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1 ,5 -Dipheny l -2 ,4 -d ime thy l - l , 5 -pen taned ione  r eac t s  with hydrogen sulfide in the p resence  of 
boron t r i f luor ide  e thera te  or  70%perehlor ic  acid to give the cor responding  th iapyryl ium sa l t s  
and 2 ,6-d iphenyl -3 ,5-d imethyld ihydro th iopyran;  comple te  d ispropor t ionat ion  to give 2,6-diphenyl-  
3 ,5-d imethyl th iacyclohexane  and 2 ,6-diphenyl-  3 ,5 -d imethy l th iapyry l ium b romide  occu r s  in 
the p r e se nce  of hyd rogen  b romide .  The  poss ib i l i ty  of ca ta ly t ic  hydrogenat ion in the p re sence  
of 10% Pd/C of compounds with a th iopyran  r ing was es tab l i shed .  

In the reac t ion  of 1 ,5-diketones  with hydrogen sulfide and hydrogen chloride in acet ic  acid med ia  
4H- th iopyrans  a re  usual ly  fo rmed  in the f i r s t  2-3 h, a f t e r  which they undergo dispropor t ionat ion as a r e -  
sult of i n t e rmo lecu l a r  hydride ion t r a n s f e r  to give th iacyclohexanes  and th iapyry l ium sa l t s  [1]. However ,  
in the case  of 1 ,5 -d ipheny l -2 ,4 -d imethy l - l ,5 -pen taned ione  {I) th is  so r t  of d ispropor t ionat ion  is obse rved  
only when the reac t ion  is c a r r i e d  out in the p re sence  of a s t r o n g e r  protonat ing reagent  - t r i f luoroace t i c  
acid [2]. 

We have studied the reac t ion  of 1,5-diketone I with hydrogen sulfide in the p re sence  of an aprotLc 
ca ta lys t  - boron t r i f luor ide  e the ra te  - and a lso  in the p r e sence  of s t rong  prot ic  acids such as pe reh lo r i c  
acid or  hydrogen bromide ,  the acidi t ies  of which in nonaqueous solvents  a re  two o r d e r s  of magnitude h igher  
than the acidi ty of hydrogen chlor ide .  

Consider ing the apro t ic  c h a r a c t e r  of boron t r i f luor ide  e thera te ,  one might  have expected the f o r m a -  
tion of the co r respond ing  th iopyrans  or  complexes  of the l a t t e r  with boron t r i f luor ide  as a resul t  of its r e -  
action with 1 ,5-diketones .  It was found that the reac t ion  of diketone I with hydrogen sulfide and boron t r i -  
f luoride e t h e r a t e i n  absolute e the r  gives 2 ,6-d iphenyl -3 ,5-d imethyld ihydroth iopyran  (III) and 2,6-diphenyl-  
3 ,5 -d imethyl th iapyry l ium t e t r a f l uo robo ra t e s  (IV). 
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The reac t ion  p roceeds  m o r e  ac t ive ly  in acet ic  acid and is complete  in a s h o r t e r  t ime .  

It was obse rved  by t h i n - l a y e r  ch roma tog raphy  (TLC) of the react ion  mix tu re  that  diketone I r e ac t s  
init ial ly with hydrogen sulfide and boron t r i f luor ide  e thera te  to give 4H-th iopyran  II, which is conver ted  
to d ihydrc th topyran HI and th iapyry l ium te t r a f luo robora te  IV under  the reac t ion  condit ions.  This  is also 
conf i rmed  by the convers ion  of 4H- th iopyran  with boron t r i f luor ide  e thera te  to dthydrothiopyran HI and 
th iapyry l ium t e t r a f luo robora t e  IV. 
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The reac t ion  of diketone I with hydrogen sulfide in the p r e sence  of hydrogen b romide  p roceeds  with 
the format ion  of products  of complete  d ispropor t ionat ion - th iacyclohexane V and th iapyry l ium bromide  
VI. 

Bromide  VI and 2 ,6-diphenyl-3 ,G-dimethyl th iapyryl ium t e t r a f luo robora t e  (IV) r eac t  with pe rch lo r i c  
acid to give th iapyry l ium pe rch lo ra t e  VII.  The s t ruc tu re  of t e t r a f luo robora t e  IV was conf i rmed  by c o m -  
par i son  with a sample  of the th iapyryl ium sa l t  obtained as a r e su l t  of  the reac t ion  of th iopyran  II  with 
t ropyl ium t e t r a f luo robora t e .  This  reac t ion  const i tu tes  evidence for  the g r e a t e r  hydride labil i ty of the 
hydrogen in 4H-thiopyran II .  

Two absorpt ion m a x i m a  cha rac t e r i s t i c  for  the absorpt ion of the th iapyry l ium cation - Xma x, nm 
(log e): 247 (4.23) and 370 (4.12) - a r e  p re sen t  in the UV s p e c t r a  of th iapyryl ium sa l t s  IV and VI. Intense 
absorpt ion  bands at 1380, 1455, 1470, and 1560 cm - I ,  which are  c h a r a c t e r i s t i c  for  the th iapyry l ium cation, 
a re  obse rved  in the IR spec t ra ,  and the intense absorpt ion of the BF  4- anion at 1060 em - I  is noted for  sa l t s  
IV. 

One might  have expected that  products  of d ispropor t ionat ion of V, VII would be fo rmed in the r e a c -  
t ion of diketone I with hydrogen sulfide in the p r e sence  of pe r ch lo r i c  acid.  However ,  it was found that  p r o -  
tonation of the init ially fo rmed  th iopyran II  in the p re sence  of 70%perchlor ic  acid is r ea l i zed  only at one 
double bond to give a dihydrothiopyran and th iapyry l ium perch lo ra te  VII. These  same  products  a re  also 
obtained in the d i rec t  reac t ion  of th iopyrans  II with 70%perehlor ic  acid.  This  unexpected cour se  of the r e -  
action can be explained by the fact  that  the dispropor t ionat ion of th iopyran II  occurs  in a s tepwise manner ,  
and, as a resu l t  of the low solubili ty in acet ic  acid of dihydrothiopyran III, which is fo rmed  during p ro tona -  
t ion of one double bond, i ts  fu r the r  convers ion  becomes  imposs ib le .  However ,  upon reac t ion  with t r i f l uo ro -  
acet ic  acid, dihydrothiopyran III is r e la t ive ly  readi ly  conver ted  to th iaeyclohexane V and th iapyry l ium t r i -  
f luoroace ta teX.  The l a t t e r  was identified in the fo rm of the cor responding  pe rch lo ra te  (VII). 

In o rde r  to conf i rm the s t ruc tu re  of thiacyclohexane V and dihydrothiopyran IH we accompl i shed  the 
catalyt ic  hydrogenat ion of th iopyran  II, dihydrothiopyran III, and sulfone IX ove r  10% Pd/C.  
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The substances  obtained in the catalyt ic  hydrogenat ion of th iopyran II and dihydrothiopyran III were  
identical  to one another  and identical  to sulfide V obtained by dispropor t ionat ion of II and III  with t r i f l u o r o -  
acet ic  acid.  

The IR spec t rum of sulfide V does not contain bands in the region of C =C bond absorpt ion  (1600-1700 
em-~), and this const i tu tes  evidence for  the sa tu ra ted  c h a r a c t e r  of  the he te ror ing .  

Absorpt ion of a C =C bond at 1628 cm -1, the posit ion of which was es tab l i shed  by means  of PMR spec -  
t roscopy ,  is observed  in the IR spec t rum of IH. The singlet  at 6 7.22 ppm in the PMI~ spec t rum of d ihydro-  
th iopyran III  is aff i l iated with the equivalent protons  of phenyl groups.  The signals  of 2-H and (3-4)-H 
protons  a re  found at 6 4.09 and 2.17 ppm, r e spec t ive ly .  The protons of  the me thy l  group at tached to C-3 
give a doublet at ~ 0.86 ppm. The p r e s ence  in the spec t rum of a s inglet  at 1.60 ppm, which is r e la ted  to 
the = C - C H  3 group, and the absence  of the signal  of a vinyl  proton make it poss ib le  to a s s ign  the 5,6 pos i -  
t ion to the double bond in dihydrothiopyran III. 

The ra t io  of the in tegral  intensi t ies  is in ag reemen t  with the p roposed  s t ruc tu re .  

Sulfone IX - the product  of oxidation of dihydrothiopyran II - is conver ted  to sulfone VIII as  a resu l t  
of hydrogenation.  Sulfone VIII is identical  to the sulfone obtained by oxidation of sulfide V. 

In addition to absorpt ion at 1150 and 1230 cm -1', which co r r e sponds  to the s y m m e t r i c a l  and a s y m m e t -  
r i ca l  vibrat ions of the SO~ group, absorpt ion  for  a C =C bond at 1620 cm - i  is noted in the IR spec t rum of 
sulfone IX. The PMI~ spec t rum of sulfone IX is s i m i l a r  to the spec t rum of s ta r t ing  sulfide III .  However ,  
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TABLE 1. React ion of 1,5-Diketone I and 4H-Thiopyran  HI with 
Acidic Reagents  

Starting Reaction 
com- Medium Acidic reagent Yield, qo pound product , 

I 
I 
I 

11 
II 
II 
II 

III 

Absolute ether 
CH3COOH 
CHaCOOH 
BF~. OEt2 
CH~COOH 
CH~COOH 
CF~COOH 
CF~COOH 

BF~.OEt2 
BF~.OEt2 
HBr 
BFs.OEt2 
HC104 
HBr 
CF~COOH 
CF~COOH 

III and IV 
III and IV 
V and VI 

III and IV 
III and VII 
V and IV 
V and X* 
V andX* 

47 and 47 
49 and 51 
27 and 60 
46,6 and 47 
20 and 55 
28 and 60 
26 and 56 
35 and 40 

* Identif ied in the fo rm of the cor responding  pe rch lo ra t e  (VII). 

the p r e s e n c e  of a SO2 group in IX leads  to a ce r t a in  shift in all  of the s ignals  to s t rong  field, pa r t i cu l a r ly  
for  the signal for  = C - C H  3 (by 0.19 ppm) and - C - C H  3 (by 0.26 ppm) f r agmen t s .  

EXPERIMENTAL METHOD 

The IR spectra of mineral oil and hexachlorobutadiene suspensions of the compounds were recorded 
with a UR-20 spectrometer. The UV spectra of aeetonitrile solutions (10 -3 M) were recorded with an SF- 
4A spee t ropho tome te r .  The PMR s p e c t r a  of CCI~ solut ions were  r eco rded  with an RYa-2306 s p e c t r o m e t e r  
with hexamethyldis i loxane as the in ternal  s tandard .  

The convers ion  of the diketones was moni to red  by TLC on Silufol UV 254 in h e x a n e - e t h e r  (6 : 1) with 
development  in iodine vapo r s .  The 10% Pd/C ca ta lys t  was p r e p a r e d  by the method in [4]. 

Reac t ion  of 1 ,5-Diphenyl ,2 . ,4 -d imethyl - l ,5 -pentanedione  w i t h H y d r o g e n  Sulfide and Boron Tr i f luor ide  
Ethera te  (or 70%Perch lo r i c  Acid). A solution of 4.76 g (0.017 mole)  of 1,5-diketone I in 60 m l  of absolute  
e the r  (or g lacia l  acet ic  acid) was sa tu ra ted  with hydrogen sulfide at 20 ~ for  2 h, a f t e r  which 10 ml  (0.07 
mole) of boron t r i f iuor ide  e the ra te  or  10 m l  (0.16 mole) of 70% HC10 4 was added. The mix tu re  was then 
allowed to stand for  40 h for  comple te  convers ion  of the s ta r t ing  diketone (chromatographic  monitor ing) .  
The resul t ing  prec ip i ta te  was r em oved  by f i l t ra t ion,  washed with alcohol,  a i r -dr ied ,  and rep ree ip i t a t ed  
f rom acet ic  acid solution by the addition of e t h e r  to give 2.92 g (47%) of th iapyryl ium t e t r a f luo robora t e  IV 
with mp 157-158 ~ Found: C 62.5; H 4.8; S 8.6%. C~gHI?SBF 4. Calculated:  C 62.7; H 4.7; S 8.8%. IW s p e c -  
t r u m  (CH3CN) , kmax,  nm (log ~): 247 (4.35) and 370 (4.12). PMR spec t rum,  6, ppm: 2.64 s (6H, CH3) , 
7.52 m (10H, C~Hh) , and 8.40 s (1H, C-4).  T h i a p y r y l i u m p e r c h l o r a t e  VII [2.8 g (46%)], with mp 152-155 ~ 
was s i m i l a r l y  i sola ted .  Found: C 60.8; H 4.5; S 8.8%. C19HI?SC10 4. Calculated: C 60.5; H 4.5; S 8.5%. 
UV spec t rum (CH3CN) , kmax,  nm (log e): 246 (4.06) and 370 (3.92)., PMR spec t rum,  6, ppm: 2.33 s (6H, 
CH3) , 7.24 m (10 H, C6Hs) , and 8.40 s (1H, C-4) .  

The e the r  f i l t ra te  obtained a f t e r  separa t ion  of sal t  IV (or VII) was washed with wa te r  and dr ied  with 
Na2SO4, a f t e r  which the e the r  was r emoved  by dist i l la t ion.  The resul t ing  prec ip i ta te  was r emoved  by f i l -  
t ra t ion ,  washed with alcohol,  dried,  and r e c r y s t a l l i z e d  f rom alcohol to give 2.2 g (47%} of dihydrothiopyran 
lII with mp 64-64.5 ~ Found: C 81.4; H 7.0; S 11.2%. CIgH20S. Calculated: C 81.4; H 7.1; S 11.4%. 

.... React ion of 1 ,5 -Dipheny l -2 ,4 -d imethy l - l ,5 -pen taned ione  with Hydrogen Sulfide and Hydrogen Bromide .  
A solution of 4.1 g (0.15 mole)  of diketone I in 50 m l  of glacia i  acet ic  acid was sa tu ra t ed  s u c ~ s s i v e l y  with 
hydrogen sulfide at 20 ~ for  2 h and with a mix tu re  of  hydrogen sulfide and hydrogen b romide  for  ano ther  
2 h. The mLxture was then al lowed to stand for  30 h for  complete  convers ion  of the s ta r t ing  diketone (chromat -  
ographic  monitoring}, a f t e r  which it was poured  into 150 m l  of e the r .  The re su l t ing  prec ip i ta te  was r e -  
moved  by f i l t ra t ion,  washed with e ther ,  dr ied,  and rep rec ip i t a t ed  f rom acet ic  acid solution by the addition 
of e the r  to give 2.54 g (60%) of th iapyry l ium bromide  VI. Found: C 63.7; H 4.6; B r  22.2; S 8.9 %. C~gH~?SBr. 
Calculated:  C 63.9; H 4.8; B r  22.3; S 8.9%. UV spec t rum (CH3CN) , kmax,  nm (log a): 246 (4.06) and 370 
(3.92). PMR spec t rum 6, ppm: 2.4 s (6H, CH3) , 7.45 m (10H, C6H5) , and 8.4 s (1H, C-4). 

The e the r  f i l t ra te  r emain ing  a f t e r  isolat ion of sal t  VI was washed with wa te r  and dr ied with Na2SO4, 
a f t e r  which the e the r  was r em oved  by dist i l lat ion.  The resul t ing  prec ip i ta te  was r emoved  by f i l t rat ion,  
washed  with alcohol,  dried,  and r e c r y s t a l l i z e d  f rom alcohol to give 1.12 g (27%) of thiacyclohexane V with 
mp  167-168 ~ Found: C 80.8; H 7.7; S 11.3%. C19H22S. Calculated:  C 80.9; H 7.8; S 11.3%. PMR spec t rum,  
5, ppm: 7.23 s (10H, C6Hs) , 4.36 d (2H, C-2,  C-6),  1.66 m (4!4, C-3 ,  C-4 ,  and C-5),  and 0.97 d (6H, CH3). 

563 



�9 2,6-Diphenyl-3,5-dimethylthiapyryl ium Tet ra f luorobora te  (IV). A 0.32-g (2 mmole)  sample of t ropy l -  
ium fluoroborate  was added to a solution of 0.544 g (2 mmole) of 4H-thiopyran II in 10 ml  of acetoni t r i le ,  
and the result ing mixture  was refluxed for  5-10 rain. It was then cooled and poured into 50 ml  of e the r .  
The resul t ing precipi ta te  was removed  by fi l tration, washed with e ther ,  dried and purif ied by the r ep rec ip i t a -  
tion method descr ibed  above to give 0.632 g (93%) of th iapyryl ium te t ra f luorobora te  IV, which with respec t  
to its mel t ing point and IR, UV, and PMR spec t ra  was identical to IV obtained by react ion of diketone I 
with hydrogen sulfide and boron t r i f luor ide  e thera te .  

Reaction of 2 ,6-Diphenyl-3 ,5-dimethyl-4H-thiopyran (II) with Tr i f luoroace t ic  Acid. A solution of 1.5 
g (5 mmole) of thiopyran II in 10 ml of t r i f luoroace t ic  acid was s t i r r ed  for  2-3 h, and the resul t ing p r e -  
cipitate was removed  by fi l tration, washed with alcohol, dried,  and r ec rys t a l l i zed  from alcohol to give 0.4 g 
(26%) of thiacyclohexane V; according ot its mel t ing point and IR spect rum,  this product was identical to 
sulfide V obtained by react ion of diketone I with tt2S and HBr. The f i l t ra te  was poured into 50 ml  of hexane, 
and the resul t ing oily product  was separated,  washed with hexane, dr ied,  and identified in the form of pe r -  
chlorate VII. The yield was 56%. The react ion of 2 ,6-diphenyl-3,5-dimethyldihydrothiopyran III with t r i -  
f luoroaeet ic  acid was ca r r i ed  out s imi la r ly .  The yield of thiacyclohexane V, with mp 166-166.5 ~ (from 
alcohol), was 35%. The yield of th iapyryl ium t r i f luoroace ta te  X was 40% (identified in the form of p e r -  
chlorate  VII) was also obtained in 85-90%yields by anion exchange react ion of th iapyryl ium salts  IV, VI, 
and X with 70% tIC1. 4. 

Reaction of 2 ,6-Diphenyl-3 ,5-dimethyl-4H-thiopyran (II) with Boron Tr i f iuoroide  Ethera te .  A solu-  
tion of 1.5 g (5 mmole) of thiopyran II in 15 ml  of boron t r i f luor ide  e thera te  was held at 20 ~ for  12 h, a f te r  
which the resul t ing precipi ta te  was removed by fi l tration, washed with alcohol, dried,  and r ec rys t a l l i zed  
f rom alcohol to give 0.5 g (46.6%) of dihydrothiopyran III. The f i l t ra te  was poured into e ther ,  and the r e -  
sulting precipi tate  was removed by fi l trat ion,  washed with e ther ,  dried,  and repree ip i ta ted  from acetic 
acid solution by the addition of e the r  to give 0.6 g (47%) of thiapyryl ium te t ra f luorobora te  IV. 

The react ion of 4t t - thiopyran II with 70%HC104 was ca r r i ed  out s imi la r ly .  The yield of dihydrothio-  
pyran  HI, with mp 64-64.5 ~ (alcohol), was 20%. The yield of thiapyryl ium perehlora te  VII, with mp 152- 
153 ~ (repreeipi ta ted from acetic acid solution by the addition of e the r ) ,  was 55%. 

2,6-Diphenyl-3,5-dimethylthiaeyclohexane S,S-Dioxide (VIII). Oxidation of 1 g (5 mmole) of th iacyclo-  
hexane V with hydrogen peroxide [2] gave 0.98 g (90%) of sulfone VIII with mp 244-246 ~ (alcohol). Found: 
C 72.6; I-I 7.1; S 10.1%. C19tt22SO 2. Calculated: C 72.6; H 7.0; S 10.2%. PMR spectrum,  5, ppm: 7.23 s 
(10H, C6H~) , 4.36 d (2H, C-2, C-4),1.66 m (4H, C-3, C-4, and C-5), and 0.97 d (6tI, CH3). 

2 ,6-Diphenyl-3,5-dimethyldihydrothiopyran S,S-dioxide (IX), with mp 137.5-138 ~ (alcohol) was s imi -  
la r ly  obtained in 87%yield. Found: C 73.0; H 6.5; S 10.2%. C19tt20SO 2. Calculated: C 73.1; H 6.4; S 10.3%. 
PMR spect rum,  8, ppm: 7.02 (10H, C6H5) , 4.20 d (1H, C-2), 3.69 m (1H, C-3), 20.7 m (2H, C-4), 1.41 s 
(3H, =C-CH3) , and 0.58 d (3H, - C - C H 3 ) .  

2,3-Diphenyl-3,5-dimethylthiacyclohexane iV). A solution of 1 g (4 mmole)  of 4H-thiopyran II in 50 
ml  of alcohol was placed in an autoclave, and 1 g of a 10% Pd/C catalyst  was added to the solution. The 
compound was hydrogenated at an initial hydrogen p r e s su re  of 50 atm at 100 ~ for  5.5 h. The catalyst  was 
then removed by fi l trat ion,  and the precipi ta te  that formed during evaporat ion of the f i l t rate  was separated,  
washed with alcohol, dried,  and rec rys ta l l i zed  from alcohol to give 0.6 g (59%) of thiacyclohexane V with 
mp 166.5-167 ~ 

A total  of 0.7 g (60%) of a compound identical to sulfide V with respec t  to its melt ing point and IR 
and PMR spec t ra  was s imi la r ly  obtained f rom 1 g (4 mmole)  of dihydrothiopyran III. 

2 ,6-Diphenyl-3,5-dimethylthiacyclohexane S,S-dioxide (VIII) was obtained by catalyt ic  hydrogenation 
of 1.6 g (5 mmole) of 2 ,6-diphenyl-3,5-dimethyldihydrothiopyran IX as in the preceding exper iment .  The 
yield of VIII was 1.2 g (70%). 
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