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A B S T R A C T

Herein, we used an imidazole derivative (IMD) which showed promising antibacterial, antifungal and anti-
oxidant properties in our earlier investigation. Prompted by this, we converted IMD to hydrazide (IMH) by
hydrazinolysis which was derivatized to various ureas (3–7) and thioureas (8–12). On the other hand, IMH was
conjugated to Boc-Trp-OH as it has been shown in the past that hybridization of two molecules produced pro-
mising biologically active compounds. Boc of the conjugate was removed and further converted into several urea
(14–18) and thiourea (19–23) derivatives. All the title compounds so also the starting materials and inter-
mediates were assessed for potential biological applications. The results showed that compounds 3, 4, 8, 9, 14,
15, 19 and 20 were excellent antioxidants as revealed by DPPH, DMPD and ABTS assays. Further, certain
analogues like 5–7, 10–12, 16–18 and 21–23 were found to be potent antimicrobials against pathogenic bac-
teria and fungi whereas good anti-inflammatory activity was obtained for molecules 5–7, 10–12, 16–18 and
21–23. All together, derivatives of the conjugates have shown superior activity over non-conjugated compounds
and the former have exhibited potent activity against standard drugs in all the assays. In a quest to understand
the binding interactions of the compounds with active site of tyrosine kinase (PDB ID: 2HCK), glucosamine-6-
phosphate (GlcN-6-P) synthase (PDB ID: 2VF5) and cyclooxygenase-2 (PDB ID: 1CX2) enzymes, the correlation
studies were conducted using molecular modelling which showed good receptor binding interactions with
several amino acids of the enzymes. Overall, the current investigation may be considered for the discovery of
lead compound(s) for treating multiple disorder conditions using singular molecular entity.

1. Introduction

The limitations of many monotherapies can be overcome by at-
tacking the disease system on multiple fronts [1]. Multi-target ther-
apeutics can be more efficacious and less vulnerable to adaptive re-
sistance because the biological system is less able to compensate for the
action of two or more drugs simultaneously. Indeed, multi-component
drugs are now standard in therapeutic areas such as cancer, diabetes
and infectious diseases; paradoxically composed of agents that were
initially developed as single-target drugs. Unfortunately, the standard
approach of combining monotherapies at the clinical stage limits the
number of drug pairs that can be tested and bypasses the opportunity to
find therapeutically relevant interactions between novel targets [2].
Over several years, imidazole and their derivatives has attracted much
attention of medicinal chemists because of their potential to generate
new chemotherapeutic agents. They have wide range of biological

activities which has been well documented in the literature [3,4] which
prompted us to work on this core. On the other hand, urea/thiourea
derivatives display a wide range of biological activities including an-
timicrobial, antidiabetic, antituberculosis and anticancer properties
[5–7].

Molecular hybridization as a drug discovery strategy involves the
rational design of new chemical entities by the fusion of two molecules,
both active compounds and/or pharmacophoric units recognized and
derived from known bioactive molecules [8]. Owing to this, our re-
search group has enormously contributed to the field of ‘conjugation’ of
bioactive molecules, particularly amino acids/peptides with that of
heterocycles and a step forward, derivatization of the conjugates [9–12]
that led to the identification of several promising candidates for further
studies. To this end, we planned to use imidazole derivative (IMD, 1)
that demonstrated good therapeutic profile in our earlier investigation
[13]. Initially we performed hydrazinolysis of IMD to obtain IMH (2)
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which was converted into urea and thiourea derivatives. In the second
instance, we wanted to verify the effect of amino acid conjugation on
IMH so also their ureas and thioureas. Among the amino acids, Trp was
used as it is aromatic, heterocyclic, possess acid-base character due to
the presence of indole ring and importantly it exhibits varied kinds of
biological activities. Due to the multifaceted properties of Trp, it was
conjugated to IMH at the N-terminus region. We designed the ureas and
thioureas in such a way that they had both electron donating (EDG) as
well as withdrawing groups (EWG) so that their effect on the biological
activities could also be understood well. The ureas and thioureas of
both conjugated and non-conjugated compounds along with the initial
reactants and the intermediates were assessed for their potentiality to
exhibit biological activities viz., antioxidant, antimicrobial and anti-
inflammatory. On the top of this, knowledge about binding or inter-
action of the compounds with that of receptor is highly desirable to
understand the drug-receptor concept. In this sense, molecular docking
of the title compounds was performed on different enzymes of all the
aforesaid assays.

2. Results and discussion

2.1. Chemistry

Synthesis of the desired compounds was achieved according to the
steps illustrated in the Scheme 1. IMD was synthesized by literature
known methods with slight modification [14,15]. This was treated with
excess of hydrazine hydrate to get IMH which was reacted with dif-
ferent substituted phenyl isocyanates/phenyl isothiocyanates to obtain
respective ureas (3–7) and thioureas (8–12). Next, IMH and Boc-Trp-
OH were conjugated using EDCI/HOBt as coupling agents and NMM as
base to get Boc-Trp-IMH (13). 13 was debocked using TFA and reacted
as above to get respective ureas (14–18) and thioureas (19–23). All the

compounds were obtained in good yields. The structures of all the
newly synthesized compounds were confirmed by IR, 1H NMR, 13C
NMR and mass spectral analyses. IMH showed bands at 3276 cm−1 for
eNH2 and 3196 cm−1 for eNH in IR spectra whereas in PMR, peaks
appeared at δ 9.06 for eNH and 4.42–4.32 for eNH2 which indicated
the hydrazinolysis of the ester. Further, presence of peak at δ 10.24
(eNH) and absence at δ 4.42–4.32 (NH2) confirmed the conjugation of
IMH with Trp. The formation of urea and thiourea was confirmed by the
presence of IR bands at 1685–1665 cm−1 and 2035–2015 cm−1 and
peaks at δ 8.68–7.58 (eNHeCOeNHe) and 9.75–9.45 (eN-
HeCSeNHe) in PMR respectively. The presence of all requisite peaks
and absence of extraneous peaks in PMR and CMR confirmed the
structures. Further, the mass values obtained were in good agreement
with the structures assigned (physical data, structures and spectral data
are provided in Tables S1 and S2).

2.2. Biological activities

2.2.1. Antioxidant activity
Biological results (IC50/mm) of the compounds are presented in the

Table 1. The radical scavenging properties of the compounds was as-
sessed by DPPH [16], DMPD [17] and ABTS [18] assays. Ascorbic acid
(AA) and gallic acid (GA) were used as reference standards for com-
parison. Initially, IMD and IMH were subjected to radical scavenging
activity which showed poor results. Ureas (3–7) and thioureas (8–12) of
IMH showed good antioxidant properties. The conjugation of Trp with
IMH enhanced the radical scavenging ability of Boc-Trp-IMH which
may be due to the presence of indole ring [19]. There was a drastic
enhancement in the activity when N-terminus Trp was converted into
urea (14–18) and thiourea (19–23) derivatives. It was found that the
substituents present on phenyl ring of final compounds play an im-
portant role in increasing the potentiality of the molecules to scavenge

Scheme 1. Synthesis of urea and thiourea derivatives of IMH and Trp-IMH. Reagent and conditions: (i) NH2NH2·H2O, ethanol, reflux, 16 h; (ii) ReC6H4eN]C]O,
THF, 0 °C to rt, 8 h; (iii) ReC6H4eN]C]S, THF, 0 °C to rt, 8 h; (iv) EDCI/HOBt, NMM, 0 °C to rt, overnight; (v) TFA, 45 min, rt; (vi) ReC6H4eN]C]O, DMF, NMM,
0 °C to rt; (vii) ReC6H4eN]C]S, DMF, NMM, 0 °C to rt.
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generated radicals effectively. Compounds 3, 4, 8, 9, 14, 15, 19 and 20
having EDGs namely, OCH3 and CH3 neutralized the generated free
radical most effectively [20] and the IC50 values were less than the
standards in all the three assays. Contrarily, analogues 5–7, 10–12,
16–18 and 21–23 bearing EWGs like F, Cl and NO2 slightly decreased
radical scavenging potentiality which is in slight contrast to the lit-
erature [21,22]. The ureas and thioureas of Trp-IMH dominated over
ureas and thioureas of IMH which can be attributed to the presence of
Trp moiety which shows radical scavenging property [23]. In common,
thioureas exhibited high antioxidant property over ureas (thiourea >
urea) which is in accordance with earlier observation [22].

2.2.2. Antimicrobial activity
In vitro antimicrobial activity was done by agar well diffusion

method [24,25] in which streptomycin (SM) and bavistin (BS) served as
standard drugs for antibacterial and antifungal studies respectively.
IMD showed very less antimicrobial property whereas IMH gave
slightly enhanced activity which may be due to more polar nature,
sterics, acid/base behavior and hydrogen-bonding. This would help the
molecules to interact or penetrate more through the cell membranes of
microbes and there by inactivating them [11]. The conjugation of Trp
with IMH enhanced the antimicrobial properties. A drastic improve-
ment in the activity was observed when 2 and 13 were converted into
urea and thiourea derivatives. The electronic property of the com-
pounds is found to have close relationship with the biological activity.
Compounds bearing EWGs (F, Cl and NO2 5–7, 10–12, 16–18 and
21–23) exhibited superior activity in comparison with the standards
which is in good agreement with the earlier article [12]. On the other
hand, compounds having EDGs (OCH3 and CH3 3, 4, 8, 9, 14, 15, 19
and 20) showed moderate activity against all the strains tested [26,27].
Among the series of compounds, urea derivatives exhibited superior
activity over thiourea derivatives and this could be due to the

electronegativity of oxygen atom and also its more interactive nature
with the membrane receptor [28]. As SAR is concerned, it was sug-
gestive that electron withdrawing groups (NO2 > F > Cl >
OCH3 ≥ CH3) favor antimicrobial properties. Further, same trend of
activity was observed for both antibacterial and antifungal studies.

2.2.3. Anti-inflammatory activity
Human erythrocyte suspension was used to screen the anti-in-

flammatory activity of the compounds by employing literature known
method [29] in which indomethacin (IM) and ibuprofen (IP) were used
as standards. It was observed that nature of the substituent on phenyl
ring of ureas and thioureas was found to have strong relevance to the
biological activities [30]. According to the results, compounds 5–7,
10–12, 16–18 and 21–23 bearing functionalities like F, Cl, and NO2

were found to be suitable to obtain high potency. The presence of
strong EWG has positive effect on anti-inflammatory activity. Com-
pounds bearing EDGs viz. OCH3 and CH3 have exhibited moderate anti-
inflammatory activity since the presence of EDGs reduce the anti-in-
flammatory potency [20].

2.3. Molecular docking studies

The accumulation of ROS, including hydrogen peroxide, superoxide,
and the hydroxyl radical, could regulate the transduction of signals
from the membrane to the nucleus via the modulation of cellular en-
zymatic activity by oxidation and reduction [31]. Among the enzymes
modified by oxidative stress, protein kinases and phosphatases serve as
important regulators of cellular signaling pathways [32]. Excessive
generation of ROS has been shown to activate multiple protein kinases.
In this sense, molecular docking was performed on active site of tyrosine
kinase (PDB ID: 2HCK) with synthesized ligands (1–23) in order to
determine the possible binding interaction of highly potent antioxidant

Table 1
Biological activities of the title compounds.

Entry Antioxidant activity IC50 (µg/mL)a Antibacterial activity (mm)a Antifungal activity (mm)a Anti-inflammatory activity IC50 (µg/mL)a

DPPH DMPD ABTS E. coli S. aureus F. moniliforme E. coli

1 > 300 > 300 > 300 05 ± 0.35 04 ± 0.26 NA 05 ± 0.35 > 300
2 > 300 > 300 > 300 07 ± 0.38 NA 06 ± 0.35 07 ± 0.38 285 ± 2.65
3 45 ± 1.25 40 ± 1.54 55 ± 1.56 14 ± 0.45 15 ± 0.42 18 ± 0.25 14 ± 0.45 125 ± 0.75
4 50 ± 1.56 45 ± 1.97 60 ± 1.85 15 ± 0.28 NA 14 ± 0.26 15 ± 0.28 180 ± 0.64
5 75 ± 0.97 80 ± 1.54 65 ± 1.29 24 ± 0.45 22 ± 0.15 25 ± 0.35 24 ± 0.45 60 ± 0.80
6 65 ± 1.78 85 ± 2.08 70 ± 1.67 22 ± 0.30 19 ± 0.18 21 ± 0.26 22 ± 0.30 55 ± 0.90
7 90 ± 1.56 100 ± 2.98 85 ± 0.56 28 ± 0.22 30 ± 0.35 26 ± 0.24 28 ± 0.22 35 ± 2.20
8 35 ± 1.56 30 ± 1.87 40 ± 1.50 12 ± 0.26 10 ± 0.69 14 ± 0.38 12 ± 0.26 100 ± 2.35
9 40 ± 1.65 40 ± 1.69 50 ± 1.52 12 ± 0.12 NA 14 ± 0.59 12 ± 0.12 140 ± 0.64
10 65 ± 2.10 70 ± 2.06 60 ± 2.50 20 ± 0.32 18 ± 0.44 19 ± 0.59 20 ± 0.32 50 ± 0.54
11 50 ± 1.65 70 ± 1.56 60 ± 1.65 19 ± 0.86 17 ± 0.66 18 ± 0.59 19 ± 0.86 40 ± 1.20
12 75 ± 1.75 80 ± 1.85 70 ± 1.70 26 ± 0.59 25 ± 0.59 24 ± 0.59 26 ± 0.59 30 ± 0.45
13 250 ± 1.26 265 ± 2.67 285 ± 2.35 10 ± 0.15 12 ± 0.95 NA 10 ± 0.15 250 ± 2.59
14 35 ± 1.65 30 ± 1.11 45 ± 1.50 17 ± 0.45 16 ± 0.64 19 ± 0.56 17 ± 0.45 100 ± 1.85
15 45 ± 1.25 40 ± 1.20 60 ± 1.36 16 ± 0.65 NA 16 ± 0.75 16 ± 0.65 150 ± 2.64
16 65 ± 2.36 70 ± 1.35 60 ± 1.25 26 ± 0.95 23 ± 0.38 27 ± 0.65 26 ± 0.95 50 ± 1.50
17 60 ± 1.98 75 ± 2.15 65 ± 1.06 23 ± 0.48 21 ± 0.75 21 ± 0.25 23 ± 0.48 45 ± 1.20
18 80 ± 1.05 100 ± 1.56 80 ± 1.45 30 ± 0.79 30 ± 0.68 28 ± 0.12 30 ± 0.79 20 ± 0.67
19 25 ± 1.45 20 ± 1.01 30 ± 1.98 14 ± 0.65 12 ± 0.31 14 ± 0.32 14 ± 0.65 80 ± 1.05
20 35 ± 2.01 30 ± 1.26 45 ± 1.27 13 ± 0.12 NA 17 ± 0.56 13 ± 0.12 120 ± 1.65
21 55 ± 1.22 70 ± 1.65 55 ± 1.28 22 ± 0.35 20 ± 0.45 22 ± 0.50 22 ± 0.35 50 ± 1.20
22 40 ± 1.20 65 ± 1.55 50 ± 1.89 20 ± 0.64 19 ± 0.89 NA 20 ± 0.64 35 ± 0.95
23 75 ± 2.26 75 ± 1.85 65 ± 1.65 28 ± 0.69 25 ± 0.75 26 ± 0.45 28 ± 0.69 25 ± 0.52
AA 45 ± 1.16 55 ± 1.65 45 ± 1.29 – – – – –
GA 40 ± 1.10 50 ± 1.36 45 ± 1.36 – – – – –
SM – – – 16 ± 0.65 13 ± 0.56 – – –
BS – – – – – 15 ± 0.59 13 ± 0.85 –
IM – – – – – – – 55 ± 2.01
IP – – – – – – – 50 ± 1.26

AA = Ascorbic acid, GA = Gallic acid; SM = Streptomycin, BS = Bavistin; IM = Indomethacin, IP = Ibuprofen; NA = No Activity, ‘–’ = not analyzed.
a Values are mean of three determinations, the ranges of which are < 5% of the mean in all cases.
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molecules in the series. Most of the compounds showed good docking
score and interaction with different amino acids residues and are ta-
bulated in S3. Compounds 3, 4, 8, 9, 14, 15, 19 and 20 having EDGs
(OCH3 and CH3) occupied highest docking scores among the series of
compounds [33]. To our delight, results of the docking study obtained
are in concordant with in vitro data. The binding interactions (2D and
3D) of 19 have been displayed in Fig. 1 and it showed hydrogen
bonding with Leu 273, Asp 348, Asp 348, Ser 345, Ser 345 and Ala 390;
also π-cation interaction with Lys 295. The docking images of 3, 8 and
14 were provided in Fig. S1.

GlcN-6-P synthase is the member of amidotransferase subfamily of
enzymes. It, catalysing the first committed step in a pathway leading to
the eventual formation of uridine 5′-diphospho-N-acetyl-D-glucosamine
(UDP-GlcNAc), is an essential building block of bacterial and fungal cell
wall. UDP-GlcNAc is an important point of metabolic control in bio-
synthesis of amino sugar-containing macromolecules [34,35]. Hence,
molecular docking was conducted with active site of GlcN-6-P Synthase
(PDB ID: 2VF5). It showed good binding interaction with surrounded
amino acid residues. The docking score and the interacting amino acids
are tabulated in S4. Most of the synthesized compounds exhibited well
established bond with one or more amino acids in the receptor active
pocket of 2VF5 protein. The potentiality of the compounds as

antimicrobial agents was determined based on docking score. The
docking score with 2VF5 protein ranging from −9.517 to −6.095, the
highest negative value indicates best docked ligand to the targeted site.
Compounds 5–7, 10–12, 16–18 and 21–23 bearing EWGs showed good
interactions with active pockets. The 2D and 3D images of 18 is shown
in Fig. 2 and it showed hydrogen bonding with Thr 352, Ser 347, Val
399, Glu 488, Asn 600, Ala 602 and Ser 401. The docking images of 7,
12 and 23 were provided in Fig. S2.

Cyclooxygenase (COX) enzymes catalyze a key step in the conver-
sion of arachidonate to PGH2, the immediate substrate for a series of
cell specific prostaglandin and thromboxane synthases. NSAIDs such as
ibuprofen and indomethacin exert their effects through inhibition of
COX [36]. Owing to this point, we conducted docking studies on crystal
structure of cyclooxygenase-2 (PDB ID: 1CX2). Most of the compounds
exhibited good docking score and different kinds of interactions with
amino acids residues are tabulated in S5. The molecules 5–7, 10–12,
16–18 and 21–23 with EWGs on phenyl ring exhibited good interaction
with amino acid residues and occupy highest docking scores. Molecular
docking studies showed an interacting map of cyclooxygenase-2 with 21
is shown in Fig. 3 and it showed hydrogen bonding with Asp 87 and Asp
87. The docking images of 5, 10 and 16 were provided in Fig. S3.

Fig. 1. 2D and 3D images of compound 19 with 2HCK.

Fig. 2. 2D and 3D images of compound 18 with 2VF5.
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3. Conclusions

To conclude, this is a hitherto first of its kind imidazole derivative
conjugated Trp and their ureas and thioureas as a novel class of
bioactive compounds, which have potential as antioxidant, anti-
microbial and anti-inflammatory agents. Thus, the singular molecular
framework having multitasking potentiality to cure multiple diseases
should be looked as fore front in drug discovery. Molecular docking
studies on active site of tyrosine kinase (PDB ID: 2HCK), glucosamine-6-
phosphate (GlcN-6-P) synthase (PDB ID: 2VF5) and cyclooxygenase-2
(PDB ID: 1CX2) revealed good binding interaction. The correlation
between molecular docking studies and biological assays suggested that
compounds bearing EDGs (OCH3 and CH3) were excellent antioxidants
whereas those substituted with EWGs (F, Cl and NO2) were excellent
antimicrobial and anti-inflammatory agents.
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