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STUDIES ON THE ALKYLATION OF $-0XO
THIOAMIDES WITH «-BROMOKETONES:
SELECTIVE CYCLIZATION OF THE
INTERMEDIATE a-OXO KETENE-N,S-ACETALS
TO THIOPHENE DERIVATIVES

S. SUMA, N. K. USHAKUMARI and C. V. ASOKAN"

School of Chemical Sciences, Mahatma Gandhi University, Priyadarshini Hills,
Kottayam-686 560, Kerala, India

(Received 29 July 1997; In final form 26 August 1997)

The addition of enolate anions obtained from substituted aryl methyl ketones in the presence of
NaH and DMF to phenyl isothiocyanate on subsequent alkylation with phenacyl bromide or a-
bromo propiophenone underwent intramolecular cyclization involving the ketene-N,S-acetal moiety
and carbonyl group to afford 2-phenylamino-3-aroyli-4-phenyl-5-methyl/unsubstituted thiophenes.
Reaction of enolates derived from acetyl acetone and ethyl acetoacetate under similar conditions
underwent intramolecular aldol condensation resulting in the formation of substituted thiophenes.

Keywords: Thiophenes; a-Oxo ketene-N,S-acetals; B-Oxo thioamides; Intramolecular cyclization;
Isothiocyanates; Thiazoles

INTRODUCTION

The addition of enolates derived from active methylene ketones on aryl or alkyl
isothiocyanates afford thiolate anions which on protonation give 8-oxo thioam-
ides.!" The intermediate thiolate anions on alkylation lead to the formation of
a-oxo ketene-N S-acetals.”?! Functionalized ketene-N,S-acetals are versatile in-
termediates in organic synthesis.””’ Adducts obtained by the reaction of suitably
functionalized substrates to isothiocyanates can undergo subsequent intramolec-
ular cyclization to give sulfur containing heterocyclic systems.'*! Alternatively
alkylation of the intermediate thiolate anion with 1,2-bielectrophiles such as
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a-halo carbonyl compounds or nitriles also lead to the formation of heterocycles
usually derivatives of thiophenes or thiazoles.””) Junjappa et.al. have reported
the reaction of B-oxo thioamides with propargyl bromide.!*! The 8-oxo thicam-
ide, having a secondary amino substituent on alkylation with propargyl bromide
afford thiazole derivatives, while similar reaction of tertiary amino substituted
thioamides gave functionalized thiophenes. Formation of thiazole involve intra-
molecular addition of the nitrogen on to the allene obtained by the rearrangement
of the propargyl group whereas the formation of thiophene involve an intramo-
lecular addition of the enamine moiety to the allene (Scheme 1 & Scheme 2).
In continuation with our studies on the synthetic applications of $-oxo thioam-
ides and a-oxo ketene-N,S-acetals we have examined the reaction of enolates
derived from active methylene ketones with phenyl isothiocyanate followed by
alkylation with phenacyl bromide in order to understand which mode of cycli-
zation would be preferred.
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RESULTS AND DISCUSSION

There are some reports in the literature on the addition of enolates derived from
active methylene ketones to aryl or alkyl isothiocyanates followed by alkylation
with a-haloketones.”™ Two modes of cyclizations are usually observed. Depro-
tonation of the methylene group adjacent to the sulfur of the intermediate aryl
ketene-N,S-acetal followed by the intramolecular aldol type condensation of the
resultant enolate ion 7 leads to the formation of the functionalized thiophene 8
(Scheme 3). Alternatively when the intermediate ketene-N,S-acetal have a sec-
ondary amino substituent, intramolecular cyclization involving nucleophilic at-
tack of nitrogen to the carbonyl group f3- to the sulfur may lead to the formation
of the thiazole derivative 10 as well (Scheme 4). When the a-position of the
ketene-N,S-acetal moiety is not substituted, a third mode of cyclization is also
possible. This involves the attack of the enamine functionality to the carbonyl
group fS-to the sulfur atom to form thiophenes 12 (Scheme 5). The examples
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reported in the literature!>**<7) follow either the first or the second mode of
cyclization. The reaction of substituted acetophenones with phenyl isothiocyanate
in the presence of NaH as the base followed by alkylation with phenacyl bromide
lead to the formation of the intermediate ketene-N,S-acetal 14 (Scheme 6)
which in principle can undergo cyclization through any one of the three modes
of intramolecular nucleophilic addition to the carbonyl group mentioned above.
Our results show that at least in the case of ketene-N,S-acetals 14 cyclization
involving the addition of the enamine through the a-carbon to the carbonyl
group is the preferred pathway. Thus when acetophenone was allowed to react
with one equivalent of phenyl isothiocyanate in DMF in the presence of sodium
hydride followed by alkylation with phenacyl bromide, the only product that
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could be obtained in pure form by column chromatography was 3-benzoyl-2-
phenylamino-4-phenyl thiophene 15a. The structure of the thiophene 15a was
confirmed with the help of spectral and analytical data. Other substituted aceto-
phenones 13b—d also exhibited the same pattern of reactivity and functionalized
thiophenes 15b—d were obtained in moderate to good yields. Presence of NH
proton in the NMR spectra of the products rules out the direct involvement of
nitrogen in cyclization and the formation of thiazole derivatives. Mass spectra
of compounds 15a-d show peaks corresponding to (Ar-CO) * which suggests
that the carbonyl group a-to the ketene-N,S-acetal moiety is also not involved
in the cyclization. Obviously the delocalization of the negative charge on the
nitrogen atom should make this carbonyl carbon much less electrophilic.

We have further examined the alkylation of the intermediate thiolate anion,
obtained by the addition of substituted acetophenone on phenyl isothiocyanate,
by 2-bromopropiophenone. Thus the reaction of p-chloroacetophenone with
phenyl isothiocyanate in the presence of sodium hydride in DMF followed by
alkylation with 1-phenyl-2-bromopropanone gave 3-p-chlorobenzoyl-S-methyl-
2-phenylamino-4-phenyl thiophene 17, in 43% yield (Scheme 7). The structure
of 17 was confirmed with the help of spectral and analytical data (experimental).
This provide further evidence for the confirmation of the structures of 15a—d as
well.

However, the intermediate thiolate anion, obtained by the addition of acetyl
thiophene to phenyl isothiocyanate, on alkylation with phenacyl bromide gave the
thiazole derivative 19 in 80% yield under similar reaction condition (Scheme 8).
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Finally we have examined the reactions of acetyl acetone and ethyl acetoace-
tate under similar conditions. Here, since the a-position of the intermediate
ketene-N,S-acetal is substituted, cyclization involving the enamine functionality
is not possible. The products that we have isolated were identified to be the
thiophenes 21a and 21b (Scheme 9). This suggests that under our reaction con-
ditions, the enolate anion derived from the phenacyl moiety undergo intra-
molecular addition to the carbonyl group of the acyl group. However in a recent
report!’*®) Mohareb and co-workers have reported the formation of thiazole de-
rivatives on the reaction of 1,3-dicarbonyl compounds such as ethyl acetoacetate,
acetyl acetone and ethyl cyanoacetate with phenyl isothiocyanate in the presence
of base followed by alkylation with a-haloketones. Alkylation of the thioamides,
obtained by the addition of the appropriate enaminoketones to phenyl isothio-
cyanate, by phenacyl bromide and subsequent cyclization is known to afford
thiophenes 21.1+"!

CONCLUSIONS

The a-oxo ketene-N,S-acetals, given by the alkylation of the adducts formed
from substituted acetophenones and phenyl isothiocyanate, with a-haloketones
such as phenacyl bromide or 2-bromopropiophenone preferably undergo intra-
molecular cyclization involving the addition of the enamine functionality to the
carbonyl group. It is interesting to note that cyclization involving a new carbon
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carbon bond formation is preferred to the direct intramolecular addition of the
nitrogen to the carbonyl group even if the amino substituent is secondary. When
the a-position of the intermediate ketene-N,S-acetal is substituted with an acyl
group intramolecular aldol type condensation is preferred to the direct addition
of the nitrogen to the carbonyl group, at least under our experimental conditions.
The reaction of active methylene ketones with aryl or alkyl isothiocyanate in
the presence of base, on subsequent treatment with 1,2-bielectrophiles often
provide a useful procedure for the synthesis of highly functionalized thiophenes.
Further studies to understand the role of substituents in determining the mode
of cyclization are in progress.

EXPERIMENTAL

Meiting points were taken on electrically heated block and were uncorrected.
The IR spectra were recorded on Shimadzu IR-470 Infrared spectrometer and
are reported in cm ™. '"H NMR spectra were recorded on an EM 390-90 MHz
NMR spectrometer in CDCl; solution with TMS as the internal standard. The
Mass Spectra were recorded on a Finnigen-Mat 312 model spectrometer. Com-
mercial solvent dimethyl formamide (DMF) was distilled and dried before use.
Sodium hydride (50%) was obtained from Spectrochem, Bombay and was
washed with dry petroleum ether before use. Phenyl isothiocyanate!'® and phen-
acyl bromide!'") were prepared according to the reported methods. Substituted
acetophenones, ethyl acetoacetate and acetyl acetone were obtained from Sisco-
chem, Bombay.

3-Aroyl-2-phenylamino-4-phenylthiophenes (15) To an ice cooled and well
stirred suspension of sodium hydride (480mg, 10mmol, 50%) in dry DMF (20
mL), sustituted acetophenone 13 (Smmol) was added followed by phenyl iso-
thiocyanate (0.67g, Smmol) in Sml DMF. The mixture was stirred at 0-5°C for
six hours. Then phenacyl bromide (0.96g, 5Smmol) in 5Sml DMF was added
slowly over half an hour. The reaction mixture was stirred overnight at room
temperature and then poured over crushed ice (250g) and extracted with diethyl
ether (3 X 50mL). The organic layer was dried over anhydrous sodium sulfate
and was evaporated to give a brown viscous residue. The residue was column
chromatographed over silicagel (60-120 mesh) using hexane:ethyl acetate (20:
1) as eluent to give 15 which were recrystallized from hexane:chloroform mix-
ture (30:1).

3-Benzoyl-2-phenylamino-4-phenylthiophene (15a) was obtained from the
reaction of acetophenone with phenylisothiocyanate as an yellow crystalline
solid (1.24g, 70% yield) mp 118-119°C; IR (KBr, vcm ™ ') 3430 (broad), 1585,
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1595, 1570, 1540, 1255, 745, 735, 700; 'H NMR (CDCl,) & 6.00 (s, 1H), 6.55-
7.35 (m, 15H), 11.50 (s, 1H); EIMS (m/z) 355 (100%, M™), 322, 277, 262,
105, 77; Anal. Caled. for C,3H,-NOS (355.45) C, 77.72; H, 4.82; N, 3.94%
Found C, 77.80; H, 4.97; N, 3.85%.
2-Phenylamino-3-(4'-methylbenzoyl)-4-phenyl thiophene (15b) was ob-
tained from the reaction of p-methyl acetophenone with phenyl isothiocyanate
as an yellow crystalline solid (1.07g, 58% yield); m.p 130-31°C; IR (KBr, v
cm™') 3430(broad), 1600, 1560, 1540, 255, 760, 745, 735, 700; 'H NMR
(CDCl1,)é 2.1 (s, 3H), 6.1 (s, 1H), 6.5-7.4 (m, 14H), 11.2 (s, 1H); EIMS (m/z)
369 (M™), 336, 119, 262, 91, 77; Anal. Calcd. for C,,H,(NOS (369.12) C,
78.02; H, 5.19; N, 3.79% Found C, 78.14; H, 5.08; N, 3.70%.
2-Phenylamino-3-(4’-methoxybenzoyl)-4-phenyl thiophene (15¢) was ob-
tained from the reaction of p-methoxy acetophenone with phenyl isothiocyanate
as an yellow crystalline solid (1.05g, 55% yield); m.p 105-06°C; IR (KBr, v
cm™ ') 3450(broad), 1600, 1580, 1530, 1255, 745, 735, 700; '"H NMR (CDCl;)
8 3.50 (s, 3H), 6.15-7.50 (m, 15H), 11.2 (s, 1H); EIMS (m/z) 385 (M™) 355,
256, 223, 106, 112, 77, Anal. Calcd. for C,,H,NO,S (385.11) C, 74.78; H,
4.97; N, 3.64% Found C, 74.65; H, 4.86; N, 3.76%.
2-Phenylamino-3-(4'-chlorobenzoyl)-4-pheny! thiophene (15d) was ob-
tained from the reaction of p-chloro acetophenone with phenyl isothiocyanate
as an yellow crystalline solid (1.2g, 62% yield); m.p 145-46°C; IR (KBr, v
cm™') 3430(broad), 1580, 1529, 1490, 255, 755, 725, 695; 'H NMR (CDCl,)
8 6.30 (s, 1H), 69 — 7.5 (m, 14H), 11.2 (s, 1H); *C NMR § 106.3, 127.5,
129.6, 130.2, 1369, 138.3, 1304, 141.5, 162.2, 1914, EIMS (m/z) 390
M™ +1, 100%) 357, 139, 111, 77.; Anal. Calcd. for C,3H,;cCINOS (389.46) C,
70.94; H, 4.14; N, 3.60% Found C, 71.06; H, 4.03; N, 3.49%.
3-(4'-Chlorobenzoyl-5-methyl-4-phenyl-2-phenylaminothiophene (17) To
an ice cooled and well stirred suspension of sodium hydride (480mg, 10mmol,
50%) in dry DMF (20 mL), p-chloroacetophenone (0.77g, Smmol) was added
followed by phenyl isothiocyanate (0.67 g, Smmol) in Sml DMF. The mixture
was stirred at 0-5°C for six hours. Then the 2-bromopropiophenone (1.13g,
Smmol) in 5Sml DMF was added slowly over half an hour. The reaction mixture
was stirred overnight at room temperature and then poured over crushed ice
(250g) and extracted with diethyl ether (3 X 50ml.). The organic layer was
dried over anhydrous sodium sulfate and was evaporated to give a brown viscous
residue. The residue was column chromatographed over silicagel (60~120 mesh)
using hexane:ethyl acetate (20:1) as eluent to give the substituted thiophenes 17
which was recrystallized from hexane:chloroform mixture (30:1) to give an yel-
low crystalline solid (0.86g, 43%yield); m.p: 128-29°C; IR (KBr, vem ™ ') 1578
1540,(C-Cstr), 1275(C-Nstr) 780, 755, 735, 695(C-Hdef); '"H NMR (CDCl, §
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ppm) 2.24(s,3H) 6.90-7.60(m, 14H) 11.4(s, 1H); 13C NMR(8 ppm): 135.894,
130.255, 129.808, 128.435, 127.630, 123.662, 119.395. EIMS (m/z) 403 (M™*)
392, 372, 257, 216, 140, 106, 93, 77.; Anal. Calcd. for C,,H;3sCINOS (403.08)
C, 71.45; H, 4.50; N, 3.47% Found C, 71.33; H, 4.66; N, 3.34%.
3,4-Diphenyl-2-(2-thienoyl methylene)-2,3-dihydro-1,3-thiazole (19) To an
ice cooled and well stirred suspension of sodium hydride (480mg, 10mmol,
50%) in dry DMF (20 mL), acetylthiophene (0.63g, Smmol) was added followed
by phenyl isothiocyanate (0.67 g, Smmol) in 5Sml DMFE. The mixture was stirred
at 0-5°C for six hours. Then phenacyl bromide (0.96g, Smmol) in Sml DMF
was added slowly over half an hour. The reaction mixture was stirred overnight
at room temperature and then poured over crushed ice (250g) and extracted with
diethyl ether (3 X 50mL). The organic layer was dried over anhydrous sodium
sulfate and was evaporated to give a brown viscous residue. The residue was
column chromatographed over silicagel (60-120 mesh) using hexane:ethyl ac-
etate (20:1) as eluent to give the substituted thiazole 19 which was recrystallized
from hexane:chloroform mixture (30:1) as an yellow solid (1.4g, 80% yield);
m.p 128-29°C; IR (KBr, v cm™') 3430(broad), 1615, 1580, 1275, 755, 715,
695; 'H NMR (CDCl;) § 6.1 — 8.2 (m, 15H Aromatic and vinylic); '*C NMR
8 176.201, 164.774, 146.784, 141.175, 137.565, 130.076, 129.748, 129.151,
129.032, 128.823, 128.614, 128.286, 128.137, 127.928, 127.361, 126.675,
117.695, 106.745, 87.800; EIMS (m/z) 361 (M*) 328, 250, 215, 111(100%)
105, 77.; Anal. Calced. for C, H sNOS, (361.06) C, 69.97; H, 4.19; N, 3.88%
Found C, 70.11; H, 4.30; N, 3.74%.
5-Benzoyl-3-ethoxycarbonyl/acetyl-4-methyl-2-phenylaminothiophene
(21) To an ice cooled and well stirred suspension of sodium hydride (480mg,
10mmol, 50%) in dry DMF (20 mL), the ketone 20 (5Smmol) was added followed
by phenyl isothiocyanate (0.67 g, Smmol) in Sml DMF. The mixture was stirred
at 0-5°C for six hours. Then phenacyl bromide (0.96g, Smmol) in Sml DMF
was added slowly over half an hour. The reaction mixture was stirred overnight
at room temperature and then poured over crushed ice (250g) and extracted with
diethyl ether (3 X 50mL). The organic layer was dried over anhydrous sodium
sulfate and was evaporated to give a brown viscous residue. The residue was
column chromatographed over silicagel (60~120 mesh) using hexane:ethyl ac-
etate (20:1) as eluent to give the substituted thiophenes 21°°! which were re-
crystallized from hexane:chloroform mixture (30:1).
5-Benzoyl-3-ethoxycarbonyl-4-methyl-2-phenylaminothiophene (21a) was
obtained from the reaction of acetyl acetone with phenyl isothiocyanate as an
yellow crystalline solid (1.35g, 74% yield); m.p 169°C; IR (KBr, v cm™")
3430(broad), 1635, 1619, 1595, 1240; 'H NMR (CDCl,) & 1.45 (d,3HJ = 7Hz)
2.4(s,3H) 4.40(q,J] = 7Hz) 7.00-8.00(m,10H) 10.7(br-s 1H); '*C NMR § 4.3,
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17.9, 60.5, 120.1, 1245, 128.1, 128.3, 128.6, 129.6, 131.5; EIMS (m/z) 365
(M™) 318, 105(100%), 93, 77; Anal. Calcd. for C,,H,sNO,S (365.11) C, 69.02;
H, 5.24; N, 3.84% Found C, 69.16; H, 5.11; N, 3.69%.

5-Benzoyl-3-acetyl-4-methyl-2-phenylaminothiophene (21b) was obtained
from the reaction of ethyl acetoactate with phenyl isothiocyanate as an yellow
crystalline solid (1.17g, 70% yield); m.p 172°C; IR (KBr, vcm ™ ') 3430(broad),
1610, 1580, 1538, 490, 1260; 'H NMR (CDCl;) & 1.7(br-s, 3H), 2.6(s, 3H),
7.1-7.9(m, 10H), 12.15(br-s, [H); '*C NMR & 18.4, 31.4, 50.9, 120.6, 124.9,
127.9, 128.3, 128.5, 129.5, 131.6, 139.4, 144.9, 164.4.; EIMS (m/z): 335M™,
302, 291, 105, 77; Anal. Calced. for C,,H;NO,S (335.10) C, 71.62; H, 5.11; N,
4.18% Found C, 71.64; H, 4.97; N, 4.12%.
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