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В работе представлены новые результаты исследований синтетических превра-

щений замещенных 3-тиенилимино-3Н-фуран-2-онов с нуклеофильными агентами различ-

ного строения. Прекурсоры для данного исследования – 3-тиенилимино-3Н-фуран-2-оны – вы-

зывают большой интерес. Ранее такие структуры успели зарекомендовать себя как удобный 

и практичный каркас для создания новых материалов с полезными прикладными свой-

ствами, особенно в области медицинской химии. Они позволяют сочетать в своей струк-

туре несколько важных фармакофорных фрагментов, а именно фрагмент 2-аминотиофена 

и фрагмент 2,4-диоксобутановой кислоты. Помимо этого, они обладают несколькими реак-

ционными центрами, а также характеризуются масштабируемыми методами получения, 

что делает их весьма привлекательной структурой для изучения синтетических превраще-

ний. Данные преимущества позволяют не останавливаться в поиске новых перспективных 

материалов ввиду возможности введения дополнительных интересующих структурных 

фрагментов в скелет потенциальных целевых продуктов превращений. Так, нами была ис-

следована возможность введения в каркас дополнительного фрагмента, потенциально обес-

печивающего усовершенствование прикладных свойств получаемых материалов. В качестве 

такого фрагмента нами были выбраны бициклические гетероциклические фрагменты – 

бензо[d]оксазол, бензо[d]имидазол и бензо[d]тиазол. Ранее было показано, что наличие таких 

фрагментов в структурах различных соединений обеспечивает их высокую биологическую 

активность, а также возможность применения в других технологических областях. Пред-

ложенный нами метод синтеза замещенных производных 5-арил-5-оксо-1-циано-3-((3-R-

4,5,6,7-тетрагидробензо[b]тиофен-2-ил)амино)пента-1,3-диен-2-олатов калия, содержащих 

в своей структуре фрагменты бензо[d]оксазола, бензо[d]имидазола или бензо[d]тиазола, вклю-

чает в себя несколько стадий: взаимодействие 4-арил-2-гидрокси-4-оксобутановых кислот с 
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производными 2-амино-4,5,6,7-тетрагидробензо[b]тиофен-3-карбоновой кислоты, внутри-

молекулярную циклизацию полученных продуктов в среде пропионового ангидрида, а затем 

дециклизацию полученных замещенных 3-тиенилимино-3Н-фуран-2-онов под действием за-

мещенных метиленнитрильных производных, содержащих бициклические фрагменты с ге-

тероатомами азота, кислорода и серы, в присутствии трет-бутоксида калия. Данный ме-

тод обеспечивает получение продуктов с заданными гетероциклическими фрагментами с 

высоким химическим выходом (75-84%). Подтверждение структуры выделенных итоговых 

соединений проводилось методами 1Н и 13С ЯМР спектроскопии, а также элементного ана-

лиза. Полученные соединения, вследствие наличия в своей структуре множества фрагмен-

тов, представляющих интерес как для фармацевтики, так и других технологий, обладают 

огромной перспективностью и открывают новые возможности для создания материалов с 

полезными прикладными свойствами. 

Ключевые слова: 2-аминотиофены, 2,4-диоксобутановые кислоты, 3-(тиофен-2-илимино)фуран-
2(3Н)-оны 
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This work reflects the results of new research on the study of synthetic transformations of 
substituted 3-thienylimino-3H-furan-2-ones with nucleophilic agents of various structures. The 
precursors for this study – 3-thienylimino-3H-furan-2-ones – are of great interest for study. They 
have previously established themselves as a convenient and practical framework for the creation 
and search for new materials with useful applied properties, especially in the field of medicinal 
chemistry. They allow the combination of several important pharmacophore moieties in their struc-
ture, namely a 2-aminothiophene moiety and a 2,4-dioxobutanoic acid moiety. In addition, they 
have several reaction centers and are characterized by scalable production methods, which makes 
them a very attractive structure for studying synthetic transformations. These advantages allow us 
to keep on searching for new promising materials due to the possibility of introducing additional 
structural fragments of interest into the skeleton of potential target products of transformations. 
Thus, we have investigated the possibility of introducing an additional fragment into the frame-
work, potentially providing improvement of applied properties of the obtained materials. As such a 
fragment we have chosen bicyclic heterocyclic fragments – benzo[d]oxazole, benzo[d]imidazole and 
benzo[d]thiazole. It was previously shown that the presence of such fragments in the structures of 
various compounds provides their high biological activity, as well as the possibility of application 
in other technological fields. Our proposed method of substituted potassium 5-aryl-5-oxo-1-cyano-
3-((3-R-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)amino)penta-1,3-dien-2-olates derivatives con-
taining benz[d]oxazole, benz[d]imidazole, or benz[d]thiazole fragments in their structure consists 
of several stages: interaction of 4-aryl-2-hydroxy-4-oxobutanoic acids with derivatives of 2-amino-
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4,5,6,7-tetrahydrobenzo[b]thiophen-3-carboxylic acids, intramolecular cyclisation of the obtained 
products in propionic anhydride, and then decyclization of the obtained substituted 3-thienylimino-
3H-furan-2-ones under the action of substituted heteroaromatic methylenenitrile derivatives con-
taining bicyclic fragments with nitrogen, oxygen and sulfur heteroatoms in the presence of potas-
sium tert-butoxide. This method provides products with the given heterocyclic fragments in high 
chemical yields (75-84%). The structures of the isolated final compounds were confirmed by 1H 
and 13C NMR spectroscopy and elemental analysis. The obtained compounds, due to the presence 
of many fragments in their structure, which are of interest both for pharmaceuticals and other 
technologies, are extremely promising and open new opportunities for the creation of materials 
with useful applied properties. 

Keywords: 2-aminothiophenes, 2,4-dioxobutanoic acids, 3-(thiophene-2-ylimino)furan-2(3Н)-ones 
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INTRODUCTION 

The study of compounds containing fragments 

such as benzo[d]oxazole, benzo[d]imidazole and 

benzo[d]thiazole is an important aspect of modern me-

dicinal chemistry and pharmaceutical research [1-3]. 

These bicyclic heterocyclic fragments are character-

ized by fused benzene rings and five-membered heter-

ocycles containing nitrogen, oxygen and sulphur at-

oms. They have emerged as attractive scaffolds in drug 

discovery due to their ability to interact with diverse 

biological targets and exhibit remarkable pharmaco-

logical properties. It has previously been demonstrated 

that these compounds have a wide range of therapeutic 

applications, including anticancer [4-6], anti-inflam-

matory [7], antimicrobial [8], anti-Alzheimer [9] and 

antidepressant [10] activities. Furthermore, their utility 

extends beyond medicine to industrial applications 

such as dyes [11, 12], polymers [13, 14], food packag-

ing [15] and advanced materials [16, 17], highlighting 

their multifaceted importance in modern science and 

technology. 

It is worth noting that the structure of 3-imino-

furan-2(3H)-ones allows different functional groups to 

be combined to produce a wide range of properties 

[18]. Also, these structures are characterized by the 

presence of several reaction centers and rather simple 

methods of preparation [19], which allowed earlier to 

obtain on their basis a wide range of compounds with 

various useful properties. Products obtained from 3-

iminofuran-2(3H)-ones exhibit antinociceptive [20-22], 

anti-inflammatory [23,24], anticancer [25-27], antimi-

crobial [28,29] and hemostatic [30] activities and can 

be used in materials for optical applications [31]. 

This work is a continuation of our study of syn-

thetic transformations of substituted 3-thienylimino-

3H-furan-2-ones with nucleophilic agents of various 

structures and reflects the results of the synthesis of 

new derivatives of 3-iminofuran-2(3H)-ones, whose 

target products include bicyclic heterocyclic fragments 

in their structure, allowing the creation of new materi-

als with promising potential applications. 

EXPERIMENTAL PART 

All commercially available used reagents were 

used as purchased. The starting 4-aryl-2-hydroxy-4-

oxobut-2-enoic acids 1 [32], 2-aminothiophene-3-car-

boxylic acid derivatives 2 [33] and heteroaromatic 

methylеnitrile derivatives 5 [34,35] have been synthe-

sized according to known procedures. Physicochemi-

cal properties of these compounds are consistent with 

those previously published. 

The reaction progress and purity of the ob-

tained compounds were controlled by TLC using Silu-

fol 254 UV precoated plates using a diethyl ether – 

benzene – acetone mixture (10:9:1) as an eluent. Re-

cording of 1H and 13C NMR spectra was carried out on 

a Bruker Avance III spectrometer (working frequen-

cies of 400 and 100 MHz) in DMSO-d6. Melting points 

were measured on a Stuart SMP40 apparatus. Ele-

mental analysis was carried out on a Leco CHNS-932 

elemental analyzer.  
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General procedure for the synthesis of sub-

stituted potassium 5-aryl-1-cyano-3-((3-R-4,5,6,7-tet-

rahydrobenzo[b]thiophen-2-yl)amino)-5-oxopenta-

1,3-dien-2-olates 6a-h. To 1 mmol of compounds 4a-f 

in 5 ml of anhydrous dioxane, 1 mmol of the corre-

sponding acetonitrile derivatives 5a-c and 1 mmol of t-

BuOK were added. The resulting mixture was stirred 

at room temperature for 24 h. The resulting precipitate 

was filtered out and recrystallized from ethanol. 

Potassium 1-(1H-benzo[d]imidazol-2-yl)-1-

cyano-3-((3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-

phen-2-yl)amino)-5-oxo-5-phenylpenta-1,3-dien-2-

olate (6a). Yield 0.44 g (83%), orange solid, mp 193.4-

194.6 °С (ethanol). 1Н NMR spectrum (DMSO-d6), δ, 

ppm: 1.75 m (4H, 2CH2), 2.48 m (2H, CH2), 2.62 m 

(2H, CH2), 6.35 s (1H, C=CH), 7.02 m (2HAr), 7.50 m 

(5HAr), 7.71 m (2HAr), 12.03 s (1H, NH), 13.75 s (1H, 

NH). 13С NMR spectrum (DMSO-d6), δ, ppm: 190.1, 

172.6, 165.5, 150.6, 147.5, 143.8, 139.8, 133.9, 132.6, 

132.1, 132.0, 129.2, 128.8, 128.1, 127.8, 120.8, 120.2, 

116.8, 110.9, 108.6, 95.1, 86.7, 24.6, 24.3, 23.1, 22.1. 

Found, %: C, 63.60; H, 3.76; N, 13.20; S, 6.09. 

C28H20KN5O2S. Calculated, %: C, 63.50; H, 3.81; N, 

13.22; S, 6.05. 

Potassium 1-(1H-benzo[d]imidazol-2-yl)-1-

cyano-3-((3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-

phen-2-yl)amino)-5-oxo-5-(p-tolyl)penta-1,3-dien-

2-olate (6b). Yield 0.46 g (82%), orange solid, mp 

202.7-203.3 °С (ethanol). 1Н NMR spectrum (DMSO-

d6), δ, ppm: 1.78 m (4H, 2CH2), 2.37 s (3H, CH3), 2.52 

m (2H, CH2), 2.61 m (2H, CH2), 6.38 s (1H, C=CH), 

7.01 m (2HAr), 7.26 m (2HAr), 7.44 m (1HAr),7.51 m 

(1HAr),7.61 m (2HAr), 8.71 s (1H, NH), 11.64 s (1H, 

NH). 13С NMR spectrum (DMSO-d6), δ, ppm: 189.9, 

172.6, 165.5, 151.4, 150.3, 147.6, 144.1, 142.3, 137.3, 

132.9, 132.7, 129.4, 128.2, 120.9, 120.8, 120.3, 120.2, 

116.8, 110.9, 108.6, 95.3, 86.7, 24.6, 24.3, 23.1, 22.1, 

21.5. Found, %: C, 64.12; H, 4.04; N, 12.85; S, 5.98. 

C29H22KN5O2S. Calculated, %: C, 64.07; H, 4.08; N, 

12.88; S, 5.90. 

Potassium 1-(1H-benzo[d]imidazol-2-yl)-1-

cyano-3-((3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-

phen-2-yl)amino)-5-(4-methoxyphenyl)-5-oxopenta-

1,3-dien-2-olate (6c). Yield 0.47 g (84%), orange solid, 

mp 207.4-209.1 °С (ethanol). 1Н NMR spectrum 

(DMSO-d6), δ, ppm: 1.75 m (4H, 2CH2), 2.52 m (2H, 

CH2), 2.57 m (2H, CH2), 3.86 s (3H, CH3), 6.32 s (1H, 

C=CH), 7.05 m (3HAr), 7.20 m (1HAr), 7.68 m (1HAr), 

7.88 m (1HAr), 8.01 m (2HAr), 12.04 s (1H, NH), 13.74 

s (1H, NH). 13С NMR spectrum (DMSO-d6), δ, ppm: 

189.6, 175.9, 165.4, 163.1, 157.9, 153.7, 150.8, 131.9, 

131.4, 131.1, 130.4, 130.1, 129.0, 122.8, 120.7, 116.8, 

114.5, 114.1, 111.0, 108.2, 95.4, 86.7, 56.0, 24.6, 24.3, 

23.1, 22.0. Found, %: C, 62.29; H, 3.90; N, 12.54; S, 

5.70. C29H22KN5O3S. Calculated, %: C, 62.23; H, 3.96; 

N, 12.51; S, 5.73. 

Potassium 1-(1H-benzo[d]imidazol-2-yl)-5-

(4-chlorophenyl)-1-cyano-3-((3-cyano-4,5,6,7-tetra-

hydrobenzo[b]thiophen-2-yl)amino)-5-oxopenta-1,3-

dien-2-olate (6d). Yield 0.45 g (80%), orange solid, mp 

181.6-183.2 °С (ethanol). 1Н NMR spectrum (DMSO-

d6), δ, ppm: 1.74 m (4H, 2CH2), 2.43 m (2H, CH2), 2.61 

m (2H, CH2), 6.32 s (1H, C=CH), 7.43 m (2HAr), 7.49 

m (2HAr), 7.67 m (2HAr), 7.81 m (2HAr), 8.77 s (1H, 

NH), 11.63 s (1H, NH). 13С NMR spectrum (DMSO-

d6), δ, ppm: 189.4, 172.4, 165.3, 151.2, 150.8, 148.2, 

147.3, 138.5, 137.0, 133.3, 132.8, 131.0, 129.9, 129.4, 

129.0, 128.9, 128.5, 120.4, 114.5, 108.8, 94.9, 86.7, 

24.6, 24.3, 23.0, 22.1. Found, %: C, 59.59; H, 3.47; N, 

12.47; S, 5.64. C28H19ClKN5O2S. Calculated, %: C, 

59.62; H, 3.40; N, 12.42; S, 5.68.  

Potassium 1-(1H-benzo[d]imidazol-2-yl)-5-

(4-bromophenyl)-1-cyano-3-((3-cyano-4,5,6,7-tet-

rahydrobenzo[b]thiophen-2-yl)amino)-5-oxopenta-

1,3-dien-2-olate (6e). Yield 0.46 g (75%), orange 

solid, mp 147.5-148.4 °С (ethanol). 1Н NMR spectrum 

(DMSO-d6), δ, ppm: 1.76 m (4H, 2CH2), 2.43 m (2H, 

CH2), 2.63 m (2H, CH2), 6.75 s (1H, C=CH), 7.12 m 

(2HAr), 7.34 m (2HAr), 7.60 m (2HAr), 7.77 m (2HAr), 

11.98 s (1H, NH), 13.24 s (1H, NH). 13С NMR spec-

trum (DMSO-d6), δ, ppm: 193.6, 173.5, 164.8, 161.7, 

160.2, 149.0, 142.2, 141.1, 139.2, 137.7, 135.4, 133.6, 

132.0, 129.0, 128.9, 127.4, 124.8, 123.8, 118.2, 110.4, 

96.0, 92.7, 24.4, 24.2, 23.1, 22.1. Found, %: C, 61.39; 

H, 3.27; N, 10.25; S, 5.81. C28H18BrKN4O3S. Calcu-

lated, %: C, 61.30; H, 3.31; N, 10.21; S, 5.84. 

Potassium 1-(benzo[d]thiazol-2-yl)-1-cyano-

3-((3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-

yl)amino)-5-oxo-5-(p-tolyl)penta-1,3-dien-2-olate (6f). 
Yield 0.44 g (79%), orange solid, mp 201.4-203.5 °С 

(ethanol). 1Н NMR spectrum (DMSO-d6), δ, ppm: 1.72 

m (4H, 2CH2), 2.38 s (3H, CH3), 2.47 m (2H, CH2), 

2.51 m (2H, CH2), 6.31 s (1H, C=CH), 7.16 m (1HAr), 

7.32 m (3HAr), 7.67 m (1HAr), 7.86 m (1HAr),7.92 m 

(2HAr), 13.77 s (1H, NH). 13С NMR spectrum (DMSO-

d6), δ, ppm: 190.2, 175.8, 165.5, 158.0, 152.4, 150.6, 

143.1, 136.0, 133.7, 132.0, 129.8, 129.3, 128.0, 125.5, 

122.3, 122.1, 121.4, 119.9, 114.5, 95.5, 80.1, 24.1, 

24.0, 23.1, 22.0, 21.6. Found, %: C, 62.18; H, 3.70; N, 

9.95; S, 11.49. C29H21KN4O2S2. Calculated, %: C, 

62.12; H, 3.78; N, 9.99; S, 11.44.  

Potassium 1-(benzo[d]oxazol-2-yl)-1-cyano-

3-((3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-

yl)amino)-5-oxo-5-phenylpenta-1,3-dien-2-olate (6g). 
Yield 0.41 g (78%), orange solid, mp 130.7-133.4 °С 

(ethanol). 1Н NMR spectrum (DMSO-d6), δ, ppm: 1.81 
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m (4H, 2CH2), 2.52 m (4H, 2CH2), 6.04 s (1H, C=CH), 

7.26 m (2HAr), 7.50 m (5HAr), 7.91 m (2HAr), 13.76 s 

(1H, NH). 13С NMR spectrum (DMSO-d6), δ, ppm: 

193.6, 173.5, 164.8, 161.7, 160.2, 149.0, 142.2, 141.1, 

139.2, 137.7, 135.4, 133.6, 132.0, 129.0, 128.9, 127.4, 

124.8, 123.8, 118.2, 110.4, 96.0, 92.7, 24.4, 24.2, 23.1, 

22.1. Found, %: C, 63.46; H, 3.57; N, 10.62; S, 6.00. 

C28H19KN4O3S. Calculated, %: C, 63.38; H, 3.61; N, 

10.56; S, 6.04.  

Potassium 1-(benzo[d]oxazol-2-yl)-1-cyano-3-

((3-(ethoxycarbonyl)-4,5,6,7-tetrahydrobenzo[b]thio-

phen-2-yl)amino)-5-(4-hydroxyphenyl)-5-oxopenta-

1,3-dien-2-olate (6h). Yield 0.50 g (84%), orange solid, 

mp 232.4-233.6 °С (ethanol). 1Н NMR spectrum 

(DMSO-d6), δ, ppm: 1.35 t (3H, J = 7.0 Hz, CH3), 1.73 

m (4H, 2CH2), 2.56 m (2H, CH2), 2.70 m (2H, CH2), 

4.35 q (2H, J = 7.0 Hz, OCH2), 5.90 s (1H, C=CH), 

6.99 m (3HAr), 7.26 m (1HAr),7.57 m (1HAr), 7.81 m 

(1HAr),7.84 m (2HAr), 13.32 s (1H, NH). 13С NMR 

spectrum (DMSO-d6), δ, ppm: 188.1, 173.9, 165.3, 

161.6, 159.4, 148.9, 142.7, 141.0, 138.2, 136.1, 134.5, 

132.2, 131.1, 130.7, 129.3, 124.8, 123.7, 118.1, 114.6, 

113.0, 110.5, 93.1, 60.2, 26.5, 24.5, 23.1, 22.8, 14.8. 

Found, %: C, 60.66; H, 4.05; N, 7.10; S, 5.44. 

C30H24KN3O6S. Calculated, %: C, 60.69; H, 4.07; N, 

7.08; S, 5.40. 

RESULTS AND DISCUSSION 

The starting 3-(thiophen-2-ylimino)furan-2(3H)-

ones 4a-f were prepared by intramolecular cyclisation 

of the corresponding 5-aryl-4-oxo-2-(thiophen-2-

ylimino)but-2-enoic acids 3a-f, obtained in turn by in-

teraction of the corresponding 4-aryl-2-hydroxy-4-ox-

obut-2-enoic acids 1a-f and 2-aminothiophene-3-car-

boxylic acid derivatives 2a,b according to the previ-

ously published procedure [19]. The compounds 4a-f 

obtained serve as key intermediates for the subsequent 

synthesis of target structures (Scheme 1). 

 

 
Scheme 1 

Схема 1 

We found that the interaction between the 3-(thi-

ophene-2-ylimino)furan-2(3H)-ones 4a-f and acetonitrile 

derivatives containing heterocyclic substituents 5a-c in 

the presence of t-BuOK in anhydrous dioxane led to 

the formation of potassium salts 6a-h with a yield of 

75-84% (Scheme 2). As it is supposed, in the course of 

this reaction there is an attack of C-nucleophilic car-

boanion formed after the interaction of potassium tert-

butylate and compounds 5a-c on carbon atom of car-

bonyl group of lactone in compounds 4a-f. As a result, 

the decyclisation of furan ring takes place, and then for-

mation of final target products – substituted 1-cyano-3-

((3-R-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)amino)-

5-aryl-5-oxopenta-1,3-dien-2-olates 6a-h. The potassium 

salts obtained are stable and do not undergo further in-

tramolecular cyclization. 

 

 
Scheme 2 

Схема 2 

 

Compounds 6a-h are orange solid substances 

well soluble in DMSO, chloroform, soluble in toluene, 

methanol, ethanol at heating, and insoluble in water 

and alkanes. According to the 1Н NMR data for 

DMSO-d6 solution compounds 6a-h, spectra are char-

acterized by existence of a singlet of the CH-groups at 

5.90-6.75 ppm and a singlet of the 

proton of the NH-group at 11.63-

13.77 ppm. The 13C NMR spectra of 

compounds 6a-h shows the character-

istic signals of the carbonyl carbons 

of the aroyl moiety in the C 189.4-

193.6 ppm and the signals of the me-

thine group carbons in the C 94.9-

96.0 ppm. 

CONCLUSIONS 

Thus, the target substituted 1-

cyano-3-((3-R-4,5,6,7-tetrahydrobenzo[b]thiophen-

2-yl)amino)-5-aryl-5-oxopenta-1,3-diene-2-olates 

of potassium 6a-h were obtained by decyclisation of 
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3-(thiophen-2-ylimino)furan-2(3H)-ones under the 

action of various substituted heterocyclic methylene 

nitriles. Due to the interesting structural feature of the 

newly synthesised compounds, the prospect of contin-

uing the research to find the unique applied properties 

of these materials remains relevant for further study. 
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