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INTRODUCTION

Ketene N,S-acetals are known to be useful reagents in
heterocyclic synthesis [1]. Among these, particular attention
has been given to oxoketene N,S-acetals as functionalized
enaminones [2,3]. Previously we reported the synthesis of 4-
thiazolidinones from ketene N,S-acetals [4].
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It is well known that aminothiophenes are used for the
synthesis of a variety of biologically active compounds [5].
Their activities include antimicrobial [6,7], antifungal [8,9a],
inhibition of cancer cell proliferation [9b], antagonism of α1-
adrenoceptors [10] and prevention of cartilage destruction in
articular diseases [11]. We have reported the facile transfor-
mation of 2-ylidene and 2,5-diylidene-4-thiazolidinones
into pyrazoles [12]. Also, 4-thiazolidinones are used as a
key intermediates for the synthesis of 2-arylamino deriva-
tives which are used as starting materials for the synthesis of
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polyfunctionally substituted fused pyrimidine derivatives [13].
In continuation of our work in this field, we report herein the
transformation of 2-ylidene-4-thiazolidinones into 3-amino-
thiophene derivatives and their conversions into other thio-
phene compounds.

3-Aminoothiophene are usually prepared from the corres-
ponding nitriles with hydrogen sulfide [14,15]. They have
antibacterial activity, particularly against Tubercle bacillus
[16,17]. Thiophene-2-thioamides with further substitution have
not yet been reported, although derivatives of 5-substituted 3-
aminothiophene-2-carboxylic acids are known to be valuable
synthons for the preparation of various medicinal substances
[18,19]. They are available by condensation of chloroacrylonitriles
with the corresponding mercaptoacetic acid analogues [20,21].

EXPERIMENTAL

All melting points were determined on a Koffler melting
point apparatus and are uncorrected. 1H NMR and 13C NMR
spectra were recorded on a Brüker Avance 300 MHz spectro-
meter using TMS as internal reference (chemical shifts in δ,
ppm), 13C NMR spectra were recorded on a Brüker Avance 75
MHz spectrometer using TMS as internal reference (chemical
shifts in δ, ppm) and IR in KBr were obtained on a Brüker FT-
IR ISS 25 spectrophotometer.



Synthesis of alkyl 3-amino-4-cyano-5-(phenylamino)-
thiophene-2-carboxylates (3a-d)

General procedure: A mixture of compound 2 (0.0025
mol) and the appropriate alcohol in the presence of 3 drops of
piperidine as catalyst was heated under reflux for 2 h. The
precipitated product was then filtered off, dried and recrysta-
llized from benzene.

Synthesis of N-(7-cyano-2-methyl-4-oxo-4H-thieno-
[3,2-d][1,3]oxazin-6-yl)-N- phenylacetamide (5): A solution
of compound 10b (0.002 mol) in acetic anhydride (30 mL)
was refluxed for 3 h. The reaction mixture was cooled and the
precipitated solid was filtered off and recrystallized from
benzene to give red crystals.

Synthesis of ethyl 3-(N,N-diacetylamino)-5-(N-acetyl-
N-phenylamino)-4-cyano-2- carboxylate (6): A solution of
compound 3b (0.0017 mol) in acetic anhydride (30 mL) was
heated under reflux for 2 h and then evaporated to half of its
volume. The solid formed after dilution with ethanol was
collected by filtration, dried and recrystallized from ethanol
as white crystals.

Synthesis of ethyl 3-(2-chloroacetamido)-4-cyano-5-
(phenylamino)-thiophene-2- carboxylate (7): To a solution
of compound 3b (0.005 mol) in dioxane (30 mL) was added
chloroacetyl chloride (0.005 mol) dropwise with stirring at
room temperature. The reaction mixture was refluxed for about
0.5 h and left overnight. The separated solid was collected by
filtration and recrystallized from benzene as white crystals.

Synthesis of ethyl 4-cyano-3-diazo-5-(phenylamino)-
thiophene-2-carboxylate (8):  To an ice-cold solution of com-
pound 3b (0.001 mol) in 60 mL acetic acid, 5 mL sulfuric
acid and 4 mL water placed in 250 mL beaker. A solution of
sodium nitrite (0.004 mol) in 10 mL water was added slowly,
the resulting diazonium salt solution was stirred for 20 min, at
0-5 °C and the diazonium salt solution was used without
isolation in the next experiment.

Synthesis of ethyl 3-azido-4-cyano-5-phenylamino-
thiophene-2-carboxylate (9): To the diazonium salt solution
(8) (0.001 mol) was added sodium azide (0.001mol) and the
mixture was stirred for 5 h, concentrated by evaporation and
the solid produced was collected and recrystallized from
benzene.

Synthesis of 3-amino-5-anilino-4-cyano-N-[2-(1H-
indol-3-yl)ethyl]thiophene-2- carboxamide (10a): A mixture
of compound 2 (0.01 mol) and tryptamine (0.01 mol) in dioxane
(80 mL), was heated under reflux for about 3 h and the preci-
pitate obtained was collected by filtration while hot and
recrystallized from benzene as yellowish white crystals.

Synthesis of 4-amino-2-anilino-5-(piperidin-1-ylcar-
bonyl)thiophene-3-carbonitrile (10b): A mixture of compound
2 (0.002 mol) and piperidine (0.015 mol) in dioxane (15 mL)
was stirred for 24 h at room temperature. The solution formed
was poured into ice-cold water and the yellow solid that formed
on cooling was collected by filtration and recrystallized from
benzene.

Synthesis of 3-amino-5-anilino-4-cyano-N-cyclohexyl-
thiophene-2-carboxamide (10c): A mixture of compound 2
(0.004 mol) and cyclohexylamine (0.008 mol) in dioxane (20
mL) was refluxed for 3 h. The reaction mixture was then poured

into ice-cold water and the precipitated was filtered off and
recrystallized from petroleum ether-chloroform mixture as
yellowish white crystals.

Synthesis of 2-[(1-anilino-2,2-dicyanovinyl)thio]-N-
cyclohexylacetamide (11): A mixture of compound 2 (0.002
mol) and cyclohexylamine (0.004 mol) was stirred in dioxane
(20 mL) at room temperature for 24 h. The reaction mixture
was then poured into ice-cold water and the solid product was
filtered off and recrystallized from benzene as white crystals.

Synthesis of ethyl [5-anilino-4-cyano-2-({[2-(1H-indol-
3yl)ethyl]amino}carbonyl)-3- thienyl]imidoformate (13): A
solution of compound 10d (0.001 mol) and triethylortho-
formate (20 mL) was refluxed for 3 h. The solid product that
formed was filtered off, dried and recrystallized from benzene
as pale yellow crystals.

RESULTS AND DISCUSSION

Reaction of compound 2 with different alcohols namely;
methanol, ethanol, 2-propanol and 1-butanol, using sodium
alkoxide, piperidine or triethylamine (TEA) as catalyst at reflu-
xing temperature, gave the corresponding alkyl 3-amino-4-
cyano-5-(phenylamino)thiophene-2-carboxylates (3a-d). The
ester (3a,b) was obtained in poor yields by Sommen et al. [22],
using a different procedure (Scheme-I).
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The reaction can be explained by three postulated related
mechanisms depending on the base used. They all involve
nucleophilic attack at the ring amidic carbonyl by alkoxide or
piperidine. In case where the reaction is carried out in refluxing
alcohols in the presence of sodium alkoxide as a base, the
alkoxide ion attacks at the ring carbonyl group, which results
in ring opening and the formation of the alkoxy carbonyl
derivative. This is followed by cyclization via the nucleophilic
attack of the generated carbanion at the cyano group to give
alkyl 3-amino-4-cyano-5-(phenylamino)thiophene-2- carbo-
xylates (3a-d). On the other hand, on using triethylamine as a
base, the same nucleophilic attack occurs after removal of a
proton from alcohol by triethylamine to produce alkoxy ion,
followed by cleavage of the amide bond and cyclization (Fig. 1).

However, when piperidine is used as a base, a nucleophilic
attack at the amidic carbonyl takes place by the piperidine
nitrogen with ring opening producing the non-isolated
intermediate (4) followed by cyclization and substitution of
piperidyl group by alkoxy group (Fig. 2).

The fact that the piperidyl amide (10b) prepared by reacting
(2) with piperidine at room temperature, is transformed easily
into the ester (3b) on refluxing in ethanol proves that the
displacement of the amide group occurs after the formation of
the thiophene ring. Refluxing of compound (3b) with acetic
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anhydride did not give the expected thieno[3,2-d]oxazinone
derivative (5), but yielded the triacetyl derivative (6) instead.
When compound (3b) was treated with chloroacetyl chloride in
refluxing 1,4-dioxane in the presence of triethylamine, it gave
only the amide (7). The preparation of ethyl 3-diazo-4-cyano-5-
phenyl-aminothiophene-2-carboxylate (8) was achieved by
diazotization of compound (3b). This diazonium salt (8) when
treated with sodium azide afforded the azido derivative (9)
(Scheme-II).
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A series of carboxamides (10a-c) were obtained by the
reaction of compound 2 with a variety of amines, namely;
tryptamine, piperidine and cyclohexylamine (Scheme-III).
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The reaction mechanism is assumed to involve a nucleo-
philic attack of the amino group at the amidic carbonyl of the
thiazolidinone, followed by ring opening and then cyclization
to produce the thiophene amides (10a-c) (Fig. 3).
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Support for this sequence of reactions comes from the fact
that compound 2 reacted with cyclohexylamine at room tempe-
rature, giving intermediate (11) which could be isolated and
then converted into 2-cyclohexyl-amidothiophene derivative
(10c) on heating in the same base. It is believed that the trans-
formation of 2-ylidene-4-thiazolidenone (2) into amino thio-
phene esters and aminothiophene amides is a novel reaction.

Refluxing the carboxamide (10a) in acetic anhydride gave
the unexpected thieno[3,2-d]oxazinone (5) instead of the
expected thieno[3,2-d]-pyrimidinone derivative (12). This type
of reaction was reported by Farhat et al. [23] and latter by
Ahmed [24], where the carboxamide (10, R=H) was similarly
transformed into the same oxazinone (5). The attempt to cyclize
the amide (10a), by refluxing with triethylorthoformate gave
only the open chain compound 13 instead of the desired
thienopyrimidenone derivative (14) (Scheme-IV).

The formation of the oxazinone (5) involves acylation of
NH2 and NH-Ph groups, followed by enolization of carbonyl
group and nucleophilic attack of the enol OH on the carbonyl
amide and then loss of a tryptamine molecule (Fig. 4).

The structures of all synthesized compounds were eluci-
dated from their spectral data shown in Table-1.
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TABLE-1 
PHYSICAL AND SPECTRAL DATA OF SYNTHESIZED COMPOUNDS 

Compd. 
No. 

m.p. (°C),  
yield (%) IR (νmax, cm–1) 1H NMR (ppm) 13C NMR (ppm) 

3a 
244-246,  

(80) 
3441-3338 (NH2, NH), 2206 
(CN), 1661 (COester) 

10.30 (s, 1H, NH), 7.50-7.15 (m, 5H, 
Ph), 6.80 (br, 2H, NH2), 3.65 (s, 3H, 
CH3) 

163.10 (CO), 162.76, 154.14, 140.06, 
129.42, 125.00, 121.22, 81.60, 80.71, (Ar-
C), 113.67 (CN), 50.69 (CH3) 

3b 
212-214,  

(82) 

3420-3325 (NH2), 3270 
(NH), 2206 (CN), 1654 
(COester) 

10.30 (s, 1H, NH), 7.46-7.15 (m, 5H, 
Ph), 6.75 (br, 2H, NH2), 4.13 (q, 2H, 
CH2), 1.18 (t, 3H, CH3) 

162.81 (CO), 162.81, 154.16, 140.16, 
129.45, 125.02, 120.20, 81.78, 80.70, (Ar-
C), 113.73 (CN), 59.20 (CH2), 14.42 (CH3) 

3c 
202-204,  

(69) 

3420, 3325 (NH2), 3277 
(NH), 2206 (CN), 
1654 (COester) 

10.00 (s, 1H, NH), 7.45-7.30 (m, 5H, 
Ph), 6.73 (br, 2H, NH2), 4.98 (heptet, 
1H, CH), 1.20 (d, 6H, 2CH3) 

162.85 (CO), 162.45, 154.30, 140.12, 
129.45, 125.07, 121.43, 81.70, 81.00 (Ar-
C), 113.69 (CN), 66.50 (CH), 22.00 (2CH3) 

3d 
124-126, 

(57) 
3420-3325 (NH2), 3277 (NH) 
2200 (CN) 1654 (COester) 

10.30 (s, 1H, NH), 7.507.15 (m, 5H, 
Ph), 6.75 (br, 2H, NH2), 4.10 (t, 2H, 
CH2), 1.50 (pentet, 2H, CH2), 1.30 
(six., 2H, CH2), 0.85 (q, 3H, CH3) 

162.83 (CO), 162.80, 154.16, 140.10, 
129.44, 125.04, 121.34, 81.72, 80.71, (Ar-
C), 113.68 (CN), 59.18, (CH2), 30.42 (CH2), 
18.58 (CH2), 13.48 (CH3) 

5 

294-296  
Lit. [17], 
296-298,  

(59) 

2207 (CN), 1758 (CO), 1690 
(CO) 

7.73-7.58 (m, 5H, Ph), 4.40 (s, 3H, 
CH3), 2.05 (s, 3H, CH3) 

171.30 (CO, oxazinone), 166.16 (CON), 
157.06, 154.54, 154.39, 138.53, 131.26, 
130.25, 128.22, 107.18, 91.40, , (Ar-C), 
109.39 (CN), 23.319 (CH3), 20.93 (CH3) 

6 
153-155, 

(67) 

3434 (NH), 3344 (NH), 3257 
(NH), 2221 (CN), 1719 br., 
(3CON, 1684 (COester) 

7.727.59 (m, 5H, Ph), 4.30 (q, 2H, 
OCH2), 2.22 (s, 6H, 2COCH3), 2.09 (s, 
3H, COCH3), 1.30 (t, 3H, CH3) 

171.76 (CO), 171.66 (CO), 160.86 (CO), 
153.39 (CO), 141.28, 139.93, 139.92, 
132.07, 131.39, 130.76, 120.80, 98.27  
(Ar-C), 110.50 (CN), 62.33 (OCH2), 25.95, 
25.57, 23.48, 14.41 (4 CH3) 

7 
258-260, 

(72) 
3250, br. (2NH), 2220 (CN), 
1690br. (2C=Oester) 

10.39 (br, 2H, 2NH), 7.51-7.16 (m, 5H, 
Ph), 4.40 (s, 2H, CH2Cl), 4.19 (q, 
2HOCH2), 1.23 (t, 3H, CH3) 

164.74 (CO), 161.69 (CO), 160.18, 140.18, 
129.65, 125.22, 121.11, 112.50, 102.64, 
88.64 (Ar-C), 113.15 (CN), 60.69 (OCH2), 
42.38 (CH2Cl), 14.03 (CH3) 

9 
163-165,  

(98) 
3255 (NH), 2220 (CN), 2132 
(N3), 1695 (CO) 

7.70 (br, 1H, NH), 7.50-7.20 (m, 5H, 
Ph), 4.31 (q, 2H, OCH2), 1.34 (t, 3H 
(CH3) 

161.74 (CO), 160.60, 141.89, 138.66, 
130.03, 126.04, 120.87, 101.40, 86.40  
(Ar-C), 112.87 (CN), 61.41 (OCH2), 14.38 
(CH3) 

10a 
234-237,  

(43) 

3467 (NH), 3342, 3266 
(NH2), 3204 (NH), 3209 
(NH), 2213 (CN), 1606 (CO) 

10.80 (s, 1H pyrroleNH), 10.05 (br, 
1H, NH), 7.55 (1H, pyrrole H), 7.45-
7.0 (m, 5H, Ph), 6.95 (s, 1H, CONH), 
6.75 (br, 2H, NH2), 3.40 (t, 2H, NCH2), 
2.85 (t, 2H, CH2) 

163.70 (CO), 114.04 (CN), 159.56-82.22 
(Ar-C), 39.95 (NCH2), 25.50 (CH2) 

10b 
143-145,  

(68) 

3414, 3300 (NH2), 3210 
(NH), 2200 (CN), 1658 
(CO). 

9.05 (br, 1H, NH), 7.50-7.10 (m, 5H, 
Ph), 6.23 (br, 2H, NH2), 3.52 (t, 4H, 
2CH2), 1.63 (pentet, 4H, (2CH2), 1.55 
(pentet, 2H, CH2). 

166.68 (CO), 160.56, 152.70, 141.52, 
130.41, 125.42, 121.28, 88.02, 84.03  
(Ar-C), 114.10 (CN), 47.29, 26.90, 25.35 
(piperidyl-C). 

10c 
190-192,  

(91) 

3446, 3394 (NH2), 3341 
(NH), 3280 (NH), 2206 
(CN). 

9.01 (br, 1H, NH), 7.50-7.15 (m, 5H, 
Ph), 6.50 (br, 2H, NH2), 6.25 (1H, 
CONH), 3.80 (m, 1H, CH), 2.00-0.85 
(m, 10H, (5CH2), cyclohexyl). 

164.29 (CO), 114.05 (CN), 160.22,  
152.52, 141.68, 130.42, 125.60, 121.50, 
87.83, 84.18, (Ar-C), 49.11, 33.89, 26.40, 
26.14 (cyclohexyl-C). 
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11 181-183,  
(58) 

3294 (2NH), 2200 (CN), 
1622 (C=O). 

12.20 (s, 1H, CONH), 8.05 (br, 1H, 
NH), 7.47-7.22 (m, 5H, Ph), 3.95 (s, 
2H, CH2), 3.75 (pentet, 1H, CH), 1.95-
1.11 (5CH2- cyclohexyl). 

170.82 (CO), 169.65 (C=) 139.35 (C=) 
130.06, 127.37, 124.34 (Ar-C), 124.00 
(CN), 50.25 (CH2-S), 52.73 (C-N), 36.19 
(C3), 32.97, 26.11, 25.00 (cyclohexyl-C). 

13 212-215,  
(54) 

3434 (NH), 3344 (NH), 3257 
(NH), 2221 (CN), 1614 
(C=Oamide) 

10.85 (br, 1H, CONH), 10.20 (br, 1H, 
NH-indole), 6.95 (s, 1H, CH indole), 
8.26 (s, 1H, N=CH), 7.60-6.90 (m, 9H, 
ArH), 3.80 (t, 2H, CH2), 3.60 (t, 2H, 
CH2), 2.90 (t, CH3) 

160.60 (CO), 160.49 (N=CH), 143.29, 
140.39, 136.30, 129.59, 128.28, 127.02, 
126.94, 124.45, 122.76, 121.50, 120.35, 
120.35, 119.95, 118.23, 111.36, 107.89, 
85.39 (Ar-C), 114.53 (CN), 62.79 (OCH2), 
39.74 (N-CH2), 25.34 (CH2), 13.61 (CH3) 

 
Conclusion

In this article, the synthesis and characterization of some
new 3-aminothiophene carboxylates and 3-aminothiophene
carboxamides as well as postulated mechanisms of reactions
are discussed.
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