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B oannou pabome 6v11u uzyuensvt Hogvle 3amewiennsie 4-(2em)apun-4-okco-2-{[4-(4-R-gpe-
Hu)-3-(3moxcukapoonuy)muogen-2-unjamuno}loym-2-enosvie kuciomol. boiio ycmanoeneno,
YUMo GHYMPUMONEKYIAPHAA YUKIUZAUUA OAHHBIX KUCIOM HOO Oelicmeuem 0e2Uuopamupyouezo
azeHma npueoOUm K 00pA306aAHUIO COOMBEHICIEYIOUWUX 3AMEUCHHBIX 3-(Muogen-2-un)umuno-
3H-gypan-2-onos, npeocmasnaowux d0rvuioil unmepec 011 oanvHeiiuezo usyuenus. Hanuuue
6 CIpyKmype u3yuaemvlX KUC/IOM HECKOJIbKUX PeaKyUuOHHbIX UEHMPOE NO0380/1sAem noJIyuans
RPOOYKMbL 2eMePOUUKIULECKO20 U AUUKTUYECKO020 CHPOEHU, KOMOPble, NPU IMOM, COXPAHAIOM
makue saxicuvle papmaxoghopul kKax hpazmenm 2-amunomuogena u ppacmenm 2,4-ouoxcooyma-
Hoeoii  kucnomol. Hccneoosannvie 4-(zem)apun-4-oxco-2-{[4-(4-R-gpenun)-3-(>moxcuxapoo-
Hu)muoghen-2-unjamunoloym-2-eHoevle KUC10mMbl ObLIU ROSLYUEHBL 0OHOCHAOUTIHBIM CROCOOOM,
obecneuusarOWuM 8bICOKUE 8bIX00bL U GKIAIOUAIOWUM 8 ceds 83aumooelicnmeue 3amMeueHHbIX 4-
(cem)apun-2-z2udpoxcu-4-okcooym-2-eHo6bIx KUCIOM C 3AMEeU{eHHBIMU IMUI08LIMU IPupamu 2-
amuno-4-(4-R-penun)muoghen-3-xapoonosvix kucnom. Iloomeepricoenue cmpykmypol 6vl0e/1eH-
HBIX UMO208bIX cOeOuHenuii nposoounocy memooamu “H u *C IMP cnexmpockonuu, a maxaice
INeMEeHmMHO20 ananusza. 3amem 3ameuwiennvle 4-(cem)apun-4-oxco-2-muenunamunodym-2-eno-
8ble KUCTI0mbl RO0BEP2ATIUCY CKPUHUHZY IR VIVO C 4elbl0 00HApYyHCceHusa U OUYeHKU uUx ouonozuye-
CKOll AKMUBHOCHU U OCIPOIl MOKCUYHOCIU. AHMUHOUUYEeNMUBHAA AKIMUGHOCHD U3YUAIACH HA
0enblx 6ecnopooOHbIX MBIULAX 000UX 101068 HOCPEOCHEOM MEPMUUECKO20 PA30PANCEHUA (20PAYAA
RAACMUHKA» RPU GHYMPUOPIOWIUHHOM 86edeHuu. Ocmpas MOKCUYHOCHb U3YUATIACL HO MEM OOy
Ilepuwiuna, ocnosannomy Ha Hadar0Oenuu 3a cocmoanuem moiuieil ¢ meuenuu 10 cym nocne eny-
mpuoOprOWURHO020 66e0enus mecmupyemvlx coeounenuii. Co2nacHo noayuennovim pe3yismamam,
npomecmupogannle CoeOUHeHUuA 001a0arm evIPA3CeHHO AHMUHOUUUENMUBHOU AKMUBHO-
CMbI0, A OUCHKA OCMPOIl MOKCUYHOCHU YKA3blédem HA UX NPUHAONexcHocmb K V Knaccy npak-
muuecKu HemOKCUYHBIX Npenapamos. Bvicokue 3Hauenus aHmMuHOYUYEenMUBHON AKMUBHOCMU 8
couemanuu ¢ HU3KOU MOKCUYHOCMbIO 0enalom paccmompennvte 4-(zem)apun-4-oxco-2-{[4-(4-R-
enun)-3-(3mokcuxkapoonun)muogen-2-unjamuno)oym-2-enogvle Kucjiomsl 6blCOKO HEPCHEK-
MUBHBIM K1ACCOM 017 OAIbHelluie20 U3yUeHUs C Uelbl0 NOUCKA U PA3padomKu HOGbIX Ouoaozu-
yecKUu aKMUBHbIX COCOUHEHUIL ¢ 00e3001uearouium oelicmeuem U HU3KOI MOKCUUHOCMbIO.

KaoueBsbie cioBa: 2-aMuHOTHO(EHBI, 2,4-THOKCOOYTAHOBBIE KUCIOTHI, 3-(THO(QEH-2-UIUMHHO)(Y-
pan-2(3H)-0oHbI, aHTHHOIIUIIENTHBHAS aKTHBHOCTD, TOKCHYHOCTB, JIEKapCTBa, iN ViVo
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In this work, new substituted 4-(het)aryl-4-oxo-2-{[4-(4-R-phenyl)-3-(ethoxycarbonyl)thio-
phen-2-yllamino}but-2-enoic acids were studied. It was found that the intramolecular cyclisation
of these acids under the action of a dehydrating agent leads to the formation of the corresponding
substituted 3-(thiophen-2-yl)imino-3H-furan-2-ones, which are of great interest for further study.
A content of several reaction centers in its structure allows to obtain products of heterocyclic and
acyclic structure, which, at the same time, retain such important pharmacophore groups as the 2-
aminothiophene fragment and 2,4-dioxobutanoic acid fragment. The studied 4-(het)aryl-4-oxo-2-
{[4-(4-R-phenyl)-3-(ethoxycarbonyl)thiophen-2-ylJamino}but-2-enoic acids were obtained by a
one-step method, providing high yields and involving the interaction of substituted 4-(het)aryl-2-
hydroxy-4-oxobut-2-enoic acids with substituted ethyl 2-amino-4-(4-R-phenyl)thiophen-3-carbox-
ylates. The structure of the isolated final compounds was confirmed by *H and *C NMR spectros-
copy and elemental analysis. Substituted 4-(het)aryl-4-oxo-2-thienylaminobut-2-enoic acids were
then screened in vivo to detect and evaluate their biological activity and acute toxicity. The antino-
ciceptive activity was studied in white mice of both sexes by hot plate thermal irritation intraperi-
tonally. Acute toxicity was studied according to Pershin’s method, based on observation of mice
condition during 10 days after intraperitoneal injection of tested compounds. According to the re-
sults obtained, the tested compounds have a pronounced antinociceptive activity, and the acute
toxicity assessment indicates that they belong to the V class of practically non-toxic drugs. High
values of antinociceptive activity in combination with low toxicity makes the considered 4-(het)aryl-
4-0x0-2-{[4-(4-R-phenyl)-3-(ethoxycarbonyl)thiophen-2-ylJamino}but-2-enoic acids a highly promis-
ing class for further study in order to search and develop new biologically active compounds with
analgesic action and low toxicity.

Keywords: 2-aminothiophenes, 2,4-dioxobutanoic acids, 3-(thiophene-2-ylimino)furan-2(3H)-ones, antino-
ciceptive activity, toxicity, in vivo
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INTRODUCTION

Modern medicine is rapidly developing, and
entire generations of drugs are becoming obsolete, so
there is an urgent need to develop new, more advanced
biologically active compounds with low toxicity [1-3].

In the search for new drugs, it is necessary to
develop a universal basic structure that combines dif-
ferent pharmacophores and allows a wide range of po-
tentially biologically active compounds to be obtained.
Various biological activities are provided by sub-
stances that contain 2-aminothiophene or 2,4-dioxobu-
tanoic acid fragments in their structure. They exhibit
an anticancer [4-5], antimicrobial [6-9], analgesic [10-12]
and other pharmacological effects [13-15].

The 3-imino(hydrazono)furan-2(3H)-one de-
rivatives can combine in its structure both pharmaco-
phoric fragments, possess high reactivity and scalabil-
ity of methods for their synthesis [16-17] and have sev-
eral reaction centers, that provide the obtaining acyclic
[18-21] and heterocyclic products [22-23]. We have
found that compounds based on these derivatives possess
antinociceptive [24-26], anti-inflammatory [27-30], an-
timicrobial [31-32] and anticancer properties [33], can
also photoluminesce [34-36] and can be used as optical
materials [37-38].

EXPERIMENTAL PART

The progress of the reaction and purity of the
synthesized compounds were monitored by TLC using
Sorbfil precoated plates, eluent — diethyl ether-ben-
zene-acetone (10 : 9: 1). The 'H and 3C NMR spectra
were recorded on a Bruker Avance Il spectrometer
(working frequencies of 400 and 100 MHz) in CDCl;
and DMSO-ds. Melting points were measured on a Stu-
art SMP40 apparatus. Elemental analysis was per-
formed on a Leco CHNS-932 analyser. All reagents
used are commercially available and were used as
purchased.

The starting 2-aminothiophenes 1a,b and 4-
(het)aryl-2-hydroxy-4-oxobut-2-enoic acids 2a-h were
prepared according to previously published proce-
dures, their melting points and *H NMR spectra were
in agreement with those published [39-40].

Synthesis of 4-(het)aryl-2-{[3-(ethoxycar-
bonyl)4-(4-R-phenyl)thiophen-2-ylJamino}-4-oxo-
but-2-enoic acids 3a-h. To a solution of 1.0 mmol of
ethyl 2-amino-4-(4-aryl)thiophen-3-carboxylates 1a,b
in 15 mL of methanol was added 1.0 mmol of 4-
(het)aryl-2-hydroxy-4-oxobut-2-enoic acids 2a-h. The
resulting solution was stirred for 30 min at 60 °C and
then evaporated at a rotary evaporator until the solvent
volume is halved. The resulting precipitate was filtered
off and washed with cold methanol.
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2-{[3-(ethoxycarbonyl)-4-phenylthiophen-
2-ylJamino)}-4-(4-fluorophenyl)-4-oxobut-2-enoic
acid 3a. Yield 0.43 g (96%), orange crystals, mp
174.5-177.0 °C. 'H NMR spectrum (DMSO-ds), 3,
ppm: 1.03t (3H,J=7.1Hz, CHs),4.14q (2H,J=7.1
Hz, OCH), 6.62 s (1H, N-C=CH), 7.08 s (1H,
S—CH=C), 7.32 m (2H, Har), 7.37 m (5H, Ha), 8.12 m
(2H, Ha), 12.69 s (1H, NH). ¥C NMR spectrum
(DMSO-ds), 6, ppm: 14.0, 60.8, 98.9, 115.9, 116.2,
116.4,117.1, 127.7, 128.2, 128.9, 131.0, 131.1, 135.0,
138.0, 141.1, 148.9, 150.4, 163.5, 164.1, 165.0, 166.6,
189.3. Found, %: C, 62.83; H, 4.15; N, 3.17; S, 7.34.
Ca3H1gsFNOsS. Calculated, %: C, 62.86; H, 4.13; N,
3.19; S, 7.30.
4-(3,4-dichlorophenyl)-2-{[3-(ethoxycar-
bonyl)-4-phenylthiophen-2-ylJamino}-4-oxobut-2-
enoic acid 3b. Yield 0.46 g (93%), orange crystals, mp
192.7-193.4 °C. *H NMR spectrum (DMSO-dg), 3,
ppm: 1.03t (3H,J=7.1Hz, CHs), 4.14q(2H,J=7.1
Hz, OCH), 6.63 s (1H, N-C=CH), 7.11 s (1H,
S-CH=C), 7.32 m (2H, Ha/), 7.37 m (3H, Has), 7.80 m
(1H, Har), 8.01 m (1H, Har), 8.23 m (1H, Ha), 12.76 s
(1H, NH). C NMR spectrum (DMSO-dg), 8, ppm:
14.0, 60.9, 98.1, 100.0, 116.4, 117.5, 127.7, 128.2,
128.9, 129.9, 131.6, 132.4, 136.0, 136.9, 138.6, 141.1,
145.6, 149.9, 163.4, 164.9, 188.1. Found, %: C, 56.31,;
H, 3.47; N, 2.89; S, 6.56. C23H17CI,NOsS. Calculated,
%: C, 56.34; H, 3.49; N, 2.86; S, 6.54.
2-{[3-(ethoxycarbonyl)-4-phenylthiophen-
2-ylJamino}-4-(4-hydroxyphenyl)-4-oxobut-2-enoic
acid 3c. Yield 0.41 g (94%), red crystals, mp 154.4-
155.6 °C. *H NMR spectrum (DMSO-dg), 3, ppm: 1.03
t(3H, J=7.1Hz, CHs), 4.13q (2H, J = 7.1 Hz, OCH,),
6.59 s (1H, N-C=CH), 6.89 m (2H, Ha), 7.01 s (1H,
S-CH=C), 7.32 m (2H, Ha/), 7.36 m (3H, Has), 7.93 m
(2H, Ha), 10.32 s (1H, OH), 12.61 s (1H, NH). C
NMR spectrum (DMSO-ds), 8, ppm: 14.0, 60.7, 99.9,
115.1, 116.0, 116.4, 127.6, 128.2, 129.0, 129.7, 130.7,
137.1, 141.03, 147.4, 151.3, 162.5, 163.5, 165.2,
189.4. Found, %: C, 63.13; H, 4.39; N, 3.22; S, 7.31.
C23H19NOgS. Calculated, %: C, 63.15; H, 4.38; N,
3.20; S, 7.33.
2-{[3-(ethoxycarbonyl)-4-phenylthiophen-
2-ylJamino}-4-(4-nitrophenyl)-4-oxobut-2-enoic
acid 3d. Yield 0.35 g (74%), red crystals, mp 169.3-
172.5 °C. *H NMR spectrum (DMSO-dg), 3, ppm: 1.03
t (3H, J = 7.1 Hz, CHs), 4.15q (2H, J = 7.1 Hz, OCH,),
6.63 s (1H, N-C=CH), 7.13 s (1H, S-CH=C), 7.33 m
(2H, Har), 7.37 m (3H, Har), 8.26 m (2H, Ha/), 8.34 m
(2H, Ha), 12.84 s (1H, NH). ¥C NMR spectrum
(DMSO-ds), 8, ppm: 14.1, 60.9, 98.2, 105.6, 116.7,
124.3, 127.6, 128.2, 129.0, 129.4, 131.2, 136.9, 138.8,
141.1, 143.4,150.1, 164.8, 165.5, 188.7. Found, %: C,
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59.25; H, 3.87; N, 6.03; S, 6.84. C23H18N207S. Calcu-
lated, %: C, 59.22; H, 3.89; N, 6.01; S, 6.87.
{[3-(ethoxycarbonyl)-4-phenylthiophen-2-
ylJamino}-4-(5-methylfuran-2-yl)-4-oxobut-2-enoic
acid 3e. Yield 0.40 g (94%), orange crystals, mp 191.5-
192.0 °C. *H NMR spectrum (CDCls), 3, ppm: 1.03 t
(3H,J=7.1Hz, CHs), 2.50 s (3H, CH3), 4.20 q (2H,
J =7.1Hz, OCHy), 6.33d (1H, J = 3.5 Hz, Ha/), 6.87
s (1H, N-C=CH), 7.23 s (1H, S—-CH=C), 7.31 m (2H,
Har), 7.37 m (3H, Ha/), 7.41 d (1H, J = 3.5 Hz, Ha/),
11.98 s (1H, NH).23C NMR spectrum (CDCls), 8, ppm:
13.7, 14.5, 61.4, 97.6, 111.1, 114.9, 117.8, 122.4,
127.8,127.8, 129.1, 136.9, 142.9, 145.6, 148.0, 151.5,
160.4, 162.2, 164.2, 176.8. Found, %: C, 62.13; H,
452: N, 3.25; S, 7.53. C22H1sNOgS. Calculated, %: C,
62.11; H, 4.50; N, 3.29; S, 7.54.
2-{(4-chlorophenyl)-[4-(4-chlorophenyl)-3-
(ethoxycarbonyl)thiophen-2-yl]Jamino}-4-oxobut-2-
enoic acid 3f. Yield 0.37 g (75%), orange crystals, mp
182.0-183.0 °C. 'H NMR spectrum (DMSO-ds), 3,
ppm: 1.06 t (3H, J=7.1 Hz, CHs),4.16q (2H,J=7.1
Hz, OCH), 6.35 s (1H, N-C=CH), 7.02 s (1H,
S—CH=C), 7.34 m (2H, Ha:), 7.42 m (2H, Ha:), 7.56
m (2H, Har), 7.98 m (2H, Ha.), 13.02 s (1H, NH). *C
NMR spectrum (DMSO-de), 6, ppm: 14.2, 60.8, 98.9,
106.1, 116.2, 127.6, 128.1, 129.3, 130.8, 131.7, 132.4,
136.1, 137.6, 139.3, 139.6, 151.4, 165.0, 165.7, 188.8.
Found, %: C, 56.32; H, 3.50; N, 2.87; S, 6.54.
C23H17CI2NOsS. Calculated, %: C, 56.34; H, 3.49; N,
2.86; S, 6.54.
2-{[4-(4-chlorophenyl)-3-(ethoxycarbonyl)t-
hiophen-2-yl|amino}-4-(furan-2-yl)-4-oxobut-2-enoic
acid 3g. Yield 0.32 g (72%), orange crystals, mp
198.6-200.9 °C. 'H NMR spectrum (DMSO-ds), 3,
ppm: 1.06 t (3H, J=7.1 Hz, CHs),4.15q (2H,J=7.1
Hz, OCHy), 6.16 s (1H, N-C=CH), 6.69 m (1H, Ha:),
6.98 s (1H, S-CH=C), 7.32 m (2H, Ha:), 7.35 m (1H,
Har), 7.42 m (2H, Har), 7.93 m (1H, Ha), 12.76 s (1H,
NH). 3C NMR spectrum (DMSO-ds), 8, ppm: 14.1,
60.7, 98.4, 106.1, 113.2, 115.8, 116.2, 128.1, 130.8,
132.3, 136.3, 137.6, 139.2, 147.2, 151.8, 153.6, 163.4,
165.1, 179.0. Found, %: C, 56.59; H, 3.62; N, 3.12; S,
7.21. C21H16CINOeS. Calculated, %: C, 56.57; H, 3.62;
N, 3.14; S, 7.19.
2-{|4-(4-chlorophenyl)-3-(ethoxycarbonyl)t-
hiophen-2-yl]amino}-4-0x0-6-phenylhexa-2,5-dienoic
acid 3f. Yield 0.38 g (79%), orange crystals, mp 191.4-
192.9 °C. *H NMR spectrum (DMSO-ds), 3, ppm: 1.06
t(3H, J=7.1Hz, CHs), 4.15q (2H, J = 7.1 Hz, OCH,),
6.26 s (1H, N-C=CH), 7.07 s (1H, S-CH=C), 7.13 d
(1H, J = 16.0 Hz, CH=CH-Ph), 7.34 m (2H, Ha), 7.45
m (5H, Har), 7.67 d (1H, J = 16.0 Hz, CH=CH-Ph),
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7.75 m (2H, Har), 12.63 s (1H, NH). **C NMR spec-
trum (DMSO-dg), 6, ppm: 14.1, 60.8, 103.9, 115.9,
116.1, 128.0, 128.2, 129.0, 129.4, 130.8, 130.9, 132.5,
135.2, 136.0, 139.7, 141.9, 147.3, 151.4, 163.3, 165.0,
189.7. Found, %: C, 62.33; H, 4.20; N, 2.92; S, 6.66.
C5H20CINOsS. Calculated, %: C, 62.30; H, 4.18; N,
2.91; S, 6.65.

Synthesis of ethyl 2-{[5-(het)aryl-2-oxofu-
ran-3(2H)-ylidene]amino}-4-(4-Ri-phenyl)thiophene-
3-carboxylates 4a-h. To 1 mmol of 4-(het)aryl-4-oxo-
2-{[4-(4-R-phenyl)-3-(ethoxycarbonyl)thiophen-2-
yllamino}but-2-enoic acids 3a-h was added 4 mL of
propionic anhydride and slowly heated under vigorous
stirring to 100-110 °C for 2h, monitoring the reaction
by TLC. Then the solution was cooled, the precipitate
formed was filtered and dried in a vacuum desiccator
for 1h.

Ethyl 2-{[5-(4-fluorophenyl)-2-oxofuran-
3(2H)-ylidene]amino}-4-phenylthiophene-3-carbox-
ylate 4a. Yield 0.27 g (65%), orange crystals, mp
149.7-154.4 °C. *H NMR spectrum (CDCl3), 8, ppm:
1.24t(3H,J =7.1 Hz, CHs), 433 q (2H, J = 7.1 Hz,
OCHy), 6.91 s (1H, O-C=CH), 7.25 m (2H, Har), 7.36
s (1H, S-CH=C), 7.43 m (5H, Har), 7.92 m (2H, Ha:).
13C NMR spectrum (CDCl3), 8, ppm: 14.0, 61.8, 97.4,
116.7, 116.9, 123.2, 127.9, 128.1, 128.5, 129.2, 129.2,
134.1, 135.0, 142.3, 147.1, 151.0, 162.1, 164.5, 166.4,
166.9. Found, %: C, 65.57; H, 3.85; N, 3.30; S, 7.59.
C23H1sFNO4S. Calculated, %: C, 65.55; H, 3.83; N,
3.32; S, 7.61.

Ethyl 2-{[5-(3,4-dichlorophenyl)-2-oxofu-
ran-3(2H)-ylidene]amino}-4-phenylthiophene-3-
carboxylate 4b. Yield 0.32 g (70%), orange crystals,
mp 171.2-173.0 °C. *H NMR spectrum (CDCl3), 3,
ppm: 1.25t (3H,J=7.1Hz, CHs),4.34q (2H,J=7.1
Hz, OCH), 6.95 s (1H, O-C=CH), 7.40 s (1H,
S-CH=C), 7.42 m (5H, Ha:), 7.63 m (1H, Ha:), 7.72
m (1H, Har), 7.97 m (1H, Ha,). *C NMR spectrum
(CDCly), 8, ppm: 14.0, 61.9, 98.6, 124.0, 125.5, 126.9,
127.9, 128.2,128.2, 128.5, 131.4, 134.1, 134.8, 135.0,
137.5,142.4,146.3, 150.6, 161.6, 164.5, 164.8. Found,
%: C,58.47; H, 3.23; N, 2.96; S, 6.77. C23H15CI.NO4S.
Calculated, %: C, 58.49; H, 3.20; N, 2.97; S, 6.79.

Ethyl 2-{[5-(4-hydroxyphenyl)-2-oxofuran-
3(2H)-ylidene]amino}-4-phenylthiophene-3-car-
boxylate 4c. Yield 0.27 g (62%), red crystals, mp
139.3-141.1 °C. *H NMR spectrum (CDCl3), 8, ppm:
124t (3H,J=7.1Hz, CHs), 433 q (2H, J = 7.1 Hz,
OCHy), 6.93 s (1H, O-C=CH), 7.32 m (2H, Ha/), 7.36
s (1H, S-CH=C), 7.43 m (5H, Ha), 7.92 m (2H, Ha).
13C NMR spectrum (CDCl3), 8, ppm: 14.0, 61.7, 97.6,
122.6, 123.3, 124.3, 127.9, 128.0, 128.2, 128.5, 134.0,
135.1, 142.2, 147.2, 154.6, 162.2, 164.5, 166.7, 172.1.
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Found, %: C, 65.83; H, 4.11; N, 3.31; S, 7.66.
C23H17NOsS. Calculated, %: C, 65.86; H, 4.09; N,
3.34; S, 7.64.

Ethyl 2-{[5-(4-nitrophenyl)-2-oxofuran-
3(2H)-ylidene]amino}-4-phenylthiophene-3-car-
boxylate 4d. Yield 0.28 g (63%), red crystals, mp
170.0-172.3 °C. *H NMR spectrum (CDCl3), §, ppm:
124t (3H,J=7.1Hz, CHs), 434 q (2H,J = 7.1 Hz,
OCHy), 7.11 s (1H, O-C=CH), 7.43 m (5H, Ha/), 7.46
s (1H, S-CH=C), 8.07 m (2H, Ha/), 8.40 m (2H, Ha).
13C NMR spectrum (CDCls), 8, ppm: 13.9, 62.0, 100.2,
123.5, 124.4, 124.8, 127.8, 128.3, 128.6, 129.1, 132.6,
137.2,142.7, 145.9, 148.7, 162.5, 164.4, 169.0, 170.0.
Found, %: C, 61.62; H, 3.59; N, 6.23; S, 7.18.
C23H16N206S. Calculated, %: C, 61.60; H, 3.60; N,
6.25; S, 7.15.

Ethyl 2-{[5'-methyl-5-0x0-[2,2'-bifuran]-
4(5H)-ylidene]amino}-4-phenylthiophene-3-car-
boxylate 4e. Yield 0.27 g (66%), red crystals, mp
188.8-190.0 °C. *H NMR spectrum (CDCl3), 8, ppm:
1.24t(3H, J=7.1 Hz, CH3), 2.50 s (3H, CHs), 4.33 q
(2H, J =7.1 Hz, OCHy), 6.32 d (1H, J = 3.4 Hz, Ha),
6.76 s (1H, O-C=CH), 7.13 d (1H, J = 3.4 Hz, Ha),
7.32 s (1H, S-CH=C), 7.35 m (5H, Ha)). *C NMR
spectrum (CDCls), 6, ppm: 14.0, 14.2, 61.6, 95.8,
110.4, 1145, 117.7, 118.9, 122.6, 127.9, 128.4, 137.0,
141.3, 143.1, 145.6, 147.7, 151.4, 160.0, 164.7, 167.0.
Found, %: C, 64.83; H, 4.23; N, 3.41; S, 7.89.
Cx»H17NOsS. Calculated, %: C, 64.85; H, 4.21; N,
3.44; S, 7.87.

Ethyl  4-(4-chlorophenyl)-2-{[5-(4-chloro-
phenyl)-2-oxofuran-3(2H)-ylidene]Jamino}thio-
phene-3-carboxylate 4f. Yield 0.37 g (76%), red crys-
tals, mp 190.3-191.6 °C. *H NMR spectrum (CDCls),
o, ppm: 1.27 t (3H, J = 7.1 Hz, CHj3), 4.34 q (2H,
J=7.1Hz, OCHy), 6.92 s (1H, O-C=CH), 7.35 s (1H,
S-CH=C), 7.39 m (4H, Ha), 7.54 m (2H, Ha/), 7.84 m
(2H, Ha). ¥*C NMR spectrum (CDCl3), 8, ppm: 14.0,
61.9, 97.8, 115.5, 123.5, 125.4, 128.0, 128.7, 129.3,
129.7,133.5, 134.2,139.7, 141.1, 147.4, 151.3, 161.6,
164.3, 166.6. Found, %: C, 58.21; H, 3.60; N, 2.97; S,
6.75. Cx3H17CIoNO4S. Calculated, %: C, 58.24; H,
3.61; N, 2.95; S, 6.76.

Ethyl 4-(4-chlorophenyl)-2-{[5-ox0-[2,2"-bi-
furan]-4(5H)-ylidene]amino}thiophene-3-carbox-
ylate 4g. Yield 0.31 g (72%), red crystals, mp 136.5-
140.8 °C. 'H NMR spectrum (CDCls), 3, ppm: 1.27 m
(3H, CHs), 4.34 m (2H, CHy), 6.82 s (1H, O-C=CH),
6.89 m (1H, Ha.), 7.22 m (1H, Ha:), 7.33 s (1H,
S-CH=C), 7.35m (4H, Har), 7.47 m (1H, Ha.). Found,
%: C, 58.96; H, 3.31; N, 3.26; S, 7.51. C21H14CINOsS.
Calculated, %: C, 58.95; H, 3.30; N, 3.27; S, 7.49.
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Ethyl 4-(4-chlorophenyl)-2-{[2-0x0-5-(sty-
ryl)furan-3(2H)-ylidene]amino}thiophene-3-carbox-
ylate 4h. Yield 0.33 g (70%), red crystals, mp 196.2-
201.0 °C. *H NMR spectrum (CDCls), , ppm: 1.17 m
(3H, CHs), 4.26 m (2H, CHs), 6.73 s (1H, O-C=CH),
6.94 d (1H, J = 15.6 Hz, CH=CH-Ph), 7.25 m (2H,
Har), 7.29 s (1H, S-CH=C), 7.33 m (5H, Ha/), 7.38 m
(2H, Har), 7.96 d (1H, J = 15.6 Hz, CH=CH-Ph).
Found, %: C, 64.73; H, 3.92; N, 3.01; S, 6.94.
CxsH1sCINO4S. Calculated, %: C, 64.72; H, 3.91; N,
3.02; S, 6.91.

Antinociceptive activity and acute toxicity of
compounds 3a-h was studied at the Laboratory of Bi-
ologically Active Compounds of the Perm State Uni-
versity. The experiments were carried out on outbred
albino mice of both sexes weighted 18-22 g Animal
care, maintenance, and testing has been carried out in
accordance with good laboratory practice and ethical
requirements.

Antinociceptive activity was evaluated using
the hot plate test [41]. 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% starch solution 30-min before the mice were placed
on a metal surface maintained at 53.5 °C [42]. 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™ (EDso) was used as a ref-
erence drug.

Acute toxicity of compounds 3a-h was evalu-
ated by the method described by Pershin [43]. The me-
dian lethal doses (LDso) were determined. Compounds
3a-h were administered intraperitoneally to the mice as
a suspension in 2% starch solution and the behavior
and mortality of the animals were observed for 10 days.
The LDso values for compounds 3a-h were > 1500
mg/kg. According to the toxicity classification system,
compounds 3a-h belong to the toxicity class V (practi-
cally nontoxic substances) [44].
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Statistical analysis of the results was carried
out by the student’s test. The effect was considered sig-
nificant at p < 0.05 [45].

RESULTS AND DISCUSSION

It has been previously demonstrated that 4-
(het)aryl-2-hydroxy-4-oxobut-2-enoic acids can react
with substituted 2-amino-4-arylthiophenes to form the
corresponding substituted 4-(het)aryl-4-oxo-2-thienyl-
aminobut-2-enoic acids [46]. In this study, we consid-
ered to use the same approach for synthesize new series
of 4-(het)aryl-4-oxo-2-thienylaminobut-2-enoic acids
containing the pharmacophore moiety [4-(4-R-phe-
nyl)thiophen-2-yl]Jamine in order to study their biolog-
ical activity.

In this way, the interaction of substituted ethyl
2-amino-4-(4-aryl)thiophen-3-carboxylates 1a,b with
substituted  4-(het)aryl-2-hydroxy-4-oxobut-2-enoic
acids 2a-h in methanol at 60 °C leads to the formation
of the corresponding 4-(het)aryl-4-oxo-2-{[4-(4-R-
phenyl)-3-(ethoxycarbonyl)thiophen-2-ylJamino}but-
2-enoic acids 3a-h in yields of 74-96% (Scheme 1).

R]
EtO 0
(0] R2
/ \ + \H/\)J\OH
< NH, O OH
la,b 2a-g
Rl
EtO
(0]
[ \___H g
S N
2
S R
O¥\)\\
OH
3a-h

1: R' =H (a), Cl (b);
2: R? = 4-CIC¢H, (a), 4-FC4H, (b), 3,4-CIC4Hj (c),
4-HOC¢H, (d), 4-O,NC4H, (e), furan-2-yl (f),
5-methylfuran-2-yl (g), styryl (h);
3: R!=H, R? = 4-FC¢H, (a), 3,4-CIC¢Hj; (b),
4-HOC4H, (¢), 4-O,NC¢H, (d), 5-methylfuran-2-yl (e);
R'=Cl, R? = 4-CIC4H, (), furan-2-yl (g), styryl (h).
Scheme 1
Cxema 1
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Further we investigated the intramolecular
condensation of the obtained compounds 3a-h under
the action of propionic anhydride. It was found that the
reaction carried out by vigorous stirring of a solution of
compounds 3a-h in propionic anhydride at 90-100 °C
for 90 min leads to the formation of substituted ethyl
2-{[2-oxofuran-3(2H)-ylidene]amino}-4-(4-R-phenyl)-
thiophene-3-carboxylates 4a-h with yields of 62-76%
(Scheme 2).

R!
EtO
(0]
(EtCO),0, 100 °C, 90 min 7 \
3a-h
-2EtCOOH S N
ﬁ\f ’
O
R2
4a-h

3,4: R!=H, R? = 4-FC¢H, (a), 3,4-CIC4H, (b),
4-HOC¢Hy (¢), 4-O,NCgH, (d), 5S-methylfuran-2-yl (e);
R!=Cl, R? = 4-CIC4H, (f), furan-2-yl (g), styryl (h).

Scheme 2
Cxema 2

Compounds 3a-h and 4a-h are crystalline sub-
stances of orange or red color, well soluble in DMSO
at room temperature, in chloroform and methanol at
heating, insoluble in alkanes and water. The *H NMR
spectra of compounds 3a-h in CDCl; and DMSO-dg so-
lutions are characterized by the presence of the singlet
signal of the proton of the NH-group in the region of
11.98-13.02 ppm. In the *H NMR spectra of com-
pounds 4a-h recorded for their solutions in CDCls,
contains singlet signals of the protons of the CH group
of the furan-2-one cycle in the 6.73-7.11 ppm. region.

According to the data from Table, it can be
seen that the obtained acids 3a-h has a highly analgesic
effect. The antinociceptive activity of all compounds
3a-e exceeds the activity of the comparison drug — so-
dium metamizole. The most active compound (3a)
combines phenyl at the 4™ position of thiophene ring
and 4-fluorophenyl at the 4™ position of acid.

Acute toxicity (LDso, mg/kg) of compounds
3a-h was found to be >1500 mg/kg, which demon-
strates that they belong to the V class of toxicity (prac-
tically non-toxic drugs).
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Table
Antinociceptive activity of the studied compounds
3a-h, studied by the ""hot plate’ method
Tabauya. AHTHHONMIIENTUBHASI AKTUBHOCTb HCCJIE10-
BaHHBIX coelMHeHn# 3a-h, usyyennas mo meroay «ro-
psYas MIACTHHKA

Compound no ¢, ma/kg Defensive_response time
' ' at the maximum effect, s
3a 50 22.92+1.01
3b 50 21.00+1.25
3c 50 20.90+0.64
3d 50 19.80+0.78
3e 50 21.08+0.68
3f 50 19.58+0.51
3g 50 20.25+0.54
3h 50 20.83+0.38
Sodium metamizole| 93 (EDsp) 16.33£3.02
Control 10.30+0.60

Note. a) p < 0.05 comparea to control
IIpumeuannue. a) p < 0.05 Mo cpaBHEHHIO C KOHTPOJIEM
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CONCLUSIONS

Thus, methods of synthesis and intramolecular
cyclization of substituted 4-(het)aryl-2-{[3-(ethox-
ycarbonyl)4-(4-R-phenyl)thiophen-2-ylJamino}-4-ox-
obut-2-enoic acids were described. It was found that
this series of compounds has pronounced antinocicep-
tive activity and low toxicity.
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