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A b s t r a c t  - P y r l d l n e  N-oxldes a r e  e f f l c t e n t  c a t a L y s t s  f o r  rearrangement  

of 0 . S - d l a L k ~ L  d l t h l o c a r b o n a t e s  t o  S.S-dlaLkyL d l t h l o c a r b o n a t e s .  

A  SoLld-Phase CODoLYmer of 4 - v l n y L o ~ r l d l n e  N-oxlde (P4VPND) 1s aLso a  

UsefuL t a t a ~ y s t .  b e l n g  nonvoLa t lLe  and e a s l L y  handled.  The rear range-  

ment ~ r o d u c t s  a r e  se rved  as usefuL p r e c u r s o r s  of t h l o L s .  

I n  t h e  p r e v l o u s  DaDePS.' we showed t h a t  t h e  1.3-d lpoLar  c y c L o a d d l t l o n  o f  P y r l d l n e  

N-oxldes (111) t o  cumuLenes such as phenyL l socyana tes  taKes pLace b y  a  concer ted  

Drocess and t h e  r e a c t l v l t y  may r e s u L t  f r o m  b o t h  t h e  f r o n t l e r  moLecuLar o r b l t a L  

(FMO) l n t e r a c t l o n  and t h e  r e L a t l v e L y  h l g h  degree of couLomblc attraction a r l z l n s  

f rom t h e  h19hLy ~ o L a r l z e d  s t r u c t u r e s  of addends. Based on these  r e s u l t s ,  we 

concLuded t h a t  t h e  r e a c t l v e  d lDoLarophlLe toward  a romat l c  N-oxldes s h o u l d  have a  

poLar  s t r u c t u r e  and focused o u r  a t t e n t l o n  on t h e  1 . 3 - d l ~ o L a r  c y c L o a d d l t l o n  

b e h a v l o r  of th locarbonyL  compounds such as 0.S-dlaLKyL d l t h l o c a r b o n a t e s  txan-  

t h a t e s )  (I). As t h e  r e s u l t .  0.S-dlaLKyL d l t h l o c a r b o n a t e s  (I) d l d  n o t  show cycle- 

a d d l t l a n  r e a c t l v j t y  toward  ~ y r l d l n e  N-oxldes (111) b u t  underwent r e a r r a n g e m e n t  t o  

S.S-dlaLKyL d l t h l o c a r b o n a t e s  (11) by CataLYsls  of p y r l d l n e  N-oxldes (111). 

We p r e s e n t  h e r e  t h a t  t h e  use of p y r l d l n e  N-oxldes (111) as c a t a L y s t  aLLows t h e  

c o n v e r s l o n  of 0.S-dlaLKyL d l t h l o c a r b o n a t e s  (I) I n t o  t h e  corresponding S.S-dlaLKyL 

d l t h l o c a r b o n a t e s  (11) I n  f a l r L y  good y l e L d  under  n e u t r a L  non-aqueous c o n d l t l o n s .  

The s t a r t l n s  m a t e r l a L s  a r e  r e a d l L y  avalLabLe f rom x a n t h s t l o n  o f  t h e  correspon-  

d l n 9  aLcohoLs u s l n g  d lmethyL s u L f o x l d e  (DMSD) as a  s o ~ v e n t . ~  A  tYDlcaL p rocedure  



f o r  t h e  synthesis of S.S-d'laLKyL d l t h l o c a r b o n a t e s  i s  as foLLows: A m l x t u r e  of 

p y r t d l n e  N-oxide ( I I I a )  ( 5  mmnl) and 0 - ( n - ~ r o p y l )  S-methyL d l t h l o c a r b o n a t e  ( I c )  

(10  mmoL) was heated a t  100'C u n t i l  disappearance o f  s t a r t i n g  m a t e r i a l  as Judged 

~ Y ' T L C .  The r e a c t l o n  m l x t u r e  was t h e n  d i L u t e d  w l t h  n-hexane and passed t h r o u s h  

a  s h o r t  column of s l l l c a  9eL t o  remove t h e  CataLYst .  The ~ r o d u c t  was D u r l f l e d  

by d l s t i L L a t i o n  t o  a f f o r d  S-methyL S-tn-porpyL) ' t ! i t h iocarbona te  ( I I c )  l n  92% 

y i e l d .  S l m l l a r l y .  h e a t i n g  0-aLKyL S-methyl d i t h i o c a r b o n a t e s  ( I s - f )  w i t h  D Y r i d i n e  

N-oxlde (1110) a t  6 0 - 1 1 0 ' ~  gave t h e  cor respond ing  S-aLKyL S-methyL d i t h i o c a r b o -  

na tes  ( I I a - f )  i n  good y i e L d s .  R e a c t i o n  c o n d i t i o n s  and y l e l d s  a r e  L i s t e d  i n  

TabLe I. 

TabLe I. Rearrangement of 0-ALKYL S-MethyL O l t h l o c a r b o n a t e s  ( I a - f )  t o  

5-ALKYL S-Methyl D l t h l o c a r b o n s t e s  ( I I a - f )  I n  t h e  Presence of 

P ~ r l d t n e  N-Oxqdes (111) as C a t a l y s t s  

R-OCS-CH3 ( I x )  Reoc t lon  c o n d i t i o n a )  
5 C a t a L ~ s t  b)  ~ l e ~ d ( % ) ~ )  

x R  T e m ~ .  ('C) Time(h) 

a )  M l x t u r e s  o f  I and I11 i n  a  2 : l  mole r a t l o  were hea ted  w i t h o u t  s o l v e n t .  

b)  S u b s t l t u e n t s  of P Y r i d l n e  N-ox lde (ArN-iO). 

1 
C )  Determined by H-nmr ana lyses .  

d) A copOLymer o f  4 - v l n y L p y r i d l n e  N-oxlde3 (P4VPNO). A  2.0 mmoL scaLe w l t h  

30 mg o f  t h e  c a t a l y s t  was employed. 
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The ~ r o d u c t s  were i d e n t i f i e d  b y  compar ison w i t h  t h e  a u t h e n t i c  samples o b t a i n e d  

f rom c a t a l y t i c  rea r rangement  of t h e  c o r r e s ~ o n d i n g  aLcohoLs b y  RLCL3. 4 

Some i m p o r t a n t  f e a t u r e s  o f  t h i s  r e a c t i o n  a r e  n o t e d :  (a)  Of w r i d i n e  N-ox ides  

(111). 3 - m e t h y ~ p y r i d i n e  ( 3 - p i c o l i n e )  and 3 . 5 - d i m e t n ~ L ~ ~ r i d i n e  ( 3 . 5 - L u t i d i n e )  N- 

o x i d e s  a r e  e f f e c t i v e  c a t a L ~ s t s .  whereas p y r i d i n e  N-ox ides b e a r i n g  e l e c t r o n -  

a t t r a c t i n s  s u b s t i t u e n t s  o r  a  s u b s t i t u e n t  a t  t h e  2 - p o s i t i o n  a r e  f a r  Less a c t i v e  

t h a n  D Y r i d i n e  N-ox ide. (b)  B r a n c h i n g  a t  R impedes t n e  r e a c t i o n .  The o r d e r  o f  

r e a c t i v i t y  of I aDDarentLy p a r a l L e L s  t h e  ease of  n u c L e o p h i L i c  s u b s t i t u t i o n  a t  R. 

However. 8-secondary aLkyL S-methyL d i t h i o c o r b o n a t b s  (IId. f )  were o b t a i n e d  i n  

b e t t e r  y i e l d s  t h a n  t h e  case o f  Lew is  a c i d s .  ( c )  The s k e l e t o n  rea r rangement  o f  t h e  

a l k y l  m o i e t y .  e .  9 .  n - p r o p y l  t o  i s o p r o ~ y l ,  was  n o t  observed i n  t h e  c o n d i t i o n  used.  

( d )  The use of  d i p o l a r  a p r o t i c  s o l v e n t  such as N.N-dimethyLformamide (DMF) 

enhanced t h e  r e a c t i o n  r a t e .  5  

When two e s t e r s  h a v i n g  d i f f e r e n t  0-aLkyL g roups  and d i f f e r e n t  S - a l k y l  g roups  were 

aLLowed t o  r e a r r a n g e  i n  t h e  same s o l u t i o n ,  a  " c r o s s  Droduc t "  was o b t a i n e d  

(Scheme I ) . ~  T h i s  o b s e r v a t i o n  s u s s e s t s  t h a t  t h e  r e a c t i o n  may be in te rmoLecuLar  

and i o n i c .  

- Scheme 1 - 

7 The r e a c t i o n  i s  DrobabLy i n i t i a t e d  b y  e L e c t r o ~ h i L i c  a t t a c k  o f  t h e  t h i o c a r b o n r l  

ca rbon  on t h e  oxysen atom o f  p y r i d i n e  N-oxide f o l l o w e d  by f o r m a t i o n  o f  aLkoxy- 

ammonium s a l t  i n t e r m e d i a t e .  D u r i n g  t h e  course  o f  t h e  r e a c t i o n .  i s o m e r i z a t i o n  of 

t h i o n e  t o  t h i o 1 8  o c c u r s  and t h e  r e s u L t i n 9  d i t h i o l - t y p e  a n i o n  i s  c o n s i d e r e d  t o  be 

more n u c L e o p h i l i c  and coupLed w i t h  t h e  aLkyL group from t h e  aLkoxyammonium c a t i o n .  

- Scheme 2  - 



Use of a so l l d -phase  CopoLYmer ( P V P N O ) ~  of  w r l d l n e  N-oxlde as a c a t a L y s t  f o r  t h e  

r e a c t l o n  has t h e  i m p o r t a n t  advantage t h a t  t h e  r e s l n s  a r e  i n s o l u b l e  i n  w a t e r  and 

I n  o r s a n l c  s o l v e n t s  and can be removed by f l l t r a t l o n .  The c a t a L Y s t s  may be used 

repea tedLy  by washlng w i t h  a s o l v e n t  (See Tab le  I). 

The r e a c t l o n  i s  o f  synthetic vaLue f o r  s e n e r a t l o n  of t h i o L s  because of  S l m D l l c i t Y  

o f  operation. A f t e r  completion of  t h e  rearrangement .  t h e  r e a c t l o n  m l x t u r e  1s hea t -  

ed w l t h  2-amlnoethanoL (1 mole)  t o  a f f o r d  aLkane th loL .  
9 

H2NCH2CH20H 

R-S-C-S-Me 
n r R-SH + o NH 

1 MeSH (gas) 

The procedures f o r  t h e  rearrangement  o f  x a n t h a t e s  and t h e  generation of t h l o L s  can 

be c a r r l e d  o u t  i n  an o n l y  d i s t l L L l n s  fLasK. 
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