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Abstract

In this study, a new series of aryl azo thiazolopyrimidine and thiazolopyridopyrimidine derivatives was synthesized
using novel 6-aryl-4-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ijlquinolin-9-yl)-3,4-dihydropyrimidine-2(1H)-thione

and 5-aryl-7-(2,3,6,7-tetrahydro-1H,5H-pyridol[3,2,1-ijlquinolin-9-yl)-2-thioxo-2,3-dihydropyrido[2,3-d]pyrimidin-4(1 H)-
one scaffolds as key intermediates. Structural elucidation of all intermediates and final products was performed

via IR, UV, "H/"*C-NMR, and mass spectrometry. Among the forty synthesized compounds, several exhibited signifi-
cant in vitro antimicrobial activities, particularly derivatives 11a, 11b, 7a, and 7b, with potent inhibition against S.
aureus, E. coli,and C. albicans. Molecular docking studies using the bacterial DNA gyrase B subunit (Protein Data Bank
(PDB): 1aj6) revealed favorable binding interactions, especially for 11b, which demonstrated the best docking score
and strong m-H interactions. Furthermore, DFT-based molecular modeling confirmed the stability and high electronic
reactivity of selected bioactive compounds, with low HOMO-LUMO energy gaps and favorable electrostatic potential
profiles. Structure—activity relationship (SAR) analysis indicated that electronic effects, lipophilicity, and heteroaromatic
substitution patterns critically influence antimicrobial potency. These findings support the potential of thiazolopyri-
dopyrimidine derivatives as promising scaffolds for future antimicrobial drug development.
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Introduction

Heterocyclic compounds form a significant class in
organic chemistry due to their role as key components
in many drugs, natural products, and chemicals used in
daily life. These compounds are characterized by a cyclic
structure that includes at least one heteroatom.

The most commonly used heteroatoms in heterocyclic
compounds are oxygen, nitrogen, and sulfur [1]. Numer-
ous pharmacological effects, including anticancer [2],
antifungal [3-6], anti-inflammatory [7], anticonvulsant
[8], and antibacterial [9-11] activity, are displayed by the
heterocyclic compound. The pharmacological charac-
teristics of pyrimidine derivatives, an important class of
compounds, include antiviral [12], anticancer [13], anti-
bacterial [14], and antihypertensive actions [15].

Aza-analogs of 1,4-dihydro pyridines, such as dihydro-
pyrimidines (DHPMs), have garnered attention in recent
times due to their comparable pharmacological profile
to that of traditional dihydropyridine calcium channel
modulators [16—18]. The dihydropyrimidines are widely
known for their ability to inhibit calcium channels, but
they are also being investigated for potential therapeutic
benefits in the management of Acquired Immune Defi-
ciency Syndrome (AIDS) [19]. This is because the natural
marine alkaloids batzelladine A and B, which are the first
low molecular weight natural products reported in the
literature to inhibit the binding of Human immunodefi-
ciency virus (HIV) gp-120 to CD4 cells, have been found
to possess their specific structure [19]. This opens up a
new avenue for the development of AIDS therapy.

Furthermore, fused thiazole is an important and
widely utilized scaffold in the synthesis of new therapeu-
tic agents and drugs. One class of anticancer medicines
that is thought to be promising is fused thiazole scaffolds
[20, 21]. The aryl group has a major impact on antican-
cer action, for example Dasatinib; nevertheless, improved
activity may result from replacement at other places. Fig-
ure 1 lists a few of the marketed drugs with fused thia-
zole scaffolds and shows several anticancer drugs that are
marketed and utilized in clinical trials that incorporate
fused thiazole scaffolds.

Combining the two heterocyclic moieties, thiazole, and
pyrimidine, is expected to enhance analgesic effects, as
both are potent pharmacophores known for their activ-
ity against inflammation and pain. Thiazolopyrimidine
derivatives have been synthesized previously [22, 23], and
their pharmacological actions have been documented
[24]. These derivatives are biosteric analogues of purines
and may exhibit bioactivity with anti-inflammatory prop-
erties in vivo, similar to several common drugs while hav-
ing minimal to no ulcerogenic effects [25, 26].

Furthermore, azo dyes have gained interest due to their
various biological applications. They are thought to be
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incredibly resistant to xenobiotic substances and biodeg-
radation processes. In 1932, the first drug based on sul-
phonamide was introduced to the market: protosil, a red
azo dye. In pharmaceutics, the azo bond was used to pro-
tect drugs against undesirable side effects. An example
of such a drug is Prontosil, a sulfonamide-based red azo
dye, which was used for the treatment and prophylaxis
of streptococcal infections in mice. Although Prontosil is
inactive in vitro, it exhibits significant antibacterial effec-
tiveness in vivo [27, 28].

Moreover, thieno[2,3-d]pyrimidines and pyrido[2,3-d]
pyrimidines displayed antibacterial and antifungal activi-
ties [29-32]. Additionally, it was reported that julolidine-
9-carbaldehyde, has remarkable biological activity [33].

The aim of the present study is to design, synthe-
size, and evaluate the antimicrobial potential of a series
of novel arylazo-1,3-thiazolopyrimidine and arylazo-
1,3-thiazolopyridopyrimidine derivatives. By integrat-
ing the biologically active thiazole, pyrimidine, and azo
pharmacophores into a single molecular framework, this
work seeks to discover new compounds with enhanced
antibacterial and antifungal activities. Additionally,
molecular docking studies were conducted to elucidate
the interaction mechanisms of the most active com-
pounds with bacterial protein targets, offering insights
into their potential modes of action.

Results and discussion

Characterization of new synthesizes

The aim of this work is to focus on the utility of 6-aryl-
4-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ij]quinolin-
9-yl)—3,4-dihydropyrimidine-2(1H)-thione ~ (3) and
5-aryl-7-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ij]
quinolin-9-yl)—2-thioxo-2,3-dihydropyrido[2,3-d]
pyrimidin-4(1H)-one (4) as precursors for the synthesis
of aryl azo thiazolopyrimidine derivatives 6-13. Com-
pounds 3 and 4 were obtained by cyclocondensation
of chalcones 2a-d with 1,3-dinucleophiles (Scheme 1).
Compounds 2a-d were prepared by the reaction of julo-
lidine-9-carbaldahyde with aryl acetyl derivatives 1a-d by
stirring at room temperature in the presence of alcoholic
potassium hydroxide overnight. The reaction of chal-
cones 2a-d with thiourea in boiling alcoholic potassium
hydroxide afforded the corresponding pyrimidinethion
derivatives 3a-d (Schemes 1). The proposed mecha-
nism (Scheme 2). Their IR spectra, in general, displayed
absorption bands at v 3310, and 3250 cm™ for two NH
groups, and around 1330 cm™! characteristic for the C=
S function group. The "H-NMR spectra revealed, in gen-
eral, two doublet signals at § 4.60 and 6.70 ppm for C¢-H,
and C;-H pyrimidine rings, respectively, in addition to a
singlet signal at § 7.00 ppm for two aromatic protons, a
multiplet signals centred at § 1.80 ppm for 2 CH,, protons,
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Fig. 1 Some marketed drugs of fused thiazole and thiazolopyrimidine derivatives

two triplet signals at § 2.90 and 3.50 ppm of julolidine
moiety, and finally two singlet signals at § 9.68 and 12.50
ppm due to two NH groups.

On the other hand, chalones 2a-d reacted with
6-amino-2-thioxo-2,3-dihydropyrimidine-4(1H)-one in
boiling acetic acid to yield the corresponding pyridopy-
rimidines 4a-d (Scheme 1). The proposed mechanism
(Scheme 3). The IR spectra of compounds 4a-d, in gen-
eral, showed two NH and carbonyl groups at v 3400,
3250, and 1670 cm™'. The 'H-NMR spectra, in general,
displayed a singlet signal at § 7.90 ppm attributable to

pyridine-H and two aromatic H of julolidine moiety, and
two NH signals at § 12.50 and 13.80 ppm.

Additionally, fused thiazolopyrimidine deriva-
tives 6—9 and thiazolopyridopyrimidine 10-13 were
achieved via the reaction of 3a-d and 4a-d with
hydrazonyl chloride 5a-d [34-36] in absolute etha-
nol (schemes 4 and 5). The proposed mechanism for
the synthesis of thiazolopyrimidine derivatives 6-9
(scheme 6). TLC analysis showed the presence of a
sole reaction product. The structure of the above reac-
tion products was established by their elemental and
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Scheme 2. The proposed mechanism for the synthesis of 3a-d

spectral analyses. The IR spectrum of compounds 6-9
showed, in general, absorption bands at v 1620, and
1550 cm™ attributable to C= N and N= N functional
groups, respectively. The 'H-NMR of these compounds
displayed, in general, a singlet signal at § 2.30 ppm due
to CH; protons, two doublets at § 4.60 and 6.80 ppm of
pyrimidine CH. In addition, the singlet signal at § 7.02
ppm is due to aromatic protons of julolidine moiety.
Moreover, two doublets at § 7.20 and 7.40 ppm corre-
spond to benzene protons (AB system).

On the other hand, the structure of compounds 10—
13 was confirmed based on their elemental and spec-
tral data. The IR spectra, in general, showed absorption
bands at v 1660, 1610, and 1555 cm™! due to amidic
carbonyl, C= N, and azo groups, respectively. While
their 'H-NMR spectra revealed, in general, a singlet
signal at § 2.30 ppm due to methyl proton, two dou-
blets at § 7.20, and 7.40 ppm due to benzene protons
(AB system), a singlet signal at § 8.00 of aromatic pro-
tons of julolidine moiety and finally, a singlet signal at
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Scheme 4. Utility of hydrazonyl chloride (5a-d) in the synthesis of fused thiazolopyrimidine derivatives 6-9

J 8.50 due to pyridine CH. The "*C-NMR spectra pro-
vide additional confirmation for the correct structure
which showed a signal at § 10.2, 22.1, and 28.1 ppm
attributable to methyl and four CH, carbon atoms, a
signal at § 52.2 ppm due to CH,-N-CH, carbon atoms.
While the carbonyl carbon atom appeared at § 166.1
ppm.

The proposed mechanism for the above reaction is
given in Scheme 7.

Spectroscopic studies:

The UV spectra of the diazonium coupling products
of compounds 6-13 indicate that they have an azo
structure. Most of the dyes show two absorption bands
between 230 and 390 nm. The slight differences in the
maximum absorption wavelength (A_,,) can be attrib-
uted to the general solvent effect, which may alter
the polarity of the absorbing system [37]. It has been
observed that monophenylazo compounds exhibit
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Scheme 5. Utility of hydrazonyl chloride (5a-d) in the synthesis of fused thiazolopyridopyrimidine derivatives 10-13

different UV spectra compared to monophenylhydra-
zones. Azo compounds typically show two absorption
bands due to n—n* and m—m* transitions [37]. In con-
trast, monophenylhydrazones display three strong
absorption bands [37]. The UV spectra of compounds
6-13 cannot be explained by a hydrazo structure
(Fig. 2).

The IR spectra of compounds 3a-d generally exhib-
ited absorption bands in the range of v 3300-3250
cm™!, corresponding to NH stretching, while the thione
group showed an absorption band around v 1300 cm™.
In contrast, compounds 4a-d displayed an NH absorp-
tion band at approximately v 3200-3180 cm™, along

with a carbonyl group absorption band near v 1380
cm™! and a thione group band around v 1330 cm™
(Fig. 3).

Moreover, the IR spectra of compounds 6-13, in gen-
eral, showed the appearance of an -N =N- functional
group around v 1580 cm™ (Fig. 4).

A mass spectroscopic study of the newly synthesized
compounds revealed a lack of literature on these deriva-
tives, prompting an investigation into their fragmenta-
tion pathways. To date, no reports have been made on
these compounds. In such structures, the initial charge
is typically localized on nitrogen, oxygen, or the aromatic
ring. For compounds 6—-13, the spectra generally showed
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peaks corresponding to the loss of 104 mass units from
the molecular ion, attributed to the elimination of a
CcH,N, fragment. Additionally, a prominent base peak
at 172 mass units was observed, corresponding to the
decomposition of the julolidine moiety (Fig. 5).

Regarding to 'H- and *C-NMR (c.f results and discus-
sion, experimental, and supplementary files.

Antimicrobial activity

Forty novel thiazolopyrimidines were synthesized and
subjected to in vitro antibacterial screening against
Gram-positive S. aureus, Gram-negative E. coli, and
fungal species C. albicans. The detailed activity results
(MIC values and inhibition zones) are presented in

Table 1. Some of the synthesized novel thiazolopyrimi-
dine derivatives exhibited varying levels of antimicro-
bial activity against the test microorganisms. Based on
these data in Table 1, compounds 11a, 11b, 7a, and
7b were identified as the most active candidates and
subsequently selected for molecular docking analy-
sis against PDB: 1aj6. Compound 11la exhibited the
maximum inhibition zones (62 +1.0), (47 +0.5), and
(50 £0.6), compound 11b (61 +1.2), (46 £1.0), and (48
+0.5), compound 7a (61 +1.1), (42 £ 0.6), and (46 £ 0.5),
and compound 7b (60 +1.1), (41 +£0.6), and (47 +0.1)
mm as well as, the MIC value of compound 11a (5.9,
47.3, and 23.6 uM), compound 11b (6.1, 48.8, and 24.4
uM), compound 7a (6.5, 105.0, and 26.2 pM), and 7b
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Fig. 2 Ultraviolet spectra of some selected compounds

(6.8, 217.5, and 27.1 uM) against S. aureus, E. coli, and
C. albicans, respectively as compared to the reference
drug. In addition to, thiazolopyrimidine derivatives 6a,
7c, 10a, and 11c exhibited very strong antibacterial
activities, while compounds 6b-d, 7 d, 8a, 9a-d, 10b-d,

— 12c¢ —— 13a

11 d, 12a-c, and 13a-d exhibited moderate activities
against all the tested bacterial strains. The other rest of
the compound displayed weak antibacterial activities
against the tested bacterial strains. All tested thiazo-
lopyrimidine derivatives showed weak activity against
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Table 1 The antimicrobial activity of all newly synthesized compounds

Compound No MIC (uM) and Inhibition Zone (mm)

Gram-positive bacteria Gram-negative bacteria Fungi
S. aureus E. coli C. albicans

3a 6784 (27 £0.5) 1356.8 (20 +£0.5) 27135014
+0.5)

3b 5972 (25+1.0) 2389.0 (14 +0.1) 2389.0 (15
+0.1)

3c 14226 (20 +£0.5) 28452 (13+0.5) 28452 (13
+0.5)

3d 689.6 (27 +0.5) 27586 (13 £0.5) 27586 (14
+0.6)

4a 2883 (37 +0.5) 11533 (22 +0.5) 2306.5 (14
+0.5)

4b 2585 (35+05) 10339 (20 +0.1) 2067.8 (13
+0.5)

4c 600.2 (28 +0.5) 24009 (13 £0.5) 24009 (15
+0.1)

4d 2930 (37 +1.0) 23444 (13 +£0.5) 23444 (14
+0.5)

6a 143 (53 +£0.5) 57.3 (44 +£0.5) 4586 (27 £0.5)

6b 59.5(48+1.0) 119.1 (40 £0.5) 4764 (30+0.1)

6C 57.8 (47 £0.5) 115.6 (43 £0.6) 4624 (29 +£0.5)

6d 107.3 (44 +£0.5) 2145 (36 £0.5) 858.0 (21 £0.1)

7a 6.5(61+1.1) 105.0 (42 £0.6) 26.2 (46 +£0.5)

7b 6.8 (60 +1.1) 2174 (41 +£0.6) 27.1 (47 £0.1)

7c 13.2(57 £0.5) 2116 (40£0.5) 105.8 (35+0.5)

7d 24.6 (51 +£0.5) 197.5(38+1.0) 98.8 (41 £0.5)

8a 1183 (42 +0.5) 946.8 (20 £0.5) 946.8 (19 £0.1)

8b 264.2 (37 £1.0) 1969.8 (13 +£0.5) 1969.8 (14
+0.5)

8c 238.7 (38 £0.5) 1909.6 (14 £0.5) 19096 (13
+0.1)

8d 4419 (25+0.5) 1767.7 (14 £0.1) 1767.7 (14
+0.6)

9a 57942 +0.5) 463.7 (23 £0.5) 1854.9 (15
+0.5)

9 60.2 (46 +£0.5) 963.9 (19 £1.0) 19279 (13
+0.5)

9c 1169 (43 £1.0) 1870.2 (14 +£0.5) 935.1(19£0.6)

9d 1084 (43 £0.5) 866.9 (21 £0.5) 17339 (14
+0.5)

10a 128 (53 +£0.5) 409.7 25+1.0) 409.7 (26 £0.5)

10b 26.5(52+1.0) 4239(30+£0.5) 4239 (30+0.6)

10c 51.6(48+0.5) 8254 (27 +0.5) 8254 (18 +0.1)

10d 482 (46 +£1.0) 385.9 (21 £0.5) 7718 (20 £0.5)

11a 59(62+1.0) 47.3 (47 £0.5) 23.6 (50 +£0.6)

11b 6.1(61+12) 488 (46 £1.0) 244 (48 £0.5)

11c 11.9(58 +£1.0) 95.3 (42 +£0.6) 47.6(40+£0.5)

11d 224(50+1.0) 89.6 (41 +£0.5) 89.6 (40 +£0.6)

12a 1054 (40+£1.0) 843.0(20+0.5) 421.5(31+05)

12b 109.1 (40 £0.5) 873.0 (21 £0.1) 1746.1 (15
+0.6)

12¢ 106.2 (42 £0.5) 1698.7 (14 £0.5) 4247 (26 £0.6)
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Table 1 (continued)
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Compound No

MIC (uM) and Inhibition Zone (mm)

Gram-positive bacteria Gram-negative bacteria Fungi
S. aureus E. coli C. albicans
12d 198.2 (36 £0.5) 15854 (13 +0.5) 15854 (13
+0.6)
13a 25.8(52+0.5) 2099 (36 +0.5) 1655.2 (14
+0.1)
13b 535(46+1.0) 4283 (30+0.6) 856.6 (20 £0.5)
13c 104.2 (33 +0.5) 833.7 (22 +£0.5) 833.7 (18 £0.1)
13d 974 (44 £0.5) 389.5(30+0.5) 389.5 (27 £0.5)
Gentamicin - 130.9 (28 £0.5) -
Ampicillin 1789 (22 +£0.1) - -
Cycloheximide - - 111.1 (42 +£0.5)

C. albicans fungal strains except compounds 7a, 7b,
11a, and 11b exhibited good activity.

Structure-Activity relationship

From the results in Table 1, the antimicrobial activity of
compounds 3 and 4 are influenced by several factors,
including structural features, electronic distribution,
and steric effect. Compound 3 has a dihydropyrimidine-
thione core, while compound 4 has a dihydropyrido-
pyrimidin-one core. The latter structure (compound
4) might offer greater rigidity and planarity, which can
influence binding to microbial targets. Moreover, both
compounds feature sulfur-containing groups (thione and
thioxo). Thione and thioxo groups are often involved in
bioactivity due to their ability to interact with various
biological targets through hydrogen bonding or coordi-
nation with metal ions in enzymes, as reported in sev-
eral studies [38]. In addition, the position and nature of
the aryl and tetrahydropyridoquinoline substituents can
affect lipophilicity and the ability to traverse biologi-
cal membranes, impacting antimicrobial activity. Com-
pound 4 positions these groups at 5 and 7 respectively,
which may lead to a more favorable spatial arrange-
ment for interactions with microbial targets compared
to compound 3. The electronic distribution influenced
by the substitution pattern may alter the ability of the
compound to engage in electronic interactions (e.g., -1
stacking) with microbial DNA or proteins. The struc-
tural differences suggest that compound 4 could have an
enhanced electronic profile due to the extended conju-
gation system offered by the pyrido[2,3-d] pyrimidinone
core and consequently, it will be more active as an anti-
microbial agent than compound 3.

To analyze the results of antibacterial activity displayed
by compounds 6-9, and similarly 10-13, in Table 1,
the benzothiazolyl group in compounds 7 and 11 pro-
vides increased rigidity, aromaticity, and potential elec-
tronic interactions, making it likely the most active due
to enhanced binding affinity and overall antimicrobial
potential.

The thiazolyl group in compounds 6 and 10 offers good
electronic properties and lipophilicity, but not as much
aromatic rigidity as the benzothiazolyl group in com-
pounds 7 and 11. Thus, it is likely slightly less active than
compounds 7 and 11. In compounds 8 and 12, the pyra-
zolyl group offers additional hydrogen bonding potential
but lacks the same level of aromaticity and electronic
interaction capacity compared to the benzothiazolyl,
thiazolyl, and pyridinyl groups, likely making it the least
active. On the other hand, the pyridinyl group in com-
pounds 9, and 13 can enhance interactions with micro-
bial targets through aromaticity and hydrogen bonding
but may be less effective than the benzothiazolyl and thi-
azolyl groups in compounds 7, 11, 6, and 10.

From the results in Table 1, It was noticed that the
4-chlorophenyl group as a substituent in derivative (a) is
an electron-withdrawing group enhancing lipophilicity
and potential interactions with microbial targets, mak-
ing it likely the most active. The p-tolyl substituent group
in derivative (b) is less electron-withdrawing than chlo-
rophenyl group, likely resulting in slightly lower activity
compared to a substituent (a). In addition, the p-methoxy
substituent group in derivative (c) is an electron-donat-
ing group, potentially decreasing antimicrobial activity
by increasing electron density and reducing interaction
efficiency with microbial targets. Finally, the bulky ester
substituent group in derivative (d) may hinder interac-
tion with microbial targets due to steric hindrance, likely
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Table 2 Docking results of the selected derivatives with a high score of MIC
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Der S (Kcal/mol) RMSD ligand bindings with the amino-acid residues Types of Distance (A)
Interactions

7a —6.7395 14639 S 21 of thiazole ring with Asn 46 H-donor 3.68

7b —7.0691 1.9989 C 19 of pyrimidine ring with Glu 42 H-donor 341
Thiazole-ring with Asn 46 Pi-H 423

11a -72219 1.9440 Phenyl of quinoline ring with Gly 102 Pi-H 4.02
Phenyl of quinoline ring with Lys 103 Pi-H 393

11b —7.3404 1.9479 Phenyl of quinoline ring with Gly 102 Pi-H 4.02
Phenyl of quinoline ring with Lys 103 Pi-H 391

®
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O polar * sidechain acceptor O solventresidue  ©© arene-arene
O acidic ~ + sidechain donor © metal complex ~ ©H arene-H
O basic  +* backbone acceptor solventcontact @+ arene-cation
O greasy =+ backbone donor ~+ metalfion contact
proximity ligand O receptor
contour exposure ~ exposure

2D

3D Surface Map

Fig. 6 Interaction images between derivative 7a with (PDB: 1aj6)

making it the least active substituent. The overall conclu-
sion compounds 10—13 which contain thiazolopyridipy-
rimidine derivatives are more active than compounds
6-9 which contain thiazolopyrimidine derivatives against
the tested microbes.

Based on the above structural analysis, the highest
activity compounds 11a, and 11b are due to the presence
of the extended conjugation system offered by the pyri-
dopyrimidine system and the presence of benzothiazole
ring. Similarly, the high reactivity of compounds 7a and
7b is also due to the presence of benzothiazole moiety.

Molecular docking study

The binding affinities of the derivatives were evaluated
using the London dG scoring function, and the dock-
ing scores (AG) are reported in kcal/mol. Key interac-
tions with residues such as Asn 46, Glu 42, Gly 102, and
Lys 103 were analyzed, including both of H-donor and
ni-H bindings (Table 2). Derivative 7a exhibited a mod-
erate docking score =— 6.7395 kcal/mol with an RMSD
of 1.4639 A. The ligand binding study showed that the

sulfur atom (S 21) in the thiazole ring donates a hydrogen
atom to the Asn 46 residue, which is 3.68 A away (Fig. 6).
While derivative 7b displayed a higher docking score =—
7.0691 kcal/mol and an RMSD of 1.9989 A. The interac-
tions involved the carbon atom (C 19) of the pyrimidine
ring with Glu 42 through a hydrogen donor interaction
at 3.41 A, and the thiazole ring with Asn 46 through a
pi-hydrogen (Pi-H) interaction at 4.23 A (Fig. 7). These
interactions indicate a slightly better binding affinity,
and a more complex interaction profile compared to 7a.
Meanwhile, derivative 11a demonstrated a docking score
=— 7.2219 kcal/mol with an RMSD of 1.9440 A. The
phenyl group of the quinoline ring made Pi-H interac-
tions with residues Gly 102 and Lys 103, which were 4.02
A and 3.93 A apart, respectively (Fig. 8). This suggests a
significant binding affinity with dual interaction sites,
enhancing its potential efficacy. Moreover, derivative 11b
showed the best docking score among the derivatives at
— 7.3404 kcal/mol with an RMSD of 1.9479 A. Like 11a,
it exhibited Pi-H interactions with Gly 102 and Lys 103
at distances of 4.02 A and 3.91 A, respectively (Fig. 9).
The small increase in the docking score and interaction
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Surface Map

Fig. 7 Interaction images between derivative 7b with (PDB: 1aj6)
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Fig. 8 Interaction images between derivative 11a with (PDB: 13j6)
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Fig. 9 Interaction images between derivative 11b with (PDB: 13j6)
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7a; Electronic Energy = -2820.144 Hartree;
Dipole Moment = 6.6912595 Debye
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11a; Electronic Energy = -3063.8131 Hartree;
Dipole Moment = 3.9389481 Debye

Fig. 10 The optimized structures of selected compounds

distances shows a better binding profile, which makes it
more likely that it could be a prime derivative.

Molecular modelling

Structural optimization

Four selected conformers (7a, 7b, 11a and 11b) were
studied to elucidate their structures as an example as
well as to investigate the relation between their struc-
tures and their notable priority in biological activity. The
structures of these compounds were built on Gaussian 09
software was applied under DFT/B3LYP method by using
6-31G basis set (Fig. 10). The obtained files (log, chk and
fchk) were visualized in the program screen to obtain
the HOMO, LUMO (Fig. 11) as well as the MEP maps
(Fig. 12). The formation energy of four conformers were

7b; Electronic Energy = -2399.8784 Hartree;
Dipole Moment = 7.1048577 Debye

11b; Electronic Energy = -2643.5514 Hartree;
Dipole Moment = 1.9057645 Debye

calculated (Fig. 10) and the values reflect their stability.
As well as the dipole moment values were estimated and
the reduced values of these compounds particularly the
11a and 11b conformers support their high ability of
lipophilicity inside the cell lipid [39, 40].

The physical features

The HOMO and LUMO frontiers patterns (Fig. 11) were
established via a cube counter on the molecular surface and
their energy values were computed to evaluate the energy
gap in between (AE =E; jp0-Enomo)- The band gap values
— 0.08535, — 0.09034, — 0.07642 and — 0.08292 eV, for 7a,
7b, 11a and 11b respectively. The values appreared small
which clarfay the ease of electronic transitions inside these
conformers which kake these compounds active towards
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7b; HOMO =-0.17423 eV

P

J
»3
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11b; HOMO = -0.17877 eV 11b; LUMO = -0.09585 eV

Fig. 11 The frontier orbitals for selected compounds
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Fig. 12 Electrostatic potential maps (MEP) of the optimized structures

interaction incide the microbial cells and interact with bio-
logical systems [39, 41]. The electrostatic potential maps
(MEP) (Fig. 12) were also established to assess the electron
cloud distribution over the whole functional groups. Then
we could differentiate between the nucleophilic, electro-
philic, and neutral zones which are depicted by red, blue,
and green colors respectively. Most functional groups
exhibited their nucleophilicity as appeared in four MEP
maps, the red zone is predominant and this is promising
feature during interaction inside microbial cells [42, 43].

Experiment

Materials and methods

All starting materials and reagents, including julolidine-
9-carbaldehyde, aryl acetyl derivatives, 6-amino-2-thi-
ouracil, and hydrazonyl chloride derivatives 5a—d were
obtained as follows:
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(5.13de-2)

(-3.134¢-2)

7b

(4.061e-2)

(-2.061e-2 )

11b

2-Acetyl thiazole (purity 99%) was purchased from
Alfa Aesar company, b.p. 89-91 °C/12 mm.

2-Acetyl benzothiazole (yield 65%) was prepared
according to previously reported work [44], m.p. 103—
105 °C [Lit 105-107 °C [44]].

3-acetyl pyrazole (yield 76%) was prepared according to
previously reported work [45], m.p. 95-97 °C [Lit 96-97
°C [45]].

4-Acetyl pyridine (purity 97%) was purchased from
Aldrich company, b.p. 212-214 °C, m.p. 13-16 °C.

Julolidine-9-carbaldahyde was obtained from Tokyo
Chemical Industry (purity 98%),

m.p. 83 °C.

6-amino-2-thiouracil (yield 70%) was prepared
according to previously reported work [46], m.p. <300
°C [Lit 330-340 °C [46]].
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Compound 5a: (yield 70%) was prepared according
to previously reported work [34], m.p. 176-178 °C [Lit
180 °C [34]].

Compound 5b: (yield 75%) was prepared according
to previously reported work [34], m.p. 140-142 °C [Lit
142 °C [34]].

Compound 5c: (yield 76%) was prepared according
to previously reported work [47], m.p. 118-120 °C [Lit
120-122 °C [47]].

Compound 5d: (yield 73%) was prepared according
to previously reported work [35], m.p. 165-167 °C [Lit
167-169 °C [35]].

Synthesis of chalcones derivatives (2a-d)

General procedure:

An equimolar amount of julolidine-9-carbaldahyde (0.2

g, 1 mmol) and the appropriate aryl acetyl derivatives 1a-

d (1 mmol) were stirred at room temperature overnight

in alcoholic KOH (10%). Diluted HCI was used to neu-

tralize the reaction mixture after its cooling in an ice bath

to give the corresponding chalcones derivatives (2a-d).
3-(2,3,6,7-Tetrahydro-1H,5H-pyrido[3,2,1-ij]

quinoline-9-yl)—1-(thiazol-2-yl)prop-2-en-1-one (2a)

Yield, 81%; m.p. 167-169 °C; IR (KBr): v,,,,, cm™:
1660 (C =0), 1595 (C =C) (Figure S1); 'H-NMR
(DMSO-d,) 6 ppm: 1.93 (m, 4H, 2CH,), 2.75 (t, 4H,
2CH,), 3.45 (t, 4H, 2CH,), 6.79 (d, 1H, /=15 Hz,
olefinic-CH), 6.97 (s, 2H, Ar-H), 7.69 (d, 1H, /=15 Hz,
olefinic-CH), 7.80 (d, 1H, /=8 Hz, thiazole-CH), 7.99
(d, 1H, /=8 Hz, thiazole-CH) (Figure S2); *C-NMR
(DMSO-dy) 6 ppm: 22.5 (2 C), 28.0 (2 C), 51.5 (2 C),
121.5, 122.4 (2 C), 123.6 (2 C), 125.0, 132.6, 142.5,
143.7, 145.6, 164.3, 187.1. MS (m/z, %): 310 (M*, 55).
Anal. Calced for C,iH(N,OS (310.42): C, 69.65; H,
5.85; N, 9.02%. Found: C, 69.59; H, 5.76; N, 8.93%.

1-(Benzo[d]thiazol-2-yl)—3-(2,3,6,7-tetrahydro-
1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)prop-2-en-1-
one (2b):

Yield, 77%; m.p. 216218 °C; IR (KBr): v,,,,, cm™:
1665 (C =0), 1592 (C =C) (Figure S3); 'H-NMR
(DMSO-d,) & ppm: 1.80 (m, 4H, 2CH,), 2.75 (t, 4H,
2CH,), 3.50 (t, 4H, 2CH,), 6.70 (d, 1H, J=15 Hz,
olefinic-CH), 6.95 (s, 2H, Ar-H), 7.50-8.02 (m, 5H, 4
Ar-H +olefinic-CH); *C-NMR (DMSO-d,) § ppm:
22.5 (2 C), 28.7 (2 C), 51.4 (2 C), 121.2 (2 C), 122.1 (2
C), 123.1 (2 C), 124.8 (2 C), 126.0 (2 C), 136.0, 142.5,
145.9, 153.0, 160.1, 188.0 (Figure S4). MS (m/z, %): 360
(M*, 60). Anal. Calced for C,,H,,N,OS (360.48): C,
73.30; H, 5.59; N, 7.77%. Found: C, 73.26; H, 5.51; N,
7.69%.

1-(1H-pyrazol-3-yl)-3-(2,3,6,7-tetrahydro-
1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)prop-2-en-1-
one (2¢):
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Yield, 80%; m.p. 187-189 °C; IR (KBr): v,,, cm %
3234 (NH), 1660 (C =0), 1595 (C =C) (Figure S5); 'H-
NMR (DMSO-dy) § ppm: 1.84 (m, 4H, 2CH,), 2.71 (t,
4H, 2CH,), 3.55 (t, 4H, 2CH,), 6.50 (d, 1H, /=9 Hz,
pyrazole-CH), 6.85 (d, 1H, J=14.5 Hz, olefinic-CH),
6.99 (s, 2H, Ar-H), 7.75 (d, 1H, J= 15 Hz, olefinic-CH),
7.90 (d, 1H, /=9 Hz, pyrazole-CH), 12.63 (s, 1H, NH);
BC-NMR (DMSO-dy) & ppm: 23.5 (2 C), 29.5 (2 C),
51.8 (2 C), 104.0, 121.6, 122.5 (2 C), 123.7 (2 C), 125.2,
131.9, 132.9, 143.1, 146.1, 188.1 (Figure S6). MS (m/z,
%): 293 (M*, 65). Anal. Calced for C,gH;sN;0 (293.37):
C, 73.69; H, 6.53; N, 14.32%. Found: C, 73.60; H, 6.47;
N, 14.29%.

1-(Pyridin-4-yl)—3-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinoline-9-yl)prop-2-en-1-one (2 d):

Yield, 83%; m.p. 172-174 °C; IR (KBr): v, cm™k:
1666 (C =0), 1601 (C =C); 'H-NMR (DMSO-d,) §
ppm: 191 (m, 4H, 2CH,), 2.89 (t, 4H, 2CH,), 3.50 (t,
4H, 2CH,), 6.69 (d, 1H, J=12 Hz, olefinic-CH), 7.02 (s,
2H, Ar-H), 7.77 (d, 1H, J=12.5 Hz, olefinic-CH), 8.00 (d,
2H, J=9 Hz, Ar-H), 8.90 (d, 2H, /=9 Hz, Ar-H) (Figure
S7); B*C-NMR (DMSO-d,) § ppm: 23.5 (2 C), 29.5 (2 C),
51.0 (2 C), 120.6, 121.8 (2 C), 122.7 (2 C), 124.2 (2 C),
125.3, 140.0, 143.7, 146.8, 151.8 (2 C), 189.9 (Figure S8).
MS (m/z, %): 304 (M*, 63). Anal. Calced for C,,H,,N,O
(304.39): C, 78.92; H, 6.62; N, 9.20%. Found: C, 78.86; H,
6.57; N, 9.15%.

Synthesis of 3,4-dihydropyrimidine-2-thion deriva-
tives (3a-d):

General procedure
Chalcones 2a-d (5 mmol), potassium hydroxide (0.45 mg,
8 mmol), and thiourea (0.38 g, 5 mmol) were heated at
reflux for five hours in absolute ethanol (20 mL). Follow-
ing cooling, the reaction mixture was acidified by adding
drops of diluted HC], filtered off, and washed with water.
Compounds 3a—d was then obtained by recrystallizing
the precipitated solid from ethanol.
4-(2,3,6,7-Tetrahydro-1H,5H-pyrido[3,2,1-
ijlquinoline-9-yl)—6-(thiazol-2-yl)—3,4-
dihydropyrimidine-2(1H)-thione (3a):

Yield, 78%; m.p. 210-212 °C; IR (KBr): v,,, cm™: 3317,
3250 (2 NH), 1592 (C =C), 1324 (C =S) (Figure S9); 'H-
NMR (DMSO-d,) § ppm: 1.93 (m, 4H, 2 CH,), 2.80 (t, 4H,
2CH,), 3.41 (t, 4H, 2CH,), 4.60 (d, 1H, /=9 Hz, pyrimi-
dine-CH), 6.75 (d, 1H, J=9 Hz, pyrimidine-CH), 6.95 (s,
2H, Ar-H), 7.54 (d, 1H, /=8 Hz, thiazole-CH), 7.66 (d,
1H, /=8 Hz, thiazole-CH), 9.78 (s, 1H, NH), 13.50 (s,
1H, NH); *C-NMR (DMSO-d,) § ppm: 21.9 (2 C), 27.9
(2 C), 50.8 (2 C), 61.8, 101.0, 121.8 (2 C), 126.0 (2 C),
132.0, 133.4, 140.0, 142.0, 148.4, 164.1, 174.5 (Figure S10).
MS (m/z, %): 368 (M™, 69), 284 (60), 196 (52), 172 (100),
122 (34), 112 (38), 102 (28), 84 (40), 74 (37), 70 (61), 57
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(51) (Figure S11). Anal. Calced for C,oH,,N,S, (368.52):
C, 61.93; H, 5.47; N, 15.20%. Found: C, 61.85; H, 5.40; N,
15.15%.
6-(Benzo[d]thiazol-2-yl)—4-(2,3,6,7-tetrahydro-
1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)—3,4-
dihydropyrimidine-2(1H)-thione (3b):

Yield, 77%; m.p. 244-246 °C; IR (KBr): v,,,,, cm™": 3312,
3302 (2 NH), 1589 (C =C), 1330 (C =S) (Figure S12);
"H-NMR (DMSO-d,) § ppm: 1.79 (m, 4H, 2CH,), 2.90
(t, 4H, 2CH,), 3.50 (t, 4H, 2CH,), 4.64 (d, 1H, /=9 Hz,
pyrimidine-CH), 6.73 (d, 1H, /=9 Hz, pyrimidine-CH),
7.05 (s, 2H, Ar—H), 7.50 (m, 2H, benzothiazole-CH), 8.05
(d, 1H, J=9 Hz, benzothiazole-CH), 8.29 (d, 1H, /=9 Hz,
benzothiazole-CH), 9.68 (s, 1H, NH), 12.50 (s, 1H, NH)
(Figure S13). MS (m/z, %): 418 (M™, 68). Anal. Calced for
Cy3H,y,N,S, (418.58): C, 66.00; H, 5.30; N, 13.39%. Found:
C, 65.93; H, 5.22; N, 13.30%.

6-(1H-pyrazol-3-yl)—4-(2,3,6,7-tetrahydro-
1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)—3,4-
dihydropyrimidine-2(1H)-thione (3c):

Yield, 73%; m.p. 230-232 °C; IR (KBr): v,,,,, cm ™" 3319,
3250 (2 NH), 1600 (C =C), 1334 (C =S) (Figure S14);
"H-NMR (DMSO-dy) § ppm: 1.75 (m, 4H, 2CH,), 2.89
(t, 4H, 2CH,), 3.49 (t, 4H, 2CH,), 4.60 (d, 1H, /=8 Hz,
pyrimidine-CH), 6.40 (d, 1H, /=9 Hz, pyrazole-CH), 6.70
(d, 1H, =8 Hz, pyrimidine-CH), 7.00 (s, 2H, Ar-H), 7.90
(d, 1H, /=9 Hz, pyrazole-CH), 9.78 (s, 1H, NH), 12.58
(s, 1H, NH), 13.27 (s, 1H, NH) (Figure S15); '*C-NMR
(DMSO-dy) 6 ppm: 21.5 (2 C), 27.6 (2 C), 51.4 (2 C), 62.1,
101.5, 104.7, 122.2 (2 C), 125.9 (2 C), 131.8, 132.6, 133.9,
140.7, 149.2, 175.1 (Figure S16). MS (m/z, %): 351 (M™,
57). Anal. Calced for C;gH,;N;S (351.47): C, 64.93; H,
6.02; N, 19.93%. Found: C, 64.88; H, 5.98; N, 19.86%.

6-(Pyridin-4-yl)—4-(2,3,6,7-tetrahydro-
1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)—3,4-
dihydropyrimidine-2(1H)-thione (3 d):

Yield, 81%; m.p. 205-207 °C; IR (KBr): v, cm™":
3315 (2 NH), 1599 (C =C), 1324 (C =S) (Figure S17);
"H-NMR (DMSO-d,) § ppm: 1.90 (m, 4H, 2CH,), 2.78
(t, 4H, 2CH,), 3.61 (t, 4H, 2CH,), 4.65 (d, 1H, /=9 Hz,
pyrimidine-CH), 6.98 (s, 2H, Ar-H), 7.09 (d, 1H, /=9 Hz,
pyrimidine-CH), 7.51 (d, 2H, /=8 Hz, pyridine-CH), 8.55
(d, 2H, J=8 Hz, pyridine-CH), 9.75 (s, 1H, NH), 13.60 (s,
1H, NH); *C-NMR (DMSO-d,) § ppm: 22.0 (2 C), 28.0 (2
C), 51.3 (2 C), 62.1, 102.0, 120.2 (2 C), 122.8 (2 C), 127.0
(2 C), 133.1, 141.0, 143.2, 149.8 (3 C), 175.8 (Figure S18).
MS (m/z, %): 362 (M*, 56). Anal. Calced for C,;H,,N,S
(362.50): C, 69.58; H, 6.12; N, 15.46%. Found: C, 69.50; H,
5.98; N, 15.39%.

Synthesis of 2-thioxo-2,3-dihydropyridopyrimi-
dine-4-one derivatives (4a-d):
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General procedure
Chalcones 2a-d (5 mmol) and 6-amino-2-thioxo-2,3-di-
hydropyrimidin-4(1H)-one (0.72 g, 5 mmol) was mixed
and heated at reflux for eight hours in glacial acetic acid
(20 mL). Compounds 4a—d was obtained by cooling the
reaction mixture, filtering it off, washing it with etha-
nol, and then recrystallizing the result from glacial acetic
acid.
7-(2,3,6,7-Tetrahydro-1H,5H-pyrido[3,2,1-ij]
quinoline-9-yl)—5-(thiazol-2-yl)—2-thioxo-2,3-
dihydropyrido[2,3-d]pyrimidin-4(1H)-one (4a):

Yield, 83%; m.p. 237-239 °C; IR (KBr): v,,,,, cm™: 3267,
3185 (2 NH), 1679 (C =0), 1627 (C =N), 1338 (C =S)
(Figure S19); 'H-NMR (DMSO-dy) 6 ppm: 2.00 (m, 4H,
2CH,), 2.79 (t, 4H, 2CH,), 3.70 (t, 4H, 2CH,), 7.36 (d,
1H, /=9 Hz, thiazole-CH), 7.70 (d, 1H, J=9 Hz, thia-
zole-CH), 8.05 (s, 3H, 2Ar-H + pyridine-CH), 12.30 (s,
1H, NH), 13.34 (s, 1H, NH) (Figure S20). MS (m/z, %):
433 (M*, 53). Anal. Calced for C,,H;(N:OS, (433.55):
C, 60.95; H, 4.42; N, 16.15%. Found: C, 60.88; H, 4.37; N,
16.01%.

5-(Benzo[d]thiazol-2-yl)-7-(2,3,6,7-tetrahydro-
1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)—2-thioxo-2,3-
dihydropyrido[2,3-d]pyrimidin-4(1H)-one (4b):

Yield, 79%; m.p. 253-255 °C; IR (KBr): v,,,,, cm™: 3283,
3183 (2 NH), 1677 (C =0), 1614 (C =N), 1329 (C =S)
(Figure S21); *C-NMR (DMSO-dy) § ppm: 23.5 (2 C),
28.5 (2 C), 52.6 (2 C), 110.5, 112.0, 122.4 (2 C), 123.5 (2
C), 124.2, 126.0 (2 C), 127.0 (2 C), 133.1, 140.8, 147.2,
150.2 (2 C), 154.1 (2 C), 161.7, 175.2 (Figure S22). MS
(m/z, %): 483 (M*, 53). Anal. Calced for C,sH,,N:OS,
(483.61): C, 64.57; H, 4.38; N, 14.48%. Found: C, 64.49; H,
4.29; N, 14.41%.

5-(1H-pyrazol-3-yl)-7-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ijlquinoline-9-yl)—2-thioxo-2,3-
dihydropyrido[2,3-d]pyrimidin-4(1H)-one (4c):

Yield, 80%; m.p. 239-241 °C; IR (KBr): v,,,,, cm™: 3253
(2 NH), 1682 (C =0), 1629 (C =N), 1329 (C =S) (Fig-
ure $23); ®*C-NMR (DMSO-d,) § ppm: 21.4 (2 C), 26.6
(2 C), 51.3 (2 C), 103.0, 110.0, 111.7, 122.0 (2 C), 125.7,
126.3 (2 C), 130.8 (2 C), 140.1, 146.7, 149.9, 153.9, 161.0,
174.8 (Figure S24). MS (m/z, %): 416 (M*, 57), 349 (40),
244 (60), 177 (64), 172 (100), 152 (30), 102 (28), 90 (27),
87 (43), 70 (34), 66 (50) (Figure S25). Anal. Calced for
CyHyoNOS (416.50): C, 63.44; H, 4.84; N, 20.18%.
Found: C, 63.38; H, 4.77; N, 20.05%.

5-Phenyl-7-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ijlquinoline-9-yl)—2-thioxo0-2,3-
dihydropyrido[2,3-d]pyrimidin-4(1H)-one (4 d):

Yield, 73%; m.p. 218-220 °C; IR (KBr): v,,,,, cm™: 3265,
3180 (2 NH), 1678 (C =0), 1625 (C =N), 1335 (C =S)
(Figure S26); 'H-NMR (DMSO-dy) 6 ppm: 1.86 (m, 4H,
2CH,), 2.75 (t, 4H, 2CH,), 3.60 (t, 4H, 2CH,), 7.97 (s,
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3H, 2Ar-H +pyridine-CH), 8.30 (d, 2H, /=9 Hz, C;+
C; pyridine-CH), 8.67 (d, 2H, /=9 Hz, C,+ C; pyridine-
CH), 12.53 (s, 1H, NH), 13.56 (s, 1H, NH) (Figure S27).
MS (m/z, %): 426 (M*, 57). Anal. Calced for C,sH,,N,OS
(426.54): C, 70.40; H, 5.20; N, 13.14%. Found: C, 70.31; H,
5.12; N, 13.01%.

Synthesis of thiazolopyrimidine 6-9 and thiazo-
lopyridopyrimidine derivatives 10—13:

General procedure
For eight hours, a mixture of hydrazonyl chloride deriva-
tives 5a-d (5 mmol) and 3a-d or 4a-d (5 mmol) was
refluxed in absolute ethanol (30 mL). Under reduced
pressure, the excess solvent was removed, and the sepa-
rated solid hydrochloride salt was filtered off, diluted in
water, and neutralized with an aqueous sodium carbon-
ate solution to yield the free base. To obtain the com-
pounds 6-13, it was filtered, washed with water, dried,
and recrystallized from ethanol.
2-((4-Chlorophenyl)diazenyl)—3-methyl-5-(2,3,6,7-
tetrahydro-1H,5H-pyrido[3,2,1-ij] quinoline-9-yl)—7-
(thiazol-2-yl)—5H-thiazolo[3,2-a]pyrimidine (6a):
Yield, 74%; m.p. 224-226 °C; IR (KBr): v,,,, cm™%: 1628
(C =N), 1572 (N =N), 783 (C-Cl) (Figure $28); 'H-NMR
(DMSO-d,) & ppm: 2.06 (m, 4H, 2CH,), 2.27 (s, 3H,
CH,), 2.70 (t, 4H, 2CH,), 3.60 (t, 4H, 2CH,), 4.54 (d, 1H,
J=8 Hz, pyrimidine-CH), 6.70 (d, 1H, /=8 Hz, pyrimi-
dine-CH), 6.9 (s, 2H, Ar—H), 7.21 (d, 2H, J= 9 Hz, Ar—H,
AB system), 7.44 (d, 2H, /=9 Hz, Ar-H, AB system), 7.70
(d, 1H, J=8 Hz, thiazole-CH), 7.80 (d, 1H, /=8 Hz, thi-
azole-CH) (Figure S29). MS (m/z, %): 546 (M* + 2, 20),
544 (M*, 59). UV-vis (\,.,): 231, 350 nm. Anal. Calced
for C,H,:CIN,S, (545.12): C, 61.69; H, 4.62; N, 15.42%.
Found: C, 61.60; H, 4.58; N, 15.38%.
3-Methyl-5-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinoline-9-yl)—7-(thiazol-2-yl)—2-
(p-tolyldiazenyl)—5H-thiazolo[3,2-a]pyrimidine (6b):
Yield, 78%; m.p. 216218 °C; IR (KBr): v,,,, cm ™% 1610
(C =N), 1550 (N =N); '"H-NMR (DMSO-d,) § ppm: 1.83
(m, 4H, 2CH,), 2.20 (s, 3H, CHS), 2.33 (s, 3H, CHS), 2.80
(t, 4H, 2CH,), 3.70 (t, 4H, 2CH,), 4.49 (d, 1H, /=8 Hz,
pyrimidine-CH), 6.90 (d, 1H, /=8 Hz, pyrimidine-CH),
7.20 (s, 2H, Ar-H), 7.41 (d, 2H, J=9 Hz, Ar-H, AB sys-
tem), 7.65 (d, 1H, /=9 Hz, thiazole-CH), 7.73 (d, 1H,
J=8 Hz, thiazole-CH), 7.89 (d, 2H, /=9 Hz, Ar-H, AB
system) (Figure $30); *C-NMR (DMSO-d,) § ppm: 10.6,
21.8, 22.4 (2 C), 27.3 (2 C), 51.7 (2 C), 57.1, 93.1, 120.0,
122.0 (2 C), 127.5 (2 C), 128.5 (4 C), 133.4 (2 C), 138.3,
141.0 (2 C), 144.0 (2 C), 153.8, 159.4, 164.5 (Figure S31).
MS (m/z, %): 524 (M*, 61), 509 (31), 440 (42), 433 (61),
405 (36), 390 (33), 268 (38), 233 (31), 218 (26), 172 (100),
160 (41), 149 (28), 134 (29), 119 (42), 110 (27), 91 (22)

)
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84 (90), 78 (33) (Figure S32). UV-vis (A,,): 233, 355 nm.
Anal. Calced for C,gH,gN(S, (524.71): C, 66.38; H, 5.38;
N, 16.02%. Found: C, 66.29; H, 5.28; N, 15.93%.

2-((4-Methoxyphenyl)diazenyl)—3-methyl-5-
(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ij]quinoline-
9-yl)—7-(thiazol-2-yl)—5H-thiazolo[3,2-a]pyrimidine
(6¢):

Yield, 70%; m.p. 253-255 °C; IR (KBr): v, cm™l: 1621
(C =N), 1561 (N =N); *C-NMR (DMSO-d,) § ppm:
10.8, 22.6 (2 C), 27.5 (2 C), 52.1 (3 C), 56.0, 92.6, 113.9
(2 C), 120.4, 122.3 (2 C), 128.0 (2 C), 129.2 (2 C), 133.8
(2 C), 141.8 (2 C), 144.5 (2 C), 154.0, 159.8, 161.3, 165.5
(Figure S33). MS (m/z, %): 540 (M™, 66). UV-vis (A,,,):
230, 356 nm. Anal. Calced for CygH,¢N,OS, (540.70): C,
64.42; H, 5.22; N, 15.54%. Found: C, 64.38; H, 5.18; N,
15.47%.

Ethyl 4-((3-methyl-5-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinoline-9-yl)—7-(thiazol-2-yl)—5H-
thiazolo[3,2-a]pyrimidin-2-yl)diazenyl)benzoate (6
d):

Yield, 76%; m.p. 241-243 °C; IR (KBr): v,,,» cm™L: 1715
(C =0), 1629 (C =N), 1575 (N =N) (Figure S34); 'H-
NMR (DMSO-dy) § ppm: 1.20 (t, 3H, CH;), 1.93 (m, 4H,
2CH,), 2.15 (s, 3H, CHS,), 2.89 (t, 4H, 2CH,), 3.67 (t, 4H,
2CH,), 4.21 (q, 2H, CH,), 4.63 (d, 1H, /=8 Hz, pyrimi-
dine-CH), 6.60 (d, 1H, /=8 Hz, pyrimidine-CH), 6.88 (s,
2H, Ar-H), 7.50 (d, 2H, /=9 Hz, Ar-H, AB system), 7.70
(d, 1H, /=8 Hz, thiazole-CH), 7.95 (d, 1H, /=8 Hz, thia-
zole-CH), 8.05 (d, 2H, J=9 Hz, Ar-H, AB system) (Figure
$35). MS (m/z, %): 582 (M*, 65). UV-vis (\,,,): 232, 357
nm. Anal. Calced for C4;H;N,O,S, (582.74): C, 63.89; H,
5.19; N, 14.42%. Found: C, 63.78; H, 5.10; N, 14.37%.

7-(Benzo[d]thiazol-2-yl)—2-((4-chlorophenyl)
diazenyl)—3-methyl-5-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinoline-9-yl)—5H-thiazolo[3,2-4]
pyrimidine (7a):

Yield, 77%; m.p. 241-243 °C; IR (KBr): v,,,,, cm™%: 1630
(C=N), 1572 (N =N), 775 (C-Cl); *C-NMR (DMSO-dy)
é ppm: 10.1, 21.0 (2 C), 26.5 (2 C), 50.2 (2 C), 56.0, 91.8,
120.0, 121.0 (3 C), 123.1 (3 C), 127.4 (2 C), 130.6 (2 C),
131.9 (2 C), 132.6 (2 C), 136.1, 141.5, 144.0, 147.1, 151.1
(2 C), 156.6, 161.8 (Figure $36). MS (m/z, %): 596 (M* +
2, 21), 594 (M*, 62). UV-vis (\,,,): 231, 351 nm. Anal.
Calced for C;,H,,CIN(S, (595.18): C, 64.58; H, 4.57; N,
14.12%. Found: C, 64.50; H, 4.49; N, 14.00%.

7-(Benzo[d]thiazol-2-yl)—3-methyl-5-(2,3,6,7-
tetrahydro-1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)—2-
(p-tolyldiazenyl)—5H-thiazolo[3,2-a]pyrimidine (7b):

Yield, 70%; m.p. 251-253 °C; IR (KBr): v,,,,, cm™%: 1630
(C =N), 1582 (N =N) (Figure S37); 'H-NMR (DMSO-
dg) 6 ppm: 1.95 (m, 4H, 2CH,), 2.28 (s, 3H, CH,), 2.39
(s, 3H, CHj;), 2.80 (t, 4H, 2CH,), 3.60 (t, 4H, 2CH,), 4.89
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(d, 1H, J=9 Hz, pyrimidine-CH), 6.65 (d, 1H, /=9 Hz,
pyrimidine-CH), 6.98 (s, 2H, Ar-H), 7.31 (d, 2H, /=7 Hz,
Ar-H, AB system), 7.50-7.65 (m, 2H, benzothiazole-
CH), 7.78 (d, 2H, /=7 Hz, Ar-H, AB system), 8.12 (d, 1H,
J=9 Hz, benzothiazole-CH), 8.36 (d, 1H, /=9 Hz, ben-
zothiazole-CH) (Figure S38). MS (m/z, %): 574 (M™, 49).
UV=-vis (.0 233, 351 nm. Anal. Calced for C43H, NS,
(574.77): C, 68.96; H, 5.26; N, 14.62%. Found: C, 68.88; H,
5.19; N, 14.55%.

7-(Benzo[d]thiazol-2-yl)—2-((4-methoxyphenyl)
diazenyl)—3-methyl-5-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ijlquinoline-9-yl)—5H-thiazolo[3,2-a]
pyrimidine (7c):

Yield, 74%; m.p. 233-235 °C; IR (KBr): v,,,,, cm™: 1629
(C =N), 1584 (N =N) (Figure S$39); 'H-NMR (DMSO-
dg) 6 ppm: 1.85 (m, 4H, 2CH,), 2.16 (s, 3H, CH,), 2.90 (t,
4H, 2 CH,), 3.66 (t, 4H, 2CH,), 3.85 (s, 3H, O-CHj,), 4.80
(d, 1H, J=8 Hz, pyrimidine-CH), 6.60 (d, 1H, /=8 Hz,
pyrimidine-CH), 6.90 (s, 2H, Ar-H), 7.29 (d, 2H, J=8 Hz,
Ar-H, AB system), 7.48-7.60 (m, 2H, benzothiazole-
CH), 7.70 (d, 2H, /=8 Hz, Ar-H, AB system), 8.09 (d,
1H, /=9 Hz, benzothiazole-CH), 8.30 (d, 1H, /=9 Hz,
benzothiazole-CH) (Figure S40). MS (m/z, %): 590 (M*,
62), 559 (50), 483 (41), 455 (31), 321 (60), 283 (45), 172
(100), 149 (53), 134 (48), 102 (34), 91 (56), 76 (48), 70 (62)
(Figure S41). UV=-vis (A,,,): 233, 355 nm. Anal. Calced
for C;33H;,NOS, (590.76): C, 67.09; H, 5.12; N, 14.23%.
Found: C, 67.00; H, 5.02; N, 14.12%.

Ethyl 4-((7-(benzo[d]thiazol-2-yl)—3-methyl-5-
(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ij]quinoline-
9-yl)—5H-thiazolo[3,2-a]pyrimidin-2-yl)diazenyl)
benzoate (7 d):

Yield, 71%; m.p. 215-217 °C; IR (KBr): v,,,,, cm™:
1720 (C =0), 1622 (C =N), 1578 (N =N); *C-NMR
(DMSO-dg) 6 ppm: 10.6, 15.8, 21.5 (2 C), 27.0 (2 C),
50.9 (3 C), 61.0, 92.0, 118.5, 119.8 (3 C), 121.8 (3 C),
126.0 (2 C), 129.2 (2 C), 130.1 (3 C), 132.4, 136.0, 140.0,
142.3, 152.0, 153.9 (2 C), 157.6, 160.3, 165.5 (Figure
$42). MS (m/z, %): 632 (M*, 69). UV-vis (\,,,): 231,
355 nm. Anal. Calced for C;:H4,N,O,S, (632.80): C,
66.43; H, 5.10; N, 13.28%. Found: C, 66.35; H, 4.99; N,
13.17%.

2-((4-Chlorophenyl)diazenyl)—3-methyl-7-
(1H-pyrazol-3-yl)—5-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinolin-9-yl)—5H-thiazolo[3,2-a]
pyrimidine (8a):

Yield, 70%; m.p. 198-200 °C; IR (KBr): v, cm™h:
3285 (NH), 1628 (C =N), 1567 (N =N), 775 (C-Cl)
(Figure S43); 'H-NMR (DMSO-dy) 8 ppm: 2.10 (m, 4H,
2CH,), 2.30 (s, 3H, CHj,), 2.80 (t, 4H, 2CH,), 3.53 (t,
4H, 2CH,), 4.49 (d, 1H, J=9 Hz, pyrimidine-CH), 6.53
(d, 1H, J=9 Hz, pyrimidine-CH), 6.82 (d. 1H, /=8 Hz,
pyrazole-CH), 7.10 (s, 2H, Ar-H), 7.35 (d, 2H, /=7 Hz,
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Ar-H, AB system), 7.61 (d, 2H, J=7 Hz, Ar-H, AB
system), 7.89 (d, 1H, /=9 Hz, pyrazole-CH), 12.51 (s,
1H, NH) (Figure S44). MS (m/z, %): 529 (M* + 2, 17),
527 (M™, 56). UV-vis (A,,,): 233, 357 nm. Anal. Calced
for CygH,,CIN,S (528.08): C, 63.69; H, 4.96; N, 18.57%.
Found: C, 63.60; H, 4.88; N, 18.50%.

3-Methyl-7-(1H-pyrazol-3-yl)-5-(2,3,6,7-
tetrahydro-1H,5H-pyrido[3,2,1-ij]quinoline-
9-yl)—2-(p-tolyldiazenyl)—5H-thiazolo[3,2-a]
pyrimidine (8b):

Yield, 74%; m.p. 237-239 °C; IR (KBr): v,,, cm™%
3251 (NH), 1616 (C =N), 1576 (N =N); *C-NMR
(DMSO-dy) 6 ppm: 11.8, 22.5, 23.7 (2 C), 28.1 (2 C),
51.8 (2 C), 57.4, 93.7, 104.6, 120.5, 122.8 (2 C), 128.2 (2
C), 129.4 (4 C), 131.4, 134.0 (2 C), 139.2, 141.8 (2 C),
144.9, 154.1, 159.4 (Figure S45). MS (m/z, %): 507 (M*,
57), 492 (73), 416 (40), 388 (60), 321 (48), 216 (31), 172
(100), 149 (50), 91 (73), 76 (44), 67 (33) (Figure S46).
UV-vis (A ,,,): 234, 358 nm. Anal. Calced for CyoH,oN-S
(507.66): C, 68.61; H, 5.76; N, 19.31%. Found: C, 68.55;
H, 5.66; N, 19.22%.

2-((4-Methoxyphenyl)diazenyl)—3-methyl-7-
(1H-pyrazol-3-yl)-5-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinoline-9-yl)—5H-thiazolo[3,2-a]
pyrimidine (8c):

Yield, 76%; m.p. 273-275 °C; IR (KBr): v,,,, cm™*: 3257
(NH), 1623 (C =N), 1574 (N =N); *C-NMR (DMSO-dy)
d ppm: 11.7, 23.1 (2 C), 28.0 (2 C), 53.1 (3 C), 57.0, 93.8,
104.5, 114.8 (2 C), 121.7, 123.6 (2 C), 129.0 (2 C), 130.0
(2 C), 132.1, 134.7 (2 C), 142.4 (2 C), 145.6, 155.0, 159.5,
160.8 (Figure S47). MS (m/z, %): 523 (M*, 67). UV-
vis (Ao 231, 352 nm. Anal. Calced for C,gH,oN,OS
(523.66): C, 66.52; H, 5.58; N, 18.72%. Found: C, 66.44; H,
5.50; N, 18.63%.

Ethyl 4-((3-methyl-7-(1H-pyrazol-3-yl)—5-
(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ij|quinoline
—9-yl)—5H-thiazolo[3,2-a]pyrimidin-2-yl)diazenyl)
benzoate (8 d):

Yield, 73%; m.p. 218-220 °C; IR (KBr): v,,,., cm™: 3302
(NH), 1728 (C =0), 1624 (C =N), 1589 (N =N) (Figure
$48); 'TH-NMR (DMSO-d,) & ppm: 1.32 (t, 3H, CH,), 2.05
(m, 4H, 2CH,), 2.26 (s, 3H, CH,), 2.91 (t, 4H, 2CH,), 3.50
(t, 4H, 2CH,), 4.21 (q, 2H, CH,), 4.55 (d, 1H, J=9 Hz,
pyrimidine-CH), 6.26 (d, 1H, /=9 Hz, pyrimidine-CH),
6.40 (d. 1H, /=8 Hz, pyrazole-CH), 6.80 (s, 2H, Ar-H),
7.31 (d, 2H, J=8 Hz, Ar-H, AB system), 7.50 (d, 1H,
J=8 Hz, pyrazole-CH), 8.00 (d, 2H, /=8 Hz, Ar-H, AB
system), 12.32 (s, 1H, NH) (Figure S49). MS (m/z, %):
565 (M™, 65). UV~-vis (\,,,): 233, 358 nm. Anal. Calced
for C;;H;;N,0,S (565.70): C, 65.82; H, 5.52; N, 17.33%.
Found: C, 65.77; H, 5.41; N, 17.24%.
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2-((4-Chlorophenyl)diazenyl)—3-methyl-7-(pyri-
dine-4-yl)—5-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-
ij]quinolin-9-yl)—5H-thiazolo[3,2-a]pyrimidine (9a):

Yield, 78%; m.p. 210-212 °C; IR (KBr): v,,,, cm™%: 1619
(C=N), 1577 (N =N), 771 (C-Cl); ®*C-NMR (DMSO-dy)
é ppm: 12.5, 23.4 (2 C), 29.0 (2 C), 52.5 (2 C), 58.0, 93.9,
119.5 (3 C), 121.7 (2 C), 125.9 (2 C), 129.0 (2 C), 130.0
(2 C), 131.2, 134.7, 140.0 (2 C), 142.2, 145.7, 149.5 (2 C),
155.0, 160.0 (Figure S50). MS (m/z, %): 540 (M* + 2, 16),
538 (M™, 55). UV-vis (\,,,): 233, 358 nm. Anal. Calced
for C;,H,,CINGS (539.10): C, 66.84; H, 5.05; N, 15.59%.
Found: C, 66.77; H, 4.91; N, 15.51%.

3-Methyl-7-(pyridin-4-yl)—5-(2,3,6,7-tetrahydro-
1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)—2-(p-
tolyldiazenyl)—5H-thiazolo[3,2-a]pyrimidine (9b):

Yield, 71%; m.p. 230-232 °C; IR (KBr): v, cm ™ 1629
(C =N), 1580 (N =N) (Figure S51); 'H-NMR (DMSO-dy)
6 ppm: 2.01 (m, 4H, 2CH,), 2.30 (s, 3H, CH,), 2.41 (s, 3H,
CH,), 2.77 (t, 4H, 2CH,), 3.54 (t, 4H, 2 CH,), 4.45 (d, 1H,
J=9 Hz, pyrimidine-CH), 6.90 (s, 2H, Ar-H), 7.10 (d, 1H,
J=9 Hz, pyrimidine-CH), 7.29 (d, 2H, /=7 Hz, Ar-H, AB
system), 7.70 (d, 2H, /=7 Hz, Ar-H, AB system), 7.97 (d,
2H, J=9 Hz, C;+ C; pyridine-CH), 8.58 (d, 2H, J=9 Hz,
C,+ C; pyridine-CH) (Figure S52). MS (m/z, %): 518
(M*, 52). UV-vis (\,,): 232, 351 nm. Anal. Calced for
C4HyoNGS (518.68): C, 71.79; H, 5.83; N, 16.20%. Found:
C,71.70; H, 5.75; N, 16.12%.

2-((4-Methoxyphenyl)diazenyl)—3-methyl-7-(pyr-
idin-4-yl)—5-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-
ijlquinoline-9-yl)—5H-thiazolo[3,2-a]pyrimidine (9c):

Yield, 74%; m.p. 267-269 °C; IR (KBr): v,,,,, cm™: 1629
(C =N), 1584 (N =N) (Figure S53); 'H-NMR (DMSO-
dg) 6 ppm: 1.96 (m, 4H, 2CH,), 2.25 (s, 3H, CH,), 2.80
(t, 4H, 2CH,), 3.50 (t, 4H, 2CH,), 3.84 (s, 3H, O-CH,),
450 (d, 1H, J=9 Hz, pyrimidine-CH), 6.46 (d, 1H,
J=9 Hz, pyrimidine-CH), 6.98 (s, 2H, Ar—H), 7.15 (d, 2H,
J=7Hz, Ar-H, AB system), 7.33 (d, 2H, /=7 Hz, Ar-H,
AB system), 7.98 (d, 2H, J=8 Hz, C;+ C; pyridine-CH),
8.51 (d, 2H, J=8 Hz, C,+ C, pyridine-CH) (Figure S54);
3C-NMR (DMSO-d,) § ppm: 11.8, 24.0 (2 C), 29.8 (2 C),
51.8 (3 C),57.4,92.7,114.5 (2 C), 122.2 (2 C), 126.1 (4 C),
127.9, 129.0 (2 C), 130.0 (2 C), 133.7, 137.7, 140.7 (2 C),
144.4, 154.0, 158.0, 161.3 (Figure S55). MS (m/z, %): 534
(MY, 62), 503 (52), 427 (45), 399 (34), 321 (39), 227 (59),
172 (100), 149 (64), 135 (50), 107 (44), 78 (27), 76 (24),
51 (45) (Figure S56). UV-vis (A,,,): 233, 356 nm. Anal.
Calced for C;;H;,N,OS (534.68): C, 69.64; H, 5.66; N,
15.72%. Found: C, 69.59; H, 5.59; N, 15.66%.

Ethyl 4-((3-methyl-7-(pyridin-4-yl)—5-(2,3,6,7-
tetrahydro-1H,5H-pyrido[3,2,1-ij]quinoline-9-
yl)—5H-thiazolo[3,2-a]pyrimidin-2-yl)diazenyl)
benzoate (9 d):
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Yield, 78%; m.p. 254256 °C; IR (KBr): v,,,,, cm™": 1730
(C =0), 1621 (C =N), 1551 (N =N); *C-NMR (DMSO-
dg) 6 ppm: 11.2, 15.9, 23.6 (2 C), 29.1 (2 C), 51.3 (3 C),
59.9, 94.7, 120.1 (3 C), 122.4 (2 C), 126.6 (2 C), 129.9 (2
C), 130.9 (3 C), 132.0, 140.8 (2 C), 143.2, 148.0 (2 C),
153.9 (2 C), 155.9, 166.0 (Figure S57). MS (m/z, %): 576
(M™, 55). UV-vis (\,,,): 232, 357 nm. Anal. Calced for
Cy3H4,NO,S (576.72): C, 68.73; H, 559; N, 14.57%.
Found: C, 68.65; H, 5.49; N, 14.45%.

2-((4-Chlorophenyl)diazenyl)—3-methyl-8-(2,3,6,7-
tetrahydro-1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)—6-
(thiazol-2-yl)—5H-pyrido[2,3-d]thiazolo[3,2-a]
pyrimidin-5-one (10a):

Yield, 78%; m.p. 227-229 °C; IR (KBr): v, cm™k:
1678 (C =0), 1619 (C =N), 1573 (N =N), 798 (C-Cl)
(Figure S58); 'H-NMR (DMSO-d,) & ppm: 2.01 (m, 4H,
2CH,), 2.31 (s, 3H, CHj,), 2.90 (t, 4H, 2CH,), 3.54 (t, 4H,
2CH,), 7.20 (d, 2H, J=8 Hz, Ar—H, AB system), 7.38 (d,
2H, /=8 Hz, Ar-H, AB system), 7.60 (d, 1H, /=9 Hz,
thiazole-CH), 7.80 (d, 1H, /=9 Hz, thiazole-CH), 8.00 (s,
2H, Ar-H), 8.73 (s, 1H, pyridine-CH) (Figure S59). MS
(m/z, %): 611 (M* + 2, 22), 609 (M*, 65). UV-vis (A,,):
230, 352 nm. Anal. Calced for C,4H,,CIN,OS, (610.15):
C, 61.02; H, 3.96; N, 16.07%. Found: C, 60.87; H, 3.90; N,
15.91%.

3-Methyl-8-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinoline-9-yl)—6-(thiazol-2-yl)—2-
(p-tolyldiazenyl)—5H-pyrido[2,3-d]thiazolo[3,2-4]
pyrimidin-5-one (10b):

Yield, 80%; m.p. 263-265 °C; IR (KBr): v,,,,, cm™: 1670
(C =0), 1616 (C =N), 1572 (N =N); 3C-NMR (DMSO-
dg) 6 ppm: 12.4, 23.3, 24.1 (2 C), 29.0 (2 C), 51.9 (2 C),
93.8, 115.2, 118.3, 120.8, 122.8 (3 C), 125.0, 128.0 (2 C),
129.4 (4 C), 139.2, 141.8 (2 C), 144.9, 148.0, 154.1 (2
C), 155.2, 158.4, 165.5 (Figure S60). MS (m/z, %): 589
(M™, 64). UV—vis (\,,,): 231, 352 nm. Anal. Calced for
C;,H,oN,0S, (589.74): C, 65.17; H, 4.61; N, 16.63%.
Found: C, 65.00; H, 4.57; N, 16.56%.

2-((4-Methoxyphenyl)diazenyl)—3-methyl-
8-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ij]
quinoline-9-yl)—6-(thiazol-2-yl)—5H-pyrido[2,3-d]
thiazolo[3,2-a]pyrimidin-5-one (10c):

Yield, 82%; m.p. 247-249 °C; IR (KBr): v,,,,,, cm™: 1679
(C =0), 1625 (C =N), 1576 (N =N); 3 C-NMR (DMSO-
dg) 6 ppm: 12.9, 23.7 (2 C), 29.3 (2 C), 52.5 (2 C), 54.7,
94.1, 114.1 (2 C), 115.8, 117.8, 120.9, 122.9 (3 C), 125.2,
128.3 (2 C), 129.7 (2 C), 141.0 (3 C), 147.5, 153.8 (2 C),
154.4, 157.9, 161.3, 166.5 (Figure S61). MS (m/z, %):
605 (M*, 60). UV-vis (\,,,,): 230, 352 nm. Anal. Calced
for C3,H,,N-O,S, (605.74): C, 63.45; H, 4.49; N, 16.19%.
Found: C, 63.39; H, 4.38; N, 16.05%.

Ethyl 4-((3-methyl-5-0x0-8-(2,3,6,7-
tetrahydro-1H,5H-pyrido[3,2,1-ij]
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quinolin-9-yl)—6-(thiazol-2-yl)—5H-pyrido[2,3-d]
thiazolo[3,2-a]pyrimidin-2-yl)diazenyl)benzoate (10
d):

Yield, 77%; m.p. 231-233 °C; IR (KBr): v, cm ™% 1730
(C =0), 1675 (C =0), 1621 (C =N), 1574 (N =N); 'H-
NMR (DMSO-d,) & ppm: 1.40 (t, 3H, CH,), 1.96 (m, 4H,
2CH,), 2.27 (s, 3H, CH,), 2.98 (t, 4H, 2CH,), 3.65 (t, 4H,
2CH,), 449 (q, 2H, CH,), 7.25 (d, 2H, J=7 Hz, Ar—H, AB
system), 7.40 (d, 1H, /=9 Hz, thiazole-CH), 7.65 (d, 1H,
J=9 Hz, thiazole-CH), 7.85 (s, 2H, Ar—H), 8.07 (d, 2H,
J=7 Hz, Ar-H, AB system), 8.85 (s, 1H, pyridine-CH)
(Figure $62). MS (m/z, %): 647 (M*, 55), 632 (50), 618
(40), 574 (51), 563 (56), 559 (36), 490 (62), 483 (56), 455
(45), 386 (39), 371 (46), 198 (76), 172 (100), 124 (64), 104
(33), 96 (50), 84 (34), 76 (46) (Figure S63). UV-vis (\,.,.)
233, 356 nm. Anal. Calced for C3,H,oN,O5S, (647.77):
C, 63.04; H, 4.51; N, 15.14%. Found: C, 62.88; H, 4.47; N,
15.08%.

6-(Benzo[d]thiazol-2-yl)—2-((4-chlorophenyl)
diazenyl)—3-methyl-8-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinoline-9-yl)—5H-pyrido[2,3-d]
thiazolo[3,2-a]pyrimidin-5-one (11a):

Yield, 76%; m.p. 247-249 °C; IR (KBr): v,,,,, cm™": 1679
(C =0), 1622 (C =N), 1578 (N =N), 760 (C-Cl); 3C-
NMR (DMSO-d,) § ppm: 11.8, 23.2 (2 C), 28.0 (2 C), 52.0
(2 C), 95.9, 118.8, 121.1 (3 C), 123.2 (2 C), 125.6 (3 C),
128.7 (2 C), 129.8 (4 C), 134.9 (2 C), 140.6 (2 C), 143.9,
147.2, 153.3, 154.0 (2 C), 157.4 (2 C), 164.0 (Figure S64).
MS (m/z, %): 661 (M* + 2, 22), 659 (M*, 65), 548 (39),
520 (78), 505 (60), 371 (45), 199 (59), 172 (100), 171 (30),
139 (68), 134 (49), 124 (75), 96 (72), 75 (40), 72 (24) (Fig-
ure S65). UV-vis (\,,,,): 232, 355 nm. Anal. Calced for
C,45H,,CIN,0S, (660.21): C, 63.67; H, 3.97; N, 14.85%.
Found: C, 63.60; H, 3.91; N, 14.74%.

6-(Benzo[d]thiazol-2-yl)—3-methyl-8-(2,3,6,7-
tetrahydro-1H,5H-pyrido[3,2,1-ij]quinoline-
9-yl)—2-(p-tolyldiazenyl)—5H-pyrido[2,3-d]
thiazolo[3,2-a]pyrimidin-5-one (11b):

Yield, 73%; m.p. 277-279 °C; IR (KBr): v,,,,, cm™%
1671 (C =0), 1620 (C =N), 1576 (N =N); 'H-NMR
(DMSO-d,) 8 ppm: 1.81 (m, 4H, 2CH,), 2.11 (s, 3H,
CH,), 2.21 (s, 3H, CH,), 2.89 (t, 4H, 2 CH,), 3.69 (t, 4H,
2CH,), 7.19 (d, 2H, /=7 Hz, Ar—H, AB system), 7.39—
7.50 (m, 2H, benzothiazole-CH), 7.60 (d, 2H, /=7 Hz,
Ar-H, AB system), 7.97 (s, 2H, Ar-H), 8.20 (d, 1H,
J=9 Hz, benzothiazole-CH), 8.53 (d, 1H, /=9 Hz, ben-
zothiazole-CH), 8.88 (s, 1H, pyridine-CH) (Figure S66).
MS (m/z, %): 639 (M*, 57). UV-vis (\,,,): 232, 354 nm.
Anal. Calced for C;cH,0N,OS, (639.80): C, 67.58; H,
4.57; N, 15.33%. Found: C, 67.46; H, 4.48; N, 15.27%.

6-(Benzo[d]thiazol-2-yl)—2-((4-methoxyphenyl)
diazenyl)—3-methyl-8-(2,3,6,7-tetrahydro-1H,5H-

5
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pyrido[3,2,1-ijlquinolin-9-yl)—5H-pyrido[2,3-d]
thiazolo[3,2-a]pyrimidin-5-one (11c):

Yield, 78%; m.p. 233-235 °C; IR (KBr): v,,,,, cm™:
1671 (C =0), 1637 (C =N), 1578 (N =N); 'H-NMR
(DMSO-dg) 6 ppm: 1.78 (m, 4H, 2CH,), 2.17 (s, 3H,
CH,;), 2.79 (t, 4H, 2CH,), 3.60 (t, 4H, 2CH,), 3.76 (s,
3H, O-CH,), 7.10 (d, 2H, /=8 Hz, Ar-H, AB system),
7.45 (d, 2H, J=8 Hz, Ar-H, AB system), 7.62-7.75 (m,
2H, benzothiazole-CH), 8.09 (s, 2H, Ar-H), 8.31 (d, 1H,
J=9 Hz, benzothiazole-CH), 8.66 (d, 1H, J=9 Hz, ben-
zothiazole-CH), 8.99 (s, 1H, pyridine-CH) (Figure S67).
MS (m/z, %): 655 (M*, 55). UV—-vis (A,,,): 230, 354 nm.
Anal. Calced for C3,H,N-O,S, (655.80): C, 65.93; H,
4.46; N, 14.95%. Found: C, 65.86; H, 4.39; N, 14.87%.

Ethyl 4-((6-(benzo[d]thiazol-2-yl)—3-methyl-5-
0x0-8-(2,3,6,7-tetrahydro-1H,5H-pyrido [3,2,1-if]
quinoline-9-yl)—5H-pyrido[2,3-d]thiazolo[3,2-a]
pyrimidin-2-yl)diazenyl)benzoate (11 d):

Yield, 71%; m.p. 254-256 °C; IR (KBr): v,,,,, cm™:
1722 (C =0), 1677 (C =0), 1621 (C =N), 1577 (N =N)
(Figure S68); '"H-NMR (DMSO-dy) & ppm: 1.26 (t, 3H,
CH,), 1.98 (m, 4H, 2CH,), 2.20 (s, 3H, CH,), 2.9 (t,
4H, 2 CH,), 3.54 (t, 4H, 2CH,), 4.27 (q, 2H, CH,), 7.31
(d, 2H, /=8 Hz, Ar—H, AB system), 7.50-7.63 (m, 2H,
benzothiazole-CH), 7.76 (s, 2H, Ar-H), 8.10 (d, 3H,
J=9 Hz, benzothiazole-CH +2 Ar—H, AB system), 8.35
(d, 1H, /=9 Hz, benzothiazole-CH), 8.70 (s, 1H, pyri-
dine C;-H); *C-NMR (DMSO-d;) § ppm: 12.1, 14.0,
23.8 (2 C), 28.5 (2 C), 51.8 (2 C), 95.6, 118.0, 120.2 (3
C), 122.3 (2 C), 124.8 (3 C), 128.0 (2 C), 129.0 (5 C),
134.1 (2 C), 140.0 (2 C), 146.5, 152.5, 153.6, 156.7 (2 C),
159.9 (2 C), 166.0 (2 C) (Figure $69). MS (m/z, %): 697
(M*, 53). UV-vis (\,,,): 233, 355 nm. Anal. Calced for
C;¢H3N,O,S, (697.83): C, 65.41; H, 4.48; N, 14.05%.
Found: C, 65.33; H, 4.40; N, 13.92%.

2-((4-Chlorophenyl)diazenyl)—3-methyl-6-(1H-pyr-
azol-3-yl)—8-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-
ijlquinolin-9-yl)—5H-pyrido[2,3-d]thiazolo[3,2-a]
pyrimidin-5-one (12a):

Yield, 80%; m.p. 215-217 °C; IR (KBr): v,,,, cm™%: 3245
(NH), 1676 (C =0), 1617 (C =N), 1549 (N =N), 763 (C-
Cl); '"H-NMR (DMSO-d,) & ppm: 2.08 (m, 4H, 2CH,),
2.38 (s, 3H, CHy), 2.74 (t, 4H, 2CH,), 3.63 (t, 4H, 2CH,),
6.56 (d, 1H, /=9 Hz, pyrazole-CH), 7.30 (d, 2H, /=9 Hz,
Ar—H, AB system), 7.55 (d, 2H, /=8 Hz, Ar-H, AB sys-
tem), 7.74 (d, 1H, /=8 Hz, pyrazole-CH), 7.97 (s, 2H,
Ar-H), 8.69 (s, 1H, pyridine-CH), 12.37 (s, 1H, NH) (Fig-
ure S70); *C-NMR (DMSO-d,) § ppm: 12.0, 23.8 (2 C),
28.4 (2 C), 51.9 (2 C), 95.5, 102.2, 118.9, 121.4, 123.3 (2
C), 125.8,128.9 (4 C), 129.9 (3 C), 133.5 (2 C), 142.1(2 C),
145.4, 148.9, 154.8, 155.8, 159.0, 166.0 (Figure S71). MS
(m/z, %): 594 (M* + 2, 24), 592 (M*, 69). UV-vis (A,,,):
233, 355 nm. Anal. Calced for C4H,;CINgOS (593.11):
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C, 62.78; H, 4.25; N, 18.89%. Found: C, 62.70; H, 4.19; N,
18.82%.

3-Methyl-6-(1H-pyrazol-3-yl)—-8-(2,3,6,7-
tetrahydro-1H,5H-pyrido[3,2,1-ij]quinolin-9-yl)—2-
(p-tolyldiazenyl)—5H-pyrido[2,3-d]thiazolo[3,2-a]
pyrimidin-5-one (12b):

Yield, 79%; m.p. 238240 °C; IR (KBr): v,,,, cm™%: 3241
(NH), 1676 (C =0), 1626 (C =N), 1587 (N =N) (Figure
S72); ®*C-NMR (DMSO-d,) § ppm: 11.7, 22.1, 23.2 (2
C), 279 (2 C), 51.8 (2 C), 93.3, 103.3, 119.3, 121.8, 123.8
(2 €), 126.0, 129.2 (2 C), 130.1 (4 C), 133.0 (2 C), 140.0,
142.4 (2 C), 145.7, 149.0, 155.2, 156.0, 159.6, 166.0 (Fig-
ure S73). MS (m/z, %): 572 (M*, 49), 557 (50), 505 (28),
481 (47), 453 (71), 438 (67), 400 (64), 371 (74), 266 (31),
199 (25), 172 (100), 124 (46), 96 (34), 76 (37), 67 (48)
(Figure S74). UV-vis (A,,,): 230, 352 nm. Anal. Calced
for C5,H,sNgOS (572.69): C, 67.11; H, 4.93; N, 19.57%.
Found: C, 67.00; H, 4.88; N, 19.49%.

2-((4-Methoxyphenyl)diazenyl)—3-methyl-6-
(1H-pyrazol-3-yl)—8-(2,3,6,7-tetrahydro-1H,5H-
pyrido[3,2,1-ij]quinolin-9-yl)—5H-pyrido[2,3-d]
thiazolo[3,2-a]pyrimidin-5-one (12c):

Yield, 73%; m.p. 221-223 °C; IR (KBr): v,,,, cm™%: 3244
(NH), 1679 (C =0), 1622 (C =N), 1580 (N =N); °C-
NMR (DMSO-dg) 6 ppm: 11.7, 22.1 (2 C), 27.9 (2 C), 51.8
(2 C), 53.9, 95.4, 102.7, 115.8 (2 C), 118.8, 122.0, 124.0 (2
C), 126.1, 129.7 (2 C), 130.5 (2 C), 133.9 (2 C), 142.0 (3
C), 148.2, 154.5, 155.7, 158.8, 162.4, 167.8 (Figure S75).
MS (m/z, %): 588 (M*, 53). UV-vis (\,,,): 232, 353 nm.
Anal. Calced for C4,H,gN;O,S (588.69): C, 65.29; H, 4.79;
N, 19.03%. Found: C, 65.20; H, 4.72; N, 18.91%.

Ethyl  4-((3-methyl-5-0x0-6-(1H-pyrazol-3-yl)—8-
(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ij|quinolin-9-
yl)—5H-pyrido[2,3-d]thiazolo[3,2-a]pyrimidin-2-yl)
diazenyl)benzoate (12 d):

Yield, 74%; m.p. 262264 °C; IR (KBr): v,,,, cm™%: 3240
(NH), 1725 (C =0), 1672 (C =0), 1624 (C =N), 1578 (N
=N); '"H-NMR (DMSO-d,) § ppm: 1.48 (t, 3H, CH,), 1.96
(m, 4H, 2CH,), 2.28 (s, 3H, CHy), 2.66 (t, 4H, 2 CH,), 3.60
(t, 4H, 2CH,), 4.37 (q, 2H, CH,), 6.61 (d, 1H, /=9 Hz,
pyrazole-CH), 7.39 (d, 2H, /=7 Hz, Ar-H, AB system),
7.81 (d, 1H, /=9 Hz, pyrazole-CH), 8.02 (s, 2H, Ar—H),
8.10 (d, 2H, J=7 Hz, Ar-H, AB system), 8.78 (s, 1H, pyr-
idine-CH), 12.49 (s, 1H, NH) (Figure S76). MS (m/z, %):
630 (M™*, 59). UV-vis (\,,,): 232, 355 nm. Anal. Calced
for C;,H;0NgO,S (630.73): C, 64.75; H, 4.79; N, 17.77%.
Found: C, 64.69; H, 4.71; N, 17.68%.

2-((4-chlorophenyl)diazenyl)—3-methyl-6-(pyr-
idin-4-yl)—8-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-
ijlquinolin-9-yl)—5H-pyrido[2,3-d]thiazolo[3,2-a]
pyrimidin-5-one (13a):

Yield, 78%; m.p. 266-268 °C; IR (KBr): v,,,,, cm™:
1670 (C =0), 1618 (C =N), 1570 (N =N), 762 (C-Cl);
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BC-NMR (DMSO-dy) § ppm: 10.1, 21.9 (2 C), 26.5 (2
C), 53.0 (2 ©), 95.6, 116.5, 120.0, 122.2 (2 C), 124.5 (2
C), 126.7 (3 C), 130.0 (2 C), 131.0 (2 C), 136.1, 142.0 (3
C), 145.1, 148.3 (3 C), 154.5, 155.5, 158.7, 165.7 (Figure
S77). MS (m/z, %): 605 (Mt + 2, 22), 603 (M, 65). UV-
vis (Ap5,): 232, 354 nm. Anal. Calced for C;3H,CIN,OS
(604.13): C, 65.61; H, 4.34; N, 16.23%. Found: C, 65.55; H,
4.27; N, 16.16%.

3-methyl-6-(pyridin-4-yl)—8-(2,3,6,7-tetrahydro-
1H,5H-pyrido[3,2,1-ijlquinolin-9-yl)—2-(p-
tolyldiazenyl)—5H-pyrido[2,3-d]thiazolo[3,2-a]
pyrimidin-5-one (13b):

Yield, 71%; m.p. 229-231 °C; IR (KBr): v,,,» cm~t: 1673
(C =0), 1621 (C =N), 1577 (N =N); 'H-NMR (DMSO-
dg) 6 ppm: 1.86 (m, 4H, 2CH,), 2.20 (s, 3H, CH,), 2.28
(s, 3H, CH,), 2.86 (t, 4H, 2CH,), 3.60 (t, 4H, 2CH,), 7.29
(d, 2H, J=9 Hz, Ar-H, AB system), 7.70 (d, 2H, /=9 Hz,
Ar-H, AB system), 7.92 (s, 2H, Ar-H), 8.16 (d, 2H,
J=9Hz, C;+ C; pyridine-CH), 8.61 (s, 1H, pyridine-CH),
8.80 (d, 2H, J=9 Hz, C,+ C; pyridine-CH) (Figure S78);
13C-NMR (DMSO-dy) § ppm: 10.3, 21.6, 22.8 (2 C), 27.7
(2 C), 51.5 (2 C), 96.0, 117.5, 120.7, 121.8 (2 C), 123.9,
126.0 (2 C), 129.6 (2 C), 130.3 (4 C), 138.1 (2 C), 142.5 (2
C), 145.8, 149.1 (3 C), 155.2, 156.0, 159.7, 166.1 (Figure
§79). MS (m/z, %): 583 (M*, 59). UV-vis (\,,,,): 230, 353
nm. Anal. Calced for C;,H,,N,OS (583.71): C, 69.96; H,
5.01; N, 16.80%. Found: C, 69.87; H, 4.90; N, 16.72%.

2-((4-methoxyphenyl)diazenyl)—3-methyl-6-(pyr-
idin-4-yl)—8-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-
ijlquinolin-9-yl)—5H-pyrido[2,3-d]thiazolo[3,2-a]
pyrimidin-5-one (13c):

Yield, 70%; m.p. 241-243 °C; IR (KBr): v,,,,, cm ™" 1672
(C =0), 1620 (C =N), 1576 (N =N); 'H-NMR (DMSO-
dg) 6 ppm: 1.80 (m, 4H, 2CH,), 2.10 (s, 3H, CH,), 2.80
(t, 4H, 2CH,), 3.59 (t, 4H, 2CH,), 3.81 (s, 3H, O-CH,),
7.18 (d, 2H, J=8 Hz, Ar-H, AB system), 7.31 (d, 2H,
J=8 Hz, Ar-H, AB system), 7.81 (s, 2H, Ar-H), 8.03 (d,
2H, J=9 Hz, C;+ C; pyridine-CH), 8.50 (s, 1H, pyridine-
CH), 8.69 (d, 2H, J=9 Hz, C,+ C pyridine-CH) (Figure
S80). MS (m/z, %): 599 (M*, 48), 584 (60), 521 (46), 492
(49), 464 (67), 449 (78), 386 (29), 371 (69), 214 (40), 199
(20), 172 (100), 135 (57), 124 (55), 92 (35), 78 (22), 76 (33)
(Figure S81). UV-vis (A,,): 231, 355 nm. Anal. Calced
for C3,H,N,0,S (599.71): C, 68.09; H, 4.87; N, 16.35%.
Found: C, 68.00; H, 4.81; N, 16.26%.

Ethyl 4-((3-methyl-5-0x0-6-(pyridin-4-yl)—8-
(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-ij] quinoline-
9-yl)—5H-pyrido|[2,3-d]thiazolo[3,2-a]pyrimidin-2-yl)
diazenyl)benzoate (13 d):

Yield, 74%; m.p. 232234 °C; IR (KBr): v,,,, cm™% 1715
(C =0), 1658 (C =0), 1628 (C =N), 1572 (N =N) (Fig-
ure $82); *C-NMR (DMSO-d,) § ppm: 12.8, 14.8, 24.2 (2
C), 29.1 (2 C), 522 (2 C), 96.0, 117.7, 119.9, 121.9 (2 C),
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124.0 (3 C), 127.6 (3 C), 128.2 (5 C), 139.7 (3 C), 146.0
(3 C), 152.0, 152.9, 156.0, 159.5, 165.6 (2 C) (Figure S83).
MS (m/z, %): 641 (M*, 55). UV-vis (\,,,)(Figure S84):
231, 354 nm. Anal. Calced for C3¢H4;N,O,S (641.75): C,
67.38; H, 4.87; N, 15.28%. Found: C, 67.29; H, 4.82; N,
15.19%.

Antimicrobial activity

The cup agar diffusion method was used to evaluate the
integrated mixes’antimicrobial movement [48]. Three test
microorganisms that were representative of each group
were used: yeast (C. albicans ATCC 10231), G-ve bacte-
ria (E. coli ATCC 25933), and G+ ve bacteria (S. aureus
ATCC 6538-P). On nutritional agar medium plates, test
microorganisms and bacteria were injected with 0.1 ml
of 10°~10° cells/ml. To assess the antifungal activity, 0.1
ml (106 cells/ml) of the fungal inoculum was planted into
potato dextrose agar plates. In every infected plate, wells
were started. Each cup contained 100 pl of each sample.
After that, plates were stored for two to four hours at a
low temperature (4 °C) to allow for the greatest possible
dispersion. The plates were then incubated for 24 h at 37
°C for bacteria and 48 h at 30 °C for the fungus, with the
temperature carefully adjusted to allow for the maximum
possible development of the organisms. By determining
the width of the zone of inhibition that was transmit-
ted in millimeters (mm), the test specialist’s antibacte-
rial action was assessed. At least one or two trials were
finished, and the average number of inhibition zone was
noted.

Determination of MIC of the most active compounds

Mueller Hinton medium was used to cultivate Staphy-
lococcus aureus ATCC 6538, Escherichia coli ATCC
25933, and MRSA. Fresh bacterial cell pellets were
suspended in 20 mL of sterile saline. The turbidity of
the bacterial suspension was measured at 500 nm and
adjusted to an optical density corresponding to 0.5—
1.0 at OD500 McFarland standard using aseptic tech-
niques. A final inoculum concentration of 5x 10° CFU/
mL was prepared. To perform the resazurin-based
microdilution assay, 67.5 mg of resazurin was dis-
solved in 10 mL of sterile distilled water, stirred thor-
oughly using a vortex mixer, and filtered through a 0.22
pum membrane. The resulting solution was used as the
viability indicator. In a sterile 96-well microplate, 50 uL
of each test compound (5 mg/mL stock solution) was
added to the first column, followed by serial two-fold
dilutions across the row. Then, 100 pL of the bacterial
suspension (5 x10° CFU/mL) and 100 pL of the resa-
zurin solution were added to each well. Plates were pre-
pared in duplicate and incubated at 37 °C for 18-24 h.
The color change was visually observed. A shift in color
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from purple to pink or colorless indicated bacterial
growth. The MIC was defined as the lowest concentra-
tion of the compound at which no visible color change
occurred [49].

Molecular docking study

The benzothiazole derivatives inhibited the E. coli Gyr
B enzyme (PDB ID 1aj6) from working well [50]. To
utilized M.O.E. 2019.01 to conduct molecular docking
experiments on the X-ray crystal structure of the (PDB
ID: 1aj6) protein to investigate the interactions between
the produced benzothiazole derivatives. Through the
preparation of protein hydrogen atoms were added to
the structure to correct protonation states while both
of Water molecules and heteroatoms were removed to
simplify the system in addition the structure was energy-
minimized using the AMBER10:EHT force field to relieve
steric clashes. Meanwhile, through the preparation of
ligand the energy was minimized using the MMFF94x
force field, and partial charges were assigned. Besides,
the docking protocol was validated by re-docking the
co-crystallized ligand into the binding site of the pre-
pared protein. The root-mean-square deviation (RMSD)
between the docked pose and the crystallographic pose
was calculated to be 1.2 A, confirming the reliability of
the docking methodology.

Methodology of molecular modeling

Using Gaussian 09 [51] software as an advanced program
that applied to optimize the structures to obtain the best
distribution of atoms as well as some essential physical
properties which support some experimental data. The
polarization basis set of valence double-zeta (6-31G*)
was the used for the modeling process under DFT/B3LYP
method [52, 53]. The obtained files were visualized by
Gauss-View and Gauss-Sum 2.2 [54].

Conclusion

The synthesis and evaluation of a series of thiazolopy-
rimidine derivatives, as described in this study, success-
fully demonstrate the potential of these compounds
for biological and pharmacological applications. The
multi-step synthetic route employed to prepare chal-
cones, pyrimidinethions, pyridopyrimidines, and their
subsequent transformations with hydrazonyl chlorides
resulted in the generation of forty novel thiazolopyrimi-
dine derivatives. These compounds were thoroughly
characterized through elemental and spectral analy-
sis, confirming their structures. In vitro antibacterial
testing revealed that compounds 7a, 7b, 11a, and 11b
exhibited the highest antibacterial activity against both
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Gram-positive S. aureus and Gram-negative E. coli, as
well as moderate activity against C. albicans. Docking
studies further supported the promising activity of these
derivatives, suggesting specific binding interactions with
the target protein (PDB: 1aj6), which could explain their
selective antibacterial properties. Overall, this work high-
lights the potential of thiazolopyrimidine derivatives as
effective antibacterial agents, with distinct binding pro-
files that may be exploited for further drug development.
Furthermore, DFT-based molecular modeling confirmed
the stability and high electronic reactivity of selected bio-
active compounds, with low HOMO-LUMO energy gaps
and favorable electrostatic potential profiles.
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