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5 ,6 -Tr imethy lene th iapyry l ium sa l t s  have been obtained for  the f i r s t  t ime .  5 ,6 -Tr ime thy lene -  
y - t h i o p y r a n s  (or 5 ,6 ,7 ,8 - t e t r ahyd ro -y - th ioch romenes ) ,  which belong to a p rev ious ly  unknown 
s e r i e s  of two- r ing  sulfides,  a re  fo rmed  by reac t ion  of the ~ ,6- t r imethylene th iapyry l ium sal ts  
(or 5 ,6 ,7 ,8- te t rahydro th iochromyl ium sal ts)  with Gr ignard  reagents  and li thium aluminum hy- 
dr ide.  

1 ,5-Diketones reac t  with hydrogen sulfide and hydrogen chloride to give th iapyry l ium,  t e t r a h y d r o -  
th iochromyl ium,  or  sym-octahydro th ioxanthyl ium chlor ides  [1]. We have es tab l i shed  that  " semieye l i c "  
1,5-diketones I -HI  a re  oyel ized to 5 ,6- t r imethylene th iapyry l ium (IV, V, VII, and VIII) o r  5 ,6 ,7 ,8 - te t rahy-  
dro th iochromyl ium (VI and IX) sa l ts  in 40-65% yields on react ion with hydrogen sulfide and acids (hydro- 
gen chloride and pe rch lo r i c  acid} ing lac ia l  acet ic  acid or  e the r  at 20-40~ 
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CsH 5 C6H 5 
X- 

I - I l l  IV-IX �9 

IV X=C1, n=l, R=H; V X=C1, n=l, R=C6Hs; VI X=CI, n=2, R=H; VII X=C[O4, 
n=l, R=H; VIII X=C|O4, n=l, R=CeHs; IX X=C104, n='~, R=H 

The format ion  of sa l t s  f rom 1,5-diketones I - I I I  and pereh lor ie  acid is comple te  a f t e r  6-7 h, while 
up to 3 days are  requi red  for  the format ion  of sa l t s  with hydrogen chlor ide  at 20-25 ~ The complet ion of 
the reac t ion  can be judged f rom the d i sappearance  of the s tar t ing  1,5-diketone and the cor responding  su l -  
fide with a th iopyran r ing in the reac t ion  mix ture .  

Chlorides IV-VI exchange an anion with pe rch lo r i e  acid, po tass ium iodide, o r  f e r r i c  chloride at 20 ~ 
and undergo convers ion  to, respec t ive ly ,  p e r c h l o r a t e s  VII-IX, iodides X-XII,  o r  t e t r a e h l o r o f e r r a t e s  XIII 
and XIV. Iodides X-XII and t e t r a o h l o r o f e r r a t e s  XIII and XIV, respec t ive ly ,  are  s i m i l a r l y  obtained f rom the 
react ion  of pe r eh lo ra t e s  VII - IX with po tass ium iodide and a hydrochlor ic  acid solution of f e r r i c  ehloride 
(Table 1). Pe r eh lo ra t e s  VII and IX add me thy l - ,  benzyl- ,  and phenylmagnesium halides to give 2,4--disub- 
sti tuted 5 , 6 - t r i m e t h y l e n e - y - t h i o p y r a n s  (XV and XVI) or  5 , 6 , 7 , 8 - t e t r a h y d r o - y - t h i o e h r o m e n e s  (XVII-XIX). 
They are oxidized to the cor responding  2,4-disubst i tuted sal ts  X : ~ - ~ I  (Table 1) by the action of 70%per-  

Vii, iX 

ehloric  acid. 

R/~gHIg 

R R 

CIO~" 

XV- XIX Vlll, XX-XXIII 

XV, XX R=CHn, n=l; XVI, XXI R=CHzC6Hs, n=l; XVII, XXII R=CH3, n=2; XVIII, 
XXIII R=CHzCd-15, n=~2; XIX R=C6Hs, n=~2 
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TABLE 1. 5 ,6-Tr imethylene th iapyry l ium and 5,6,7,8- 
Tet  rahydroth iochromyl ium Salts 

Com- 
pound 

IV 
VII 

X 
XIII 

V 
VIII 

XI 
VI 
IX 

XIV 
XII 
XX 

XXI 
XXII 

XXIII 

H 
H 
H 
H 
C6H5 
C6H5 
C6H5 
H 
H 
H 
H 
CH~ 
CH~C6Hs [ 
CH3 
CHeC6Hs 

Cl 

f [04 

gF'  
ICI04 

CI 
C104 
IFeCI4 

CIO~ 
CIO4 
CIO, 
C104 

{ 

rap, "C a 

49--50 
154--156 
164--165 
106--107 
142--144 
213----215 
209--210 
101--I03 
162--163 
113---i14 
159--160 
186--1,87 
160--161 
203--205 
155--158 

Empirical 
formula 

CI4HI3CtS 
Ct4HI3CIO4S 
CI4HI3ISb 
CI4HI~CI4FeS 
C2oH~rCIS 
C20H 17C104S 
C2oH,vlS 
CI~H,sC1S 
C~sH,sCIO4S 
C15HIsCI4FeS 
C~HLgSc 
C~sHIsCIO4S 
C21H19CIO4S 
C,6H~vC104S 
C2~HmCIO4S 

Fs , % Calc., % 

El S CI S 

14,5 12,9 14,3 12,9 
11,3 10.4 11,3 10,2 

- -  9,4 - -  9,4 
34,6 8.0 34.5 7,8 
I 1,2 9,7 10.9 9,9 
9,2 8,1 9,2 8,3 

1--3,6 7,4 -- 7,7 12,3 13,5 12.2 
10,8 9,7 tO,9 9,8 
33,4 7,7 33,4 7,5 
t~-,8 8,9 9,1 9,9 10,,9 9,8 
8,9 7,8 8,8 8,0 

10,I 9,5 10,5 9,4 
8,5 7,8 8,4 7,6 

Yield, 
9 

51 
65 
74 
85 
51 
59 
94 
60 
64 
71 
95 
60 
54 
56 
52 

a) The pe rch lo ra te s  and t e t r a c h l o r o f e r r a t e s  were r ec rys t a l l i zed  
f rom glacial  acet ic  acid, the iodides were reprec ip i ta ted  f rom 
chloroform or  ni t romethane solution by the addition of e ther ,  and 
the chlor ides  were reprec ip i ta ted  from chloroform or  acetic anhy- 
dride solutions by the addition of absolute e ther ,  b) Found: I37.1%. 
Calculated: I 37.3%. c )Found :  I 35.8%. Calculated: I 35.8%. 

TABLE 2. 5 , 6 -T r ime thy l ene -y - th iopy rans  and .5 ,6,7,8-Tetrahydro-  
y - th iochromenes  

Com- 
pound 

XVI 
XVII 

XVIII 
XXIV 
XXV 

rap, 2: 

52--53 
49--51 
58--60 
53---54 
49--5l 

Emp~xical 
-formula 

C21H2oS 
C16H18S 
C22H22S 
C14HI4S 
CIsHI6S 

Found, % 

c ! . j  
83,4 6.8 
79,5 7,1 
83,3 7.2 
78,2 614 
78,8 7,0 

Calco, % 

s c i H I 

10,3 82,8 6,6 
13,4 79,2 7,5 
102 83,0 7,0 
15,0 78,5 6,6 
14,0 78,9 7,1 

Yield 

s 

lO,5 81 
13,2 73 
lO,1 90 
t5,0 88 
14,1 90 

TABLE 3. E l e c t r o n i c  A b s o r p t i o n  
Spec t ra  of Sulf ides XVI and XVIII 

Compound kmax, nm (hexane) ! logs 

XVI 237, 299 
XVIII 238, 289 

4,43; 3,32 
4,50; 3,45 

The C-4 u n s u b s t i t u t e d  sa l t s  (VII and IX) s e e m  of p a r -  
t i c u l a r  p r e p a r a t i v e  i n t e r e s t ,  i n a s m u c h  as the s y n t h e s i s  of 
2 , 4 - d i s u b s t i t u t e d  t w o - r i n g  su l f ides  XV-XVIII and sa l t s  XX- 
XXIII, which cannot  be ob ta ined  by o the r  me thods ,  is p o s -  
s ib le  f rom t he m.  

L i th ium a l u m i n u m  hydr ide  r educes  sa l t s  VII and IX to 
t h i o p y r a n s  XXIV o r  X-'XV. Sulf ides XV, XVI, and X~XIV (Table 
2) a re  m e m b e r s  of the p r e v i o u s l y  unknown homologous  s e r i e s  
of t w o - r i n g  su l f ides  with the 5 f i - t r i m e t h y l e n e - y - t h i o p y r a n  

s t r u c t u r e .  The s t r u c t u r e  of su l f ides  XV-XVIII,  XXIV, and XXV was c o n f i r m e d  by c o n v e r s i o n  to p e r c h l o r -  
a tes  XX-XXIII ,  VII, and IX and by a l t e r n a t i v e  s y n t h e s i s  of the known [2] 2 , 4 - d i p h e n y l - % ~ , 7 , 8 - t e t r a h y d r o - y -  
t h i o c h r o m e n e  (XXIX). The UV s p e c t r a  of su l f ides  XVI and XVIII (Table 3) are  s i m i l a r  to the s p e c t r u m  of 
u n s u b s t i t u t e d  y - t h i o p y r a n  [3]. 

The t h i a p y r y l i u m  ion is c h a r a c t e r i z e d  f rom the IR s p e c t r a l  da ta  in  the l i t e r a t u r e  by t h r e e  bands  at 
1390-1410,  1470-1500,  and 1560-1590 cm -1 [1, 4]. The p r e s e n c e  of a r o m a t i c  s u b s t i t u e n t s  in the inves t iga ted  
sa l t s  h i n d e r s  a s s i g n m e n t  of the bands  at 1470-1500 cm -1. This  band does not change i ts  pos i t ion  and i n -  
t e n s i t y  on p a s s i n g  f rom t h i o p y r a n s  XV-XIX, XXIV, and XXV to the c o r r e s p o n d i n g  t h i a p y r y l i u m  sa l t s ,  V, 
VII-XI,  XIII, and XX-XXIII and a p p e a r s  at 1495 =~ 5 cm - l ,  so tha t  one should a p p a r e n t l y  a s s i g n  it to a r o m a t i c  
a b s o r p t i o n .  The t h i a p y r y l i u m  sa l t s  a re  r e a d i l y  d i s t i ngu i she d  f rom the c o r r e s p o n d i n g  t h i o p y r a n s  by the 
v e r y  in t ense  a b s o r p t i o n  at 1390-1405 and 1560-1570 cm - l .  The band at 1.560-1570 cm -1 is u s u a l l y  spl i t ,  
and a s h o u l d e r  at 1.540 cm - i  a p p e a r s  on the p r i n c i p a l  band.  The s p e c t r a  of p e r c h l o r a t e s  VII - IX and XX- 
XXIII a re  c h a r a c t e r i z e d  by the p r e s e n c e  of in t ense  bands at 620-62z and 1085-1090 cm - l ,  which should be 
a s s i g n e d  to the a b s o r p t i o n  of CIO C ions .  
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TABLE 4. 
Oiketones 

Action of Prot ic  Acids on Saturated Solutions of 1,5- 
- I I I  

Starting Reaction time,* h, Reaction product 
compound Solvent Acid at 20"C . (yield, ~ 

I 
II 

III 
I 

II 
III 

I 
II 

Itl  

CH,COOH 
CH~COOH 
CHsCOOH 
CH,COOH 
CHaCOOH 
CH3COOH 
(c~u0,o 
(C~Hs)~D 
(C~5) ~O 

HC1 
H,CI 
14C1 
HCI04 
HCI04 
BCI04 
I-ICl 
HCI 
HC1 

6,5 (4S) 
6,5 (72) 
~,0 (i8) 
~S 
7,O 
6~ 
6,O (4O) 

2o,o (4s) 
6.0 (24) 

IV (52) 
v (51) 

vi (6o) 
VII 165) 

VIII (59) 
IX {64) 
IV (64) 
V (5~) 

VI (53) 

* The t ime required for H2s/Hc1 cosaturat ion is indicated in the 
exper iments  with hydrogen chloride, and the length of time the 
mixture was held at 20* is given in parentheses.  

E X P E R I M E N T A L  

The IR spec t ra  were recorded with a U13-20 spec t rometer ,  while the electronic spec t ra  were recorded  
with an SF-4A spectrophotometer .  

The 2-mono-  and 2,4-disubstituted 5,6-tr imethylenethiapyryl ium and 5 ,6 ,7 ,8- te t rahydrothiochromyl-  
ium chlorides and perchlora tes  (IV-IX) (Table 1) were obtained as descr ibed in [1] in acetic acid with the 
appropriate minera l  acids.  The experiments  in e ther  were car r ied  out s imi lar ly .  The 1,~-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 crysta l l ized by the addition of ether;  perchlora tes  VII-IX crysta l l ized in bet-  
t e r  fashion than chlorides IV-VI. The hygroscopic  chlorides were precipitated by the addition of absolute 
ether .  The use of e ther  as the solvent considerably facilitated isolation of salts IV-IX. The reaction was 
followed by means of th in- layer  chromatography (TLC) on aluminum oxide [ c y c l o h e x a n e - c h l o r o f o r m - e t h e r  
(2: 2: i)]. 

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 [5]. 

Action of Grignard Reagents on Perchlorates VII and IX. The 2,4-disubstituted 5,6-trimethylene-T- 
thiopyrans and 5,6,7,8-tetrahydro-y-thiochromenes (XV-XIX) (Table 2) were obtained from perchlorates 
Vll or IX and the appropriate organomagnesinm 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 perehlorate XX. Sulfide XIX was identified by a mixed-melting point determination with 
a genuine sample of 2,4-diphenyl-5,6,7,8-tetrahydro-T-thiochromene [2]. 

Reaction of Lithium Aluminum Hydride with Perchlorates VII and IX. 2-Phenyl-5,6-trimethylene-y- 
thiopyran (XXIV) (Table III). 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 s t i r red  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  ext rac ts  were combined, washed with water,  and dried with anhydrous mag-  
nesium sulfate. The e ther  was evaporated,  and the residue was crys ta l l ized  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 Perchlor io  Acid with Sulfides XV-XVIII, XXIV, and XXV. Perch lora tes  XX-X'XIII, VII, and 
IX (Table 1) were obtained by react ion of sulfides XV-XVIII, XXIV, and XXV with a fivefold to sixfold ex-  
cess  of 70%perchloric acid in acetic acid solution as descr ibed in [6]. 

Chromatography on A120 3 with isooctane established that saturated sulfides are  formed along with 
salts XX-XXIII, VII, and IX; we will repor t  this separately.  
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