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NEW METHOD OF SYNTHESIS OF 

2-AMINO-4(5H)-OXOTHIOPHENES 

 
Yu. M. Volovenko and T. A. Volovnenko 

 
A new method is proposed for the synthesis of 2-amino-4(5H)-oxothiophenes with aryl and hetaryl 
substituents in position 3 of the molecule by the acylation of aryl- and 2-azahetarylacetonitriles with 
mercaptoacetic acid ethyl ester. 
 
Keywords: aryl- and 2-azahetarylacetonitriles, mercaptoacetic ester, 2-amino-3-aryl-4(5H)-
oxothiophenes, 2-amino-3-hetaryl-4(5H)-oxothiophenes. 

  
 Interest in the chemistry of 2-aminothiophenes is caused by the wide spectrum of their useful properties. 
Medicinal preparations [1-4], agents for plant protection [5-7], and intermediates for the synthesis of dyes [8-10] 
have been made from them. At present the main methods of obtaining substituted 2-aminothiophenes are the 
cyclization of γ-mercaptonitriles [11, 12] and syntheses from α-mercaptocarbonyl compounds (Gewald reaction) 
[13-15]. The synthesis of 2-amino-4(5H)-oxothiophenes with aryl and hetaryl substituents in position 3 of the 
molecule has not been developed in practice. Work of Japanese scientists is known [16], which describes 
2-amino-(5H)-thiophen-4-ones with phenyl and 4-chlorophenyl substituents in position 3 of the molecule, 
displaying spasmolytic properties. 
 Previously we synthesized 2-amino-4(5H)-oxothiophenes by the reaction of 4-chloro-2-hetaryl-3-
oxobutyronitriles with sodium hydrosulfide [17]. The reaction proceeds through a stage of exchanging the 
chlorine atom for a sulfhydryl group with subsequent addition of this group to the triple bond of the nitrile 
group. 
 In the present work a new method is proposed for the synthesis of 2-amino-3-aryl- and 3-hetaryl-4(5H)-
oxothiophenes based on the acylation of aryl- and azahetarylacetonitriles with mercaptoacetic ester. The reaction 
proceeds in tert-butyl alcohol in the presence of sodium tert-butylate. 
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 By the action of base on the substituted acetonitrile 1 a carbanion is generated which attacks the carbon 
atom of the ester group of mercaptoacetic ester 2 and the C-acyl derivative 3 is formed. The presence in the 
molecule of two reactive centers (the nucleophilic mercapto group and the electrophilic nitrile group) leads to 
intramolecular cyclization with the formation of 2-amino-4(5H)-oxothiophenes 4a-e. The obtained compounds 
may exist in three tautomeric forms A, B, and C. 
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 Analysis of spectral data showed that products 4a-e exist in the keto form A and not in the tautomeric 
enol form B. This is indicated by the presence of a two-proton singlet for the methylene group of the thiophene 
ring at 3.69-3.92 ppm, and by an absorption band for a conjugated keto group in the IR spectra at 
1620-1630 cm-1. At the same time the presence of two absorption bands for the amino group at 3150-3400 cm-1 
excludes the imine form C. 
 There are several special features in the 1H NMR spectra of compounds 4a-e recorded in DMSO-d6 in the 
region of aromatic proton absorption. For 2-amino-3-(2-pyridinyl)-4(5H)-oxothiophene 4a there are two 
doublets at low field at 8.46 ppm (1H, J = 5.5 Hz) and 8.60 ppm (1H, J = 8.0 Hz) belonging to protons of the 
pyridine nucleus. The sizes of the coupling constants enable assignment of the doublet at 8.46 ppm to the H(6) 
proton and at 8.60 ppm to H(3). However it is well known [18] that the α-protons of pyridine resonate at the 
lowest field. Such an unusual paramagnetic shift for a proton in position 3 of a pyridine nucleus is explained by 
its proximity to the oxygen atom in the β-position of the thiophene ring. To achieve a similar interaction the 
molecule must be planar, which may be brought about only as a result of the presence of an intramolecular 
hydrogen bond between the protons of the amino group and the nitrogen atom of the pyridine ring. In reality the 
protons of the amino group give two signals in the 1H NMR spectrum, a singlet at 10.73 ppm (chelated proton) 
and a singlet at 9.22 ppm. In the case of 2-amino-3-(2-quinolinyl)-4(5H)-oxothiophene 4b the protons of the 
amino group resonate at 11.34 ppm (chelated proton) and at 9.49 ppm. 
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 The 1H NMR spectrum of 2-amino-3-(2-benzimidazolyl)-4(5H)-oxothiophene 4c is of particular interest. 
Three signals of exchanging protons were observed in it at 9.55, 10.07, and 12.01 ppm. The first two singlets 
belong to amino group protons and the last at lowest field corresponds to the N–H proton of the benzimidazole 
nucleus. Its significant paramagnetic shift is caused by the formation of an intramolecular hydrogen bond with 
the oxygen atom of the keto group in the thiophene nucleus. The structures of the synthesized 2-amino-3-aryl-
4(5H)-oxothiophenes 4d,e are confirmed completely by the spectral data. In the 1H NMR spectra a two-proton 
singlet is observed for the methylene group of thiophene at 3.7 ppm and the protons of the amino group, in the 
absence of a chelating center, give a broadened singlet at 7.86 (compound 4d) and 7.81 ppm (compound 4e). 
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EXPERIMENTAL 
 
 A check on the progress of reactions and the purity of the synthesized compounds was carried out by 
TLC on Silufol UV 254 plates in the system chloroform—methanol, 9 : 1. The 1H NMR spectra were measured 
on a Varian Mercury 400 (400 MHz) spectrometer in DMSO-D6, internal standard was TMS. The IR spectra 
were recorded on a Pye Unicam SP 3-300 instrument. Melting points were measured on a Boetius type miniature 
hot stage with a VEB Analytik PNMK 05 eyepice. 
 2-Amino-4(5H)-oxothiophenes 4a-e (General Procedure). Sodium tert-butylate (0.005 mol) and ethyl 
mercaptoacetate (2) (0.0055 mol) were added to a solution of the appropriate acetonitrile 1 in tert-butyl alcohol 
(30 ml). The reaction mixture was boiled for 2-4 h, checking the completeness of conversion 
chromatographically. The reaction mixture was evaporated in vacuum, water (20 ml) was added, the solution 
was acidified to pH 7 with acetic acid, the solid was filtered off, and recrystallized from a suitable solvent. 
 2-Amino-3-(2-pyridyl)-4(5H)-oxothiophene (4a). Yield 75%; mp 182-183°C (toluene). IR spectrum 
(KBr), ν, cm-1: 3400 (NH), 1620 (C=O). 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 3.75 (2H, s, H-5); 
pyridine protons; 7.11 (1H, t, J = 6.0, H-5); 7.75 (1H, t, J = 7.8, H-4); 8.46 (1H, d, J = 5.5, H-6); 8.60 (1H, d, 
J = 8.0, H-3); 9.22 (1H, s, N–H); 10.73 (1H, s, N–H). Found, %: N 14.31, S 16.73. C9H8N2OS. Calculated, %: 
N 14.57; S 16.68. 
 2-Amino-3-(2-quinolyl)-4(5H)-oxothiophene (4b). Yield 62%; mp 278°C (DMF). IR spectrum (KBr), 
ν, cm-1: 3300 (NH), 1620 (C=O). 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 3.80 (2H, s, H-5); quinoline 
protons; 7.48 (1H, t, J = 7.6, H-7); 7.69 (1H, t, J = 7.6, H-6); 7.87 (1H, d, J = 8.4, H-5); 8.06 (1H, d, J = 8.4, 
H-8); 8.28 (1H, d, J = 8.4, H-4); 8.81 (1H, d, J = 9.2, H-3); 9.49 (1H, s, N–H); 11.34 (1H, s, N–H). Found, %: 
N 11.70; S 13.34. C13H10N2OS. Calculated, %: N 11.56; S 13.23. 
 2-Amino-3-(2-benzimidazolyl)-4(5H)-oxothiophene (4c). Yield 65%; mp 273°C (n-butanol). IR 
spectrum (KBr), ν, cm-1: 3350 (NH), 1630 (C=O). 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 3.92 (2H, s, 
H-5); benzimidazole protons; 7.12 (2H, t, J = 3.4, H-5, H-6); 7.52 (1H, d, J = 5.21, H-4); 7.61 (1H, d, J = 4.0, 
H-7); 9.55 (1H, s, N–H); 10.07 (1H, s, N–H); 12.01 (1H, s, N-H). Found, %: N 18.12; S 13.90. C11H9N3OS. 
Calculated, %: N 18.17; S 13.86. 
 2-Amino-3-(4-fluorophenyl)-4(5H)-oxothiophene (4d). Yield 70%; mp 198°C (o-xylene). IR spectrum 
(KBr), ν, cm-1: 3200 (NH), 1630 (C=O). 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 3.70 (2H, s, H-5); 
aromatic protons; 7.18 (2H, d, J = 8.4, H-3, H-6); 7.30 (2H, d, J = 5.6, H-2, H-5); 7.86 (2H, br. s, N–H). 
Found, %: N 6.70; S 15.50. C10H8FNOS. Calculated, %: N 6.69; S 15.32. 
 2-Amino-3-(3,4-dimethoxyphenyl)-4(5H)-oxothiophene (4e). Yield 65%; mp 192°C (ethyl acetate). IR 
spectrum (KBr), ν, cm-1: 3300 (NH), 1630 (C=O). 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 3.69 (2H, s, 
H-5); 3.72 (3H, s, OCH3); 3.75 (3H, s, OCH3); aromatic protons; 6.79 (1H, d, J = 8.4, H-5); 6.82 (1H, s, H-2); 
6.95 (1H, d, J = 8.4, H-6); 7.81 (2H, br. s, NH). Found, %: N 5.62; S 12.80. C12H13NO3S. Calculated, %: N 5.5; 
S 12.76. 
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