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Minireviews-Spotlight: Herein, the synthesis of various nitro compounds has been studied by the ipso-nitration reaction and other methods.

Abstract: The chemistry of nitration reactions is a powerful tool for the
synthesis of pharmaceutical molecules and biological compounds.
Carbon-nitrogen (C-N) bond formation is one of the most important
reactions in organic synthesis, which plays a key role in the synthesis of
biologically active and targeted molecules. Nitro compounds are very
useful and have shown their importance in various medical,
environmental and military fields for the synthesis of energetic and
explosive compounds. Nitration reactions are conducted through various
methods and employing diverse reagents, illustrating the multiplicity of
their synthesis pathways. Diversifying the chemistry of nitro compounds
offers a promising avenue for generating novel targeted molecules,
showcasing the potential of these substances and the method itself. The
objective herein is to highlight a selection of reagents and pathways for
synthesizing nitro compounds that have garnered significant interest
from research groups in recent years.
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1. Introduction

Nitro compounds are playing important roles in organic
chemistry because of their applications in the preparation of
chemical intermediates for the synthesis of dyes, plastics,
perfumes, energetic materials, and pharmaceuticals [1]. The
electrophilic nitration of organic materials is one of the most
extensively studied organic reactions, which involves the
use of HNO3/H,SO4 as a nitrating mixture under harsh
reaction conditions. This method is challenged by issues of
regioselectivity, resulting in the production of isomeric
mixtures and oxidation byproducts. Thus, the advancement of
a green chemistry approach and a straightforward procedure
for regioselective nitration holds substantial value in the realm
of nitro organic compounds. Nevertheless, many existing
techniques face several limitations, such as low yields,
extended reaction durations, excessive nitration, the necessity
for substantial catalyst quantities, diminished regioselectivity,
reagent oxidation, and safety concerns. Therefore, designing
an efficient nitration protocol is still of practical importance.
Research efforts toward regioselective nitration led to the
discovery of ipso and Hunsdiecker reaction as a promising
approach [2]. Olah and co-workers reported the first to ipso-
nitration from aryl boronic acids, using Crivello’s reagent
(ammonium nitrate/trifluoro acetic anhydride) for this
conversion [3]. The ipso-nitration reaction, employed for the

synthesis of a wide variety of nitro compounds, is a practical
alternative to the classical electrophilic nitration reaction.
Many groups such as alkyls, acyls, boric acids, esters,
halogens, sulfonic acids and carboxylic acids can be replaced
by a nitro group [4]. Herein, the synthesis of various nitro
compounds has been studied by the ipso-nitration reaction and
other methods (Scheme 1).

Scheme 1. Some reagents used in the synthesis of nitro compounds
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Zolfigol et al. have reported selective nitration using
MOFs/sodium nitrite catalytic system. In this report, a wide
range of compounds such as boronic acids, aryl halides, aryl
trifluoromethanesulfonate and aroyl chlorides in the presence
of a catalytic amount of palladium (Pd) placed on MIL-
101(Cr)-NH; as a nitrating system have been nitrated. The
described method provides a useful and convenient strategy
for the ipso-nitration reaction (Scheme 2) [5].
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Scheme 2. Carrying out the nitration reaction using the Pd@MOF/NaNO,
system

In 2018, Zolfigol et al. introduced novel Brensted acidic ionic
liquid and nitrating agent 1,3-disulfonic acid imidazolium
nitrate [Dsim]NO;3 by reaction of imidazole, CISOsH and
nitric acid. This reagent was tested for the synthesis of
nitroolefins and nitroarenes. The promising features of the
mentioned agent are the benign nature of the protocols, the
ease of reaction procedures, the strong catalytic activity and
the time-saving with excellent yields of the target molecules
(Scheme 3) [6].
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Scheme 3. Carrying out the nitration reaction using the [Dsim]NO; reagent

In another exploration, novel ionic liquid of 1-sulfopyridinium
nitrate, ([Pyridine—SO3H]NO3), has been used as a reusable
reagent for the nitration of arenes. [Pyridine—SO3;H]NOs3 has
been introduced as a nitrating agent for the nitration of arenes
a highly efficient and organic reagent without the need of a
co-catalyst and solvent for the nitration of various aromatic
compounds at room temperature. Mechanistically, in situ
generated nitrogen dioxide as a radical from the reagent is
proposed for the presented nitration protocol (Scheme 4) [7].

Scheme 4. Carrying out the nitration reaction using the [Pyridine—-SO;HINOs
reagent
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In 2015, 3-methyl-1-sulfonic acid imidazolium nitrate
([Msim]NOs;) was synthesized and studied for the
synthesis of 4,10 dinitro-2,6,8,12-tetraoxa-4,10
diazatetracyclo[5.5.0.05,903,11]dodecane (TEX) via nitration
of 1,4-diformyl-2,3,5,6-tetrahydroxypiperazine (DFTHP).
The proposed method for the synthesis of TEX under solvent-
free conditions. Synthesis reagent in this work, good
performance, high purity and short reaction time are prepared
by a simple training method (Scheme 5) [8].
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Scheme 5. Synthesis of high-energy substance TEX using [Msim]NO;
reagent

The agent activity of the Cu(NO3),, highly efficient, mild and
green agent has been studied in the nitrodecarboxylation of
o, f-unsaturated acids. Experimental experiments have shown
that this reaction is likely to proceed through a radical
pathway. The proposed protocol is a pleasant, simple,
efficient, green method for the synthesis of (E)-nitroolefins
with good prospects for industrialization. Cu(NO3), has been
used as both a nitrating agent and a catalyst. In addition, the
proposed method offers several advantages such as readily
available and stable substrates, low-cost catalysts, high to
excellent performance, short reaction times, and simple post-
treatment methods (Scheme 6) [9].

Sclzeme 6. Carrying out the nitration reaction using the Cu(NOs), reagent

Org. Chem. Res. 2023, 9, 1-5

Palani ef al. have described a novel and efficient method for
the nitration of series aliphatic and aromatic carboxylic acids
to their respective nitro compounds using nitronium
tetrafluoroborate and silver carbonate in dimethyl acetamide.
This transformation is believed to proceed via the alkyl-silver
or aryl-silver intermediate, which subsequently reacts with the
nitronium ion to form nitro substances. Mild reaction
conditions, tolerant of a broad range of functional groups, and
formation of only the ipso-nitrated products are the key
features of this methodology when compared to known
methods for syntheses of nitro alkyls and nitroarenes
(Scheme 7) [10].
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Scheme 7. Carrying out the nitration reaction using the nitronium
tetrafluoroborate and silver carbonate reagent

DMA, 90°C

In 2015 Srimanta reported an alternative metal-free
decarboxylative nitration protocol for the preparation of the
nitroolefins from unsaturated carboxylic acids using #-butyl
nitrite (~BuONO) and TEMPO. Unsaturated carboxylic acids
bearing aromatic and heteroaromatic substituents gave (E)-
nitroolefins exclusively under mild conditions. A radical
based pathway has been proposed for this decarboxylative
nitration reaction (Scheme 8) [11].

+-BuNO,/ TEMPO
CH;CN, 50°C

Scheme 8. Carrying out the nitration reaction using -BuONO and TEMPO
reagent

Nitroolefin is a common and versatile reagent, synthesis of
which from olefin is generally limited by the formation of
mixture of cis— and trans— compounds. In 2013, it was
reported that silver nitrite (AgNO) along with TEMPO can
promote regio- and stereoselective nitrate from a wide range
of olefins. This work reveals a novel and efficient approach.
This process is practical and a wide array of substrates
including aromatic, aliphatic and heteroaromatic olefins can
be nitrated in regio- and stereoselective manner. The strategy
developed here can allow olefin nitration as a method for
rationalizing complex molecule synthesis (Scheme 9) [12].
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Scheme 9. Carrying out the nitration reaction using AgNO, and TEMPO
reagent

In 2012, Zolfigol et al. introduced 3-methyl-1 sulfonic acid
imidazolium nitrate ([Msim]NOs3) as a new Brensted acidic
ionic liquid and nitrating agent. [Msim]NOs; was used as a
reagent for nitrating aromatic compounds. The dramatic effect
of this reagent on in-situ nitrogen dioxide production as an
essential ingredient in aromatic compounds for nitrogen
delivery has been investigated. The major advantages of the
described are agent green synthesis, short reaction times and
excellent yields of products (Scheme 10) [13].

Scheme 10. Carrying out the nitration reaction using [Msim]NO; reagent

In another exploration, ipso-nitration of aryl boronic acids
using bismuth (III) nitrate as nitrating agent, has been
introduced. The features of this work include shorter reaction
times with medium to excellent yields. This method is
operationally simple,and robust to selection with excellent
functional compatibility for nitrogen synthesis. Most
importantly, the present protocol is catalyst-free, making it
more ecofriendly, economical, and feasible for large scale
synthesis of nitroarenes (Scheme 11) [14].
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Scheme 11. Carrying out the nitration reaction using the bismuth(IIl)nitrate
reagent
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Nitrostyrenes are versatile building blocks in organic
synthesis. In 2002, Jaya et al. introduced the nitro

decarboxylation of aromatic unsaturated carboxylic acids and
ring-activated benzoic acids by using nitric acid and catalytic
AIBN in CH3CN. A radical based pathway has been proposed
for this decarboxylative nitration reaction (Scheme 12) [15].

Scheme 12. Some reagents used in the synthesis of nitro compounds

Zolfigol and coworkers have designed and synthesized
poly(vinylimidazole) sulfonic acid nitrate reagent [PVI-
SO3HINO3 as a new polymeric nitrating agent for the
preparation of four high-energy and explosive materials. The
reagent created with the radical mechanism of explosive
materials such as FOX-7, PETN, RDX and TNT has been
created. The reported method stands out for its significant
advantages, including the high yield of products without
the need for any auxiliary catalysts, operation at low
temperatures, reduced reaction times, and its broad
applicability in the synthesis of energetic materials.
(Scheme 13) [16].
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Scheme 13. Synthesis of high-energy of explosive materials such as FOX-7,
PETN, RDX and TNT using [PVI-SO;H]NO; reagent
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2. Conclusion

In summary, considering the importance of nitro compounds,
the present review examines some types of methods and
reagents used in the synthesis of nitro compounds. The
electrophilic nitration of organic materials is one of the most
extensively studied organic reactions, which involves the use
of HNO3/H,SO4 as a nitrating mixture under harsh reaction
conditions. This method is plagued by issues of
regioselectivity, leading to the production of a mix of isomers
and oxidation by-products. Hence, developing a method for
regioselective nitration that adheres to the principles of
green chemistry and is operationally straightforward holds
considerable importance for the field of nitro organic
compounds. The pursuit of expanding these compounds
through mild and environmentally friendly approaches ranks
high among scientific priorities. Adhering to green chemistry
principles and environmental objectives should be at the
forefront, with the ensuing review serving as a comprehensive
overview of various reports and advancements in methods for
synthesizing nitro compounds. The critical role of nitro
compounds in the production of dyes, plastics, perfumes,
energetic materials, and pharmaceuticals has been clearly
established.
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