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ABSTRACT

Introduction:- The development of new heterogeneous catalysts for the nitration of aromatic reaction using green
chemistry is the need of hour across the globe. The present study shows simple and efficient aromatic nitration
protocol with novel nanocatalyst Cu/Mo/SiOz. These novel catalysts are more environmentally friendly and non-
hazardous for handling.

Methods — The present study indicates synthesis of novel nanocatalyst Cu/Mo/SiO: using sol-gel method. The
newly generated nano catalyst has been utilized for the efficient aromatic nitration reaction to afford
regioselective products.

Results- The novel nanocatalyst Cu/Mo/SiO. was prepared successfully and implemented for the nitration
reaction. Several substituted aromatic compounds were converted to the corresponding nitrated regio-isomers
using mild condition.

Discussion:- The newly generated nanocatalyst Cu/Mo/SiO: has been well characterized by XRD, SEM, TEM,
IR, and EDX analyses. All synthesized products were analysed by 'H NMR, !> C NMR, and melting points.
Conclusion - This is the efficient, mild and green approach for the synthesis of nitrated compounds using novel
heterogenous catalyst Cu/Mo/SiO:z. This protocol is more safe, environmentally friendly and sustainable for
several compounds.
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1. Introduction
The development of safe, efficient, robust, chemically

catalyst plays pivotal role for the chemicals synthesis,
energy  transformation and the  biological

benign  processes for the synthesis of active degradation[26-27].

pharmaceutical ingredients (APIs) intermediates is Aromatic nitration is a key and very useful reaction for
critical and challenging in the pharmaceutical and the synthesis of dyes, agrochemicals, and
chemical industries [1-4]. The application of green pharmaceutical  intermediates[28-30].  Traditional

Chemistry is essential worldwide to make processes nitration processes commonly involve the use of mixed

simpler, more efficient and environmentally friendly
while reducing chemical waste [5-9]. Synthesis of new
organic compounds via green approach is more
beneficial to have high atom economy. Green synthesis
is an emerging tool for the invention of the chemical
and pharmaceutical industries for developing new
compounds for sustainable product development [10-
13].

In recent years, nanostructured catalysts have been
attracted growing attention towards high surface area,
chemical stability, and eco-friendly profiles[14-18].
The hetrogenious catalyst Cu/Mo/SiO- are particularly
attractive due to their non-toxicity, high thermal
stability (up to 900 °C), and corrosion resistance[19-
22]. Surface methodologies of Cu-Mo-Si were
investigated and identified by macroscopic
methods[23-25]. Mix-metal oxide have been widely
explored in heterogeneous catalysis. Heterogeneous

acid systems (fuming HNOs; and H>SOs), which are
highly hazardous, generate substantial acidic waste,
and pose challenges for safe scale-up[31-32]. Several
eco-friendly reported methods such as metal-catalyzed
nitration and featuring solid acid catalysts like Fe(NO)s.
This methods shows nitration at milder conditions with
diminished environmental effects[33-35]. Numorous
other metals, including Fe, Mn, Ce, Cu, and Pd, have
been successfully employed for selective nitration,
substitution, and transformation. This protocol offering
improved safety, selectivity, and recyclability
compared with conventional methods [36-40].

This is the first green approach using novel nano
catalyst Cu/Mo/SiO. for regioselective aromatic
nitration. The development of such catalysts holds great
potential for improving reaction efficiency and
sustainability. A relevant example illustrating the need
for safer nitration strategies is the synthesis of 1-(4,5-

1JIDDT Volume 16 Issue 87s 2026

Page: 1807



Synthesis Of API Intermediate by Using Nano Mixed Metal Oxide Catalyst

dimethoxy-2-nitrophenyl)ethan-1-one (2). This crucial
intermediate  used in the production of
Cabozantinib[41]. A tyrosine kinase inhibitor used for
treating various cancers, including medullary thyroid
carcinoma, renal cell carcinoma, and hepatocellular
carcinoma [42-44]. The conventional synthesis of this
intermediate relies on nitration with fuming nitric and
sulphuric acids. This process is exothermic, hazardous,
and resulted in ~ 40-50% yield. 1-(4,5-dimethoxy-2-
nitrophenyl)ethan-1-one (2) is highly potential
intermediate  for the = commercialisation  of
Cabozantinib[45]. In addition, mechanochemical
approach is employing solvent-free, NaBHas-assisted
synthesis of oxygen-deficient NiCoMoOs have been
demonstrated significantlly[46]. Furfural Synthesised
by selective oxidation of Maleic anhydride using
Molybdenum/Vanadium mole ratio of catalyst[47].
Molybdenum Nano catalyst used for various
transformation like oxidation, reduction and Nitrogen
fixation [48-50].

In this study, we reported the efficiant, green synthesis
of novel nanocatalyst Cu/Mo/SiO. via a sol-gel
method. Application of this novel nanocatalyst in the
nitration of aromatic compounds under mild conditions
using aqueous nitric acid (figl). To the best of our
knowledge, this the first report for direct aromatic
nitration under these conditions under mild, eco-
friendly, green conditions using novel nanocatalyst
Cu/Mo/Si0s:. The present protocol eliminated the use of
corrosive mixed acid, and hazarodous chemicals. This
proctocol shows good to excellent yields.. This
methodology is a promising and sustainable strategy
for green aromatic nitration reactions to producr regio
selective nitrated products in a good to excellent yields.

2. Materials and Methods

2.1 Materials

Unless otherwise stated, all chemicals and solvents
were of analytical grade and were used without further
purification. Ethylsilicate-40 (CAS No. 18954-71-7),
copper(Il) acetate (Cas n0.6046-93-1) sigma Aldrich
98%, ammonium heptamolybdate tetrahydrate (Cas
no.12054-85-2) Sigma Aldrich grade, and isopropyl
alcohol (Cas n0.67-63-0) were purchased from Sigma-
Aldrich. Deionized water was used throughout the
catalyst synthesis. Prior to use, all glassware and
reaction vessels were thoroughly cleaned, dried, and
maintained under ambient laboratory conditions.

The progress of the reaction was monitored by thin-
layer chromatography (TLC) using Merck silica gel 60
Fas4 precoated aluminium plates (0.2 mm thick). The
chromatograms were visualized under ultraviolet light
(254 nm) and, when required, by staining with
phosphomolybdic acid solution in ethyl alcohol.
Purification of reaction products was performed by
column chromatography using activated neutral
alumina or silica gel (100-200 mesh) with ethyl
acetate/n-hexane as the eluent.

Nuclear magnetic resonance (NMR) spectra were
recorded on a Bruker AMX-400 spectrometer operating

at 400 MHz for “1H NMR and 101 MHz for 13C NMR
using CDCls as the solvent unless otherwise specified.
Chemical shifts () are reported in parts per million
(ppm) relative to tetramethylsilane (TMS) as the
internal reference, while coupling constants (J) are
expressed in hertz (Hz). Signal multiplicities are
designated as s (singlet), d (doublet), t (triplet), q
(quartet), dd (doublet of doublets), ddd (doublet of
doublets), dt (doublet of triplets), and m (multiplet).
The present investigation showed the synthesis of novel
nanocatalyst Cu/Mo/SiO: via a sol-gel method. The
evaluation of catalytic performance of Cu/Mo/SiO: for
the nitration reaction of a variety of aromatic substrates.
The developed methodology was designed to provide a
robust, economical, and environmentally benign
alternative to conventional aromatic nitration.

2.2. Methods

Synthesis of Cu/Mo/SiO: Nanocatalysts

Cu/Mo/SiO2 nanocatalysts were synthesised by a
modified sol-gel method to obtain homogeneous
dispersion of the active metal oxides.This catalyst is
bound with silica matrix preserving with high surface
area and structural stability. Ethylsilicate-40 was
selected as the silica precursor because of its high silica
content.

In a typical preparation, ethylsilicate-40 (250 g) was
dissolved in anhydrous isopropyl alcohol (250 mL)
under continuous magnetic stirring. Separately, cupric
acetate monohydrate (12.55 g) was dissolved in
isopropyl alcohol (100 mL).The resulting solution was
added dropwise to the silica precursor under vigorous
stirring to ensure uniform incorporation of the copper
species. Ammonium heptamolybdate tetrahydrate
(20.31 g) was subsequently dissolved in deionised
water (100 mL) and added gradually to the reaction
mixture with continuous stirring. The mixture was
stirred until a homogeneous viscous sol was obtained,
followed by continued stirring for an additional 2 h to
facilitate gel formation.

The resulting gel was aged overnight at room
temperature to promote completion of the hydrolysis
and condensation reactions. The aged gel was initially
air-dried and subsequently dried in a hot-air oven at 110
°C for 12 h to remove residual solvent and moisture.
The dried material was then calcined in a muftle
furnace at 450 °C for 12 h to obtain the final
Cu/Mo/SiO: nanocatalyst.

The sol-gel synthesis produced a mechanically stable
mixed-metal oxide catalyst.The homogeneous
dispersion of Cu and Mo species throughout the silica
framework. Subsequent structural, morphological, and
compositional  characterisation  confirmed the
successful formation of thermally stable nanostructured
Cu/Mo/SiO: catalysts suitable for heterogeneous
catalytic applications.

In Fig. 1 Aromatic nitration of API intermediates using
hazardous fuming nitric acid, subsequent steps
produced anti-cancer API Cabozantinib. By using a
nano catalyst, it is easier production of advanced API
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intermediates.
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Fig.1 Aromatic Nitration of API Intermediates by using Cu/Mo/SiO: Catalyst.

*Nitration done by using nano Catalyst different substrates.

Table 1 Substrate Scope

Sr.N. Product Temp. °C | Nitration System | Time (h) | Regio isomer | Yield(%)
1. o 2 25-30°C | HNOs/Formic acid 0.5 NA 80%
o NO,
6
2. % 25-30°C | HNOs/Formic acid 1.0 0.5 80.2%
OH
OH
NO; O
7
3 (\/EF 25-30°C | HNOs/Formic acid 2.0 NA 65%
N” “NO,
8
4 OH 25-30°C | HNOs/Formic acid 1.5 NA 85%
i _OH
NO;
9
5 ad 25-30°C | HNOs/Formic acid 2.5 0.61 81%
Oj/ [o]
0\)Lo/
NO,
10
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25-30°C

HNOs/Formic acid 3.0 NA 89%

25-30°C

HNOs/Formic acid 35 NA 86%

25-30°C

HNOs/Formic acid 1.5 NA 83%

All compounds synthesis data have been included in The optimisation of 3-nitrophthalic acid synthesis

supporting information

under various reaction conditions is presented in Table

The above table 1 substrate used for the synthesis of 2. The results indicate that the current catalytic system
ingredients  has

active

worldwide consumption.

pharmaceutical

higher affords the desired regioisomer with minimal formation
of other regioisomeric products.

Table 2. Reaction carried out different weight % Of catalyst loading details table

Sr.N. | Comp.no. | Catalyst | HNO;3 HCOOH (V) Temp | Conversion | Regio Yield
Loading (eq.) | (Solvent+Reagent) isomer
(%) (4-
Nitro)
1 7 NA 1.99 5.0 25- NA NA NA
30°C
2 7 NA 1.99 5.0 50- NA NA NA
55°C
3 7 NA 1.99 5.0 100- NA NA NA
105°C
4 7 5 1.99 5.0 25- 55% 0.05% 45%
30°C
5 7 5 1.99 5.0 45- 60.7% 0.05% 46%
50°C
6 7 5 1.99 5.0 100- 67.7% 0.1% 51%
105°C
7 7 7 1.99 5.0 25- 56% 0.04% 47%
30°C
8 7 7 1.99 5.0 45- 60.7% 0.45% 55%
50°C
9 7 7 1.99 5.0 100- 75.7% 1.55% 65%
110°C
10 7 7 1.99 5.0 25- 85% 0.55% | 79.5%
30°C
11 7 10 1.99 5.0 45- 90% 3.8% | 80.10%
50°C
12 7 10 1.99 5.0 100°C 65% 30% 45 %
13 7 10% 1.99 5.0 25- 85.8% 0.5% 80.2%
30°C

*Yield is calculated on an isolated basis. The reaction was done on a 100 gm scale basis.10% catalyst loading,
100% product degradation observed and Regioisomer formation observed, to controlled regio isomer at 25 to
30°C at the best condition.
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2.3 Experimental

We commenced our investigation by evaluating the
reaction of formic acid with aqueous nitric acid (60—
70%) in the presence of the Nano catalyst (10 g, 10%
w/w). Nitric acid was used as nitrating agent to
introduce nitro functional group. While formic acid
served as the solvent and provide acidic medium
required for nitration. To this nitrating mixture, 1-(3,4-
dimethoxyphenyl)ethan-1-one (5) was added at
ambient temperature and stirred for 30 min. As
anticipated, the desired product, 1-(4,5-dimethoxy-2-
nitrophenyl)ethan-1-one (6), was obtained with 80%
yield.

It was further observed that substituents exert a
pronounced electronic effect on the phenol ring.
Substrates bearing electron-withdrawing groups, such
as diacids, furnished significantly higher yields (7)
compared to those containing electron-donating
substituents (-OH, -OR, -NH). This trend highlights
the favourable role of electron-withdrawing groups in
facilitating the transformation. Gratifyingly, a mono-

substituted halogen (-F) heteroaromatic system,
exemplified by 3-fluoropyridine, afforded the
corresponding product (8) in excellent yield (65%).
Nitration of 3-fluropyridine is not reported in any
literature, but a product is prepared using hazardous
tetrafluoro acid[51]. Our catalytic system is favourable
for this conversion, further emphasising the importance
of electronic factors. In contrast, electron-donating
substituents delivered compounds 9 and 10 at moderate
to excellent yields (69% and 96%, respectively),
indicating that although donation tends to reduce
reactivity, efficient conversion is still achievable.
Interestingly, sterically hindered bicyclic aromatic
systems also furnished compounds 11 and 12 with high
yields (91% and 93%). This clearly suggests that steric
hindrance has minimal influence on the efficiency of
this transformation, underscoring both the robustness
and broad substrate tolerance of the methodology.
Reaction Mechanism:-

Figure 2 illustrates the complete reaction mechanism
for aromatic nitration using the nanocatalyst.

Reaction Machanism
Overall conceptual process
Cu/Mo/SiO, HNO, > H*-Si0, + Cu?*(aq) + Mo (VI) Species + 0=Nt0
Active Species | Nitronium lon
=
RS |
Cu/Mo/SiO; + H,0 Y
(\—NOZ
o
R= Functional Group
Fig. 2 Reaction mechanism by using Nano-catalyst.
Attack of HNO3 protons from the conch. Acid pool. This converts into a

The mobile metal atoms Cu and Mo embedded in the
porous framework are selectively oxidised by incoming
HNO:s. This alters their chemical state from neutral to
positive, which has high affinity for water and
immediately floats out into the liquid phase Cu*'(aq.)
and soluble Mo(IV) species.
(Si02)-M(0)+ 4HNOs+4H" —>» Mo*

+4NO2+ 4H20

Framework Activation
Once the heavy metal are removed, the exposed oxygen
lone pair on the silica backbone rapidly absorbs excess

passive silica mixture into an activated ‘’Bronsted solid
acid.’

Bownsted acid site

-

O

" Si/ \Si O\Si/
HO N/ / ™~
6] o)
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Catalytic Dehydration

The heavily protected silica matrix interacts with
unreacted HNO3. It forces the transfer of an additional
hydrogen on the acid molecule, driving a dehydration
split to expel water and leave behind the stable linear
electrophile, i.e. Nitronium lon.

+
[ H,0-NO? ] — > H,0+NO,

Cu-Mo-Si nano catalysts enable efficient, and eco-
friendly aromatic nitration using aqueous nitric acid
under mild conditions.

3.0 Result and Discussion

3. X-ray Diffraction (XRD) Analysis

The XRD patterns of 10 wt.% Cu/Mo/SiO2 (CMS)
catalysts, calcined at various temperatures from 500 °C
to 700 °C, are shown in Fig. 3. The catalysts were
synthesised via solgel technique to ensure uniform
metal dispersion on silica[52]. Distinct diffraction
peaks at 20 = 12.7°, 23.3°, 25.8°, and 27.3° correspond

to orthorhombic a-MoO3 phase (JCPDS No. 00-005-
0508). No B-MoO3 signals appeared, consistent with its
thermal instability above ~400 °C. XRD patterns with
varying copper loadings (0.5%, 5%, and 10%)
confirmed retention of  a-MoO3 across
compositions[53-55]. At 10 wt.% Cu, additional
reflections at 20 = 35.7° and 46.3°, assigned to
monoclinic CEO phase .

Increasing dopant concentration led to minor shifts in
peak intensity and broadening, indicating changes in
crystallinity and reduced average crystallite size. The
Scherrer equation calculations revealed a slight
decrease in crystallite size with increasing calcination
temperature, suggesting the formation of thermally
stable nanocrystalline phases [56-59].

Calcination at 600 °C and 700 °C produced XRD
patterns similar to those at 500 °C, confirming the
thermal stability of both a-MoO3 and CuO phases. 1)
These results demonstrate that the CMS catalysts
possess robust crystalline structures suitable for high-
temperature catalytic applications, with Cu and MoOs3
components remaining stable under thermal stress[60].

3.0
2.8
2.6
2.4
2.2
2.0- |
1.8 .
1.6 (I
tad 1]
124 W
1.0
0.8
0.6
0.4
0.2
0.0

10% CMS

700'C

600'C

A\ LA
W OPNEVA P ANV VA VP

500'C

20 30

40
2 Theta

50

Figure-3. Comparative XRD Graph 10% Cu/Mo/SiOz at various calcined temperature

(P) XRD pattern of Cu (10 wt.%)/Mo/ SiO: contains: a)
MoO:s phase at 12.8°,23.8°,26.9% b) CuO —35.7°, 46.3°.
In the above Fig shows characteristic diffraction peak
of Cu/Mo/SiOz nanocatalyst. The peaks observed at 26
values of 12.8°, 23.8°, and 26.9° are attributed to the
crystalline phase of MoO while the peaks at 35.7° and
46.3° are associated with CuO. These diffraction peaks
indicate the formation of crystalline metal oxide phases
within  the nanocatalyst, providing structural
information relevant to its further characterisation and

evaluation of catalytic performance.

3.2 Scanning Electron Microscopy (SEM) and
Energy Dispersive X-ray (EDX) Analysis

The surface morphology and elemental distribution of
the synthesised mixed metal oxide catalysts were
studied using scanning electron microscopy (SEM) and
energy dispersive X-ray (EDX) spectroscopy (Figure-
4). Representative SEM micrographs along with
corresponding EDX spectra are shown in Figure-4 &
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5. SEM analysis revealed that the catalysts exhibit well-
defined, granular or cubic-like morphologies with
relatively uniform particle size distribution. The
nanostructured surfaces indicate efficient incorporation
of metal precursors into the silica matrix via the sol-gel
route, suggesting good dispersion of active components
without significant aggregation.[61-62].

EDX spectra confirmed the presence of the desired
metal species in the silica framework. Elemental
analysis clearly showed Cu, Mo, and Si in Cu/Mo/SiO2
catalysts. The absence of extraneous elements validated

the high purity and targeted stoichiometry of the
synthesised materials. [®*65 The uniform distribution of
elements supports the potential of these catalysts for
consistent and reproducible catalytic performance[66-
67].

SEM and EDX analyses together confirm that the sol—
gel synthesis yields homogeneous, nanoscale mixed
oxide catalysts with desirable surface characteristics
and compositional accuracy, critical for catalytic
activity and stability.

6300 —
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m_
3500
3000
25004 =

=

— KiKa

Counts

1500 —E
lcm—"’

300 —+

0 T T
1. EI} 2 [I:' 3.00 4100

I I I I
5300 &00 7.0 .00

bV

£ — Cukb

10,00

Figure-4. Energy Dispersive X-ray (EDX)

In the EDX analysis, it clearly indicated that elemental
species present in molecules, the different peaks show
that peaks like Si, Cu, Mo, which clearly understand the

A SEM:- 25 pm

elemental species present in the nano-structure
characteristic X-ray energies (keV) on the x-axis to
specific electronic transitions.

Z8 kU

X118, 868

B SEM:- 01 pum

Figure-5. SEM micrographs 10%- Cu/Mo/SiO2 500°C

Scanning Electron Microscopy (SEM) analysis
showing surface images, which is clearly indicated the
surface size of a nano-particle[35]. SEM is Surface

analysis method. From this method we will analyse the
surface structure of the nano-particle, which will help
for further studies.

IJDDT Volume 16 Issue 87s 2026

Page: 1813



Synthesis Of API Intermediate by Using Nano Mixed Metal Oxide Catalyst

The images show microstructure, morphology, and
surface characteristics. SEM images of a 10%
Cu/Mo/Si bimetallic nano catalyst showing constant
size globular morphology wused for various
organometallics' reaction as per globular morphology
are very useful.

3.3 Transmission Electron Microscopy (TEM)
Analysis

Transmission electron microscopy (TEM) was
employed to investigate the particle size, morphology,
and nanostructure of the synthesized catalysts[68].
Representative TEM images of MoOs and 10 wt.%
Cu/Mo/SiO2 are shown in Fig. 6. The TEM
micrographs reveal nanocrystalline structures with
rectangular to slightly irregular nanoparticles[69].
These particles tend to form agglomerates, commonly

seen in nanostructured oxides due to high surface
energy. The contrast between metal oxide particles and
silica support allowed visualization and measurement
of particle sizes, which were found to be 20-30 nm,
confirming the nanoscale nature of the active phase.
These size estimates align with crystallite sizes
calculated from XRD peak broadening using the
Scherzer equation, validating the consistency between
characterisation techniques[70-73]. TEM analysis
corroborates the high dispersion of metal species on the
silica matrix and confirms the successful synthesis of
well-dispersed nanostructured catalysts via the sol—gel
route.

The structural integrity and uniform morphology
observed by TEM indicate potential high surface area
and accessible active sites, which are crucial for
enhanced catalytic activity [74-76].

A:- TEM 200 nm

B:- TEM 100 nm

C:-TEM 50 nm

Figure-6. TEM micrographs 10%- Cu/Mo/SiOz 500°C.

Transmission Electron Microscopy (TEM) is a high-
resolution imaging technique used to distinguish
nanoparticles by transferring an elevated-energy
electron beam through ultra-thin samples.[36]1t
provides direct, sub-nanometer visualisation of particle
morphology, exact size, size distribution, crystal
structure, and lattice orientation. TEM provides 2D
projection of nano-particles. It shows the internal
structure of nano particles like species, rodlike,
polyhedral. In the above fig. it shows the internal
structure of a Cu/Mo/Si nano particle, which shows a
particle size of 20 nm to 30nm. The images confirmed
the formation of spherical morphology. The average
particle size obtained from TEM was found to be in the
range 20-30 nm, which is in good agreement with
results obtained by XRD.

3.4 General Procedure for Synthesis of Compounds
6-12

1-(4,5-Dimethoxy-2-nitrophenyl)ethan-1-one (6)

To a solution of formic acid (500 mL) was added
aqueous nitric acid (60—70%, 83.89 g, 1.33 mol), and
the mixture was stirred for 1015 min. Subsequently,
Nano catalyst (10 g, 10% w/w) was added. To this
nitrating mixture, 1-(3,4-dimethoxyphenyl)ethan-1-one
(100.0 g, 0.54 mol) was added in five equal portions at
30 °C while maintaining the reaction temperature
between 25-30 °C. After 30 min, TLC indicated

completion of the reaction. The reaction mixture was
diluted with water (500 mL) and stirred for 45—60 min.
The product was extracted with dichloromethane (3 x
300 mL). The combined organic layers were dried and
concentrated under reduced pressure to afford 90 g of
white crystalline solid in 80% yield. The purity was
confirmed to be 98.3% by HPLC.

'H NMR (400 MHz, DMSO-ds, 6 ppm): 2.50 (s, 3H),
3.89 (s, 3H), 3.92 (s, 3H), 7.20 (s, 1H), 7.63 (s, 1H). *C
NMR (100 MHz, DMSO-ds, & ppm): 107.10, 109.65,
131.12, 138.34, 149.34, 153.12, 199.30. ESI-MS
(m/z): [M+H]* caled. for: Ci10H12NOs: 226, found: 226.

3-Nitrophthalic Acid (7)

To a solution of formic acid (500 mL) was added
aqueous nitric acid (60-70%, 291 g, 2.07 mol), and the
mixture was stirred for 10—15 min. A nano catalyst (10
g, 10% w/w) was then added. To this nitrating mixture,
phthalic acid (100.0 g, 1.04 mol) was added and stirred
at 25-30 °C. After 30 min, TLC confirmed completion
of the reaction. The reaction mass was diluted with
water (3 x 500 mL) and stirred for 45-60 min. The
product was extracted with dichloromethane (3 x 500
mL), and the combined organic layer was concentrated
under reduced pressure to afford a crude oily product.
The pure product was obtained by high vacuum
distillation (yellow oil), which solidified upon standing
overnight. Final distillation was carried out at 70-72 °C
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under 89 mm Hg to yield 100 g of 3-nitrophthalic acid
in 78% yield. HPLC purity was found to be 99.5%.

'H NMR (400 MHz, DMSO-ds, & ppm): 7.50 (t, 2H),
8.50 (m, 2H). *C NMR (100 MHz, DMSO-ds, 6 ppm):
116.69, 116.92, 126.53, 126.53. ESI-MS (m/z):
[M+H]* caled. for: CsHsNOs: 212, found: 212

3-Fluoro-2-nitropyridine (8)

To a solution of formic acid (400 mL) was added
aqueous nitric acid (60-70%, 108 g, 0.77 mol), and the
mixture was stirred for 10—15 min. Nano catalyst (10 g,
10% w/w) was then added. To this nitrating mixture, 3-
fluoropyridine (100.0 g, 0.38 mol) was added and the
reaction was stirred at 25-30 °C. After 30 min, TLC
confirmed completion of the reaction.

The reaction mixture was diluted with water (3 x 500
mL) and stirred for 45-60 min. The product was
extracted with dichloromethane (3 x 500 mL), and the
combined organic layers were concentrated under
reduced pressure to afford the crude product. The crude
compound was stirred in n-hexane for 2 h at 25-30 °C
to induce crystallization. After filtration, 100 g of the
solid product was obtained in 65% yield. HPLC purity
was found to be 98.6%. '"H NMR (400 MHz, DMSO-
ds, 6 ppm): 7.7(m, 1H),7.8(t, 1H), 3.82 (s, 1H), *C
NMR (100 MHz, DMSO-ds, & ppm):
128.32,130.50,143.90,150.32,153.06. ESI-MS (m/z):
[M+H]" calcd. for: CsH4FN202: 143, found: 143.

The following compounds are also prepared by the
same general procedure as mentioned above.
4-nitrobenzene-1,2-diol (9)

'H NMR (400 MHz, DMSO-ds, 8 ppm): 6.88-6.90 (d,
1H), 7.59-7.60 (d, 1H), 7.62-7.65 (dd, 1H), 10.00 (s,
1H), 10.55 (s, 1H). ESI-MS (m/z): [M+H]" calcd. for:
C¢HeNOa: 156, found: 156

Dimethyl
phenylene)bis(oxy))diacetate (10)
'H NMR (400 MHz, DMSO-ds, 6 ppm): 5.02-5.04 (s,
4H), 3.71-3.72 (s, 6H), 7.15-7.17 (d, 1H), 7.75-7.76 (d,
1H), 7.88-7.91 (dd, 1H). ESI-MS (m/z): [M+H]" calcd.
for: C12H14NOs: 300, found: 300
18-nitro-5,6,8,9,12,13-hexahydro-2H,11H-
benzo[b][1,4,10,13]tetraoxa|7,16]diazacycloocta-
decine-3,14(4H,15H)-dione (11)

'H NMR (400 MHz, DMSO-ds, & ppm): 3.33-3.38 (m,
4H), 3.48 (m, 8H), 7.28-7.31 (s, 1H), 7.87-7.96 (m,
4H). ESI-MS (m/z): [M+H]" calcd. for: CisH22N3Os:
384, found: 384

2,2'-((4-nitro-1,2-

18-Nitro-3,4,5,6,8,9,12,13,14,15-decahydro-2H,11H-
1,7,10,16,4,13-benzotetraoxadiazacyclooctadecine

(12). Nature - yellow solid (1.120 g, 86% yield).
'HNMR (400 MHz, CDCl3) & 2.25 (s, 2H, NH), 2.86 (t,
J=4.6Hz,3.07 (t, J = 4.6 Hz, 4H),4H), 3.60 (s, 4H),
3.63 (m, 4H), 4.19 (m, 4H), 6.87 (d, J = 9.0 Hz, 1H,),
7.71(d,J = 2.6 Hz, 1H), 7.87 (dd, J = 9.0, 2.6 Hz, 1H).
BCNMR (126 MHz, CDCI3) & 48.43, 48.46, 49.43,
49.47, 68.77, 69.14, 70.39, 70.44, 70.48, 106.88,
110.33, 117.73, 141.35, 148.34, 154.13 ppm. ESI-MS

(m/z): [M+H]" caled. for: CicH2sN3Os: 356.180
([IM+H]+, Calcd; 356.181).

Methyl 2,4-diamino-3-fluoro-5-nitrobenzoate (13)
Nature- Light yellow solid (95% Yield) 'HNMR (400
MHz, DMSO) & 3.81 (s,3H,-0CH3), 6 7.21 (s,2H,-
NH>), 6 7.37 (s,2H,-NH>),

3 8.54 (s,1H,-CH), ®'CNMR (100 MHz, CDCI3) &
101,123,126,135,137,138,142,166  ppm. ESI-MS
(m/z): [M+H]* calcd. for: CsHsFN304:229.2 ([M+H]+,

Calcd; 229.21).

Above all, compounds are synthesized using Cu/Mo/Si
Nano-particles with aq. Nitric acid, which in this
methodology, the nano-particle, helps to speed up the
reaction within a stipulated time with a robust process,
eco-friendly, no hazardous reagents like fuming nitric
acid, sulphuric acid involved, temp not requiring more
than 35°C, reaction completed at ambient temp,
isolation very simple by filtration or extraction, catalyst
recovery done by precipitation.

4. Conclusions

Novel nanostructured Cu/Mo/SiO2 catalysts were
synthesised via the sol-gel method and effectively
applied for aromatic nitration using aqueous nitric acid
under mild conditions. The process delivered excellent
yields with short reaction times and simple product
isolation, eliminating the need for corrosive acids. This
green, cost-effective method is industrially safe and
suitable for synthesising key API intermediates. The
catalysts demonstrated good thermal stability and
scalability, making them promising for pharmaceutical
and fine chemical applications. Overall, this work
represents a significant step toward sustainable,
heterogeneous catalytic systems for aromatic nitration.
Although promosing result of novel nanocatalyst
Cu/Mo/SiO2 has certain limitations, however its
production of nanocatalyst by solgel method having
current challenges in maintaining defined/uniform
structure, composition, porosity, and catalytic activity
during commercial batches.

5. List of Abbreviations

Ar = Aryl; DMSO = Dimethyl sulfoxide; FT-IR =
Fourier transform infrared spectroscopy; FWHM = Full
width at half maximum; ICP-AES = Inductively
coupled plasma atomic emission spectroscopy; MP =
Melting point; NMR = Nuclear magnetic resonance;
NPs = Nanoparticles; Ph = Phenyl; ppm = Parts per
million;, RBF = Round-bottom flask; RT = Room
temperature; SEM = Scanning electron microscopy;
TEM = Transmission electron microscopy; THF =
Tetrahydrofuran; TLC = Thin-layer chromatography;
TMS = Tetramethyl silane; UV—-Vis = Ultraviolet—
visible spectroscopy; VSM = Vibrating sample
magnetometry; XRD = X-ray diffraction.
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