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The work presented a facile, one-step procedure as a green assembly process for preparing silver tungstate
nanorod by hydrothermal technique via a chemical reaction between silver nitrate and sodium tungstate.
The synthesized precipitate was characterized using X-ray diffraction (XRD) transmission electronic mi-
croscope (TEM) and scanning electron microscopy (SEM) to ensure the formation of crystallization and
single-phase material. The prepared nanorods undergo a catalytic evaluation to synthesize tetrahydrobenzo[a]
xanthene-11-one derivatives by a one-pot reaction of p-naphthol, dimedone, and aromatic aldehyde with
a catalytic amount of silver tungstate under the solvent-free condition at 60-70 °C. ArgC is one of the
L-arginine biosynthetic pathways of mycobacterium tuberculosis. The molecular docking explains that all
the synthesized compounds presented high ligand ability for the targeted enzyme compared with xanthene-

9-carboxylic acid as a reference.
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INTRODUCTION

Hydrothermal and solvothermal syntheses are impor-
tant branches of inorganic synthesis. Hydrothermal and
solvothermal techniques are used to synthesize and grow
conventional and advanced materials® 2. Silver tungstate
(Ag,WO,) is a photosensitive semiconductor that could
act as a catalyst beneath mild irradiation. It has a band-
gap of around 3.1-3.2 eV, allowing absorption of visible
light**. Photo-excited electrons and holes can participate
in redox reactions. Common applications as a photoca-
talyst include organic decomposition, water splitting for
hydrogen production, and degradation of pollutants>S,
Oxygen vacancies and silver species help extend light ab-
sorption and improve catalytic performance. Mechanisms
involve direct hole oxidation, hydroxyl radical formation,
superoxide radical anions, and reactive oxygen species.
The main advantages are visible light activity, chemical
stability, tunable morphology, and moderate band po-
sitions. Drawbacks include fast recombination and low
conversion efficiency. Overall, Ag,WO, is a promising
visible-light-driven catalyst for environmental and energy
applications if the design is optimized to maximize charge
separation and surface reactions’.

MCRs refer to the multi-component that is an excep-
tionally and quick field that helps in forming complex
structures from multi scaffolds in one pot reaction with
high selectivity and economics. As a one-pot response,
MCRs for the foremost portion bear the taken toll of
great yields and are on a fundamental level not very the
same as a two-component response in several perspectives
2 and permitted fast get to combinatorial libraries of
natural particles for capable lead structure recognizable
proof and progression in sedate discovery. Over the past
decade, diverse advanced sequential MCRs have been
made'®. In the last two decades, a lot of researchers
focused their work on an important class of heterocyclic

polynuclear compounds called xanthenes and benzo-
xanthenamides. These classes have much importance in
different fields, like pharmacological properties, as well
as anti-antiviral, inflammatory, and antibacterial proper-
ties. In addition, xanthenes are also used as scaffolds in
design dyes"™, in expansion to their employments as
fluorescent substances in pH-sensitive for visualization
of biomolecular gatherings'®, and laser innovations'®.
Related to this auxiliary lesson has been utilized as the
flexible unit for the union of complex frameworks be-
cause of the chemical action of their inbuilt pyran ring'’.
Too, xanthenes’s basic unit is displayed in a considerable
number of standard items'®. Subsequently, the blend of
xanthene subordinates is of extraordinary significance
and still has to be found unused engineered strategies
uncommonly one-pot amalgamation that has a financial
and natural impact.

Tuberculosis and the mycobacteria that cause it still
cause the death of thousands of people around the world
in spite of the presence of effective drugs. There was
an assessed 1.2 million passing (2019) due to TB, and
an extra 208,000 passings coming about from co-infec-
tion with HIV and TBY. The drug is currently used for
tuberculosis (2018) with an effectiveness rate of up to
85%, but there are many side effects from it, including
the period of treatment being too long. the long period
of treatment increases bacterial resistance of bacteria
which increases with the length of the treatment period,
in addition to hepatic toxicity. Alarmingly, the advance-
ment of multidrug-safe (MDR) and broadly drug-resistant
(XDR) strains has undermined the ampleness of current
anti-TB treatment: 57% of MDR cases were successfully
treated around the world amid the 2017 cohort. Despite
all the treatments offered, the problem of side effects
and bacterial resistance to these treatments makes there
a necessary and continuous need to innovate new, more
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advanced treatments and so we presented this new series
of xanthenes as anti-mycobacterium tuberculosis.

Therefore, there is an urgent need for new antitubercu-
lar drugs, and it is necessary to find novel chemical scaf-
folds and mechanisms of action that can reduce treatment
duration and prevent the emergence of drug resistance.
Held on populaces of metabolically heterogeneous bacilli
can frame within the granuloma microenvironments and
survive treatment due to obtained phenotypic medicate
resistance, indeed although numerous of the drugs as
of now in clinical utilize are bactericidal®®. A lot of
the synthetic methods were prepared xanthenes in the
literature?" 2 unfortunately, most of these reactions can
be carried out in the presence of macro-size protic acid,
Lewis’s acid, or another hazard catalyst, and most of
these reactions were completed by reflux. The presented
work suggested a new nano-size catalyst for the synthesis
of xanthene derivatives.

EXPERIMENTAL

Materials

Silver nitrate (AgNO,) and Sodium tungstate (Na,WO,)
precursors were supplied by Sigma Aldrich Company and
used without further purification. Commercial ethanol
(75%) was used in the washing process.

Synthesis of Ag,WO, Nano roads

In beaker A, one molar ratio of sodium tungstate
2.94 gm (Na,WO,: 293.82) was dissolved in 25 mL dist.
water. In beaker B, a mixture of one molar ratio of one
molar ratio of silver nitrate 1.69 gm (AgNO;: 169.87)
was added to 25 mL dist. water. The two mixtures were
stirred separately at ambient room temperature for
10 minutes. The two aqueous solutions were transferred
into Teflon-autoclave (TLA -100 mL) in a drying oven
at 160 °C for 72 hours. After the appropriate time,
the autoclave undergoes cooling at room temperature
(25 °C). The final extraction precipitate underwent
washing treatment with distilled water and ethanol to
remove any soluble impurities or unreacted reagents
and was dried in a normal oven at 60-80 °C for 3 hrs.
The final pure product is collected as crystalline white
fine powder Ag,WO,.
2AgNO; + Na,WO, — Ag,WO, | + 2NaNO;,

Characterization of Ag,WO, nano-roads and organic
products

An X-ray diffraction system (model Bruker D8) was
applied. A Vantech super speed position sensitive de-
tector is equipped with it & a Gobel Mirror with a Cu
K, X-Ray tube. Measurements were taken from 4 to
80° in 20 diffraction angle range. Morphological studies
were visualized via scanning electron microscopy (SEM/
JEOL JSM 6510 LV, USA).

Gallenkamp apparatus was used to measure the mel-
ting point of the end products. Nicolet iS10 was used in
measure the FTIR. Jeol Resonance apparatus (Japan)
at 125 MHz was used to measure the *C NMR. Jeol
Resonance apparatus (Japan) at 500 MHz was used
to measure the '"H NMR. “CDCIl, were used as NMR
solvents”. EuroVector instrument analyzer (EA3000

Series) was used to measure the molecular ion peaks
and fragmentation of the organic end products.

Catalytic reaction procedure

10 mmol aldehyde, 10 mmol B-naphthol (10 mmol,
1.44 g), and 10 mmol dimedone (10 mmol, 1.4 g) were
mixed. Then, 20 mol% Ag,WO, was added and the
obtained mixture was stirred at 60-70 °C. The progres-
sion yield for the targeted product was monitored by
fluorescent silica based on aluminum sheets using UV
lamp chromatography to monitor the reaction progress.
Finally, the reaction mixture is poured into ethanol as
a recrystallization solvent to purify the desired products.
As a model example of spectroscopic data for the pre-
pared molecules.

12-(3-(4-Bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-9,9-
dimethyl-8,9,10,12-tetrahydro-11H-benzo[a]xanthen-
11-one (4i)

IR (anhydrous KBr): 1671 (C=0), (1590 (C=C) cm™,
"H-NMR (500 MHz, CDCl,) 8 ppm: 0.98 (s, 2CH,), 1.95
(s, CH,), 2.10 (s, 2CH,), 5.67 (s, CH), 7.67-7.29 (m,
16 ArH + 1H-pyrazol); >*C-NMR (125 MHz, CDCl,) &
ppm: 190.85 (C=0), 149.11 (O-C=C), 148.50 (-C=N),
145.50-115.00 (24 Ar-C + 2 C in pyrazole ring), 49.05
(1C of CH,CO), 40.86 (1C of CH,), 31.75 (quaternary
1C), 29.85 (C of in pyran ring), 28.66 (2C of 2CH,)
(Fig. 1). MS (EI) m/z = 574/576 [M*, M*+2] *, Anal.
Calcd. For C;,H,,BrN,0, (574.15): C, 70.96; H, 4.73; N,
4.87. Found: C, 70.91; H, 4.68; N, 4.77.

RESULTS AND DISCUSSION

Figure 2 reveals an SEM image of the synthesized
silver tungstate. The image shows high-density nanorods
of Ag,WO, with smooth surfaces and uniform width. The
nanorods have an elongated rod-like morphology with
high aspect ratios, estimated to be around 10-20. The rods
have widths of approximately 25-60 nm and they extend
over several micrometers in length. The nanorods are
reasonably straight along their major axis, showing some
gentle bending or kinking. The rods appear separated
from each other, with open spaces surrounding each na-
nostructure. There is no major aggregation observed. The
ends of the nanorods are rounded and exhibit a club-like
shape rather than being sharply tapered. The nanorod
surfaces and edges look smooth without obvious defects,
pits, or roughness. Overall, the SEM image demonstrates
the successful synthesis of elongated Ag, WO, nanorods
with smooth surfaces, high aspect ratios, and no major
aggregation. From the TEM images the roads formed
are in the nano scale range.

The pattern shows a series of sharp, narrow dif-
fraction peaks, indicating the crystalline nature of the
synthesized material. Observable peaks can be indexed
to the standard monoclinic phase reported by: (JCPDS
Cardno. 12-0708) of Ag,WO, with no secondary phases
detected®. The strongest intensities are observed for the
(121), (231), (002), (202), and (033) planes of Ag,WO,.
The full width at half maxima (FWHM) of the peaks
is relatively narrow, also confirming high crystallinity
and few defects. The diffraction angles and d-spacings
calculated from the pattern agree closely with literature
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Figure 1. Carbon-NMR for the prepared 4i ligand

values. No impurity peaks related to unreacted precursors
or side products are found (Fig. 3).

Subsequently, nano-catalysts have advanced some of
the answers excellently in our collection research and
continued modern synthetic method for heterocyclic
compounds®***. The presented work started with an opti-
mization step to determine the best chemical condition
and procedure for the targeted reaction. As explained
in Scheme 1, a one-pot reaction is the best way for this
reaction in which B-naphthol, aldehydes, and dimedone
are mixed simultaneously until benzo-xanthenes are
obtained.

The data obtained from the optimization step is
summarized in Table 1 and the best condition of the
presented reaction for the synthesis of benzo-xanthene
derivatives can summarized as mixing the p-naphthol,

e
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Scheme 1. Model example for optimization reaction between
B-naphthol, benzaldehyde, and dimedone

aldehydes, and dimedone in 20% per mole of catalyst

under solvent-free conditions at 60-70 °C.
Accidentally, during the reaction optimization by using

different amounts of the targeted catalyst and various

solvents, the prepared catalyst Ag,WO, promoted the

reaction in the acetonitrile solvent the reaction yielded

Figure 2. A is the SEM and B is the TEM images of the synthesized silver tungstate
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Figure 3. Reveals the XRD diffraction pattern of the synthesized silver tungstate

Table 1. Reaction optimization

Entry Mole (%) Catalyst Solvent Temp. Time (min) Yield (%)
1 20 Ago,WO, Ethanol reflux 60 60
40
2 20 Ag2WO4 CH:CN reflux 60 Mixed Products Scheme 2
3 20 AngO4 CzH4C|z reflux 60 79
4 10 Ag,WO, Solvent-free r.t. 60 80
5 15 Ago,WO, Solvent-free r.t. 60 82
7 20 Ag, WO, Solvent-free 60-70°C 60 91

less than 50% xanthene and the presence of a second
product when monitoring by TLC. The two products
separated and characterized as 4a by 40% yield and
N-[(2-hydroxy-4,4-dimethyl-6-oxo-cyclohexenyl)-(phenyl)
methyl]-acetamide (4’a) with m.p. 210 °C* by 20 % yield
was separated as a byproduct, Which the acetonitrile
solvent in product 4’a inter in the one pot reaction

instead of B-naphthol Scheme 2.
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Scheme 2. Reaction between B-naphthol, benzaldehyde, and dime-
done in acetonitrile

After the optimization step, the reaction was progressed
by changing the aldehyde with a variety of substitutions
to approve the efficiency of the presented procedure the
data obtained is summarized in Table 2.

A plausible mechanism explains the main role of the
catalyst through increasing the polarization power of
the carbonyl group in aldehydic compounds and this
increases the nucleophilic attack reaction from f-naphthol
Scheme 3. Finally, the obtained enones were added to
the enolic form of dimedone and after the dehydration
step, the final benzoxanthenes were obtained.

Molecular docking studies

The presented data was designed and calculated using
MOE 2014.0901 software. The synthesized xanthene de-
rivatives and xanthene-9-carboxylic acid were validated
as mycobacterium tuberculosis ArgC inhibitors. The
most common calculation used in the detection of ligand
affinity is energy score values the lower value explaining

Table 2. Synthesis of different tetrahydrobenzo[a]xanthene-11-one deivatives at 60-70 °C under solvent free condition

Entry Aldehyde Products | Time (min) | Yield %
1 Benzaldehyde 4a 60 91*
2 Toluene 4b 90 88*
3 p-Anisaldehyde 4c 90 82
4 Piperonal 4d 80 83*
5 Vanillin 4e 60 90*
6 p-(F)-Benzaldehyde 4f 30 96*
7 m-(Cl)-Benzaldehyde 49 30 95*
8 p-(Cl)-Benzaldehyde 4h 40 93*
9 3-(4-Bromophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde 4i 40 77

*Melting points of cpds matches with literature values?" 22




catalyst

Scheme 3. The suggested mechanism

that the drug is more potent for the active site in the
targeted enzyme. The data obtained refers to all the
nine prepared compounds having lower E score values
in kcal/mol. Then the literature reference® explains that
the prepared compound can be a good mycobacterium
tuberculosis ArgC inhibitor (Fig. 4).
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Figure 4. The energy score validation of the prepared ligands
4a—4i and reference molecule in (red color point)

The interaction between the prepared ligands and the
active side amino acid residues demonstrated a binding
process and pharmacodynamics phase for the prepared
ligands compared with the literature references. General-
ly, it forms more than two electrostatic bonds. Figure 5
presents the 2D ligand-receptor interaction of compo-
und 4e the binding process is fixed by four electrostatic
bonds compared with the reference molecule. Also, the
3D gives a clearer structure explaining the ligand active
site complex (Fig. 6).

CONCLUSION

Ag,WO, nanorods were successfully synthesized using
a simple and green hydrothermal chemical method. Char-
acterization for the precipitate by XRD and SEM con-
firmed the formation of crystalline monoclinic Ag,WO,
nanorods with smooth surfaces and high aspect ratios. The
Ag,WO, nanorods were applied as an efficient catalyst
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Figure 5. ligand 4e and reference molecule interaction with a
targeted receptor “tuberculosis ArgC” in 2D structure

for the one-pot synthesis of tetrahydrobenzo[a]xanthene-
11-one derivatives via the three-component reaction
of p-naphthol, dimedone, and various aldehydes. The
solvent-free reaction at 60-70 °C with 20 mol% Ag,WO,
gave yields up to 96%. Molecular docking studies were
performed to evaluate the binding affinity of the synthe-
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Figure 6. Ligand 4e interaction with targeted receptor “tuberculosis ArgC” in 3D structure

sized xanthene compounds against the Mycobacterium
tuberculosis enzyme ArgC. The docking results showed
stronger binding affinity and lower energy scores com-
pared to the reference ligand xanthene-9-carboxylic acid,
suggesting good potential as an anti-TB inhibitor. The
Ag,WO, nanorod catalyst enabled an efficient one-pot
synthesis of xanthene derivatives, which were validated
by docking as promising anti-TB drug candidates against
the ArgC enzyme target.
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