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TRICOORDINATE HYPERVALENT THREE-MEMBERED THIAHETERO- 

CYCLES 

URI ZOLLER 
Haifa University-Oranim, Division o f  Chemical Studies, 
p.0. Kiryat Tivon 36910, Isreal 

Abstract Tricoordinate hypervalent three-membered 
thiaheterocyclic intermediates of type 1 connect the 
starting zwitterionic imidazolium sulfinates 2 ,  thio- 
urea dioxides 3 and phosphine sulfide-S-dioxides 4 with 
the corresponding products of their thermal fragmenta- 
tion,imidazolium thione 5 ,  thioureas 6 and phosphine 
sulfides 7,0n the reaction surface. 
The relative thermodynamic stability of these hyper- 
valent, significantly ionic d-bonding systems, explain 
their observed characteristic mode of  thermally-allowed 
non-linear cheletropic fragmentation. 

INTRODUCTION 

Hypervalent molecules are those in which the central atom 
exceeds the number of  valences allowed b y  the traditional 
Lewis-Langmuir theory'. Numerous examples of these compounds 
are found among the second- and third- raw main group 
elements and there is an enourmous amount of theoretical 
interest in them? 
systems are known and their chemistry and synthetic utility 
are well established . Noteworthy in this regard are the 
tricoordinate, tricovalent sulfur molecules5 (including 
charge transfer complexes such as 2h ;i.e. Z=N,R=(R)=alkyl, 
X = Y = O )  which were shown to have unique stability compared 
to their tetracovalent counterparts, and their structure/ 
geometry has been unequivocally determined. Also their 

Thus, many hypervalent organosulf ur 
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276 TRICOOROINATE HYPERVALENT THREE-MEMBERED THIAHETEROCYCLES 

7 p o t e n t i a l  a s  o r g a n i c  r e a g e n t s  h a s  b e e n  d e m o n s t r a t e d  . 

-known c l a s s  o f  corn pound^^-^, t h e  h y p e r v a l e n t  members o f  

t y p e  1 h a v e  n o t  b e e n  i s o l a t e d  t o  d a t e .  However ,  r e c e n t  

s t u d i e s  s u g g e s t  t h e  i n t e r m e d i a c y  o f  b o t h  t h e  t r i c o v a l e n t  

and t e t r a c o v a l e n t  ( h y p e r v a l e n t )  t h i a d i o x i r a n e s  1l0 a n d  8 

r e s p e c t i v e l y .  

A l t h o u g h  th ree-membered t h i a h e t e r o c y c l e s  a r e  a w e l l -  

11 

. .. 

2-4 1 5-7 8 

1 

1 2  

1 1 

a-c .Z=C;  R=R2N; X=Y=O; X=CRR or NR, Y=O 

d-e.Z=C;  R=R R N; X=Y=O 

f - g . Z = P ;  R=R2N or A r ;  X=Y=O; (R)=R 2 N 

Our s t u d i e s  p r o v i d e  c o n v i n c i n g  e x p e r i m e n t a l  e v i d e n c e  

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

h e t e r o c y c l e s  1 a n d  t h e i r  mode o f  t h e r m a l  f r a g m e n t a t i o n  i n  

t h e  t r a n s f o r m a t i o n s  2-4-5-7, and s u g g e s t  t h e i r  p o s s i b l e  

i s o l a t i o n  a n d  c h a r a c t e r i z a t i o n  u n d e r  a p p r o p r i a t e  r e a c t i o n  

c o n d i t i o n s .  

RESULTS AND DISCUSSION 

L i t h i o - i m i d a z o l i u m  s a l t s  9 ,  g e n e r a t e d  i n  s i t u  f r o m  N,N- 
- d i m e t h y l i m i d a z o l i u m  s a l t s "  b y  t h e  t r e a t m e n t  o f  t h e  l a t t e r  

i n  a p r o t i c  s o l v e n t s  w i t h  n - b u t y l l i t h i u m  a t  -7B°C, r e a d i l y  

u n d e r g o  s u l f o n y l a t i o n  t o  g i v e  2a-c wi th  s u l f u r  d i o x i d e ,  

s u l f i n e s  a n d  N - s u l f i n y l a m i n e s .  On a l l o w i n g  t h e  r e a c t i o n  

m i x t u r e  t o  g r a d u a l l y  r e a c h  room t e m p e r a t u r e ,  t h e  z w i t t e r -  

i o n i c  s p e c i e s  2 f r a g m e n t e d  t o  y i e l d  t h e  i m i d a z o l i u m  t h i o n e  

5 ( y i e l d s :  2 1 - 6 1 % )  a p p a r e n t l y  v i a  t h e  t r i c o o r d i n a t e ,  h y p e r -  

v a l e n t  t h r e e - m e m b e r e d  t h i a h e t e r o c y c l e s  1. 

9 2a-c la-c 5 
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U R I  ZOLLER 211 

Significantly, in each of these transformations, the 
combined yield of the thione 5 and the recovered starting 
imidazolium salt was almost quantitative. The other isola- 
ted products were in accord with the above scheme. Treatment 
of 9 with thiirane, under the same reaction conditions, 
gave the same results, except that the yield of thione 5 
was rather low (7%). 

These results can be explained in terms of the thiahe- 
terocycle intermediate 1. The stabilizing effect of the 
LUMO o f  the imidazolium T-system on the adjacent incipient 
tricoordinate hypervalent sulfur atom is considerable enough 
to facilitate the rearrangement of 2 to 1. Once formed, the 
three-membered ring sulfurane 1 has a life-time sufficient 
(before collapsing back to the highly resonance-stabilized 
acyclic zwitterionic isomer 2 )  for undergoing a non-linear- 
-type cheletropic fragmentation leading to 512. Thus, the 
hypervalent three-membered thiaheterocycles 1 enjoy consi- 
derable thermodynamic stabilibty which can be accounted for 
(in addition to the stabilizing effect by the adjacent 
imidazolium 7-system), in terms of both the high ionic na- 
ture of their &-bonding resulting in considerable hyper- 
conjugation3, and the 6aromaticityl3 largely confined to 
three-membered rings (heterocycles included). Apparently, 
the thermally -allowed cheletropic fragmentation of 1 to 
give 5 isenergetically the most favored one available to 
this intermediate in its ground state. 

=n-Bu; Z=C; X = Y = O )  and phosphine sulfide-5-dioxides 4f,g 
(4f: R=Ph, (R)Z(CH~)~N; 4g: R=(R)=(CH ) N; Z = P ;  X = Y = O ,  

- generated in-situ via the treatment of  the phosphine with 
an axcess of sulfur dioxide at -78OC1, yielded on thermo- 
lysis the corresponding thioureas (i.e. 6d,e) and ureas 
(lld,e) and the phosphine sulfides (i.e. 7f,g) and phos- 
phine oxides (llf,g) respectively. 

acetonitrile for the thiourea dioxides (a 98% conversion 

Similarly, thiourea dioxides14 3d,e (3d: R=NH2; 3e: R =  

3 2  

The thermolysis, in warmed (45OC) and in refluxing anhydrous 

P.S.-K 
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278 TRICOORDINATE HYPERVALENT THREE-MEMBERED THIAHETEROCYCLES 

a f t e r  0 . 7  hr  f o r  3d o n  r e f l u x )  was shown t o  b e  a f i r s t  
o r d e r  r e a c t i o n  t h e  r a t i o  b e t w e e n  t h e  t h i o u r e a  a n d  u r e a  i s  

t e m p e r a t u r e  d e p e n d e n t  ( 1 : 2 . 8  a n d  2 : 3  r e s p e c t i v e l y )  . 
The t h e r m o l y s i s  o f  t h e  p h o s p h i n e  s u l f i d e - S - d i o x i d e  4 f  

(-78'-r. t )  a f f o r d e d  72% y i e l d  o f  t h e  p h o s p h i n e  s u l p h i d e  

( 7 f )  a n d  o x i d e  ( l l f )  i n  a r a t i o  o f  4 : 3 .  H o w e v e r ,  u n d e r  t h e  

same c o n d i t i o n s  i n  t h e  p r e s e n c e  o f  a n  e q u i m o l a r  amoun t  o f  

o - d i b r o m o b e n z e n e ,  t h e  y i e l d  was u n c h a n g e d  b u t  t h e  r a t i o  o f  
7f  t o  l l f  was 7 : 3  . 

The f o r m a t i o n  o f  t h e  t h i o u r e a s  a n d  t h e  p h o s p h i n e  s u l f i -  

d e s  i s  c o n v i n c i n g l y  e x p l a i n e d  i n  t e r m s  o f  t h e  t r i c o o r d i n a t e ,  

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

t o  t h e  more  s t a b i l i z e d  i n t e r m e d i a t e s  l a - c ,  w h e r e a s  t h e  f o r -  

m a t i o n  o f  t h e  c o r r e s p o n d i n g  u r e a s  6d-e a n d  p h o s p h i n e  o x i d e s  

7f -g  c a n  b e  a c c o u n t e d  f o r  i n  t e r m s  o f  a s i m i l a r  k i n d  o f  

t h r e e - m e m b e r e d  r i n g  i n t e r m e d i a t e  ( i . e . 1 0 )  which l o o s e s  

s u l f u r  m o n o x i d e  o n  t h e r m o l y s i s .  S i n c e  a s i n g l e t - t r i p l e t  

c r o s s i n g  was shown t o  o c c u r  a l o n g  t h e  f r a g m e n t a t i o n  r e a c t i o n  
1 0  c o o r d i n a t e  o f  t h e  h y p e r v a l e n t  t h i a d i o x i r a n e s  t o  d i o x y g e n  , 

a n  e x t e r n a l  h e a v y  a t o m  c a t a l y s t  was r e s p o n s i b l e  f o r  a n  i n -  

c r e a s e d  i n t e r s y s t e m  c r o s s i n g  e f f i c i e n c y  i n  t h e  c a s e  o f  4f 
i n  t h e  p r e s e n c e  o f  a - d i b r o m o b e n z e n e ,  l e a d i n g  t o  t h e  i n c r e a -  

s e d  r a t i o  o f  s u 1 f i d e : o x i d e .  

10 

1 0  

11 
1 

( f o r  2-41 

i 
10 

( f o r  3 a n d  4 o n l y )  
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URI ZOLLER 219 

In summary, the above explanatory general scheme is 
proposed in order to account for all the experimental 
results”. Thus, the intermediacy of hypervalent three- 
-membered thiaheterocycles and their mode of thermal frag- 
mentation have been established. The experimental results 
are in accord with theoretical considerations and predic- 
tions. 
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