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Abstract Thiosemicarbazones have become one of the

promising compounds as new clinical candidates due to

their wide spectrum of pharmaceutical activities. The wide

range of their biological activities depends generally on

their related aldehyde or ketone groups. Here, we report the

pharmacological activities of some thiosemicarbazones

synthesized in this work. Benzophenone and derivatives

were used with N(4)-phenyl-3-thiosemicarbazide to syn-

thesize corresponding five thiosemicarbazones (1–5). Their

structures were characterized by spectrometrical methods

analysis IR, NMR 1H & 13C and MS. The compounds were

then screened in vitro for their antiparasitic activity and

toxicity on Trypanosoma brucei brucei and Artemia salina

Leach respectively. The selectivity index of each com-

pound was also determined. Four thiosemicarbazones such

as 4, 2, 3 and 1 reveal interesting trypanocidal activities

with their half inhibitory concentration (IC50) equal to 2.76,

2.83, 3.86 and 8.48 lM respectively, while compound 5

(IC50 = 12.16 lM) showed a moderate anti-trypanosomal

activity on parasite. In toxicity test, except compound 1,

which showed a half lethal concentration LC50 [281 lM,

the others exerted toxic effect on larvae with LC50 of 5.56,

13.62, 14.55 and 42.50 lM respectively for thiosemicar-

bazones 4, 5, 3 and 2. In agreement to their selectivity

index, which is greater than 1 (SI [1), these compounds

clearly displayed significant selective pharmaceutical

activities on the parasite tested. The thiosemicarbazones

2–5 that displayed significant anti-trypanosomal and cy-

toxicity activities are suggested to have anti-neoplastic and

anti-cancer activities.

Keywords Synthesis � N(4)-phenyl-3-

thiosemicarbazones � Pharmacological activities � Toxicity

Introduction

African trypanosomiasis is a parasitic disease that affects a

variety of mammals, including humans, on the sub-Saharan

African continent. The main agents of disease are members

of the orders Kinetoplastida (Trypanosoma, etc.). Trypan-

osoma brucei is the etiological agent responsible for

African trypanosomiasis, an infectious pathology which

represents a serious problem of public health and economic

losses in Sub-Saharan Africa [1]. Animal African try-

panosomiasis (AAT), known for its ravages in several parts

of agro-ecological zones [2, 3], is one of the greatest

constraints of livestock and agricultural production result-

ing in profound effects on the economy, social structure

and quality of life in endemic areas of Africa [4, 5]. Human
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microbiologie, département de biochimie et biologie cellulaire,
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African trypanosomiasis (HAT) in association with the

animal form (Nagana) caused by Trypanosoma brucei

brucei (T. b. brucei) are responsible for considerable death

in Africa. These parasites are one of the major threats to the

public, farmers, ranchers, and hunters in sub-Saharan

Africa [5–9]. Sleeping sickness caused by this parasite

remains the biggest obstacle to rural development in Africa

[5]. There is therefore a great need to develop new com-

pounds that could be exploited as new drugs to efficiently

treat this recurring disease. It is of critical importance to

establish new methods to rapidly design bioactive com-

pounds to fight off the sleeping sickness disease.

In this regard, a class of small molecules, thiosemicar-

bazones and derivatives, have been studied over the last

few years due to their wide pharmacological versatility [10,

11] such as potential activities against microbial and par-

asitic diseases: antineoplastic, antivirals and as anticancer

therapeutics [12–15], antimicrobial [16, 17], anticonvulsant

[18], antibacterial [19], antioxidant [20], anti-amoebic [21],

anti-malarial [22], as well as for their parasiticidal action

[4, 23–28]. They represent validated drug leads that kill

several species of protozoan parasites through the inhibi-

tion of cysteine proteases as well as other novel targets

[27]. In our previous research, we synthesized thiosemi-

carbazones which have revealed potential trypanocidal

activity against the parasite, T. b. brucei, responsible for

AAT [4, 25–27].

In this work, we synthesized N(4)-phenyl-3-thiosemi-

carbazones of benzophenone and its substituted derivatives

by the groups amino in ortho, hydroxy in ortho and para

and chlorine in meta positions. The compounds were

analyzed for their antitrypanosomal activity against

T. b. brucei and their toxicity on larvae shrimp, Artemia

salina Leach. The potential of these compounds as anti-

cancer agents is here also highlighted.

Materials and methods

Equipment

All synthesized compounds were characterized by NMR

spectra using Bruker Avance 400 UltraSheild with

dimethylsufoxide (DMSO)-d6 or CDCl3 and then MS using

the method of Atmospheric-pressure chemical ionization. The

frequencies for 1H and 13C are 400.130 and 100.612 MHz

respectively. Chemical shifts are given in parts per million

(ppm) relative to tetramethylsilane as internal standard.

Multiplicity was designated as singlet (s) and multiplet (m).

Their melting points were taken on a fusionometer of the type

electrothermal 1A 9000 and were not corrected.

Reagents

The 4-phenyl-3-thiosemicarbazide obtained from AAL-

DRICHR was used on benzophenone, 2-aminobenzophenone,

2-hydroxybenzophenone, 4-hydroxybenzophenone, glacial

acetic acid (GAA) and 2-amino-5-chlorobenzophenone pur-

chased from PROLABO and MERCK-Schuchardt. The

hydrochloric acid 37 % and the glacial acetic acid (GAA)

used in the reactions was obtained from Riedel-de Haën. All

products were used without purifying. Compounds were

synthesized via the synthesis route detailed in Fig. 1.

Methods

Synthesis of the compounds

An equimolar mixture (1.67 g, 0.01 mol) of 4-phenyl-3-thio-

semicarbazide dissolved in 10 mL ethanol (EtOH 96�) was

added slowly to a solution (0.01 mol) of arylketone dissolved

in 20–30 mL EtOH in presence of acid (1 N HCl or GAA). The

mixture was heated at reflux for 4 h with stirring. After cool-

ing, the precipitate was filtered, washed with cold distilled

water until neutrality, dried and then recrystallized in ethanol.

The synthesized compounds were tested for their anti-

trypanosomal activity on strain 427 of T. b. brucei and

screened for cytotoxicity on A. salina Leach.

Pharmacological property characterization

of the compounds

Anti-trypanosomal activity

The activity of the compounds was assessed on blood-

stream of T. b. brucei strain 427 according to ‘‘LILIT

C
NH NH

S
O H2N

R1
R2

R3

+ HCl or GAA

EtOH
C

NH NH

S

N

R1
R2

R3

Fig. 1 Synthetic routes of 4-phenyl-3-thiosemicarbazones (scaffold). Compound 1: R1 = R2 = R3 = H; Compound 2: R1 = NH2,

R2 = R3 = H; Compound 3: R1 = OH, R2 = R3 = H; Compound 4: R1 = R3 = H, R2 = OH; Compound 5: R1 = NH2, R2 = H, R3 = Cl
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Alamar BlueTM’’ method [29–31]. Briefly, healthy cell will

be monitored through this method using Alamar Blue� cell

viability reagent, which functions as healthy cell indicator

by using the reducing power of living cells to quantitatively

measure the proliferation of various human and animal cell

lines. This method will allow the establishment of relative

cytotoxicity of agents within various classes of chemical

compounds. Resazurin, the active ingredient of Alamar

Blue� reagent, is a non-toxic, cell permeable compound

that is blue in color and virtually non-fluorescent. Upon

entering cells, resazurin is reduced to resorufin, a red

and highly fluorescent compound. Viable cells continu-

ously convert resazurin to resorufin, increasing the overall

fluorescence and reddish color of the media surrounding

cells.

The stock solutions of thiosemicarbazones were pre-

pared from an initial concentration of 10 mg/mL in DMSO.

The trypanosomes were grown in a medium containing

10 % of heat-inactivated fetal calf serum and bloodstream

form supporting factor. The trypanosome suspensions were

adjusted to 5 9 104 tryp/mL. In each well, 50 lL of dif-

ferent dilutions of the stock solution were added to 50 lL

of suspension of trypanosomes. The plates were then

incubated at 37 �C for 72 h in an atmosphere with 5 %

CO2. 10 lL of ‘‘Alamar BlueTM’’ is added to each well and

then incubated for 4 h for detecting enzymatic activity. The

MIC is represented by the minimal concentration of thio-

semicarbazone that inhibits the proliferation of trypano-

somes. The plate reading is made in comparison with

control wells on a fluorescence plate reader using an

excitation wavelength of 530 nm and an emission wave-

length of 590 nm.

Cytotoxicity screen

The cytotoxicity test was performed on larvae of brine

shrimp (A. salina Leach) by the method of Michael

et al. [32] and modified by Vanhaecke et al. [33] and by

Sleet and Brendel [34]. A. salina eggs were incubated

in seawater until hatching of young larvae (48 h). Then,

series of solutions of test substances at varying concen-

trations were prepared in DMSO/seawater. A defined

number of larvae were introduced into each solution

and incubated under rocking condition for 24 h. To eval-

uate the toxicity of the solution, counting of larvae viability

was performed under microscope by determining the

number of dead larvae in each solution. In the case where

there was death in the control medium, the data was cor-

rected by Abbott’s formula: % death = [(test - control)/

control)] 9 100 [35].

Data (dose–response) were transformed by logarithm

and the half-lethal concentration LC50 was determined by

linear regression [36]. Tests were carried out in triplicates.

All data were expressed as mean ± standard deviation of

triplicate measurements.

Results and discussion

Chemistry characteristics of the compounds

We synthesized five N(4)-phenyl-substituted thiosemicarba-

zones with good yields: benzophenone 4-phenyl-3-thiosemi-

carbazone (1), 2-aminobenzophenone 4-phenyl-3-

thiosemicarbazone (2), 2-hydroxybenzophenone 4-phenyl-3-

thiosemicarbazone (3), 4-hydroxybenzophenone 4-phenyl-3-

thiosemicarbazone (4) and 2-amino-5-chlorobenzophenone

4-phenyl-3-thiosemicarbazone (5). Spectrometrical analysis:

NMR 1H & 13C were used to characterize the structure of each

molecule. The scaffold (Fig. 1) has advantageous properties:

low molecular weight, reasonable ClogP, good hydrogen

bond donating and accepting capabilities (Table 1), easy and

economical synthetic routes [37].

Characterization of synthetic compounds

Benzophenone 4-phenyl-3-thiosemicarbazone (1)

Synthesis was done using 5 mL of hydrochloric acid (1 N).

Rf (hexane/ethyl acetate, v/v: 8/2): 0.55. Yield: 82 %; m.p:

153–154 �C; 13C NMR (DMSO-d6, d in ppm): 175.47

(C=S), 149.22 (C=N), 137.11, 135.73, 130.49, 129.65,

129.15, 128.02, 127.75, 125.38 (C-aromatics); 1H NMR

(CDCl3, d in ppm): 9.45 (s, 1H, =NNH–), 8.75 (s, 1H,

CSNH-Ph), 7.60–7.25 (m, 15H, H-aromatics). SM m/z

[MH?]found: 332.02, [M]theoretical: 331.11. Molecular

formula: C20H17N3S.

2-Aminobenzophenone 4-phenyl-3-thiosemicarbazone (2)

Synthesis was done using 5 mL of hydrochloric acid (1 N).

Rf (hexane/ethyl acetate, v/v: 8/2): 0.29. Yield: 73 %; m.p:

Table 1 Synthetic molecules have physical properties compatible

with reasonable pharmacokinetics and drug availability

Molecular

weight

ClogP No. of H

bond

donors

No. of H

bond

acceptors

No. of

criteria

met

Rule \500 \5 \5 \10 At least 3

1 331 5.400 2 3 3

2 346 4.673 4 4 All

3 347 5.263 3 4 3

4 347 5.263 3 4 3

5 380.5 5.509 4 4 3
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136–137 �C; 13C NMR (CDCl3, d in ppm): 176.07 (C=S),

143.74 (C=N), 148.30, 137.91, 135.63, 131.76, 130.51,

129.96, 129.57, 128.86, 127.58, 126.21, 124.33, 119.37,

116.80, 115.49. (C-aromatics); 1H NMR (CDCl3, d in

ppm): 10.30 (s, 1H, =NNH–), 8.87 (s, 1H, CSNH-Ph), 6.87

& 6.70 (s, 2H, NH2), 7.75–7.17 (m, 14H, H-aromatics). SM

m/z [MH?] found: 347.39, [M] theoretical: 346.43.

Molecular formula: C20H18N4S.

2-Hydroxybenzophenone 4-phenyl-3-thiosemicarbazone

(3)

Synthesis was done using 5 mL of hydrochloric acid (1 N)

Rf (hexane/ethyl acetate, v/v: 6/4): 0.68. Yield: 57 %; m.p:

186–187 �C 13C NMR (CDCl3, d in ppm): 176.03 (C=S),

148.26 (C=N), 154.56, 138.92, 133.12, 131.67, 129.77,

129.66, 128.53, 128.23, 127.66, 126.10, 125.75, 124.05,

117.69, 116.53 (C- aromatics); 1H NMR (CDCl3, d in

ppm): 10.50 (s, 1H, =NNH–), 10.21 (s, 1H, CSNH-Ph),

8.70 (s, 1H, OH), 7.80–7.00 (m, 14H, H-aromatics). SM

m/z [MH?]found: 348.41, [M]theoretical: 347.43. Molec-

ular formula: C20H17N3OS.

4-Hydroxybenzophenone 4-phenyl-3-thiosemicarbazone

(4)

Synthesis was done using 2 mL of glacial acetic acid. Rf

(hexane/ethyl acetate, v/v: 7/3): 0.46. Yield: 65 %; m.p:

172–173 �C; 13C NMR (CDCl3, d in ppm): 175.75 (C=S),

150.33 (C=N), 159.04, 136.72, 131.70, 130.00, 129.89,

129.79, 128.30, 128.25, 127.07, 125.95, 125.60, 121.34,

116.48 (C- aromatics); 1H NMR (CDCl3, d in ppm): 10.30

(1H, =NNH–), 9.90 (1H, CSNH-Ph), 8.80 (1H, OH),

7.70–6.70 (m, 14H, H-aromatics). SM m/z [MH?]found:

348.41, [M]theoretical: 347.43. Molecular formula:

C20H17N3OS.

2-Amino-5-chlorobenzophenone 4-phenyl-3-

thiosemicarbazone (5)

Synthesis was done using 5 mL of hydrochloric acid (1 N).

Rf (hexane/ethyl acetate, v/v: 8/2): 0.29. Yield: 53 %; m.p:

143–144 �C; 13C NMR (DMSO-d6, d in ppm): 176.79

(C=S), 150.47 (C=N), 144.20, 136.95, 132.08, 131.51,

131.29, 129.86, 129.56, 128.75, 126.18, 124.38, 118.90,

116.98 (C-aromatics); 1H NMR (CDCl3, d in ppm): 10.30

(s, 1H, =NNH–), 9.00 (s, 1H, CSNH-Ph), 6.78 & 6.35 (s,

2H, NH2), 7.70–6.90 (m, 13H, H-aromatics). SM m/z

[MH?]found: 381.87, [M]theoretical: 380.89. Molecular

formula: C20H17ClN4S.

The spectrometrical analysis data gave: in 13C NMR

spectra, peaks of C=S from 176.79 to 175.47 ppm and of

C=N between 150.47 and 143.74 ppm in all molecules. All

aromatics carbons of the compounds ranged from 159.04 to

115.49 ppm. 1H NMR spectra gave the characteristic protons

in each structure: signals of protons (=NNH–) were identified

between 10.50 and 9.45 ppm, protons in (CSNH-Ph) appear

from 10.21 to 8.75 ppm in all compounds; in the products 3

and 4 the signal of the typical proton HO was shown

respectively at 8.70 and 8.80 ppm; protons in the amino

group H2N in molecules 2 and 5 respectively were identified

at 6.87 and 6.70 and 6.78 and 6.35 ppm. Aromatics protons

in the compounds were obtained between 7.80 and 6.70 ppm.

It is worth mentioning that substituents used here, OH and

NH2 are both electron donating when in the ortho and para

positions. Compound 5, which lies at the end of the physi-

ological scales, has a meta-Cl substituent which is electron

withdrawing. The analysis of these spectral data further

confirms the structure of each molecule synthesized.

Pharmacology tests

Trypanocidal and cytotoxicity assays of products gave the

results summarized in Table 2. We note that compounds

present interesting activity. On the parasites, four molecules

(1–4) revealed a high trypanocidal effect (IC50 \10 lM).

Only product 5 (IC50 = 12.16 lM) showed a moderate

anti-trypanosomal activity. These results are consistent with

the scale of trypanocidal activity established in the previous

works [4, 24, 26–29]. According to previous studies, thio-

semicarbazones are trypanocidal when their IC50 values are

lower than 10 lM, and are regarded as moderate anti-try-

panosomal agents if these values are between 10 and

Table 2 Pharmacological activities of thiosemicarbazones

No. Half-inhibitory

concentration IC50 (lM)

Anti-trypanosomal

activities

Half-lethal concentration

LC50 (lM)

Toxic

activities

Selectivity index

(SI = LC50/IC50)

1 8.48 ± 0.89 Trypanocidal 366.76 ± 0.02 Not toxic 43.25

2 2.83 ± 0.17 Trypanocidal 42.50 ± 1.19 Toxic 15.01

3 3.86 ± 0.86 Trypanocidal 14.55 ± 1.32 Toxic 3.76

4 2.76 ± 1.00 Trypanocidal 5.56 ± 0.63 Toxic 2.01

5 12.16 ± 0.44 Moderate 13.62 ± 2.17 Toxic 1.12
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100 lM, and have little or no activity when their IC50 are

higher than 100 lM.

In order to assess the functional characteristics of the

chemical compound structures, we performed different

substitutions on the chemical core structure of the mole-

cules. We observed that a mono-substitution of H by an

amino or hydroxy group in compound structure 1, resulting

in the synthesis of products 2–4 significantly enhanced the

trypanocidal activity of these products (2–4) (MIC = 2.83,

3.86 and 2.76 respectively) compared to product 1 with

MIC = 8.48 lM). These IC50 values were found to be two

to three time lower in the mono-substituted compound

products (2–4) compared to un-substituted compound 1.

Furthermore, it is evident from this data that the substitution

of hydroxy group in the para position was the best trypan-

ocidal compound, i.e., product 4 (MIC = 2.76 lM). The

ortho positions (3, o-hydroxy, and to 2 o-amino) were also

more actives than un-substituted compound 1 as summa-

rized in Table 2. Comparing the hydroxy-substitution on

compound products 3 and 4, the para-substitution resulted in

stronger trypanocidal activity. This could be explained by

the steric effect of OH in ortho position as suggested by the

different MIC values recorded for these two compounds

(LC50 values: p-OH 2.76 and o-OH 3.86 lM).

Normally the cytotoxicity referred value of synthesized

thiosemicarbazones on A. salina L. known as lethal half-

concentration of lapachol (LC50) are reported to be

LC50 = 281 lM [38, 39]. Our different LC50 values

obtained using the synthesized products (1–5) exhibited a

stronger cytotoxicity activity than lapachol with the

exception of compound 1 (LC50 = 366.76 lM). Com-

pounds 4, 5, 3 and 2 displayed the following LC50 = 5.56;

13.62; 14.55 and 42.50 lM on exerted a significant toxic

activity on studied (5.56, 13.62, 14.55 and 42.50 lM shrimp

larvae respectively (Table 2). Shrimp larvae were selected

in this study as biological model. Indeed, there is a corre-

lation between the toxicity of the compounds on shrimp

larvae and their cytotoxicity on 9KB and 9PS cells (human

carcinoma nasopharygien) [40], and on A-549 cells of lung

carcinoma and HT-29 cells of colon carcinoma [41].

Our data showed that compounds 2 and 5 displayed both

trypanocidal and cytotoxicity activity opening therefore an

avenue to consider these two compounds as potential

candidate in the treatment of tumors diseases and could

present a potential anti-neoplastic activity [38]. In addition,

we noticed that the most strongly trypanocidal compounds

were also the most cytotoxic.

Conclusion

We reported in this paper, a series of 4-phenyl-3-thiosemi-

carbazone synthesized with arylketones like benzophenone

and its derivatives. When subjected to pharmacological

study, these compounds revealed interesting anti-trypanos-

omal activity with low IC50 between 2.76 and 12.16 lM. In

mass spectrometry, mass of each molecular ion peak (parent

peak) obtained is very consistent and comparable to the

theoretically estimated mass. Compounds 4, 5, 3 and 2 dis-

played the following LC50 = 5.56; 13.62; 14.55 and

42.50 lM and displayed a significant toxic activity on the

shrimp larvae respectively (Table 2). Except compound 1,

the other molecules have very toxic effects on A.

salina larvae (LC50 \281 lM). Their selectivity indexes

were greater than a unit (SI[1). Also, the molecules (2 and 5)

which were more trypanocidal were also more cytotoxic and

could therefore offer a promising avenue in the treatment of

tumoral diseases.
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