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FROM THIIRANES TO THIOCARBONYL S-SULFIDES; RECENT 
RESULTS 

ROLF HUISGEN 
Institut fur Organische Chemie der Universitat Mun- 
chen, Karlstr. 23, 8000  Munchen 2, BRD 

A b s t r a c t  A novel nucleophilic catalysis for the de- 
sulfurization of thiiranes is described. Triphenyl- 
thiirane is quantitatively converted to triphenyl- 
ethylene by some mo18 sodium thiophenoxide or other 
thiolates in DMSO at 35OC. A rapid initial reaction 
is retarded by the eliminated sulfur leading to a 
pseudo-first-order reaction under quasi-stationary 
conditions. The suggested mechanism is based on 
structure-rate relationships. - The thiolate-cata- 
lyzed reaction of cis-2,3-diphenylthiirane is excep- 
tional in furnishing equimolar quantities of cis- 
stilbene and 3,4,6,7-tetrapheny1-lI2,5-trithiepane 
(2 diastereoisomers with bilateral symmetry); me- 
chanistic implications - thiolate attack on sulfur 
or C-atom of thiirane - are discussed. - Desulfuri- 
zation of 2,2-diphenylthiirane by thiobenzophenone 
or other thioketones gives access to thiocarbonyl 
S-sulf ides ( "thiosulf ines'') which are intercepted 
by 1,3-cycloadditions to activated acetylenes or to 
thiones. 

A FORGOTTEM REACTION PATHWAY ? 

Thiirane constitutes the smallest sulfur heterocycle. Re- 
cent studies in the Munich Laboratory do not deal with the 
construction, but rather with the destruction of thiira- 
nes. The elimination of sulfur converts thiiranes into 
olefins. This reaction is not without importance. Barton's 
pathway to overcrowded ethylenes may be remembered; its 
final step is the desulfurization of a thiirane by one 
equivalent of tertiary phosphine. Eschenmoser's "sulfide 
contraction via alkylative coupling" offers another syn- 
thetic application. It is again an episulfide interme- 

63 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



64 R. HUISGEN 

d i a t e  which i s  f r e e d  of s u l f u r  by t r i p h e n y l p h o s p h i n e .  

SCHEME 1 

Spontaneous Desul fur izat ion of Subst i tuted Thiiranes 

A s p o n t a n e o u s  loss  of s u l f u r  from t h i i r a n e s ,  s u b s t i -  

t u t e d  by a r y l  o r  ha logen ,  has  s p o r a d i c a l l y  been r e p o r t e d  

s i n c e  1 9 2 0 .  Among few examples,  o b s e r v a t i o n s  by S taud in -  
g e r  and Siegwar t  a re  quoted  on t h e  f i r s t  l i n e  of Sche- 

m e  1 .  Schonberg and h i s  school  c o n t r i b u t e d  f u r t h e r  ca-  

ses. S ty rene  e p i s u l f  i d e  w a s  d e s c r i b e d  t o  s u f f e r  ''occa- 

s i o n a l  decomposi t ion" on vacuum d i s t i l l a t i o n .  2 , 2 - D i -  

f l u o r o t h i i r a n e  l o s t  s u l f u r  a t  O O C .  Even a l i p h a t i c  t h i -  

i r a n e s  such a s  f e n c h a n e - s p i r o - t h i i r a n e  of Scheme 1 e x t r u -  

ded s u l f u r  a t  moderately e l e v a t e d  t empera tu res .  7 

The l a c k  of a s y s t e m a t i c  o r  m e c h a n i s t i c  s tudy  j u s t i -  
f i e s  speaking  of a f o r g o t t e n  reac t ion  pathway. Is  it con- 

c e i v a b l e  t h a t  t h i i r a n e s  e l i m i n a t e  atomic s u Z f u r  ? 

The s t a n d a r d  h e a t s  of format ion  are  known f o r  t h i -  
i r a n e  and e t h y l e n e  a s  w e l l  as  f o r  t h e  s i n g l e t  and t r i p -  

l e t  s u l f u r  atom. "' The s p l i t t i n g  of t h i i r a n e  i n t o  e t h y -  
l e n e  + s u l f u r  atom should  be  endothermic by as  much as 
8 5  o r  59 k c a l  m o l - I  depending on which of t h e  two s u l f u r  

s p e c i e s  i s  formed (Scheme 2 ) .  The t h e r m o l y s i s  ra te  of 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 65 

SCHEME 2 

200-250.C - H2C=CHI + S(’D2) or S(’P) 

AH;(g) kcol mot-I 19.3 12.5 92.0 65.6 

AH,,lcd,= + 8 5  o r  59 kcol mol-’ 

AH,,, = 60.2 kcal mot-I; = 2 . 5  e.u. 

Sulfur extrusion is of f irst order, l(125.C = 3.7 iO-’s-\ t,,, = 5.2 h 

thiirane in the gas phase at 200-250°C was measured by 
O.P. Strausz et al.;” the first order reaction showed 
only Ea = 40.2 kcal mol-I and AS* = -2.5 e.u. Thus, ener- 
getic considerations rule out the thermal loss of a s u l -  
f u r  a t o m  in thiiranes. 

How did we chance upon the problem ? Li X., a Chi- 
nese guest in Munich, observed in 1980 that 2,2-diphenyl- 
thiirane freshly prepared lost sulfur with a half-life 
of 16 h at room temperature. With each stage of purifi- 
cation the half-life grew until it reached 53 days in 
DMSO at 35°C. This suggested c a t a l y s i s .  

SCHEME 3 

Proposed Scheme for Sulfur Extrusion at Low Temperature 

R 

R-S 

\ /  
R-S* -k lllA 111 - 1 1 1 ~ 1 1 1  - / \  C=C + R-S-S* 

R * :  Radical R ’  or Anion R- ? 
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66 R. HUISGEN 

A c o n c e i v a b l e  pathway i s  d e l i n e a t e d  i n  Scheme 3 .  A * 
c a t a l y s t  R a d d s  t o  t h e  t h i i r a n e  s u l f u r ,  and  a c h e l e t r o -  

p i c  e l i m i n a t i o n  f u r n i s h e s  a l k e n e  + RS . The l a t t e r  a t -  
t a c k s  t h e  n e x t  t h i i r a n e  m o l e c u l e ,  a t t a c h i n g  a n o t h e r  s u l -  

f u r  t o  t h e  c a t a l y s t .  When t h e  s u l f u r  c h a i n  h a s  r e a c h e d  a 
s u f f i c i e n t  l e n g t h ,  it r o l l s  a round and e l i m i n a t e s  c y c l o -  

o c t a s u l f u r ,  t h u s  r e g e n e r a t i n g  t h e  a c t i v e  RS . Does t h e  

a s t e r i s k  mark r a d i c a l  o r  a n i o n  ? 

* 

* 

I n  1983 A l b e r t  P r o b s t l  i n  t h e  Munich L a b o r a t o r y  con- 

f i r m e d  t h e  c a t a l y t i c  scheme r i g h t  away; n u c l e o p h i l i c  rea- 

g e n t s  a s  w e l l  a s  r a d i c a l s  were e f f e c t i v e  a s  c a t a l y s t s .  1 1  

Now w e  are  c o n f r o n t e d  w i t h  t h e  problem of  choos ing  

a good model. I n  h i s t o r i c a l  r e t r o s p e c t ,  t h e  c l a r i f i c a t i o n  

of r e a c t i o n  mechanisms w a s  o f t e n  t i e d  t o  u n i q u e  models .  

I t  i s  a d v i s a b l e  t o  t a i l o r  a model t o  f i t  t h e  p a r t i c u l a r  

measures  of an  e x p e r i m e n t .  Even h a r d e r  t o  s a t i s f y  i s  t h e  

f o l l o w i n g  r e q u i r e m e n t :  t h e  model s h o u l d  r e a d i l y  l e n d  it- 

s e l f  t o  g e n e r a l i z a t i o n s .  Many g e n e r a t i o n s  of  c h e m i s t s  ha- 

ve  t r a p p e d  t h e m s e l v e s  i n  t h e  d e l u s i o n  t h a t  a l l  t h e s e  w i -  

s h e s  can  b e  m e t .  

THIOLATE-CATALYZED DESULFURIZATION OF TRIPHENYLTHIIRANE 

T r i p h e n y l t h i i r a n e  w a s  c h o s e n ,  and 'H NMR s p e c t r o s c o p y  a l -  
lowed t o  f o l l o w  t h e  s u l f u r  e x t r u s i o n  i n  [D61DMS0 a t  3 5 O C  

by c o n c e n t r a t i o n  measurements  a g a i n s t  a s t a n d a r d .  A t  an  

e a r l y  s t a g e  of t h e  i n v e s t i g a t i o n  w e  r e s o r t e d  t o  t h e  k i n e -  

t i c  m e t h o d  which c a n  b e  more e a s i l y  a p p l i e d  t o  n u c l e o p h i -  

l i c  c a t a l y s i s  t h a n  t o  s h o r t - l i v e d  r a d i c a l s  a s  i n i t i a t o r s .  
According t o  Scheme 3 ,  t h e  i n i t i a l  n u c l e o p h i l e  R- i s  con- 

v e r t e d  t o  o l i g o t h i o l a t e s  of  v a r i a b l e  c h a i n  l e n g t h .  Only 

t h e  S-S bond and  n o t  t h e  C-S bond i s  broken  i n  t h e  f o r -  

mat ion  of  S 8 .  Thus,  sodium t h i o p h e n o x i d e  as  a mono th io l a -  
t e  was o u r  c h o i c e .  The d e s u l f u r i z a t i o n  o f  t r i p h e n y l t h i i -  
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 67 

r a n e  p roceeded  q u a n t i t a t i v e l y  i n  t h e  p r e s e n c e  of  a few 

mol% of NaSC6H5. 

SCHEME 4 

6o 

LO 

20 

0 

Triphenylthiirane and Sodium Thiophenoxide 

Kinetics in CD,IDMSO a t  35OC; 'H NMR Analysis 

-..o. 10 mol*/. vm . 
- "e;@-o-o. NaSCsHS 1 

";o 
- 

0 0.0, 

- 

1 1 

Fast Initial Reaction 

- 1  -O-I 

I I 
100 200 300 LOO 500 

01 

Time (seconds) 

A Probst l ,  Munchen 1986 

On combining 0.66 M t r i p h e n y l t h i i r a n e  i n  [D6]DMS0 
w i t h  a s  much a s  1 0  o r  1 4  m o l %  of  NaSC6H5, a r a p i d  i n i t i -  

a l d e s u l f u r i z a t i o n  w a s  obse rved :  2 8  and 4 4 %  o f  t h e  t h i i -  

r a n e  were consumed i n  less  t h a n  a m i n u t e ,  i . e . ,  r o u g h l y  

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

(Scheme 4 ) .  S u b s e q u e n t l y ,  t h e  r e a c t i o n  f o l l o w e d  t h e  f i r s t  

o r d e r .  I n  f a c t ,  p s e u d o - f i r s t  o r d e r ,  because  t h e  concen-  

t r a t i o n  of  t h e  c a t a l y s t  c a n  o b v i o u s l y  b e  r e g a r d e d  as  con-  
s t a n t .  1 2  

T h i s  expe r imen t  r e v e a l s  t h a t  t h e  v e r y  f a s t  d e s u l f u -  
r i z a t i o n  o f  t r i p h e n y l t h i i r a n e  by NaSC6H5 i s  s lowed down 

by t h e  i n t e r a c t i o n  w i t h  t h e  e l i m i n a t e d  s u l f u r .  The r i g h t -  
hand d i ag ram of  Scheme 4 o f f e r s  t h e  c r u c i a l  t es t .  The 

c o n v e r s i o n  c u r v e  f o r  1 0  mol% of  NaSC6H5 i s  compared w i t h  
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68 R. HUISGEN 

an experiment in which elementary sulfur ( S o )  was dissol- 
ved in the DMSO solution of NaSC6H5 prior to the additi- 
on of the thiirane. Now the rapid initial phase of the 
thiirane consumption has vanished. 

The explanation we favor regards the thiophenoxide 
anion as the preferred carrier of activity. In the pre- 
sence of the extruded sulfur, benzenepolythiolate anions 
are formed, and the equilibrium concentration of the ac- 
tive thiophenoxide is diminished. 

A special NMR technique permitted concentration mea- 
surements at intervals of 11 seconds; this was much too 
slow for obtaining the rate profile of the fast initial 
phase. 

The story of the man may be recalled who searched 
at night for his front-door key on the sidewalk, next to 
a lantern. A passer-by came to his aid. He was unsuccess- 
ful as well and asked where exactly the key was l o s t .  

The answer was: probably on the other side of the street, 
but it’s pitch-dark over there. 

Being stuck in a similar predicament, we decided to 
learn more about the slower part of the desulfurization 
curve of Scheme 4. The first measurement of the triphe- 
nylthiirane concentration was done 1 or 2 minutes after 
addition of the catalyst; this reading defined a new 
starting point as to reaction time and concentration. 

Scheme 5 shows such conversion functions in which 
the fast initial phase was cut off. The solid curves we- 
re computer-calculated and -drawn for the first reacti- 
on order with a least-square program. The time is given 
in minutes, no longer in seconds. The thiirane concentra- 
tions fit the curve up to high conversions. The k va- 
lues are proportional to the concentration of NaSC6H5. 
The half-life of triphenylthiirane amounts to 20 min in 
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t h e  

FROM THIIRANES TO THIOCARBONYL S-SULFIDES 

SCHEME 5 

Triphenylthiirane and Sodium Thiophenoxide 
Quasi-Stationary Conditions in C D ~ I D M S O  at 35OC 

0 . 1 2 3  M "\ 
o'O.O 

'0. 

3 Yo.,  2 . 1 9  

1 
0 20 LO 60 80 100 120 140 1 

l i m e  iminl --+ 

1 1  r u n  w i t h  6 mo18 c a t a l y s t .  

69 

The s o l u b i l i t y  of  S8 i n  DMSO i s  r a t h e r  l o w .  The p r e -  

c i p i t a t i o n  of  S s tar ts  e a r l y  d u r i n g  t h e  c a t a l y z e d  de-  

s u l f u r i z a t i o n  of  t h e  t h i i r a n e .  Quasi-stationary c o n d i t i -  

o n s  a r e  r eached :  t h e  s u l f u r  o f  t h e  t h i i r a n e  a d d s  o n t o  
t h e  growing s u l f i d e  c h a i n  of t h e  c a t a l y s t ,  whereas a t  

t h e  o t h e r  end  c r y s t a l l i n e  S8 l e a v e s  t h e  sys t em.  

measurements  a s  a f u n c t i o n  of t h e  t h i o p h e n o x i d e  concen-  
t r a t i o n .  D i v i s i o n  by t h e  molar c o n c e n t r a t i o n  of t h e  ca- 

t a l y s t  p r o v i d e d  t h e  second-o rde r  r a t e  c o n s t a n t s  k 2  which 

show f a i r  ag reemen t .  The s p o n t a n e o u s  l o s s  o f  s u l f u r  

from t r i p h e n y l t h i i r a n e  i s  slow a t  3 5 ° C ;  1 M sodium t h i o -  
phenoxide  e f f e c t s  a 700 ,000-fo ld  r a t e  a c c e l e r a t i o n .  

8 

The t a b l e  i n  Scheme 6 l i s t s  k v a l u e s  f o r  d o u b l e  
I $  

Sodium t h i o p h e n o x i d e  i s  s u b j e c t  t o  a u t o x i d a t i o n .  I t  

was s t o r e d  unde r  a r g o n  and t i t r a t e d  b e f o r e  u s e .  The t h i -  
i r a n e  s o l u t i o n  w a s  f l u s h e d  w i t h  a r g o n .  A c o n t r o l  t e s t  i n -  

d i c a t e d  t h a t  d i p h e n y l  d i s u l f i d e ,  t h e  main p r o d u c t  o f  oxi-  
d a t i o n ,  d i d  n o t  i n f l u e n c e  t h e  r a t e  o f  d e s u l f u r i z a t i o n .  
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70 R. HUISGEN 

SCHEME 6 

Kinetics of Desulfurization of Triphenylthiirane (0.72 M)  

Quasi-Stationary Conditions in CD61DMSO at 35OC (NMR Analysis1 

Under Argon Under Oxygen 

“ a S C 6 H ~ l  
m o I *I. 

6.0 

L.5 

3 .0  

3.0* 

1 . 5  

none 

I O ‘ k l v ,  I O O k 2  
5 - 1  M-ls-1 

5.60, 5.43 1.27 

L.20, 4 .30  1.32 

2.92, 2.79 1.32 

2.81, 2.92 1.33 

1.56, 1.37 1.24 

1.92 lo-‘ 

100 ‘ 

With 3 mol% NaSCsHS 

e 
Calcd. for 

0 50  100 * + 5 mal% C6HsSSC6Hs 

Time (min) - 
A. ProbstI ,  Munchen 1984185 

I n  t h e  expe r imen t  p r e s e n t e d  on t h e  r i g h t  s i d e  

Scheme 6 ,  oxygen w a s  bubbled  th rough  t h e  s o l u t i o n  
of 

of  
t r i p h e n y l t h i i r a n e ,  b e f o r e  3 mol& sodium t h i o p h e n o x i d e  

was added. The s o l i d  c u r v e  i l l u s t r a t e s  t h e  d e c r e a s e  of  
t h i i r a n e  c o n c e n t r a t i o n  which w a s  expec ted  under  a rgon .  

The d e s u l f u r i z a t i o n  l a g g e d  beh ind  and  came t o  a s t o p  

due t o  t h e  o x i d a t i v e  d e s t r u c t i o n  of t h e  c a t a l y s t .  

An i m p o r t a n t  p i e c e  of i n f o r m a t i o n  h a s  been w i t h h e l d  

so f a r .  When t h e  th iophenox ide  s o l u t i o n  w a s  admixed t o  

t h e  t r i p h e n y l t h i i r a n e ,  a y e l l o w  and t h e n  b lue -g reen  co- 

l o r  appeared  which ,  a f t e r  a few seconds ,  gave  way t o  a 

deep  red-brown c o l o r  which p e r s i s t e d  when t h e  d e s u l f u r i -  
z a t i o n  of t h e  t h i i r a n e  w a s  comple ted .  The same c o l o r  oc- 

c u r r e d  when t h e  s o l u t i o n  of  NaSC6H5 i n  DMSO - w i t h o u t  

t h i i r a n e  - was s t i r r e d  w i t h  e l e m e n t a r y  s u l f u r .  

Co lo r  phenomena i n  b a s i c  s o l u t i o n s  of s u l f u r  have  
k e p t  c h e m i s t s  busy s i n c e  1864.13 Accord ing  t o  s t u d i e s  

by F .  See1  and o t h e r s  i n  t h e  1970s ,  t h e  g r e e n - b l u e  co- 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 71 

l o r  i s  a s c r i b e d  t o  t h e  S 3  r a d i c a l  a n i o n ,  t h e  d e e p  r e d -  

brown c o l o r  t o  t h e  S 4  ; I 4 , l 5  b o t h  species o c c u r  i n  d i s -  

s o c i a t i o n  e q u i l i b r i a  of  t h e  d i m e r i c  d i a n i o n s .  I t  i s  w e l l -  

known t h a t  t h e  b l u e  S i s  r e s p o n s i b l e  f o r  t h e  c o l o r  of 
t h e  m i n e r a l  u l t r a m a r i n .  1 6  

For  a w h i l e ,  w e  s u s p e c t e d  t h e  s u l f u r  r a d i c a l  a n i o n s  

t o  b e  t h e  t r u e  c a t a l y s t s  i n  t h e  s t r i p p i n g  of s u l f u r  f rom 

t h i i r a n e s .  

SCHEME 7 

Desulfurization of Triphenylthiirane ; Quasi-Stat ionary Conditions 
Dependence o f  i,,+ on Catalyst Concentration in [D,IDMSO a t  35OC 

0 10 20 30 LO 
mM Catalyst 

A .  Probstl, P: Vorstheim, Munchen 198L, 1988 

Indeed ,  d i sodium s u l f i d e  and d i sod ium t e t r a s u l f i d e  

a r e  l i k e w i s e  a c t i v e  i n  c o n v e r t i n g  p h e n y l a t e d  t h i i r a n e s  

i n t o  o l e f i n s ;  a g a i n ,  f i r s t - o r d e r  r e a c t i o n  c u r v e s  w e r e  
o b t a i n e d  i n  t h e  q u a s i - s t a t i o n a r y  p h a s e .  The k v a l u e s  

of  f i v e  k i n e t i c  r u n s  w i t h  Na2S and f o u r  r u n s  w i t h  Na2S4 
d e f i n e  a s t r a i g h t  l i n e  when p l o t t e d  v e r s u s  t h e  mola r  
c o n c e n t r a t i o n  of  t h e  c a t a l y s t  (Scheme 7 ) .  The l i n e  i s  
e x p e c t e d  t o  go  th rough  t h e  o r i g i n  and d o e s  so w i t h i n  so- 

m e  e r r o r  l i m i t s .  The even b e t t e r  f u n c t i o n  f o r  c a t a l y s i s  

I $  
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12 R. HUISGEN 

by sodium th iophenox ide  i s  based  on twe lve  d e t e r m i n a t i -  

ons  of k 
1 $ *  

The s l o p e s  of  t h e  l i n e s  are  i d e n t i c a l  w i t h  k 2 ,  t h e  

second-order  r a t e  c o n s t a n t s .  I t  s h o u l d  be  n o t i c e d  t h a t  

k 2  of  t h e  s u l f i d e  d i a n i o n  i s  twice as l a r g e  a s  t h a t  of 

t h e  th iophenox ide  m o n o a n i o n .  The q u e s t i o n  a r i ses :  What 

i s  t h e  c a t a l y t i c a l l y  a c t i v e  s p e c i e s  under  t h e  q u a s i - s t a -  

t i o n a r y  c o n d i t i o n s ,  i . e . ,  a f t e r  t h e  f i r s t  i n i t i a l  phase?  

SCHEME 8 

T h i ol a t e - Ca ta I y zed Desu If u r iza t io n of Tr i ph e n y It h i i rane 

Rate Constants 100 k21t4-1s-11 under Quasi-Stationary Conditions 

in [D6lDMSO at 3S0c 

X O S - N a '  - X = CH3O CH3 H 

1.50 1.8L 1.32 

C6Hs-C H2- S- Na' (CH~IJC- S- Na' Nc? S N$ 

1.3L 1.53 2.66 

+ Why is the influence o f  R in R-S- Na so small ? 

R-S- + Ix-1) S C- R-S; 

2 R-S- SB t- R-S-S-R t 

Pe te r  Vorstheim v a r i e d  t h e  n a t u r e  

C l  NO2 

1.80 1.12 

N$%-S-S-5 N Z  

2.80 

S,- 

of t h e  t h i o l a t e  
c a t a l y s t .  Values  of k were de te rmined  f o r  4-5 d i f f e -  

r e n t  c o n c e n t r a t i o n s  of each  new t h i o l a t e ,  and t h e  s l o p e  
of t h e  s t r a i g h t  l i n e s ,  s i m i l a r  t o  t h o s e  of  Scheme 7 ,  p ro-  
v ided  t h e  k 2  v a l u e s  of Scheme 8 .  The r a n g e  w a s  s u r p r i -  

s i n g l y  small:  0 . 0 1 1  - 0.018 f o r  f o u r  p - s u b s t i t u t e d  t h i o -  

phenoxides .  Sodium benzy l  s u l f i d e  gave  n e a r l y  t h e  same 
v a l u e  a s  NaSC6H5 and sodium t e r t - b u t y l  s u l f i d e  i s  o n l y  

i n s i g n i f i c a n t l y  more a c t i v e .  

I @  

S e v e r a l  i n t e r p r e t a t i o n s  are  p o s s i b l e .  The i n f l u e n c e  

of t h e  s u b s t i t u e n t  on t h e  c a t a l y t i c  a c t i v i t y  of t h e  mo- 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 73 

nothiolate and on the equilibrium of polythiolate forma- 
tion compensate each other. A second explanation: poly- 
thiolates are the weak catalysts under quasi-stationary 
conditions, and the nature of the distant R in R-Sx- 

hardly matters. The polysulfide dianion, Sx 
of two reactive centers and, therefore, shows double the 
k 
Scheme 8 suggests a third possibility: the arene- or al- 
kanethiolate is oxidized by elementary sulfur to the di- 
sulfide; the open-chain S -- equilibrates with the lower 
polysulfide dianions including the highly active S - - .  

However, sodium benzyl sulfide was not converted to di- 
benzyl disulfide by S8 in DMSO, thus ruling out this 
pathway. 

-- , disposes 

- value of monoanions, R-Sx . The last formula line of 2 

8 

When Na2S serves as catalyst, one reaches the stage 
of Na2S4 after three sulfur transfers from triphenylthi- 
irane. No wonder the k2 values are virtually the same in 
the quasi-stationary phase. 

SCHEME 9 

a-S R-S, 

The tentative mechanism in Scheme 9 postulates an in- 
termediate formed additively from thiiranes and thiophen- 
oxide or other anionic sulfur functions. ’ The charge-de- 
localized intermediate undergoes cheletropic eliminati- 
on, and the dithiolate regenerates the active catalyst 
by equilibration. The well-known desulfurization of thii- 
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14 R. HUISGEN 

ranes by triphenylphosphine could pass an analogous in- 
termediate, now free of net charge. This reaction is not 
catalytic: the phosphine sulfide is the final product. 

Thus, we cancelled our conjecture that the colored 
radical anions play a dominant role in the desulfuriza- 
tion of thiiranes. The thiolate catalysis can be stopped 
by electrophiles blocking the anionic sulfur function, 
e.g., acids, methyl iodide, trimethylsilyl chloride, lead 
nitrate, or 2,4-dinitrochlorobenzene. Tetramethylpiperi- 
dinoxyl, hydroquinone, and tetramethyl-p-phenylenediami- 
ne were without effect. 

SCHEME 10 

Variation of Thiirane in Catalytic Desulfurization 

by NaSC6t-l~; Quasi-Stationary Conditions, [DsIDMSO, 35OC 

T hiirane 1000 k z  [M-'s-' l  

cis-2,3-Diphenyl- ( 3  1601 

Z,2-Diphenyl- 1070 

trans-2,3-Diphenyl- 162 X 1000 4 2  [ M - ' s - ' )  
Trip hen yl- 13.3 

OCH, 9.1 

Tris(p-chloropheny1)- 280 H 13 3 

Triphenyl- 13.3 CI 33 

NOz 10 700 

Tris[p-rnethoxyphenyll- 3 6  CN 390 

A Probst l ,  Munchen 1985/86 

In standard experiments with sodium thiophenoxide as 
catalyst, a series of phenylated thiiranes was compared 
in the rate of sulfur extrusion in the quasi-stationary 
phase (Scheme 10). cis-Stilbene episulfide ranks at the 
top, reacting 2 4 0  times faster than triphenylthiirane. 12 

Does electron release or electron withdrawal promote 
the desulfurization of thiiranes ? Tris(p-chloropheny1)- 
thiirane reacts 20 times faster than triphenylthiirane, 
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FROM THllRANES TO THIOCARBONYL S-SULFIDES 75 

Product Analysis by ‘H-NMR (Standard) 25 

mol % Catalyst cis-Stilbene C18Hz,S3 20 

0.50 NaSC& 3 2 % 6 I ‘ l a  I 
- I 
L! 15 

whereas the tris(p-methoxyphenyl) compound is 4 times 
slower. This is not surprising for a reaction with an ani- 
on as partner. A somewhat larger series of p-substituents 
was introduced into the 3-phenyl (Scheme 1 0 ) .  

The conversion of thiiranes into olefins proceeds 
quantitatively in the examples discussed - with one ex- 
ception: cis-2,3-diphenylthiirane. This exception will 
acquaint us with a delightful new reaction. 

s 
t+ I I ,ti 

C6H5 CgH5 

- 

/o - 

/o 
- CDslDMSO 0 

CIS-STILBENE AND TRITHIEPANES FROM CIS-2,3-DIPHENYLTHI- 
IRANE 

SCHEME 1 1  

mM NaSC6Hs 
Stoic hiornetry 

The reaction, observed by Albert Probstl, was induced 
by 0.5 mol% of sodium thiophenoxide or other thiolates 
and required a half-life of less than a minute. It affor- 
ded only one third of cis-stilbene, the desulfurization 
product: the remaining two thirds of cis-stilbene sulfi- 
de emerged as a compound C 28H24S3 (Scheme 1 1 ) .  The mole- 
cular formula corresponds to two molecules of the thiira- 
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76 R. HUISGEN 

ne + one sulfur. The new compound was a 3:l mixture of 
two crystalline diastereoisomers which were separated by 

1 1  thick-layer chromatography. 
The stoichiometry did not depend on the nature of 

the catalyst: Three molecules of cis-stilbene sulfide ga- 
ve rise to one molecule each of cis-stilbene and the com- 
pound C28H24S3- EZementary sulfur did not O C C U F .  Even 
small amounts of S8 would generate the deep color in the 
thiolate-containing medium. The solution stayed pale yel- 
low up to the end. 

The conversion follows the first order from the be- 
ginning and the k values are proportional to the con- 
centration of the catalyst NaSC6H5 as indicated by the 
graph in Scheme 1 1 .  l 2  The high rate constant k 2  may well 
correspond to the rapid initial phase in the desulfuri- 
zation of triphenylthiirane. The subsequent retardation 
by the sulfur eliminated in the process is missing he- 
re, because theformal sulfur atom of one molecule of cis- 
diphenylthiirane is consumed by two more molecules of 
the substrate. 

1dJ 

The NMR spectrum of the major C28 compound, in the 
region of the benzylic protons, resembles a cross-secti- 
on through a mountain-range. Warming to 9 6 ° C  led to an 
impeccable AB spectrum (Scheme 1 2 ) .  More correctly, to 
two identical AB spectra, since we are dealing with a 
4H signal. The minor isomer exhibited the same bilate- 
ral symmetry; however, its AB spectrum was different from 
that of the major component. The I3C shifts at 9 8 O C  cor- 
roborated the symmetry; only two doublets appeared for 
four aliphatic CH groups. 

The 1,2,5-trithiepane structure proposed in Scheme 
12 finds confirmation in the reductive cleavage of the 
disulfide bond. Treatment with LiA1H4 was accompanied 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 77 

SCHEME 12 

Structure of the Trithiepanes 

C-NMR Spectrum (DMSO, 98OC) 13 
'H-NMR Spectrum 6 5.39 4.18 
o f  Major Isomer Major Minor Isomer 

C~HS-CH 6 58.2,62.4 55.2, 58.3 
n r ;  

Benzyl ic Protons 
1 1  

5 33 L 79 Cq O f  C ~ H S  1 0 4 . 8  141.4, 139.6 
I 1  

9.9 Hz 

mP 6(CH,) 6 A  6 B  

Major Isomer 95-96OC 2.29 4.10 5 . 0 6  
Minor Isomer 124-125OC 2.25 3.18 L . 8 1  

A. Probst/ ,  Munchen 1983 

by evolution of one mole of hydrogen. In situ acetylati- 
on furnished crystalline diacetyl derivatives still con- 
taining all three S-atoms. The open-chain diacetyl com- 

I pounds likewise reveal bilateral symmetry in their H 
NMR spectra. 1 1  

Four structures fulfilling the symmetry requirements 
are conceivable for tetraphenyltrithiepane. The first 
pair of formulae in Scheme 13 is built by cis-diphenyl 
units. The 7-membered ring in the second pair harbors 
two trans-diphenyl units. The first and third structure 
are characterized by a symmetry plane, the second and 
fourth by a twofold axis. 

What are the correct structures of the isolated tri- 
thiepanes ? The starting material is cis-2,3-diphenyl- 
thiirane; the trans isomer did not give rise to trithie- 
panes under the same conditions. Nevertheless, we pre- 
ferred the third and fourth formulae with trans-diphe- 
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78 R. HUISGEN 

SCHEME 13 

3,4,6,7-Tetrapheny l-l, 2,5- tri  thiepanes with Bilateral Symmetry 

cs CZ CS 

cis ,  cis , c is cis, tmns,cis trans,cis, t rans 

X-Ray Analysis of Major Trithiepane 

C7--Sl-S2-C3 
184 204 185 pm 

C4-S5-C6 
184 184 

0: SI-SZ-C3 1040 
SZ-Sl-C7 107' 
C4-S5-C6 104' 

Dihedral Angle C7-SI- -S2-C3 

H. NBth 

Munchen 1986 

nyl blocks on the basis of the mechanistic considerati- 
ons delineated below. 

In 1 9 8 6  my colleague Heinrich Noth was kind enough to 
carry out a single crystal X-ray analysis of the major 
trithiepane and established the trans,cis,trans configu- 
ration (Scheme 1 3 ) .  A dihedral angle of 9 1 "  at the S-S 

bond signals freedom of angle strain. Similar proton 
coupling constants of 9 . 9  and 9 . 2  Hz suggest that both 
trithiepanes contain trans-vicinal benzylic proton pairs. 

In the mechanism of Scheme 1 4 ,  the monothiolate at- 
tacks cis-diphenylthiirane at the sulfur and triggers a 
cheletropic elimination with retention of configuration. 
Now the dithiolate anion, R-S2-,  is supposed to approach 
the C-atom of the 3-membered ring; the nucleophilic ring 
opening is associated with inversion. The new thiolate 
function reacts with a second thiirane molecule by the 
same SN2 type of ring opening. A second inversion occurs; 
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FROM THllRANES TO THIOCARBONYL S-SULFIDES 79 

SCHEME 14 

Tentative Mechanism of Trithiepane Formation 
R-S 

{ + R-S- - Rotation J 

the two inverted centers are marked by asterisks. In a 
rotamer depicted at the lower right of Scheme 14, the 
thiolate anion cleaves the S-S bond with formation of a 
cyclic disulfide. This type of substitution is well- 
known from intermolecular analogues. 

One inversion at each cis-diphenylthiirane unit 
furnishes trans-diphenyl building blocks. The meso form 
is illustrated; a similar pathway provides the racemic 
structure (trans,trans,trans) . 

The experimentally established stoichiometry - 1 : l  

for cis-stilbene and trithiepane - puts stringent condi- 
tions on the mechanism. The exclusive attack of the mono- 
thiolate on the thiirane sulfur and that of the dithio- 
late at the C-atom is improbable, but does not violate 
basic principles. There is no general activity sequence 
of nucleophiles. The nucleophilicity scales may well be 
different versus thiirane sulfur and thiirane carbon. 
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80 R. HUISGEN 

The real stumbling block is the assumption that the 
ring-opened monothiolate formed by dithiolate attack at 
the thiirane carbon again reacts at S and not at C of the 
next thiirane unit. Our initial guess that the reaction of 
a benzyl type monothiolate might differ from that of thio- 
phenoxide, was not supported by experiment. The crumbling 
of a single cornerstone can cause an entire vault to col- 
lapse. 

SCHEME 15  

~is-2~3-Dimethylthi i rane and Triethyloxonium Fluoroborate 

Polymerization iCH2CI2, 2OoCI 

Degradotion by "Back-biting'' 

A paper published in 1976 by Van Craeynest and Goet- 
hals in the European Polymer Journal may be pertinent. 
~is-2~3-Dimethylthiirane polymerized under catalysis by 
triethyloxonium fluoroborate, and subsequently the poly- 
mer degraded to give cis-2-butene and tetramethyl-1,2,5- 
trithiepane. By the way, the major degradative pathway 
afforded a cyclic tetramer of the thiirane, harboring a 
12-membered ring. Polymerization goes along with inver- 
sion at the C-atom attacked (Scheme 15). 

The Belgian authors assumed the occurrence of a tri- 
thiepanium ion as end group in the polymer, shown on the 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 81 

lower formula line of Scheme 15. The essence of the de- 
gradation process is a trans elimination of the E2 type. 
Leaving group is the terminal tetramethyltrithiepane; 
the loss of the sulfonium charge probably contributes 
most of the driving force. The electron release towards 
the incipient double bond is assumed to come from the 
1,7 interaction of two sulfide functions. This "back-bi- 
ting" process establishes a new trithiepanium ion which 
is ready €or the next degradation step. The authors ob- 
tained two diastereoisomeric trithiepanes, both with bi- 
lateral symmetry.17 It should be noticed that the (SS; 
or I R R I  configuration of the recurring C 4  unit of the 
polymer necessarily affords cis-butene and $runs,cis, 
trans- or trans, t r u ? z r ,  trans-tetramethyl-1 ,2,5-trithiepa- 
ne. 

Our inconsistent Scheme 14 for the formation of te- 
trayhenyZtrithiepane likewise comprises a 1,7 sulfur- 
sulfur back-biting. However, in the elegant mechanism 
proposed by Van Craeynest and Goethals, ' 
trithiepane emerge from one and the same concerted pro- 
cess and, therefore, occur in equimolar quantities. 

cis-butene and 

Tentative acceptance of this idea assigns the key 
step of desulfurization to the thiolate attack on the 
C-atom of cis-stilbene sulfide (Scheme 16). Three s u c -  
cessive nucleophilic ring openings provide the open- 
chain trimer; the asterisks denote the inverted centers. 
Now the scenario is set up €or the concerted trans eli- 
mination yielding cis-stilbene and the trithiepanes. It 
is the 1,7 sulfur-sulfur interaction which supplies the 
push,whereas the thiolate anion is a poor leaving group. 

Independent of the nature of the nucleophilic ca- 
talyst, we observed equimolar quantities of cis-stilbene 
and tetraphenyltrithiepane in almost quantitative yield; 
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82 R. HUISGEN 

SCHEME 16 

Simultaneous Formation of cis-Stilbene and Trithiepane 

Leaving group may olso be 

the concertedness guarantees equimolarity. The rate con- 
stant k 2  did not change much when different thiolates 
were applied. It is conceivable that not the open-chain 
trimer of Scheme 16, but rather a higher oligomer is 
subject to the back-biting process. This modification 
would shield the leaving group in the E2 reaction from 
the influence of the varying catalyst R-S- . 

Not all scruples concerning this mechanism are di- 
spelled, and we are looking €or further confirmation. 
The retention of configuration in the desulfurization of 
~is-2~3-diphenylthiirane no longer requires an attack of 
the thiolate catalyst on the thiirane sulfur in the fra- 
mework of Scheme 16. Do we have to revise, as a conse- 
quence, the mechanistic Scheme 9 for the quantitative 
desulfurization of triphenylthiirane or 2,2-diphenylthi- 
irane proceeding without concomitant trithiepane forma- 
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FROM THllRANES TO THIOCARBONYL S-SULFIDES 83 

tion ? We are actively pursuing the idea that the thiira- 
ne c a r b o n  is the attacked party in all cases. However, 
at this point we cannot y e t  make ends meet. 

Doubts as to whether nucleophilic sulfur functions 
can interact with the sulfur of thiiranes will be swept 
aside by the next Chapter. 

THIOCARBONYL S-SULFIDES AND THEIR CHEMISTRY 

SCHEME 17 

Thtobenzophenone S-Sul f ide 

from Thiobenzophenone and 2,2-Diphenylthiirane 

Trithioozonide 
s, (C6H5)2 

!-JISC.HsI, 

t ICgHgl2C=S 

fos t 

92 "I., color less 

mp 12L 5-125OC 

Jochen Rapp found in thioketones a new reagent ca- 
pable of abstracting sulfur from thiiranes. Two moles of 
thiobenzophenone slowly reacted with 2,2-diphenylthiira- 
ne in pentane at room temperature to give 92% each of 
Ill-diphenylethylene and of a 5-membered ring with three 

18 sulfurs, the 3 , 3 , 5 , 5 - t e t r a p h e n y l - 1 , 2 , 4 - t r i t h i o l a n e .  

An adventurous pathway is suggested in Scheme 17. 
The thiirane donates sulfur to the thioketone, thus fur- 
nishing olefin and thiobenzophenone S-sulfide. Its zwit- 
terionic structures of the allyl anion type characterize 
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84 R. HUISGEN 

a 1,3-dipole; a cumulated structure is free of formal 
charges. The thione S-sulfide is not isolable, but adds 
to the CS double bond of a second molecule of thiobenzo- 
phenone. The "trithioozonide" is not only a formal ana- 
logue of ozonides; 1,2,4-trioxolanes arise from the cyc- 
loaddition of carbonyl oxides to carbonyl compounds. 

Why patiently wait two weeks for the reaction to 
occur ? Heating is counterproductive. Solutions of the 
colorless trithiolane turn blue above 5 O o C ,  the color 
of thiobenzophenone; a cycloreversion equilibrium seems 
likely. The trithiolane is virtually insoluble in pen- 
tane and precipitates. 18 

Desulfurization 
of 2,2 - D i phe ny I t h i i rane 

s l o w  1 
+ 

SCHEME 18 

" 10 20 3 0  4 0  50 60 
Time (hours1 

1 0 % ~  M-I  5 - 1  

Triphenylphosphine 139 

4,l-Dichlorothiobenzophenone 6.5 
Thiobenzophenone 2 . 8  

Adornantonethione 0.18 

A kinetic study is consistent with this pathway. 
The rate plots in Scheme 18 reveal the first order for 
each of the two reactants. One thiobenzophenone and 
one diphenylthiirane enter the rate-determining step. 
The second molecule of thiobenzophenone is consumed in 
a fast subsequent cycloaddition. Triphenylphosphine is 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 85 

50 times more active than thiobenzophenone in the desul- 
furization of the thiirane. Adamantanethione as an alipha- 
tic thioketone is likewise capable of abstracting the thi- 
irane sulfur, although at a 15-fold diminished rate. 

on in the Munich Laboratory for 9 years.” The wish to 
make thiocarbonyl S-sulfides accessible motivated the ex- 
periments described here. We were looking for a donor 
transferring a formal sulfur atom to the thione sulfur, 
and phenylated tliiiranes were our first try. 

Thiocarbonyl S-ylides have been under investigati- 

20 

The postulated thione S-sulfides belong to the so- 
called thiosulfines which sporadically appeared in the 
literature since 1921. 21 Claims were countered by refuta- 
tions; thiosulfines were mainly assumed to satisfy stoi- 
chiometric equations. A. Senning gave an excellent sum- 
mary 2 2  and contributed to the field.23 However, the evi- 
dence for the existence of thiosulfines is not unequivo- 

SCHEME 19 

Thiobenzophenone S-Su l f ide  

1,3-Cycloaddit ion to D i m e t h y l  Acetylenedicarboxylate 
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86 R. HUISGEN 

cal so far. 
This evidence is no presented. It was mentioned that 

solutions of tetraphenyl-1,2,4-trithiolane assume a blue 
color at temperatures above 5OOC. Jochen Rapp established 
the dissociation equilibrium of the trithiolane at 6OoC 
in chloroform in the presence of dimethyl acetylenedi- 
carboxylate. Thiobenzophenone S-sulfide was intercepted 
by 1,3-dipolar cycloaddition to yield the crystalline di- 
methyl 3,3-diphenyl-3H-1,2-dithiolane-4,5-dicarboxylate 
(Scheme 19). The structure was clarified by treatment 
with Raney nickel: the 2-benzhydrylsuccinic ester was in- 
dependently synthesized. l 8  Stobbe condensation of benzo- 
phenone with dimethyl succinate, treatment with diazome- 
thane, and catalytic hydrogenation provided an identical 
sample. 

The second dissociation product, thiobenzophenone, 
likewise combined with acetylenedicarboxylic ester, now 
in a Diels-Alder reaction. The C=S double bond plus an 
aromatic bond function as a 1,3-diene. Rearomatization 
is achieved by 1,3-prototropy and a benzothiopyran deri- 
vative resulted (Scheme 19). This Diels-Alder adduct of 
thiobenzophenone was described by H. Gotthardt in 1980. 

Dicyanoacetylene and the strained cyclooctyne were 

24 

also suitable trapping reagents. They act as dipolarophi- 
les versus thiobenzophenone S-sulfide and as dienophiles 
towards thiobenzophenone (Scheme 20). The tetrakis(4- 
chlorophenyl)-1,2,4-trithiolane was analogously prepared 
and subjected to the conditions of cycloreversion; the 
yields of products obtained by in situ interception of 
4,4'-dichlorothiobenzophenone S-sulfide are shown in 
brackets in Scheme 20. 18 

Aliphatic thiones only play the role of the dipola- 
rophile. When our trithiolanes and adamantanethione were 
refluxed in chloroform, the intermediate thione S-sulfi- 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 87 

SCHEME 2 0  

Interception by Acetylenic Dipolarophiles and Dienophiles 

Adomantanethione a s  a Dipolorophile 

des added onto the aliphatic C = S  bond furnishing mixed 
trithiolanes; the aromatic thioketones were set free 
(Scheme 20) . * In the overall process, the aromatic thi- 
one is displaced by adamantanethione. It is probably the 
conjugation energy of thiobenzophenone and its dichloro 
derivative which shifts the equilibrium to the right si- 
de. 

What happens to thiobenzophenone S-sulfide in the 
absence of intercepting dipolarophiles ? Senning suppo- 
sed an electrocyclic eguil-ibration of thiosulfines with 
dithiiranes and subsequent rearrangement to dithiocarb- 
oxylic esters (Scheme 21) . 2 3  We subjected tetraphenyl- 
Il2,4-trithiolane to thermolysis in boiling chloroform 
or to brief heating of the melt to 130OC; high-vacuum 
distillation afforded 75% or 78% of thiobenzophenone. The 
red phenyl dithiobenzoate was not found in the distilla- 
te. In artificial mixtures, specific infrared absorptions 
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SCHEME 21 

Thermolysis o f  Thiobenzophenone S-Sulfide 

lsomerization to Dithiacarboxylic Ester via Oithiirane 7 

Thermolysis Experiments 
S 
II 

+ 2 (C&)zC=S + s.g ; NO C ~ H S - C - S C ~ H S  ( <  lo /o)  
s, 

(C6H5)2 

7 5 %  on Refluxing in CHCI3, 16h 
7 8 %  on Melting a t  13OoC, l h  

‘4C6H5)Z 

Mechanism via Sulfur Transfer in Anionic Chains 

allowed to recognize as little as 1% of the dithioester 
along with thiobenzophenone. i a  

How is S8 formed in the decomposition of thiobenzo- 
phenone S-sulfide ? We can imagine rapid sulfur transfers 
in anionic chains. Long sulfur chains are built up which 
shed cyclooctasulfur (Scheme 21) as described before. 

By the way, the tetraphenyl-l12,4-trithiolane is not 
new; it emerged in rather obscure reactions. In 1928 Stau- 
dinger et al. stored crystalline thiobenzophenone in an 
atmosphere of dry nitrogen; they isolated 14% of the tri- 
thiolane and noticed the regeneration of thiobenzopheno- 
ne at the melting point (Scheme 22). 25 

Schonberg and Konig interacted thiobenzophenone with 
tetrachloro-o-benzoquinone and obtained the trithiolane 
in higher yield. 26 A diphenylmethylene unit is transfer- 
red to the quinone; the mechanism is unknown. No less 
complex is the reaction of tetracyanoethylene oxide with 
thiobenzophenone; Linn and Ciganek suggested a thiirane, 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 89 

SCHEME 2 2  

3,3,5,5 - Te t raphenyl - 1,2,4 - t r i  thiolane 

Autoxidotion of Solid Thiobenzophenone ( H .  Stoudinger et  al., 1921) 

Thiobenzophenone and Tetrochloro-o-quinone ( A .  Schonberg et  ol., 1968) 

Tetracyonoethylene Oxide and Thiobenzophenone (W.J.  Linn , E. Cigonek, 1969) 

substituted by phenyl and cyano groups, as an interme- 
diate (Scheme 22) . 2 7  The present knowledge allows the re- 
construction of an extended sequence of electrocyclic 
ring opening, 1,3-cycloaddition, and cycloreversion steps. 

SCHEME 2 3  

Adomontonethione and 2,2-Diphenylthiirone 

t 

l h  IOOOC + H$=C(C6H,), - Lrs- 100 'I. 

S gs + L1(C6H5)2 

80%, mp 191-192OC 

J.  R a p p ,  Munchen 1986 

Aliphatic thiones are likewise capable of desulfu- 
rizing thiiranes. Adamantanethione and diphenylthiirane 
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90 R. HUISGEN 

afforded diphenylethylene and an aliphatic thione S-sul- 
fide; the latter, again, was intercepted by a second mo- 
lecule of the thione (Scheme 23) . l 8  The bis-adamantane- 
spiro-trithiolane does not dissociate at 100°C, unlike 
the tetraphenyl-1,2,4-trithiolane; therefore, heating was 
allowed, and the reaction was completed in 1 hour at 
1 OOOC. 

Admittedly, the use of phenylated thiiranes as sul- 
fur donor in the synthesis of thione S-sulfides is incon- 
venient. Is there a more handy sulfur donor ? Although 
we have not yet accomplished it, the experience is amu- 
sing. 

THE REACTION OF THIONES WITH ELEMENTARY SULFUR 

SCHEME 24 

Sa + NaSC6H5 as S Donor for Thiones 

9 5 % ,  mp 209OC (blue) 

no Trithiolane 

Supposed Mechanism 

S 
(CSH~ZC, 

J .  Rapp,  Miinchen 1985 

SX-C6H5 

Elementary sulfur, S 8 ,  does not interact with thi- 
ones. However, in the presence of 1 mol% of sodium thio- 
phenoxide, thiobenzophenone and sulfur smoothly combined 
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FROM THIIRANES TO THIOCARBONYL S-SULFIDES 91 

in a 1:l ratio affording 95% of 3,3,6,6-tetraphenyl- 
1,2,4,5-tetrathiane (Scheme 24). 28 

At first glance, one might suppose that the tetra- 
thiane emerges from the dimerization of thiobenzophenone 
S-sulfide. This is not the case. On reducing the amount 
of sulfur to half, the material balance would just be 
right for the interception of the S-sulfide by a second 
mole of thiobenzophenone according to Scheme 17. The ex- 
pected tetraphenyl-1,2,4-trithiolane was not found, how- 
ever: instead, the tetrathiane was isolated in 77% yield, 
based on the 1:l stoichiometry. This result excludes thio- 
benzophenone S-sulfide as an intermediate. 

In the mechanism conjectured in Scheme 24, a poly- 
sulfide anion attacks the C-atom of the thione. Now nuc- 
leophilic substitution of a sulfur in the polysulfide 
chain by the anionic thiolate of a second molecule final- 
ly gives rise to the tetrathiane. The schematic illustra- 
tion is not intended to suggest concertedness of the two 
substitution events. It is the thermodynamically favored 
tetrathiane which in the end results from "trans-disul- 

SCHEME 25 

Does Tetraphenyl- 1,2,4,5- tetrathiane Dissociate 
into Thiobenzophenone S-Sulfide ? 

Solution still colorless a t  1 2 O O C  
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92 R. HUISGEN 

fidization" equilibria. Thus, MaSC6H5 acts as a sulfur 
carrier, but - regrettably - does not deliver it to the 
right place, the double-bonded sulfur of the thione. 

The blue melt obtained from tetraphenyl-tetrathi- 
ane at 2OOOC again suggests thiobenzophenone as product 
of decomposition. 

In solution, the tetraphenyltetrathiane is color- 
less up to 120OC. It requires heating at 15OOC for 15 
hours to effect cleavage into thiobenzophenone + sulfur 
(Scheme 25) . 28 The thermal cycloreversion to two molecu- 
les of thiobenzophenone S-sulfide is forbidden by orbi- 
tal symmetry to be concerted ( a 4 s + a 4 s ) .  On the other 
hand, tetraphenyl-1,2,4-trithiolane establishes at 50°C 
the 1,3-dipolar cycloreversion equilibrium. This is a 
powerful demonstration of orbital control. 

However, some thiobenzophenone S-sulfide appears 
to occur in the polystep decomposition of the tetrathi- 
ane. Heating with dimethyl acetylenedicarboxylate at 
150°C furnished a modest amount of the 3H-Il2-dithiole 
derivative. 
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