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ABSTRACT 
 

Aim: To systematically design, synthesize and evaluate the biological activities of new threonine-
based sulfonamide derivatives in order to achieve improved drug potency. 
Methodology: Sulfamoyl carboxylic acids were prepared by the reaction of threonine with the 
appropriate sulfonyl chloride while their acetylated, carboxamide and aniline derivatives were 
synthesized via Lumiere-Barbier acetylation, Schotten-Baumann ammonolysis and Buchwald-
Hartwig cross-coupling methods respectively. The FTIR, 

1
H-NMR, 

13
C-NMR and elemental 

analytical data were employed in the structural characterization. In vitro and in silico antioxidant 
and antimicrobial studies were carried out. 
Results: Compounds 1b and 1d displayed the best in vitro antibacterial activities against 
Escherichia coli, Salmonella typhi, Staphylococcus aureus, Bacillus subtilis, Pseudomonas 
aeruginosa, and antifungal activities against Candida albican sand Aspergillus niger. Compound 1f 
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(IC50 = 1.150±0.003 µg/ml) exhibited the best in vitro antioxidant activity. Compound 1a had a 
higherin silico antibacterial (-11.51 kcal/mol) binding energies than antibacterial reference drug, 
penicillin (-10.89 kcal/mol). Compound 1c had the highest in silico antifungal binding energy (-10.48 
kcal/mol)comparable to ketoconazole (-10.85 kcal/mol).  
Conclusion: All the compounds were found to be potential antioxidant and antimicrobial drug 
candidates having complied with Lipinski’s rule of five. 
 

 

Keywords: Threonine; sulfonamides; In silico; antimicrobial; antioxidant. 
 

ABBREVIATIONS 
 

HBA : Number of Hydrogen Bond Acceptor  
HBD : Number of Hydrogen Bond Donor 
NRB : Number of Rotatable Bonds  
MW : Molecular Weight  
TPSA : Topological Polar Surface Area 
ROS : Reactive Oxygen Species 
DMSO : Dimethyl Sulfoxide 
MeOH : Methanol 
TLC : Thin-Layer Chromatography 
KBr : Potassium Bromide 
DPPH : 2,2-diphenyl-1-picrylhydrazyl 
CFU : Colony-Forming UNIT 
FTIR : Fourier Transform Infrared 

Spectroscopy 
C-NMR : Carbon-13 Nuclear Magnetic 

Resonance 
H-NMR : Proton Nuclear Magnetic Resonance 
PDB : Protein Data Bank 
CNS : Central Nervous System 
 

1. INTRODUCTION 
 

The increasing demand for effective antioxidant 
and antimicrobial compounds calls for an urgent 
attention because of the prevalence of  microbial 
infectious and oxidative stress related diseases 
in recent times [1-2]. Reactive oxygen species 
(ROS) also known as free radicals are introduced 
to the body system through biochemical 
processes and environmental pollution. These 
free radicals were found to be responsible for 
chronic disease conditions such as cancer, 
cardiovascular diseases, quick aging, 
inflammation [3-5] and especially the reduction in 
the body’s immunity response which exposes the 
body to microbial infections [6]. Similarly, 
microbial infections are unarguably the cause of 
millions of death across the globe [7,8]. Recent 
reports showed that sulfonamides and its 
derivatives exhibit wide range of biological 
activities [9-11] and the incorporation of certain 
bioactive amino acids such as serine [12] and 
methionine [13] had been found to potentiate the 
biological activities of sulfonamides [14]. 
 

Threonine is an indispensable amino acid for 
man [15] which in appropriate dietary level was 

found to improve the antioxidant capacity in 
certain animals by increasing free radical 
scavenging ability [16]. Furthermore, the 
presence of glycosylated threonine in certain 
antimicrobial peptides (AMPs) especially 
drosocin resulted to improved antimicrobial 
activities because of the rigid conformation it 
afforded [17]. Consequently, this study is 
designed based on the rationale that 
synthesizing sulfonamides from threonine would 
result to improved antimicrobial and antioxidant 
activities of sulfonamides due to the presence of 
the bioactive amino acid moiety. 
 
It is worrisome that in spite of the fact that 
oxidative stress related diseases pose a great 
danger to the global health system, only plants 
sources of antioxidants have been given a 
considerable attention while just a few synthetic 
antioxidants are available and scarcely used 
because of “perceived” ineffectiveness and 
toxicity [18,19]. Similarly, reports have showed 
that while the case of antimicrobial drug 
resistance is increasing, the pace at which new 
antimicrobial compounds are being developed is 
rather slow [20,21]. The synthesis of new drug 
compounds with new target sites using bioactive 
and body friendly threonine could possibly 
address the cases of microbial recalcitrance and 
antioxidant toxicity [22]. 
 

Therefore, the aim of this study was to 
synthesize threonine-based sulfonamide 
derivatives and investigate their biological 
activities in order to achieve improved drug 
potency. 
 

2.  MATERIALS AND METHODS 
 

2.1 Chemistry 
 

Reagents were sourced from Sigma Aldrich and 
used without further purification. The melting 
points values were obtained with electrothermal 
melting point apparatus IA9200 model. FT-IR 
spectroscopy of title compounds were recorded 
on Shimadzu 8400s Fourier Transform Infrared. 
Nuclear Magnetic Resonance (

1
H-NMR and 

13
C-

NMR) were run in DMSO on a Varian Gemini 
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400MHz spectrophotometer and the chemical 
shifts were recorded in part per million (ppm). 
Elemental analysis was run on a Euro EA 3000 
elemental analyzer. Reactions were monitored 
by a thin-layer chromatography (TLC) (MeOH/ 
DCM, 1:9). Nitrogen gas provided the inert 
atmosphere for reactions requiring inert 
conditions. The compounds were precipitated in 
analytical grade.  
 

2.2 Synthesis of 3-hydroxy-2-{[(4-
methylphenyl)sulfonyl]amino}butanoi
cacid(1a)and 3-hydroxy-2-
[(phenylsulfonyl)amino]butanoic acid 
(1b)  

 

Using a 50 ml beaker, Na2CO3 (2 g) and 
threonine (2 g) were dissolved in distilled water 
(15ml). It was cooled to 0°C followed by the 
addition of the appropriate sulfonyl chloride (5.14 
g, 15 mmol). The solution was stirred for 3 hours. 
Unpon completion, It was crystallized by the 
addition of hydrochloric acid (pH = 2), filtered by 
suction and washed with tartaric acid to obtain 
compounds (1a-b)in analytical grade. 
 

2.2.1 3-hydroxy-2-{[(4-methylphenyl) 
sulfonyl]amino}butanoic acid (1a) 

 

White solids, yield 3.34 g (93.7%), mp 90-91°C. 
IR(KBr) cm

-1
: 3655 (OH free), 3454 (N-H), 

3290(O-H of COOH), 3063 (C-H aromatic), 
2925(CH-aliphatic), 1737(C=O of COOH), 1640, 
1595(C=C aromatic), 1375, 1169 (S=O two 
bands), 1158, 1123(SO2NH), 1015, 1010(C-N), 
689(Ar-H). 

1
H-NMR(DMSO-d6, 400 MHz) δ: 7.78-

7.72(d, J = 8Hz, 2H, Ar-H), 7.46-7.32(d, J = 8Hz, 
2H, Ar-H), 4.93(s, 1H, OH), 4.83-4.55(d, J = 
4.4Hz, 1H, NH), 3.85-3.81(m, IH,CH), 3.73 (dd, 
J1 =3.7Hz, J2 =9.2Hz, IH, CH-NH), 2.48 (s, 3H, 
CH3-Ar), 0.99 - 0.93 (d, J = 6.36Hz, 3H, CH3-
CH). 13C-NMR (DMSO-d6, 400 MHz) δ: 
172.35(C=O), 140.90, 132.89, 128.43, 125.96, 
123.11, 121.67 (aromatic carbons), 37.76, 31.70, 
20.15, 19.93 (aliphatic carbons). Anal. calcd. for 
C11H15NO5S (273.13): C, 48.43, H, 5.64, N, 5.23, 
S, 11.81. Found: C, 48.44, H, 5.60, N, 5.20, S, 
11.84. 
 

2.2.2 3-hydroxy-2-[(phenylsulfonyl) 
amino]butanoic acid (1b) 

 
White solid, yield 2.96 g (89.4%), mp. 141-
142°C. IR(KBr) cm

-1
: 3545(OH free), 3299 (N-H), 

3075(C-H aromatic), 2957 (O-H of COOH),  
1726(C=O of COOH), 1338, 1174 (S=O two 
bands), 1152, 1125(SO2NH), 1118 (C-N), 
697(Ar-H). 

1
H-NMR(DMSO-d6, 400 MHz)δ: 

10.67(s-br, 1H, OH of COOH), 7.91-7.86 (d, J = 
8.7Hz, 2H, Ar-H), 7.76-7.7.34 (d, J = 9.3Hz, 3H, 
ArH), 5.71-5.52 (m, 1H, NH), 3.89-3.89 (dd, 
J1=3.63 Hz, J2=6.61 Hz, 1H, CH-CH-CH3), 3.59-
3.57(dd, J1 =3.61Hz, J2=9.21 Hz, 1H, NH-CH-
CH), 2.16 (s, 1H, OH), 1.12-1.10(d, J=6.40 Hz, 
3H, CH3-CH). 13C-NMR (DMSO-d6, 400 MHz) δ: 
171.57 (C=O), 141.63, 140.21, 135.66, 133.73, 
129.51, 126.82(aromatic carbons), 37.50. 31.40, 
27.80 (aliphatic carbons). Anal. Cald(%) for 
C10H12NO5S (258.14): C, 46.57, H, 4.73, N, 5.50, 
S, 12.38.  Found: C, 46.60, H, 4.77, N, 5.53, S, 
12.36. 
 
2.3 Synthesis of 2-{Acetyl[(4-

methylphenyl)sulfonyl]amino}-3-
hydroxybutanoic acid(1c) and 2-
{Acetyl[(phenylsulfony)amino]-3-
hydroxybutanoic acid(1d)  

 
Using 100 ml beaker, compounds (1a-b) (2 g) 
and acetic anhydride (12 g) were dissolved in 
concentrated hydrochloric acid (9ml) followed by 
the addition of a solution of sodium acetate (16 
g) and distilled water (50 ml) and thorough 
stirring. It was cooled to 0°C in ice bath, filtered 
and washed to obtain compounds (1c-d) in 
excellent yield. 

 
2.3.1 2-{Acetyl(4-methylphenyl)sulfonamido}-

3-hydroxybutanoic acid(1c) 

 
White solid, Yield 2.51 g (93.2%), mp.212-213ºC, 
IR (KBr) cm-1: 3404 (OH free), 3399(O-H of 
COOH), 3085 (N-H), 2954(C-H aliphatic), 1987 
(C-H aromatic), 1719,1691(C=O), 1662, 1652 
(C=C), 1393, 1287(S=O), 1192(SO2-NH), 
1143(C-N), 758(Ar-H). 

I
H-NMR (DMSO-d6, 400 

MHz) δ: 7.87-7.52 (d, J = 6.8Hz, 2H, ArH), 7.66-
7.65 (d, J = 6.4Hz, 2H, ArH), 4.18 (s-br, IH, OH), 
3.994 (s, IH, COOH), 2.49-2.39 (m, 3H, CH3-
C=O), 2.19-2.08 (m, 3H, CH3-Ar), 1.94-1.47(m, 
IH, CH-CH) 0.96-0.87 (d, J= 3.2Hz, 3H, CH3-CH). 
13C-NMR (DMSO-d6, 400 MHz) δ: 171.25, 
170.26(C=O), 140.94, 133.87, 129.56, 126.79, 
124.77, 120.35 (aromatic carbons) 67.79. 61.73, 
40.79, 39.96, 39.39 (aliphatic carbons). Anal. 
calcd (%). for C13H17NO6S (315.36): C, 49.56, H, 
5.47, N, 4.53, S, 10.23. Found: C, 49.60, H, 5.51, 
N, 4.56, S, 10.29. 

 
2.3.2 2-{Acetyl(phenylsulfonamido)}-3 

hydroxybutanoic acid (1d) 

 
White solid, yield 2.23 g (90.10%), mp.202-
203°C, IR (KBr) cm-1: 3662 (OH free), 3297 (OH 
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of COOH),3073(N-H), 3038(C-H aliphatic), 
1992(C-H aromatic), 1731, 1689(2C=O), 1659, 
1658 (C=C), 1336, 1247 (2S=O), 1172(SO2-NH), 
1083(C-N),755 (Ar-H). 

I
H-NMR(DMSO-d6, 400 

MHz) δ: 7.86-7.84(m, 2H, Ar-H), 7.65-7.30(m, 
3H, Ar-H), 4.19(s-br, IH, OH), 3.99(s, IH, COOH), 
2.57-2.38 (m, 3H, CH3-C=O), 1.96-1.43(m, 1H, 
CH-CH), 0.95-0.93d, J= 5.2Hz ,3H, CH3-CH). 
13

C-NMR (DMSO-d6, 400 MHz) δ: 171.13, 
170.35(C=O), 141.91, 138.21, 135.44, 133.89, 
130.43, 129.96 (aromatic carbon), 31.05, 30.84, 
29.36, 19.52 (aliphatic carbons). Anal. calcd (%). 
for C11H15NO6S (301.33): C, 47.98, H, 4.99, N, 
4.66, S, 10.72. Found: C, 48.10, H, 4.95, N, 4.71, 
S, 10.59. 

 
2.4 Synthesis of 2-[acetyl 

(phenylsulfonyl)amino]-3-
hydroxybutanamide (1e) 

 
2.4.1 Chlorination and amminolysis  

 
Using a three necked flask (100 ml) charged with 
bar magnet, compounds (1c-d) were dissolved in 
acetone (10 ml) and cooled to 0°C. Thionyl 
chloride (I.5 ml) was added and the content was 
stirred under reflux at 80°C for 3 hours. The 
remaining thionyl chloride was evaporated after 
the reaction by further heating in a water bath at 
80°C to obtain the reactive acid chloride 
intermediate. Immediately aqueous ammonia 
(2ml) was added and the crystals were obtained 
by suction filtration and washed with acetone to 
obtain compound 1e. 

 
2.4.1.1 2-{acetyl[(4-methylphenyl)sulfonyl] 

amino}-3-hydroxybutanamide(1e) 
 
Brown solid, yield 3.09 g (92.8%), mp.211-
212°C, IR (KBr) cm-1: 3480 (N-H), 3028(C-H 
aliphatic), 1982(C-H aromatic), 1759, 
1690(2C=O) 1649, 1638 (C=C), 1326, 1237 
(2S=O), 1162(SO2-NH), 1073(C-N),745 (Ar-H). 
1
H-NMR (DMSO-d6, 400 MHz) δ: 7.76-7.68 (d, 

J= 6.8Hz, 2H, Ar-H), 7.55- (d, J = 6.4Hz, 2H, Ar-
H), 4.09 (s-br, IH, OH), 3.96(s, 2H, NH2), 2.48-
2.34 (m, 3H, CH3-C=O), 1.98-1.52 (m, 1H, CH-
CH), 0.947-0.934 (d, J= 5.2 Hz, ,3H, CH3-CH). 
13

C-NMR (DMSO, 400MHz) δ: 170.23, 169.95 
2(C=O), 140.90, 132.89, 129.43, 126.96, 123.56,  
(aromatic carbon) 37.66, 31.60, 30.05, 29.83, 
19.26 (aliphatic carbons). Anal. calcd (%). for 
C12H19N2O6S (315.33): C, 49.48, H, 6.03, N, 
8.88, S, 10.15. Found: C, 49.51, H, 6.06, N, 8.91, 
S, 10.11. 
 

2.5 Synthesis of 2-{acetyl[(4-
methylphenyl)sulfonyl]amino}-N-(4-
aminophenyl)-3-
hydroxybutanamide(1f) 

 
The catalyst complex bis (triphenylphosphine) 
nickel(II) chloride was prepared using Venanzi 
[23] procedure in which nickel (II) chloride 
hexahydrate (2 g) was dissolved in glacial acetic 
acid (30 ml) followed by the addition of a solution 
of triphenylphosphine (4 g) and glacial acetic 
acid (15 ml). The mixture was filtered after 12 
hours to obtain bis (triphenylphosphine) nickel(II) 
chloride.  

 
Then Buchwald-Hartwig cross-coupling reaction 
method [24] was used in the cross-coupling 
reaction of the sulfonamide with 4-chloroaniline 
to obtain the aminophenyl derivative as follows. 
Bis(triphenylphosphine)nickel(II)chloride (2 g) 
and triphenylphosphine (4 g) were dissolved in t-
butanol (8 ml) and distilled water (4 ml). The 
mixture was preheated for 2 minutes at 80°C 
followed by the addition of 4-chloroaniline (2ml), 
potassium carbonate (1.5 g). It was stirred for 3 
hours with reflux at 110°C under inert nitrogen 
condition after which it was recrystallized with 
ethyl acetate, filtered and washed with water to 
obtain compound 1f. 
 
2.5.1 2-{acetyl[(4-methylphenyl) sulfonyl] 

amino}-N-(4-aminophenyl)-3-
hydroxybutanamide(1f) 

 
Yield 2.19 g (94.3%), mp. 83-84°C, IR (KBr) cm

-1
 

:3490, 3430 (2N-H), 3300(O-H), 3000 (C-H 
aliphatic), 1982 (C-H aromatic), 1725, 1690 
(2C=O), 1655, 1650(C=C), 1397, 1200(2S=O), 
1121(SO2-NH), 1026 (C-N), 741 (Ar-H). 1H-NMR 
(DMSO-d6, 400 MHz) δ: 8.465-8.38 (d, J = 
7.8Hz, 2H, ArH), 8.24-8.09 (d, J = 7.5 Hz, 2H, 
ArH), 7.96-7.78 (t, d = 7.1 Hz, 2H, ArH), 6.99-
6.53 (d, J = 6.4Hz, 2H, ArH), 5.20-5.10 (t, J = 4.8 
Hz, IH, NH), 4.954 (s, 2H, NH2), 3.78 (s-br, IH, 
OH), 2.98-2.50 (t, J = 2.2Hz, 1H, CH-N), 1.96-
1.33 (m, 1 H, CH-CH) 2.48-2.40 (m, 3H, CH3-Ar), 
2.30-2.15 (m, 3H, CH3-C=O), 1.85-1.74 (d, J = 
1.2 Hz, 3H, CH3-CH). 13C-NMR (DMSO-d6, 400 
MHz) δ: 172.678, 170.03, 2(C=O) 141.84, 
138.34, 133.63, 133.42, 128.94, 126.60, 123.28, 
115.62 (aromatic carbons), 38.43, 35.23, 31.68, 
23.12, 19.13(aliphatic carbons).  Anal. calcd (%). 
for C18H23N3O5S (405.48): C, 56.23, H, 5.67, N, 
10.36, S, 7.89. Found: C, 56.19, H, 5.70, N, 
10.31, S, 7.86. 
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2.6 Antioxidant Evaluation 
 
Using Blois method [25], DPPH solution was 
obtained when 2 mg DPPH was dissolved in 100 
ml of methanol. Mixtures of the synthesized 
compounds were prepared using the same 
method in various concentrations of 50, 100 and 
200µg/ml. The same concentrations of ascorbic 
acid were prepared. The mixtures were 
thoroughly shaken and stored at room 
temperature in the dark. Their absorbance were 
measured at 517 nm using UV 
spectrophotometer after 30 minutes and 
compared with the corresponding absorbance of 
the standard ascorbic acid concentrations. The 
percentage inhibition against the stable DPPH 
was calculated following the formula: 

 
DPPH radical scavenging activity 

 (%) =  
��������������������

����������
× 100 

 

IC50 indicated the concentration of the 
compounds with 50% of radical scavenging 
activity. 
 

IC50 is inversely proportional to the antioxidant 
activity. 
 

2.7 Antimicrobial Evaluation 
 
The minimum inhibitory concentrations were 
determined by agar dilution method [26]. Various 
pathogenic bacteria and fungi were employed in 
the experiment and were standardized by 0.5 
McFarland turbid equivalents. Ofloxacin and 
Fluconazole were the standard antibiotics 
employed. Nine concentrations of the title 
compounds and standard drugs such as 0.9 
mg/ml, 0.8 mg/ml, 0.7 mg/ml, 0.6 mg/ml, 0.5 
mg/ml, 0.4 mg/ml, 0.3 mg/ml, 0.2 mg/ml, 0.1 
mg/ml, were obtained by the formula C1V1=C2V2. 
The molten agar plates of the synthesized 
compounds bearing the microorganisms were 
incubated at 25°C for 48 hours and the colony 
forming units (CFU) were counted. Then the 
MICs of the synthesized compounds were 
recorded as minimum concentrations that 
completely inhibited the growth of the 
microorganisms.  
 

2.8 In silico Evaluation 
 

2.8.1 Physicochemical parameters 
 
The physicochemical parameters of the 
compounds were obtained via computer 
stimulation and were computed using descriptors 

calculator in Swiss dock online servers. The 
drug-likeness of the compounds was predicted 
by Lipinski’s rule of five stipulations. The 
parameters were namely number of hydrogen 
bond acceptor (HBA), number of hydrogen bond 
donor (HBD), number of rotatable bond (NRB), 
octanol/water partition coefficient logP(o/w), 
molecular weight (MW), aqueous solubility 
(SlogP) and topological polar surface area 
(TPSA).  
 

2.9 Molecular Docking Evaluation 
 
The computational simulation of their binding to 
receptors was carried out for oxidative stress, 
bacterial infections and fungal infections. The 3-
Dimensional structures of were sourced from the 
Protein Data Bank (PDB), (http://www.pdb.org) 
database. Human peroxiredoxin 5 (PDB code: 
1HD2) was drug targets for antioxidant, 
Escherichia coli DNA gyrase in complex with 1-
ethyl-3-[8-methyl-5-(2-methyl-pyridin-4-yl)-
isoquinolin-3yl]urea (PDB code: 5MMN) for 
antibacterial and urate oxidase from Aspergillus 
flavus complexed with uracil (PDB code: 1WS3) 
for antifungal. Themolecular docking using PyRx 
enabled the interaction of the compounds with 
each of the receptors. This procedure enabled a 
flexible compound docking for various compound 
conformers within the rigid receptor and the best 
conformation for each title compound was 
chosen and the interaction was visualized using 
the Discovery studio. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Chemistry 
 
Compounds 1a and 1b were synthesized by 
base promoted reaction of 2-amino-3-
hydroxybutanoic acid with paratoluene and 
benzene sulfonyl chloride respectively. The 
acylation of compounds 1a and 1b afforded 
compounds 1c and 1d respectively. Chlorination 
and immediate amonnolysis of compound 1c 
gave compound 1e which was subjected to 
Buchwald-Hartwig cross-coupling reaction to 
obtain compound 1f in excellent yield as 
represented in scheme 1 and 2. 

 

The presence of the peaks at 3655-3543cm
-1

(OH 
free),  3451-3437 cm-1(N-H), 2955-3290(O-H of 
COOH), 1733(C=O of COOH), 1652, 16501 
(C=C aromatic), 1371, 1166 (S=O two bands), 
685(Ar-H) frequencies in FTIR, the peaks at 
7.78-7.78(d, J = 8Hz, 2H, Ar-H), 7.64-7.62(d, 
J=9.2Hz, IH, NH-CH), 2.19 (s, 1H, OH) in 1H-



NMR and 172.353-171.400(C=O) in 
indicated the successful synthesis of 
sulfonamides (compounds 1a and 1b) from 
threonine and sulfonyl chloride. 
 
The diagnostic peaks of extra 1731
1(C=O of ketone) in FTIR, 2.579-
CH3-C=O) in 1H-NMR and an extra peak of 
171.232-171.133(C=O) in 

1
C-NMR indicated a 

successful acylation in compounds 1c and 1d.
 

In compound 1e, the appearance of the peak at 
3480 cm-1 (N-H of amide) in FTIR and 3.964
2H, NH2) in 

1
H-NMR was an indication of 

successful amonnolysis (addition of ammonia).
 
The diagnostic peaks in compound 1f, were
appearance of  double 3490 cm-1, 3430
H), 1650 cm

-1
, 1652 ccm

-1
(C=C of aromatic) in 

FTIR, 8.465 (m, 2H, ArH), 8.243(s, 2H, ArH) in 
1H-NMR and additional 6C-aromatic in 
which confirmed the coupling of 4-chloroaniline.
 

3.2 Evaluation of Antioxidant Activities
 
According to Setha,et al. [27], the antioxidant 
activity of compounds can be classified as very 
strong (IC50 < 50 μg/ml), strong (IC50 = 50

Scheme 1. The synthetic pathway for the synthesis of sulfonamide derivatives from threonine
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171.400(C=O) in 13C-NMR 
indicated the successful synthesis of 
sulfonamides (compounds 1a and 1b) from 

The diagnostic peaks of extra 1731-1718cm-

-2.589 (s, 3H, 
NMR and an extra peak of 

NMR indicated a 
acylation in compounds 1c and 1d. 

In compound 1e, the appearance of the peak at 
H of amide) in FTIR and 3.964 (s, 

NMR was an indication of 
successful amonnolysis (addition of ammonia). 

The diagnostic peaks in compound 1f, were the 
, 3430 cm-1 (2N-

(C=C of aromatic) in 
FTIR, 8.465 (m, 2H, ArH), 8.243(s, 2H, ArH) in 

aromatic in 13C-NMR 
chloroaniline. 

f Antioxidant Activities 

[27], the antioxidant 
activity of compounds can be classified as very 
strong (IC50 < 50 μg/ml), strong (IC50 = 50–100 

μg/mL), moderate (IC50 = 101–150 μg/ml), and 
weak (IC50 = 250–500 μg/ml). Based on 
principle, all the synthesized compounds 
represented in Fig. 1, possess very strong 
antioxidant activities. Obviously, compound 1f 
exhibited the highest antioxidant activity with IC
value of 1.150±0.003 µg/ml while compound 1d 
displayed the least antioxidant activity of 
1.864±0.001 µg/ml.  The antioxidant activity of 
compound 1f was good but not as excellent as 
that of ascorbic acid (1.001±0.001
highest antioxidant activity of compound 1f 
relative to other compounds can be attributed to 
the fact that aniline derivatives possess strong 
antioxidant activity [28] and therefore the 
antioxidant activity of the sulfonamide was 
potentiated by the coupled aniline. 
 

3.3 Evaluation of Antimicrobial Activities
 
The antimicrobial screening represented in Table 
2, showed that all the compounds exhibited 
inhibitory activities against the microbial strains 
used. Obviously, lower minimum inhibitory 
concentration (MIC) indicates higher 
antimicrobial potency and vice versa. 
Compounds 1b and 1d displayed the best 
antibacterial and antifungal activities, compound
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Table 1. Percentage inhibition of compounds 

 
Compounds % inhibition % inhibition % inhibition 

at 200 µg/ml at 100 µg/ml at 50 µg/ml 
Ascorbic acid 96.83± 0.001 97.68 ± 0.001 97.31 ± 0.001 
1a 94.22 ± 0.012 82.31 ± 0.002 37.94 ± 0.011 
1b 96.70 ± 0.001 73.50 ± 0.001 71.79 ± 0.001 
1c 79.13 ± 0.000 82.17 ± 0.001 79.55 ± 0.001 
1d 76.31 ± 0.001 70.27 ± 0.001 72.28 ± 0.001 
1e 77.97 ± 0.001 77.17 ± 0.001 74.98 ± 0.000 
1f 89.39 ± 0.000 84.80 ± 0.001 83.27 ± 0.003 

The standard antioxidant = ascorbic acid. Data are represented as mean ± S.D. 

 

 
 

Fig. 1.Graphical representation of the IC50 Values of the synthesized compounds 
 

Table 2. The minimum inhibitory concentration (MIC) of compounds (mg/ml) 
 

isolates 1a 1b 1c 1d 1e 1f Ofloxacin fluconazole 

E. coli 0.70 0.90 0.90 0.80 0.90 0.70 0.50 - 
S. typhi 0.70 0.90 1.00 0.90 0.80 0.50 0.50 - 

S. aureus 0.90 0.80 - 0.40 - 0.60 0.10 - 

B. sub 0.50 0.60 - 0.40 0.80 0.40 0.20 - 

Ps. aerug 0.90 0.90 - 0.90 0.60 - 0.25 - 

C. albicans - 0.90 0.90 0.60 0.70 - - 0.20 

A. niger 0.80 0.80 - 0.80 - - - 0.50 
- = no growth. Isolates = Escherichia coli, Salmonella typhi, Staphylococcus aureus, Bacillus subtilis, 

Pseudomonas aeruginosa, Candida albicans, and Aspergillus niger 

 
1c displayed the least antibacterial activity while 
compound 1f displayed the least antifungal 
activity. The outstanding performance of 
compounds 1b and 1d (benzene sulfonamides) 
could stem from the fact that benzene 
sulfonamides possess excellent antimicrobial 
activities [29]. Report showed that sulfonamides 
never showed any inhibitory activity against 
Pseudomonas aeruginosa [30-31]. Conversely, 
this study revealed that all the sulfonamides 
derivatives synthetized from threonine inhibited 

the growth of Pseudomonas aeruginosa    
possibly because of the synergistic microbial 
antagonism arising from the incorporation of 
threonine. 
 

3.4 Prediction of Oral Bioavailability and 
Drug-likeness of Compounds 

 

Using the physicochemical properties of the 
synthesized compounds given in Table 3, the 
drug likeness and bioavailability of the



Table 3.

Compounds HBA HBD NRB
1a 5 4 5
1b 5 4 5
1c 6 3 6
1d 6 3 6
1e 5 2 6
1f 5 3 7

 

Fig. 2. Graphical representation showing 
Key: Standard for antioxidant = α

 

compounds were predicted. Lipinski’s rule [32] 
states that a compound is considered to be  
orally active if not more than one of the limits of 
the following physicochemical properties is not 
exceeded. The number of hydrogen bond             
donor (HBD) ≤ 5, partition coefficient (logP) ≤ 5, 
number of hydrogen bond acceptor (HBA) 
number of rotatable bonds (NRB) 
molecular weight (MW) ≤ 500. Furthermore, 
Verber’s rule [33] stipulated that com
having NRB≤ 10 and topological polar surface 

area (TPSA) ≤ 140Å2 possess good oral 
bioavailability. Similarly, Van de waterbeemd,
al. [34]   asserted that the topological polar 

surface area (TPSA) ≤ 90 Å2 and a molecular 
weight (MW) ≤ 450 g/mol is required for central 
nervous system (CNS) penetration. Based on the 
above mentioned rules, all the synthesized 
compounds (1a-f) have excellent drug likeness, 
they are also orally active with good oral 
bioavailability but cannot be recommended as 
CNS drug because of their TPSA being more 

than 90 Å2. 
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Table 3. The physicochemical parameters 
 

NRB logP(o/w) SlogP TPSA MW Lip violation
5 0.69 0.11 101.70 273.70 0 
5 0.40 0.20 103.70 259.28 0 
6 0.64 0.37 111.98 315.35 0 
6 0.35 0.06 111.98 301.32 0 
6 0.55 0.62 117.77 315.33 0 
7 1.25 1.25 129.80 405.48 0 

 
Graphical representation showing in silico antioxidant and antimicrobial activities

Key: Standard for antioxidant = α-Tocopherol, antibacterial = Penicillin; antifungal = Ketoconazole

compounds were predicted. Lipinski’s rule [32] 
states that a compound is considered to be  
orally active if not more than one of the limits of 
the following physicochemical properties is not 

number of hydrogen bond             
≤ 5, partition coefficient (logP) ≤ 5, 

number of hydrogen bond acceptor (HBA) ≤ 10, 
number of rotatable bonds (NRB) ≤ 10,  

≤ 500. Furthermore, 
Verber’s rule [33] stipulated that compounds 

≤ 10 and topological polar surface 

possess good oral 
bioavailability. Similarly, Van de waterbeemd,et 

topological polar 

and a molecular 
required for central 

nervous system (CNS) penetration. Based on the 
above mentioned rules, all the synthesized 

f) have excellent drug likeness, 
they are also orally active with good oral 
bioavailability but cannot be recommended as 

because of their TPSA being more 

3.5 Evaluation of in silico Antioxidant and 
Antimicrobial  

 
The binding affinities of compounds are given in 
Fig. 2. Compounds showed strong binding 
affinities with all the receptors utilized in the 
study. Compound 1a had the highest antioxidant 
binding energy (-13.19 kcal/mol) which can be 
compared to α-Tocopherol (-14.82 kcal/mol). 
Similarly, compound 1a had the highest 
antibacterial binding energy (-11.51 kcal/mol) 
even higher than penicillin (-10.89 kcal
Compound 1c had the highest antifungal binding 
energy (-10.48 kcal/mol) comparable to 
ketoconazole (-10.85 kcal/mol). 
 
4. CONCLUSION 
 
In conclusion, the sulfonamide derivatives were 
synthesized using threonine an essential amino 
acid as the starting reagent. The synthesis was 
found to be facile, efficient and ecofriendly. The 
structures of compounds were confirmed with 
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spectroscopic data. Generally, all the 
synthesized compounds exhibited considerable 
antimicrobial and antioxidant activities although 
compounds 1b and 1d were found to be the best 
antimicrobial agents while compounds 1a and 1f 
were the best antioxidant agents synthesized. 
Threonine being a bioactive amino acid was 
found to potentiate the antioxidant and 
antimicrobial activities of sulphonamide 
derivatives.  Considering the biological activities, 
good drug-likeness and oral bioavailability of the 
synthesized compounds, they are potential 
antimicrobial and antioxidant drug candidates.  
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