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A three-component, single-stage condensation was used to produce trisubstituted pyridine-
2(1H)-ones. The reaction proceeds with aryl cyanides, chloromethylallyl ether, and ethyl
phenylpropiolate in the presence of catalytic amounts of pyridine. The reaction leads to
the formation of target trisubstituted pyridine-2(1H)-ones in moderate yield. The optimal
synthesis conditions were established as follows: the reaction was carried out in a benzene
solution at an equimolar ratio of reagents, at a temperature of 45—55°C for 3—4 hours.
Under these conditions, target products with yields of up to 69.5% were obtained. The
synthesized compounds have been tested as antimicrobial agents against pathogenic and
opportunistic microorganisms. Antimicrobial activity was determined by serial dilution.
It was established that the new substances are more effective than the drugs widely used
in practice (carbolic acid, pubanol, nitrofungin, furacilin, and chloramines). In addition,
the effect of the obtained trisubstituted pyridine-2(1H)-ones on the antimicrobial properties
of M-11 engine oil was studied. For this purpose, 0.5—1% solutions of the compounds in
oil were prepared (in accordance with the state standard GOST 9-052-75). Aspergillus
niger and Candida tropicalis fungi, as well as Pseudomonas aeruginosa bacteria, were
used as test cultures. It was shown that 0.5—1% solutions of the tested compounds have
more pronounced antimicrobial activity than the standard solution. It was found that at
these concentrations, the new compounds do not adversely affect the performance of the
oil product.

Keywords: condensation, IR spectroscopy, 'H NMR spectroscopy, antimicrobial additives,
trisubstituted pyridine-2(1H)-one.
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Introduction

Structural analogues of 2-pyridinone are found
in many biologically active natural and synthetic
compounds that have a number of therapeutic
properties [1,2], including antibacterial and antifungal
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[3], and are also used as effective methods of treating
HIV infections [4]. In most cases, the purpose of
biological preparations containing pyridine is largely
determined by the nature of the N-substituents in the
pyridine cycle.
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Heterocyclic nitrogen-containing organic
compounds occupy a special place among organic
compounds, since they can be used as a building
material in the production of various chemically pure
substances [5], medicines [6] and agrochemical
compounds [7], widely used in industry for elegant
organic synthesis. Nowadays, the most effective drugs
used to treat various diseases are antioxidant and
antimicrobial additives to oils and fuels, as well as a
large number of chemicals used in agriculture that
simultaneously contain organic compounds containing
nitrogen and sulfur [§—11]. One of the most important
and promising methods for the synthesis of such
compounds is the condensation of aryl cyanides with
chloromethylallyl ethers and ethylphenylpropiolate
in the presence of catalytic amounts of pyridine, which
leads to the formation of trisubstituted pyridine-2(1H)-
ones. The production of new valuable substances based
on this reaction, carried out under favorable conditions,
from easily obtained primary compounds occupies an
important place in organic synthesis and petrochemistry
and is extremely relevant [12]. In the laboratories of
the world’s leading countries, intensive research is
being carried out in the field of synthesis of
trisubstituted pyridine-2(1H)-ones [13]. Scientists carry
out extensive scientific work in the field of synthesis
and study of the properties of trisubstituted pyridine-
2(1H)-ones, which have sufficient biological activity
and other useful properties [14—16].

Results and discussion

We have developed a method for the three-
component synthesis of trisubstituted pyridine-2(1H)-
ones (1—3) by reacting aryl cyanides with
chloromethylallyl ether and ethylphenylpropiolate in
the presence of pyridine (Scheme 1).

The synthesis of trisubstituted pyridine-2(1H)-
ones was carried out at a temperature of 45—55°C for
3—4 hours in the equimolar ratio of the initial reagents.

The synthesized compounds (1—3) are yellow
crystals with a specific odor. They are insoluble in
water, but are well soluble in organic solvents (acetone,
diethyl ether, benzene, chloroform, etc.).

The purity of the initial substances, the
composition of the reaction mixture and the resulting

products were controlled by gas-liquid chromatography
(GLCQ). The structure of the synthesized compounds
(1—3) was confirmed by the data of elemental analysis,
IR, '"H NMR spectroscopy.

The antimicrobial activity of the obtained
trisubstituted pyridine-2(1H)-ones against pathogenic
and opportunistic microorganisms was studied at the
Department of Microbiology and Immunology of the
Azerbaijan Medical University. Gram-positive
(Staphylococcus aureus), Gram-negative ( Pseudomonas
aeruginosa, Escherichia coli) bacteria, spore-forming
bacteria (Anthracoides) and yeast-like bacteria were
used as test cultures fungi of the genus Candida.

As a result of the research, it was found that the
synthesized substances show higher antimicrobial
activity compared to the drugs used in practice (ethanol,
carbolic acid, nitrofungin, furacilin, chloramines).
Compounds containing heterocyclic amines have a
more pronounced antimicrobial effect than derivatives
with aliphatic amines. Based on the results of the
tests, these compounds can be recommended as
promising antimicrobial agents.

At the same time, the effect of aminomethoxy
derivatives of 2-benzylsulfonylethane on the
antimicrobial properties of M-11 motor oil was studied.
For this purpose, 0.5—1% solutions of substances in
the oil were prepared (according to the state standard
GOST 9-052-75). Aspergillus niger, Candida tropicalis
fungi and Pseudomonas aeruginosa bacteria were used
as test cultures. 8-hydroxyquinoline was used as a
standard. It has been established that 0.5—1% solutions
of the tested compounds have a higher antimicrobial
activity than the standard solution. At the same time,
these compounds in the specified concentration do
not have a negative effect on the operational and
physicochemical properties of the oil. The results are
shown in Fig. 1. The studied compounds can be
recommended as antimicrobial additives to oils.

Experimental

The IR spectra of the synthesized compounds
were recorded on the UR-20 spectrometer by Spektrum
BX (Germany) in the range of 4000—400 cm™'. The
'H NMR spectra were recorded on the Bruker
WP-400 spectrometer (400 MHz, Germany).

OCH,CH=CH,;

R-C=N + CICH,0CH,CH=CH; + Ph-C=C-CO,Et = \¢(

R=Ph (1). 4-CH;Ph (2). 4-CH;OPh (3)

Scheme 1

Synthesis of trisubstituted pyridine-2(1H)-ones and their evaluation as antimicrobial additives in engine oil
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Tetramethylsilane (TMS) was used as an internal
standard.

The purity of substances and the composition of
the reaction mixture were monitored by gas-liquid
chromatography on the LHM-8MD chromatograph with
a catarometer detector. A 300x3 mm column filled with
5% polyethylene glycol on «Dinochrome P»
impregnated with succinate was used. The temperature
of the column is 150°C, the consumption of the carrier
gas (helium) is 40 cm?®/min.

Elemental analysis was performed on the EA1108
analyzer manufactured by Carlo Erba (Italy).

The antimicrobial properties of the synthesized
substances as an additive to M-11 motor oil were
studied in the form of 0.5—1% solutions. Antimicrobial
activity was determined by two methods: the method
of «wells» in a warm-moist chamber and the method
of serial dilutions. The experiments were carried out
at a temperature of 20—30°C for 2—3 days. Meat-
peptone agar (pH 7.2—7.4) for bacteria and Saburo
medium for fungi were used as nutrient media.
Dilutions of substances were prepared in ratios of
1:100, 1:200, 1:400 and 1:800. Sowing was carried
out after 5, 15, 30, 45 and 60 minutes of exposure.
For comparison, control drugs (ethanol) and standard
drugs (Rivanol, furacilin, carbolic acid) were used in

the same concentrations.

Compounds 1—3 (general methodology)

A solution of methanesulfonic acid (3.7 mg)
was added to a zinc dust suspension (1.0 g,
15.3 mmol) in 4 mL of anhydrous THF. After 10
minutes, benzonitrile (0.8 mL, 7.6 mmol) was added
to the reaction mixture, then chloromethylallyl ether
(1.26 mL, 11.4 mmol) was added for 1 hour at a
constant temperature and heated for another 1 h. The
reaction mass was diluted with 12 mL of 45%
NH,Cl solution. The organic layer was extracted with
ethyl acetate (3x30 mL), dried over anhydrous MgSQO,,
filtered, and the solvent removed under reduced
pressure. The residue was chromatographed on silica
gel (eluent: hexane-ethyl acetate, 9:1, then 7:3).

6-(4-Methoxyphenyl)-4-phenyl-5-(prop-2-en-1-
vioxy)pyridin-2(1H)-one (1)

Yield 2.4 g (70.4%), mp 101—103°C (EtOH).
IR spectrum, v, cm™': 3080, 3010, 2926, 1640, 1596,
1501, 1360, 1270, 1121, 992, 845, 757, 686. '"H NMR
spectrum (Fig. 2a), 8, ppm (J, Hz): 4.00 d.d (2H,
CH,0, 3J 5.7, 4J 1.5), 5.17 d.d.t (1H, H,C=,
J910.4, 2J=%J 1.6), 5.26 d.d (1H, H,C=, Jrs 17.3,
2J=4J1.7), 5.89 d.d.t (IH, CH=, J 10.4,2J=4J 1.6,
Jrers 17.3), 6.45 s (1H, CH), 7.26—7.41 m (5H, Ph),
7.45—7.52 m (5H, Ph), 12.21 br.s (1H, NH).
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Fig. 1. Results of tests for antimicrobial additive of synthesized compounds (1—3). ®(+) indicates development of microorganisms
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3C NMR spectrum (Fig. 2b), 5, ppm (J, Hz): 72.3
(=C—CH,0), 117.6 (H,C=), 134.6 (HC=), 14.3,
118.5,127.2, 128.2, 128.4, 128.7, 128.8,130.3, 132.9,
138.1, 147.2, 154.0, 163.7, 166.7. Found, %: C 79.33;
H 5.61; N 4.55. C,,H;NO,. Calculated, %: C 79.19;
H 5.65; N 4.62.

4,6-Diphenyl-5-(prop-2-en-1-yloxy)pyridin-
2(1H)-one (2)

Yield 3.1 g (66.3%), mp 196—198°C (EtOH).
IR spectrum, v, cm™': 3080, 3009, 2925, 1640, 1596,
1501, 1361, 1270, 1121, 993, 845, 757, 685. 'H NMR
spectrum (Fig. 3a), 8, ppm (J/, Hz): 3.84 s (3H, CH,),
6.42 s (1H), 4.02 d.d (2H, CH,0, 3J 5.7, 4J 1.5),
5.18 d.d.t (1H, H,C=, J¥* 10.4, 2J=*J 1.6), 5.26 d.d.d
(1H, H,C=, Jras 17.3, 2J=4J 1.7), 5.89 d.d.t (1H,
CH=, J* 104, 2J=%J 1.6, Jms 17.3), 6.95 d (2H,
J 8.8), 7.31-7.40 m (5H, Ph), 7.47 d (2H, J 8.8),
12.25 br.s (1H, NH). *C NMR spectrum (Fig. 3b),
3, ppm (J, Hz): 72.3 (=C—CH,0), 116.4 (H,C=),
133.6 (—HC=), 61.2, 113.7, 114.2, 118.1, 125.3,
127.2, 128.4, 128.7, 129.7, 138.4, 146.9, 153.9, 161.1,
163.5, 167.0. Found, %: C 78.51; H 6.24; N 4.62.
CyH y)NO,. Calculated, %: C 78.66; H 6.27; N 4.59.

6-(4-Methylphenyl)-4-phenyl-5-(prop-2-en- I-
vioxy)pyridin-2(1H)-one (3)

Yield 6.7 g (68.1%), mp 211—213°C (EtOH).
IR spectrum, v, cm™': 3081, 3010, 2926, 1642, 1596,
1501, 1359, 1270, 1121, 992, 845, 757, 686. 'H NMR
spectrum (Fig. 4a), 8, ppm (J/, Hz): 2.39 s (3H, CH,),
4.02 d.d (2H, CH,0, /5.7, 4J 1.5), 5.16 d.d.t (1H,
H,C=, Jo 10.4, 2J=4J 1.6), 5.26 d.d (1H, H,C=,
Jrans 17.3,2J=4J1.7), 5.88 d.d.t (1H, CH=, J 10.4,
J=4J 1.6, Jrs 17.3), 6.47 s (1H, CH), 7.25d 2H, J
7.1), 7.28—7.42 m (7H, Ph), 11.03 br.s (1H, NH).
13C NMR spectrum (Fig. 4b), 5, ppm (J, Hz): 72.32
(=C—CH,0), 117.67 (H,C=), 134.63 (—HC=), 61.2,
113.8, 118.3, 127.2, 128.1, 128.4, 128.6, 129.4, 130.1,
138.3, 140.4, 147.4, 153.8, 163.7, 167.0. Found, %:
C74.41; H5.74; N 4.31. C,)H,2NO,. Calculated, %:
C 74.75; H 5.96; N 4.36.
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CUHTE3 TPUSAMIIONEHUX HNIPUANH-2(1H)-OHIB I
IX OIIHIOBAHHA AK AHTUMIKPOBHUX
ITPUCAJOK 1O MOTOPHUX MACEJ

I'M. Taauébos, C.B. Iopazimosa

B pe3yabrati TPUKOMITIOHEHTHOI OIHOCTAiiHOI KOHIEH-
cauii Oynu oaepxani Tpudamileni nipunuu-2(1H)-oun. Peak-
Lisl MPOTiKae MiX apuiliaHizaMu, XJIOPMETUIATIIOBUM edi-
poM Ta eTWI(hEHIINPONioNaToM y MPUCYTHOCTI KaTaliTUUHUX
KibKOCTel nipuauHy. Peaxuiss nMpuBOAUTH 10 YTBOPEHHS Lii-
JIbOBUX Tpu3amillueHux nipuanH-2(1H)-oHiB 3 moMipHUM BuU-
xonoM. Bynu BcTaHOB/IEHI HACTYNMHI ONTUMAaIbHI YMOBU CHH-
Te3y: peakuilo MPOBOIMIM B PO3YMHI OEH30Jy MPU €KBiMO-
JSIDHOMY CIiBBiIHOLIEHHI peareHTiB, MpU TeMmIeparypi
45—55C nporsirom 3—4 romuH. Y 1mx ymMoBax Oyiu ofepxkaHi
LiTbOBI MPOLYKTH 3 BUXOZOM 10 69,5%. CuHTe30BaHi criony-
KM OyJIM MPOTECTOBAHI SIK aHTUMiKPOOHi 3aco0M MpOTH Maro-
FeHHMX Ta YMOBHO-TIATOT€HHUX MiKpOOPraHi3MiB. AHTUMiKpO-
OHY aKTMBHICTb BM3HAYaJu LISIXOM TOC/IiIOBHOIO PO3BEACH-
Hs. BcraHoBieHO, 1110 HOBi peyoBUHU Oinbll €EKTUBHI, HixX
LIMPOKO 3aCTOCOBYIOTHCSI Ha MpaKTULi npenaparu (Kapoososa
KUC0Ta, MybaHos, HITpodyHTriH, (ypauuiid i xJopaMiHu).
Kpim Toro, Oysio BUBYEHO BIUIMB OTPUMAHMX TPU3AMIlLIEHUX
nipuauH-2(1H)-oHiB Ha aHTUMIKPOOHI BIACTUBOCTI MOTOPHO-
ro macna M-11. [Ins uporo roryBaau 0,5—1%-Hi po3urHu pe-
yoBuH B Machai (BianosinHo no I'OCT 9-052-75). Ak rtect-
KyJbTyp BUukopuctoByBaiu Aspergillus niger i Candida tropicalis,
a TaKOX CHMHBOTHIWHY mannuky. bynao mokasano, mo 0,5—1%
PO3UMHU TOCTIKYBAHUX CITOJIYK MAlOTh OUIbII BUPaXeHy aH-
TUMiIKPOOHY aKTHMBHICTb MOPIBHSIHO 3i CTaHAAPTHUM PO3YM-
HOM. ByJi0 BCTaHOBJIEHO, LI0 B LMX KOHLIEHTPALisSIX HOBI CIO-
JIYKM HE MaloThb HEeraTMBHOIO BIUIMBY Ha €KCIUTyaTalliliHi xa-
pakTepUCTUKU Ha(PTONMPOLYKTY.

Kmouosi caoBa: xonapeHcauis, [4Y-cnekrpockomisi, 'H
SAMP-cnekTpockorisi, aHTUMIKPOOHi 100aBKU, TpU3aMillleHUi
nipuavH-2(1H)-oH.
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ONES AND THEIR EVALUATION AS ANTIMICROBIAL
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A three-component, single-stage condensation was used
to produce trisubstituted pyridine-2(1H)-ones. The reaction
proceeds with aryl cyanides, chloromethylallyl ether, and ethyl
phenylpropiolate in the presence of catalytic amounts of pyridine.
The reaction leads to the formation of target trisubstituted pyridine-
2(1H)-ones in moderate yield. The optimal synthesis conditions
were established as follows: the reaction was carried out in a
benzene solution at an equimolar ratio of reagents, at a temperature
of 45—55°C for 3—4 hours. Under these conditions, target
products with yields of up to 69.5% were obtained. The synthesized
compounds have been tested as antimicrobial agents against
pathogenic and opportunistic microorganisms. Antimicrobial
activity was determined by serial dilution. It was established that
the new substances are more effective than the drugs widely used
in practice (carbolic acid, pubanol, nitrofungin, furacilin, and
chloramines). In addition, the effect of the obtained trisubstituted
pyridine-2(1H)-ones on the antimicrobial properties of M-11
engine oil was studied. For this purpose, 0.5—1% solutions of the
compounds in oil were prepared (in accordance with the state
standard GOST 9-052-75). Aspergillus niger and Candida tropicalis
fungi, as well as Pseudomonas aeruginosa bacteria, were used as
test cultures. It was shown that 0.5—1% solutions of the tested
compounds have more pronounced antimicrobial activity than
the standard solution. It was found that at these concentrations,
the new compounds do not adversely affect the performance of
the oil product.

Keywords: condensation; IR spectroscopy; 'H NMR
spectroscopy; antimicrobial additives; trisubstituted pyridine-
2(1H)-one.
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