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Abstract—Sugar hydrazones were synthesized by condensation of pyrimidine-2-thione with aldopentoses,
aldohexoses and ketohexose. The structures of the new pyrimidines were determined based on their spectral data
and elemental analysis. The geometries of the E and Z isomers of the imino group were optimized at B3LYP/6-
311G level of theory. DFT results indicated that E-isomer more stable than its Z-isomer in both gas phase and
DMSO. The physicochemical properties of the pyrimidines were evaluated using Molsoft tools. The antimicrobial
activity of the newly synthesized compounds was evaluated, and they showed good activity. Pyrimidine-hydrazone
of D-mannose moiety showed the highest activity against Escherichia coli strain with MIC value 8 μg/mL. Addi-
tionally, molecular docking studies were performed on enoyl reductase from Escherichia coli active sites. The dock-
ing score of the ligands ranged between –6.8932 to –8.1090 kcal/mol. Moreover, molecular interaction studies
revealed that enoyl reductase had strong hydrogen bonding interactions with pyrimidine ligands. Global chemical
descriptors of pyrimidines were calculated to predict their reactivity and correlated with the docking score data.
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INTRODUCTION

Pyrimidine ring is of interest because it is present in the
main skeleton of alkaloids and nucleic bases such as cyto-
sine, thymine and uracil. Moreover, pyrimidine scaffolds
possess a wide diversity of therapeutic properties including
anticancer [1, 2], antibacterial [3, 4], antifungal [5], antivi-
ral [2, 6], anti-inflammatory [7] and central nervous activ-
ities [8]. Furthermore, pyrimidine derivatives also showed
different pharmacological activities like antitumor [9],
analgesic [10] and antiallergic [11].

Hydrazones have attracted the intensive attentions
of researchers in many fields of chemical, pharmaceu-
tical, and life sciences in recent years [12–14]. This
motif contains the toxophoric group (–HC=N–NH–)
which could be formed by condensation of alde-
hydes/ketones with hydrazines in organic solvents
such as methanol, ethanol, dichloromethane and oth-
ers. Hydrazones derived from various heterocycles
were another group of chemical agents used in many
pharmaceuticals as well as biological activities and
organic syntheses [15]. They also possess antimicro-
bial effects [16–18], anticonvulsant [19], antiprolifer-
ative [20], anti-inflammatory [21], antiviral [22], anti-
malarial [23] and antioxidant [24]. More importantly,
hydrazones derivatives have been recorded to have
anti-HIV [25] as well as anticancer properties [26].
Additionally, they have been widely used in DNA-

binding agents, as diagnostic agents for medical pur-
poses as well as genomic research [27].

The sugar moiety usually alters the pharmacological
properties of the parent scaffold and also responsible for
certain interactions with molecular targets [28–30].
Sugar-containing molecules are clinically useful as anti-
infectives, anti-proliferative, and other forms of human
diseases.

Both pyrimidines and sugar-hydrazones exhibit an
array of antibacterial properties. More importantly,
they both show promise for use in pharmaceutical and
medicinal applications. In the following article, we
attempt to design, synthesis and evaluation of a new
library of antibacterial candidates, making it clear that
the synthesis of these molecules can lead to new drug
prototypes. Our design strategy based on the synthesis
of pyrimidine-sugar-hydrazones. The substitution
pattern was rationalized to mimic the structural fea-
tures of antibacterial FDA approved drugs Trimetho-
prim, Furazolidone and Neomycin (Fig. 1).

All newly synthesized compounds were screened
for the antibacterial and antifungal activity. Addition-
ally, the attempts are also made to determine the
mechanism of action of these molecules by finding the
binding modes of synthesized ligands with enoyl
reductase using docking studies. Finally, physico-
chemical properties of the tested compounds were
computationally predicted as well as the optimized
geometry to determine their stability.1 Corresponding author: e-mail: alaazaki@alexu.edu.eg.
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Fig. 1. Design strategy for the pyrimidine-sugar hydrazone as a new antibacterial agent.
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RESULTS AND DISCUSSION
Chemistry

Owing to biological and pharmacological activities
of pyrimidine compounds, we make multiple attempts
for functionalization of pyrimidine at position 2. The

synthetic pathway for the target pyrimidine-based
compounds (III, IV) is simple, straight forward and
outlined in Scheme 1. The structures of the synthesized
pyrimidines were confirmed by their IR, 1H NMR,
mass spectra, and elemental analysis.

Scheme 1. Synthetic pathway of pyrimidine hydrazones (IIIa–f) and (IV).
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The pyrimidine ring moiety was designed via mul-
ticomponent one pot Biginelli reaction by cyclocon-
densation of ethyl cyanoacetate, thiourea and benzal-
dehyde in the presence of ethanolic potassium car-
bonate followed by acidification using acetic acid to
give compound (I). The electrophilic character of
pyrimidine ring at position 2 due to presence of two
adjacent electronegative nitrogen atoms promote a
substitution reaction that allow the existence of hydro-
philic parts required to bind via various electrostatic
interactions and hydrogen bonding.

Treatment of (I) with hydrazine hydrate yielded
2-hydrazinopyrimidine (II). Subsequent reaction of
(II) with a variety of aldpentoses [namely, D-ribose,
D-arabinose, D-xylose], aldohexoses [namely, D-galac-
tose, D-glucose and D-mannose] and ketohexose like
fructose yielded the corresponding hydrazones (IIIa–f)
and (IV), respectively in a very good yields.

The FT-infrared spectra of compounds (IIIa–f)
and (IV) showed broad absorption band in the region
3500–3395 cm–1 attributed to the overlapping
between hydroxyl group of sugar moiety and NH
groups. The carbonitrile group exhibited a medium
absorption bands at 2235–2210 cm–1, however, the
carbonyl of the lactam moiety showed strong intensity
bands at 1669–1631 cm–1 [31]. Furthermore, com-
pounds (IIIa–f) and (IV) exhibited an additional
absorption bands at range 3131–3038 and 2974–
2921 cm–1 corresponds to stretching of aromatic and
aliphatic C–H bond, respectively [32, 33]. The 1H
NMR spectral data of (IIIa–f) and (IV) were recorded
in DMSO-d6. The 1H NMR spectra revealed the pres-
ence of two broad exchangeable singlets at range δ
12.41–11.24 and 11.12–9.81 ppm due to the presence
of pyrimidine NH and hydrazone NH, respectively.
The azomethine proton (CH=N) appeared either
doublet signal at δ 7.66, 7.58 and 7.58 ppm as in com-
pounds (IIIa), (IIId) and (IIIe) or overlapped with
aromatic protons as in compounds (IIIb), (IIIc) and
(IIIf). Additionally, 1H-NMR spectra exhibited two
multiplets at δ 7.79–7.75 and 7.53–7.48 ppm were
assigned to aromatic protons. Moreover, 1H-NMR
spectra revealed the existence of broad exchangeable
singlets at 6.05–3.51 ppm for OH protons whereas the
alditolyl protons observed at the shielding area 6.05–
2.90 ppm.

The mass spectrum of hydrazones (IIIa–c) showed
molecular ion peak at m/z = 359 corresponding to
[M]+, which confirms the proposed structure and
their base peaks were observed at m/z 43 for com-
pounds (IIIa) and (IIIb), and m/z 170 for compound
(IIIc). Similarly, the molecular ion peak of hydra-
zones (IIId–f) showed molecular ion peak at 389 and

their base peak was observed at m/z 43. The fragmen-
tation pattern of (IIIa–f) is shown Scheme S1.

The mass spectra have one main fragmentation
route which involves breaking of the sugar-carboni-
trile moiety to yield the 2-amino-6-oxo-4-phenyl-
1,6-dihydropyrimidine-5-carbonitrile fragment (i)
(13–89%). The radical cation fragment (i) can tau-
tomerize to the pyrimidine ring (ii). Removal of cya-
nate radical from species (ii) led to the formation of
the 2-amino-4-phenyl-pyrimidine cation (iii) as a
strong intense peak (15–100%). Expulsion of cyanide
radical and a hydrogen molecule from radical cation
(ii) gives the cation (iv) as a moderate intense peak (4–
30%). Elimination of cyanate radical from cation (iv)
gives the 4-phenyl-(1H)-imidazole radical cation (v)
as a moderate intense peak (10–46%). The removal of
a CH radical from 4-phenyl-(1H)-imidazole radical
cation (v) gives the 3-phenyl-1,2-diazete cation (vi)
(7–25%). Expulsion of a nitrogen atom from species
(vi) led to the formation of the radical cation species
(vii) (3–30%). The radical cation species (viii) (51–
58%) can be obtained by elimination of cyanide radi-
cal and a carbon atom from the radical cation (v).
Removal of hydrogen cyanide from species (viii)
affords the phenyl cation (ix) as a moderate intense
peak (28–55%). Elimination of acetylene molecule
from species (ix) affords the cyclobutadienyl cation (x)
as a moderate intense peak (24–54%). In another
route, species (ix) losses three carbon atoms and gain
a hydrogen molecule at the same step affording propyl
cation (xi) as a very strong intense peak (39–100%)
which then gain a hydrogen atom affords the cation
(xii) as a very strong intense peak too (54–100%).
Finally, the repulsion of a hydrogen molecule from the
cation (xii) gives the cation (xiii) as a strong intense
peak (51–56%), Scheme S1 (see Supplementary
Information).

DFT Studies

It is noticeable that the stereochemistry of hydra-
zones was investigated and reported to exist in a mix-
ture of geometrical isomerism (E/Z) around the
azomethine linkage (–C=N–) [34, 35], Scheme 2.
The ratio of these isomers depends on several factors
like nature of the solvent, their chelation ability, the
position and the electronic effect of the attached sub-
stituents [36]. As predicted, the proposed structures of
hydrazones (IIIa–f) and (IV) were consistent with the
previously reported results for substituted hydrazones
[37–39], which were proved to exist in the E-configu-
ration of the C=N bond in polar solvent (DMSO solu-
tion) due to steric hindrance on the imine bond
(Scheme 2).
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 48  No. 5  2022
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Scheme 2. E and Z isomers of hydrazones (IIIa–f).

The stability of hydrazones (IIIa–f) are confirmed
by DFT calculations to estimate the optimized struc-
tures which carried out in both gas phase and DMSO
at B3LYP 6–311G basis set. The calculations were
performed for the two isomers (E/Z) of compound
(IIIe), as a module, to predict the most stable isomer
(Fig. 2). The results of the DFT calculations predicted
that E form is the lower energy structure and hence
more stable than its isomer by 14.74 and 3.71 kcal/mol
in gas phase and DMSO, respectively. However, the
small energy difference between the two conforma-
tions, either in gas phase or in DMSO, indicates their
coexistence in equilibrium.

Physicochemical Properties [40–42]
In silico computational methods were used to

determine the physicochemical and biochemical
properties of ligands (IIIa–f) and (IV). The Lipinski
rule of five can be used to predicte the oral bioavail-
ability of a drug candidate. This rule is based on the
physicochemical parameters of the tested ligands,
including: molecular weight (MW); a partition coeffi-
cient (clogP); number of hydrogen bond donors
(HBD); and number of hydrogen bond acceptors
(HBA). The synthesized ligands (IIIa–f) and (IV)
were validated via Lipinski’s rule descriptors. Table 1
indicates that all the tested ligands had a single viola-
tion in terms of hydrogen donor. Furthermore, Veber
descriptors like number of rotatable bonds (NROTB)

and topological polar surface area (TPSA) were used
as another predication for oral bioavailability. The
NROTB is a measure for the molecular f lexibility and
for excellent oral bioavailability, NROTB shouldn’t
more than ten. All ligands (IIIa–f) and (IV) have less
than 10 rotatable bonds. Additionally, TPSA is a good
descriptor characterizing drug absorption including
bioavailability, blood–brain barrier penetration and
intestinal absorption, predicted TPSA values of
ligands (IIIa–c) were less than 140 Å2 which is consis-
tent with the value known for most drugs that predict
promising oral bioavailability.

Antimicrobial Activity

Hydrazones (IIIa–f) and (IV) are estimated their
antimicrobial activity against gram-positive bacteria
such as Bacillus subtilis and Staphylococcus aureus,
gram-negative bacteria such as Escherichia coli and
Proteus vulgaris, in addition to two fungal strains, Can-
dida albicans and Aspergillus flavus. Gentamycin and
Ketoconazole were used as antibacterial and antifun-
gal reference drugs, respectively. The results (Table 2)
indicated that the tested compounds showed signifi-
cant antibacterial activity against gram-negative
strains relative to gram-positive bacteria, whereas,
showed weak antifungal activity. Compounds (IIIf)
showed the highest activity against Escherichia coli and
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Fig. 2. Optimized molecular structure of (E/Z) isomers of compound (IIIe).
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Table 1. Predicted physicochemical properties for ligands (IIIa–f) and (IV)

Lig. Mwt logP H-DON H-ACC Violation TPSA NROTB

(IIIa–c) 359.12 –1.11 6 9 1 139.09 8
(IIId–f) 389.13 –1.66 7 10 1 154.68 9
(IV) 389.13 –1.39 7 10 1 155.34 9

Table 2. Antimicrobial activities of hydrazones (IIIa–f) and (IV)

S. aureus, Staphylococcus aureus (RCMB010010); B. subtilis, Bacillus subtilis (RCMB 015 (1) NRRL B-543); E. coli, Escherichia coli
(RCMB 010052) ATCC 25955; P. vulgaris, Proteus vulgaris RCMB 004 (1) ATCC 13315; C. albicans, Candida albicans RCMB 005003
(1) ATCC 10231; A. flavus, Aspergillus flavus (RCMB 002002). NA: No Activity.

Compounds

Antibacterial activity
Zone of inhibition, mm Antifungal activity

Zone of inhibition, mm
G+ bacteria G− bacteria

S. aureus B. subtilis E. coli P. vulgaris C. albicans A. flavus

(IIIa) NA 10 25 12 NA NA
(IIIb) 9 14 28 16 NA NA
(IIIc) 13 15 19 15 NA NA
(IIId) NA 11 22 10 NA 10
(IIIe) NA NA 21 7 NA NA
(IIIf) NA NA 35 8 NA NA
(IV) NA NA 14 9 NA 12
Ketoconazole – – – – 20 16
Gentamycin 24 26 30 25 – –

Table 3. The minimal inhibitory concentration (MIC, μg/mL) of compounds (IIIa–f) and (IV)

The Fisher Least Significant Difference (LSD) method is used to compare means from multiple processes. The method compares all
pairs of means. (At α = 0.05)
Means that do not share a letter are significantly different.

Compounds S. aureus B. subtilis E. coli P. vulgaris

(IIIa) 64 ± 2.2C 32 ± 2.2D 16 ± 2.2C 64 ± 2.2A

(IIIb) 64 ± 2.4C 32 ± 2.4D 32 ± 2.4B 8 ± 2.4D

(IIIc) 32 ± 3.3D 64 ± 3.3C 32 ± 3.3B 16 ± 3.3C

(IIId) 128 ± 3.4B 16 ± 3.4E 16 ± 3.4C 32 ± 3.4B

(IIIe) 256 ± 2.9A 128 ± 2.9B 64 ± 2.9A 32 ± 2.9B

(IIIf) 256 ± 2.0A 256 ± 2.0A 8 ± 2.0D 16 ± 2.0C

(IV) 256 ± 2.7A 128 ± 2.7B 32 ± 2.7B 32 ± 2.7B

Gentamycin 32 ± 3.3D 32 ± 3.3D 16 ± 3.3C 16 ± 3.3C
only compound (IIId) have considerable antifungal
activity.

The minimum inhibitory concentration (MIC) is
the lowest concentration causing full inhibition of the
tested microorganism’s growth. MIC is a further test
applied for selected compounds with good antimicro-
bial activity. The MIC were determined via the double
dilution technique [43]. For each selected compound,
six concentrations were prepared (8, 16, 32, 64, 128,
and 256 μg/mL). Table 3 displays the MIC values of
the tested compounds for different microorganisms.
As shown in Table 3, compound (IIIf) exhibited the
RUSSIAN JOURNAL OF
highest antibacterial activity against Escherichia coli
with MIC 8 μg/mL. On the other hand, compound
(IIId) had the highest antibacterial activity against
Bacillus subtilis with MIC 16 μg/mL. Moreover, Com-
pound (IIIb) presented the highest antibacterial activ-
ity against Proteus vulgaris with MIC 8 μg/mL.

Molecular Docking Studies

The significant experimental antibacterial activities
of compounds (IIIa–e) provide a hint for conducting
molecular docking studies to determine the protein–
 BIOORGANIC CHEMISTRY  Vol. 48  No. 5  2022
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Table 4. Docking results of (IIIa–f) docked into enoyl reductase

Ligand S, kcal/mol Type of interaction Distance, Å Energy of each 
interaction, kcal/mol

(IIIa) –6.9306 H–donor (GLY 13) 2.73 –2.7
H–acceptor (SER 19) 2.94 –1.2

(IIIb) –7.4464 H–donor (GLY 93) 3.03 –1.3
H–donor (SER 91) 2.84 –1.0
H–acceptor (SER 19) 2.99 –1.2
H–acceptor (VAL 65) 3.62 –1.5
π–H (ILE 92) 4.16 –0.9

(IIIc) –6.8932 H–donor (GLY 93) 2.97 –2.4
H–acceptor (SER 19) 2.84 –1.5
H–pi (TYR 146) 4.17 –0.8

(IIId) –7.1541 H–donor (GLY 93) 3.42 –0.7
H–donor (ALA 95) 3.11 –0.8
H–acceptor (SER 19) 2.90 –2.6

(IIIe) –7.4383 H–donor (MET 159) 4.48 –0.9
H–donor (ALA 95) 2.96 –1.9

(IIIf) –8.1090 H–donor (GLY 93) 2.93 –2.9
H–donor (GLY 93) 3.20 –1.7
H–acceptor (SER 91) 2.94 –0.9
H–acceptor (VAL 65) 3.76 –0.8
π–H (GLN 40) 3.69 –0.7
ligand interactions. The docking was performed via
the MOE (2015) for the active sites of enoyl reductase
from E. coli (PDB: 1C14 [44]) to predict the binding
mode and support the biological results. Bacterial
enoyl reductase catalyzes an essential step in biosyn-
thesis of bacterial fatty acid. Enoyl reductase is an
attractive target for antibacterial drug discovery due to
its important role in the metabolism and its sequence
conservation across many bacterial species. After
reviewing the different chemical classes that docked
into the enoyl reductase active site, such as amides, tri-
azoles, pyridine and pyrimidine derivatives [45–48],
we examined our compounds on the active site
because some structural similarities exist.

The hydrazones (IIIa–f) interact with enoyl reduc-
tase amino acids of its active site and give scores rang-
ing from –6.8932 to –8.1090 kcal/mol (Table 4).
Molecular interactions (Fig. 3) showed that the poten-
tial drug binding sites of enoyl reductase are GLY 13,
SER 19, GLY 93, SER 91, VAL 65, ILE 92, TYR 146,
ALA 95, MET 159 and GLN 40. The best score value
was noticed for candidate (IIIf) (–8.1090 kcal/mol)
which has the best biological activity and this sup-
ported by presence of five interactions with amino
acids of enoyl reductase involving two hydrogen bonds
donor between the two NH groups in compound (IIIf)
and amino acid residue at the backbone of the enzyme
namely GLY 93 as well as two hydrogen bonds accep-
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
tor, one between carbonitrile nitrogen with VAL 65
and the other between oxygen of hydroxyl group and
SER 91. The last interaction is pi-H between phenyl
moiety of (IIIf) and GLN 40 residue (Fig. 3), (IIIf).
Moreover, ligand (IIIc) showed the lowest enoyl
reductase inhibition among the nominated ligands,
displayed three interaction including hydrogen bond
donor with GLY 93, hydrogen bond acceptor with
SER 19 and H-pi binding interaction with the active
site at TYR 146 via its phenyl ring.

Quantum Chemical Parameters
The DFT method were used to calculate the

descriptor parameters [49–52] of hydrazones (IIIa–f)
and (IV) to predict their reactivity and correlate with
the docking score data. The molecular descriptors
were calculated by using B3LYP/6-311G level and
given in Table S1 at gas phase (see supplementary
material).

The global chemical reactivity descriptors were cal-
culated from HOMO and LUMO energies. They are
namely [53–59] ionization potential (Ip), electron
affinity (EA), electronegativity (χ), chemical potential
(μ), hardness (η), softness (S) and the electrophilicity
(ω). According to these parameters, the chemical
reactivity varies with the structural configuration of
molecules.
ol. 48  No. 5  2022
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Fig. 3. 2D and 3D binding modes of (IIIa–f) (red tube) in enoyl reductase active sites (PDB: 1C14 [44]).
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Fig. 3. (Contd.)
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According to data in Table S1, we can deduce that
hydrazone (IV) has the highest reactivity based on
parameter ∆E, whereas (IIIc) is the highest depending
on parameter S. The data points out that each param-
eter exhibits poor to good correlation with score of
docking studies as indicated from correlation coeffi-
cient (0.2406–0.5926).

EXPERIMENTAL
Instruments and Apparatus

Melting points were determined by MEL-TEMP II
melting point apparatus in open glass capillaries. The
IR spectra were recorded as potassium bromide (KBr)
discs on a Perkin-Elemer FT-IR, Faculty of Science,
Alexandria University. The NMR spectra were carried
out at ambient temperature (~25°C) on a (JEOL)
500 MHz spectrophotometer using tetramethylsilane
(TMS) as an internal standard, NMR Unit, Faculty of
Science, Mansoura University. Mass spectra and ele-
mental analyses were analyzed at the Regional Center
for Mycology and Biotechnology, Al-Azhar Univer-
sity, Cairo, Egypt.

Agar Disk-Diffusion Method
The hydrazones were dissolved in DMSO (which

has no inhibition activity) to obtain concentrations of
250 ppm and soaked in filter paper disks of 5 mm. The
test was performed on medium potato dextrose agar
(PDA) which contains an infusion of 200 g potatoes,
6 g dextrose, and 15 g agar. Uniform size filter paper
disks (three disks per compound) were impregnated
with equal volume (10 μL) from the specific concen-
tration of dissolved tested compounds and then care-
fully placed on the incubated agar surface. After incu-
bation for 36 h at 27°C in the case of bacteria and for
48 h at 24°C in the case of fungi, inhibition of the
organisms (evidenced by a clear zone surrounding
each disk) was measured and used to calculate the
mean of inhibition zones [60].

Determination of MIC
All the bacteria were incubated and activated at

37°C for 24 h inoculation into nutrient broth and the
fungi were incubated in malt extract broth for 48 h.
The compounds were dissolved in DMSO and then
diluted using cautiously adjusted Mueller–Hinton
broth. Two-fold serial concentrations dilution method
(8, 16, 32, 64, 128, and 256 μg/mL) of some com-
pounds were employed to determine the MIC values.
In each case, triplicate tests were performed, and the
average was taken as the final reading. The tubes were
then inoculated with the test organisms, grown in their
suitable broth at 37°C for 24 h for tested microorganisms
(1 × 108 CFU/mL for bacteria and 1 × 106 CFU/mL of
fungi), each 5 mL received 0.1 mL of the above inocu-
lum and was incubated at 37°C for 24 h.
RUSSIAN JOURNAL OF
Docking Program

Molecular docking simulations were performed to
achieve the mode of interaction of prepared pyrimi-
dines with the binding pocket of enoyl reductase. The
newly released crystal structure of enoyl reductase as a
receptor was retrieved from protein data bank
(www.rcsb.org) with PDB ID: 1C14 [44]. Software
version 2015.10 of Molecular Operating Environment
(MOE) was used to prepare the input files and analyz-
ing the result. All water molecules, ligands and ions
were removed from pdb file for the preparation of pro-
tein input file. The active site was selected utilizing
‘Site Finder’ MOE 2015.10 feature. Prior to docking,
the hydrazone structures were subjected to energy
minimization and geometry optimization before
docking. Docking simulations were conducted several
times with various fitting protocols to observe the best
molecular interactions and free binding energies. All
docking results were sorted by scoring binding energy.

Synthesis of pyrimidines (IIIa–f) and (IV). 2-Thi-
oxo-6-oxo-4-phenyl-1,6-dihydropyrimidine-5-carbo-
nitrile (I). A mixture of ethylcyanoacetate (1.13 g,
0.01 mol), thiourea (0.76 g, 0.01 mol) and benzalde-
hyde (1.06 g, 0.01 mol) in ethanol (20 mL) containing
potassium carbonate (1.38 g, 0.01 mol) was heated at
reflux for 5 h. The precipitated potassium salt was col-
lected by filtration and washed with ethanol. Dissolve
the potassium salt in hot water (80°C) and stir until a
clear solution is obtained. The solution is then acidi-
fied with acetic acid and continues stirring for 5 min.
The deposited precipitate formed is collected and
washed well with water, dried and crystalized from
ethanol to give yellowish-white crystal; yield: 80%;
mp: 311–314°C [lit. 300–302°C] [61]; TLC in 1 : 1
methanol-chloroform, Rf: 0.69; 1H NMR (500 MHz,
DMSO-d6): δ 12.82 (brs, 2H, 2NH), 7.66 (d, J = 7.6 Hz,
2H, o-phenyl-H), 7.63 (t, 1H, J = 8.1 Hz, p-phenyl-
H) and 7.56 ppm (t, 2H, J = 7.9 Hz, m-phenyl-H); 13C
NMR (126 MHz, DMSO-d6): δ 176.30, 161.06,
158.58, 132.13, 129.44, 128.76, 128.48, 113.81 and
90.71 ppm.

2-Hydrazino-6-oxo-4-phenyl-1,6-dihydropyrimi-
dine-5-carbonitrile (II). A mixture of 2-thioxo-6-oxo-
4-phenyl-1,6-dihydropyrimidine-5-carbonitrile (I)
(2.29 g, 0.01 mol) and hydrazine hydrate (2.5 g, 0.05 mol)
in ethanol (50 mL) was heated at reflux for 10 h. The
precipitate was filtrated and washed with ethanol
without need for further purification to form yellow
crystal; yield: 75%; mp: 227–230°C [lit. 237°C] [62];
TLC in 1 : 1 methanol–chloroform, Rf: 0.78; 1H NMR
(500 MHz, DMSO-d6): δ 12.72 (brs, 1H, NH-pyrimi-
dine), 7.77 (d, J = 7.6 Hz, 2H, phenyl-H), 7.49 (m,
3H, phenyl-H) and 7.01 ppm (brs, 3H, NH–NH2);
13C NMR (126 MHz, DMSO-d6): δ 170.17, 160.20,
137.31, 130.37, 128.19, 128.11 and 118.80 ppm.

Preparation of sugar-6-oxo-4-phenyl-1,6-dihydro-
pyrimidine-5-carbonitrile-2-hydrazone (IIIa–f) and (IV).
 BIOORGANIC CHEMISTRY  Vol. 48  No. 5  2022
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A solution of 2-hydrazino-6-oxo-4-phenyl-1,6-dihy-
dropyrimidine-5-carbonitrile (II) (1.14 g, 0.005 mol)
in ethanol (30 mL) was added to the appropriate solu-
tion of pentoses (namely, D-xylose, D-arabinose or
D-ribose), D-hexoses [namely, D-fructose, D-galac-
tose, D-glucose or D-mannose] in water (2 mL). The
reaction mixtures were refluxed on water bath for 4–6 h
(monitored by TLC) and then kept at room tempera-
ture for 24 h. The crystalline product which separated
was filtered, washed with water and crystalized from
ethanol.

D-Xylose-6-oxo-4-phenyl-1,6-dihydropyrimidine-
5-carbonitrile-2-hydrazone (IIIa). Yellowish-white
crystal; yield: 79%; mp: 188–190°C; TLC in 1 : 1
methanol–chloroform, Rf: 0.72; IR: 3438 (OH and
NH), 2217 (C≡N) and 1631 cm–1 (C=O); 1H NMR
(500 MHz, DMSO-d6): δ 11.24 (brs, 1H, NH), 10.12
(s, 1H, =N–NH–), 7.77 (m, 2H, phenyl-H), 7.66
(d,1H, J = 8.1 Hz, –CH=N–), 7.51 (m, 3H, phenyl-
H), 6.07 (d, 1H, J = 5.1 Hz, alditolyl H), 5.42 (brs,
1H, OH), 5.03 (d, 1H, J = 6.2 Hz, alditolyl-H), 5.00
(m, 1H, OH), 3.75 (m, 2H, 2OH) and 3.65 ppm (m,
2H, alditolyl-H). The other alditolyl protons were
associated with the solvent absorption in a large signal
centered at δ 3.38 ppm; mass spectrum: molecular ion
peak m/z 359, base peak m/z: 43.09. C16H17N5O5
requires: C: 53.46; H: 4.77; N: 19.49% found: C:
53.72; H: 4.39; N: 19.21%.

D-Arabinose-6-oxo-4-phenyl-1,6-dihydropyrimi-
dine-5-carbonitrile-2-hydrazone (IIIb). Yellowish-
white crystal; yield: 81%; mp: 223–225°C; TLC in
1 : 1 methanol–chloroform, Rf: 0.83; IR: 3461 (OH
and NH), 2213 (C≡N) and 1669 cm–1 (C=O);
1H NMR (500 MHz, DMSO-d6): δ 12.37 (brs, 1H,
‒NH), 11.12 (s, 1H, =N–NH–), 7.79 (m, 2H, phe-
nyl-H), 7.53 (m, 4H, –CH=N– and phenyl-H), 5.10
(m, 1H, OH), 3.64 (m, 2H, 2OH), 3.47 (s, 1H, aldi-
tolyl-H), 3.39 (s, 1H, alditolyl-H) and 3.57 ppm (s,
2H, alditolyl-H). The other alditolyl protons were
associated with the solvent absorption in a large signal
centered at δ 3.50 ppm; mass spectrum: molecular ion
peak m/z 359, base peak m/z 43.10. C16H17N5O5
requires: C: 53.46; H: 4.77; N: 19.49% found: C:
53.22; H: 4.89; N: 19.77%.

D-Ribose-6-oxo-4-phenyl-1,6-dihydropyrimidine-
5-carbonitrile-2-hydrazone (IIIc). Yellowish-brown
crystal; yield: 63%; mp: 185°C; TLC in 1 : 1 methanol-
chloroform, Rf: 0.83, IR: 3392 (OH and NH),
2210 (C≡N) and 1666 cm–1 (C=O); 1H NMR
(500 MHz, DMSO-d6): δ 12.41 (brs, 1H, –NH), 9.81
(s, 1H, =N–NH–), 7.76 (m, 2H, phenyl-H), 7.49 (m,
4H, –CH=N– and phenyl 3H), 5.32 (s, 1H, OH),
3.95 (s, 1H, OH), 3.76 (s, 1H, OH), 3.44 (s, 1H, aldi-
tolyl-H) and 3.57 ppm (s, 2H, alditolyl-H). The other
alditolyl protons were associated with the solvent
absorption in a large signal centered at δ 3.50 ppm;
mass spectrum: molecular ion peak m/z 359, base
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
peak m/z 170.13. C16H17N5O5 requires: C: 53.46; H:
4.77; N: 19.49% found: C: 53.34; H: 4.62; N: 19.67%.

D-Galactose-6-oxo-4-phenyl-1,6-dihydropyrimi-
dine-5-carbonitrile-2-hydrazone (IIId). Yellowish-
white crystal; yield: 94%; m.p.: 225–227°C; TLC in
1:1 methanol-chloroform, Rf: 0.78; IR: 3395 (OH and
NH), 2218 (C≡N) and 1648 cm–1 (C=O), 1H NMR
(500 MHz, DMSO-d6): δ 12.36 (brs, 1H, –NH), 10.08
(s, 1H, =N–NH–), 7.78 (m, 2H, phenyl-H), 7.58 (d,
1H, J = 7.9 Hz, –CH=N–), 7.51 (m, 3H, phenyl-H),
7.05 (m, H, alditolyl-H), 5.04 (m, 1H, OH), 3.56 (m,
1H, OH), 3.49 (m, 1H, alditolyl-H) 3.47 (m, 1H,
OH), 3.15 (m, 1H, alditolyl-H) and 3.69 ppm (m, 2H,
2OH). The other alditolyl protons were associated
with the solvent absorption in a large signal centered at
δ 3.45 ppm; mass spectrum: molecular ion peak m/z
389, base peak m/z 43.07. C17H19N5O6 requires: C:
52.43; H: 4.92; N: 17.98% found: C: 52.34; H: 4.73; N:
17.85%.

D-Glucose-6-oxo-4-phenyl-1,6-dihydropyrimidine-
5-carbonitrile-2-hydrazone (IIIe). Yellow powder;
yield: 73%; mp: 148–150°C; TLC in 1 : 1 methanol-
chloroform, Rf: 0.67; IR: 3295 (OH and NH), 2235
(C≡N) and 1669 cm–1 (C=O); 1H NMR (500 MHz,
DMSO-d6): δ 11.51 (brs, 1H, –NH), 10.07 (s, 1H,
=N–NH–), 7.75 (m, 2H, phenyl-H), 7.49 (m, 4H,
‒CH=N– and phenyl 3H), 6.05 (d, 1H, OH), 5.37 (d,
1H, OH), 5.02 (m, 2H, 2OH), 3.52 (m, 1H, OH) and
3.78 (m, 1H, alditolyl-H), 3.64 (m, 1H, alditolyl-H),
3.32 (m, 1H, alditolyl-H), 3.15 (m, 1H, alditolyl-H),
3.02 (m, 1H, alditolyl-H) and 2.91 (m, 1H, alditolyl-
H) ppm; mass spectrum: molecular ion peak m/z 389,
base peak m/z 43.13. C17H19N5O6 requires: C: 52.43;
H: 4.92; N: 17.98% found: C: 52.65; H: 5.12; N:
18.15%.

D-Mannose-6-oxo-4-phenyl-1,6-dihydropyrimi-
dine-5-carbonitrile-2-hydrazone (IIIf). Yellowish-
brown powder; yield: 85%; mp: 180°C; TLC in 1 : 1
methanol-chloroform, Rf: 0.52; IR: 3315 (OH and
NH), 2212 (C≡N) and 1661 cm–1 (C=O); 1H NMR
(500 MHz, DMSO-d6): δ 12.17 (br, 1H, –NH), 9.88
(s, 1H, =N–NH–), 7.79 (m, 2H, phenyl-H), 7.49 (m,
4H, –CH=N– and phenyl-H), 5.26 (d, 1H, OH),
3.54 (m, 2H, 2OH), 3.45 (m, 1H, OH), 3.17 (m, 1H,
alditolyl-H), 3.61 (m, 1H, alditolyl-H), 3.53 (m, 1H,
alditolyl-H), 3.47 (m, 1H, alditolyl-H) and 3.36 (m,
1H, alditolyl-H) ppm. The other alditolyl protons
were associated with the solvent absorption in a large
signal centered at δ 3.46 ppm; mass spectrum: molec-
ular ion peak m/z 389, base peak m/z 43.10.
C17H19N5O6 requires: C: 52.43; H: 4.92; N: 17.98%
found: C: 52.31; H: 5.07; N: 17.85%.

D-Fructose-6-oxo-4-phenyl-1,6-dihydropyrimidine-
5-carbonitrile-2-hydrazone (IV). Yellowish-white
powder; yield: 58%; mp: 120–123°C; TLC in 1 : 1
methanol-chloroform, Rf: 0.69; IR: 3627 (OH and
NH), 2234 (C≡N) and 1666 cm–1 (C=O); 1H NMR
ol. 48  No. 5  2022
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(500 MHz, DMSO-d6): δ 11.50 (brs, 1H, –NH), 10.05
(s, 1H, =N–NH–), 7.76 (m, 2H, phenyl-H), 7.48 (m,
3H, phenyl-H), 6.05 (s, 1H, OH), 5.00 (m, 2H,
2OH), 3.51 (m, 1H, OH), 3.78 (m, 1H, alditolyl-H),
3.64 (m, 1H, alditolyl-H), 3.32 (m, 1H, alditolyl-H),
3.15 (m, 2H, alditolyl-H), 3.02 (m, 2H, alditolyl-H)
and 2.90 (m, 2H, alditolyl-H) ppm; mass spectrum:
molecular ion peak m/z 389, base peak m/z 170.12.
C17H19N5O6 requires: C: 52.43; H: 4.92; N: 17.98%
found: C: 52.55; H: 4.78; N: 17.73%.

CONCLUSIONS
In the present study, hydrazones containing pyrim-

idine moiety (IIIa–f) and (IV) were synthesized and
characterized. DFT studies indicated that E-isomer of
imino group (CH=N) more stable than its Z-isomer in
both gas phase and DMSO. The compounds were
evaluated for their antimicrobial activity against
gram-positive, gram-negative, and fungi by the agar
well diffusion method, some of the synthesized com-
pounds showed a significant antibacterial activity.
Molecular docking studies were carried out on enoyl
reductase from E. coli active sites. The MOE scores
of hydrazones (IIIa–f) ranged between –6.8932 to
‒8.1090 kcal/mol in which the highest antibacterial
effect have the highest score value.
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