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Abstract

The directed synthesis of new pharmacophoric molecules is one of the urgent tasks of organic
chemistry. A special place in this area is occupied by vital nitrogen-containing heterocycles and their
derivatives, on the basis of which new promising precursors of drugs are created. For example, pyridinium
salts are part of such well-known drugs as pyridoxine, mexidol and metadoxine. Phosphorus-containing
pyridine derivatives, among which compounds with cytotoxic and antimicrobial properties have been
identified, are also being actively studied now. Thus, the development of convenient approaches for obtaining
new functional phosphorus-containing pyridine derivatives is an important and timely task. Special attention
is paid to synthetic methods that correspond to the PASE (pot, atom and step economy) paradigm. Using this
approach, we have synthesized hydrochlorides and tosylates of 4-bis(2-phenylethyl)chalcogenophosphoryl-
pyridine, not described previously, by practically quantitative interaction of the available 4-bis(2-
phenylethyl)chalcogenophosphorylpyridines with hydrochloric or 4-methylbenzenesulfonic acids at room
temperature or slight heating (40-45 °C). The reaction proceeds regioselectively on the nitrogen atom of the
base pyridine. The second reaction center in the 4-bis(2-phenylethyl)chalcogenophosphorylpyridine molecule,
chalcogenophosphoryl group, does not participate in the studied process, even when using an excess of
hydrochloric acid. The starting 4-bis(2-phenylethyl)chalcogenophosphorylpyridines are easily obtained on the
basis of the original reaction of pyridine with secondary phosphine chalcogenides with the assistance of
electron-deficient acetylenes. Using the example of microorganisms of different taxonomic groups: Bacillus
subtilis B-406, Enterococcus durans B-603, Penicillium citreo-viride F-1777, Escherichia coli B-1238, we
have found that the target hydrochlorides and tosylates of 4-bis(2-phenylethyl)chalcogenophosphorylpyridine
exhibit pronounced antimicrobial activity against non-spore gram-positive microorganisms.

References

[1] S. Sowmiah, J.M.S.S. Esperanca, L.P.N. Rebelo, C.A.M. Afonso. Pyridinium salts: from synthesis to
reactivity and applications. Org. Chem. Front. 2018. Vol.5. P.453-493.

[2] M. Di Miceli, B. Gronier. Pharmacology, Systematic Review and Recent Clinical Trials of Metadoxine.
Reviews on Recent Clinical Trials. 2018. Vol.13. No.2. P.114-125.

[3] M.S. Dzyurkevich, D.A. Babkov, N.V. Shtyrlin, O.Yu. Mayka, A.G. Iksanova, P.M. Vassiliev, K.V.
Balakin, A.A. Spasov, V.V. Tarasov, G. Barreto, Yu.G. Shtyrlin, G. Aliev. Pyridoxine dipharmacophore
derivatives as potent glucokinase activators for the treatment of type 2 diabetes mellitus. Scientific
Reports. 2018. Vol.8. No.1. P.1-7.

[4] Abyshev A.Z., Nguen C.B., Ivkin D.Yu., Nguen T.H.Y. Synthesis and antiarrhythmic activity of novel
1,4-dihydropyridine-coumarin hybrid molecules. Butlerov Communications. 2018. Vol. 53. No.1. P.121-
129. DOLI: 10.37952/ROI-jbc-01/18-53-1-121

[5] M.N. Zafar, M.F. Nazar, M.A. Raza, E.U. Mughal, A.F. Dalebrook, L.J. Wright. Synthesis,
Characterization, Preliminary Biological Screening, and Interaction Studies of the Bis(pyridinium)amine
Compound, 4,4'-[(2-Aminophenyl)azanediyl]-bis(1-methylpyridin-1-ium)- triflate with Biological
Macromolecules. Russ. J. Gen. Chem. 2017. Vol.87. No.3. P.554-563.

50 © Butlerov Communications. 2019. Vol.57. No.1. Kazan. The Republic of Tatarstan. Russia.



SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF NEW PHOSPHORUS-CONTAINING PYRIDINE DERIVATIVES 50-56

[6]

[10]

[11]

[18]

[19]

O.I. Kulikova, T.N. Fedorova, A.V. Lopachev, V.S. Orlova, V.A. Grachev. Effects of Antioxidants on
the Viability of the Human Neuroblastoma SH-SYS5Y Cell Culture under the Conditions of Heavy-Metal
Toxicity. Biology and Medicine. 2016. Vol.8. No.4. P.305-309.
P. Siengalewicz, J. Mulzer, U. Rinner. The Alkaloids: Chemistry and Biology. 2013. Vol.72. 151p.
M.S. Arayne, N. Sultana, F.A. Siddiqui, M.H. Zuberi, A.Z. Mirza. Spectrophotometric methods for the
simultaneous analysis of meclezine hydrochloride and pyridoxine hydrochloride in bulk drug and
pharmaceutical formulations. Pak. J. Pharm. Sci. 2007. Vol.20. No.4. P.268-273.
G.M. Molodavkin, T.A. Voronina, L.I. Larentsova, M.I. Pchelkina, O.K. Meletova. Combined action of
mexidol and non-narcotic analgesics on pain thresholds and emotional stress behavior in animals. Eksp.
Klin. Farmakol. 2007. Vol.70. No.2. P.9-16.
S.H. Ki, J.H. Choi, C.W. Kim, S.G. Kim. Combined metadoxine and garlic oil treatment efficaciously
abrogates alcoholic steatosis and CYP2E!1 induction in rat liver with restoration of AMPK activity.
Chem. Biol. Interact. 2007. Vol.169. No.2. P.80-90.
T. Johansson, J. Stawinski, T. Johansson, J. Stawinski. Nucleoside H-phosphonates. Part 19: Efficient
entry to novel nucleotide analogues with 2-pyridyl- and 4-pyridylphosphonothioate internucleotide
linkages. Tetrahedron. 2004. Vol.60. No.2. P.389-395.
T. Johansson, A. Kers, J. Stawinski. 2-Pyridylphosphonates: a new type of modification for nucleotide
analogues. Tetrahedron Lett. 2001. Vol.42. No.11. P.2217-2220.
N.K. Gusarova, E.E. Kuznetsova, S.I. Shaikhudinova, V.I. Dmitriev, S.F. Malysheva, G.V. Kozlova,
B.A. Trofimov. Synthesis and antibacterial activity of tris{2-[4-(1-
benzylpyridinio)]ethyl} phosphinoxide trichloride. Pharm. Chem. J. 1996. Vol.30. No.7. P.463-464.
(russian)
N.K. Gusarova, E.E. Kuznetsova, S.N. Arbuzova, S.I. Shaikhudinova, S.F. Malysheva, G.V. Kozlova,
I.F. Zorina, B.A. Trofimov. Synthesis of tris[(organylpyridinio)ethyl]phosphoryl halides and their
antibacterial activity. Pharm. Chem. J. 1994. Vol.28. No.9. P.654-656. (russian)
M. Fereidoonnezhad, M. Niazi, Z. Ahmadipour, T. Mirzaee, Z. Faghih, Z. Faghih, H.R. Shahsavari.
Cyclometalated Platinum(Il) Complexes Comprising 2-(Diphenylphosphino)pyridine and Various
Thiolate Ligands: Synthesis, Spectroscopic Characterization, and Biological Activity. Eur. J. Inorg.
Chem. 2017. Vol.15. P.2247-2254.
N.H. Gama, A.Y.F. Elkhadir, B.G. Gordhan, B.D. Kana, J. Darkwa, D. Meyer. Activity of phosphino
palladium(II) and platinum(II) complexes against HIV-1 and Mycobacterium tuberculosis. Biometals.
2016. Vol.29. P.637-650.
K.H. Lam, R. Gambari, C.W.M. Yuen, C.W. Kan, P. Chan, L.J. Xu, W.J. Tang, C.H.Chui, G.Y.M.
Cheng, R.S.M. Wong, F.Y. Lau, C.S.W. Tong, A.K.W. Chan, P.B.S. Lai, S.H.L. Kok, C.H. Cheng,
A.S.C. Chan, J.C.O. Tang. The preparation of 2,6-disubstituted pyridinyl phosphine oxides as novel
anti-cancer agents. Bioorg. Med. Chem. Lett. 2009. Vol.19. P.2266-2269.
B.A. Trofimov, P.A. Volkov, K.O. Khrapova, A.A. Telezhkin, N.I. Ivanova, A.I. Albanov, N.K.
Gusarova, O.N. Chupakhin. Metal-free site selective cross-coupling of pyridines with secondary
phosphine chalcogenides using acetylenes as oxidants. Chem. Commun. 2018. Vol.54. P.3371-3374.
P.A. Volkov, N.I. Ivanova, K.O. Khrapova, A.A. Telezhkin, T.N. Borodina, N.K. Gusarova, B.A.
Trofimov. Solvent-free synthesis of 4-chalcogenophosphorylpyridines via Sy"Ar reaction of pyridines
with secondary phosphine chalcogenides in the presence of benzoylphenylacetylene. Mendeleev
Commun. 2018. Vol.28. P.582-583.
G.K. Reshedko, O.U. Stetciouk. Specificities of the susceptibility testing by disk-diffusion method.
Clinical Microbiology and Antimicrobial Chemotherapy. 2001. Vol.3. No.4. P. 348-354. (russian)

© Bymneposckue coobuenus. 2019. T.57. Nel. E-mail: journal bc@gmail.com 51



