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Starting from 4-acetyl-3,5-dimethyl-1H-pyrol-2-carboxylate 1, the derivative of chlo-
rovinylaldehyde 4-[(E)-1-chloro-3-oxoprop-1-enyl]-3,5-dimethyl-1H-pyrol-2-carboxylate 2
was synthesized by the Wilsmeier-Haak reaction. Condensation of the aldehyde 2 with
aromatic amines (4-substituted anilines and naphthylamine) and with 5-amino-3-(4-bromo-
phenyl(tolyl))-1H-pyrazole(s) in absolute diethyl ether at room temperature for several
hours afforded a new series of the corresponding azomethines 3—-10. The structures of the
synthesized compounds were elucidated by H NMR and IR spectroscopy and mass spec-
trometry. It was shown that all the obtained azomethines 3—10 were individual substances
and not a mixture of isomers. Primary studies were carried out to determine the biological
activity of the obtained Schiff bases (compounds 3-8). Antibacterial activity was evaluated
on reference test cultures and clinical strains. It was found that the resulting azomethines
were effective only against Gram-positive bacteria (not broad spectrum of activity). It was
suggested that compounds 5, 7 have cytotoxic properties and represent a perspective for
modification and further investigation of antitumor activity.

Keywords: pyrrole derivatives, 4-acetyl-3,5-dimethyl-1H-pyrrole-2-carboxylate, azomethi-
nes, B-chlorovinyl aldehydes, 5-aminopyrazoles, pharmacophores, biological activity.

CuHTe3 Ta JocaigKeHHa 0ioJoriyHol aKTMBHOCTI a30METHHIB HA OCHOBI MOXiAHMX eTHJI
4-anetua-3,5-gumernii-1 H-nipoJ-2-kap6oKcHiaary. O.H.Mixedvrina, B.B.Anaw e8a, O.B.1Ju-
2ankos, T.I1.Oconoduenko, C.B.Ilonomapenro, B.A.Ye6anos

Ha ocHoBi 4-ametun-3,5-gumernii-1H -mipos-2-kap6okcuaary 1 3a peaknieio Binrbcemaii-
pa-Xaaka cuHTe30BaHO moxizue [B-xjopsininansgerizy i 4-[(E)-1-xmop-3-okcomporn-1-enin]-
3,5-mumerun-1H-nipos-2-kapooxkcunar 2. Konzencamieco anpaeriny 2 3 apoMaTUYHUMUA aMi-
Hamu (4-moximui aminimy i madrumaamin) ta 3 5-amino-3-(4-6pomdenin(roain))-1H-mipaso-
gom(amu) y cepemoBuini abGconOTHOTrO pgierusoBoro edipy 8a KimmaTtHOI Temieparypu
BIIPOZIOBX KiJIBKOX I'OAMH OTPHMMAHO HOBY 6i0miorery BimmosBigamx asomerunis 3—10. Bera-
HOBJIEHO GYZOBY CHHTE30BAHUX CIIONYK 3a gomomoroio SIMP H-, IU- ta mac-cmexTpomerTpii.
Iloxasauno, mo yci orpumani asomerunu 3—10 € iHAMBiAyaIbHUMHU PEYOBHHAMMU, & HE CYMIIII-
mio isomepiB. IIpoBemeno mepBuHHI gocaigKeHHs 3 BU3HAUEHHsS Oiogoriunoi aKTMBHOCTI
orpumanux ocHoB I[ludda (cnonyr 3—8). Ouineno antTubaxTepiasbHy aKTHBHICTHL HA €TaJIOH-
HHUX TeCT-KyJbTypaxX Ta KJIiHiuHMX miTamax. BusiBieHo, 1o oTpuMaHi adomMeTuHU e(EeKTUBHI
y BigHomIeHHI TibKHM 40 rpPaMIIOBUTHBHUX 0aKTepiii (HEmMMPOKOro cmekrpa mii). 3pobieHo
IIPUIYINEHHS, 0 CIOJAYKH 5, 7 MAlOTh MUTOTOKCUYHICTD Ta € MEPCIEeKTUBHUMU M MOLudi-
Karii Ta mogasbIInX AOCIiIKeHb Ha IIPOTUNYXJWHHY aKTHUBHICTH.
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Ha ocnoBe 4-ametun-3,5-gumerus-1H-ntuppos-2-kapborcunata 1 mo peaknuu Buibe-
Maiiepa-XaaKa CHUHTE3UPOBAHO MpoU3BogHOe [-xjopBuHUIanbIeruga-4-[(E)-1-xaop-3-okco-
mpoun-1-eani]-3,5-gumerni-1 H-nuppos-2-kapookcuaar 2. Kougencanueil anpaeruga 2 ¢ apo-
MATUYECKNMMHU aMuHaM#u (4-IpOM3BOJHBIE AHMIAWHA M HAMTUIAMHH) U ¢ 5-aMuHO-3-(4-Gpom-
deunn (tonmn))-1H-ntmpasosom(amMu) B cpeme aOCOMIOTHOTO JUITUIOBOTO ddupa IIpU
KOMHATHOII TeMIleparype B TeueHNe HECKOJbKHX YacOB IIOJYyYEHO HOBYIO OMOJMOTEKY COOT-
BeTCTBYIOIUX a3oMeTHHOB 3—10. YcTaHOBIEHO CTPOEHNE CHHTE3MPOBAHHBIX COEIMHEHUH ¢
nomormpio AMP 1H-, K- u macc-cnexrpomerpuu. [I0KasaHo, 4TO BCE IIOJYUEHHBIE a30METH-
Hel 3—-10 ABASIOTCA MHAWBUAYAJLHLIMU BeIleCTBAMM, a He CMecbhbio m3omepoB. IIpoBemeHbl
IIePBUYHBIE KCCJELOBAHUS II0 OIPENEJIEHUI0 OMOJIOrMYeCKOl aKTHBHOCTHU IIOJYYEHHBIX OCHO-
pauuii [Iudda (coeguuenuit 3—8). Onenena anTubaxTepragbHasi AKTUBHOCTb HA STAJOHHBIX
TECT-KYJAbTYyPax M KINHUYECKUX IITAMMAaX. BBISIBIEHO, UTO IIOJyUYEHHBIE a30MeTHUHBI d(dex-
THUBHBI [10 OTHOIIEHUIO TOJHKO I'PAMIIOJIOMKUTEIbHBIX OaKTepuil (HeIIMPOKOro CIieKTpa JaeicT-
Bus). CuesaHo mpeanosoKeHne, YTO COeIUHEHus 5, 7 001amaoT IUTOTOKCUYHOCTBIO U SBJIS-
JOTCS [IePCIeKTUBHBIMY JJIA MOAUMUKAINY U JaJbHEHIINX MCCIeIOBAHUN HA IIPOTUBOOIIYXO-

JIEBYI0O AKTHUBHOCTD.

1. Introduction

Recently, the objectives of organic chem-
istry have included not only the directed
synthesis of individual substances but also
the creation of libraries of structurally com-
plex organic compounds to fill the chemical
space and to study it systematically within
the concept of the chemistry of molecular
diversity and medicinal-oriented synthesis.
This is done in particular with the aim of
effectively searching for new bioactive sub-
stances and new components of functional
materials.

Schiff bases (azomethines) are perspec-
tive building blocks for the creation of a
large number of combinatorial libraries and
are also of interest as compounds widely
used as dyes, luminophores, components of
liquid crystals and optical materials, poly-
mer stabilizers, reagents for the synthesis
of vulcanization accelerators [1-5]. It is
known that long-chain aromatic azomethi-
nes are suitable for the preparation of ther-
mal vacuum deposition films and Langmuir-
Blodgett films necessary for the production
of nanomaterials [6, 7]. Authors [8-10] pre-
sented results of the study on the thermo-
chromic and photochromic effect of
azomethines, which allows their use as
thermo- and light-sensing nano switches.
Moreover, Schiff bases have at least one
powerful pharmacophore fragment and are
the perspective objects for the study of bio-
logical activity for the process of drug dis-
covery [11-13]. Some azomethines are
known as antitumor, antiviral, antitubercu-
lous, and other biologically active agents
[18—21]. On the other hand, the presence of
the pyrrole cycle is known to promote the
appearance of compounds with antiviral, an-
tituberculous, and antitumor activity [14—
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16], while the pyrazole fragment, as de-
scribed in the review [17], is a pharma-
cologically important moiety that provides a
broad spectrum of biological activity.

Combining two active pharmacophores in
one structure is a promising approach to
achieve improved results in terms of bio-
logical activity. Therefore, the introduction
of additional pharmacophore fragments into
the azomethines can convert them into the
perspective drug-like compounds.

Therefore, filling the content of the ana-
tomical-chemical-therapeutic classification
(ATC) with novel synthetic druge-like sub-
stances containing various combinations of
active pharmacophores is certainly one of
the important tasks of synthetic organic
chemistry and medicinal chemistry. In the
future, the obtained experimental results
and developed methods can be the basis for
creating optimal technological parameters
in the production of a new generation of
drugs.

Taking into account the mentioned
above, one of the actual tasks is the synthe-
sis of imine derivatives of pyrol, for in-
stance, ethyl 4-(1-chloro-3-(4-aryl(heteryl)
mino)prop-1-enyl)-3,5-dimethyl-1H-pyrol-2-
carboxylates and carrying out the primary
study of their biological activity using
strains of certain types of microorganisms.
In addition, such compounds can also be
basic functional materials for a wide range
of applications.

2. Experimental

IH NMR spectra were recorded on a
Varian Mercury VX-200 spectrometer with
an operating frequency of 200 MHz and on
Varian MR-400 with an operating frequency
of 400 MHz (solvents DMSO-dg and CDClj,

internal standard — TMS), in all cases 6 —
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scale of the chemical shifts was used. IR
spectra were obtained on SPECORD 75IR
spectrophotometer in KBr tablets. Mass
spectra were recorded on GS-MS Varian
1200L spectrometers (electron impact ioni-
zation, 70 eV, direct entry of the sample
into the ionization chamber). The reaction
proceeding and purity of the compounds ob-
tained were monitored by TLC on Silufol
UV-254 plates (solvents — ethyl acetate,
hexane and their mixtures, demonstration
in UV and iodine vapor, elluent — mixtures
of ethyl acetate and hexane in different ra-
tios).

Ethyl 4-[(E)-1-chloro-3-oxoprop-1-enyl]-
3,5-dimethyl-1H-pyrol-2-carboxylate 2. In a
500 ml three-neck flask immersed in a cool-
ing bath (about —-10°C) and installed on
magnetic stirrer 20,0 ml of POCI;
(0,22 mol) was placed, then 75,0 ml
(0,96 mol) of DMF was added dropwise with
a rate at which the temperature of the reac-
tion mixture did not rise above 0°C. Then, a
solution of 20,0 g (0,10 mol) of acetyl pyrol
1 in 100,0 ml of DMF was added dropwise
to the reaction mixture for about 1 h, the
temperature in the reaction mixture shall
not rise above 0°C. After that, stirring is
continued for another 3 h at 40°C. The re-
action mixture is neutralized with a satu-
rated solution of sodium acetate (or sodium
carbonate) to pH ~ 8. The resulting crystals
were filtered and washed with water on the
filter, recrystallized from heptane and dried
in the air. 19,58 g of product were ob-
tained, 80 % yield, m.p. 120-121°C. 1H
NMR spectrum (400 MHz, CDCl;, 6, ppm):
1.86 ¢ (83H, —-CH,—CHs, 3J 8 Hz), 2.837 s
(8H, 8-CHj3), 2.39 s (8H, 5-CHj3), 4.32 q
(2H, -CH,—CHs3, 3J 8 Hz), 6.09 d (1H, =CH-
, 3J 8 Hz), 9.22 ws (1H, 1H, NH), 10.14 d
(1H, C(O)H).

Reaction of ethyl 4-[(E)-1-chloro-3-oxo-
prop-1-enyl]-3,5-dimethyl-1H-pyrol-2-carbo
xylate 2 with aromatic amines.

General method. In a 25 ml flask 0,26 g
(1,0 mmol) of chlorovinyl aldehyde 2 and
1,0 mmol of the corresponding amine were
placed, then 4-6 ml of diethyl ether was
added and the flask was installed on a mag-
netic stirrer at room temperature for about
two hours. The resulting precipitate were
filtered and washed with diethyl ether on
the filter, the reaction was monitored by
TLC.

Thus obtained:

Ethyl 4-(1-chloro-3-(4-chlorophenylimino)
prop-1-enyl)-3,5-dimethyl-1H-pyrol-2-carbo-
xylate 3. Yield 0,30 g (81 %), m.p. 150°C.
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IR spectrum, v, cm~1: 760-780 (C—CI), 1600
(C=0C), 1650 (C=N), 1660 (C=0), 3260 (NH).
IH NMR spectrum (200 MHz, DMSO -dg, §,
ppm): 1.29 t (3H, -CH,—CH3), 2.31 s (3H,
3-CH3),2.88 s (8H, 5-CH3), 4.25 q (2H, -
CH,—CH3), 6.55 d (1H, =CH-, 3J
8 Hz),7.28-7.49 s (4H, CgH,), 8.58 d (1H,
=CH-, 38J 8 Hz), 11.82 s (1H, NH). Ob-
tained, %: C 59.29; H 5.05; N 7.70. m/z
351 (M-15, 37Cl, 66.1 %), 349 (M-15,
35Cl,100 %), 305 (M-15-46, 37Cl,
47.7 %), 303 (M-15-46, 35Cl, 55.3 %),
166 (34.3 %),188 (17.9 %). CgHgCI,N,05.
Calculated, %: C 59.19; H 4.97; N 7.67. M
365.25.

Ethyl 4-(3-(4-bromophenylimino)-1-chlo-
roprop-1-enyl)-3,5-dimethyl-1H-pyrol-2 car-
boxylate 4. Yield 0.33 g (80 %), m.p. 154°C
IR spectrum, v, cm~1: 760-780 (C—CI), 1600
(C=0C), 1650 (C=N), 1660 (C=0), 3260 (NH).
IH NMR spectrum (200 MHz, DMSO -dg, §,
ppm): 1.29 t (3H, -CH,—CH3), 2.31 s (3H,
8-CHj), 2.88 s (38H, 5—CHj), 4.25 q (2H, -
CH,—CHs3), 6.55 d (1H, =CH-, 3J 8 Hz),
7.17-7.63 s (4H, CgH,), 8.57 d (1H, =CH-,
3J 8 Hz), 11.82 s (1H, NH). Obtained, %: C
52.88; H 4.49; N 6.89. m/z 395 (M-15,
37Cl, 238.3 %), 393 (M-15, 35Cl,
4517.5 %), 349 (M-15-46, 37Cl, 23.3 %),
347 (M—-15-46, 35CI, 19.4 %).
C18H1BBFC|N202. Calculated, %: C 52.77; H
4.43; N 6.84. M 409.70.

Ethyl 4-(1-chloro-3-(4-methoxyphenylimino)
prop-l-enyl)-3,5-dimethyl-1H-pyrol-2-
carboxylate 5. Yield 0,27 g (74 %), m.p.
142-143°C. IR spectrum, v, cm™1: 760-780
(C-Ch, 1600 (C=C), 1650 (C=N), 1660
(C=0), 2900-3000 (C-0), 3260 (NH). 1H
NMR spectrum (400 MHz, DMSO -dg, 9,
ppm): 1.26 t (3H, —CH,—CH3), 2.27 s (3H,
8-CHj), 2.29 s (8H, 5-CHj3), 8.74 s (3H,
OCH,), 4.21 q (2H, -CH,—CH3), 6.48 d (1H,
=CH-, 3J 8 Hz), 6.93 d (2H, CegHy), 7.22 d
(4H, CgH,), 8.56 d (1H, =CH-, 5J 8 Hz),
11.73 s (1H, NH). Obtained, %: C 63.32; H
5.96; N 7.81. m/z 347 (M-15, 87Cl,
11.0 %), 345 (M-15, 35Cl, 100 %), 301
(M-15-46, 37Cl, 41.8 %), 299 (M-15-,
85Cl, 756.0 %), 159 (5.1 %). CgH,{CIN,O5.
Calculated, %: C 63.24; H 5.87; N 7.76. M
360.83.

Ethyl 4-(3-(4-acetylphenylimino)-1-chlo-
roprop-1-enyl)-3,5-dimethyl-1H-pyrol-2- car-
boxylate 6. Yield 0.36 g (96 %), m.p.
1387°C. IR spectrum, v, ecm~1: 760-780 (C-
Ch, 1580 (C=0C), 1650 (C=N), 1660 (C=0),
1680 (C=0),3260 (NH). 1H NMR spectrum
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(200 MHz, DMSO - dg, 9, ppm): 1.29 t (3H,
—CH,—CHs3), 2.38 s (8H, 3-CHy), 2.85 s (3H,
5-CHj), 2.58 s (8H, COCH,3), 4.25 q (2H,
-CH,—CHs3), 6.60 d (1H, =CH-, 3J 8 Hz),
7.271968.06 m (4H, CgH,), 8.58 d (1H,
=CH-, 3J 8 Hz), 11.85 s (1H, NH). Obtained,
%: C 64.53; H 5.76; N 7.55. m/z 359 (M—
15, 37Cl, 26.2 %), 357 (M-15, 35Cl,
61.0 %), 313 (M-15-46, 37Cl, 38.5 %),
311 (M—-15-46, 35CI, 100 %), 146 (9.4 %).
020H21C|N203. Calculated, %: C 64.43; H
5.68; N 7.51. M 372.85.

Ethyl 4-(1-chloro-3-(4-nitrophenylimino)
prop-1-enyl)-3,5-dimethyl-1H-pyrol-2-carbo-
xylate 7. Yield 0.33 g (89 %), m.p. 228°C.
IR spectrum, v, em l: 760-780 (C-CI),
1310, 1560 (NO,), 1590 (C=C), 1650
(C=N),1660 (C=0), 3260 (NH). 'H NMR
spectrum (200 MHz, DMSO -dg, O, ppm):
1.80 t (8H, -CH,—CH,), 2.31 s (3H, 8-CHj),
2.83 s (38H, 5-CHs), 4.25 q (2H, -CH,—CHy),
6.62 d (1H, =CH-, 3J 8 Hz), 7.835-8.87 m
(4H, CgH,), 8.59 d (1H, =CH-, 3J 8 Hz),
11.82 s (1H, NH). Obtained, %: C 57.62; H
4.94; N 11.27 m/z 220 (100 %), 174
(62.2 0/0). C18H18C|N3O4' Calculated, %: C
57.53; H 4.83; N 11.18. M 3875.81.

Ethyl 4-(1-chloro-3-(naphthalene-1-ylimino)
prop-1-enyl)-3,5-dimethyl-1H-pyrol-2-carbo-
xylate 8. Yield 0,32 g (85 %), m.p. 152°C.
IR spectrum, v, ecm~1: 760—-780 (C—Cl), 1590
(C=C), 1640 (C=N), 1650 (C=0), 3260 (NH).
1H NMR spectrum (200 MHz, DMSO -dg, §,
ppm): 1.29 t (83H, -CH,—CH3), 2.34 s (3H,
8-CHj), 2.36 s (8H, 5-CH,), 4.24 q (2H, -
CH,—CH3), 6.71 d (1H, =CH-, 3J 8 Hz),
6.81-8.27 m (7TH, Napht), 8.65 d (1H, =CH-
, 3J 8 Hz), 11.82 s (1H, NH). Obtained, %:
C 69.33; H 5.66; N 7.43. m/z 367 (M-15,
37Cl, 42.0 %), 365 (M—-15, 35Cl, 85.9 %),
321 (M-15-46, 37Cl, 50.6 %), 319 (M—-15—
46, 35CI, 100 %), 293 (M-15-74, 37ClI,
2.2 %), 291 (M-15-74, 35CIl, 7.9 %), 154
(11.6 0/0). C22H21C|N202. Calculated, %: C
69.38; H 5.56; N 7.36. M 380.87.

Reaction of ethyl 4-(E)-1-chloro-3-oxo-
prop-1-enyl)-3,5-dimethyl-1H-pyrol-2-carbo-
xylate 2 with 5-amino-3-(4-bromophenyl)-
1H-pyrazole. In a solution of 0,050 g
(0,2 mmol) of 2 in 5 ml of absolute diethyl
ether at 15-17°C was added 0,048 g
(0.2 mmol) of the corresponding 5-ami-
nopyrazole; the reaction mixture was
stirred on a magnetic stirrer for about two
hours. The resulting precipitate was filtered
and washed on the filter with 1 ml of di-
ethyl ether. 0.076 g of azomethine 9 was
obtained, yield 81 %, m.p. 181°C (decomp.),
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IH NMR spectrum (400 MHz, DMSO-dg, §,
ppm): 1.26 t (83H, -OCH,—CH3), 2.28 s (3H,
3-CH3), 2.31 s (8H, 5-CH3), 4.21 g (2H, -
OCH,-CHj3), 6.49 d (1H, C(CH=CH-, J
8 Hz), 6.93 s (1H, Pyrazol-H), 7.60 d.—-7.74
d (4H, CgH,), 8.83 d (1H, N=CH-, 3J 8 Hz),
11.78 s (1H, Pyrrole-NH).

Reaction of ethyl 4-[(E)-1-chloro-3-oxo-
prop-1-enyl]-3,5-dimethyl-1H-pyrol-2-carbo
xylate 2 with 5-amino-8-(4-tolyl)-1H-pyra-
zole. In a solution of 0,050 (0,2 mmol) g of
2 in 5 ml of absolute diethyl ether at 15—
17°C was added 0,035 g (0.2 mmol) of the
corresponding 5-aminopyrazole; the reaction
mixture was stirred on a magnetic stirrer
for about two hours. The resulting precipi-
tate was filtered and washed on the filter
with 1 ml of diethyl ether. 0,076 g of
azomethine 10 was obtained, yield 88 %,
m.p. 171°C (decomp.), 1H NMR spectrum
(200 MHz, CDCl;, 6, ppm): 1.36 t (3H, -
OCHZ—CH3), 2.36 s (3H, 4_CH3C6H4), 2.87 s
(8H, 8-CHj), 2.89 s (8H, 5-CHj3), 4.82 ¢
(2H, -OCH,-CH3y), 6.48 d (1H, C(Cl)=CH-,
3J 8 Hz), 6.57 s (1H, Pyrazol-H), 7.58—
7.24 d (4H, CgH,), 8.91 d (1H, N=CH-, 3J
8 Hz), 9.02 s (1H, Pyrazol-NH).

To study the biological activity of alcohol
solutions of ethyl 4-acetyl-3,5-dimethyl-1H-
pyrol-2-carboxylate derivatives, reference
tests of Gram-positive and Gram-negative
bacteria were used, which belong to various
taxonomic groups [22]: Staphylococcus
aureus ATCC 25923, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC
27853, Bacillus subtilis ATCC 6633, Proteus
vulgaris ATCC 4636. The antifungal effects
of the solutions were studied on reference
strain of Candida albicans ATCC 885-653.
The labeled set of test strains is commonly
used in the primary studies of antimicrobial
activity.

The characteristics of the clinical strains
used in the studies are listed below:

Staphylococcus aureus No. 24 — clinical
strain isolated from patient G. 55 years old
from mnasal sinus mucosa, diagnosis is
chronic sinusitis. The strain is sensitive to
ceftriaxone, fortum, cefoperazone, ce-
fepime, azithromyecin, gatifloxacin,
levofloxacin; weakly sensitive to amoxi-
clave, 1-2 generation cephalosporins, chlo-
rophilipt. Highly adhesive. Lecithinazoposi-
tive, coagulazopositive.

Staphylococcuc saureus No. 38 — clinical
strain isolated from patient P. 46 years old
from oral mucosa (migdalin), diagnosis is
follicular angina. The strain is sensitive to
ceftriaxone, fortum, cefoperazone, ce-
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fepime, azithromyecin, gatifloxacin,
levofloxacin; weakly sensitive to 1-2 gen-
eration cephalosporins, chlorophilipt. Me-
dium adhesive. Lecithinazopositive, coagula-
zopositive.

Escherichia coli No. 25 — clinical strain
isolated from patient T. 85 years old from
ears canals, diagnosis is acute otitis. The
strain is sensitive to ceftriaxone, Fortum,
cefoperazone, cefepim, gatifloxacin,
levofloxacin, ciprofloxacin, phosphomyecin,
furamag; weakly sensitive to 1-2 generation
cephalosporins, ofloxacin, furazolidone, ni-
troxalin. Medium adhesive. Lecithinazoposi-
tive, coagulazopositive.

Pseudomonas aeruginosa No. 16 — clini-
cal strain isolated from patient P. 68 years
old from the contents of the skin wound,
diagnosis hand injury with deep cut of the
soft tissues. The strain is sensitive to
cephaperazone, gatifloxacin; not sensitive to
1-2 generation of cephalosporins and
fluoroquinolones, gentamicin, furazolidone,
nitroxaline. Very adhesive. High membrane-
forming capacity.

Pseudomonas aeruginosa No. 89 — clini-
cal strain isolated from patient D. 78 years
old from urine, diagnosis is pyelonephritis.
The strain is sensitive to cephaperazone, ga-
tifloxacin; not sensitive to 1-2 generation
of cephalosporins and fluoroquinolones,
gentamicin, furazolidone, nitroxaline. Very
adhesive. High membrane-forming ability.

Candida albicans No 23 — clinical strain
isolated from patient M. 27 years old from
vaginal secretion, diagnosis is bacterial
vaginitis. The strain is sensitive to flucona-
zole, orungal; weakly sensitive to nisoral,
nistatin. Medium adhesive.

All test cultures were obtained from the
laboratory of medical microbiology with the
Museum of Microorganisms of the State In-
stitution "Mechnikov Institute of Microbiol-
ogy and Immunology of the National Acad-
emy of Medical Sciences of TUkraine”
(Kharkiv). Agents for cultivation were ap-
plied to the type of microorganisms accord-
ing to the existing methodological develop-
ments and recommendations.

Microorganism suspensions with a spe-
cific concentration of microbial cells (opti-
cal density) were prepared using a turbidity
standard (0.5 units on a McFarland scale).
Densi-La-Meter (manufactured by PLIVA-
Lachema, Czech Republic; wavelength
540 nm) was used. The suspension was pre-
pared in accordance with the instructions
for the instrument and "Standardization of
Microbial Suspension Preparation”™ (No.
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163-2006), Kyiv. Cultures were synchro-
nized by low temperature (4°C).

The sensitivity of microbial strains to
antibacterial drugs was determined accord-
ing to [23] using the method of wells on
Muller-Hinton reagent ("HIMediaLaborator-
les” Pvt. Ltd.India). The reagent was pre-
pared according to the manufacturer’s in-
structions. The sensitivity of the fungi was
determined on the saburo-dextrose agar re-
agent. The sensitivity of the study sub-
stances was determined on two layers of nu-
trient reagent poured on the Petri dish. The
bottom layer consisted of agar-agar (10 ml).
On it, 383-6 sterile metal cylinders with a
diameter of 8 mm and a height of 10 mm
were placed. A top layer (14 ml of culture
reagent + 1 ml of a 0.5 unit microbial solu-
tion on a McFarland scale) was poured
around the cylinders, which consisted of nu-
trient agar reagent with an appropriate
daily microorganism culture standard. After
gelling with sterile forceps, the wells were
removed and mixed with the solution of the
substance under study (0.3 ml).

The evaluation of antibacterial activity
of the studying substances was carried out
by diameter of growth delay zones: 10 mm
— microorganism is not sensitive to the
studying substance; 10-15 mm — microor-
ganism is weakly sensitive to the studying
substance; 15—25 mm — microorganism is
sensitive to the studying substance; 256 mm
above — microorganism is very sensitive to
the studying substance.

3. Results and discussion

Using the Wilsmeier-Haak reaction ac-
cording to the known method [24], we con-
verted ethyl 4-acetyl-3,5-dimethyl-1H-pyrol-
2-carboxylate 1 (Fig. 1) into the correspond-
ing derivative of PB-chlorovinylaldehyde —
ethyl 4-[(E)-1-chloro-3-oxoprop-1-enyl]-3,5-
dimethyl-1H-pyrol-2-carboxylate 2.

Furthermore, we studied the reaction of
B-chlorovinylaldehyde 2 with some aromatic
amines (Fig. 2). It was found that the reac-
tion of aldehyde 2 with an equimolar
amount of aniline derivatives such as p-chloro-,
p-bromo-, p-methoxy-, p-acetyl-, p-nitroaniline
as well as with o-naphthylamine in absolute
diethyl ether at room temperature for a few
hours led to the formation of the corre-
sponding azomethines 3-8 in good-to-excel-
lent yields (74-98 %).

It is known [25] that the reactions of
B-chlorovinylaldehydes with aromatic
amines can proceed in two ways: nucleo-
philic addition-elimination to form
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Cl

0
Me
Me POCIy/DMFA
Et0,C~ >N~ Me
1

Fig. 1. Synthesis scheme for ethyl 4-[(E)-1-chloro-3-oxoprop-1-enyl]-3,5-dimethyl-1H-pyrol-2-car-

boxylate 2.

r.t.

- Hy0

Me Cl
ArNH,, Et,0 —
E0,c— | =N_
N Ar
H Me
3-8 74-98%

Ar=4-Cl-C¢H, (3), 4-Br-C¢H, (4), 4-OMe-C¢H, (5), 4-Ac-CgHy (6), 4-NO,-CgH, (7), 1-Naft (8)

Fig. 2. Synthesis scheme of ethyl 4-(1-chloro-3-(4-arylimino)prop-1-enyl)-3,5-dimethyl-1H-pyrol-2-

carboxylate 3-8.

azomethines (Schiff bases) or an attack of
the nucleophile simultaneously towards two
electrophilic centers — at the carbon atom
of the carbonyl group and at the carbon
atom of the C—CIl bond to form imin-enami-
nes hydrochlorides, which can further cy-
clize to quinolines under reaction condi-
tions. In our case, however, even a fourfold
increase in the amount of arylamine led
only to the isolation of azomethines 3-8
(see Fig. 2.); other theoretically possible re-
action products were not formed according
to thin-layer chromatography (TLC). The
excess of arylamine remaining in the reac-
tion mixture was easily separated from the
product by recrystallization from ethanol.

The structure of azomethines 3-8 was
elucidated by 'H NMR and IR spectroscopy
and mass-spectrometry. According to TLC
and 1H NMR spectra, compounds 3-8 are
individual isomers (Fig. 3). In the 'H NMR
spectra, signals for two protons of the ole-
fin and azomethine fragments are observed
as doublets in the range of 6.48-6.71 ppm
and 8.57-8.65 ppm, 3J =~ 8 Hz; signals for
the aromatic protons are observed in the
range of 6.81-8.37 ppm; all necessary sig-
nals for the protons of the pyrrole fragment
are also shown.

We assume that azomethines 3-8 most
likely have an E-configuration of the C=N
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bond, as evidenced by the presence of the
doublet of the azomethine proton in the
8.57-8.65 ppm range. The signals of simi-
lar protons in the spectra of Z-isomers
should shift to a weaker field by about ~
0.5 ppm according to the authors [26, 27]
and with spectroscopic studies [28], which
is due to their location in the area of
deshileding by the aromatic core [26]. The
constants of spin-spin interaction for these
protons (~ 8 Hz) indicate the possibility of
the preferential existence of C=C-C=N frag-
ment of the compounds obtained in s-cis
conformation [29].

In the IR spectra of compounds 3-8, the
band of valence oscillations of the aldehyde
group 1680 em~! which is characteristic for
the starting aldehyde 2 disappears, while
the band of valence oscillations of C=N ap-
pears. In the mass-spectra of azomethines
3-8, the most intense ion is [M-15]" which
corresponds to the fragmentation of the
molecule by the elimination of one of the
methyl groups at positions 38 or 5 of the
pyrrole cycle, and the ion [M-15-46]", which
appears upon the elimination of the ethanol
molecule.

Compounds 3—8 are sufficiently stable —
all attempts to obtain quinoline derivatives
gave the compounds unchanged on pro-
longed heating in high boiling solvents such

Functional materials, 28, 3, 2021
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Fig. 3. 'H NMR spectrum (400 MHz, DMSO-dg) ethyl 4-(1-chloro-3-(4-methoxyphenylimino)prop-1-

enyl)-3,5-dimethyl-1H-pyrol-2-carboxylate 5.

as toluene, xylene, dimethylaniline, triethy-
lamine or pyridine.

It was found that the reaction of alde-
hyde 2 with 5-amino-3-(4-bromophenyl)-1H-
pyrazole and 5-amino-3-(4-tolyl)-1H-pyra-
zole in absolute diethyl ether at room tem-
perature led to the formation of ethyl
4-(3-(4-bromophenyl)-1H-pyrazol-5-yl)imino
)-1-chloroprop-1-enyl)-3,5-dimethyl-1H-pyr
role-2-carboxylate 9 and ethyl 4-(3-(4-tolyl)-
1H-pyrazol-5-yl)imino)-1-chloroprop-1-enyl)
-3,5-dimethyl-1H-pyrrole-2-carboxylate 10
in good yields (Fig. 4).

According to TLC and 'H NMR spectra
azometines 9 and 10 are individual isomers
(Fig. 5). In their 'H NMR spectra in the
range 8.8-8.9 ppm the doublet for the
azomethine bond proton HC=N is observed,
while the doublet of the aldehyde proton (at
10.0 ppm) disappears.

Study of biological activity

The molecules of compounds 3-8 have
the pyrrole and azomethine fragments in
their structure, which may imply the pres-
ence of certain types of biological activity.
Therefore, we carried out the primary study
of the biological activity of azomethines 3-8
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with strains of some types of microorgan-
isms.

The analysis of the results of the study
of antibacterial activity of ethyl-4-acetyl-
3,5-dimethyl-1H-pyrol-2-carboxylates 3-8
on the reference tests and clinical strains
(Table 1, 2) showed that all Gram-positive
bacteria are very sensitive to compounds 5,
7 and sensitive to compounds 3, 4, 8. There
is no sensitivity of bacteria to compound 6.
The results obtained regarding antibacterial
activity are preliminary and require further
careful studies in the field. It should also be
noted that compounds 5 and 7 are more
toxic than the others tested and the biologi-
cal experiments show that they are more
effective than other azomethines in sup-
pressing the growth of microorganisms. We
hypothesized that these compounds have cy-
totoxic properties and are a prospect for
further modification and research of just
this type of activity.

4. Conclusions

Thus, the reaction of ethyl 4-[(E)-1-
chloro-3-oxoprop-1-enyl]-3,5-dimethyl-1H-
pyrol-2-carboxylate 2 with anilines and 5-
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Fig. 5. 1H NMR spectrum (400 MHz, DMSO-dg) ethy

1 4-(3-(4-bromophenyl)-1H-pyrazol-5-yl)imino)-

1-chloroprop-1-enyl)-3,5-dimethyl-1H-pyrol-2-carboxylate 9.
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Table 1. Antibacterial activity of ethyl 4-acetyl-3,5-dimethyl-1H-pyrol-2-carboxylate derivatives

(on reference tests)

Azhome- Diameters of growth delay zones in mm (Mtm) (p<0.05)
thi
e Staphylococcus | Escherichia Proteus Pseudomonas Basillus Candida
aureus ATCC coli ATCC vulgaris aeruginosa |subtilis ATCC |albicans ATCC
25923 25922 ATCC 4636 | ATCC 27853 6633 653/885
(p-sh.)
3 22.530.17 15.310.16 14.310.15 151+0.15 16.740.15 1410.15
4 1540.15 1340.16 1240.15 13.740.17 1740.16 15.340,18
5 28,740.15 19,340.19 18+0.17 19,310.16 29.610.18 22.740.17
6 19.3140.16 growth growth growth 16+0.07 1640.07
7 2940.21 1940.15 16.710.16 20140.16 29.740.19 21.740.19
8 15.340.16 13.310.05 12.3140.16 1440.18 1740.19 15,310.17

Table 2. Antibacterial activity of ethyl 4-acetyl-3,5-dimethyl-1H-pyrol-2-carboxylate derivatives

(on clinical strains)

Azomethine Diameters of growth delay zones in mm (M+m) (p<0.05)
StaphylococcusStaphylococcus| Escherichia | Pseudomonas | Pseudomonas Candida
aureus 24 aureus 38 coli 25 aeruginosa 16 |aeruginosa 89| albicans 23
3 19.740.29 15.740.16 1540.05 growth growth growth
4 21.740.21 21.340.25 1340.16 growth growth growth
5 23.710.24 18.340.13 15.310.16 growth 16.3+—B5R RA 15.710.16
0.11
6 19.840.16 growth growth growth 16+0.07 1610.07
7 24.740.27 17.310.18 14.710.17 growth 16.3+—B5R RA 15.710.16
0.11
8 20.3140.27 18.710.18 14.710.07 growth 17.3+—5R RA 17.310.18
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