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AND O T H E R  SULFUR- 2 -  T H I O X O C A R B O N  D I A N I O N S  C n S n  

CONTAINING DERIVATIVES OF DELTIC AND S Q U A R I C  A C I D  

GUNTHER S E I T Z  
Pharmazeutisch-Chemisches I n s t i t u t  d e r  P h i l i p p s -  
U n i v e r s i t a t ,  D-3550 M a r b u r g ,  M a r b a c h e r  Weg 6 ,  FRG 

A b s t r a c t  The e a r l i e r  and  more  r e c e n t  r e s u l t s  o b -  
t a i n e d  i n  t h e  a u t h o r ‘ s  l a b o r a t o r y  i n  t h e  f i e l d  o f  
t h e  C 4  and C 3  t h i o x o c a r b o n  d i a n i o n s  a r e  p r e s e n t e d .  
S e v e r a l  p r e p a r a t i v e  r o u t e s ,  some o f  t h e  i n t e r e s t i n g  
c h e m i c a l  r e a c t i o n s  as  w e l l  as  r e l e v a n t  s p e c t r o  c o -  
p i c  d a t a  o f  t h e  d i a n i o n  t e t r a t h i o s q u a r a t e  C S 4  
a r e  summar i zed  a n d  compared  w i t h  t h o s e  o f  o t h e r  
u n i f o r m l y  s u b s t i t u t e d  C 4  p s e u d o - o x o c a r b o n  d i a n i o n s .  
C o n c e r n i n g  t h e  C s e r i e s ,  s y n t h e s e s  o f  n o v e l  s u l -  
f u r - b r i d g e d  th ree -membered  r i n g  compounds s u c h  a s  
d i c a t i o n  s u l f i d e s ,  t h i o c a r b o n y l - y l i d e s  and  d i a n i o n  
s u l f i d e s  a r e  d e s c r i b e d .  F i n a l l y ,  t h e  f i r s t  9 y n f h e s i s  

r e p o r t e d ,  t o g e t h e r  w i t h  some s p e c t r o s c o p i c  d a t a  and  
an X - r a y  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n .  

5 -  

3 

o f  t h e  a r o m a t i c  d i a n i o n  t r i t h i o d e l t a t e  C3S3 1s 

I N T R O D U C T I O N  

R e c o g n i t i o n  t h a t  t h e  o x o c a r b o n s  1-2 were  members o f  a 

c l a s s  o f  h i t h e r t o  unknown a r o m a t i c  s u b s t a n c e s  i n  t h e  

1 9 6 0 ’ s  l e d  t o  g r e a t l y  renewed  i n t e r e s t  i n  t h i s  a r e a .  

R.West, t h e  U n i v e r s i t y  o f  W i s c o n s i n  d e f i n e d  them i n  

t h e  f o l l o w i n g  way 2 :  

“Oxocarbons are compounds in which all or 

most of  the carbons are linked with each 

other in the form of carbonyl groups or 

in the form of hydrated carbonyl groups” 

Scheme 1 
31 1 
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312 G. SEITZ 

2 0  Oxocarbon Dianions CnOn 

common 
formula 

1 
I 

n =L 
squarate 

B 

n= 2 n:3 

3 
acetylend iolate deltate 

I 2 
9 

0 0 

n=5 n=6 
croconate rhodizmte 

6 a 5 = 

Scheme 2 

Among t h e  o x o c a r b o n s  t h e  m o n o c y c l i c  d i a n i o n s  a r e  t h e  

most  i n t e r e s t i n g .  They r e p r e s e n t  a new s e r i e s  o f  p o l y -  

c a r b o n y l a t e d  o r g a n i c  s p e c i e s  w i t h  r e m a r k a b l e  s t r u c t u r a l ,  

c h e m i c a l  and  e l e c t r o n i c  p r o p e r t i e s .  They c a n  be  c h a r a c -  

1, i n  w h i c h  n i s  L -  t e r i z e d  by t h e  common f o r m u l a  C O 

any p o s i t i v e  i n t e g e r . 2 k  (Scheme 2 )  

C r o c o n a t e  2 and r h o d i z o n a t e  6 a r e  t w o  w e l l - k n o w n  d e e p l y  

c o l o u r e d  r e p r e s e n t a t i v e s  o f  t h e  c l a s s  o f  o x o c a r b o n  d i -  

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

n n  - 
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THIOXOCARBON DIANIONS 313 

2k T h e i r  c o n s t i t u t i o n ,  however ,  was e l u c i d a t e d  much l a t e r .  

The a n a l o g o u s  t h r e e -  and fou r -membered  compounds, d e l -  

t a t e  2' and s q u a r a t e  3 , 9  were  s y n t h e s i z e d  o n l y  i n  r e c e n t  

y e a r s ,  t h e  h e p t a g o n a t e  I a n d  o c t a g o n a t e  a r e  h i t h e r t o  

unknown. 

The o x o c a r b o n  d i a n i o n s  a r e  o f t e n  d e s c r i b e d  a s  a r o m a t i c ;  

however ,  a p p l y i n g  t h e  g r a p h  t h e o r y  o f  a r o m a t i c i t y ,  most  

o f  t h e  m o n o c y c l i c  o x o c a r b o n  d i a n i o n s  were  p r e d i c t e d  t o  

have  v e r y  s m a l l  r e s o n a n c e  e n e r g i e s ;  l1 t h e  p l a n a r i t y  a n d  

c y c l i c  c o n j u g a t i o n  o f  t h e s e  d i a n i o n s  c a n n o t  be v i e w e d  

as  s i g n i f i c a n t  e v i d e n c e  o f  t h e  e x i s t a n c e  o f  a r o -  

m a t i c i t y :  t h e  d e l t a t e  a l o n e  c o u l d  be  c o n s i d e r e d  t o  be  

a r o m a t i c  and h i g h l y  d i a t r o p i c .  

N e v e r t h e l e s s ,  t h e  u n i q u e  e l e c t r o n i c  s t r u c t u r e s ,  a h i g h  

d e g r e e  o f  symmet ry  and e s t h e t i c a l l y  b e a u t i f u l  g e o m e t r y  

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

t t i e  e f f e c t  o f  r e p l a c i n g  t h e  c a r b o n y l  o x y g e n  a toms b y  

v a r i o u s  o t h e r  a toms o r  f u n c t i o n a l  g r o u p s ,  s u c h  as  n i -  

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

m e t h y l e n e .  

T h i s  i d e a  o r i g i n a t e d  f r o m  t h e  o b s e r v a t i o n  t h a t  i n  t h e  

Y - d e l o c a l i z e d  c a r b o n a t e  d i a n i o n  9 t h e  o x y g e n  a toms  c a n  

be c o m p l e t e l y  r e p l a c e d  b y  n i t r o g e n ,  c a r b o n  o r  s u l f u r  t o  

y i e l d  more o r  l e s s  s t a b l e  s a l t s  w i t h  p l a n a r  d i a n i o n s  

-- 10-12 e x h i b i t i n g  D3h-symmetry.  14-17 (Scheme 3 )  

2k 

1 0  

1 1 - 1 3  

2n 

R 

Y-delocal ized systems (P.Cund 1972) 

Scheme 3 
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3 14 G. SEITZ 

S i m i l a r  t r a n s f o r m a t i o n s  s h o u l d  be p o s s i b l e  i n  t h e  0x0-  

c a r b o n  s e r i e s  l e a d i n g  t o  n o v e l  d e l o c a l i z e d  s y s t e m s  IA, 
w h i c h  a r e  c a l l e d  p s e u d o - o x o c a r b o n  d i a n i o n s ,  f o l l o w i n g  a 

s u g g e s t i o n  o f  F a t i a d y . 1 8  T y p i c a l  e x a m p l e s  a r e  t h e  i m i -  

n o c a r b o n  d i a n i o n s  13 w i t h  t h e  c y a n o i m i n o  g roup ,19  t h e  

c a r b o c a r b o n  d i a n i o n s  15 i n  w h i c h  o x y g e n  i s  r e p l a c e d  by  

t h e  d i c y a n o r n e t h y l e n e  group2', and t h e  t h i o x o c a r b o n  d i -  

a n i o n s  l6, t h e  s u l f u r  a n a l o g u e s  o f  t h e  o x o c a r b o n  d i -  

a n i o n s  - 1 (Scheme 4). 

Scheme 4 

RESULTS AND D I S C U S S I O N  

When p l a n n i n g  e f f e c t i v e  s y n t h e s e s  o f  n o v e l  pseudo-  

o x o c a r b o n  d i a n i o n s  we remembered, t h a t  a d d i t i o n - e l i m i -  

n a t i o n  r e a c t i o n s  o f  v a r i o u s  n u c l e o p h i l e s  p r o c e e d  smooth-  

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

g r o u p s  on  t h e  v i n y l  c a r b o n s .  
U s i n g  t h i s  r e a c t i o n  p r i n c i p l e ,  West e t  a l .  21b and S e i t z  

e t  a l .  *le r e a c t e d  s q u a r i c  a c i d  d i b u t y l e s t e r 1 9  - e a s i l y  

2c 
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THIOXOCARBON DIANIONS 315 

2 K@ 

G.Seitz et a l .  
R.Vert e l  r l .  

'rctivotar 
rquric acid deriv. 

Scheme 5 

p r e p a r e d  by  a c i d  c a t a l y z e d  e s t e r i f i c a t i o n  o f  s q u a r i c  

a c i d  17 w i t h  n - b u t a n o 1 2 c  - w i t h  f r e s h l y  p r e p a r e d  p o t a s -  

s i u m  h y d r o g e n  s u l f i d e  i n  e t h a n o l ,  and  o b t a i n e d  t h e  po-  

t a s s i u m  s a l t  18 o f  t h e  1 , 2 - d i t h i o s q u a r a t e  d i a n i o n .  The 

base  c a t a l y z e d  r e a c t i o n s  o f  t h e  s q u a r i c  a c i d  d i b u t y l -  

e s t e r  - 1 9  w i t h  e x c e s s  cyanamide  and m a l o n o n i t r i l e ,  r e -  

s p e c t i v e l y  , p r o c e e d e d  i n  an  a n a l o g o u s  f a s h i o n .  2c Reac- 

t i o n  p r o d u c t s  a r e  t h e  m i x e d  0 x 0 - i m i n o c a r b o n  d i a n i o n s  

- 2 1  and 0 x 0 - c a r b o c a r b o n  d i a n i o n s  20. These * - u n i f o r m l y  

s u b s t i t u t e d  p s e u d o - o x o c a r b o n  d i a n i o n s  a r e  e a s i l y  

a c c e s s i b l e .  However ,  t h e  s y n t h e s i s  o f  t h e  u n i f o r m l y  

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

c u l a r  c h a l l e n g e .  

To r e a c h  t h i s  g o a l  one o f  o u r  most  p r o m i s i n g  s t a r t i n g  

m a t e r i a l s  was t h e  d i t h i o  s q u a r i c  a c i d  d i b u t y l e s t e r  23, 

w h i c h  c a n  be p r e p a r e d  by  r e a c t i n g  s q u a r i c  a c i d  d i b u t y l -  

e s t e r  19 w i t h  P4Sl0, i n  t h e  p r e s e n c e  o f  s o d i u m  h y d r o g e n  
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316 G. SEITZ 

c a r b o n a t e .  'Od T h i s  h i g h l y  r e a c t i v e  s q u a r i c  a c i d  d e r i v a -  

t i v e  f u l f i l l e d  a l l  o u r  e x p e c t a t i o n s  (Scheme 6 ) .  

Nk CN 

orange red & 
CN 

yellow a 

Scheme 6 
Upon t r e a t m e n t  o f  t h e  d i t h i o e s t e r  23 w i t h  d i m e t h y l a m i n e ,  

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

i s  accompan ied  by  an  u n u s u a l  r e a r r a n g e m e n t .  

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

thy1amino)dithiosquaraine 22, an i n t e n s e l y  o r a n g e  c o l o u r e d  

compound. 22 C r o s s o v e r   experiment^^^ gave  e v i d e n c e  o f  a n  

i n t e r m o l e c u l a r  mechanism f o r  t h e  r e a r r a n g e m e n t  o f  t h e  

p r i m a r i l y  g e n e r a t e d  1 , 2 - d i t h i o s q u a r i c  a c i d  d i a m i d e  i n t o  

t h e  c o r r e s p o n d i n g  s q u a r a i n e  22. With t h e  a n i o n  o f  m a l o -  

n o n i t r i l e  as  n u c l e o p h i l e ,  t h e  h i g h l y  a c t i v a t e d  d i t h i o -  

e s t e r  p e r m i t s  a c o m p l e t e  exchange  o f  s u b s t i t u e n t s  i n  

o n l y  one s t e p .  20c-d Thereby  t h e  n o v e l  c a r b o c a r b o n  d i -  

a n i o n  24 o f  t h e  C 4 - s e r i e s  was g e n e r a t e d  i n  good y i e l d .  

U s i n g  cyanamide i n  t h e  p r e s e n c e  o f  an  a l k a l i  m e t a l  a l k -  
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THIOXOCARBON DIANIONS 317 

oxide the first isolable, air-stable salt 25 of an 
iminocarbon dianion is formed in excellent yield. 
A similar reactivity is observed with the corresponding 
dithiosquaric acid diamides 28 and the diamino-dithio- 
squaraines 29. The exchange of sulfur f o r  oxygen in 
squaric acid diamides 26 or bis(amin0)squaraines 27 
can be accomplished in high yield by the use of con- 
venient sulfur transfer reagents such as P4Sl0 ,  eth- 
o x y c a r b o n y l - i s o t h i o c y a n a t e  or with Lawesson’s reagent. 
24a-c The thermodynamically more stable squaraines 2 
can also be prepared in excellent yields by reacting 
the 1,2-dithiosquaric acid diamides 28 with nucleo- 

23 philes such as dimethyl amine or methylmercaptan. 
(Scheme 7 )  

19b 

Scheme 7 
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318 G. SEITZ 

The 1 , 2 - d i t h i o - s q u a r i c  a c i d  d i a m i d e  28 b e h a v e s  s i m i l a r l y  

i n  t h e  r e a c t i o n  w i t h  S- ,  0-, N- or C - n u c l e o p h i l e s  as  t h e  

1 , 2 - d i t h i o e s t e r s  231. 
A l l  n u c l e o p h i l e s  a t t a c k  p r e f e r e n t i a l l y  on t h e  v i n y l i c  c a r -  

bon atoms o f  t h e  four -membered r i n g ,  and  s u c c e s s i v e l y  d i s -  

p l a c e  t h e  amino g r o u p s  v i a  an a d d i t i o n - e l i m i n a t i o n  mecha- 

n i sm.  R e a c t i o n  o f  t h e  1 , 2 - d i t h i o s q u a r i c  a c i d  d i a m i d e  28 
w i t h  h y d r o g e n  s u l f i d e  y i e l d s  an  i n t e r e s t i n g  a n i o n  

w i t h  t h r e e  a d j a c e n t  s u l f u r  f u n c t i o n s ,  w h i c h  can  be  c o n -  

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

- 3 1  b y  s u b s e q u e n t  h y d r o l y s i s  w i t h  p o t a s s i u m  h y d r o x i d e .  

I n  a s i m i l a r  way h i g h  y i e l d s  o f  i n t e r e s t i n g  s u l f u r - c o n -  

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

i n  v a r i o u s  t w o - s t e p  r e a c t i o n s .  The 1 , 2 - d i t h i o s q u a r i c  

a c i d  d i a m i d e  28 c a n  be  r e a d i l y  t r a n s f o r m e d  i n t o  t h e  m i x e d  

p s e u d o o x o c a r b o n  G a n i o n  32 b y  r e a c t i o n  w i t h  c y a n a m i d e /  

t r i e t h y l a m i n e  f o l l o w e d  by  s u l f h y d r o l y s i s .  2 5  I n  a n o t h e r  

examp le  t h e  f i r s t  d i m e t h y l a m i n o  g r o u p  i s  removed by  the 
a n i o n  o f  m a l o n o n i t r i l e ,  t h e  s e c o n d  one by  h y d r o g e n  s u l -  

f i d e  (Scheme 8 )  t o  y i e l d  t h e  s u l f u r  c o n t a i n i n g  d i a n i o n  

3 3 .  

21d 

26 - 

Scheme 8 
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THIOXOCARBON DUNIONS 319 

These observations led t o  several convenient routes 
for t h e  synthesis o f  t h e  C4-thioxocarbon dianion C S 
- 3 4 ,  t h e  sulfur analogue o f  t h e  squarate dianion. 
As can be seen f r o m  Scheme 9 ,  all highly activated 
squaric acid derivatives can be used as easily available 
starting materials: t h e  dithioester 23, t h e  dithioamide 
- 28, th e  diamino dithiosquaraine 2 9 ,  as well a s  t h e  tosyl 
substituted bis(amidine) o f  squaric acid - 35. Upon treat- 
ment with a freshly prepared solution o f  e x c e s s  potas- 
sium hydrogen sulfide in dry ethanol t h e  relevant sub- 
stituents  are replaced by sulfur t o  give t h e  C4 thi- 
axocarbon dianion i n  almost quantitative yield. 

2- 

212 

Scheme 9 
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320 G. SEITZ 

L -  The C 4 S 4  - d i a n i o n  i s  o b t a i n e d  a s  t h e  a i r s t a b l e  o r a n g e -  

y e l l o w  h y d r a t e  K 2  [C,S, ] .H20 34, w h i c h  d i s s o l v e s  r e a d i l y  

i n  w a t e r  a n d  c a n  b e  r e c r y s t a l l i z e d  f r o m  a q u e o u s  e t h a n o l .  

By h e a t i n g  i n  a i r  a b o v e  1 2 0  " C ,  t h e  w a t e r  o f  c r y s t a l -  

l i z a t i o n  i s  r e m o v e d  a n d  a d a r k  v i o l e t ,  s t r o n g l y  h y g r o s -  

c o p i c  m o d i f i c a t i o n  34a i s  f o r m e d ,  w h i c h  r e a d i l y  r e c o n -  

v e r t s  t o  t h e  h y d r a t e d  s a l t  - 3 4  when e x p o s e d  t o  a i r .  

(Scheme 1 0 )  

The c h a r a c t e r i s t i c  o r a n g e  c o l o u r  o f  t h e  t e t r a t h i o s q u a -  

r a t e  d i a n i o n  - 3 4  i s  d u e  t o  a n  i n t e n s e  U V  a b s o r p t i o n  a t  

4 3 0  nm. The v e r y  s i m p l e  i n f r a r e d  s p e c t r u m  i s  d o m i n a t e d  

b y  some i n t e n s e  s h a r p  b a n d s  a r o u n d  1 2 4 0  em-', wh ich  

c a n  b e  a s s i g n e d  t o  C-C=S v i b r a t i o n a l  f r e q u e n c i e s .  The 

I 3 C - N M R  s p e c t r u m  i n  D 2 0  s h o w s  o n e  s i g n a l  a t  6 2 2 9 . 2 ,  

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

(Scheme 1 0 ) .  

2 1 e  

orange-yellow violett  
hydrate & hygroscopic 

?baX (H20) = 430 nm (lgc= 4-39) 

IR (KBC): 3 = I ~ O  cm-' (3c-crrs 1 

13C-NMR (D20):6 = 229,2 ppm 

Scheme 1 0  
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THIOXOCARBON DIANIONS 32 1 

An X - r a y  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  (Scheme 11) 

shows t h a t  t h e  t e t r a t h i o s q u a r a t e  d i a n i o n  34 i s  p l a n a r  

w i t h  n e a r  D4h symmet ry .  The C - C  and t h e  C - S  b o n d  l e n g t h  

a r e  144.8 and 166.3  pm r e s p e c t i v e l y  s h o w i n g  s i g n i f i k a n t  

(?-bond o r d e r s  o f  n= 0,2 and n = 0 .6 .  T h i s  i n d i c a t e s  

t h a t  t h e  C 4  t h i o x o c a r b o n  d i a n i o n  i s  a h i g h l y  s y m m e t r i c ,  

c omp 1 e t e 1 y de 1 o c a 1 i zed q- sys tem.  21e 

Scheme 11 
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322 G.  SEITZ 

2- -Dianions with delocalized %electrons 
c4x4 

C -ring order  n 
4 

5 0  1.457 0 . 2  

I N - CN 1.450 0 . 2  

Scheme 12  

I n  Scheme 1 2  t h e  r e l e v a n t  C - C  b o n d  l e n g t h  i n  t h e  f o u r -  

membered r i n g  o f  t h e  C p s e u d o - o x o c a r b o n  d i a n i o n s  a r e  

compared.  The t a b l e  shows, t h a t  t h e  c a r b o n - c a r b o n  b o n d s  

o f  a l l  t h e  C 4  d i a n i o n s  h a r d l y  d i f f e r .  They a r e  e s s e n -  

t i a l l y  e q u a l  t o  t h o s e  i n  t h e  s q u a r a t e  d i a n i o n  w i t h  C - C  

bond  l e n g t h  c l o s e  t o  1 .45  A i n d i c a t i n g  t h e  same l f -bond  

o r d e r  o f  0 .2 for a l l  o f  them. T h i s  d e m o n s t r a t e s  t h a t  

a l l  t h e  C 4  p s e u d o - o x o c a r b o n  d i a n i o n s  c o n s t i t u t e  a 

s e r i e s  o f  p e r f e c t l y  d e l o c a l i z e d  v - s y s t e m s .  

4 

Scheme 13  summar i zes  some i n t e r e s t i n g  c h e m i c a l  p r o -  

p e r t i e s  o f  t h e  d i a n i o n  t e t r a t h i o s q u a r a t e  %. F r e e  

t e t r a t h i o s q u a r i c  a c i d  36 c a n n o t  be o b t a i n e d  f rom i t s  

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

i o n  exchange  r e s i n .  21e 
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THIOXOCARBON DIANIONS 323 

Scheme 13 

In both cases an insoluble yellow powder is formed, 
probably a polymer f r o m  the free acid. In contrast to 
the oxygen analogue, the tetrathiosquarate dianion 34 
is readily reduced polarographically in two one-electron 
steps (half-wave potentials -1,53 and -1,79 V )  in aque- 
ous solution to the tetraanion C4S4 
aromatic cyclobutadiene structure. Nucleophiles such 
as dimethyl amine or hydrazine attack the carbon atoms 
of the four-membered ring. With dimethyl amine two sul- 
fur atoms are replaced by the nucleophile, yielding the 
bis(dimethy1amino)dithiosquaraine E .  With hydrazine as 
nucleophile substitution of all sulfur atoms is 
followed by oxidation, yielding the tetrahydrazone 

2 9  - 38 of the hitherto unknown cyclobutatetraone. 
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324 G. SEITZ 

L2 stable - - L1 stab le  - - 

Scheme 14 

C o n t r a r y  t o  n u c l e o p h i l e s ,  e l e c t r o p h i l e s  p r e d o m i n a n t l y  

a t t a c k  t h e  s u l f u r  a toms o f  t e t r a t h i o s q u a r a t e  d i a n i o n  

- 34.  Thus t h e  r e a c t i o n  w i t h  "mag ic  m e t h y l "  (FS03CH3) 

s h o u l d  l e a d  t o  t h e  i n t e r e s t i n g  t e t r a t h i o s q u a r i c  e s t e r  

( d i m e t h y l t e t r a t h i o s q u a r a t e )  2 or t h e  a r o m a t i c  t e t r a -  

k i s ( m e t h y l t h i o ) c y c l o b u t e n y l i u m  d i c a t i o n  - 40. However ,  

b o t h  t h e s e  s p e c i e s  were  u n s t a b l e  and c o u l d  n o t  be i s o -  

l a t e d . 3 0  B e t t e r  r e s u l t s  have  been o b t a i n e d  by  Beck  and 

c o w o r k e r s ; 3 1  t h e s e  i n v e s t i g a t e d  r e a c t i o n s  o f  t e t r a t h i o -  

s q u a r a t e  34 w i t h  t e t r a f l u o r o b o r a t o  compounds s u c h  a s  

Re(CO)5H20 B F 4  or " (OC)5Re+ I t .  I n  b o t h  c a s e s  t h e  

34 r e a c t s  as  t w o  or f o u r f o l d  m o n o - d e n t a t e  

l i g a n d  r e s p e c t i v e l y ,  y i e l d i n g  s t a b l e  compounds 41 
and 42. The f o u r f o l d  s u b s t i t u t e d  d i c a t i o n  - 4 2  i s  a 

n o v e l ,  i n t e r e s t i n g  4C 2%-"HUckel a r o m a t i c "  s y s t e m .  

2 -  
c4s4  - 
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THIOXOCARBON DIANIONS 325 

As d e m o n s t r a t e d  i n  Scheme 15,  t h e  t e t r a t h i o s q u a r a t e  

d i a n i o n  34 may s e r v e  as  a v e r s a t i l e  l i g a n d  i n  v a r i o u s  

m e t a l  c o m p l e x e s .  28,32 

Scheme 15 

W i t h  Zn s u l f a t e  i n  w a t e r  or w i t h  N i  s u l f a t e  i n  t h e  p r e -  

sence  o f  p y r i d i n e  m o n o c h e l a t e  c o m p l e x e s  43 a n d  45 a r e  

f o r m e d  r e s p e c t i v e l y .  W e l l  d e f i n e d  o l i g o m e r i c  c o m p l e x e s  

o f  t y p e  44 w i t h  Mn, Fe, Co and  N i  h a v e  been  o b t a i n e d  

f r o m  nonaqueous s o l u t i o n s  u s i n g  (AsPh  C S 34b. The 

r e a c t i o n  w i t h  ( A u ( C H ~ ) ~ I ] ~  g i v e s  an  e x a m p l e  o f  t e t r a -  

t h i o s q u a r a t e  a c t i n g  as  a b r i d g i n g  b i s c h e l a t e  l i g a n d  i n  

t h e  c o m p l e x  Me2AuC4S4AuMe2 46. F u r t h e r m o r e ,  many p o l y -  

m e r i c  c o m p l e x e s ,  p r e s u m a b l y  w i t h  c h a i n  s t r u c t u r e  o f  

( M  

4 2 4 4 -  

a p p r o x i m a t e  c o m p o s i t i o n  ( M I  C S (M I = Cu, Ag, Au)  a n d  2 4 4 n  I1  C 4 S 4 I n  ( M I ’  = Cu, Zn, Cd, Hg, Fe ,  Co, N i ,  Pd, P t ,  
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326 G. SEITZ 

Sn, Pb) c a n  be o b t a i n e d  f r o m  aqueous s o l u t i o n s  o f  

K 2 C 4 S 4  34 and  t h e  c o r r e s p o n d i n g  m e t a l  s a l t s .  

J u s t  as  i n  t h e  C4 s e r i e s  r e p l a c e m e n t  o f  t h e  oxygen  a toms 

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

s h o u l d  l e a d  t o  p s e u d o o x o c a r b o n  d i a n i o n s  o f  t h e  C 

r i e s  (Scheme 1 6 ) .  The w e l l  c h a r a c t e r i z e d  C3 c a r b o c a r b o n  

d i a n i o n  47 20a and t h e  i m i n o c a r b o n  d i a n i o n  4819a, w h i c h  

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

as  n o v e l  a r o m a t i c  s y s t e m s .  However,  many a t t e m p t s  t o  

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

d e l t a t e  9, p r o v e d  t o  be  u n s u c c e s s f u l .  

3 se -  

Pseudo-oxocarbons of the C series 
3 

0 

0 /Ao I A 
C Oxocarbon- carbocarbon- 

r di an ions 3 
iminocarbon- 

C Thioxocarbon dianion 4% 
3 
Trithiodeltate C S 2 -  

3 3  

20 

Scheme 1 6  
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THIOXOCARBON DIANIONS 327 

On t h e  b a s i s  o f  t h e  v a r i o u s  r o u t e s  t o  t h e  t e t r a t h i o -  

s q u a r a t e  d i a n i o n  we t r i e d  t o  o b t a i n  t h e  t r i t h i o -  

d e l t a t e  2 b y  s i m p l e  s u l f h y d r o l y s i s  o f  t e t r a c h l o r o c y c l o -  

p r o p e n e  52 (Scheme 1 8 ) ;  b u t  t h i s  o b v i o u s  way p r o v e d  t o  be  

as  u n s u c c e s s f u l  a s  d i d  v a r i o u s  o t h e r  p r o m i s s i n g  r o u t e s .  

The r e a c t i o n  o f  t e t r a c h l o r o c y c l o p r o p e n e  52 w i t h  secon-  

d a r y  a l i p h a t i c  a m i n e ~ ~ ~  or w i t h  d i a l k y l t r i m e t h y l s i l y l -  

am ines34  g e n e r a t e s  t r i s a m i n o c y c l o p r o p e n i u m  c a t i o n s  51, 
w h i c h  c a n  be  e a s i l y  i s o l a t e d  e.g., a s  p e r c h l o r a t e s .  

They seemed t o  be p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  s y n t h e s i s  

o f  t h e  t r i t h i o d e l t a t e  2. However,  t r e a t i n g  t h e  a r o m a t i c  

c y c l o p r o p e n i u m  c a t i o n  51 w i t h  p o t a s s i u m  h y d r o g e n  s u l -  

f i d e  i n  e t h a n o l  l e a d s  t o  t h e  t h i o a m i d e  3333 and  n o t  t o  

t h e  d e s i r e d  d i a n i o n  2. S i m i l a r  e x p e r i m e n t s  w i t h  t h e  

e a s i l y  a c c e s s i b l e  t r i s a l k y l t h i o  c y c l o p r o p e n i u m  c a t i o n  

- so3’ a l s o  p r o v e d  t o  be u n s u c c e s s f u l .  

Scheme 17 
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328 G .  SEITZ 

0 
8 

mesoi on i c 
Deltrins 

C pseudo-oxocrrbon betrines 
3 

C. Offernunn 

Scheme 1 8  

These  f a i l u r e s  p r o m p t e d  u s  t o  c h o o s e  t h e  n o v e l  m e s o i o n i c  

d e l t a i n s  El9 a n d  EZoa ( C3 p s e u d o - o x o c a r b o n  b e t a i n e s )  

w h i c h  p r o v e d  t o  b e  much m o r e  p r o m i s i n g  s t a r t i n g  m a t e -  

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

c h l o r o c y c l o p r o p e n e  52 b y  r e a c t i o n  w i t h  c y a n a m i d e  o r  ma- 

l o n o n i t r i l e  i n  t h e  p r e s e n c e  o f  t r i e t h y l  a m i n e ;  t h e y  a r e  

c r y s t a l l i n e  s p e c i e s .  E s p e c i a l l y  54 h a s  g o o d  l e a v i n g  

g r o u p s ,  w h i c h  s h o u l d  b e  e a s i l y  r e p l a c e d  b y  s u l f u r  u p o n  

t r e a t m e n t  w i t h  p o t a s s i u m  h y d r o g e n  s u l f i d e .  

I n  t h e s e  e x p e r i m e n t s ,  h o w e v e r ,  o n l y  t h e  t r i e t h y l a m m o n i u m  

g r o u p  i n  t h e  d e l t a i n  54 c o u l d  b e  r e p l a c e d  b y  v a r i o u s  

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

C - p s e u d o - o x o c a r b o n  d i a n i o n s  56-5836 w i t h  t w o  c y a n o i m i n o  

g r o u p s  a n d  o n e  o x y g e n ,  s u l f u r  or e v e n  s e l e n i u m ,  r e s p e c -  

t i v e l y  (Scheme 1 9 ) .  

T r e a t m e n t  o f  F u k u n a g a ' s  d e l t a i n  55 2 0 a  (Scheme 2 0 )  w i t h  

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

p r i s i n g  r e s u l t , 3 7  d e p e n d i n g  o n  c o n d i t i o n s .  I n  t h e  i n e r t  

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

3 
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L C I  

CI CI 

3 

G. OFFERMANN 

Scheme 1 9  

CI CI x 
cr-cl 

NC CN 

CN 
- 60 - 

FUKUNAGA 2 BGERECHT 

Scheme 20 

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

d e l t a t e  d i a n i o n  - 59.  H o w e v e r  i n  t h e  p r e s e n c e  o f  a i r  

o x i d a t i o n  t a k e s  p l a c e  a n d  t h e  a n i o n s  a r e  l i n k e d  t o g e t h e r  
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330 G. SEITZ 

t h r o u g h  a d i s u l f i d e  b r i d g e  l e a d i n g  t o  t h e  s a l t  3. T h i s  

i n t e r e s t i n g  f i n d i n g  e n c o u r a g e d  u s  t o  i n v e s t i g a t e  o t h e z  

s u l f u r  b r i d g e d  C3-pseudo-oxocarbons .  

As shown i n  Scheme 21, s u l f u r - b r i d g e d  th ree -membered  

r i n g  compounds c a n  be d e v i d e d  i n  d i c a t i o n  s u l f i d e s  6 l ,  

t h i o c a r b o n y - y l i d e s  a3' and d i a n i o n - s u l f i d e s  g. D i -  

c a t i o n  s u l f i d e s  gJ3 a r e  w e l l  known and  s t a b i l i z e d  by  

d o n o r  g r o u p s  a t  t h e  c y c l o p r o p e n y l i u m  t e r m i n i .  They 

a r e  e a s i l y  o b t a i n e d  when t h e  diaminochlorocycloprope- 
n i u m  i o n  64 i s  a l l o w e d  t o  r e a c t  w i t h  d i a m i n o c y c l o p r o -  

pene t h i o n e  65 . 3 3  

Sulfur-bridgcd Threemembered Ring Compounds 

D D D A  A A 

Dication- Thiocarbonyl- D ian ion- 
sulfides 4L - ylides - 62 sulfides - 63 

A= acce tor system D= donor-system 
-NR2 C(CNy2, N-CN 

Z. YOSHIDA et al. Dication- 
sulfides & - 

Scheme 2 1  
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THIOXOCARBON DIANIONS 331 

s 120 

4 

NC CN 

:N 

C. OFFE- 
Dirnion-sulfides 

Scheme 2 2  

C o n t r a r y  t o  t h e  d i c a t i o n s  66 t h e  s u l f u r - b r i d g e d  d i -  

a n i o n - s u l f i d e s  63 s h o u l d  be  s t a b i l i z e d  by  e l e c t r o n -  

a c c e p t i n g  g r o u p s  such  as t h e  d i c y a n o r n e t h y l e n e  o r  c y a n o -  

i m i n o  f u n c t i o n s .  O u r  e ~ p e r i r n e n t s ~ ~  h a v e  shown, t h a t  

t h e  t h i o l a t e  f u n c t i o n s  i n  t h e  two  t h i o d e l t a t e  d i a n i o n s  

- 5 7  and 2 a r e  s u f f i c i e n t l y  n u c l e o p h i l i c  t o  d i s p l a c e  

t r i e t h y l a m i n e  f r o m  b o t h  t h e  d e l t a i n s  2 and  55 , respec -  

t i v e l y .  T r i e t h y l a m i n e  i s  c o m p l e t e l y  removed  a f t e r  

h e a t i n g  one h o u r  i n  d r y  e t h a n o l .  The c r y s t a l l i n e  p o t a s -  

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

a i r s t a b l e  c r y s t a l s  and c a n  be  r e c r y s t a l l i z e d  f rom 

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

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

des  67 and  - 6 8 .  39 
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332 G. SEITZ 

The c o r r e s p o n d i n g  t h i o c a r b o n y l  y l i d e s  62, 3 8  i n  w h i c h  

t h e  d o n o r  s u b s t i t u t e d  c y c l o p r o p e n y l i u m  c a t i o n  and  t h e  

a c c e p t o r  s u b s t i t u t e d  d e l t a t e  a n i o n  a r e  l i n k e d  by  a 

s u l f u r  b r i d g e  c a n  be s y n t h e s i z e d  by  t h r e e  d i f f e r e n t  

r o u t e s .  39 

Thiocrrbonyl 
ylidcr 

Scheme 2 3  

The mos t  c o n v e n i e n t  way t o  t h e  t h i o c a r b o n y l  y l i d e s  

was f o u n d  i n  t h e  r e a c t i o n  o f  a c c e p t o r  s u b s t i t u t e d  

d e l t a i n s  s u c h  as  54 w i t h  t h e  d i a m i n o - c y c l o p r o p e n e -  

e t h i o n e  69. T h i s  r o u t e  i l l u s t r a t e s  (Scheme 2 3 )  t h a t  

t h e  t h i o n e  f u n c t i o n  i n  69 i s  s u f f i c i e n t l y  n u c l e o p h i l i c  

t o  d i s p l a c e  t h e  t r i e t h y l a m i n o  g r o u p  o f  54 t o  y i e l d  t h e  

" p u s h - p u l l "  s u b s t i t u t e d  t h i o c a r b o n y l  y l i d e  a s  a p a l e  

y e l l o w  s o l i d .  I n  t h e  second  r o u t e  3 9  (Scheme 231,  

1,2-bis-diisopropylamino-3-chlorocyclopropenium p e r -  

c h l o r a t e  71 i n  b o i l i n g  e t h a n o l  s o l u t i o n s  is t r e a t e d  

22 

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



THIOXOCARBON DIANIONS 333 

with the potassium salt of the thiodeltate 55. The thio- 
carbonyl ylide 72 separates immediately as a pale ye12 
low solid. Recrystallization from nitromethane gave 
beige needles in about 9 0 %  yield. 
The third approach 3 9  to the crystalline and stable 
thiocarbonyl ylides is somewhat surprising. According 
to our observation the sulfur-bridged dianion sulfide 
- 7 3  and the dication sulfide 74 are thermodynamically 
unstable compared to the thiocarbonyl ylide 75, the 
zwitterionic combination of both three-membered ring 
derivatives: Upon heating the dianion 73 together with 
the dication sulfide 74 in acetonitrile, the corres- 
ponding thiocarbonyl ylide 75 was obtained in about 
40% yield together with a hitherto unidentified yellow 
substance. 3 9  

2 ClO,@ 
Q 

2 HN(Etl3 

Dicrtion sulfide 

C H 3 C ~  Y - 2 HNIEtIJ Cl@ 

Dirnion sulfide 2 

CN 

Thiocrrbonyl ylide 3 

Scheme 24 
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334 G. SEITZ 

The mechan ism o f  t h i s  u n u s u a l  g e n e r a t i o n  o f  a t h i o c a r -  

b o n y 1  y l i d e  c o u l d  be r a t i o n a l i z e d  by  a sequence  shown 

i n  Scheme 2 5 ,  whose c r i t i c a l  f i r s t  s t e p  r e q u i r e s  h y p e r -  

v a l e n t  b o n d i n g  o f  s u l f u r  v i a  78 r a t h e r  t h a n  a t t a c k  a t  

t h e  =-donor s u b s t i t u t e d  c a r b o n  a tom.  40 A f t e r  r i n g  c l o -  

s u r e  t o  t h e  s t r a i n e d  fou r -membered  r i n g  79 i n  w h i c h  t h e  

p o s i t i v e  s u l f u r  i s  s t a b i l i z e d  b y  an  a d j a c e n t  d e l t a t e  

a n i o n  - t h e  n e g a t i v e  one b y  a n e i g h b o u r i n g  c y c l o p r o p e -  

n i u m  c a t i o n  - f r a g m e n t a t i o n  i n t o  t w o  m o l e c u l e s  o f  t h e  

t h e r m o d y n a m i c a l l y  s t a b l e  t h i o c a r b o n y l  y l i d e  80 i s  e x -  

p e c t e d  t o  be  a f a s t  r e a c t i o n .  39 

DlCATlON 

D=DONOR 

A=AaCBPTOR 

Scheme 2 5  
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THIOXOCARBON DIANIONS 335 

H.Cerlrch et rl. HcIv.Chim. Actr &, 

S.M.Weinreb et r l .  Tetrahedron Lett. a ~ ,  1099 (1986) 

Scheme 2 6  

Meanwhile we have continued our efforts to synthesize 
the dianion trithiodelate 2. As the usual approach - 
that is the nucleophilic displacement of substituents 
in suitably activated deltic acid derivatives - failed 
in this case, we tried to find a totally different route 
to introduce three sulfhydryl moieties into the deltic 
acid system. 
Firstly, we remembered that the introduction of three 

documented: 35a-c the reaction of tetrachlorocyclopro- 
pene 52 with various thiols in the presence of silver 
ions leads to triply thioalkyl substituted cycloprope- 
nium salts - 81 in good yields. Secondly, we knew from 
the literature that fluoride-mediated cleavage of 2 -  

(trimethylsily1)ethylesters 82 has been shown to be an 

’ sulfur functions into the deltic acid system is well 
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336 G. SEITZ 

e f f i c i e n t  r e a c t i o n . 4 1  F u r t h e r m o r e ,  W e i n r e b  r e c e n t l y  r e -  

p o r t e d  t h a t  f l u o r i d e  t r e a t m e n t  o f  2 - ( t r i m e t h y l s i l y l ) -  

e t h y l  s u - l f o n a m i d e s  84 e f f e c t s  f r a g m e n t a t i o n  t o  t h e  c o r -  

r e s p o n d i n g  amino d e r i v a t i v e s  85;42 t h i s  e x a m p l e  r e p r e -  

s e n t s  t h e  o n l y  2 - s i l y l - s u b s t i t u t e d  s u l f u r  d e r i v a t i v e  

t h a t  h a s  been  shown t o  u n d e r g o  t h i s  mode o f  c l e a v a g e .  

CI CI CH&N/-lS% 
AgBFb 

C 

-A&I CI 

Scheme 27 

Thus we a n t i c i p a t e d  t h a t  t h r e e f o l d  t h i o a l k y l a t i o n  o f  

t e t r a c h l o r o c y c l o p r o p e n e  52 w i t h  B E S T  87 43-45 [ a - e t h y l -  

- s i l y l - t h i o l ,  2- ( t r i m e t h y l s i l y l  l e t h a n e t h i 0 1  ] s h o u l d  

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

k y l -  s u b s t i t u t e d  c y c l o p r o p e n i u m  s a l t  88; t h i s  c o n t a i n s  

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

t i o n  r e a c t i o n s  t o  f o r m  t h e  d i a n i o n  t r i t h i o d e l t a t e  89. 
As shown i n  Scheme 27 BEST i n  t h e  p r e s e n c e  o f  s i l v e r  

i o n s  r e a c t s  w i t h  t e t r a c h l o r o c y c l o p r o p e n e  52 t o  y i e l d  

44 
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THIOXOCARBON DIANIONS 337 

t h e  d e s i r e d  s t a r t i n g  m a t e r i a l  a a l t h o u g h  i n  r a t h e r  l o w  

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

- 89 w i t h  BulNF o r  CsF p r o v e d  t o  be u n s u c c e s s f u l .  43c  

Scheme 2 8  

On t h e  o t h e r  hand  we were  a b l e  t o  show (Scheme 2 8 )  t h a t  

t h e  d i a m i n o c y c l o p r o p e n i u m  c a t i o n  91 b e a r i n g  o n l y  one 

BEST-group,  s m o o t h l y  r e a c t s  w i t h  t e t r a b u t y l a m m o n i u m  f l u o -  

r i d e  t o  y i e l d  t h e  c o r r e s p o n d i n g  t h i o n e  92 i n  n e a r l y  

q u a n t i t a t i v e  y i e l d .  

T h i s  p r o m p t e d  us ,  t o  r e d u c e  t h e  t h r e e f o l d  B E S T - s u b s t i -  

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

t h i o n e ,  w h i c h  c a n  be  a c h i e v e d  i n  more t h a n  50% y i e l d  

w i t h  z i n c  powder  i n  d r y  a ~ e t o n i t r i l e . ~ ~  S u b s e q u e n t  

f l u o r i d e - p r o m p t e d  f r a g m e n t a t i o n  o f  t h e  t h i o n e  93 r e -  

s u l t s  i n  t h e  d e s i r e d  e l i m i n a t i o n  o f  t w o  m o l e c u l e s  o f  

43c  
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338 0. SEITZ 

fluorotrimethylsilane and ethylene to give the tetra- 
butylammonium salt o f  the trithiodeltate B. 
This can be converted into the more readily isolated 
sodium salt fi by adding sodium perchlorate solution. 

44 

2-C H ,-Si(C H3 l3 

S 

Scheme 2 9  

Chemical proof of the structure was easily accomplished 
by treating the sodium salt fi of trithiodeltate with 
methyl iodide in acetonitrile. In this way all three 
sulfur functions were alkylated. The initially formed 
tris(methylthio1-cyclopropenium iodide 94 reacts with 
sodium tetrafluoroborate t o  give the known salt 95, 
which is easily accessible by application of the reac- 
tion principle of Weiss et al. 35c (Scheme 30) 
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THIOXOCARBON DIANIONS 339 

CI CI 

C l  A, 

Scheme 30  

The s p e c t r o s c o p i c  d a t a  o f  a a r e  i n  a g r e e m e n t  w i t h  a 

p l a n a r  s t r u c t u r e  a s  w e l l  as  w i t h  t h e  e x p e c t e d  D3h sym- 

m e t r y .  The 1 3 C - N M R  s p e c t r u m  o f  t h e  s o d i u m  s a l t  

D20 c o n s i s t s  o f  a s i n g l e  s i g n a l  a t  6 = 176.5 .  The e l e c -  

t r o n i c  a b s o r p t i o n  s p e c t r u m  o f  an  aqueous  s o l u t i o n  o f  

- 89b e x h i b i t s  a l o n g - w a v e  l e n g t h  maximum a t  2 6 8  nm ( 1 9 %  

= 4 . 3 2 ) .  The Rarnan and  I R - d a t a  o f  t h e  d i a n i o n  o f  89b 

a r e  s i m i l a r  t o  t h o s e  o f  t h e  i s o e l e c t r o n i c  c a t i o n  t r i -  

c h l o r o c y c l o p r o p e n y l i u m  q647 and  t h u s  c o n f i r m  t h e  p r o -  

p o s e d  D3h symmet ry .  

i n  
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340 G. SEITZ 

SPECTROSCPIC DATA 0F.THE DlANlON 
TRITHIOOELTATE 

planar structure, Dfh symnetry 

so 120 I 3 C - W  ( D 2 0 ) 6 =  176.5 

I R  (KBr):$c,C,S= 1219 cm-' 
O5 / ! Q N a r n  700 an-' 

m 
isoclectronic 

W ( H 2 0 ) :  AmX= 268 MI 

trichlorocyclopropenium- 
CI cat ion a 

Scheme 31 

This is also supported by the X-ray crystal structure 
determination. Scheme 32 shows the ORTEP plot4' o f  the 
molecular structure o f  the trithiodeltate dianion & 
with surrounding molecules o f  water. The trithiodel- 
tate dianion exhibits only minor deviations from those 
expected f o r  D3h symmetry and may be regarded as 
virtually planar with the following mean distances and 
angles: C-C 1.405 A ,  C-S 1.676 A ,  C-C-C 60,0°, 
C-C-S 150.0'. 
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THIOXOCARBON DIANIONS 34 1 

53  

01 

bond lengths: 

C - C 140.5 pm 
C - S = 167.6 pm 
angles: 
C - C - C 60,o'  
c - c - s IS0,O. 

ORTEP-pbt of the dianian \Z~J 

Scheme 32 

The C - C  d i s t a n c e s  a r e  e q u a l  w i t h i n  e x p e r i m e n t a l  error 

and w i t h  1 4 0 . 5  pm s i m i l a r  t o  t h o s e  i n  t r i p h e n y l c y c l o -  

p r o p e n y l i u m  p e r c h l o r a t e  9749 (Scheme 3 3 )  o r  1 , 2 , 3 - t r i s  

( d i m e t h y 1 a m i n o ) c y c l o p r o p e n y l i u m  p e r c h l o r a t e  98 . 
A n o t h e r  p o i n t  o f  i n t e r e s t  i s  t h e  C - S  b o n d  l e n g t h  o f  t h e  

t r i t h i o d e l t a t e  d i a n i o n  89. As c a n  be  seen  f r o m  Scheme 

34,  w h i c h  l i s t s  C - S  bond  l e n g t h  o f  some o t h e r  t h i o c a r -  

b o n y 1  compounds, t h e  C - S  d i s t a n c e  o f  t h e  t r i t h i o d e l t a t e  

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

d i a n i o n  t e t r a t h i o s q u a r a t e  34. 
However  a n  i m p o r t a n t  d i f f e r e n c e  b e t w e e n  t h e  f o u r -  a n d  

th reemembered  t h i o x o c a r b o n  d i a n i o n  h a s  t o  be  c o n s i d e -  

r e d :  a s  i s  w e l l  known each  r i n g  c a r b o n  o f  t h e  c y c l o -  

p r o p e n i u m  i o n  s y s t e m  h a s  n o n e q u i v a l e n t  o r b i t a l s  

50  

21e 

33a 

( o n e  sp and  two  sp' o r b i t a l s ) ;  h e n c e  t h e  s e m i c y c l i c  
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342 G. SEITZ 

C-C distances for the 
c y clopropen i u m ion 

(X-ray data) 

Scheme 3 3  

C-S - distances in 
various species 

167.6 pm4' 

166.1 pm21e 

163.0 pms3 

155.1 pm5' 

167.1 pmS2 

Scheme 3 4  
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THIOXOCARBON DIANIONS 343 

bond  h a s  e s s e n t i a l l y  C - S - c h a r a c t e r .  I n  o r d e r  t o  de- 

t e r m i n e  t h e w - b o n d  o r d e r  o f  t h e  C-S b o n d  i n  t h e  d i -  

a n i o n  t r i t h i o d e l t a t e  one h a s  t o  c o n s i d e r  t h e  C-S- 

d i s t a n c e s  o f  t h e  t h i o k e t e n e  - l oos1  ( a - b o n d  order n = 1 .0 )  

and t h a t  o f  t h e  t h i o a l k y l  s u b s t i t u t e d  a c e t y l e n e  101 
( n  = 0 ) .  

T h i s  c o m p a r i s o n  makes i t  e v i d e n t ,  t h a t  t h e  C - S  b o n d  i n  

t h e  d i a n i o n  t r i t h i o d e l t a t e  89 h a s  i n d e e d  s i n g l e  b o n d  

c h a r a c t e r .  Thus t h e  d i a n i o n  t r i t h i o d e l t a t e  c a n  b e  r e g a r -  

ded a s  a s y m m e t r i c a l l y  t r i s u b s t i t u t e d  c y c l o p r o p e n i u m  

c a t i o n  and  a l l  t h e  s u l f u r  a toms c a r r y  a f u l l  n e g a t i v e  

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

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

s t a t e  o f  t h e  t r i t h i o d e l t a t e .  

SP 

S P  

SP 

5 2  
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