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a b s t r a c t 

Chagas disease is a neglected disease, being one of the leading causes of death from infectious diseases. 

In view of the severity of this pathology, this work describes the synthesis of new thiosemicarbazones 

derived from chalcones and dibenzalacetones as potential drugs for the treatment of this disease. The 

structures of all compounds were elucidated by infrared (IR) and nuclear magnetic resonance ( 1 H and 
13 C NMR) spectroscopies. The chalcone derived thiosemicarbazones 10 - 14 were tested against the intra- 

cellular amastigote form of the protozoan Trypanosoma cruzi and had their cytotoxicity assessed using 

LLC-MK2 cells. The compound 10 (IC 50 = 12.25 μM) presented the best activity when compared with the 

standard drug benznidazole (IC 50 = 5.64 μM). 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Chagas disease (CD) is a neglected disease, caused by hemoflag- 

llate protozoan Trypanosoma cruzi (TC) [ 1 , 2 ]. This disease is en-

emic in countries of Central and South America, but, in the last 

ecades the number of cases of CD increase in other countries in 

he South of United States of America, Canada, West Mediterranean 

nd Western Pacific [ 2 , 3 ]. It is estimated that approximately 6 to 7

illion people are potentially infected with TC which causes ap- 

roximately 20,0 0 0 deaths per year and is the leading cause of 

nfectious myocarditis [ 1 , 2 ]. Acute infections are usually asymp- 

omatic but one third of chronically infections progress to death, 

howing diverse manifestations affecting the heart, intestines, and 

ervous systems with determines the debilitating character of this 

isease. Although Chagas disease was identified more than 100 

ears ago, current therapeutic options are limited only two nitro- 

eterocyclic drugs: Benznidazole (BZN) and Nifurtimox (NFX). In 

ome countries, NFX was discontinued due to serious side effects, 

uch as neuropathy and anorexia, among others. BZN is only ef- 

ective in the acute stage, with low cure infection but its efficacy, 

n the chronic phase of disease, remain questionable [4–6] . More- 
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ver, BZN present limitations due to side effects, long treatment 

egiments [ 5 , 7–9 ]. In terms to improve the treatment options for 

he CD, many therapeutic options have been tested. Recently, the 

nhibitor of ergosterol synthesis, Posoconazol, was promising in re- 

uce the infection. Unfortunately it failed in the clinical trial [ 5 , 10 ].

herefore, one effective therapeutic option for patients with Cha- 

as’ disease are clearly needed. 

With this concern in mind, the search for new drug candi- 

ates for the treatment of Chagas disease patients is urgent. Many 

olecules having thiosemicarbazones moiety has shown a broad 

harmacological applications that include antineoplastic, antibac- 

erial, antiviral, antiprotozoal and antifungal activity [11–15] . Re- 

arding the antichagasic activity, a series of thiosemicarbazones, 

emicarbazones and aminoguanidine derivatives ( 1 - 3 , Fig. 1 ) have 

hown trypanocidal activity which is supposedly related to their 

apacity in inhibiting essential enzymes for parasite survival in- 

ide the host cells [ 16 , 17 ]. Also interesting, the coordination of 

hiosemicarbazones to metal ions have shown to be a good strat- 

gy to potentialize their activity. For example, organometallic 

old(III) complexes, such as 4 , were evaluated both by in vitro and 

n vivo tests, being more effective than benznidazole in eliminat- 

ng both the extracellular trypomastigote and intracellular amastig- 

te forms of the parasite without cytotoxic effects on mammalian 

ells [18] . 

https://doi.org/10.1016/j.molstruc.2021.130014
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130014&domain=pdf
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Fig. 1. Selected semicarbazones, thiosemicarbazones and aminoguanidine deriva- 

tives with properties against Chagas disease ( 1 - 4 ). 
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In view of the promising antichagasic properties of thiosemi- 

arbazones, we propose the synthesis of new derivatives of this 

lass of substances by conjugation with chalcones and its structural 

nalogues dibenzalacetones (dbas). Chalcones are known for their 

aried medicinal activities [ 19 , 20 ]. Since chalcones and dbas are 

, β-unsaturated ketones, they are liable to react with thiosemicar- 

azides to provide the respective thiosemicarbazones. 

. Experimental section 

.1. Materials and instruments 

All reagents were purchased from commercial sources and 

sed without further purification. The melting point measurements 

ere performed on the MICRO-CHEMICAL equipment, model 

QAPF-302. The FT-IR spectra were obtained using the BRUKER 

LPHAFT-IR MB 102 spectrophotometer, in the 40 0 0-40 0 cm 

−1 

egion on KBr pellets. The 1 H (500 MHz) and 

13 C (125 MHz) 

MR spectra were performed on the BRUKER ADVANCE spec- 

rometer, using deuterated chloroform (CDCl 3 ) or dimethylsulfox- 

de ((CD 3 ) 2 SO). 

.2. Synthesis 

The α, β-unsaturated ketones ( 5 - 9, 15-17, 21 ) were obtained us- 

ng Claisen-Schmidt aldolic condensation ( Scheme 1 ) and the ex- 
Scheme 1. Synthetic route for the synthesis of thiosemicarbazones 10 - 14, 18 - 20 and 22 . 

2 
erimental procedure used for the synthesis of these compounds 

as based on the work of Aljamali and collaborators [21] . Briefly, 

.0 mmol of acetophenone and 20 mL of ethanol were added to 

 round-bottom flask in the presence of sodium hydroxide (5.0 

mol). The reaction system was kept under magnetic stirring un- 

il the mixture was completely solubilized. Immediately thereafter, 

he substituted aromatic aldehyde (5.0 mmol) was added, and the 

ystem remained under magnetic stirring until the precipitation of 

rystals. The reaction time varied from 1 to 4 hours at room tem- 

erature. The end of the reaction was verified by TLC (thin layer 

hromatography) (eluent: 7:3 hexane/ethyl acetate; developer: ul- 

raviolet light and iodine vapor). The generated solids were vac- 

um filtered and left in a desiccator till dryness. The same proce- 

ure was made to the synthesis of dibenzalacetones but using ace- 

one instead of acetophenone and 2 equivalents of aldehyde were 

equired. 

The corresponding thiosemicarbazones ( 10 - 14, 18 - 20, 22 ) were 

ynthesized from the chalcones and dibenzalacetones previously 

btained ( Scheme 1 ). The procedure was performed as described 

y Góes et al. [22] 5.0 mmol of the chalcones ( 5 - 9 ) or dibenzalace-

ones ( 15 - 17, 21 ) were subjected to a condensation reaction with 

hiosemicarbazide (5.0 mmol) in ethanol in the presence of cat- 

lytic amounts of sulfuric acid (H 2 SO 4 ). The reaction time varied 

rom 1 to 4 hours at room temperature. The end of the reaction 

as verified by TLC (eluent: 7:3 hexane/ethyl acetate; developer: 

ltraviolet light and iodine vapor). The generated solids were fil- 

ered off and dried under vacuum. 

.3. Spectroscopic data 

(2E)-3-(4-chlorophenyl)-1-phenylprop-2-en-1-one ( 5 ). Pale yellow 

olid; Yield: 96%; mp: 108–110 °C (lit. 108.0 – 110.0 °C) [23] ; FT-IR 

KBr) 1/ λ ( c m 

−1 ): 1660 (C = O), 1591 (C = C olefin ), 1465 and 1402

C = C aromatic ), 1090 (C-Cl), 3241 ( = C-H sp 2 ), 813 ( p- substituted),

356 ( p- substituted harmonic); 1 H NMR (500 MHz, CDCl 3 ) δ 7.36 

7.59 (m, 8H, H α and aromatic hydrogens), 7.75 (d, 1H , J 15.7 Hz, 

 β ), 7.98 (d, 2H , J 7.5 Hz, H 3 , H 5 ); 
13 C NMR (125 MHz, CDCl 3 ) δ

22.5 (C α), 128.5 (C 2’ , C 6’ ), 128.7 (C 3 , C 5 ), 129.2 (C 3’ , C 5’ ), 129.6 (C 2 ,

 6 ), 132.9 (C 1 ), 133.4 (C 1’ ), 136.4 (C 4 ), 138.0 (C 4’ ), 143.3 (C β ), 190.2

C = O). 
Reactional conditions : a) NaOH, EtOH/H 2 O, rt; b) NH 2 NHCSNH 2 , H 2 SO 4(cat) , EtOH, rt. 
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(2E)-3-(4-bromophenyl)-1-phenylprop-2-en-1-one ( 6 ). Pale yellow 

olid; Yield: 94%; mp: 121–122 °C (lit. 121.0 – 123.0 °C) [24] ; FT-IR 

KBr) 1/ λ ( c m 

−1 ): 3419 ( = C-H sp 2 ), 1662 (C = O), 1598 (C = C olefin ),

482 and 14 4 4 (C = C aromatic ), 1069 (C-Br), 813 ( p- substituted); 1 H

MR (500 MHz, CDCl 3 ) δ 7.47–7.59 (m, 8H, H α and aromatic hy- 

rogens), 7.73 (d, 1H , J 15.7 Hz, H β ), 7.98 (d, 2H , J 7.3 Hz, H 3 , H 5 );
3 C NMR (125 MHz, CDCl 3 ) δ 122.5 (C α), 124.8 (C 4 ), 128.5 (C 2’ , C 6’ ),

28.7 (C 2 , C 6 ), 129.8 (C 3’ , C 5’ ), 132.2 (C 3 , C 5 ), 132.9 (C 1 ), 133.8 (C 4’ ),

38.0 (C 1’ ), 143.3 (C β ), 190.2 (C = O). 

(2E)-3-(4-methoxyphenyl)-1-phenylprop-2-en-1-one ( 7 ) . Pale yel- 

ow solid; Yield: 97%; mp: 64–66 °C (lit. 65.0 – 67.0 °C) [25] ; FT-

R (KBr) 1/ λ ( c m 

−1 ): 3261 ( = C-H sp 2 ), 2834 (C-H sp 3 ), 2048 ( p-

ubstituted harmonic), 1602 (C = O), 1511 (C = C olefin ), 1471 and 

422 (C = C aromatic ), 1252 (C-O), 822 ( p- substituted); 1 H NMR (500

Hz, CDCl 3 ) δ 3.83 (s, 3H, CH 3 ), 6.92 (d, 2H , J 8.5 Hz, H 2 , H 6 ),

.37–7.59 (m, 5H, aromatic hydrogens), 7.41 (d, 1H , J 15.7 Hz, H α),

.78 (d, 1H , J 15.6 Hz, H β ), 7.98 (d, 2H , J 7.6 Hz, H 3 , H 5 ); 
13 C NMR

125 MHz, CDCl 3 ) δ 55.4 (C 7 ), 114.4 (C 3 , C 5 ), 119.8 (C α), 127.6 (C 1 ),

28.4 (C 2’ , C 6’ ), 128.6 (C 3’ , C 5’ ), 130.2 (C 2 , C 6 ), 132.6 (C 1’ ), 138.5

C 4’ ), 144.7 (C β ), 161.7 (C 4 ), 190.6 (C = O). 

(2E)-3-(3,4-dimethoxyphenyl)-1-phenylprop-2-en-1-one ( 8 ) . Pale 

ellow solid; Yield: 98%; mp: 81–83 °C (lit. 83.0 – 84.0 °C) [26] ; FT-

R (KBr) 1/ λ ( c m 

−1 ): 3344 ( = C-H sp 2 ), 2968 (C-H sp 3 ), 1604 (C = O),

519 (C = C olefin ), 1468 and 1420 (C = C aromatic ), 1261 (C-O); 1 H NMR

500 MHz, CDCl 3 ) δ 3.00 (d, 6H, CH 3 ), 5.95 (d, 1H, J 8.4 Hz, H 5 ),

.21 (s, 1H , H 2 ), 6.26 (t, 1H , H 4’ ), 6.29 (t, 1H , H 6 ), 6.45 (d, 1H, J

5.6 Hz, H α), 6.55 (t, 2H, H 3’, H 5’ ), 6.82 (d, 1H, J 15.6 Hz, H β ), 7.06

d, 2H, J 7.3 Hz, H 2’, H 6’ ); 
13 C NMR (125 MHz, CDCl 3 ) δ 56.0 (C 7 ),

6.1 (C 8 ), 110.1 (C 2 ), 111.1 (C 5 ), 120.1 (C α), 123.2 (C 6 ), 127.9 (C 1 ),

28.4 (C 2’ , C 6’ ), 128.6 (C 3’ , C 5’ ), 132.6 (C 4’ ), 138.5 (C 1’ ), 145.0 (C β ),

49.2 (C 4 ), 151.4 (C 3 ), 190.6 (C = O). 

(2E)-3-(3,4,5-trimethoxyphenyl)-1-phenylprop-2-en-1-one ( 9 ) . 

ale yellow solid; Yield: 98%; mp: 135–137 °C (lit. 135.0 – 136.0 °C) 

27] ; FT-IR (KBr) 1/ λ ( c m 

−1 ): 3344 ( = C-H sp 2 ), 2827 (C-H sp 3 ),

581 (C = O), 1504 (C = C olefin ), 1473 and 1419 (C = C aromatic ), 1114

C-O); 1 H NMR (500 MHz, CDCl 3 ) δ 3.89 (s, 9H, CH 3 ), 6.84 (s, 2H,

 2 , H 6 ), 7.24 – 7.99 (m, 7H, H β , H α and aromatic hydrogens); 13 C

MR (125 MHz, CDCl 3 ) δ 56.2 (C 7 , C 9 ), 61.0 (C 8 ), 105.7 (C 2 , C 6 ),

21.5 (C α), 128.5 (C 1 ), 128.6 (C 2’ , C 6’ ), 130.4 (C 3’ , C 5’ ), 132.7 (C 4’ ),

38.3 (C 1’ ), 140.5 (C 4 ), 145.0 (C β ), 153.5 (C 3 , C 5 ), 190.6 (C = O). 

(Z)-2-((E)-3-(4-chlorophenyl)-1-phenylallylidene) 

ydrazinecarbothioamide ( 10 ). Pale yellow solid; Yield: 81%; mp: 

18–220 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 3416 ( = C-H sp 2 ), 3230 (N-H

tretch ), 1639 (C = N), 1619 (C = C olefin ), 1479 and 1400 (C = C aromatic ),

253 (N-H folding ), 1085 (C-Cl), 815 ( p- substituted); 1 H NMR (500 

Hz, CDCl 3 ) δ 6.38 (d, 1H , J 16.2 Hz, H α), 6.47 (s, 1H, NH), 7.03 (d,

H , J 16.2 Hz, H β ), 7.39 – 7.79 (m, 7H, aromatic hydrogens), 8.03 –

.04 (d, 2H, H 3 , H 5 ), 8.54 (s, 2H, NH 2 ); 
13 C NMR (125 MHz, CDCl 3 )

122.5 (C α), 128.2 (C 3’ , C 5’ ), 128.3 (C 3 , C 5 ), 129.0 (C 2 , C 6 ), 129.2

C 2’ , C 6’ ), 130.0 (C 4’ ), 130.4 (C 1 ), 134.7 (C 1’ ), 137.4 (C 4 ), 143.3 (C β ),

52.0 (C = N), 178.5 (C = S). 

(Z)-2-((E)-3-(4-bromophenyl)-1-phenylallylidene) 

ydrazinecarbothioamide ( 11 ). Pale yellow solid; Yield: 79 %; 

p: 228–230 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 3407 ( = C-H sp 2 ), 3234

N-H stretch ), 1661 (C = N), 1639 (C = C olefin ), 1484 and 1392 (C = C

romatic ), 1221 (N-H), 1071 (C-Br), 812 ( p- substituted); 1 H NMR 

500 MHz, CDCl 3 ) δ 6.30 (d, 1H , J 16.3 Hz, H α), 6.40 (s, 1H, NH),

.00 (d, 1H , J 16.3 Hz, H β ), 7.40–7.70 (d, 2H, H 3 , H 5 ), 7.40–8.00 (m,

H, aromatic hydrogens), 8.50 (s, 2H, NH 2 ); 
13 C NMR (125 MHz, 

DCl 3 ) δ 122.5 (C α), 124.8 (C 4 ), 128.2 (C 2 , C 6 ), 128.7 (C 3’ , C 5’ ),

29.8 (C 2’ , C 6’ ), 130.4 (C 4’ ), 132.0 (C 3 , C 5 ), 132.2 (C 1 ), 134.7 (C 1’ ),

43.4 (C β ), 152.0 (C = N), 178.5 (C = S). 

(Z)-2-((E)-3-(4-methoxyphenyl)-1-phenylallylidene) 

ydrazinecarbothioamide ( 12 ). Orange solid; Yield: 72 %; mp: 

26–228 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 3435 ( = C-H sp 2 ), 3236 (N-
3 
 stretch ), 2364 (C-H sp 3 ), 1637 (C = N), 1618 (C = C olefin ), 1512

N-H folding ), 1402 and 1383 (C = C aromatic ), 1258 (C-O), 804 ( p- 

ubstituted); 1 H NMR (500 MHz, CDCl 3 ) δ 3.92 (s, 3H, CH 3 ), 6.31 

d, 1H , J 16.3 Hz, H α), 6.42 (d, 1H , J 16.3 Hz, H β ), 6.92 (s, 1H,

H), 7.00 – 7.01 (d, 2H, H 3 , H 5 ), 7.24 – 8.08 (m, 7H, aromatic

ydrogens), 8.55 (s, 2H, NH 2 ); 
13 C NMR (125 MHz, CDCl 3 ) δ 55.4 

C 7 ), 114.4 (C 3 , C 5 ), 119.8 (C α), 125.6 (C 1 ), 127.6 (C 3’ , C 5’ ), 128.4

C 2’ , C 6’ ), 128.6 (C 2 , C 6 ), 130.2 (C 4’ ), 132.5 (C β ), 138.5 (C 1’ ), 144.7

C = N), 161.7 (C 4 ), 178.3 (C = S). 

(Z)-2-((E)-3-(3,4-dimethoxyphenyl)-1-phenylallylidene) 

ydrazinecarbothioamide ( 13 ). Orange solid; Yield: 75 %; mp: 

45–249 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 3470 ( = C-H sp 2 ), 2826 (C-H

p 3 ), 1645 (C = N), 1500 (C = C olefin ), 1467 (N-H folding ), 1410 and

329 (C = C aromatic ), 1265 (C-O); 1 H NMR (500 MHz, CDCl 3 ) δ 3.97

s, 6H, CH 3 ), 6.32 (d, 1H , J 16.3 Hz, H α), 6.35 (d, 1H , J 16.3 Hz, H β ),

.83 (s, 1H, NH), 6.93–8.04 (m, 8H, aromatic hydrogens), 8.52 (s, 

H, NH 2 ); 
13 C NMR (125 MHz, CDCl 3 ) δ 56.0 (C 7 , C 8 ), 110.1 (C 2 ),

11.1 (C 5 ), 120.1 (C α), 123.2 (C 6 ), 127.9 (C 1 ), 128.4 (C 3’ , C 5’ ), 128.6

C 2’ , C 6’ ), 129.9 (C 4’ ), 132.6 (C 1’ ), 138.5 (C 4 ), 145,0 (C β ), 149.3 (C 3 ),

51.5 (C = N), 178.3 (C = S). 

(Z)-2-((E)-1-phenyl-3-(3,4,5-trimethoxyphenyl)allylidene) 

ydrazinecarbothioamide ( 14 ). Orange solid; Yield: 71 %; mp: 

47 – 251 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 3425 ( = C-H sp 2 ), 3154 (N-H

tretch ), 2826 (C-H sp 3 ), 1645 (C = N), 1601 (N-H), 1504 (C = C olefin ),

473 and 1419 (C = C aromatic ), 1123 (C-O); 1 H NMR (500 MHz, 

DCl 3 ) δ 3.87 (s, 9H, CH 3 ), 6.38 (d, 1H , J 16.2 Hz, H α), 6.55 (s,

H, NH), 7.01 (d, 1H , J 16.2 Hz, H β ), 7.27–7.29 (d, 2H, H 2 , H 6 ),

.58–7.61 (m, 3H, H 3’ , H 4’ , H 5’ ), 8.02–8.04 (d, 2H, H 2’ , H 6’ ), 8.52 (s,

H, NH 2 ); 
13 C NMR (125 MHz, CDCl 3 ) δ 56.2 (C 7 , C 9 ), 61.0 (C 8 ),

04.2 (C 2 , C 6 ), 105.7 (C 1 ), 121.5 (C α), 128.5 (C 3’ , C 5’ ), 128.6 (C 2’ ,

 6’ ), 130.0 (C 4’ ), 130.4 (C 1’ ), 132.7 (C β ), 138.3 (C 4 ), 140.5 (C 3 , C 5 ),

45.0 (C = N), 177.8 (C = S). 

(1E,4E)-1,5-bis(4-chlorophenyl)penta-1,4-dien-3-one ( 15 ). Pale yel- 

ow solid; Yield: 93 %; mp: 190–193 °C (lit. 193 °C) [28] ; FT-IR (KBr)

/ λ ( c m 

−1 ): 3043 ( = C-H sp 2 ), 1650 (C = O), 1588 (C = C olefin ), 1492

nd 1405 (C = C aromatic ), 1087 (C-Cl), 821 ( p- substituted); 1 H NMR

500 MHz, CDCl 3 ) δ 7.08 (d, 2H , J 15.6 Hz, H α , H α’ ), 7.43 (d, 4H,

 3 , H 5 , H 3’ , H 5’ ), 7.58 (d, 4H, H 2 , H 6 , H 2’ , H 6’ ), 7.73 (d, 2H, J 15.6

z, H β , H β ’ ); 
13 C NMR (125 MHz, CDCl 3 ) δ 125.7 (C α , C α’ ), 129.3

C 3 , C 5 , C 3’ , C 5’ ), 129.5 (C 2 , C 6 , C 2’ , C 6’ ), 133.2 (C 1 , C 1’ ), 136.5 (C 4 ,

 4’ ), 142.0 (C β , C β ’ ), 188.3 (C = O). 

(1E,4E)-1,5-bis(4-bromophenyl)penta-1,4-dien-3-one ( 16 ). Pale 

ellow solid; Yield: 95 %; mp: 209–212 °C (lit. 211.0 – 213.0 °C) 

29] ; FT-IR (KBr) 1/ λ ( c m 

−1 ): 2930 ( = C-H sp 2 ), 1653 (C = O), 1592

C = C olefin ), 1490 and 1402 (C = C aromatic ), 1076 (C-Br), 822 ( p-

ubstituted); 1 H NMR (500 MHz, CDCl 3 ) δ 7.07 (d, 2H , J 15.6 Hz, 

 α , H α’ ), 7.50 (d, 4H, H 3 , H 5 , H 3’ , H 5’ ), 7.58 (d, 4H, H 2 , H 6 , H 2’ ,

 6’ ), 7.70 (d, 2H, J 15.6 Hz, H β , H β ’ ); 
13 C NMR (125 MHz, CDCl 3 )

124.9 (C 4 , C 4’ ), 125.8 (C α , C α’ ), 129.7 (C 2 , C 6 , C 2’ , C 6’ ), 132.2 (C 3 ,

 5 , C 3’ , C 5’ ), 133.6 (C 1 , C 1’ ), 142.1 (C β , C β ’ ), 188.3 (C = O). 

(1E,4E)-1,5-bis(3,4,5-trimethoxyphenyl)penta-1,4-dien-3-one ( 17 ). 

range solid; Yield: 96 %; mp: 124–127 °C (lit. 123.0 – 124.0 °C) 

29] ; FT-IR (KBr) 1/ λ ( c m 

−1 ): 30 0 0 ( = C-H sp 2 ), 2830 (C-H sp 3 ),

591 (C = O), 1510 (C = C olefin ), 1464 and 1415 (C = C aromatic ), 1128

C-O); 1 H NMR (500 MHz, CDCl 3 ) δ 3.93 (s, 18H, H 7 , H 8, H 9 , H 7’ ,

 8’ , H 9’ ), 6.87 (s, 4H, H 2 , H 6 , H 2’ , H 6’ ), 6.98 (d, 2H , J 15.0 Hz, H α ,

 α’ ), 7.66 (d, 2H, J 15.0 Hz, H β , H β ’ ); 
13 C NMR (125 MHz, CDCl 3 )

56.2 (C 7 , C 9 , C 7’ , C 9’ ), 61.0 (C 8 , C 8’ ), 105.6 (C 2 , C 6 , C 2’ , C 6’ ), 124.8

C α , C α’ ), 130.2 (C 1 , C 1’ ), 140.4 (C 4 , C 4’ ), 143.3 (C β , C β ’ ), 153.5 (C 3 ,

 5 , C 3’ , C 5’ ), 188.5 (C = O). 

2-((1E,4E)-1,5-bis(4-chlorophenyl)penta-1,4-dien-3-ylidene) 

ydrazinecarbothioamide ( 18 ). Orange solid; Yield: 77 %; mp: 

26–228 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 3435 ( = C-H sp 2 ), 3236 (N-H

tretch ), 1627 (C = N), 1601 (C = C olefin ), 1482 and 1402 (C = C aromatic ),

318 (N-H folding ), 1084 (C-Cl), 814 ( p- substituted); 1 H NMR 
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500 MHz, CDCl 3 ) δ 7.04 (d, 2H , J 16.2 Hz, H α , H α’ ), 7.24 (s, 1H,

H), 7.29 – 7.58 (m, 8H, aromatic hydrogens), 7.72 (d, 2H, J 16.2 

z, H β , H β ’ ), 9.08 (s, 2H, NH 2 ); 
13 C NMR (125 MHz, CDCl 3 ) δ 125.7

C α , C α’ ), 126.4 (C 4 , C 4’ ), 128.3 (C 1 , C 1’ ), 128.5 (C 2 , C 6 , C 2’ , C 6’ ),

29.3 (C 3 , C 5 , C 3’ , C 5’ ), 129.5 (C β , C β ’ ), 142.1 (C = N), 178.7 (C = S). 

2-((1E,4E)-1,5-bis(4-bromophenyl)penta-1,4-dien-3-ylidene) 

ydrazinecarbothioamide ( 19 ). Orange solid; Yield: 75 %; mp: 

30–232 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 1655 (C = N), 1596 (C = C olefin ),

487 and 1398 (C = C aromatic ), 1202 (N-H), 1076 (C-Br), 822 ( p-

ubstituted); 1 H NMR (500 MHz, CDCl 3 ) δ 7.03 (d, 2H , J 15.3 Hz,

 α , H α’ ), 7.31 (s, 1H, NH), 7.45 – 7.53 (m, 8H, aromatic hydrogens),

.66 (d, 2H, J 15.3 Hz, H β , H β ’ ), 8.95 (s, 2H, NH 2 ); 
13 C NMR (125

Hz, CDCl 3 ) δ 124.9 (C α , C α’ ), 125.8 (C 4 , C 4’ ), 128.7 (C 1 , C 1’ ),

29.7 (C 2 , C 6 , C 2’ , C 6’ ), 132.2 (C 3 , C 5 , C 3’ , C 5’ ), 133.6 (C β , C β ’ ), 142.1

C = N), 188.3 (C = S). 

2-((1E,4E)-1,5-bis(3,4,5-trimethoxyphenyl)penta-1,4-dien-3- 

lidene)hydrazinecarbothioamide ( 20 ). Pale red solid; Yield: 80 

; mp: 250–252 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 2919 (C-H sp 3 ), 1582

C = N), 1500 (N-H), 1456 (C = C olefin ), 1339 and 1237 (C = C aromatic ),

128 (C-O); 1 H NMR (500 MHz, CDCl 3 ) δ 3.87 (s, 18H, H 7 , H 8, H 9 ,

 7’ , H 8’ , H 9’ ), 6.37 (d, 2H , J 15.3 Hz, H α , H α’ ), 6.74 (d, 4H, H 2 , H 6 ,

 2’ , H 6’ ), 6.95 (s, 1H, NH), 7.35 (d, 2H, J 15.3 Hz, H β , H β ’ ), 9.01

s, 2H, NH 2 ); 
13 C NMR (125 MHz, CDCl 3 ) δ 56.2 (C 7 , C 9 , C 7’ , C 9’ ),

1.0 (C 8 , C 8’ ), 104.3 (C 2 , C 6 , C 2’ , C 6’ ), 104.6 (C 1 , C 1’ ), 114.9 (C 4 , C 4’ ),

25.5 (C α , C α’ ), 131.5 (C β , C β ’ ), 137.4 (C 3 , C 5 , C 3’ , C 5’ ), 153.6 (C = N),

87,0 (C = S). 

(1E,4E)-1,5-di(thiophen-2-yl)penta-1,4-dien-3-one ( 21 ). Brown 

olid; Yield: 92 %; mp: 110–113 °C (lit. 113.0 – 114.0 °C) [30] ; FT-IR

KBr) 1/ λ ( c m 

−1 ): 3073 ( = C-H sp 2 ), 1609 (C = O), 1555 (C = C olefin ),

420 and 1370 (C = C aromatic ); 
1 H NMR (500 MHz, CDCl 3 ) δ 6.80

d, 2H , J 15.7 Hz, H α , H α’ ), 7.05 (t, 2H, H 3 , H 3’ ), 7.31 (d, 2H, H 2 ,

 2’ ), 7.38 (d, 2H, H 4 , H 4’ ), 7.82 (d, 2H, J 15.7 Hz, H β , H β ’ ); 
13 C NMR

125 MHz, CDCl 3 ) δ 124.4 (C α , C α’ ), 128.3 (C 3 , C 3’ ), 128.8 (C 2 , C 2’ ),

31.8 (C β , C β ’ ), 135.6 (C 4 , C 4’ ), 140.3 (C 1 , C 1’ ), 187.7 (C = O). 

2-((1E,4E)-1,5-di(thiophen-2-yl)penta-1,4-dien-3-ylidene) 

ydrazinecarbothioamide ( 22 ). Dark brown solid; Yield: 73 %; 

p: 217–220 °C; FT-IR (KBr) 1/ λ ( c m 

−1 ): 3422 ( = C-H sp 2 ), 3264

N-H), 1610 (C = N), 1484 (C = C olefin ), 1420 and 1360 (C = C aromatic ),

094 (N-H folding ); 
1 H NMR (500 MHz, CDCl 3 ) δ 6.80 (d, 2H , J 15.3

z, H α , H α’ ), 7.05–7.42 (m, 5H, H 3 , H 3’ , H 2 , H 2’ , NH), 7.82 (d, 2H, J

5.3 Hz, H β , H β ’ ), 8.99 (s, 2H, NH 2 ); 
13 C NMR (125 MHz, CDCl 3 ) δ

14.2 (C β , C β ’ ), 127.8 (C 3 , C 3’ ), 128.0 (C α , C α’ ), 128.5 (C 2 , C 2’ ), 128.8

C 4 , C 4’ ), 135.7 (C 1 , C 1’ ), 145.7 (C = N), 178.6 (C = S). 

.4. Biological assays 

.4.1. In vitro trypanocidal activity assay 

Trypanocidal activity of the thiossemicarbazones complexes and 

enznidazole (BZN) was evaluated against amastigotes forms of 

he Tulahuen strain expressed beta-galactosidase. Briefly, LLCMK- 

 cells (2.5 × 10 4 cells. mL –1 ) were ressuspended in RPMI-1640 

edium without phenol red (Sigma-Aldrich), supplemented with 

% bovine foetal serum (GIBCO, Grand Island, NY, USA), 100 IU 

L −1 penicillin G, and 100 mg mL −1 streptomycin (Gibco-BRL, 

rand Island, NY, USA) and seeded in 96-well microplates. After 3 

, the cells were infected with 5.0 × 10 5 trypomastigotes forms of 

. cruzi Tulahuen strain stably expressing the β-galactosidase gene 

rom Escherichia coli and incubated for 48 h. After the infection pe- 

iod, the plates were washed to remove the free trypomastigotes 

orms of T. cruzi . The infected cells with the intracellular amastig- 

tes forms were incubated with the compounds or benznidazole 

BZN), in serial concentrations between 500 to 3.9 mM. After 72 

, 50 μL of PBS (phosphate buffered saline) containing 0.3% of Tri- 

on X-100 and 400 mM chlorophenol Red- β-D-galactopyranoside 

CPRG) were added. Plates were incubated at 37 °C for 4 h and the 

bsorbance was read at 570 nm. The BZN was used as positive 
4 
ontrol and the culture media as negative control. The concentra- 

ion of the compound corresponding to 50% trypanocidal activity 

n amastigote forms was expressed as the IC 50 amastigote. 

.5. In vitro cytotoxicity assay 

The LLC-MK2 cell viability was assessed using the clas- 

ical [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro- 

ide] (MTT) colorimetric assay to determine selectivity against T. 

ruzi . For this propose, the same protocol established to trypanoci- 

al activity was maintained. Briefly, 2.5 × 10 4 cells were incubated 

or 48 h in 96-well microplate for cell culture. After this incubation 

eriod, the compounds or BZN was added (concentrations 500 to 

.9 mM in serial dilution / compounds solubilized in DMSO 0.5%) 

n a final volume of 200 mL. Cells were incubated for 72 hours at 

7 °C. After incubation with the ligands and their complexes, the 

edium was removed and added 50 mL of MTT (5.0 mg mL –1 ) 

iluted in phosphate buffered saline (PBS). The precipitated blue 

TT formazan was then dissolved in 50 mL of DMSO, and the 

bsorbance was measured at 570 nm in a VARIAN CARY-50 plate 

eader MPR multiwell. Cell viability was expressed as the percent- 

ge of absorption values in treated cells compared with untreated 

control) cells. CC 50 (cytotoxic concentration of 50% of the cells) 

as also calculated. Thus, SI is defined by the ratio of CC 50 to IC 50 .

. Results and discussion 

.1. Synthesis 

For the synthesis of thiossemicarbazones, we started prepar- 

ng the α, β-insaturated ketones chalcones and dibenzalacetones by 

laisen-Schmidt aldolic condensation of acetophenone or acetone 

ith different aromatic aldehydes in basic medium ( Scheme 1 ). 

he reaction time varied from 1 to 4 hours and the solids gener- 

ted were filtered under vacuum and washed with cold water and 

eft in a desiccator till dryness. The products were obtained in ex- 

ellent yields (94-98% for the chalcones 5 - 9 and 92-96 % for the 

ibenzalacetones 15 - 17, 21 ). The melting range values correspond- 

ng to these compounds were between 2 to 3 °C, which indicates 

 relatively high degree of purity and are in accordance with the 

alues described in the literature (see Experimental Section). 

From the chalcones and dbas obtained, the synthesis of 

hiosemicarbazones in good yields (71-83 %) was possible by re- 

ctions with the desired thiosemicarbazide in ethanol under acid 

atalysis ( Scheme 1 ), providing the chalcones ( 10-14 ) and dibenza- 

acetones ( 18-20 and 22 ) derivatives. 

.2. Spectroscopic analysis 

The characterization of all compounds was performed by FTIR 

nd multinuclear NMR ( 1 H and 

13 C) spectroscopies and by compar- 

son of values of melting points with those from literature for the 

ompounds previously described. The IR spectra analysis of chal- 

ones ( 5 - 9 ) and dbas ( 15 - 17, 21 ) showed the main bands of absorp-

ion related to the desired products. All of them showed asymmet- 

ic intense stretching bands for typical unsaturated carbonyl group 

C = O) absorptions at 1660 cm 

−1 or close to this region. The band

eferring to the olefin C = C double bond was found close to 1500 

m 

−1 , while the stretches associated with the aromatic ring (C = C) 

howed two absorptions between 1480 and 1402 cm 

−1 . The for- 

ation of the products was also verified by the analysis of the 1 H 

MR spectra, from which it’s possible to observe a doublet ( J 15.7 

z) related to the β-H in the 7.40 to 7.80 ppm region, belonging to 

he trans isomer of the olefin. In the 13 C NMR spectra, we highlight 

he signal at around 190.0 ppm which is attributed to carbonyl 
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Table 1 

IC 50 and CC 50 values of the trypanocidal activity and cyto- 

toxicity of the chalcone derived thiosemicarbazones 10 - 14 . 

Compound IC 50 (μM) CC 50 (LLC-MK2) (μM) SI 

10 12.25 39.89 3.25 

11 46.42 45.12 0.97 

12 31.96 65.17 2.03 

13 30.40 80.49 2.64 

14 40.59 36.03 0.88 

BZN 5.64 204.00 36.00 
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arbon. In the range of 122.5 to 143.3 ppm the aromatic carbon 

ignals and α and β carbonyl signals are observed. 

The structures of thiosemicarbazones were also confirmed by 

MR and FTIR techniques. By analyzing their IR spectra, we could 

bserve the expected stretching bands associated with the groups 

-H and C = N in the region of 3400 and 1630 cm 

−1 , respectively.

n general, for the 1 H NMR spectra, the structures of thiosemicar- 

azones were confirmed by observing the presence of a wide inte- 

rated singlet peak with chemical shift close to 6.4 ppm, referring 

o the hydrogen atom from the NH group, as well as another sin- 

let in the region of 8.6 ppm referring to the hydrogen atoms from 

he amine group (NH 2 ). Likewise, the signals arising in their 13 C 

MR spectra at around 152.0 ppm and 187 ppm can be attributed 

o the carbon atoms from the C = N and C = S groups, respectively,

hich confirm the expected structures. 

.3. Evaluation of the antichagasic activity 

To evaluate the potential of these compounds as therapeutic 

gents for Chagas disease treatment, preliminary biological tests 

ere performed on the intracellular form of Trypanosoma cruzi 

nd determined their cytotoxicity using the LLC-MK2 (Macaca mu- 

atta) cell line. The data obtained are shown in Table 1 . 

From the data shown in Table 1 , it is possible to notice that

hiosemicarbazone 10 showed a remarkable IC 50 value when com- 

ared to benznidazole (standard drug used to treat the disease). 

hen comparing compounds 10 and 11 , structural analogues sub- 

tituted at the same position by different halogen atoms, it is ob- 

erved that compound containing the more electronegative halo- 

en atom, 10 , is about three times more effective than compound 

1 . Similarly, the replacement of the chlorine atom by a methoxy 

roup, compound 12 , did not improve the activity. Furthermore, by 

ncreasing the number of substitutions by methoxy groups, com- 

ounds 13 and 14 , the activity was kept or decreased when com- 

ared to the monosubstituted 12 . Regarding the CC 50 values , it is 

ossible to verify that the peripheral groups of the thiosemicar- 

azones play a role on the cytotoxicity. Therefore, although the 

ompounds studied here showed low selectivity indexes, it was 

ossible to verify that the activity and cytotoxicity may be tuned 

y changes in their structure. 

. Conclusions 

In this work, 18 compounds were synthesized, from which 9 

re thiosemicarbazones, and all of them were characterized by FT- 

R and 

1 H/ 13 C NMR analysis. The products were obtained with 

lobal yields (two steps) that varied from 70 to 78%. The thiosemi- 

arbazones derived from chalcones 10 - 14 showed activity against 

he protozoan Trypanosoma cruzi , the etiological agent of CD, being 

ompound 10 the most effective (IC 50 = 12.25 μM). Furthermore, 

t was observed that the cytotoxicity on LLC-MK2 cells is depen- 

ent on the substituents on the thiosemicarbazone moiety. These 

reliminary results show that the investigated compounds present 

otential as basis for the development of new drugs for Chagas 

isease treatment. However, more modifications in their structure 
5 
y including other withdrawing and donating groups in the aro- 

atic rings or their coordination to metal ions must be performed 

n order to establish a better structure-activity relationship of this 

lass of compounds in order to fine tune their antiparasitc activity, 

hich is an ongoing subject. 
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