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NEW A S P E C T S  OF D I T H I O  AND T H I O N O  E S T E R S  

KLAUS H A R T K E  
I n s t i t u t  f u r  P h a r m a z e u t i s c h e  Chemie d e r  U n i v e r s i t a t  
M a r b u r g ,  M a r b a c h e r  Weg 6 ,  D -3550  M a r b u r g / L a h n ,  FRG 

A b s t r a c t  The f i e l d  o f  d i t h i o  a n d  t h i o n o  e s t e r s  i s  e x -  
p a n d i n g  r a p i d l y .  T h e r e f o r e  e m p h a s i s  i s  l a y e d  m a i n l y  
o n  r e s u l t s  o b t a i n e d  b y  t h e  r e s e a r c h  g r o u p  o f  t h e  a u t h o r .  
I n  a g r e e m e n t  w i t h  t h e o r e t i c a l  c o n s i d e r a t i o n s  t h i o n o  
e s t e r s  a r e  a l w a y s  m o r e  s t a b l e  t h a n  d i t h i o  e s t e r s .  I n  
t h e  p r e p a r a t i o n  o f  d i t h i o  a n d  t h i o n o  e s t e r s  b y  t h i o l y -  
s i s  s l i g h t l y  a c i d i c  c o n d i t i o n s  w e r e  f o u n d  t o  b e  e s s e n -  
t i a l .  The C H - a c i d i t y  a t  t h e  a - c a r b o n  o f  d i t h i o  a n d  
t h i o n o  e s t e r s  w i t h  pK v a l u e s  a b o u t  1 2  i s  c o m p a r a b l e  
t o  t h a t  o f  c l a s s i c a l  C H - a c i d i c  compounds s u c h  a s  a c e -  
t o a c e t i c  e s t e r .  D i t h i o n o  a n d  t e t r a t h i o  m a l o n a t e s  do n o t  
show t h e  e x p e c t e d  c h e m i s t r y  o f  m a l o n i c  e s t e r s ;  t h e  
e l e c t r o p h i l e  r e a c t s  p r e f e r e n t i a l l y  a t  t h e  s u l f u r  a t o m .  
a , B - U n s a t u r a t e d  d i t h i o  a n d  t h i o n o  e s t e r s  h a v e  b e e n  p r e -  
p a r e d  b y  W i t t i g - H o r n e r  r e a c t i o n s ,  b y  P e t e r s o n  s y n t h e -  
s i s ,  a n d  b y  a l d o l  c o n d e n s a t i o n s .  a , B - A c e t y l e n i c  d i t h i o  
a n d  t h i o n o  e s t e r s  w e r e  o b t a i n e d  f o r  t h e  f i r s t  t i m e .  I n  
t h e  f o r m a t i o n  o f  t h i o p e p t i d e  b o n d s  f r o m  a - a m i n o  d i t h i o  
e s t e r s  t h e  r a c e m i z a t i o n  o b s e r v e d  seems t o  b e  o f  f u n d a -  
m e n t a l  i m p o r t a n c e .  D i a n i o n s  o f  d i t h i o  a c i d s  w e r e  f o u n d  
t o  c o n d e n s e  w i t h  d i f f e r e n t  e l e c t r o p h i l e s .  

a 

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

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

t h i s  c e n t u r y .  These p a p e r s ,  h o w e v e r ,  d i d  n o t  f i n d  t h e  i n t e -  

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

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

t o  m o s t  c h e m i s t s .  T h i s  s i t u a t i o n  h a s  c h a n g e d  g r a d u a l l y  du -  

r i n g  t h e  l a s t  25 y e a r s .  B u t  e v e n  now o u r  k n o w l e d g e  o f  t h i o -  

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

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

A r e p l a c e m e n t  o f  o x y g e n  i n  a n  e s t e r  g r o u p  b y  s u l f u r  may 

l e a d  t o  3 d i f f e r e n t  t y p e s  o f  t h i o  e s t e r s ,  w h i c h  I w o u l d  l i k e  

t o  c a l l  t h i o l o  e s t e r s ,  t h i o n o  e s t e r s  a n d  d i t h i o  e s t e r s .  

T h i o l o  e s t e r s  show a C = O  d o u b l e  b o n d  a n d  b e h a v e  a s  t y p i c a l  

a c y l a t i n g  a g e n t s .  A w e l l  known  a n d  v e r y  c h a r a c t e r i s t i c  exam- 

p l e  o f  a t h i o l o  e s t e r  i s  t h e  a c y l  coenzym A ,  w h i c h  t r a n s f e r s  
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224 K .  HARTKE 

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

Scheme 1 

The c h e m i c a l  p r o p e r t i e s  o f  t h i o n ' o  a n d  d i t h i o  e s t e r s  a r e  

d e t e r m i n e d  b y  a C = S  d o u b l e  b o n d ,  f o r m e d  b y  l a t e r a l  o v e r l a p  

o f  a 3p o r b i t a l  o f  s u l f u r  w i t h  a 2p  o r b i t a l  o f  c a r b o n .  

Somet ime a g o  t h e  r e s o n a n c e  e n e r g y  h a s  b e e n  c a l c u l a t e d  f o r  

t h i o n o  e s t e r s  w i t h  a b o u t  1 7 , 4  k c a l / m o l  a n d  f o r  d i t h i o  e s t e r s  

w i t h  a b o u t  8 ,6 k c a l / m o l  . I n  a g r e e m e n t  w i t h  t h e s e  f i g u r e s  

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

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

e s t e r s .  T h i s  may b e  i l l u s t r a t e d  w i t h  some t y p i c a l  e x a m p l e s .  

STABIL ITY  OF D I T H I O  AND T H I O N O  ESTERS 

1 

From a l l  t e t r a t h i o  o x a l a t e s  we h a v e  t r i e d  t o  s t u d y  s o  

f a r ,  o n l y  t h e  d i m e t h y l e s t e r  was f o u n d  t o  b e  s t a b l e  a t  r o o m  

t e m p e r a t u r e .  O t h e r  e s t e r s  decompose c o m p l e t e l y  e v e n  a t  t empe  

r a t u r e s  o f  - l O O ° C  o r  less. On t h e  o t h e r  h a n d  d i a l k y l  d i t h i -  

ono o x a l a t e s  may b e  s t o r e d  a t  r o o m  t e m p e r a t u r e  f o r  y e a r s  

w i t h o u t  a n y  d e c o m p o s i t i o n .  

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

a g a i n s t  o x y g e n .  C h e m i c a l  r e a c t i o n s  w i t h  t e t r a t h i o  m a l o n a t e s  

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

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

l i m i t e d .  In c o n t r a s t  d i t h i o n o  m a l o n a t e s  a r e  p r e p a r e d  more  

e a s i l y  a n d  show a v a r i e t y  o f  v e r y  u s e f u l  t r a n s f o r m a t i o n s .  
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DITHIO AND THIONO ESTERS 225 
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Scheme 2 

PREPARATION B Y  THIOLYSIS 

During the last 25  years a considerable number of dif- 
ferent approaches for the preparation of dithio and thiono 
esters have been published. According to our experience the 
thiolysis of imidoesters o r  thioloimidoesters with hydro- 
gen sulfide is by far the most versatile procedure for larger 
quantities of dithio and thiono esters. Going through the 
recent literature there seem to exist some misconceptions 
as far as experimental conditions are concerned. In the most 
simple case the starting material is a nitrile group that 
is first converted into the imidoester hydrochloride o r  the 
thioloimidoester hydrochloride in a Pinner reaction. It is 
essential to subject the hydrochloride and not the deproto- 
nated imidate itself to a treatment with hydrogen sulfide. 
Only in this way good yields o f  thiono o r  dithio esters are 
obtained b y  elimination of ammonium chloride. In the first 
step hydrogen sulfide adds to the C = N  double bond with the 
formation of a tetrahedral intermediate. In this interme- 
diate the amino group must retain its positive charge, in 
order to be eliminated in the next step. Starting with the 
imidate base the tetrahedral intermediate is uncharged. In 
this case alcohol o r  mercaptane is eliminated with preference 
and our product is not the desired thioester but rather 
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226 K .  HARTKE 

the thioamide. 

A 

Scheme 3 

This fundamental principle is best illustrated by the 
preparation of the dithiono oxalates. Base catalysed ad- 
dition of alcohols to cyanogen gives high yields o f  oxalo- 
imidates. When these imidoesters are dissolved in ether and 
treated with hydrogen sulfide, the only product is dithio 
oxamide. Addition of 2 equivalents of glacial acetic acid 
changes the result completely. Now solid ammonium acetate 
separates from the reaction mixture and the desired dithiono 
oxalates are isolated in about 9 0 %  yield . 2 

NH 

RO NH 
NC-CN 2 HOR a 

Scheme 4 
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D I T H I O  AND THIONO ESTERS 227 

I n  a number  o f  c a s e s  t h e  i m i d o e s t e r s  or t h i o l o i m i d o  e s t e r s  

a r e  n o t  a c c e s s i b l e  b y  a P i n n e r  r e a c t i o n ;  i n  some o t h e r s  t h e  

t h i o l y s i s  s t e p  i s  a c c o m p a n i e d  b y  e x t e n s i v e  d e c o m p o s i t i o n .  

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

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

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

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

o b t a i n i n g  c r y s t a l l i n e  compounds a n d  i n  a c c e l e r a t i n g  t h e  a l -  

k y l a t i o n  s t e p .  For  t e r t i a r y  t h i o a m i d e s  t h e  a l k y l a t i o n  p o t e n -  

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

g e n  a n a l o g s  s t r o n g e r  a l k y l a t i n g  a g e n t s  s u c h  a s  m a g i c  m e t h y l  
3 o r  o x o n i u m  s a l t s  a r e  r e q u i r e d  . 

Scheme 5 

THIOPHILIC V E R S U S  CARBOPHILIC A T T A C K  

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

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

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

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

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

t a b l e  o f  P a u l i n g  t h e  b o n d  p o l a r i t y  o f  a t h i o c a r b o n y l  g r o u p  

s h o u l d  b e  v e r y  low. The c o r r e s p o n d i n g  f i g u r e s  a r e  2,8 f o r  

a n  s p 2  c a r b o n  a t o m  a n d  2,5 f o r  t h e  s u l f u r  a t o m .  T h e r e f o r e  
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228 K .  HARTKE 

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

b r i d  o f  t h e  3 s t r u c t u r e s .  One p o l a r  s t r u c t u r e  shows a n e g a -  

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

c h a r g e  o n  t h e  c a r b o n  a tom.  As a c o n s e q u e n c e  a n  i n c o m m i n g  

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

a tom.  B o t h  t y p e s  o f  r e a c t i o n s  a r e  i n d e e d  o b s e r v e d .  A c c o r d i n g  

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

b o p h i l i c  a t t a c k  b y  t h e  n u c l e o p h i l e .  Numerous e x a m p l e s ,  how- 

e v e r ,  a r e  a l s o  known f o r  a t h i o p h i l i c  a t t a c k .  T h i s  way i s  

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

t i v e  c h a r g e  o n  t h e  t h i o c a r b o n y l  c a r b o n  c a n  b e  t a k e n  o v e r  b y  

a d j a c e n t  g r o u p s .  

Reactlvlty of >C = S 
~---- 

C a I D m h l  I IC /IN" Oflack 

131s 
I 

-C- 
I 

 NU 

@Nu 
I 
S 
I 

/C \  
8 

Scheme 6 

The s t r u c t u r a l  f e a t u r e s  o f  t h i o n o  a n d  t e t r a t h i o  o x a l a t e s  

a r e  s u c h  t h a t  t h e y  f a v o u r  s t r o n g l y  a t h i o p h i l i c  a t t a c k .  The 

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

b e  s t a b i l i z e d  b y  t h e  a d j a c e n t  t h i o c a r b o n y l  g r o u p .  T h e r e f o r e  

n o  s p e c i e s  o f  h i g h e r  e n e r g y  b l o c k s  t h i s  r e a c t i o n  p a t h w a y .  

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

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

t a c k  o n  d i t h i o n o  a n d  t e t r a t h i o  o x a l a t e s .  
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DITHIO A N D  THIONO ESTERS 229 

To i l l u s t r a t e  t h i s  s t a t e m e n t  I w o u l d  l i k e  t o  d i s c u s s  t w o  

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

h y d r o g e n  s u l f i d e  t o  a - a l k o x y  t h i o n o  a c e t a t e s .  H y d r o g e n  s u l -  

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

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

l e a d  t o  t h e  r e d u c e d  p r o d u c t  . I n  a s i m i l a r  way c a r b a n i o n i c  

r e a g e n t s  s u c h  a s  G r i g n a r d  s o l u t i o n s  o r  o r g a n o  l i t h i u m  corn- 

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

d i a t e  t h a t  i s  h y d r o l y s e d  t o  a new t h i o n o  e s t e r  w i t h  a n  a c e -  

t a l i c  a - c a r b o n  a t o m  . 

4 

5 

RO S F - H  

RO 
- 

- 5 1  
RoX: + QSH - 
RO RO 

Scheme 7 

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

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

t h i o n o  o x a l a t e s  w i t h  a n  e x c e s s  o f  d i a z o m e t h a n e  a t  - l O O ° C .  

U n d e r  t h e s e  c o n d i t i o n s  a c r y s t a l l i n e  b i s - t h i a d i a z o l i n e  i s  

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

t h a n e .  A c c o r d i n g  t o  t h e  1 3 C  s p e c t r a l  d a t a ,  h o w e v e r ,  t h e  b i s -  

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

c a r b o n  a t o m s  C-5 a n d  C - 5 '  show a s h i f t  d i f f e r e n c e  o f  30pprn. 

T h i s  i s  b e s t  e x p l a i n e d  b y  a 1 , 2 , 3 - t h i a d i a z o l i n e  r i n g  a n d  a 

1 , 3 , 4 - t h i a d i a z o l i n e  r i n g .  We s u p p o s e  t h a t  t h e  f i r s t  d i a z o -  

m e t h a n e  r e a c t s  b y  a t h i o p h i l i c  a t t a c k ,  a s  t h e  n e g a t i v e  c h a r -  

ge f o r m e d  c a n  b e  s t a b i l i z e d  b y  t h e  a d j a c e n t  t h i o c a r b o n y l  

g r o u p .  T h i s  g i v e s  r i s e  t o  a 1 , 3 , 4 - t h i a d i a z o l i n e  r i n g .  The 

s e c o n d  d i a z o m e t h a n e  r e a c t s  b y  a c a r b o p h i l i c  a t t a c k  a s  a 
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230 K .  HARTKE 

6 c h a r g e  s t a b i l i z a t i o n  i s  n o  l o n g e r  p o s s i b l e  . 
A t  r o o m  t e m p e r a t u r e  t h e  b i s - t h i a d i a z o l i n e  decomposes  t o  

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

5 9  CHjO’ ’S 

Scheme 8 

C H - A C I D I T Y  

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

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

f e r e n c e  b e t w e e n  d i t h i o  a n d  t h i o n o  e s t e r s  o n  t h e  o n e  h a n d  

and  o x y g e n  e s t e r s  o n  t h e  o t h e r  h a n d  i s  t h e  C H - a c i d i t y  a t  

t h e  a - c a r b o n  a tom.  The a c i d i t y  o f  o x y g e n  e s t e r s  i s  n o r m a l -  

l y  a b o u t  pKa=  2 5 .  S i m p l e  d i t h i o  e s t e r s ,  h o w e v e r ,  s u c h  a s  

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

a b o u t  1 2  . T h i s  means t h a t  d i t h i o  a n d  t h i o n o  e s t e r s  a r e  

a b o u t  1 3  p o w e r s  o f  t e n  m o r e  a c i d i c  t h a n  t h e i r  o x y g e n  a n a -  

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

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

a r e  c o n s i d e r e d  a s  p r o t o t y p e s  o f  C H - a c i d i c  compounds i n  o r -  
g a n i c  c h e m i s t r y .  I n  d i t h i o n o  m a l o n a t e s  t h e  C H - a c i d i t y  g o e s  

u p  t o  7 .8  a n d  i n  t e t r a t h i o  m a l o n a t e s  e v e n  t o  4 .9 . T h i s  means 

t h a t  t e t r a t h i o  m a l o n a t e s  show n e a r l y  t h e  same a c i d i t y  a s  a c e -  

t i c  a c i d .  

7 

8 
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D I T H I O  AND THIONO ESTERS 23 1 

R1-CH2-C$O 

25 
\OR2 

12.5 11 L 

0 % - C H , - C Z o  

EtO' OEt 

12.9 - 13.5 

7.8 6.7 L . 9  

Scheme 9 

C a r b a n i o n s  o f  o x y g e n  e s t e r s  a r e  n o r m a l l y  a t t a c k e d  b y  

e l e c t r o p h i l e s  a t  t h e  a - c a r b o n  a t o m .  A t t a c k  a t  t h e  o x y g e n  

a t o m  i s  t h e  e x c e p t i o n .  Wi th  d i t h i o  a n d  t h i o n o  e s t e r s  j u s t  

t h e  r e v e r s e  i s  t r u e .  C a r b a n i o n s  o f  s u l f u r  e s t e r s  a r e  n o r m a l -  

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

c a r b o n  i s  t h e  e x c e p t i o n .  I n  o t h e r  ~ o r d s  t h e  c a r b a n i o n  c h e -  

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

n u c l e o p h i l i c i t y  o f  t h e  n e g a t i v e  c h a r g e  o n  s u l f u r .  
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232 K .  HARTKE 

carbari 1 ons 

Scheme 1 0  

INDIVIDUAL D I T H I O  AND THIONO ESTERS 

A f t e r  t h e s e  g e n e r a l  r e m a r k s  o n  d i t h i o  a n d  t h i o n o  e s t e r s ,  

I w o u l d  l i k e  t o  come t o  some i n d i v i d u a l  compounds.  D i t h i o n o  

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

b e  s t o r e d  i n  t h e  r e f r i g e r a t o r  f o r  m o n t h s  w i t h o u t  a n y  decom- 

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

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

D I T H I O N O  AND T E T R A T H I O  MALONATES 

8 - 1 1  

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

t h e i r  a l k a l i  s a l t s  a r e  p e r f e c t l y  s t a b l e  compounds t h a t  c a n  

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

s t a l l i z a t i o n .  These  s a l t s  show t h e  t r a n s , s - t r a n s  c o n f i g u -  

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

t o  X - r a y  a n a l y s i s  a n d  N u c l e a r - O v e r h a u s e r  e x p e r i m e n t s .  A l k y -  

l a t i o n  o f  t h e s e  s a l t s  l e a d  e x c l u s i v e l y  t o  S - a l k y l  t h i o e n o l  

e t h e r s .  The t r a n s , s - t r a n s  c o n f i g u r a t i o n  o f  t h e  a n i o n  i s  n o t  

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

i n s t e a d  h a s  a c i s , s - c i s  or a c i s , s - t r a n s  c o n f i g u r a t i o n ,  

a c c o r d i n g  t o  N u c l e a r - O v e r h a u s e r  r e s u l t s .  We s u p p o s e  t h a t  
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D I T H I O  AND THIONO ESTERS 233 

the cis,s-cis arrangement is stabilized by some sort of 
sulfur-sulfur interaction. To clarify this point an X-ray 
analysis is desirable . 9 

I trons. s-cis trons. s-trans1 

S S 
BC-CHz-C4 

R‘O’ ‘OR’ 
1 S S - S OR’ - 

R’O 
cis, s-cis cis. s-trans 

2 

1 NaOC,H, trons. s-cis 
1 I R’S S 

R’O k k  OR’ 
cis. s-cis 

t 

R z S e S  

-----.) R’O OR’ 
- 

trans, s-trans 
3 

- - R’;x; 
cis, s-trans 

4 

Scheme 11 

Dithiono malonates and tetrathio malonates are easily 
oxidized to 1,2-dithiolium salts b y  a variety o f  oxidizing 
agents. Tert.buty1 hypochlorite proved t o  be especially 
suitable. The 3,s-bisethoxy derivative obtained from diethyl 
dithiono malonate is rather unstable at room temperature 
and alkylates its own anion to yield 5-ethoxy-1,Z-dithiol- 
3-on together with ethyl chloride . 1 0  
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234 K. HARTKE 

Scheme 12 

The 3,5-bisethylthio dithiolium salts, obtained by oxi- 
dation of diethyl tetrathio malonate, show a higher stability 
and may be handled at room temperature without any decompo- 
sition. A condensation with derivatives of thioacetates leads 
to the trithiapentalene ring system. Such a condensation is 
also observed with tetrathio malonate itself. In this way 
the structure o f  a red crystalline byproduct in the synthesis 
of tetrathio malonates could be elucidated. These trithia- 
pentalenes always separate from the red, liquid tetrathio 
malonates on storage in the refrigerator . 11 

5 

Scheme 13 

The condensation of amide acetals o r  aminal esters with 
acidic methylene compounds leads to aminomethylene deriva- 
tives. These compounds are especially useful building blocks 
in the synthesis of numerous heterocyclic ring systems. The 
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D I T H I O  AND THIONO ESTERS 235 

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

t a l .  The a l k o x i d e  f o r m e d  g e n e r a t e s  a n  a n i o n  a t  t h e  m e t h y -  

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

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

OEt 

CH@ HOEt 
A\ 
8' 

A;CH2 + 'OEt 
0 

Scheme 1 4  

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

we made some i n t e r e s t i n g  o b s e r v a t i o n s .  I n  e t h e r  a s  a s o l v e n t  

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

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

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

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

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

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

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

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

d i r e c t l y  a n  a m i n a l  e s t e r  i n s t e a d  o f  a n  a m i d e  a c e t a l  . 9 

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

a n d  decomposes t o  a n  o r a n g e  o i l  c o n s i s t i n g  o f  N , N - d i m e t h y l  

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

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

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

m e d i a t e  t h a t  c o l l a p s e s  t o  t h e  f i n a l  p r o d u c t s  . 9 
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OEt 
I 

Y H-C-N(CH 1 
1 ’ 2 1  

Scheme  1 5  

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

t h i o n o  m a l o n a t e  a n d  a m i d e  a c e t a l s  t a k e s  a d i f f e r e n t  c o u r s e .  
A f t e r  3 d a y s  a t  room t e m p e r a t u r e  a 5 5 %  y i e l d  o f  t h e  d e s i r e d  

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

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

c e n t r a l  c a r b o n  a t o m  o f  a d i t h i o n o  m a l o n a t e  h a s  b e e n  o b s e r v e d  . 9 

Scheme  16  
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D I T H I O  AND THIONO ESTERS 237 

a,O-UNSATURATED DITHIO AND THIONO ESTERS 

a,B-Unsaturated dithio and thiono esters were first pre- 
pared some 10 years ago by the research group of Prof.Thui1- 
lier rearranging the double bond from the B,y-position into 
the a,0-positionl2. This can be achieved by aliphatic amines 
o r  aqueous ammonium chloride solution13. In the meantime a 
number of additional synthetic approaches for a,B-unsaturated 
dithio and thiono esters have been reported. From these acti- 
vities it has become clear that a,O-unsaturated dithio esters 
are prone to dimerize to Diels-Alder-adducts at room tempe- 
rature. This dimerization is retarded by electronic o r  steric 
interactions. In general two alkyl groups in the B-position 
o r  one dialkylamino group as potent electron donator will 
stabilize the monomeric form. In contrast a,B-unsaturated 
thiono esters d o  not need any stabilizing substituents. 

Scheme 1 7  

We have shown recently, that a,B-unsaturated thiono and 
dithio esters may be prepared in good yield by condensation 
reactions such as the Horner-Wittig reaction, the Peterson 
synthesis and the aldol addition14. Starting material for 
the Horner-Wittig reaction are ( d i m e t h o x y p h o s p h i n y 1 ) t h i o -  
acetates, which condense with aldehydes in the presence o f  
base. Best results were obtained with mild bases in aqueous 
medium such as potassium carbonate o r  potassium hydrogen- 
carbonate. Aqueous conditions also facilitate work up 
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238 K .  HARTKE 

procedures considerably. Ketones as carbonyl components do 
not react in the Wittig-Horner condensation. This is probab- 
ly due to the relatively high acidity of the (dimethoxyphos- 
phiny1)thioacetates compared to their oxygen analogs. High 
acidity means at the same time low nucleophilicity of the 
conjugated anion, that is not capable of attacking ketones. 

The (dimethoxyphosphiny1)thioacetates may be obtained 
from methanephosphonic esters. The copper salt, available 
with but.yl lithium and copper(I)iodide, is easily thioacy- 
lated with chloro thiocarbonates. 

Wiltrg-Horner reaction - __ -. - - 

Scheme 18 

A procedure related to the Wittig-Horner reaction is the 
Peterson synthesis utilizing silicon instead of phosphorus 
as an oxophilic element. The condensation with t h e  carbonyl 
group o f  an aldehyde is effected at -6OOC with a strong base 
such as lithium diisopropylamide.The reaction conditions at 
- 6 O O C  indicate, that the carbanion formed in the l.step is 
more reactive than that formed in the Wittig-Horner synthesis. 
Its nucleophilicity, however, is again unsufficient to attack 
also ketones . 1 4  

The trimethylsilyl dithioacetate is best prepared from 
chloromethyl trimethylsilane via the Grignard reagent fol- 
lowed by addition of carbon disulfide and subsequent alky- 
lation . 14 
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Peterson syn t hes 1 s 
. -. - 

cs 
Me3S~-CH2-Cl Me3Si-CH2- MgCl 1. MejSi-CH2-CGS 

\SMgCI 

RZX S - Me,Si-CH,-C" 
\SR2 

Scheme 19 

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

t e d  t h i o e s t e r s  w o r k s  b e s t  w i t h  k e t o n e s ,  u s e d  i n  f o r m  o f  t h e i r  

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

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

t e n e d i t h i o a c e t a l .  An e x c e l l e n t  c a t a l y s t  for t h i s  t y p e  o f  a n  

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

Mukaiyama a n d  h i s  g roup15 .  The p r o d u c t  o b t a i n e d  i n  h i g h  

y i e l d  a t  - 6 O O C  i s  t h e  

c o n v e r t e d  i n t o  a n  a , B - u n s a t u r a t e d  d i t h i o  e s t e r  b y  h e a t i n g  

w i t h  4 - d i m e t h y l a m i n o  p y r i d i n e  i n  t o l u e n e  . 

0 - a l k o x y  d i t h i o  e s t e r .  T h i s  c a n  b e  

1 4  

R' S 
R"b%Et 

Dt4AP/!olucnc 

- noR 

Scheme 20 
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a,B-ACETYLENIC D I T H I O  AND T H I O N O  E S T E R S  

a , B - a c e t y l e n i c  d i t h i o  a n d  t h i o n o  e s t e r s  w e r e  f i r s t  i n v e s t i -  

g a t e d  b y  o u r  g r o u p  i n  M a r b u r g .  A c c o r d i n g  t o  o u r  e x p e r i e n c e  

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

a r e  a r a t h e r  u n s t a b l e  c l a s s  o f  compounds16 .  They t e n d  t o  

decompose i n t o  a c o m p l e x  m i x t u r e  o f  m a i n l y  p o l y m e r  c m a t e r i a l .  

The p o l y m e r i z a t i o n  p r o b a b l y  s t a r t s  w i t h  t h e  a t t a c k  o f  a n u c -  

l e o p h i l e  a t  t h e  B - p o s i t i o n .  T h e r e f o r e  b u l k y  g r o u p s  p r o t e c -  

t i n g  t h e  0 - c a r b o n  a tom,  w i l l  a l s o  s t a b i l i z e  t h e  d i t h i o  e s t e r  

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

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

p e r f e c t l y  s t a b l e  a t  r o o m  t e m p e r a t u r e .  

An e l e c t r o n i c  s t a b i l i z a t i c ~ n  b y  a n  e l e c t r o n  d o n a t i n g  g r o u p  

a t  t h e  B - c a r b o n  was f o u n d  t o  b e  i n e f f e c t i v e .  T y p i c a l  s u b -  

s t i t u e n t s  we t r i e d  w e r e  p h e n y l t h i o  a n d  m e t h y l p h e n y l - a m i n o  . 1 6  

n.0-Acet y lenlc dl th lo esters 
___._. .. . -- - 

Scheme 2 1  

I n  c o n t r a s t  t o  a , B - a c e t y l e n i c  d i t h i o  e s t e r s  t h e  c o r r e -  

s p o n d i n g  t h i o n o  e s t e r s  a r e  i n  g e n e r a l  s t a b l e  compounds,  

i n d e p e n d e n t  w h e t h e r  t h e  s u b s t i t u e n t  R1 i s  a n  a r y l  or a l k y l  

g r o u p .  O n l y  t h e  m o s t  s i m p l e  r e p r e s e n t a t i v e s ,  t h e  t h i o n o  p r o -  

p i o l a t e s ,  c o u l d  n o t  b e  i s o l a t e d .  E v e n  v e r y  s m o o t h  m e t h o d s  

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

s i l y l  d e r i v a t i v e  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  a t  -3OOC 
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D I T H I O  AND THIONO ESTERS 24 1 

lead to an yellow oil consisting mainly of the desired thi- 
ono ester, according to spectroscopic data. A purification, 
however, was unsuccessful due to rapid decomposition re- 
actions . 1 6  

(I, e-Acety len Ic t h loll0 esters _ _  

R’-C:C-C+S 

A l k y l - C t C - C ~ S  
‘OR’ 

stable stable 
S 

H - C Z C - C G  
‘OR’ 

unstoble 

I&,NIF He,Si-CiC-C4 - decomposition ‘OMc TFT- 

Scheme 2 2  

The most general preparation of a,B-acetylenic dithio 
and thiono esters is the thiolysis of suitable iminium salts. 
This reaction must be carried out at low temperatures o f  
-50 to - 6 O O C  in order to avoid addition o f  H 2 S  to the triple 
bond. The tertiary amides o r  thioamides, required as star- 
ting material, were obtained in a straight forward proce- 
dure from the acetylene and a carbamoyl o r  thiocarbamoyl 
chloride. An effective catalyst for this conversion proved 
to be the complex of palladium(1I)chloride and triphenyl 
phosphine together with copper(1)iodide in an aliphatic 
amine as a solvent. F o r  tertiary thioamides the yields are 
nearly quantitative . 17 
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242 K.  HARTKE 

Me 

Scheme 23 

As f a r  a s  a , O - a c e t y l e n i c  d i t . h i o  e s t e r s  a r e  s t a b l e  com- 

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

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

l y z e d  o n c e  a g a i n  b y  t h e  c o m p l e x  o f  p a l l a d i u m ( I 1 ) c h l o r i d e  

a n d  t r i p h e n y l  p h o s p h i n e .  The same a p p r o a c h ,  h o w e v e r ,  g i v e s  

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

n i c  t h i o n o  e s t e r s .  As t r i e t h y l a m i n e  r e a c t s  v i g o r o u s l y  w i t h  

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

i s  r e q u i r e d .  Medium y i e l d s  w e r e  o b s e r v e d  w i t h  1 ,2 ,2 ,6 ,6 -  

p e n t a m e t h y l  p i p e r i d i n e .  O t h e r  a l t e r n a t i v e s  a r e  p o t a s s i u m  

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

r e a g e n t  16 .17  
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D I T H I O  AND THIONO ESTERS 243 

C 0 I O I " S I  
S l W l C .  hindered 

R-CzC-C//' 3-p 'OMe 

: 
R-CEC-H CI-C-OMc 

K CO l l W F  

: 
R-CiC-MgCI CI-C-OMe - R-CEC-C&' 

'OMe 

Scheme 24 

I n  t h e  o x y g e n  s e r i e s  t h e  m o s t  e l e g a n t  way i n  p r e p a r i n g  

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

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

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

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

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

f i r s t  s t e p .  Such  d i t h i o c a r b o x y l a t e s ,  h o w e v e r ,  a r e  e v e n  m o r e  

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

a t t a c k  a t  t h e  0 - c a r b o n  a t o m  p r o b a b l y  i n i t i a t e s  p o l y m e r i -  

z a t i o n  . 1 7  

Scheme 2 5  

a , B - a c e t y l e n i c  d i t h i o  a n d  t h i o n o  e s t e r s  show t w o  c e n t r e s  

f o r  n u c l e o p h i l i c  a t t a c k :  t h e  t h i o c a r b o n y l  c a r b o n  a n d  t h e  

0 - c a r b o n .  The s i t e  o f  a t t a c k  d e p e n d s  o n  i n d i v i d u a l  f a c t o r s .  

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

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

r e s p o n d i n g  t h i o a m i d e s  e x c l u s i v e l y .  P r i m a r y  a l i p h a t i c  a m i n e s  
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244 K .  HARTKE 

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

t a c k  o n  b o t h  s i t e s .  Wi th  n - p r o p y l  a m i n e  a n d  a t h i o n o  e s t e r  

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

c i s / t r a n s  m i x t u r e  a t  t h e  new d o u b l e  b o n d .  Such  m i x t u r e s  

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

o r . h y d r o g e n  s u l f i d e  . 1 8  

Nu 

% 
R - c i c - c + '  HN') - R - C X - C - N ~  

'XMe 

2 
R-CX-C-#-R 

i? 
R-C-CH - C -SMe 

* H 9 -  s< 
R- CZCH-; -SMe 

S 

Scheme 26 

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

p h i l e s  i n  D i e l s - A l d e r  r e a c t i o n s .  No a d d i t i o n ,  n e i t h e r  a t  t h e  

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

c y c l o p e n t a d i e n e .  I n  c o n t r a s t  t o  t h i s  o b s e r v a t i o n  u , O - a c e t y -  

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

f o r m  t h i a - n o r b o r n e n e  d e r i v a t i v e s  a s  a m i x t u r e  o f  e n d o / e x o  

i s o m e r s  16 ,17  

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

l e a d s  t o  a s t a b l e  c a t i o n i c  s p e c i e s  w i t h  s t r o n g  d i e n o p h i l i c  

p r o p e r t i e s .  I t  r e a d i l y  a d d s  c y c l o p e n t a d i e n e ,  t h i s  t i m e  a t  
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D I T H I O  AND THIONO ESTERS 245 

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

t i v e .  T r a p p i n g  w i t h  t h i o l s  l e a d s  t o  s t a b l e  o r t h o e s t e r s  w i t h  

s u l f u r  . 18 

SMe 

R-CX-C4S IMe,OlBF, - R-CX-C$Me BFbQ 
‘SMe SMe 

10 

Scheme 2 7  

a-AMINO D I T H I O  AND T H I O N O  E S T E R S  

F o r  e v e r y o n e  w o r k i n g  o n  d i t h i o  a n d  t h i o n o  e s t e r s ,  t h e  p r e -  

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

t i d e  s y n t h e s i s ,  i s  a s p e c i a l  c h a l l e n g e .  As f a r  a s  I know a 

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

s u c h  a s p e c i e s  i s  s u p p o s e d  t o  b e  u n s t a b l e .  C o n d e n s i n g  t h e  

a m i n o  f u n c t i o n  w i t h  a g o o d  p r o t e c t i n g  g r o u p  a n d  c o n v e r t i n g  

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

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

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

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

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

e s t e r  i s  r e q u i r e d  f o r  t h e  f o r m a t i o n  o f  a t h i o p e p t i d e  b o n d .  

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

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

e l i m i n a t i o n  o f  h y d r o g e n  s u l f i d e .  Such  a s i d e  r e a c t i o n  was 

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

e f f o r t s  h a v e  c o n c e n t r a t e d  o n  t h e  c o r r e s p o n d i n g  N - p r o t e c t e d  

d i t h i o  e s t e r s  . 19 

P.S.-J 
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246 K .  HARTKE 

urntable? 

Schema 20 

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

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

The m e t h o d  o f  t h e i r  c o n v e r s i o n  i n t o  t h e  d i t h i o  e s t e r  f u n c -  

t i o n  d e p e n d s  o n  t h e  p r o t e c t i n g  g r o u p .  The c a r b o b e n z o x y  g r o u p  

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

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

B O C - p r o t e c t e d  a - a m i n o  n i t r i l e s  a r e  c l e a v e d  i n  t h e  P i n n e r  

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

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

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

l e a d s  t o  t h e  t h i o l o i m i d a t e  w h i c h  i s  t h e n  t h i o l y s e d  w i t h  

p r e s e r v a t i o n  o f  t h e  p r o t e c t i n g  g r o u p  . 20 
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D I T H I O  AND THIONO ESTERS 241 

0 

Scheme 

A c e n t r a l  q u e s t i o n  i n  p e p t  

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

BOC-NH 

29 

de c h e m i s t r y  i s  r a c e m i z a t i o n  

a c i d s .  T h i s  q u e s t i o n  h a s  n o t  

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

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

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

e x a m p l e s  h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  b a s e d  o n  t h e  

same r e a c t i o n  p r i n c i p l e .  A n a t u r a l ,  N - p r o t e c t e d ,  a - a m i n o  

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

r e a g e n t ,  S - m e t h y l a t e d  w i t h  m e t h y l  i o d i d e  a n d  t h i o l y s e d  w i t h  

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

s u r v i v e s z 1 .  A n  u n a m b i g o u s  p r o o f ,  h o w e v e r ,  i s  s t i l l  m i s s i n g .  

N SMe 
* S  2 R- FH- C 

BOC-NH 

Scheme 30 
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248 K .  HARTKE 

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

and  c o n v e r t e d  i t  v i a  t h e  P i n n e r  c o n d i t i o n s  i n t o  a d i t h i o  

e s t e r ,  t h e  o p t i c a l  a c t i v i t y  was a l s o  p r e s e r v e d .  T h i s  i s  n o t  

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

H e r e  t h e  r e s u l t  was 1 0 0 %  r a c e m i z a t i o n .  We s u p p o s e  t h a t  t h i s  

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

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

m i l a r  t o  t h e  f i r s t  r e a c t i o n  s e q u e n c e  . 20 

The s e c o n d  q u e s t i o n  t o  b e  a n s w e r e d  c o n c e r n s  t h e  p r e s e r -  

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

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

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

f o r m  t h e  t h i o p e p t i d e  b o n d ?  T h i s  q u e s t i o n  i s  s t i l l  o p e n .  

T h e r e  a r e ,  h o w e v e r ,  some p r e l i m i n a r y  o b s e r v a t i o n s .  J e n s e n  

and  S e n n i n g  r e p o r t e d  t h a t  a n  Aib-S-Alanin-methylester d i d  

n o t  r e a c t  w i t h  a B O C - p r o t e c t e d  a-amino-5-alanin-dithioester. 

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

h o w e v e r ,  was c o m p l e t e l y  r a c e m i z e d  . 2 2  

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

W i t h  t h i s  a i m  we c o n d e n s e d  t h e  S - c o n f i g u r a t e d  N - c a r b o b e n z -  

o x y - S - a l a n i n  d i t h i o e s t e r  w i t h  t h e  o p t i c a l l y  a c t i v e ,  R -con -  

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

The r e a c t i o n  was c o m p l e t e  a f t e r  4 8  h o u r s .  The c h i r a l  c e n t r e  

i n  t h e  a l a n i n e  r e s i d u e ,  h o w e v e r ,  was t o t a l l y  r a c e m i z e d .  T h i s  

was c o n f i r m e d  b y  r u n n i n g  t h e  same r e a c t i o n  w i t h  t h e  D , L - A l a -  

n i n  d i t h i o e s t e r ,  l e a d i n g  t o  t h e  same p r o d u c t  . 20 

S-Alanin Alb-S-Ala-OCH, 

R.S 

Scheme 31  
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DITHIO AND THIONO ESTERS 249 

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

p r i s i n g .  The C H - a c i d i t y  a t  t h e  a - c a r b o n  o f  N - p r o t e c t e d ,  a-  

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

i n  o r d i n a r y  d i t h i o  e s t e r s .  T h i s  means t h a t  f o r  N - p r o t e c t e d ,  

a - a m i n o  d i t h i o  e s t e r s  pK - v a l u e s  o f  a b o u t  9 -10  a r e  t o  b e  

e x p e c t e d .  Compounds o f  s u c h  a C H - a c i d i t y  a r e  n o t  i n e r t  i n  

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

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

q u e n c e .  

a 

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

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

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

s t r e e t .  

DIANIONS OF D I T H I O  A C I D S  

D u r i n g  t h e  l a s t  few m i n u t e s  o f  my l e c t u r e  I w o u l d  l i k e  

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

T h i s  i s  r e a l l y  u n e x p l o r e d  t e r r i t o r y .  O n l y  B e s l i n  a n d  H o u t t e -  

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

a d d i t i o n  o f  d i l i t h i o  d i t h i o p r o p i o n a t e  t o  a l d e h y d e s 2 3 .  Di- 
t h i o  a c i d s  a r e  mos t  c o n v e n i e n t l y  p r e p a r e d  f r o m  G r i g n a r d  

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

b e  k e p t  i n  t h e  r e f r i g e r a t o r  f o r  a f e w  weeks  w i t h o u t  s e r i o u s  

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

t h e i r  d i a n i o n s  a r e  f o r m e d .  These  a r e  r a t h e r  p o t e n t  a m b i d e n t  

n u c l e o p h i l e s .  An e l e c t r o p h i l i c  s p e c i e s  w i l l  e i t h e r  a t t a c k  

t h e  s u l f u r  a t o m  o r  t h e  a - c a r b o n  a t o m .  The a t t a c k  o n  s u l f u r  

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

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

may b e  i l l u s t r a t e d  b y  a f e w  e x a m p l e s .  
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250 K .  HARTKE 

H3C-CQS ‘5H 

Scheme 3 2  

The dianion of dithio acetic acid adds readily to alde- 
hydes o r  ketones. Even at -78OC we observe C-addition exclu- 
sively. On acidification B-hydroxy dithio acids are isola- 
ted in quantitative yield. They are, however, unstable at 
room temperature condensing to mixtures o f  polymers by eli- 
mination of both, hydrogen sulfide and water. A few excep- 
tions could be found. Two aryl groups at the a-carbon atom 
will stabilize the monomeric form. Thus the adduct with 
benzophenone is a stable, crystalline compound showing a 
retro aldol reaction on heating. The liquid adduct with 
acetone on the other hand solidifies slowly at room tempe- 
rature. Thereby water i s  eliminated exclusively and a cry- 
stalline polymer is formed . 2 4  

slablr. crvs la l l im 

Scheme 3 3  
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D I T H I O  AND THIONO ESTERS 25 1 

At -78OC the dianion of dithio acetic acid shows S-ad- 
dition to carbon disulfide. This is demonstrated by alky- 
lation with methyl iodide, giving rise to methylvinyltri- 
thiocarbonate. This main product, however, is accompanied 
by two more compounds, namely dimethyl dithioketene acetal 
and dimethyl trithiocarbonate. Such a result may be ex- 
plained by an equilibrium between the starting material, 
the S-addition product and an elimination reaction leading 
to thioketene and trithiocarbonate . 24 

-780C Me1 I 
, SMe 
‘5Me 

H$ZC 

I 1 

Scheme 34 

When the reaction mixture with the S-addition product is 
allowed to warm up to room temperature, the thermodynamical- 
ly more stable C-addition product is formed, which is the 
dianion of tetrathiomalonic acid. This rearrangement can be 
completed by addition of base, e.g. lithium hexamethyldi- 
silazane, to form the more stable trianion. Alkylation at 
this stage leads to a well known dithio acrylic ester. By 
acidification the unknown tetrathiomalonic acid is to be 
expected. This acid, however, seems to be an unstable pro- 
duct, that readily forms a stable dimer. We would like to 
propose for this dimer a tetrathiaadamantane skeleton. This 
dimer can be alkylated o r  acylated without difficulty; it 
does, however, not revert to the trianion with excess base. 
The dimeric structures are supported by mass spectroscopy 

24  and other spectroscopic data . 
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252 K .  HARTKE 

Scheme 3 5  

The t r i a n i o n  h a s  o n e  h y d r o g e n  l e f t  i n  t h e  m o l e c u l e .  T h i s  

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

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

a c i d ,  w h i c h  i s  a t  t h e  same t i m e  t h e  t e t r a a n i o n  o f  t e t r a m e r -  

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

l a t i o n  t o  f o r m  a known compound,  tetrakis(methy1thio)allene. 
The f u r t h e r  c h e m i s t r y  o f  t h e  t e t r a a n i o n  i s  r i g h t  now u n d e r  

i n v e s t i g a t i o n .  Wi th  some r e a g e n t s ,  e .g .  p h o s g e n e ,  e l i m i n a -  

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

p r o b a b l y  v i a  t h e  u n s t a b l e  c a r b o n  s u b s u l f i d e  . 24 

I 
mlmr - (s=csc=c:s) 

Scheme 36 
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