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The alkylation of aryl 3-oxopropanedithioate with a-haloketones under different reaction conditions af-
forded substituted aryl[2-(methylsulfanyl)-4-phenyl-3-thienyl]methanones and [3-aryl-5-(methylsulfanyl)-
2-thienyl](phenyl)methanones. The same strategy was extended to 3-amino-1-aryl-3-thioxo-1-propanones
to afford aryl[2-amino-4-phenyl-3-thienyl]methanones and ethyl 3-phenyl-5-piperidino-2-thiophene
carboxylate.

� 2008 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthesis of 1-aryl-2-(5-alkyl/aryl-1,3-oxathiol-2-yliden)-1-ethanones 3.
1. Introduction

The synthesis of thiophenes and annulated thiophenes1,2 are of
special interest due to their potential use as pharmaceuticals,3–5

conjugated polymers,6,7 organic conductors,8–10 semiconduc-
tors,11,12 light emitting devices,13 etc. A general strategy employing
alkylation of an intermediate dimetaloketene dithioacetal is used
for the synthesis of alkylthiothiophenes or thienothiophenes.12,14–19

We envisioned that the difficulties involved in the selective se-
quential alkylations of the intermediate dimetaloketene dithio-
acetals could be circumvented by the use of b-oxodithiocarboxylates
in the above reaction. Earlier report from this laboratory has de-
scribed similar alkylation reactions of b-oxothioamides with
a-haloketones for the synthesis of functionalized thiophenes.20 In
a recent preliminary report, we have explained the alkylations of
aryl 3-oxopropanedithioates with a-haloketones such as phenacyl
bromide and bromo acetone in the presence of sodium hydride in
toluene yielding 1,3-oxathiole derivatives (Scheme 1).21 Further
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investigations on the alkylations of aryl 3-oxopropanedithioates
with a-haloketones yielding differently substituted thiophenes are
explained in this paper.
2. Results and discussion

In an earlier report, the formation of 1-aryl-2-(5-aryl-1,3-oxa-
thiol-2-yliden)-1-ethanones 2 from aryl 3-oxopropanedithioates
1a–e21–25 is described by the cyclizations of intermediate ketene
dithioacetals in the presence of sodium hydride.21 We envisioned
that the intermediate ketene dithioacetal 2 could be isolated from
the reaction, conducting the alkylation in the presence of mild base
like potassium carbonate. So the alkylation of 4-(methylphenyl) 3-
oxopropanedithioate 1a with phenacyl bromide was carried out in
the presence of potassium carbonate in acetone at room tempera-
ture, yielding 1-(methylphenyl)-3-(methylsulfanyl)-3-{[oxo(phe-
nyl)ethyl]sulfanyl}-2-propen-1-one 2a in 94% yield. However, on

mailto:anabhaer@rediffmail.com
www.sciencedirect.com/science/journal/00404020
http://www.elsevier.com/locate/tet
www.sciencedirect.com/science/journal/00404020
http://www.elsevier.com/locate/tet


R1 SCH3

O S
Ph Br

O

R1 SCH3

O S
O

Ph
AcOH

S SCH3

O
R1Ph

K2CO3
Acetone

120 °C

2a: R1=4-CH3C6H4 (94%)1a-c

2b: R1=C6H5 (95%)

2c: R1=4-CH3OC6H4 (97%)

4a: R1=4-CH3C6H4 (91%)

4b: R1=C6H5 (90%)

4c: R1=4-CH3OC6H4 (85%)

Scheme 2. Synthesis of aryl[2-(methylsulfanyl)-4-phenyl-3-thienyl]methanones 4.
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cheme 4. Synthesis of [3-aryl-5-(methylsulfanyl)-2-thienyl](phenyl)methanones
a–e and 1-[3-aryl-5-(methylsulfanyl)-2-thienyl]-1-ethanones 6f–h.
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heating a solution of 2a in dichloromethane, it underwent ther-
mally induced cyclization affording (4-methylphenyl)[2-(methyl-
sulfanyl)-4-phenyl-3-thienyl]methanone 4a. The reaction was
applicable to other aryl 3-oxopropanedithioates 1a–c. In order to
improve the yield of the reaction the intermediate ketene
dithioacetals 2a–c were collected by filtration and a solution of 2 in
acetic acid was heated at 120 �C. As expected 2a–c were exclusively
transformed into aryl[2-(methylsulfanyl)-4-phenyl-3-thienyl]me-
thanones 4a–c (Scheme 2). However, these thermal cyclizations are
limited to 3-oxopropanedithioates, having no substituents at the a-
carbon atom.

The mechanism of the reaction is explained by a thermally
induced intramolecular cyclization of the intermediate ketene
dithioacetal 2. Due to the presence of vinylic alkylsulfanyl groups,
the a-carbon atom of a ketene dithioacetal can act as a nucleophile
under suitable reaction conditions. In an earlier report, we have
described such a reactivity of aroyl ketene dithioacetals under
Vilsmeier–Haack reaction conditions to afford 2-aroyl-3,3-bis(al-
kylsulfanyl)acrylaldehydes.26 The addition of ketene dithioacetal
moiety to the benzoyl group under thermal condition followed by
the elimination of a water molecule from the intermediate 5 results
in the formation of functionalized thiophenes 4 (Scheme 3).
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Scheme 5. Synthesis of aryl[2-amino-4-phenyl-3-thienyl]methanones 9a–c and [5-
amino-3-phenyl-2-thienyl](phenyl)methanone 10a.
propen-1-ones 2.

Next, the intermediate ketene dithioacetal 2, with an intention
to cyclize them via an intramolecular aldol type reaction, yielding
aryl[5-(methylsulfanyl)-3-phenyl-2-thienyl] methanones 6, was
treated with sodium hydroxide in ethanol for 48 h. The reactions of
b-oxodithiocarboxylates with a-haloketones like phenacyl bromide
or bromo acetone in the presence of sodium hydroxide in ethanol
also resulted in alkylation followed by intramolecular aldol type
reaction to afford aryl[5-(methylsulfanyl)-3-phenyl-2-thienyl]
methanones 6a–e (Scheme 4).

As a continuation to these studies, 3-morpholino-1-phenyl-3-
thioxo-1-propanone 7a, which was synthesized by refluxing
methyl 3-oxo-3-phenylpropanedithioate 1a with morpholine,27

was alkylated with 2-bromo-1-(4-nitrophenyl)-1-ethanone in the
presence of potassium carbonate in acetone at room temperature.
The reaction was complete within an hour yielding a product
mixture. The intermediate ketene-N,S-acetal being heat sensitive
could not be separated from the reaction mixture by column
chromatography. Considering the thermally induced cyclization
reaction to afford functionalized thiophenes 5, we decided to
conduct the alkylation reaction in the presence of potassium
carbonate in acetone at 60 �C. The reaction was complete
S
6

within 30 min to afford [2-morpholino-4-(4-nitrophenyl)-3-thie-
nyl](phenyl) methanone 9a in 55% yield. The reaction was
applicable to differently substituted 3-oxopropanethioamides
(Scheme 5). However, the intermediate 8d underwent an aldol type
intramolecular cyclization reaction to afford ethyl 3-phenyl-5-
piperidino-2-thiophene carboxylate 10a in 60% yield. Their de-
rivatives are used as P38 MAP kinase inhibitors in the treatment of
inflammatory diseases.28
PhN

OS
EtO

O
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O

In conclusion, we have demonstrated the alkylation of 3-oxo-
propanedithiocarboxylates and 3-oxopropanethioamides as an
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effective tool for the construction of differently substituted
thiophenes.
3. Experimental procedure

3.1. General

Melting points were uncorrected and were obtained on a Buchi-
530 melting point apparatus. Infrared spectra were recorded with
a Shimadzu IR 470 spectrometer and are given as cm�1. 1H NMR
spectra were recorded in CDCl3 on a Jeol GSX 400 (400 MHz) or
a Bruker WM 300 (300 MHz) or Bruker WM 200 (200 MHz) spec-
trometer using TMS as internal standard and CDCl3 as solvent.
Coupling constants J are given in hertz. 13C NMR spectra were
recorded on a GSX 400 (100.00 MHz) or Brucker WM 300
(75.47 MHz) or Bruker WM 200 (22.64 MHz) spectrometer using
CDCl3 as solvent. Electron impact mass spectra (EIMS) were
obtained on a Finnigen-Mat 312 instrument or a Schimadzu model
GC–MS 5050 instrument. CHN analyses were done on an Elementar
Vario EL III Carlo Erba 1108 instrument. All reagents were com-
mercially available and were purified before use.
3.2. General procedure for the synthesis of 1-aryl-3-
(methylsulfanyl)-3-{[oxo(phenyl)ethyl]sulfanyl}-2-
propen-1-ones (2)

To a suspension of potassium carbonate (1.05 g, 5 mmol) in
acetone (15 mL), 3-oxo-3-arylpropanedithiocarboxylate 1 (5 mmol)
was added and the mixture was stirred for 5 min. To this reaction
mixture, phenacyl bromide (0.96 g, 5 mmol) was added and further
stirred at room temperature for 30 min. It was poured into ice-cold
water; the solid separated was filtered and recrystallized from
chloroform.

3.2.1. 1-(4-Methylphenyl)-3-(methylsulfanyl)-3-
{[oxo(phenyl)ethyl]sulfanyl}-2-propen-1-one (2a)

Yield: 94%, white crystalline solid, mp: 110–112 �C. Anal. Calcd
for C19H18O2S2: C, 66.63; H, 5.30. Found: C, 66.82; H, 5.32. IR (cm�1)
nmax 1690, 1610, 1490, 1240, 756; 1H NMR (300 MHz, CDCl3) d 2.40
(s, 3H, CH3), 2.55 (s, 3H, SCH3), 4.40 (s, 2H, CH2), 7.05 (s, 1H, vinylic),
7.12–7.32 (m, 2H, ArH), 7.45–7.58 (m, 2H, ArH), 7.60–7.72 (m, 1H,
ArH), 7.8 (d, 2H, J¼8 Hz, ArH), 8.00 (d, 2H, J¼8 Hz, ArH); MS (EI):
m/z (%) 324 (Mþ�18, 36), 323 (40), 309 (5), 295 (47), 119 (80), 105
(100), 91 (72), 77 (94).

3.2.2. 3-(Methylsulfanyl)-3-{[oxo(phenyl)ethyl]sulfanyl}-1-phenyl-
2-propen-1-one (2b)

Yield: 95%, white crystalline solid, mp: 108–110 �C. Anal. Calcd
for C18H16O2S2: C, 65.82; H, 4.91. Found: C, 65.61; H, 4.94. IR (cm�1)
nmax 1680, 1620, 1610, 1485, 1230, 1200, 750; 1H NMR (200 MHz,
CDCl3) d 2.53 (s, 3H, SCH3), 4.44 (s, 2H, CH2), 7.03 (s, 1H, vinylic),
7.30–7.72 (m, 6H, ArH), 7.87 (d, 2H, J¼8 Hz, ArH), 7.99 (d, 2H,
J¼8 Hz, ArH); 13C NMR (22.64 MHz, CDCl3) d 15.4, 39.0, 111.2, 127.8,
128.5, 128.8, 129.0, 133.7, 138.9, 162.9, 185.8, 193.1; MS (EI): m/z (%)
310 (Mþ�18, 100), 233 (35), 77 (17).

3.2.3. 1-(4-Methoxyphenyl)-3-(methylsulfanyl)-3-{[oxo-
(phenyl)ethyl]sulfanyl}-2-propen-1-one (2c)

Yield: 97%, white crystalline solid, mp: 101–102 �C. Anal. Calcd
for C19H18O3S2: C, 63.66; H, 5.06. Found: C, 63.85; H, 5.09. IR (cm�1)
nmax 1680, 1600, 1470, 1230, 790; 1H NMR (300 MHz, CDCl3) d 2.54
(s, 3H, SCH3), 3.87 (s, 3H, OCH3), 4.48 (s, 2H, CH2), 6.64–7.26 (m, 6H,
vinylic and ArH), 7.48–7.58 (m, 2H, ArH), 7.85–7.90 (m, 1H, ArH),
7.98–7.99 (m, 1H, ArH); MS (EI): m/z (%) 340 (Mþ�18, 13), 339 (16),
311 (10), 135 (45), 105 (46), 77 (56).
3.3. General procedure for the synthesis of (aryl)[2-
(methylsulfanyl)-4-phenyl-3-thienyl] methanones (4)

The appropriate 1-aryl-3-(methylsulfanyl)-3-{[oxo(phenyl)-
ethyl]sulfanyl}-2-propen-1-ones 3a–c (5 mmol) were taken in
20 mL glacial acetic acid and refluxed at 120 �C for 2 h. The reaction
mixture was cooled, poured into ice-cold water and extracted using
dichloromethane. The organic layer was dried over anhydrous
sodium sulfate and the solvent was removed under vacuum. The
residue was passed through a silica gel column using hexane and
ethylacetate (20:1) as eluent. The solid products obtained were
recrystallized from methanol.

3.3.1. (4-Methylphenyl)[2-(methylsulfanyl)-4-phenyl-3-
thienyl]methanone (4a)

Yield: 91%, yellow crystalline solid, mp: 163–164 �C. Anal. Calcd
for C19H16O2S: C, 70.33; H, 4.97. Found: C, 70.60; H, 4.99. IR (cm�1)
nmax 1620, 1490, 1440, 1390, 990; 1H NMR (200 MHz, CDCl3) d 2.25
(s, 3H, CH3), 2.65 (s, 3H, SCH3), 6.8–7.7 (m, 10H, C-5 and ArH); 13C
NMR (22.64 MHz, CDCl3) d 18.7, 20.1, 126.7, 128.1, 128.5, 128.8, 131.1,
131.8, 135.4, 136.7, 137.1, 145.3, 146.7, 187.6; MS (EI): m/z (%) 324
(Mþ, 13), 248 (7.4), 227 (100), 212 (97.5), 173 (13.4), 136 (15.9).

3.3.2. [2-(Methylsulfanyl)-4-phenyl-3-thienyl](phenyl)
methanone (4b)

Yield: 90%, yellow crystalline solid, mp: 77–78 �C. Anal. Calcd for
C18H14OS2: C, 69.64; H, 4.55. Found: C, 69.89; H, 4.56. IR (cm�1) nmax

1620, 1520, 1400, 1285, 715; 1H NMR (300 MHz, CDCl3) d 2.63 (s, 3H,
SCH3), 7.03 (s, 1H, C-5), 7.11–7.15 (m, 5H, ArH), 7.25–7.29 (m, 2H,
ArH), 7.53–7.56 (m, 3H, ArH); 13C NMR (22.64 MHz, CDCl3) d 18.9,
127, 127.3, 127.8, 128.5, 128.8, 131.27, 134.6, 136.9, 145.7, 146.9, 188.2;
MS (EI): m/z (%) 310 (Mþ, 100), 234 (14.2), 233 (28.5), 158 (17.6), 105
(38.8).

3.3.3. (4-Methoxyphenyl)[2-(methylsulfanyl)-4-phenyl-3-
thienyl]methanone (4c)

Yield: 85%, yellow crystalline solid, mp: 80–82 �C. Anal. Calcd for
C19H16O2S2: C, 67.03; H, 4.74. Found: C, 67.31; H, 4.76. IR (cm�1) nmax

2916, 2843.07, 1608.45, 1498.94, 1395.6, 1280.14, 1243.56, 1170.63,
1036.88, 866.54, 824.02; 1H NMR (300 MHz, CDCl3) d 2.54 (s, 3H,
SCH3), 3.72 (s, 3H, OCH3), 6.55 (d, 2H, J¼9 Hz, ArH), 6.91 (t, 1H, C-5),
7.00 (d, 2H, J¼8 Hz, ArH), 7.07 (t, 2H, J¼8 Hz, ArH), 7.33 (t, 1H,
J¼9 Hz, ArH), 7.47 (d, 2H, J¼9 Hz, ArH); 13C NMR (22.64 MHz, CDCl3)
d 19.2, 54.8, 113.2, 127.5, 129.2, 130.2, 131.6, 131.8, 135.5, 137.5, 145.8,
146.9, 159.0, 163.2, 188.4; MS (EI): m/z (%) 340 (Mþ, 66), 263 (23),
216 (12), 173 (8), 145 (11), 105 (58), 77 (100).

3.4. General procedure for the synthesis of [3-aryl-5-
(methylsulfanyl)-2-thienyl](phenyl)methanones (6a–e) and
1-[3-aryl-5-(methylsulfanyl)-2-thienyl]-1-ethanones (6f–h)

To a well stirred suspension of sodium hydroxide (0.8 g,
20 mmol) in ethanol (15 mL), the dithiocarboxylate 1 (5 mmol) was
added and stirred for 15 min. To this mixture, appropriate a-halo-
ketone (5 mmol) was added and was stirred at room temperature
for 48 h. It was then poured into ice-cold water (50 mL) and the
precipitated solid was filtered, dissolved in chloroform (25 mL),
dried over anhydrous sodium sulfate and concentrated to get the
crude product. The functionalized thiophenes thus obtained were
purified by recrystallization from hexane–ethylacetate (5:1).

3.4.1. [3-(4-Chlorophenyl)-5-(methylsulfanyl)-2-
thienyl](phenyl)methanone (6a)

Yield: 67%, yellow crystalline solid, mp: 82–83 �C. Anal. Calcd for
C18H13ClOS2: C, 62.69; H, 3.80; Cl, 10.28. Found: C, 62.88; H, 3.83; Cl,
10.31. IR (cm�1) nmax 2887, 2356, 1713, 1613, 1545, 1476, 1383, 1264,
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1076, 946 cm�1; 1H NMR (300 MHz, CDCl3) d¼2.62 (s, 3H, SCH3),
6.96 (s, 1H, H-4), 7.07–7.14 (m, 5H, ArH), 7.29 (d, 2H, J¼9 Hz, ArH),
7.55 (d, 2H, J¼9 Hz, ArH); 13C NMR (75.46 MHz, CDCl3) d¼19.6,
104.8, 127.9, 128.2, 129.5, 129.6, 130.4, 132.2, 133.86, 133.9, 136.7,
137.7, 137.7, 146.1, 146.6, 188.3; MS (EI): m/z (%) 346 (Mþþ2, 21), 344
(Mþ, 48), 267 (22), 232 (10), 105 (50), 77 (100).

3.4.2. [5-(Methylsulfanyl)-3-phenyl-2-thienyl](phenyl)-
methanone (6b)

Yield: 71%, yellow crystalline solid, mp: 89–90 �C. Anal. Calcd for
C18H14OS2: C, 69.64; H, 4.55. Found: C, 69.91; H, 4.52. IR (cm�1) nmax

1620, 1563, 1526, 1395, 1264, 1170, 1095, 1064, 1015 cm�1; 1H NMR
(300 MHz, CDCl3) d 2.64 (s, 3H, SCH3), 7.03 (s, 1H, H-4), 7.11–7.14 (m,
6H, ArH), 7.27(br s, 2H, ArH), 7.54 (d, 2H, J¼8 Hz, ArH); 13C NMR
(75.46 MHz, CDCl3) d 19.7, 127.5, 127.7, 127.8, 128.0, 129.2, 129.6,
131.9, 135.42, 136.8, 137.7, 146.2, 147.4, 188.7; MS (EI): m/z (%) 310
(Mþ, 90), 263 (12), 233 (40), 190 (13), 158 (24), 146 (19), 114 (18), 105
(59), 77 (100).

3.4.3. [3-(Methylsulfanyl)-4,5-dihydronaphtho[1,2-c]thiophen-1-
yl](phenyl)methanone (6c)

Yield: 62%, yellow crystalline solid, mp: 78–79 �C. Anal. Calcd for
C20H16OS2: C, 71.39; H, 4.79. Found: C, 71.65; H 4.81. IR (cm�1) nmax

2916, 1641, 1593, 1423 cm�1; 1H NMR (300 MHz, CDCl3) d 2.53 (s,
3H, SCH3), 2.8 (t, 2H, J¼7.2 Hz, CH2), 2.92 (t, 2H, J¼7.2 Hz, CH2),
6.86–7.80 (m, 9H, ArH); 13C NMR (100.40 MHz, CDCl3) d 19.96,
24.41, 30.16, 96.19, 105.49, 127.98, 128.12, 128.22, 129.99, 137.64,
141.67, 189.23; MS (EI): m/z (%) 336 (Mþ, 55), 259 (29), 216 (20), 105
(60), 77 (100).

3.4.4. [3-(Methylsulfanyl)-4,5,6,7-tetrahydro-2-benzothiophen-1-
yl](phenyl)methanone (6d)

Yield: 78%, yellow crystalline solid, mp: 69–70 �C. Anal. Calcd for
C16H16OS2: C, 66.63; H, 5.59. Found: C, 66.68; H 5.60. IR (cm�1) nmax

1620, 1565, 1505, 1405, 1380, 1320 cm�1; 1H NMR (400 MHz, CDCl3)
d 1.7–1.85 (m, 4H, CH2), 2.55 (s, 3H, SCH3), 2.60 (t, 2H, J¼7 Hz, CH2),
3.0 (t, 2H, J¼7 Hz, CH2), 7.45 (t, 2H, J¼8 Hz, ArH), 7.54 (t, 1H, J¼8 Hz,
ArH), 7.77 (d, 2H, J¼8 Hz, ArH); 13C NMR (100.40 MHz, CDCl3)
d 18.56, 22.35, 22.67, 25.30, 28.23, 128.17, 128.49, 131.51, 132.36,
138.82, 140.66, 142.22, 148.33, 187.99; MS (EI): m/z (%) 288 (Mþ,
100), 240 (39), 211 (8), 106 (51), 77 (47).

3.4.5. [3-Methyl-5-(methylsulfanyl)-2-thienyl](phenyl)-
methanone (6e)

Yield: 76%, dark brown oil. Anal. Calcd for C13H12OS2: C, 62.87; H,
4.87. Found: C, 62.94; H 4.89. IR (cm�1) nmax 1620, 1570, 1515, 1440,
1395, 1330, 1310, 1270, 1180, 1140, 1080, 1020 cm�1; 1H NMR
(300 MHz, CDCl3) d 2.41 (s, 3H, CH3), 2.55 (s, 3H, SCH3), 6.83 (s,1H, H-
4), 7.46 (t, 2H, J¼8 Hz, ArH), 7.54 (t, 1H, J¼8 Hz, ArH), 7.78 (d, 2H,
J¼8 Hz, ArH); 13C NMR (100.40 MHz, CDCl3) d 16.83, 19.23, 128.12,
128.49,128.70,131.75,134.22,139.95,146.64,146.70,188.20; MS (EI):
m/z (%) 248 (Mþ, 100), 200 (43), 171 (39), 128 (6), 105 (27), 77 (42).

3.4.6. 1-[5-(Methylsulfanyl)-3-phenyl-2-thienyl]-1-ethanone (6f)
Yield: 79%, yellow crystalline solid, mp: 86–87 �C. Anal. Calcd for

C13H12OS2: C, 62.87; H, 4.87. Found: C, 62.93; H, 4.90. IR (cm�1) nmax

1630, 1540, 1400, 1270 cm�1; 1H NMR (300 MHz, CDCl3) d 1.99 (s,
3H, CH3), 2.56 (s, 3H, SCH3), 6.79 (s, 1H, H-4), 7.31 (m, 5H, ArH); 13C
NMR (75.46 MHz, CDCl3) d 19.08, 29.11, 128.70, 129.90, 130.02,
130.37, 134.59, 134.67, 138.65, 146.07, 147.72, 190.33; MS (EI): m/z
(%) 248 (Mþ, 80), 233 (100), 218 (5), 190 (14), 158 (20).

3.4.7. 1-[3-(4-Chlorophenyl)-5-(methylsulfanyl)-2-thienyl]-1-
ethanone (6g)

Yield: 70%, yellow crystalline solid, mp: 70–72 �C. Anal. Calcd for
C13H11ClOS2: C, 55.21; H, 3.92, Cl, 12.54. Found: C, 55.32; H 3.94; Cl,
12.59. IR (cm�1) nmax 1620, 1520, 1480, 1360, 1260, 1080 cm�1; 1H
NMR (300 MHz, CDCl3) d 2.1 (s, 3H, CH3), 2.6 (s, 3H, SCH3), 6.81 (s,
1H, H-4), 7.29 (d, 2H, J¼9 Hz, ArH), 7.42 (d, 2H, J¼9 Hz, ArH); 13C
NMR (100.40 MHz, CDCl3) d 18.96, 29.00, 128.57, 129.74, 130.26,
134.47, 138.49, 145.95, 147.60, 190.16; MS (EI): m/z (%) 286 (Mþþ2,
29), 284 (Mþ, 74), 269 (100), 234 (32.1), 182 (7.6), 146 (8.6).

3.4.8. [3-(Methylsulfanyl)-4,5,6,7-tetrahydro-2-benzothiophen-1-
yl]-1-ethanone (6h)

Yield: 84%, yellow crystalline solid, mp: 74–76 �C. Anal. Calcd for
C11H14OS2: C, 58.37; H, 6.23. Found: C, 58.40; H 6.22. IR (cm�1); nmax

1640, 1510, 1410, 1380, 1350, 1315, 1260, 1160, 1140, 980 cm�1; 1H
NMR (300 MHz, CDCl3) d 1.74–1.80 (m, 4H, CH2), 2.46 (s, 3H, CH3),
2.55 (s, 3H, SCH3), 2.56 (br s, 2H, CH2), 3.0 (br s, 2H, CH2); 13C NMR
(100.40 MHz, CDCl3) d 18.6, 22.35, 22.72, 25.55, 28.07, 29.43, 134.37,
139.19, 140.07, 146.43, 189.35; MS (EI): m/z (%) 226 (Mþ, 14), 225
(94), 210 (100), 182 (15), 167 (12).

3.5. General procedure for the synthesis of 4-aryl-2-
dialkylamino-3-thienyl(phenyl) methanone 9 and ethyl
3-phenyl-5-piperidino-2-thiophene carboxylate 10

The appropriate b-oxothioamides 7 (2 mmol), prepared by
refluxing phenyl 3-oxopropanedithioate with secondary amines,8

were stirred with anhydrous potassium carbonate (3 g, 20 mmol) in
dry acetone (30 mL) at reflux temperature for 10 min. The reaction
mixture was cooled and a-haloketone (2 mmol) was added; then
refluxed for 30 min. In order to remove potassium carbonate, the
reaction mixture was filtered through a small column and the fil-
trate was evaporated to get the crude product, which was further
purified by column chromatography using hexane–ethylacetate
(9:1) as the eluent.

3.5.1. [2-Morpholino-4-(4-nitrophenyl)-3-thienyl](phenyl)
methanone (9a)

Yield: 55%, yellow crystalline solid, mp: 170–172 �C. Anal. Calcd
for C21H18N2O4S: C, 63.94; H, 4.60; N, 7.10. Found: C, 64.11; H, 4.62;
N, 7.15. IR (cm�1) nmax 1640, 1510, 1449, 1410, 1372, 1341, 1264, 1201,
1142, 1109, 1027, 986, 937, 901, 852, 738; 1H (300 MHz, CDCl3) d 2.99
(t, 4H, J¼6 Hz, NCH2), 3.45 (t, 4H, J¼5 Hz, OCH2), 6.93 (s, 1H, C-5),
7.35–7.44 (m, 4H, ArH), 7.5–7.58 (t, 1H, J¼8 Hz, ArH), 7.82 (d, 2H,
ArH), 8.07 (d, 2H, J¼8 Hz, ArH); 13C NMR (75 MHz, CDCl3) d 54.6,
66.6, 94.2, 105, 116, 126.5, 128.2, 1287, 129, 133.7, 138.3, 140.3, 147.1,
162, 193; MS (EI): m/z (%) 394 (Mþ, 7), 364 (8), 149 (12), 105 (21), 91
(32), 71 (61), 57 (100).

3.5.2. [2-Morpholino-4-phenyl-3-thienyl](phenyl) methanone (9b)
Yield: 60%, yellow crystalline solid, mp: 128–130 �C. Anal. Calcd

for C21H19NO2S: C, 72.18; H, 5.48; N, 4.01. Found: C, 72.31; H, 5.51;
N, 4.02. IR (cm�1) nmax 1590, 1466, 1368, 1299, 1115, 915, 872, 755,
631; 1H NMR (300 MHz, CDCl3) d 3.32 (t, 4H, J¼6 Hz, NCH2), 3.85 (t,
4H, J¼5 Hz, OCH2), 6.16 (s, 1H, C-5), 6.95–7.19 (m, 8H, ArH), 7.39 (d,
2H, J¼8 Hz, ArH); 13C NMR (75 MHz, CDCl3) d 49.8, 66.3, 108.8,
123.5, 127.7, 127.9, 128.1, 129.5, 129.4, 131.4, 136.9, 139.6, 150.3,
164.2, 189.0; MS (EI): m/z (%) 349 (Mþ, 100), 348 (41), 290 (17), 272
(15), 77 (12).

3.5.3. Phenyl(4-phenyl-2-piperidino-3-thienyl) methanone (9c)
Yield: 67%, yellow crystalline solid, mp: 108–110 �C. Anal. Calcd

for C22H21NOS: C, 76.04; H, 6.09; N, 4.03. Found: C, 76.29; H, 6.12; N,
4.05. IR (cm�1) nmax 1657, 1595, 1528, 1498, 1446, 1384, 1263, 1199,
1168, 1116, 1070, 1025, 980, 922, 850; 1H (300 MHz, CDCl3) d 1.23–
1.37 (m, 6H, CH2), 3.2 (t, 4H, J¼5.5 Hz, NCH2), 6.75 (s, 1H, C-5), 7.18–
7.39 (m, 5H, ArH), 7.36 (t, 2H, J¼8 Hz, ArH), 7.48 (t, 1H, J¼8 Hz, ArH),
7.86 (d, 2H, J¼8 Hz, ArH); 13C NMR (75 MHz, CDCl3) d 14.5, 21.5, 56,
113, 125.7, 127.4, 128.2, 128.4, 128.5, 128.7, 129.9, 130.2, 133.0, 137.0,
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138.4, 142.0, 162.9, 194.5; MS (EI): m/z (%) 347 (Mþ, 36), 330 (41),
187 (16), 134 (14), 115 (31), 105 (49), 91 (25), 77 (100).

3.5.4. Ethyl 3-phenyl-5-piperidino-2-thiophene carboxylate (10a)
Yield: 60%, yellow crystalline solid, mp: 132–134 �C. Anal. Calcd

for C18H21NO2S: C, 68.54; H, 6.71; N, 4.44. Found: C, 68.81; H, 6.75;
N, 4.42. IR (cm�1) nmax 1654, 1466, 1380, 1288, 1121, 900, 851, 806,
755, 632; 1H NMR (300 MHz, CDCl3) d 1.1 (t, 3H, J¼7 Hz, CH3), 1.42–
1.58 (m, 6H, CH2), 3.2 (t, 4H, J¼5.5 Hz, NCH2), 4.2 (q, 2H, J¼7 Hz,
OCH2), 5.99 (s, 1H, C-5), 7.3–7.5 (m, 5H, ArH); 13C NMR (75 MHz,
CDCl3) d 14.68, 23.99, 25.34, 51.1, 60.4, 108.2, 110, 127.9, 128, 129.4,
137, 150.8, 162.7, 162.9; MS (EI): m/z (%) 315 (Mþ, 58), 287 (13), 270
(14), 243 (100), 128 (22), 115 (51), 81 (9), 69 (61).
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