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A NEW SYNTHESIS OF 4H-THIOPYRAN-4-THIONES 
FROM ACETYLENIC P-DIKETONES 

MOHAMED GABER MARE1 
Chemistry Department, Faculty of Science, Alexandria University, Ibrahimia P. 0. 

Box 426, Alexandria 21321, Egypt 

(Received February 23, 1993; in final form April 8, 1993) 

2,6-Diaryl-4H-thiopyran-4-thiones have been synthesized in excellent yields by the reaction of l-aryl- 
5-phenyl-4-pentyne-l,3-diones with phosphorus pentasulfide in dry pyridine at room temperature and 
were converted into the corresponding hydrazones and oximes. Their oxidation affords the respective. 
4H-thiopyran-Cone sulfoxides or sulfones. The structure of the above compounds was confirmed from 
their spectral characteristics. 

Key words: Acetylenic P-diketones; 4H-thiopyrans; synthesis and structure elucidation. 

4H-Thiopyran-4-thiones and their related products are of interest for various po- 
tential applications.1,2 Some of these compounds show f~ngicidal,~ pharmacolo- 
gical, medicinal, antibacterial, antiallergic, antihypotensival, sedatival and schis- 
tosomicidal properties. ' They have been extensively investigated for the detection 
and estimation of heavy metals, and are used in the manufacture of dyes.' Certain 
derivatives of 4H-thiopyran-4-thione form highly conducting "organic metals" with 
suitable  acceptor^.^ 

A quantity of work has been carried out on the structure of 4H-thiopyran-4- 
thiones.2 The preparation of this ring system has been achieved in only a very 
limited number of ways, mostly involving the use of either 4H-pyran  derivative^^,^ 
or dithiolium salts6 as starting materials. The generality of these methods is impaired 
by the availability of the starting substrates. In the present study, a new method 
for the synthesis of 2,6-diaryl-4H-thiopyran-4-thiones from acyclic precursors which 
do not contain sulfur has been developed. 

When dry pyridine solution of the readily available 1,5-diaryl-4-pentyne-1,3- 
diones7s8 (la-g) is treated with an excess of phosphorus pentasulfide at room 
temperature, the corresponding dark brown 2-aryl-6-phenyl-4H-thiopyran-4-thiones 
(3a-g) are obtained in excellent yields. However, the 2-aryl-5-phenyl-6-thia- 
thiophthenes (4a-g) are reported9 to be formed from the reaction of la-g with 
phosphorus pentasulfide in refluxing dry xylene (Scheme 1). 

The formation of the 1 ,4-dithiopyrones 3 presumably proceeds through the initial 
formation of the 1,5-diary1-4-pentyne-1,3-dithiones (2) and subsequent cyclization 
(Michael type addition). In accordance with Baldwin rules for ring closure,1° this 
type of cyclization, 6-endo-digonal for the 4H-thiopyran-4-thiones 3 is more fa- 
vorable due to inductive effects. This mechanism is supported by the fact that the 
4H-thiopyran-4-thiones 3a,f are reported'' to be formed from the reaction of the 
respective 4H-thiopyran-4-ones 5 and phosphorus pentasulfide. Also, similar Mi- 
chael mechanisms were suggested for the formation of 4H-chalcogenapyran-4-ones 
from pentadiyn-3-ones12 or acetylenic ketones13 and also for 4-pyridones14 from 
the amine adducts of pentadiyn-3-ones. The absence of 5-aryl-2-benzylidene-3(2H)- 
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Ph-C- C -  COCHXCOAr 
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12, Y = N H P h  
13, Y = OH 

thiophenethiones (6) in the above reaction may be due to the basic conditions 
which would minimize the concentration of the species containing chalcogen-hy- 
drogen bonds, which are believed to be necessary for the anti-Michael a d d i t i ~ n . ~ * , l ~  
Compounds 6a-e are obtained by the reaction of la-e with sodium sulfide.16 

Evidently, the above reaction provides a convenient and apparently generai 
method and is among the best routes for the preparation of 4H-thiopyran-4-thiones 
carrying aryl substituents of which only a few examples are reported in the liter- 
a t ~ r e . * , ~ ~  

The structure of the 4H-thiopyran-4-thiones was confirmed by their spectral and 
analytical data (Tables I and 11). Their IR spectra showed the thiocarbonyl ab- 
sorption at 1059-1138 cm-* in almost the same region reported for 2,6-diaryl-4H- 
thiopyran-4-thiones.17 Also, the NMR spectra of 3a-g exhibited a singlet at S 7.91- 
8.30 for H-3 and H-5 ring protons. Further support of the structure of the 4H- 
thiopyrand-thiones was obtained from their mass spectra. The dithiopyrones 3a- 
c,e,f gave a relatively intense molecular ion peaks which gave rise to a series of 
fragments characteristic of 4H-thiopyran-4-thiones (cf. Experimental). 

The 4H-thiopyran-4-thiones 3, bearing a thiocarbonyl group, appeared to be 
attractive intermediates for the synthesis of 4H-thiopyrans having reactive func- 
tional groups in position 4. In the present study, the reaction of 3a-g with hydrazine 
hydrate, phenylhydrazine or hydroxylamine led to the formation of the corre- 
sponding hydrazones 7a-g, phenylhydrazones la-c,f,g or oximes 9a-c,e-g, re- 
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4H-THIOPYRAN-4-THIONES 103 

spectively. Moreover, 3a-g could be oxidized to the corresponding 4H-thiopyran- 
4-one sulfoxides (lob-e,g) or 4H-thiopyran-4-one sulfones (lla-g) on reaction 
with bromine in wet ether or with hydrogen peroxide in glacial acetic acid. The 
latter sulfones lla-c,f,g afforded with phenylhydrazine and hydroxylamine the 
sulfone phenylhydrazones 12a-c,f,g and sulfone oximes 13a-c,f,g, respectively 
(Scheme I). The structures of all the compounds were confirmed by their spectral 
and analytical data (Tables I and 11) and supported by the reported data for similar 
sy~ tems . l~ -*~  These 4H-thiopyran-4-thiones 3 are useful starting materials for the 
preparation of some 4H-thiopyran derivatives of which only a few examples are 
reported in the literature.l," 

EXPERIMENTAL 

Microanalyses were performed by the Microanalysis Unit, Cairo University, Cairo. IR spectra were 
measured with a Unicam SP 1025 spectrophotometer for potassium bromide pellets. The NMR spectra 
were recorded in CDCl, solution on a Varian EM-390 90 MHz spectrometer with TMS as internal 
standard. Mass spectra were recorded on an AEI MS 30 spectrometer. For TLC, Merck Kieselgel60- 
F 254 precoated plastic plates were used. 

2-Aryl-6-phenyl-(3a-e)- and 2-Aryl-3-chloro-6-phenyl-(3f,g)-4H-thiopyran-4-thiones (Tables I and II). A 
solution of la-g (0.8 g; 0.0032 mol) in dry pyridine (15 mL) was stirred with phosphorus pentasulfide 
(2.0 g; 0.0089 mol) for 3-5 h at room temperature. The pyridine solution was decanted and the residue 
was boiled with benzene. The combined pyridine and benzene solutions were washed with ammonium 
sulfide, water, and dried (Na,SO,). After removal of most of the solvents under reduced pressure, the 
separated dithiopyrones 3a-g were crystallized from benzene as dark brown needles. The 4H-thiopyran- 
4-thiones 3a,f were found to be completely identical (m.p. mixed m.p., IR and NMR spectra) with 
authentic samples prepared from the reaction of 2,6-diaryl-4H-thiopyran-4-ones (5a,f) with phosphorus 
pentasulfide." MS, m/z for 3a: 280 (M+), 236 (M+-CS) ,  121 (PhCS), 115 (C,H,), 102 ( P h - W H ) ,  
77 (Ph); 3b: 294 (M+), 250 (M*-CS), 135 (p-CH,-C,H,CS), 129 (C,()H9), 121 (PhCS), 116 
( p - C H , - C 6 H 4 a H ) ,  115 (C,H,), 102 ( P h m H ) ,  91 (p-CH,-C,H,), 77 (Ph); 3c: 310 (M+), 
266 (M+--CS), 151 (p-CH30--C6H4CS), 145 (C&O), 132 (p-CH,O--C,H,-H), 121 (PhCS), 
115 (C,H,), 107 (p-CH30-c6H4),  102 (Ph-H), 77 (Ph); 3e: 314 (M+), 270 (M+-CS), 155 

( H I - C 6 H 4 ) ,  102 (Ph-H), 77 (Ph); 3f 279 (M+-Cl) ,  235 (M+--CI-CS), 121 (PhCS), 114 
(C,H,), 101 (Ph-H), 77 (Ph). 

2-Aryl-6-phenyl-(7a-e)- and 2-Aryl-3-chloro-6-pheny1-(7f,g)-4H-thhdopyran-4-one Hydrarones and Phen- 
ylhydrazones (8a-c,f,g) (Tables I and II). A suspension of 3a-g (0.4 g; 0.0001 mol) in ethanol (10 
mL) was heated under reflux with 99% hydrazine hydrate (2 mL; 0.0398 mol) or phenylhydrazine (0.3 
mL; 0.0004 mol) for 30-60 min, during which time the starting material dissolved and the dark colored 
mixture became yellow-orange with evolution of hydrogen sulfide. Dilution with water gave the hy- 
drazones 7a-g or phenylhydrazones Sa-c,f,g which were crystallized from methanol-water or benzene- 
petroleum ether (b.p. 40-60°C) as orange needles. 

2-Aryl-6-phenyl-(9a-cle)- and2-Aryl-S-chloro-6-phenyl-(9f,g)-4H-th~opy~an-4-one Oxirnes (Tables I and 
II). A suspension of 3a-c,e-g (0.4 g; 0.0001 mol) in ethanol (30 mL) was heated under reflux with 
hydroxylamine hydrochloride (0.8 g; 0.0115 mol) and fused sodium acetate (0.8 g; 0.0096 mol) in water 
(2 mL) for 3-5 h. After concentration and dilution with water, the separated oximes 9a-c,e-g were 
crystallized from benzene as yellow needles. 

2-Ary1-6-phenyl-(lOb-e)- and 2-Aryl-3-chloro-6-phenyl-(IOg)-4H-thiopyran-4-one Sulfoxides (Tables I 
and 11). A solution of 3b-e,g (0.4 g; 0.0001 mol) in ether (15 mL) was shaked well with bromine 
water (20 mL; 0.62 g; 0.0039 mol). The ethereal solution after washing with water for three times, 
drying (Na,SO,) and evaporation gave lob-e,g which crystallized from methanol as pale yellow needles. 

2-Aryl-6-phenyl-(lla-e)- and 2-Aryl-3-chloro-6-phenyl-(llf,g)-4H-thiopyran-4-one Sulfones (Tables I 
and II). A solution of 3a-g (0.4 g; 0.0001 mol) in glacial acetic acid (10 mL) was heated on a boiling 
water bath with 30% hydrogen peroxide (9 mL) for 2-3 h. The sulfones lla-g which separated were 
crystallized from methanol as yellow needles. 

(p-cl-c6H4CS), 149 (C9H6Cl), 136 (p-Cl-C6H4-@CH), 121 (PhCS), 115 (C,H,), 111 
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2-Aryl-6-phenyl-(12a-c)- and 2-Aryl-3-chloro-6-phenyl-(12f,g)-4H-thiopyran-4-one Sulfone Phenylhy- 
drazones (Tables I and II). A solution of lla-c,f,g (0.4 g; 0.0014 mol) in ethanol (10 mL) was stirred 
with phenylhydrazine (0.3 mL; 0.0004 mol) for 2-3 h at room temperature. The reaction mixture was 
then poured into cold water and the separated 12a-c,f,g were crystallized from methanol as red needles. 

2-Aryld-phenyl-( 13a-c)- and 2-Aryl-3-chloro-6-phenyl-( 13f,g)-4H-thiopyran-4-one Sulfone Oximes (Tables 
I and II). A solution of lla-c,f,g (0.4 g; 0.0014 mol) in ethanol (10 mL) was heated under reflux 
with a mixture of hydroxylamine hydrochloride (0.8 g; 0.0115 mol) and fused sodium acetate (0.8 g; 
0.0096 mol) in water (2 mL) for 5-15 min. The reaction mixture was then diluted with cold water and 
the sulfone oximes 13a-c,f,g which separated were filtered and crystallized from methanol as yellow 
needles. 
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