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1,5-Diketones r eac t  with hydrogen sulfide and t r i f luoroace t ic  acid to give a mix tu re  of th ia -  
pyry l ium t r i f luo roace ta t e s  or  sym-oc tahydro th iaxanthy l ium t r i f luoroace ta tes  with th ia -  
cyclohexanes  or  perhydrothiaxanthenes ,  r e spec t ive ly .  

To elucidate the m e c h a n i s m  of the reac t ion  of 1 ,5-diketones with hydrogen sulfide and prot ic  acids 
[1,2], we have studied the react ion  of pen tane - l , 5 -d iones  (I-VI) and alkyl idenecyclohexanones (VII-VIII) 
with hydrogen sulfide and t r i f luoroace t i c  acid.  I t  can be assumed that  1,5-diketones V-VI,  which fo rm only 
a -  or  T - th i apy rans  with H2S/HC1 in acet ic  acid,  will be conver ted  with H2S and the s t ronger  t r i f luoroace t ic  
acid to a mix tu re  of the cor responding  thiaeyclohexanes  and th iapyryl ium t r i f l uo roace t a t e s .  

Tr i f luoroace t ic  acid se rved  as the medium and reagent  in this reac t ion .  I t  was found that 1,3,5-  
t r i a r y l -  and 1 ,5 -d i a ry l -3 -a lky lpen t ane - l , 5 -d iones  I-IV r eac t  smoothly  with H2S and CF3COOH to give a m i x -  
ture  of c rys ta l l ine  th iapyry l ium t r i f luo roace ta t e s  (IX-XII) and th iacyclohexanes  (XVII-XX). 1,2,4,5-  and 
1 ,2 ,3 ,5-Aryla lkyl -subs t i tu ted  pentane-1 ,5-d iones  (V-VI) and alkyl idenedicyclohexanones (VII-VIII) readi ly  
r eac t  with H2S and CF3COOH to fo rm read i ly  c rys ta l l i zed  thiacyclohexanes  (XXI and XXII) and p e r h y d r o -  
thiaxanthenes (XXIII and XXIV) but with difficulty fo rm ei ther  uncrys ta l l i zab le  th iapyry l ium t r i f l uo ro ace -  
tares  (XI and XID or  octahydrothiaxanthyl ium t r i f luoroace ta tes  (XV, XVI). 

R" R" R" 

R-,, R ~,,,,-%.~,.~_r ~ r "  r 
CFsCO0 

I -v I I I  IX-XVI XVII-XXIV 

1, IX, XVII R=R'"'=C~HS, R '=R"~H,  I~-=CH3; 11. x, XVIII R=R"=R""~COHS, R,=R",~H: 

|II,XI,XIX R=R'"'=athienyl R'~R..,=H,R,,=C6tfS;IV,XII,X X R=R,,,,=C6Hs, R,=R.,=H,R,,=CSH4OCH -p; 
V,XIII,XXI R=R'"'=CsHs, R'=R',.=CH3, R,.=H ; yl, XIV, XXII R=R"=R' '=C6H5, R,=CH3, R,,.=H; 

VII, XV, XXIII R +R' = R"'+ R ' ' =  (-CH2~) 4, R'=H; VIII, XVI, XXlY R+ R'=R"'+ R'"=(-CH2-)4, R"=CH s 

The r e su l t s  obtained for  diketones I-VIII ,  pa r t i cu la r ly  for  V and VI, conf i rm the ro le  of t r i f l u o r o -  
acet ic  acid as a s t rong protonat ing reagent  and make it poss ible  to conclude that  the react icn [1] of 1,5- 
diketones with H2S and prot ic  acids is  genera l  in c h a r a c t e r .  The r e su l t s  a re  also indi rec t  proof  of the 
m e c h a n i s m  that we proposed in [1,2] for  the reac t ion ,  which includes a step involving the protonation of ) , -  
or  (~- th iapyrans  to fo rm carbonium ions that  act  as hydride-~ion accep tors  (see scheme on following page).  

Compounds IX-XVI a re  d a r k - r e d  or g reen  subs tances .  The sa l t - l ike  na ture  of IX-XVI is conf i rmed  
by the i r  capac i ty  to enter  into anion-exchange reac t ions  with KI and HC104 to give known sa l t s  - th ia -  
pyry l ium iodides [2,3] and pe rch lo ra t e s  [3] or  sym-oc tahydro th iaxanthy l ium iodides and pe rch lo ra t e s  [2]. 

The IR spec t r a  of t r i f luo roace ta t e s  IX-XVI contain absorpt ion bands at 1400-1410, 1470-1490, and 
1560-1580 c m  -1 , which are  cha r ac t e r i s t i c  for  the th iapyry l ium cation.  The f i r s t  two bands are  over lapped 
with the absorpt ion bands of the a ry l  groups .  The band at 1560-1580 cm -I is dist inguished by a .ve ry  high 
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I - V I I I  . . . .  
H2S 

CF:~COOH 

CF3CO0- 
CF~CO0- 

in tensi ty  {up to 90%) and makes  it  poss ib le  to read i ly  detect  the th iapyry l ium cation.  In the case  of the s y m -  
octahydrothiaxanthyl ium cation, this band is of medium intensi ty but is c l e a r l y  i so la ted ,  s ince the re  a re  no 
other  absorpt ion bands in this region.  We will  ass ign the s t rong bonds at 1140-1200 cm -1 to the deformat ion  
vibra t ions  of the C - F  bond in the CF 3 group [4]. The 1680-1780 cm -1 region contains a broad  intense band 
with two or  th ree  peaks ,  which is cha r ac t e r i s t i c  for  v as C - O  in the CF3COO- ion [4]. 

The s t r u c ~ r e  of th iacyclohexanes  XVII-X-VIII and XXIII-XXIV was conf i rmed  by a compar i son  with 
authentic samples  of th iacyclohexanes  [1] and perhydrothiaxanthenes  [2]. Thiacyclohexanes  XXI-XXII were  
obtained for  the f i r s t  t ime .  The s t ruc tu re  of the l a t t e r  was conf i rmed by the r e su l t s  of e l e m e n t a r y  analys is  
and by the i r  convers ion  to the cor responding  sulfones (XXIa and XXIIa) on oxidation with hydrogen peroxide .  
Thiacyclohexanes  XXI and XXII and the i r  sulfones (XXIa and XXIIa) a re  co lo r l e s s ,  read i ly  c rys ta l l i zab le ,  
s table  subs tances .  The i r  IR s p e c t r a  do not contain bands in the region of C = C  bond absorpt ion (1600-1700 
cm-1),  which a t tes t s  to the sa tu ra ted  c h a r a c t e r  of the he te ro r ing .  

2 ,6 -Diphenyl -4-~-methoxyphenyl ) th iacyc lohexane  {XX) was identified through the sulfone - 2 ,6 -d i -  
phenyl -4-  (p-methoxyphenyl)thiacyclohexane 1,1-dioxide (XXa). 1,5-Diketone III r ead i ly  f o r m s  a c rys ta l l ine  
th lapyry l ium t r i f luoroace ta te  (XI), but the expected thiaeyclohexane cannot be p r epa ra t i ve ly  isolated,  a l -  
though the c h r o m a t o g r a m  at tes ts  to its p r e sence  in the reac t ion  mix tu re .  

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

React ion of Pen t ane - l , 5 -d ione  (I) with Hydrogen Sulfide and Tr i f luoroace t i c  Acid.  A 16-g (0.06 mole) 
sample  of pen tane - l ,5 -d ione  I was dissolved in 50 ml  of CF3COOH , and the solution was sa tu ra ted  with 
hydrogen sulfide at 20 ~ for  4 h. The mix ture  was held at r oom t e m p e r a t u r e  until the spot of diketone I 
vanished on the th in - l ayer  c h r o m a t o g r a m .  P e t r o l e u m  e ther  or  n-hexane was then added to prec ip i ta te  
green c r y s t a l s  of th iapyryl iu  m t r i f luo roace ta te  IX. The c r y s t a l s  were  washed with the s ame  solvent and 
dr ied  to constant  weight in vacuo to give 14.9 g (66%) of a product  with mp 76-77 ~ [ reprec ip i ta ted  f rom 
c h l o r o f o r m - e t h e r  (2:1) by the addition of hexane] (see Table  1). 

The e ther  or  hexane ex t r ac t s  were  washed with sodium carbonate  solution and wate r  and dried over  
Na2SO 4. The solvent  was r em oved  by dist i l lat ion,  and the res idue  was c rys t a l l i zed  to give 4.4 g (27v/c) of 
co lo r l e s s  c r y s t a l s  of 2 ,6 -d ipheny l -4 -me thy l - l - t h i acyc lohexane  (XVII) with mp 63-64 ~ (from alcohol) 
{Table 1). The react ion  of 1 ,5-diketones I I -VIII  with H2S in CF3COOH was c a r r i e d  out s i m i l a r l y  {Table 1). 

Anion-Exchange React ion of Th iapyry l ium Tr i f luoroace ta te  IX with P o t a s s i u m  Iodide. A 0.2-g sample  
of sa l t  IX was d isso lved  in 3 ml  of acetone,  and a solution of 0.3 g of KI in 5 ml  of wa te r  was added to p r e -  
cipi tate  2 ,6 -d iphenyl -4 -methy l th iapyry l ium iodide. It was r emoved  by f i l t rat ion,  washed with water ,  and 
dr ied  to give 0.18 g (90%) of a product  with mp 172 ~ (from acet ic  acid). This  product  did not dep re s s  the 
mel t ing point of an authentic sample  [3]. 

The anion-exchange reac t ions  of th iapyryl ium t r i f luo roace ta t e s  X-XIV and sym-oc tahydro th iaxan thy l i -  
urn t r i f luo roace ta t e s  XV-XVI with po ta s s ium iodide were  c a r r i e d  out s im i l a r l y .  The cor responding  th i a -  
pyry l ium and sym-oc tahydro th iaxan thy l ium iodides were  identified by mixed-mel t ing-po in t  de terminat ions  
with the iodides obtained by the methods in [2,3]. 

Anion-Exchange React ion of 2 ,6-Diphenyl -3 ,5-d imethyl th iapyry l ium Tr i f luo roace ta t e  (XIII) with P e r -  
chlor ic  Acid.  A 6.55-g sample  of oily t r i f luoroace ta te  XIII was d isso lved  in 6 ml  of acet ic  acid, and 8.5 ml  
of 707c pe rch lo r i c  acid was added to give a yellow crys ta l l ine  p rec ip i ta te  of 2 ,6 -d ipheayl -3 ,5-d imethyl th ia -  
py ry l ium pe rch lo ra t e .  To ensure  comple te  precipi ta t ion,  50 ml  of e ther  was added, and the c r y s t a l s  were  
r emoved  by f i l t ra t ion to give 5,5 g (88%) of a product  with mp 165-166 ~ (from acetic  acid). This  product  
did not d e p r e s s  the mel t ing point of an authentic sample  [3]. 
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The perchlorates obtained by the action of perchloric acid on thiapyrylium trifluoroacetates IX-XII 
and XIV and sym-octahydrothiaxanthylium trifluoroacetate XV were identified by fusion of mixtures of them 
with authentic samples obtained by the methods described in [2, 3]. 

Sulfones (XXIa-XXIIa) of Thiacyclohexanes XXI-XXII. These compounds were obtained by oxidation 
of XXI and XXII with 3070 hydrogen peroxide in acetic acid, as described in [3] (Table 1). 

The IR spectra of mineral-oil  suspensions were recorded with a UR-10 spectrometer. 
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