SYNTHESIS OF UNSATURATED KETONES
OF THE THIOPHENE SERIES
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A number of unsaturated ketones containing a thiophene ring were obtained by the crotonic
condensation of 2-thienyl-substituted carbonyl compounds with acetylenic ketones and alde-
hydes.

We have previously reported the synthesis of some thienyl ethynyl ketones by the oxidation of the cor-
responding secondary alcohols [1,2]. Continuing our investigations of the chemistry and biological activity
of unsaturated ketones of the thiophene series, we have synthesized previously unreported thienylenyl
ethynyl and thienyldi ¢ri)enyl ethynyl ketones of the thiophene series,

To obtain thienylenyl ethynyl ketones I-V we used the crotonic condensation of 2-formylthiophene
with methyl ethynyl ketones, The corresponding thienyldi- and thienyltrienyl ethynyl ketones (VI and VII)
(see Table 1) were obtained by the condensation of 2-thienylacrolein and 2-thienylpentadienal with 1-phenyl-
1-butyn-3-one.

| CH,COC=CR’ W
2”7 NcH=cm,cHo RS “CH=CH),,, COC=CR
U R=H, R'=CHj. n=0; Il R=H, R=CH;, n=0; Hl R=H, R'=CH;, n=0;

IV R~ Br, R'=CgH,, n=0; VR=NO,, R'= CgHg, n=0; VI R=H, R'= C;Hy n=1;
VIl R=H, R"=Cl;, n=2
1- @2-Thienyl)-1-nonen~4-yn-3-one (II) was also obtained by alternative synthesis from an enyne alco-
hol prepared from 2-thienylacrolein and butylethynylmagnesium bromide and was oxidized, without isola-
tion, with manganese dioxide at room temperature. The structure of this ketone was also confirmed by its
hydrogenation over a Pd/BaCO; (5% Pd) catalyst to 1- @-thienyl)nonan-3-one [bp 145-146° (1.5 mm), nf§
1.5064, d3° 1,0410].

Ethynylenyl ketones VIII-XIII, in which the carbonyl group is adjacent to the thiophene ring, were ob-
tained by the condensation of 2-acetylthiophene with ethynyl and ethynylvinyl aldehydes.

“ :I] R'C=C(CH=CH)aCHO [I:_’I
R s NcocH, R 87 \CO(CH = CH)psy C=CR

v - Xt
VI R=H, R*=C,H, n=0; IX R=Br. R'=CiH, n=0 XR=R'=H.n=0;
XI R=C,H, R'=C,Hyin=0 X1l R=H, R'=CHg, n=1; XU R= C;H  R'=CoH n=1

In contrast to thienylenyl ethynyl ketones I-VII, thienyl ethynylvinyl ketones VIII-XIII are extremely
unstable. In a number of cases, they were not isolated in pure form but characterized by means of their
2,4~dinitrophenylhydrazones.

v The condensation of thienylideneacetone [3] with phenylpropargyl aldehyde yielded 1-(2-thienyl)-7-
phenyl-1,4-heptadien-6-yn-3-one XIV}).
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TABLE 1. Unsaturated Ketones of the Thiophene Series

Com- |
pound

1
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111
v
v
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VIIL
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bFound: Br 25.7%.
und: N 5.0%.
Found: Br 25.2%.

cFo

hp 180-
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The IR spectra of ketones I-XIV contain the char-
acteristic frequencies of the thiophene ring (756, 1024,
1440, and 1535 cm™!). The absorption band of the triple
bond is distinctly displayed at 2210-2225 cm™ . The ab-
sorption band at 1620-1650 cm™! corresponds to the
stretching vibrations of the carbonyl group, while the
absorption at 1590-1618 cm™ corresponds to the vibra~
tions of the C ==C bond.

EXPERIMENTAL

1-@2-Thienyl)-1~hexen-4-yn-3-one (). A 1-ml
sample of 10% agqueous NaOH was added to a cooled (o
—40°) mixture of 1.34 g (0.012 mole) of 2-formylthio~
phene and 1 g (0,012 mole) of 2-pentyn-4-one in 30 ml
of ethanol, The mixture was stirred at —40° for 3 h and
neutralized with 10% acetic acid. The reaction product
was extracted with ether, The extract was dried with
sodium sulfate, the ether was removed by distillation,
and the residue was recrystallized from alcohol to give
1.05 g (50%) of ketone 1.

Ketones II-VII were similarly obtained.

1-@2-Thienyl)-5~phenyl-2-penten-4-yn-1-one
(VII). A 1-ml sample of 10% aqueous NaOH was added
dropwise with stirring and cooling @t 0°) to a mixture
of 1.26 g (0.01 mole) of 2-acetylthiophene and 1.3 g (0.01
mole) of phenyl-1-propyn-3-al in ethanol. The reaction
was monitored by means of thin-layer chromatography
on silica gel. At the end of the reactic::, the reaction
mixture was neutralized with 10% acetic acid, and the
reaction product was extracted with ether. The extract
was dried with magnesium sulfate, and the ether was
evaporated. Ketone VIII was isolated from the residue
by chromatography on silica gel with elution by
petroleum ether—diethyl ether—benzene 3:1:1); Ry
0.27. The oil that was isolated crystallized in the cold
and was recrystallized from alcohol to give 1.31 g (55%)
of ketone VIII,

Compound IX was similarly obtained (see Table 1).

1-(2~Thienyl)-2-penten-4-yn-1-one (X). This com-~
pound was similarly obtained from 1.26 g (0.01 mole) of
2-acetylthiophene and 0.54 g (0.01 mole) of propynal.
Chromatography on silica gel yielded 0.51 g (32%) of X
as an oil that darkened rapidly in air; R, 0.28. Ketone
X formed a crystalline, light-yellow silver acetylide
with an ammoniacal solution of silver nitrate. The 2,4-
dinitrophenylhydrazone melted at 175-177°. Found: N
16.0%. CysH;(N,0,S. Calculated: N 16.4%.

1- (5~Ethyl-2-thienyl)-2-nonen-4-yn-1-one (XI).
This compound was similarly obtained from 1.54 g
(0.01 mole) of 5-ethyl-2-acetylthiophene and 1.1 g (0.01
mole) of 2~heptyn-1-al. Chromatography on silica gel
yielded 1.1 g (43%) of ketone X1 as an oil that darkened
rapidly in air; Ry 0.21. The 2,4-dinitrophenylhydrazone
melted at 184-185°. Found: N 13.3%. C,H,,N,0,8. Cal-
cultaed: N 13.1%.
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1-(2-Thienyl)-7-phenyl-2,4-heptadien-6-yn-1-one (XII). This compound was similarly obtained from
1.26 g (0.01 mole) of 2-acetylthiophene and 1.56 g (0.01 mole) of phenyl-2-penten-4-yn-1-al, Chromatog-
raphy on silica gel yielded 0.62 g (24%) of ketone XII as a viscous oil that darkened rapidly in air; Ry 0.26.
The 2,4~dinitrophenylhydrazone melted at 128-129°, Found: N 12.5%. C,3H,(N,0,S. Calculated: N 12.6%,

1-(5-Ethyl-2-thienyl)-7-phenyl-2,4-heptadien-6-yn-1-one (XIII). This compound was similarly ob-
tained from 1.54 g (0.01 mole) of 5-ethyl-2-acetylthiophene and 1.56 g (0.01 mole) of phenyl-2-penten-4-yn-
1-al. Chromatography on silica gel yielded 0.61 g (21%) of ketone XIII as an oil that darkened rapidly in air;
Ry 0.24. The 2,4-dinitrophenylhydrazone had mp 140-141°. Found: N 11.7%. C,:H,N,0,S. Calculated: N
11.9%.

1~ (2-Thienyl)-7-phenyl-1,4-heptadien-6-yn-3-one (XIV). A 1-ml sample of 10% sodium hydroxide
was added to a2 mixture of 1.52 g (0.01 mole) of thienylideneacetone and 1.3 g (0.01 mole) of phenyl-1-
propyn-3-al in ethanol, and the mixture was stirred at +5° for 3 h, It was then neutralized with 10% acetic
acid and extracted with ether. The ether extract was dried with magnesium sulfate, the ether was evapo-
rated, and the residue was recrystallized from ethanol to give 1.72 g (65%) of a product with mp 142-143°,
Found: C 77.3; H 4.6; 8 12,1%. Cy;H;,08. Calculated: C 77.3; H 4.6; S 12.1%.
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