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Abstract—A series of copper(I) complexes with triphenylphosphine and N-acyl-N′-arylthioureas were 
synthesized and characterized by elemental analysis and IR and NMR (1H, 13C, 31P) spectroscopy. The thiourea 
ligands and their copper(I) triphenylphosphine complexes were screened for antibacterial and antileishmanial 
activities and cytotoxicity. The synthesized compounds showed much better activity as compared to glucantime 
and Kanamycin used as reference drugs. The thiourea ligands showed better activity than their Cu(I) complexes. 
The molecular docking technique was utilized to ascertain the mechanism of action toward molecular targets 
(GP63 and 16S-rRNA A-site). It was found that the ligands and complexes were stabilized at the active site by 
electrostatic and hydrophobic forces, consistent with the corresponding experimental results. The in silico study 
of the binding pattern predicted that one of the synthesized ligands, N-(5-chloro-2-nitrophenyl)-N′-
pentanoylthiourea, can serve as a potential surrogate for hit-to-lead generation and design of novel antibacterial 
and antileishmanial agents.  

Keywords: thiourea, copper(I) complexes, triphenylphosphine, molecular docking, cytotoxicity, anti-
leishmanial activity, antibacterial activity 

1 The text was submitted by the authors in English.   

INTRODUCTION 

N-Arylthioureas are very good precursors in the 
synthesis heterocyclic compounds such as imidazol-
idine-2-thiones, 1,3-thiazoles [1], 1,2,4-thiadiazolidines 
[2], 1H-1,2,4-triazoles [3], tetrazoles [4], 1,2,4-oxa-
thiazoles [5], and 1,3-thiazin-4-ones [6]. Besides 
having significant importance in the synthetic fields, 
thioureas possess broad spectrum of biological activities, 
including antiviral [7], antibacterial [8], antifungal [9], 
antitubercular [10], herbicidal [11], insecticidal [12], 

and other pharmacological properties; they act as 
corrosion inhibitors and antioxidants and are used 
polymer components [13]. Thiourea derivatives are 
versatile ligands capable of coordinating to a range of 
metal centers as neutral molecules, monoanions, or 
dianions [14–25]. The sulfur, nitrogen, and oxygen 
donor atoms of thiourea derivatives afford a multitude 
of bonding possibilities. Both thiourea ligands and 
their metal complexes exhibit a spacious range of 
biological activity, including antibacterial, antifungal, 
antithyroid, antihelmintic, antitubercular, rodenticidal, 
herbicidal, and plant-growth regulator properties [8,       
26–29]. A large number of copper(I) complexes 
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formed with thiourea and its derivatives relevant in 
main biological and pharmaceutical areas and involving 
a variety of structures and compositions have been 
reported [30–33]. 

Leishmaniasis is caused by protozoan parasites 
from the Leishmania genus, and it comprises two 
major diseases, visceral leishmaniasis (VL) and cutaneous 
leishmaniasis (CL). While VL is fatal if medically 
untreated, CL may heal spontaneously or leave disfigur-
ing scars. Leishmaniasis is one of the most ignored 
tropical diseases and is associated with high morbidity 
levels. The rate of mortality of VL is approximately 
60 000 per year, which is the second highest rate 
among parasitic diseases, only surpassed by malaria 
[34–36]. The antileishmanial activity of synthetic and 
natural compounds has been reviewed comprehensively 
[37]. 

Global dissemination of antibacterial resistance has 
rendered worldwide health practice vulnerable [38]. 
Antibacterials are highly essential in the prevention 
and medical treatment of bacterial infection which 
normally occurs in surgery, organ transplant, cancer 
chemotherapy, and in veterinary applications [39]. The 
emergence of methicillin-resistant Staphylococcus 
aureus, penicillin- and vancomycin-resistant enterococci, 
third-generation cephalosporins-resistant Escherichia 
coli, Klebsiella pneumoniae, and Streptococcus 
pneumoniae, extended spectrum β-lactamase, and 

carbapenem-resistant Enterobacteriaceae are most 
prominent examples that are both widespread and of 
great concern [40]. A further challenge is that multidrug-
resistant bacteria are becoming ubiquitous in both 
developed and developing countries and that newly 
discovered antibacterial agents have limited 
revolutionary mechanisms of action for clinical use 
[41, 42]. These issues have motivated new strategies 
and initiatives with the ambition of improving research 
and development of new antibacterial drugs [43, 44]. 
Metallopharmaceuticals relate to the use of metal-
based species in the treatment of various illnesses and 
highlight the importance of medicinal inorganic chemistry 
[45]. Copper complexes of thiourea open new avenues 
in the antibacterial field. 

Herein, we report the synthesis of novel thiourea 
ligands and their copper(I) complexes with triphenyl-
phosphine and evaluation of their biological properties, 
in particular cytotoxicity, antileishmanial and anti-
bacterial activity, and multi-target bioactivities. The 
molecular docking studies were also performed. 

RESULTS AND DISCUSSION 

Synthesis of thiourea ligands and copper(I) com-
plexes. The thiourea ligands, N-acyl-N′-arylthioureas 
3a–3f, were synthesized starting from two different 
acid chlorides 1 (butanoyl chloride and pentanoyl 
chloride) and substituted anilines (Scheme 1). Acid 
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chlorides 1 were treated with an equimolar amount of 
potassium thiocyanate in acetone to afford the 
corresponding acyl isothiocyanate intermediates which 
were not isolated. Condensation of the latter with 
substituted anilines furnished thiourea derivatives 3a–
3f [46]. The IR spectra of 3a–3f showed strong 
absorption peaks between 3200 and 3400 cm–1 which 
were assigned to N–H stretching vibrations of thiourea 
[47, 48]. The carbonyl absorption band appeared at 
about 1700 cm–1, and bands in the region 1600–
1500 cm–1 indicated the presence of a benzene ring. 

Copper(I) bromide was reacted with triphenyl-
phosphine at a ratio of 1 : 3 to obtain the cor-
responding adduct. The complexation was carried out 
by reacting tris(triphenylphosphine)copper(I) bromide 
with ligands 3a–3f in methylene chloride–methanol; 
the appearance of yellow color indicated the formation 
of metal complexes 4a–4f. The synthesized ligands 
and complexes were successfully characterized by 
spectroscopic techniques. 

The 1H NMR spectra of ligands 3a–3f and copper(I) 
complexes 4a–4f displayed two distinct downfield 
signals in the region δ 11–13 ppm due to NH protons, 
the aromatic protons appeared around δ 7–8 ppm, and 
aliphatic protons resonated at δ ~2–3 ppm. In the 13C 
NMR spectra of 3a–3f and 4a–4f, characteristic peaks 
appeared at δC 180 ppm due to C=S carbon atom, and 
the carbonyl carbon signal was located at δC 170–           
175 ppm. Aromatic carbon signals were observed in 
the region δC 140–120 ppm. sp3-Carbons resonated 
around δC 30–15 ppm. Some difference in the positions 
of the C=S signal was observed in the 13C NMR 
spectra of the ligands and the corresponding complexes. 
The 31P NMR spectra of the complexes contained a 

signal at δP –6.0 ppm due to the presence of triphenyl-
phosphine ligands.  

Antileishmanial activity and cytotoxicity. Com-
pound 3c showed excellent antileishmanial activity in 
the series of thiourea ligands while compound 3d 
showed poor activity (Table 1). Copper(I) complexes 
4c and 4b showed excellent activity while 4e showed 
least activity in the series of complexes. Furthermore, 
the copper(I) complexes were more active than the 
corresponding thiourea ligands. All these compounds 
were characterized by high toxicity at high 
concentration, and they showed less toxicity at lowest 
concentration; therefore, they can be useful as 
pharmaceuticals at low doses as they show very low 
toxicity for human healthy cells.  

Antibacterial activity. The ligands and the com-
plexes were evaluated for their potential antibacterial 
activity against four bacterial strains. The antibacterial 
activity was determined by the agar diffusion method 
by measuring the diameter of zones showing complete 
inhibition (mm) with reference to positive control 
(Kanamycin). Experiments were performed in 
triplicates, and the results are summarized in Table 2. 
Two compounds, 3c and 3d, showed good antibacterial 
activity against both gram positive and gram negative 
bacterial strains. Compounds 3a, 3b, and 3f exhibited 
minimum antibacterial activity against all four 
bacterial strains. Except for compound 3c, the thiourea 
ligands were generally less active than their copper(I) 
complexes. The copper complexes showed moderate 
activity against all four bacterial strains, the most 
potent being compound 4c. 

Molecular docking study. MOE (Molecular 
Operating Environment) is an interactive molecular 

Compound 
no. 

IC50, mg/mL 
(promastigotes) 

LD50, mg/mL (human 
macrophages) 

Compound  
no. 

IC50, mg/mL 
(promastigotes) 

LD50, mg/mL (human 
red blood cells) 

3a 4.68   50.0 4a   3.125   78.00 

3b 1.56   55.5 4b   0.780 181.81 

3c 0.78   50.0 4c   0.390   93.00 

3d 48.5   73.0 4d 25.000 100.00 

3e 43.5   69.0 4e 16.600 126.00 

3f 17.8 100.0 4f 12.500 142.86 

Glucantime   6.4 160.0 Glucantime   6.400 160.00 

Table 1. Antileishmanial activity and cytotoxicity of ligands 3a–3f and complexes 4a–4f 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  88   No.  3   2018 

SAEED et al. 544 

graphics program for computing and displaying 
feasible docking modes of various targets, which was 
used to carry out current in silico studies of the binding 
modes of the thiourea ligands and their copper(I) 
complexes to the leishmanolysin GP63 active site and 
E. coli 16S-rRNA A-site (PDB code 1j7t). The parameters 
and charges were assigned with MMFF94x force field. 
For further studies, we selected variants with the 

minimal energy of the receptor–inhibitor complex, 
achieved as a result of the docking simulations. The 
active sites in both targets were found to be a wide 
cleft lined with both hydrophilic and hydrophobic 
amino acids. All docked compounds were represented 
in balls and sticks to clarify the preferred binding 
mode of compounds in the target crystal structures 
shown in Fig. 1.  

Compound no. 
Inhibition zone (mm) at 200 µg/mL 

Micrococcus luteus Staphylococcus aureus Escherichia coli Enterobacter aerogenes 

3a 12 10 10 6 

3b 0 12 5 0 

3c 33 35 30 32 

3d 13 14 12 7 

3e 14 15 10 8 

3f 7 6 6 5 

4a 17 18 18 19 

4b 30 31 15 15 

4c 28 33 17 27 

4d 25 28 15 25 

4e 27 30 15 0 

4f 31 25 27 22 

Kanamycin 32 34 28 24 

Table 2. Antibacterial activity of ligands 3a–3f and complexes 4a–4f 

      (a)                                                                                             (b) 

Fig. 1. (a) Superimpositions of the most favorable docked conformations of the ligands inside the active site of GP63 (PDB ID: 
ILM); receptor is shown as cartoons and ribbons (red, yellow); (b) superimposition of minimum-energy docked conformations inside 
the active site of 1j7t. Ligands are shown in ball and stick mode in cyan color, complexes 4a to 4d are shown in yellow ball and stick 
mode; the key residues are presented in stick mode (green); backbone is shown in cyan colored ribbon.  
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    (a)                                                                                       (b) 

Fig. 2. Docking pose of 3c inside the active site of GP63: (a) docking pose of 3c in 3D space. Molecule 3c is shown in stick mode 
(cyan color), the receptor is shown in yellow colored cartoons and ribbons, and the key residues are shown in green color stick mode; 
H-bonds of the ligand atoms are shown in purple colored dashed lines; the interaction with Zn is shown in cyan colored dashed lines; 
(b) interaction of 3c with GP63 in 2D space.  

The highly favorable conformations of ligands 3a, 
and 3c–3f are anchored inside the active site cleft 
through hydrogen bonding with Gly329, while 
complexes 4a, 4b, 4d, and 4e form strong hydrogen 
bonds with the key residues such as Pro347, Trp22, 
Ala 225, and Gly329, respectively. Few hydrophobic 
interactions of the ligands are also observed with 
Val223, Val261, Ala227, Trp226, and Ala328 in 
addition to strong electrostatic interactions with Glu268, 
Gly329, His268, Ser333, Thr228, Glu220, and Glu221. 

Another characteristic feature that discriminates the 
binding mode of these compounds is that the zinc ion 
present in the active site is chelated by the ligand and 
Glu265. In the case of ligands 3c and 3f, the zinc atom 
is involved in close contact with oxygen atoms of the 
carbonyl and nitro groups to form a very stable 10-
membered ring which is further stabilized by two 
strong hydrogen bonds with Gly329 and Glu265, as 
well as by hydrophobic and polar interactions. Figure 2 
depicts the preferred docked orientation of ligand 3c in 
the binding cavity of the protein.  

The optimized geometries of the ligands and com-
plexes were docked to the active site of the minimized 
eubacterial ribosomal decoding A site (E. coli 16S 
rRNA A-site). Ligands 3a to 3f formed one cluster, 
and all the respective metal complexes formed another 

cluster (Fig. 1b). All thiourea ligands and complexes 
bound tightly into the major grove of RNA strand. 
Nitrogen bases A15, A17, A29, C25, C28, G12, G13, 
G15, G18, G26, U14, and U27 were found to be 
important for activities of antibacterial compounds. 
The phosphorus atom present in the copper(I) 
complexes proved to stabilize them in the active site 
by establishing contacts with bases G13, G26, and 
U27. All complexes except 4c were anchored in the 
active site through P–nitrogen base interactions in 
addition to hydrogen bonding. The carbonyl oxygen of 
3a, 3c, 4a, 4b, 4d, and 4f formed strong hydrogen 
bonds with some key nitrogen bases such as A17, A29, 
and U27.  

Ligand 3c was stabilized in the binding pocket by 
forming two strong hydrogen bonds with A17 and A29 
bases in addition to numerous electrostatic contacts 
with A17, G15, A29, C28, G26, U14, and U27. 
Copper(I) complexes 4a–4f were stabilized in the 
binding pocket by arranging phenyl rings in coplanar 
position. Figure 3 represents the binding pattern of 
ligand 3c inside the major groove of the duplex.  

In summary, novel thiourea ligands and their 
copper(I) triphenylphosphine complexes were syn-
thesized and evaluated for antibacterial and anti-
leishmanial activity and cytotoxicity. The synthesized 



   (a)                                                                                          (b) 

Fig. 3. Molecular docking analysis. (a, b) Docking pose of 3c in 3D space. Molecule 3c is shown in stick mode (cyan color), receptor 
is shown in yellow colored cartoons and ribbons, and key residues are shown in green color stick mode. (a) H-bonding of ligand 
atoms with Val300, Trp22, Trp114, Ile261, and Ile299 shown in green colored solid line; (b) π‒H interaction of ligand 3c with 
Val300, Ala219, Arg218, and Ile261, represented in solid green lines. 
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compounds possess excellent potential against 
bacterial and Leishmania species. The copper com-
plexes showed better activity than the corresponding 
thiourea ligands. Molecular docking computations revealed 
good binding mode of the ligands and complexes to 
biological targets through electrostatic and hydro-
phobic interactions. Compound 3c can serve as the 
potential candidate for hit-to-lead generation and 
design of novel antibacterial and antileishmanial agents.  

EXPERIMENTAL 

The melting points were measured in open 
capillaries with a Thomas Hoover Unimelt apparatus 
and are uncorrected. All reagents and solvents were 
purchased from Sigma Aldrich, Fluka, and E. Merck. 
Acetone (99.9% pure) and n-hexane (95%) were 
purified, dried, and distilled according to reported 
methods before use. Potassium thiocyanate (98%), acid 
chlorides (99%), and substituted anilines were used 
without further purification. The purity of the isolated 
compounds was checked by TLC on silica gel G plates 
using petroleum ether–ethyl acetate (7 : 3, v/v) as 
eluent; spots were visualized using a UV lamp. The 
FTIR spectra were recorded on a Bio-Rad Excalibur 
FTS 3000 MX spectrophotometer. The NMR spectra 
were recorded in DMSO-d6 on a Bruker spectrometer 
(300 MHZ for 1H and 75 MHz for 13C) using 
tetramethylsilane as standard. 

General procedure for the synthesis of ligands 
3a–3f. Pentanoyl or butanoyl chloride was added to a 

solution of potassium thiocyanate in anhydrous 
acetone, and the mixture was stirred for about 1.5 h. 
The corresponding aniline was then added, and the 
mixture was refluxed for ~2 h.  

General procedure for the synthesis of com-
plexes 4a–4f. Copper(I) bromide was treated with               
3 equiv of triphenylphosphine in methanol. The 
mixture was stirred for 4–5 h, and the pale yellow solid 
was filtered off and dried. Yield of Cu(PPh3)3Br 90%. 
A solution of thiourea 3a–3f in 10 mL of methylene 
chloride were mixed with a solution of an equimolar 
amount of Cu(PPh3)3Br in 10 mL of methanol, and the 
mixture was stirred for 5–6 h. The formation of yellow 
solution indicated completion of the reaction. The 
solvent was evaporated to obtain complexes 4a–4f as 
yellow solids. 

N-[(2-Bromophenyl)carbamothioyl]pentanamide 
(3a). Yield 98%, yellow crystalline solid, mp 215°C, 
Rf 0.61 (n-hexane–EtOAc, 1 : 1). IR spectrum, ν, cm–1: 
3199 (N–H), 2984 (C–Harom) 1686 (C=O), 1510 
(C=Carom), 1420 (δ C–H), 1299 (C=S). 1H NMR 
spectrum, δ, ppm: 12.80 s (1H, NH), 11.88 s (1H, NH), 
8.12 d (1H, J = 7.8 Hz), 7.83 d.d (1H, J = 7.2, 4.5 Hz), 
7.53 d.d (1H, J = 7.6, 4.2 Hz), 7.47 d (1H, J = 7.8 Hz), 
2.4 t (2H), 2.0 quint (2H), 1.8 sext (2H), 1.5 t (3H). 
13C NMR spectrum, δC, ppm: 189.1 (C=S), 170.5 
(C=O), 146.4, 139.2, 136.7, 132.2, 129.2, 127.6 
(Carom), 40, 24, 20, 16 (CH3). Found, %: C 45.59; H 
4.89; N 8.79. C12H15BrN2OS. Calculated, %: C 45.73; 
H 4.80; N 8.89.  
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N-[(2-Chloro-4-nitrophenyl)carbamothioyl]pent-
anamide (3b). Yield 89%, yellow crystalline solid, mp 
205°C, Rf 0.68 (n-hexane–EtOAc, 1 : 1). IR spectrum, 
ν, cm–1: 3185 (N–H), 2996 (C–Harom), 1685 (C=O), 
1575 (NO2), 1509 (C=Carom), 1417 (δ C–H), 1345 
(NO2), 1259 (C=S). 1H NMR spectrum, δ, ppm: 11.61 
s (1H, NH), 11.41 s (1H, NH), 8.31 d (1H, J = 3.9 Hz), 
7.83 d (1H, J = 7.9 Hz), 7.53 d (1H, J = 6.5 Hz), 2.43 t 
(2H), 2.12 quint (2H), 1.83 sext (2H), 1.54 t (3H). 13C 
NMR spectrum, δC, ppm: 182.4 (C=S), 175.6 (C=O), 
140.9, 137.1, 135.1, 131.5, 127.7, 125.5 (Carom), 40, 
22, 18, 14. Found, %: C 45.53; H 4.49; N 13.79. 
C12H14ClN3O3S. Calculated, %: C 45.67; H 4.60; N 
13.89. 

N-[(5-Chloro-2-nitrophenyl)carbamothioyl]pent-
anamide (3c). Yield 89%, white crystalline solid, mp 
190°C, Rf 0.68 (n-hexane–EtOAc, 1 : 1). IR spectrum, 
ν, cm–1: 3181 (N–H), 2986 (C–Harom), 1691 (C=O), 
1570 (NO2), 1512 (C=Carom), 1419 (δ C–H), 1349 
(NO2), 1259 (C=S). 1H NMR spectrum, δ, ppm: 11.71 
s (1H, NH), 11.51 s (1H, NH), 8.21 d (1H, J = 3.7 Hz), 
7.80 d (1H, J = 6.9 Hz), 7.48 d (1H, J = 5.5 Hz), 2.51 t 
(2H), 2.24 quint (2H), 1.97 sext (2H), 1.57 t (3H). 13C 
NMR spectrum, δC, ppm: 181.8 (C=S), 176.7 (C=O), 
142.9, 136.1, 134.1, 132.5, 128.7, 124.4 (Carom), 40, 
25, 20, 17. Found, %: C 45.55; H 4.51; N 13.81. 
C12H14ClN3O3S. Calculated, %: C 45.67; H 4.60; N 13.89.  

N-[(4-Fluorophenyl)carbamothioyl]butanamide 
(3d). Yield 95%, light yellow solid, mp 181°C, Rf 0.58 
(n-hexane–EtOAc, 1 : 1). IR spectrum, ν, cm–1: 3186 
(N–H), 2994 (C–Harom), 1687 (C=O), 1571 (NO2), 
1507 (C=Carom), 1415 (δ C–H), 1338 (NO2), 1295 
(C=S). 1H NMR spectrum, δ, ppm: 11.77 s (1H, NH), 
11.55 s (1H, NH), 7.73 d (2H, Harom, J = 7.8 Hz), 7.47 
d (2H, Harom, J = 7.8 Hz), 2.3 t (2H), 1.9 sext (2H), 1.4 
t (3H). 13C NMR spectrum, δC, ppm: 187.1 (C=S), 
170.1 (C=O), 134.1, 132.5, 128.7, 126.5 (Carom), 33, 
23, 18. Found, %: C 54.52; H 5.52; N 12.80. 
C11H13FN2OS. Calculated, %: C 54.67; H 5.60; N 12.89. 

N-[(3-Bromophenyl)carbamothioyl]butanamide 
(3e). Yield 98%, yellow crystalline solid, mp 202°C, 
Rf 0.61 (n-hexane–EtOAc, 1 : 1). IR spectrum, ν, cm–1: 
3199 (N–H), 2984 (C–Harom), 1685 (C=O), 1509 
(C=C), 1419 (δ C–H), 1299 (C=S). 1H NMR spectrum, 
δ, ppm: 12.80 s (1H, NH), 11.88 s (1H, NH), 7.89–
7.32 m (4H, Harom), 2.4 t (2H), 1.8 sext (2H), 1.5 t (3H, 
J = 3.5 Hz). 13C NMR spectrum, δC, ppm: 189.1 
(C=S), 170.5 (C=O), 146.4, 139.2, 136.7, 132.2, 129.2, 
127.6 (Carom), 35, 24, 16 (CH3). Found, %: C 43.53; H 

4.29; N 9.23. C11H13BrN2OS. Calculated, %: C 43.86; 
H 4.35; N 9.30. 

N-[(4-Methyl-2-nitrophenyl)carbamothioyl]bu-
tanamide (3f). Yield 89%, yellow crystalline solid, 
mp 255°C, Rf 0.68 (n-hexane–EtOAc, 1 : 1). IR 
spectrum, ν, cm–1: 3185 (N–H), 2996 (C–Harom), 1685 
(C=O), 1575 (NO2), 1509 (C=Carom), 1417 (δ C–H), 
1345 (NO2), 1259 (C=S). 1H NMR spectrum, δ, ppm: 
11.61 s (1H, NH), 11.41 s (1H, NH), 7.35–6.9 m (3H, 
Harom), 2.51 s (3H), 2.4 t (2H, J = 2.7 Hz), 1.3 sext 
(2H), 0.9 t (3H, J = 4.1 Hz). 13C NMR spectrum, δC, 
ppm: 182 (C=S), 175.6 (C=O), 140.9, 137.1, 135.1, 
131.5, 127.7, 125.5 (Carom), 37, 30, 24, 17 (CH3). 
Found, %: C 51.16; H 5.27; N 14.18. C12H15N3O3S. 
Calculated, %: C 51.25; H 5.38; N 14.95.  

{N-[(2-Bromophenyl)carbamothioyl]pentanamide}-
[bis(triphenylphosphine)]copper(I) bromide (4a). 
Yield 75%, yellow crystalline solid, mp 179–181°C, Rf 
0.61 (n-hexane–EtOAc, 1 : 1). 1H NMR spectrum, δC, 
ppm: 12.80 s (1H, NH), 11.88 s (1H, NH), 8.12 d (1H, 
J = 7.8 Hz), 7.83 d.d (1H, J = 7.2, 4.5 Hz), 7.53 d.d 
(1H, J = 7.6, 4.2 Hz), 7.47 d (1H, J = 7.8 Hz), 7.4–7.09 
(30H, Ph), 2.4 t (2H), 2.0 quint (2H), 1.8 sext (2H), 1.5 
t (3H, J = 4.2 Hz). 13C NMR spectrum, δC, ppm: 179.1 
(C=S), 177.5 (C=O), 134.4, 133.8, 133.46, 133.2, 126.72, 
125.6 (Carom), 133.1, 129.58, 128.5, 128.08 (Ph), 37, 26, 
22, 14. Found, %: C 58.17; H 4.64; N 2.84. C48H45Br2Cu 

N2OP2S. Calculated, %: C 58.01; H 4.48; N 2.97.  

{N-[(2-Chloro-4-nitrophenyl)carbamothioyl]pent-
anamide}[bis(triphenylphosphine)]copper(I) bromide 
(4b). Yield 77%, yellow crystalline solid, mp 173°C, 
Rf 0.68 (n-hexane–EtOAc, 1 : 1). 1H NMR spectrum, 
δ, ppm: 12.58 s (1H, NH), 11.85 s (1H, NH), 8.19 d 
(1H, J = 3.9 Hz), 8.18 d (1H, J = 7.9 Hz), 7.86 d (1H,                
J = 6.5 Hz), 7.44–7.28 m (30H, Ph), 2.5 t (2H, J = 3.2 Hz), 
1.58 quint (2H), 1.38 sext (2H), 0.93 t (3H, J =         
3.4 Hz). 13C NMR spectrum, δC, ppm: 180.8 (C=S), 
175.6 (C=O), 144.9, 134.1, 130.1, 129.5, 128.7, 125.5 
(Carom), 133.61, 133.25, 132.16, 131.43 (Ph) 40, 26, 22, 
14. Found, %: C 59.16; H 4.27; N 4.25. C47H42 

BrClCuN3O3P2S. Calculated, %: C 59.23; H 4.38; N 4.35.  

{N-[(5-Chloro-2-nitrophenyl)carbamothioyl]pent-
anamide}[bis(triphenylphosphine)]copper(I) bromide 
(4c). Yield 79%, white crystalline solid, mp 195°C, Rf 
0.68 (n-hexane–EtOAc, 1 : 1). 1H NMR spectrum, δ, 
ppm: 12.96 s (1H, NH), 12.41 s (1H, NH), 9.12 d (1H, 
J = 3.7 Hz), 9.1 d (1H, J = 6.9 Hz), 8.064 d (1H, J = 
5.5 Hz), 2.64 t (2H), 1.72 quint (2H), 1.48 sext (2H), 
1.36 t (3H, J = 2.8 Hz). 13C NMR spectrum, δC, ppm: 
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181.8 (C=S), 176.7 (C=O), 135.56, 134.9, 134.2, 
128.5, 121.7, 120.98 (Carom), 134, 133.44, 130.28, 
128.93 (Ph), 37, 26, 22, 14. Found, %: C 59.12; H 
4.26; N 4.23. C48H46BrClCuN3O3P2S. Calculated, %: C 
58.23; H 4.38; N 4.35.  

{N-[(4-Fluorophenyl)carbamothioyl]butanamide}-
[bis(triphenylphosphine)]copper(I) bromide (4d). 
Yield 85%, light yellow solid, mp 165°C, Rf 0.58 (n-
hexane–EtOAc, 1 : 1). 1H NMR spectrum, δ, ppm: 
12.8 s (1H, NH), 11.82 s (1H, NH), 8.27 d (2H, Harom, 
J = 7.8 Hz), 7.97 d (2H, Harom, J = 7.8 Hz), 7.42–7.26 
m (30H, Ph), 2.5 t (2H), 1.65 sext (2H), 0.94 t (3H). 
13C NMR spectrum, δC, ppm: 179.25 (C=S), 175.86 
(C=O), 144.95, 144.06, 124.73, 124.78 (Carom), 134, 
133.44, 130.28, 128.93 (Ph), 38, 18, 13.9. Found, %: C 
62.12; H 4.82; N 2.91. C47H43BrCuFN2OP2S. 
Calculated, %: C 62.25; H 4.98; N 3.05.  

{N-[(3-Bromophenyl)carbamothioyl]butanamide}-
[bis(triphenylphosphine)]copper(I) bromide (4e). 
Yield 83%, yellow crystalline solid, mp 161°C, Rf 0.61 
(n-hexane–EtOAc, 1 : 1). 1H NMR spectrum, δ, ppm: 
12.80 s (1H, NH), 11.88 s (1H, NH), 8.67–7.9 m (4H, 
Harom), 7.6–7.2 (30H, Ph), 2.4 t (2H, J = 2.7 Hz), 1.8 
sext (2H), 1.5 t (3H, J = 2.5 Hz). 13C NMR spectrum, 
δC, ppm: 179.1 (C=S), 175.5 (C=O), 147.9, 139.2, 
136.7, 134.2, 121.2, 119.6 (Carom), 134, 133.44, 
130.28, 128.93 (Ph), 38, 19, 13. Found, %: C 58.15; H 
4.45; N 3.07. C47H43Br2CuN2OP2S. Calculated, %: C 
58.25; H 4.57; N 2.99.  

{N-[(4-Methyl-2-nitrophenyl)carbamothioyl]-
butanamide}[bis(triphenylphosphine)]copper(I) 
bromide (4f). Yield 78%, yellow crystalline solid, mp 
151°C, Rf 0.68 (n-hexane–EtOAc, 1 : 1). 1H NMR 
spectrum, δ, ppm: 12.51 s (1H, NH), 11.66 s (1H, NH), 
8.25–8.06 m (3H, Harom), 7.42–7.26 (30H, Ph), 2.51 s 
(3H), 2.4 t (2H, J = 3.2 Hz), 1.3 sext (2H), 0.9 t (3H,             
J = 3.1Hz). 13C NMR spectrum, δC, ppm: 179.89 
(C=S), 176.02 (C=O), 145.9, 140.1, 135.1, 134.5, 
125.7, 121.5 (Carom), 134, 133.44, 130.28, 128.93 (Ph), 
38, 31, 24, 14. Found, %: C 60.64; H 4.67; N 4.34. 
C48H45BrCuN3O3P2S. Calculated, %: C 60.73; H 4.79; 
N 4.45. 

Antileishmanial activity assay. Stock solutions of 
the ligands and complexes were prepared by dissolving 
1 mg of a substance in 1 mL of DMSO. Leishmania 
tropica KWH23 promastigotes were grown in M199 
(Medium 199) with streptomycin and 25 mM HEPES 
buffer [4-(2-hydroxyethyl)piperazine-1-ethanesulfonic 
acid] supplemented with 10% heat-inactivated FBS 

(fetal bovine serum) at pH 7.2 and were maintained at 
24°C. Medium 199 containing promastigote culture 
was dispersed in the wells of a 96-well microtiter plate 
to yield 2 × 106 cells per milliliter in each well. Next 
the ligands and complexes were added serially to each 
well of the plate, and 2 wells were left for the positive 
and negative controls. DMSO was taken as the 
negative control and successively diluted in the M199 
medium. Glucantime was used as the positive control 
(IC50 6.4 µg/mL) and was incubated overnight in the 
dark at 25°C for 72 h. The number of viable cells was 
counted with a Neubauer chamber under a microscope 
(Micros, Austria). All in vitro experiments were run in 
triplicate, and the results were expressed as inhibition 
percent in cell number. The drug concentration 
required for 50% inhibition (IC50) was determined 
using SPSS 22 software. 

Cytotoxicity/hemolysis assays. Fresh human red 
blood cells were washed with phosphate-buffered 
saline (PBS) for three times; 100 µL of red blood cell 
suspension in PBS was placed in each well of 96-well 
plates, and 100 µL of PBS was added to each well. The 
plates were incubated for 1 h at 37°C. The cell 
suspensions were taken out and centrifuged at 1000 g 
for 5 min. Aliquots of supernatant were transferred to 
96-well plates and hemoglobin release was monitored 
at λ 576 nm using a microplate reader. A red blood cell 
suspension in PBS was used as negative control. The 
absorbance of wells with red blood cells lysed with 
0.5% Triton X-100 was taken as 100% hemolysis. The 
percentage of hemolysis was calculated using the 
formula Hemolysis (%) = [(D576 in the nanoparticle 
solution – D576 in PBS)/(D576 in 0.5% Triton X-100 –
D576 in PBS)] × 100, where D576 is the optical density 
at λ 576 nm. 

Antibacterial assay. Two gram positive 
(Staphylococcus aureus ATCC 6538 and Micrococcus 
luteus ATCC 10 240) and two gram negative 
(Escherichia coli ATCC 15224) and Enterobacter 
aerogenes ATCC 13 048) were cultured in nutrient 
broth for 24 h at 37°C. These cultured strains were 
used as inoculum (1%) to run the assay. Each bacterial 
strain was added to nutrient agar medium at 45°C, 
poured into sterile Petri dishes and allowed to solidify. 
A solution of a test compound (5 µL) with a 
concentration of 200 µg/mL was poured on sterile 
filter paper discs (4 mm) and placed on nutrient ager 
plates. Kanamycin and DMSO were used as positive 
and negative controls, respectively, on each plate. The 
assay was performed in triplicate, and plates were 
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incubated at 37°C for 24–48 h. The antibacterial 
activity was determined by measuring the diameter of 
zones showing complete inhibition (mm) with the help 
of a vernier caliper. 

Molecular docking study. Building module of the 
Molecular Operating Environment (MOE-2014) 
program was used to prepare the ligand files for the 
molecular docking studies [49]. The geometries of 
each compound were drawn in building panel of MOE 
and subjected to energy optimization at a standard 
MMFF94 force field level with a 0.0001 kcal/mol 
energy gradient convergence criterion [50]. The energy 
minimized 3D geometries were saved in a molecular 
data base (mdb) file for further studies.  

The receptor preparation steps involve 3D 
protonation, energy minimization followed by active 
site identification [51]. The crystal structures of GP63 
[52, 53] and 1j7t [54] were downloaded from the 
protein data bank. GP63 was devoid of cognate ligand 
while 1ijt7 was complexed with the cognate ligand. 
The complexes were imported to MOE, where 
structures were edited by removing solvents and all 
water molecules. The structure preparation module of 
MOE was used for 3D protonation of receptors, 
followed by energy minimization using default 
parameters. LigX module of the MOE was used to 
identify the active site in 1j7t, which was marked 
around the co-crystallized ligand. Since the GP63 was 
devoid of cognate ligand so active site was identified 
by using site finder module of the software. The alpha 
center was created, followed by creation of dummy 
atoms in the active site.  

The optimized ligands were docked with the RNA 
and GP63 (PDB codes 1j7t and ILM, respectively) 
using the MOE-Dock module. Total of 30 independent 
docking computations were performed using the MOE 
docking simulation program. The docked conforma-
tions were analyzed and the best-scored conformation 
for each ligand was chosen for detailed studies of 
interaction evaluation. The 2-dimensional ligand–
protein interactions were visualized by analyzing the 
ligand–protein complex of the lowest-energy docking 
pose by using the MOE ligand interactions program. 
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