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Introduction

Nitrogen-containing heterocycles are useful structural elements for the synthesis
of biologically active molecules. Thus, aromatic nucleophilic substitution of the halogen atom
in 2-chloronitrobenzene for azacyclic fragments with further functionalisation causes
formation ofthe products with antiviral [1], anticancer [2], and antifungal activity [3]. Similar
SxAr reactions in 2,4-dichloro-1,5-dinitrobenzene allow us to obtain substances with proton
pump inhibiting activity (to suppress gastric acid secretion) [4], anticancer [5], antibacterial [6],
antitubercular [7-9], antiviral [10], KCNQ ion channel stimulating activity (for the treatment
of epilepsy and a number of other diseases) [11].

One of the tasks of modern chemistry is reducing of necessary substances synthesis time
and increasing the synthesis productivity. One of the ways to accelerate SxAr reactions is to
conduct them in the presence of excess pressure in the reaction medium [12-15].

The purpose of this study is developing a methodology for aromatic nucleophilic
substitution of 2-chloronitrobenzene and 2,4-dichloro-1,5-dinitrobenzene with nitrogen-
containing heterocycles under hermetically sealed autoclave reactor conditions.

Main body

We used Monowave 50 to perform the SxAr reactions (Figure 1). It is a robust and safe
laboratory reactor for synthesis in sealed vessels at temperatures up to 250 °C and pressures
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up to 20 bar [16]. The reactor utilises conductive heating of a sealed glass vessel through
a stainless steel heating jacket and online monitoring of temperature and pressure in addition
to magnetic stirring. The reactor allows the synthesis conducting several times faster than
traditional units with heating plates and stirrers.

We used pyridine as a model nucleophile. This azaheterocyclic fragment is often present
in synthesised compounds [17-18], and the resulting pyridinium salts act as substrates
for intramolecular cyclisation to form condensed systems [19-20].

We put pyridine and
2-chloronitrobenzene (1) into a borosilicate
glass vial, added a solvent - dehydrated
acetone; sealed the vial with a silicone cap
with a gasket, placed it in the reactor and
closed the lid. Then we turned on stirring and
heated to 60 °C for 2 hours. However, it was
not possible to obtain the product under these
conditions. Therefore, we performed a series
of experiments for the  synthesis
of 1-(2-nitrophenyl)pyridinium chloride (2)
by varying the temperature from 80 °C with a
step of 20 °C. In this case, increasing

the temperature above the boiling point of
the solvent created an increase in pressure Fig. 1. Monowave 50 reactor (front view)
inside the reactor. The synthesis at 160 °C for
2 hours and pressures from 8 (beginning of the experiment) to 18 atmospheres (end of
the experiment) resulted in the separation of a precipitate from the reaction mass, which was
filtered and dried. We recorded a '"H NMR spectrum and a high-resolution mass spectrum,
matching the expected spectral characteristics of the product. The similar SxAr reaction in an
open round bottom flask at pyridine boiling (115 °C) required more than 24 hours to obtain a
comparable yield to the process in Monowave 50.

Another nucleophile used was indole. It is known as a versatile heterocyclic building block
due to its multiple pharmacological activities, and is often used in the creation of drug products
candidates [21-22]. DMFA was used as solvent and potassium carbonate as base for the reaction

Ql O ©E>
+ Monowave 50
M 50
ORBHE DMF, choz
160 C,2h 160 C, 2 h

SxAr process at 160 °C for 2 h and pressure from 2 (start of experiment) to 5 atmospheres

of substance 1 with indole.

3

(end of experiment) resulted in a reaction mixture, which was poured into water
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and 1-(2-nitrophenyl)-1H-indole (3) was obtained by filtration. In comparison, no target
substance was formed in the experiment in an open three-neck flask during the same time and
after 2 hours only the starting indole and halogennitroarene were isolated.

We next conducted the substitution reaction in 2,4-dichloro-1,5-dinitrobenzene (4),
amuch more active substrate due to the presence of two activating groups. An attempt
to substitute both halogen atoms for the pyridine moiety at 60 °C in acetone for 30 min yielded

a mixture of substances consisting of 1-(5-chloro-2,4-dinitrophenyl)pyridinium chloride (5)
and the expected 1,1'-(4,6-dinitro-1,3-phenylene)-bis(pyridinium) dichloride (6).

Monowave 50 | R Q\“ @
Cl cl AN acetone QN Cl N X
| —_—
2 | / 60C.05h
o,N NO, N O,N NO O,N NO,

2 2
4 5 6

We studied the influence of temperature and reaction time on the products composition.
As a result, pure compound 5 can be obtained when the experiment was conducted no higher
than 30 °C, stirring the reaction mixture for 1.5 hours. The synthesis of compound 6 required
heating up to 160 °C (pressure in the reactor was from 7 to 18 atm), which reduced the required
time to 15 minutes. These temperature and time were also suitable for the substitution of both
halogen atoms of substance 4 for indole fragments. In this case, as in the example of
2-chloronitrobenzene, the solvent was DMFA and the base was potassium carbonate.

M 50 +  Monowave 50
onowave DMF K2CO
Cl acetone
160 C,0.25h 160 C. 02511

O:N NO
0N NO, 2 2

Hence, we have developed methods of SyAr reactions in activated arenes in a sealed
Monowave 50 reactor for the preparation of substances containing pyridine or indole
fragments. The advantages of the proposed synthesis method include short process time,

minimised solvent consumption, and energy saving due to short reaction times.
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 solutions.
The residual solvent proton signals in 'H NMR (DMSO 82.50 ppm or chloroform 87.26 ppm)
spectra were used as a reference for counting chemical shifts. We recorded high resolution mass
spectra on a "Bruker micrOTOF II" (Bruker Daltonics), electrospray ionisation (ESI),
mass scanning range (m/z 50) 3000 Da, syringe injection. We used MeCN or MeOH as solvent
and the solution flow rate was 3 pl/min. The interface temperature was 180 °C, the spray gas
was nitrogen (4.0 /min).
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Methodology for the synthesis of 1-(2-nitrophenyl)pyridinium chloride

We put 0.33 g (2.1 mmol) of 2-chloronitrobenzene, 0.18 ml (2.2 mmol) of pyridine,
6 ml of dehydrated acetone, and a magnetic anchor into a 10 ml glass vial; sealed the vial with a
silicone cap, and placed it in a Monowave 50 reactor. Then we closed the lid of the unit.
The mixture was stirred with a magnetic stirrer (400 rpm) and heated in AFAP mode (heating
at maximum speed) up to 160 °C. When the set temperature was reached, the mixture
was incubated for 120 minutes. Next, we cooled the reactor to 30 °C, opened the lid and took
out the vial. We removed the cap from it, took out the magnetic anchor, filtered the precipitate
under vacuum, washed it with dehydrated acetone and dried it in a desiccator.

1-(2-nitrophenyl)pyridinium chloride (2). Yield 0,44 g (89%). T = 247-251 °C. NMR
spectrum 'H (DMSO-ds, §, ppm., J/Hz): 8.06 (ddd, ] 8.6 Hz, 7.0 Hz, 1.8 Hz, 1H, H*), 8.09-8.18
(m, 2H, H> ), 8.41 (t, J 8.6 Hz, 2H, H*), 8.55 (dd, J 8.3 Hz, 1.4 Hz, 1H, H?), 8.93 (td, ] 7.9 Hz,
1.5 Hz, 1H, H*), 9.43 (d, ] 6.0 Hz, 2H, H*®). HRMS: m/z calculated C;;HsN,O,*201.0659 [M]*,
found: 201.0651.

Methods for the synthesis of 1-(2-nitrophenyl)-1H-indole

We put 0.33 g (2.1 mmol) of 2-chloronitrobenzene, 0.26 g (2.2 mmol) of indole, 0.46 g
(3.3 mmol) of potassium carbonate, 6 ml of DMFA and a magnetic anchor into a 10 ml glass
vial; sealed the vial with a silicone cap, and placed it in a Monowave 50 reactor. Then we closed
the lid of the unit. The mixture was stirred with a magnetic stirrer (400 rpm) and heated
in AFAP mode (heating at maximum speed) up to 160 °C. When the set temperature was
reached, the mixture was incubated for 120 minutes. Next, we cooled the reactor to 30 °C,
opened the lid, and took out the vial. We removed the cap from it, took out the magnetic anchor,
poured the contents into a beaker with 30 ml of water. Then we filtered the precipitate under
vacuum, washed with water and dried in a desiccator.

1-(2-Nitrophenyl)-1H-indole (3). Yield 0.43 g (86%). Tma. = 83-86 °C [23]. NMR
spectrum 'H (DMSO-ds, §, ppm, J/Hz): 6.74 (dd, ] 3.2, 0.8 Hz, 1H), 7.12-7.22 (m, 4H), 7.55-7.62
(m, 2H), 7.67-7.71 (m, 1H), 7.74 (dt, ] 7.8, 1.2 Hz, 1H), 8.04 (dd, ] 8.2,1.2 Hz, 1H). HRMS: m/z
calculated C,4H;1N,0,7239.0821 [M+H]*, found: 239.0821.

Methods for the synthesis of 1-(5-chloro-2,4-dinitrophenyl)pyridinium chloride and
1,1'-(4,6-dinitro-1,3-phenylene)-bis(pyridinium) dichloride

We put 0.5 g (2.1 mmol) of 2,4-dichloro-1,5-dinitrobenzene, 0.18 ml (2.2 mmol)
of pyridine (for synthesis 5) or 0.36 ml (4.4 mmol) of pyridine (for synthesis 6), 6 ml
of dehydrated acetone, and a magnetic anchor into a 10 ml glass vial; sealed the vial with a
silicone cap, and placed it in a Monowave 50 reactor. Then we closed the lid of the unit. Next, we
turned on stirring with a magnetic stirrer (400 rpm) and heating in AFAP mode to 30 °C
(for synthesis 6) or 160 °C (for synthesis 7). When the target temperature was reached, the
mixture was incubated for 90 minutes (for synthesis 6) or 15 minutes (for synthesis 7). Next, we
cooled the reactor to 30 °C, opened the lid and took out the vial. We removed the cap from it,
took out the magnetic anchor, filtered the precipitate under vacuum, washed it with dehydrated
acetone and dried it in a desiccator.

Chloride of 1-(5-chloro-2,4-dinitrophenyl)pyridinium (5). Yield 0.52 g (79%).
Timei. = 162-164 °C. NMR spectrum 'H (DMSO-ds, 6, ppm, J/Hz): 8.44 (t, ] 8.5 Hz, 2H, H**),
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8.85 (s, 1H, H°), 8.96 (t, J 8.5 Hz, 1H, H*), 9.32 (s, 1H, H%), 9.38 (d, J 6.0 Hz, 2H, H>*).
HRMS: m/z calculated C,;H;N;O," 280.0120 [M]*, found: 280.0111.

Dichloride of 1,1'-(4,6-dinitro-1,3-phenylene)-bis(pyridinium) (6). Yield 0.75 g (90%).
Tmer> 300 °C. '"H NMR spectrum (DMSO-ds, §, ppm, J/Hz): 8.52 (t, ] 8.5 Hz, 4H, H***>),
9.02 (t, J 8.5 Hz, 2H, H**), 9.24 (s, 1H, H°), 9.44 (s, 1H, H?), 9.66 (d, J 5.5 Hz, 4H, H*¢2"%"),
HRMS: m/z calculated CsH12N4O4**324.0853 [M]*, found: 324.0841.

Methodology for the synthesis of 1,1'-(4,6-dinitro-1,3-phenylene)bis(1H-indole)

We put 0.5 g (2.1 mmol) of 2,4-dichloro-1,5-dinitrobenzene, 0.52 g (4.4 mmol) of indole,
0.92 g (6.6 mmol) of potassium carbonate, 6 ml of DMFA, and a magnetic anchor into a 10-ml
glass vial; sealed the vial with a silicone cap and placed it in a Monowave 50 reactor. Then we
closed the lid of the unit. The mixture was stirred with a magnetic stirrer (400 rpm) and heated
in AFAP mode (heating at maximum speed) up to 160 °C. When the set temperature was
reached, the mixture was incubated for 15 minutes. Next, we cooled the reactor to 30 °C,
opened thelid, and took out the vial. We removed the cap from it, took out the magnetic anchor
and poured the contents into a beaker with 30 ml of water. Then we filtered the precipitate
under vacuum, washed with water and dried in a desiccator.

1,1'-(4,6-Dinitro-1,3-phenylene)bis(1H-indole) (7). Yield 0.65 g (78%). Trme:. = 124-128 °C.
NMR spectrum 'H (DMSO-ds, §, ppm, J/T1): 6.72 (d, ] 8.2 Hz, 2H), 7.20 (m, 4H), 7.55 (m, 4H),
7.84 (s, 1H), 8.28 (d, ] 7.8 Hz, 2H), 8.95 (s, 1H). HRMS: m/z calculated C,,H;sN,O4* 399.1094
[M+H]*, found: 399.1083.

This study was conducted 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.

References

1. Xu, H,, Liu, W.-Q,, Fan, L.-L., Chen, Y., Yang, L.-M., Lv, L. & Zheng, Y.-T. (2008) Synthesis and HIV-1
Integrase Inhibition Activity of some N-Arylindoles, Chem. Pharm. Bull, 56(5), pp. 720-722.
DOI: 10.1248/cpb.56.720 [online]. Available at: https://www.jstage.jst.go.jp/article/cpb/56/5/56_5_720/_article
(accessed 20.08.2023).

2. Desplat, V., Moreau, S., Belisle-Fabre, S., Thiolat, D., Uranga, J., Lucas, R., de Moor, L., Massip, S.,
Jarry, C., Mossalayi, D.M., Sonnet, P., Deleris, G. & Guillon, J. (2011) Synthesis and evaluation of the
antiproliferative activity of novel isoindolo[2,1-a]quinoxaline and indolo[1,2-a]quinoxaline derivatives,
J. Enzyme Inhib. Med. Chem., 26(5), pp. 657-667. DOL: 10.3109/14756366.2010.548326 [online]. Available at:
https://www.tandfonline.com/doi/full/10.3109/14756366.2010.548326 (accessed 20.09.2023).

3. Xu, H. & Fan, L-L. (2011) Antifungal agents. Part 4: Synthesis and antifungal activities of novel
indole[1,2-c]-1,2,4-benzotriazine derivatives against phytopathogenic fungi in vitro, Eur. ]. Med. Chem.,
46(1), pp- 364-369. DOI: 10.1016/j.ejmech.2010.10.022 [online]. Available at:
https://www.sciencedirect.com/science/article/abs/pii/S0223523410007622 (accessed 20.10.2023).

4. Yan, Y., Liu, Z., Zhang, J., Xu, R, Hu, X. & Liu, G. (2011) A reverse method for diversity
introduction of benzimidazole to synthesize H*/K*-ATP enzyme inhibitors, Bioorganic Med. Chem. Lett.,
21(14), PP- 4189-4192. DOILI: 10.1016/j.bmcl.2011.05.080 [online]. Available at:
https://www.sciencedirect.com/science/article/pii/S0960894X11007098 (accessed 20.08.2023).

5. Tokay, E., Giingor,T., Hacioglu, N., Onder, F.C., Giilhan, U.G., Tok, T.T., Celik, A., Ay, M. & Kogkar, F.
(2020) Prodrugs for nitroreductase-based cancer therapy-3: Antitumor activity of the novel dinitroaniline

162


https://www.jstage.jst.go.jp/article/cpb/56/5/56_5_720/_article
https://www.tandfonline.com/doi/full/10.3109/14756366.2010.548326
https://www.sciencedirect.com/science/article/abs/pii/S0223523410007622
https://www.sciencedirect.com/science/article/pii/S0960894X11007098

FROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 4, ISSUE 4, 2023

10.

11.

12.

13

14.

15.

16.

17.

18.

prodrugs/Ssap-NtrB enzyme suicide gene system: Synthesis, in vitro and in silico evaluation in prostate cancer,
Eur. ]J. Med. Chem. 187, pp. 111937-111957. DOL 10.1016/j.ejmech.2019.111937. Available at:
https://www.sciencedirect.com/science/article/pii/S022352341931089X (accessed 23.08.2023).

Kumar, K., Awasthi, D., Lee, S.-Y., Cummings, J.E., Knudson, S.E., Slayden, R.A. & Ojima, I. (2013) Benzimidazole-
based antibacterial agents against, Francisella tularensis. Bioorganic Med. Chem., 21(11), pp. 3318-3326. DOL:
10.1016/j.bmc.2013.02.059 [online]. Available at: https://www.sciencedirect.com/science/article/pii/S0968089613002605
(accessed 20.10.2023).

Kumar, K., Awasthi, D., Lee, S.-Y., Zanardi, I., Ruzsicska, B., Knudson, S., Tonge, P.]., Slayden, R.A. &
Ojima, I. (2011) Novel Trisubstituted Benzimidazoles, Targeting Mtb FtsZ, as a New Class of Antitubercular
Agents, J. Med. Chem., 54(1), pp. 374-381. DOI: 10.1021/jm1012006 [online]. Available at:
https://pubs.acs.org/doi/10.1021/jm1012006 (accessed 20.08.2023).

Awasthi, D., Kumar, K., Knudson, S., Slayden, R.A. & Ojima, I. (2013) SAR Studies on
TrisubstitutedBenzimidazoles as Inhibitors of Mtb FtsZ for the Development of Novel Antitubercular Agents,
J. Med. Chem., 56(23), pp. 9756-9770. DOIL 10.1021/jm401468w [online]. Available at:
https://pubs.acs.org/doi/10.1021/jm401468w (accessed 20.07.2023).

Gong, Y., Karakaya, S.S., Guo, X., Zheng, P., Gold, B., Ma, Y., Little, D., Roberts, J., Warrier, T., Jiang, X.,
Pingle, M., Nathan, C.F. & Liu, G. (2014) Benzimidazole-based compounds kill Mycobacterium tuberculosis
/I Eur. ]. Med. Chem., 75, pp. 336-353. DOI: 10.1016/j.ejmech.2014.01.039 [online]. Available at:
https://www.sciencedirect.com/science/article/pii/S0223523414000853 (accessed 20.08.2023).

Zhong, Q.-F., Liu, R. & Liu, G. (2015) Structure-activity relationship studies on quinoxalin-2(1H)-one
derivatives containing thiazol-2-amine against hepatitis C virus leading to the discovery of BH6870,
Mol. Divers., 19(4), pp. 829-853. DOI  10.1007/s11030-015-9610-6  [online]. ~ Available at:
https://link.springer.com/article/10.1007/s11030-015-9610-6 (accessed 20.08.2023).

Li, M., Sun, H. & Xiong, Q. (2011) Method of treating KCNQ related disorders using organozinc compounds.
2011/0257146 A1 US.

Ibata, T., Isogami, Y. & Toyoda, J. (1991) Aromatic Nucleophilic Substitution of Halobenzenes with Amines
under High Pressure, Bull. Chem. Soc. Jpn., 64(1), pp. 42-49. DOI: 10.1246/bcsj.64.42 [online]. Available at:
https://www.journal.csj.jp/doi/10.1246/bcsj.64.42 (accessed 20.10.2023).

. Lengyel, L., Gydllai, V., Nagy, T., Dorman, G., Terleczky, P., Hada, V., Nogradi, K., Sebdk, F., Urge, L &

Darvas, F. (2011) Stepwise aromatic nucleophilic substitution in continuous flow. Synthesis of an
unsymmetrically substituted 3,5-diamino-benzonitrile library, Mol Divers., 15(3), pp. 631-638.
DOI: 10.1007/s11030-010-9300-3 [online]. Available at: https://link.springer.com/article/10.1007/s11030-
010-9300-3 (accessed 20.10.2023).

Petersen, T.P., Larsen, A.F., Ritzen, A. & Ulven, T. (2013) Continuous Flow Nucleophilic Aromatic
Substitution with Dimethylamine Generated in Situ by Decomposition of DMF, J. Org. Chem., 78(8),
pp. 4190-4195. DOI: 10.1021/jo400390t [online]. Available at: https://pubs.acs.org/doi/10.1021/jo400390t
(accessed 10.10.2023).

Kocienski, P. (2017) Conductively Heated Sealed-Vessel Reactor: Synthesis of Olanzapine, Synfacts,
13(03), pp- 0231. DOI  10.1055/s-0036-1590077 [online]. Available at: https://www.thieme-
connect.com/products/ejournals/abstract/10.1055/s-0036-1590077 (accessed 10.09.2023).

Anton Paar. (2023) Synthesis reactor: Monowave 50 [online]. Available at: https://www.anton-paar.com/corp-
en/products/details/synthesis-reactor-monowave-50/ (accessed 20.10.2023).

Abramov, I.G., Baklagin, V.L., Makarova, E.S. & Kleikova, D.E. (2021) Nitrogen-containing heterocyclic O-,
and S-nucleophiles in reactions with 4-nitrophthalonitrile and 4-bromo-5-nitrophthalonitrile, From Chemistry
Towards Technology Step-By-Step, 2(4), pp- 93-99. DOI: 10.52957/27821900_2021_04_93 [online]. Available
at: http://chemintech.ru/index.php/tor/2021-2-4 (accessed 20.10.2023).

Vitaku, E., Smith, D.T. & Njardarson, J.T. (2014) Analysis of the Structural Diversity, Substitution Patterns,
and Frequency of Nitrogen Heterocycles among U.S. FDA Approved Pharmaceuticals, J. Med. Chem., 57(24),
pp. 10257-10274. DOI: 10.1021/jm501100b [online]. Available at: https://pubs.acs.org/doi/10.1021/jm501100b
(accessed 20.10.2023).

163


https://www.sciencedirect.com/science/article/pii/S022352341931089X
https://www.sciencedirect.com/science/article/pii/S0968089613002605
https://pubs.acs.org/doi/10.1021/jm1012006
https://pubs.acs.org/doi/10.1021/jm401468w
https://www.sciencedirect.com/science/article/pii/S0223523414000853
https://link.springer.com/article/10.1007/s11030-015-9610-6
https://www.journal.csj.jp/doi/10.1246/bcsj.64.42
https://link.springer.com/article/10.1007/s11030-010-9300-3
https://link.springer.com/article/10.1007/s11030-010-9300-3
https://pubs.acs.org/doi/10.1021/jo400390t
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0036-1590077
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0036-1590077
https://www.anton-paar.com/corp-en/products/details/synthesis-reactor-monowave-50/
https://www.anton-paar.com/corp-en/products/details/synthesis-reactor-monowave-50/
http://chemintech.ru/index.php/tor/2021-2-4
https://pubs.acs.org/doi/10.1021/jm501100b

FROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 4, ISSUE 4, 2023

19.

20.

21.

22.

23.

Begunov, R.S., Sokolov, A.A. & Filimonov, S.I. (2020) Synthesis of Quinone Derivatives of Benzannelated
Heterocycles with Bridgehead Nitrogen, Rus. J. Org. Chem., 56, pp. 1383-1391. DOI: 10.1134/S1070428020080084
[online]. Available at: https://link.springer.com/article/10.1134/S1070428020080084 (accessed 10.09.2023).
Begunov, R.S., Zaitseva,Yu.V., Sokolov, A.A., Egorov, D.O., & Filimonov, S.I. (2022) Synthesis and
Antibacterial Activity of 1,2,3,4-Tetrahydro- and Pyrido[1,2-a]Benzimidazoles, Pharm. Chem. J., 56(1), pp. 22-28.
DOI: 10.1007/s11094-022-02596-0 [online]. Available at: https://link.springer.com/article/10.1007/s11094-
022-02596-0 (accessed 10.09.2023).

Kumar, S. & Ritika. (2020) A brief review of the biological potential of indole derivatives, Future Journal of
Pharmaceutical Sciences, 6, pp. 121-140. DOIL 10.1186/s43094-020-00141-y [online]. Available at:
https://fjps.springeropen.com/articles/10.1186/s43094-020-00141-y (accessed 10.09.2023).

Teraiya, N., Agrawal, K., Patel, T.M., Patel, A., Patel, S., Shah, U., Shah, S., Rathod, K. & Patel, K. (2023)
A Review of the Therapeutic Importance of Indole Scaffold in Drug Discovery, Current Drug Discovery
Technologies, 20(6), Article ID: e050523216584. DOI: 10.2174/1570163820666230505120553 [online].
Available at: https://www.eurekaselect.com/article/131536 (accessed 10.09.2023).

Badigenchala, S., Rajechkumar, V. & Sekar, G. (2016) A Iodine mediated intramolecular C2-amidative cyclization
of indoles: a facile access to indole fused tetracycles, Org. Biomol. Chem., 14(7), pp. 2297-2305. DOL
10.1039/C50B02449H [online]. Available at: https://pubs.rsc.org/en/content/articlelanding/2016/0b/c50b02449h
(accessed 10.09.2023).

Received 28.10.2023
Approved after reviewing 15.11.2023
Accepted 21.11.2023

164


https://link.springer.com/article/10.1007/s11094-022-02596-0
https://link.springer.com/article/10.1007/s11094-022-02596-0
https://fjps.springeropen.com/articles/10.1186/s43094-020-00141-y
https://www.eurekaselect.com/article/131536
https://pubs.rsc.org/en/content/articlelanding/2016/ob/c5ob02449h

	Introduction
	Main body
	Experimental part
	References

