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Summary: 1,5-Diarylpent-1-yne-3,5-diones (I) reactes with sodium sulphide in 60% dioxane-
water mixture at 15” or fusion at 160-170° to give a mixture of the corresponding 2,6-diaryl4-
pyrones (2), 4-thiones (3) and 5-aryl-2-benzylidene-3(2H)-thiophenethiones (4). The structure of
the above compounds was confirmed from their spectral characteristics. The mechanisms for

these transformations are discussed.

Introduction

The literature on monoacetylenic ketones is
fairly extensive. Attack on the triple bond or at the
ketone function by a variety of reagents has been
reported leading to useful cyclics [1]. By com-
parison, the synthetic applications of acetylenic 8-
diketones are largely very limited due to the
difficulties encountered in their syntheses and their
sensitivity toward heat [2,3] as well as acids [4,5).
However, in earlier publications [4,5-10], we repor-
ted some reactions of 1,5-diarylpent-1-yne-3,5-
diones (1). In any case, any new information that

may be expected in the general area of alkyndiones
should presumably derive from the presence of the
second carbonyl group. No reports on the reaction
of sulphur reagents with acetylenic S-diketones
have been made earlier except the study of the
reaction with phosphorous pentasulphide [10].

While aroylphenylacetylenes readily react
with sodium sulphide in 60% dioxone-water mix-
ture at 15° giving B-hydroxy- a-thiobenzoylstyrene
derivatives [11], the acetylenic S-diketones (1a-e)
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afforded under the same conditions 2,6-diaryl-4H-
pyran-d-ones (2a-e), 4-thiones (3a-e) and 5-aryl-2-
benzylidene-3(2H)-thiophenethiones (4a-e). The
same products were also formed when 1 and
sodium sulphide were heated at 160-170° for 10-15
minutes.

The formation of the pyrones (2) in the above
reaction is assumed to proceed by initial formation
of the anion 5 and subsequent cyclization (Michael
type addition). This mechanism is supported by the
fact that the acetylenic S-diketones are also con-
verted into the 4-pyrones (2) by sodium cthoxide.
Also, symmetrical diacetylenic ketones undergo
similar reaction [12]. It is worthy to mention that
the absence of furanones (7) in the above reactions
may be due to the strongly basic conditions which
would minimize the concentration of the species
containing chalcogen-hydrogen bonds, which are
believed to be necessary for the anti-Michael addi-
tion [13,14].
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4-Thiopyrones (3) are assumed to be formed
either by initial cyclization of 1 into the pyrones (2)
followed by thionation (route a ) or by initial
thionation of the carbonyl (position-3) and sub-
sequent cyclization (route b). Since 2,6-diaryl-4H-
pyran-4-ones (2) were recovered unchanged on
treatment with sodium sulphide in 60% dioxane-
water mixture, route a may be excluded under these
conditions. Conversion of 2 into 3 under fusion con-
ditions was tested, only traces of 3 were formed and
the major product was 2.
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The formation of 5-aryl-2-benzylidene-3
(ZH)-thiophenethiones (4) from the reaction of
acetylenic S-diketones and sodium sulphide in 60%
dioxane-water mixture is assumed to proceed by in-
itial thionation giving the anion 8 followed by anti-
Michael type of addition. In accordance with
Baldwin rules for ring closure [15], this type of
cyclization, 5-exo-digonal for the thiophenethiones
(4) is more favourable due to spacial requircments-
which appear to make the acetylenic carbon « to
the thiocarbonyl group more accessible to the
nucleophilic attack by sulphur and also due to the
ability of sulphur to form 5-membered ring rather
than 6-membered ring. Since no 4H-thiopyran-4-
thiones (9) were detected in the above reaction a
Michael type of addition can be excluded.

)

It is worthy to mention that similar anti-
Michael mechanisms were suggested for the forma-
tion of thiocyclopentenone [16], selenocyclopente-
none [17] and 2,3-dihydrotellurophene [14] from
the reaction of 1,5-diphenylpentadiyn-3-one with
thiourea, hydrogen selenide and bis (tert-butyl-
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dimethylsilyl) telluride, respectively and also for
pyrrolinones [16] from the amine adducts of pen-
tadiyn-3-ones.

While the 3(2H)-furanones (7) were recove-
red unchanged after trcatment with sodium sul-
phide in 60% dioxane-water, they were converted
into the corresponding thiophenethiones (4) when
heated at 160-170°. This suggests that the formation
of 4 by heating acetylenic S-diketones and sodium
sulphide may involve initial formation of the
furanones (7) followed by Michael addition of
sodium sulphide at C-5, ring opening to the
resonance-stabilized anion 10 and subsequent
cyclization. It is worthy to mention that ring open-
ing of furanones with nucleophile such as
hydrazines [2,18-20], amines [21] and alkalis [22]
has been reported.

Alternatively, the possible intermediacy of (7)
docs not exclude that (4) may be also formed via
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The infrared spectra of 4 exhibited the
thiocarbonyl absorption in the region 1100-1122
cm’! [23] (Table 1). E and Z isomerism is possible
in the case of benzylidencthiophene-thiones.
Similar to 2-benzyldene-S5-aryl-3(2H)-furanones [2],
the z-configuration is tentatively assigned for these
compounds, since it is expected to be more
favoured due to intramolecular hydrogen bonding.
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Also 'H- NMR studies of stereoisomerism of some
3-aryldencbutenolides, 4-arylidenoxazolin- and in-
dazolin-5-ones showed that structures in which the
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aryl nucleus is more remote from the endocyclic
carbonyl group are favoured ][24]. It is worthy to
mention that no appropriate "H-NMR data could
be obtained for the thiophenethiones (4) due to the
difficulties encountered in their solubility.

The structure of 3(2H)-thiophenethiones @
was further confirmed from their mass spectra. The
fragmentation pattern of 2-benzylidene-5-p-methyl-
phenyl-3(2H)-thiophenethione  was gencrally
similar to that of 5-aryl-2-benzylidene-3(2H)-fura-
nones [2]. The loss of sulphur from the molecular
ion to give the species at m/z 262 (C1sH14S) has
been contrasted with the absence of direct losses
heteroatom from comparable furans and pyrroles

[25].
Experimental

Microanalyses were performed by the
Microanalysis Unit Cairo University, Cairo. IR
spectra were recorded in KBr on a Unicam SP 1025

|

spectrophotometer (Vmax in cm'l). Mass spectra
were recorded on an AEI MS 30 spectrometer.
When compounds are stated to be identical, their
identity has been established by comparison of
m.p., mixed m.p,, LR. and 'H-NMR data.

Reaction of acetylenic B-diketones with sodium sul-
phide (Table)

A solution of sodium sulphide (0.4 g; 0.0017
mol) in 60:40 dioxane-water mixture (15 ml) was
added to a stirred solution of acetylenic 8-diketones
(1a-e) (0.5 g; 0.0020 mol) in the same solvent (10
ml) at room temperature and allowed to stand with
stirring for 5 hr. The reaction mixture was then
poured into cold water and the precipitated solid
was filtered, washed with water, dried, dissolved in
ethanol and treated with saturated ethanolic solu-
tion of picric acid. The separated picrate was crys-
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Table 1: Analytical data and IR of the 3(2H)- thio-
phencthiones (4)

Compd. m.p. Formula Found (%) (Calc.) IR (cm™)
°c C H X S vC=8
4a 115 CrHpS: 727 44 - 230 1100
79 43 - 29
4b 115 CisHiSz 734 49 - 217 1105
(735 48 - 21.8)
4 117 CisH14O0S2 699 46 - 209 1100
9.7 45 - 207
44 113 Ci7GuBrS2 566 3.0 220177 1110
(568 31 223178)
4e 118 Cp7HuClIS: 650 34 115 203 1122
(649 35 113 204)
R
a, CoHs
b, p-Me-CeH4
c, p-MeO-CsHa
d, p-Br-CeH4
e, p-C1-CsH4

tallized from ethanol and hydrolysed with 25%
aqucous ammonia to give the respective 4H-pyran-
4-ones (2a-e) (18-20% yield).

The cthanolic solution left after separation of
the 4-pyrone picrates was mixed with 25% aqueous
ammonia, warmed, diluted with water and ex-
tracted with chloroform. The residue after evapora-
tion of the solvent afforded the corresponding
4-thiones (3a-¢) (55-65% yield) on treatment with
petroleum ether (b.p. 60- 80°) which were identical
with authentic samples prepared from 2a-e and
phosphorus pentasulphide [26].

The aqueous layer left after separation of 2
and 3 was acidified with 10% cold hydrochloric
acid (30 ml). The thiophenethiones (4a-e) (20-25%
yield) was filtered, washed with cold water, dried
and crystallized from ethanol in pale yellow need-

les, 4b: m/z 294 (M, 12), 293 (7), 263 (12), 262
(58), 261 (15), 260 (3), 250 (8), 235 (19), 234 (25),
202 (8), 134 (3), 119 (16), 118 (7), 117 (10), 116
(17), 115 (30), 102 (13), 91 (18), 90 (3), 89 (4), 78
(20), 77 (13), 63 (100), 32 (23). )

The same products were also obtained when a
mixture of 1a-e (0.5 g; 0.0020 mol) and sodium sul-
phide (0.33 g; 0.0014 mol) was heated on an oil-
bath (160-170°) for 10-15 min.

Reaction of 3(2H)-furanones with sodium sulphide

A mixture of 2-aryl-S-benzylidene-3(2H)-
furanone [2] (7a-e) (0.3 g; 0.0012 mol) and sodium
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sulphide (0.3 g; 0.0013 mol) was heated on an oil-
bath (160-170°) for 10-15 min. The residual solid on
treatment with cold water and then acidification
with 10% hydrochloric acid gave the 3(2H)-
thiophenethiones (4a-e) (22-28% yield) after fil-
teration, washing, drying and crystallization from
ethanol.

Action of sodium ethoxide on the acetylenic -
diketones

A suspension of (1a-e) (0.5 g; 0.0020 mol) in
ethanol (12 ml) was kept at room temperature with
sodium ethoxide (0.3 g; 0.0044 mol) overnight with
frequent shaking. The reaction mixture was poured
into water and the separated 4H-pyran-4-ones (2a-
e) (70-80% yield) were crystallized from methanol.
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