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Introduction

2,6-Dinitrohalogenbenzenes are valuable products of organic synthesis as they are used
in the preparation of biologically active substances [1-13].

In order to form these compounds, 2,6-dinitrohalogenbenzenes are reacted with hetero-
cyclic fragments or transformed into part of a condensed heterocyclic system. Nitrogen-con-
taining heterocycles are the most important structural components of drugs [14, 15] and piper-
idine and pyridine are two most common ones [16, 17].

At the same time the synthesis of 2,6-dinitrohalogenbenzenes is difficult because the con-
ventional way of synthesizing nitrohalogenarenes via nitration is unsuitable because of the
meta-orienting effect of the NO, group, which leads to isomeric 2,4-dinitroarenes. It increases
the cost of substances and prevents the production of a wide range of useful compounds based
on them.

In order to avoid the mentioned problem, it is necessary to block the fourth position of
the aroma ring. The carboxylic group is suitable due to several reasons: 1) in 4-halogen-3-ni-
trobenzoic acid, it orients the entry of the second NO,-group to the desired position, 2) it is able
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to undergo chemical transformation to form carboxylic acid derivatives (e.g. esters) and
3) it can be detached during decarboxylation.

The aim of this paper is to develop methods for the transformation of 4-chloro-3-nitro-
benzoic acid into 2,6-dinitrohalogenarenes, followed by the introduction of a nitrogen-contain-
ing heterocyclic fragment into them.

Main body

At the first stage of our research we tested the methodology for the nitration of 4-chloro-
3-nitrobenzoic acid (1). We considered the deactivating effect of the NO,- and COOH-groups
and used anhydrous potassium nitrate on concentrated sulphuric acid:

ON

KNO,
cl COOH ——= ¢l COOH
@ H,SO,
O,N O,N
1 2

Initially we performed the nitration at 120 °C for 5 h at a ratio of substrate to nitrating
agent = 1 to 1.2. After the synthesis we cooled the reaction mass and poured it into ice. We
filtered off the yellowish precipitation under vacuum, washed it with water and dried in the
desiccator. We sampled from the dry residue and analyzed the ratio of the starting 1 to the
reaction product 4-chloro-3,5-dinitrobenzoic acid (2) by integrating the signals in the 'H NMR

spectra. The results are presented in Table 1.

Table 1. The conversion of 4-chloro-3-nitrobenzoic acid (1) to 4-chloro-3,5-dinitrobenzoic acid (2) by nitration
with potassium nitrate in sulphuric acid

No. of ex- Temperature, °C Reaction time, h Ratio 1 to 2

periment
1 120 5 3
2 140 5 1.6
3 140 8 0.38
4 130 10 0.27
5 140 10 0.20
6 150 10 0.15
7 160 10 0.04
8 165 10 0.01
9 170 7

*the reaction mass turned black, so we stopped the experiment.

However, a large part of the substrate remained unreacted (experiment 1). This indicated
the low reactivity of acid 1 in SgAr reactions. Therefore, we changed the temperature and time
of the nitration process in order to obtain the desired product.

We found that the minimum content of the initial compound was observed during the
nitration process for 10 hours at 165 °C and a twofold excess of KNO; (experiment 8). The
product yield was 68%. This low amount of product seems to be caused by destructive oxidation
processes in a hot sulphuric acid. A further increase of the temperature of synthesis led to black-
ening and resinification of the reaction mass (experiment 9).
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We then functionalised 4-chloro-3,5-dinitrobenzoic acid (2) in a nucleophilic substitu-

tion reaction at the acyl carbon atom to give ester 3:

O,N O,N O,N
PCl, C,HsOH &
Cl COOH —— ClI COCl ——— = Cl C
Toluene, 24 \OEt
ON boling ¢ ON
2 3

For this purpose we first converted the substrate to chlorohydride by the action of phos-
phorus pentachloride. We did not isolate the product, but added dehydrated ethanol directly to
the flask and stirred for 2 hours, after which we evaporated the excess alcohol. When cooled,
the desired ethyl 4-chloro-3,5-dinitrobenzoate (3) crystallised in 82% yield.

Following this we conducted experiments on the formation of quaternary pyridinium

salts from 2 and 3 by the pyridine quaternisation reaction:

cl
acetone \
<:>N + Cl COOH M

The process in the case of acid 2 we conducted in a solution of dehydrated acetone under
heating and stirring. As the reaction proceeded, particles of the acetone insoluble pyridinium
salt 4 appeared in the flask. We cooled the solution after 8 hours and filtered off the yellow
precipitate, washed with fresh acetone and dried in the fume cupboard. The yield of N-(4-car-
boxy-2,6-dinitrophenyl)pyridinium chloride was 80%. The '"H NMR spectrum of the product
is shown in the Fig. 1.
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Fig. 1. '"H NMR spectrum of N-(4-carboxy-2,6-dinitrophenyl)pyridinium chloride (Bruker DRX400, SF=400
MHz, solvent and internal standard DMSO-d)
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The spectrum had 5 signals: 4 in the aromatic region from protons of the phenyl and
pyridine fragment and one singlet in the very high frequency region at 11.14 m.p. from the
hydrogen atom of the COOH group. All peaks shifted to the weak field region towards benzene
due to the strong electron acceptor effect of the functional groups and the endocyclic nitrogen
atom carrying the full formal positive charge. Due to its effect on a-carbons, their protons were
strongly de-screened and gave doublet of triplets at 8.91 ppm. At slightly lower frequencies the
triplet of triplets from hydrogen at the y-carbon of the pyridinium fragment was located. At
8.34 ppm we observed a singlet from two equivalent hydrogen atoms of the benzene ring having
an NOsat the ortho- and para-position and a COOH-group at the ortho-position. Finally, the
strongest field of all signals yielded a peak as a triplet of doublets from the hydrogen -carbons
of pyridine (8.04 ppm).

The quaternisation reaction of pyridine with ethyl 4-chloro-3,5-dinitrobenzoate in ace-
tone under heating resulted as a mixture of hardly separable products. When the process was
conducted at room temperature, we were also unable to isolate the desired compound in its
pure form. Only a change of solvent to dioxane resulted in N-(4-ethoxycarbonyl-2,6-dinitro-

phenyl)pyridinium chloride (5):

OZN C|7 02N
(0]
</ \N + CI COOEt—></ \:N*
— Dioxane, — OEt
O,N , kt,4h s oN

For the compound a '"H NMR spectrum was recorded (Fig. 2), where in contrast to com-
pound 4 a peak from the proton of the carboxylic group was absent. We observed an anomaly
- the number of signals from protons of the benzene ring and ethyl group was doubled, while
the intensity of the two sets was the same, but the second set was shifted relative to the first: the
shift was 0.3 ppm for the peaks of the phenyl fragment and CH»-alkyl chain and 0.15 ppm for
the CH;-alkyl chain.

This unusual increase in the number of peaks is probably due to the formation of two
spatial isomers of N-(4-ethoxycarbonyl-2,6-dinitrophenyl)pyridinium chloride (5), which dif-
fer by the mutual arrangement of the pyridine and benzene fragments with respect to each
other. Their rotation around a simple bond is inhibited by the presence of two nitro groups,
which can help anchor the molecules in a particular conformation.

To confirm the resulting structure of N-(4-ethoxycarbonyl-2,6-dinitrophenyl)pyri-
dinium chloride we obtained its mass spectrum with electron impact ionization. We observed
a very low intensity of the molecular ion peak (m/z 318), indicating a low stability of the qua-
ternary salt during hard ionization. The pyridine fragment with m/z 79, the reference peak, was
detached from the molecular ion. The resulting cation with m/z 239 lost the alkyl chain and a
dinitrobenzoic acid radical with m/z 211 was formed when the C,Hs was broken off. The re-

maining fragmentation ions were of low intensity.
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Fig. 2. 'H NMR spectrum of N-(4-ethoxycarbonyl-2,6- d1n1trophenyl)pyr1d1n1um chloride (Bruker DRX400,
SF=400 MHz, solvent and internal standard DMSO-ds)

It is important to note that both pyridinium salts 4 and 5 are not described in the literature
(we searched the Reaxys database), that is, they were synthesized for the first time in this work.

We further proposed to perform the reduction of the pyridine cycle on substances 4 and
5 in order to obtain piperidine derivatives. We did this with sodium borohydride in spirit:

c” ON NaBH,
. EtOH
- C
— OR O K T.,
O,N
4,5

where in 4,6 R=H, 5,7 R=Ft

We conducted the reaction in ethanol at 0 °C for one hour and then at room temperature
for another two hours. We took a fourfold excess of NaBH.. This made it possible to synthesize
substances 6 and 7 in yields of 77% and 72%.

The compounds were characterized by 'H NMR spectroscopy. On the proton spectrum
of 3,5-dinitro-4-(piperidine-1-yl)benzoic acid, 4 signals were observed (Fig. 3). Two multiplet
peaks at 1.55 ppm with an integral intensity of 6 and at 2.98 ppm with an integral intensity of
4 belong to the hydrogen atoms of the piperidine fragment. The signal at 2.98 ppm was obvi-
ously given by hydrogen atoms at two a-carbons of the cycle shifted towards the higher fre-
quencies due to the inductive effect of the endocyclic nitrogen atom. In the aromatic region of
the spectrum, one singlet at 8.40 ppm was observed from two benzene hydrogen. The H atom
of the carboxyl group appeared in the weakest field at 13.70 ppm.

In the '"H NMR -spectrum of ethyl-3,5-dinitro-4-(piperidine-1-yl)benzoate (7) (Fig. 4) in
contrast to compound 6 two additional peaks from the ethyl group were present: triplet at
1.32 ppm and quartet at 4.34 ppm. The signals of the finishing fragment and the heterocycle
had approximately the same chemical shift values.
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Both substances 6 and 7 have only been described in one paper [18] and their NMR spec-
tra have been recorded for the first time.
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Fig. 3.'H NMR spectrum of 3,5-dinitro-4-(piperidine-1-yl)benzoic acid (Bruker DRX400, SF=400 MHz, solvent
and internal standard DMSO-dg)
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Fig. 4.'H NMR spectrum of ethyl 3,5-dinitro-4-(piperidine-1-yl)benzoate (Bruker DRX400, SF=400 MHz, solvent
and internal standard DMSO-ds)

As a result of the conducted research we worked out methods, firstly, to prepare 2,6-di-
nitrohalogenbenzenes, containing carboxylic or ester groups, secondly, to synthesize polyfunc-
tional molecules, containing pyridine or piperidine fragment, on the basis of 2,6-dinitrohalo-
genbenzenes.

The N-(2,6-dinitrophenyl)piperidines and N-(2,6-dinitrophenyl)pyridinium salts syn-
thesized in this study are interesting as substrates for a possible intramolecular reductive heter-
ocyclization to form 1,2,3,4-tetrahydropyrido[1,2-a]benzimidazoles or pyrido[1,2-a]benzimid-
azoles with high biological activity.
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Experimental part

We determined the melting points on a PolyTherm A device at a heating rate of 3 °C/min
and did not adjust. NMR spectra were recorded on a Bruker DRX-400 for DMSO-ds solutions.
The remaining solvent proton signals in '"H NMR (8 2.50 ppm) were used as the reference for
the chemical shift counts. Mass spectra were recorded on a FINNIGAN MAT instrument.
INCOS 50, electron flux energy 70 eV.

Method for the synthesis of compound 2

In a three-neck flask 4.00 g (19.85 mmol) of 4-chloro-3-nitrobenzoic acid was added and
15 mL of concentrated H,SO, was poured. The substrate was dissolved by stirring and heating
to 80 °C. Afterwards a solution of 4.01 g (39.66 mmol) of potassium nitrate in 15 mL of concen-
trated H,SO, was added for 10 min. At the end of the addition of the reactant, the flask was
heated to 165 °C and the solution stirred for 10 hours. Then the reaction mixture was cooled
down to room temperature and poured into ice. The precipitate was filtered off under vacuum
and washed with plenty of water to pH = 7. The precipitate was dried in the fume cupboard at
70 °C.

4-chloro-3,5-dinitrobenzoic acid (2). The yield is 3.35 g (68%). T = 159-162 °C. Spec-
trum '"H NMR (DMSO-ds, 400 MHz) 6, ppm.: 8.76 s (2H, H?, H¢), 13.98 s (COOH).

Method for the esterification of 4-chloro-3,5-dinitrobenzoic acid

In a three-necked flask 10.04 g (40.73 mmol) of 4-chloro-3,5-dinitrobenzoic acid was
added and 50 mL toluene was added. It was heated until dissolved under stirring and 8.90 g
(42.77 mmol) phosphorus pentachloride (PCls) was added in portions. After the gas (HCI) re-
lease was finished, the solution was heated to boiling and evaporated to ~10 mL. Then 20 ml of
absolute ethanol was added to the flask. The resulting solution was stirred for 2 hours. The
precipitate was filtered off under vacuum and washed with absolute alcohol. The precipitate
was dried in the fume cupboard at 70 °C.

Ethyl 4-chloro-3,5-dinitrobenzoate (3). The yield is 9.20 g (82%). Tiner. = 81-83 °C. Spec-
trum 'H NMR (DMSOO-ds, 400 MHz) §, ppm: 1.36 t (3H, CHs, ] 7.1 Hz), 4.40 qu (2H, CH,,
J 7.1 Hz), 8.81 s (2H, H? H°).

Method for the preparation of quaternary pyridinium salts from 4-chloro-3,5-dini-
trobenzoic acid and its ester

In a three-necked flask 2.00 g (8.11 mmol) of 4-chloro-3,5-dinitrobenzoic acid was added,
10 mL acetone and 1.3 mL (16.2 mmol) pyridine were added. The reaction mass was heated
under stirring to 56 °C and the reaction was conducted for 8 hours. The solution was cooled
down to room temperature and the precipitate was filtered off under vacuum and washed with
dehydrated acetone. The precipitate was dried in the fume cupboard at 70 °C.

N-(4-carboxy-2,6-dinitrophenyl)pyridinium chloride (4). The yield is 2.13 g (80%).
Tmere = 174.5-178.5 °C. Spectrum '"H NMR (DMSO-ds, 400 MHz) §, ppm: 8.04 td (2H, H?, H>,
] 6.6,1.6 Hz), 8.34 s (2H, H*, H"), 8.56 tt (1H, H*, ] 7.8, 1.6 Hz), 8.91 dt (2H, H%, H¢, ] 5.0, 1.6 Hz),
11.14 s (COOH).
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In a three-necked flask 2.00 g (7.3 mmol) of ethyl 4-chloro-3,5-dinitrobenzoate was added
and 10 mL of dioxane was added. After dissolution of the substrate, 0.8 mL (9.9 mmol) of pyr-
idine was added and stirred for 4 hours at room temperature. The precipitate was filtered off
under vacuum and washed with absolute alcohol. The precipitate was dried in the fume cup-
board at 70 °C.

N-(4-ethoxycarbonyl-2,6-dinitrophenyl)pyridinium chloride (5). The yield is 2.03 g
(79%). Tmex = 215.5-219.5 °C. Spectrum 'H NMR (DMSO-ds, 400 MHz) §, ppm: 1.28 t (3H,
CH,, J 7.1 Hz), 1.42 t (3H, CH,, ] 7.1 Hz), 4.22 qu (2H, CH,, J 7.1 Hz), 4.52 qu (2H, CH,,
J 7.1 Hz), 8.25 s (2H, 2H, H*, H*), 8.52 t (2H, H? H*, ] 7.8),9.05 t (1H, H*, ] 7.8 Hz), 9.14 s (2H,
H*, H*), 9.49 d (2H, H? H¢, ] 5.6 Hz).

Method for the reduction of the quaternary salts of pyridinium

N-(4-ethoxycarbonyl-2,6-dinitrophenyl)pyridinium chloride or N-(4-carboxy-2,6-dini-
trophenyl)pyridinium chloride (24 mmol) was dissolved in 20 ml C;HsON, then 3.65 g sodium
borohydride (96 mmol) was added in portions at 0 °C. The mixture was continued to stir at
0 °C for 1 h and then at room temperature for 2 h. The solvent was evaporated at reduced pres-
sure, then 5 ml water was added. The mixture was extracted with CHCI; (3x10 mL). The com-
bined organic phases were dried over Na,SO4 and evaporated. The remaining product was pu-
rified by recrystallisation in isopropyl alcohol to obtain the desired products.

3,5-Dinitro-4-(piperidine-1-yl)benzoic acid (6). The yield is 77%. Tmea: = 226-228.5 °C.
Spectrum 'H NMR (DMSO-de, 400 MHz) §,ppm: 1.55 m (6H, piperidine), 2.98 m (4H, piperi-
dine), 8.40 s (2H, H>%), 13.70 s (1H, COOH).

Ethyl 3,5-dinitro-4-(piperidine-1-yl)benzoate (7). The yield is 72%. Tma:= 88-92.5 °C.
Spectrum 'H NMR (DMSO-ds, 400 MHz) §, ppm: 1.32 t (3H, CHj3, ] 7.1 Hz), 1.56 m (6H, pi-
peridine), 2.99 m (4H, piperidine), 4.34 qu (2H, CH,, ] 7.1 Hz), 8.43 s (2H, H*®).

This work was carried out with the financial support of grant No MK-3459.2022.1.3 from
the President of the Russian Federation for state support of young Russian scientists - candidates
of science.
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