
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/2
3/

20
26

 7
:3

5:
25

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
New fused tetrac
aDepartment of Chemistry, Faculty of Science

Egypt. E-mail: ismail_shafy@cu.edu.eg; aelw
bChemistry Department, College of Scienc

University (IMSIU), P. O. Box 90905, Riyadh
cDepartment of Botany and Microbiology, F

12613, Egypt

Cite this: RSC Adv., 2026, 16, 25999

Received 9th April 2026
Accepted 8th May 2026

DOI: 10.1039/d6ra03008d

rsc.li/rsc-advances

© 2026 The Author(s). Published by
yclic ring systems: synthesis of 1-
thia-4a,11,12-triazatetracenes via
a multicomponent strategy, 2D-HMBC structural
confirmation, and antimicrobial activity

Reham E. Abdelwahab, a Mostafa E. Salem, b Mohammed Rashed Alsulami,a

Mona M. Soliman, c Ismail A. Abdelhamid, *a Amr Mohamed Abdelmoniem, a

Faisal K. Algethami b and Ahmed H. M. Elwahy *a

We report a novel synthetic strategy for tetracyclic heterocycles, specifically 1-thia-4a,11,12-

triazatetracenes, representing a previously unreported fused ring system, using enamine 8-amino-3,4-

dihydropyrimido[2,1-b][1,3]thiazin-6-one as a versatile building block. This enamine undergoes

multicomponent reactions with aldehydes and dimedone in refluxing acetic acid, efficiently affording the

target fused heterocycles. Structural elucidation was confirmed via alternative synthetic routes and 2D-

HMBC correlations. The resulting compounds possess a rigid, planar, and highly conjugated tetracyclic

framework enriched with heteroatoms (N, S, O), features known to enhance binding interactions with

biological macromolecules. Such structural characteristics favor interactions within enzyme active sites,

particularly nucleic acid–processing enzymes such as DNA-directed RNA polymerase, as a putative

target based on molecular docking predictions. Among the synthesized series, compound 9a emerged

as a potent broad-spectrum agent, demonstrating strong antibacterial activity against all tested strains,

with notable efficacy against S. aureus (MIC = 0.5 mg mL−1). Molecular docking studies corroborated its

bioactivity, predicting higher binding affinity of 9a against Aspergillus terreus (DG = −9.2 kcal mol−1)

compared to fluconazole, and stronger predicted affinity against the bacterial target than tetracycline

(DG=−6.7 kcal mol−1). These results position 9a as a promising lead for further antimicrobial development.
Introduction

Enamines are extremely accessible reagents, and the nucleo-
philic nature of C-2 has been utilized in various synthetic
organic chemistry applications.1–4 Multicomponent reactions
(MCRs) are an intriguing synthetic method because they enable
selectivity, atom economy, simplicity, and rapid access to
synthetic organic molecules.5–11 The Hantzsch reaction is
a popular multicomponent route for synthesizing 1,4-di-
hydropyridines. These compounds have many biological and
pharmacological uses, such as anticancer,12 antiviral,13 anti-
inammatory,14 anti-Alzheimer activity,15 and anticonvulsant.16

Over the past few years, organic andmedical scientists have also
been interested in heterocycles that contain nitrogen as well.
Among them, pyridines17–21 and pyrimidines22–25 are also bio-
logically essential heterocycles that exhibit considerable
, Cairo University, P. O. 12613, Giza, A. R.

hy@cu.edu.eg

e, Imam Mohammad Ibn Saud Islamic

11623, Saudi Arabia

aculty of Science, Cairo University, Giza

the Royal Society of Chemistry
biological characteristics. Quinolines were also discovered to
exhibit a broad spectrum of biological activities, such as anti-
malarial, antibacterial, antihypertensive, anticancer, anti-
asthmatic, and antituberculosis qualities.26–31 Additionally, it
has been shown that pyrimidoquinolines have strong biological
properties, including anti-inammatory,32,33 anti-cancer,34–37

antibacterial,32,38,39 antioxidant,32 antimalarial,27 and anal-
gesic39,40 effects. Additionally, the idea of hybrid pharmaceuti-
cals introduced a new approach to drug design that combines
two or more drugs with inherent activity into a single agent in
order to address the issue of drug resistance.41,42 The majority of
these hybrids reduce the likelihood of drug resistance since the
two pharmacological medications have separate mechanisms of
action against distinct targets. Molecular hybridization is
regarded as a potent technique for creating molecules with
multiple structural units that have better bioactivities than their
lead counterparts.43 Recently, we reported how to create bi-
s(aminothiouracil) 3 by reacting 1,3-dibromopropane 2with two
mole equivalents of 6-aminothiouracil 1. Next, we investigated
the utility of bis(aminothiouracil) 3 in the synthesis of some
novel bis(tetrahydropyrimido[4,5-b]quinoline-4,6-dione) 4,
which are connected by a bis(sulfanediyl) linker (Fig. 1).
RSC Adv., 2026, 16, 25999–26011 | 25999
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Fig. 1 Previously reported synthesis of bis(aminothiouracil) derivatives and their conversion into bis(tetrahydropyrimido[4,5-b]quinoline-4,6-
dione) structures.

Scheme 1 S-alkylation of 6-aminothiouracil (1) with 1,3-dibromopropane (2) in the presence of anhydrous KOH.
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Results and discussion

As part of our continuing interest in the synthesis of
heterocycles,44–67 in the current study, we extend our investiga-
tion utilizing 8-amino-3,4-dihydropyrimido[2,1-b][1,3]thiazin-6-
one 5 as the building block for our target molecules.
Compound 5 was synthesized through an S-alkylation reaction
of 6-aminothiouracil (1) with one equivalent of 1,3-
Fig. 2 Representation of compound 5 as an enamine, highlighting the
nucleophilic character of C7 due to delocalization of the amino
group's lone pair of electrons.

26000 | RSC Adv., 2026, 16, 25999–26011
dibromopropane (2), employing two equivalents of anhydrous
KOH as the base (Scheme 1). Theoretical simulations and
nuclear magnetic resonance spectroscopy ruled out the other
potential isomer, 6-amino-3,4-dihydropyrimido[2,1-b][1,3]
thiazin-8-one 6.68,69

Compound 5 is regarded as an enamine, and C7 is more
nucleophilic than the NH2 group due to the delocalization of
the amino group's lone pair of electrons (Fig. 2). Consequently,
it reacts with benzaldehyde 8a and dimedone 7 to produce the
addition product, which may be expressed as either 7-phenyl-
hexahydro[1,3]thiazino[30,20:1,2]pyrimido[4,5-b]quinoline-6,8-
dione 9a or its regioisomeric, 5-phenylhexahydro[1,3]thiazino
[30,20:1,2]pyrimido[4,5-c]isoquinoline-4,13-dione 10a (Scheme
2).

Despite the inability of the 1H-NMR and 13C-NMR spectra to
clearly distinguish between isomers 9a and 10a, the HMBC
spectrum of the isolated molecule suggests that 9a was formed
as the sole product. Accordingly, the best evidence for our
suggested structure is the 3J-coupling cross-correlations
between the H7 signal at d = 4.88 ppm and the two carbonyl
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Reaction of enamine (5) with benzaldehyde (8a) and dimedone (7) under acidic conditions.
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groups in compound 9a, d = 160.6 and 194.3 ppm (Fig. 3).
Otherwise, just one carbonyl and H-5 would have displayed 3J-
CH cross-correlations in isomer 10a.

Scheme 3 shows a plausible reaction pathway for 9 and 10.
Initially, acetic acid, serving as an acidic catalyst, enhances the
electrophilicity and reactivity of the carbonyl group in aldehydes
8 towards dimedone 7 via a Knoevenagel condensation reaction,
resulting in the formation of the required 2-arylidene interme-
diate 11. There are two possible paths for the Michael addition
of C–H7 and NH2 of 8-amino-3,4-dihydropyrimido[2,1-b][1,3]
Fig. 3 HMBC correlations confirming the structure of compound 9a.

© 2026 The Author(s). Published by the Royal Society of Chemistry
thiazin-6-one towards Michael-acceptor 11 (paths A and B).
The rst nucleophilic interaction of compound 5's H7 to the
activated b-carbon of arylidene-dimedone 11 forms compound
12. Michael adducts 13 are produced through cyclization, which
involves the nucleophilic addition of compound 12's NH to the
activated carbonyl. Compound 9 is formed through the inter-
mediacy of 14 by removing a water molecule. Route B involves
adding the amino group of compounds 5 to the b-carbon of
arylidene-dimedone 11, accompanied by nucleophilic addition
of C–H7 to the activated carbonyl of compound 15 to create
RSC Adv., 2026, 16, 25999–26011 | 26001
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Scheme 3 Proposed reaction mechanism for the formation of tetracyclic heterocycles 9 and 10.
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Michael adduct 16. Compound 10 is formed via intermediacy of
17 aer acid catalyst and water removal.

It is noteworthy that S-alkylation of 5-phenyl-2-thioxohexa-
hydropyrimido[4,5-b]quinoline-4,6-diones 18a with one equiv-
alent of 1,3-dibromopropane 2 in the presence of two
equivalents of KOH led to the formation of the same product 9a,
thus conrming the proposed structural assignment.
Compound 18a70 was independently synthesized by reuxing 1,
benzaldehyde 8a, and dimedone 7 in acetic acid, as shown in
Scheme 4 (procedure B).

Inspired by this accomplishment, we expanded the reac-
tion's scope to create 7-arylhexahydro[1,3]thiazino[30,20:1,2]pyr-
imido[4,5-b]quinoline-6,8-dione, which is connected to
26002 | RSC Adv., 2026, 16, 25999–26011
different aryl moieties at position-7 through the utilization of
diverse aldehydes. Accordingly, the Hantzsch products 9b–g are
produced in good yields when one equivalent of compound 5
reacts with one equivalent of the aldehydes 8b–g and dimedone
7 (Scheme 5, method A). Similarly to compounds 9a,
compounds 9b–g were alternatively produced via the alkylation
of the initially obtained 5-aryl-2-thioxohexahydropyrimido[4,5-
b]quinoline-4,6-diones 18b–g70 with the 1,3-dibromopropane 2
in a basic medium (Scheme 5, method B).

In both cases, the reported yields correspond to the overall
yields for the formation of compound 9 starting from the same
precursors. In method A, the sequence involves initial alkyl-
ation followed by the three-component cyclocondensation,
© 2026 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ra03008d


Scheme 4 Alternative synthetic route for compound 9a.
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whereas in method B, the three-component reaction is per-
formed rst to afford intermediate 18, followed by a subsequent
alkylation step to give 9. The comparison is therefore intended
to highlight the effect of reaction sequence on the overall effi-
ciency of the synthetic route (Table 1).

We also explored ortho-substituted benzaldehydes; however,
repeated attempts did not afford isolable pure products, likely
due to steric hindrance affecting the key condensation step and/
or subsequent cyclization. This observation is consistent with
the increased steric demand at the ortho position.

The synthesized compounds are fused tetracyclic heterocy-
cles (1,2,3a,10,11-pentaza-5H-cyclopenta[b]anthracene-4,6-
diones) with acene-like topology but reduced aromaticity due
to heteroatom incorporation and partial saturation (Fig. 4). It
has been reported that heteroatom substitution within acene-
like structures changes their biological activity.71–74
Scheme 5 Synthesis of 7-arylhexahydro[1,3]thiazino[30,20:1,2]pyrimido[4

© 2026 The Author(s). Published by the Royal Society of Chemistry
Antimicrobial activity

The antimicrobial screening of seven synthetic compounds
against two Gram-positive bacteria (Staphylococcus aureus,
Enterococcus faecalis), one Gram-negative bacterium (Escherichia
coli), and one fungus (Aspergillus terreus) revealed a distinct
spectrum of activity, as shown in Table 2 and Fig. 5. Compound
9a demonstrated the broadest spectrum, exhibiting activity
against all four tested microorganisms. In terms of potency, the
largest inhibition zones were recorded for compound 9a against
S. aureus (9.67 ± 1.53 mm), followed by compound 9f, which
shows high activity against E. coli (8.67 ± 0.58), which may be
due to the presence of three methoxy groups. Mohamed et al.
(2012) suggested that chalcone derivatives containing electron-
releasing groups, such as OCH3, increase antimicrobial activity.
The antimicrobial activity of compounds may be due to damage
,5-b]quinoline-6,8-diones (9b–g) using the two methods A and B.

RSC Adv., 2026, 16, 25999–26011 | 26003
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Table 1 Overall yields (%) for the synthesis of compounds 9a–g via
two-stepwise sequences: method A (alkylation followed by cyclo-
condensation) and method B (cyclocondensation followed by
alkylation)

Entry Ar1

Overall yield (%)

Method (A) Method (B)

9a C6H5– 77 69
9b 4-ClC6H4– 87 84
9c 4-MeC6H4– 82 75
9d 4-MeOC6H4– 87 79
9e 4-O2NC6H4– 85 81
9f 3,4,5-(MeO)3C6H2– 84 81

9g 77 76

Fig. 4 General structure of the newly synthesized tetracyclic
heterocycles classified as thiaza-tetracene framework.

Fig. 5 Minimum Inhibitory Concentration (MIC) of compound 9a.
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to the cell wall, alterations in the metabolism of carbohydrates,
fatty acids, or amino acids, interference with DNA replication,
inhibition of the protein involved in cell division, and inhibi-
tion of the tyrosine phosphatase protein involved in gene
transcription. Methoxy groups are essential for improving the
antimicrobial activity of compounds.76 Compound 9b (with
chlorine) was inactive against E. coli and E. faecalis. This indi-
cates that the mere presence of a halogen is not sufficient; its
effect is heavily dependent on its position and the overall
molecular scaffold, inuencing both steric and electronic
properties.77 Conversely, one group of compounds (9d, 9b) was
Table 2 Antimicrobial activity represented by the inhibition zone (mm)

Compounds (1 mg mL−1)

Bacterial strains

S. aureus E.

9d 7b � 0 0a

9c 0a � 0 2.3
9b 2.33a � 4.04 0a

9e 9b � 1 2.3
9a 9.67b � 1.53 7bc

9f 0a � 0 2.3
9g 8.33b � 1.53 8d

Positive control 17c � 2.65 13.
LSD 5% 2.42 2.0

a Data are expressed as mean ± standard deviation (n = 3). Different low
differences (p < 0.05). The positive control (tetracycline for bacteria and 

26004 | RSC Adv., 2026, 16, 25999–26011
inactive against two bacterial strains, while another group (9c,
9e, 9g) showed no activity solely against A. terreus.75

Measurement of minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of compound 9a
was determined against the four microbial strains (Fig. 5). The
compound demonstrated superior potency against S. aureus
(MIC = 0.5 mg mL−1), followed by E. faecalis (MIC = 1 mg
mL−1), while E. coli and A. terreus were inhibited at a higher
concentration of 2 mg mL−1.

Molecular docking

The primary goal of antimicrobial discovery is to identify
compounds with a broad spectrum of activity and high potency.
Based on these criteria, compound 9a emerges as the most
promising candidate. Modeling studies were employed to
investigate the binding interactions of the compound 9a and
the reference drugs (tetracycline for bacteria and uconazole for
fungi) with the active site of the target protein. Molecular
docking was performed against DNA-directed RNA polymerase
from Staphylococcus aureus (Q2FW32) as a bacterial protein, and
A. terreus (A0A5M3YQC0) as a fungal protein, as shown in Table
3. DNA-directed RNA polymerase was selected as a putative
target in this study due to its well-established role as a crucial
of the tested compounds at a 1 mg per mL concentrationa

Fungal strains

faecalis E. coli A. terreus

� 0 0a � 0 2.33a � 4.04
3ab � 4.04 7.33c � 0.58 0a � 0
� 0 0a � 0 2.33a � 4.04
3ab � 4.04 4.67bc � 4.04 0a � 0
� 1 2.33ab � 4.04 4.67a � 4.04
3ab � 4.04 8.67c � 0.58 2.33a � 4.04
� 1 8.33c � 1.53 0a � 0
33e � 1.53 17.33d � 2.52 13.67b � 1.53
8 2.45 2.10

ercase letters within the same column indicate statistically signicant
uconazole for fungi) was used.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Molecular docking results and binding energies of compound 9a and reference controls (tetracycline and fluconazole) against the DNA-
directed RNA polymerase (RNAP) of specific microbial targets

Microbial
target

RNAP subunit
(PDB ID) Ligand

Binding energy
(DG, kcal mol−1)

No. of
interactions Key interaction types Key residues involved

S. aureus
(bacterial protein)

Q2FW32 Compound 9a −6.7 11 Pi–anion, pi–sigma, alkyl bond GLU208, LEU212
Tetracycline −6.4 5 Conventional hydrogen,

pi–sigma, amide–pi stacked,
pi–alkyl bond

GLY50, ALA51, LYS88,
SER203, TYR90

A. terreus
(fungal protein)

A0A5M3YQC0 Compound 9a −9.2 10 Conventional hydrogen,
carbon–hydrogen, pi–alkyl bond

LYS112, IEL115, ARG218,
PRO242, LEU110, LYS106

Fluconazole −7 11 Conventional hydrogen,
carbon–hydrogen, halogen,
(uorine), amide–pi stacked,
pi–alkyl bond

TYR527, PRO242, ASP241,
LEU531, VAL111, LYS112,
LEU110, GLY109, LEU105
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target for antibacterial drug discovery. This is evidenced by the
clinical success of several antibiotics, such as rifampicin and
daxomicin, which specically inhibit bacterial RNA poly-
merase to achieve their therapeutic effects.78 This validates
RNAP as a high-value target for screening novel antimicrobial
compounds. These ndings suggest that RNAP could be
considered a promising putative target for the screening of
novel antimicrobial compounds.
Fig. 6 (a) 3D molecular docking visualization of compound 9a within th
Q2FW32) as a bacterial protein. The inset shows a zoomed-in view high
ligand–protein interaction diagram of compound 9a. (c) 2D ligand–prot

© 2026 The Author(s). Published by the Royal Society of Chemistry
As shown in Fig. 6, molecular docking against S. aureus DNA-
directed RNA polymerase was performed to investigate
a potential mechanism of action. The results revealed an
intriguing contrast between the in silico and in vitro activities.
Compound 9a demonstrated a strong predicted binding affinity
with a free binding energy (DG) of −6.7 kcal mol−1. It formed
three interactions, including key bonds with residues GLU208
and LEU212. In contrast, the reference control, tetracycline,
showed a comparably weak predicted binding (DG =
e active site of S. aureus DNA-directed RNA polymerase (RNAP) (PDB
lighting the key binding interactions within the catalytic pocket. (b) 2D
ein interaction diagram of reference control (tetracycline).

RSC Adv., 2026, 16, 25999–26011 | 26005
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Fig. 7 (a) 3D molecular docking visualization of compound 9a within the active site of A. terreus DNA-directed RNA polymerase (RNAP) (PDB
A0A5M3YQC0). The inset shows a zoomed-in view highlighting the key binding interactions within the catalytic pocket. (b) 2D ligand–protein
interaction diagram of compound 9a. (c) 2D ligand–protein interaction diagram of reference control (fluconazole).
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−6.4 kcal mol−1) with ve interactions with the same target
protein. Compound 9a displayed a superior predicted binding
affinity compared to tetracycline. Since tetracycline is in vitro
more potent against S. aureus, this discrepancy strongly
suggests that the primary antibacterial effect of tetracycline is
not mediated through RNA polymerase inhibition,79 which is
consistent with its well-established mechanism of inhibiting
protein synthesis by binding to the 30S ribosomal subunit.80

The weak binding of tetracycline to RNAP in our simulation is
consistent with its reported mechanism of action, suggesting
limited interaction with this target in silico. Conversely, the
stronger predicted binding of compound 9a to RNAP may not
necessarily reect its actual intracellular target in vivo, as
docking results alone cannot conrm biological activity. Over-
all, the docking analysis suggests that compound 9a and tetra-
cycline may exhibit different binding proles toward RNAP,
warranting further experimental validation to clarify their
mechanisms of action.

Compound 9a demonstrated a signicantly superior pre-
dicted binding affinity (−9.2 kcal mol−1) against A. terreus
compared to the clinical antifungal uconazole
(−7.0 kcal mol−1). While uconazole formed more interactions,
the diverse prole of compound 9a, including critical conven-
tional hydrogen, carbon-hydrogen, and strong hydrophobic pi–
alkyl interactions with key catalytic residues like LYS112,
IEL115, ARG218, PRO242, LEU110, and LYS106, is likely
responsible for its superior predicted affinity (Fig. 7).
26006 | RSC Adv., 2026, 16, 25999–26011
Hydrophobic interactions are known to provide major entropic
gains,81 and hydrogen bonds to key active site residues are
particularly effective for stabilization.82

However, the most plausible explanation for the reduced
experimental activity involves suboptimal cellular permeability
or susceptibility to bacterial efflux pumps, which can prevent
the compound from reaching its intracellular target at sufficient
concentration. Consequently, these ndings suggest that
compound 9a may represent a promising lead structure due to
its predicted strong binding affinity, while clearly directing
future optimization efforts towards enhancing its physico-
chemical properties for improved cellular delivery. The physi-
cochemical prole of a compound, such as its molecular weight,
lipophilicity, and polarity, is a critical determinant of its ability
to traverse the bacterial cell envelope and reach its intracellular
target at a sufficient concentration.83 Furthermore, the potential
involvement of bacterial efflux pumps, which are known to
reduce intracellular drug accumulation signicantly, cannot be
ruled out.84 A key limitation of this work is the reliance on in
silico docking studies without complementary in vitro enzymatic
assays to conrm the proposed molecular target.
Conclusion

In summary, we have developed a novel and efficient synthetic
strategy for the construction of tetracyclic heterocycles, namely
1-thia-4a,11,12-triaza-tetracenes. To the best of our knowledge,
© 2026 The Author(s). Published by the Royal Society of Chemistry
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this fused framework has not been previously reported, thereby
representing a new class of heterocyclic systems. The method-
ology is based on the use of 8-amino-3,4-dihydropyrimido[2,1-b]
[1,3]thiazin-6-one as a key enamine building block in a one-pot
multicomponent reaction with aldehydes and dimedone,
providing a concise and convergent route to structurally
complex tetracyclic architectures. Compared with previously
reported approaches, this protocol offers notable advantages,
including operational simplicity, good yields, and access to
structurally diverse products. The assigned structures were
unambiguously conrmed through alternative synthetic path-
ways and detailed HMBC spectroscopic analysis.

Biological evaluation demonstrated that several of the
synthesized compounds exhibit promising antimicrobial
activity, with compound 9a emerging as the most potent
derivative, particularly against Staphylococcus aureus. Molecular
docking studies further supported these results, revealing
favorable binding affinities of compound 9a toward both fungal
and bacterial targets, exceeding those of reference drugs such as
uconazole and tetracycline.

Overall, the present study highlights the potential of this
newly developed tetracyclic scaffold as a valuable platform for
antimicrobial drug discovery. Further structural optimization
and experimental validation, including enzymatic studies, are
recommended to conrm the proposed mechanism and fully
explore its therapeutic potential.
Materials and methods
Chemistry

“Melting points were measured using a Stuart melting point
apparatus and were uncorrected. The IR spectra were recorded
using an FTIR Bruker-Vector 22 spectrophotometer using KBr
pellets. The 1H and 13C NMR spectra were recorded in DMSO-d6
as a solvent with a Varian Mercury VXR-300 NMR spectrometer
operating at 300 MHz and 75 MHz, or a Bruker AVS NMR
spectrometer at 500 MHz and 125 MHz, respectively, using TMS
as an internal standard. Chemical shis were reported as
d values in ppm. Mass spectra were recorded with a Shimadzu
GCMS-QP-1000 EX mass spectrometer in EI (70 eV) mode. The
elemental analyses were performed at the Micro Analytical
Centre, Cairo University, and Helwan University.
General method for the synthesis of (5)

A solution of 6-amino-2-thioxo-2,3-dihydropyrimidin-4(1H)-one
(1) (143 mg, 1 mmol) and KOH (112 mg, 2 mmol) in EtOH (10
mL) was boiled for 10 min. Then 1,3-dibromopropane (2) (102
mL, 1 mmol) was added to the resulting potassium salt. The
reaction mixture was reuxed for 7 hours. Thereupon, the
mixture was poured over crushed ice, and the formed precipi-
tate was ltered off, dried, and then recrystallized from ethanol.

8-Amino-3,4-dihydro-2H,6H-pyrimido[2,1-b][1,3]thiazin-6-
one (5). Pale yellow crystals (147 mg, 90%); mp 257–260 °C; IR
(KBr): n�3450 (NH2), 1695 (C]O), 1615 (C]N) cm−1; 1H NMR
(300 MHz, DMSO-d6) d 2.03–2.11 (m, 2H, CH2), 3.13 (t, J =

5.9 Hz, 2H, CH2), 3.81 (t, J = 5.7 Hz, 2H, CH2), 4.90 (s, 1H, CH),
© 2026 The Author(s). Published by the Royal Society of Chemistry
6.34 (s, 2H, NH2) ppm. MS (El, 70 eV): m/z (%) 183 [M+] anal.
calcd for C7H9N3OS: C, 45.89; H, 4.95; N, 22.93. Found: C, 45.73;
H, 4.77; N, 22.74%.
General method for the synthesis of 9a–g

Method A. In an acetic acid (10 mL), a solution of 8-amino-
3,4-dihydro-2H,6H-pyrimido[2,1-b][1,3]thiazin-6-one (5)
(183 mg, 1 mmol), dimedone (7) (140 mg, 1 mmol), and the
appropriate aldehydes 8a–g (1 mmol) was heated at reux for
7 h. The solvent was evaporated, and the formed precipitate was
ltered from ethanol and recrystallized from EtOH/DMF [1 : 3]
mixture to give the titled compound.

Method B. To a solution of 5-aryl-2-thioxohexahydro-
pyrimido[4,5-b]quinoline-4,6-diones (18a–g) (obtained via
a three component reaction) (1 mmol) and KOH (112 mg, 2
mmol) in EtOH (10 mL) was boiled for 10 min. 1,3-Di-
bromopropane (2) (102 mL, 1 mmol), was added to the resulting
potassium salt. The reaction mixture was reuxed for 7 hours.
Thereupon, the mixture was poured over crushed ice, and the
formed precipitate was ltered off, dried, and then recrystal-
lized from an EtOH/DMF [1 : 3] mixture to give the titled
compound.

10,10-Dimethyl-7-phenyl-3,4,7,10,11,12-hexahydro-2H,6H-[1,3]
thiazino[30,20:1,2]pyrimido[4,5-b]quinoline-6,8(9H)-dione (9a).
Colorless powder (method A: 77%, method B: 69%); mp > 300 °
C; IR (KBr): n�3236 (NH), 1668 (C]O), 1616 (C]N), 1516 (C]
C) cm−1; 1H NMR (500 MHz, DMSO-d6) d 0.90 (s, 3H, CH3), 1.00
(s, 3H, CH3), 1.98–2.19 (m, 4H, 2CH2), 2.36–2.47 (m, 2H, CH2),
3.12–3.18 (m, 2H, CH2), 3.67–3.91 (m, 2H, CH2), 4.88 (s, 1H, H7),
7.06 (t, J = 6.7 Hz, 1H, Ar–H), 7.18 (d, J = 6.5 Hz, 4H, Ar–H), 9.88
(s, 1H, NH) ppm; 13C NMR (125 MHz, DMSO-d6): d 22.4, 27.2,
27.4, 29.3, 32.6, 34.9, 41.6, 50.7, 97.8, 110.0, 126.3, 128.1, 128.2,
147.0, 150.9, 151.4, 158.5, 160.6, 194.3 ppm; MS (El, 70 eV): m/z
(%) 393 [M+] anal. calcd for C22H23N3O2S: C, 67.15; H, 5.89; N,
10.68. Found: C, 66.97; H, 5.71; N, 10.57%.

7-(4-Chlorophenyl)-10,10-dimethyl-3,4,7,10,11,12-hexahydro-
2H,6H-[1,3]thiazino[30,20:1,2]pyrimido[4,5-b]quinoline-6,8(9H)-
dione (9b). Yellow powder (method A: 87%, method B: 84%); mp
> 300 °C; IR (KBr): n�3236 (NH), 1657 (C]O), 1603 (C]N), 1509
(C]C) cm−1; 1H NMR (300 MHz, DMSO-d6) d 0.89 (s, 3H, CH3),
0.99 (s, 3H, CH3), 1.97–2.14 (m, 4H, 2CH2), 2.41 (br.s, 2H, CH2),
3.14 (t, J = 6.0 Hz, 2H, CH2), 3.73–3.92 (m, 2H, CH2), 4.86 (s, 1H,
H7), 7.17–7.24 (m, 4H, Ar–H), 9.85 (s, 1H, NH) ppm; 13C NMR
(125 MHz, DMSO-d6): d 22.4, 27.3, 27.4, 29.3, 32.6, 34.7, 41.6,
50.6, 97.4, 109.7, 128.2, 130.0, 130.8, 146.0, 150.9, 151.6, 158.9,
160.5, 194.4 ppm; MS (El, 70 eV):m/z (%) 427 [M+] anal. calcd for
C22H22ClN3O2S: C, 61.75; H, 5.18; N, 9.82. Found: C, 61.64; H,
5.03; N, 9.70%.

10,10-Dimethyl-7-(p-tolyl)-3,4,7,10,11,12-hexahydro-2H,6H-
[1,3]thiazino[30,20:1,2]pyrimido[4,5-b]quinoline-6,8(9H)-dione (9c).
Colorless powder (method A: 82%, method B: 75%); mp > 300 °
C; IR (KBr): n�3224 (NH), 1670 (C]O), 1617 (C]N), 1516 (C]
C) cm−1; 1H NMR (500 MHz, DMSO-d6) d 0.83 (s, 3H, CH3), 0.93
(s, 3H, CH3), 1.90–2.07 (m, 4H, 2CH2), 2.12 (s, 3H, CH3), 2.29–
2.40 (m, 2H, CH2), 3.07–3.10 (m, 2H, CH2), 3.69–3.83 (m, 2H,
CH2), 4.77 (s, 1H, H7), 6.90 (d, J = 7.7 Hz, 2H, Ar–H), 7.00 (d, J =
RSC Adv., 2026, 16, 25999–26011 | 26007

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ra03008d


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/2
3/

20
26

 7
:3

5:
25

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
7.7 Hz, 2H, Ar–H), 9.75 (s, 1H, NH) ppm; 13C NMR (125 MHz,
DMSO-d6): d 21.0, 22.4, 27.2, 27.4, 29.4, 32.6, 34.4, 41.5, 50.6,
98.0, 110.1, 128.0, 128.7, 135.2, 144.2, 150.8, 151.2, 158.4, 160.5,
194.4 ppm; MS (El, 70 eV): m/z (%) 407 [M+] anal. calcd for
C23H25N3O2S: C, 67.79; H, 6.18; N, 10.31. Found: C, 67.69; H,
6.03; N, 10.26%.

7-(4-Methoxyphenyl)-10,10-dimethyl-3,4,7,10,11,12-hexahydro-
2H,6H-[1,3]thiazino[30,20:1,2]pyrimido[4,5-b]quinoline-6,8(9H)-
dione (9d). Pale yellow powder (method A: 87%, method B:
79%); mp > 300 °C; IR (KBr): n�3251 (NH), 1633 (C]O), 1585
(C]N), 1506 (C]C) cm−1; 1H NMR (500 MHz, DMSO-d6) d 0.87
(s, 3H, CH3), 0.97 (s, 3H, CH3), 1.97–2.11 (m, 6H, 3CH2), 3.12
(br.s, 2H, CH2), 3.64 (s, 3H, OCH3), 3.86 (br.s, 2H, CH2), 5.0 (s,
1H, H7), 6.70 (br.s, 2H, Ar–H), 7.05 (br.s, 2H, Ar–H), 9.78 (s, 1H,
NH) ppm; MS (El, 70 eV): m/z (%) 423 [M+] anal. calcd for
C23H25N3O3S: C, 65.23; H, 5.95; N, 9.92. Found: C, 65.10; H,
5.78; N, 9.75%.

10,10-Dimethyl-7-(4-nitrophenyl)-3,4,7,10,11,12-hexahydro-
2H,6H-[1,3]thiazino[30,20:1,2]pyrimido[4,5-b]quinoline-6,8(9H)-
dione (9e). Pale yellow powder (method A: 85%, method B: 81%);
mp 245–247 °C; IR (KBr): n�3248 (NH), 1645 (C]O), 1554 (C]N),
1510 (C]C) cm−1; 1H NMR (300 MHz, DMSO-d6) d 0.89 (s, 3H,
CH3), 1.00 (s, 3H, CH3), 1.97–2.12 (m, 4H, 2CH2), 2.16–2.45 (m,
2H, CH2), 3.15 (t, J = 6.0 Hz, 2H, CH2), 3.72–3.92 (m, 2H, CH2),
4.97 (s, 1H,H7), 7.46 (d, J= 8.2 Hz, 2H, Ar–H), 8.07 (d, J= 8.4 Hz,
2H, Ar–H), 9.97 (s, 1H, NH) ppm; 13C NMR (125 MHz, DMSO-d6)
d 21.7, 27.5, 29.7, 32.4, 35.2, 41.3, 42.8, 52.2, 97.6, 110.4, 121.5,
127.3, 140.3, 147.5, 151.7, 152.3, 155.5, 162.4, 194.5 ppm; MS
(El, 70 eV): m/z (%) 438 [M+] anal. calcd for C22H22N4O4S: C,
60.26; H, 5.06; N, 12.78. Found: C, 60.15; H, 4.92; N, 12.59%.

10,10-Dimethyl-7-(3,4,5-trimethoxyphenyl)-3,4,7,10,11,12-hexa-
hydro-2H,6H-[1,3]thiazino[30,20:1,2]pyrimido[4,5-b]quinoline-
6,8(9H)-dione (9f). Colorless powder (method A: 84%, method B:
81%); mp > 300 °C; IR (KBr): n�3228 (NH), 1665 (C]O), 1615
(C]N), 1514 (C]C) cm−1; 1H NMR (300 MHz, DMSO-d6) d 0.99
(s, 3H, CH3), 1.03 (s, 3H, CH3), 2.02–2.18 (m, 4H, 2CH2), 2.45
(br.s, 2H, CH2), 3.15 (t, J = 6.2 Hz, 2H, CH2), 3.58 (s, 3H, OCH3),
3.67 (s, 6H, 2OCH3), 3.84–3.90 (m, 2H, CH2), 4.87 (s, 1H, H7),
6.50 (s, 2H, Ar–H), 9.80 (s, 1H, NH) ppm; 13C NMR (125 MHz,
DMSO-d6) d 21.4, 27.2, 27.5, 29.4, 32.4, 34.8, 41.6, 42.1, 52.5,
56.9, 59.6, 98.2, 106.6, 110.5, 136.2, 137.5, 148.4, 152.4, 157.5,
159.4, 162.5, 194.7 ppm; MS (El, 70 eV): m/z (%) 483 [M+] anal.
calcd for C25H29N3O5S: C, 62.09; H, 6.04; N, 8.69. Found: C,
61.90; H, 5.89; N, 8.53%.

7-(Benzo[d][1,3]dioxol-5-yl)-10,10-dimethyl-3,4,7,10,11,12-
hexahydro-2H,6H-[1,3]thiazino[30,20:1,2]pyrimido[4,5-b]quinoline-
6,8(9H)-dione (9g). Creamy powder (method A: 77%, method B:
76%); mp > 300 °C; 1H NMR (500 MHz, DMSO-d6) d 0.92 (s, 3H,
CH3), 1.00 (s, 3H, CH3), 2.01–2.19 (m, 4H, 2CH2), 2.37–2.46 (m,
2H, CH2), 3.16 (t, J = 6.0 Hz, 2H, CH2), 3.79–3.92 (m, 2H, CH2),
4.81 (s, 1H, H7), 5.91 (s, 2H, –OCH2O–), 6.62 (d, J = 8.1 Hz, 1H,
Ar–H), 6.70–6.73 (m, 2H, Ar–H), 9.87 (s, 1H, NH) ppm; 13C NMR
(125 MHz, DMSO-d6): d 21.5, 22.4, 27.3, 29.3, 32.7, 34.5, 41.6,
50.7, 97.9, 101.0, 108.1, 108.7, 110.0, 120.8, 141.2, 145.7, 147.1,
150.8, 151.3, 158.5, 160.6, 194.4 ppm; MS (El, 70 eV):m/z (%) 437
[M+] anal. calcd for C23H23N3O4S: C, 63.14; H, 5.30; N, 9.60.
Found: C, 62.98; H, 5.19; N, 9.45%.
26008 | RSC Adv., 2026, 16, 25999–26011
Antimicrobial study

The Gram-positive bacteria, including Enterococcus faecalis
ATCC 29212, and Staphylococcus aureus ATCC 29213, Gram-
negative bacteria such as Escherichia coli ATCC 35218, and
fungal species, including Aspergillus terreus, were used to
measure the antimicrobial activity of the synthesized
compound at a 1mg per mL concentration against bacterial and
fungal strains by the disc-diffusion method. Tetracycline and
uconazole were used as positive controls for bacterial and
fungal species, respectively, while DMSO was used as a negative
control. The inhibition zone diameter was measured in mm.
This experiment was carried out in triplicate.85,86
Determination of minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of the compound
was evaluated against bacterial and fungal strains using broth
microdilution and agar dilution methods, respectively. For
bacteria, two-fold serial dilutions of the compound (0.125–4 mg
mL−1) in nutrient broth were inoculated with a standardized
bacterial suspension (∼1.5 × 106 CFU mL−1) in a 96-well plate.
Following incubation at 37 °C for 18–24 h, resazurin indicator
(0.675 mg mL−1) was added. The MIC was dened as the lowest
concentration preventing a color change from blue to pink. For
fungi, the compound was incorporated into agar plates at the
same concentration range. Aer inoculation, the plates were
incubated at 27 °C for 7 days, and the MIC was recorded as the
lowest concentration completely inhibiting visible growth
compared to the control.87,88
Molecular docking

The molecular docking was performed using AutoDock Vina
1.5.7 to predict the binding modes and affinities of the most
active compound and the reference drugs (tetracycline and
uconazole) against DNA-directed RNA polymerase (RNAP).89

The crystal structures of the RNAP from Staphylococcus aureus
(Q2FW32) as a bacterial protein, and A. terreus (A0A5M3YQC0)
as a fungal protein, were obtained from the Protein Data Bank
(PDB) via their UniProt IDs. These protein structures were pre-
processed by removing water molecules, adding polar hydrogen
atoms, and assigning Gasteiger charges.90 The binding pockets
were identied using CB-DOCK2.91 The resulting protein–ligand
complexes were visualized and analyzed using BIOVIA Discovery
Studio Visualizer 2021 to determine the binding energies
(DG, kcal mol−1) and key intermolecular interactions, such as
hydrogen bonds and hydrophobic contacts.92
Statistical analysis

All antimicrobial activity assays were conducted in triplicate,
and results are presented as mean ± standard deviation.
Statistical signicance was determined using one-way ANOVA
followed by Duncan's multiple range test in SPSS (version 21),
with P < 0.05 considered signicant.93
© 2026 The Author(s). Published by the Royal Society of Chemistry
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