5,6-TRIMETHYLENETHIAPYRYLIUM AND
5,6,7,83-TETRAHYDROTHIOCHROMYLIUM SALTS

V. G. Kharchenko, S. K, Klimenko, UDC 547.818.222: 543.422.4
and M, N. Berezhnaya

5,6~Trimethylenethiapyrylium salts have been obtained for the first time. 5,6-Trimethylene-
v -thiopyrans (or 5,6,7,8-tetrahydro-y-thiochromenes), which belong to a previously unknown
series of two-ring sulfides, are formed by reaction of the 5,6-trimethylenethiapyrylium salts

(or 3,6,7,8-tetrahydrothiochromylium salts) with Grignard reagents and lithium aluminum hy-
dride.

1,5-Diketones react with hydrogen sulfide and hydrogen chloride to give thiapyrylium, tetrahydro-
thiochromylium, or sym-~octahydrothioxanthylium chlorides [1]. We have established that "semicyclic”
1,5~diketones I-TII are cyclized to 3,6-trimethylenethiapyrylium (IV, V, VI, and VIII) or 5,6,7,8-tetrahy-
drothiochromylium (VI and IX) salts in 40-65% yields on reaction with hydrogen sulfide and acids (hydro-
gen chloride and perchloric acid) inglacial acetic acid or ether at 20-40°C,
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The formation of salts from 1,5-diketones I-IIT and perchloric acid is complete after 6-7 h, while
up to 3 days are required for the formation of salts with hydrogen chloride at 20-25°, The completion of
the reaction can be judged from the disappearance of the starting 1,5-diketone and the corresponding sul-
fide with a thiopyran ring in the reaction mixture,

Chlorides IV-VI exchange an anion with perchloric acid, potassium iodide, or ferric chloride at 20°
and undergo conversion to, respectively, perchlorates VII-IX, iodides X-XII, or tetrachloroferrates XTII
and XIV. Iodides X-XII and tetrachloroferrates XIII and XIV, respectively, are similarly obtained from the
reaction of perchlorates VII-IX with potassium iodide and a hydrochloric acid solution of ferric chloride
(Table 1), Perchlorates VII and IX add methyl-, benzyl-, and phenylmagnesium halides to give 2,4-disub-
stituted 5,6-trimethylene—y-thiopyrans (XV and XVI) or 5,6,7,8~tetrahydro-y-thiochromenes (XVII-XIX).
They are oxidized to the corresponding 2,4-disubstituted salts XX-XXTII (Table 1) by the action of 70% per-

chloric acid.
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TABLE 1. 5,6-Trimethylenethiapyrylium and 5,6,7,8~
Tetrahydrothiochromylium Salts

|
Com- . | Empirical Found, % | Cale.,, ® \yienq,
pound R )\ mp, c formula %
i a | s |al s
IV H Cl 49—50 CyHisCIS 145 | 129 | 1431 129 51
VII{H ClO, 154—156| C1Hi3Cl04S 11,3 104 | 11,3 | 10,2 65
X H 1 164—165 | C;sHi3lSb — 9,4 — 94 74
XIII|H FeCl, | 106—107| Cy4H3Cl4FeS 34,6 80 | 345 7.8 85
V| CeHs Cl 1421441 CyH,:CIS 11,2 97 | 109 9,9 51
VIII | C¢Hs ClOy 213—215| CyH,7C1O,S 9.2 8,1 5,2 8,3 59
XI | CeHs I 209—2101 CgHy:IS — 7.4 — 7.7 94
VI{H Cl 101—103| C;sHsCIS 136 | 12,3 ] 135 | 12,2 60
IX| H ClO, 162—163 | CisHisClOS 10,8 97 | 109 9,8 64
XIVIH FeCly | 113—114! C;sH5CLFeS 33,4 7.7 1 334 7,5 71
X1 H 1 159—160| CsHisISc — 89 e 9,1 95
XX | CH, ClO, 186—187 | CsH5ClOLS 10,8 99 | 109 9,8 60
XXI| CHyCeHs| ClOy 160—161] CyHgClOS 8,9 7.8 8.8 8,0 54
XXI1 | CHs ClO, 203—205| Cy6H,;7Cl0S 10,1 95 | 105 9,4 56
XXIII | CH,C¢Hs | ClO, 156—158 | Cy.H2ClO,S 85 7.8 8,4 7.6 52

a) The perchlorates and tetrachloroferrates were recrystallized
from glacial acetic acid, the iodides were reprecipitated from
chloroform or nitromethane solution by the addition of ether, and
the chlorides were reprecipitated from chloroform or acetic anhy-
dride solutions by the addition of absolute ether, b) Found: 137.1%.
Calculated: T37.3%. c¢) Found: I 35.8%. Calculated: T 35.8%.

TABLE 2. 5,6-Trimethylene-y-thiopyransand 3,6,7,8-Tetrahydro-
v-thiochromenes

Com- ' Empirical Found, % Calc., % Yield,
mp, “C
pound -formula - %
c |l u | s ¢ | H 5
XVI 52~53 Co1HpoS 834 | 68 | 103 | 828 | 66 | 105 | 8l
XVII 4951 CieH1sS 795 1 71 | 1341792 75 | 132 73
XVIII 58—60 CoHaaS 833 | 72 | 102 ] 80| 70 | 101 90
XXV 53—54 Cy4H 1S 782 | 64 | 15.0 | 785 | 66 | 150 88
XXV 4951 CisHysS 788 | 7.0 | 140 | 785 | 71 | 141 | 90
TABLE 3. Electronic Absorption The C-4 unsubstituted salts (VI and IX) seem of par-
Spectra of Sulfides XVI and XVIII ticular preparative interest, inasmuch as the synthesis of
2,4-disubstituted two-ring sulfides XV-XVTII and salts XX-
Compound ixmax,nm(hexane)l log e XXT1, which cannot be obtained by other methods, is pos-
‘. sible from them,
)&\}I\I} ‘ §§'g; 323 iég §;§§ Lithium aluminum hydride reduces salts VII and IX to

thiopyrans XXIV or XXV, Sulfides XV, XVI, and XXIV (Table
2) are members of the previously unknown homologous series
of two-ring sulfides with the 5,4-trimethylene-y~thiopyran
structure, The structure of sulfides XV-XVIII, XXIV, and XXV was confirmed by conversion to perchlor-
ates XX-XXIII, VII, and IX and by alternative synthesis of the known {2] 2,4-diphenyl-5,6,7,8-tetrahydro-y -
thiochromene (XXIX). The UV spectra of sulfides XVI and XVIIT (Table 3) are similar to the spectrum of

unsubstituted y-thiopyran [3].

The thiapyrylium ion is characterized from the IR spectral data in the literature by three bands at
1390-1410, 1470-1500, and 1560-1590 cm™! [1, 4]. The presence of aromatic substituents in the investigated
salts hinders assignment of the bands at 1470-1500 em=!, This band does not change its position and in-
tensity on passing from thiopyrans XV-XIX, XXIV, and XXV to the corresponding thiapyrylium salts, V,
VII-XI, XTI, and XX-XXIII and appears at 14955 cm‘i, so that one should apparently assign it to aromatic
absorption, The thiapyrylium salts are readily distinguished from the corresponding thiopyrans by the
very intense absorption at 1390-1405 and 1560-1570 em-1, The band at 1360-1570 cm™! is usually split,
and a shoulder at 1540 ecm™! appears on the principal band, The spectra of perchlorates VII-IX and XX-
XX are characterized by the presence of intense bands at 620-625 and 1083-1090 em™!, which should be
assigned to the absorption of ClO,~ ions,
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TABLE 4. Action of Protic Acids on Saturated Solutions of 1,5~

Oiketones I-III

Starting . React;ion time,* h,| Reaction product
compound Solvent Acid at 20°C . (yield, %)
i CH,COOH HCI 65 (48) IV (52
i CH,COOH HCl 65 (72) vV (51)
11 CH;COOH HCl 50 (18) VI (60)
I CH,COOH HCIO, 6,5 VIL {65)
I CH,COOH HCIO, 70 VI (59)
111 CH,COOH HCIO, 65 IX ((:34)
I (CaHs) 20 HC! 6,0 (40) v (94)
11 (CoHs) 0 HCI 20,0 (48) V (56)
1t (CHs),0 HCI 6.0 (24) Vi (53)

*The time required for H,S/HCI cosaturation is indicated in the
experiments with hydrogen chloride, and the length of time the
mixture was held at 20° is given in parentheses,

EXPERIMENTAL

The IR spectra were recorded with a UR-20 spectrometer, while the electronic spectra were recorded
with an SF-4A spectrophotometer,

The 2-mono~ and 2,4-disubstituted 5,6~-trimethylenethiapyrylium and 5,6,7,8-tetrahydrothiochromyl-
ium chlorides and perchlorates (IV-IX) (Table 1) were obtained as described in [1] in acetic acid with the
appropriate mineral acids. The experiments in ether were carried out similarly. The 1,5-diketones were
introduced in 0,05-mole amounts into 70-100 ml of the solvent (Table 4), When acetic acid was used as
the solvent, salts IV-IX were crystallized by the addition of ether; perchlorates VII-IX crystallized in bet~
ter fashion than chlorides IV~VI, The hygroscopic chlorides were precipitated by the addition of absolute
ether, The use of ether as the solvent considerably facilitated isolation of salts IV-IX. The reaction was
followed by means of thin-layer chromatography (TLC) on aluminum oxide [cyclohexane—chloroform—ether
(2:2:1)].

5,6-Trimethylenethiapyrylium and 5,6,7,8-tetrahydrothiochromylium iodides and tetrachloroferrates
(X~XIV, Table 1) were obtained by exchange reactions by the method in [3].

Action of Grignard Reagents on Perchlorates VII and IX, The 2,4-disubstituted 5,6~trimethylene-y -
thiopyrans and 5,6,7,8-tetrahydro-y -thiochromenes (XV-XIX) (Table 2) were obtained from perchlorates
VI or IX and the appropriate organomagnesium compounds as described in [6]. Sulfides XVI-XVIII were
crystallized by cooling solutions of them in ether—alcohol (4:1). Sulfide XV was isolated as an oil and
characterized as perchlorate XX. Sulfide XIX was identified by a mixed-melting point determination with
a genuine sample of 2,4-diphenyl-~5,6,7,8-tetrahydro-y -thiochromene [2].

Reaction of Lithium Aluminum Hydride with Perchlorates VII and IX. 2~Phenyl-5,6-trimethylene~y=-
thiopyran (XXIV) (Table 1I). A 0,01-mole sample of perchlorate VII was added in portions in the course
of an hour to 0,02 mole of lithium aluminum hydride in 150 ml of absolute ether, after which the mixture
was stirred at 20° for ~1 h and then refluxed for 3 h, The ether layer was decanted, and the residue was
washed with ether., The ether extracts were combined, washed with water, and dried with anhydrous mag-
nesium sulfate. The ether was evaporated, and the residue was crystallized by cooling below 0°, Workup
gave 2 g (88%) of XXIV,

2-Phenyl-5,6,7,8-tetrahydro-y -thiochromene (XXV) was similarly obtained from perchlorate IX
(Table 3).

Reaction of Perchloric Acid with Sulfides XV-XVIII, XXIV,and XXV, Perchlorates XX~-XXIII, VI, and
IX (Table 1) were obtained by reaction of sulfides XV-XVIII, XXIV, and XXV with a fivefold to sixfold ex~
cess of 70% perchloric acid in acetic acid solution as described in [6].

Chromatography on Al,O; with isooctane established that saturated sulfides are formed along with
salts XX-XXTII, VII, and IX; we will report this separately.
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