; Melting point, 180-182°C; IR (FTIR): 2550 cm–1, 

1672 cm–1, 821 cm–1 (δ ppm); 1HNMR (DMSO-d6, 90 MHz, δ ppm)=3.81 (s, 3H), 6.40 (d, J=16 Hz, 1H), 6.98 (d, J=8.7 Hz, 2H, CH), 7.58 (d, 

J=16 Hz, 1H) 7.65 (d, J=8.7 Hz, 2H, CH); 13C-NMR (75 MHz, DMSO-d6), δ=167.9, 161.0, 143.6, 130.1, 126.9, 116.5, 114.5, 55.2.; Mol. 

Formula: C10H10O3; MS (ESI): m/z (%) 179.06 (M+H); HRMS-EI: found: 178.0560, calculated: 178.0630. 
 
3-(3-Hydroxy-4-methoxy-phenyl)-acrylic acid/Ferulic acid (3): Yield: 93%; Melting point: 171-172°C; IR (FTIR): 1060 cm–1, 1490 cm–1, 

1628 cm–1, 2802 cm–1, 2834 cm–1, 2845 cm–1, 2916 cm–1, 2935 cm–1, 2970 cm–1, 3025 cm–1, 3260 cm–1; 1H-NMR (200 MHz, DMSO-d6), 

δ=12.17 (brs, 1H), 9.15 (brs, 1H), 7.43 (dd, J=15.8, 6.6 Hz, 1H), 6.99 (m, 3H), 6.23 (dd, J=15.8, 6.8 Hz, 1H), 3.79 ppm (s, 3H); 13C-NMR (75 

MHz, DMSO-d6), δ=168.29, 150.25, 147.09, 144.67, 127.53, 121.45, 116.70, 114.53, 112.33, 55.96; Formula: C10H10O4; MS (ESI): m/z (%) 

195.06 (M+H); HRMS-EI: found: 194.0500., calculated: 194.0570. 
 
General procedure for the synthesis of compound 6 
 
A mixture substituted cinnamic acid or ferulic acid (0.1 mol), Thiosemicarbazide (0.1 mol) in [Et3N H2SO4] ILs (20 mol %) and catalytic 

amount of acetic anhydride were added and heat at 80°C (TLC). To this Aromatic aldehyde (0.1 mol) was added and continuous heated at 85-

90°C for the appropriate time. Progress the reaction was monitored on TLC. After completion of reaction the reaction mixture was extracted 

with ethyl acetate/Et2O, the etheral layer was concentrated by rotary evaporator and the crude product was purified by the preparative thin-layer 

chromatography on silica gel using a mixture of petroleum ether and ethyl acetate as eluent to provide the corresponding pure products 6 (83-

90%) 
 
(E)-N-benzylidene-5-((E)-styryl)-1,3,4-thiadiazol-2-amine (6a): Yield: 90%; IR (FTIR): 1040 cm–1, 1470 cm–1, 1545 cm–1, 1560 cm–1, 1628 

cm–1, 2802 cm–1, 2832 cm–1, 2843 cm–1, 2928 cm–1, 2932 cm–1, 2970 cm–1, 3025 cm–1, 3078 cm–1, 3260 cm–1; 1H-NMR (200 MHz, DMSO-d6), 

δ=6.96 (2H, dd), 8.34 (1H, s), 7.62 (2H, d), 7.31-7.42 (3H, m), 7.53-782 5H, m); 13C-NMR (75 MHz, DMSO-d6), δ=6.95, 6.99, 7.33, 7.40, 7.40, 

7.60, 7.60, 7.52, 7.52, 7.52, 7.83, 7.83, 8.36; Formula: C17H13N3S; MS (ESI): m/z (%) 292.08 (M+H); HRMS-EI: found: 291.0780, calculated: 

291.0830.  
 
4-((E)-2-(5-((E)-benzylideneamino)-1,3,4-thiadiazol-2-yl)vinyl)-2-methoxyphenol (6j): Yield: 90%; IR (FTIR): 1040 cm–1, 1470 cm–1, 1545 

cm–1, 1560 cm–1, 1628 cm–1, 2802 cm–1, 2832 cm–1, 2843 cm–1, 2928 cm–1, 2932 cm–1, 2970 cm–1, 3025 cm–1, 3078 cm–1, 3260 cm–1; 1H-NMR 

(200 MHz, DMSO-d6), δ=6.96 (2H, dd), 8.34 (1H, s), 7.15 (1H, s), 7.11 (1H, d), 6.97 (1H, d), 5.34 (1H, s), 3.81 (3H, s), 7.51-7.83 (5H, m); 13C-

NMR (75 MHz, DMSO-d6), δ=3.83, 5.35, 6.95, 6.99, 6.99, 7.12, 7.16, 7.52,7.52, 7.52, 7.83, 7.83, 8.36.; Formula: C18H15N3O2S; MS (ESI): m/z 

(%) 338.08 (M+H).; HRMS-EI: found: 337.0794, calculated: 337.0854. 

 

RESULTS AND DISCUSSION 

 

Aim to prepare multi-component synthesis of acid containing Schiff base of 2-amino 1,3,4-thiadiazole (Figure 2) starting from easily available 

chemicals.  
 
At first, we optimized different base catalyst and catalyst free Table 1 for the model reaction of malonic acid (0.073 mol) and benzaldehyde 

(0.073 mol) in different bases such as Et3N, pyridine, piperidine, NaOAc, NaHCO3 and mixture of NaOAc+AcOH buffer solution under reflux 

condition Table 1. Herein we observed that in sodium acetate gave better yield at 100 min (Table 1, entry 5). If we added acetic acid in sodium 

acetate, the yield of products was increases as excellent in 90 min (Table 1). Thus all the chalcones derivatives were prepared from various 

aromatic aldehyde and vanillin in the mixture of sodium acetate and acetic acid (1:1) under reflux condition Table 2. 
 
Secondly, we screened various solvent like MeOH, EtOH, Tert. BuOH, Iso-pr. alcohol, H2O, THF, Toluene, CH3CN and also solvent free 

condition Table 3 for the model multicomponent reaction of cinnamic acid or ferulic acid (0.1 mol), thiosemicarbazide (0.1 mol), aromatic 

aldehyde (0.1 mol) in [Et3N H2SO4] ILs (20 mol%) and catalytic amount of acetic anhydride were heated at 80°C to reflux condition for the 

appropriate time (Table 3). Herein, we observed that at solvent free condition gave well to excellent yield with increasing temperature at 60-90 

or 100°C (Table 3 entry 9-13). Thus, all the derivatives of ferulic and cinnamic acids were synthesized under solvent free condition at 90°C in 

[Et3N H2SO4] ILs (20 mol %) at 50-55 min (Table 4). Progress the reaction was monitored on TLC. After completion of reaction the reaction 

mixture was extracted with ethyl acetate/Et2O, the etheral layer was concentrated by rotary evaporator and the crude product was purified by the 

preparative thin-layer chromatography on silica gel using a mixture of petroleum ether and ethyl acetate as eluent to provide the corresponding 

pure products 6 (83-90%) shown in Table 4. 
 

Table 1: Optimization of catalyst for the synthesis of compound 3a 

 

Entry Catalyst 
Time (min) Yielda (%) 

I II III I II III 

1 Without 50 80 120 0 0 0 

2 Et3N 50 80 100 0 40 40 

3 Pyridine 50 80 100 0 48 50 

4 Piperidine 50 80 100 0 35 40 

5 NaOAc 50 80 100 0 52 68 

6 NaOAc+AcOH 50 80 90 0 78 93 

7 NaHCO3 50 80 100 0 38 40 
aReaction Condition: Malonic acid (0.073 mol); sodium acetate and acetic acid (0.073 mol) (1:1) were mechanically stirr become to homogeneous (sticky solid) 

then substituted aromatic aldehyde (0.073 mol) was added and were reflux 
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Table 2: Synthesis of compound 3(a-j) 

 

S. No. Reactant Reactant Product Time (min) Yielda (%) 

1 

 

 
 

90 93 

2 

 

 
 

92 92 

3 

 

 
 

90 92 

4 

 

 
 

95 90 

5 

 

 
 

90 93 

6 

 

 

 

95 90 

7 

 
 

 

95 92 

8 

 
 

 

95 90 

9 

 
 

 

90 93 

10 

 
 

 

90 93 

aReaction Condition: Malonic acid (0.073 mol), sodium acetate and acetic acid (0.073 mol) (1:1) were mechanically stirr become to homogeneous (sticky solid) 

then substituted aromatic aldehyde (0.073 mol) was added and were reflux.; Yield: 90-93% 

 

Table 3: Optimization of solvent for the synthesis of compound 6 

 

S. No. Solvent Temperature (°C) Yieldb (%) 

1. MeOH Reflux 45 

2. EtOH Reflux 48 

3. Tert-BuOH Reflux 53 

4. Iso-pr. alcohol Reflux 50 

5. H2O Reflux 30 

6. THF Reflux 38 

7. Toluene Reflux 53 

8. CH3CN Reflux 49 

9. Solvent free 60 50 

10. Solvent free 70 68 

11. Solvent free 80 82 

12. Solvent free 90 90 

13. Solvent free 100 90 
bReaction condition: Cinnamic acid or ferulic acid (0.1 mol); Thiosemicarbazide (0.1 mol) in [Et3N H2SO4] ILs (20 mol %) and catalytic amount of acetic 

anhydride were added and heat to (TLC); To this Aromatic aldehyde (0.1 mol) 
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Table 4: Synthesis of compound 6 (a-j) 

 

S. No. Reactant Reactant Reactant t Product Time (min) Yieldb (%) 

1 

    
6a 

50 90 

2 

 
  

6b 

55 89 

3 

  

 6c 

52 86 

4 

 
 

  
6d 

50 90 

5 

  
 6e 

50 90 

6 

  

 
6f 

55 89 

7 

   
6g 

50 86 

8 

  
 6h 

55 83 

9 

   
6i 

50 90 

10 

   
6j 

55 90 

bReaction condition: Cinnamic acid or ferulic acid (0.1 mol); Thiosemicarbazide (0.1 mol) in [Et3N H2SO4] ILs (20 mole %) and catalytic amount of acetic 

anhydride were added and heat to (TLC); To this aromatic aldehyde (0.1 mol) was added and continuous heated at 85-90°C 

 

CONCLUSION 

 

We have successfully developed and easy green approach synthesis of N-benzylidene-5-(styryl)-1,3,4-thiadiazol-2-amine and 4-(-2-(5-(-

benzylideneamino)-1,3,4-thiadiazol-2-yl)vinyl)-2-methoxyphenol under the solvent free condition in Ionic Liquid (ILs) under conventional 

technique. The staring chemicals were easily available as aromatic aldehyde, acid, malonic acid and thiosemicarbazide. Further research is 

ongoing in our laboratory for the facile and eco-friendly synthesis of bioactive ‘Nitrogen’ and ‘Sulfur’ containing heterocyclic compounds and 

its derivative under the conventional and non-conventional technique. 

 



 Der Pharma Chemica, 2017, 9(23):12-17 Joshi Amol G et al.  
 

17  

 

REFERENCES 
 

[1] J. Goerdler, J. Ohm, O. Tegmeyer, Chemische. Berichte., 1956, 89, 1534-1543. 

[2] M.R. Stellings, A.P. Welbourn, D.S. Walter, J. Med. Chem., 1986, 29, 2280-2284. 

[3] A. Foroumadi, F. Solani, M.H. Moshafi, R. Ashraf-Askari, Farmaco., 2003, 58, 1023.  

[4] C.J. Chen, B.A. Song, S. Yang, G.F. Xu, P.S. Bhadury, L.H. Jin, D.Y. Hu, Li, Q.Z.F. Liu, W. Xue, P. Lu, Z. Chen, Bioorg. Med. Chem., 

2007, 15, 3981.  

[5] F. Poorrajab, S.K Ardestani, S. Emani, M. Behrouzi-Fardmoghadam, A. Shafiee, A. Foroumadi, Eur. J. Med. Chem., 2009, 44, 1758. 

[6] G. Kolavi, V. Hegde, I.A. Khazi, P. Gadad, Bioorg. Med. Chem., 2006, 14, 3069.  

[7] H.N. Hafez, M.I. Hegab, I.S. Ahmed-Farag, A.B.A. El-Gazzar, Bioorg. Med. Chem. Lett., 2008, 18, 538.  

[8] M. Yusuf, R.A. Khan, B. Ahmed, Bioorg. Med. Chem., 2008, 16, 8029. 

[9] H. Kaur, S. Kumar, P. Vishwakarma, M. Sharma, K.K. Saxena, A. Kumar, Eur. J. Med. Chem., 2010, 45, 2777.  

[10] V. Jatav, P. Mishra, S. Kashaw, J.P. Stables, Eur. J. Med. Chem., 2008, 43, 1945. 

[11] A.K. Gadad, S.S. Karki, V.G. Rajurkar, B.A. Bhongade, Drug. Res., 1999, 49, 858. 

[12] A. Senff Ribeiro, A. Echevarria, E.F. Silva, C.R. Franco, S.S. Veiga, M.B. Oliveira, Br. J. Cancer., 2004, 91, 297.  

[13] D. Kumar, N.M. Kumar, K.H. Chang, K. Shah, Eur. J. Med. Chem., 2010, 45, 4664.  

[14] R.F Asbury, A. Kramar, D.G. Haller, Am. J. Clin. Oncol., 1987, 10, 380.  

[15] P.J. Elson, L.K. Kvols, S.E. Vogl, D.J. Glover, R.G. Hahn, D.L. Trump, P.P. Carbone, J.D. Earle, T.E Davis, Invest. New. Drugs., 1988, 6, 

97.  

[16] G.Y. Locker, L. Kilton, J.D. Khandekar, T.E. Lad, R.H. Knop, K. Albain, R. Blough, S. French, A.B. Benson, Invest. New. Drugs., 1994, 

12, 299. 

[17] R.F. Asbury, J.A. Blessing, D.M. Smith, L.F. Carson, Am. J. Clin. Oncol., 1995, 18, 397. 

[18] K. Tsukamoto, M. Suno, K. Igarashi, Y. Kozai, Y. Sugino, Cancer. Res., 1975, 35, 2631. 

[19] C.T. Supuran, A. Scozzafava, Eur. J. Med. Chem., 2000, 35, 867. 

[20] F. Vergne, P. Bernardelli, E. Lorthiois, N. Pham, E. Proust, C. Oliveira, A.K. Mafroud, F. Royer, R. Wrigglesworth, J.K. Schellhaas, M.R. 

Barvian, F. Moreau, M. Idrissi, A. Tertre, B. Bertin, M. Coupe, P. Berna, Poulard, Bioorg. Med. Chem. Lett., 2004, 14, 4607.  

[21] H. Rajak, A. Agarawal, P. Parmar, B.S. Thakur, R. Veerasamy, P.C. Sharma, M.D. Kharya, Bioorg. Med. Chem. Lett., 2011, 21, 5735. 

[22] K.Y. Jung, S.K. Kim, Z.G. Gao, A.S. Gross, N. Melman, K.A. Jacobson, Y.C. Kim, Bioorg. Med. Chem., 2004, 12, 613. 

[23] A. Pandey, R. Rajavel, S. Chandraker, D. Dash, E. J. Chem., 2012 9 (4), 2524-2531. 

[24] S. Gaddeppa, K. Ramappa. Eur. J. Chem., 2011, 2(1), 94-99. 

[25] M. Al-Omar, A.A. Deeb, Al-Khamees, A.A. El-Eman, Phosphorus. Sulfur. Silicon. Relat. Elem., 2004, 179, 2509. 

[26] G. Mazzone, F. Bonina, G. Puglisi, R.R. Arrigo, C. Cosentino, Farmaco. Sci., 1982, 37, 685 700. 

[27] K. Singh, R. Parthsarty, K. Jyoti, G.I. Mishra J. Sci. Innov. Discoveries., 2011, 1(3), 353-361. 

[28] G.V.M. Sharma, J.J. Reddy, P.S. Lakshmi, P.R. Krishna, Tetrahedron. Lett., 2004, 45(41), 7729-7732. 

[29] L. Wu, X. Yang, X. Wang, F. Yan, J. Sulfur Chem.,2010, 31(6), 509-513.  

[30] M.A. Bigdeli, M.M. Heravi, G.H. Mahdavinia, Catal. Commun., 2007, 8(11), 1595-1598.  

[31] A.S. Nayak, N.V. Madhav, Acta. Chim. Pharm. Indica., 2014, 4(1), 63-67. 

[32] S. Jaiswal, S. Sigh, J. Engin. Res. Gen. Sci., 2014, 2(6), 166-173. 

[33] S. Gaddepp, K. Ramappa, Eur. J. Chem., 2011, 2(1), 94-99.  

[34] M. Al-Omar, A. Al-Deeb, Al-Khamees, A.A. El-Eman, Phosphorus. Sulfur. Silicon. Relat. Elem., 2004, 179, 2509. 

[35] M. Kidwai, Pure. App. Chem., 2001, 73(1), 147-151. 

[36] A.A. Aly, R. EL Syaed, Chem. Pap., 2006, 60, 1, 56-60. 

[37] Jalhan, Sunny, Jindal, A. Gupta, Asian. J. Pharm. Clinical Res., 2012, 164-169. 

[38] T. Welton, Chem. Rev., 1999, 99(8), 2071-2084. 

[39] N. Meine, F. Benedito, R. Rinaldi, Green. Chem., 2010, 12(10), 1711-1714. 

[40] S. Ahrens, A. Peritz, T. Strassner, Angew. Chem. Int. Ed., 2009, 48(42), 7908-7910. 

[41] [Z.N. Siddiqui, K. Khan, ACS. Sustainable. Chem. Eng., 2014, 2, 1187-1194. 

[42] A.M. Ghatole, K.R. Lanjewar, M.K. Gaidhane, K.M. Hatzade, Spectrochim. Acta. A. Mol. Biomol. Spectrosc., 2015, 151, 515-524. 

[43]D.D. Subhedar, M.H. Shaikh, L. Nawale, A. Yeware, D. Sarkar, B.B. Shingate, Res. Chem. Intermed., 2016, 1-20. 

[44] S.A. Jadhav, A.P. Sarkate, Mazahar Farooqui, D.B. Shinde, Synth. Commun., 2017. 

[45] S.A. Jadhav, R.K. Pardeshi, Bhagwansing Dobhal, O.S. Chavan, Chem. Biol. Interface., 2017, 7(1), 40-47. 

[46] A.G. Joshi, S.A. Jadhav, S.R. Vaidya, Heterocyc. Lett., 2017, 7(2), 303-311. 

[47] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, A.P. Sarkate, D.B. Shinde, Synth. Comm., 2016, 47, 4, 285-290. 

[48] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, A.P. Sarkate, D.B. Shinde, R.K. Pardeshi, Eur. J. Chem., 2015, 6, 4, 410-416. 

[49] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, A.P. Sarkate, F. Mazahar, D.B. Shinde, R.K. Pardeshi, Indian J. Heterocyc. Chem., 2016, 2(3-

4), 201-207. 

[50] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, A.P. Sarkate, D.B. Shinde, R.K. Pardeshi, Chem. Mater. Res., 2015, 7(8), 105-111. 

[51] S.A. Jadhav, A.P. Sarkate, A.V. Raut, D.B. Shinde, Res. Chem. Intermed., 2017, 1-17. 

[52] S.A. Jadhav, S.R. Vaidya. Heterocyc. Lett., 2017, 7(2), 493-498. 

[53] S.A. Jadhav, R.S. Dhamnaskar, M.G. Shioorkar, R.K. Pardeshi, Chem. Biol. Interface., 2017, 6(6), 397-404. 

[54] S.A. Jadhav, D.B. Shinde, F. Mazahar, R.K. Pardeshi, Chem. Biol. Interf., 2016, 6(3), 181-188.  

[55] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, D.B. Shinde, R.K. Pardeshi, Heterocyc. Lett., 2015, 5(3), 375-382.  

[56] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, R.K. Pardeshi, Chem. Biol. Interf., 2016, 6(2), 126-133.  

[57] S.A. Jadhav, R.K. Pardeshi, Heterocyc. Lett., 2016, 6(1), 75-82.  

[58] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, D.B. Shinde, R.K. Pardeshi, Der. Pharma. Chem., 2015, 7(5), 329-334. 

[59] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, R.K. Pardeshi, Eur. J. Pharm. Med. Res., 2016, 3(1), 233-238.  

[60] S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, R.K. Pardeshi, Elixir. Org. Chem. Int. J., 2016, 90, 37490-37495. 

[61] S.A. Jadhav, A.P. Sarkate, M.G. Shioorkar, R.K. Pardeshi, Synth. Commun., 2017. 


