THIOPYRANS AND THIOPYRYLIUM SALTS

FROM 1,5-DIKETONES

V. G. Kharchenko, V.
and A, R. Yakoreva

. Kleimenova, UDC 547.818,1.07:543.422,4

It has been established that with hydrogen sulfide and hydrogen chloride acyclic 1,5-diketones
form thiopyrans, thiopyrylium chlorides, or mixtures of them, depending on their structure
and the reaction conditions. Some reactions of thiopyrylium chlorides and thiopyrans obtained
for the first time have been studied.
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Fig. 1. IR spectra: 1) XVII; 2) XVI;
3) XVIII.

We were the first to establish that 1,3,5-substituted pentane-
1,5-diones (I-IV) are capable of being converted by hydrogen sulf-
ide and hydrogen chloride in acetic acid into thiopyrylium chlo-
rides (VIII-XI) [1] or mixtures of the thiopyrylium chlorides and
the corresponding y-thiopyrans. Under the same conditions,
tetra~ and penta-substituted pentane-1,5-diones (V-VII) form thio-
pyrans (XII-XV) with yields of up to 95%. With hydrogen sulfide
and hydrogen chloride in methanol, the pentane-1,5-diones (I, 11,
V-VII) form y-thiopyrans (XII-XVI), and only 3~methyl-1,5~di-
phenylpentane~1,5~dione (I) is converted into the thiopyrylium
chloride (X).
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We are the first to have shown that 1,5-diketones may be
readily accessible starting materials for the preparation of thio-
pyrans and thiopyrylium salts, A study of the reactions mentioned
above shows that the formation of thiopyrylium salts is favored by
an acetic acid medium,

One of the causes for the favorable action of acetic acid on
the formation of thiopyrylium chlorides is apparently the high
solubility in acetic acid of the y~thiopyrans arising as intermedi~
ates, while they are very sparingly soluble in methanol and are
eliminated from the sphere of the reaction as they are formed.

A peculiarity of the behavior with respect to hydrogen chlo-
ride and hydrogen sulfide of the 1,5-diketone VII in acetic acid
has been found. Under these conditions, VII, unlike I-VI, forms a
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mixture of 3,5-dimethyl-2,6-diphenyl-c~thiopyran (XVII) and of the hydrochloride of 3,5-dimethyl-2,6-di~

phenyl-y~thiopyran (XVIII):
H,C— —cn, HMS/HCL @
“sCs—L\O G CsHs CH COOH H c HC— CHy

vl XVllI XVII

The structure of the hydrochloride XVIII was confirmed by the fact that the action of aqueous sodium
carbonate solution on it formed the y-thiopyran XVI. When an acetic acid solution of the 7y -thiopyran XVI
was saturated with hydrogen chloride, the hydrochloride XVIII and the c-thiopyran XVII were formed again,

ch_mcﬂs Na,CO, Hscﬂ_CHz HCI VI 4 XV

H.C ~ —CH H.C,— -C.H

58 S(HC!G 5 36 \S s
XVII XVl

In the region of double-bond absorption in the IR spectrum of XVIII there is a weak split band with
peaks at 1645 and 1652 cm™, The spectrum of the y-thiopyran XVI contains medium-intensity absorption
bands at 1603 and 1620 cm™, The shift in the absorption bands in the IR spectrum of XVII in the high-
frequency direction and the decrease in their intensity as compared with the spectrum of XVI can be ex-
plained by the participation of the free p electrons of the sulfur of XVIII in the formation of a bond with the
hydrogen chloride, in contrast to the y-thiopyran XVI, where there is conjugation of the p electrons of the
7 bond (see Fig, 1).

In contrast to the y~-thiopyran XVI, with hydrogen chloride in acetic acid solution 2,4,6-triphenyl-y -
thiopyran (XII) and 4-phenyl-2,6-dithienyl-y -thiopyran (XV) form the corresponding thiopyrylium chlorides.
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The results obtained show that with hydrogen sulfide noncyclic 1,5~diketones initially form < -thio-
pyrans which, under the influence of hydrogen chloride and depending on the number, nature, and positions
of the substituting groups, either do not change, are converted into thiopyrylium chlorides, or, as in the
case of the y~thiopyran XVI, give a mixture of the a~thiopyran XVII and the y-thiopyran hydrochloride XVIII,

When the electron density in the C, position is sufficient, a splitting out of a hydride ion apparently
takes place with the formation of a thiopyrylium cation which, becoming stabilized, forms a thiopyrylium
chloride, Secondary reactions of the y-thiopyran XVI under the influence of hydrogen chloride may be re-
garded as the result of the protonation of the sulfide with the formation of the carbocations a and b and the
cation ¢ which are stabilized by forming an «~thiopyran or the hydrochloride of a y-thiopyran.
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Apparently, the protonation of the y-thiopyran ring not only at Cy but also at C, is likely because of
the +M effect of the phenyl group and of the free electron pairs of the sulfur:

HyC _CH,
P
N\ @ =
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*The UV spectra were taken on a SP~700 spectrometer in hexane.
tThe IR spectra were taken on a UR-10 spectrometer in paraffin oil,

However, it is possible that the isomerization of the y-thiopyran into the a-thiopyran under the influ-
ence of hydrogen chloride is connected with an intramolecular g-hydride shift:
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The formation of the hydrochloride XVIII — a compound of the sulfonium type — can be explained by the low
degree of participation of the free electron pairs of the sulfur in conjugation with the m-electrons of the
double bonds, as is shown by the high dipole moment of XVI, 1.83,*

The structure of the thiopyrylium chlorides VIII-IX that we obtained is confirmed by the results of
analysis, by the smooth exchange reactions with KI, HC1O,, and FeCl; with the formation of known [3, 4] and
new thiopyrylium salts which, in the case of the chlorides VIII and IX, are identical with salts obtained from
the corresponding ¥ -thiopyrans XII and XV, and also by the fact that the thiopyrylium chlorides, like the
thiopyrylium perchlorates [2], are reduced by LiAlH, to the corresponding y~-thiopyrans.
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The structure of the v -thiopyrans XII-XVI is confirmed by independent synthesis [2] of the known
2,4 ,68-triphenyl-y ~thiopyran and the conversion of XII-XVI with perchloric acid and ferric chloride into the
known (XIX and XXI1 {3, 4]) and new thiopyrylium perchlorates and tetrachloroferrates.

R’ R R’

t |
Ar— S/ch_Af FeCl /HCL K] Ar As{x‘jf"‘ FeCly/HCl AT\ A—Ar
VII=XI XIX-XXXVII Xil-XV1 _

XIX-XXV X7= €I07; XXVI-XXX X~= FeCl;; XXXI-XXXVI X=I ;
XIX$ XXXP Ar=R'= CH,, R=R"=H; XX, XXVI, XXXII Ar=0ct-thienyl
R'=CgHy, R=R"=H; XXI, XXVII, XXXII Ar=CgH, R’=CH, R=R"=H;
XX115, XXXIV Ar=CgHg, R CH,0CH;=p, R=R” =H; XXH1, XXVIII,
XXXV Ar=R'= C .My, R=CH,, R"=H; XXIV, XXIX, XXXVI Ar =R’ = CgHj,
R=R"=CH.: XXV XXX, XXXVl Ar=CH, R=R"=CH, R =H

*Determined by E. N. Kharlamova of the Karpov Ph- sicochemical Institute.
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The IR spectra of XII-XVI contain absorption bands at 1600-~1638 em™! which may be assigned to the
stretching vibrations of the double bonds (absorption bands at 1600 and 1640 cem™! are given for the known
v~-thiopyran {5]).

The UV spectrum of VIII has A yax in the same region as y-thiopyran [5]: Ayax, nm (log €) for y-
thiopyran 236-238, 278 (3.72, 3.38, 4.51) [5]; for 2,4,6-triphenyl-y -thiopyran (XII) 236-237 (4.51).

The oxidation of XII-XVII by hydrogen peroxide in acetic acid gave sulfones only of XIV and XVII,
and in the case of the other y-thiopyrans products of far-reaching changes were produced. Some sulfones
of tetrasubstituted y ~thiopyrans have been described in the literature, but the known sulfone of a-thiopyran
was obtained only indirectly [6].

The structure of 3,5-dimethyl-2,6-diphenyl-a~thiopyran is confirmed by its IR spectrum which con~
tains three absorption bands in the region of double bonds and the aromatic ring (1572, 1602, and 1632 em™,
The bands at 1602 and 1572 ecm™! are distinguished by a considerable intensity, which shows the presence
of a conjugated system of double bonds, The spectrum of the isomeric y-thiopyran (XVI) contains two
medium~intensity bands in this region (at 1603 and 1620 cm™1) and a weak band at 1581 cm™, The structure
of the a-thiopyran XVII is also confirmed by the fact that it is formed with a yield of about 90% when an
ethereal solution of XVI is saturated with hydrogen chloride, and with ferric chloride it gives a tetrachloro-
ferrate identical with that obtained from the 7 -thiopyran XVI, as was to be expected for such a type of

isomer,
Hac,@_cﬁj FeCljHCl "sc,l“(\j:“h FeCly/HCI H3c®_5H3
H Co— S/'—cw5 HyCo— 7= CoMy T HC— s
FeCl}
Xvi XXX XVii

Unlike XVI, the isomer XVII forms a sulfone.

EXPERIMENTAL

The 1,5-diketones (I-VII) were obtained by known methods, and their melting points corresponded to
those given in the literature [7-12].

2,4,6~-Triphenylthiopyrylium Chloride (VIII). A solution of 5 g (0.015 mole) of I in 80 ml of glacial
acetic acid was saturated with hydrogen sulfide at 14-15°C for 1 h and with a mixture of hydrogen sulfide
and hydrogen chloride at 25-35°C for 3 h. The cooled reaction mixture was treated with 200 ml! of ether,
and the greenish-yellow crystalline precipitate of VIII that formed was separated off and carefully washed
with ether. Yield 2.5 g (45%). After reprecipitation from acetic acid with ether, mp 133-136°C (decomp.,
in a sealed capillary), Found %: Cl 9.35, 9.63; S 8.65, 8.46. Cy3H;;C1S, Calculated %: Cl 9.85; S 8.87.
Evaporation of the ethereal extract gave almost colorless crystals of 2,4,6-triphenyl-y-thiopyran (XII) in
the form of needles, Yield 1.1 g (20%), mp 104-106°C (nitromethane); a mixture with authentic XII obtained
by the method of Suld and Price 2] melted without depression.

4-Phenyl-2,6~dithienylthiopyrylium Chloride (XI). A solution of 5.5 g (0.016 mole) of I in 70 ml of
CH3COOH was saturated with H,S and HCI as in the case of I, and the reaction mixture was kept for 24 b,
This gave 2.05 g (37.2%) of dark red crystals which were reprecipitated by ether from dichloroethane, mp
139-141°C (decomp.). Found %: Cl 9.26, 9.33; S 25.23, 25,19, C,4H;3ClS;. Calculated %: Cl 9.53; S 25.77.
The filtrate yielded about 3 g (approximately 55%) of the initial II.

4-Methyl-2,6-diphenylthiopyrylium chloride (X) was obtained in a manner similar to IX. Yield about
40%. Yellowish green crystals, mp 162-165°C (decomp.). Found %: Cl 11.81, 11.48; S 10.90, 10.94.
Cy3H5CIS. Caleulated %: CI 11.89; S 10.90,

4-(p—-Methoxyphenyl)-2,6-diphenylthiopyrylium chloride (XI) was obtained in a manner similar to IX
with a yield of 38%. Dark red crystals, mp 136-138°C (decomp., precipitated by ether from chloroform).
Found %: Cl 9,15, 9.30; S 8,60, 8.45, Cy,H;4ClOS. Calculated %: Cl 9.09; S 8.20,

Reaction of 2-Methyl-1,3,5-triphenylpentane-1,5-dione (V) with H,S and HCl. A suspension of 10,26 g
(0.03 mole) of the diketone V in 70 ml of CH;COOH was saturated with hydrogen sulfide and hydrogen chlo-
ride as in the experiments described above. The V gradually went into solution, and after some time a
crystalline precipitate began to deposit which was separated off after the reaction mixture had been kept at
20°C for 14 h. Yield of colorless plates corresponding to 3-methyl~2,4,6-triphenyl-y-thiopyran (XII) 9.77 g.
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Reaction of 2,4-Dimethyl-1,3,5-triphenylpentane-1,5-dione (VI) with H,S under the Influence of Hydro-
gen Chloride, A suspension of 7.12 g (0,02 mole) of the diketone VI in 50 ml of glacial CH;COOH was satu~-
rated with hydrogen sulfide and hydrogen chloride and then, as described above, 3.3 g (46%) of 3,5~-dimethyl-
2,4,6-triphenyl-y ~thiopyran (XIV) and 3.7 g of the initial VI were isolated. The mixture was separated
satisfactorily by recrystallization from gasoline. The diketone precipitated from the hot gasoline solution
of the mixture, and the y-thiopyran (XIV) remained after the filtrate had been evaporated.

The Reaction of 2,4-Dimethyl-1,5-diphenylpentane~1,5~dione (VII) with HyS and HCI, A solution of
15 g (53 mmoles) of VII in 50 ml of glacial CH;COOH was treated as in the above-described experiments,
giving yellow crystals corresponding to the hydrochloride of 3,5-dimethyl-2,6-diphenyl-y-thiopyran (XVI),
yield 30%, mp 121-123°C (reprecipitated from dichloroethane with ether). Found %: CI 11.39, 11.43; S 10,57,
10.56. Cy¢H;,;ClS. Calculated %: Cl 11.28; S 10.17. The filtrate was poured into water and the ethereal
layer was separated off, washed with sodium carbonate solution and with water, dried with Na,S0,, and
filtered, and the ether was distilled off, whereupon the residue crystallized, giving 3,5~dimethyl-2,6-di-
phenyl-a-thiopyran (XV).

3,5-Dimethyl-2 6-diphenyl-a-thiopyran S,S-dioxide was obtained by oxidizing a solution of 0.62 g (2.3
mmoles) of XV in 7 ml of glacial acetic acid with 3 ml of 30% hydrogen peroxide at 20°C (the reaction mix~
ture was allowed to stand for 24 h). Yield 0.62 g (92.5%), mp 137-139°C (ethanol). Found %: C 73.54; H
6.08; S 10.45. CygH;40,S. Calculated %: C 73.55; H 5.81; S 10.32.

The reactions of the diketones I-VII with hydrogen sulfide and hydrogen chloride in methanolic solu-
tion were carried out as in acetic acid solution at the same concentration of the diketones in methanol. The
yields of the y-thiopyrans XII-XIV obtained in methanol were, respectively, 87, 88, and 46%. Mixtures with
the respective authentic samples of I-XIV melted without depression. Under these conditions, 2,4-dimethyl-
1,5-diphenylpentane-1,5-dione (VII) and 4-phenyl-1,5-dithienylpentane-1,5~-dione (II) were converted into the
corresponding y-thiopyrans, which were not obtained when the reaction was performed in acetic acid. The
properties and analytical results for the thiopyrans obtained are given in Table 1.

Isomerization of 3,5-Dimethyl-2,6~diphenyl-y ~thiopyran (XVI)into 3,5-Dimethyl-2,6-diphenyl-«a-thio-
pyran (XVI). A solution of 1 g (3.5 mmoles) of XVI in 25 m! of acetic acid was saturated with hydrogen
chloride foranh, and then 100 ml of ether was added to precipitate 0.15 g (15%) of XVII, mp 120-121°C, a
mixture with the authentic hydrochloride XVIII melting without depression. The ethereal solution was
washed with water and dried, and the ether was distilled off, and the residue consisted of crystals of XVII
(yield 15%), mp 65-67°C, a mixture with authentic XVII melting without depression.

Hydrolysis of the Hydrochloride of 3,5~Dimethyl-2,6-diphenyl-y -thiopyran (XVIII). A solution of 0.1
g of NayCO; in 10 ml of H,O was poured onto 0.1 g (0.3 mmole) of XVIII, and after 30 min the reaction prod-
uct was extracted with ether; evaporation of the extract gave 0.07 g (70%) of crystals with mp 121-123°C, a
mixture of which with authentic 3,5-dimethyl-2,6-diphenyl-y-thiopyran (XVI) melted without depression.

Reaction of 2,4,6-triphenyl~ y~thiopyran (XII) with Hydrogen Chloride. A solution of 0,5 g (1.5 mmole)
of XII in 30 ml of glacial CH;COOH was saturated with dry HC1 for 3 h, and then the reaction mixture was
kept for 12 h (about 20°C) and 150 ml of ether was added. Yellow crystals with mp 130-134°C (decomp.)

(0.3 g; about 57%) deposited; in admixture with the authentic chloride VIII they melted without depression.

Reaction of 4-Phenyl-2,6-dithienyl-y ~thiopyran (XV) with Hydrogen Chloride. As in the case of the
v~thiopyran XII, a solution of 1.5 g (5.3 mmoles) of XV in 10 ml of CH;COOH yielded 1.3 g (80%) of the
chloride IX, mp 141-143°C (decomp.), a mixture with an authentic sample melting without depression,

The thiopyrylium perchlorates (XIX-XXV) were obtained from the y-thiopyrans (XII-XVI) or the thio-
pyrylium chlorides (VIII-XI) by the action of a six~ to eightfold excess of 70% HClO, in glacial CH3COOH.
After 24 h, crystals separated out which were washed with acetic acid and ether, The perchlorates obtained
are given in Table 2.

The Thiopyrylium Tetrachloroferrates (XXVI-XXX)., To a solution of 2-4 mmoles of one of the ¥ -
thiopyrans XII-XVI or one of the chlorides VIII-XI in 5-10 ml of acetic anhydride was added a 4- to 5-molar
excess of ferric chloride and a mixture of 5 ml of hydrochloric and 5 ml of acetic acids., The resulting
mixture was kept at 20°C for 12 h, and the crystals were separated off and were washed with glacial acetic
acid and with ether. The tetrachloroferrates obtained are given in Table 2.
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The thiopyrylium iodides (XXXI-XXXVI) were obtained by double decomposition with potassium iodide

in aqueous acetone from the chlorides IX-XI and the perchlorates XXITI-XXV,
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