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ABSTRACT: The synthesis of six new cysteine-
based dipeptide carboxamide derivatives bearing p-
toluenesulphonamide (10a–f) is reported. This was 
achieved via amidation reaction of 3-sulphanyl-2-
((4-methylphenyl)sulphonamido)propanoic acid 
with 2-aminoacetamide derivatives using peptide 
coupling reagents. The chemical structures of the 
derivatives were ascertained via FT-IR 1H-NMR, 
13C-NMR andMS spectroscopic analyses. The new 
p-toluenesulphonamoyl Cys-Gly dipeptide 
carboxamide derivatives were subjected to in silico, 
antimicrobial, antimalarial, hematological, liver and 
kidney function tests. The in-silico studies of the 
compounds showed binding energies in the range (-
5.5 to -8.8) kcal mol-1, when docked with (2DHN, 
1WXH, 24D7, 7BLY and 4Z22I) residues 
respectively. In vitro antimicrobial tests of the 
derivatives for three bacteria strains (S. aureus, B. 
subtilis, E. coli) and one fungus (A. niger) via agar 
well dilution protocol gave minimum inhibitory 
concentration values in the range (0.8-2.5) mg/mL 
Antimalarial (in vivo) tests of the derivatives 
showed parasitemia inhibition in the range (31.52-
74.13) % at 50 mg/ kg body weight of the 
derivatives on the fourth day. Derivatives 10a and 
10c showed the highest values of parasitemia 
inhibition (73.40 and 74.13) % comparable to 
Lumefantrine (75.25 %). Furthermore, 
hematological, liver and kidney function tests 
revealed no harmful effects on the vital organs of the 
animals at 50 mg/ kg body weight of the derivatives, 
implying that the derivatives are promising 
pharmacological agents.

Keywords: Cysteine, Dipeptides, In vitro, In 
silico, Antibiotics, Ant-malarial.

I. Introduction

The management of bacterial infections is a major 
challenge to man due the emergence of new diseases 
and high rate of multidrug-resistant bacteria [1, 2, 
3]. Although there are many antibacterial drugs 
available, but the resistance against the available 
drugs calls for the development of new sets of anti-
bacterial agents [4, 5, 6]. Sulphonamide derivatives 
were discovered in the 1930s as antibacterial agents 
[6, 7, 8] but due to the resistance, the clinical usage 
of some of the sulpha drugs has dropped drastically 
[9, 10, 11]. Sulphonamide derivatives have 
tremendous pharmacological effects on bacteria due 
to similar structural properties shared with p-
aminobenzoic acid [12, 18]. Para-aminobenzoic acid 
binds effectively with the functional pockets of 
dihydropteroate synthase (DHPS) enzyme, 
enhancing the synthesis of folic in bacteria and 
some eukaryotic cells [13, 14 19]. This process is 
inhibited when the para-aminobenzoic is replaced 
with sulphonamide. This explains the selective 
effect of sulphonamide on bacteria and their broad 
spectrum of antibacterial activity [15, 16, 17].

Malaria, a disease transmitted by 
Plasmodium falciparum is one of the most endemic 
diseases affecting human implicated by a group of 
enzymes known as Plasmepsin [18]. Notably among 
them is the Plasmepsin II (aspartic proteases) known 
for disrupting the haemologbin chains of the protein 
target at leucine 34 and phenylalanine 33 thus 
affecting adequate supply of oxygen in the body [6, 
18]. Recently many routine medications like 
chloroquine and artemisinin combination therapies 
have become less effective in the management of 
malaria as a result of immunity developed by the P. 
falciparum parasite. Consequently, compounds that 
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can inhibit plasmepsin II from performing the above 
function are potential antimalarial agents, 
fortunately, sulphonamides have been found to 
possess some promising results to that effect. [18].  
To improve the efficiency of sulpha drugs as 
antimicrobial and antimalarial agents, dipeptides 
and carboxamide functionalities have been fused 
into the sulphonamide moiety and reports have 
revealed promising results [10, 11]. 

Dipeptides possess useful and interesting 
biological properties, for example, valyl-tyrosine 
dipeptide decreases high blood pressure [12] while 
tyrosyl-arginine dipeptide exhibits analgesic effect 
[13]. Studies have shown that dipeptides also 
possess antimicrobial and antitumor [14] anti-HIV 
[16] properties etc. These dipeptide drugs 
amprenavir 1, and lopinavir 2 have been utilized 
clinically as HIV-1 protease inhibitors [16, 17].  
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Fig 1.0: Chemical structures of HIV-1 protease inhibitors clinically approved dipeptides drugs [16, 17]

Carboxamide are compounds that contain 
amide bonds. This group of compounds make up 
about40% of existing commercial drugs. They occur 
in biological systems and different organic 
molecules, thereby increasing their demand in 
medicinal chemistry and are sort after for 
chemotherapy formulations [10, 11, 14].

The incorporation of some functionalities 
into the sulphonamide scaffold had been reported to 
improve the antibacterialand antimalaria activity of 
the compounds. In their contribution, Azzam, and 
coworkers [1] reported that 2-pyridone ring 
incorporated into the sulphonamide functionality 
gave derivatives that inhibited the growth of S. 
aurous, E. coli, andS. typhi by 75% comparable to 
other conventional antibacterial agents like 
fluconazole. [4]. Ghonab and co-workers [5] 
maintained that thiourea containing sulphonamides 
of the type 4 exerted better activity against S. 
pneumoniae, B. subtili sand E. coli comparable to 
the routine sulphonamide drugs used for treatment.  
In another development, Ugwu and co-workers [6] 
reported that sulphonamides bearing carboxamide 
functionalities exhibited high antimalarial inhibition 
against P. falciparum comparable to artemisinin-
based therapies. 

Therefore, being motivated by some of the 
previous reports and in continuation of our previous 
work on sulphonamoyl derivatives [10, 11, 18], we 
have reported the synthesis of a new set of 
sulphonamide derivatives comprised of the three 
functionalities mentioned above, fused into single 
molecules known as p-toluenesulphonamoyl Cys-
Gly dipeptide carboxamides (3-sulphanyl-2-((4-
methylphenyl)sulphonamidopropanamide) 
derivatives and their pharmacological properties not 
previously explored. The motivation for this 
research is based on the existing impressive 
biological reports about these three functionalities 
[3-19], therefore their combination to give fused and 
single molecules is expected to yield derivatives 
with promising pharmacological properties via 
synergy comparable to the available antibiotics 
faced with challenges of resistant by microbes.

II. Materials and methods
The reagents were sourced via Bristol and 

utilized as acquired. The advancement of the 
reactions was checked via TLC evaluation and 
column chromatography was conducted via silica 
gel (60–120 mesh). Melting points were determined 
in open capillary tubes via Rolex melting-point 
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apparatus and are uncorrected. FTIR spectra were 
run in PerkinElmer Spectrum version 10.03.06 and 
the bands presented in wave number (cm-1),1H NMR 
and 13C NMR spectra were recorded on Jeol 
400MHz spectrometers in CDCl3and 
DMSO–d6using TMS as internal standard. The mass 
spectra were obtained via electrospray ionization 
time of flight mass spectrometer (Aerodyn Research 
Inc. USA). 3D crystal frameworks for the protein 
residues were abstracted via protein data bank 
(https://www.rcsb.org/) and structures drawn via 
ChemDraw Professional 15.0 version. The proteins 
and the ligands were prepared via BIOVIA 
Discovery Studio version 2017 R2 and docking was 
carried out via the PyRx software. Swiss ADME 
(http://swissadme.ch) online instrument help in drug 
likeness properties evaluation. Antimicrobial 
screening was done via agar well procedure while in 
vivo antimalarial study of the compounds was 
performed with rats. For standard deviation, data 
were presented as mean ± SD, n = 3, (p > 0.05) 
computed via the use of SPSS package.

2.1 Preparation of 3-sulphanyl-2-((4-methylp 
henyl)sulphonamido) propanoic acid (5)

A blend of cysteine (25 mmol) and Na2CO3 
(52.50 mmol) in purified water (50 ml) was poured 
into a 250 mL flask, agitated until the solutes 
dissipated. The blend was left to chill to −5 °C 
before portions of p-toluenesulphonyl chlorides (7.6 
mmol) were added intermittently for an interval of 1 
h and swirled for 3 h.  Advancement of the process 
was checked via TLC protocol using MeOH/DCM 
in a 1:9 ratio. At the conclusion of the process, the 
product was forced out of the mixture via the 
inclusion of 2 M HCl, filtered, bathed with 
deionized water (3 x 50 ml), dehydrated and 
recrystallized from methanol to furnished a grayish 
crystalline product, 3-sulphanyl-2-((4-
methylphenyl) sulphonamido) propanoic acid. 
Yield: 78.7%, melting point 115-116 °C. FTIR (KBr, 
cm-1): 3532 (OH-stretch, COOH), 3242 (NH- 
stretch), 3010 (aromatic C-H), 2912 (aliphatic C-H), 
2522 (S-H, vibration), 1708 (C=O), 1630 (C=C), 
1314 (S=O). 1H NMR (δ): 9.80 (s, 1H, OH proton), 
8.34 (b, 1H, NH), 7.85 (d, J = 7.2 Hz, 2H), 7.79 (d, 
J = 7.2 Hz, 2H), 3.94 (q, J = 5.3 Hz, 1H), 3.30 (d, J 
= 5.8 Hz 2H), 3.23 (s, 3H, Ar-CH3), 1.41 (s, 1H- 
SH). 13CNMR (δ): 175.0 (C=O, carbonyl carbon), 
148.1, 138.1, 130.1, 129.6, 128.1 (6 aromatic 
carbons), 62.4, 25.4 (2 aliphatic carbons). MS (m/z) 
for C10H13NO4S2: found 275.3100 (M) +, calculated 
275.3401 

2.2 Preparation of tertiarybutoxycarbonyl 
glycine carboxamides (8 a-f)

A combination of (boc-glycine) 6 (34.26 
mmol), EDC (8.57 mmol), HOBt, (8.57 mmol), 
TEA (34.26 mmol) and six distinct amines (4-chloro 
aniline, 4-bromoaniline, imidazole, 2-napthylamine, 
2-amino-6-methyl pyridine and 3-methyl aniline 
(34.26 mmol) respectively in DCM (50 mL) were 
poured into reaction flask and swirled at 20 °C for 
15 h, checking the advancement of the process 
intermittently via TLC. At the expiration of process, 
the content was diluted with DCM (20 mL). 
Thereafter, 1M HCl (30 mL), 5% Na2CO3 solution 
(30 mL) and brine (30 mL) were added to separate 
the desired product. Addition of anhydrous sodium 
sulphate extracted any traces of moisture from the 
product, then pressure dried to give the crude 
products, decontamination via column gave the pure 
compound characterized thus;

Tert-butyl (2-oxo-2-(m-tolylamino)ethyl) 
carboxamide (8a)

Yield 83.6 %, a brownish semi solid 
product, melting point at 143–144 °C. FTIR (KBr, 
cm-1): 3351 (NH), 3267 (aromatic C-H), 2926 
(aliphatic C-H), 1710 (C=O ester),1640 (C=O 
amide), 1597 1413 (aromatic C=C), 1313, 1224 (C-
N, C-O). 1H-NMR (δ):9.78 (s, 1H, NH), 7.83 (b, 1H, 
NH), 7.37 (s, 1H), 7.32 (d, J = 3.1 Hz, 1H), 7.13 
(dd, J = 3.1 Hz, 1H), 6.99 (d, J = 5.8 Hz, 1H), 3.66 
(d, J = 5.1 Hz, 2H), 2.23 (s, 3H, CH3-Ar), 1.29 -1.39 
(m, J = 14.6 Hz, 9H). 13C NMR (δ): 175.5 & 160.0 
(2C=O), 144.5, 128.3, 128.2, 128.1, 127.3 (aromatic 
carbons), 82, 42.9, 25.4, 23.1, 21.5, 21.4 (aliphatic 
carbons).

Tert-butyl (2-((4-methylpyridin-2-yl) amino)-2-
oxoethyl) carboxamide (8b)
Yield 80.5 %, a dark brown semi solid product, 
melting point 141 – 142°C. FTIR (KBr, cm-1): 3320 
(NH), 3142, 3090 (C-H aromatic), 2987, 2971, 2934 
(C-H aliphatic), 1710 (C=O ester), 1642 (C=O 
amide), 1612 (C=C, C=N), 1070, 1047 (C-N, C-O). 
1H-NMR ((δ): 9.00 (s, 1H, NH), 8.37 (d, J = 1.4 Hz, 
1H), 8.34 (s, 1H), 8.03 (b, 1H, NH), 7.50 (d, J = 1.4 
Hz, 1 H), 3.89 (d, J = 1.8Hz, 2H), 2.65 (s, 3H), 0.97 
(s, 9H). 13C NMR (δ):  177.2 & 160.0 (2 carbonyl 
carbons), 158.0, 143.0, 129.6, 127.1, 120.0 (5 
aromatic carbons), 77.0, 45.0, 30.2 (3C) (5 aliphatic 
carbons).

Tert-butyl(2-(1H-imidazol-1-yl)-2-oxoethyl) 
carboxamide(8c)

https://www.rcsb.org/
http://swissadme.ch
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Yield 76.7%, a grayish semi solid product, melting 
point 140 -142 °C. FT-IR (KBr, cm-1): 3321 (NH), 
3091 (C-H aromatic), 2936 (C-H aliphatic), 1722 
(C=O ester), 1642 (C=O amide), 1590 (C=C), 1207, 
1163 (C-N, C-O), 1H-NMR (400 MHz, DMSO-d6):  
δ 8.05 (s, 1H), 7.79 (b, 1H, NH), 7.55 (d, J = 3.1 Hz, 
1H), 7.00 (d, J = 3.1 Hz, 1H), 4.10 (d, J = 2.8 Hz, 
2H), 0.93 (s, 9 H). 13C NMR (400 MHz, DMSO-d6): 
δ 177.2 & 158.0(carbonyl carbons), 143.0, 140.0, 
120.0 (3 aromatic carbons), 77.0, 58.0, 30.2(5 
aliphatic carbons). 

Tert-butyl(2-(naphthalen-2-ylamino)-2-oxoethyl) 
carboxamide(8d)
Yield: 84.5 %, a grayish semi solid product, melting 
point 145 -146°C. FTIR (KBr, cm-1):3351 (NH), 
2926 (C-H aromatic), 2932 (C-H aliphatic),1715 
(C=O, ester), 1642 (C=O, amide), 1597 (C=C), 
1093, 10482 (C-N, C-O). 1H-NMR (δ): 9.59 (s, 1H, 
N-H), 8.39 (s, 1H), 8. 10 (d, J = 1.4 Hz, 1H), 8.03 
(d, J = 1.4 Hz, 1H), 7.85 (b, 1H, NH), 7.80 (d, J = 
1.7 Hz, 1H), 7.59 (dd, J = 1.4 Hz, 1 H), δ 7.43 (d, J 
= 3.4 Hz, 1H), δ 7.42(dd J = 1.4 Hz, 1H), 3.80 (d, J 
= 3.5 Hz, 2H), 0.93 (s, 9H). 13C NMR (δ):  177.2 & 
160 (2 carbonyl carbons), 143.0, 141.1, 137.8, 
136.0, 132.0, 129.4, 127.1, 126.4, 120.1, 117.1, (10 
aromatic carbons), 77.0, 55.9, 31.0(5 aliphatic 
carbons). 

Tert-butyl (2-((4-bromophenyl) amino)-2-oxoethyl) 
carboxamide (8e)
Yield: 73.7%, a dark-gray semi solid product, 
melting point 141–142 °C: FTIR (KBr, cm-1):  3342 
(NH), 2990 (C-H aliphatic), 1712 (C=O, ester), 
1643 (C=O, amide), 1564 (C=C), 1213 (C-O), 1155 
(C-N), 1032 (C-Br). 1H-NMR (δ):  9.40 (s, 1H, NH), 
8.07 (b 1H, NH), 7.80-7.79 (d, J = 1.5 Hz, 2H), 7.59 
-7.56 (d, J = 1.5 Hz, 2H), 3.98 (d, J = 3.5 Hz, 2H), 
1.61 (s 9H). 13C NMR (δ):  177.1 & 160.0 (2 C=O), 
143.0, 137.5, 131.0, 129.4 (2C), (6 aromatic 
carbons), 77.0, 54.10, 31.2 (3Cs) (5 aliphatic 
carbons).

Tert-butyl (2-((4-chlorophenyl) amino)-2-oxoethyl) 
carboxamide(8f)
Yield 77.6%, a brown semi solid product, melting at 
155 –156 °C. FTIR (KBr, cm-1) 3322 (NH), 3041, 
3010 (aromatic C-H), 2972, 2937 (aliphatic C-H), 
1727 (C=O, ester), 1646 (C=O, amide), 1608, 1599, 
1556, 1528, 1498 (C=C). 1206, 1180, 1163, 1088, 
1048, 1031 (C-N, C-O), 726 (C-Cl) 1H-NMR (δ):  
9.40 (s, 1H, NH), 8.07 (b, 1H, NH), 7.81-7.80 (d, J 
= 1.7 Hz, 2H), 7.60 -7.59 (d, J = 1.7 Hz, 2H), 3.79 
(d, J = 5.1 Hz, 2H), 1.57 (s, 9H). 13C NMR (δ): 

177.1 & 160.0 (2 C=O), 143.0, 137.5, 131.01, 129.4, 
120.0, 117.5 (6 aromatic carbons), 77.0, 54.10, 31.2 
(3Cs) (5 aliphatic carbons).

2.3Preparation of 3-Sulphanyl-2-((4-methylphenyl) 
sulphonamidopropanamide derivatives (10a-f).  
The same procedure in subsection 2.2 was utilized 
to prepare these derivatives and characterized thus;

3-Sulphanyl-2-((4-methylphenyl)sulphonamido)-
N-(2-oxo-2-(m-tolylamino)ethyl)propanamide(10a)
81.4 % yield, a gray semi solid product, melting 
point, 117 -119 °C. FTIR (KBr, cm-1): 3437 (N-H 
stretch), 3293 (aromatic C-H), 2925  (aliphatic C-
H), 2522 cm-1 (S-H stretch), 1727  (C=O stretch), 
1584 (aromatic C=C), 1331 (S=O vibration).1H 
NMR (δ): 9.82 (s, 1H, NH), 9.13 (b, 1H, NH), 8.40 
(b, 1H, SO2N-H), 7.72 (d, J = 5.8 Hz, 2H), 7.70 (d, J 
= 7.2 Hz, 1H), 7.33 (s, 1H), 7.32 (d, J = 5.7 Hz, 2 
H), 7.30 (dd, J = 5.7 Hz, 1H),  6.61 (s, 1H), 3.75 (d, 
J = 4.5 Hz, 2H), 3.31 (q, J = 7.6, 1 H),3.30 (d, J = 
6.1 Hz, 2 H), 2.39 (s, 3H), 2.35 (s, 3H), 1.44 (s, Hz 
1H,S-H). 13C NMR (δ): 175.0 & 172.0 (2C=O), 
148.8, 142.5, 139.9, 132.5, 129.6, 129.5, 129.4, 
128.6, 128.1, 127.1 (2 C), 125.2, 125.1 (12 aromatic 
carbons), 55.9, 43.2, 25.5, 21.6, 21.5. MS (m/z) for 
C19H23N3O4S2:  421.1102 [M+], calculated 421.5310.  

3-Sulphanyl-2-((4-methylphenyl)sulphonamido)-
N-(2-((4-methylpyridin-2-yl)amino)-2-oxoethyl) 
propenamide (10b)
70.6 % yield, a dark brown product, melting point 
116 -119 °C. FTIR (KBr, cm-1): 3351 (N-H), 3267 
(aromatic C-H), 2926 (aliphatic C-H), 2522 (S-H 
vibration), 1710 (C=O stretch), 1597 (C=N), 1413 
(aromatic C=C), 1313 (S=O vibration). 1H NMR (δ): 
9.71 (s, 1H, NH), 9.01 (b, 1H), 8.40 (b, 1H, SO2-
NH), 7.73 (d, J = 7.6, Hz, 1H), 7.70 (d, J = 7.6 Hz, 
1H), 7.27 (q, J = 6.1 Hz, 2H, Ar-H), 7.26 (d, J = 6.1 
Hz, 2H), 7.24 (d, J = 6.1 Hz, 2H), 4.17 (d, J = 3.7 
Hz, 2H),3.73 (q, J = 5.5 Hz, 1H)), 3.30 (d, J = 8.2 
Hz, 2H) 2.41 (s, 3H), 2.30 (s, 3H), 1.41 (s, 1H, SH).  
13C NMR (δ): 174.9 & 172.0 (2C=O), 151.3, 148.2, 
143.5, 138.0, 130.2, 129.6, 128.6, 128.1, 127.1, 
125.3, 118.6 (11 aromatic carbons), 55.9, 42.9, 25.4, 
23.2, 21.5. MS (m/z) for C18H22N4O4S2: found 
422.1013 [M+], calculated 422.5210    
 
N-(2-(1H-imidazol-1-yl)-2-oxoethyl)-3-sulpanyl-2-
((4-methylphenyl)sulphonamido) propenamide 
(10c)
84.2 % yield, a dark brown semi solid product, 
melting point 99 -101 °C. FTIR (KBr, cm-1): 3532 
(N-H), 3242 (aromatic C-H), 2921 (aliphatic C-H), 
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2522 (S-H vibration), 1707 (C=O), 1629, 1448 
(aromatic C=C stretching), 1313 (S=O vibration). 1H 
NMR (δ): 9.20 (s, 1H, NH), 8.36 (b, 1H, SO2-NH),  
8.07 (s, 1H), 7.72 (d, J = 6.9 Hz, 2H), 7.53 (d, J = 
5.5 Hz, 1H), 7.48 (d, J = 6.9 Hz, 2H), 7.21  (d  J = 
5.5 Hz, 2H,), 4.21 (d, J = 4.6 Hz, 2H), 3.85 (q, J = 
6.7 Hz, 1H), 3.35 (d, J = 7.2 Hz, 2H), 2.71 (s, 3H, 
Ar-CH3), 1.30 (s, 1H, S-H). 13C NMR (δ): 175.7 & 
169.9 (2 carbonyl carbons), 142.2, 138.2, 133.6, 
130.0, 129.9, 128.1, 128.0, 127.0, 118.5 (9 aromatic 
carbon), 55.7, 43.0, 25.4, 21.4 (4 carbons). MS 
(m/z) for C15H18N4O4S2: found 382.0901 [M+], 
calculated 382.4501.

3-Sulphanyl-2-((4-methylphenyl)sulphonamido)-
N-(2-(naphthalen-2-ylamino)-2-oxoethyl) 
propenamide (10d)
73.8 % yield, a dark brown semi solid product, 
melting point 115–117 °C. FTIR (KBr, cm-1): 3532 
(N-H), 3242 (aromatic C-H), 2921 (aliphatic C-H 
stretch), 2522 (S-H, vibration), 1707 (C=O stretch), 
1629, 1448 (aromatic C=C stretch), 1313 (S=O 
vibration). 1H NMR (δ): 9.20 (s, 1H, NH of amide), 
9.01 (b, 1H, NH), 8.64 (s, 1 H), 8.41 (b, 1H, 
SO2NH), 8.34 (d, J = 7.6, Hz, 1H), 8.07 (d, J = 5.2, 
Hz, 1H), 8.05 (d, J = 8.1, Hz, 1 H), 7.87 (dd, J = 8.1 
Hz, 1H), 7.84 (d, J = 8.1 Hz, 2H), 7.72 (d, J = 6.6 
Hz, 1H), 7.53 (dd, J = 8.1, Hz, 1H), 4.22 (d, J = 4.5 
Hz, 2H), 3.85 (q, J = 5.4 Hz, 1H), 3.20 (d, J = 5.2 
Hz, 2 H), 2.71 (s, 3 H, Ar-CH3), 1.45 (s, Hz, 1H). 13C 
NMR (δ): 174.9 & 168.5 (2 carbonyl carbons), 
148.2, 140.0, 135.9, 130.2, 129.6, 129.6, 129.5, 
129.1, 128.6, 128.1, 127.1, 125.3, 125.2, 118.6, 
111.5 (16 aromatic carbons), 55.9, 42.9, 25.8, 21.5 
(4 carbons). MS (m/z) for C22H23N3O4S2: 457.0701 
[M+], calculated 457.5601.

N-(2-((4-bromophenyl)amino)-2-oxoethyl)-3-
sulphanyl-2-((4-methylphenyl)sulphonamide) 
propanamide(10e)
79.4 % yield, a dark brown crystalline product, 
melting point 132-134 °C. FTIR (KBr, cm-1): 3532 
(N-H), 3242 (aromatic C-H), 2921 (aliphatic C-H), 
2522 (S-H vibration), 1707 (C=O), 1629 (aromatic 
C=C stretch), 1313 (S=O vibration). 1H NMR (δ): 
8.99 (s, 1H, NH), 8.61 (b, 1H), 8.21 (b, 1H, SO2-
NH), 7.73 (d, J = 7.3 Hz, 2H), 7.71 (d, J = 7.3 Hz, 
2H), 7.34 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.1 Hz, 
2H), 4.19 (d, J = 4.5 Hz, 2H,), 3.80 (q, J = 6.8, 1H, 
), 3.25 (d, J = 8.3 Hz, 2H), 2.40 (s, 3H), 1.47 (s, Hz, 
2H). 13C NMR (δ): 175.0 & 171.1 (2C=O), 148.1, 
146.0, 129.6, 128.6, 128.1, 127.1, 125.2, 125.1, 
121.0, 118.5, 111.5., 111.3 (12, aromatic carbons), 
55.9, 43.01, 25.4, 21.5. MS (m/z) for 

C18H20BrN3O4S2, found 488.1601 [M+], calculated 
488.0010.

N-(2-((4-chlorophenyl)amino)-2-oxoethyl)-3-
sulphanyl-2-((4-methylphenyl)sulphonamido) 
propanamide(10f)
79.2%, a reddish-brown crystalline product, melting 
point, 89 -90 °C. FTIR (KBr, cm-1): 3532 (N-H), 
3242 (aromatic C-H), 2932 (aliphatic C-H), 2522 
(S-H vibration), 1707 (C=O), 1629 (aromatic C=C), 
1313 (S=O vibration). 1H NMR (δ): 8.80 (s, 1H, 
NH), 8.25 (b, 1H, NH), 7.82 (b, 1H, SO2-NH), 7.73 
(d, J = 7.5 Hz, 2H), 7.71 (d, J = 7.5 Hz, 2H), 7.34 
(d, J = 7.5 Hz, 2H), 7.32 (d, J = 8.1 Hz,), 4.18 (d, J 
= 6.5 Hz, 2H,), 3.80 (q, J = 6.5, 1H,), 3.35 (d J = 6.5 
Hz, 2H), 2.70 (s, 3H), 1.47 (s, 1H, S-H).13C NMR 
(δ): 174.9 & 169.4 (2 carbonyl carbons), 144.3, 
140.1, 130.1, 129.4, 129.5, 129.5, 129.3, 128.6, 
125.5, 125.5, 121.1, 118.5 (12 aromatic carbons), 
55.9, 43.1, 25.4, 21.5 (4 aliphatic carbons). MS 
(m/z) for C18H20ClN3O4S2: 441.0601 [M+], calculated 
441.9501. 

2.4 In silico test of the compounds
These residues, 2DHN, 1WXH, 24D7I for S. aureus, 
B. subtilis, E. coli (bacteria), 7BLY for A. niger 
(fungus) and 4Z22 for P.  falciparum (malaria) 
sourced from PDB reservoir (https://www.r csb.org/) 
were utilized for antimicrobial in silico studies [19]. 
Chemical structures were drawn with ChemDraw 
application version Professional 15.0. BIOVIA 
Discovery Studio version 2017 R2 was employed in 
preparing the proteins targets as well as the ligands. 
Open babel component of PyRx software was 
utilized to optimize the energies of the ligands. 
Finally, the Vina Wizard was employed in the 
docking of the ligands with the functional ends of 
the receptors [19, 20]. The dimensions of X= 24, Y= 
24 and Z= 24 for grid box with the grid space of 
1.00 Å were utilized [20, 21]. These protein targets 
were used for the study because of the prevailing 
cases of infections and resistance by the host 
microorganisms to routinely used drugs observed in 
the southern part of Nigeria. The quest for active 
chemical compounds that can tackle these 
challenges motivated us to design, prepare and 
investigate their pharmacological properties.

2.5 Validation of the protein targets
In order to validate the target proteins (2DHN, 
1WXH, 24D7I and 4Z22) respectively, their local 
ligands were retrieved and re-docked against these 
targets. The binding energies were juxtaposed with 
the data of compounds under investigation and their 
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roots mean square deviation (RMSD) data given as 
2 Å [22, 23, 49]. 

2.6 In-vitrostudies (Antimicrobial)
To further validate the results of the antimicrobial in 
silico studies, in vitro antimicrobial screening for the 
three bacteria strains (S. aureus, B. subtilis, E. coli) 
and one fungus (A. niger) via agar well dilution 
protocol was conducted as described by Oni and 
Ayuk [18]. For each microorganism under 
investigation, nine wells were created on the agar 
dishes via an aseptic gel borer, each containing 20 
mL of the grown microorganisms, allowed to set 
then marked with an aseptic wire coil via a sterile 
pipette. Different concentrations (0.9, 0.8, 0.7, 0.6, 
0.5, 0.4, 0.3, 0.2, and 0.1) mg/mL for the derivatives 
prepared for MIC evaluation were impregnated on 
dishes and allowed to gel. Similarly, ciprofloxacin 
and fluconazole (standards) were subjected to the 
same method of preparation in DMSO as solvent in 
the study. The incubation temperatures and 
durations for the plates consisting the bacteria and 
fungus strains were (25 °C & 48 h) and (37oC & 24 
h) respectively. The MIC values were obtained via 
plane region at each hole suggesting the obstruction 
of the growth of the microorganisms [18].

2.7 In vivo antimalarial test
To validate the in silico antimalarial studies of the 
derivatives, 32 parasitemia induced rats, randomly 
separated into 8 categories consisting of 4 rats per 
category were screened in vivo via the procedure of 
[19, 24]. Categories (1–6) took in samples of the 
compounds (50 mg/kg body weight). Category 7 
was given Lumefantrine, 50 mg/kg body weight as 
positive control and category 8 took in solution of 
DMSO as negative control. The induced rats were 
allowed acclimatized for five days before samples of 
Lumefantrine and the prepared compounds (10a–f) 
were given for three days with a calibrated 
intracavitary tube. Thereafter % inhibition of 
parasitemia were recorded on the fourth day. The 
procedures of [24, 25, 26] were adopted for the 
investigation.

2.8 . Haematological tests
Blood samples were extracted from the rats before 
samples of the derivatives were given to them and 
after the last day of administration. These tests (red 
blood cell (RBC) count, packed cell volume (PCV), 
and hemoglobin (HGB) were then performed on the 
blood samples [25, 26].

2.9 Liver function tests

The blood samples of the rats that ingested samples 
of the prepared derivatives were examined for the 
presence of the following enzymes (aspartate 
aminotransferase, alanine transaminase and alkaline 
phosphate) via to the protocols of [25, 26]  

2.10 Kidney function test 
Comparably, blood samples of rats that ingested 
samples of the derivatives were screened for the 
presence of creatinine and albumin in accordance to 
the methods of [26, 27].

III. Results and discussion

3.1 Chemistry of 3-Sulphanyl-2-((4-methylp- 
henyl)sulphonamidopropanamide derivatives

These derivatives were derived via the treatment of 
p-tolueneesulphonyl chloride 3 with L-cysteine 4 in 
the presence of Na2CO3 to give3-sulphanyl-2-((4-
methylphenyl)sulphonamido) prop- anoic acid 5 as a 
key intermediate. The detailed spectral information 
for compound 5can be found in the attached 
supporting documents and the data were consistent 
with the proposed structure. Its FT-IR spectrum 
showed the following vibrations (cm-1) 3532 (OH), 
3242 (NH), 3142 (aromatic C-H), 2921 (aliphatic C-
H), 2522 (S-H), 1707 (C=O), 1629, 1448 (C=C), 
1313 (S=O). These results corroborated with works 
reported by [11, 18]. The 1H NMR spectrum 
revealed single peaksat (δ): 9.80 for O-H proton, the 
N-H proton at δ: 8.34 appear as broad signals due to 
its quadrupole relaxation and hydrogen bonding 
effects, the aromatic protons were found in the range 
δ 7.85 -7.79 as doublets. Other protons were found 
at δ 3.94, 3.30, 3.23 and 1.41 for aliphatic protons. 
The derivative gave a peak at 275.3100(M) + in the 
mass spectrum while the calculated mass was found 
to be calculated 275.3401, showing an agreement 
between the two values. Subsequent treatment of 3-
sulphanyl-2-((4-methylphenyl) sulphonamido) 
propanoic 5 acid with 2-aminoacetamide derivatives 
9a-fvia amidation reaction gave the final 
compounds10a-f. The structures and detailed 
spectral information of these compounds are 
contained in the supporting documents. The spectra 
data for the final compounds10 a-f were in the 
range; FTIR (KBr, cm-1): 3347 to 3279.7 (NH), 3090 
to 2934 (C-H) 2522 (S-H), 1735 to 1676 (C=O), 
1612 to 1525 (C=C), 1333 to 1307 (S=O) vibrations. 
The 1H NMR charts for the compounds revealed 
peaks at ( ): 10.50 to 10.45 assigned to N-H 
protons, 8.30 to 7.01 attributed to aromatic protons, 
4.01 to 3.99 for methylene protons, 3.31 to 3.29 due 
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to methine protons, 2.71 to 1.78 attributed to methyl 
protons and 1.40 -1.39 assigned to (sulfhydryl 
protons of the cysteine component of the 
compounds. The 13C NMR spectra showed peaks at 
( ):  175.4 to 172.3 due to carbonyl carbons, 148.1 
to 118.6 for aromatic carbons, 55.9 to 21.6 for 
aliphatic carbons. These observations correspond 
with some studies conducted by authors [10, 11 and 
25]. The complete reaction scheme is shown in 
scheme 1.0 below;

H3C

S
Cl

O O

+

H3C

S
N

O O

H

H

CO2HN
H

Boc
+ H2N R2
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Process requirements: (a) Na2CO3, 0 oC, rt, 15h; (b) EDC.HCl, HOBt, TEA, DCM, rt, 16 h; (c) DCM/TFA (1:1); (d) 
EDC.HCl, HOBt, TEA, DCM, rt, 16 h.

NH2

HS

O

OH
OH

O

SH

SH

Scheme1.0: Reaction scheme for the preparation of 3-Sulphanyl-2-((4-methylphenyl) sulphonamidopropan- 
amide derivatives

3.2 Physicochemical attributes of the synthesized derivatives
According to Lipinski and coworkers [28], physicochemical indices such as molecular weight, topological polar 
surface area, hydrogen bond acceptor, hydrogen bond donator, number of rotable bonds, number of violations, 
lipophilicity are used to decide the drug like properties of a compound as shown in the table below.

Table 1.0:  Physicochemical properties of synthesized derivatives

Compounds MW LogP LogS TPSA HBA HBD nviolations Nrotb

5 275.03 1.46 -2.30 83.47 6 3 0 5

10a 421.11 3.46 -3.61 104.36 6 4 0 8

10b 422.11 2.60 -3.01 117.26 7 4 0 8

10c 382.08 0.71 -2.37 110.16 7 3 0 7

10d 457.11 4.26 -4.36 104.36 6 4 0 8

10e 485.01 3.90 -4.00 104.36 6 4 0 8
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10f 441.06 3.66 -4.14 104.36 6 4 0 8

Lumefantrin
e

528.94 6.60 -8.33 23.47 2 1 2 10

Threshold ˂500 Da ˂5 0 - -6 ≤140 ≤10 ≤5 1 9
N.B. MW-molecular weight, TPSA- topological polar surface area, HBA- hydrogen bond acceptor, HBD- 
hydrogen bond donor, Nrotb- number of rotable bonds, Nviolations- number of violations, LogP- lipophilicity.

Lipinski's role of five (RO5), maintains that a 
molecule is qualified to be called a drug provided its 
molecular weight (MW) ≤ 500 g/mol. This 
observation was drawn from findings which claimed 
that drugs with higher molecular above 500 g/mol 
are very toxic and cause increase in the 
concentration at the intestinal epithelium [29, 30]. 
Interestingly, from Table 1.0, all the compounds 
were found to comply 

with the MW threshold of ˂500 g/mol. In another 
development, LogP accounts for the hydrophobicity 
of a drug in a biological system. It is the negative of 
the logarithm of the partition coefficient for n-
octanol and water (Coctanol/Cwater) [31]. A compound 
with LogP values in the range −0.4 to 5.6 is 
qualified to be consider as drug. This revelation is 
supported by the works [32, 33] which maintained 
that a decline in aqueous solubility of the drug 
molecule lowers its absorption ability. The authors 
said molecules with LogP values in the range −0.4 
to 5.6 have high absorption while those with values 
> 5.6 and < -0.4 have very low hydrophilicity, lesser 
permeability as well as poor absorption in the body. 
As presented in Table 1.0, none of the prepared 
compounds showed violation to the (LogP <5) 
threshold and they obeyed the Lipinski’s rule of 5. 
Furthermore, aqueous solubility of a drug depicted 
as LogS is another criterion for a drug molecule, 
which is concerned with the oral bioavailability of 
drug molecule and its membrane permeability [34, 
44]. The LogS threshold in the range 0 to -6 has 
been adopted as acceptable mark for any compound 
to be considered a drug. From the Table 1.0 above 
none of the prepared compound violated the LogS 
threshold (0 to -6) bench mark, corroborating with 
the information derived from the LogP estimation 
[32]. Another physiochemical index that determines 
the drug likeness of a molecule is total number of 
polar atoms at the surface of a drug molecule 
designated as the topological polar surface area 
(TPSA). The atom mostly considered here include 
oxygen, nitrogen as well as hydrogens connected to 
them. The size and volume of a compound help in 
its physiological motion across the boundaries of the 
lipid bilayer of a membrane [45, 46, 48]. Therefore, 
the TPSA value talks much about the permeation 

ability of a drug molecule in a cell membrane such 
as the GIT and the blood-brain barrier (BBB) [36]. 
Lesser value of TPSA, supports its chances of being 
a good drug molecule [37, 38]. Researches have 
shown that an increase in the value of TPSA reduces 
the mobility of a drug in the body and consequently 
diminishes its biological activities as well [39, 49]. 
The table above shows that all the prepared 
compounds were within the TPSA threshold value 
of ≤140Å2. Another factor worth considering are the 
hydrogen bonding interactions with oxygen and 
nitrogen atoms contained in the compounds. As 
stated above, this is also related with TPSA which 
indicates the polarity and extend of hydrogen 
bonding interaction [38]. There are two indices for 
hydrogen bonding, the hydrogen bond donors 
(HBD) and acceptors (HBA) contained in a 
compound are utilized often to estimate the drug-
likeness of compounds. For any oral active drug, 
HBD count of ≤5 and HBA of ≤10 was prescribed 
by Lipinski's RO5, [40].  As shown from the table, 
all the prepared derivatives complied with the oral 
bioactivity and therefore no need for structural 
optimization.

To obtain more information about the characteristics 
of the prepared compounds, in silico studies were 
done in line with [41] and the binding affinities 
displayed in Table 1.0. Most compounds revealed 
reasonable interactions with the protein targets 
utilized in this study, such observation is supported 
by works done by Ibeji and coworkers [42]. The 
results for antimicrobial in silico studies given in 
table1.0showed compound 10a with the highest 
binding energies -7.7 kcal/mol for E. coli 
comparable to ciprofloxacin, -6.6 kcal/mol,10bwith 
the highest energy -7.8 kcal/mol for A. niger 
comparable to fluconzole, -6.7kcal/mol, while 
compounds10c, 10d, 10e and 10fgave highest 
binding energies (-7.4, 8.8, 7.4 and 7.5) respectively 
for P.  falciparum comparable to lumefantrine (-8.8) 
kcamol-1. The results corroborated with previous 
studies carried out by [10, 11 and 18] in terms the 
interactions and binding energies.
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Table 1.1: Binding affinities (kcal mol-1) for antimicrobial in silico studies

Compounds S. aureus
2DHN

E. coli
1WXH

B. subtili
4D7I

A. niger
7BLY

P.  falciparum
4Z22

10a -5.5 -7.7 -7.6 -7.2 -6.9
10b -6.5 -7.5 -6.9 -7.8 -7.1
10c -5.9 -6.8 -6.6 -7.2 -7.4
10d -6.0 -7.3 -7.7 -7.8 -8.8
10e -5.5 -6.5 -7.2 -7.0 -7.4
10f -6.0 -7.3 -7.2 -6.5 -7.5

Ciprofloxacin -6.1 -6.6 -6.6 -6.6 -6.0
Fluconzole -5.6 -7.0 -7.1 -6.7 -7.4

Lumefantrine -5.9 -6.9 -5.7 -7.3 -8.0

3.3
Validation of the protein targets
The re-docking of the local ligands in the active 
pockets of the proteins targets confirmed their 
conformation as well as validated the docking 
results. The protein–ligand structures for the 
prepared derivatives reported in the present work 
corroborated with the observations made by Kawsar 
and other workers [20, 21 and 22] in their previous 
works. Hydrogen bonding is a vital index that shows 
the stability and interaction of a ligand with the 
functional sites of any amino acid residue [41, 42]. 
Figure 1.0revealed the best hydrogen bonding 
interactions between compound 10aand the residues 
IWXH for E. coli while fig 1.1 showed the Pymol 
diagram displaying the distances between derivative 
10a and the active sites of protein IWXH residue.

                                 (a)                                                                                (b)
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Figure 1.0: (a) 2D diagram for derivative 10ashowing the hydrogen bonding interactions with ASN 136, LYS 
173 and PHE 170 chains of IWXH residuefor E. coli. (b) 3D diagram for compound 10acomplexed with1WXH 
residue active sites.

Figures 1.1: Pymol diagram showing the distances between derivative 10a and the active sites of protein IWXH 
residue for E. coli.

The interactions between lumefantrine with plasmepsin II (4Z22) are represented in the diagrams in fig 1.2 
below.

c d
Figure 1.2: (c)2D diagram displaying hydrogen bonding interactions between Lumefantrine and THR 114 chain 
of plasmepsin II (4Z22) residues(d) 3D diagram for Lumefantrine complexed with plasmepsin II(4Z22).
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e f
Figure 1.3: (e) 2D diagram showing hydrogen bonding interactions between compound 10dand SER 118 and 
TYR 17chains of the plasmepsin II active pockets. (f) 3D structure of compound 10d complexed with 
plasmepsin II

3.4 Structural activity relationship (SAR) of the 
derivatives [43]
Compound 15a bearing the methyl functionalities at 
the both ends of the chain displayed the best data in 
terms inhibition of the microorganisms indicated by 
lowest MIC values comparable to its counterparts 
and the standard drugs utilized for investigation. 
The observation corroborated with previous studies 
carried out by Ayuk and coworkers [11] as well as 
Oni and his colleagues [10, 18]. The promising 
biological activities of this compound could be 
ascribed to the existence of high electron cloud in 
the aromatic scaffold as well as the electron pushing 
ability of the methyl functionalities located para in 
the benzene rings of derivative. Impressive results 
were also exhibited by derivative 10cbearing 
imidazole functionality at the terminal of the chain 
which may be attributed to the effects of the 
nitrogen atoms that may have enhanced activity due 
the lone pair of electrons and heterocyclic nature of 
the imidazole component of the compound [18]. For 
derivatives with lesser activities, this could be 
attributed to stereochemistry which called 
optimization.  Generally, bacteria strains were more 
susceptible to the compounds than the fungus, 
implying that sulphonamide derivatives can disrupt 
bacteria cell walls than the fungi cells. 

Table 1.2: Minimum inhibitory concentrations (mg/mL)
Compound S. aureus B. subtilis E. coli A. niger
10a 0.833 ± 0.057b 0.933 ± 0.057b 0.833 ± 0.057b 0.833 ± 0.057b

10b 1.833 ± 0.057e 1.533 ± 0.057d 1.833 ± 0.057f 1.933 ± 0.057g

10c 0.933 ± 0.057c 0.933 ± 0.057b 0.767 ± 0.057b 1.233 ± 0.057d

10d 1.833 ± 0.057e 1.833 ± 0.057e 1.733 ± 0.057e 1.233 ± 0.057d
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10e 2.333 ± 0.057f 2.533 ± 0.057g 1.933 ± 0.057f 1.833 ± 0.057f

10f 1.767 ± 0.057e 1.933 ± 0.057f 1.833 ± 0.057f 1.833 ± 0.057f

Ciprofloxacin 0.933 ± 0.057c 0.933 ± 0.057b 0.933 ± 0.057c 0.000 ± 0.000a

Fluconazole 0.000 ± 0.000a 0.000 ± 0.000a 0.000 ± 0.000a 0.933 ± 0.057c

Note: Data are shown as mean ± SD, n = 3. Mean data with discrete superscript alphabets descending each 
column are significantly different (p < 0.05) but mean data with same superscript alphabets descending the 
column are not significantly (p > 0.05) different.
Key: (0.8-1.5) mg/mL = high sensitivity (lower MIC) value, (1.6-1.9) mg/mL = moderate sensitivity (low MIC) 
value and (2.0 -2.5) mg/mL = low sensitivity (higher MIC) value. From table 1.2 compounds 10a and 10c 
exhibited the least minimum inhibitory concentrations

3.5 In vivo studies (antimalarial)
Investigation for antimalarial activity was done with 
P. berghei (NK-65) sourced from the National 
Institute of Medical Research, Yaba Lagos Nigeria. 
Assent for utilization of animals for the 
investigation was granted by the Faculty of Natural 
Sciences and Environmental Studies Ethical 
Committee, Godfrey Okoye University, Thinker 
Corner, Enugu in Enugu State, South East Region of 
Nigeria. Lumefantrine was utilized as the standard 
for the antimalarial studies. Studies for pre and post 
treated groups were carried in quadruplets and the 
mean value for each test was calculated. The 
inhibition of the parasite was calculated via the 
formula given below according to [6, 18]

post-mean% parasiteamia
% Inhibition =

Pre -mean parasiteamia % - post-mean% parasiteamia 100
1x

Derivatives that were able to bring down the parasitemia level by at least 40% were designated as highly active 
compounds, those with 30-40% threshold were considered as moderately active but those with values less than 
30% were designated as inactive [10, 11]. The results are given in table 1.3.

Table 1.3: Parasitemia inhibition (%)
Compound Pre treatment Post treatment % Inhibition

10a 70.25 ± 2.63b 18.50 ± 2.38a 73.40
10b 68.25 ± 9.81b 45.00 ± 10.80c 34.04
10c 71.50 ± 2.38b 18.50 ± 2.38a 74.13
10d 70.25 ± 5.96b 28.00 ± 2.16c 67.29
10e 71.75 ± 2.63b 46.00 ± 5.83b 35.89
10f 55.50 ± 7.55a 13.75 ± 10.96a 62.76

Lumefantrine 70.75 ±2.21b 17.50 ± 1.29a 75.27
Note: Data are shown as mean ± SD, n = 3. Mean data with discrete superscript alphabets descending each 
column are significantly different (p < 0.05) but mean data with same superscript alphabets descending the 
column are not significantly (p > 0.05) different.
 
The results above showed that derivatives 15a and 
15c gave the best inhibitions against P. berghei 
(73.40 % and 74.13) % respectively comparable to 
Lumefantrine (75.27 %). These results also 
corroborated with those of the in silico antimalarial 

studies. A careful observation from in silico and in 
vitro antimicrobial analyses, in silico and in vivo 
antimalarial tests positioned compounds 10a and 
10c as promising drug candidates relative to 
Lumefantrine (standard). In the proceeding section, 
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apart from haematological test, only compounds 
with at least 40% parasitemia inhibition designated 
as highly active were investigative for the liver and 
kidney function tests [6, 14, 26].

III.6 Haematological tests

Table 1.4: Haematological tests before and after treatment
Group (RBC) (x 106 mm3) (HGB) g/dl (PCV) %

Before After Before After Before After
10a 7.53 ± 0.05d 8.03 ± 0.05b 17.43 ± 0.05f 11.63 ± 0.05f 39.33 ± 0.57a 43.33 ± 0.57a

10b 6.83 ± 0.05a 10.13 ± 0.05e 17.23 ± 0.05e 11.43 ± 0.05e 48.33 ± 0.57f 55.33 ± 0.57e

10c 7.53 ± 0.05d 10.73 ± 0.05g 15.73 ± 0.05c 11.93 ± 0.05g 41.33 ± 0.57b 50.33 ± 0.57c

10d 6.93 ± 0.05b 7.03 ± 0.05a 13.03 ± 0.05a 11.23 ± 0.05d 47.33 ± 0.57e 55.33 ± 0.57e

10e 9.23 ± 0.05g 10.33 ± 0.05f 14.83 ± 0.05b 10.13 ± 0.05c 46.33 ± 0.57d 52.33 ± 0.57d

10f 8.23 ± 0.05f 9.93 ± 0.05d 16.33 ± 0.05d 14.33 ± 0.05h 39.33 ± 0.57a 48.33 ± 0.57b

Standard 7.23 ± 0.05c 14.53 ± 0.05h 17.43 ± 0.05f 9.53 ± 0.05a 38.33 ± 0.57a 55.00 ± 0.57e

Note: Data are given as mean ± SD, n = 3. Mean data with different superscript alphabets descending each 
column are significantly different (p < 0.05) but mean data with same superscript alphabets descending the 
column are not significantly (p > 0.05) different. The standard drug used is lumefantrine. 

The data given in table 1.4 showed that the prepared derivatives displayed promising hematological result 
comparable to the standard drug before and after the derivatives were administered. 

3.6. Liver function tests
The data given for liver function tests are shown in Table 1.5 below;

Table 1.5: Liver Function Tests
Group ALP (IU/L) ALT (IU/L) AST (IU/L) Total Bilirubin

µmol/l
Direct Bilirubin
µmol/l

10a 20.433 ± 0.058b 23.733 ± 0.058a 12.933 ± 0.058a 22.733 ± 0.058a 9.233 ± 0.058b

10c 23.033 ± 0.058d 28.433 ± 0.058c 23.133 ± 0.058c 24.033 ± 0.058c 8.633 ± 0.058a

10d 22.233 ± 0.058c 25.533 ± 0.058b 14.933 ± 0.058b 27.133 ± 0.058e 11.933 ± 0.058e

10f 19.033 ± 0.058a 29.433 ± 0.058d 33.733 ± 0.058e 26.033 ± 0.058d 11.167 ± 0.058c

Standard 23.533 ± 0.058e 34.233 ± 0.058e 32.533 ± 0.058d 23.833 ± 0.058b 9.133 ± 0.058b

Note: Data are shown as mean ± SD, n = 3. Mean data with discrete superscript alphabets descending each 
column are significantly different (p < 0.05) but mean data with same superscript alphabets descending the 
column are not significantly (p > 0.05) different. The standard drug used is lumefantrine.

The data presented in table 1.5 showed that the prepared derivatives showed no liver poisoning when the 
animals took in 50 mg/kg comparable to the standard drug. 

3.7 Kidney function tests;
Table 1.6: Kidney Function Test

Group Creatinine (µmol/l) Urea ((µmol/l)
10a 43.833 ± 0.057a 7.333 ± 0.057
10c 49.533 ± 0.057b 6.633 ± 0.057a

10d 55.533 ± 0.057d 7.033 ± 0.057c
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10f 49.733 ± 0.057c 6.833 ± 0 .057b

Lumefantrine 58.633 ± 0.057e 6.933 ± 0.057bc

Note: Data are shown as mean ± SD, n = 3. Mean data with discrete superscript alphabets descending each 
column are significantly different (p < 0.05) but mean data with same superscript alphabets descending the 
column are not significantly (p > 0.05) different. 
The data presented in table 1.6 showed that no 
adverse effects were caused in kidney since the 
creatinine and urea concentrations did not increase 
when 50 mg/kg body weight of the derivatives were 
given to the rats comparable to the standard drug 
[25, 26]. 

IV. Conclusion
Conclusively, six novel p-toluenesulphonamoyl 
Cys-Gly dipeptide carboxamide compounds (3-
sulphanyl-2-((4methylphenyl)sulphonamidopropan 
amide derivatives 10a-f) were successfully 
synthesized in good yields and fully characterized 
via FTIR, 1H NMR, 13C NMR and HRM data.  
Furthermore, the in-silico studies of the compounds 
showed discrete binding affinities for the residues 
(2DHN, 1WXH, 24D7, 7BLY and 4Z22I) for S. 
aureus, E. coli, B. subtilis, A. niger and P. 
falciparum respectively. The biological tests 
conducted include in vitro antimicrobial, in vivo 
antimalarial, haematological, liver and kidney 
function tests. The in-silico studies of the 
compounds showed binding energies in the range (-
5.5 to -8.8) kcal mol-1, when docked with the above 
residues. The results showed compound 10a with 
the highest binding energies (-7.7 kcal/mol) for E. 
coli comparable to ciprofloxacin (-6.6 kcal/mol), 
compound 10bwith the highest binding energy (-7.8 
kcal/mol) for A. niger comparable to fluconazole (-
6.7 kcal/mol), while compounds 10c,10d,10e and 
10fgave highest binding energies (-7.4, 8.8, 7.4 and 
7.5) respectively for P.  falciparum comparable to 
lumefantrine (-8.8 kcal/mol). For in vitro 
antimicrobial test, different MIC values in the range 
(0.8-2.5) mg/mL were obtained, but compound 10a 
gave the best MIC results in the range (0.8-0.9) 
mg/mL. The percentage parasitemia inhibitions 
exhibited by the derivatives were in the range 
(31.52-74.13) % for the in vivo antimalarial test, 
after administration of 50 mg/kg body weights of 
the derivatives on the fourth day. Derivatives 10a 
and 10c showed the highest values of parasitemia 
inhibition (73.40 and 74.13) % respectively 
comparable to Lumefantrine, the standard drug with 
75.25 % inhibition. Other tests (Hematological, liver 
and kidney function) revealed no poisoning when 50 
mg/kg body weights of the derivatives were fed to 
the animals. This study has revealed that p-
toluenesulphonamoyl Cys-Gly dipeptide 

carboxamide compounds10a-f) possess promising 
pharmacological and can serve as potential starting 
materials for the development of new antibacterial 
and antimalaria agents.
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