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ARTICLE INFORMATION ABSTRACT

Condensation of 2-amino-4-chloro-6-methoxypyrimidine with aromatic aldehydes (2-
hydroxy-1-naphthaldehyde, 3,4-dihydroxybenzaldehyde and piperonal) afforded products in
good yields. The synthesized compounds (Schiff base of pyrimidine derivatives) were
screened for their antibacterial activity against Staphylococcus aureus, Escherichia coli, Bacillus
subtilis, Klebsille, Pseudomonas aeruginosa and Salmonella. Additionally, the compounds were
tested for antifungicidal activity against Candida albicans, Candida tropicalis and Aspergillus
fumigatus. All compounds exhibited potent antibacterial and antifungal activity. Molecular
modeling studies were performed, showing the hydrogen bindings and hydrophobic
interactions.
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1. Introduction jirovecii pneumonia [29]. Gemcitabine (2), a pyrimidine

antimetabolite, is an approved drug in the U.S. for pancreatic

Pyrimidine molecule is a promising structural moiety for
drug designing, which form a component in a number of useful
drugs and are associated with many Dbiological and
therapeutically activities [1].

The diverse array of biological and pharmacological
activities of pyrimidines including antimicrobial [2-5],
antihypertensive [6], antitumor [7-12], antiviral [13,14],
anti-HIV agents [15-17], in addition to their cardiovascular
[18,19] and diuretic [20,21] properties. Furthermore, some
pyrimidines were used as hypnotic drugs [22], in addition to
their activity as calcium-sensing receptor antagonists [23] and
as antagonists of the human A2A adenosine receptor [24] as
well. Bacimethrin (4-amino-5-(hydroxymethyl)-2-methoxy
pyrimidine) (1) is a pyrimidine antibiotic which is active
against several staphylococcal bacteria (Figure 1) [25,26]. On
the other hand, methoprim, 5-(3,4,5-trimethoxybenzyl)
pyrimidine-2,4-diamine [27,28] is used, in combination with
sulfamethoxazole, as a bacteriostatic_antibiotic (trimoxazole)
for the treatment of urinary tract infections and Pneumocystis

cancer and also in combination for certain lung cancer patients
(Figure 1) [30]. Further, monastrol [31] is another model of
pyrimidine derivative as inhibitor of kinesin Eg5 that interact
with microtubuline and then causes mitotic arrest [32].

Br
NH,

1. Bacimethrin 2. Gemcitabine

Figure 1. Some potentially active pyrimidine derivatives.

Schiff bases attracted much interest due to their biological
properties, especially those derived from heterocyclic
analogues and possess cytotoxic [33], antimicrobial [34] and
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Scheme 1

other activities. Kalpesh et al. [35] have reported several novel
Schiff base derived from 2-amino-4,6-dimethoxypyrimidine
with variousaromatic aldehydes.

The present work describes the synthesis and biological
activity of new azomethine compounds derived from 2-amino-
4-chloro-6-methoxypyrimidine, in addition to their molecular
modeling study.

2. Experimental
2.1. Instrumentation

Melting points were measured by a Philip Harris melting
point apparatus and are uncorrected. The IR spectra were
recorded in the range 4000-200 cm! on a Pye-Unicam SP3-
300 spectrometer using KBr discs. tH, 13C, HSQC and HMBC
NMR spectra were measured on a Bruker spectrometer at 600
MHz with TMS as an internal reference.

2.2. Synthesis

2.2.1. General procedure for the synthesis ofaryl-1-(4-
chloro-6-methoxypyrimidin-2-yl)imine derivatives (7-9)

2-Amino-4-chloro-6-methoxypyrimidin (3) (160 mg, 1.0
mmol)and aromatic aldehydes (1.1 mmol) 4-6 were dissolved
in absolute ethanol followed by addition of catalytic amount of
glacial acetic acid drop wise and the mixture was heated under
reflux for 8 h. The reaction mixture was then cooled in an ice
bath and the crude product thus obtained was collected by
filtration, further purified by recrystallization from ethanol
(Scheme 1).

1-(((4-Chloro-6-methoxypyrimidin-2-yl)imino)methyl)
naphthalen-2-ol (7): From o-hydroxy-naphthaldehyde 4 (189
mg). Yield: 242 mg (77%). M.p.: 214-218 °C. FT-IR (KBr, v, cm-
1): 3400 (OH), 3070, 3067 (CH-Aro.), 2930 (CH-alip.), 1631-
1558 (C=C, C=N). 1H NMR (600 MHz, CDCls, §, ppm): 10.14 (s,
1H, CH=N), 8.71 (d, 1H, /34 = 8.0 Hz, Harom-4"), 8.41 (d, 1H, J7.&'
= 8.0 Hz, Harom-8"), 8.28 (d, 1H, Js'¢ = 8.0 Hz, Harom-5"), 8.24 (t,
1H, Je,7 = 8.0 Hz, Harom-7"), 8.08 (t, 1H, Js'¢' = 8.0 Hz, Harom-6"),
8.03 (s, 1H, Hpyrimid-5), 7.47 (d, 1H, Harom-3'), 4.80 (s, 3H,
OCH3). 13C NMR (150 MHz, CDCls, §, ppm): 186.5 (Cpyrimid-6),
171.6 (C-OH), 161.3 (Cpyrimia-2 + CH=N), 157.3 (Cpyrimid-4),
133.8, 129.5, 129.1, 127.1, 126.9, 125.0 (Carom.), 119.5 (Carom-
8", 109.8 (Cpyrimid.-5), 102.8 (Carom-2"), 54.8 (OCH3).

4-(((4-Chloro-6-methoxypyrimidin-2-yl)imino)methyl)
benzene-1,2-diol (8): From 3,4-dihydroxy-benzaldehyde 5 (152
mg). Yield: 230 mg (82%). M.p.: 133-136 °C. FT-IR (KBr, v, cm
1): 3446 (OH), 3030-3016 (CH-aro.), 2958 (CH-alip.), 1661-
1587 (C=C, C=N). H NMR (600 MHz, DMSO-ds, §, ppm): 9.70
(s, 1H, CH=N), 7.28 (dd, 1H, J2.¢' = 2.0 Hz, Js'¢ = 8.0 Hz, Harom-
6", 7.24 (d, 1H, Harom-2"), 7.06 (br s., 2H, Hpyrimia-5 + OH), 6.91
(d, 1H, Harom.-5"), 6.10 (s, 1H, OH), 3.82 (s, 3H, OCH3). 13C NMR
(150 MHz, DMSO0-ds, §, ppm): 171.4 (Cpyrimid.-6), 163.4 (Cpyrimid.-
4), 160.3 (Cpyrimia-2 + CH=N), 152.7 (C+-OH), 146.4 (C3-OH),

129.3 (Carom-1'), 125.0 (Carom-6"), 116.0 (Carom-2" + Carom-5"),
115.0 (Cpyrimia.-5), 54.1 (OCHs).
N-(Benzo[d][1,3]dioxol-5-ylmethylene)-4-chloro-6-methoxy

pyrimidin-2-amine (9): From piperonal 6 (165 mg). Yield: 210
mg (72%). M.p.: 192-194 °C. FT-IR (KBr, v, cmt): 3425 (OH),
3065-3020 (CH-aromatic), 2890 (CH-aliphatic), 1660,1594
(C=C, C=N). *H NMR (600 MHz, DMSO-de, §, ppm): 9.81 (s, 1H,
CH=N), 7.54 (dd, 1H, J2.6 = 2.0 Hz, Js'¢ = 8.0 Hz, H-6"), 7.32 (d,
1H, H-4"), 7.13 (d, 1H, H-7"), 6.17 (s, 1H, Hpyrimia-5), 6.09 (s, 2H,
CHz), 3.92 (s, 3H, OCH3). 13C NMR (150 MHz, DMSO-de, §, ppm):
171.4 (Cpyrimia-6), 163.4 (Cpyrimida.-4), 160.3 (Cpyrimia-2 + CH=N),
153.2 (C-7a'), 148.9 (C-3a"), 129.0 (C-5' + C-6'), 109.0 (C-79,
106.7 (C-4"), 102.8 (Cpyrimid-5), 94.7 (CHz2), 54.1 (OCH3).

3. Results and discussion
3.1. Chemistry

Treatment of 2-amino-4-chloro-6-methoxypyrimidine (3)
with three aldehyde derivatives (2-hydroxy-1-naphthaldehyde
(4), 3,4-dihydroxybenzaldehyde (5) and piperanol (6) in
ethanol and catalytic amount of glacial acetic acid under reflux
afforded the desired imine derivatives 7-9 in 77, 82 and 72%
yield, respectively (Scheme 1).

The structure of compounds 7-9 was confirmed by the 1H,
13C and 2D NMR spectra. In the 1H NMR spectra of compounds
7-9, the singlets at § 10.14, 9.70 and 9.81 ppm were assigned
for the imino protons (CH=N), whereas the signlets at § 8.03,
7.06 and 6.17 ppm, were attributed to H-5 of the pyrimidine
ring, respectively. The aromatic protons were fully analyzed
where H-3’, H-4’, H-5’ and H-6’ of the analogue 7 appeared as
doublets at § 7.47 ((J3+ = 8.0 Hz), 8.71, 8.28 (Js,¢ = 8.0 Hz) and
8.08 ppm, respectively. H-7’ appeared as a triplet at § 8.24
ppm (J¢,7 = 8.0 Hz), while H-8' was resonated as a doublet at §
8.41 ppm (J7,¢ = 8.0 Hz). Moreover, the aromatic protons H-2’
and H-5’ of the analogue 8 appeared as doublets at § 7.24 (Jz¢
= 2.0 Hz) and 6.91 ppm (Js;¢ = 8.0 Hz), respectively. H-6’ of the
same analogue resonated as a doublet of doublets at § 7.28
ppm, while the singlet at § 6.10 ppm was attributed to the
hydroxyl group. The analogue 9 showed two doublets at § 7.32
(J2.¢ = 2.0 Hz) and 7.13 (Js,¢ = 8.0 Hz) ppm were assigned for
the aromatic protons H-2 and H-6’, respectively. H-7’
appeared as a doublet of doublets at § 7.54 ppm (J2¢ = 2.0 Hz,
Js.6 = 8.0 Hz), while the methylene protons (CHz) appeared as
a singlet at § 6.09 ppm. The methoxy group at C-6 of the
pyrimidine ring of compounds 7-9 was resonated as singlets at
6 4.80, 3.80 and 3.90 ppm, respectively. In the 13C NMR spectra
of compounds 7-9, the resonances at § 161.3 and 160.3 ppm
were assigned for the pyrimidine carbon atom 2 together with
the carbon atom of the imino group, respectively. The carbon
atoms 4 of the analogues 7-9 were resonated at § 157.7 and
163.4 ppm, respectively, while C-5 of the same scaffold
appeared at § 109.3, 115.0 and 102.8 ppm, respectively. C-6 of
the pyrimidine ring appeared at § 186.5,171.4 and 171.4 ppm,
respectively, whereas the methoxy group resonated at § 54.8
and 54.1 ppm, respectively.
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Table 1. Antibacterial activity of the Schiff-base derivatives of pyrimidine.

Compound Conc., pg/mL Diameter of inhibition zone in mm for different

microbial species

S. aureus E. coli B. cerus Salmonella Pseud Klebsell
100 200 300 100 200 300 100 200 300 100 200 300 100 200 300 100 200 300
7 - - - 7 10 15 8 10 12 - 13 15 - - - - - -
8 - - 6 8 10 - 10 - 8 10 - - - -
9 - - - 8 10 - - - - - - - - 10
Table 2. Antifungal activity of the Schiff-base derivatives of pyrimidine.
Compound Conc., pg/mL Diameter of inhibition zone in mm for different microbial species
C. albicans C. trobicalis A. fu tes
100 200 300 100 200 300 100 200 300
7 = 8 11 8 10 12 8 10 11
8 - - - - 8 10 - 6 10
9 - - 8 9 10 - -
OMe 1 JC6,H5
13 T YT
“Je cH2 ' : H

13
Jera cH2

Figure 2. Jcu Correlations in the HMBC NMR spectrum of compound 9.

The aromatic carbon atom (C-OH) of the analogue 7
appeared at § 171.6 ppm, while those of the analogue 8 (Cs-
OH), (C3-OH) were resonated at & 152.7, 146.4 ppm,
respectively. Furthermore, the aromatic carbon atom C-2’ of
compound 7 appeared at § 102.8 ppm in addition to the
resonances at the regions § 133.8-125.0 ppm were assigned to
the rest aromatic carbon atoms. The aromatic carbon atoms C-
1’ and C-6’ of compound 8 appeared at § 129.3 and 125.0 ppm,
respectively, whereas C-2’ together with C-5 of the same
compound were resonated at § 116.0 ppm. Compound 9
showed resonances at § 129.0 ppm assigned for the aromatic
carbon atoms C-1' together with C-7’, while the signals at &
106.7, 149.9, 153.2 and 109.2 ppm were attributed to the
aromatic carbon atoms C-2’, C-2a’, C-5a’ and C-6’, respectively.
In addition, the methylene Carbon atom appeared at § 94.7
ppm. Compound 9 has been selected for further NMR study.
The gradient-selected 'H, 13C, HMBC NMR spectrum [36] of
compound 9 revealed two 12/cy in addition to five 13Jcu
correlations. Thus, the imino proton (CH=N) at § 9.81 ppm
showed three 13Jcu correlations: first one with C-2 of the
pyrimidine ring at § 160.3 ppm, the second correlation with
the aromatic carbon atom C-6’ at § 129.0 ppm and the last one
with the aromatic carbon atom C-4’ at § 106.7 ppm. Two 13Jcu
correlations between CHz protons at § 6.09 ppm with C-3a’
and C-7a’ at § 148.9 and 153.2 ppm, respectively, were
observed. Furthermore, H-5 of the pyrimidine ring at § 6.17
ppm showed a 12Jcu correlation with C-4 of the same ring at §
163.4 ppm as well as a 12/cy correlation with C-6 at § 171.4
ppm (Figure 2).

3.2. Antibacterial and antifungal activity

The synthesized compounds 7-9 were screened in-vitro for
their antibacterial activity against bacteria: Staphylococcus
aureus, Escherichia coli, Bacillus cerius, Salmonella, Klebsella
and Pseudomonas aeruginosa using the disc-agar diffusion
technique [37]. Muller Hinton agar was used as culture media
for antibacterial activity. The antifungal activities were tested
against fungus: Candida albicans, Candida trobicalis and
Aspergillus fumigates by diffusion method. Recommended
concentrations 100, 200 and 300 pug/mL of the test samples in
DMSO solvent was introduced in the respective method. Petri

plates containing 20 mL of Mueller Hinton Agar were used for
all the used bacteria. Candida albicans strain was cultivated in
Sabouraud’s dextrose agar. Sterile Whatman No.1 filter paper
disks (6 mm in diameter) impregnated with the solution in
dimethylsulfoxide of the test was placed on the Petri plates. A
paper disc impregnated with DMSO was used as negative
control. The plates were incubated for 24 h in the case of
bacteria and 72 h for fungi at 28 °C. The inhibition zone
diameters were measured in millimeters using a caliper
vernia.

The results of the antibacterial activity are shown in Table
1 and antifungal activity is shown in Table 2. It is observed
that the activity of compounds increases with an increase in
the concentration of the solutions. The antibacterial activity of
all synthesized compounds showed no activivity against S.
aureusa and Pseudomonas but all compounds showed good
antibacterial activity against E. coli and Salmonella for
compound 7 and 8 compounds, Table 1.

The results of antifungal activity of all synthesized
compounds showed good active against C. trobicalis.
Compounds 7 and 8 showed moderate activity against A.
fumigatus, as shown in Table 2.

4. Molecular modeling analysis

The molecular docking was performed using SYBYL-X 1.1
and the docking results were shown by PyMOL [38]. Our
molecular docking analysis of the new analogues based on the
modeling study which was performed to understand the
binding mode of these analogues with the aspartate
aminotransferase (ATT) of E. coli [39] binding pocket (PDB
code: 3DLG, [40]).

Compound 9 has been selected for the docking modeling
study, since its binding energy score -8.2, indicating a
selectivity of substituted olefinic benzoate in its binding to the
enzyme pocket (Figure 3). As shown in Figure 3, the aromatic
ring of compound 9 was fitted into an aromatic rich subpocket
surrounded by the aromatic side chains of Trp130, in addition
to two hydrogen bondings. The pyrimidine backbone was
located in the middle of the binding pocket, anchoring the
oxygen atom of the methoxy group at C-6 in a favourable
position for hydrogen bonding with the NH2 group of Arg280,
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Arg280 >_N

H—O0—_~
Ser284

HN

—NH

Figure 3. Docked conformation of compound 9. Docked conformation of compound 9 showing two hydrogen bondings: Arg280 with oxygen atom of methoxy
group at C-6 of pyrimidine ring and Ser284 with oxygen atom of piperonal ring. It exhibited also hydrophobic interaction between phenyl group of the
pyrimidine scaffold moiety and Trp130 of aspartate transaminase enzyme residues of E. coli.

in addition to a hydrogen bonding between the oxygen atom of
piperonal group with OH of Ser284 of the aspartate amino
transferase (AAT) enzyme. Overall, the combination of
hydrophobic interaction and n-stacking appears to govern the
binding of compound 9 with AAT of E. coli.

5. Conclusion

In conclusion, synthesis of new aryl 1-(4-chloro-6-
methoxypyrimidin-2-yl)imine derivatives (7-9) has been
described. All the new synthesized compounds have been
evaluated for their antibacterial as well as antifungal activities.
Compounds 7 exhibited potential activity against B. cerius at
100 pg/mL, whereas the others analogues showed moderate
to poor activity. In addition, compound 7 showed a moderate
antifungal activity against C. trobicalis and A. fumigates at 100
pg/mL. Compound 9 has been selected for a molecular
modeling study showing its binding to the aspartate
aminotransferase (ATT) of E. coli enzyme pocket through two
hydrogen bondings and one hydrophobic interaction.
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