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Abstract Thiosemicarbazones and their derivatives have a significant awareness in the organic field, 

pharmacology, and biology; appreciations to their various applications. Their interest in medicinal chemistry has 

stimulated word researchers the development of new methods for their synthesis, respecting also the fundamental 

principles of green chemistry. In this paper, we reporte the synthesis of cyclohexylphenylketone 

thiosemicarbazone P1 and cyclohexylphenylketone 4-phenyl-3-thiosemicarbazone P2 with goods yields (81% and 

85% respectively) and their pharmacokinetic properties determined theoretically. According to the results of the 

theoretical studies, it can be said that the bioavailability and bioactivity of compounds may be high. The evolution 

of the reaction is followed by TLC which allowed us to determine their frontal ratio Rf. Compounds structures 

have been characterised with the spectrometrical analysis methods (FT-IR, SM and specially 1H and 13C NMR). 

The results in the field of physical chemistry are more significant compared to the literature. Our synthesis 

conditions could explane the improvement of the reaction yield. 
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1. Introduction  

Thiosemicarbazones are synthesized by the use of simple and economical methods through the condensation 

reaction of thiosemicarbazides with various aldehydes and ketones [1]. They are a type of N, S-donor ligands, 

possessing an important position in therapeutic chemistry research because of their structural assortment, 

modifiable synthesis, and valuable donating ability [2]. Both the thiosemicarbazones and their coordination 

compounds are well known to exhibit a broad spectrum of medicinal and agrochemical activities [3]. They have 

a significant awareness in the organic field, pharmacology, and biology; appreciations to their various applications 

[4,5]. In particular, the Schiff base compounds involving the substitution of these nitrogen and sulfur bidentate 

ligands at their N1 position with heteroatom rings have been widely investigated as anticancer agents and their 

anticancer effects are mainly associated with the inhibition of the essential enzyme “ribonucleoside diphosphate 

reductase” that is involved in converting the ribonucleotides into deoxyribonucleotides amid DNA syntheses [6]. 

Recently, TSCs were rediscovered for their potent copper-dependent activity against multiple microbes [7,8]. 

Their interest in medicinal chemistry has stimulated in research the development of new methods for their 

synthesis. 
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In this study, we synthesized two thiosemicarbazone compounds from a well-developed protocol that allowed us 

to synthesize bioactive molecules under conditions respecting the principles of green chemistry by using non- or 

less hazardous reagents and solvents in order to improve reaction yields. 

 

2. Material and methods 

2.1. Apparatus  

Perkin-Elmer 457 spectrometer using KBr pellets was used for recording the IR spectra with frequences 

expressing in cm-1. 1H- and 13C-NMR spectrum was recorded on a Brucker Avance 400MHz spectrometer at 

ambient temperature. The processing parameters are at 400.1300109 MHz for 1H-NMR, and for 13C-NMR, at 

100.1316005 MHz. Compounds were dissolved in chloroform CDCl3. Chemical shifts are given in parts per 

million (ppm) relative to tetramethylsilane as internal standard. Multiplicity is designated as singlet (s) and 

multiplet (m). Mass spectrometry (MS) data were reported using a LCQ advantage mass spectrometer with a 

source at atmospheric pressure chemical ionization (APCI), mode [MH+]. All compounds were homogenous under 

TLC conditions. 

 

2.2. Reagents  

The 4-phenyl-3-thiosemicarbazide was synthesised from reaction of hydrazine and phenylisothiocyanate on our 

laboratory and used on cyclohexylphenylketone purchased from Sigma Aldrich, Janssen Chimica and Fluka AG-

Buchs SG. The glacial acetic acid (AAG), hexane and ethylacetate used in the reactions were obtained from 

PROLABO and Sigma Aldrich. We used technical ethanol as solvent at the reaction. All reagents were used 

without other purifying. Compounds were synthesized via the following synthesis route (scheme 1). 

 

2.3. Methods  

Preparation of the 4-phenyl-3-thiosemicarbazide [9,10] 

In a 100 mL round-bottomed flask, place 3.5 g of hydrazine hydrate in 40 mL of ethanol. Prepare a solution of 

phenylisothiocyanate (7.5 g) in 30 mL of ethanol and transfer it to a dropping funnel. Place the "flask and 

ampoule" system in an ice bath and keep it stirred while adding the phenylisothiocyanate solution dropwise. Leave 

to stir for a further hour, filter off the precipitate obtained and recrystallize it from technical ethanol. 

 

Synthesis of compounds 

Thiosemicarbazone (P1) and 4-phenyl-3-thiosemicarbazone (P2) of cyclohexylphenylketone were synthesised 

using the protocol described in our last publications [9,11]. 

An equimolar mixture (0.01 mol) of thiosemicarbazide or 4-phenyl-3-thiosemicarbazide dissolved in 10-20 mL of 

ethanol (EtOH 96°) was added slowly to a solution (0.01 mol) of cyclohexylphenylketone dissolved in 20 mL of 

EtOH in presence of glacial acetic acid (GAA, 1.5 mL). The mixture was heated at reflux (80°C) for 4 hours with 

stirring. The progress of the reaction is followed by TLC using a mixture of eluent consisting of hexane and ethyl 

acetate in various proportions. After cooling, the precipitate was filtered, washed with cold distilled water until 

neutrality, dried and then recrystallized in technical ethanol and dried. 
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Scheme 1: Synthetic route of compounds 

 

3. Results and Discussion 

Products were synthetisised with goods yieds (P1 : 81% ; P2 : 85%). These synthesised yields were hight than that 

obtenaid by Kassehin et al. (2013), 76%, when they used an aniline and a concentrated hydrochloric acid in 
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methanol [12]. In our study, we used solvents respecting the fundamental principles of green chemistry. Indeed, 

methanol, aniline and hydrochloric acid that others have used are more dangerous reagents than those that we 

have used. We have not only improved the yields of reactions but we have also respected the conditions of 

Designing synthesis routes less dangerous for both Humans and the environment, Favouring the use of non-

polluting solvents or even the absence of solvent when it is possible [13-15]. 

The theoretical study (rules of Lipinsky et al.) based on the structure of the products showed the pharmacokinetic 

properties [16] mentioned in the table. 

Table 1: Theoretical pharmacokinetic and drug availability study 

Compounds  Molecular 

weight (g.mol-1) 

C logP 

(lipophilicity) 

Number of H-

bond donors 

Number of H-

bond acceptors 

Number of 

criteria met 

Rules < 500 < 5 ≤ 5 < 10 at least 3 

P1 261.39 4.432 3 4 all 

P2 337.48 6.102 2 4 3 

Compounds were characterized by spectrometrical analysis methods. 

 

Characterization  

Cyclohexylphenylketone thiosemicarbazone (P1) 

N

HN

S

NH2

 
White crystal : 81%. TLC : Rf (AcOEt/Hex, 7/3) = 0.61 

IR (KBr,  in cm-1) : 3357, 3243 (NH2); 3145 (NH); 1624 (C=N); 1113, 1036, 857 (N-CS-N). 
1H NMR (CDCl3,  in ppm) : 9.1 (s, 1H, NH) ; 8.35 (s, 2H, NH2) ; 7.2-7.6 (m, 5H, H-Ar), 1.51-1.87 (m, 10H, H-

cyclohexyl). 
13C NMR (CDCl3,  in ppm) : 179.67 (C=S) ; 156.37 (C=N) ; 133.12, 129.87, 128.85, 127.59 (C-Ar) ; 43.95, 

31.47, 26.01, 25.97 (C-cyclohexyl). 

MS (m/z of [M-H+]) = 262.17. Formula : C14H19N3S. 

Cyclohexylphenylketone 4-phenyl-3-thiosemicarbazone (P2) 

N

HN

S

HN

 
White crystal : 85%. TLC : Rf (AcOEt/Hex, 7/3) = 0.53 

IR (KBr,  in cm-1) : 3388, 3178 (NH); 1597 (C=N); 1127, 1061, 897 (N-CS-N). 
1H NMR (CDCl3,  in ppm) : 9.4 (s, 1H, NH) ; 8.5 (s, 1H, NH) ; 7.1-7.7 (m, 10H, H-Ar), 1.5-1.85 (m, 10H, H-

cyclohexyl). 
13C NMR (CDCl3,  in ppm) : 176.03 (C=S) ; 157.74 (C=N) ; 138.03, 132.72, 129.87, 129.70, 128.75, 127.09, 

125.96, 124.22 (C-Ar) ; 45.88, 30.44, 26.02, 25.98 (C-cyclohexyl). 

MS (m/z of [M-H+]) = 338.29. Formula : C20H23N3S. 

The analysis of the data in the table showed that products respected criteria of pharmacocinetic properties met and 

then could be able to have biological activities (P1, all criteria and P2, 3 criteria and more lipophilic). Compounds 
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have physical properties compatible with reasonable pharmacokinetics and drug availability. The scaffold 

(scheme 1) has some advantageous properties: low molecular weight, reasonable C.logP, good hydrogen bond 

donating and accepting capabilities (Table), easy and economical synthetic routes [16]. 

Spectrometrical data showed the signicant results. IR gave the frequency of fonctional groups in each products, 

especially the C = N fonction which is formed during reaction (1624 cm-1 for P1 and 1594 cm-1 for P2). These 

results are consistent with our previously works [9-11]. The pics of C-imine function (C=N) of products appeared 

at 156.37 and 157.74 ppm respectively in 13C NMR. We noted the disparition of the pic of C=O in the ketone 

compound which is at 202 ppm. This result confirms the obtaining of the reaction products. 1H NMR specta 

analysis presented characteristic proton which appeared, especially the H-N in molecules’ structure. These results 

confirm the previously works in the littérature [17,18]. The analysis these spectral data confirms generaly the 

structure of each molecule synthesized. 

 

4. Conclusion  

We have synthesised two molecules such as cyclohexylphenylketone thiosemicarbazone (P1) and 

cyclohexylphenylketone 4-phenyl-3-thiosemicarbazone (P2) in the green chemistry condition with the 

improvement reaction yield. All products showed physical properties compatible with reasonable 

pharmacokinetics and drug availability and will be subjected to biological properties in the futur. 
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