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B nacmosauwieii pabome npeocmagienst pe3yivmamal nP000AHCCHUS U3YUEHUA CUHMENU-
YeCcKUX npespawieHuli noo 0elicmeuem HyKaeounpbHbIX peazenmaos 3amMeujentblx 3 -mueHuiuMuHno-
3H-ghypan-2-onos, cooeprcauwiux HumpuibHulil 3aMecmumens 6 mpempem noj10MHceHUU muogheno-
6020 Konvya. /lannslii K1acc coeOuHeHUll gvlzbleaem 00nbUL0ll UHmMepec 0N U3yuenus 01az2ooaps
CO0ePIHCAHUIO 8 CE0eIl CMPYKMYPE HECKOTbKUX PeaKYUOHHBIX UeHMP 08, YO NO360J1sem HOJIYYamb
nPOOYKmMbl PA3HO00PA3HOZ0 CIMPOEHUA, COXPAHAA NPU IMOM 6ACHBIE hapmarogdopHbie zpynnb
(ppazmenm 2-amunomuogena u ppazmenm 2,4-0uokcodymanosoit kucinomst). Hamu ovtiu cunme-
3UPOBAHBL U U3YUEHbI HA NPeOMen DUOI02UYeCKOll AKMUGHOCHU Iupbl 3ameuiennbix 4 -okco-2-(3-
uuano-4,5,6,7-mempazuopooenzofbjmuoghen-2-unamuno)ym-2-enogvix Kuciom, xKomopwvle OvLiu
noyuensvt MHo2ocmaouiinbim cunmesom. Ilpeonosrcennniii memoo obecneuugaem vicoKue 8b1xo0bl
uesevix NPOOYKmMoe u éKarouaem 6 ceosn ezaumooeiicmeue 4 -apun-2-2uopoxcu-4-okcooymamnogoix
Kucinom ¢ Humpunom 2-amuno-4,5,6,7-mempazudpoovenzofbjmuogen-3-xkapoonosoit kucnomol, no-
CLeOYIOULYI0 6HYMPUMONEKYIAPHYIO UUKIUZAUUIO ROTYYUEHHBIX HPOOYKM 08 NOO Oelicmeuem nponu-
OH0B020 AHZUOPUOA, A MAKIHCE OCUUKTUSAUUIO NOTYYUEHHBIX 3aMeu|eHHbIX 3 -muenunumuno-3 H-ghy-
pan-2-on06 nood oeiicmeuem nepeudHsix cnupmos. Iloomeepicoenue cmpykmypol 6b10e1e HHBIX UM O-
206b1x coeounenuii npooounocy memooamu*Hu **C AMP cnexmpockonuu, a maxace e MeHMHO0
ananusa. Ilonyuennsle coedunenun nooeepzanucy CKpUHUHZY in vivo ¢ yeiblo 00Hapycenus u
OUEHKU UX OUO0N02UYeCKOll AKMUBHOCHU U OCMPOL MOKCUYHOCIU. AHMUHOUYUWENMUGHAA AKM UG-
HOCMb U3YYATIACL HA DeNbIX HeCnOPOOHBIX MbILULAX 000UX NOTL06 ROCPEOCMEOM MEPMUULECKO20 PA3-
OPAadICeHUs «20PAYAA NIIACIMUHKA) RPU HYMPUOPIOWUHHOM 86e0eHuu. Ocmpas moOKCUYHOCHb U3)-
yanace no memody Ilepuwiuna, ocnogannHom Ha HAOIIO0EHUU 3G COCMOAHUEM MbIULEll 6 MeyueHUU
10 cym. nocnie 6Hympuopowunno20 66e0eHus mecmupyemuix coeounenul. Coznacno nonyuenHvim
pe3yiomamam, npomecmuposantvie coeOuHeHus 001a0aom GblpayiceHHON AHMUHOYUYENMUGHOI
AKMUGHOCHIbIO, @ OUECHKA OCHP Ol MOKCUYHOCHIU YKA3bl8Aem HA UX NPUHAONedHcHOcmb K V Kiaccy
npaKmuyecKu HeMmoKCUUHBIX Bpenapamos. Boicokue 3navenun anmunoyuyenmugHol AKMUEHOCHU
6 COUemaHuuU ¢ HU3KOI MOKCUUHOCHLBIO 0C1A10M PACCMOMPEHHbLE IPUp bl 3ameuieHHbIX 4 -0k co-2-(3-
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uuano-4,5,6,7-mempazuopodenzofbjmuoghen-2-unamuno)oym-2-eHo8vlx KUuci0m 6blCOKO HepChnek-
MUGHBIM K1ACCOM 01 OAIbHeliuie20 U3yUeHUs C Ueabl0 NOUCKA U PA3PabomKu HOGbIX OUO0I02UYECKU
AKMUGHBIX COCOUHEHUIL C 00e30071U8AIOU UM OCTICIGUEM U HUZKOUL MOKCUYHOCbIO.

KuaroueBble ciioBa: 2-aMuHOTHO(EHBI, 2,4-THOKCOOYTaHOBBIE KUCTIOTHI, 3-(THO(EeH-2-WMuEHO) Gy pa H-
2(3H)-0Hbl, aHTUHOIMIICTITUBHASL AKTUBHOCTb, TOKCHYHOCTD, IN VIVO
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In the current work, we present results the study of synthetic transformations of substituted
3-thienylimino-3H-furan-2-one derivatives containing a nitrile substituent in the third position of
the thiophene ring under the action of nucleophilic reagents. This class of compounds is of great
for study due to the presence of several reaction centersin its structure, which makes it possible to
obtain products of various structures, while retaining important pharmacophore groups - frag-
ments of 2-aminothiophene and a fragment of 2,4-dioxobutanoic acid. We have synthesized and
studied for biological activity substituted 2-(3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yla-
mino)-4-oxobut-2-enoates, which were obtained by a multistep synthesis method. The proposed
method provides high yields of target compounds and includes the reaction of 4-aryl-2-hydroxy-4-
oxobutanoic acids with 2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile, followed by
intramolecular cyclization of the resulting products under the action of propionic anhydride, as
well as decyclization of the resulting substituted 3-thienylimino-3H-furan-2-ones under the action
of primary alcohols. The structure of the finally isolated compounds was confirmed by *H and *C
NMR spectroscopy and the elemental analysis. The resulting compounds were screened in vivo to
detect and evaluate their biological activity and acute toxicity. Antinociceptive activity was studied
in white outbred mice of both sexes by the hot plate test with intraperitoneal injection. Acute toxicity
was studied according to the Pershin method, based on monitoring the condition of mice for 10
days after intraperitoneal injection of the test compounds. According to the results obtained, the
tested compounds have a pronounced antinociceptive activity, and the assessment of acute tox-
icity indicates that they belong to the V class of practically non-toxic drugs. The high values of
antinociceptive activity in combination with low toxicity make the considered substituted 2-(3-
cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-ylamino)-4-oxobut-2-enoates a highly promising
class for further study in order to search for and develop new biologically active compounds with
analgesic effect.

Keywords: 2-aminothiophenes, 24-dioxobutanoic acids, 3-(thiophene-2-ylimino)furan-2(3H)-ones, an-
tinociceptive activity, toxicity, in vivo
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INTRODUCTION

The synthesis of biologically active com-
pounds with low toxicity has always beenand remains
one of the most important tasks of modern pharmaceu-
tical and medicinal chemistry [1-4]. It has long been
known that substances containing 2-aminothiophene or
2,4-dioxobutanoic acid fragments in their structure
provide various biological activities. Derivatives of
2,4-dioxobutanoic acids and 2-aminothiophenes have an-
algesic [5-7], antimicrobial [8-10], antitumor [11-12] and
other types of biological activity [13-15].

It was previously shown that 3-imino(hydra-
zono)furan-2(3H)-ones have in their structure several
electrophilic centers, which causes their high reactivity
with various nucleophilic reagents [16-17]. We pro-
posed a convenient method for the synthesis of 3-hy-
drazonofuran-2(3H)-ones [18-19] and 3-(thiophene-2-
ylimino)furan-2(3H)-ones [20], and also carried out
studies, during which it was found that the obtained
substances are derivatives of 3-imino(hydrazono)furan-
2(3H)-ones have pronounced antinociceptive [21-23],
anti-inflammatory [24-26], antimicrobial [27], anti-
tumor [28] activity, as well as photoluminescent prop-
erties [29-30]. In addition, we studied the substituted
esters and amides of 2-(3-cyano-4,5,6,7-tetrahydro-
benzo[b]thiophen-2-ylamino)-4-oxobut-2-enoic  acids
and found that they have analgetic [31-32] and antimi-
crobial [33] activities.

The purpose of this work is the synthesis of
new derivatives of 2,4-dioxobutanoic acid, the study of
the interaction of substituted 3-(thiophene-2-ylimino)fu-
ran-2(3H)-ones with primary alcohols, as well as the
study of the antinociceptive activity of the obtained
compounds.

EXPERIMENTAL PART

The reaction course and purity of the synthe-
sized compounds were monitored by TLC using Silu-
fol 254 UV precoated plates. The plates were devel-
oped with ethyl ether-benzene-acetone (10:9:1). The
'H and 3C NMR spectra were recorded on a Bruker
Avance I11 spectrometer (working frequencies of 400 and
100 MH2) in CDCl;. Melting points were measured on
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a Stuart SMP40 apparatus and are given incorrected.
All reagents used are commercially available and were
used as purchased.

Synthesis of 2-(3-cyano-4,5,6,7-tetrahy-dro-
benzo[b]thiophen-2-ylamino)-4-oxobut-2-enoates.
To 1 mmol of compounds 4a-din 5 mL of anhydrous
toluene was added 3 mmol of the corresponding alco-
hol and 1 mmol of DIPEA. The resulting suspension
was refluxed for 5 min until complete dissolution of the
starting compounds. The solution was cooled, the
formed precipitate was filtered off and recrystallized
from toluene if necessary [32].

Benzyl 2-((3-cyano-4,5,6, 7-tetrahydrobenzo[b]-
thiophen-2-yl)amino)-4-(4-fluorophenyl)-4-oxobut-2-
enoate 5a. Yield 0.33 g (71%), orange crystals, mp
172.7-173.5 °C (toluene). *H NMR spectrum (CDCls),
o, ppm: 1.83 m (4H, CH,), 2.56 m (4H, CH,), 5.29 s
(2H, OCH,), 6.70 s (1H, C=CH), 7.16 m (2H,,), 7.37
m (5Ha/), 8.00 m (2H4,), 12.09 s (1H, NH). *C NMR
spectrum (CDCl,), 8, ppm: 21.9, 23.0, 24.3, 24.5, 68.4,
99.5, 103.4, 113.5, 115.6, 115.9, 127.0, 127.6, 128.6,
128.7, 130.3, 130.4, 131.2, 134.1, 134.4, 148.0, 149.2,
162.6, 190.2.

4-Nitrobenzyl 2-((3-cyano-4,5,6,7-tetrahydro-
benzo[b]thiophen-2-yl)amino)-4-(4-fluorophenyl)-4-
oxobut-2-enoate 5b. Yield 0.35 g (70%), orange crys-
tals, mp 71.1-75.1 °C (toluene). *H NMR spectrum
(CDCL), 3, ppm: 1.83 m (4H, CH,), 2.58 m (4H, CH,),
5.37 s (2H, OCH,),6.72 s (1H, C=CH), 7.50 m (4Hx,),
8.00 m (2HAr), 8.24 m (2H4), 12.05 s (1H, NH). 3C
NMR spectrum (CDCly), 6, ppm: 21.8, 22.9, 24.4,
245, 66.7, 99.9, 103.5, 113.4, 115.7, 116.0, 123.8,
129.0, 130.4, 130.5, 131.4, 134.2, 134.3, 141.3, 147.1,
148.1, 149.2, 162.4, 190.2.

Isobutyl 4-(4-chlorophenyl)-2-((3-cyano-4,5,6,
7-tetrahydrobenzo[b]thiophen-2-yl)amino)-4-oxobut-2-
enoate 5¢. Yield 0.36 g (81%), brown crystals, mp
108.1-108.9 °C (toluene). *H NMR spectrum (CDCl;),
6, ppm: 0.90 d (6H, J = 6.6 Hz, 2CHj3), 1.82 m (4H,
2CH,), 1.94 m (1H, CH), 2.61 m (4H, 2CH,), 4.03 d
(2H, J = 6.6 Hz, OCH,), 6.64 s (1H, C=CH), 7.45 m
(2Har), 7.90 m (2H,), 12.16 s (1H, NH). 3C NMR
spectrum (CDCly), 8, ppm: 18.9, 22.0, 23.0, 24.4, 24.6,
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27.5, 72.8, 99.1, 103.4, 113.5, 129.0, 129.2, 131.4,
134.2, 136.5, 139.2, 148.5, 149.3, 162.7, 190.3.

Benzyl 4-(4-chlorophenyl)-2-((3-cyano-4,5,6,
7-tetrahydrobenzo[b]thiophen-2-yl)amino)-4-oxobut-
2-enoate 5d. Yield 0.34 g (72%), orange crystals, mp
130.7-131.2 °C (toluene). *H NMR spectrum (CDCl,),
S, ppm: 1.81 m (4H, 2CH,), 2.54 m (4H, 2CH;), 5.26 s
(2H, OCH,), 6.65 s (1H, C=CH), 7.30 m (2H,,), 7.35
m (3Ha), 7.44 m (2H4,), 7.89 m (2H4,), 12.10 s (1H,
NH). 33C NMR spectrum (CDCl), 8, ppm: 21.9, 23.0,
24.3, 24.5, 68.4, 99.3, 103.6, 113.4, 128.6, 128.7,
128.7, 129.0, 129.2, 131.4, 134.1, 134.3, 136.4, 139.2,
148.2, 149.0, 162.5, 190.3.

4-Nitrobenzyl  4-(4-chlorophenyl)-2-((3-cy-
ano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)amino)-
4-oxobut-2-enoate 5e. Yield 0.39 g (74%), orange
crystals, mp 138.9-139.7 °C (toluene). *H NMR spec-
trum (CDCL), 8, ppm: 1.82 m (4H, CH;),2.56 m (4H,
CH,), 5.37 s (2H, OCH,), 6.70 s (1H, C=CH), 7.48 m
(4Hap), 7.91 m (2H4,), 8.23 m (2H4,), 12.08 s (1H,
NH). 33C NMR spectrum (CDCl,), 3, ppm: 21.8, 22.9,
24.4, 24.5, 66.7, 99.8, 103.6, 113.4, 123.8, 129.0,
129.2, 131.6, 134.3, 136.3, 139.5, 141.3, 147.4, 149.0,
162.3, 190.4.

Methyl 2-((3-cyano-4,5,6, 7-tetrahydrobenzo[b]-
thiophen-2-yl)amino)-4-oxo-4-(p-tolyl)but-2-enoate 5f.
Yield 0.32 g (84%), brown crystals, mp 161.2-161.8 °C
(toluene). *H NMR spectrum (CDCL), 8, ppm: 1.86 m
(4H, 2CH,), 2.44 s (3H, CH3), 2.53 m (2H, CH,), 3.08
m (2H, CH,), 3.90 s (3H, OCHg3;),6.71 s (1H, C=CH),
7.29 m (2H4), 7.89 m (2H4), 12.24 s (1H, NH). *C
NMR spectrum (CDCly), o, ppm: 21.6, 21.9, 23.0,
24.4, 24,5, 53.2, 99.9, 102.4, 113.6, 127.9, 129.4,
130.6, 134.0, 135.5, 143.7, 146.9, 149.7, 163.2, 191.4.

Benzyl 2-((3-cyano-4,5,6, 7-tetrahydrobenzo[b]-
thiophen-2-yl)amino)-4-(4-methoxyphenyl)-4-oxobut-2-
enoate 5g. Yield 0.35 g (74%), red crystals, mp 136.1-
136.7 °C (toluene). *H NMR spectrum (CDCL), 9,
ppm: 1.83 m (4H, CH,), 2.56 m (4H, CH,), 3.90 s (3H,
OCHs),5.28 s (2H, OCH,), 6.74 s (1H, CH),6.98 m
(2HAp), 7.32 m (2Ha), 7.37 m (3H4,), 7.97 m (2H,)),
12.11 s(1H, NH). 3*CNMR spectrum (CDCL), 3, ppm:
21.9, 23.0, 24.3, 24.4, 55.5, 68.2, 102.8, 113.6, 113.9,
127.0, 128.5, 128.6, 128.6, 130.1, 130.7, 131.0, 134.0,
134.5, 147.0, 149.9, 162.9, 163.6, 190.4.

Nitrobenzyl 2-((3-cyano-4,5,6,7-tetrahydro-
benzo[b]thiophen-2-yl)amino)-4-(4-methoxyphenyl)-
4-oxobut-2-enoate 5h. Yield 0.40 g (77%), orange
crystals, mp 168.2-168.7 °C (toluene). *H NMR spec-
trum (CDCL), 8, ppm: 1.82 m (4H, CH;),2.56 m (4H,
CH,), 3.90 s (3H, OCHj3), 5.37 s (2H, OCH,), 6.77 s
(1H, C=CH), 6.98 m (2Hx), 7.50 m (2Ha;), 7.97 m
(2HA(), 8.23 m (2H,,), 12.07 s (1H, NH). *C NMR
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spectrum (CDCL), o, ppm: 21.9, 23.0, 24.4, 24.5, 55.5,
66.6, 102.9, 113.6, 114.0, 123.8, 127.0, 129.0, 130.1,
130.8, 130.9, 134.1, 141.5, 146.2, 148.1, 149.8, 162.6,
163.7, 190.4.

Furan-2-ylmethyl 2-((3-cyano-4,5,6, 7-tetrahy-
drobenzo[b]thiophen-2-yl)amino)-4-(4-methoxyphenyl)-
4-oxobut-2-enoate 5i. Yield 0.33 g (71%), red crystals,
mp 140.9-141.1 °C (toluene). *H NMR spectrum
(CDCly), 8, ppm: 1.85 m (4H, CH,), 2.61 m (4H,
2CH,), 3.90 s (3H, OCH3),5.25 s (2H, OCH,),6.39 m
(1Ha)), 6.45 m (1H,), 6.71 s (1H, C=CH), 6.97 m
(2Har), 7.44 m (1Ha), 7.97 m (2H,), 12.12 s (1H,
NH). 33C NMR spectrum (CDCl), 8, ppm: 22.0, 23.0,
24.3, 24.5, 55.7, 59.6, 100.2, 102.7, 110.6, 111.6,
113.6, 113.9, 130.1, 130.6, 130.9, 133.9, 143.5, 146.6,
148.2, 149.8, 162.6, 163.5, 190.3.

Antinociceptive activity and acute toxicity of
compounds 5a-i was studied at the Laboratory of Bio-
logically Active Compounds of the Perm State Univer-
sity. The experiments were carried out on outbred al-
bino mice of both sexes weighted 18-22 g Animal care,
maintenance, and testing has been carried out in ac-
cordance with good laboratory practice and ethical re-
quirements.

Antinociceptive activity was evaluated using
the hot plate test [34]. The pain sensitivity was esti-
mated using an OrchidScientific EH-01 analgesia me-
ter. The test compounds were administered intraperito-
neally at the doses of 50 mg/kg as the suspensions in
2% starchsolution 30-min before the mice were placed
on ametal surface maintained at 53.5 °C [35]. The pain
response was recorded 30-, 60-, 90- and 120- min after
the test compounds were administered.

Nociceptive threshold was assessed as the la-
tency for nocifensive response, which was the time
taken to observe nocifensive behavior, namely, hind
paw-licking or jumping. The latency was recorded in
seconds as the time between placement of the animal
on the hot plate and nocifensive response. The cut off
time for the hot plate test was 40 s in order to avoid
unnecessary nociceptive stimulation and burns of the
paws. The animals with the reaction to pain less than
15 s were used. Each compound was tested in the group
of six mice. The results were evaluated by the increase
in the latency compared with the animals in the control
group. Animals in the control group received a 2%
starch solution. Sodium metamizole (FarmKhimKom-
plect) at a dose of 93 mg-kg* (EDs,) and sodium diclo-
fenac (Alfa Aesar) was used as a reference drug.

Acute toxicity of compounds 5a-i was evalu-
ated by the method described by Pershin [36]. The me-
dian lethal doses (LDs,) were determined. Compounds
5a-i were administered intraperitoneally to the mice as
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a suspensions in 2% starch solution and the behavior
and mortality of the animals were observed for 10 days.
The LDs, values for compounds 5a-iwere >1500 mg/kg.
According to the toxicity classification system, com-
pounds 5a-i belong to the toxicity class V (practically
nontoxic substances) [37].

Statistical analysis of the results was carried
out by the student’s test. The effect was considered sig-
nificant at p < 0.05 [38].

RESULTS AND DISCUSSION

Earlier described 4-aryl-2-hydroxy-4-oxobut-
2-enic acids la-d [39], 2-amino-45,6,7-tetrahydro-
benzo[b]thiophene-3-carbonitrile 2 [40] were synthe-
sized by the published procedures. Melting points and
the *H NMR spectral data of these compounds coincide
with those published earlier.

Substituted 2-[2-oxofuran-3(2H)-ylideneamino}-
45,6, 7-tetrahydrobenzo[b]thiophene-3-carbonitriles 4a-
d were synthesized in two steps using a previously de-
veloped method [20]. For this, (Z)-4-aryl-4-oxo-2-(thi-
ophen-2-ylamino)but-2-enoic  acids 3a-d were ob-
tained by a condensation of 4-aryl-2-hydroxy-4-oxo-
but-2-enoic acids 1a-d with 2-amino-4,5,6,7-tetrahy-
drobenzo[b]thiophene-3-carbonitrile 2 in toluene at
100 °C in 1 h with adding 5 mol% of trifluoroacetic
acid. Then, 3-(thiophen-2-ylimino)furan-2(3H)-ones
were acquired by intramolecular cyclization of acids
3a-d using propionic anhydride at 140 °C (Scheme 1).

0o o
oH
1 N
Rﬂ\)\g Q‘ﬁ\ NCI</:>
R
NH !
8T, g Hyhy
5 mol% CF,COOH RJ\/\H,OH (EtC0),0, 140°C, 2h
3 mol% CF;COOH_ (EACO);0, 140°C, 2k
2EtCOOH ! o

O OH
Rl

a,
R'WOH Toluene, 100 °C, 1h o o
3ad 4a-d

o}
1a-d
1,3,4: R! = 4.FC4H, (a), 4-CICH, (b), 4-MeCgH, (c), 4-MeOCH, (d).

Scheme 1
Cxema 1

4-Aryl-4-oxo-2-(thiophen-2-ylamino)but- 2-
enoates 5a-i were isolated as products of interaction of
2-[2-oxofuran-3(2H)-ylideneamino]-4,5,6,7-tetrahy-
drobenzo[b]thiophene-3-carbonitriles 4a-d and pri-
mary alcohols in the presence of diisopropylethyla-
mine in anhydrous toluene at 100 °C and vigorous stir-
ring for 5 min (Scheme 2).

Compounds 5a-i are orange, red or brown
crystalline substances well soluble in DMSO, chloro-
form, soluble in toluene, methanol, ethanol at heating,
and insoluble in water and alkanes. According to the
'H NMR data for CDCI; solution compounds 5a-5i,
spectra are characterized by existence of a singlet of
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the CH groups at 6.12-6.77 ppm and a singlet of the
proton of the NH group at 9.98-12.24 ppm. The 3°C
NMR spectra of compounds 5a-i shows the character-
istic signals of the carbonyl carbons of the aroyl moiety
in the 8¢ 190.2-191.4 ppm, signals of nitrile group in
the 8¢ 113.4-113.6 ppm and the signals of the methine
group carbons in the &¢ 102.2-103.6 ppm.

R20H (3 eq.),
DIPEA (1 eq.)

Toluene, 100 °C, 5 min

N CN

Y
N

4a-d §a-i

4:R! = 4-FC4H, (a), 4-CICgH, (b), 4-MeC4H, (c), 4-MeOCH, (d);
5:R! = 4-FC¢H.,, R?>= Bn (a), 4-NO,C,H,CH, (b); R! = 4-CIC,H,
R=i-Bu (¢), Bn (d), 4-NO,C¢H,CH, (e); R! = 4-MeCH, R*=Me (f);
R! = 4-MeOC4H,, R2=Bn (g), 4-NO,C¢H,CH, (h), furan-2-ylmethy! (i).

Scheme 2
Cxema 2

Table

Antinociceptive activity of the studied compounds 5a-i?,
studied by the "hot plate" method
Taﬁﬂuua. AHTHHOHHHeHTHBHaﬂ AKTUBHOCTH MCCJIE0-
BAHHBIX COEIHMHEHHI 5a-i%, M3yuyeHHAst 10 METOXY «Iro-
pAavasi IJIACTHHA)

Z5—CN
5; /\?’
N

Compound no.| ¢, ma/kg Defensive. responsetime at the
T maximum effect, s

5a 50 19.92+0.82

5b 50 21.12+0.98

5c 50 19.28+0.42

5d 50 20.67+£1.97

5e 50 19.24+0.86

5f 50 19.08+3.86

50 50 22.00+0.71

5h 50 19.17+£3.52

5i 50 21.70+£3.23

ns;?]:‘:zrgle 93 (EDso) 16.33+3.02

Sodium 10 26.20:0.96
diclofenac

Control 10.30+0.60

Note: ¥ p < 0.05 corﬁpared to control
[pumeuanne: ¥ p < 0,05 10 CpaBHEHUIO C KOHTPOIEM

According to the antinociceptive activity data
from Table, it can be seen that the obtained esters 5a-i
has a highly analgesic effect. It was found that the in-
troduction of benzyl and furan-2-yl substituents into
the ester function significantly increases the analgesic
effect, so compounds 5g and 5i exhibit the highest ac-
tivity among structures containing methoxy groups as

23



10.0. lllapaBseBa u ap.

a substituent in the aromatic ring. It was found that the
replacement of a chlorine atom by a fluorine atom in
the aryl fragment of compounds 5 does not signifi-
cantly affect their antinociceptive activity (compounds
5d,e and 5a,b).

Acute toxicity (LDso, mg/kg) of compounds
5a-i was found to be >1500 mg/kg. According to the
toxicity classification of drugs, they belong to the V
class of toxicity (practically non-toxic drugs).

CONCLUSIONS

Thus, by decyclization of substituted 3-(thio-
phene-2-ylamino)furan-2(3H)-ones under the action of
primary alcohols, novel 4-aryl-4-oxo-2-(thiophene-2-
ylamino)but-2-enoates. Determination of the antino-
ciceptive activity of the obtained compounds showed
that all esters have an analgesic effect, while being
practically non-toxic substances, so, 4-aryl-4-oxo-2-
(thiophene-2-ylamino)but-2-enoates can be a highly

JUTEPATVYPA

1. HuanglL, YangJ., Wang T.,Gao J., Xu D. Engineering of
small-molecule lipidic prodrugs as novel nanomedicines for
enhanced drug delivery. J. Nanobiotechnol. 2022. V. 20. N 49.
P.1-15. DOI:10.1186/512951-022-01257-4.

2. Zhao R, Fu J., Zhu L., ChenY., Liu B. Designing strate-
gies of small-molecule compounds for modulating non-cod-
ing RNASs in cancer therapy. J. Hematol. Oncol. 2022. V. 15.
N 14. P.1-19. DOI: 10.1186/s13045-022-01230-6.

3. Babushkina AA., Dogadina AV., Egorov D.M., Pi-
terskaia J.L., Shtro AA, Nikolaeva Y.V., Galochkina
AV., Kornev A A, Boitsov V.M. Efficient synthesis and
evaluation of antiviral and antitumor activity of novel 3-
phosphony lated thiazolo[3,2-aJoxopyrimidines. Med. Chem.
Res. 2021.V. 30.N 12. P.2203-2215. DOI: 10.1007/s00044-
021-02801-x.

4. HOunuxosa JLIL., AkentheBa T.A., CyBopoBa 10.B., [la-
HuwioBa E.A., Ucasiikun M.K. Tponumup oBaHHbIe 2-aMu-
HOMHpP UMHUUHBL. OCOOSHHOCTH CTPOGHHsST M OHOJIOTUYecKast
aKTUBHOCTb. /138. 8)306. Xumus u xum. mexrnonoeusi. 2022.T. 65.
Bem. 7. C. 35-44. DOI: 10.6060/ivkkt.20226507.6562.

5. Siutkina A.l., Chashchina S.V., Makhmudov R.R., Ki-
zimova LA., Shipilowskikh S.A., Igidov N.M. Synthesis
and Biological Activity of Substituted 2-[2-(Dipheny}
methy lene)hy draziny[]-5,5-dimethy |-4-oxohex-2-enoates.
Russ. J. Org. Chem. 2021. V. 57. P. 1874-1881. DOI:
10.1134/S1070428021110105.

6. Topoynosa U.A., Huxono U.B., Maxmynos P.P., Illn-
nminoBcknx [.A., Cunaiiues I1.C., llmnmuiaosckux C.A.
CI/IHTC3, BHY TP UMOJICKY JISIpHAsA HUKIW3alWA W aHTUHOLIM-
UenTHBHAs ~ aKTUBHOCTH  4-(rer)apmin-4-okco-2-{[4-(4-
x110p ennin)-3-(aTokcukap 6oHmI ) THO( eH-2-1i | aMKHO } Oy T-
2-eHOBBIX KUCHOT. M36. AH. Cep. Xum. 2023. T. 72. Bem. 9.
C. 2255-2262. DOI: 10.1007/s11172-023-4023-7.

7. Crrkuna A.U., Yamuna C.B., Maxmynos P.P., HoBukosa
B.B., Uepnos U.H., Urunos H.M. Cunrte3, aHanbreTHyeckas
U TOpOTHBOMHKPOOHAs aKTHBHOCTh N-rerapunamunos 2-(2-
(tvap WIMETIUICH) THAP a30HO ) -5, 5- MMeTHI-4-0KCOT €KCaHOBOM
KHUCTIOTEL. M36. 8y306. Xumus u xum. mexuonoeus. 2022. T. 65.
B 3. C. 74-82. DOI: 10.6060/ivkkt20226503.6522.

24

promising class for further study in order to search for
and developing new biologically active compounds
with analgesic effect.
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