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ABSTRACT
Some compounds have been developed for the treatment of Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) using different
protocols; however, some methods use different reagents which are dangerous and require special conditions. the objective of this
investigation was to synthesize some imidazole derivatives from 2-methyl-5-nitroimidazole using some reactions such as etherification,
reduction, and a hydroxy-keto derivative formation. In addition, the theoretical activity of imidazole derivatives (compounds 2, 3 and 5-8)
was evaluated in a docking model using hydroxylchloroquine and favipiravir as controls. The results showed that 1) compounds 3 and 5
have a higher affinity by 5ewp protein surface compared with hydroxylchloroquine, favipiravir, 2 and 6-8. In conclusion, compounds 3
and 5 could inhibit the biological activity of coronavirus.
Keywords: Imidazole; derivative; coronavirus; hydroxylchloroquine; favipiravir.

1. INTRODUCTION
Severe acute respiratory syndrome (SARS) contributes
substantially to incidence and premature mortality worldwide. It is
noteworthy that SARS has been associated with a series of
coronavirus (SARS-CoV) [1-3].
In the search of some drug for treatment for SARS-CoV
several compounds have been developed. For example, the
preparation
of
compound
4-(Z-Leu-amido)-6-fluoro-5oxohexanoic Acid Dimethylamide from 4-Amino-6-fluoro-5hydroxyhexanoic Acid Dimethylamide [4]. In addition, other study
showed the synthesis of (S)-N-benzyl-3-((S)-2-cinnamamido-3cyclopentyl-propanamido)-2-oxo-4-((S)-2-oxo-pyrrolidin-3-yl)butanamide via oxidation of a α-hydroxyamide derivative with
periodinane (Dess-Martin reagent). [5]. Other report indicates the
reaction of 2,3-Dioxo-2,3-dihydro-1H-indole-5-carboxylic acid
amide with 2-(bromomethyl)naphthalene to form the compound 1Naphthalen-2-ylmethyl-2,3-dioxo-2,3-dihydro-1H-indole-5-carboxylic acid amide [6]. In addition, other study showed the

preparation of compound (R)-N-(4-(tert-butyl)phenyl)-N-(2-(tertbutyla-mino)-2-oxo-1-(pyridin-3-yl)ethyl)furan-2-carboxamide
from pyridine-3-carboxaldehyde, 4-tert-butylaniline, and furan-2carboxylic acid [7].
Additionally, a report indicated the synthesis of benzylami- no]carbonyl piperidine via reaction of 1-[(R)-1-(1Naphthyl)ethyl]-4-methoxycarbonylpiperidine
with
dimethylforma-mide [8]. In addition, a study showed the synthesis
of a keto-glutamine analogue from N-Boc-L-phenylalanine [9]. All
these data have shown the preparation of several compounds with
activity on some SARS-CoV strains. However, the protocols use
some reagents which are dangerous and require special conditions.
Analyzing these data, the aim of this research research was
to synthesize some imidazole derivatives to evaluate their
theoretical activity against the coronavirus (HCoV-NL63) in a
docking model.

2. MATERIALS AND METHODS
The reagents used in this investigation were acquired from
Sigma-Aldrich Co., Ltd. The melting point for compounds was
evaluated on an Electrothermal (900 model). Infrared spectra (IR)
were evaluated with a Thermo Scientific iSOFT-IR
spectrometer.1H and 13C NMR spectra were recorded using a Varian
VXR300/5 FT NMR spectrometer at 300 MHz in CDCl3 using
TMS as an internal standard. EIMS spectra were obtained with a
Finnigan Trace Gas Chromatography Polaris Q-Spectrometer.
Elementary analysis data were acquired from a Perkin Elmer Ser. II
CHNS/02400 elemental analyzer.
2.1. Etherification reaction.
2-((2-methyl-1H-imidazol-5-yl)oxy)-1-naphthaldehyde (2)

In a round bottom flask (10 ml), 2-methyl-5nitroimidazole (200 mg, 0.67 mmol), 2-hydroxy-1-naphthaldehyde
(110 mg, 0.67 mmol). potassium carbonate anhydrous (0.60 mg,
0.43 mmol) and 5 ml of dimethyl sulfoxide were stirred at room
temperature for 72 h. Then, the solvent was evaporated under
reduced pressure and following the product was purified via
crystallization using the methanol:water (3:1) system; yielding 55%
of product; m.p. 140-142 oC; IR (Vmax, cm-1) 3450, 1722 and 1224:
1
H NMR (300 MHz, CDCl3-d) δH: 2.42 (s, 3H), 6.60 (m, 1H), 7.369.40 (m, 6H), 10.70 (s, 1H), 11.32 (broad, 1H) ppm. 13C NMR (300
Hz, CDCl3) δC: 13.92, 116.26, 116.85, 119.66, 124.52, 124.90,
126.38, 128.22, 129.62, 133.61, 134.94, 141.52, 151.90, 155.34,
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192.90 ppm. EI-MS m/z: 252.08. Anal. Calcd. for C15H12N2O2: C, 110.62, 117.42, 117.50, 117.52, 122.74, 122.80, 127.20, 127.60,
71.42; H, 4.79; N, 11.10; O, 12.68. Found: C, 71.40; H, 4.77.
129.52, 129.74, 130.36, 133.66, 141.50, 147.30, 151.90, 153.62,
2.2. Synthesis a keto-hydroxy derivative.
159.32, 200.84 ppm. EI-MS m/z: 439.18. Anal. Calcd. for
N1-[2-(2-Methyl-3H-imidazol-4-yloxy)-naphthalen-1-ylmeC27H25N3O3: C, 73.78; H, 5.73; N, 9.56; O, 10.92. Found: C, 73.76;
thylene]-ethane-1,2-diamine (3)
H, 5.70.
To a 10 ml bottom flask was added the compound 2 (200, 2.5. Reduction reaction.
0.79 mmol), ethylenediamine (60 µl 0.90 mmol), boric acid (60 mg, (2R)-1-(2-((2-methyl-1H-imidazol-5-yl)oxy)naphthalen-10.97 mmol) 5 ml of methanol. The mixture was stirred at room yl)pentane-2,4-diol (7)
temperature for 72 h. Then, the solvent was evaporated under
To a 10 ml bottom flask was added the compound 6 (200
reduced pressure and following the product was purified via mg, 0.45 mmol) sodium borohydride (30 mg, 0.79 mmol) and 5 ml
crystallization using the methanol:water (4:1) system; yielding 58% of ethanol. The mixture was stirred at room temperature for 72 h.
of product; m.p. 188-190 oC; IR (Vmax, cm-1) 3380, 3450 and 1222: Then, the solvent was evaporated under reduced pressure and
1
H NMR (300 MHz, CDCl3-d) δH: 2.42 (s, 3H), 3.10-3.80 (m, 4H), following the product was purified via crystallization using the
6.44 (m, 1H), 7.01 (broad, 3H), 7.44-8.70 (m, 6H), 9.06 (m, 1H) methanol:water (4:1) system; yielding 73% of product; m.p. 138ppm. 13C NMR (300 Hz, CDCl3) δC: 13.92, 40.66, 54.92, 114.56, 140 oC; IR (Vmax, cm-1) 3450, 3400 and 1224: 1H NMR (300 MHz,
115.38, 122.62, 122.66, 124.74, 128.08, 128.80, 129.86, 130.66, CDCl3-d) δH: 1.22 (s, 3H), 1.52-1.56 (m, 2H), 2.42 (s, 3H), 2.88136.60, 141.50, 151.15, 151.90, 162.10 ppm. EI-MS m/z: 294.14. 3.04 (m, 2H), 3.98-4.28 (m, 2H), 5.70 (broad, 3H), 6.32 (m, 1H),
Anal. Calcd. for C17H18N4O: C, 69.37; H, 6.16; N, 19.03; O, 5.44. 7.26-7.94 (m, 6H) ppm. 13C NMR (300 Hz, CDCl3) δC: 13.92,
Found: C, 69.35; H, 6.14.
23.90, 37.30, 49.44, 65.94, 69.82, 110.62, 117.28, 122.80, 127.40,
2.3. Synthesis of a keto-hydroxy derivative.
128.58, 128.80, 128.82, 129.42, 133.20, 141.50, 147.84, 151.90,
(R)-4-hydroxy-5-(2-((2-methyl-1H-imidazol-5-yl)oxy)naphtha- len- 153.10 ppm. EI-MS m/z: 326.16. Anal. Calcd. for C19H22N2O3: C,
1-yl)pentan-2-one (5)
69.92; H, 6.79; N, 8.58; O, 14.71. Found: C, 69.90; H, 6.76.
To a 10 ml bottom flask was added the compound 2 (200, 2.6. Third etherification reaction.
0.79 mmol), acetone (5 ml), 5 ml of methanol and L-proline (100 2,2'-((((2R)-1-(2-((2-methyl-1H-imidazol-5-yl)oxy)naphthalen-1mg, 0.87 mmol). The mixture was stirred at reflux for 12 h. Then, yl)pentane-2,4-diyl)- bis(oxy))bis(4,1-phenylene))diacetone- trile
the solvent was evaporated under reduced pressure and following (8)
the product was purified via crystallization using the
To a 10 ml bottom flask was added the compound 7 (200
methanol:hexane:water (3:1:1) system; yielding 44% of product; mg, 0.61 mmol), 2-(4-nitrophenyl)acetonitrile (100 mg, 0.61
m.p. 200-202 oC; IR (Vmax, cm-1) 3450, 3400, 1712 and 1224: 1H mmol), potassium carbonate anhydrous (0.60 mg, 0.43 mmol) and
NMR (300 MHz, CDCl3-d) δH: 2.10 (s, 3H), 2.42 (s, 3H), 2.63-2.76 5 ml of dimethyl sulfoxide. The mixture was stirred at room
(m, 2H), 3.00-3.14 (m, 2H), 4.30 (m, 1H), 6.32 (m, 1H), 7.30-7.96 temperature for 72 h. Then, the solvent was evaporated under
(m, 6H), 8.08 (broad, 2H) ppm. 13C NMR (300 Hz, CDCl3) δC: reduced pressure and following the product was purified via
13.92, 30.42, 37.76, 50.66, 70.10, 110.62, 117.64, 122.80, 127.74, crystallization using the methanol:water (4:1) system; yielding 73%
128.56, 128.82, 129.42, 129.54, 131.02, 141.52, 150.44, 151.92, of product; m.p. 196-198 oC; IR (Vmax, cm-1) 3450, 2240 and 1224:
153.24, 203.62 ppm. EI-MS m/z: 324.14. Anal. Calcd. for 1H NMR (300 MHz, CDCl3-d) δH: 1.32 (s, 3H), 2.02-2.20 (m, 2H),
C19H20N2O3: C, 70.35; H, 6.21; N, 8.64; O, 14.80. Found: C, 70.32; 2.42 (s, 3H), 3.00-3.14 (m, 2H), 3.62 (m, 4H), 4.50-5.02 (m, 2H),
H, 6.20.
6.32 (m, 1H), 6.80 -7.20 (m, 8H), 7.30-7.92 (m, 6H), 11.34 (broad,
2.4. Second etherification reaction.
1H) ppm. 13C NMR (300 Hz, CDCl3) δC: 13.92, 21.54, 23.44, 36.74,
(R)-2-(4-((1-(2-((2-methyl-1H-imidazol-5-yl)oxy)naphthalen-1-yl)- 47.54, 75.60, 80.22, 110.60, 116.08, 117.12, 117.40, 118.34,
4-oxopentan-2-yl)- oxy)phenyl)acetonitrile (6)
122.74, 122.80, 127.04, 127.22, 129.44, 129.52, 129.74, 130.36,
To a 10 ml bottom flask was added the compound 5 (200, 135.92, 141.50, 146.56, 151.90, 154.42, 1567.26, 158.40 ppm. EI0.61 mmol), 2-(4-nitrophenyl)acetonitrile (100 mg, 0.61 mmol), MS m/z: 556.24. Anal. Calcd. for C35H32N4O3: C, 75.22; H, 5.79;
potassium carbonate anhydrous (0.60 mg, 0.43 mmol) and 5 ml of N, 10.06; O, 8.62. Found: C, 75.20; H, 5.76.
dimethyl sulfoxide. The mixture was stirred at room temperature 2.7. Pharmacophore evaluation.
for 48 h. Then, the solvent was evaporated under reduced pressure
The 3D pharmacophore model for the compounds 3 and 4
and following the product was purified via crystallization using the was determinate using LigandScout 4.08 software [10, 11].
methanol:water (4:1) system; yielding 66% of product; m.p. 178- 2.8. Theoretical evaluation of the interaction between imidazole
180 oC; IR (Vmax, cm-1) 3450, 2240, 1712 and 1222: 1H NMR (300 derivatives with coronavirus, HCoV-NL63 (3epw protein).
MHz, CDCl3-d) δH: 2.12 (s, 3H), 2.42 (s, 3H), 2.66-2.86 (m, 2H),
The interaction of imidazole derivatives with 3epw protein
3.04-3.20 (m, 2H), 3.62 (m, 2H), 4.88 (m, 1H), 6.32 (m, 1H), 6.97- [12] was carried out using a DockingServer [13].
7.28 (m, 4H), 7.36-7.96 (m, 6H), 11.34 (broad, 1H) ppm. 13C NMR
(300 Hz, CDCl3) δC: 13.92, 23.44, 30.44, 36.84, 49.70, 82.30,

3. RESULTS
Various drugs have been prepared for the treatment of
SARS-CoV (4-9); however, some of these compounds have
different biological activities against the coronavirus (HCoVNL63). In this way, in this investigation were prepared some

imidazole derivatives to evaluate their theoretical activity against
coronavirus using 5epw protein [12] as a chemical tool. The first
stage was achieved as follows:
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3.1. Chemical synthesis.
3.1.1. Etherification reaction.
Several protocols have been used to preparation of ether
derivatives using some reagents such as ZbBr2 [14],
Bis(cyclooctadiene)nickel [15] ether-imidazolium chlorides [16],
lithium binaphtholate [17] and others. In this study, the compound
2 was prepared via displacement of nitro group of compound 1 by
Figure 2. Synthesis of an imidazole-naphtalene acetonitrile (6). Reaction of 2-((2hydroxyl group of 2-hydroxy-1-naphthaldehyde in the presence of methyl-1H-imidazol-5-yl)oxy)-1-naph-thaldehyde (2) with acetone/proline (iii) to
form a hydroxy-keto derivative (5). Then 5 reacted with 2-(4dimethyl sulfoxide at middle conditions (Figure 1).
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Figure 1. Synthesis of N1-[2-(2-Methyl-3H-imidazol-4-yloxy)-naphthalen-1-ylmethylene]-ethane-1,2-diamine (3). Reaction of 2-methylnitroimidazole with 2hydroxy-1-naphthaldehyde (i) to form 2-((2-methyl-1H-imidazol-5-yl)oxy)-1naph-thaldehyde (2). then, 2 reacted with ethylenediamine (ii) to form 3.

The 1H NMR spectrum of 2 (Figure 1) showed several
signals at 2.42 ppm for methyl group bound to imidazole ring; at
6.60 ppm for imidazole ring; at 7.39-9.40 ppm for naphthalene
group; at 10.70 ppm for aldehyde group; at 11.32 ppm for amino
group. In addition, the 13C NMR spectra display chemical shifts at
13.92 ppm for methyl group bound to imidazole ring; at 116.26,
119.66-134.94 and 155.34 ppm for naphthalene group; at 116.85
and 141.52-151.90 ppm for imidazole ring; at 192.91 ppm for
imidazole ring. Additionally, the mass spectrum from 2 showed a
molecular ion (m/z) 252.08.
3.1.2. Preparation of an imino derivative.
There are some protocols for the preparation of several
imino derivatives; nevertheless, in this investigation, boric acid was
used as catalyst, because it is not an expensive reagent and special
conditions for its use are not required [18]. The 1H NMR spectrum
of 3 (Figure 1) showed several signals at 2.42 ppm for methyl group
bound to imidazole ring; at 3.10-3.80 ppm for methylene groups
linked to both amino groups; at 6.44 ppm for imidazole ring; at 7.01
ppm for the amino group; at 7.44-8.70 ppm for naphthalene group;
at 9.06 ppm for imino group. The 13C NMR spectra display
chemical shifts at 13.92 ppm for methyl group bound to imidazole
ring; at 40.66-61.30 ppm for methylene linked to both amino
groups; at 114.56, 141.50 and 151.90 ppm for imidazole ring; at
115.38-136.60 and 151.15 ppm for naphthalene group; at 162.10
ppm for imino group. Finally, the mass spectrum from 3 showed a
molecular ion (m/z) 294.14.
3.1.3. Synthesis a keto-hydroxy derivative.
Several hydroxy-keto derivatives have been prepared using
some protocols; however, some methods use reagents that are
expensive and require special conditions [19]. In addition, a study
showed the preparation of hydroxy-keto derivatives via reaction of
ketone and aldehyde groups in the presence of L-proline [20].

Analyzing these data, in this research, a hydroxy-keto
derivative (5) was synthesized from compound 2, acetone and Lproline (Figure 2). The 1H NMR spectrum of 5 showed several
signals at 2.42 ppm for methyl group bound to imidazole ring: at
2.10 ppm for methyl bound to ketone group; at 2.63-2.76 ppm for
methylene groups linked to both ketone and hydroxyl groups; at
3.00-3.14 ppm for methylene bound to phenyl group; at 4.30 ppm
for methylene bound to hydroxyl group; at 6.32 ppm for imidazole
ring; at 7.30-7.96 ppm for naphthalene group; at 8.08 for both
amino and hydroxyl groups. The 13C NMR spectra showed
chemical shifts at 13.92 ppm for methyl group bound to imidazole
ring; at 30.42 ppm for methyl bound to ketone group; at 37.76 for
methylene bound to phenyl group; at 50.66 ppm for methylene
group linked to both hydroxyl and ketone groups; at 70.10 ppm for
methylene bound to hydroxyl group; at 110.62, 141.52 and 151.92
ppm for imidazole ring; at 117.64-131.02, 150.44 and 153.24 ppm
for naphthalene group; at 203.62 ppm for ketone group.
Additionally, the mass spectrum from 5 showed a molecular ion
(m/z) 324.14.
3.1.4. Second etherification.
The imidazol-naphthalen-acetonitrile derivative (6) was
prepared via reaction of compound 5 with 2-(4nitrophenyl)acetonitrile in the presence of dimethyl sulfoxide in
middle conditions. The 1H NMR spectrum of 6 (Figure 1) display
several signals at 2.42 ppm for methyl group bound to imidazole
ring: at 2.12 ppm for methyl bound to ketone; at 2.66-2.86 ppm for
methylene bound to ketone group; at 3.04-3.20 ppm for methylene
bound to phenyl group; at 3.62 ppm for methylene group linked to
both nitrile and phenyl groups; at 4.88 ppm for methylene bound to
ether group; at 6.32 ppm for imidazole ring; at 6.90-7.96 ppm for
phenyl groups; at 11.34 ppm for amino group. The 13C NMR spectra
showed chemical shifts at 13.92 ppm for methyl group bound to
imidazole ring; at 23.44 ppm for methylene group bound to nitrile
group; at 30.44 ppm for methyl group linked to ketone group; at
36.84 ppm for methylene group bound to phenyl group; at 49.70
ppm for methylene group bound to ketone group; at 82.30 ppm for
methylene group bound to ether group; at 110.62, 141.50 and
151.90 ppm for imidazole ring; at 117.42 ppm for nitrile group; at
11.50-133.66, 147.30 and 153.62-159.32 ppm; at 200.84 ppm for
ketone group. In addition, the mass spectrum from 6 showed a
molecular ion (m/z) 439.18.
3.1.5. Reduction reaction.
There are several reports on reduction reactions which use
some reagents such as TarB-NO2 [21], SmI2 [22], oxazaborolidine
[23], La[N(SiMe3)2]3 [24], sodium borohydride [25] and others. In
this study, the ketone of compound 5 was reduced in the presence
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of sodium borohydride (Figure 3) to form an imidazol-5- hydrophobic contacts or as hydrogen bond acceptors or as hydrogen
naphthalen-pentane-diol derivative (7).
bond donor with some biomolecules.
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Figure 3. Synthesis of an imidazol-naphthalen-diacetonetrile derivative (8).
Reaction of a hydroxy-keto derivative (5) with sodium borohydride (v) to form an
imidazol-5-naphthalen-pentane-diol derivative (7). Then 7 reacted with 2-(4nitrophenyl)acetonitrile in the presence of dimethyl sulfoxide (vi) to form 8.

The 1H NMR spectrum of 7 (Figure 1) display several
signals at 1.22 ppm for methyl group bound to hydroxyl group: at
1.52-1.56, 2.88 and 4.28 ppm for methylene bound to both hydroxyl
and phenyl groups; at 2.42 ppm for methyl group bound to
imidazole ring; at 5.70 ppm for both hydroxyl and amino groups; at
6.32 ppm for imidazole ring; at 7.26-7.94 ppm for naphthalene
group. The 13C NMR spectra showed chemical shifts at 13.92 ppm
for methyl group bound to imidazole ring; at 23.90 ppm for methyl
group bound to hydroxyl group; at 37.30-69.82 ppm for methylene
groups bound to both hydroxyl and phenyl groups; at 110.62,
141.50 and 191.90 ppm for imidazole ring; at 117.28-133.20,
147.84 and 153.12 ppm for naphthalene group. Additionally, the
mass spectrum from 7 showed a molecular ion (m/z) 326.16.
3.1.6. Third etherification.
Finally, compound 7 reacted with 2-(4-nitrophenyl)acetonitrile in the presence of dimethyl sulfoxide at middle
conditions to form el compound imidazol-naphthalen-diacetonetrile
derivative (8). The 1H NMR spectrum of 8 (Figure 3) display
several signals at 1.22 ppm for methyl group involved in the arm
linked to both ether and phenyl groups; at 2.02-2.20, 3.00-3.14 and
4.50-5.02 ppm for methylene groups bound to both ether and phenyl
groups; at 2.42 ppm for methyl group bound to imidazole ring; at
3.62 ppm for methylene group bound to nitrile group; at 6.32 ppm
for imidazole ring; at 6.80-7.92 ppm for phenyl groups; at 11.34
ppm for amino group. The 13C NMR spectra showed chemical shifts
at 13.92 ppm for methyl group bound to imidazole ring: at 21.54
ppm methyl group involved in the arm bound to both ether and
phenyl groups; at 23.44 ppm for nitrile group; at 36.74-80.27 ppm
for methylene groups bound to both ether and phenyl groups; at
a110.60, 141.50 and 151.92 ppm for imidazole ring; at 116.08117.12, 118.34-135.92, 146.56 and 154.44-158.40 ppm for phenyl
groups; at 117.40 ppm for nitrile group. Finally, the mass spectrum
from 8 showed a molecular ion (m/z) 526.24.
3.2. Pharmacophore ligand model.
Several chemical models have been used to determine the
three-dimensional orientation adopted by the functional groups of a
molecule to predict its interaction with several biomolecules [26];
for example, the use of a pharmacophore model which can furnish
a new insight to design novel molecules that can enhance or inhibit
the function of a biological target which can be useful in new drug
discovery. Analyzing this premise in this study, the LigandScout
software [10, 11] was used to develop a pharmacophore model for
compounds 2,3 and 5-8 (Figures 4 and 5). The results showed that
functional groups involved in these compounds could interact via

Figure 4. Scheme represents a pharmacophore from either compounds 2, (I), 3 (II)
and 5 (III) using the LigandScout software. The model involves a hydrogen bond
acceptors (HBA, red) and hydrogen bond donor (HBD, green).

Figure 5. Pharmacophore from either compounds 6, (IV), 7 (V) and 8 (VI) using
the LigandScout software. The model involves a hydrogen bond acceptors (HBA,
red) and hydrogen bond donor (HBD, green).

3.3. Interaction theoretical.
There are several studies to predict the interaction of some
drugs with protein or enzymes using some theoretical models [27].
This study was carried out a theoretical analysis on interaction of
either compounds 2, 3, 5-8 with either coronavirus (5epw protein)
in a Docking model [13] using both hydroxychloquine and
favipiravir as controls. The data (Table 1) showed differences in the
interaction of either hydroxychloquine, favipiravir and compounds
2, 3, 5-8 with 5ewp protein surface.
Table 1. Aminoacid residues involved between the interaction of compounds 2, 3,
5-8 and hydroxylchloroquine (OHCl-quine), and Favipiravir with 5ewp protein
surface.
OHClquine
Arg238
Val 239
Met259
Leu264
Val269
Phe274
Leu277
Ileu281
Gln284

Favipiravir
Pro240
Val246
Phe250
Arg253
Met259
Leu264
Val269
Phe274

C-2

C-3

C-5

Arg238
Val239
Pro240
Val246
Phe250
Arg253
Leu264
Val269
Phe274

Val246
Met254
Leu264
Phe274
Leu277
Ile281
Phe322
Gln325

Pro240
Val246
Phe250
Arg253
Met259
Leu264
Phe274
Leu277
Ile281
Phe322

C-6
Val246
Phe250
Arg253
Met259
Leu264
Phe274
Ile281
Tyr308
Phe322

C-7

C-8

Pro240
Val246
Met259
Leu264
Phe274
Leu277
Ile282
Phe322
Gln325

Pro240
Val246
Phe250
Arg253
His257
Asn258
Leu264
Phe274
Ile281
Gln284

These differences could decrease the biological activity of
coronavirus; however, other thermodynamic parameters may be
involved in the interaction of these compounds with 5epw protein
surface
3.4. Thermodynamic parameters.
To evaluate the hypothesis above mentioned, in this
investigation, a theoretical ass was carried out to determinate some
thermodynamic factors involved in the interaction of either
hydroxychloquine, favipiravir or compounds 2, 3, 5-8 with 5ewp
protein such as 1) free energy of binding which determinates the
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Table 2. Thermodynamic parameters involve in the interaction of of
energy value that requires a molecule to interact with a protein in a
compounds 2, 3, 5-8 and hydroxylchloroquine (OHCl-quine), and
water environment; 2) electrostatic energy that is the product of
Favipiravir with 5ewp protein surface.
electrical charge and electrostatic potential; 3) total intermolecular
Compound
Est. Fee
Est. InhicdW +
Electrost.
Total
Interact.
energy and 4) Van der Waals (vdW) + hydrogen bond (Hbond) +
Energy of
bition
Hbond
Energy
InterSurface
Binding
Constant,
+
molec.
desolvation energy (Desolv. Energy; which have an influence on
(kcal/mol)
Ki (µM)
desolv
Energy
the movement of water molecules into or out of the ligand-protein
Energy
[27].
-3.35
7.52
-5.93
0.21
5.72
739.82
OHClquine
Theoretical results found (Table 2) showed that some
-2.96
6.73
-3.61
0.03
-3.57
365.18
Favipiravir
differences in the thermodynamic parameters of compounds 2, 3, 52
-6.55
85.50
-6.31
-0.12
-6.43
569.62
8 compared to either hydroxychloroquine or favipiravir. However,
3
-4.02
1.13
-6.23
-0.12
-6.34
658.49
the inhibition constant (Ki) for compounds 3 and 5 was less
5
-3.81
1.62
-5.75
-0.05
-5.58
625.41
6
-4.48
520.24
-7.82
0.03
-7.79
944.44
compared with either hydroxychloroquine, favipiravir and
7
-4.68
368.55
-6.60
0.04
-6.57
659.65
compounds 2, 6-8. This phenomenon suggests that compounds 3
8
-4.52
482.99
-9.18
-0.07
-9.24
1062.51
and 5 could induce changes in the biological activity of 5ewp
protein translated as inhibition of the biological activity of
coronavirus.

4. CONCLUSIONS
In this study, the facile synthesis of some imidazole
derivatives using several chemical strategies is reported. In
addition, Theoretical analysis of the interaction between compound

imidazole derivatives, showed a higher affinity of compounds 3 and
5 by the 5ewp protein which is translated as a possible inhibition of
biological activity of coronavirus.
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