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

b i s ( d i s u l f i d e )  d i m e r s  d e r i v e d  f r o m  t r a n s - 2 - b u t e n e - 1 , 4 - d i t h i o l -  a n d

c i s - 1 , 2 - c y c l o h e x a n e  d i t h i o l  a n d  t h e  c y c ) - i c  t r i s ( d i s u l f i d e )  d i m e r

o f  1 ,  3  ,  5 - t r i s  ( m e r c a p t o m e t h y l  )  b e n z e n e  b y  h i q h  d i . l - u t i o n  o x i d a t i o n  o f

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

d isu l f ide  w i th  a  ca ta ly t i c  amount  o f  sod iun  methaneth io la te .  Nor re

o f  t h e  c y c l i c  b i s ( d i s u l f i d e s )  w e r e  s t a b l e  w i t h  r e s p e c t  t o
po lymer iza t ion  under  these cond i t ions .  The resu l ts  o f  these

exper iments ,  together  w i th  I i te ra tu re  repor ts  concern ing  the

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

d isu l f ides  are  thermodynarn ica l l y  s tab le  in  cyc l i c  fo rm.

Introduction

A s  o a r t  o f  a  q t r r d w  n f  t h e  r e l a t i o n  b e t w e e n  s t r u c t u r e  a n J  p r o p e r t i e s  o f

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

i n t e r c h a n g e  r e a c t i o n s , l - 3  w e  h a v e  b e e n  i n t e r e s t e d  i n  t h e  d i s t r i b u t i o n  o f

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

b i s ( d i s u l f i d e s ) ,  a n d  o l i g o r n e r i c  a n d  h i g h  n o l e c u l a r  w e i g h t  d i s u l f j - d e -

c o n t a i n i n g  s p e c i e s  ( e q  1 ) .  T h e  q u e s t i o n  o f  c e n t r a l  m e c h a n i s t i c  i n t e r e s t  i n
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t h i s  work  concerns  the  fac to rs  requ i red  to  favo r  fo rmat - ion  o f  the  cyc l r c

b i s ( d i s u t f i d e ) :  i n  p a r t i c u l a r ,  w h a t  s t r u c t u r e s  f o r  t h e  g r o u p  R  f a v o r

b i s (d rsu l f i de )  a t  t he rmodynarn ic  equ i l i b r i r rm?  A l though  i t  i s  s t ra igh t fo rward

to  spec i f y  s t ruc tu raL  c lasses  tha t  genera te  monomer i c  d i su l - f i des  o r  po lyme-

r i c  d i su l - f i des  on  ox ida t ion ,  i den t i f y ing  the  s t ruc tu ra l  f ea tu res  requ i red  to

favo r  cyc l i c  b i s (d i su l f i des )  has  p roved  to  be  d i f f i cu l t .  The  rna jo r  p rob lem

seems to be a consistent ly  unfavorable enthalpy of  format ion of  the cycl ic

b i s (d i su l f i de )  re la t i ve  to  po lymer ,  p robab ly  o r ig ina t ing  in  CSSC ang le

s t r a i n .

We and others have reported the forrnat ion of  cycl ic  b is (d isul f ides) and

re la ted  d i sc re te  t r i s -  and  te t rak i s (d i su l f i des )  under  a  nu rnber  o f

condi t ions,  but  the guest ion of  whether these substances represent k inet ic

or  therrnodynamic products has not  been systernat ical ly  addressed. This paper

desc r ibes  the  p repara t ion  o f  severa l  cyc l i c  b i s -  and  t r i s (d i su l f i des )  under
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k i n e t i c  c o n d i t i o n s ,  a n d  e s t a b l i s h e s  t h a t  t h e s e  c o m p o u n d s  a r e  u n s t a b l e  w i t h

respec t  to  po lymer  in  concent ra ted  sys terns .  The paper  a l -so  co l lec ts  and

r e v i e w s  t h e  l i t e r a t u r e  r e l e v a n t  t o  t h i s  s u b j e c t .  T h i s  i n f o r m a t i o n  i s  u s e f u l -

i n  t h r e e  w a y s .  F i r s t ,  i t  e s t a b l i s h e s  t h e  r e l a t i v e  s t a b i t i t y  o f  t h e  c y c l i c

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

S e c o n d ,  e x a r n i n a t i o n  o f  t h e  s p e c t r a l  p r o p e r t i e s  o f  t h e  p u r e  b i s ( d i s u l f i d e s ;

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

c o n c e n t r a t i o n s ,  u n d e r  e q u i l i b r a t i n g  c o n d i t i o n s .  T h i s  i n f o r m a r - r o n  i s

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

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

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

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

c o n v e r t  t o  p o l y m e r s  m a k e s  c y c l i c  b i s ( d i s u t f i d e s )  p o t e n t i a J . l y  u s e f u l  i n

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

o b t a i n e d  f r o r n  t h e  o x i d a t i o n  o f  o , ^ - d j . t h r o l s 4  a n d  f r o m  t h e  s e l f -

p o l y m e r i z a t i o n  o f  c y c l i c  d i s u l f i d e s . 5  T h r o l s  a n d  d i s u l f i d e s  a r e  a l s o

i n p o r t a n t  c r o s s - I i n k i n g  r e a g e n t s  i n  p o 1 y m e r s . 6 , 7  T h e  e a s e  w i t h  w h i c h

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

f o r m a t i o n  p o s s i b l e .  S

A  n u m b e r  o f  c y c l i c  b i s ( d i s u l f i d e s )  a n d  h r g h e r  c y c l i c  d i s u l f i d e s  a r e

r e p o r t e d  i n  t h e  l i t e r a t u r e :  C o m p o u n d s  1 - 1 4  p r o r . ' i d e  e x a n p l e s  ( F i g u r e  1 )  .

C r y s t a l  s t r u c t u r e s  a r e  a v a i l - a b l e  f o r  c o m p o u n d s  ) - , " )  3 , 1 '  7  , i 1  B , \ 2  1 0 , 1 0

1 1 , 1 0  a n d  1 4 . 1 6

A  v a r i e t y  o f  s u b s t i t u t e d  d i b e n z o l l  , 2 , 5 , 6 l t e t r a t h r c - - i n s ,  2 - ,  h a v e  b e e n

r e p o r t e d . I 3  ' I 4  T h e  p a r e n t  c o r n p o u n d  i s  a  y e l l o w  s o l - i d  w i + - h  a n  i l ] - d e f  j - n e r l

m e l t i n g  r a n g e . 1 3  T e t r a t h i o c i n  4  h a s  b e e n  d e s c r i b e d  a s  a  s t a b l e  c o l o r f e s s

s o l i d  w i t h  a  s h a r p  m e l t i n g  p o i . n t . 1 5  C o m p o u n c l s  3 ,  1 0 ,  a n d  1 1  h a v e  b e e n

p r e p a r e d  b y  M u s k e r  e t  a l .  u s i n g  a  g e n e r a l  p r o c e d u r e  f o r  c y c l i z a t i o n  o f

d i t h i o l s . l 0  B o t h  t h e  c y c l i c  d i r n e r l 6  a n d  t e t r a r n e r l 6  o f  4  , 6 - d i m e t h y l -

1 , 3 - b e n z e n e d i t h i o l  h a v e  b e e n  p r e p a r e d  f r o m  t h e  d i t h i o l  b y  o x i d a t i o n  w i t h

i o d i n e .  T h e  p r e p a r a t i o n  a n d  s p e c t r a l  p r o p e r t i e s  o f  7  h a v e  b e e n  d e s c r j - b e d  b y

s e v e r a l  g r o u p s . L L t r z t L T  C h a n  e t  a I . 1 1  h a v e  p r e p a r e d  7 ,  B ,  a n d  f i v e

n e t h y l a t e d  a n a l o g s  b y  o x i d a t i o n  o f  t h e  c o r r e s p o n d i n g  d i t h i o l s  w i t h  N B S  a n d

p y r i d i n e  1 n  c a r b o n  t e t r a c h l o r i d e .  T h e  r e a c t i o n  o f  2 , 6 - b i s ( b r o m o m e t h y l ) -

p y r i d i n e  w i t h  s o d i u m  s u l f i d e  g a v e  9  a s  a  n i n o r  b y p r o d u c t . l B  o x i d a t j - o n  o f

t e t r a f l u o r o - 1 , 4 - b e n z e n e d i t h i o l  w i t h  D M S o  g a v e  1 3  i n  9 5 t  y i e 1 a . 1 9  o x i d a t i o n

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

d i s u l f  i d e s  2 , r 3  3 , 1 0  4 , 1 5  5  , 1 6  6 , 2 0  1 0 , 1 0  1 1  , r o  L 2 , 6  a n d  1 4 . 1 6  r n  t h e

c u r r e n t  s t u d y  w e  h a v e  u s e d  s i n i t a r  t e c h n i q u e s  t o  p r e p a r e  c ) ' c l  r . c  d i s u l - f  i d e s

f r o m  d i t h i o l s .

Results and Discussion

S y n t h e s i s  a n d  C h a r a c t e r i z a t i o n  o f  B i s ( d i s u l f i d e )  D i m e r s .  W e  h a v e

p r e p a r e d  n e w  c y c l i c  b i s ( d i s u J - f i d e s )  o f  s e v e r a L  d r t h i o l s  b y  o x i d a t i o n  w i t h

i o d i n e  u n d e r  h i g h - d i l u t i o n  c o n d i t i o n s ,  a  p r o c e d u r e  L e a d i n g  t o  k i n e t j - c

p r o d u c t s  ( T a b l e  I ) .  Y i e l d s  f o r  h i g h  d i l u t i o n  r e a c t i o n s  a r e  t y p i c a l l y  p o o r

( <  2 5 2 " 1 .  T h e  u n e x p e c t e d  h i g h  y i e l d  i n  t h e  r e a c t i o n  f o r m i n g  1 5  ( 6 8 ? )

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

A  s i m i l a r  h i g h  y i e l d  ( 9 5 ? )  w a s  o b t a i n e d  i n  t h e  o x i d a t i o n  o f  2 , 3 t 5 , 6 -

t e t r a f l u o r o - 1 r 4 - b e n z e n e d i t h i o l  w i t h  D M S o  t o  c o m p o u n d  1 3 . 1 9  C o m p o u n d  1 5  i s

spar ing ly  so lub le  in  o rgan ic  so lvents  (up  to  10  rng / rn l ,  in  benzene or

t o l u e n e ) .  T h e  s o l i d  d o e s  n o t  m e l t ,  b u t  s l o w l - y  p o l y m e r i z e s  t o  a  b r i t t l e
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T a b l e  I .  P h y s i c a l  P r o p e r t i e s  o f  C y c l i c  B i s ( d i s u l f i d e s ) .

Cnpd. Structure yield ?a3; Formula A n a l y s i s

t C

F o u n d :  5 0 . 5 5

Requ i red :  50  .  S j

4  . 3 9  4 5 . 0 8

4  . 2 5  4 5 . 0 8

5 4 . 3 1

5 4 . 2 4

I St H

S,:4.-.5
i^.2---{

p o I y .  c 1 8 H 1 g S 6
> 1 3  0

d l - l c 8 H 1 2 s 4

178-81 C12H2OS4

t  t - 0 - 1 5  c 1 2 H 2 O s 4
( p o r v .  )

F o u n d :  4 0 .  3 g  5 . 2 7

R e q u i r e d :  4 0 . 6 4  5 . 1 2

c:-:c
G:-:D

2rz

l s z

F o u n d :  4 9 . 3 9  6 . 6 4  4 3 . 9 9

R e g u i r e d  ?  4 9  . 2 7  6 , 8 9  4 3  . 8 4

F o u n d :  4 9 . 7 L  7 . L 4  4 3 ,  1 5

R e g u i r e d  :  4 9  . 2 7  6 . 8 9  4 3  . 8 4

y e l l o w - o r a n g e  s o l i d  w h e n  h e a t e d  a b o v e  1 3 0  o c .  S i n i l a r  b e h a v i o r  i s  o b s e r v e d

f o r  d i b e n z o l L , 2 , 5 , 6 l t e t r a t h i o c i n  ( 2 ,  R  =  H ) . 1 3  N e i t h e r  e l e c t r o n  i r n p a c t  n o r

c h e m i c a l  i o n i z a t i o n  m a s s  s p e c t r o m e t r y  o f  1 5  g a v e  a  p a r e n t  i o n .  A  m o l - e c u f a r

w e i g h t  o f  4 5 0  w a s  o b t a i n e d  f r o r n  r n e l - t i n g  p o i - n t  d e p r e s s i o n  ( R a s t  m e t h o d )  ,  a

v a L u e  t h a t  i s  i n  s a t i s f a c t o r y  a g r e e m e n t  w i t h  t h e  m o l - e c u l - a r  w e i g h t  o f  4 4 2

r e g u i r e d  f o r  t h e  d i m e r .  T h e  p r o t o n  N M R  s p e c t r u m  o f  1 5  c o n s i s t s  o f  t w o

s i n g J - e t  p e a k s ,  o n e  f o r  t h e  b e n z y J .  j c  p r o t o n s  o c c u r r i n g  a t  5  =  3 . 3 ,  a n d  o n e

f o r  t h e  a r o m a t i c  p r o t o n  a t  5  =  6 . 5 .  T h e s e  p e a k s  d o  n o t  d i f f e r  s u b s t a n t i a l l y

i n  p o s i t : . o n  f r o m  t h e  c o r r e s p o n d j - n g  p e a k s  i n  t h e  u n o x i d j - z e d  t r i t h i o t .  T h e

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

in te rchange be tween conformers  d i f fe r ing  in  the  geomet ry  o f  the  cyc lophane

b r i d g e s .  T h e  a n a l o g o u s  c y c l o p h a n e s ,  2 , L L , 2 O - t r i t h i a [ 3 . 3 . 3 ]  ( 1 , 3 , 5 ) - -

c y c r o p h a n e 2 l  a n d  4 , L L , 2 4 - t r i o x o - 2 , L 3 , 2 2 - t r i t h i a I a . 4 . 4 1 ( L t 3 , s 1  c y c r o p h a n e 2 2

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

L , 2 , 7 , 8 - T e t r a t h i a c y c l o d o d e c a - 4 , l O - d i e n e  ( 1 6 )  w a s  o b t a i n e d  o n  o x i d a t i o n

i n  o n l y  L 0 ?  y i e l d .  T h e  d i m e r  d i d  n o t  p r e c i p i t a t e  f r o m  s o l u t i o n  a s  i t  w a s

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

d e p r e s s i o n  i n d i c a t e d  a  m o l e c u l a r  w e i g h t  o f  2 5 0  ( t h e o r y  2 3 6 ) .  T h e  r n a s s

spec t rum showed a  smal l  paren t -  ion  peak  a t  4 /e  =  236.  The pro ton  NMR of  16

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

o x i d a t i o n  o f  c i s - l - , 2 - c y c l o h e x a n e d i t h j - o l  g a v e  a  y e l l o w  p a s t e  f r o m  w h i c h

t h e  d e s i r e d  c y c l i c  b i s ( d i s u l f i d e )  d i r n e r  L 7  w a s  s u b l i r n e d .  T h e  m a s s  s p e c t r u m

of  L7  shows a  la rge  parent  ion  peak  a t  q /e  =  3L2.  The pro ton  NMR spec t ra  o f

L7  and po lymer ic  p roduc ts  ob ta ined by  iod ine  ox ida t ion  o f  a  concent ra ted

soru t ion  o f  the  d i th io r  d i f fe r  subs tan t ia r ry  f rom one another .  NMR

spect roscopy  v tas  used rou t ine ly  to  d i f fe ren t ia te  d i rner ic  and po lymer ic

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

in te rchange.  I

5  6 8 ?
I
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P o l y m e r i z a t i o n  o f  ) - 7  o c c u r s  i n  t h e  s o l i d  s t a t e  a s  t h e  d i m e r  i s  h e a t e d .

The 1u  NI ' IR  o f  a  sampJ-e  o f  d imer  tha t  had been heated  above i t s  rne t t ing  po in t

s h o w e d  p e a k s  d u e  t o  b o t h  d i m e r  a n d  p o l y m e r . 2 3

O x i d a t i o n  o f  t r a n s - 1 , 2 - c y c l o h e x a n e d i t h i o l  w a s  c a r r i e d  o u t  i n  a  s i m i l a r

r , a n n e r  t o  g i v e  4 .  T h e  m a s s  s p e c t r u m  o f  4  i s  v e r y  s i r n i f a r  t o  t h a t  o f  1 7 .

The pro ton  NMR spec t ra  o f  4  and po l lnner ic  d isu l f ide  der ived  f rom the  same

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

t h e  e x i s t e n c e  o f  t w o  d i a s t e r e o m e r s .

Sta f r i l i t y  o f  C f rc l i c  D isu l f ides  toward  Po lymer iza t ion .  The s tab i l i t y  o f

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

L i p o i c  a c i d  i s  r e t a t i v e l y  s t a b l e  i n  t h e  s o l i d  s t a t e . 3 0  I f ,  h o w e v e r ,  t h e

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

r e a d i l y . 2 4  F o r  t h e  d i s u l f i d e s  o f  C 5 - C 1 2  n - a l k y l  o , o - d i t h i o l s ,  b o t h  t h e  s i x -

and seven-membered r ing  compounds are  repor ted  to  be  qu i te  s tab le  in  neat

f o r m . 2 5  A  c o n f l i c t i n g  s t u d y  o n  t h e  s a m e  s e r i e s  o f  d i s u t f i d e s  r e p o r t s  t h a t

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

f o r r n . 2 6  A  s t u d y  o f  t h e  p r o p e r t i e s  o f  5 - 1 5 - m e m b e r e d  r i n g  c y c l i c  m o n o r n e r i c

d i s u l f i d e s  r e p o r t s  o n l y  3 , 3 , 5 , 5 - t e t r a m e t h y l - - 1 , 2 - d i t h i o c y c J - o p e n t a n e  a n d  1 , 2 -

d i t h i a n e  t o  b e  s t a b l e  t o  p o l y m e r t z a t i o n . 2 T  T h e s e  d i f f e r i n g  r e p o r t s  m a y

r e f l e c t  d i f f e r e n c e s  i n  p u r i t i e s  o f  t h e  d i s u l f i d e s .  1 - o x a - 4 , 5 -

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

c a t a l y s t 2 6  ( o U  p o l y r n e r i z a t i o n  =  1 . 9  k c a t / r n o l  a t  2 7  o c 2 B ) ,  w h i l e  a  v e r y  p u r e ,

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

s tand ing  fo r  f i ve  years  a t  room tempera ture .29

R e p o r t s  o f  s t a b i L i t y  o f  i n d i v i d u a l  c y c l i c  d i s u L f j - d e s  i n c l u d e :  r )

c o m p o u n d s  t h a t  p o l y m e r i z e  o n  s t a n d i n g ,  s u c h  a s  3 , 3 - d i m e t h y t - I , 2 -

d i t h i o l a n e , 2 5  , 2 7  3 - h y d r o x y - 1 , 2 - d i t h i o J - a n e  ( w h i c h  p o l y m e r  j . z e s  i n  a  f  e w

d a y s ) , 3 1  a n d  N - p h e n y l - 4 - o x o - 5 - a z a - I , 2 - d i t h i a c y c l o h e x a n e  ( t i  =  t z  h ) 2 0 ;  i i )

c o m p o u n d s  t h a t  p o l y m e r i z e  w h e n  h e a t e d ,  s u c h  a s  d i b e n z o - 1 , 2 , 5 , 6 - t e t r a t h i o c i n ,

a  s u b s t a n c e  r e p o r t e d  a s  s t a b l - e  f o r  2 1  m o n t h s  a t  2 5  o C ,  b u t  t h a t  p o l y m e r i z e s

u p o n  h e a t i n g  ( t h e  M w  d o u b l e s  i n  1 6  h  i n  r e f l u x i n g  b e n z e n e ) 1 3 ;  i i i )  c o m p o u n d s

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

d i t h i a c y c l o h e x - 4  - e n e 2  7  a n d  1 - o x a - 4  ,  5 - d i t h i a c y c l o h e p t a n e  .  2  6  ,  2 8  ,  2 9

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

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

e q u i l i b r a t i n g  c o n d i t i o n s .  T a b L e  I I  p r e s e n t s  d a t a  f o r  c o m p o u n d s  w e  h a v e

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

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

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

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

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

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

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

w i t h  c a .  L - 2 2  ( w : w )  a d d e d  s o d i u m  m e t h a n e t h i o l a t e .  T h e  t u b e s  w e r e  h e a t e d  t o

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

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

s o l i d i f i e d  a s  p o l y m e r  f o r m e d .  B i s ( d i s u l f i d e s )  4  a n d  1 7  r e r n a i n e d  l i q u i d s

d u r i n g  t h i s  p r o c e d u r e ;  t h e s e  I i q u i d s  c o o l e d  t o  s t i c k y  s o l i d s  t h a t  s h o w e d  l H

N M R  s p e c t r a  i n d i s t i n g u i s h a b l e  f r o m  p o l y m e r i c  m a t e r i a l .  B i s ( d i s u l f i d e )  3

p o l y m e r i z e d  t o  a  s o l i d  a t  7 0  o C ,  b u t  m e l t e d  a g a i n  i f  t h e  t e m p e r a t u r e  w a s

r a i s e d  t o  > 1 5 0  o C .  A  m e l t i n g  r a n g e  o f  1 5 0  t o  1 5 4  o C  f o r  a  l i n e a r  p o J - y m e r i c

f o n n  o f  1 r 2 - e t h a n e d i t h i o t  h a s  b e e n  r e p o r t e d  b y  s e v e r a l  i n v e s t i g a t o r s . 3 2
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N a S C H i .
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Conclusions

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

ther rnodynarn ica l l y  s tab le  w i th  respec t  to  po lymer  in  the  mel t  o r  as

c o n c e n t r a t e d  s o l u t i o n s  i s  t h e  1 , , 2 - d i t h i a n e s  ( e . 9 .  c o m p o u n d s  1 8 ,  L 9 ,  a n d  2 O ) .

A number  o f  cornpounds are  re la t i ve ly  s tab le  k ine t ica l l y  in  the  absence o f  a

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

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

drawn f ro rn  s tud ies  o f  redox  po ten t ia ls  concern ing  cycJ . ic  d isu l - f ide-

c o n t a i n i n g  s y s t e m s .  1 ,  2

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

cyc l i c  d isu l f ides  fo r  cornpar ison  w i th  co inpounds,  and mix tu res  o f  compounds,

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

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

m e m b e r e d  c y c J - i c  d i s u l f i d e s  a n d  b i s ( d i s u l f i d e s )  a r e  s t a b f e  w i t h  r e s p e c t  t o

p o l y m e r  i n  m o r e  d i l u t e  s o l - u t i o n s  ( - 1 0  m l . { )  . 1  W e  h a v e  n o t  y e t  c a r r i e d  o u t  a

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

z a t i o n  ( u s u a J - 1 y  w i t h  p r e c i p i t a t i o n  o f  p o l y m e r )  i n  c o n c e n t r : a t e d  s o l u t i o n s

( - 1 0  M ) ,  a n d  a p p a r e n t l y  s t a b t e  s o l u t i o n s  o f  c y c l i c  d j . s r . r L f r d e s  a n C  b r s ( d i -

s u l f i d e s )  a t  c o n c e n t r a t i - o n s  ( 1 0  m M )  m o r e  d i L u t e  b y  a  f a c t o r  o f  a p p r o x i n a t e l y

1 0 3 .  T h e  c h a n g e  i n  a G  d u e  t o  e n t r o p y  o f  d i l u t i o n  i s  r e a d r l y  e s t i n a t e d  t o  b e

R T A S  -  5 . 5  k c a l / n o l .  T h e r e  m a y ,  i n  a d d i t i o n ,  b e  c o n t r i b u t i o n s  t o : G  d u e  t o

p h a s e  c h a n g e s  ( p r e c i p i t a t i o n )  o r  t o  o t h e r  p r o c e s s e s .

Experimental

G e n e r a l .  A I I  r e a c t i o n s  a n d  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  u n d e r  a n

a t m o s p h e r e  o f  n i t r o g e n  o r  a r g o n .  1 r 2 - D i t h i a n e  w a s  o b t a j - n e d  f r o m  C o l . u r n b i a

O r g a n i c  C h e m i c a l s .  D e u t e r a t e d  s o L v e n t s  a n d  o t h e r  c h e m i c a l , s  w e r e  o b t a i n e d

f r o m  A l d r i c h  C h e n i c a l  C o .  C o m m e r c i a l l . y  a v a i l - a b l e  t h i o l s  w e r e  r e c r y s t . a l l i z e d

o r  d i s t i l l e d  u n d e r  n i t r o g e n  b e f o r e  u s e .  T e t r a h y d r o f u r a n  ( T H F )  w a s  d i - s t i l l - e d

f r o m  d i s o d i u r n  b e n z o p h e n o n e  d i a n i o n  b e f o r e  u s e .  R a s t  m o l e c u l a r  l " e i g h t s  ' e i e r e

d e t e r m i n e d  u s i n g  b e n z o p h e n o n e  a s  t h e  s o l " i d  s o l - v e n t .  M e t t i n g  p o i n t s  r r e

u n c o r r e c t e d .  M a s s  s p e c t r a  w e r e  o b t a i n e d  u s i n g  a  K r a t o s  ] ' 1 S - 5 r ;  s r - e c t r c : e t e r .

E l e r n e n t a L  a n a l y s e s  r v e r e  p e r f o r m e d  b y  S p a n g  L a b o r a t o r i e s ,  E a g l e  H a r b o r ,  M I  o r

A t l a n t i c  M i c r o l . a b ,  I n c .  ,  A t l - a n t a  ,  G A .

Prepara t ions  o f  C lc l i c  D isu l f iCes

2 , 3 , L 2  t L 3 , 2 2 , 2 3 - h e x a t h i a [ 4  . 4 . 4 ) ( 1 , 3 , 5 ) c y c l o p h a n e  ( 1 5 )  .  1 ,  3 , 5 -

T r i s ( r n e r c a p t o m e t h y l ) b e n z e n e l  ( f  S ,  4 . 7  m m o l )  r n  e t h a n o t  ( 4 O o  m L )  a n d  i o d i n e

( 1  . 7 6  g , 6 . 9 3  m m o l )  i n  e t i r a n o l  ( 4 0 0  m L )  w e r e  a d d e d  s i m u l t a n e o u s l y ,  v i a

c o n s t a n t  a d d i t i o n  r a t e  d r o p p i n g  f u n n e l s ,  t o  r a p i d J - y  s t i r r e d  e t h a n o l  ( 6 0 0  r n l )

over  a  th ree-hour  per i< - rd .  The r :a tes  o f  add i t ion  o f  th io l -  and iod ine  \ , ^ ie r -e

a d j u s t e d  s o  t h a t  t h e  r e a c t i o n  m i x t u r e  r e m a i n e d  s l i q h t l y  y e l 1 o w  f r o m  a  s m a l l

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

f i l t r a t i - o n  a n d  w a s h e d  w i t h  e t h a n o l  ( 3  x  3 0  m L ) .  T h e  p r o d u c t  w a s

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

c o o l i n g  t h e  s o l u t i o n  t o  0  o C  t o  g i v e  0 . 6 8  g  ( 6 8 ? )  o f  1 5  a s  a  f i n e  w h i t e

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

i s  d i s s o l v e d  i n  h o t  b e n z e n e .  C o m p o u n d  1 5  d o e s  n o t  r n e L t  w h e n  h e a t e d  ( u p  t o

3 O O  o C )  
,  b u t  i t  b e g i n s  t o  p o l y m e r i z e  t o  a n  o r a n g e  s o l i d  a t  > 1 3 0  o C :  l u  t ' t t ' l R

( d 6 - b e n z e n e )  6  6 . 5  ( s ,  3  H ) ,  3 . 3  ( s ,  6 H ) ;  R a s t  m o l  w t 3 3  4 5 o  +  2 0  ( m o l  w t

c a l c d  f o r  C 1 g H 1 8 S 6  :  4 4 2 ) .
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I t 2 , ' f , B - t e t r a t h i a c y c l o d o d e c a - 4 r l O - d i e n e  ( 1 6 )  w a s  p r e p a r e d  i n  a n a l o g y  t o

1 5 .  T r a n s - 2 - b u t e n e - 1 , 4 - d i t h i o r l  ( o . 3 2  g )  g a v e  3 4  m g  ( t o z )  o f  t 6  a s  a  w h i t e

s o L i d :  m p  8 4 - 8 7  o C i  l H  l i l " I R  ( c D c 1 3 )  5  5 . 6  ( r n ,  2 H ) ,  3 . 3  ( d d ,  4 H )  ;  R a s t  m o l

w t 3 3  =  2 5 O  +  2 0  ( m o J ,  w t  c a l c d  f o r  C 6 H 1 2 S A  =  2 3 6 ) ;  m a s s  s p e c t r u n  ( 7 0  e V )  ,  U . / e
( r e l  i n t e n s i t y )  2 3 6  ( 1 ) ,  1 5 0  ( 1 4 ) ,  1 1 9  ( 1 1 ) ,  1 1 8  ( 4 6 ) ,  L r 7  ( t o ) ,  1 0 3  ( 2 8 ) ,

8 7  ( 2 5 )  ,  8 6  ( 2 4 )  ,  8 s  ( 9 4 )  ,  8 4  ( 2 9 )  .

T r a n s - d o d e c a h y d r o - d i b e n z o [  L - 2 . 5 . 6 ] t e t r a t h i o c i n  ( 4 )  w a s  p r e p a r e d  u s i n g  a

p r o c e d u r e  s i m i l a r  t o  t h a t  f o r  t h e  s y n t h e s i s  o f  1 5 .  T r a n s - I , 2 - c y c l o h e x a n e

d i t h i o l l  ( 5  q ,  0 . 3 4  m o l , )  i n  c h r o r o f o r m  ( 4 5 0  r n l , )  a n d  i o d i n e  ( 8 .  5 5  g ,  o .  t , i

m o J - )  i n  c h l - o r o f o r m  ( 4 5 0  m L )  w e r e  a d d e d  s i m u l t a n e o u s J . y ,  v i a  c o n s t a n t  a d d i t i o n

r a t e  d r o p p i n g  f u n n e l s ,  t o  a  r a p i d l y  s t i r r e d  s o l u t i o n  o f  t r i e t h y l a m i n e  ( 6 . 8

9 , 0 . 0 6 8  n o l )  i n  c h l o r o f o r m  ( 7 5 0  n L )  o v e r  a  3 - h  p e r i o d .  A  s m a L l  a m o u n t  o f

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

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

s o l u t i o n  w a s  w a s h e d  w i - t h  0 . 1  M  h y d r o c h l o r i c  a c i d  ( 2  x  2 O O  m L )  a n d  w a t e r  ( 3  x

2 0 0  n L ) ,  d r i e d  ( M g S o 4 )  ,  a n d  t h e  s o l - v e n t  r e m o v e d  a t  r e d u c e d  p r e s s u r e  t o  g i v e

a  s t i c k y  y e J - J - o w  p a s t e  ( 5  s ) .  T h e  p a s t e  ( 1 . 4  s )  ! " a s  s u b l -  j . n e d  ( 1 3 0 - 1 4 5  o c  a t

0 . 0 5 - 0 . 1  t o r r )  t o  g i v e  0 . 3  g  ( 2 I e " )  o f  a  w h i t e  s o L i d .  R e c r i ' s t . r L l i z a t i o n  f r o m

h o t  h e x a n e s  a f f o r d e d  4  a s  f i n e  w h i t e  n e e d L e s :  m p  1 7 8 - l a 1  c  ( i - t . t - , : 1 .

1 9 1 . 5 - 1 9 2  o C )  
;  1 H  X U n  ( C D C L 3 )  6  3 . 5  ( m ,  1 H )  ,  3 . 0  ( m ,  2 H ) ,  2 . )  i : ,  2 , . f i , , : . 1

( m ,  3 H ) ,  I . 7  ( m ,  4 H )  ,  1 . 1 - 1 . 5  ( m ,  8 H )  ;  1 3 c  l t M R  ( C D C I 3 )  :  5 . d . 1 ,  - , ,  . : ,  .  . . . 1 : ,

3 8 . 1 '  3 6 - 4 t  3 5 . 2 t  2 6 . 1  ,  2 6 . 6 ,  2 6 . r i  r n a s s  s p e c t r u m  ( 7 0  e V )  ,  \ f / e  ( r e I  i n t . e n -

s i t y )  2 9 4  ( 9 ) ,  2 9 2  ( 4 s ) ,  r i \  ( 8 7 ) ,  ] - 4 6  ( 4 ) ,  1 1 4  ( 1 9 ) ,  1 1 3  ( 2 r ) ,  8 l  ( t O O ) .

Trans- l ,  2 -cyc lohexaned i th io l -d isu l f ide  po ly rner  remained beh ind  when the

d i r n e r i c  s p e c  j - e s  w a s  s u b L i m e d :  1 H  N M R  ( c D c r 3 )  6  2 . g  ( m ,  2 H )  ,  2 . 3  ( m ,  2 H )  ,  j - . 1

( m ,  2 H ) ,  1 . 5 5  ( m ,  2 H ) ,  1 . 3  ( m ,  2 H ) ;  1 3 C  l r u R  ( c D c 1 3 )  6  5 3 . 4 - 5 3 . 1 ,  3 1 . 8 - 3 1 . 4 ,

z + .  o - z +  . 4  -

C i s - d o d e c a h y d r o - d i b e n z o l l . 2 . 5 . 6 l t e t r a t h i o c i n  ( 1 7 )  w a s  p r e p a r e d  f r o n

c i s - 1 , 2 - c y c l o h e x a n e d i t h i o l l  r n  1 5 2  y i e l d  i n  a n a l o g y  t o  1 5 .  S u b l i m a t i o n

( 1 2 5 - 1 3 5  o c  a t  O . 5 O - 0 . 1  t o r r )  a f f o r d e d  t h e  p r o d u c t  a s  a  w h i t e  s o l i d :  m p  1 0 5 -

1 1 0  o c ;  1 H  N u n  ( c D C f  3 )  6  3 . 6  ( t ,  t H )  ,  i . a  ( . t ,  1 H )  ,  r . 2 - r . 9  ( m ,  B H )  ;  1 3 c  t n t R

( C D C l 3 )  6  6 2 . L ,  4 4 . 8 , 3 0 . 0 ,  2 9 . I , 2 : . - ;  r a s s  s p e c t r u n  ( 7 0  e V )  ,  \ ] / ?  ( r e 1

i n t e n s i t y )  2 9 2  ( 2 2 ) ,  r 7 B  ( 4 s ) ,  1 . 1  6  ( 5 ) ,  t i . i  ( 2 , t  ,  r i l  ( t )  ,  3 t  a  r i r  f )  j

C i s - l , 2 - c y c l o h e x a n e d i t h i o l - d i s u l f i d e  p o l y n e r  : € : r r : e i  i : e l ; . :  L . . : . . . : -  - . - h e

d i m e r i c  s p e c i e s  w a s  s u b l i m e d :  1 H  H t t n  ( c D c I 3 )  J . a  , : - ,  - : - .  , . : - .  : ,  : u )  ;
1 3 c  N u R  ( c D c l 3 )  6  s 5 . 7 - 5 s . 3 t  3 0 . g - 2 g . 8 ,  2 3 . g - 2 2 . ? - .

I t 2 , 5 , 6 - T e t r a t h i a c y c l o o c t a n e  ( 3 )  w a s  p r e p a r e , t  : . t - .  _ - : ^ :  - .  ̂ e  - . l  r r .  t c C i n e

o x i d a t i o n  o f  1 , 2 - e t h a n e d i t h i o l  a c c o r d i n g  t o  t h e  p r : J e : - : - .  , :  _ : - : i r - c - . , , ,

O l m s t e a d  a n d  M u s k e r , 1 0  m p  6 2 - 6 4  o C  ( l i t . 1 0  * p  6 2 - 5 . 1  :

2  t 3 , 1 . 2 , 1 3 - T e t r a t h i a [ 4 . 4 ] m e t a c y c l o p h a n e  ( t )  w a s  . . e p r : e j  i n  a n a l o g y  t o

1 5 .  R e c r y s t a l l i z a t i o n  f r o r n  h o t  b e n z e n e  g a v e  7  i n  6 l < ' , - ; - e I C  a s  s m a l l  w h i t e

n o d u l e s :  m p  1 7 3 - L 7 6  " c  ( I i t . 1 7  r 7 o - r 7 1  o c ) .

P a r a - t r i ( p h e n y l e n e d i s u J - f i d e )  ( L 2 )  w a s  p r e p a r e d  r n  2 5 %  y i e l d  b y  i o d i n e

o x i d a t i o n  o f  1 , 4 - b e n z e n e d i t h i o l  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  W o n g  a n d

M a r v e l , 6  r p  1 4 9 - 1 5 3  o c  ( I i t . 6  r n p  t 5 0 - 1 s 3  o c )  .

T r a n s - 2 ' 3 - d i t h i a d e c a l i n  ( 1 9 )  w a s  p r e p a r e d  f r o m  t r a n s - r , 2 -

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

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

d i s u l f i d e s . 3 4  R e c r y s t a l L i z a t i o n  f r o m  3 : 1  h e x a n e / n e t h a n o l  p r o v i d e d  t 9  a s  a

w h i t e  s o l i d :  m p  5 6 - 5 8  o c  ( f i t .  r n p 3 5  s s . 5 - 5 j . 5  o c ) .



Cvclic bis(disulf ide) dimers

1 ,2-D i th iacyc loheptane (2L l  was  prepared f rom 1 ,s -pentane-d i th io l  in

B 8 Z  y i e l d  u s i n g  t h e  s a m e  p r o c e d u r e  a s  i n  t h e  s y n t h e s i s  o f  1 , 9 .  K u g e l r o h r

d i s t i l l a t i o n  ( 4 5 - 5 0  o c  a t  0 . 5  t o r r ,  I i t . 3 6  b p  5 5 - 6 0  o c  a t  1 . 7  t o r r )  a f f o r d e d

t h e  p r o d u c t  a s  a  c o l o r L e s s  l i q u i d t  l H  N M R  ( c D c l 3 )  6  2 . 8  ( t ,  4 H ) ,  2 . o

( g u i n t e t ,  4 H )  ,  t . 7  ( q u i n t e t ,  2 H )  .

l - ' 2 - D i t h i a c y c l o o c t a n e  ( 2 2 )  w a s  p r e p a r e d  f r o m  1 , 6 - h e x a n e - d i t h i o l  r n  7 2 2

y i e l d  u s i n g  t h e  s a m e  g e n e r a l -  p r o c e d u r e  a s  i n  t h e  s y n t h e s i s  o f  1 9 .  K u g e l r o h r

d i s t i l l a t i o n  ( 6 0 - 6 4  o c  a t  1  t o r r ,  l i t . z 7  b p  6 5 . 5  o c  a t  2  t o r r )  a f f o r d e d  t h e

p r o d u c t  a s  a  c o r o r r e s s  v i s c o u s  l i q u i d :  1 H  N l ' t R  ( c D c 1 3 )  6  2 . 6  ( t ,  4 H ) ,  r . 7

( q u i n t e t ,  4 H )  ,  I . 4  ( r n ,  4 H ) .

Determinat ion  o f  the  s tab i l i t y  o f  c f rc l i c  D isu l f ides  and B is (d isu l f ides)

toward  Po lYrner iza t ion .  rn  a  typ ica l  exper i rnent ,  two samples  o f  cyc l i c

d i s u l f i d e  ( 1 5 - 2 0  n g )  w e r e  w e i g h e d  i n t o  L - m l ,  t e s t  t u b e s .  T o  o n e  o f  t h e  t u b e s

w a s  a d d e d  0 . 2  M  s o d i u m  m e t h a n e t h i o l a t e  i n  m e t h a n o l -  ( 2 O  p L ,  c a .  1 - 2 e "  w : w  o f

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

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

s u r n m a r i z e d  i n  T a b l e  f  I .
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3 ' / ,  233! -2337.  From ther rno lys is  o f  the  cor respond ing  te l lu r ium

d i t h i o l a t e :  N a k h d j a v a n ,  B . ;  K l a r ,  G .  L i e b i q s  A n n .  C h e r n .  L 9 7 7 ,  1 6 8 3 -

1 6 9 1 .  2 , 8 - D i r n e t h y t I c , 9 ] - [ I , 2 , 5 , 6 ] t e t r a t h i o c i n  ( 6 6 0 S 6 - 3 9 - 3 )  o r  2 , 9 -

d i n e t h y l I c , g ]  - l l , 2 , 5 , 6 f t e t r a t h j , o c i n  ( 7 2 7 6 0 - 5 6 - 6 )  f r o m  o x i d a t i o n  o f  t h e

d i t h i o l -  w i t h  l e a d  t e t r a a c e t a t e  a n d  e l e m e n t a l  s u l f u r :  C r a g g ,  R . H . ;

W e s t o n ,  A . F .  T e L 9 7 3 ,  9  ,  6 5 5 - 6 5 6  .  2 , 8  ( o r  2 , 9 )  -

D i e t h y l d i b e n z o I c , g ]  I L , 2 , 5 ,  6 l t e t r a t h i o c i n ,  ( 6 9 4 5 2 - 9 6 - 6 )  f r o n

p o l a r o g r a p t r i c  o x i d a t i o n  o f  t h e  c o r r e s p o n d i n g  d i t h i o l :  P r z e g a l i n s k i ,

M . ;  P e r s o n a ,  A . ;  M a t y s i k ,  J .  B i u l .  L u b e l .  T o w .  N a u k . ,  M a t . - F i z . - C h e r n .

L 9 7 8 ,  2 0 ,  7 5 - 8 3 .  2 , 3 , 8 , 9 - T e t r a m e t h y l d i b e n z o I c , g ]  1 I , 2 , 5 ,  6 l  - t e t r a t h i o c i n

( 6 6 0 8 5 - 4 0 - 6 )  f r o m  t h e r r n o l y s i s  o f  t h e  c o r r e s p o n d i n g  t e l l u r i u m  ( I V )

b i s ( d i t h i o l a t e ) ;  N a l c h d j a v a n ,  B . ;  K l - a r ,  G .  L i e b i g s  A n n .  C t r e m .  7 9 7 7 ,

l - 6 8 3 - 1 6 9 1  .  2 ,  3 ,  B ,  9 - T e t r a m e t h o x y d i - b e n z o  I c ,  g ]  l I ,  2 ,  5 ,  6  I  t e t r a t h i o c i n

( 9 9 3 2 3 - 8 6 - L )  f r o m  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  t h e  d i t h i o L :  S t e n d e r ,

1 9 8 5 ,  4 O  ,

7 7 4 - 7 8 L .  L  t 8  ( o r  1 - ,  1 0 )  - D i n i t r o - 3 ,  1 - 0 ( o r  3 , 8 )  - b j . s - t r i f l u o r o m e t h y l -

d i b e n z o I c , g ]  l I , 2 , 5 , 6 l t e t r a t h i o c i n  ( 7 5 0 8 3 - 3 3 - 9 )  a n d  N , N , N , , N , -

t e t r a m e t h y l - 2  ,  ? - d i n i t r o - 4 ,  ? - b i s  ( t r i f l u o r o m e t h y l  )  d i b e n z o -

I c , g ]  l I , 2 , 5 , 6 l t e t r a t . h i o c i n  ( 7 5 0 8 3 - 3 4 - 0 )  r e p o r t e d  i n  t h e  p r e p a r a t i o n  o f

b e n z o t r i t h i o l e s  f r o m  c a r b a m o t h i o l a t e s  a n d  O H -  o r  S H - :  R a s h e e d ,  K . i

W a r k e n t i n ,  J . D .  J "  O r g .  C h e n .  L 9 8 0 ,  4 5 ,  4 B O 6 - 7 .  I , 4 , 7 , 1 0 - T e t r a -

a m i n o d i b e n z o I c , g ]  [ 1 , 2 , 5 , 6 ] t e t r a t h i o c i n  ( I O 7  4 7 4 - 4 8 - 6 )  p r e p a r e d  i n  t h e

at te rnp ted  syn thes is  o f  the  cor respond ing  d i th ioqu inone:

L a k s h r n i k a n t h a m ,  M . V . ;  R a a s c h ,  M . S . ;  C a v a ,  M . P . ;  B o t t ,  S . c . ;  A t w o o d ,

J . L .  J .  O r g .  C h e r n .  L 9 8 7  ,  5 2  |  I B 7 4 - I A 7 7  .  I , 2 , 5 , 6 - T e t r a t h i o c i n  ,  3 , 4 , J  , 8 -

t e t r a k i s ( t r i - f l u o r o r n e t h y l )  ( 6 5 1 - 3 8 - 7 )  b y  p h o t o l y s i s  o f  t h e

c o r r e s p o n d i n g  d i t h i o c a r b o n y l :  J a c o b s e n ,  N . ;  d e  M a y o ,  P . ;  W e e d o n ,  A . C .

N o u v .  J ,  C h i m .  L 9 7 8 ,  2 ,  3 3 I - 3 4 2 .  7 - , 2 , 5 , 6 - T e t r a t h i o c i . n ,  3 , 4 , 7 , 8 -

t e t r a k i s ( m e t h y l t h i o )  ( 8 2 7 6 6 - 6 8 - 5 )  f r o r n  m e t h y L a t i o n  o f  t e t r a t h i o o x a t a t e - :

J e r o s c h e w s k i ,  P . ;  H a n s e n ,  P .  Z .  C h e m .  1 9 8 2 ,  2 2 ,  2 2 3 - 2 2 4 .  L , 2 , 5 , 6 -

T e t r a t h i o c i n - 3 , 8 - d i y l b i s ( t r i r n e t h y l )  s i l a n e  ( 8 7  4 9 5 - 5 8 - 7 )  f r o m  p y r o l y s i s

o f  s i L i c o n - c o n t a i n i n g  p o l y s u l f j - d e s :  C h e r n y s h e v ,  E . A .  ;  K u z r m i n ,  o . V .  ;

L e b e d e v ,  A . V . ;  Z a i k i n ,  V . G . ;  M i k a y a ,  A . I .  J .  O r g a n o m e t .  C h e m .  1 9 8 5 ,

2 8 9 ,  2 3 I - 2 3 7 .  1 ,  2  t 5 , 6 - T e t r a t h i o c i n - 3 , 8 - d i r n e t h a n o l  ( 9 1 5 7 4 - 8 3 - 3 )  f o r r n e C

in  the  reduc t ion  o f  a rsen ic  compounds by  the  cor respond ing  d i th io l :

C u l L e n ,  W . R . ;  M c B r i d e ,  B . C . ;  R e g J - i n s k i ,  J .  J .  I n o r q .  B i o c h e m .  1 9 8 4 ,  2 1 ,

4 5 - 6 0 .  1 , 2 , 5 , 6 - T e t r a t h i o c i n - 3 , 8 - d i m e t h a n e s u l f o n i c  a c i d ,  d i s o d i u m  s a l * ,
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(28599-39-5 )  fo rmed  by  reac t ion  o f  the  co r respond ing  d i th io r  w i tht h i u r a m s :  L y s e n k o ,  N . M .  z h .  o b s h c h .  K h i n .  L g 7 4 t  4 4 , 1 5 7 - 1 6 1 .  T h ea b o v e  c o r n p o u n d ,  2 ,  2 '  - l L ,  2 , 5 ,  6 - T e t r a t h i o c i n - 3 ,  B - d i y l b i s  ( m e t h y l -
e n e o x y )  l d i e t h a n e s u r f o n i c  a c i d ,  d i s o d i u n  s a l t  ( 2 8 5 9 9 _ 4 0 _ 8 ) ,  a n d .  2 , 2 ' _
L r ' 2 ' 5 ' 6 - T e t r a t h i o c i n - 3 , 8 - d i y r b i s ( m e t h y l e n e t h i o )  

l - d i e t h a n e s u r f o n i c  a c r d(28599-4 r -9 ) :  P repared  by  reac t ion  o f  t r i su r - f i des  w i th  NacN and  byox ida t ion  o f  the  co r respond ing  d i th io l s :  Fedoseeva ,  V .N . ;  pe t run ,k in ,
v ' E '  u k r .  K h i n .  Z h .  L 9 7 0 ,  3 6 ,  1 8 1 - 1 8 3 .  c a s s i p o u r i n e  ( 7 8 7 8 0 _ L 7 _ 3 )  a n d  Bder i va t i ves ,  to ta l  s te reospec i f i c  syn thes is :  Wrobe l ,  J .T .  ;  G l i f i sk i ,J ' A '  c a n '  J "  c h e r n .  1 9 B t '  5 9  ,  1 r o 1 - 1 r - 0 4  .  r , 4 : 7 ,  1 o - D i r n e t h a n o d i b e n z o -
I c , g ]  . L , 2 , 5 ,  6 ] t e t r a _ t h i o c i n ,  L , 2 , 3 ,  4 , 7 , 8 , 9 ,  1 O _ o c t a h y d r o _
I  |  4  |  7 ,  1 0 ,  1 3 ,  L 3 ,  1 _ 4 ,  1 4 _ o c t a m e t h y l _  ( I a ,  4 a ,  7  a ,  L O a )  _  6 8 6 4 4 _ 4 4 _ O )  a n d( r a ' 4 a t 7 p , L o p ) -  ( 6 8 6 8 2 ' 3 3 - 7 )  |  f o r m a t i o n  o f  i n  p h o t o c h e m i c a l  r e a c t i o n so f  4 -methy l - ca rnphor  d i th ioqu inone :  Jacobsen ,  N . ;  de  Mayo ,  p .  ;  Weedon ,A . C .  N o u v .  J .  C h i m .  L g 7 B ,  2 ,  3 3 L _ 3 4 2 .  1 H , 8 H _ t 1  , 2 , 5 , 6 ) _Tetrath iocino [  3 ,  4-b:8 , '7  -b '  ]  d ipyrro le,  1 ,  8 -d imethyl-2 

,  7 -d i -3 -pyr idyr  -(13405-06-6 ) ,  f o rmed  by  reac t ion  o f  su r fu r  on  the  co r respond ing
p y r r o r i d ' n e :  w a w z o n e k ,  s - , '  H a n s e n ,  G . R .  J .  o r q .  c h e n . -  L 9 6 6 ,  3 r ,  3 5 B O -3 5 8 2 '  P h t h a r i m i d e ,  N , N ' -  ( r , 2 , 5 , 6 - t e t r a t h i o c i n - 3 , 8 - d i y r d i m e t h y J _ e n e ) d i _
( L 4 6 7 2 - 9 s - B )  p r e p a r e d  f r o m  t h e  c o r r e s p o n d i n g  d i t h i o l :  p o r t n y a g i n a ,

V ' A ' ;  M o r g u n ,  M . r .  U k r .  K h i m .  Z h .  1 9 6 6 ,  3 2 ,  1 0 8 1 - 1 0 3 4 .  p r e g n - 5 _ e n _ 2 0 _
o n e ,  3 - ( a c e t y r o x y )  _ 1 6  , 1 7 _ l L  ( 3 f , 1 6 r )  _ 3 _ ( a c e t y J - o  x y )  _ 2 0 _ o x o p r e g n _ 5 _ e n e _
1 6 '  1 7 - d i y l l b i s ( d i t h i o )  

r -  ( 3 p ,  1 6 p ) -  ( 6 3 1 0 8 - 8 6 - 1 ) ,  t r a n s f o r r n e d  s t e r o i d s :K a m e r n i t s k i i , A . V . ; T u r u t a , A . M . ; U s t y n y u k , T . K . @

s e r '  K h i r n '  L 9 7 6 ,  2 5 ,  2 0 7 8 - 2 0 8 0 .  t 1  , 2 , 5 , 6 r r e t r a t h i o c i n o [ 3 , 4 - b  : 7 . 8 -b ' l d iqu inoxar ine  (g3232-L2-3 )  p repared  f ron  the  co r respond ing  d i th io l :E l o k h i n a ,  V . N . ;  N a k h r n a n o v i c h ,  A . S . ;  K a r n a u k h o v a ,  R . V . ;  K a l - i k h m a n ,  f  . D . ;B a n n i k o v a ,  o . B .  
1 9 8 4 ,  2 0 , 1 0 6 2 _ 1 0 6 5 .

L L ' 2 ' 5 r 6 l r e t r a - t h i o c i n o 1 3 , 4 - c : 7 , | - c r l d i i s o t h i a z o l - e - 3 , 8 - d i c a r b o n i t r i l e
( 6 6 2 3 2 - 8 j . - 3 )  a n d  m a n y  r e l a t e d  c o r n p o u n d s :  V L a d u c h i c k ,  S . A . ;  F u k a n a g a ,T '  ;  s i m r n o n s ,  H . E .  ;  w e b s t e r ,  o . w .  J .  o r q .  c h e m .  l g B o ,  4 5 ,  5 1 2 2 _ 5 1 3 0 .s e e  a r s o  u ' s '  p a t e n t s  1 2 1 0 7 .  6 ; 1 9 8 0  a n d  4 0 6 6 6 5 6 ; r g 7 8  t o  E . r .  d u  p o n t  d eNemours and Co.

1 5 '  F e h 6 r '  F " ' D e g e n ,  B .  
@  r 9 6 7 t  6 ,  r o 3 .1 6 . R o n s i s v a 1 l e , G . ; B o t t i n o , F , ; P a p p a l a r d o , S . @ 1 9 B o ,

L 4  '  3 4 4 - 3 4 8  '  p a h o r ,  N '  B '  ;  c a l l i g a r i s ,  M .  , '  R a n d a c c i o  ,  L .  ;  B o t t i n o  ,  F .  ;P a p p a l a r d o ,  S .  G a z z .  C h j _ m .  I t a l .  1 9 8 0 ,  1 1 0 ,  2 2 7 _ 2 3 ! .
1 7  '  s a t o '  T ' ;  w a k a b a y a s h i  ,  N I . ;  H a t a ,  K . ;  K a i n o s h o ,  M .  T e t r a h e d r o n  L g 7 r ,  2 f  ,2 7  3 7  _ 2 7  5 5  .
18 '  Ga l -uszko ,  x .  Bcsa_r_chem-  L975 ,  49 ,  1597_7602 .
1 9 .  R a a s c h ,  M . S .  J .  O r q .  C h e m .  L 9 7 g t  4 4 ,  2 6 2 9 _ 2 6 3 2 .
2 0 '  G r o n o w i t z '  s ' ;  L i d e r t ,  Z .  c h e m .  s c r i p t a  1 9 8 0 ,  L 6 , 9 7 - 1 0 1 .  r , i d e r t ,  z . ;G r o n o w i t z ,  S .  C h e m .  S c r i p t a  1 9 g 0 ,  1 6 ,  L o 2 _ I 0 7 .
2 7 '  B o e k e l h e i d e ,  V . , '  H o l r - i n s ,  R . A .  J .  A m .  c h e m .  s o c .  L 9 7 3 t  9 5 ,  3 2 0 r _ 3 2 0 8 .2 2 . V o g t I e , F . ; L i c h t e n t h a 1 e r , R . G . @ I g 7 2 | 1 1 , 5 3 5 -

5 3 6 .

23 '  we  have  no ted  tha t  c i s -1 ,2 -cyc lohexaned i th io r_b is (d i su l f i de )  
d imerpor ' rner izes more readi ly  than the corresponding t rans-dimer.  Thisobservat ion is  not  concrusive evidence that  the former cornpound isinherent ly  less stable '  This resul- t  nay be due to the presence or  sonesl ight  impur i ty  in the c is compound. The pur i ty  of  cycJ_ic monomeri_c

l 0 l
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d isu l f ides  has  been found to  g rea t ly  a f fec t  the  tendency  o f  these

s p e c i e s  t o  p o l y m e r i z e ;  s e e  r e f .  2 6  a n d  2 9 .

2 4 .  R e e d ,  L . J .  I n  O r q a n i c  S u L f u r  C o m p o u n d s ;  K h a r a s c h ,  N . ,  E d . ;  P e r g a m o n :

N e w  Y o r k ,  l - 9 6 1 ;  V o l  .  L ,  p p  4 4 3 - 4 5 2 .  T h o m a s ,  R . C . ;  R e e d ,  L . J .  J .  A m .

C h e m .  S o c .  L 9 5 6 ,  7 8 ,  6 L 4 8 - 6 I 4 9 .

2 5 .  S c h o t t e ,  L .  A r k i v .  K e m .  L 9 5 6 ,  g  ,  3 0 9 - 3 1 - 7 .

2 6 .  A f f l e c k ,  J . G . ;  D o u g h e r t y ,  G .  J .  O r g .  C h e m .  1 9 5 0 ,  1 5 ,  8 6 5 - 8 6 8 .

2 7 .  S c h o b e r l ,  A . i  G r d f j e ,  H .  L i e b i g s  A n n .  C h e r n .  1 9 5 8 ,  6 1 4 ,  6 6 - 8 3 .

2 8 .  D a i n t o n ,  F . S . ;  D a v i e s ,  J . A . ;  M a n n i n g ,  P . P . ;  Z a h i r ,  S . A .  T r a n s .  F a r a d a y

S o c .  1 9 5 7 ,  5 3 ,  8 1 3 - 8 2 0 .

2 9 .  F e t t e s ,  E . M .  I n  O r g a n i c  S u l f u r  C o r n p o u n d s ;  K h a r a s c h ,  N . ,  E d . ;  P e r g a m o n :

N e w  Y o r k ,  L 9 6 L ,  V o l .  L t  p .  2 6 7 .

3 0 .  B a r l t r o p ,  J . A . ;  H a y e s ,  P . M . ;  C a l v i n ,  M .  J .  A m .  C h e m .  S o c . 1 9 5 4 , 7 6 ,

4 3 4 8 - 4 3 6 7  .

3 1 .  C r a g g ,  R . H . ;  W e s t o n ,  A . F .  T e t r a h e d r o n  L e t t .  L 9 7 3 t  6 5 5 - 6 5 6 .

3 2 .  G o o d r o w ,  M . H . ;  O l m s t e a d ,  M . M . ;  M u s k e r ,  W . K .  T e t r a h e d r o n  L e t t .  1 9 8 2 , 2 3 ,

3 2 3 L - 3 2 3 4  a n d  r e f e r e n c e s  c i t e d  t h e r e i n .

3 3 .  P a s t o ,  D . J . ;  J o h n s o n ,  c . R .  o r g a n i - c  S t r u c t u r e  D e t e r m i n a t i o n ;  P r e n t i c e -

H a l 1 :  E n g l e w o o d  C I i f f s ,  N e w  J e r s e y ,  1 9 6 9 ;  p p .  i 4 - i 5 .

3 4 .  G o o d r o w ,  M . H . ;  M u s k e r ,  W . K .  S v n t h e s i s  1 9 8 1 ,  4 5 ' 7 - 4 5 9 .

3 5 .  B a s s ,  S . W . ;  E v a n s ,  S . A . ,  J r .  J .  O r g .  C h e m . 1 9 8 0 ,  4 5 , 7 L 0 - 7 1 5 .

3 6 .  F i e l d ,  L . i  B a r b e e ,  R . B .  J .  O r q .  C h e m .  1 9 6 9 ,  3 4 ,  3 6 - 4 I .
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