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Alkylidenedicyclohexanones I-III react  with phosphorus pentasulfide in an inert solvent to 
form sym-octahydrothioxanthenes, which, under the influence of the acid products of the 
decomposition of phosphorus pentasulfide, are converted to perhydrothioxanthenes and 
sym-oct  ahydr othioxanthylium salts.  

As was previously reported [2], the corresponding sym-octahydrothioxanthenes and thioxanthenes 
were isolated from the reaction of phosphorus pentasulfide with toluene solutions of alkylidenedicyclo- 
hexan one s. 

A further study of the reactions of alkylidenedicyclohexanones I-III with phosphorus pentasulfide in 
pyridine, toluene, and xylene with hydrogen sulfide and hydrogen chloride in acetic acid made it possible to 
specify more accurately the mechanism of the reaction. The data obtained are evidence that the dispro-  
portionation of sym-octahydrothioxanthenes (IV-VI) proceeds with t ransfer  of a hydride ion during salt 
formation ra ther  than via the principle of i r revers ib le  catalysis [2]. It was established that the pr imary  
products of the reaction of diketones I-III with phosphorus pentasulfide in an inert  solvent (toluene, etc.) 
are sym-octahydrothioxanthenes (IV-VI). Under the influence of the acidic reagents (H3PO3S , H3PO2S2, etc.) 
that are produced during the hydrolysis of phosphorus pentasulfide under the reaction conditions, they dis- 
proportionate with hydrogen t ransfer ,  and sym-octahydrothioxanthylium salts {VII-IX) and perhydro-  
thioxanthenes (X and XI) are formed. The presence of a small amount (about 1%) of thioxanthenes (XIII and 
X-IV) in the reaction products can evidently be explained by the ease of dehydrogenation of IV and V over 
sulfur, which may be present in the phosphorus pentasulfide or may develop during its decomposition. In 
fact, IV undergoes dehydrogenation over sulfur at about 130~ [2]. 
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I,IV, VII.X. XIII, XV, XVI! R=H; II, V, VIII, XI, XIV, XVI. XVIII R=CH~; 

| I I ,VI ,  IX. XI|. XIX R=C2|15; XV, XVI Z~=CIO4-; XVII-XIX Z-~FeCI~- 

* See [1] for communication VII. 
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T A B L E  1 ,  C c a d i t i o n s  a n d  P r o d u c t s  of  t h e  R e a c t i o n  of  s y m - O c t a -  

h y d r o t h i o x a n t h e n e s  ( IV-VI)  w i t h  A c i d s *  

,'~ o Solvent 
} 
o Amount of acid temp., I t ime'  I products 
~ *C [ h I (yield,%) 

IV 

IV 

IV 

IV 

IV 

V 

V 

V 

VI 

Acetic anhydride 

Acetic acid 

Acetic acid 
Acetic anhydride 

Without a solvent 

Acetic acid 

Without a splvent 

Acetic anhydride 

Acetic acid 

Acetic ac id  

3 1,5 ml 70~ HC104 1 20 

8,5 3g FeCla.3HzO / 90--100 
12 m 6 ml conc.HCl J I m l  8 5 %  U 3 P O 4  20  

- -  3 g P20~ in 1,5 m1H20 ] 1O0 

5 

2 

5 

2 

Saturation with gaseous 
HC1 for 2 h 

10 m160% HQ104 

3 g FeCI3 �9 3H20 in 6 ml 
eonc.HC1 

~aturation with gaseous 
HC1 for 2 h 

2,8 g VeC1.3.3It20 in 
10mlofconc. HC1 

20 

90--100 

100 

20 

90--100 

24 

mini 

24 

1,5 

48 

6,5 

1 

48 

1 

x (20); 
x v  (51) 
x (19); 

xv I I  (52) 

x (20); 
v i i [  

x (25); 
VII'~ 

x (15); 
xx  (60) 
XI (15); 
XVl (54) 
XI (16); 

XVIII (51) 
XI (15); 
XXI (57) 
xH (21); 
XlX (58) 

* D a t a  c a l c u l a t e d  on  t h e  b a s i s  of 0 . 0 0 5  m o l e  of  t h e  s t a r t i n g  s u l f i d e  

a r e  p r e s e n t e d  in  t h e  t a b l e .  

r T h e  m i x t u r e  of  s y m - o c t a h y d r o t h i o x a n t h y l i u m  p h o s p h a t e s  a n d  t h i o -  

a n d  d i t h i o p h o s p h a t e s  t h a t  d e v e l o p s  i s  c o n v e r t e d  t o  s y m - o c t a h y d r o -  

t h i o x a n t h y l i u m  p e r e h l o r a t e  (XW), t h e  y i e l d  of w h i c h  i s  4 0 - 5 0 %  b a s e d  

on  t h e  s t a r t i n g  s y m - o c t a h y d r o t h i o x a n t h e n e  (IV). 

T A B L E  2 .  C h a r a c t e r i s t i c s  of  t h e  C o m p o u n d s  O b t a i n e d  

Name rap, ~ Empirical formula Comp. 

IV 
V 

VI. 
X 

XI 
XII 

XIII 
XIV 
XV 
XVI 

XVII 

XVIII 

XIX 

XX 
XXI 

sym-Octahydrothioxanthene 
9- Methyl-sym-octahydrothioxanlhene 
9 - Ethy__l- sy m- octahydro thioxanthene 
Perhydrothioxanthehe 
9- Metl]ylperhydr othioxanthene 
9- Ethylpexayar omioxanmene 
Thioxanthene 
9- Methylthioxanthene 
sy m- Octahydr otb.io xanthylium perchlorate 
9- Me.thyl- sym- octanyaromioxanmylium 

percniara te 
sym- Oct ahydrothioxanthyli urn 
tetrachlorofe rrate 
9- Methylasym- oqtahydtothioxanthylium 
- te~acnioromrrate 

9- Ethyl-sym-octahydrothioxanthylium 
m~achlorom~am 

~y m- Oetahydr othiox an_thylin m chloride 
Methyl-sym-octahydrothioxamhylium 

chloride hydrochloride 

38--39,5 
61--62 
23--25 
70--71,5 

127--129 
111,5--113 

129--130 
81--82,5 

120--122 
90--92 

85--86,5 

97,5--99 

101,5--102 

95--97 
155--157 

C,3H18S 
C14H2oS 
CIsH~S 
C,3H22S 
CI4H24S 
CIsH~S 
ClaHloS 
CI4HI2,S 
CIaH~TCIO4S 

CI4Ha~CIO4S 

CI~HITC14FeS 

CI4HIgCI4FeS 

CtsH21CI4FeS 

CIaH,TCIS 
CnH19CIS' HCt 

T A B L E  2 ( c o n t i n u e d )  

Comp. 

IV 
V 

V1, 
X 

XI 
XII 

Xlll 
XIV 
XV 

XVI 
XVII 

XVIII 
XIX 
XX 

XXI 

Found % 

i c H 

i 75,8 
76,4 
76.4 
74,3 
74,5 
75,5 
78,6 
79,1 
51,3 

9,1 
9,1 
9,3 

10,6 
10,9 
10,6 
5,3 
5,8 
5,6 

15,9 
14,5 
13,2 
15,1 
14,0 
13,5 
16,1 
15,1 
11,8  
9,7 
7,6 
7,5 
7,4 

13,0 
10,9 

Cl C 

--  75,7 
--  76,3 

76,9 
74,3 
74,9 
75,6 
78,8 
79,2 

1~,1 51,2__ 

35,3 
34,5 
32,8 
15,1 
14,1 

Calculated, % 

H S 

8,7 15,3 
9,2 14,6 
9.4 13,7 

10,5 15,2 
10.8 14,3 
10,9 13,4 
5,1 16,2 
5,7 15,1 
5,6 11,7 

- -  10,1 
- -  7 ,9  
- -  7 ,7  
- -  7 , 4  
- -  13,3  
- -  11,0  

11,I 
35.2 
84,1 
32,9 
14.8 
14,4 

Yield, % 

65 
52 
45 
20 
15 
21 

51 
54 
52 
5l 
58 
60 
57 

1 0 8 2  



The 9 -R-sym-oc tahydro th ioxan thy l ium sa l t s  (VII-IX) a re  quite soluble in wa te r  and are  apparent ly  a 
complex  mix ture  of phosphates  and th io-  and di thiophosphates .  Compounds VII- IX were  identified through 
the cor responding  pe rch lo ra t e s  (XV and XVI) and t e t r a c h l o r o f e r r a t e s  (XVII-XIX) of the s y m - o c t a h y d r o -  
thioxanthyl ium ion. 

The only products  f r o m  the reac t ion  of P4S10 with pyridine solutions of diketones I - I I I  a re  sulfides IV-  
VI.  Pyr id ine  t ies  up the acid products  of the decomposi t ion of phosphorus pentasulf ide and excludes the 
poss ib i l i ty  of d ispropor t ionat ion  of sulf ides IV-VI.  

The reac t ion  of 9 -R-sym-oc tahydro th ioxan thenes  (IV-VD with pe rch lo r i c  acid, a hydrochlor ic  acid 
solution of f e r r i c  chlor ide ,  polyphosphoric  acid, and other  acids leads to d ispropor t ionat ion with hydrogen  
t r a n s f e r .  Data on the conditions and products  of the reac t ion  of IV-VI with acids a re  p resen ted  in Table  1. 

In our opinion, the d i spropor t iena t ion  of sym-oc tahydro th ioxan thenes  with acids (including the acid 
products  of the decomposi t ion of P4S10) is  a s soc ia ted  with the protonation of the double bonds in sulf ides 
IV-VI and with the fo rmat ion  of ca rbonium ions,  which a r e  hydr ide- ion  accep tors  during sa l t  format ion  [3]. 
The duration of the reac t ion  depends on the chemica l  na ture  of the acid used as the s a l t - f o r m i n g  reagen t  
and on the reac t ion  condit ions,  p r i m a r i l y  the t e m p e r a t u r e  and the solvent .  Thus the comple te  convers ion  
of sym-oc tahydro th ioxan thenes  IV-VI  with pe rch lo r i c  acid occurs  a f t e r  2-3 h, but t akes  48 h or longer with 
hydrogen chlor ide  [4]. 

The yie lds  of sym-oc tahydro th ioxan thy l ium sa l t s  (XV-X~)  and of the cor responding  perhydro th io -  
xanthenes (X-XII)donot  s t r i c t ly  c o r r e s p o n d  to the 2 : 1  ra t io  that should have been expected for  quantitative 
d ispropor t ionat ion  via the scheme  p resen ted  above.  The reason  for  this is the unavoidable loss  during the 
p r epa ra t i ve  isolat ion of the react ion  p roduc t s .  

It  can a lso  be a s sumed  that the d i sp ropor t iona t ion  of IV-VI p roceeds  with the par t ic ipat ion of only one 
double bond [5] and with the fo rmat ion  of decahydroxanthenes ,  but we were  unable to detect  them even by 
ch roma tog raphy .  

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

React ion of Alkyl idenedicyclohexanones I - I I I  with Phosphorus  Pentasul f ide  in Pyr id ine .  A 0.05-mole  
sample  of pu lver ized  P4S10 was added in the cour se  of 1 h under  ni t rogen at 0 ~ to a solution of 0.05 mole  of 
the diketone in 20-22 ml  of pyr id ine .  The reac t ion  mix tu re  was heated on a boiling wa te r  bath for  2 h, 
cooled,  and t r ea t ed  with wa te r  and e the r .  The e ther  ex t r ac t  was d r i e d ,  and the e ther  was r emoved  by d i s -  
t i l lat ion.  Vacuum dist i l lat ion of the res idue  gave the cor responding  sulf ides (IV-VI) in 45-65% yie lds .  Sul- 
fide IV was obtained in the c rys ta l l ine  s ta te  by f reez ing  out (at -70  ~ an e t h e r - m e t h a n o l  solution (1 : 3) of 
the f ract ion with bp 135-143 ~ (5 ram).  Sulfides IV-VI were  identified by de te rmin ing  the mel t ing points of 
mix tu re s  with authentic s amples  of the appropr ia te  9 -R-sym-oc tahydro th ioxan thenes  [2]. 

React ion of Alkyl idenedicyclohexanones I - I I I  with Phosphorus  Pentasulf ide  in an Iner t  Solvent.  The 
reac t ion  was Carr ied  out in toluene or  xylene via the method desc r ibed  above with s t r i c t  obse rvance  of the 
quanti tat ive r a t io  of the reagen ts  and the reac t ion  t ime .  As p rev ious ly  desc r ibed  [2] (Table 2), sulf ides IV-  
VI (20-35%), X-XII  (10-20%), and XIII and XIV (about 1%) were  i so la ted  f rom the e ther  ex t r ac t s .  The aque-  
ous l ayer  containing the sym-oc tahydro th ioxanthy l ium sa l t  (VII-IX) was t r ea t ed  with excess  pe rch lo r i c  acid.  
Ext rac t ion  with dichloroethane and dilution of the ex t rac t  with e the r  or  benzene [or e t h e r - b e n z e n e  (2:1)] 
gave the cor responding  pe rch lo ra t e s  (XV, XVI). S imi la r  t r e a t m e n t  of the aqueous l ayer  with a hydrochlor ic  
acid solution of f e r r i c  chlor ide  gave the co r respond ing  t e t r a c h l o r o f e r r a t e s  (XVII-XIX, Table 2). 

Dispropor t ionat ion  of 9 -R-sym-Octahydro th ioxan thenes  (IV-VI) with Acids .  Excess  m ine ra l  acid 
(HC104, HC1, FeC13 + HC1, H3PO4, and PPA) was allowed to act on solutions of IV-VI in g lac ia l  acet ic  acid 
or  in a mix tu re  of the l a t t e r  with acet ic  anhydride at 20-100 ~ (Table 1). At the end of the react ion,  the m i x -  
tu re  was diluted with e ther  (with absolute e ther  in the case  of the chlor ides) ,  upon which the cor responding  
9 -R-sym-oc tahydro th ioxan thy l ium sa l t s  (XV-XXI) prec ip i ta ted;  perhydrothioxanthenes  X-XII  were  isola ted 
f r o m  the e ther  e x t r a c t s .  The r e su l t s  of the d ispropor t ionat ion are  p resen ted  in Table  1. 

I~ 
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