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ABSTRACT  
 
 This work aims to synthesize, characterize of thioamides benzaldehyde and 4-
(dimethylamino)benzaldehyde and assess their in votrotrypanocidal activity and totoxicity.  
The Willgerodt-Kindler reaction preferred for the synthesis of thioamides morpholin-4-yl (phenyl) 
methanethione 1 and [4 - (dimethylamino) phenyl] - (morpholin-4-yl) methanethione 2, is 
catalyzed with montmorillonite K-10 and in a microwave oven. The structures of the thioamides 
were characterized and confirmed by IR spectrometry, nuclear magnetic resonance (1H and 13C 
NMR) and mass spectrometry (MS) Their trypanocidal activity was evaluated in the blood stream 
form of the strain of Trypanosoma brucei brucei 427 using the "Lilit, Alamar Blue" (Baltz et al., 
1985; Hirumi et al., 1994; Räz et al., 1997) and cytotoxicity on brine shrimp larvae (Artemia 
salina Leach) using the method of Michael et al. (1956) resumed by Vanhaecke et al. (1981) and 
Sleet and Brendel (1983).  The compounds1 (IC50> 483.09 M) and 2 (IC50> 400 M) have weak 
trypanocidal activities. However the larvae were sensitive to 2 (LD50 = 214 ± 9 M) and therefore 
it could be used in cancer treatment.  
 
 
Keywords: Willgerodt-Kindler, Montmorillonite K-10, morpholin-4-yl (phenyl)-methanethione, 
[4-(di-methylamino) phenyl] (morpholin-4-yl) methanethione, Artemia salina Leach, trypanocidal 

 INTRODUCTION 
 
 The thiobenzamides are interesting molecules in medicinal chemistry. Previous studies 
revealed their antifungal and antibacterial properties (Matysiak et al., 2000). They are inhibitors of 
aldose reductase (Sestani et al., 1984) and estrogen receptor antagonists (Stauffer et al., 2000; 
Waisser et al., 2000). However, the bibliography is not case of their antitrypanosomal activity. The 
trypanosome is a protozoan parasite responsible for Chagas disease. One of its species, 
Trypanosoma brucei causes the human African trypanosomiasis and livestock respectively in 
humans and animals in Africa. The World Health Organisation (WHO), estimated over 250 homes 
active mostly in sub-Saharan Africa in some member states of the WHO African region and 
Sudan. 
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Moreover, the estimates made in 2006 give a variation from 50,000 
to 70,000 of people infected (WHO, 2006). After incessant efforts 
to reduce this disease, the number of cases reported in 2009 fell 
below 10,000 for the first time in 50 years. However, the number 
of actual cases is currently estimated at 30000 people (WHO, 
2010).  Animal trypanosomiasis due to Trypanosoma brucei brucei 
(Kuboki et al., 2003; Darsaud et al., 2004) and affecting domestic 
animals is a major obstacle to economic development in affected 
rural areas. Drugs needed to treat these parasitic diseases are 
inaccessible to all populations and also present in some cases 
significant risk of toxicity (Aguiarre et al., 2004). Several synthesis 
methods have been developed to give the pharmacological 
properties of thioamides and require a validated reaction of 
Willgerodt-Kindler (WK) (Nihed, 2009). This reaction is a known 
method for the synthesis of thioamides (Amupitan et al., 1983). It 
consists in condensation of the carbonyl compound with an amine 
in the presence of sulphur (Kawai et al., 1999). This reaction was 
performed for the first time by Willgerodt in 1887 by transforming 
a terminal amide carbonyl compound into a salt (NH4)2S (Brown, 
1975; Willgerodt, 1887). In 1923, Karl Kindler suggested a 
modification of this reaction by using sulphur and an amine such as 
morpholine on the carbonyl compound thus leading to the 
thioamide (Kindler, 1923; DeTar et al., 1946). (Scheme 1). 
 This reaction has been the subject of several studies on the 
optimal conditions.  
 Carlson et al, 1986 and 1987 showed the influence of 
solvents, the substrate structure and the structure of the amine 
reagent to know about the optimum conditions. 
 Recently, Gbaguidi et al. (2010) showed that an acid 
catalyst such as montmorillonite K-10 also participates in optimal 
conditions during its use for the synthesis of 1-morpholino-2-
(naphthalen-1-yl) éthanethione. The microwave technology used in 
chemistry since the 1970s (Sarjani et al., 2010) is applied to the 
reaction of WK. This technology promotes a decrease in the 
formation of H2S and a reduction in the reaction time (Poupaert et 
al., 2004). The aim of this work is to synthesize thiobenzamides by 
Willgerodt-Kindler reaction with microwave technology, to 
confirm their structures and to assess their antitrypanosomial  
activity and their toxicity against Artemia salina Leach. 
 
MATERIALS AND METHODS  
Chemistry  
General Technical  
 The synthesis were made with radiation in a microwave 
oven "type Brandt  MO  18T   (940W, 2450MHz).   TLC   analyses  
 

 
 
 
 
 
 
 
 
 
were performed using silica gel pre coated plates. The evaporation 
of volatile solutions using a rotary evaporator (Laborota Heidolph 
type 4000-efficient Melting points of the products were taken on a 
fusionometer of the type electrothermal 1A 9000 and are 
uncorrected. The IR spectra were recorded with a 
spectrophotometer Perkin-Elmer FTIR 286. The NMR spectra 
were performed and recorded with a Bruker type 400 MHz for 
proton and 100 MHz 1H to 13C in CDCl3 (chloroform). Mass 
spectra were performed using a LCQ advantage mass spectrometer 
(Thermo Fisher Scientific) with a source at atmospheric pressure 
chemical ionization (APCI) in positive mode.  
 
Reagents and catalyst 
 benzaldehyde, 4-(dimethylamino)benzaldehyde, sulphur, 
morpholine, montmorillonite K-10, dimethylformamide (DMF), 
ethyl acetate, ethanol, n-hexane, magnesium sulphate were 
obtained from Prolabo, Acros Organics and Sigma-Aldrich. 
Montmorillonite K-10 used for the acid catalysis of the reaction is 
a commercial clay obtained by acidification of natural 
montmorillonite smectite group belonging to the family of 
phyllosilicates of formula (Na, Ca) 0.3 (Al, Mg) 2Si4O10 (OH) 2 • 
nH2O (Alas et al. , 1994; do Rego et al., 2010). 
 
Method of synthesis 
 In a mixture of  aldehyde (5 mmol)  and  morpholine (7.5 
mmol)  stirred, 15 ml of DMF (solvent) were added. In the mixture 
under stirred, is added 0.35 g of the catalyst K-10 and 8 mmol of 
sulfur. Stirring was continued until obtaining of a brown coloration 
and the reaction mixture was subjected to 10 sequences of 
microwave pulses for about 10 to15 minutes. Pulses were spaced 
of one minute 20 seconds. After cooling to room temperature, the 
mixture was then poured into an ethyl acetate solution for 
precipitation of the sulfur that was then removed with the K-10 by 
filtration. The filtrate was first treated with 100 mL of hydrochloric 
acid (0.1 M) to protonate the amine in excess, then with 100 mL of 
a saturated solution of NH4Cl and finally washed with 2 × 100 mL 
of distilled water. The organic phase was concentrated with a 
rotary evaporator after drying over MgSO4. The crystals formed 
were recrystallized from ethyl alcohol 95 ° and purification was 
achieved on silica gel column to ensure the removal of sulfur and 
secondary products. The mobile phase used is a mixture of hexane 
and ethyl acetate (6/4; v / v). 
 All synthesized products were dried before the 
determination of melting points, spectroscopic analyzes and 
biological tests.  
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Scheme. 1: Willgerodt-Kindler’s reaction. 
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PHARMACOLOGY 
 

Anti-trypanosomal activity (LILIT, Alamar BlueTM) 
 Anti-trypanosomal activity (Lilit ALAMAR BlueTM) The 
test is performed on the blood stream form of the strain of 
Trypanosoma brucei brucei 427 using the "Lilit, Alamar Blue" 
(Baltz et al., 1985; Hirumi et al., 1994; Räz et al., 1997). Stock 
solutions of morpholin-4-yl (phenyl) méthanethione 1 and [4 - 
(dimethylamino) phenyl] - (morpholin-4-yl) méthanethione 2 were 
carried out at an initial concentration of 10 mg / mL in DMSO. 
Trypanosomes are cultured in medium containing 10% fetal calf 
serum and factor supporting the blood stream form trypanosome. 
Suspensions of trypanosomes have been adjusted to 5104 tryps / 
mL. A 50 L of various dilutions of the stock solution was added 50 
L of suspension of trypanosomes in different wells. The plates 
were then incubated at 37 ° C for 72 hours in an atmosphere of 5% 
CO2. Then added to each well 10 l of the dye "Alamar BlueTM" 
again and then incubated for 4 hours. The dye " Alamar BlueTM " is 
a reagent for detection of enzyme activity; colored wells are those 
in which the concentration of the synthetic product is insufficient 
to inhibit proliferation of trypanosomes. The plates are read in 
comparison with control wells on a drive fluorescence at a wave 
length of 530 nm excitation and emission wave length of 590 nm.  
 
Toxicity Against Artemia Salina Leach  
 This test was performed on larvae of brine shrimp 
(Artemia salina Leach) by method of Michael et al. (1956) 
resumed by Vanhaecke et al. (1981) and by Sleet and Brendel 
(1983). Thus, encysted Artemia salina eggs are incubated in 
seawater at pH 7-8(48h). Then, series of solutions of test 
substances at varying concentrations and progressive were 
prepared in DMSO (dimethyl sufoxide)/seawater. A defined 
number of larvae introduced into each solution. All solution sand 
control solutions containing no active substance were left stirring 
for 24hours.Counting under a microscope the number of death 
larvae in each solution used to evaluate the toxicity of the solution. 
In the case where there was death in the control medium, the data 
was corrected by Abbott's formula:  

%death= [(test- control) /control)] x100 (Abbott, 1925) 
Data (dose-response) are transformed by logarithm and the half-
lethal concentration LC50 is determined by linear regression 
(Hafner et al., 1977). Tests were carried out in triplicate. All data 
were expressed as means±standard deviation of triplicate 
measurements. 

 
 
 
 
 
 
 
 
 
 
 
RESULTS AND DISCUSSION  
 

Chemistry 
 Willgerodt-Kindler (WK) reaction catalysed by 
Montmorillonite K-10 helped to synthetized morpholin-4-
yl(phényl) methanethione (1)and [4-(dimethylamino)phenyl] 
(morpholin-4-yl) methanethione (2) with yields of 67% and 43% 
respectively. This work showed that the K-10 used as catalyst in 
the WK reaction for ketone compounds identified in the work of 
Gbaguidi et al. (2010) can also be used for derivatives of 
benzaldehyde. With this catalyst, benzaldehyde was the most 
reactive. It reacted quickly and leaded to better performance (> 
60%). Acid catalysis with K-10 may influence the reactivity of the 
compounds having one amino group bound to the aromatic ring 2 
(43%). 
 The difference between the calculated molar mass and 
molar mass obtained by mass spectrometry for each APCI 
thioamide was about of 0.05%. The spectrometric data of the 
synthesized molecules confirmed the structures proposed for the 
products. Indeed, the vibrational frequencies of thioamides in IR 
between 3030-3050 cm-1 and 1H NMR chemical shifts (δ ≈ 7 ppm) 
revealed the presence of an aromatic ring. Furthermore the 13C 
NMR analysis with a chemical shift of δ = 199.15 ppm for 
compound 1 and δ = 202.25 ppm for compound 2 characterized the 
thioamide group. These values are quite close to theoretical values 
obtained by chemdraw calculation.  
 
Characterization of synthethised compounds 
morpholin-4-yl(phenyl)methanethione 
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Rf (Hexane / Ethyl acetate 6/4 v/v) : 0,71 ; MP: 137-
138°C ; MS : 207,06 m/z 

IR ν (KBr cm-1) : 3025,16 ; 3009,17 ; 2971,68 (C 
aromatic) ; 1594,11 ; 1574,71 ; 1495,25 (thioamide). ; NMR 
1H(CDCl3, δ ppm) : 7,3 (5H, m, aromatic) ; 4,4 (2H, t, C1’H2) ; 
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Scheme 2 : Formation of thioamides  by WK reaction. 
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3,85 (2H, t, C4’H2) ; 3,6 (4H, t, C2’H2, C3’H2). ; NMR 13C (CDCl3, 
δ ppm): 140,6 (C1 aromatic) ; 126,99 (C2, C6 aromatic) ; 126,66 
(C3, C5 aromatic) ; 123,99 (C4 aromatic) ; 199,15(C=S) ; 47,16 
(C1’) ; 64,64 (C2’) ; 64,86 (C3’) ; 50,63 (C4’). 
 
[4-(dimethylamino)phenyl](morpholin-4-yl) methanethione 
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Rf (Hexane / Ethyl acetate 6/4 v/v) :0,60 ; PF: 149-150°C ; MS : 
250,12 m/z 
IR ν (KBr cm-1) : 3000,38 ; 3020,40 (C aromatic) ; 2962,64 
(methyl) ; 3448,83 (amine) ; 1547,15 ; 1520,63 ; 1487,27 
(thioamide) ; NMR 1H (CDCl3,δ ppm): 7,3 (2H, t, C2H, C6H 
aromatics) ; 6,7 (2H, t, C3H, C5H aromatics) ; 4 ,4 (2H, t, C1’H2) ; 
3,8 (6H, t, C4’H2, C2’H2, C3’H2), 3 (6H, s, 2CH3) ; NMR 13C 
(CDCl3, δ ppm): 129,78 (C1 aromatic) ; 128,72 (C2, C6 
aromatics) ; 111,1 (C3, C5 aromatics) ; 151,24 (C4 aromatic) ; 
202,25 (C=S) ; 52,89 (C1’, C4’) ; 66,78 (C2’, C3’) ; 40,27 (2CH3) 
 
Pharmacology 
 All thiomides were evaluated on the parasites 
Trypanosoma brucei brucei.Thioamides 1 and 2 synthesized 
showed no effect up to 400 M.To our knowledge the literature 
has never reported the trypanocidal activity of thioamides, we 
accept as a reference molecule of thiosemicarbazones. Thioamide 
was a chemical function in which there is a sulfur. The 
trypanocidal activities of thiosemicarbazones have shown the 
importance of sulfur, which plays an essential role in the 
antimicrobial activity (Domagk et al., 1946; Klayman et al., 1984; 
Glinma et al., 2011; Sakirigui et al., 2011). According to Du et al. 
(2002) and Fujii et al. (2005), thiosemicarbazones with IC50 values 
below 10 M were potential inhibitors of the trypanosome. Values 
between 10 and 100 M, were considered as moderate inhibitory; 
above 100 M anti-trypanosomal activity was low or zero (Du. et 
al. 2002, Fujii et al. 2005). Thioamides 1 and 2 synthesized 
showed no effect up to 400 M and therefore had no significant 
trypanocidal activity. 
 Toxicity test against Artemia salina larvae shows that 
larvae were sensitive to morpholin-4-yl (phenyl) methanethione (1) 
(LD50 greater than 754 M) and [4 - (dimethylamino) phenyl] 
(morpholin-4-yl) methanethione (2) to an LD50 = 214 ± 9 M. 
Lapachol [2-hydroxy-3-(3-methylbut-2-enyl) naphthalene-1,4-
dione] (LD50 = 281 M) a reference compound was used as 
positive control. According to Santos-Pimenta et al. (2003) and 
Angelia et al. (2007) a compound having an LD50 less than 281 

M, was active on shrimp larvae. It is clear that the thioamide 2 
(214 ± 9 M) was active on shrimp larvae while the thioamide 1 (> 
754 M) was not.Since there is a correlation between the 
cytotoxicity of shrimp larvae and cell 9PS and 9KB 
nasopharyngeal carcinoma of a human hand (Pelka et al., 2000), 
A-549 cells and lung carcinoma cells HT-29 colon carcinoma on 
the other hand (Carballo et al., 2002), the thioamide 2 could be 
used in cancer treatment.  
 A structure - activity relationship of these thioamides 
showed that the substitution of a dimethylamino group at the para 
position on the aromatic ring induced toxicity of thioamide 1. 
Bioactivity increased by fixing the dimethylamino group in the 
para position has already been noticed by Fatondji et al. (2011) 
during their work on the cinnamaldehyde thiosemicarbazone.  
 
CONCLUSION 
 

 The application of the Willgerodt-Kindler reaction to 
benzaldehyde and a derivative thereof on 4 - (dimethylamino) 
benzaldehyde with microwaves in the acid catalysis with 
montmorillonite K-10 is valid. The search for biological activity of 
these thioamides on Trypanosoma brucei brucei, revealed a very 
low trypanocidal activity (IC50> 100 M). The toxicity of these 
thioamides was evaluated on larvae of Artemia salina Leach. The 
results showed that larvae are more sensitive to thioamide 2 (LD50 
= 214 ± 9 μM) than thioamide 1 (LD50> 754 M) whose toxicity is 
relatively negligible. Therefore, the thioamide 2 could be used in 
cancer treatment. A structure-activity relationship of these 
thioamides showed that the substitution of a dimethylamino group 
at the para position on a thioamide aromatic ring increased his 
toxicity.  
 
Conflict of interest statement 
 The authors declared no conflict of interest.  
 
Acknowledgments  
 

We wish to thank the “Commission Universitaire pour le 
Développement” for a financement given to Dr S. Kpoviessi that 
facilitated the spectrometric analysis.  We are grateful to Jean Paul 
Vanhelputte for technical helps and assistance during the use of the 
LCQ advantage mass spectrometer (Thermo Fisher Scientific). 
 
REFERENCES 
 

Abbott W. S., A method of computing the effectiveness of an 
insecticide. J. Econ. Entomol., 1925;18:265. 

Aguirre G., Cerecetto H., Gonza´lez M., Gambino D., Otero L., 
Olea-Azar C., Rigol C., Denicola A. In vitro activity and mechanism of 
action against the protozoan parasite Trypanosoma cruzi of 5-nitrofuryl 
containing thio-semicarbazones. Bioorg. Med. Chem. 2004 ; 12 : 4885-
4893. 

Alas M., Gubelmann M., Popa JM. Process for preparing acid 
anhydrides by passing a solution of this acid over an acidified clay. 
European Patent. 1994; EP 0317394. Kind Code:B1. 

Amupitan J. Oxidation and reduction. Org Synth. 1983; 730.  
Baltz T., Baltz D., Giroud C., Crockett J. Cultivation in a semi 

defined medium of animal infective forms of Trypanosoma brucei, T. 



Journal of Applied Pharmaceutical Science 02 (06); 2012: 62-66 

 

equiperdum, T. evansi, T. rhodhesiense and T. gambiense. The EMBO J. 
1985; 4(5): 1273-1277. 

Brown E.V. The Willgerodt reaction. University of Kentucky, 
Lexington, Kentucky 40506, U.S.A. (1975) 358-375 

Carballo J.L., Hernandez-Inda Z.L., Pilar Perez,  Garcia-
Gravalos M.D. A comparison between two brine shrimp assays to detect in 
vitro cytotoxicity in marine natural products. BMC Biotechnology 2002; 
2:17.  

Darsaud A., Bourdon L., Mercier S., Chapotot F., Bouteille B., 
Cespuglio R., Buguet A. Twenty-four-hour disruption of the sleep-wake 
cycle and sleep-onset REM-like episodes in a rat model of African 
trypanosomiasis. Sleep  2004 ; 27 (1): 42-46. 

DeTar D.F., Carmack  M. The Willgerodt Reaction. II. A Study 
of Reaction Conditions with Acetophenone and Other Ketones. J. Am. 
Chem. Soc. 1946; 68(10): 2025 - 2029. 

Do Rego T., Koviessi D.S.S., Gbaguidi F., Sagbo, Yalo N.E., 
Poupaert J., Accrombessi G.C. Tributyrin of transesterification catalyzed 
by montmorillonite K10 in the presence of ethanol. Int. J. Biol. Chem. Sci. 
2010; 4 (5): 1501-1508.  

Domagk G., Behnisch R., Mietzsch F., Schmidt H. A new, 
effective against tubercle bacilli in vitro class of compounds. 
Naturwissenschaften 1946; 33: 315. 

Du X., Guo C., Hansell E., Doyle S. P., Caffrey C. R., Holler 
T.P., McKerrow J. H., Cohen F.E. Synthesis and Structure-Activity 
Relationship Study of Potent Trypanocidal thio Semicarbazone Inhibitors 
of the Trypanosomal Cysteine Protease Cruzain.  J. Med. Chem. 2002;  45: 
2695-2707. 

Fatondji R.H. Synthesis, Characterization, and Antimicrobial 
Activities of Antiparasitic semicarbazones, thiosemicarbazones and their 
Derivatives Thiadiazolines. PhD thesis: University of Abomey. (2011) 45-
135. 

Fujii N., Mallari J., Doyle P. et al. Dicovery of potent 
thiosemicabazones inhibitors of rhodesain and cruzain. Bioorg. Med. 
Chem. 2005; 15:121-123. 

Gbaguidi F.A., Kapanda C., Ahoussi A., Lambert D.M., 
Accrombessi G.C., Mouddachirou M., Poupaert J.Général Acid-base 
catalysis in the willgerodt-Kindler Réaction. J. Soc Ouest-Afr. Chim. 
2010 ; 029:89-94 

Glinma G., Gbaguidi A.F., Kpoviessi S.D.S., Fatondji H.R., 
Poupaert J., Accrombessi C.G. Characterization and antiparasitic activity 
of benzophenone thiosemicarbazones on trypanosoma brucei 
brucei.Scientific Study & Research. 2011; 12 (1): 033 – 040.  

Hafner E., Heiner E., Noack E. Mathematical analysis of 
concentration–response relationship. Arzneim. Forsch. 1977; 27: 1871–
1873. 

Hirumi H., Hirumi K. Axenic culture and African Trypanosome 
blood stream forms. Parasitol. today. 1994; 10(2): 80-84. 

Kawai Y., Kanbara T., Hasegawa K. Preparation of 
polythioamides from dialdehyde and 4,4’-trimethylenedipiperidine with 
sulfur by theWillgerodt-Kindler reaction.  J Polym Sci Part A: Polym 
Chem. 1999; 37: 1737-1740. 

 Kindler K. Studies on the mechanism of chemical reactions. 
First essay. Reduction of amides and oxidation of amines. Justus Liebigs 
Ann. Chem. 1923; 431 :187-230. 

Kioumars Aghapour., Farshid Mohsenzadeh., Golriz 
Khanalizadeh and Hossein R. Darabi. The willgerodt-kindler reaction in 
water : high chemoselectivity of benzaldehydes over acetophenone. 
Monatshefte für chemie. 2007; 138: 61-65 

Klayman D.L., Scovill J.P., Bruce J., Bartosevich J.F. 2- 
Acethylpyridine thiosemicarbazones Derivatives of Acethylisoquinoline as 
Potential Antimalarial Agents. J. Med. Chem. 1984; 27: 84-87. 

Kuboki N., InoueN., SakuraiT., Di Cello F., Grab DJ., Suzuki  
H., Sugimoto C., Igarashi I. J. of Clinical Microbiology. 2003; 41 (12):  
5517-5524. 

Lundstedt T., carlson R. and Shabana R . Optimum condition for 
the Willgerodt-Kindler reaction 3 amine variation. Acta Chem. Scand. 
1987; Ser B 41: 157-163 

 
 

Lundstedt T., carlson R. and Shabana R. Optimum condition for 
the Willgerodt-Kindler reaction 1: reaction  of  substituted  acetophenones. 
Prediction of optimum conditions for new substrates by multivariate 
correlation. Acta Chem. Scand. 1987; Ser B 40: 534-544 

Lundstedt T., carlson R. and Shabana R. Optimum condition for 
the Willgerodt-Kindler reaction 2: A multivariate study of the influence of 
different solvent on the optimum conditions. Acta Chem. Scand. 1987;  
Ser B 40: 694-699 

Matysiak J., Niewiadomy A., Macik-Niewiadomy G., 
Korniłłowicz T. Dependence of fungistatic activity of 2,4-dihydroxythio-
benzanilides on the structure and lipophilic nature of the compounds. Eur J 
Med Chem. 2000; 35(4): 393-404.  

Michael A.S., Thompson C.G., Abramovitz M. Artemia 
salina as a test organism for bioassay. Science. 1956;123:464. 

Nihed D. Synthesis, analysis and evaluation of pharmacological 
thioamides derivates , thiourea and oxothioamides: potential inhibitors of 
degradative enzymes of the endocannabinoid system. Master in 
Pharmaceutical Sciences: University of Louvain (UCL) (2009). 44-125. 

Pelka M., Danzl C., Distler W., Petschelt A. A new screening 
test toxicity testing of dental materials. J Dent 2000, 28:341-345. 

Poupaert J.H., Duarte S., Colacino E., Depreux P., McCurdy 
C.R., Lambert D.M. Willgerodt–Kindler microwave-enhanced synthesis of 
thioamides derivatives. Phos Sulf Sil Rel. Elem. 2004; 179:1959–1973 

Räz B., Ten M., Grether-Bühler Y., Kaminsky R., Brun R. The 
Alamar cylamino BlueR essay to determine drugs sensitivity of African 
trypanosomes (T. b rhodhesiense et T. b gambiense) in vitro. Acta 
Tropica. 1997; 68: 139-147. 

Sakirigui A., Kossouoh C., Gbaguidi F., Kpoviessi S., Fatondji 
R.H.,  Poupaert J., Accrombessi C.G. Hemi-synthesis and antiparasitic 
activities of Trypanosoma brucei brucei of thiosemicarbazones of citral in 
the essential oil of Cymbopogon citratus of Benin. J. Soc. West Afr. Chim. 
2011; 031: 11-20  

 Santos- Pimenta L.P., Pinto G.B., Takahashi L.G.F., e Silva 
L.G., Boaventura M.A.D. Biological screening of Annonaceous Brazilian 
Medicinal Plants using Artemia salina (Brine Shrimp Test). 
Phytomedicine. 2003; 10: 209-212. 

SarjaniJ.K., Ketan T., Savjani., Bhumita S.P., Gajjar A.K. 
Microwave Assisted Organic Synthesis: An Alternative Synthetic 
Strategy. Der Pharma Chemica. 2010; 2(1): 342-353 

Sestanj K, Bellini F, Fung S, Abraham N, Treasurywala 
A, Humber L, Simard-Duquesne N, Dvornik D. N-[5-(trifluoromethyl)-6-
methoxy-1-naphthalenyl]thioxomethyl]- N-methylglycine (Tolrestat), a 
potent, orally active aldose reductase inhibitor. J.Med. Chem. 1984; 
27(3):255-256. 

Sleet R.B., Brendel K. Improved methods for harvesting and 
counting synchronous populations of Artemia nauplii for use in 
developmental toxicology. Ecotoxicol Env Safety 1983, 7:435- 446 

Stauffer S.R., Coletta C.J., Tedesco R., Nishiguch G., Carlson 
K., Sun J., Katzenellenbogen B.S., Katzenellenbogen J.A., Pyrazole 
Ligands: Structure-Affinity/Activity Relationships and Estrogen Receptor-
alpha -Selective Agonists.  J. Med. Chem.  2000; 43: 4934-4947. 

Vanhaecke P., Persoone G., Claus C., Sorgeloos P. Proposal for 
a short-term toxicity test with Artemia nauplii. Ecotoxicol. Environ. 
Safety. 1981; 5: 382-387.  

 Waisser K., Gregor J., Kubicovà L., Klimeçovà V., Kumes J., 
Machaecek M., Kaustovà J. New groups of antimycobacterial agents: 6-
chloro-3-phenyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 6-chloro-3-
phenyl-2H-1,3-benzoxazine-2,4(3H)-dithiones. Eur.J.Med. Chem. 2000; 
35: 733-741. 

WHO Media centre. Africantrypanosomiasis or sleeping 
sickness. (2006) Fact sheet N° 259 [http://www.who.int/mediacentre/ 
factsheets/fs259/en/] webcite.World Health Organ Fact Sheet. 

WHO. African trypanosomiasis (sleeping sickness). Fact sheet 
N° 259 October 2010 [http://www.who.int/mediacentre/ factsheets/fs259 
en/] webcite.World Health Organ Fact Sheet. 

Willgerodt C. On the action of yellow ammonium sulphide for 
ketones and quinones. Ber. Dtsch. Chem. Ges. 1887;  20(2): 2467-2470. 


