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Keywords: reductive  Abstract. The paper examines the applicability limits of the intramolecular reductive

intramolecular cyclisation reaction of ortho-nitroarenes containing various limiting azagetherocycles for
heterocyclisation, the synthesis of condensed benzimidazole derivatives with a nodal nitrogen atom.
ortho-nitro-tert- The process of intramolecular heterocyclisation occurred during the reduction of
anilines, condensed 4-(2-nitroaryl)-4-morpholine and 1-(2-nitroaryl)-4-methylpiperidine. At the same time,
benzimidazole the presence of the 4-methyl-piperazine cycle in the substrate prevented the formation of
derivatives a condensed polyazaheterocycle.
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Introduction

Nowadays, the issue of development of new heterocyclic compounds is a topical issue in
organic chemistry and related disciplines — pharmaceutical and medicinal chemistry. These
compounds possess various valuable properties due their structure. First of all, it refers to
condensed benzimidazole derivatives. They contain the limited azaheterocycles annelated to
imidazole demonstrating a wide range of biological activity. These heterocyclic compounds are
interesting as anticancer drugs [1-11] (Fig. 1).
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Fig. 1. Condensed benzimidazole derivatives w1th cytotoxicity against cancer cell lines: a - leukaemia, breast and
lung; b, ¢ - human ovarian (IGR-OV-1), breast (MCF-7) and CNS (SF-295); d - human cervix (HeLa) and prostate
(DU145); e - Fanconi anaemia; f - murine leukaemia P-388
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Furthermore, condensed benzimidazole derivatives are found to have antihelminthic (a) [12],
antimicrobial (b) [13-16], antifungal (c) [17, 18], antiviral (d) [19, 20], analgesic, and
anti-inflammatory (e) properties [21-22]. They are also used as anti-ulcer agents (f) [23] and in
endocrinology for the treatment of congenital adrenal hyperplasia (g) [24] (Fig. 2).
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Fig. 2. Condensed benzimidazole derivatives with various biological activities

However, the development of such drugs is challenging procedure. Their synthesis
includes various stages of heterocyclic core formation and further functionalisation. It allows
ones to obtain molecules with the required periphery.

The chemical processes used to produce a condensed polynuclear heterocyclic system are
the most diverse (Scheme 1).
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Scheme 1. Methods of condensed benzimidazole derivatives synthesis: I - annelation of the limit cycle
(a - with formation of C-C bond; b - with formation of C-N bond); II - intramolecular reductive cyclisation
(a - nitroanilides; b - nitro compounds containing the limit azagetheterocycle); III - oxidative amination;
IV - N-arylation of amidines; V - condensation of ortho-phenylenediamines with dialdehydes (a - to form

tricycliccompounds; b - to form tetracyclic compounds).

They can be classified into three groups. The first group includes methods based on
annelation of the limit heterocycle to imidazole (Scheme 1, I) [26-30]. In the second group, the
formation of the imidazole cycle occurs (Scheme 1, II-IV) [31-45]. These reactions are
intramolecular reductive [31-39] or oxidative amination [11, 40-42] as well as N-arylation
reactions of amidines [43, 44]. Methods of synthesis of condensed heterocyclic nucleus are also
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described; it causes the formation of two annelated heterocycles at once - a limit and an
unsaturated one (Scheme 1, V) [45, 46].

The method based on the reaction of intramolecular reductive amination seems to be
more promising among the methods of synthesis of condensed benzimidazole derivatives
shown on Scheme 1. The advantages are that several processes (reduction and
heterocyclisation) are performed in one reactor at once. As a result, the number of reagent
loading, isolation, and purification of target products is reduced. Substrates for this reaction can
be readily obtained using cheap and available reagents.

We have previously used this strategy to prepare 1,2,3,4-tetrahydropyrido[l,2-
a]benzimidazoles [32]. To determine the limits of applicability of this method for the synthesis
of other condensed benzimidazole derivatives, we conducted the intramolecular reductive
amination reaction of various ortho-nitro-tert-anilines: 4-(2-nitro-4-chlorophenyl)-4-
morpholine (1a), 1-(2-nitro-4-chlorophenyl)-4-methylpiperidine (1b) and 1-(2-nitro-4-
chlorophenyl)-4-methylpiperazine (1c). These substances contained both atoms and groups of
atoms increasing (Compound 1b) and decreasing (Compound 1a, c) the electron density at the
reaction centre.

Main body

The reductive heterocyclisation of ortho-nitro derivatives 1 (a-c) was conducted under
previously established conditions [32]: reducing agent was SnCl,; reducing agent application
time was 3 h; HCI concentration was 8%; temperature was 80 °C. The reducing agent was taken
in the amount necessary to reduce the nitro group to nitroso-, since it was assumed that
cyclisation occurs as a result of the attack of this group on the methylene carbon atom of the
heterocycle [31].

SnCl SnCl,, [ OK\N‘Q\G
2y n ,
Y 8%HCI 8% Hel \/4\N
_N ~>< X N cl | 2a
NS cl N 80°C, 3h
N 80°C, 3h , N
O,N o
2c 1 (a-c) SN

2b
1aX=0,bX=CH-CH;, ¢X=N-CH;

Scheme 2.

Analysis of the composition of the products obtained by 'H and “C NMR spectroscopy
and mass spectrometry showed the formation of the target heterocyclic systems upon reduction
of compounds 1a and 1b.

The "H NMR spectrum of 8-chloro-3,4-dihydro-1H-[1,4]oxazino[4,3-a]benzimidazole (1b)
had a characteristic arrangement of aliphatic and aromatic proton signals typical for similar
compounds [32] (Fig. 3). Three signals of doubled intensity from 6 aliphatic protons of the
morpholine cycle were recorded in the strong-field region of the spectrum.
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Fig. 3. Fragments of 'H NMR spectrum of 8-chloro-3,4-dihydro-1H-[1,4]oxazino[4,3-
a]benzimidazole (2a)

The proton signals of methylene groups also had double intensity in the 'H NMR
spectrum of the previously obtained 7-chloro-1,2,3,4-tetrahydropyrido[1,2-a]benzimidazole
(Fig. 4) [31].
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Fig. 4. '"H NMR fragments of the spectrum of 7-chloro-1,2,3,3,4-tetrahydropyrido[1,2-a]benzimidazole

In contrast to the 'H NMR spectra of these substances, the 1H NMR spectrum of
3-methyl-7-chloro-1,2,3,4-tetrahydropyrido[1,2-a]benzimidazole 2b contained only one
instead of the expected 3 signals of doubled intensity originating from protons of methylene
groups (Fig. 5, horizontal part of the spectrum). Other methylene protons gave single signals.
The attribution of aliphatic proton signals was made based on 2D '"H-"H NOESY spectrum data
(Fig. 5).

Interaction cross-peaks of one of the C1H? group protons with the methylene proton Hs,
methylene H** and aromatic H® were observed in the 2D spectrum of compound *. The other
proton of this methylene group H" had cross peaks only with H’ and H**. The H* and H*
protons also differed in their interactions with aliphatic protons. H* gave a cross-peak with
protons of the methyl and C*H, groups, while interaction with methyl and methine H? protons
was observed for H*.
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Fig. 5. 2D 'H-'"H NOESY spectrum of 3-methyl-7-chloro-1,2,3,3,4-tetrahydropyrido[1,2-a]benzimidazole (2b)

To explain the '"H NMR spectroscopy data, the geometrical parameters of the molecule
3-methyl-7-chloro-1,2,3,4-tetrahydropyrido[1,2-a]benzimidazole 2a were calculated (Fig. 6).
The calculation was performed using density functional theory with hybrid
exchange-correlation functional with the DFT method B3LYP/6-31G** using ORCA 5.0.4
software. Geometry optimisation was performed using a discrete SMD solvation model. DMSO
was used as a solvate shell.
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Fig. 6. Optimised molecule of 3-methyl-7-chloro-1,2,3,4-tetrahydropyrido[1,2-a]benzimidazole (2b) by DFT
B3LYP/6-31G** using ORCA 5.0.4 software.

The distances between hydrogen atoms were determined in the optimised molecule of
3-methyl-7-chloro-1,2,3,4-tetrahydropyrido[1,2-a]benzimidazole. The protons H' u H? H? u
H* were spatially close. The distance between them was 2.62 A and 2.58 A, respectively.
The distances between H" u H?, H?-H*, atoms, for which no cross-peaks were present in
2D 'H-'H NOESY, were much larger: 3.78 A and 3.75 A, respectively.

No formation of the intramolecular cyclisation product 2¢c occurred upon reduction of
compound 1c containing the piperazine cycle. Analysis of the composition of the reaction mass
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showed the presence of starting substance 1c, 5-chloro-2-(4-methylpiperazin-1-yl)aniline (3)
and 4,5-dichloro-2-(4-methylpiperazin-1-yl)aniline (4) in the ratio 1:0.21:0.33. The '"H NMR
spectrum of the mixture also contained trace amounts of the undetermined product.
The presence of chlorination products was noted earlier in the reduction of similar
dinitroarenes [47].

Varying the synthesis conditions and using different protogenic media did not cause the
formation of 2-methyl-8-chloro-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole (2c). Nitro
compound 1c and amino products 3 and 4 were always present in the reaction mass. Only their
ratio varied depending on the conditions.

The absence of the condensed heterocyclic product in the reaction mass was apparently
explained by protonation of the nitrogen atom of the heterocycle bound to three alkyl
substituents. Therefore, the nucleophilic properties of the reaction centre decreased and the
intramolecular cyclisation process did not occur.

Individually, amino compound 3 was obtained by reduction of 1¢ TiCl; in 10% HCI

(Scheme 3).
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Two signals from 8 protons of 4-methylene groups were observed in the 'H NMR
spectrum of amine 3 (Fig. 7) in the strong-field region. The signal of the doubled intensity of
the amino group protons in the form of a broad singlet was released at 4.99 ppm. The spectrum
also contained 3 signals from 3 aromatic protons. The more shielded of the two was H*, which
was in the para-position to the NH, group. The H? proton with J = 8.3 Hz was fixed in the

weakest field at 6.85 ppm.
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Fig. 7. '"H NMR fragments of the spectrum of 5-chloro-2-(4-methylpiperazin-1-yl)aniline (3)
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Dichloroaniline 4 was synthesised in 36% HCl using SnCl, as a reducing agent. As compared
to amine’, only two signals of aromatic protons at 6.84 ppm and 6.97 ppm were observed in the
1H NMR spectrum (Fig. 8) of this compound. Their appearance indicated the introduction of
a substituent in the 4th position. The proton signal of the amino group shifted slightly to the
weak-field region of the spectrum at 5.09 ppm.
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Fig. 8. '"H NMR fragments of the spectrum of 4,5-dichloro-2-(4-methylpiperazin-1-yl)aniline (4)

Thus, the reductive heterocyclisation of ortho-nitro-tert-anilines can be used to prepare
condensed benzimidazole derivatives containing various limiting azagetheterocycles. A limitation
of the process is the presence of a heteroatom in the heterocyclic fragment of the substrate
protonating during the reduction reaction.

Experimental part

We determined the melting points on a PolyTherm A device at a heating rate of 3 °C/min
and did not adjust. We recorded NMR spectra on a Bruker DRX-400 for DMSO-d; solutions.
We used the signals of residual solvent protons in 'H NMR (8 2.5 ppm) or in *CNMR (8 = 39.5 ppm)
as a reference for counting chemical shifts. Mass spectra were recorded on a FINNIGAN MAT
instrument. INCOS 50, electron flux energy 70 eV.

General procedure for the synthesis of 8-chloro-3,4-dihydro-1H-[1,4]oxazino[4,3-
a]benzimidazole (2a) 3-methyl-7-chloro-1,2,3,4-tetrahydropyrido[1,2-a]benzimidazole (2b)

We added a solution of 0.98 g (0.0043 mol) of SnCl2-2H20 in 45 mL of 8% HCI to a
solution of 0.0041 mol of i compound i, or 1b in 45 mL of 8% HCI at 80 °C for 2 h.
The reaction mixture was then stirred for 0.5 h. After cooling, the reaction mixture was treated
with NH,OH to pH 8 and extracted with chloroform. After distillation of chloroform,
the resulting dry residue was recrystallised in chloroform.

8-Chloro-3,4-dihydro-1H-[1,4]oxazino[4,3-a]benzimidazole (2a) Yield is 91%.
Ther. 193-196 °C. 'H NMR spectrum (400 MHz, DMSO-ds) § 7.64 (d, 1H, H-9, ]J=1.9),
7.54 (d, 1H, H-6, J=8.5), 7.26 (dd, 1H, H-7, J=8.5, 1.9), 4.95 (s, 2H, H-1,1), 4.18 (dtt, 4H,
H-3,3,4,4, ]=8.4, 5.8, 2.9). ?C NMR spectrum (101 MHz, DMSO-ds) § 150.44, 143.86, 133.61,
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127.02, 122.44, 118.77, 111.82, 65.01, 63.91, 42.62. HRMS: m/z calculated C,;H;,CIN,O
209.6516 [M+H]*, found 209.6511.

3-Methyl-7-chloro-1,2,3,4-tetrahydropyrido[1,2-a]benzimidazole (2b). Yield is 92%.
Tmee. 127-129 °C. '"H NMR Spectrum (400 MHz, DMSO-ds) § 7.54 (d, 1H, H-6, J=1.3),
7.45 (d, 1H, H-9, J=8.4), 7.18 (dd, 1H, H-8, J=8.5, 1.8), 4.16 — 4.26 (m, 1H, H-1), 3.87 — 3.97
(m, 1H, H-1°), 2.95 - 3.07 (m, 1H, H-4"), 2.57 - 2.46 (m, 2H, H-4), 2.12 - 2.01 (m, 2H, H-2,2),
1.61-1.75 (m, 1H, H-3), 1.08 (d, 3H, CHs;, J=6.4). Spectrum “C NMR (101 MHz, DMSO -ds)
0 154.13, 144.07, 133.87, 126.64, 121.87, 118.09, 111.59, 42.11, 33.31, 30.14, 27.34, 21.38.
HRMS: m/z calculated C;,H,4CIN, 221.7054 [M+H]*, found 221.7056.

Methods for the synthesis of 5-chloro-2-(4-methylpiperazin-1-yl)aniline (3).

We added 28 mL of a 15% solution of TiCI3 in 10% HCI to a solution of 1 g (0.0039 mol)
of nitro compound ;. in 35 mL of 10% HCl at 80 °C. The reaction mixture was stirred for 5 min
and cooled. After cooling, the reaction mixture was treated with NH,OH to pH 8 and extracted
with chloroform. After distillation of chloroform, the resulting dry residue was recrystallised in
a mixture of hexane and chloroform. Yield is 91%. Tmee. 150-152 °C. 'H NMR spectrum
(400 MHz, DMSO-ds) 8 6.85 (d, 1H, H-3, ]=8.3), 6.69 (d, 1H, H-6, ]=2.5), 6.51 (dd, 1H, H-4,
J=8.3, 2.5), 4.99 (s, 2H, NH,), 2.75 (t, 4H, H-2",2’,6’,6’, ]=4.8), 2.53 - 2.37 (t, 4H, H-3",3’,5’,5,
J=4.8), 2.21 (s, 3H, CHj3). *C NMR spectrum (101 MHz, DMSO-ds) § 144.65, 137.67, 128.65,
121.16,116.27,113.97, 55.76, 50.88, 46.53. HRMS: m/z calculated C,;H,,CIN; 226.7252 [M+H]",
found 226.7250

Methods for the synthesis of 4,5-dichloro-2-(4-methylpiperazin-1-yl)aniline (4).

We added 2.7 g (0.0119 mol) of SnCl2,120 in 45 mL of 36% HCI to a solution of 1 g
(0.0039 mol) of nitro compound 1s in 35 mL of 36% HCIl at 80 °C for 1.5 h. After cooling, the
reaction mixture was treated with NH,OH to pH 8 and extracted with chloroform.
After distillation of chloroform, the resulting dry residue was recrystallised in methanol. Yield
is 64%. Tmer. 128-131 °C. '"H NMR spectrum (400 MHz, DMSO-ds) 6 6.97 (s, 1H, H-3),
6.84 (s, 1H, H-6), 5.09 (s, 2H, NH,), 2.79 (t, 4H, H-2",2’,6’,6, ]=4.8), 2.54 (t, 4H, H-3,3",5’,5’,
J=4.8), 2.22 (s, 3H, CHj3). *C NMR spectrum (101 MHz, DMSO-d;) § 144.69, 137.68, 128.68,
121.19, 116.32, 113.99, 55.77, 50.88, 46.53. HRMS: m/z calculated C;1HisCLN;
261.1703 [M+H]*, found 261.1707

We performed quantum chemical calculations of the electronic structure using the
ORCA 5.0.4 software within the density functional theory with hybrid exchange-correlation
functional (DFT B3LYP/6-31G** method) for open electron shells. The effect of the medium
was considered using an electron density solvation model (SMD). DMSO was used as a solvate
shell. We used software and ChemCraft [48] for data processing, visualisation, and estimation
of the interatomic distances of the optimised molecules.

The work was performed under the State Assignment for research and development of
Yaroslavl State Medical University for 2025 from the Ministry of Health of the Russian Federation
on the topic ‘Development of new drugs for targeted chemotherapy of oncological diseases based
on condensed benzimidazole derivatives with a nodal nitrogen atom’.
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