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SUMMARY

The a c i d - c a t a l y s e d  a c e t y l a t i o n  o f  b i c y c l o  (3 .3 .1 ]  n o n a n - 2 , 6 - d io n e  

(79)  and i t s  9 - t h i a  and 9-oxa  a n a lo g u e s  ( 165 and 187) i s  d e s c r i b e d .  

I n  the  p r e s e n c e  o f  t o l u e n e - p - s u l p h o n i c  a c i d  o r  low c o n c e n t r a t i o n s  

o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  0 - a c e t y l a t i o n  o c c u r r e d  to  p roduce  

m i x t u r e s  o f  the  c o r r e s p o n d i n g  mono- and b i s e n o l  a c e t a t e s .  At h i g h e r  

s u l p h u r i c  a c i d  l e v e l s ,  C - a c e t y l a t i o n  was f a v o u r e d ,  22. anc* 165 

p r o d u c in g  adamantane and 2 - th ia a d a m a n ta n e  d e r i v a t i v e s  r e s p e c t i v e l y  

w h i l e  187 y i e l d e d  th e  doubly C - a c e t y l a t e d  s p e c i e s  ( 202) .

The a t t e m p t e d  d e h y d r o c h l o r i n a t i o n  o f  2 , 6 - d i c h l o r o - 9 - t h i a b i c y c l o -  

[3 .3 .1]  nonane ( 161) w i t h  p y r i d i n e  f a i l e d  to  p roduce  an o l e f i n i c  

p r o d u c t  b u t  y i e l d e d  i n s t e a d  the  b i s p y r i d i n i u m  s a l t  ( 215) .  R e a c t i o n  

o f  c h l o r o a l k e n e  ( 213) w i t h  p y r i d i n e  a t  room t e m p e r a t u r e  gave 

monopyrid in ium s a l t  ( 216) which underw ent  f a c i l e  s t r u c t u r a l  

r e a r r a n g e m e n t  a t  e l e v a t e d  t e m p e r a t u r e s  (>50°)  to  g i v e  a m i x t u r e  o f  

216 and 225 . P y r o l y t i c  e l i m i n a t i o n  o f  p y r i d i n e  h y d r o c h l o r i d e  from 

215 and 216 p roceeded  w i t h  s t r u c t u r a l  r e a r r a n g e m e n t  f u r n i s h i n g

9 - t h i a b i c y c l o  [ 4 . 2 . 1 ] n o n a - 2 , 4 - d i e n e  ( 229) .

In  o r d e r  to  p r e p a r e  8 - t h i a b i c y c l o  [ 3 . 2 . 1 ] o c t a n e  d e r i v a t i v e s  as  

p o t e n t i a l  p r e c u r s o r s  to  t h i a -  a n a lo g u e s  o f  b i o l o g i c a l l y  a c t i v e  

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

c y c l o h e p t a d i e n e s  ( 238 , 282 , 286 and 292) was i n v e s t i g a t e d .  

C y c l o h e p t a - 2 , 6 -d ie n o n e  ( 238) and i t s  e t h y l e n e  k e t a l  ( 292) r e a c t e d  

w i t h  SCI 2  i n  an i d e n t i c a l  r e g i o s p e c i f i c  manner  to  p roduce  the  

un s y m m e tr ic a l  1:1 a d d u c t s  ( 307 and 305) w h i l e  1 - b e n z o y l o x y c y c l o -  

h e p t a - 3 , 5 - d i e n e  ( 286) gave th e  e x p e c t e d  s y m m e tr ic a l  d i c h l o r i d e  (295)  

C y c l o h e p t a - 3 , 5 - d i e n o n e  ( 282) r e a c t e d  w i t h  S C ^  w i t h  t h e  e l i m i n a t i o n



one e q u i v a l e n t  o f  hydrogen  c h l o r i d e  f u r n i s h i n g  the  p h o t o s e n s i t i v e  

a l l y l i c  c h l o r i d e  ( 301) which was f u r t h e r  d e h y d r o c h l o r i n a t e d  to

8 - t h i a b i c y c l o  [ 3 . 2 . 1 ] o c t a - 3 , 6 - d i e n - 2 - o n e  ( 303) .



Part One

The Synthesis of Adamantanes 
and Heteroadamantanes

A Review



1

The h i g h l y  s ym m e tr ic a l  t r i c y c l o d e c a n e ,  adamantane (_1) was f i r s t

.V 1i s o l a t e d  i n  1933 by Landa and Machacek from a h i g h - b o i l i n g

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

C z e c h o s l o v a k i a .  A lthough  found on ly  i n  t r a c e  q u a n t i t i e s  t h e

u n u s u a l l y  h i g h  m e l t i n g  p o i n t  (269°)  and e x c e p t i o n a l  c r y s t a l l i n i t y

o f  t h e  compound f a c i l i t a t e d  i t s  s e p a r a t i o n .  E i g h t  y e a r s  l a t e r
2

P r e lo g  and S e i w e r t h  p u b l i s h e d  an e l e g a n t  l a b o r a t o r y  s y n t h e s i s  

o f  t h e  h y d r o c a r b o n  (Scheme 1) and c l e a r l y  d e m o n s t r a t e d  t h e  c l o s e  

r e l a t i o n s h i p  o f  i t s  c a rb o n  framework t o  t h e  s p a t i a l  a r r a n g e m e n t  

o f  atoms i n  t h e  diamond c r y s t a l  l a t t i c e  ( F i g u r e  1 ) .

A s u i t a b l e  h i g h - y i e l d  r o u t e  t o  1_ n e v e r t h e l e s s  remained  to  be

d i s c o v e r e d  and f o r  many y e a r s  t h e  compound was no more t h a n  a

c u r i o s i t y .  However^ i n  t h e  l a t e  1 9 5 0 ' s ,  t h e  i s o m e r i s a t i o n  o f  t h e

r e a d i l y  o b t a i n a b l e  t e t r a h y d r o d i c y c l o p e n t a d i e n e  (2)  i n  t h e  p r e s e n c e

3“ 6o f  v a r i o u s  Lewis a c i d  c a t a l y s t s  was r e p o r t e d  t o  g iv e  _1 i n  

y i e l d s  r a n g i n g  from 127. t o  427.. The most  r e c e n t  m o d i f i c a t i o n ^  

o f  t h i s  a p p ro a c h ,  employ ing  aluminium h a l i d e s  accompanied by a l k y l  

h a l i d e  c o - c a t a l y s t s  has  f u r n i s h e d  y i e l d s  i n  e x c e s s  o f  807. making 

i t  t h e  c u r r e n t  method o f  c h o ic e  f o r  t h e  p r e p a r a t i o n  o f  adamantane .  

Although  t h i s  t y p e  o f  r e a r r a n g e m e n t  was a t  f i r s t  t h o u g h t  t o  be
g

l i m i t e d  on ly  t o  C^q t r i c y c l i c s ,  l a t e r  work showed t h a t  such

d i v e r s e  m a t e r i a l s  as  N u j o l ,  c h o l e s t e r o l ,  c y c lo h e x e n e  and dodecane

a l s o  y i e l d  s m a l l  amounts o f  adamantane and a lk y l a d a m a n ta n e s  when

s u b j e c t e d  to  Lewis a c i d s ,  r e f l e c t i n g  t h e  h i g h  thermodynamic s t a b i l i t y

3 7o f  t h e  s t r a i n - f r e e  t r i c y c l o ( 3 . 3 , l . l  '  ] decane  n u c l e u s .

The a v a i l a b i l i t y  o f  t h e  p a r e n t  h y d ro ca rb o n  i n  r e c e n t  y e a r s  has  been

one o f  t h e  p r i n c i p a l  r e a s o n s  f o r  t h e  c u r r e n t  r a p i d  growth  o f

9-15adamantane c h e m i s t r y  and has  c o n t r i b u t e d  to  t h e  s t e a d y
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i n c r e a s e  i n  t h e  number o f  d e r i v a t i v e s  which have  been p r e p a r e d  i n

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

and f o r  b i o l o g i c a l  t e s t i n g .  Like o t h e r  s a t u r a t e d  hyd ro ca rb o n s

however ,  t h e  u t i l i t y  o f  1̂ as  a s y n t h e t i c  i n t e r m e d i a t e  i s  l i m i t e d

and a l t h o u g h  b r id g e h e a d  p o s i t i o n s  a r e  r e a d i l y  h a l o g e n a t e d ,

14a l k y l a t e d ,  a c y l a t e d  and c a r b o x y l a t e d  , t h e  c o n t r o l l e d  

f u n c t i o n a l i s a t i o n  o f  t h e  m e th y le n e  groups  i s  l e s s  e a s i l y  a c h i e v e d .

An a l t e r n a t i v e  and p o t e n t i a l l y  more f l e x i b l e  a pp roa c h  t o  t h e

s y n t h e s i s  o f  adamantanes i s  by t h e i r  c o n s t r u c t i o n  from s i m p l e r

f r a g m e n t s .  A lthough  a v a r i e t y  o f  such schemes have  been  p o s t u l a t e d " ^ ,

on ly  one pathway -  t h e  i n s e r t i o n  o f  a o n e -c a r b o n  f ra gm en t  between

t h e  C(3)  and C(7)  p o s i t i o n s  o f  an a p p r o p r i a t e l y  s u b s t i t u t e d

b i c y c l o [ 3 . 3 . 1 ) n o n a n e  (3)  p r e c u r s o r  -  has  been f o l lo w e d  up w i t h

n o t a b l e  s u c c e s s .  E x e m p l i fy in g  t h i s  a pp roa c h  t h e  f i r s t  r e p o r t e d

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

o f  M eerwein 's  t e t r a e s t e r  ( 4 ) ^  w i t h  m e th y le n e  bromide  to  g i v e  J5

which on Clemmensen r e d u c t i o n  y i e l d e d  a l c o h o l  (£)  (Scheme 2 ) .  The

2
e a r l i e s t  p r e p a r a t i o n  o f  t h e  p a r e n t  h y d r o c a r b o n ,  a l r e a d y  m ent ioned  

(Scheme 1 ) ,  a p p e a re d  soon a f t e r  and f o l lo w e d  th e  same b a s i c  s t r a t e g y  

f u r n i s h i n g  1_ i n  37. o v e r a l l  y i e l d  based  on t e t r a e s t e r  ( 4 ) .

A d a m a n ta n e -2 - c a r b o x y l i e  a c i d  (9_) which i s  d i f f i c u l t  t o  p r e p a r e  by

18o t h e r  means, has  been  o b t a i n e d  by S t e t t e r ,  f rom 4 by a f i v e -

s t a g e  s y n t h e s i s  (Scheme 3 ) ,  which i n c l u d e d  t h e  c o n d e n s a t i o n  o f

b i se n a m in e  ( 7 )  w i t h  e t h y l  d i b r o m o a c e t a t e  y i e l d i n g  d i k e t o e s t e r  ( 8 ) ,

19The same a u t h o r  has  shown t h a t  t h e  c o n d e n s a t i o n  o f  b i c y c l o [ 3 . 3 . 1 ] -  

n o n a n - 3 , 7 - d i o n e  (10)  d e r i v a t i v e s  w i t h  c a r b a n i o n s  may a l s o  be 

used  f o r  t h e  p r o d u c t i o n  o f  h i g h l y  f u n c t i o n a l i s e d  a da m a n ta ne s .

I n  p a r t i c u l a r ,  d io n e  ( 1 1 ) ,  p r e p a r e d  i n  t h r e e  s t a g e s  f rom p - c r e s o l
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3

(Scheme 4) was condensed w i t h  n i t r o m e t h a n e  to  g iv e  12.  C a t a l y t i c  

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

( 1 3 ) o The h i g h  and v a r i e d  f u n c t i o n a l i t y  o f  p r o d u c t s  o b t a i n a b l e  

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

f u n c t i o n a l  group m a n i p u l a t i o n .

P h o t o l y s i s  o f  b i c y c l o [ 3 . 3 . 1 ] nonanes has  a l s o  p r o v id e d  e n t r y  i n t o

20u s e f u l l y  s u b s t i t u t e d  a d a m a n ta n e s .  Thus i r r a d i a t i o n  o f  epox ide

(14)  has  been  used  to  p roduce  1 , 3 -d ihyd roxyadam an tane  ( 1 5 ) .  Pho to-

21in duced  c y c l i s a t i o n  o f  d i e n e  (16)  f u r n i s h e d  t h e  fu se d  

no radam an tane  (17)  which ,  u n l i k e  o t h e r  c y c lo b u t a n e s  was found to  

be r e a c t i v e  towards  bromine g i v i n g  as  t h e  m ajo r  p r o d u c t  (Scheme 5 ) .

Although  o f  l i m i t e d  s y n t h e t i c  u t i l i t y  be c a u s e  o f  i n c o n v e n i e n t

s t a r t i n g  m a t e r i a l s  and poor  o v e r a l l  y i e l d s  t h e  work o f  Owen and

22 23Robins and Kutsuma and Sugasawa i l l u s t r a t e s  an i n g e n i o u s

d i r e c t  s y n t h e s i s  o f  an adamantane  from a cy c lo h e x a n e  d e r i v a t i v e .

Thus c yc lohe xa none  (19)  was c o n v e r t e d  to  enamine (20)  which r e a c t e d

w i t h  e t h y l  2-bromomethyl  a c r y l a t e  by a sequence  o f  a l k y l a t i o n ,

M ichae l  a d d i t i o n  and C l a i s e n  c o n d e n s a t i o n  (Scheme 6) to  p roduce

t h e  n o v e l  adaman tand ione  ( 2 1 ) .

H e t e r o c y c l i c  Analogues  o f  Adamantane

In  a d d i t i o n  t o  advances  made i n  t h e  c a r b o c y c l i c  f i e l d ,  much a t t e n t i o n  

i n  t h e  l a s t  twen ty  y e a r s  has  been  devo ted  t o  t h e  s y n t h e s i s  and s tu d y  

o f  h e t e r o c y c l i c  a n a lo g u e s  o f  adaman tane .  The scope  o f  t h e  s u b j e c t  

has  become so g r e a t  t h a t  an e x h a u s t i v e  l i t e r a t u r e  su rv e y  c a n n o t  be 

a d e q u a t e l y  d e a l t  w i t h  i n  a b r i e f  r e v i e w  o f  t h i s  t y p e ,  and th e  

f o l l o w i n g  d i s c u s s i o n  w i l l  o f  n e c e s s i t y  be r e s t r i c t e d  on ly  to  t h o s e
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sys tem s  p o s s e s s i n g  s k e l e t a l  oxygen,  n i t r o g e n  and s u l p h u r .  For  the  

same r e a s o n s ,  t h e  p r e p a r a t i o n  o f  mixed h e t e r o a d a m a n ta n e s ,  such as 

o x a t h i a -  and a z a t h i a a d a m a n t a n e s , has  n o t  been  r e v i e w e d .  E n t ry  

i n t o  t h e s e  sy s te m s ,  however ,  f o l l o w s  th e  same b a s i c  s t r a t e g i e s  

as  t h o s e  which a r e  d i s c u s s e d .

He te roadam an tanes  have been r e p o r t e d  which c o n t a i n  non-

m e t a l s  such  as  a r s e n i c ^ ,  b o r o n ^ ,  p h o s p h o r u s ^ , s e l e n i u m ^  and

28 29 30s i l i c o n  and a v a r i e t y  o f  m e t a l s  such as  c a lc iu m  , coppe r  ,

31 32rhodium and t i n

2-Oxaadamantane (Oxaadamantane,  23 )

By v i r t u e  o f  i t s  d i v a l e n t  n a t u r e ,  oxygen may r e p l a c e  one o r  more o f  

t h e  m e th y le n e  groups  o f  t h e  adamantane s k e l e t o n ,  and thus  t e n  

d i f f e r e n t  oxaadamantanes  a r e  t h e o r e t i c a l l y  p o s s i b l e .  These  compounds
t

a r e  shown i n  T a b le  1, and d e r i v a t i v e s  o f  many of  them a r e  known.

The s y n t h e s i s  o f  2 -oxaadamantanes  has  been  a c h ie v e d  by s e v e r a l  

d i f f e r e n t  pa thw ays ,  most  o f  which i n v o l v e  a b i c y c l o [ 3 . 3 . 1 ] nonane

i n t e r m e d i a t e . .  In  p a r t i c u l a r  t h e  p a r e n t  compound ( 2 3 ) ,  a v o l a t i l e

33s o l i d  w i t h  a p e n e t r a t i n g  c a m p h o r - l i k e  odou r ,  was f i r s t  i s o l a t e d

i n  1962 by t h e  d e h y d r a t i o n  o f  b i c y c l o f 3 . 3 . 1 ] n o n a n - 3 , 7 - d i o l  (22)

w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  u s i n g  t h e  same a pp roa c h  as  

19had been  employed t h r e e  y e a r s  e a r l i e r  f o r  t h e  p r e p a r a t i o n  o f  

i t s  6 , 6 - d i m e t h y l  and 6 - d i c h l o r o m e t h y l - 6 - m e t h y l  d e r i v a t i v e s  

( 24 and 25) (Scheme 7 ) ,

O ther  oxaadamantane p r e c u r s o r s  a r e  d i e n e  ( 2 6 ) .  d io n e  ( 1 0 ) ,  

k e t o a l k e n e  (27)  and d i o l  ( 2 8 ) .  The f i r s t  o f  t h e s e  compounds,  26 ,
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i s  r e a d i l y  a v a i l a b l e  i n  q u a n t i t y  f rom M eerwein ' s  t e t r a e s t e r  (4_)

and has  been  c o n v e r t e d  to  oxaadamantanes  by a number o f  r o u t e s

34 35 34i n c l u d i n g  o x y m e r c u ra t io n  9 , s u l p h u r i c  a c i d  h y d r o l y s i s  ,

35 36r e a c t i o n  w i t h  aqueous bromine o r  p o t a s s i u m  t r i i o d i d e  9 , o r

36p e r a c i d  o x i d a t i o n  (Scheme 8 ) .

Dione (10)  and i t s  monomethylene r e l a t i v e  (27)  may bo th  be p r e p a r e d

37 38from 1 , 3 - d ih a l o a d a m a n t a n e s  9 (Scheme 9) and p r o v i d e  p o t e n t i a l l y

u s e f u l  r o u t e s  to  s im p le  o x a a dam a n ta ne s . R e d u c t io n  o f  w i t h

39 40hydrogen  - Raney N ic k e l  o r  sodium b o r o h y d r i d e  , f o r  example,

gave th e  c y c l i s e d  h e m i k e t a l  (29)  which c a n n o t  undergo f u r t h e r

r e d u c t i o n .  Removal o f  t h e  h y d roxy l  group o f  29 by s u c c e s s i v e

39t r e a t m e n t  w i t h  t h i o n y l  bromide and hydrogen  - Raney N ic k e l

(Scheme 10) p roce e de d  w i t h o u t  r i n g - o p e n i n g  to  f u r n i s h  t h e  p a r e n t

e t h e r  ( 2 3 ) .  R e a c t i o n  o f  29_ w i t h  607, aqueous hydrogen  b romide ,

40on t h e  o t h e r  hand y i e l d e d  t h e  b i c y c l i c  bromoketone 30 which 

r e c y c l i s e d  to  23_ on r e d u c t i o n  w i t h  NaBH^ o r  LiAlH^.

I n s t e a d  o f  fo rm in g  t h e  e x p e c t e d  b i se n a m in e  ( 3 1 ) ,  d ione  (10)

41condensed  w i t h  p y r o l l i d i n e  to  produce  3_2 (Scheme 11 ) .  Th is  

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

s p e c i e s .  Diamines o f  t h i s  type  a r e  o f  low s t a b i l i t y  however and 

r a p i d l y  decompose on h e a t i n g  to  t h e  r i n g - o p e n e d  ke toenam ine  ( 3 3 ) .

R e d u c t io n  o f  1̂0 w i t h  L i A l H ^ i n  t h e  p r e s e n c e  o f  p r im a ry  amines a f f o r d s

38 42a u s e f u l  r o u t e  to  1 - a m ino -2-oxaadamantane  * . In  p a r t i c u l a r

42t h i s  r e a c t i o n  i s  a key s t e p  i n  t h e  s y n t h e s i s  (Scheme 12) o f  the  

oxaadam anty l  u r e a  (34)  which e x h i b i t s  s t r o n g  hypoglycemic  p r o p e r t i e s
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6

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

43of  _10 w i t h  G r ig n a rd  o r  o r g a n o l i t h i u m  r e a g e n t s  p r o v id e s  a 

p o t e n t i a l l y  u s e f u l  r o u t e  to  a l k y l  o r  a r y l  h e m i k e t a l s  such as  35 

and _36_ which may i n  t u r n  be d e h y d r o x y l a t e d  as  a l r e a d y  d e s c r i b e d .

K e to a lk e n e  ( 27) ,  which i s  an i n t e r m e d i a t e  i n  t h e  p r e p a r a t i o n  o f  10

from adamantane  ( v i d e  s u p r a ) ,  has  a l s o  been c o n v e r t e d  to

oxaadamantanes  unde r  a v a r i e t y  o f  c o n d i t i o n s .  For  example,

r e d u c t i o n  o f  27 w i t h  LiAlH^ (Scheme 13) y i e l d s  e n d o - a l c o h o l  ( 3 7 ) ,

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

43c o n d i t i o n s  to  1 - m e thy l -2 -oxa a da m a n ta ne  (38)  . Moreover ,

43o x y m e r c u r a t io n  o f  27_ p r o c e e d s  w i t h  d i r e c t  c y c l i s a t i o n  y i e l d i n g  

39 which may be c o n v e r t e d  by c o n v e n t i o n a l  methods to  h e m i k e t a l  

(35)  (Scheme 14 ) .

H y d r o l y s i s  o r  a l c o h o l y s i s  o f  JUf, t h e  epox ide  d e r i v e d  from 2 7 ,

44has a l s o  been  shown to  o c c u r  w i t h  s im u l t a n e o u s  c y c l i s a t i o n

f u r n i s h i n g  40 o r  41,  w h i l e  d ry  hydrogen  c h l o r i d e  has  been  used

45by S te panov  and c o -w o rk e r s  to  e f f e c t  t h e  c o n v e r s i o n  o f  to  t h e

r e l a t e d  c h l o r i d e  (42)  (Scheme 15 ) .  The same group has  more 

46r e c e n t l y  s t u d i e d  t h e  r e a c t i o n s  o f  k e t o a l k e n e  (43)  and have 

p r e p a r e d  oxaadamantanes  from i t  by s e v e r a l  methods (Scheme 1 6 ) .

The a c i d - c a t a l y s e d  d e h y d r a t i o n  and r e a r r a n g e m e n t  o f  d i o l  (28)  to

oxaadamantane  (23)  has  been  r e p o r t e d  i n d e p e n d e n t l y  by S h a e f e r  and

47 48 49Honig and by A v e r in a  and Z e f i r o v  * . Al though  o f  i n t e r e s t

b e c au s e  o f  t h e  complex n a t u r e  o f  t h e  r e a r r a n g e m e n t s  o b s e rv e d

t h e  r e a c t i o n  i s  o f  l i t t l e  s y n t h e t i c  i m p o r ta n c e  due to  t h e  low y i e l d

o f  23 (<107„) and t h e  f o r m a t i o n  o f  a l a r g e  number o f  c o p r o d u c t s .
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The r e a c t i o n  u n d o u b ted ly  i n v o l v e s  a l a r g e  number o f  i n t r a -  and 

i n t e r m o l e c u l a r  h y d r i d e  t r a n s f e r s  and a c c o r d i n g l y  a com ple te  

m e c h a n i s t i c  d e s c r i p t i o n  o f  a l l  p r o c e s s e s  t a k i n g  p l a c e  would be 

unduly  i n v o l v e d .  A s i m p l i f i e d  r e a c t i o n  pathway i s  however  

d e p i c t e d  i n  Scheme 17.

A few oxaadamantanes  have been p r e p a r e d  by t h e  o x i d a t i o n  o f

b i c y c l i c  and t r i c y c l i c  a l c o h o l s .  Thus 2-hydroxyadamantane  (44)~^

51and 3 - h y d r o x y b i c y c l o [ 3 . 3 . 1 ] n o n a n e  (45)  b o th  g i v e  23 i n  good

y i e l d  on t r e a t m e n t  w i t h  m e r c u r i c  o x id e  and i o d i n e  unde r  i r r a d i a t i o n

by a t u n g s t e n  lamp.  While  t h e  l a t t e r  r e a c t i o n  a p p e a r s  to  be a

r e l a t i v e l y  s im p le  o x i d a t i v e  c o u p l i n g ,  t h e  c o u r s e  o f  t h e  fo rm er  i s

n o t  c l e a r l y  u n d e r s t o o d ,  b u t  has  been s u g g e s t e d ^  to  i n v o l v e  a

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

monoxide (Scheme 1 8 ) .  Lead t e t r a a c e t a t e  - i o d i n e  has  a l s o  been

u s e d ^  to  e f f e c t  t h e  c y c l i s a t i o n  o f  45_ to  23̂  b u t  t r e a t m e n t  of

2 -hyd ro x y -2 -m e th y la d am a n ta n e  (46)  w i t h  t h i s  r e a g e n t  has  been 

52found to  g iv e  homooxaadamantane (47)  (Scheme 1 9 ) .  Acid h y d r o l y s i s  

o f  47 in d u ce s  r i n g  c o n t r a c t i o n  w i t h  d e i o d i n a t i o n ’ y i e l d i n g  a u s e f u l  

r o u t e  to  1 - a c e t y l - 2 - o x a a d a m a n t a n e  ( 4 8 ) .

Dioxaadamantane s

Two p o s s i b l e  i s o m e r i c  d ioxaadam an tanes  a r e  p o s s i b l e  (T a b le  1) and 

a l t h o u g h  d e r i v a t i v e s  o f  bo th  a r e  known, on ly  one p a r e n t ,

2 , 6 - d ioxaadaman tane  (49)  has  been  i s o l a t e d  ( v i d e  i n f r a ) .  In  

g e n e r a l ,  49 and i t s  d e r i v a t i v e s  a r e  most  r e a d i l y  s y n t h e s i s e d  from 

c y c l o o c t a d i e n e s  and c y c l o o c t a t e t r a e n e s . For  example,  o x y m e r c u ra t io n  

o f  c y c l o o c t a - l , 5 - d i e n e  (50)  f o l l o w e d  by sodium i o d i d e  work-up and
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i o d i n e  c l e a v a g e  o f  t h e  organomercury  complex formed gave d i i o d o e t h e r  

53(51)  . D e h y d r o i o d i n a t i o n  o f  5_1 y i e l d e d  th e  v e r s a t i l e  b i c y c l i c

d i e n e  (52)  which by r e p e a t i n g  th e  o x y m e r c u ra t io n  sequence  was 

c y c l i s e d  to  d i i o d i d e  ( 5 3 ) .  C a t a l y t i c  r e d u c t i o n  o f  2 2  f u r n i s h e d  

the  p a r e n t  d i e t h e r  (49)  i n  e x c e l l e n t  o v e r a l l  y i e l d  (Scheme 2 0 ) .

54In  a more r e c e n t ,  b u t  c l o s e l y  r e l a t e d  s tu d y  , 5_2 has  been

c o n v e r t e d  to  d i c h l o r i d e  (54)  and d ib rom ide  (55)  by r e a c t i o n  w i t h

N - c h lo r o -  and N -bromosucc in imide  r e s p e c t i v e l y  w h i l e  d i o l  (56)

has been  o b t a i n e d  by t h e  o x i d a t i o n  o f  52_ w i t h  p e r f o r m i c  a c i d

55(Scheme 2 1 ) .  About  t h e  same t im e ,  55̂  was r e p o r t e d  to  be formed 

by th e  o x i d a t i o n  o f  d ib rom odiene  (57)  w i t h  sodium d ic h r o m a te  i n  

HMPT.

One o f  t h e  e a r l i e s t  r e p o r t e d  d ioxaadam an tanes  was p roduced from a 

s u b s t i t u t e d  c y c l o o c t a t e t r a e n e .  Thus 58_, r e a d i l y  o b t a i n e d  from 

e t h o x y a c e t y l e n e  (Scheme 22), was c o n v e r t e d ^  to  1 , 3 , 5 , 7 - t e t r a e t h o x y -

2 , 6 -d ioxa a dam a n ta ne  (59)  by t h e  a c t i o n  o f  a b s o l u t e  e t h a n o l  

c o n t a i n i n g  a l i t t l e  h y d r o c h l o r i c  a c i d .  The a na logous  t e t r a m e th o x y  

compound (60)  was a l s o  p r e p a r e d ^  and t h e  c r y s t a l  and m o l e c u l a r  

s t r u c t u r e  o f  t h i s  compound has  been  s t u d i e d  by x - r a y  d i f f r a c t i o n .

Although  2 ,4 - d io x a a d a m a n ta n e  (61 )  has n o t  been p r e p a r e d ,  i t s

583-m e thy l  d e r i v a t i v e  (64)  has  been s y n t h e s i s e d  from t h e  s u b s t i t u t e d  

r e s o r c i n o l  (62)  as  shown i n  Scheme 23.  A f t e r  p r o t e c t i o n  o f  t h e  

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

sys tem  gave 1 , 3 - d i h y d r o x y c y c l o h e x a n e  ( 6 3 ) .  T re a tm e n t  o f  63 w i t h  

d i l u t e  m i n e r a l  a c i d  promoted th e  o n e - s t e p  d e p r o t e c t i o n  and r i n g -  

c l o s u r e  to  d ioxaadaman tane  ( 6 4 ) .
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M is c e l l a n e o u s  Higher  Po lyoxaadamantanes

D e r i v a t i v e s  o f  a l l  t h r e e  t r i o x a a d a m a n t a n e s  ( 6 5 ,  6 6 , and 6 7 )  have 

been p r e p a r e d  by S t e t t e r ,  b u t  on ly  i n  one c a s e  has  t h e  p a r e n t  

compound been  i s o l a t e d ,  2 , 4 , 1 0 - t r i o x a a d a m a n t a n e  ( 6 7 )  be in g  

s y n t h e s i s e d " ^  ’ ^  i n  757o y i e l d  by th e  c o n d e n s a t i o n  o f  _68 w i t h  e t h y l  

o r  m ethy l  o r t h o f o r m a t e  (Scheme 2 4 ) ,  C o n s t r u c t i o n  o f  t h e  2 , 4 , 9 - t r i ­

oxaadamantane (66)  n u c l e u s  g e n e r a l l y  i n v o l v e s  an i n t e r m e d i a t e  of  

t h e  form ^(CH^COR1)^ and i s  i l l u s t r a t e d  by t h e  s y n t h e s i s ^  o f  

a l c o h o l  ( 7 2 )  (Scheme 2 5 ) .  Thus t r i a l l y l c a r b i n o l  ( 6 9 ) , p r e p a r e d  

from e t h y l  c h l o r o f o r m a t e  and a l l y lm a g n e s iu m  c h l o r i d e ,  was c l e a v e d  

w i t h  ozone to  g i v e  t r i a l d e h y d e  ( 7 0 ) . C y c l i s a t i o n  o f  70  was 

a ccom pl i shed  by c o n v e r s i o n  to  t r i a c e t a l  ( 7 1 )  which r e v e r t e d  to  7_2 

on s t a n d i n g  a t  room t e m p e r a t u r e  i n  a c e t i c  a c i d .  I n t e r e s t i n g l y ,  

none o f  t h e  above t r i o x a a d a m a n t a n e s ,  which embody a c e t a l  o r  

o r t h o e s t e r  f u n c t i o n a l  g r o u p s ,  show any t endency  t o  e x i s t  as 

n o n - t r i c y c l i c  c a r b o n y l  forms even a t  e l e v a t e d  t e m p e r a t u r e s .

Moreover they  do n o t  r e a c t  w i t h  G r ig n a r d  o r  o r g a n o l i t h i u m  r e a g e n t s  

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

The p r e p a r a t i o n  o f  a 2 , 4 , 6 - t r i o x a a d a m a n t a n e  (6 5) d e r i v a t i v e  was

62accom pl i shed  by S t e t t e r  by t h e  e l e g a n t  s y n t h e t i c  pathway d e p i c t e d  

i n  Scheme 2 6 .  Using c l a s s i c a l  m ethods ,  S t e t t e r  o b t a i n e d  d i o l  (73)  

which on a c i d  h y d r o l y s i s  to  t h e  f r e e  d ih y d ro x y d io n e  ( 7 4 ) ,  

s p o n t a n e o u s l y  c y c l i s e d  to  3 , 5 - d i m e t h y l - 2 , 4 , 6 - t r i o x a a d a m a n t a n e  ( 7 6 ) .  

The p r e c i s e  mode o f  c y c l i s a t i o n  o f  74 i s  u n c l e a r  b u t  most  p r o b a b ly  

i n v o l v e s  t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  t e t r a h y d r o p y r a n  ( 7 5 ) .
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P o l y s u b s t i t u t e d  2 , 4 , 6 , 8 - t e t r a o x a a d a m a n ta n e s  such as 7_7_ have been 

63 64p r e p a r e d  ’ by d i m e r i z a t i o n  o f  p - k e t o a l d e h y d e s  o f  t h e  type  

R'COCR^CHO under  t h e  i n f l u e n c e  o f  bo ron t r i f l u o r i d e  e t h e r a t e ,  

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

d e s c r i b e d  f o r  t r i o x a a d a m a n t a n e s  (Scheme 2 7 ) .

2 -Thiaadamantane  (78)

S u l p h u r ,  l i k e  oxygen,  may t a k e  t h e  p l a c e  o f  t h e  m e th y le n e  groups  

i n  t h e  adamantane m o l e c u l e .  The s i m p l e s t  t h i o e t h e r  p roduced i n  

t h i s  way, 2 - th ia a d a m a n ta n e  (78)  i s  t h e  on ly  n a t u r a l l y  o c c u r r i n g  

s im p le  h e te r o a d a m a n ta n e  and was f i r s t  i s o l a t e d ^ * ^  as  a sweet  

s m e l l i n g  s o l i d ,  m .p .  320° ,  f rom t h e  k e r o s e n e  f r a c t i o n  o f  p e t r o l e u m  

o b t a i n e d  from t h e  Agha J a r i  f i e l d  o f  S o u th e rn  I r a n .

S y n t h e t i c  e n t r y  i n t o  t h e  2 - th ia a d a m a n ta n e  sys tem has t hus  f a r

been r e s t r i c t e d  t o  t h e  r e a c t i o n  o f  b i c y c l o [ 3 . 3 . 1 ] n o n a - 2 , 6 - d i e n e s

w i t h  s u l p h u r  d i c h l o r i d e .  The c o r r e s p o n d i n g  s u lp h o x i d e s  and

su lp h o n e s  may a l s o  be p r e p a r e d  d i r e c t l y  by r e a c t i o n  o f  t h e s e

d i e n e s  w i t h  t h i o n y l  c h l o r i d e ,  S O C l ^ ,  a n d  s u l p h u r y l  c h l o r i d e ,  S O ^ C l ^ ,

r e s p e c t i v e l y .  S e v e r a l  v a r i a t i o n s  o f  t h e  p r o c e d u r e  have been used

by S t e t t e r  and c o -w o rk e r s  f o r  t h e  s y n t h e s i s  o f  a number o f

2 - th ia a d a m a n ta n e s  i n c l u d i n g  t h e  p a r e n t  compound ( 7 8 ) .  Thus d ione  

6  7 6 8(79)  was c o n v e r t e d  * t o  i t s  b i se na m ine  (_7) which r e a c t e d  w i t h

SCI 2  t o  g i v e  t h e  u s e f u l  d io n e  ( 8 0 ) .  W o l f f -K is h n e r  r e d u c t i o n  o f  8 £

which has  been  c o n v e r t e d  to  a v a r i e t y  o f  o t h e r  d e r i v a t i v e s ^  ^

p r o v id e d  t h e  f i r s t  l a b o r a t o r y  s y n t h e s i s  o f  _78 (Scheme 2 8 ) .

34Alternatively, 78, ^ as been prepared by LiAlH^ reduction of

4,8-dichloro-2-thiaadamantane (81) which was obtained by the 

condensation of SCI 2  with diene ( 2 6 ) .
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A n o v e l  t h ia a d a m a n ta n e ,  which does n o t  have a d i r e c t  c o u n t e r p a r t

i n  t h e  oxaadamantane f i e l d  i s  the  1 - t h i a n i a a d a m a n t a n e  c a t i o n  ( 8 3 ) .

T h is  s p e c i e s  has  been  p r e p a r e d  as  t h e  bromide s a l t  by t h e  

72t r e a t m e n t  o f  m erc ap ta n  (82)  w i t h  sodium c a r b o n a t e  (Scheme 29) ,  

b u t  as  y e t  has  r e c e i v e d  l i t t l e  f u r t h e r  a t t e n t i o n .

D i th ia a d a m a n ta n e s

Only one example o f  each  o f  t h e  two i s o m e r i c  d i t h i a a d a m a n t a n e s

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

73 74has  been  shown * to  p roce e d  i n  two s t a g e s  (Scheme .30). The

i n i t i a l  1 : 1  a d d u c t ,  which may be i s o l a t e d  as  an u n s t a b l e  s o l i d  i s

b i s a l l y l i c  c h l o r i d e  ( 8 4 ) .  In  t h e  p r e s e n c e  o f  e x c es s  S C ^ ,  however ,

t h i s  compound r e a c t s  f u r t h e r  to  produce  h i g h l y  c r y s t a l l i n e

t e t r a c h l o r o d i t h i a a d a m a n t a n e  ( 8 5 ) .  The s t r u c t u r e  o f  t h e  p r o d u c t

has  been d i s t i n g u i s h e d  from t h e  i s o m e r i c  d i t h i a t w i s t a n e  ( 8 6 )

74by p . m . r .  s p e c t r o s c o p y  and by o x i d a t i o n  o f  t h e  p r o d u c t  t o  t h e  

c o r r e s p o n d i n g  d i s u l p h o x i d e  (Scheme 3 1 ) .  By v i r t u e  o f  i t s  

symmetry 85 can  produce  on ly  one e n a n t i o m e r i c  d i s u l p h o x i d e  (87) 

whereas  8 6 _ may produce  two ( 8 8  and 89 )•  I s o l a t i o n  o f  on ly  one 

d i s u l p h o x i d e  con f i rm e d  t h e  d i t h i a a d a m a n t a n e  s k e l e t o n .  F u r t h e r  

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

c r y s t a l l o g r a p h i c  examinat ion^"* o f  t h e  p r o d u c t .

By v i r t u e  o f  i t s  e x c e p t i o n a l  c r y s t a l l i n i t y  2 , 4 - d i t h i a a d a m a n t a n e  (91) 

was o b t a i n e d ^  as t h e  on ly  e a s i l y  s e p a r a b l e  p r o d u c t  o f  t h e  base  

c a t a l y s e d  r e a r r a n g e m e n t  o f  2 - o x a - 4 , 6 - d i t h i a a d a m a n t a n o l  (90)

(Scheme 3 2 ) .  O b ta ined  i n  ca  257« y i e l d ,  9_1 was i d e n t i f i e d  by 

u l t r a v i o l e t  and mass s p e c t r o s c o p y  and by a com ple te  a n a l y s i s  o f  i t s  

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

At th e  p r e s e n t  t ime no s y n t h e t i c a l l y  u s e f u l  r o u t e s  to  t r i t h i a -  o r  

p e n ta t h i a a d a m a n ta n e s  have been r e p o r t e d  and o f  t h e  two t e t r a t h i a -  

adamantanes  p o s s i b l e ,  on ly  one sys tem , t h e  2 , 4 , 6 , 8 - i s o m e r  (92)  

and i t s  d e r i v a t i v e s  have  been s t u d i e d .  9̂ 2 and i t s  b r id g e h e a d  

s u b s t i t u t e d  d e r i v a t i v e s  (93)  a r e  r e a d i l y  p r e p a r e d  by t h e  a c t i o n  

o f  hydrogen  s u l p h i d e  on p - d i k e t o n e s  (Scheme 3 3 ) .  Although  t h i s  

r e a c t i o n  has  been  known f o r  many y e a r s ^ ,  t h e  s t r u c t u r e  o f  t h e  

d i m e r i s e d  p - d i t h i o k e t o n e  p r o d u c t  was c o n s i d e r e d  to  be 94 and i t

was on ly  r e l a t i v e l y  r e c e n t l y  t h a t  t h e  t r u e  t e t r a t h i a a d a m a n t a n e

78fo rm u la  was e s t a b l i s h e d  •

More r e c e n t l y ,  t h e  r e a c t i o n  o f  p - d i k e t o n e s  w i t h  t h i o l  a c i d s  has  been 

79r e p o r t e d  , t o  y i e l d  2 , 4 , 6 , 8 - t e t r a t h i a a d a m a n t a n e s .  However, l i k e  t h e  

p r e v i o u s  r e a c t i o n ,  t h e  p r o d u c t  m i x t u r e  was complex and was found 

to  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  o f  p e n t a t h i a a d a m a n t a n e s ,  

h e x a th i a a d a m a n t a n e s  ( v id e  i n f r a )  and v a r i o u s  o x a th i a a d a m a n ta n e s  

making t h e  i s o l a t i o n  o f  p r o d u c t s  e x t r e m e l y  d i f f i c u l t .  A much 

c l e a n e r  p r o d u c t  was o b t a i n e d  by th e  u se  o f  p - d i t h i o k e t o n e s .

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

2 , 4 , 6 , 8 - t e t r a t h i a a d a m a n t a n e  n u c l e u s  has  been  accom pl i shed  by d i r e c t

m e t a l l a t i o n  u s i n g  n - b u t y l  l i t h i u m .  Thus d i m e th y l  d e r i v a t i v e  (95)

80forms t h e  d i l i t h i u m  s a l t  (96)  i n  which each n e g a t i v e  c h a r g e  i s

p a r t l y  d e l o c a l i s e d  th ro u g h  s u l p h u r .  A d d i t i o n  o f  D2 O to  t h i s  s a l t

p roduced t h e  d i d e u t e r o -  d e r i v a t i v e  (97)  c o n f i r m i n g  t h e  n a t u r e  o f

t h e  d i a n i o n  (Scheme 3 4 ) .  Of g r e a t e r  s y n t h e t i c  i m p o r ta n c e ,  however ,

81has  been t h e  t r e a t m e n t  o f  d i m e t h y l t e t r a t h i a a d a m a n t a n e  (98)  w i t h  

n - b u t y l  l i t h i u m  fo l lo w e d  by c a r b o n y l a t i o n  to  g i v e  c a r b o x y l i c  a c i d  (99) 

(Scheme 3 5 ) .
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8 2Hexa th ia adam an ta ne  ( 100) has  been o b t a i n e d  by th e  a c i d - c a t a l y s e d  

c o n d e n s a t i o n  o f  fo rm ic  a c i d  and hydrogen  s u l p h i d e  (Scheme 3 6 ) ,  

and was found to  be p r a c t i c a l l y  i n s o l u b l e  i n  a l l  common s o l v e n t s .

S t r u c t u r a l  c o n f i r m a t i o n  has  been o b t a i n e d  by x - r a y  d i f f r a c t i o n

83s t u d i e s  which have i n  a d d i t i o n  r e v e a l e d  a s t r o n g  i n t e r a c t i o n  

be tween  i n d i v i d u a l  m o le c u le s  o f  t h e  compound. Due to  t h i s

i n t e r a c t i o n ,  t h e  i n t e r m o l e c u l a r  d i s t a n c e s  between  a d j a c e n t  s u lp h u r  
o

is a r e  3 .55  A which i s  cons i i  

van d e r  Waals d i a m e t e r  o f  3 .7  &.

o
atoms a r e  3 .55  A which i s  c o n s i d e r a b l y  l e s s  t h a n  th e  r e c o g n i s e d

T e t r a m e t h y lh e x a th i a a d a m a n ta n e  ( 101) has  been  o b t a i n e d  by a number

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

a c i d ^ ,  bromine w i t h  t h i o a c e t i c  a c i d ^  and a c e t y l  c h l o r i d e  w i th

86l i q u i d  hydrogen  s u l p h i d e  • Like  t h e  t e t r a t h i a a d a m a n t a n e s  a l r e a d y  

d i s c u s s e d ,  however ,  t h e  s t r u c t u r a l  a s s ig n m e n t  o f  t h e  compound

t h u s  p roduce d ,  remained  i n  e r r o r  u n t i l  i t  was c o r r e c t l y  i d e n t i f i e d

87
as 101 by Fredga  i n  1951.

Azaadamantane

Two i s o m e r i c  azaadamantanes  a r e  p o s s i b l e  and r o u t e s  to  bo th  have 

been  d e v e lo p e d .  The s y n t h e s i s  o f  1 -azaadam antane  ( 102) has

88-91r e c e i v e d  a t t e n t i o n  from a number o f  w o r k e r s ,  s e v e r a l  o f  whom 

have f o l lo w e d  t h e  same b a s i c  s t r a t e g y  (Scheme 3 7 ) .  The s t a r t i n g  

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

methods to  t r i e s  t e r  ( 103) which was r ed u c e d  i n  two s t a g e s  t o  t r i o l  

( 104) .  R e a c t i o n  o f  104 w i t h  HBr i n  g l a c i a l  a c e t i c  a c i d  f u r n i s h e d  

105 which condensed  w i t h  ammonia to  g i v e  102 i n  low o v e r a l l  y i e l d .
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An a l t e r n a t i v e  s y n t h e s i s  o f  102 which has  been  r e c e n t l y  r e p o r t e d  

92by Speckamp e t  a l  i s  o u t l i n e d  i n  Scheme 3 8 . An i m p o r t a n t  a s p e c t

o f  t h i s  r e a c t i o n  sequence  i s  t h e  p r e s e n c e  o f  a c a rb o n y l  group i n

a z a b i c y c l o n o n a n e  ( 106) .  While  e l i m i n a t i o n  o f  t h i s  group l e a d s  to

t h e  p r e p a r a t i o n  o f  t h e  p a r e n t  amine ( 1 0 2 ) ,  i t s  r e t e n t i o n  and

m o d i f i c a t i o n  a l l o w  t h e  s y n t h e s i s  o f  a number o f  C(4)  f u n c t i o n a l i s e d

93d e r i v a t i v e s  such as  107 and 108 •

2 -azaadam an tane  ( 109) and i t s  d e r i v a t i v e s  have been  s y n t h e s i s e d

from b i c y c l o  [ 3 . 3 . 1 ] nonanes  employing r e a c t i o n s  s i m i l a r  to  t h o s e

used  f o r  t h e  p r e p a r a t i o n  o f  2 -o x aa d a m a n ta n es . For  example,  109 

39was formed from d io n e  ( 1 0 ) by t h e  r e a c t i o n  sequence  shown i n

Scheme 39 ( c f  t h e  s y n t h e s i s  o f  2 -oxaadamantane  from t h e  same

s t a r t i n g  m a t e r i a l ) .  S i m i l a r l y ,  d i e n e  (26) which may a l s o  be used

f o r  t h e  p r e p a r a t i o n  o f  2 - o x a -  and 2 - t h i a a d a m a n ta n e s ,  has  been 

94c o n v e r t e d  to  4 , 8 - d ib ro m o -2 -az a a d am a n ta n e  ( 110) by r e a c t i o n  w i t h  

N ,N -d ib ro m o -p - to lu en e s u lp h o n a m id e  (Scheme 3 9 ) .  C a t a l y t i c  

r e d u c t i o n  o f  1 1 0  f o l l o w e d  by t r e a t m e n t  w i t h  sodium i n  l i q u i d  

ammonia p r o v id e d  a c o n v e n i e n t  s y n t h e s i s  o f  109.

2 -azaadam an tanes  have been  p r e p a r e d  from d io n e  (79)  by t h e  r e a c t i o n

95sequence  shown i n  Scheme 40 . t t - B r o m i n a t i o n  o f  79_ w i t h

p y r i d i n e  hydrobromide  pe rb rom ide  y i e l d e d  a m i x t u r e  o f  mono- and 

d i b ro m o d ik e to n e s  ( 1 1 1  and 1 1 2 ) and r e a c t i o n  o f  t h e  l a t t e r  w i t h  

ammonia o r  m ethy lam ine  gave d i k e t o a z a a d a m a n ta n e s  ( 113) .  T h i s  i s  

a p a r t i c u l a r l y  a t t r a c t i v e  s y n t h e t i c  r o u t e  to  2 - az a a dam a n ta ne s  

be c a u s e  o f  t h e  a v a i l a b i l i t y  o f  79_, t h e  s i m p l i c i t y  o f  t h e  r e a c t i o n s  

i n v o lv e d  and t h e  p r e s e n c e  o f  c a r b o n y l  groups  a t  C(4)  and C( 8 ) o f  t h e  

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

F ive  i som ers  o f  d iaz a a dam a n ta ne  a r e  p o s s i b l e  and a r e  shown i n

T ab le  2 . However, on ly  two o f  t h e s e ,  t h e  1 ,3 -  and 2 , 6 - i somers

( 114 and 115) have been s y n t h e s i s e d .  The p r i n c i p a l  r o u t e  to

1 , 3 - d i a z a a d a m a n t a n e s , which a r e  o f  i n t e r e s t  due to  t h e i r  ex treme

t o x i c i t y ,  i s  t h e  c o n d e n s a t i o n  o f  b i s p i d i n e  ( 116) w i t h  a ld e h y d e s

or  k e t o n e s  (Scheme 41) and t h i s  a pproach  was used  ( w i th

fo rm aldehyde  as  t h e  c a r b o n y l  s p e c i e s )  i n  two in d e p e n d e n t

s y n t h e s e s ^ ’ ^  0 f  t h e  p a r e n t  di amine  ( 114) i n  1955. An i n t e r e s t i n g

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

d iaz a a dam a n ta ne  to  be c o n v e r t e d  to  a n o t h e r  by t r e a t m e n t  w i t h  an 

98a lde hyde  o r  k e to n e  •

The s y n t h e s i s  o f  2 , 6 - d i a z a a d a m a n t a n e s  has  been r e p o r t e d  by s e v e r a l

94 99 100a u t h o r s  i n c l u d i n g  S t e t t e r  ’ , Portmann and G ante r  and

101 94 99Dupeyre and R a s s a t  • The a pproach  a dop te d  by S t e t t e r  * was

e s s e n t i a l l y  a na logous  to  t h a t  u sed  f o r  t h e  p r e p a r a t i o n  o f

d ioxaadam an tanes  ( v i d e  s u p r a )  and u t i l i s e d  c y c l o o c t a - 1 , 5 - d i e n e  (50)

as  s t a r t i n g  m a t e r i a l .  E l e c t r o p h i l i c  a d d i t i o n  o f  N,N-dib romo-p-

to lu e n e s u lp h o n a m id e  a c r o s s  t h e  doub le  bonds o f  50_ y i e l d e d

2 . 6 - d i b r o m o - 9 - a z a b i c y c l o [ 3 . 3 . 1 ] nonane ( 117) which was dehydro -  

b ro m in a te d  w i t h  q u i n o l i n e  a t  215° to  p roduce  d i e n e  ( 118) (Scheme 4 2 ) .  

A d d i t i o n  o f  t h e  same d ib romosu lphonamide  t o  t h i s  d i e n e  y i e l d e d

2 . 6 - d ia z a a d a m a n ta n e  ( 119) which was c o n v e r t e d  to  t h e  p a r e n t  

diamine  ( 115) by c a t a l y t i c  r e d u c t i o n  fo l lo w e d  by d e t o s y l a t i o n  

w i t h  sodium i n  l i q u i d  ammonia.



Table 2 Diazaadamantanes.

S t r u c t u r e Nam e Number

£ r 1 . 2  -

1 . 3 -

1 . 4 -

2 . 4 -

114

© '
2 .6- 115
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F o l low ing  a r e l a t e d  sequence  (Scheme 4 3 ) ,  Portmann and G a n t e r ^ ^  

have  a l s o  s y n t h e s i s e d  a number o f  4 , 8 - d i s u b s t i t u t e d

2 , 6 - d i a z a a d a m a n t a n e s • In  t h e i r  app roa c h ,  e n t r y  i n t o  t h e  

d i az aadam an tane  sys tem  was ga in e d  by t h e  c o n d e n s a t i o n  o f  a p r im ary  

amine (methy lamine)  w i t h  d i e p o x i d e s  ( 120 and 121) .  By v i r t u e  of  

t h e i r  f u n c t i o n a l i t y  a t  C(4)  and C( 8 ) ,  t h e  p r o d u c t s  o f  t h e s e  

c o n d e n s a t i o n s ,  d i o l s  ( 122 and 123) a r e  p a r t i c u l a r l y  s u i t a b l e  as 

p r e c u r s o r s  f o r  t h e  s y n t h e s i s  o f  a number o f  d iaz a a dm a n tane s  which 

have p o t e n t i a l  p h a r m a c e u t i c a l  a p p l i c a t i o n .

Dupeyre and R a s s a t ' * ' ^  produced  115 by t h e  r e a c t i o n  pathway 

i l l u s t r a t e d  i n  Scheme 44 .  The Mannich c o n d e n s a t i o n  o f  methylamine ,  

g l u t a r a l d e h y d e  and a c e t o n e  d i c a r b o x y l i c  a c i d  y i e l d e d  t h e  pseudo-  

p e l l e t i e r i n e  d e r i v a t i v e  ( 124) .  Th is  compound p o s s e s s e s  a c a r b o n y l  

group a t  C(3)  which e n a b le d  t h e  f a c i l e  i n t r o d u c t i o n  o f  a second 

n i t r o g e n  atom i n t o  t h e  m o le c u le  by r e d u c t i v e  a m i n a t i o n .  Thus,  i n  

t h e  p r e s e n c e  o f  b e nz y la m ine ,  3 a - b e n z y l a m i n o - 9 - m e t h y l g r a n a t i n i n e

( 125) was o b t a i n e d  as  t h e  e x c l u s i v e  p r o d u c t .  N -b ro m in a t io n  o f  125 

fo l lo w e d  by r i n g - c l o s u r e  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  

( H o f m a n n - L o f f l e r - F r e y t a g  r e a c t i o n )  f u r n i s h e d  2 , 6 - d i a z a a d a m a n ta n e

( 126) i n  257. y i e l d .  126 was c o n v e r t e d  by c o n v e n t i o n a l  methods t o  

a number o f  o t h e r  2 , 6 -d i a z a a d a m a n t a n e s  i n c l u d i n g  t h e  p a r e n t  

compound ( 115)•

M is c e l l a n e o u s  Higher  Po lyazaadaman tanes

Of t h e  many p o s s i b l e  po lyazaadam an tanes  c o n t a i n i n g  t h r e e  o r  more 

s k e l e t a l  n i t r o g e n  a toms,  d e r i v a t i v e s  o f  on ly  t h r e e ,  1 , 3 , 5 - t r i a z a -  

adamantane ( 127), 2 , 4 , 1 0 - t r i a z a a d a m a n t a n e  ( 135) and 1 , 3 , 5 , 7 - t e t r a -  

azaadamantane  ( 138) a r e  known.
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1 0 27 - m e t h y l t r i a z a a d a m a n t a n e  (128)  has  been  p r e p a r e d  by the  r o u t e

shown i n  Scheme 45.  Th is  r e a c t i o n  p r o c e e d s  e q u a l l y  w e l l  w i t h  a

103v a r i e t y  o f  a ld e h y d e s  and has  been used  to  p roduce

2 . 4 . 9 - t r i s u b s t i t u t e d  d e r i v a t i v e s  such as  129. The 7 - n i t r o -

103d e r i v a t i v e  ( 130) has  been  o b t a i n e d  by a r e l a t e d  approach

(Scheme 46) and by the  more c o n v e n i e n t  c o n d e n s a t i o n ^ ^  o f

n i t r o m e t h a n e  w i t h  fo rm aldehyde  i n  t h e  p r e s e n c e  o f  ammonium a c e t a t e .

L i th iu m  aluminium h y d r i d e  r e d u c t i o n  o f  130 gave 7 - a m i n o - l , 3 , 5 -

t r i a z a a d a m a n t a n e  ( 131) .  In  g e n e r a l ,  compounds o f  t h i s  type  a r e

r e l a t i v e l y  d e l i c a t e  s p e c i e s  and a r e  r e a d i l y  r in g - o p e n e d  to  b i c y c l i c

o r  s i m p l e r  p r o d u c t s .  For  example ,  130 and 131 r e a c t ^ ^  w i t h  a c e t i c

a n h y d r id e  to  g i v e  1 , 3 , 7 - t r i a z a b i c y c l o ( 3 .3 .1 ]  nonanes  ( 132 and 133)

103w h i l e  129 i s  r a p i d l y  c l e a v e d  by aqueous f e r r o u s  i o n  to  p roduce  

complexes o f  134.

2 .4 .1 0 - t r i a z a a d a m a n ta n e s  ( 136 and 137) have been s y n th e s i s e d ^ -̂  f rom 

1 , 3 , 5 - t r i n i t r o b e n z e n e  (Scheme 4 7) by a r o u t e  s i m i l a r  to  t h a t  used 

f o r  t h e  p r e p a r a t i o n  o f  t h e  c o r r e s p o n d i n g  t r i o x a a d a m a n t a n e  sys tem 

( v id e  s u p r a ) .  No a t t e m p t  was made however to  c o n v e r t  e i t h e r  136

o r  137 i n t o  t h e  p a r e n t  compound ( 135) .

Th is  r e v i e w  would be in c o m p le t e  w i t h o u t  a f i n a l  m en t ion  o f  the  

u l t i m a t e  c o n d e n s a t i o n  p r o d u c t  o f  ammonia and fo rm a lde hyde ,  

1 , 3 , 5 , 7 - t e t r a a z a a d a m a n t a n e  ( 138) .  Commonly known as  h e x a m e th y le n e -  

t e t r a m i n e  o r  u r o t r o p i n e ,  138 has  been  known^-̂  s i n c e  1895 and i s  o f  

h i s t o r i c  i n t e r e s t  as  the  f i r s t  compound to  be c o r r e c t l y  i d e n t i f i e d  

as  h a v in g  an adamantanoid  s t r u c t u r e .  Th is  r i n g  sys tem i s  however 

r a t h e r  u n s t a b l e  and ,  l i k e  t r i a z a a d a m a n t a n e s ,  r e a d i l y  r e a c t s  i n  the  

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

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

im p o r ta n c e .
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Part Two

The Acetylation of Bicyclo [3.3.1] nonan-  
2,6-diones — a Novel Route to 
Adamantanes and Heteroadamantanes
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INTRODUCTION

In  r e c e n t  y e a r s ,  c o n s i d e r a b l e  e f f o r t  has  been d i r e c t e d  towards  the

p r e p a r a t i o n  and s tu d y  o f  o r g a n o - s u l p h u r  compounds and to  t h e i r

108a p p l i c a t i o n s  as  i n t e r m e d i a t e s  i n  c h em ica l  s y n t h e s i s  • A c l a s s  o f

compounds which has  been shown to  have p a r t i c u l a r  s y n t h e t i c  u t i l i t y  i s

t h a t  o f  the  p - k e t o s u l p h o x i d e s , RCOCt^SOCH^, which may be r e a d i l y  

109p r e p a r e d  i n  h ig h  y i e l d s  by t h e  c o n d e n s a t i o n  o f  d i m e th y l  s u lp h o x i d e  

w i th  e s t e r s  under  b a s i c  c o n d i t i o n s  (Scheme 4 8 ) .  The c o n v e r s i o n  o f  such 

i n t e r m e d i a t e s  i n t o  a v a r i e t y  o f  p r o d u c t s  i n c l u d i n g  m ethy l  k e t o n e s ,  CC-keto 

a ld e h y d e s ,  a - k e t o  e s t e r s  and g l y c o l s  (Scheme 49) has  been  rev iewed  by 

R u s s e l l  and Ochrymow ycz^^• More complex p - k e t o  s u lp h o x i d e s  which have 

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

c o n v e n i e n t l y  p r e p a r e d  by s e l e c t i v e  o x i d a t i o n  o f  the  c o r r e s p o n d in g  

s u l p h i d e .

The p h o to c h e m ic a l  b e h a v io u r  o f  s a t u r a t e d  a l i p h a t i c  and b i c y c l i c  p - k e t o  

s u l p h o x i d e s  has  been i n v e s t i g a t e d  by G a n te r  and Moser . Of p a r t i c u l a r  

r e l e v a n c e  to  the  p r e s e n t  work was a s tu d y  o f  the  p h o t o l y s i s  o f  the  

e p im e r i c  b i c y c l i c  s u lp h o x i d e s  ( 139 and 140) .  Dur ihg  s h o r t - p e r i o d  

i r r a d i a t i o n s  (2 to  8  h r )  o f  d ioxan  s o l u t i o n s  o f  139 and 140 u s i n g  a 0 .9  

w a t t  low p r e s s u r e  mercury  lamp ( X 2537&) p h o t o s t e r e o m u t a t i o n  ( l i g h t -  

in duced  i n v e r s i o n  o f  c o n f i g u r a t i o n )  o f  the  s u lp h o x i d e  g ro u p in g  was 

found to  be t h e  p redom inan t  r e a c t i o n .  Longer i r r a d i a t i o n  (16 h r ) ,  on 

t h e  o t h e r  hand ,  o f  e i t h e r  compound, r e s u l t e d  i n  the  f o r m a t i o n  o f  an 

a d d i t i o n a l  d e s u l p h u r i s e d  r e a r r a n g e m e n t  p r o d u c t  i n  a p p r o x i m a t e ly  307. 

y i e l d .  Th is  m o d e r a t e l y  p h o t o s t a b l e  p r o d u c t  was i d e n t i f i e d  as 

l - h y d r o x y - 9 - o x a b i c y c l o f 3 . 3 . 1 ) n o n a n - 4 - o n e  ( 142), the  f o r m a t i o n  o f  

which was e x p l a i n e d  by an i n i t i a l  C0 -S c l e a v a g e ,  a s u b s e q u e n t  

t r a n s a n n u l a r  p r o t o n  s h i f t  fo rming s u l p h i n e  ( 141) ,  and a f i n a l  

s p o n ta ne ous  l o s s  o f  s u l p h u r  to  g i v e  t h e  o b s e rv e d  p r o d u c t  (Scheme 50) .
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1 1 2The same a u t h o r s  had p r e v i o u s l y  s t u d i e d  the  p h o t o l y t i c  r e a r r a n g e m e n t  

o f  the  r e l a t e d  p - k e t o  s u l p h i d e s ,  ( 143 and 144) ,  and had shown t h a t  

i n  t h i s  c a s e  p r o d u c t s  a r o s e  from k e t e n e  i n t e r m e d i a t e s  formed by an 

i n i t i a l  C ( l ) - C ( 2 )  bond c l e a v a g e  ( a  - c l e a v a g e ) .  Thus i n  a non-  

n u c l e o p h i l i c  s o l v e n t  such as  benzene ,  i r r a d i a t i o n  o f  143 gave l a c t o n e  

( 145) ,  w h i l e  i n  m e t h a n o l i c  s o l u t i o n ,  t h e  m onocyc l ic  e s t e r  (146)  was 

the  main p r o d u c t .  Ana logous ly  e s t e r  ( 144) gave ,  i n  m e th a n o l ,  the  

r i n g - o p e n e d  compound ( 147) (Scheme 5 1 ) .

As p a r t  o f  a more g e n e r a l  pho tochem ica l  s t u d y ,  t h e  r e a c t i v i t i e s  o f

some k e to n e s  i n  t h e  9 - t h i a b i c y c l o [ 3 . 3 . 1 ) nonane f i e l d  have been

113i n v e s t i g a t e d  by Padwa and B a t t i s t i  . In  a d d i t i o n  to  t h e  ex p e c te d  

r i n g - o p e n e d  p r o d u c t  ( 149) t h e s e  a u t h o r s  have obse rved  the  f o r m a t i o n  

o f  t h e  s k e l e t a l l y  r e a r r a n g e d  p r o d u c t  ( 150) ,  d u r in g  th e  p h o t o l y s i s  o f  

9 - t h i a b i c y c l o [ 3 . 3 . l ]n o n a n - 2 - o n e  ( 148) (Scheme 52) and have s u g g e s t e d  

t h a t  i n t r a m o l e c u l a r  c h a rg e  t r a n s f e r  be tween  lone  p a i r s  on s u l p h u r  and 

th e  n e ig h b o u r i n g  c a r b o n y l  group i s  one o f  t h e  p r i n c i p a l  f a c t o r s  

c o n t r o l l i n g  th e  c o u r s e  o f  t h i s  r e a c t i o n .  S i m i l a r l y ,  t h e  r e a r r a n g e m e n t  

o f  t h e  u n s a t u r a t e d  k e to n e  ( 151) to  t h e  s t r a i n e d  2i t h i a b i c y c l o [ 6 . 1 . 0 ) -  

nonane d e r i v a t i v e  ( 152) was a l s o  c o n s i d e r e d  to  p roceed  v i a  the  f o r m a t i o n  

o f  a z w i t t e r i o n i c  e x c i t e d  s t a t e  (Scheme 53 ) .

A c o g n a te  c h a rg e  t r a n s f e r  i n t e r a c t i o n  has  been r e p o r t e d  by M e l lo r  and 

114Webb to  oc c u r  bo th  i n  t h e  ground s t a t e  and i n  an e x c i t e d  e l e c t r o n i c  

s t a t e  o f  t h e  more complex b i s e n o n e  ( 153) ,  and has  been  r e c o g n i s e d  as 

be in g  o f  p r im ary  im por ta nc e  d u r in g  th e  p h o t o r e a r r a n g e m e n t  o f  t h a t  compound 

to  t h e  2 - t h i a b i c y c l o ( 3 . 3 . 1 ] nonane d e r i v a t i v e  ( 154) (Scheme 5 4 ) .  Th is  

o b s e r v a t i o n  i s  s u p p o r t e d  by th e  s t r i k i n g  c o n t r a s t  i n  r e a r r a n g e m e n t  

b e h a v io u r  between 153 and i t s  9-methano a na logue  ( 155) .  While 155
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has been shown to r e a r r a n g e  on ly  by [1 ,5]  and [1 ,2 ]  s i g m a t r o p i c

r e a r r a n g e m e n t s ,  no such r e a c t i o n s  have been o b se rve d  d u r in g  the

114p h o t o l y s i s  o f  153, the  f o r m a t i o n  o f  154 b e ing  e x p l a i n e d  i n s t e a d  

by a [1 ,3]  s i g m a t r o p i c  s h i f t .

DISCUSSION

An i n t e r e s t i n g  e x t e n s i o n  o f  t h e  work o f  M e l lo r  which had become 

a p p a r e n t  and which had prompted t h e  s u b s e q u e n t l y  d e s c r i b e d  work,  was 

an i n v e s t i g a t i o n  i n t o  t h e  p h o t o l y t i c  b e h a v io u r  o f  9 - t h i a b i c y c l o  [ 3 . 3 . 1 ] -  

n o n a n - 3 , 7 - d i e n - 2 , 6 - d i o n e - 9 - o x i d e  ( 156) and th e  r e l a t e d  s u lphone  ( 157) .  

O x i d a t i o n  o f  t h e  s u l p h u r  b r i d g e  o f  153 to  t h e  c o r r e s p o n d i n g  s u lp h o x i d e  

and su lphone  f u n c t i o n s  has  t h e  e f f e c t  o f  i n v o l v i n g  th e  f o r m e r l y  non­

bonding  S - e l e c t r o n s  i n  t h e  f o r m a t i o n  o f  s u lp h u r - o x y g e n  c o v a l e n t  bonds .  

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

to  ne a rb y  u n s a t u r a t e d  chromophores  may t h e r e f o r e  be e x p e c t e d  to  be 

d i m i n i s h e d  o r ,  i n  t h e  c a s e  o f  157, c o m p l e t e l y  n u l l i f i e d .  In  t h e  

absence  o f  any o t h e r  c o m p l i c a t i n g  f a c t o r s ,  t h e  pho to ch e m ic a l  r e a r r a n g e ­

ment o f  157 may t h e r e f o r e  be e x p e c t e d  to  be r e f l e c t i v e  o f  t h e  a l i c y c l i c  

b i s e n o n e  ( 155) ,  w h i l e  s u lp h o x i d e  ( 156) may be e x p e c t e d  to  e x h i b i t  

p r o p e r t i e s  i n t e r m e d i a t e  be tween 155 and 153.

An a d d i t i o n a l  r e a c t i o n  mode, however ,  becomes i n c r e a s i n g l y  more 

p l a u s i b l e  due to  t h e  improved l e a v i n g  group  a b i l i t y  o f  t h e  SO and SO^ 

f u n c t i o n s .  The p o s s i b l e  c onsequences  o f  t h i s  r e a c t i o n  pa thway,  a 

p h o t o - i n d u c e d  e x t r u s i o n  o f  s u l p h u r  monoxide from 156 or  s u l p h u r  d i o x i d e  

from 157 to  p roduce  t h e  u n s a t u r a t e d  d i r a d i c a l  ( 158) ,  has  a ro u s e d  some 

i n t e r e s t .  Of t h e  v a r i o u s  ways i n  which th e  u n d o u b te d ly  l a b i l e  158 

m igh t  r e a r r a n g e  to  a c h i e v e  s t a b i l i t y ,  t h e  most l i k e l y  method was 

c o n s i d e r e d  to  be by t r a n s a n n u l a r  r a d i c a l  c o u p l i n g  c r e a t i n g  th e
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u n s a t u r a t e d  b i c y c l o o c t a n d i o n e s  ( 159 a n d / o r  160) (Scheme 5 5 ) .  In  

o r d e r  to  t e s t  t h e s e  i d e a s  156 and 157, which had n o t  p rev ious ly-  

appeared  i n  t h e  l i t e r a t u r e ,  had f i r s t  to  be s y n t h e s i s e d .

The most  c o n v e n i e n t  p r e p a r a t i o n  o f  t h e s e  compounds i s  by th e  o x i d a t i o n  

o f  the  c o r r e s p o n d i n g  s u l p h i d e  ( 1 5 3 ) ,  u s in g  r e s p e c t i v e l y  one and two 

e q u i v a l e n t s  o f  m - c h l o r o p e r b e n z o i c  a c i d ^ ^ .  Of t h e  two s y n t h e s e s  o f  

153 h i t h e r t o  r e p o r t e d  i n  t h e  l i t e r a t u r e ^ ^ *  (Scheme 56) t h a t  o f  

Raphael  e t  a l  was t h e  more a t t r a c t i v e  due to  t h e  use  o f  a l e s s  

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

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

The s t a r t i n g  m a t e r i a l  f o r  t h e  s y n t h e s i s  o f  153 i s  E , E - c y c l o o c t a - l , 5 - d i e n e

( 5 0 ) .  As n o r m a l ly  s u p p l i e d ,  5£ p o s s e s s e s  a f a i n t  y e l l o w  c o l o u r  which

da rke ns  on s t a n d i n g  b u t  which may be removed by d i s t i l l a t i o n ,  i f  d e s i r e d .

In  p r a c t i c e ,  d i s t i l l a t i o n  was n o t  n o r m a l ly  r e q u i r e d  s i n c e  t h e  p r e s e n c e

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

118 119q u a l i t y  o f  2 , 6 - d i ' c h l o r o - 9 - t h i a b i c y c l o  [3. 3.11 nonane ( 161) * p r e p a r e d

from i t .  D i c h l o r i d e  ( 161) was p r e p a r e d  by t h e  s im u l t a n e o u s  d ropw ise

a d d i t i o n  o f  5^  and an e q u im o la r  q u a n t i t y  o f  f r e s h l y  d i s t i l l e d  s u l p h u r

d i c h l o r i d e  i n t o  e x c e s s  m e thy le ne  c h l o r i d e ,  a m o d i f i c a t i o n  o f  t h e

119p r o c e d u r e  adop ted  by Weil  . The t e c h n i q u e  o f  s im u l t a n e o u s  d ropw ise  

a d d i t i o n  i s  employed such t h a t  a t  any g i v e n  i n s t a n t ,  t h e  c o n c e n t r a t i o n  

o f  e i t h e r  r e a c t a n t  i s  e x t r e m e l y  low.  Th is  has  t h e  tw o fo ld  a d v a n ta g e  

o f  s lo w in g  down t h e  o v e r a l l  r e a c t i o n  r a t e ,  t h e r e b y  a i d i n g  i n  the  

d i s s i p a t i o n  o f  evo lved  h e a t ,  and r e d u c i n g  t h e  amount o f  po ly m e r ic  

b y - p r o d u c t s  formed s i n c e  t h e  chance  e n c o u n te r  o f  one m o le c u le  of  

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

e x t r e m e ly  u n l i k e l y .
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An i n t e r e s t i n g  f e a t u r e  o f  t h i s  c o n d e n s a t i o n  r e a c t i o n  i s  t h a t  d i c h l o r i d e

( 161) i s  produced  c o m p l e t e l y  unaccompanied by any i s o m e r i c  2 , 5 - d i c h l o r o -

9 - t h i a b i c y c l o [ 4 . 2 . 1  ) nonane ( 162) ,  r e f l e c t i n g  t h e  g r e a t e r  thermodynamic

s t a b i l i t y  o f  t h e  more sym m e tr ic a l  [ 3 . 3 . 1 ]  f ramework.  The h i g h  y i e l d

and s t e r e o s p e c i f i c i t y  o f  t h i s  c o n d e n s a t i o n  makes i t  an e x t r e m e l y

a t t r a c t i v e  s t a r t i n g  p o i n t  f o r  t h e  p r e p a r a t i o n  o f  o t h e r  9 - t h i a b i c y c l o -

[ 3 . 3 . 1 ] nonane d e r i v a t i v e s  (compare,  f o r  example,  t h e  c o n d e n s a t i o n  of

c y c l o o c t a - 1 , 5 - d i e n e  d i e p o x i d e  ( 163) w i t h  sodium s u l p h i d e  which 

120produces  a m i x t u r e  o f  s k e l e t a l  i s o m e r s ) .

119
D i c h l o r i d e  ( 161) was h y d r o l y s e d  i n  867. y i e l d  by sodium h y d r o x id e  i n  

d im e thoxye tha ne  to  2 , 6 - d i h y d r o x y - 9 - t h i a b i c y c l o [ 3 . 3 . 1 ] nonane ( 164) .  The 

c r e a m - c o lo u r e d  amorphous p r o d u c t  which p r e c i p i t a t e d  d u r i n g  removal  o f  

s o l v e n t  was r e c r y s t a l l i s e d  from m e t h a n o l - e t h y l  a c e t a t e  to  g i v e  

c o l o u r l e s s  p r ism s  which m e l t e d  ove r  a r a t h e r  wide r a n g e  v i z  235-240° 

( l i t ^ ^  241-242°)  b u t  which a ppeared  s p e c t r o s c o p i c a l l y  to  be o f  h ig h  

p u r i t y .

O x i d a t i o n  o f  d i o l  ( 164)

S e l e c t i v e  o x i d a t i o n  o f  164 to  9 - t h i a b i c y c l o  [ 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e  ( 165)

was most  c o n v e n i e n t l y  accompl ished^ -^  by t h e  u s e  o f  chromium t r i o x i d e -

1 2 1p y r i d i n e  complex (CrO^.2C^H^N) employing a m o d i f i e d  C o l l i n s  p r o c e d u r e  

Thus 165 was p r e p a r e d  i n  397. y i e l d  by t r e a t i n g  164 w i t h  6 m ola r  e q u i v a l e n t  

o f  f r e s h l y  p r e p a r e d  complex i n  m e thy le ne  c h l o r i d e .  The c ru d e  p r o d u c t ,  

c o n t a i n i n g  m a in ly  165, t o g e t h e r  w i t h  a l i t t l e  ( <57.) i n c o m p l e t e l y  

o x i d i s e d  m a t e r i a l ,  was r e c r y s t a l l i s e d  t o  g i v e  pu re  d io n e  ( 165) which 

m e l t e d  s h a r p l y  a t  141-142°C i n  c o n c u r r e n c e  w i t h  t h e  l i t e r a t u r e  v a l u e ^ ^ ,  

and whose s t r u c t u r e  was v e r i f i e d  by i n f r a r e d  and p . m . r .  s p e c t r o s c o p y .

Of t h e  f o u r  s t e p s  i n v o lv e d  i n  p r e p a r i n g  b i s e n o n e  s u l p h i d e  (153)  s t a r t i n g
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f rom c y c l o o c t a - 1 , 5 - d i e n e ,  t h e  o x i d a t i o n  o f  164 to  165 proved  to  be 

t h e  most  t r oub le som e  and i n e f f i c i e n t .  While  Raphae l  and coworke rs  

have r e p o r t e d  t h e i r  y i e l d  f o r  t h i s  r e a c t i o n  to  be 657., s e v e r a l  a t t e m p t s  

to  em u la te  t h e i r  r e s u l t s  gave ,  on a v e r a g e ,  r e c o v e r i e s  o f  d io n e  ( 165) 

no b e t t e r  th a n  407.. B e s t  y i e l d s  were c o n s i s t e n t l y  o b t a i n e d  on sm al l  

s c a l e  p r e p a r a t i o n s ,  w h i l e  b a t c h e s  o f  20 g o r  more gave d i s a p p o i n t i n g l y  

low r e c o v e r i e s .  I n  a d d i t i o n ,  an i n c r e a s e  i n  t h e  s c a l e  o f  t h e  r e a c t i o n  

was found to  i n c r e a s e  t h e  p r o p o r t i o n s  o f  p a r t i a l l y  o x i d i s e d  m a t e r i a l  

and s t a r t i n g  d i o l  ( 164) i n  t h e  i s o l a t e d  p r o d u c t .

I t  was f e l t  t h a t  a m ajor  c o n t r i b u t o r y  f a c t o r  to  poor  r e c o v e r i e s  i n  

l a r g e  s c a l e  o x i d a t i o n  a t t e m p t s ,  was t h e  i nadequacy  o f  t h e  ove rhead  

e l e c t r i c  s t i r r i n g  employed d u r i n g  t h e  a d d i t i o n  o f  164 to  t h e  r e a c t i o n  

v e s s e l .  As a more e f f i c i e n t  s t i r r i n g  mechanism was n o t  a v a i l a b l e ,  a 

c hem ica l  s o l u t i o n  to  t h e  problem was s o u g h t .

As th e  prob lem seemed t o  l i e  i n  t h e  f o r m a t i o n  o f  i n s o l u b l e  chromium

com plexes ,  i t  was d e c id e d  to  r e d u c e  t h e  chromium t r i o x i d e : s u b s t r a t e

m ola r  r a t i o  f rom 6 :1  t o  3 : 1 .  I n  t h e  e v e n t ,  t h i s  r e s u l t e d  i n  no

s i g n i f i c a n t  change  i n  o v e r a l l  r e a c t i o n  y i e l d s .  I t  d id  however have

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

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

c r y s t a l l i s a t i o n  o f  d io n e  ( 165) became more d i f f i c u l t .  The m i x t u r e

was n e v e r t h e l e s s  found to  be r e a d i l y  s e p a r a b l e  i n t o  i t s  components  by

t h e  u se  o f  column ch rom a tog raphy ,  g i v i n g  165 i n  227. y i e l d ,  hydroxy-  

112
k e to n e  ( 143) , 7.57., and u n r e a c t e d  d i o l  ( 164) ,  8.47..

The i d e n t i t y  o f  6 - h y d r o x y - 9 - t h i a b i c y c l o [ 3 .3 . 1 ] n o n a n - 2 - o n e  ( 143) was
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conf i rm ed  by i t s  m e l t i n g  p o i n t  (184-186° )  and i n f r a r e d  spec t rum  (KBr)

which showed a d i a g n o s t i c  0-H s t r e t c h i n g  v i b r a t i o n  a t  3404 cm

accompanied by a s t r o n g  c a r b o n y l  a b s o r p t i o n  a t  1686 cm  ̂ i n  good
112

agreement  w i t h  t h e  l i t e r a t u r e  v a l u e s  . The r a t h e r  complex p . m . r .  

spec t rum  o f  t h e  p r o d u c t  i n  d^-DMSO s o l u t i o n  co u ld  n o t  be used  f o r  an 

unambiguous s t r u c t u r a l  r a t i f i c a t i o n ,  b u t  d id  p o s s e s s  a o n e - p r o t o n  OH 

d o u b l e t  (J=4Hz) a t  3 5 .1 1  c oup le d  to  a complex J3-C-0 r e s o n a n c e  a t  3 3 .92,  

More u s e f u l  was t h e  p r o d u c t * s  mass spec t rum  which showed a p a r e n t  ion  

a t  m/e 172, c o r r e s p o n d i n g  to  t h e  f o rm u la ,  accomPan i e^ by

d a u g h te r  i o n s  a t  m/e 154 (M~*"-H2 0 ) , 139 (m"*"-SH) and 126 (M ^-^O -C O ) .

I t  was c l e a r  t h a t  a r e d u c t i o n  i n  t h e  o x i d a n t : s u b s t r a t e  r a t i o  d id  n o t  

o f f e r  any a d v a n ta g e  o v e r  t h e  o r i g i n a l  p r o c e d u r e .  Moreover ,  an i n c r e a s e  

i n  the  r a t i o  to  1 2 : 1  was a l s o  found to  have  no marked a d v a n ta g e  ove r  

t h e  e x i s t i n g  method.

These m o d i f i c a t i o n s  o f  t h e  C o l l i n s  p r o c e d u r e  h a v in g  proved  i n e f f e c t i v e ,

s e v e r a l  a l t e r n a t i v e  methods o f  o x i d i s i n g  164 were a t t e m p t e d .  The w e l l

122
known Jones  o x i d a t i o n  p r o c e d u r e  u s i n g  chromium t r i o x i d e  i n  a c e t o n e

i s  u n s u i t a b l e  i n  t h i s  i n s t a n c e  due to  t h e  v u l n e r a b i l i t y  o f  t h e  s u l p h u r  

b r i d g e  to  o x i d a t i o n  unde r  t h e s e  c o n d i t i o n s ,  and prompted th e  e x a m i n a t i o n  

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

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

123and w i d e ly  used  P f i t z n e r - M o f f a t  o x i d a t i o n  which has  been de ve lope d
124

by A l b r i g h t  and Goldman and which employs a m i x t u r e  o f  a c e t i c  

a n h y d r id e  and d i m e th y l  s u lp h o x i d e  as  t h e  o x i d i s i n g  s p e c i e s .  The 

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

b e l i e v e d  to  p r o c e e d  by an i n i t i a l  n u c l e o p h i l i c  a t t a c k  by d im e th y l
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s u lp h o x i d e  on a c e t i c  a n h y d r i d e ,  w i t h  d i s p l a c e m e n t  o f  a c e t a t e  forming 

th e  r e a c t i v e  sulphonium i n t e r m e d i a t e  ( 166) (Scheme 5 7) . Th is  s p e c i e s  

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

g i v i n g  167 which d e p r o t o n a t e s  and d i s s o c i a t e s  i n t o  d im e th y l  s u l p h i d e  

and p r o d u c t  k e to n e  (o r  a l d e h y d e ) .

H e a t ing  d i o l  ( 164) to  50° f o r  72 h r  i n  t h e  p r e s e n c e  o f  a c e t i c  a n h y d r i d e -  

d im e th y l  s u lp h o x i d e  y i e l d e d ,  on e x t r a c t i o n  o f  t h e  u n p l e a s a n t l y  s m e l l i n g  

r e a c t i o n  m i x t u r e  ( r e m i n i s c e n t  o f  r o t t i n g  v e g e t a b l e  m a t t e r ) ,  a d a r k  

brown s y r u p - l i k e  r e s i d u e  which r e f u s e d  to  c r y s t a l l i s e  f rom a v a r i e t y  

o f  s o l v e n t  m i x t u r e s .  Column chro m ato graphy  o v e r  a lu m in a  succeeded  

on ly  i n  d e c o l o u r i s i n g  the  p r o d u c t  which a t  t h i s  s t a g e  co u ld  n o t  be 

i d e n t i f i e d  w i t h  c e r t a i n t y  by p . m . r .  as  a s i n g l e  s u b s t a n c e .  D i s t i l l a t i o n  

o f  the  v i s c o u s  o i l  a t  0 .0 6  mm Hg gave a m ajo r  f r a c t i o n  b o i l i n g  be tw een  

140° and 144° which on s t a n d i n g  o v e r n i g h t  i n  a r e f r i g e r a t o r  d e p o s i t e d  

c o l o u r l e s s  c r y s t a l s  which m e l t e d  i n  t h e  r a n g e  97 -1 0 0 ° .  These c r y s t a l s  

were r e c o g n i s e d  as  2 , 6 - d i a c e t o x y - 9 - t h i a b i c y c l o [ 3 . 3 . l ] n o n a n e  ( 168) ,

( l i t . m.p.  1 0 0 - 1 0 1 ° )  by com par ison  o f  i n f r a r e d  and p . m . r .  s p e c t r a

w i t h  t h o s e  o f  an a u t h e n t i c  sample .  A mixed m e l t i n g  p o i n t  which  

showed no s i g n i f i c a n t  d e p r e s s i o n  con f i rm e d  th e  s t r u c t u r a l  a s s i g n m e n t .

Reexam ina t ion  o f  t h e  p . m . r .  sp e c t ru m  o f  t h e  c ru d e  p r o d u c t  r e v e a l e d  

t h a t ,  i n  a d d i t i o n  to  r e s o n a n c e s  a r i s i n g  from 168, a p a i r  o f  s h a rp  

s i n g l e t s  c o u ld  be seen  a t  3 2 .1 8  and 3 4 .7 0  which  i n t e g r a t e d  a lm o s t  

e x a c t l y  i n  t h e  r a t i o  o f  3 : 2 .  I n  a d d i t i o n ,  m u l t i p l e t s  a t  3 2 .8 0  and 

3 4 .1 7  ( 1 : 1 )  were c o n s i s t e n t  w i t h  b r id g e h e a d  and H-C-0 p r o t o n s  

r e s p e c t i v e l y .  On t h i s  b a s i s ,  t h e  minor  component o f  t h e  m i x t u r e  was 

a s s i g n e d  as  e i t h e r  b i s ( m e t h y l  t h io m e t h y l  e t h e r )  ( 169) o r  mono(methyl  

t h i o m e t h y l  e t h e r )  ( 170) .  The mass spec t rum  o f  t h e  c ru d e  p r o d u c t  showed
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a low i n t e n s i t y  peak  a t  m/e 276 and e s t a b l i s h e d  th e  i d e n t i t y  o f  the  

minor  p r o d u c t  as  170. No peak a t  m/e 294, c o r r e s p o n d i n g  to  169, was 

o b s e rv e d .

125The f o r m a t i o n  o f  Pummerer type  r e a c t i o n  p r o d u c t s  such as  170 d u r in g

d im e th y l  s u lp h o x i d e  o x i d a t i o n s  o f  a l c o h o l s  i s  a t t r i b u t a b l e  to  t h e

r e a c t i o n  o f  the  s u b s t r a t e  w i t h  171 which i s  formed by e l i m i n a t i o n  o f

a c e t i c  a c i d  from 167 (Scheme 5 8 ) .  I t  was n o t  a l t o g e t h e r  c l e a r  why

even sm a l l  amounts o f  o x i d i s e d  p r o d u c t  were n o t  o b s e rv e d  a l t h o u g h  i t  

124has  been  c la im e d  t h a t  t h e  r e a c t i o n  p r o c e e d s  more e f f i c i e n t l y  w i t h  

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

t h e  Pummerer p r o d u c t .

126
A second ,  a l t e r n a t i v e ,  o x i d a t i o n  p r o c e d u r e  , which a ppe a re d  to  be 

b o th  p o w e r fu l  and s e l e c t i v e  u t i l i s e d  an a c i d i c  s o l u t i o n  o f  chromium 

t r i o x i d e  i n  d i m e th y l  formamide and s e v e r a l  a t t e m p t s  to  o x i d i s e  164 were 

made u s i n g  t h i s  p r o c e d u r e .  On a s m a l l  s c a l e ,  r e a c t i o n  o f  164 w i t h  

6  m o la r  e q u i v a l e n t s  o f  chromium t r i o x i d e  - gave a d i s a p p o i n t i n g l y

low y i e l d  (187.) o f  a brown s o l i d  which was shown by t h i n  l a y e r  

ch rom atography  and p . m . r .  s p e c t r o s c o p y  to  be a lm o s t  e n t i r e l y  hyd roxy -  

k e to n e  ( 143) .  D e s p i t e  t h e  low y i e l d ,  t h e  e a s e  o f  i s o l a t i o n  o f  p r o d u c t  

was e n c o u ra g in g  and f u r t h e r  a t t e m p t s  were made to  i n c r e a s e  t h e  o v e r a l l  

r e c o v e r y  and promote f u r t h e r  o x i d a t i o n  o f  143 .

The r e a c t i o n ,  r e p e a t e d  a t  h i g h e r  t e m p e r a t u r e  ( 9 0 ° ) ,  gave  no 

a p p r e c i a b l e  i n c r e a s e  i n  y i e l d  and once a g a i n  no d io n e  was o b s e r v e d .

A f i n a l  a t t e m p t  was made u s in g  11 m o la r  e q u i v a l e n t s  o f  chromium 

t r i o x i d e  and h e a t i n g  t h e  r e a c t i o n  m i x t u r e  a t  95° f o r  24 h r .  These 

c o n d i t i o n s  were i n  t h e  e v e n t  found to  be r a t h e r  s e v e r e ,  and r e s u l t e d  

i n  an e x t r e m e ly  low r e c o v e r y  (<107.) o f  143, no d io n e  ( 165) b e in g  i s o l a t e d .
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A t h i r d  a pproach  was i n v e s t i g a t e d  and u t i l i s e d  t h e  o x i d a t i v e
127

c l e a v a g e  o f  e t h e r s  by aqueous bromine .  Deno and P o t t e r  have 

d e s c r i b e d  th e  o x i d a t i o n  o f  a wide v a r i e t y  o f  a l i p h a t i c  e t h e r s  

u s in g  aqueous bromine  i n  a sodium a c e t a t e - a c e t i c  a c i d  b u f f e r  

s o l u t i o n  a t  pH 4 . 6 .  Under t h e s e  c o n d i t i o n s ,  p r im a ry  a l k y l  g roups  

a r e  c o n v e r t e d  to  c a r b o x y l i c  a c i d s  and s e conda ry  a l k y l  g roups  to  

k e to n e s  i n  y i e l d s  r a n g i n g  be tw een  30 and 1007.. For  example,  

d i i s o p r o p y l  e t h e r  g i v e s  a c e t o n e  i n  907. y i e l d  and i s o p r o p y l  m e thy l  

e t h e r  i s  o x i d i s e d  to  a c e t o n e  i n  707. y i e l d ,  t h e  m ethy l  group b e in g  

c o n v e r t e d  to  c a rb o n  d i o x i d e .

The a u t h o r s  found i t  n e c e s s a r y  to  m a i n t a i n  t h e  pH o f  t h e  r e a c t i o n  

medium a round  5.  I n c r e a s e  o f  a c i d i t y  i n e v i t a b l y  r e s u l t e d  i n  t h e  

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

t h e  r e a c t i o n  r a t e  was reduc e d  due to  t h e  f o r m a t i o n  o f  HOBr. I n  

most  c a s e s  the  o x i d a t i o n  s t e p  was pe r fo rm ed  i n  t h e  d a r k .  Only i n  

one i n s t a n c e ,  t h a t  o f  b e n z y l  i s o p r o p y l  e t h e r  was the  r e a c t i o n  

i n v e s t i g a t e d  i n  t h e  p r e s e n c e  o f  l i g h t ,  and was r e p o r t e d  to  r e s u l t  

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

( b e n z a l d e h y d e ) .

A p o t e n t i a l  e t h e r  p r e c u r s o r  o f  d io n e  ( 165) was 2 , 6 - d im e th o x y - 9 -

119t h i a b i c y c l o 1 3 . 3 . 1 ) nonane  ( 172) ,  which was c o n v e n i e n t l y  p r e p a r e d  i n  

q u a n t i t a t i v e  y i e l d  by t r e a t m e n t  o f  161 w i t h  sodium m ethox ide  i n  m ethano l  

a t  65° .  T re a tm e n t  o f  t h e  d i s t i l l e d  p r o d u c t  ( b . p .  157-^165°, 15 mm Hg) 

w i t h  an e i g h t - f o l d  m o la r  e x c e s s  o f  bromine gave a brown v i s c o u s  o i l ,  

which was shown by p . m . r .  s p e c t r o s c o p y  to  c o n s i s t  o f  u n r e a c t e d  

d im e th y l  e t h e r  ( 172) ,  c o n ta m in a t e d  by a  t r a c e  o f  d ib ro m id e  ( 173) .

By com par ison  w i t h  t h e  e t h e r s  s t u d i e d  by Deno and P o t t e r ,  172 a p p e a r e d  to
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be h i g h l y  r e s i s t a n t  to  bromine o x i d a t i o n .  I t  i s  o f  c o u r s e  p o s s i b l e  

t h a t  the  r e a c t i o n  o f  172 w i t h  bromine p o s s e s s e s  a long  i n d u c t i o n  

p e r i o d  and t h a t  o x i d a t i o n  would be o b s e rv e d  i f  t h e  m i x t u r e  was 

a l low ed  to  s t a n d  f o r  a l o n g e r  p e r i o d .  However t h i s  was c o n s i d e r e d  

u n l i k e l y  and the  r e a c t i o n  was n o t  p u r s u e d .

In d ee d ,  the  method o f  Raphae l  e t  a l * 1 7  remained  t h e  most e f f i c i e n t  

s y n t h e s i s  o f  165 and was employed i n  sm a l l  s c a l e  (20 mmol) i n  

su b s e q u e n t  p r e p a r a t i o n s  o f  t h i s  compound.

Acid c a t a l y s e d  a c e t y l a t i o n  o f  d io n e  ( 165)

The f i n a l  s t e p s  i n  t h e  s y n t h e s i s  o f  b i s e n o n e  ( 153) u s i n g  t h e  r o u t e

o f  Raphae l  (Scheme 5 6 ) ^ 7 i n v o l v e  t h e  i n i t i a l  c o n v e r s i o n  o f  165 to

i t s  b i s e n o l  a c e t a t e  ( 174) .  A l l y l i c  b r o m i n a t i o n  o f  t h i s  d i e n e  w i t h

128N-bromosucc in imide  i n  c a rbon  t e t r a c h l o r i d e  (W o h l - Z ie g l e r  method ) ,  

u s i n g  a z o d i i s o b u t y r o n i t r i l e  ( 175) as r a d i c a l  i n i t i a t o r ,  f u r n i s h e s  a 

good y i e l d  o f  d i b r o m o d i a c e t a t e  ( 176) .  I f  r e q u i r e d  176 may be i s o l a t e d  

as a h i g h l y  c r y s t a l l i n e  s o l i d ,  m.p .  168-170° ,  b u t  i n  p r a c t i c e  may be 

employed i n  an impure s t a t e  f o r  t h e  p r e p a r a t i o n  o f  b i s e n o n e  ( 153) .  

Thus,  t h e  c ru d e  b r o m i n a t i o n  p r o d u c t ,  n o r m a l ly  o b t a i n e d  as  a c o l o u r l e s s  

o i l  c o n t a i n i n g  g r e a t e r  t h a n  957. d ib rom ide  ( 176), i s  t r e a t e d  w i t h  

r e f l u x i n g  p y r i d i n e  which promotes  smooth d e h y d r o b r o m in a t i o n  and 

d e - e s t e r i f i c a t i o n  y i e l d i n g  153.

The above sequence  o f  r e a c t i o n s ,  i s  n o t  i n  i t s e l f  n o v e l  and does, n o t  

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

s t e p  i n  t h e  se q u en c e ,  t h e  a c e t y l a t i o n  o f  d io n e  ( 165) ,  has  p r o v id e d  a 

b a s i s  f o r  a m a jo r  t o p i c  o f  t h i s  t h e s i s .  I t  i s  t h e r e f o r e  p e r h a p s ,  

w o r th w h i le  c o n s i d e r i n g  b r i e f l y  t h e  h i s t o r y  o f  t h i s  r e a c t i o n .
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Numerous methods have  been  r e p o r t e d  f o r  a c y l a t i o n ,  a t  oxygen and

c a rb o n ,  o f  a c t i v e  m e thy le ne  compounds and have been  rev iewed  by 

129House . These r e a c t i o n s  f a l l  i n t o  two main c a t e g o r i e s  namely

(a)  b a s e - c a t a l y s e d  and (b)  a c i d - c a t a l y s e d  a c y l a t i o n s .  I n  t h e  fo rm er

c a t e g o r y ,  c a t a l y s t s  employed r a n g e  from r e l a t i v e l y  weak b a s e s  such as  

130 131sodium a l k o x i d e s  * to  pow er fu l  p r o t o n  a c c e p t o r s  such as  sodium
ioi  172

h y d r i d e  . Under the  l a t t e r  h e a d in g  c a t a l y s t s  i n c l u d e  t o l u e n e - p -

su lp h o n i c  a c i d ^ ^ ,  boron  t r i f l u o r i d e ' * ' " ^  and s t r o n g  m i n e r a l  a c i d s * ^ .

Of the  v a r i o u s  p r o c e d u r e s  a v a i l a b l e ,  d io n e  ( 165) was c o n v e r t e d  to  i t s

b i s e n o l  a c e t a t e  ( 174) u s i n g  a v a r i a t i o n  o f  the  p r o c e d u r e  ad o p te d  by 

13 6Meerwein who had p r e p a r e d  th e  ana lo g o u s  a l l - c a r b o n  b i s e n o l  a c e t a t e  

(177) f rom b i c y c l o 1 3 . 3 . l ] n o n a n - 2 , 6 - d i o n e  ( 7 9 ) .  79 r e a c t e d  r e a d i l y

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

o f  conc .  s u l p h u r i c  a c i d  (1 drop  conc .  H2 S0 ^ i n  30 ml AC2 O) to  g i v e  

b i s e n o l  a c e t a t e  ( 177) c o n ta m in a t e d  w i t h  a l i t t l e  monoenol  a c e t a t e

( 178) ,  (Scheme 5 9 ) ,  no C - a c y l a t e d  p r o d u c t s  b e in g  r e p o r t e d .

A c y l a t i o n  o f  165 under  t h e s e  c o n d i t i o n s  was f o u n d ^ ^  to  be much l e s s  

f a c i l e .  By r e f l u x i n g  f o r  10 h r  employing a more s t r o n g l y  a c i d i c  

a c e t y l a t i o n  medium (10 d rops  conc .  ^ S O ^  i n  30 ml AC2 O) and by 

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

( r e p l e n i s h i n g  AC2 O as  n e c e s s a r y ) ,  Raphae l  e t  a l  o b t a i n e d  a 597« y i e l d  

o f  b i s e n o l  a c e t a t e  ( 174) .  As w i t h  t h e  p r e p a r a t i o n * o f  177 no C - a c y l a t e d  

p r o d u c t s  were i d e n t i f i e d .

R e p e a t in g  t h e  p r e p a r a t i o n  f o r  t h e  p r e s e n t  p r o j e c t ,  t h e  above r e s u l t s  

were c o n s i s t e n t l y  d u p l i c a t e d .  In  a l l  c a s e s  t h e  d e s i r e d  p r o d u c t ,  174 

was accompanied by c o n s i d e r a b l e  amounts o f  p a r t i a l l y  r e a c t e d  m a t e r i a l ,  

r e s i n  and o t h e r  u n i d e n t i f i e d  b y - p r o d u c t s .  I n  an a t t e m p t  to  r e d u c e  th e
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q u a n t i t i e s  o f  t h e s e  u n d e s i r a b l e  b y - p r o d u c t s ,  e s p e c i a l l y  t h e  r e s i n o u s  

m a t e r i a l  t h o u g h t  to  a r i s e  due to  the  h a r s h l y  a c i d i c  c o n d i t i o n s ,  

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

The t h e o r y  t h a t  a weaker  a c i d  c a t a l y s t  would p roduce  a c l e a n e r  

r e a c t i o n  p r o d u c t  was borne  o u t  e m p i r i c a l l y  when d io n e  ( 165) was 

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

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

607„, was found to  be a lm o s t  i d e n t i c a l  to  t h a t  o b s e rv e d  w i t h  

s u l p h u r i c  a c i d ,  t h e  d e s i r e d  p r o d u c t  was found to  be much c l e a n e r  

and more e a s i l y  s e p a r a b l e  f rom i t s  i m p u r i t i e s  by c r y s t a l l i s a t i o n  and 

t h i n  l a y e r  ch ro m a tog raphy .  Moreover ,  t h e  s o l e  b y - p r o d u c t ,  o f  n o t e ,  

i s  monoenol  a c e t a t e  ( 179X which may be i s o l a t e d  i n  137. y i e l d .

Using even m i l d e r  r e a c t i o n  c o n d i t i o n s ,  the y i e l d  o f  179 may, i n  f a c t ,

be i n c r e a s e d  u n t i l  i t  becomes t h e  p redom inan t  p r o d u c t .  Thus 165 has  
137

b e e n  r e f l u x e d  f o r  2 0  h r  w i t h  2 - a c e t o x y p r o p e n e ,  employing t o l u e n e - p -  

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

c o n t a i n e d  179 i n  827. y i e l d .  P r o longe d  h e a t i n g  under  t h e s e  c o n d i t i o n s  

<ba25 h r )  f a v o u r s  t h e  f o r m a t i o n  o f  b i s e n o l  a c e t a t e  ( 174) .  I t  i s  

conc luded  t h e r e f o r e ,  f rom t h e  above r e s u l t s ,  t h a t  i n  any f u t u r e  

p r e p a r a t i o n  o f  174 and 179. t h e  u se  o f  s u l p h u r i c  a c i d  shou ld  be 

avo ided  and t h a t  where p o s s i b l e ,  t o l u e n e - p - s u l p h o n i c  a c i d  s h o u ld  be 

t h e  c a t a l y s t  o f  c h o i c e .

However, s e v e r a l  h i t h e r t o  u n r e c o g n i s e d  a d v a n ta g e s  o f  u s i n g  conc .  

s u l p h u r i c  a c i d  i n  t h i s  a c e t y l a t i o n  have a l s o  become a p p a r e n t .  I n  an 

i n v e s t i g a t i o n  i n t o  t h e  e f f e c t  o f  v a r y i n g  th e  c o n c e n t r a t i o n  o f  H2 S0 ^ 

on r e a c t i o n  y i e l d s  and p r o d u c t  d i s t r i b u t i o n ,  e x a m i n a t i o n  o f  t h e  p . m . r .  

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



f e a t u r e .  Common to  a lm o s t  a l l  the  s p e c t r a ,  were a p a i r  o f  low- 

i n t e n s i t y  s i n g l e t s  a t  3 1 .6 5  and 3 2 .0 0 ,  which i n v a r i a b l y  i n t e g r a t e d  

i n  t h e  r a t i o  o f  1 :1 .  These s i g n a l s  were s t r o n g e s t  when r e l a t i v e l y  

h ig h  c o n c e n t r a t i o n s  o f  a c i d  had been  employed,  and were c o m p l e t e l y  

a b s e n t  a t  low c o n c e n t r a t i o n s .  I n  a d d i t i o n ,  an e x a m i n a t i o n  o f  the  

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

s u g g e s t e d  the  p r e s e n c e  o f  a compound n o t  p r e v i o u s l y  i s o l a t e d ,  

the  r a t e  o f  f o r m a t i o n  o f  which was dep e n d en t  on t h e  pH o f  the  

a c e t y l a t i o n  medium.

To t e s t  t h i s  h y p o t h e s i s ,  165 was t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  

c o n t a i n i n g  an even h i g h e r  c o n c e n t r a t i o n  o f  c a t a l y s t  t h a n  had been  

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

used r a n g i n g  from 12 to  30 d rops  i n  30 ml r e a c t i o n  m i x t u r e  and 

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

b e c au s e  t h e  r e s u l t a n t  i n c r e a s e  i n  a c i d  c o n c e n t r a t i o n  would ,  i t  was 

hoped ,  f a v o u r  t h e  f o r m a t i o n  o f  t h e  new p r o d u c t .  The r e s u l t s  a r e  

summarised i n  Tab le  3.

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

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

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

<ba 107.) b e in g  o b t a i n e d  from th e  most  a c i d i c  b a t c h .  However,  i n  a l l  

c a s e s ,  t h e  p . m . r .  s p e c t r a  o f  samples  t a k e n  from th e  r e a c t i o n  

m i x t u r e s  a f t e r  6  h r  showed t h a t  a s i g n i f i c a n t  enhancement  i n  the  

r e l a t i v e  y i e l d  o f  the  unknown compound had been o b t a i n e d .  The new 

p r o d u c t  was accompanied by b i s e n o l  a c e t a t e  ( 174), monoenol  a c e t a t e

( 179) ,  and sm al l  amounts o f  o t h e r  compounds,  one o f  which d i s p l a y e d  

a sha rp  s i n g l e t  a t  3 4 . 9 5  ( v i d e  i n f r a ) .



Table 3 P r o d u c t s  f o r m e d  by t h e  r e a c t i o n  of  165 w i t h  a c e t i c  a n h y d r i d e - c o n c .  
s u l p h u r i c  a c i d  m i x t u r e s .  Y ie ld s  r e f e r  t o  i s o l a t e d  m a t e r i a l .

h 2 s o 4

(drops per  30ml At^O)

R e a c t i o n

Time(h)
O - A c y l a t e d

P r o d u c t s

C - A c y l a t e d

P r o d u c t s

( 3 6 1 7 4 (5 6 % ), 122(18% ) 1 8 0 ( 7 ° / . ) )

1 2 6 1 7 4 (1 3 % ) 1 8 0 (3 2 ° /.) ,  1 8 2 (8 % )

18 6 174( 3°/o) 1 8 0 (3 0 ° /.) , 1 8 2 (1 6 °/.)

2 4 6 — 1 8 2 ( 2 6 7 .)

3 0 6
1 “

1 8 2 (1 0 ° /.)
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Optimum i s o l a b l e  y i e l d s  o f  t h e  new p r o d u c t  were o b t a i n e d  from th e  

a c e t y l a t i o n s  c o n t a i n i n g  12 and 18 d rops  o f  s u l p h u r i c  a c i d  p e r  30 ml 

Ac2 0. By s e v e r a l  c r y s t a l l i s a t i o n s  o f  t h e  c ru d e  r e a c t i o n  p r o d u c t s  

f rom e t h e r - p e t r o l e u m  s p i r i t  t h e  compound was o b t a i n e d  f r e e  o f  

a c e t a t e s  ( 174 and 179) as  s t a b l e  c o l o u r l e s s  n e e d l e s  which m e l t e d  

s h a r p l y  w i t h  s u b l i m a t i o n  a t  1 7 2 - 1 7 2 .5 ° .  M i c r o - a n a l y t i c a l  d a t a  

o b t a i n e d  from a sample ,  which had been f u r t h e r  p u r i f i e d  by vacuum 

s u b l i m a t i o n ,  i n d i c a t e d  t h i s  compound, A, to  be an i som er  o f  174 

hav in g  the  m o l e c u l a r  fo rm u la  ^^£^14^4^*

This  was s u p p o r t e d  by mass s p e c t r a l  e v id e n c e  which i n d i c a t e d  a p a r e n t  

ion  a t  m/e 254. Mass s p e c t r o s c o p y  a l s o  p r o v id e d  some i n f o r m a t i o n  as  

to  t h e  m o l e c u l a r  s t r u c t u r e  o f  A. Major  d a u g h t e r  i o n s  a t  m/e 212 and 

194 a r i s i n g  from l o s s  o f  k e t e n e ,  CH2 =C=0 , and a c e t i c  a c i d  CH^C02 H, 

r e s p e c t i v e l y  from t h e  p a r e n t  s u g g e s t e d  t h a t  A c o n t a i n e d  a t  l e a s t  one 

a c e t o x y l  g roup .  Moreover ,  t h e  p r e s e n c e  o f  an i o n  a t  m/e 166 (194 - CO) 

con f i rm ed  th e  o c c u r r e n c e  o f  a k e t o n i c  c a r b o n y l  i n  t h e  m o le c u le

The i n f r a r e d  spe c t rum  (CCl^)  showed t h r e e  o v e r l a p p i n g  c a r b o n y l  

a b s o r p t i o n s .  The band a t  1752 cm  ̂ was a s s i g n e d  as  an e s t e r  c a r b o n y l  

s t r e t c h i n g  mode b u t  was c o n s i d e r e d  too  low i n  f r e q u e n c y  to  be a v i n y l  

a c e t a t e  ( c f .  174 and 179, t h e  s o l u t i o n  s p e c t r a  o f  which show c a r b o n y l  

a b s o r p t i o n s  a t  1761 and 1763 cm  ̂ r e s p e c t i v e l y ) .  The p r e s e n c e  o f  

t h i s  a b s o r p t i o n  and the  sh a rp  t h r e e  p r o t o n  s i n g l e t  a l r e a d y  r e f e r r e d  

to  a t  0 2 . 0 0  i n  t h e  p . m . r .  spe c t rum  c on f i rm e d  the  p r e s e n c e  o f  an 

a c e t o x y l  group bonded to  s a t u r a t e d  c a r b o n .  The o t h e r  two c a r b o n y l  

a b s o r p t i o n s  a t  1729 and 1719 cm  ̂ were c o n s i s t e n t  w i t h  the  o c c u r r e n c e  

o f  two a l i c y c l i c  k e to n e s  w h i l e  t h e  t h r e e  p r o t o n  s i n g l e t  a t  0 1 . 6 5  i n  

t h e  p . m . r .  spec t rum  was i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  a m e th y l  group 

a t t a c h e d  to  t e r t i a r y  c a rb o n .  The r e m a in d e r  o f  t h i s  sp e c t ru m ,
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c o n s i s t e d  o f  p o o r l y  r e s o l v e d  m e thy le ne  and m e th in e  e n v e lo p e s  

e x te n d i n g  from 3 2.51  to  3 .64  and i n t e g r a t i n g  f o r  e i g h t  p r o t o n s  

and was o f  l i t t l e  u t i l i t y  i n  s t r u c t u r e  e l u c i d a t i o n .

U l t r a v i o l e t  s p e c t r o s c o p y  con f i rm ed  a c l o s e  s i m i l a r i t y  be tw een  th e

s t r u c t u r e s  o f  A and i t s  p a r e n t  d io n e  ( 165) .  The p r o x i m i t y  o f  a

c a rb o n y l  group and a s u l p h u r  b r i d g e  i n  A was c o r r o b o r a t e d  by the

e x i s t e n c e  o f  a band a t  239 nm a r i s i n g  from s u l p h u r  lone  p a i r

e x c i t a t i o n ,  a s u l p h u r - c a r b o n y l  c h a rg e  t r a n s f e r  a b s o r p t i o n  a t  260 nm

138
and a p e r t u r b e d  n-MT* c a r b o n y l  t r a n s i t i o n  a t  312 nm

Compound A, was a c c o r d i n g l y  a s s i g n e d  s t r u c t u r e  ( 180), 6 - a c e t o x y - 6 - 

m e t h y l - 2 - t h i a a d a m a n t a n - 4 , 8 - d i o n e .  T h i s  s t r u c t u r e  i n c o r p o r a t e s  i n t o  

a t r i c y c l i c  f ramework  two c a r b o n y l  f u n c t i o n s  which a r e  p- to  a s u l p h u r  

b r i d g e  and a m e th y l  group which i s  gemina l  to  an a c e t o x y l  f u n c t i o n .

The f o r m a t i o n  o f  180 (Scheme 60) i s  c o n s i d e r e d  to  a r i s e  by two 

s e q u e n t i a l  c o n d e n s a t i o n  r e a c t i o n s ,  t h e  f i r s t  o f  which i s  a n o v e l  

a c e t y l a t i o n  a t  C(3)  o f  165 to  g iv e  p - d i k e t o n e  ( 181) .  P o s i t i v e  p r o o f  

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

compound co u ld  n o t  be i s o l a t e d  and i t s  p r e s e n c e  i n  t h e  r e a c t i o n  

m ix t u r e  c o u ld  n o t  be i n f e r r e d  from s p e c t r o s c o p i c  s t u d i e s .  The 

e l u s i v e n e s s  o f  181 may be a t t r i b u t e d  however to  i t s  r a p i d  r e a r r a n g e m e n t  

by i n t r a m o l e c u l a r  a l d o l  c o n d e n s a t i o n  fo l lo w e d  by i n s t a n t a n e o u s

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

As m en t io ned  b r i e f l y  above ,  s e v e r a l  o f  the  a c e t y l a t i o n  p r o d u c t s  

c o n t a i n e d  a compound, B, which gave r i s e  to  a sh a rp  p . m . r .  s i n g l e t  a t  

3 4 .9 5 .  Th is  s i g n a l  which had n o t  been  p r e v i o u s l y  o b s e rv e d  d u r in g  

a c e t y l a t i o n  r e a c t i o n s  was found to  be most  i n t e n s e  ( r e l a t i v e  to  o t h e r
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r e s o n a n c e s  i n  t h e  p r o d u c t  s p e c t r a )  when h i g h l y  a c i d i c  c o n d i t i o n s  were 

employed.  Indee d ,  compound B was found to  be the  o n ly  e x t r a c t a b l e  

p r o d u c t  when a c i d  c o n c e n t r a t i o n s  o f  g r e a t e r  t h a n  24 d rops  p e r  30 ml 

AC2 O were u s e d .  Al though  p . m . r .  e x a m i n a t i o n  o f  such r e a c t i o n  

m i x t u r e s  a l s o  r e v e a l e d  th e  p r e s e n c e  o f  bo th  174 and 180 t h e s e  compounds 

cou ld  n o t  be s e p a r a t e d  from r e s i n o u s  m a t e r i a l .

The c ru d e  p e t r o l e u m  s p i r i t  e x t r a c t ,  c o m p r i s in g  m a in ly  B, was 

d e c o l o u r i s e d  w i t h  a c t i v a t e d  c h a r c o a l ,  and r e c r y s t a l l i s e d  to  g i v e  

c o l o u r l e s s  n e e d l e s  which m e l t e d  s h a r p l y  a t  169-170°.  M i c r o a n a l y s i s  

o f  the  compound was c o n s i s t e n t  w i t h  a m o l e c u l a r  fo rm u la  o f  

^ 1 0 H1 0 ^ 2 ^ anc* was '*'n a Sreem en t  w i t h  i t s  mass spe c t rum  which 

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  194.

By compar ison  w i t h  t h e  complex mass spe c t rum  o f  180, t h a t  o f  B 

p o s s e s s e d  r e l a t i v e l y  few i n t e n s e  s i g n a l s .  The m ajo r  mode o f  

f r a g m e n t a t i o n  o f  t h e  m o l e c u l a r  ion  was by two s e q u e n t i a l  l o s s e s  o f  

ca rbon  monoxide,  g i v i n g  r i s e  to  i o n s  o f  m/e 166 and 138, s u g g e s t i n g  

th e  p r e s e n c e  o f  two k e to n e  f u n c t i o n s  i n  the  m o l e c u l e .  No e v id e n c e  

o f  k e t e n e  o r  a c e t i c  a c i d  l o s s  was d e t e c t e d ,  showing t h a t  B d id  n o t  

p o s s e s s  an a c e t o x y l  f u n c t i o n .  Moreover ,  the  i n f r a r e d  sp e c t ru m  

p o s s e s s e d  o n ly  one a b s o r p t i o n  i n  t h e  1800-1700 cm * r e g i o n ,  a t  

1723 cm \  which was c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  an a l i c y c l i c  

k e to n e  r a t h e r  than  an e s t e r  f u n c t i o n .

Other  s i g n i f i c a n t  a s p e c t s  o f  t h e  i n f r a r e d  spec t rum  were a medium-

i n t e i l s i t y  band a t  1651 cm and a s t r o n g  a b s o r p t i o n  a t  907 cm

. . 139
While n o t  d i a g n o s t i c ,  t h e s e  f e a t u r e s  s u g g e s t e d  t h e  p r e s e n c e  o f  a

1 »1 - d i s u b s t i t u t e d  e t h y l e n e  m o ie ty  i n  the  m o le c u le  and were s u p p o r t e d

by th e  a l r e a d y  m en t io ned  t w o - p ro to n  p . m . r .  s i n g l e t  a t  0 4 . 9 5 .



The r em a in d e r  o f  t h e  p . m . r .  spe c t rum  c o n s i s t e d  o f  a s e r i e s  o f  h i g h l y  

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

e i g h t  p r o t o n s .  The u l t r a v i o l e t  spec t rum  o f  B, which  b o re  a c l o s e  

r ese m b la nc e  to  t h a t  o f  165 showed s u l p h u r - c a r b o n y l  i n t e r a c t i o n  bands 

a t  261 and 309 run, t h e  l a t t e r  p o s s e s s i n g  s h o u l d e r s  a t  303 and 324 nm.

From the  above s p e c t r o s c o p i c  e v i d e n c e ,  and from th e  l i k e l i h o o d  t h a t  

the  p r o d u c t  p o s s e s s e d  a c l o s e  s t r u c t u r a l  r e l a t i o n s h i p  to  165 and 180 

and p o s s i b l y  had been  formed from 180 by e l i m i n a t i o n  o f  a c e t i c  a c i d ,  

compound B was a s s i g n e d  as  6 - m e t h y l e n e - 2 - t h i a a d a m a n t a n - 4 , 8 - d io n e  ( 182)

This  s t r u c t u r e  p o s s e s s e s  as  i t s  o n ly  symmetry e le m en t  ( a p a r t  f rom

th e  i d e n t i t y  e l e m e n t ,  E) a t w o - f o l d  a x i s  t h rough  s u l p h u r  and C ( 6 )

140
and t h u s  b e lo n g s  to  t h e  C2  p o i n t  group . By v i r t u e  o f  t h i s  p r o p e r t y  

th e  t e n  hydrogen  atoms i n  the  m o le c u le  may be g rouped  i n t o  o n l y  f i v e  

m a g n e t i c a l l y  d i s t i n c t  t y p e s ,  each  g i v i n g  r i s e  to  i t s  own p . m . r .  

s i g n a l  i n t e g r a t i n g  f o r  two p r o t o n s .  As a l r e a d y  d i s c u s s e d ,  however ,  

f o u r  o f  t h e s e  g roups  show v e r y  s i m i l a r  c h e m ica l  s h i f t s  and l o s e  

t h e i r  i d e n t i t y  t h rough  m utu a l  o v e r l a p .

141
A technique which has been used successfully to simplify p.m.r. 

spectra by removing accidental equivalence is the complexation of 

the compound under study with a paramagnetic shift inducing reagent. 

These reagents are air-stable, organic coordination compounds of 

elements from the Lanthanide series, the most commonly used complexes 

being tris(dipivalomethanato)europium(III) (EuCdpm)^, 183) and 

tris(l,1,l,2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octanedionato)-

e u r o p i u m ( I I I )  (EuCfod)^ ,  184) which bo th  show h i g h  s o l u b i l i t y  i n  

o r g a n i c  s o l v e n t s .



c ' < 2 r  o 

182

1 8 3  R 1 = r 2  = c(C H 3 ) 3

184  R1 =C(CH3 ) 3  , R2  = CF2 CF2 CF;
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By v i r t u e  o f  t h e i r  a b i l i t y  to  expand t h e i r  c o o r d i n a t i o n  s h e l l s  by

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

complexes a r e  a b l e  to  form bonds to  f u n c t i o n a l  g roups  such a s  -NH^,

-OH and ~C=0. In  the  p . m . r .  s p e c t r o m e t e r ,  l i g a n d  p r o t o n s  w i l l

e x p e r i e n c e  n o t  o n ly  the  e x t e r n a l  m ag n e t i c  f i e l d ,  H°, g e n e r a t e d  by the

Eui n s t r u m e n t ,  b u t  a l s o  a l o c a l i s e d  f i e l d ,  H , p roduced  by t h e  n e a rb y

Eupa ra m a g n e t i c  europium n u c l e u s .  S ince  t h e  s t r e n g t h  o f  H f a l l s  o f f  

r a p i d l y  as  the  d i s t a n c e  from t h e  europium n u c l e u s  i n c r e a s e s ,  t h o s e  

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

the  g r e a t e s t  p a ra m a g n e t i c  i n f l u e n c e s  and as  a consequence  t h e i r  

p . m . r .  s i g n a l s  w i l l  be s h i f t e d  by the  g r e a t e s t  d i s t a n c e  to  lower 

f i e l d .

The p o t e n t i a l  s i m p l i c i t y  o f  t h e  p . m . r .  sp e c t ru m  o f  182 and th e  

p r e s e n c e  o f  l a n e - p a i r - b e a r i n g  f u n c t i o n s  (two c a r b o n y l  g r oups  and a 

s u l p h u r  a tom) i n  t h e  m o le c u le  s u g g e s t e d  t h a t  t h i s  a l k e n e  would be an 

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

E u ( fo d )^  was c hosen  a s  t h e  com plexing  r e a g e n t  i n  p r e f e r e n c e  to  

Eu(dpm)^ be c a u s e  o f  i t s  s u p e r i o r  s o l u b i l i t y  i n  d e u t e r o c h l o r o f o r m .

A number o f  c o n c e n t r a t i o n s  were employed r a n g i n g  from 0 . 1  to  0 . 6  mmol 

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

s p e c t r a  a r e  compared w i t h  the  normal  spe c t rum  i n  F i g u r e  2.

With on ly  0 .1  mmol s h i f t  r e a g e n t  p e r  mmol a l k e n e  th e  sp e c t ru m  became 

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

a s c r i b e d  s t r u c t u r e .  At t h i s  s t a g e  the  l o w e s t  f i e l d  a b s o r p t i o n  was 

the  exomethy lene  s i n g l e t  a t  9 5 .23  which  was l e a s t  s h i f t e d  ( c a .

0 .3 7  9 u n i t s )  r e f l e c t i n g  th e  r e m o te n e s s  o f  t h e s e  p r o t o n s  from th e  

c o m p le x a t io n  c e n t r e .  I n  c o n t r a s t ,  t h e  s i g n a l s  due to  t h e  two t y p e s  

o f  b r id g e h e a d  p r o t o n s ,  C(1 ,3 )H and C (5 ,7 )H ,  which c o n s i s t e d  o f  a



Figure 2

T h e  n o r m a l  a n d  E u r o p i u m - s h i f t e d  100 MHz p r o t o n  m a g n e t i c  r e s o n a n c e  

s p e c t r a  of 6  -  m e t h  v l e n e - 2 - t h i a  a d a m a n t  a n - 4 . 8 -d i  o n e  (1 8 2 ).

R -  c o n c - ° f  E u ( f o d ) 3  

Eu c o n c .  o f  1 8 2

C o n t i n u e d .



Figure 2 ( C o n t i n u e d )

b e

b c

b c



T a b l e  4  Ful l  a s s i g n m e n t  of t h e  p.m.r. s p e c t r u m  of 182 a s  d e r i v e d  f r o m  t h e  

E u r o p i u m  s h i f t e d  s p e c t r a  a n d  d e c o u p l i n g  e x p e r i m e n t s  s h o w n  in F i g u r e  2

H 9 J

C h e m i c a l
S i g n a l  S h i f t  Mul t ip l i c i ty  A s s i g n m e n t  C o u p l i n g

^1,9s^3,10*  ̂ = 2-5 Hz 

\ 9 a ^ 3 fl0 a) = ^  Hz 

**5 , 9 s ^ 7 , 1 0 s)  = 2- 5  HZ 

* ^ 5 , 9 0 ^ 7 , 1 0 0 )  =  ^ ' O H z  

9̂ 5 ,1  (3ios, 3 ) = 2.5Hz 

9̂ 5 , 5 ^ 1 0 5 , 7 ) = 25Hz

J g e m =  13  H z  

^ 9 0 , 1 ^ 1 0 0 , 3 ^  =  ^ . O H z

39 a,5(J 1 0 a,7 ) = 4.0Hz

J gem = 1 3 H z

a A.95 s Hv

b 3.50 m C(1,3)H

c 3.34 m C(5,7)H

d 3.16 dt C(9,10)HS

e 2.78 dt C(9,10)Ha
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p a i r  o f  a lm o s t  i d e n t i c a l  m u l t i p l e t s  showing complex s p l i t t i n g ,  had 

each  been s t r o n g l y  p u l l e d  d o w n f i e ld  by ca  0 . 9  d u n i t s ,  i n d i c a t i v e  

o f  t h e  c l o s e  p r o x i m i t y  o f  t h o s e  p r o t o n s  to  t h e  europium n u c l e u s .  

Although ,  f rom t h e s e  s p e c t r a ,  no d i r e c t  i n f o r m a t i o n  c o u ld  be

o b t a i n e d  a s  to  which m e th in e  p r o t o n s  gave r i s e  to  each  s i g n a l ,  an

i - i .  ^  • , 1^2 ,143  . 13 .unambiguous a s s i g n m e n t  has  been  o b t a i n e d  from C m a g n e t i c

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

o r i g i n a t e d  from p r o t o n s  bonded to  G(1)  and C(3)  (T a b le  4 ) .

The t r u e  b e n e f i t  o f  u s i n g  s h i f t  r e a g e n t  was however  b e s t  s e e n  on 

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

to  C(9) and C (10 ) .  These p r o t o n s  may be d i v i d e d  i n t o  two m a g n e t i c a l l y  

d i s t i n c t  t y p e s  v i z .  t h o s e  s yn -(H ) and t h o s e  a n t i - (H ) to  t h e  s u l p h u rS “ cL

b r i d g e  and c o n s e q u e n t l y  g i v e  r i s e  to  two p . m . r .  s i g n a l s .  Each o f  

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

t r i p l e t s ,  h a v in g  a m a jo r  s p l i t t i n g  o f  13Hz a t t r i b u t a b l e  to  m u tu a l  

gemina l  c o u p l i n g .  Moreover  by e x a m i n a t i o n  o f  m o l e c u l a r  models  and 

by measurement  o f  minor  c o u p l i n g  c o n s t a n t s ,  i t  was p o s s i b l e  to  

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

Due p r i m a r i l y  to  t h e  p r e s e n c e  o f  the  b u lk y  s u l p h u r  a tom, t h e  m o l e c u l a r

framework o f  182 e x p e r i e n c e s  a d i s t o r t i o n  away from t h e  h i g h l y

s y m m e tr ic a l  geometry  o f  adamantane  (_1)» A d i r e c t  e f f e c t  o f  t h i s

d e f o r m a t i o n  i s  to  d i m i n i s h  the  d i h e d r a l  a n g l e  be tw een  t h e  C ( l ) - H  and

C(9)-H bonds from 60 to  55° ,  w h i l e  t h a t  be tween  C ( l ) - H  and C(9)-H i s  a s

s i m u l t a n e o u s l y  opened o u t  to  65° ( F i g u r e  3 ) .

An e m p i r i c a l  r e l a t i o n s h i p  be tw een  v i c i n a l  c o u p l i n g  c o n s t a n t s  ( J  )
v i e

144and d i h e d r a l  a n g l e s  (0)  has  been d e v e lo p e d  by K a r p lu s  and i s  

shown g r a p h i c a l l y  i n  F i g u r e  4.  I t  may be s e en  t h a t  f o r  0 < 9 O ° ,



Figure 3

C o m p a r i s o n  of t h e  d i h e d r a l  a n g l e s  b e t w e e n  t h e  b r i d g e h e a d  a n d  

n e i g h b o u r i n g  m e t h y l e n e  p r o t o n s  of  (a )  a d a m a n t a n e O )  a n d  (b) a l k e n e ( 1 8 2 )

C(5)

C(8)

C(2)

60° CO)

C(5)

C(8)

(a)

Figure 4

V a r i a t i o n  of  t h e  v i c i n a l  c o u p l i n g  c o n s t a n t  J ic wi th  t h e  d i h e d r a l  a n g l e  0

V I C

100 °  120°  140 °  160°  180 '6 0 °4 0 '

©
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i n c r e a s e s  a s  0  d e c r e a s e s .  Us ing  t h i s  r e l a t i o n s h i p ,  t h e  

f a r t h e r  u p f i e l d  o f  the  two m e t h y l e n e  r e s o n a n c e s  o f  18_2, d i s p l a y i n g  

a m in o r  s p l i t t i n g  o f  4Hz was a s s i g n e d  t o  C (9 ,1 0 )H  w h i l e  t h e  

r e m a i n i n g  s i g n a l ,  e x h i b i t i n g  a m in o r  s p l i t t i n g  o f  o n l y  2 .5  Hz 

was a s s i g n e d  t o  0 ( 9 , 1 0 ) ] ^ .

At a E u ( f o d ) ^  /  a l k e n e  r a t i o  o f  0 . 6 ,  t h e  a c c i d e n t a l  e q u i v a l e n c e  

o f  s i g n a l s  a r i s i n g  f rom  t h e  e x o m e t h y le n e  p r o t o n s  and C ( 9 , 1 0 ) H s 

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

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

c o n c e n t r a t i o n  r a t i o  o f  0 . 4 ,  s i n c e  t h e  s h i f t e d  s i g n a l s  p ro d u c e d  were  

e x c e p t i o n a l l y  w e l l  s e p a r a t e d  and w ere  o f  a l m o s t  f i r s t  o r d e r  

a p p e a r a n c e .  The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  were i n  c o m p l e t e  

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

m e a s u re m e n t  o f  c o u p l i n g  c o n s t a n t s .  The r e s u l t s  a r e  summari sed  i n  

T a b l e  4 .

Having  a r r i v e d  a t  i n c o n t r a v e r t i b l e  e v i d e n c e  f o r  t h e  s t r u c t u r e  o f  182 , 

i t s  p r e p a r a t i o n  f rom  t h e  s u p p o s e d l y  r e l a t e d  a c e t a t e  ( 180 ) became 

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

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

was n e c e s s a r y  t o  employ r e l a t i v e l y  m i l d  c o n d i t i o n s  to  e f f e c t  t h e  

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

I n s t e a d ,  180 was h y d r o l y s e d  a t  room t e m p e r a t u r e  w i t h  d i l u t e  a queous  

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

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

a b s e n c e  o f  a c h a r a c t e r i s t i c  t h r e e - p r o t o n  a c e t o x y l  s i n g l e t  a t  9 2 . 0 . 

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

c r y s t a l l i n e  s o l i d  p o s s e s s e d  no e s t e r  c a r b o n y l  a b s o r p t i o n ,  b u t
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i n s t e a d  showed a c h a r a c t e r i s t i c  f r e e  h y d r o x y l  s t r e t c h i n g  v i b r a t i o n  

a t  3606 cm

The m os t  p r o m i n e n t  f e a t u r e  o f  t h e  s p e c t r u m  was however  a s t r o n g  

d o u b l e  c a r b o n y l  s t r e t c h i n g  a b s o r p t i o n  a t  1729 and 1723 cm  ̂ wh ich  

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

The o c c u r r e n c e  o f  t h e  m o l e c u l a r  i o n  a t  m/e 212 i n  t h e  mass 

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

f o r m u l a  o f  ^ ^ q ^ 1 2 ^ 3 ^ anc  ̂ was c o n s -̂s t e n t  w i t h  t h e  p r o d u c t  b e i n g  t h e  

e x p e c t e d  a l c o h o l ,  6 - h y d r o x y - 6 - m e t h y l - 2 - t h i a a d a m a n t a n - 4 , 8 - d i o n e  ( 185) .

A l t h o u g h  185 i s  i t s e l f  a p p a r e n t l y  u n a f f e c t e d  by d i l u t e  aqueous  a l k a l i ,  

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

a p r o p e r t y  common t o  p - k e t o  a l c o h o l s  ( a l d o l s ) .  When an  a t t e m p t  

was made t o  h y d r o l y s e  180 w i t h  KOH i n  a queous  m e t h a n o l  a m i x t u r e  o f  

two p r o d u c t s  was o b t a i n e d .  The m in o r  component  was 185 and was 

i s o l a t e d  i n  o n l y  137o y i e l d .  The m a j o r  p r o d u c t  (657o) was d i o n e  ( 1 6 5 ) 

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

d e p i c t e d  - in  Scheme 6 1 .  180 h y d r o l y s e d  i n  t h e  n o r m a l  way t o  g i v e

185 which  i n  t h e  a l k a l i n e  medium e x i s t s  p a r t i a l l y  as  a l k o x i d e  i o n  

( 1 85a ) . R e t r o - a l d o l  c l e a v a g e  o f  185a w i t h  p r o t o n a t i o n  o f  t h e  

r e s u l t a n t  e n o l a t e  a n i o n  g i v e s  t h e  C - a c y l a t e d  b i c y c l i c  d i o n e  ( 181) 

a l r e a d y  r e f e r r e d  t o  a s  an  i n t e r m e d i a t e  i n  t h e  f o r m a t i o n  o f  180 .

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

l o s s  o f  a c e t i c  a c i d  y i e l d i n g  165 .

D e h y d r a t i o n  o f  185 w i t h  e x c e s s  p h o s p h o ro u s  o x y c h l o r i d e  i n  p y r i d i n e  

gave  a c r y s t a l l i n e  p r o d u c t  w h ich  was i d e n t i c a l  i n  a l l  r e s p e c t s  t o  

a l k e n e  ( 182) .  Thus 185 and c o n s e q u e n t l y  a c e t a t e  (180) p o s s e s s  t h e  same 

s k e l e t a l  s t r u c t u r e  a s  182 and d i f f e r  o n l y  i n  t h e  n a t u r e  o f  t h e



Scheme 61

COCHa q .  NaOH

or K O K C H 3O H /

-  "OH 

COCH 3

181

Table 5 T r e a t m e n t  of  18 0  w i t h  c o n c .  H 2 SO^

S o l v e n t
R e a c t i o n  t i m e  

( h o u r s )
P r o d u c t  r a t i o  

1 8 0 : 1 8 2

A c 2 0 U 1 : U

(CH 2 OCH 3 ) 2 2 9 : 1

1 , 4 - D i o x a n L L A

Scheme 62

- A c O H

186- A c O H  ^  
c i s -  e l i m i n 1

-  H+

182



4 0

f u n c t i o n a l i t y  a t  C ( 6 ) 0

F u r t h e r  i n v e s t i g a t i o n  i n t o  t h e  a c e t y l a t i o n  o f  165 has  c o n f i r m e d  

t h a t  t h e  p r o p o r t i o n s  o f  174 and 180 p ro d u ce d  a r e  t h e r m o d y n a m i c a l l y  

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

a t  160°C,  b i s e n o l  a c e t a t e  ( 174) was p a r t i a l l y  c o n v e r t e d  t o  a 

m i x t u r e  o f  179 , 180 and 182 ( t r a c e ) ,  showing t h e  r e v e r s i b i l i t y  

o f  t h e  enol  a c e t y l a t i o n  p r o c e s s .  I n  c o n t r a s t ,  t h e  c y c l i s a t i o n  o f  

C - a c y l a t e d  i n t e r m e d i a t e  ( 181) i s  i r r e v e r s i b l e  s i n c e  s u b j e c t i o n  o f

180 t o  t h e  a c e t y l a t i o n  c o n d i t i o n s  p ro d u ce d  182 b u t  no b i c y c l i c

, . 142 ,145p r o d u c t s  •

T h i s  l a t t e r  o b s e r v a t i o n  a l s o  i n d i c a t e d  t h a t  182 p r o b a b l y  does  n o t

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

o f  e l i m i n a t i o n  o f  a c e t i c  a c i d  from 180 . I n d e e d ,  180 was s l o w l y

c o n v e r t e d  t o  182 when h e a t e d  w i t h  a c a t a l y t i c  q u a n t i t y  o f  s u l p h u r i c

a c i d  i n  an  i n e r t  s o l v e n t  ( 1 , 2 - d i m e t h o x y e t h a n e  o r  1 , 4 - d i o x a n )

( T a b l e  5 ) ^ 2 , 1 4 5  a f t e r  p y r o l y s i s  a t  1 5 0 - 2 2 0 ° .

These  o b s e r v a t i o n s ,  t a k e n  w i t h  t h e  f a c t  t h a t  a l k e n e  ( 182) was

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

t h e  e l i m i n a t i o n  s t e p ,  180 -» 182 (Scheme 6 2 )  i s  an  i r r e v e r s i b l e ,

146a c i d - c a t a l y s e d  p r o c e s s  (mos t  p r o b a b l y  E l  , v i a  t h e  t e r t i a r y

c a rb o n i u m  i o n  ( 186) )  r a t h e r  t h a n  a p y r o l y t i c  c i s - e l i m i n a t i o n  which

147was o r i g i n a l l y  p o s t u l a t e d  •

A c e t y l a t i o n  o f  D ione s  (.79 and 187 )

The r e a c t i o n  o f  165 w i t h  a c e t i c  a n h y d r i d e  -  s u l p h u r i c  a c i d  t o  

p r o d u c e  180 and 182,  p r o v i d e s  a n o v e l  and p o t e n t i a l l y  i m p o r t a n t
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s y n t h e t i c  r o u t e  t o  2 - t h i a a d a m a n t a n e  d e r i v a t i v e s  f rom a b i c y c l i c  

p r e c u r s o r .  The p o s s i b i l i t y  t h a t  s i m i l a r  b e h a v i o u r  would  be 

e x h i b i t e d  by o t h e r  b i c y c l o ( 3 . 3 . l ] n o n a n - 2 , 6 - d i o n e s  p rompted  an  

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

t o  a d a m a n ta n e s  and 2 - h e t e r o a d a m a n t a n e s . C o n s e q u e n t l y  t h e  s y n t h e s i s  

and a c e t y l a t i o n  o f  d i o n e s  (7 9 ,  187 and 188 , R=Ph) v i z .  t h e  9 -m e thano ,  

9 - o x a  and N - p h e n y l - 9 - a z a  a n a l o g u e s  o f  165 , were attempted.

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

t h e  g e n e r a l i t y  o f  t h i s  a c y l a t i o n  a p p r o a c h  t o  a d am an tane  d e r i v a t i v e s  

was p a r t l y  b o u r n e  o u t .

A l t h o u g h  Meerwein had  a l r e a d y  s y n t h e s i s e d  ^  b i c y c l o [ 3 . 3 . 1 ] n o n a n - 2 , 6 -

d i o n e  (79 )  (Scheme 63) and had  t r e a t e d  i t  w i t h  a c e t i c  a n h y d r i d e  t o

136o b t a i n  b i s e n o l  a c e t a t e  ( 177) , no r e f e r e n c e  was made to  o t h e r

a c y l a t i o n  p r o d u c t s 0  I t  was c o n s i d e r e d ,  h o w e ve r ,  t h a t  t r i c y c l i c  p r o d u c t s

may i n  f a c t  ha v e  be e n  p r e s e n t ,  b u t  w ere  n o t  d e t e c t e d  u s i n g  t h e

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

r e a c t i o n ,  79_ was s y n t h e s i s e d  v i a  t e t r a e s t e r  ( 4 )  u s i n g  a m o d i f i c a t i o n

47o f  Meerwein®s o r i g i n a l  p r o c e d u r e  d e v e l o p e d  by S c h a e f e r  and Honig •

The i n t e r m e d i a t e ,  m .p .  159-162°  ( l i t . ^  m .p .  163-164 ) ,  p o s s e s s e d  

s p e c t r o s c o p i c  c h a r a c t e r i s t i c s  which  were  c o n c u r r e n t  w i t h  t h e  

d e s i r e d  s t r u c t u r e .

Hydrolysis and decarboxylation of 4_ were easily accomplished by 

refluxing1^ with dilute hydrochloric acid, giving 79. as tlie o n ly 

product. 22. was characterised by melting point, 138-142°  ( l i t . ^  

m.p. 1 4 1 ° ) ,  and infrared spectrum which exhibited a strong carbonyl 

band at 1689 cm
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79 was r e f l u x e d  i n  t h e  u s u a l  manner  w i t h  a m i x t u r e  o f  a c e t i c  

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

t h e  e t h e r  e x t r a c t  o f  wh ich  was s e p a r a t e d  i n t o  t h r e e  components  

by p r e p a r a t i v e  t . l . c . .

The u p p e rm o s t  band  gave  a c o l o u r l e s s  s o l i d  w h ich  c r y s t a l l i s e d  from

136e t h e r - p e t r o l e u m  s p i r i t  a s  p r i s m s  o f  177 , m .p .  77-79  ( l i t .  

m .p .  7 8 - 7 9 ° )  t h e  i d e n t i t y  o f  wh ich  was c o n f i r m e d  by i n f r a r e d  and 

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

e s t e r  c a r b o n y l  a b s o r p t i o n  a t  1743 cm  ̂ b u t  t h e  a b s e n c e  o f  an 

a b s o r p t i o n  i n  t h e  1700 cm  ̂ r e g i o n  i n d i c a t e d  t h a t  t h e  k e t o n i c  

f u n c t i o n s  o f  t h e  o r i g i n a l  d i o n e  were  no l o n g e r  p r e s e n t .

The p . m . r .  s p e c t r u m  showed a l l  t h e  f e a t u r e s  which  would be e x p e c t e d  

o f  b i s e n o l  a c e t a t e  ( 177) .  A s i x - p r o t o n  s i n g l e t  a t  9 2 .1 2  c o n f i r m e d  

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

m u l t i p l e t  a t  9 5 . 3 7 ,  t y p i c a l  o f  o l e f i n i c  h y d r o g e n ,  was a t t r i b u t e d  

t o  C ( 3 , 7 ) H .  The r e m a i n d e r  o f  t h e  s p e c t r u m  c o n s i s t e d  o f  m e t h y l e n e  

and m e t h i n e  e n v e l o p e s .  A b s o r p t i o n s  a t  9 1 .9 2  (2H) and 9 2 .2 8  (4H) 

were  a t t r i b u t e d  r e s p e c t i v e l y  t o  C ( 9 )H2  and C ( 4 , 8 )H2  w h i l e  t h e  

b r i d g e h e a d  p r o t o n s ,  C ( 1 , 5 ) H ,  a p p e a r e d  as  a m u l t i p l e t  a t  9 2 .5 6  (2H ) .

177 was i s o l a t e d  i n  187. y i e l d  and was t h e  l e a s t  a b u n d a n t  o f  t h e  

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

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

wh ich  c r y s t a l l i s e d  from c h l o r o f o r m - h e x a n e  as  p r i s m s ,  m .p .  ( s e a l e d  

t u b e )  1 6 0 - 1 6 2 ° .  The p . m . r .  s p e c t r u m  o f  t h i s  compound b o r e  a c l o s e  

r e s e m b l a n c e  t o  t h a t  o f  a l k e n e  ( 182) .  I n  p a r t i c u l a r ,  a s h a r p  t w o - p r o t o n  

s i n g l e t  a t  9 4 . 8 6  r e v e a l e d  t h e  p r e s e n c e  o f  a t e r m i n a l  m e t h y l e n e  g r o u p .



The e x i s t e n c e  o f  a g e m i n a l l y  s u b s t i t u t e d  c a r b o n - c a r b o n  d o u b l e  bond 

was s u p p o r t e d  by t h e  i n f r a r e d  s p e c t r u m  (KBr d i s c )  which  p o s s e s s e d  

a c l a s s i c a l  m e d i u m - i n t e n s i t y  s t r e t c h i n g  a b s o r p t i o n  a t  1647 cm 1  

accom pan ied  by a c a r b o n - h y d r o g e n  o u t - o f - p l a n e  d e f o r m a t i o n  a t  907 cm 1  

An i n t e n s e  c a r b o n y l  b a n d ,  h a v i n g  maxima a t  1727 and 1715 cm" 1  showed 

t h a t  t h e  k e t o n i c  f u n c t i o n s  o f  2 2 . b een  r e t a i n e d  i n  t h e  p r o d u c t .

A b r o a d  s i x - p r o t o n  e n v e l o p e  a t  3 2 . 0 0 - 2 . 5 3 ,  i n  t h e  p . m . r .  s p e c t r u m  

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

and two p o o r l y  r e s o l v e d  m u l t i p l e t s  a t  3 2 . 9 3  (2H) and 3 3 .3 7  (2H) 

were  a s s i g n e d  as  b r i d g e h e a d  m e t h i n e  r e s o n a n c e s .  The mass s p e c t r a l  

m o l e c u l a r  i o n  a t  m /e  176 was i n  a c c o r d  w i t h  t h e  m o l e c u l a r  f o r m u l a ,  

C'1 1 ^ 1 2 ^ 2 * M o re o v e r ,  t h e  m a j o r  f r a g m e n t a t i o n  pa thway i n v o l v e d  a 

d o u b l e  l o s s  o f  28 ( c a r b o n  m onox id e)  and s u p p o r t e d  t h e  e x i s t e n c e  o f  

two k e t o n e  g r o u p s  i n  t h e  m o l e c u l e .

On t h e  b a s i s  o f  t h e  above  e v i d e n c e ,  t h i s  p r o d u c t  which  was i s o l a t e d

i n  317. y i e l d  was i d e n t i f i e d  a s  4 - m e t h y l e n e a d a m a n t a n - 2 , 6 - d i o n e  ( 189) ,

148and was c o r r o b o r a t e d  by t h e  work o f  S t e t t e r  and Thomas who had 

p r e v i o u s l y  s y n t h e s i s e d  189 i n  s e v e r a l  s t a g e s  f rom 79_ (Scheme 64) 

and gave  t h e  m e l t i n g  p o i n t  o f  t h e  f o rm e r  a s  163-164°  i n  good 

a g re e m e n t  w i t h  t h e  p r e s e n t  v a l u e .

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

c o l o u r l e s s  n e e d l e s ,  m . p .  1 2 4 - 1 2 6 ° .  M i c r o a n a l y s i s  o f  t h e  m a t e r i a l  

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

t h e  p r o d u c t  was a s t r u c t u r a l  i s o m e r  o f  177 ( c f .  174 and 180) .  The 

mass s p e c t r u m  showed a p a r e n t  i o n  a t  m/e  236 ac com pa n ie d  by d a u g h t e r  

i o n s  a t  194 and 176 c o r r e s p o n d i n g  t o  r e s p e c t i v e  l o s s e s  o f  k e t e n e  and
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a c e t i c  a c i d ,  s i m i l a r  t o  t h a t  found  i n  t h e  s p e c t r u m  o f  180 . The 

i n f r a r e d  s p e c t r u m  (CCl^)  o f  t h e  p r o d u c t  p o s s e s s e d ,  a s  i t s  m a j o r  

f e a t u r e ,  a s t r o n g  e s t e r  c a r b o n y l  a b s o r p t i o n  a t  1750 cm  ̂ o v e r l a p p i n g  

an e ven  s t r o n g e r  k e t o n i c  c a r b o n y l  band  a t  1724 cm

Sharp  t h r e e - p r o t o n  s i n g l e t s  a t  9 1 .6 2  and 2 .0 4  i n  t h e  p . m . r .  

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

a c e t o x y l  m o i e t y  i n  t h e  m o l e c u l e  ( c f .  t h e  p . m . r .  s p e c t r u m  o f  180) .

I n  i t s  o t h e r  a s p e c t s ,  t h e  s p e c t r u m  c l o s e l y  r e s e m b l e d  t h a t  o f  189 

and f e a t u r e d  a b r o a d  m e t h y l e n e  e n v e l o p e  b e tw e e n  9  1 ,8 0  and. 2 .6 0  

w h ich  i n t e g r a t e d  f o r  s i x  p r o t o n s ,  and a p a i r  o f  t w o - p r o t o n  m e t h i n e  

m u l t i p l e t s  a t  9 2 .7 0  and 3 . 2 5 .  From t h e  s p e c t r o s c o p i c  e v i d e n c e  

i t  was c l e a r  t h a t  t h e  p r o d u c t ,  o b t a i n e d  i n  207. y i e l d ,  was 

4 - a c 6 t o x y - 4 - m e t h y l a d a m a n t a n - 2 , 6 - d i o n e  ( 190) .  Thus 79_ r e a c t s  i n  

an a n a l o g o u s  manner  t o  165 w i t h  an a c e t i c  a n h y d r i d e  -  s u l p h u r i c  

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

The a v a i l a b i l i t y  o f  4̂  p rom pted  an  i n v e s t i g a t i o n  i n t o  i t s  b e h a v i o u r  

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

t h e  h i g h l y  s u b s t i t u t e d  a c e t a t e  ( 191) and a l k e n e  ( 192) d i d  n o t  t a k e  

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

compounds w h ich  w e re  o n l y  p a r t i a l l y  s e p a r a b l e  by t . l . c .  and were  

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

E x t r a c t i o n  o f  t h e  u p p e r m o s t  band gave  a c o l o u r l e s s  o i l  w h ich  r e s i s t e d  

c r y s t a l l i s a t i o n  f rom  a v a r i e t y  o f  s o l v e n t s .  The compound was 

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

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

o f  t h e  s p e c t r u m  ( F i g u r e  5 )  was a p a i r  o f  s h a r p  s i x - p r o t o n  s i n g l e t s
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a t  9 2 .09  and 3 . 7 0 .  The fo rm e r  was d i a g n o s t i c  o f  two m a g n e t i c a l l y  

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

o f  two i d e n t i c a l  m e t h y l  e s t e r  f u n c t i o n s  from 4_. A b r o a d  m u l t i p l e t  

a t  0 2 .6 2  (4H) was a s s i g n e d  as  two m e t h y l e n e  g r o u p s  w h i l e  a 

n e i g h b o u r i n g  t w o - p r o t o n  s i n g l e t  a t  0 2 .3 6  was c o n s i d e r e d  t o  a r i s e  

f rom a m e t h y l e n e  g roup  s a ndw iche d  b e tw e en  two f u l l y  s u b s t i t u t e d  

c a r b o n s .  The r e m a i n i n g  f e a t u r e  o f  t h e  s p e c t r u m  was a t w o - p r o t o n  

m u l t i p l e t  a t  0 5 . 5 9 ,  c l o s e l y  s i m i l a r  i n  m u l t i p l i c i t y  and c h e m i c a l  

s h i f t  t o  t h e  v i n y l  p r o t o n s  o f  e n o l  a c e t a t e s  ( 174 , 177 and 179) .

From t h i s  e v i d e n c e  t h e  p r o d u c t  was i d e n t i f i e d  as  2 , 6 - d i a c e t o x y - l , 5-  

d i ( m e t h o x y c a r b o n y l ) b i c y c l o [ 3 . 3 . 1 ] n o n a - 2 , 6 - d i e n e  ( 193) .

The o t h e r ,  more p o l a r ,  r e a c t i o n  p r o d u c t  was o b t a i n e d  a s  an  im pure  

c o l o u r l e s s  o i l  w h ich  a l s o  would  n o t  c r y s t a l l i s e .  The compound 

p o s s e s s e d  a r e l a t i v e l y  s i m p l e  p . m . r .  s p e c t r u m  ( F i g u r e  5 )  which  

c l o s e l y  r e s e m b l e d  t h a t  o f  193 and a l l o w e d  p o s i t i v e  s t r u c t u r a l  

e l u c i d a t i o n .  T h i s  s p e c t r u m  was d o m in a te d  by m e t h y l  e s t e r  and 

a c e t a t e  m e t h y l  r e s o n a n c e s .  The s h a r p  s i n g l e t s  a t  0 3 . 7 3 ,  2 .1 8  and 

2 .1 0  i n t e g r a t i n g  i n  t h e  r a t i o  3 : 1 : 1  e v i n c e d  t h e  p r e s e n c e  o f  

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

a c e t o x y l  g r o u p s .  T h r e e  s e p a r a t e  CH^ r e s o n a n c e s  w ere  p r e s e n t  

i n  t h e  0 2 . 0  t o  3 . 0  r e g i o n .  S l i g h t l y  b r o a d e n e d  s i n g l e t s  a t  

0  2 .9 2  and 2 .4 1  w e re  a s s i g n e d  as  two u n c o u p l e d  m e t h y l e n e  g r o u p s  

w h i l e  a  t h i r d  s i g n a l  a t  0 2 .6 7  showed a complex  s p l i t t i n g  p a t t e r n  

and was n e c e s s a r i l y  c o u p l e d  t o  a o n e - p r o t o n  v i n y l  m u l t i p l e t  a t  

0 5 , 6 1 .  T h e s e  s p e c t r o s c o p i c  f e a t u r e s  i d e n t i f i e d  t h e  p r o d u c t  as

2 , 6 - d i a c e t o x y - 1 , 3 , 5 - t r i ( m e t h o x y c a r b o n y 1 ) b i c y c l o [ 3 . 3 . 1 ] n o n a - 2 , 6 - d i e n e  

( 1 9 4 ) .
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193 and 194 , wh ich  w ere  i s o l a t e d  i n  267, and 357o y i e l d s  r e s p e c t i v e l y ,  

were  formed by a c i d - c a t a l y s e d  e n o l  a c e t y l a t i o n ,  s o l v o l y s i s  and 

d e c a r b o x y l a t i o n  o f  t e t r a e s t e r  (4 )  a l t h o u g h  t h e  p r e c i s e  o r d e r  o f  

e v e n t s ,  d u r i n g  t h e  complex  r e a c t i o n  s e q u e n c e  i s  unknown,. No 

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

p o s s i b l y  b e i n g  s u p p r e s s e d  due t o  s t e r i c  i n t e r f e r e n c e  by t h e  C(3)  and 

C(7 )  e s t e r  f u n c t i o n s ,

1499 - o x a b i c y c l o [ 3 . 3 , 1 ]  n o n a n - 2 , 6 - d i o n e  ( 187) was s y n t h e s i s e d  i n  two 

s t a g e s  f rom  50_ (Schem e65 ) a s  a 2 :1  m i x t u r e  w i t h  9 - o x a b i c y c l o -

54
{ 4 . 2 . 1 ] n o n a n - 2 , 5 - d i o n e  ( 195) .  F o l l o w i n g  t h e  p r o c e d u r e  o f  Z e f i r o v  *

50 was o x i d i s e d  by h y d r o g e n  p e r o x i d e  i n  t h e  p r e s e n c e  o f  f o r m i c  a c i d  

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

h i g h l y  c r y s t a l l i n e  p r o d u c t  wh ich  m e l t e d  a t  5 6 - 6 6 ° .  A l t h o u g h  i n  t h e

54 54 149 o
o r i g i n a l  s y n t h e s i s  d i o l  ( 196) ,  l i t .  ’ m .p .  82 -83  , was

r e p o r t e d  t o  be  fo rm ed  u n a c com pa n ie d  by i s o m e r i c  d i o l  ( 197) ,  t h e

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

t h a t  an  i s o m e r i c  m i x t u r e  was p r e s e n t .  T h i s  i n c o n s i s t e n c y  w i t h  t h e

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

o f  an  i s o m e r i c  i m p u r i t y  was n o t  e n t i r e l y  u n e x p e c t e d  s i n c e  m i x t u r e s

a r e  i n v a r i a b l y  o b t a i n e d  d u r i n g  s y n t h e s e s  o f  9 - o x a b i c y c l o ( 3 . 3 . 1 ] n o na ne s

1 2 0  53eg a c i d  h y d r o l y s i s  o f  163 and o x y m e r c u r a t i o n  o f  50 .

S e p a r a t i o n  o f  t h e  s k e l e t a l  i s o m e r s  was n o t  a t t e m p t e d  a t  t h i s  s t a g e .  

I n s t e a d ,  a  p o r t i o n  o f  t h e  m i x t u r e  was o x i d i s e d ,  a s  d e s c r i b e d  by 

Ganter"*"^ u s i n g  J o n e s  r e a g e n t  t o  g i v e  a m i x t u r e  o f  d i o n e s  ( 187 

and 195) .  The o x i d a t i o n  p r o d u c t  w h ich  was o b t a i n e d  i n  477. y i e l d  

as  a  c o l o u r l e s s  o i l  gave  a s i n g l e  s p o t  on t . l . c . ,  s u g g e s t i n g  t h e
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p r e s e n c e  o f  o n l y  one compound.  M oreove r ,  t h e  i n f r a r e d  s p e c t r u m

o f  t h e  o i l  e n v i n c e d  a s i n g l e  c a r b o n y l  s t r e t c h i n g  band  a t  1716 cm ^

w hich  was s h a r p  and d e v o i d  o f  s h o u l d e r s .  However ,  p . m . r .

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

m i x t u r e .  I n  a d d i t i o n  t o  t h e  e x p e c t e d  b r i d g e h e a d  s i g n a l  o f  187 

149a t  3 4 . 4 4  ( l i t .  3 4 . 4 0 ) ,  t h e  s p e c t r u m  e x h i b i t e d  a s econd  

b r i d g e h e a d  m u l t i p l e t  o f  low e r  i n t e n s i t y  a t  3 4 . 6 8 ,  i n d i c a t i n g  t h e  

p r e s e n c e  o f  1 9 5 . The r e l a t i v e  i n t e n s i t i e s  o f  t h e s e  s i g n a l s  

showed t h a t  t h e  m i x t u r e  c o n t a i n e d  667. o f  t h e  d e s i r e d  d i o n e  ( 187) 

and 347. o f  t h e  unw an ted  i s o m e r  ( 195) •

L i k e  t h e i r  p a r e n t  d i o l s ,  187 and 195 w ere  t o o  a l i k e  i n  p h y s i c a l  

p r o p e r t i e s  t o  be  s e p a r a b l e  by c o n v e n t i o n a l  m e t h o d s .  However ,  

c o n v e r s i o n  o f  t h e  m i x t u r e  t o  b i s e n o l  a c e t a t e  d e r i v a t i v e s  ( 198 and 

199) f u r n i s h e d  compounds w h ic h  d i f f e r e d  s u f f i c i e n t l y  i n  p o l a r i t y  

as  t o  be  e a s i l y  s e p a r a b l e  on s i l i c a - g e l  p l a t e s .  Enol  a c e t y l a t i o n  

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

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

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

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

( B e n z e n e - e t h y l  a c e t a t e  3 : 1 )  s e p a r a t e d  t h e  e t h e r - e x t r a c t a b l e  p r o d u c t  

i n t o  a t  l e a s t  f i v e  d i s t i n c t  b a n d s .

E x t r a c t i o n  o f  t h e  m a j o r  band  (R^ 0 . 5 3 )  w i t h  e t h y l  a c e t a t e  y i e l d e d  

a y e l l o w  o i l  wh ich  s u b l i m e d  i n  vacuo  a s  c o l o u r l e s s  n e e d l e s ,  

m .p .  8 9 - 9 1 ° .  The p . m . r .  s p e c t r u m  o f  t h i s  s o l i d  c l o s e l y  r e s e m b l e d  

t h a t  o f  174 , h a v i n g  a s i x - p r o t o n  a c e t o x y l  r e s o n a n c e  a t  3  2 . 1 1 , a 

m e t h y l e n e  e n v e l o p e  (4H) a t  3 2 . 5 1  and a  v i n y l  m u l t i p l e t  (2H) a t  

3 5 , 5 2 .  The s p e c t r u m  d i f f e r e d  n o t a b l y  however  i n  t h e  p o s i t i o n



o f  t h e  b r i d g e h e a d  p r o t o n  s i g n a l ,  which  a t  0 4 .3 9  was c o n s i s t e n t

149w i t h  a 9 - o x a b i c y c l o [ 3 . 3 . 1 ] nonane  s k e l e t o n

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

- 1  ae s t e r  c a r b o n y l  band  a t  1765 cm (£ 440)  accom pan ied  by a medium

i n t e n s i t y  C-C d o u b l e  bond s t r e t c h i n g  a b s o r p t i o n  a t  1690 cm 

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

^ 1 2 ^ 1 4 ^ 5 1 anc* w ere  s u PPo r t e d by t h e  mass  s p e c t r u m  which  p o s s e s s e d  

a p a r e n t  i o n  a t  m/e  238 .  D a u g h t e r  i o n s  a t  m /e  196 and 154 showed 

f r a g m e n t a t i o n  by two s u c c e s s i v e  l o s s e s  o f  k e t e n e ,  CH2 =C=0 , a 

f e a t u r e  common t o  e n o l  a c e t a t e s .  The above  e v i d e n c e  c o n f i r m e d  

t h a t  t h e  s o l i d ,  i s o l a t e d  i n  527. y i e l d ,  was 2 , 6 - d i a c e t o x y - 9 -  

o x a b i c y c l o [ 3 . 3 . l ] n o n a - 2 , 6 - d i e n e  ( 198) .

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

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

However,  none  o f  t h e s e  m a t e r i a l s  c o u l d  be p o s i t i v e l y  i d e n t i f i e d  

as  199 a n d ,  as  a r e s u l t  o f  t h e i r  r a p i d  d e c o m p o s i t i o n  on s t a n d i n g  

( a s  shown by t . l . c . ) ,  t h e i r  c h a r a c t e r i s a t i o n  was n o t  a t t e m p t e d .

D ione  187 was r e c o v e r e d  i n  h i g h  y i e l d  from 198 by smooth h y d r o l y s i s  

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

c r u d e  p r o d u c t  f rom e t h e r - p e t r o l e u m  s p i r i t  g ave  c o l o u r l e s s  p r i s m s  

w h ich  m e l t e d  a t  5 3 - 5 6 °  i n  good a g r e e m e n t  w i t h  t h e  l i t e r a t u r e 1^  

v a l u e  ( 5 4 - 5 5 ° ) .  The i n f r a r e d  s p e c t r u m  o f  p u r e  187 was r e m a r k a b l y  

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

an i n t e n s e  c a r b o n y l  a b s o r p t i o n  a t  1720 cm 1  and a s t r o n g  

c a r b o n - o x y g e n  s i n g l e  bond s t r e t c h i n g  band  a t  1080 cm • The 

i s o m e r i c  p u r i t y  o f  t h e  p r o d u c t  was however  c l e a r l y  d e m o n s t r a t e d
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by i t s  p . m . r .  s p e c t r u m  w h ic h ,  i n  c o n t r a s t  t o  t h a t  o f  t h e  m i x t u r e ,  

p o s s e s s e d  o n l y  one b r i d g e h e a d  p r o t o n  s i g n a l  a t  8  4 , 4 4 .

T h i s  p r e p a r a t i o n  (Scheme 6 6 ) o f  9 - o x a b i c y c l o [ 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e

( 187) ,  f r e e  o f  any i s o m e r i c  i m p u r i t y ,  i s  an a l t e r n a t i v e  t o  t h e

149o r i g i n a l  p r o c e d u r e  d e v i s e d  by G a n t e r  i n  1972.  The method

120u s e d  by t h e  Sw is s  g ro u p  (Scheme 67)  i n v o l v e d  t h e  a c i d  h y d r o l y s i s  

o f  c y c l o o c t a - l , 5 - d i e n e  d i e p o x i d e  ( 163) w h ic h ,  a s  a l r e a d y  m e n t i o n e d ,  

gave  a  m i x t u r e  o f  i s o m e r i c  d i o l s  ( 196 and 197) .  The mixed  d i o l s  

were  c o n v e r t e d  t o  t h e i r  a c e t a t e s  ( 2 0 0  and 2 0 1 ) wh ich  c o u l d  be 

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

200 and J o n e s  o x i d a t i o n  o f  t h e  p r o d u c t  gave  p u r e  d i o n e  ( 187) i n  

low o v e r a l l  y i e l d  f rom 50_. The e n o l  a c e t a t e  r o u t e ,  how ever ,  

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

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

A c e t y l a t i o n  o f  187 was c a r r i e d  o u t ,  a s  b e f o r e ,  u s i n g  19 d r o p s  o f  

c o n c e n t r a t e d  s u l p h u r i c  a c i d  p e r  30 ml a c e t i c  a n h y d r i d e .  A n a l y t i c a l  

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

s i x  d i f f e r e n t  r e a c t i o n  p r o d u c t s ,  m os t  o f  wh ich  w ere  n o t  w e l l  

d i f f e r e n t i a t e d .  N e v e r t h e l e s s ,  by t h e  u s e  o f  a p r e p a r a t i v e  t h i n  

l a y e r  c h ro m a to g r a m ,  w h ic h  showed f o u r  m a j o r  bands  when i n s p e c t e d  

u n d e r  u l t r a v i o l e t  l i g h t ,  two o f  t h e s e  p r o d u c t s  were  i s o l a t e d  and 

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

E x t r a c t i o n  o f  t h e  u p p e r m o s t  band  (Band 1 ) ,  Rf 0 . 7 5 ,  y i e l d e d  an 

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

n e e d l e s ,  m . p .  1 5 4 - 1 5 6 ° .  M i c r o a n a l y s i s  o f  t h e  p r o d u c t  s u g g e s t e d



t h a t  i t  was i s o m e r i c  w i t h  b i s e n o l  a c e t a t e  ( 198) h a v i n g  a m o l e c u l a r  

f o r m u l a  o f  ^ 2 ^ 1 4 ^ 5 ’ an<  ̂ t h i s  was c o n f i r m e d  by mass s p e c t r o m e t r y  

wh ich  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  238 .  E s t e r  g r o u p s  were  

c l e a r l y  n o t  p r e s e n t  i n  t h e  s t r u c t u r e  as  shown by t h e  a b s e n c e  from 

t h e  mass s p e c t r u m  o f  d a u g h t e r  i o n s  a t  m/e 196 and 178 ( l o s s  o f  

k e t e n e  and a c e t i c  a c i d  r e s p e c t i v e l y )  and by t h e  a b s e n c e  o f  a 

c a r b o n y l  a b s o r p t i o n  i n  t h e  1750 cm  ̂ r e g i o n  o f  t h e  i n f r a r e d  

s p e c t r u m .  M o re o v e r ,  t h e  a b s e n c e  o f  an a l i c y c l i c  k e t o n e  band a t  

c a  1700 cm  ̂ was e v i d e n c e  t h a t  t h e  c a r b o n y l  g r o u p s  o f  t h e  p a r e n t  

d i o n e  ( 187) w e re  no l o n g e r  p r e s e n t  i n  t h e i r  o r i g i n a l  f o rm .  The 

m os t  i n t e n s e  a b s o r p t i o n  i n  t h e  i n f r a r e d  s p e c t r u m ,  and an  i m p o r t a n t  

c l u e  t o  t h e  s t r u c t u r e  o f  t h e  compound, was however  a b r o a d  complex  

a b s o r p t i o n  c e n t r e d  a t  1600 cm  ̂ w h ic h  had  no p r e c e d e n c e  i n  t h e  

p r e s e n t  w o rk .  T h i s  was c o n s i d e r e d  t o  a r i s e  f rom an e n o l i s e d  

p - d i k e t o n e  s y s t e m .

The p r o f i l e  o f  t h e  p . m . r .  s p e c t r u m  ( F i g u r e  6 ) a l s o  e x c l u d e d  t h e  

compound f rom  any c l a s s  o f  a c e t y l a t i o n  p r o d u c t s  p r e v i o u s l y  o b s e r v e d .  

The m a j o r  f e a t u r e  o f  t h i s  s p e c t r u m  was a s h a r p  s i x - p r o t o n  s i n g l e t  

a t  3  2 .0 5  w h ic h  was a s s i g n e d  as  c o i n c i d e n t  m e t h y l  r e s o n a n c e s  o f  

two a c e t o x y l  g r o u p s .  The p r e s e n c e  o f  a c e t o x y l  f u n c t i o n s  was 

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

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

d o u b l e t s ,  t y p i c a l  o f  an AMX s p i n  s y s t e m ^ ^ ,  e ach  s i g n a l  i n t e g r a t i n g  

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

a t  3  4 . 5 3 , was a s s i g n e d  as  a p a i r  o f  e q u i v a l e n t  b r i d g e h e a d  p r o t o n s ,  

which  were  c o u p l e d  t o  e a c h  o f  t h e  more s h i e l d e d  r e s o n a n c e s  a t



51

0 3 .0 1  and 2 .5 7  by 6  and 1 .5  Hz r e s p e c t i v e l y .  T h e s e  h i g h e r - f i e l d  

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

t h e  p r o t o n s  o f  wh ich  p o s s e s s e d  d i f f e r e n t  c h e m i c a l  s h i f t s  and 

showed a g e m i n a l  c o u p l i n g  o f  15 Hz. A t w o - p r o t o n  s i n g l e t  a t  0 2 . 3 5 ,  

wh ich  d i s a p p e a r e d  on a d d i t i o n  o f  D^O was a s s i g n e d  t o  w e a k ly -b o n d e d  

e n o l i c  h y d r o g e n s .  T h i s  compound was t h u s  3 , 7 - d i a c e t y l - 9 - o x a b i c y c l o -

[ 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e  ( 2 0 2 ) wh ich  m us t  e x i s t  p r e d o m i n a n t l y  i n  t h e  

i n t r a m o l e c u l a r l y  h y d r o g e n - b o n d e d  e n o l  fo rm ( 2 0 2 a ) .

E x t r a c t i o n  o f  Band 2 (R^ c a  0 . 5 )  y i e l d e d ,  a f t e r  c r y s t a l l i s a t i o n ,  

b i s e n o l  a c e t a t e  ( 198) i n  237. y i e l d ,  t h e  p r o d u c t  b e i n g  i d e n t i f i e d  

by i t s  c h a r a c t e r i s t i c  p . m . r .  and i n f r a r e d  s p e c t r a  ( v i d e  s u p r a ) .

Bands 3 and 4 f u r n i s h e d  y e l l o w i s h  o i l s  wh ich  c o u l d  n o t  be i n d u c e d  

to  c r y s t a l l i s e  and w h ich  r a p i d l y  d a r k e n e d  on s t a n d i n g .  Bo th  o i l s  

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

complex  p . m . r .  s p e c t r a  and a p p e a r e d  t o  be p o l y a c e t y l a t e d .  A t t e m p t s  

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

i n t o  compounds w h ich  w ere  p u r e  enough t o  be  c h a r a c t e r i s e d .  I n  f a c t ,  

u s i n g  t h e  same e l u e n t  ( e t h y l  a c e t a t e - b e n z e n e ,  1 : 3 )  as  was u s e d  i n  

t h e  o r i g i n a l  s e p a r a t i o n ,  a r a n g e  o f  o v e r l a p p i n g  bands  w ere  o b t a i n e d  

b e tw e en  0 . 1  and 0 . 8  s u g g e s t i n g  t h a t  r a p i d  d e c o m p o s i t i o n  was 

o c c u r r i n g  on c o n t a c t  w i t h  t h e  s t a t i o n a r y  p h a s e  ( s i l i c a  g e l ) ,  t h u s  

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

A l th o u g h  t h e  m a j o r  component  o f  Bands 3 and 4 c o u l d  n o t  be i s o l a t e d ,  

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

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

a t  0  4 . 3 2  w h ich  may be a t t r i b u t a b l e  t o  t h e  p r e s e n c e  o f  t r i c y c l i c  

a l k e n e  ( 2 0 3 ) .  a l t h o u g h  t h e  s i g n a l  i s  f r a c t i o n a l l y  more s h i e l d e d  t h a n



COCH.

2 0 2 a

Figure 6

T h e  6 0  MHz p . m . r  s p e c t r u m  o f  2 0 2

CH

203

CH3

0 C H 3

204



one would ha v e  e x p e c t e d .  M ore ove r ,  t h e  s p e c t r u m  o f  Band 3 a l s o  

c o n t a i n e d  a p a i r  o f  r e l a t i v e l y  low i n t e n s i t y  s i n g l e t s  a t  3 1 .60  

and 2 . 0 2  w h ich  c o u l d  p o s s i b l y  be t h e  n o n - e q u i v a l e n t  m e th y l  

r e s o n a n c e s  o f  t r i c y c l i c  a c e t a t e  ( 204 ) (Cf  180 and 190) .

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

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

r e a c t i o n .  A l t h o u g h  some e v i d e n c e  h a s  be e n  o b s e r v e d  t o  s u g g e s t  

t h e  f o r m a t i o n  o f  2 - o x a a d a m a n t a n e  d e r i v a t i v e s ,  i t  i s  c l e a r  t h a t  

9 - o x a b i c y c l o [ 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e  ( 187) does  n o t  r e a c t  w i t h  a c e t i c  

a n h y d r i d e  - s u l p h u r i c  a c i d  i n  an i d e n t i c a l  manner  t o  i t s  9 - t h i a  

and 9 -m e th an o  r e l a t i v e s  ( 165 and 7 9 ) .  F o r  some,  as  y e t ,  

i n e x p l i c a b l e  r e a s o n  187 shows an  i n c r e a s e d  s u s c e p t i b i l i t y  t o  

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

o f  a d o u b ly  C - a c y l a t e d  b i c y c l i c  d e r i v a t i v e  ( 2 0 2 ) .  Moreover  t h e  

a c e t y l a t i o n  p r o d u c t s  o b t a i n e d  w i t h  t h e  e x c e p t i o n  o f  198 and 202 

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

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

b i c y c l i c  and a d a m a n ta n o i d  compounds p r e v i o u s l y  e n c o u n t e r e d .  I t  

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

t h e  f o r m a t i o n  o f  2 - o x a a d a m a n t a n e  d e r i v a t i v e s  and t h a t  i t  w i l l  be  

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

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

An Approach  t o  t h e  S y n t h e s i s  o f  2 - a z a a d a m a n ta n e s

The s y n t h e s i s  o f  9 - a z a b i c y c l o [ 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e  ( 188 , R=H) o r  

an  N - s u b s t i t u t e d  d e r i v a t i v e  ( 188 . R=Alkyl  o r  A r y l )  was n o t  e x p e c t e d  

t o  p o s e  any d i f f i c u l t y  s i n c e  t h e  d i o l  p r e c u r s o r  ( 2 0 5 ) may be  r e a d i l y
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p r e p a r e d  by c o n d e n s i n g  163 w i t h  ammonia o r  t h e  a p p r o p r i a t e  p r i m a r y

amine .  Under  t h e  r e a c t i o n  c o n d i t i o n s ,  t h e  p r o d u c t  i s  o b t a i n e d

c o m p l e t e l y  f r e e  o f  i s o m e r i c  [ 4 . 2 . 1 ]  d i o l  ( 206 ) and i s  p o t e n t i a l l y

122 149c o n v e r t i b l e  t o  188 by J o n e s  o x i d a t i o n  * (Scheme 6 8 ) .

C y c l o o c t a - 1 , 5 - d i e n e  (50 )  was c o n v e r t e d  to  163 by t r e a t m e n t  w i t h  

m - c h l o r o p e r b e n z o i c  a c id '^ '* ' .  A n a l y t i c a l  t . l . c .  c o m p a r i s o n  o f  t h e  

r e a c t i o n  m i x t u r e  w i t h  an  a u t h e n t i c  sample  o f  163 r e v e a l e d  t h a t  t h e  

r e q u i r e d  p r o d u c t  was ac com pa n ie d  by a n o t h e r  more p o l a r  compound.  

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

c om ponen t s  and f u r n i s h e d  163 a s  t h e  m a j o r  p r o d u c t  i n  737„ y i e l d .

T h i s  compound was i s o l a t e d  a s  a h i g h l y  c r y s t a l l i n e ,  c o l o u r l e s s  

s o l i d ,  c h a r a c t e r i s e d  by m e l t i n g  p o i n t ,  2 4 - 2 5 °  ( l i t . ^ ^  m.p .  2 5 - 2 7 ° )  

and by p . m . r .  s p e c t r u m  which  p o s s e s s e d  two m u l t i p l e t s  a t  3 1 .93  

( 8 H, CH2 ) and 3 2 .9 3  (4H, CH).

The m in o r  r e a c t i o n  p r o d u c t ,  an  e x t r e m e l y  v i s c o u s ,  c o l o u r l e s s  o i l  

showing a m o l e c u l a r  i o n  a t  m/e  296 i n  t h e  mass s p e c t r u m ,  was 

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

s t r e t c h i n g  v i b r a t i o n  a t  1724 cm  ̂ and a r o m a t i c  p r o t o n  r e s o n a n c e s  

a t  3 7 .1 8  -  7 .9 5  (4H) which  c l o s e l y  r e s e m b le d  t h o s e  o f  t h e  p a r e n t  

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

h y d r o x y l  band  a t  3448 cm  ̂ and a v e r y  i n t e n s e  C-0 s t r e t c h i n g  

v i b r a t i o n  a t  1255 cm A l th o u g h  t h e  l a t t e r  a b s o r p t i o n  i s  a 

c h a r a c t e r i s t i c  o f  b o t h  e p o x i d e  and b e n z o a t e  e s t e r  g r o u p i n g s ,  i t  was 

a s c r i b e d  to  t h e  l a t t e r  due to  t h e  a b s e n c e  o f  an e p o x i d e  m e t h i n e  

s i g n a l  i n  t h e  3 2 .9 0  r e g i o n  o f  t h e  p . m . r .  s p e c t r u m  (C f .  163) .

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

s i g n a l  a t  3  2 . 3 4  w h i l e  f o u r  p r o t o n s  bonded t o  c a r b o n - b e a r i n g - o x y g e n
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a p p e a r e d  a s  m u l t i p l e t s  a t  0 3 .9 4  (2H),  4 . 5 2  (1H) and 5 .3 2  (1H).

Four  m e t h y l e n e  g r o u p s  gave  r i s e  t o  a b r o a d  e n v e l o p e  ( 8 H) c e n t r e d  

a t  0  2 . 0 0 .

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

o f  1 6 3 , t h i s  o i l y  p r o d u c t  was c o n s i d e r e d  m os t  l i k e l y  to  be a 

m i x t u r e  o f  i s o m e r i c  b i c y c l i c  h y d r o x y e s t e r s  ( 207 and 208) .  The 

a l t e r n a t i v e  s t r u c t u r e ,  monoepoxide  ( 209 ) ,  was d i s c o u n t e d  on t h e  

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

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

w i t h  l i t h i u m  a lum in ium  h y d r i d e  (Scheme 6 9 ) .  I s o l a t i o n  o f  a m i x t u r e

o f  t h e  a l r e a d y  p r e p a r e d  i s o m e r i c  d i o l s  ( 196 and 197 ) would f a v o u r

t h e  a s s i g n e d  s t r u c t u r e s .  On t h e  o t h e r  h a n d ,  i s o l a t i o n  o f  t r i o l  ( 2 1 0 )

c o u l d  be c o n s i d e r e d  unambiguous  c o n f i r m a t i o n  o f  t h e  e p o x id e  

s t r u e t u r e  ( 2 0 9 ) .

163 was c o n v e r t e d  t o  a 9 - a z a b i c y c l o [ 3 . 3 . 1 ] nonane  by c o n d e n s a t i o n  w i t h  

a n i l i n e ,  t h i s  amine  b e i n g  c h o s e n  on a c c o u n t  o f  i t s  e a s e  o f  p u r i f i c a t i o n  

and i t s  l o w e r  v o l a t i l i t y  t h a n  s i m p l e  a l i p h a t i c  am ines  and b e c a u s e  t h e  

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

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

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

C o n d e n s a t i o n  was c a r r i e d  o u t  i n  a s e a l e d  p y r o l y s i s  t u b e ,  opt imum 

y i e l d s  b e i n g  o b t a i n e d  when t h e  t e m p e r a t u r e  was k e p t  a ro u n d  105° and 

when r e a c t a n t s  were  d i l u t e d  w i t h  m e t h a n o l .  The c r u d e  c r y s t a l l i n e  

p r o d u c t  r e c r y s t a l l i s e d  from e t h y l  a c e t a t e - e t h e r  to  g i v e  c o l o u r l e s s  p r i s m s  

w h ich  m e l t e d  s h a r p l y  a t  1 7 6 - 1 7 8 ° .  M i c r o a n a l y s i s  and mass
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s p e c t r o m e t r y  were  i n  a c c o r d  w i t h  a m o l e c u l a r  f o r m u l a  o f

(m.w. 233)  and c o n f i r m e d  t h e  f o r m a t i o n  o f  t h e  e x p e c t e d  1 : 1  a d d u c t .

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

l e a s t  one h y d r o x y l  f u n c t i o n ,  h a v i n g  a b r o a d  i n t e n s e  band c e n t r e d  

a t  3365 cm Moreover  t h e  p r e s e n c e  o f  a p h e n y l  g roup  was 

s u p p o r t e d  by a p a i r  o f  s h a r p  p e a k s  a t  1599 and 1507 cm

The p . m . r .  s p e c t r u m  (d^-DMSO) o f  t h e  p r o d u c t  p o s s e s s e d  o n l y  f o u r  

r e g i o n s  o f  a b s o r p t i o n  i n s t e a d  o f  t h e  e x p e c t e d  f i v e .  However ,  t h e  

anomaly  c o u l d  be s a t i s f a c t o r i l y  e x p l a i n e d  by a ssum ing  a c c i d e n t a l  

e q u i v a l e n c e  o f  t h e  b r i d g e h e a d  p r o t o n s  and t h o s e  bonded to  

c a r b o n - b e a r i n g - o x y g e n ,  t h e  combined s i g n a l  a p p e a r i n g  as  a f o u r - p r o t o n  

m u l t i p l e t  a t  3 4 . 1 2 .  Be ing c o u p l e d  to  t h e  n e i g h b o u r i n g  m e t h i n e  

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

d o u b l e t  (J=4Hz) a t  3 4 . 6 2 ,  wh ich  was c o m p l e t e l y  removed by t h e  

a d d i t i o n  o f  D2 O t o  t h e  p . m . r .  t u b e .  The r e m a i n d e r  o f  t h e  s p e c t r u m  

c o n s i s t e d  o f  a f i v e - p r o t o n  a r o m a t i c  m u l t i p l e t  a t  3 6 . 3 3 - 7 . 2 9  and 

a  complex  m e t h y l e n e  e n v e l o p e  ( 8 H) b e tw e e n  3 1 .0 8  and 2 . 4 2 .

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

t a k e n  w i t h  i t s  s h a r p  s p e c t r a l  c h a r a c t e r i s t i c s  w ere  i n d i c a t i v e  o f  an  

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

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

b e tw e e n  s k e l e t a l  i s o m e r s .  However t h e  m a t e r i a l  was a s s i g n e d  a s  205

*_ v - , . ^ . 9 4 , 9 9 , 1 0 0 , 1 5 2  .  Q , .
(R=Ph) by a n a l o g y  w i t h  p r e v i o u s  s y n t h e s e s  o f  9 - a z a b i c y c o -

n o n a n e s  i n  wh ich  [ 3 . 3 . 1 ] r i n g s y s t e m s  h a v e  b e e n  o b t a i n e d  a s  t h e  s o l e

p r o d u c t .

O x i d a t i o n  o f  205 (R=Ph) t o  t h e  c o r r e s p o n d i n g  d i o n e  ( 1 8 8 , R=Ph) was n o t  
a t t e m p t e d .



These  p r e l i m i n a r y  r e s u l t s  show t h a t  t h e  a c e t y l a t i o n  o f  b i c y c l o [ 3 . 3 . 1 . ] ~

n o n a n - 2 , 6 - d i o n e s  does  n o t  p r o c e e d  by  a  u n i q u e  pa th w a y .  F o r  t h e  

9 -m e thano  and 9 - t h i a  c a s e s  (79 and 165) a c e t y l a t i o n  a t  h i g h  a c i d i t y  

f u r n i s h e s  adamantane  d e r i v a t i v e s  i n  s y n t h e t i c a l l y  u s e f u l  y i e l d s ;  

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

f o r  t h e  9 - o x a  a n a l o g u e  ( 187) c a n n o t  b e  s a t i s f a c t o r i l y  r a t i o n a l i s e d .

I n  f u t u r e  w ork ,  an a t t e m p t  s h o u l d  b e  made t o  r e s o l v e  t h i s  d i s p a r i t y  

and s h o u l d  a c e r t a i n  t h e  c o u r s e  o f  a c e t y l a t i o n  o f  9 - a z a b i c y c l o [ 3 . 3 . 1 . ] — 

n o n a n - 2 , 6 - d i o n e  ( 1 8 8 ) .

I t  was d e c i d e d  a t  t h i s  j u n c t u r e  n o t  t o  r e t u r n  t o  t h e  o b j e c t i v e  o f

s y n t h e s i s i n g  156 and  157 i n  v iew  o f  M e l l o r ' s  p u b l i c a t i o n s  £n

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

However ,  t h e  p h o t o c h e m i c a l  b e h a v i o u r  o f  156 and 157 h a s  b e e n

142
s u b s e q u e n t l y  s t u d i e d  by C .R .N e l so n  who found  t h a t  t h e  e x t r u s i o n

o f  s u l p h u r  monoxide and s u l p h u r  d i o x i d e  does  n o t  o c c u r  by  a  s i m p l e  

p r o c e s s .  A c o m p le te  a p p r e c i a t i o n  o f  t h e  p h o t o c h e m i s t r y  o f  t h e s e  

sy s te m s  must  a w a i t  f u r t h e r  i n v e s t i g a t i o n .



Experimental Section



G e n e r a l

M e l t i n g  p o i n t s  were  d e t e r m i n e d  on m i c r o s c o p e  s l i d e s  u s i n g  c o v e r s l i p s  

on a K o f l e r  h o t - s t a g e  a p p a r a t u s  and a r e  u n c o r r e c t e d .  Q u a l i t a t i v e  

i n f r a r e d  s p e c t r a  w ere  o b t a i n e d  on c a .  1 - 2  mg s am p les  d i s p e r s e d  i n  

p r e s s e d  p o t a s s i u m  b ro m id e  d i s c s  (300 mg) on a  P e r k i n  Elmer  257 

s p e c t r o m e t e r ,  c a l i b r a t e d  w i t h  t h e  1603 cm  ̂ a b s o r p t i o n  o f  

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

c a r b o n  t e t r a c h l o r i d e  o r  c h l o r o f o r m  on a P e r k i n  Elmer 225 i n s t r u m e n t  

and w e re  c a l i b r a t e d  w i t h  t h e  1669,  1717 .5  and 1740 cm  ̂ b a n d s  o f  

w a t e r  v a p o u r .

P r o t o n  m a g n e t i c  r e s o n a n c e  ( p . m . r . )  s p e c t r a  were  r e c o r d e d  i n  

d e u t e r o c h l o r o f o r m ,  d e u t e r i u m  o x i d e  o r  d ^ - d i m e t h y l  s u l p h o x i d e  

s o l u t i o n s  on V a r i a n  T-ftO and HA-100 i n s t r u m e n t s .  Band p o s i t i o n s  

a r e  r e p o r t e d  i n  p a r t s  p e r  m i l l i o n  ( p . p . m . )  d o w n f i e l d  f rom e i t h e r  

t e t r a m e t h y l s i l a n e ,  TMS, ( f o r  s a m p le s  i n  CDCl^ and d^-DMSO) o r  

sodium  2 , 2 - d i m e t h y l - 2 - s i l a p e n t a n e - 5 - s u l p h o n a t e ,  DSS, ( f o r  D2 O 

s o l u t i o n s )  a s  i n t e r n a l  r e f e r e n c e  ( 3 s c a l e ) .

U l t r a v i o l e t  s p e c t r a  w ere  r e c o r d e d  i n  e t h a n o l  on a U n icam  SP800 

g r a t i n g  s p e c t r o p h o t o m e t e r .  R o u t i n e  mass  s p e c t r a  were  o b t a i n e d  on 

an AEI MS12 s p e c t o m e t e r  w h i l e  h i g h  r e s o l u t i o n  mass d e t e r m i n a t i o n s  

w ere  c a r r i e d  o u t  on an  AEI MS9 i n s t r u m e n t .

A n a l y t i c a l  t h i n  l a y e r  c h r o m a to g r a p h y  ( t . l . c . )  was p e r f o r m e d  u s i n g  

l a y e r s  o f  Merck K i e s e l g e l  G ( 0 . 2 5  mm) on m i c r o s c o p e  s l i d e s .  

Chromatograms w e re  v i s u a l i s e d  by s p r a y i n g  e i t h e r  w i t h  e e r i e  s u l p h a t e  

s o l u t i o n  f o l l o w e d  by h e a t i n g  to  1 2 0 ° ,  o r  w i t h  i o d i n e  v a p o u r .  

P r e p a r a t i v e  t . l . c .  was c a r r i e d  o u t  u s i n g  1 mm l a y e r s  o f  Merck 

K i e s e l g e l  HF2 5 4  s i l i c a  on 20 cm x 20 cm o r  20 cm x 100 cm p l a t e s  

and w ere  v iew e d  u n d e r  u l t r a v i o l e t  l i g h t  ( X 254 run).



5 7

Alumina  employed i n  column c h ro m a to g r a p h y  was Woelm Grade 1 ( n e u t r a l )  

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

P e t r o l e u m  s p i r i t  u s e d  was p r e v i o u s l y  d i s t i l l e d  and was o f  b o i l i n g

r a n g e  6 0 - 8 0 ° .  O t h e r  common s o l v e n t s  employed i n  p r e p a r a t i v e  work

were  e i t h e r  o f  AnalaR g r a d e  o r  w ere  d i s t i l l e d  p r i o r  to  u s e .

R e d i s t i l l e d  p y r i d i n e  was d r i e d  o v e r  p o t a s s i u m  h y d r o x i d e  p e l l e t s  and

153d i m e t h y l  s u l p h o x i d e  was s t o r e d  o v e r  4A m o l e c u l a r  s i e v e s  . M e th y le n e  

c h l o r i d e  was p u r i f i e d  by p a s s a g e  t h r o u g h  Woelm b a s i c  a lu m in a  (Grade  0)  

and was a l s o  s t o r e d  o v e r  4A m o l e c u l a r  s i e v e s .

Aqueous sodium h y d r o x i d e ,  h y d r o c h l o r i c  a c i d  and sodium c a r b o n a t e  

s o l u t i o n s  u s e d  w e re  a p p r o x i m a t e l y  2N. Sodium b i c a r b o n a t e  and sodium 

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

were  d r i e d  o v e r  a n h y d ro u s  magnes ium s u l p h a t e  b e f o r e  b e i n g  s t r i p p e d  

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

w a t e r  a s p i r a t o r .

S u l p h u r  d i c h l o r i d e  was f r e s l y  d i s t i l l e d ,  p r i o r  t o  u s e ,  f rom a s m a l l

amount  o f  p h o s p h o r u s  t r i c h l o r i d e ,  t h e  f r a c t i o n  b o i l i n g  b e tw e en

1.5 358 and 61 b e i n g  r e t a i n e d

122 149
8 N J o n e s  r e a g e n t  was p r e p a r e d  * by d i s s o l v i n g  2 6 .7 2  g AnalaR 

chromium t r i o x i d e  i n  23 ml c o n c e n t r a t e d  s u l p h u r i c  a c i d  and d i l u t i n g  

to  1 0 0  ml w i t h  d i s t i l l e d  w a t e r .

I I O 17 0

2 , 6 - D i c h l o r o - 9 - t h i a b i c y c l o  [3 .  3 .1 )  nona ne  ( 161) *

E , E - c y c l o o c t a - l , 5 - d i e n e  (50 )  (1944 g ,  18 m ol)  and f r e s h l y  d i s t i l l e d  

s u l p h u r  d i c h l o r i d e  (1854 g ,  18 m ol)  w e re  s i m u l t a n e o u s l y  added  d r o p w i s e  

o v e r  3 h r  t o  2 . 5  1 m e t h y l e n e  c h l o r i d e  wh ich  was v i g o r o u s l y  s t i r r e d
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and m a i n t a i n e d  a t  - 5 ° .  A f t e r  c o n c e n t r a t i n g  t h e  m o th e r  l i q u o r s ,  t h e

c r y s t a l l i n e  p r o d u c t  was c o l l e c t e d  and r e c r y s t a l l i s e d  from b e n z en e

to  g i v e  161 (3207g ,  15 .2  m ol ,  847,),  m .p .  99 -1 0 1 °  ( l i t . " * " ^  m.p .  

o  K R t  —1
100-101 ) ;  v 2933,  1485,  1160,  950 and 689 cm ; a ( C D C l J  max 3

2 .0 9  - 2 .6 5  ( b r  e n v ,  8 H, m e t h y l e n e  g r o u p s ) ,  2 .8 2  (m, 2H, 

b r i d g e h e a d  p r o t o n s )  and 4 . 7 1  (m, 2H, H -C -C l ) .

119
2 , 6 - D i h y d r o x y - 9 - t h i a b i c y c l o [ 3 .3 .1 1  nonane  ( 164)

D i c h l o r i d e  ( 161 ) (633 g ,  3 mol)  was d i s s o l v e d  i n  a m i x t u r e  o f  

3 1 d i m e th y o x y e t h a n e  and 3 1 107„ a queous  sodium h y d r o x i d e  s o l u t i o n  

and t h e  m i x t u r e  r e f l u x e d  f o r  2 1  h u n d e r  an a tm o s p h e r e  o f  n i t r o g e n .

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

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

m e t h a n o l  gave  164 (448g ,  2 . 6  m ol ,  867o), m .p .  235 -240°  ( l i t . ^ ^

n TCRt -1
m .p .  240-241 ) :  V 3346,  2909,  1430,  1021,  989 and 880 cm ;r  ’ max

9 (d^-DMSO) 1 . 4 6 - 2 . 3 0  ( b r  e n v ,  8 H, m e t h y l e n e  g r o u p s ) ,

2 . 4 6  (m, 2H, b r i d g e h e a d  p r o t o n s ) ,  3 .9 9  (m, 2H, H-C-OH) and 

4 . 9 1  ( d ,  5Hz, 2H, -OH).

9 - T h i a b i c y c l o [ 3 . 3 . 1 1 n o n a n - 2 , 6 - d i o n e  ( 165 ) ^ ^  and 6 - h y d r o x y - 9 -

112
t h i a b i c y c l o [ 3 . 3 . 1 1 n o n a n - 2 - o n e  ( 143)

( a )  AnalaR chromium t r i o x i d e  (42 g ,  0 . 4 2  mol)  was added  i n  s m a l l

p o r t i o n s  t o  a  m e c h a n i c a l l y  s t i r r e d  s o l u t i o n  o f  65 ml p y r i d i n e  i n  100 ml 

m e t h y l e n e  c h l o r i d e  m a i n t a i n e d  a t  room t e m p e r a t u r e .  A f t e r  15 min a 

s o l u t i o n  o f  d i o l  ( 164) (12 g ,  0 . 0 7  m ol)  d i s s o l v e d  i n  a f u r t h e r  90 ml 

p y r i d i n e  was s l o w l y  added  and v i g o r o u s  s t i r r i n g  c o n t i n u e d  f o r  a 

f u r t h e r  30 m in .  The s u p e r n a t a n t  l i q u o r  was d e c a n t e d  o f f  t h e  

r e s i d u e s  e x t r a c t e d  w i t h  b o i l i n g  e t h y l  a c e t a t e .  The combined  

s u p e r n a t a n t s  and e x t r a c t s  w e re  e v a p o r a t e d  to  s m a l l  vo lume and 

r e s i d u a l  p y r i d i n e  removed by c o d i s t i l l a t i o n  w i t h  b e n z e n e .  The
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r e s i d u e s  were  d i s s o l v e d  i n  e t h y l  a c e t a t e  and washed i n  t u r n  w i t h

h y d r o c h l o r i c  a c i d ,  sodium h y d r o x i d e  and w a t e r  to  n e u t r a l i t y .

D ry in g  and e v a p o r a t i o n  o f  s o l v e n t  gave  a v i s c o u s  o i l  which  was

c r y s t a l l i s e d  from c h l o r o f o r m - p e t r o l e u m  s p i r i t  to  g i v e  165

( 4 . 5 7  g ,  0 . 0 2 7  m ol ,  397.), m .p .  141-142°  ( l i t . 1 1 7  m .p .  1 4 1 - 1 4 2 ° ) ;
KRr - 1

v 2965 ,  1693,  1445,  1209 and 889 cm ; a ( C D C l J  2 . 3 0 - 3 . 1 5¥ max 3

(m, 8 H, m e t h y l e n e  g r o u p s )  and 3 .3 9  (m, 2H, b r i d g e h e a d  p r o t o n s ) .

(b )  D i o l  ( 164 ) (12 g ,  0 . 0 7  mol)  was a l l o w e d  to  r e a c t  w i t h

chromium t r i o x i d e - p y r i d i n e  com plex p r e p a r e d  from CrO^ ( 2 1  g ,  0 . 2 1

mol)  a s  d e s c r i b e d  a b o v e .  A f t e r  e x t r a c t i o n  and w o r k - u p ,  a y e l l o w  o i l

( 4 . 7 1  g)  was o b t a i n e d  w h ich  was shown by t . l . c .  ( c h l o r o f o r m -

p e t r o l e u m  s p i r i t ,  9 : 1 )  t o  be  a m i x t u r e  o f  a t  l e a s t  t h r e e  c o m pone n t s .

S e p a r a t i o n  o f  t h e  components  was a c h i e v e d  by column c h r o m a to g r a p h y

t h r o u g h  a l u m i n a  (120 cm x 3 . 5  cm i . d .  column c o n t a i n i n g  900 g

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

m i x t u r e s  o f  g r a d u a l l y  i n c r e a s i n g  p o l a r i t y ) .  The f i r s t  componen t  t o  be

e l u t e d  was d i o n e  ( 165 ) ( 2 . 6 1  g ,  0 . 0 1 5  m o l ,  227.) which  r e c r y s t a l l i s e d

a s  above  from c h l o r o f o r m - p e t r o l e u m  s p i r i t .  The second  was

6 - h y d r o x y - 9 - t h i a b i c y c l o [ 3 . 3 . 1  I n o n a n - 2 - o n e  ( 143) ( 0 . 9 1  g ,  0 . 0 0 5  m ol ,

7.57o) and was p u r i f i e d  by s u b l i m a t i o n  ( 1 1 0 ° ,  0 . 0 5  mm Hg) t o  g i v e  a

waxy s o l i d ,  m .p .  184-186°  ( l i t . 11^ m .p .  1 8 0 - 1 8 2 ° ) ;  V 3404,

2921 ,  1686 ,  1462 ,  1230,  1034 and 900 cm"1 ; g ( d 6 -DMS0) 1 . 2 4 - 3 . 4 2

( b r .  e n v . ,  10H, m e t h y l e n e  g r o u p s  and b r i d g e h e a d  p r o t o n s ) ,  3 . 9 2

(m, 1H, H-C-OH) and 5 .1 1  ( d ,  4Hz, 1H, -OH); m/e 172(M+ ) ,  154,  139,

126,  116,  100,  97 and 85 ;  * Et0H 249 ( l o g  £*  2 . 4 3 )  and 303 nm » * » » max

( 2 . 3 1 ) .

The t h i r d  and m o s t  p o l a r  compound was u n r e a c t e d  164 ( 1 . 0 2  g ,

0 .0 0 6  m o l ,  8 . 47o)•



60

A d d i t i o n a l  a t temffe t o  p r e p a r e  9 - t h i a b i c y c l o [ 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e  ( 165)

124( a )  R e a c t i o n  o f  164 w i t h  a c e t i c  a n h y d r i d e  -  d i m e t h y l  s u l p h o x i d e

D i o l  ( 164) ( 3 . 2  g ,  19 mmol) was d i s s o l v e d  i n  23 ml d i m e t h y l  s u l p h o x i d e  

and 13 ml a c e t i c  a n h y d r i d e .  The s o l u t i o n  was h e a t e d  t o  50° and 

m a i n t a i n e d  a t  t h a t  t e m p e r a t u r e  w i t h  s t i r r i n g  f o r  72 h r .  On c o o l i n g ,  

t h e  r e a c t i o n  m i x t u r e  was d i s s o l v e d  i n  1 0 0  ml m e t h y l e n e  c h l o r i d e  and 

washed w i t h  w a t e r  (12 t i m e s ) ,  aqueous  sodium b i c a r b o n a t e  (5 t i m e s )  

and a g a i n  w i t h  w a t e r  t o  n e u t r a l i t y .  D r y in g  o v e r  a n h y d ro u s  sodium 

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

( 1 . 5 3  g ) .  P a r t i a l  p u r i f i c a t i o n  was a c h i e v e d  by column c h ro m a to g r a p h y  

(40 cm x 1 .4  cm i . d .  co lumn,  40 g Al^O^,  e t h e r )  and f r a c t i o n a l  

d i s t i l l a t i o n  ( 1 4 0 - 1 4 4 ° ,  0 . 0 6  mm Hg) g i v i n g  a c o l o u r l e s s  o i l  ( 1 . 0 8  g)  

wh ich  c r y s t a l l i s e d  on s t a n d i n g .  The m a j o r  component  (667.) o f  t h i s  

o i l  was i d e n t i f i e d  a s  2 , 6 - d i a c e t o x y - 9 - t h i a b i c y c l o ( 3 . 3 . 1 1  nonane  ( 168) ,  

m .p .  9 7 - 1 0 0 °  ( l i t . 1 1 9  m .p .  1 0 0 - 1 0 1 ° ) ;  v KBr 2931,  1746,  1491,  1443,f  \ r j v max

1376,  1240, 1055,  1039 and 879 cm- 1 ; 9 (CDC13 ) 2 .0 2  ( s ,  6 H, 

a c e t o x y l  CH^), 1 . 7 3 - 2 . 2 5  ( b r  e n v ,  8 H, m e t h y l e n e  g r o u p s ) ,  2 .7 0  (m,

2H, b r i d g e h e a d  p r o t o n s )  and 5 . 2 0  (m, 2H, H-C-OAc); m/e 2 5 8 (M**"),

199,  155 and 138 .

The m ino r  component  (347.) was n o t  i s o l a t e d  b u t  was t e n t a t i v e l y  

a s s i g n e d  as  m o n o a c e t a t e  ( 170) ;  9 (CDCl^) 1 . 8 0 - 2 . 6 0  ( b r  env ,  8 H, 

s k e l e t a l  m e t h y l e n e  g r o u p s ) ,  2 .0 9  ( s ,  3H, a c e t o x y l  CH.^), 2 .1 8  

( s ,  3H, CH ^-S) , 2 .8 0  (m, 2H, b r i d g e h e a d  p r o t o n s ) ,  4 . 1 7  (m, 1H, 

H-C-OCH2 SCH3 ) ,  4 . 7 0  ( s ,  2H, -0CH2 S - )  and 5 .3 1  (m, 1H, H-C-OAc).

No o x i d i s e d  p r o d u c t s  were  i d e n t i f i e d .



(b )  O x i d a t i o n  o f  164 u s i n g  chromium t r i o x i d e  i n  d i m e t h y l

formamide

164 (720 mg, 4 . 2  mmol) was d i s s o l v e d  i n  50 ml d i m e t h y l  fo rm am ide .  

Chromium t r i o x i d e  ( 2 . 5 2  g,  2 5 .2  mmol) and 8  d r o p s  c o n c .  s u l p h u r i c  

a c i d  were added g r a d u a l l y ,  and t h e  s o l u t i o n  a l l o w e d  t o  s t i r  a t  

room t e m p e r a t u r e  f o r  24 h r .  250 ml e t h y l  a c e t a t e  was added and 

t h e  m i x t u r e  washed w i t h  s a t u r a t e d  sodium m e t a b i s u l p h i t e  s o l u t i o n .

The m e t a b i s u l p h i t e  w a s h i n g s  were  back  e x t r a c t e d  w i t h  a l i t t l e  e t h y l  

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

sodium m e t a b i s u l p h i t e ,  sodium b i c a r b o n a t e  and w a t e r  i n  s e q u e n c e ,  

d r i e d  and s t r i p p e d  o f  s o l v e n t  u n d e r  vacuum. The r e s i d u e  (140 mg) 

was i d e n t i f i e d  by i t s  p . m . r .  s p e c t r u m  and by t . l . c .  c o m p a r i s o n  to  

be m a i n l y  h y d r o x y k e t o n e  ( 143 ) .

F u r t h e r  a t t e m p t s  t o  p r e p a r e  165 by t h i s  method u s i n g  i n c r e a s e d  

amounts  o f  o x i d a n t  and e l e v a t e d  t e m p e r a t u r e s  ( 9 0 ° )  a l s o  p ro v ed  

u n s u c c e s s f u l .

( c )  R e a c t i o n  o f  2 , 6 - d i m e t h o x y - 9 - t h i a b i c y c l o [ 3 . 3 . 1 ] n o n a n e  ( 172)

w i t h  aqueous  b r o m i n e 1^

D i m e th o x id e  ( 172) ,  b . p .  1 5 7 -165°  a t  15 mm Hg ( l i t . 1 1 9  b . p .  1 5 6 - 1 6 0 ° ,  

18 mm Hg) ,  was p r e p a r e d  i n  q u a n t i t a t i v e  y i e l d  by t h e  a c t i o n  o f  

sod ium m e t h o x i d e  on d i c h l o r i d e  ( 161) •

Bromine ( 1 2 9 .6  g ,  0 . 8 1  mol)  was added d r o p w i s e  o v e r  30 m in .  t o  a 

m i x t u r e  o f  172 ,  ( 2 0 . 2  g ,  0 . 1  m o l ) ,  250 ml 0.5N aqueous  sodium 

a c e t a t e  and 250 ml a c e t i c  a c i d  (pH 4 . 6 ) .  The r e s u l t a n t  s o l u t i o n  

was s t i r r e d  c o n t i n u o u s l y  a t  room t e m p e r a t u r e  f o r  48 h r .  A 

s a t u r a t e d  s o l u t i o n  o f  sod ium s u l p h i d e  was added  u n t i l  a l l  e x c e s s
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brom ine  had b e e n  rem oved .  A f t e r  c o n c e n t r a t i o n  u n d e r  r e d u c e d  p r e s s u r e ,  

t h e  r e s i d u e s  were  e x t r a c t e d  w i t h  c h l o r o f o r m .  The e x t r a c t s  were  d r i e d  

and s t r i p p e d  o f  s o l v e n t  l e a v i n g  a brown o i l  which  was shown by p 0 m . r .  

s p e c t r o s c o p y  to  be l a r g e l y  u n r e a c t e d  s t a r t i n g  m a t e r i a l .  On s t a n d i n g ,  

b r o w n i s h  c r y s t a l s  w ere  d e p o s i t e d  from t h e  c r u d e  p r o d u c t  and were  

i d e n t i f i e d  as  d i b r o m i d e  ( 173) ,  m .p .  131-133°  ( l i t . m . p .  1 3 4 .5 -  

1 3 5 . 5 ) .

No o x i d i s e d  m a t e r i a l  was i s o l a t e d .

R e a c t i o n  o f  9 - t h i a b i c y c l o  ( 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e  ( 165) w i t h  a c e t i c

137a n h y d r i d e - t o l u e n e - p - s u l p h o n i c  a c i d

Dione  ( 165) ( 2 . 1 4  g ,  1 2 .6  mmol) was d i s s o l v e d  i n  25 ml a c e t i c  a n h y d r i d e ,  

1 0  mg t o l u e n e - p - s u l p h o n i c  a c i d  added and t h e  m i x t u r e  h e a t e d  t o  r e f l u x

f o r  3 h r .  D u r in g  t h e  f o l l o w i n g  3 h r  a c e t i c  a c i d  and a c e t i c  a n h y d r i d e

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

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

s o l v e n t .  F i n a l l y  t h e  r e a c t i o n  m i x t u r e  was t a k e n  down t o  d r y n e s s  and 

any t r a c e s  o f  a c e t i c  a n h y d r i d e  removed by c o d i s t i l l a t i o n  w i t h  b e n z e n e .  

The r e s i d u a l  brown t a r  was e x t r a c t e d  w i t h  b o i l i n g  p e t r o l e u m  s p i r i t  and 

t h e  combined  e x t r a c t s  e v a p o r a t e d  t o  d r y n e s s  l e a v i n g  a y e l l o w i s h  gum 

( 2 . 4 1  g)  w h ic h  s o l i d i f i e d  on s t a n d i n g .  F r a c t i o n a l  c r y s t a l l i s a t i o n  

from e t h e r - p e t r o l e u m  s p i r i t  gave  2 , 6 - d i a c e t o x y - 9 - t h i a b i c y c l o [ 3 . 3 . 1 ] -  

n o n a - 2 , 6 - d i e n e  ( 174) ( 1 . 4 6  g,  5 .7  mmol, 467.),  m .p .  105 -107°  ( l i t . 11  ̂

m .p .  1 0 7 - 1 0 8 ° ) ;  V KBr 2902 ,  2821,  1749,  1678,  1364, 1211,  1086,  898r  9 max 7  7  7  7 7 7  7

and 683 cm"1 ; 0 (CDC13 ) 2 .1 7  ( s ,  6 H, a c e t o x y l  CH^), 2 . 6 4  (m, 4H, 

a l l y l i c  CH2 ) ,  3 . 4 6  (m, 2H, b r i d g e h e a d  CH) and 5 .4 6  (m, 2H, o l e f i n i c  

CH). T h i n  l a y e r  c h r o m a to g r a p h y  ( c h l o r o f o r m - p e t r o l e u m  s p i r i t  4 : 1 )  o f  

t h e  r e s i d u a l  m a t e r i a l  y i e l d e d  a f u r t h e r  0 . 4 4  g ( 1 . 7  mmol, 147.)



6 3

b i s e n o l a c e t a t e  ( 174) and 2 - a c e t o x y - 9 - t h i a b i c y c l o [ 3 . 3 . 1 ] n o n - 2 - e n - 6 - o n e

( 179) ( 0 . 3 4  g ,  1 .6  mmol, 137,), m .p .  8 8 - 9 1 °  ( l i t . 1 3 7  m .p .  8 8 - 9 0 . 5 ° )
K R t  _ 1

V 2942,  1751, 1696,  1420,  1380, 1210, 1094, 884 and 681 cm ; max

9  (CDC13 ) 2 .1 8  ( s ,  3H, a c e t o x y l  CH3 ) ,  2 . 2 9 - 2 . 9 5  ( b r  env ,  6 H, 

m e t h y l e n e  CH^),  3 .2 2  (m, 1H, C (5 )H ) ,  3 .5 0  (m, 1H, C ( l ) H )  and 5 .6 4  

(m, 1H, o l e f i n i c  CH)•

R e a c t i o n  o f  9 - t h i a b i c y c l o ( 3 . 3 . 1 1 n o n a n - 2 , 6 - d i o n e  ( 165) w i t h  a c e t i c  

a n h y d r i d e - s u l p h u r i c  a c i d 1 1 7

Dione ( 165 ) ( 1 . 7 0  g ,  10 mmol),  25 ml a c e t i c  a n h y d r i d e  and 10 d r o p s

AnalaR c o n c .  s u l p h u r i c  a c i d  were  r e f l u x e d  f o r  2 h r .  S o l v e n t  was

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

t a r r y  r e s i d u e  ( 2 . 0 7  g)  which  was e x t r a c t e d  w i t h  b o i l i n g  p e t r o l e u m

s p i r i t  y i e l d i n g ,  on e v a p o r a t i o n ,  a y e l l o w - g r e e n  s e m i - s o l i d  ( 1 . 3 4  g ) .

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

gave  6 - a c e t o x y - 6 - m e t h y l - 2 - t h i a a d a m a n t a n - 4 , 8 - d i o n e  ( 180) (824  mg,

3 . 2 4  mmol, 32.47,), m . p .  1 7 2 - 1 7 2 . 5 ° ;  A n a l .  c a l c ,  f o r  ^ ^ 2 H14<34 ^ :
r n  a

C 5 6 .6 9 ,  H 5.557. .  Found :  C 5 6 . 6 2 ,  H 5.497. ; y 4 1752 (£ 710,
7 7 max

AV £ 17 cm"1) ,  1729 ( £ a 560,  AV £ 20 cm"1) and 1719 ( £ a 480 ,

A V f  13 cm"1 ) ;  y KBr 2985 ,  2942,  1740, 1712,  1238, 1102,  988 andmax

971 cm’ 1 ; 9 (CDCl^) 1 .6 5  ( s ,  3H, t e r t i a r y  CH^), 2 .0 0  ( s ,  3H, a c e t o x y l

CH^) and 2 . 5 1 - 3 . 6 4  (com plex  m, 8 H, C ( 1 , 3 , 5 , 7 ) H  and C O j l O ) ] ^ ) ;  m/e 

254 (M+ ) ,  212,  194,  179,  166,  133,  55 and 43;  A * * 0 * 1  239 ( l o g  £ 2 . 6 2 ) ,
U laX

260 ( 2 . 4 7 ) ,  312 nm ( 2 . 6 3 ) .

P r e p a r a t i v e  t h i n  l a y e r  c h ro m a to g r a p h y  o f  t h e  m o th e r  l i q u o r s  ( e t h y l  

a c e t a t e - p e t r o l e u m  s p i r i t ,  1 : 4 )  p r o v i d e d  from t h e  u p p e r  b a n d ,  174 

(329 mg, 1 . 3  mmol, 137.) and from t h e  l o w e r  b a n d ,  6 - m e t h y l e n e - 2 - 

t h i a a d a m a n t a n - 4 , 8 - d i o n e  ( 182) ( 1 . 5 5  mg, 0 . 8  mmol, 87.) wh ich



Addendum 1

The Effect of changes in sulphuric acid concentration on the 
reaction of 165 with acetic anhydride.
Following a similar procedure to that described on p.63, a 
mixture of dione (165) (1.70 g, 10 mmol) and acetic anhydride
(30 ml) was reacted in the presence of varying amounts of 
concentrated sulphuric acid. Products were isolated by 
extraction of the crude reaction residues with petroleum spirit 
followed by preparative thin layer chromatography of the extract. 
Products were identified by p.m.r. spectroscopy.
(a) 18 drops c.I^SO^ in 30 ml acetic anhydride gave 174 (0.076 g,
0.3 mmol, 3%), 180 (0.762 g, 3.0 mmol, 30%) and 182 (0.310 g,
1.6 mmol, 16%).
(b) 24 drops c.B^SO^ in 30 ml acetic anhydride gave 182 (0.504 g,
2.6 nmol, 26%). No bisenol acetate (174) or diketoacetate (180) 
were isolated.
(c) 30 drops c.I^SO^ in 30 ml acetic anhydride gave 182 (0.194 g,
1.0 mmol, 10%). No 174 or 180 were isolated.
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r e c r y s t a l l i s e d  from c h l o r o f o r m - p e t r o l e u m  s p i r i t  as  c o l o u r l e s s  n e e d l e s ,  

m .p .  169-170°C;  A n a l .  c a l c ,  f o r  c i q H1 0 ° 2 S: c 61*85,  H 5.197. .  Found:

C 6 1 . 9 4 ,  H 5.23%; VCC14 1723 cm-1  (£a 740, AV? 34 cm’ 1) ;  u ^  2998,’ max h '  > v max »

2924,  2860,  1718,  1651,  1446,  1334,  1286, 1225,  1155,  1076,  990 ,  968 ,

907 and 766 cm 1 ; 0 (CDCl^) 2 . 5 0 - 3 . 5 0  (com plex  m, 8H, C ( 1 , 3 , 5 , 7 ) H

and C ( 9 , 1 0 ) ^ )  an(l 4 . 9 5  ( s ,  2H, o l e f i n i c  CH^); m/e 194 (M*"), 166,

138, 123,  111,  105,  91 and 77; X E t ° H 261 ( l o g  C 2 . 4 2 ) ,  303 ( 2 . 2 1 ) ,max

309 ( 2 . 2 2 ) ,  324 nm ( 2 . 0 3 ) .

Addendum 1
Acid  c a t a l y s e d  i s o m e r i s a t i o n  o f  2 , 6 - d i a c e t o x y - 9 - t h i a b i c y c l o

[ 3 . 3 . 1 ) n o n a - 2 , 6 - d i e n e  ( 174)

B i s e n o l  a c e t a t e  ( 174) (100 mg, 0 . 3 9  mmol) and 0 ol  ml o f  a m i x t u r e  

p r e p a r e d  f rom  24 d r o p s  AnalaR c o n c .  s u l p h u r i c  a c i d  i n  30 ml a c e t i c  

a n h y d r i d e ,  were  m a i n t a i n e d  a t  160° f o r  5 h r  i n  a  s e a l e d  p y r o l y s i s  

t u b e .  On c o o l i n g  and r em ova l  o f  s o l v e n t  by c o d i s t i l l a t i o n  w i t h  

b e n z e n e ,  a b l a c k  t a r r y  r e s i d u e  was o b t a i n e d  wh ich  on p r e p a r a t i v e  

t h i n  l a y e r  c h r o m a to g r a p h y  ( c h l o r o f o r m - p e t r o l e u m  s p i r i t  4 : 1 )  y i e l d e d  

monoenol  a c e t a t e  ( 179) (26 mg, 0 . 1 2  mmol, 317.),  u n r e a c t e d  b i s e n o l  

a c e t a t e  ( 174 ) (28 mg, 0 . 1 1  mmol, 287o) and d i k e t o a c e t a t e  ( 180) (15 mg, 

0 . 0 6  mmol, 157.).  A l l  m a t e r i a l s  were  i d e n t i f i e d  by p . m . r .  s p e c t r o s c o p y  

and w ere  n o t  f u r t h e r  p u r i f i e d .

H y d r o l y s i s  o f  6 - a c e t o x y - 6 - m e t h y l - 2 - t h i a a d a m a n t a n - 4 , 8 - d i o n e  ( 180 )

( a )  A c e t a t e  ( 180) (66 mg, 0 . 2 6  mmol) and 25 ml 2N a queous  sodium  

h y d r o x i d e  w ere  a l l o w e d  t o  s t i r  a t  room t e m p e r a t u r e  f o r  34 h r .  A f t e r  

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

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

brown c r y s t a l l i n e  s o l i d  (51 mg) was o b t a i n e d .  D e c o l o u r i s a t i o n  w i t h  

a c t i v a t e d  c h a r c o a l ,  f o l l o w e d  by c r y s t a l l i s a t i o n  f rom c h l o r o f o r m -
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p e t r o l e u m  s p i r i t  gave c o l o u r l e s s  n e e d l e s  o f  6 - h y d r o x y - 6 - m e t h y l - 2- 

t h i a a d a m a n t a n - 4 , 8 - d i o n e  ( 185) (46 mg, 0 . 2 2  mmol, 837.),  m .p .  ( s e a l e d

t u b e )  265 -267°  ( d e c o m p . ) ;  A n a l .  c a l c ,  f o r  C^qH ^ O ^ S :  ^

PCI -1
H 5.707. .  Found:  C 5 6 . 7 6 ,  H 5.797.;  V 4 3606,  1729 and 1723 cm ;7 7 max 7 7

KR*r
V 3399,  2942 ,  1711,  1450,  1388,  1295, 1156,  1109,  971 andmax

944 cm” 1; 9 (CDC13 ) 1 .4 3  ( s ,  3H, CH3 ) ,  2 . 5 9 - 3 . 4 3  ( b r  env ,  9H,

C ( l , 3 , 5 , 7 )H, C ( 9 , 1 0 ) H 2 and OH); m/e 212 (M+ ) , 179,  151,  137,  126,

113, 97 and 85;  XEt0H 238 ( l o g  Z & 2 . 8 0 ) ,  268 ( 2 . 9 0 )  and 297 nm ( 3 . 1 7 ) .max

(b )  A m i x t u r e  o f  180 (672 mg, 2 . 6  mmol),  p o t a s s i u m  h y d r o x i d e

( 1 . 4  g,  25 mmol) ,  10 ml m e t h a n o l  and 10 ml w a t e r  was s t i r r e d  f o r  65 h r .

a t  room t e m p e r a t u r e .  A f t e r  n e u t r a l i s a t i o n  and e x t r a c t i o n  as  i n  ( a )

a b o v e ,  p r e p a r a t i v e  t . l . c .  o f  t h e  r e s u l t a n t  o i l y  p r o d u c t  (393 mg) was 

c a r r i e d  o u t  u s i n g  e t h y l  a c e t a t e - c h l o r o f o r m  ( 1 : 9 ) .  E x t r a c t i o n  o f  t h e  

u p p e r  band  w i t h  b o i l i n g  e t h y l  a c e t a t e  gave  d i o n e  ( 165) (288 mg,

1 .7  mmol, 657.) w h i l e  t h e  low er  band gave  a l c o h o l  ( 185) (74 mg,

0 . 3  mmol, 137.) e a c h  p r o d u c t  b e i n g  i d e n t i f i e d  by t h e i r  i n f r a r e d  and 

p . m . r .  s p e c t r a .

D e h y d r a t i o n  o f  6 - h y d r o x y - 6 - m e t h y l - 2 - t h i a a d a m a n t a n - 4 , 8 - d i o n e  ( 185 )

To a s o l u t i o n  o f  185 (171 mg, 0 . 8 1  mmol) i n  15 ml d r y  p y r i d i n e  was 

added  5 ml p h o s p h o ru s  o x y c h l o r i d e  and t h e  m i x t u r e  r e f l u x e d  f o r  6 h r .

On c o o l i n g  t h e  r e a c t i o n  m i x t u r e  was p o u red  on t o  c r u s h e d  i c e ,  e x t r a c t e d

w i t h  c h l o r o f o r m  and t h e  combined  e x t r a c t s  washed  w i t h  d i l u t e  h y d r o ­

c h l o r i c  a c i d  ( t w i c e )  and w a t e r  t o  n e u t r a l i t y .  D r y in g  o v e r  a n h y d ro u s  

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

wh ich  was c r y s t a l l i s e d  from c h l o r o f o r m - p e t r o l e u m  s p i r i t  t o  g i v e  a l k e n e  

( 182) (58 mg, 0 . 3  mmol, 377.) i d e n t i c a l  i n  a l l  a s p e c t s  t o  an  a u t h e n t i c  

s a m p l e .
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P r e p a r a t i o n  o f  M e e r w e i n ' s  T e t r a e s t e r - 1 , 3 , 5 , 7 - t e t r a ( m e t h o x y c a r b o n y l ) -  

b i c y c l o  ( 3 . 3 . 1  ]n o n a n - 2 , 6 - d i o n e  (£f) 17

47T e t r a e s t e r  (4 )  was p r e p a r e d  by t h e  method o f  S c h a e f e r  and Honig ,

f rom d i m e t h y l  m a l o n a t e  (61 g ,  0 . 5  mol)  and 957, p a r a f o r m a l d e h y d e  (12 g,

0 . 3 8  m ol)  u s i n g  2 ml p i p e r i d i n e  a s  c a t a l y s t .  C r y s t a l l i s a t i o n  o f  t h e

c r u d e  p r o d u c t  f rom b e n z en e  gave  4_ ( 2 9 .7 6  g ,  0 . 0 7 8  m ol ,  627„) m .p .

159 -162°  ( l i t . 47 m .p .  1 6 3 - 1 6 4 ° ) ;  V KBr 2956,  1743,  1664,  1624,  1445,max 7

1328,  1266,  1039 ,  997 and 836 cm"1 ; a (CDC13 ) 2 .3 2  ( s ,  2H, C(9)H2 ,

2 .8 6  ( s ,  4H, C ( 4 , 8 ) H 2 ) 3 .7 6  ( s ,  12H, CH3 ) and 3 .8 0  ( s ,  2H, C ( 3 , 7 ) H ) .

D e c a r b o x y l a t i o n  o f  t e t r a e s t e r  (4 )  t o  b i c y c l o l 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e  

( 7 9 ) 17 ,136

A m i x t u r e  o f  4 (10 g ,  26 mmol) ,  50 ml c o n c .  h y d r o c h l o r i c  a c i d  and 

35 ml w a t e r  w e re  r e f l u x e d  f o r  17 h r .  Removal  o f  s o l v e n t  u n d e r  vacuum 

l e f t  a b r o w n i s h  r e s i d u e  wh ich  was s u b l im e d  ( 1 4 0 ° ,  0 . 5  mm Hg) t o  g i v e  a 

c o l o u r l e s s  s o l i d .  R e c r y s t a l l i s a t i o n  from be n z e n e  gave  p r i s m a t i c  

d i o n e  (79 )  ( 2 . 4 8  g ,  1 6 .3  mmol, 637«), m .p .  138-142°  ( l i t . 17 m .p .  1 4 1 ° ) ;

KRr -1
V max 2937 9 1689 * 1441 * 1 3 2 5 * 1234> 995 ,  861 and 762 Cm ’ d (CDC13 )

1 . 8 1 - 2 . 5 7  (m, 10H, CH2 ) and 2 .8 5  (m, 2H, CH).

R e a c t i o n  o f  b i c y c l o ( 3 . 3 . 1 J n o n a n - 2 , 6 - d i o n e  (79 )  w i t h  a c e t i c  a n h y d r i d e -  

c o n c .  s u l p h u r i c  a c i d

To a  s o l u t i o n  o f  d i k e t o n e  (79 )  (510 mg, 3 . 3 5  mmol) i n  8 ml a c e t i c

a n h y d r i d e  was added  4 d r o p s  c o n c e n t r a t e d  s u l p h u r i c  a c i d  and t h e

m i x t u r e  r e f l u x e d  f o r  3 h r .  S o l v e n t  was a l l o w e d  t o  d i s t i l  o u t  a s  i n  

t h e  a c e t y l a t i o n  o f  165 and t h e  r e s i d u e  e x t r a c t e d  w i t h  e t h e r .  E v a p o r a t i o n  

o f  t h e  combined  e x t r a c t s  gave  a y e l l o w  o i l y  s o l i d  (559 mg) wh ich  on 

p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e - h e x a n e  3 : 7 )  y i e l d e d  t h r e e  m a j o r  

p r o d u c t s .  E x t r a c t i o n  o f  t h e  u p p e rm o s t  band  gave  a c o l o u r l e s s  s o l i d
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which  c r y s t a l l i s e d  from e t h e r - p e t r o l e u m  s p i r i t  a s  p r i s i m s  o f

2 , 6 - d i a c e t o x y b i c y c l o ( 3 . 3 . 1 ] n o n a - 2 , 6 - d i e n e  ( 177) (142 mg, 0 . 6  mmol, 187<>),

m .p .  7 7 - 7 9 °  ( l i t . 136 m.p .  7 8 - 7 9 ° ) ;  y KBr 2939,  1743,  1438,  1368, 1214, r  r  max

1104 and 908 cm"1 ; 9 (CDC13 ) 1 .9 2  (m, 2H, C(9)H2 ) ,  2 .1 2  ( s ,  6H, CH3 ) ,

2 .2 8  (m, 4H, a l l y l i c  CH2 ) ,  2 .5 6  (m, 2H, C ( 1 ,5 ) H )  and 5 .3 7  (m, 2H,

C ( 3 , 7 ) H ) ;  m/e 236 (M+ ) 194, 152.  The m i d d l e  band f u r n i s h e d  

4 - m e t h y l e n e a d a m a n t a n - 2 , 6 - d i o n e  ( 189) (183 mg, 1 .0 4  mmol, 317, f rom

c h l o r o f o r m - h e x a n e ) , m .p .  ( s e a l e d  t u b e )  160-162°  ( l i t . 143 m .p .  1 6 3 - 1 6 4 ° ) ;

CHC13 172? ^ a  ? 3 5  ̂ and 1?15 cm- l  ( 9 1 0 ) y KBr 29 2g 1? 
max max

1708,  1647,  1457,  1296,  1229,  991 and 907 cm"1 ; 9 (CDC13 ) 2 . 0 0 - 2 . 5 3

( b r  e n v ,  6H, C ( 8 , 9 , 1 0 ) H 2 ) ,  2 .9 3  (m, 2H, C ( 1 , 7 ) H ) ,  3 .3 7  (m, 2H, C ( 3 ,5 ) H )

and 4 . 8 6  ( s ,  2H, o l e f i n i c  CH2 ) ;  m/e  176 (M**"), 148,  133,  120 and 105.

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

by e x t r a c t i n g  t h e  l o w e s t  band gave  c o l o u r l e s s  n e e d l e s  o f  4 - a c e t o x y - 4 -  

m e t h y l a d a m a n t a n - 2 , 6 - d i o n e  ( 190) (159 mg, 0 . 6 7  mmol, 207.),  m .p .  ( s e a l e d

t u b e )  1 2 4 - 1 2 6 ° ;  A n a l .  c a l c ,  f o r  c 6 6 . 0 8 ,  H 6.837o. Found:

r n  a a -1  -1
C 6 6 . 3 2 ,  H 6.817. ;  V ^ x 4 1750 '5 6 0 > 24 cm ) ,  1724 cm

( Z a 820 ,  28 cm"1) ;  2 9 4 0 » 1 720» 1446» 1 380» 1 2 3 8 » 1 2 2 1 »

1101,  1015,  985 and 760 cm"1 ; 9 (CDC13 ) 1 .6 2  ( s ,  3H, t e r t i a r y  CH- ) ,

2 . 0 4  ( s ,  3H, a c e t o x y l  CH3 ) ,  1 . 8 0 - 2 . 6 0  ( b r  env ,  6H, CH2 ) ,  2 .7 0  (m, 2H,

C ( 1 , 7 ) H )  and 3 . 2 5  (m, 2H, C ( 3 , 5 ) H ) ;  m/e 236 (M+ ) , 194,  176,  148,  120,

108,  99 ,  55 and 43 .

R e a c t i o n  o f  M e e r w e i n ' s  T e t r a e s t e r  ( 4 ) 17 w i t h  a c e t i c  a n h y d r i d e -  

c o n c .  s u l p h u r i c  a c i d .

T e t r a e s t e r  (4 )  ( 1 . 0  g , 2 . 6  2 mmol) ,  8 ml a c e t i c  a n h y d r i d e  and 3 d r o p s  

c o n c e n t r a t e d  s u l p h u r i c  a c i d  w ere  r e f l u x e d  f o r  65 h r .  Removal  o f  

s o l v e n t  and e x t r a c t i o n  o f  t h e  r e s i d u e  w i t h  e t h e r  gave  a y e l l o w  o i l y  

p r o d u c t  (608 mg).  P r e p a r a t i v e  t . I . e .  o f  t h e  p r o d u c t  showed two m a j o r
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b a n d s .  E x t r a c t i o n  o f  t h e  u p p e r  band g a v e ,  a s  a c o l o u r l e s s  o i l ,

2 , 6 - d i a c e t o x y - l , 5 - d i ( m e t h o x y c a r b o n y l ) b i c y c l o 1 3 . 3 . 1 ] n o n a - 2 , 6 - d i e n e  

( 193 ) (236 mg, 0 . 6 7  mmol, 267,), 9 (CDCl^) 2 .0 9  ( s ,  6H, a c e t o x y l

CH3 ) ,  2 .3 6  ( s ,  2H, C(9)H2 ) ,  2 .6 2  (m, 4H, C ( 4 , 8 ) H 2 ) ,  3 .7 0  ( s ,  6H,

OCH^) and 5 .5 9  (m, 2H, C ( 3 , 6 ) H ) .  I s o l a t e d  from t h e  low er  b a n d ,

a l s o  a s  a c o l o u r l e s s  o i l ,  was 2 , 6 - d i a c e t o x y - l , 3 , 5 - t r i ( m e t h o x y -  

c a r b o n y l ) b i c y c l o ( 3 . 3 . l J n o n a - 2 , 6 - d i e n e  ( 194) (372 mg, 0 . 9 1  mmol, 357,);

9 (CDCl^) 2 .1 0  ( s ,  3H, a c e t o x y l  CH^), 2 .1 8  ( s ,  3H, a c e t o x y l  CH^), 

2 .4 1  ( s ,  2H, C(9)H2 ) ,  2 .6 7  (m, 2H, C(8)H2 >, 2 .9 2  ( s ,  2H, C(4)H2 ) ,

3 .7 3  ( s ,  9H, OCH^) and 5 .6 1  (m, 1H, C (7 )H ) .  A t t e m p t s  a t  p u r i f i c a t i o n  

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

w ere  n o t  p u r s u e d .

9 - o x a b i c y c l o [ 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o l  ( 196 ) and 9 - o x a b i c y c l o ( 4 . 2 . 1 ] -

0 e: A' 1 /-i , 1 2 0 ,1 4 9n o n a n - 2 , 5 - d i o l  ( 197)

To 907o f o r m i c  a c i d  (100 ml)  a t  0 ° ,  was added  307c h y d r o g e n  p e r o x i d e  

(70 m l ) ,  m a i n t a i n i n g  v i g o r o u s  s t i r r i n g .  C y c l o o c t a - 1 , 5 - d i e n e  (50 )  

( 4 8 . 4  g ,  0 . 4 5  m ol)  was added  to  t h e  m i x t u r e  o v e r  a p e r i o d  o f  30 min .  

The m i x t u r e  was s t i r r e d  f o r  2 h o u r s  a t  0 °  and a l l o w e d  t o  come to  

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

r e d u c e d  p r e s s u r e ,  5N sodium h y d r o x i d e  (30 ml)  was added and t h e  

m i x t u r e  h e a t e d  t o  100° f o r  45 m in .  On c o o l i n g  a c o l o u r l e s s ,  h i g h l y  

c r y s t a l l i n e  s o l i d  ( 2 6 . 3  g)  s e p a r a t e d  o u t .  R e c r y s t a l l i s a t i o n  from 

e t h e r  gave  c o l o u r l e s s  n e e d l e s  o f  a m i x t u r e  o f  d i o l s  196 and 197 

( 1 9 . 3  g ,  0 . 1 2  m ol ,  277,) m .p .  5 6 - 6 6 °  ( l i t . 54 m .p .  o f  196^ i s  8 2 - 8 3 ° )
t/"Dr  _ 1

v 3420 ,  2911,  1665,  1482,  1350,  1230,  1049,  974 and 873 cm . 
max
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9 - o x a b i c y c l o ( 3 . 3 . l J n o n a n - 2 , 6 - d i o n e  ( 187) and 9 - o x a b i c y c l o [ 4 . 2 . 1 ) n ona n -  

149
2 . 5 - d i o n e  (195)

A m i x t u r e  o f  d i o l s  ( 196 and 197) ( 4 . 7 4  g ,  3 0 .8  mmol) ,  o b t a i n e d  as

above  was d i s s o l v e d  i n  a c e t o n e  (100 m l ) ,  8N J o n e s  r e a g e n t  (18 ml)

added and t h e  m i x t u r e  s t i r r e d  a t  room t e m p e r a t u r e  f o r  30 min .  A f t e r

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

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

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

t h e  e t h y l  a c e t a t e  e x t r a c t s  gave  a m i x t u r e  o f  d i k e t o n e s  ( 187 and 195)

( 2 . 2 1  g ,  1 4 .4  mmol, 46.67,)  a s  a c o l o u r l e s s  o i l  which  c o u l d  n o t  be

KBr
made t o  s o l i d i f y ;  V 2954,  1716,  1421,  1316,  1254,  1086,  960 andmax

870 cm 0 (CDCl^) 1 . 6 6 - 3 . 2 9  ( b r  e n v ) , 4 . 4 4  (m) and 4 . 6 8  ( m ) . 

A c e t y l a t i o n  o f  187 and 195

A p o r t i o n  ( 1 . 0 4  g ,  6 . 7 6  mmol) o f  t h e  m i x t u r e  o f  187 and 195 o b t a i n e d  

above  was d i s s o l v e d  i n  a c e t i c  a n h y d r i d e  (25 m l ) ,  t o l u e n e - p - s u l p h o n i c  

a c i d  (20 mg) added  and t h e  m i x t u r e  r e f l u x e d  f o r  42 h r .  E v a p o r a t i o n  

t o  d r y n e s s  and e x t r a c t i o n  o f  t h e  r e s i d u e  w i t h  e t l i e r  gave  a brown o i l  

( 1 . 3 9  g ) .  T h in  l a y e r  c h r o m a to g r a p h y  ( e t h y l  a c e t a t e - b e n z e n e  1 : 3 )  gave

2 . 6 - d i a c e t o x y - 9 - o x a b i c y c l o [ 3 . 3 . l ] n o n a - 2 , 6 - d i e n e  ( 198) (830 mg, 3 . 5  mmol,

527o) w h ich  was s u b l i m e d  ( 8 5 ° ,  0 . 0 3  mm Hg) t o  g i v e  c o l o u r l e s s  n e e d l e s ,

m .p .  8 9 - 9 1 ° ;  A n a l .  c a l c ,  f o r  ^ i 2 ^ 1 4 ^ 5 : ^ 6 0 . 5 0 ,  H 5.927®. Found:

C 6 0 . 3 4 ,  H 5.777,; \JCC14 1765 cm"1 ( £ a 440 ,  A V ?  31 cm"1 ) ;* v max ^

Vr a r  2941 ,  2841,  1758,  1690 ,  1431 ,  1368,  1208,  1114,  1042 ,  979 ,  max

940 and 897 cm"1 ; 0 (CDC1,3) 2 .1 1  ( s ,  6H, CH3) , 2 .5 1  (m, 4H, CH2 ) ,

4 . 3 9  (m, 2H, C ( l , 5 ) H )  and 5 .5 2  (m, 2H, C ( 3 , 7 ) H ) ;  m/e  238 (M+ ) ,

196 ,  154 ,  136 ,  126,  9 7 ,  83 ,  70,  55 and 43.

2 , 5 - d i a c e t o x y - 9 - o x a b i c y c l o ( 4 . 2 . 1 ) n o n a - 2 , 4 - d i e n e  ( 199 ) was n o t  

i s o l a t e d .
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A c i d - c a t a l y s e d  h y d r o l y s i s  o f  198

A m i x t u r e  o f  198 (800 mg, 3 .3 6  mmol) and 2N h y d r o c h l o r i c  a c i d  (25 ml)  

was r e f l u x e d  f o r  16 h r s .  On c o o l i n g  and n e u t r a l i s a t i o n  w i t h  s a t u r a t e d  

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

w i t h  e t h y l  a c e t a t e  f o r  6 h r .  The e x t r a c t  was d r i e d  and e v a p o r a t e d ,  

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

g i v e  9 - o x a b i c y c l o  [ 3 . 3 . 1 ] n o n a n - 2 , 6 - d i o n e  ( 187) (437 mg, 2 . 8 4  mmol,

84%),  m . p .  5 3 - 5 6 °  ( l i t . 149 m . p .  5 4 - 5 5 ° ) ;  2950,  1720,  1441,

1244,  1080,  956 and 865 cm"1 ; 3 (CDC13 ) 1 . 7 3 - 3 . 2 4  ( b r  e n v ,  8H, CH2 )

and 4 . 4 4  (m, 2H, C ( 1 , 5 ) H ) .

A c e t y l a t i o n  o f  187 u s i n g  a c e t i c  a n h y d r i d e  -  c o n e ,  s u l p h u r i c  a c i d  

Dione  ( 187 ) (220 mg, 1 .4 3  mmol) ,  a c e t i c  a n h y d r i d e  (8 m l)  and 

c o n c e n t r a t e d  s u l p h u r i c  a c i d  (5 d r o p s )  w ere  r e f l u x e d  f o r  4 h r .

The r e a c t i o n  m i x t u r e  was s t r i p p e d  o f  s o l v e n t  and e x t r a c t e d  w i t h  

e t h e r  a s  a l r e a d y  d e s c r i b e d .  P r e p a r a t i v e  t h i n  l a y e r  c h r o m a to g r a p h y  

o f  t h e  y e l l o w  o i l y  e x t r a c t  (180 mg) e m p loy ing  e t h y l  a c e t a t e - b e n z e n e  

( 1 : 3 )  y i e l d e d  198 (78 mg, 0 . 3 3  mmol, 237.) a n d ,  f rom t h e  u p p e rm o s t  

b a n d ,  3 , 7 - d i a c e t y l - 9 - o x a b i c y c l o ( 3 . 3 . 1 1 n o n a n - 2 , 6 - d i o n e  ( 2 0 2 )

(54 mg, 0 . 2 3  mmol, 167.) w h ic h  s u b l i m e d  ( 1 1 0 ° ,  0 . 0 3  mm Hg) as  

c o l o u r l e s s  n e e d l e s ,  m . p .  1 5 4 - 1 5 6 ° ;  A n a l .  c a l c ,  f o r  ^ ^ 2 ^ 1 4 ^ 5 :
TAD r

C 6 0 . 5 0 ,  H 5.92%. Found:  C 6 0 . 2 5 ,  H 5.93%; 29^ 0 ,  28Z*9 ,max

1600 ( b r  c om plex )  1413,  1359,  1292,  1231,  1105,  1010,  924 and 

723 cm"1 ; 3 (CDC13 ) 2 .0 5  ( s ,  6H, CH3 ) ,  2 .3 5  ( s ,  2H, e n o l  OH),

2 .6 6  ( d d ,  J=15 and 1 .5  Hz, 2H, C ( 4 ,8 ) H  ) ,  3 .01  (d d ,  J=15 and 6 Hz,

2H, C ( 4 ,8 ) H  ) and 4 . 5 3  ( d d ,  J=6 and 1 .5  Hz, 2H, C ( 1 , 5 ) H ) ;  m/e  238 

(M+ ) ,  164,  121,  93 ,  65 and 4 3 .



, 120 ,151E p o x i d a t i o n  o f  5(3

C y c l o o c t a - 1 , 5 - d i e n e  (50 )  ( 1 3 . 0  g ,  0 . 1 2  mol )  was added d r o p w i s e  t o

a s o l u t i o n  o f  m - c h l o r o p e r b e n z o i c  a c i d  ( 6 2 . 0  g ,  0 . 3 2  mol)  i n  500 ml

c h l o r o f o r m  which  was m a g n e t i c a l l y  s t i r r e d  and c o o l e d  to  0 ° .  S t i r r i n g

was c o n t i n u e d  f o r  a f u r t h e r  18 h r  a t  room t e m p e r a t u r e ,  t h e  s o l u t i o n

f i l t e r e d  t o  remove m - c h l o r o b e n z o i c  a c i d  and t h e  f i l t r a t e  washed

w i t h  2N sod ium h y d r o x i d e  ( t w i c e )  and w a t e r  t o  n e u t r a l i t y .  D ry in g

and e v a p o r a t i o n  gave  a  y e l l o w  o i l  ( 2 0 . 3  g)  which  was c h r o m a to g r a p h e d

o v e r  b a s i c  a lu m in a  (Woelm Grade  0 ,  150 g ,  e t h e r - p e t r o l e u m  s p i r i t ) .

F r a c t i o n s  e l u t e d  w i t h  e t h e r - p e t r o l e u m  s p i r i t ,  1 :1  gave  c o l o u r l e s s

n e e d l e s  o f  c y c l o o c t a - 1 , 5 - d i e n e  d i e p o x i d e  ( 163) ,  ( 1 2 . 3 2  g ,  0 . 0 8 8  m ol ,

73%), m .p .  2 4 - 2 5 °  ( l i t . 120 m . p .  2 5 - 2 7 ° ) ;  yfCCl ^ 2945,  2851 ,  1468,max

1447,  1021,  919 ,  869 and 776 cm- 1 ; a(CDC13 ) 1 .93  (m, 8H, CH2 ) and 

2 .9 3  (m, 4H, CH ) .

L a t e r  f r a c t i o n s  ( e t h e r - p e t r o l e u m  s p i r i t  4 : 1 )  w ere  combined  t o  g i v e

a m i x t u r e  o f  m - c h l o r o b e n z o a t e  e s t e r s ,  ( 207 and 2 0 8 ) a s  a v i s c o u s

KBr
c o l o u r l e s s  o i l  ( 4 . 0 3  g ,  0 . 0 1 4  m ol ,  117.), V 3448,  3067,  2940,max

1724,  1426,  1286,  1255,  1127,  1054,  975 ,  896 and 746 cm- 1 ;

9 (CDC13 ) 1 . 6 0 - 2 . 3 1  ( b r  e n v ,  8H, CH2 ), 2 . 3 4  (m, 1H, OH), 3 . 9 4  (m,

2H, b r i d g e h e a d  CH), 4 . 5 2  (m, 1H, CHOH), 5 . 3 2  (m, 1H, CHOCOAr) and 

7 . 1 8 - 7 . 9 5  ( b r  e n v ,  4H, a r o m a t i c  p r o t o n s ) ;  m/e 296 (m"*") , 278,  239,  

157,  139 and 122 .

152
C o n d e n s a t i o n  o f  a n i l i n e  w i t h  163

163 ( 1 . 0 0  g ,  7 . 1 4  mmol) ,  a n i l i n e  (660 mg, 4 . 6 2  mmol) and 2 ml 

AnalaR m e t h a n o l  was h e a t e d  t o  105° f o r  14 h r  i n  a s e a l e d  p y r o l y s i s  

t u b e .  On c o o l i n g  t h e  m i x t u r e  was e v a p o r a t e d  t o  d r y n e s s  l e a v i n g  a
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p a l e  brown c r y s t a l l i n e  s o l i d ,  which  was r e c r y s t a l l i s e d  from e t h y l

a c e t a t e - e t h e r  t o  g i v e  c o l o u r l e s s  p r i s m s  o f  2 , 6 - d i h y d r o x y - N - p h e n y l -

9 - a z a b i c y c l o [ 3 . 3 . 1 Jnonane  ( 2 0 5 , R=Ph), m .p ,  176 -1 7 8 ° ;  A n a l .  c a l c .

f o r  C, . H. nN0o : C 7 2 . 0 7 ,  H 8.217 . .  Found:  C 7 2 . 2 0 ,  H 8.387.;14 19 2

V 1® 1 3365,  2940,  1599,  1507,  1385,  1316,  1048,  993 ,  879 ,  749V m a x  7 7 7 7 7 7 7 7 7

and 690 cm"1 ; 3 (d^DMSO) 1 . 0 8 - 2 . 4 2  (m, 8H, CH2 ) ,  4 . 1 2  (m, 4H,

C ( 1 ,5 ) H  and CHOH), 4 . 6 2  ( d ,  J=4  Hz, 2H, OH) and 6 . 3 3 - 7 . 2 9  ( b r  env ,  

5H, a r o m a t i c  CH); m/e  233 (M**"), 216,  174,  146,  145,  144,  119 and 

104.



Part Three
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As p a r t  o f  a p r o p o s e d  s y n t h e t i c  pa th w ay  to  2 , 6 - d i t h i a a d a m a n t a n e  ( 211 )

d e r i v a t i v e s ,  i t  was n e c e s s a r y  to  p r e p a r e  9 - t h i a b i c y c l o [ 3 . 3 . l ] n o n a -

1542 , 6 - d i e n e  ( 2 1 2 ) .  A l th o u g h  t h i s  compound was f i r s t  r e p o r t e d  i n

1971 to  be p ro d u c e d  by t h e  p y r o l y t i c  d e c o m p o s i t i o n  o f  a d i p a t e

158e s t e r  ( 3 1 3 ) (Scheme 7 0 ) ,  s u b s e q u e n t  a t t e m p t s  t o  r e p e a t  t h e

p r e p a r a t i o n ,  y i e l d e d ,  i n s t e a d ,  t h e  r e a r r a n g e d  d i e n e  ( 229 ) and i t

t h u s  became a p p a r e n t  t h a t  t h e  o r i g i n a l  s t r u c t u r a l  a s s i g n m e n t  had

155be e n  i n  e r r o r .  I n  1974,  h o w e v e r ,  McNicol showed t h a t  m o n o c y c l i c

d ib r o m o d ie n e  ( 5 7 ) ,  wh ich  i s  o b t a i n e d  by t h e  c a p r i c i o u s  a l l y l i c

b r o m i n a t i o n  o f  c y c l o o c t a - 1 , 5 - d i e n e  ( 5 0 ) ,  r e a c t e d  w i t h  sodium

s u l p h i d e  t o  p r o d u c e  212 i n  m o d e r a t e  y i e l d  (227«). N e v e r t h e l e s s ,

t h e r e  seemed t o  be  no o b v i o u s  r e a s o n  why 212 c o u l d  n o t  be

o b t a i n e d  by a s i m p l e  d e h y d r o c h l o r i n a t i o n  o f  d i c h l o r i d e  ( 161 ) ,

which  had  b e e n  p r e p a r e d  i n  abundance  by t h e  q u a n t i t a t i v e  

118 119c o n d e n s a t i o n  9 o f  s u l p h u r  d i c h l o r i d e  w i t h  50.  The f o l l o w i n g  

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

o f  161 i s  n o t  a s t r a i g h t f o r w a r d  p r o c e s s .

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

have  b e e n  d e s c r i b e d  i n  t h e  l i t e r a t u r e ^ " ^  ’ S e v e r a l  o f  t h e s e ,

u n f o r t u n a t e l y ,  ha d  a l r e a d y  b e e n  shown t o  be  u n s u i t a b l e  f o r  t h e

p r e p a r a t i o n  o f  d i e n e  ( 2 1 2 ) .  I n  p a r t i c u l a r ,  t h e  p y r o l y s i s  o f  161

119h a s  b e e n  d e m o n s t r a t e d  t o  e f f e c t  o n l y  p a r t i a l  l o s s  o f  h y d r o g e n

c h l o r i d e ,  t h e  m a j o r  p r o d u c t  b e i n g  c h l o r o a l k e n e  ( 2 1 3 ) .  A lso

i n a p p l i c a b l e  was t h e  u s e  o f  s t r o n g  b a s e s  such  a s  sodium h y d r o x i d e

119and sodium e t h o x i d e  w h ich  f u r n i s h  , i n s t e a d ,  d i o l  ( 164) and d i e t h e r  

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

d i s p l a c e m e n t  o f  c h l o r i d e  i o n .
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A t h i r d  a l t e r n a t i v e ,  y e t  t o  be i n v e s t i g a t e d ,  was t h e  t r e a t m e n t  o f  161 

w i t h  an o r g a n i c  b a s e  such  as  p y r i d i n e  o r  t r i e t h y l a m i n e . A c c o r d i n g l y  

d i c h l o r i d e  ( 1 6 1 ) was r e f l u x e d  i n  an e x c e s s  o f  d r i e d  p y r i d i n e .

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

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

r e a c t i o n  p r o c e e d e d .  A f t e r  r em ova l  o f  t h i s  s o l i d  by f i l t r a t i o n ,  

w ork -up  o f  t h e  e t h e r - s o l u b l e  r e s i d u e s  was n o t a b l e  i n  i t s  f a i l u r e  

t o  p r o d u c e  any o f  t h e  e x p e c t e d  d i e n e  ( 2 1 2 ) .

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

wh ich  p r o v e d  to  be t h e  o n l y  r e a c t i o n  p r o d u c t ,  e s t a b l i s h e d  t h e  

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

d o w n f i e l d  s i g n a l s ,  a p p e a r i n g  a t  3 8 . 2 2  ( t r i p l e t ) ,  8 . 7 1  ( t r i p l e t )  

and 9 . 1 5  ( d o u b l e t ) ,  and i n t e g r a t i n g  i n  t h e  r a t i o s  2 : 1 : 2 ,  c o n f i r m e d  

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

ac com pa n ie d  by a t y p i c a l  9 - t h i a b i c y c l o ( 3 . 3 . l ] n o n a n e  b r i d g e h e a d  

r e s o n a n c e  a t  3 3 . 4 8  t o g e t h e r  w i t h  a m e t h y l e n e  e n v e l o p e  b e tw e en  

3 2 . 3 0  and 2 .6 4  w h ic h  was i n  p r o f i l e  r a t h e r  more complex  t h a n  t h a t  

o f  t h e  p a r e n t  d i c h l o r i d e  ( 1 6 1 ) .  The m os t  i n t e r e s t i n g  f e a t u r e  o f  

t h e  s p e c t r u m  was w ha t  a p p e a r e d  t o  be a  p a i r  o f  s m a l l  p a r t i a l l y  

o v e r l a p p i n g  t r i p l e t s  c e n t r e d  a ro u n d  3 5 . 8 0 ,  t h e  una m biguous  

a s s i g n m e n t  o f  w h ic h  c o u l d  n o t  be  made f rom t h e  i n f o r m a t i o n  a v a i l a b l e  

a t  t h e  t i m e .  I t  seemed p r o b a b l e ,  h o w e ve r ,  t h a t  t h e s e  m u l t i p l e t s  

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

d e g r e e  o f  d e h y d r o c h l o r i n a t i o n ,  o r  h y d r o g e n  on c a r b o n  b e a r i n g  c a t i o n i c  

n i t r o g e n ^ ^ ,  fo rmed t h r o u g h  n u c l e o p h i l i c  d i s p l a c e m e n t  o f  c h l o r i d e  by 

p y r i d i n e .



U n f o r t u n a t e l y ,  a f u l l  s t r u c t u r a l  i d e n t i f i c a t i o n  was hampered  by 

t h e  p r e s e n c e  o f  an i n t e n s e  w a t e r  s i g n a l  a t  9 4 . 6 5  wh ich  p e r s i s t e d  

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

v a c u o .  C o n s i d e r e d  t o  a r i s e  f rom w a t e r  o f  c r y s t a l l i s a t i o n  i n  t h e  

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

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

s t r u c t u r a l l y  more i m p o r t a n t  s p e c t r a l  f e a t u r e s .  M ore ove r ,  i t  was 

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

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

Based  on t h e  a l t e r n a t i v e  a s s i g n m e n t s  o f  t h e  m u l t i p l e t s  i n  t h e  

9 5 . 8 0  r e g i o n  ( v i d e  s u p r a )  and b a r r i n g  s t r u c t u r a l  i s o m e r i s a t i o n ,  

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

I f  t h e s e  s i g n a l s  w ere  i n d e e d  due t o  h y d r o g e n  on p o s i t i v e  n i t r o g e n ,  

and no o t h e r  r e s o n a n c e s  w ere  p r e s e n t  i n  t h e  same r e g i o n  ( i e  u n d e r  

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

s a l t  ( 2 1 5 ) .  On t h e  o t h e r  h a n d ,  i f  t h e  p a i r  o f  t r i p l e t s  a r o s e  

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

had  t o  be  a m i x t u r e  o f  p y r i d i n e  h y d r o c h l o r i d e  and t h e  m o n o p y r i d in i u m  

s a l t  ( 2 1 6 ) .  T h e r e  seemed l i t t l e  p r o s p e c t  o f  o b t a i n i n g  t h e  l a t t e r  

i n  a p u r e  s t a t e  f rom  t h i s  m i x t u r e .

B e c a u s e  o f  t h e i r  c l o s e  s t r u c t u r a l  s i m i l a r i t y ,  i t  was i m p o s s i b l e  

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

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

I t  was c o n c l u d e d ,  t h e r e f o r e ,  t h a t  t h e  p r o b le m  c o u l d  m os t  e a s i l y  

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

a u t h e n t i c  sam p le  o f  p u r e  m o n o p y r i d in i u m  s a l t  (2 1 6 ) ,  p r e p a r e d  by an 

i n d e p e n d e n t  r o u t e .
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I n  o r d e r  t o  p r e p a r e  216 , t h e  s i m p l e s t  a p p r o a c h  a p p e a r e d  t o  be an

i n i t i a l  e l i m i n a t i o n  o f  h y d r o g e n  c h l o r i d e  from 161 f o rm in g

c h l o r o a l k e n e  ( 213) ,  which  c o u l d  t h e n  be c o n v e r t e d  t o  t h e  d e s i r e d

p r o d u c t  by r e a c t i o n  w i t h  p y r i d i n e  (Scheme 7 1 ) .  The f i r s t  s t a g e  o f  t h i s

s y n t h e s i s  was a c h i e v e d  by p y r o l y s i s  o f  161 a t  168° i n  s e a l e d  

119
t u b e s  ( v i d e  s u p r a ) .  D i s t i l l a t i o n  o f  t h e  c r u d e  p r o d u c t

y i e l d e d  213 as  a c o l o u r l e s s  l i q u i d  wh ich  had s p e c t r o s c o p i c

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

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

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

158b y - p r o d u c t s  which  a r e  i n v a r i a b l y  fo rmed d u r i n g  t h i s  r e a c t i o n .

The m a j o r  i m p u r i t y ,  h y d r o x y a l k e n e  ( 2 1 7 ) ,  i s  b e l i e v e d  t o  a r i s e  by 

r e a c t i o n  o f  213 w i t h  w a t e r  a d h e r i n g  t o  t h e  w a l l s  o f  t h e  

p y r o l y s i s  t u b e  and i t s  y i e l d  may be  s u p p r e s s e d  by f l a m e  d r y i n g  

t h e  g l a s s w a r e  p r i o r  t o  u s e .  Once fo rm ed ,  how ever ,  217 may r e a c t  

f u r t h e r  w i t h  a n o t h e r  m o l e c u l e  o f  213 t o  g i v e  t h e  o t h e r  l e s s  

a b u n d a n t  i m p u r i t y ,  d i ( 9 - t h i a b i c y c l o [ 3 . 3 . 1 ] n o n - 2 - e n - 6 - y l ) e t h e r  (218 ) .

D u r in g  t h e  f o r m a t i o n  o f  t h e s e  compounds t h e  d e p a r t u r e  o f  c h l o r i d e  i s

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

t h e  e p i s u l p h o n i u m  i o n  (219 ) (Scheme 7 1 ) .  The o c c u r r e n c e  o f

e p i s u l p h o n i u m  i n t e r m e d i a t e s  i n  t h e  r e a c t i o n s  o f  9 - t h i a b i c y c l o [ 3 . 3 . 1 ] -

119 158
nonane  d e r i v a t i v e s  h a s  be e n  a c c e p t e d  ’ f o r  s e v e r a l  y e a r s  a l t h o u g h  

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

An i n t e r e s t i n g  d e v e lo p m e n t  o f  t h e  c o n c e p t  h a s  however  r e c e n t l y

159b e e n  p u b l i s h e d  by V i n c e n t  , who h a s  s t u d i e d  t h e  b e h a v i o u r  o f  

compounds (161, 164,  172.? 173 , 2 2 0 , 221 and 2 2 2 )
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a t  low t e m p e r a t u r e s  i n  a v a r i e t y  o f  h i g h l y  a c i d i c  m ed ia  such  as  a

13m i x t u r e  o f  FSO^H and l i q u i d  SO^. Based on C m a g n e t i c  r e s o n a n c e  

r e s u l t s  i n  was r e p o r t e d  t h a t  d i c h l o r i d e  ( 1 6 1 ) a t  - 6 0 °  e x i s t s  

p r e d o m i n a n t l y  as  t h e  t w i s t a n o i d  su lp h o n iu m  ( c h l o r o n i u m )  i o n  (2 2 3 ) 

wh ich  on warming t o  - 3 0 °  r e v e r t s  to  t h e  more c o n v e n t i o n a l  

e p i s u l p h o n i u m  s p e c i e s  (2 2 4 ) (Scheme 7 2 ) ,  and t h a t  t h e s e  i n t e r m e d i a t e s  

a r e  p o s s i b l y  p r e s e n t  d u r i n g  t h e  s o l v o l y s i s  o f  161 i n  m e t h a n o l  o r  

aqueous  d i o x a n e .  A l t h o u g h  a n a l o g o u s  r e s u l t s  have  be e n  o b t a i n e d  f o r  

d i b r o m i d e  ( 173) and d i i o d i d e  ( 220 )., r e l a t e d  compounds such  as  d i o l  

( 164) ,  d i m e t h o x i d e  ( 172) and c h l o r i d e s  ( 221 and 222 ) have  been  

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

i s  u n a b l e  t o  p a r t i c i p a t e  i n  t h e  same manner  as  c h l o r i n e  i n  t h e  

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

D e h y d r o c h l o r i n a t i o n  o f  c h l o r o a l k e n e  ( 213 ) was n o t  a s  c l e a r - c u t  as  

a t  f i r s t  b e l i e v e d .  D u r in g  t h e  i n i t i a l  a t t e m p t s  t o  p r e p a r e  216 

by r e f l u x i n g  213 w i t h  an e x c e s s  o f  p y r i d i n e ,  t h e  e x p e c t e d  i o n i c  

p r e c i p i t a t e  e i t h e r  f a i l e d  t o  a p p e a r  o r  t o o k  t h e  fo rm o f  an  im p u re ,  

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

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

a t  9 0 - 9 3 °  and w h ic h  gave  m i c r o a n a l y t i c a l  f i g u r e s  i n  good a g r e e m e n t  

w i t h  t h o s e  e x p e c t e d  o f  m o n o p y r i d in i u m  s a l t  ( 216 ) .  However ,  t h e  

p . m . r .  s p e c t r u m  o f  t h e  p r o d u c t  was e x t r e m e l y  com plex and c o u l d  n o t  

be  c o m p l e t e l y  e x p l a i n e d  by t h e  p r e s e n c e  o f  216 a l o n e .  Two p a r t l y  

d i s t i n c t  s e t s  o f  p y r i d i n i u m  r e s o n a n c e s  w ere  v i s i b l e  i n  t h e  3 8 . 0 0  - 

9 . 1 4  r e g i o n  and w e re  ac com pa n ie d  by b o t h  s h a r p  ( 3 6 . 0 9 )  and b r o a d  

( 3 5 . 8 8  and 6 . 3 4 )  s i g n a l s  i n  t h e  o l e f i n i c  r e g i o n .  Medium i n t e n s i t y  

e n v e l o p e s  a t t r i b u t a b l e  t o  b r i d g e h e a d  p r o t o n s  ( 3  3 . 4 6 )  and h y d r o g e n  

on c a r b o n  b e a r i n g  p y r i d i n i u m  ( 3 5 . 4 5 )  were  a l s o  o f  an  u n e x p e c t e d l y  

complex  n a t u r e  and i t  was c o n c l u d e d ,  i n  a c c o r d  w i t h  t h e  m i c r o -
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a n a l y t i c a l  d a t a ,  t h a t  t h e  o b s e r v e d  p r o d u c t  was a m i x t u r e  o f  s k e l e t a l  

i s o m e r s  216 and 225 ( i n  t h e  a p p r o x i m a t e  r a t i o  o f  2 :1  as  e s t i m a t e d  

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

o f  t h e  i s o m e r i c  m i x t u r e  and p u r e  216 a r e  compared  i n  F i g u r e  7.

As t h e  f o r m a t i o n  o f  9 - t h i a b i c y c l o [ 4 . 2 . 1 ] n o n y l  s a l t  ( 225) was 

t h o u g h t  to  be f a v o u r e d  by e l e v a t e d  t e m p e r a t u r e s  f u r t h e r  a t t e m p t s  

t o  p r e p a r e  216 were  c a r r i e d  o u t  be low  4 0 ° .  Under  t h e s e  c o n d i t i o n s  a 

c o l o u r l e s s  p r e c i p i t a t e  was fo rmed on s t a n d i n g  f o r  s e v e r a l  d a y s .

M e l t i n g  a t  215 - 2 17° ,  t h e  m i c r o c r y s t a l l i n e  s o l i d  g a v e ,  w i t h o u t  

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

f o r m u l a  o f  C ^ H ^ C I N S .  The p . m . r .  s p e c t r u m  o f  t h e  p r o d u c t  

e x h i b i t e d  s h a r p  p y r i d i n i u m  r e s o n a n c e s  a t  9 8 . 1 2  (2H) ,  8 . 6 0  (1H) 

and 9 .0 1  (2H) ,  a c r i s p  o n e - p r o t o n  H-C-N s i g n a l  a t  9 5 . 4 5 ,  a 

complex b r i d g e h e a d  m u l t i p l e t  (2H) a t  9 3 . 4 6  and a b r o a d  m e t h y l e n e  

e n v e l o p e  b e tw e e n  9 1 .8 7  and 2 .9 0  i n t e g r a t i n g  f o r  s i x  p r o t o n s .  The 

p r e s e n c e  o f  a c a r b o n - c a r b o n  d o u b l e  bond was s u p p o r t e d  by a s h a r p  

m u l t i p l e t  (2H) a t  9 6 .0 9  and a medium i n t e n s i t y  a b s o r p t i o n  a t  

1630 cm  ̂ i n  t h e  i n f r a r e d  s p e c t r u m .

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

[ 3 .3 .1 1  nona ne  s k e l e t o n  was e s t a b l i s h e d  by d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s  

on t h e  p . m . r .  s a m p le .  Thus s e c o n d a r y  i r r a d i a t i o n  a t  9 5 .4 5  

(H-C-N ) s h a r p e n e d  o n l y  t h e  b r i d g e h e a d  ( 9  3 . 4 6 )  and u p f i e l d  

m e t h y l e n e  ( 9 2 . 3 4 )  s i g n a l s  w h i l e  i r r a d i a t i o n  a t  9 2 .7 2  ( a l l y l i c  

m e t h y l e n e )  c o l l a p s e d  b o t h  b r i d g e h e a d  and v i n y l  m u l t i p l e t s .  Double  

i r r a d i a t i o n  o f  t h e  b r i d g e h e a d  m u l t i p l e t  ( 9 3 . 4 6 )  e f f e c t e d  a 

s h a r p e n i n g  o f  a l l  o t h e r  s k e l e t a l  a b s o r p t i o n s .  The above  e v i d e n c e  

e l i m i n a t e s  225 and  c o n f i r m s  216 as  t h e  t r u e  s t r u c t u r e  o f  t h e  

p r o d u c t .



79

S u b s e q u e n t  a t t e m p t s  to  p u r i f y  t h e  c r u d e  p r e c i p i t a t e  o b t a i n e d  above ,  

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

( 1 1 0 - 1 2 1 ° )  i s o m e r i c  m i x t u r e s  o f  216 and 225 s i m i l a r  t o  t h o s e  

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

h e a t i n g ,  t h e  p r o x i m i t y  o f  a good l e a v i n g  g roup  ( p y r i d i n e )  to  

t h e  e l e c t r o n - r i c h  s u l p h u r  b r i d g e  o f  216 p rom o te s  a n c h i m e r i c a l l y  

a s s i s t e d  f i s s i o n  o f  t h e  C-N bond y i e l d i n g  t h e  e p i s u l p h o n i u m  s p e c i e s  

( 2 1 9 ) (Scheme 7 3 ) .  R e c o m b in a t i o n  o f  t h i s  i o n  w i t h  n u c l e o p h i l i c  

p y r i d i n e  may o c c u r  a t  e i t h e r  C(5 )  o r  C(6)  r e s u l t i n g  i n  t h e  o b s e r v e d  

p r o d u c t  m i x t u r e .

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

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

an  u n e x p e c t e d l y  low m e l t i n g  p o i n t  ( 1 1 1 - 1 1 3 ° ) .  A l t h o u g h  p . m . r .  

s p e c t r o s c o p y  c o n f i r m e d  t h a t  no s t r u c t u r a l  r e a r r a n g e m e n t  had  t a k e n  

p l a c e ,  an  i n t e n s e  s i g n a l  a t  0 4 . 7 0  r e v e a l e d  t h e  p r e s e n c e  o f  w a t e r  

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

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

(C13H16C1NS)2*3H20 ,

The s t r u c t u r e  o f  m o n o p y r i d in i u m  s a l t  ( 2 1 6 ) b e i n g  f i r m l y  e s t a b l i s h e d ,  

i t  was c l e a r  by s p e c t r a l  c o m p a r i s o n  t h a t  t h i s  compound was n o t  

fo rmed d u r i n g  t h e  r e a c t i o n  o f  161 w i t h  p y r i d i n e ,  b u t  r a t h e r  t h a t  

t h e  i o n i c  p r e c i p i t a t e  i s o l a t e d  was i n d e e d  b i s p y r i d i n i u m  s a l t  (2 1 5 ) .  

The p . m . r .  s p e c t r u m  ( F i g u r e  7) o f  a  t w i c e  r e c r y s t a l l i s e d  sample  o f  t h e  

p r o d u c t ,  showed im proved  r e s o l u t i o n  o v e r  e a r l i e r  s p e c t r a ,  and was 

i n  good a g r e e m e n t  w i t h  t h i s  s t r u c t u r e ,  e a ch  band i n t e g r a t i n g  f o r  

t h e  r e q u i s i t e  number o f  p r o t o n s .  M o re o v e r ,  i n  s u p p o r t  o f  t h e i r  

r e s u l t a n t  a s s i g n m e n t  a s  h y d r o g e n  on c a r b o n  b e a r i n g  p y r i d i n i u m ,  t h e
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o v e r l a p p i n g  t r i p l e t s  (2H) a t  0 5 .8 0  b o r e  a c l o s e  r e s e m b l a n c e ,  i n  

p r o f i l e  and c h e m i c a l  s h i f t ,  t o  t h e  c o r r e s p o n d i n g  s i g n a l  o f  2 1 6 .

The p o s i t i o n  o f  t h e  two p r o t o n  b r i d g e h e a d  s i g n a l  ( 0 3 . 4 8 )  was 

160c o n s i s t e n t  w i t h  a b i c y c l o ( 3 . 3 . 1 ] nonane  s k e l e t o n  and was

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

o f  an a n o m a l o u s ly  h i g h  c a r b o n - h y d r o g e n  b e n d in g  mode a t  1485 cm ^

119which  was a t t r i b u t a b l e  t o  t h e  n o n -bonded  i n t e r a c t i o n  o f  endo-  

p r o t o n s  a t t a c h e d  t o  C(3 )  and C ( 7 ) .

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

a r o m a t i c  r e s o n a n c e s ,  r e f l e c t e d  t h e  p u r i t y  o f  t h e  p r o d u c t .  T h a t  215

was n o t  c o n t a m i n a t e d  by s t r u c t u r a l  i so m e r  226 was f u r t h e r  shown 

13by t h e  C n . m . r .  s p e c t r u m  ( F i g u r e  8 )  wh ich  r e v e a l e d  t h e  p r e s e n c e  

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

p o s s e s s e d  t h e  e x p e c t e d  m u l t i p l i c i t y  when r e c o r d e d  w i t h  o f f  

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

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

C , QHnQC l oNo0 QS and i n d i c a t e d  t h a t  t h e  r e c r y s t a l l i s e d  s a l t  e x i s t e d  
i o  Zo Z Z J

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

i n f o r m a t i o n  by mass s p e c t r o m e t r y  was however  u n s u c c e s s f u l  d u e ,  

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

showing  o n l y  s i g n a l s  w h ic h  w ere  a t t r i b u t e d  to  a  t r a c e  q u a n t i t y  o f  161 

i n  t h e  s a m p l e .

T r e a t m e n t  o f  d i b r o m i d e  ( 1 7 3 ) and d i i o d i d e  (2 2 0 ) w i t h  p y r i d i n e  

r e s u l t e d  i n  t h e  f o r m a t i o n  o f  b i s p y r i d i n i u m  s a l t s  (227 and 2 2 8 ) 

w h ich  w ere  i d e n t i c a l  t o  215 i n  s p e c t r o s c o p i c  p r o p e r t i e s  b u t  d i f f e r e d  

by t h e  n a t u r e  o f  t h e  a n i o n  p r e s e n t .
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P y r o l y s i s  o f  s a l t s  ( 215 and 216)

I t  h a s  been  shown above  t h a t  t h e  p y r i d i n i u m  s u b s t i t u e n t  o f  216 

i s  e x t r e m e l y  l a b i l e  and t h a t  t h e  C-N bond i s  r e a d i l y  c l e a v e d  by 

warming i n  s o l v e n t .  I t  was t h u s  f e l t  t h a t  p y r o l y s i s  o f  215 and 

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

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

161N o r m a l l y ,  Hofmann e l i m i n a t i o n s  a r e  p e r f o r m e d  on a queous  s o l u t i o n s  

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

h a l i d e s  by t r e a t m e n t  w i t h  m o i s t  s i l v e r  o x i d e .  However ,  t h e  u s e  

o f  s t a n d a r d  Hofmann c o n d i t i o n s  f o r  t h e  p y r o l y s i s  o f  215 and 216 

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

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

o b t a i n e d  d u r i n g  t h e  p y r o l y s i s  o f  213 ( v i d e  s u p r a ) .

The p y r o l y s i s  o f  215 was c a r r i e d  o u t  a t  250° on a sample  o f  t h e

c r u d e  p r o d u c t  o b t a i n e d  by r e a c t i n g  161 w i t h  p y r i d i n e  u n d e r  s t r i c t l y

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

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

a t  0 2 . 2 1 ,  4 . 0 0 ,  5 . 8 1  and 6 .4 0  showing t h e  m a j o r  componen t  t o  be

158
t h e  s k e l e t a l l y  r e a r r a n g e d  d i e n e  ( 2 2 9 ) . 229 was accom pan ied  by

s m a l l  amounts  o f  217 and 218 (<57o) b u t  no s i g n a l s  a r i s i n g  from 

d i e n e  ( 2 1 2 ) w e re  d e t e c t e d .

At  104° ,  m o n o p y r i d in i u m  s a l t  ( 216 ) was s t a b l e  to  d e c o m p o s i t i o n  and 

was t h u s  u n l i k e  t h e  q u a t e r n a r y  ammonium h y d r o x i d e s  u s e d  i n  

Hofmann e l i m i n a t i o n s ^ ' * ' .  However ,  a t  h i g h e r  t e m p e r a t u r e  ( 2 5 0 ° ) ,

216 beh a v ed  i n  an  a n a l o g o u s  manner  t o  2 1 5 , by e l i m i n a t i n g  p y r i d i n e  

h y d r o c h l o r i d e  t o  g i v e  d i e n e  ( 2 2 9 ) ,  c o n t a m i n a t e d  by s m a l l  amounts  o f
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2 1 7  a n d  2 1 8  ( S c h e m e  7 4 ) .

R e l a t e d  a t t e m p t s  to  d e h y d r o c h l o r i n a t e  161

Two a l t e r n a t i v e  methods  f o r  c o n v e r t i n g  161 i n t o  d i e n e  ( 2 1 2 ) have  

been  i n v e s t i g a t e d

( a )  R e a c t i o n  w i t h  2 , 4 , 6 - c o l l i d i n e  ( 230 )

T r e a t m e n t  o f  161 w i t h  r e f l u x i n g  2 , 4 , 6 - c o l l i d i n e  ( 230 ) h a s  been  

158shown t o  p rom o te  smooth d e h y d r o c h l o r i n a t i o n  w i t h  s t r u c t u r a l

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

( 2 2 9 ) (Scheme 75)  i n  a  r e a c t i o n  which  i s  m e c h a n i s t i c a l l y

r e l a t e d  t o  t h e  p y r o l y t i c  d e c o m p o s i t i o n  o f  215 ( v i d e  s u p r a ) .

A l t h o u g h  o f  c o m p a r a b l e  b a s i c i t y ,  230 i s  a much p o o r e r

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

g r o u p s  i n  t h e  2-  and 6-  p o s i t i o n s  a n d ,  a s  a r e s u l t ,  a

c o l l i d i n i u m  a n a l o g u e  o f  215 h a s  n o t  b e e n  o b s e r v e d .  I n

c o n t r a s t ,  t h e  r e a c t i o n  o f  c o l l i d i n e  w i t h  d i b r o m i d e  ( 173)

162
and d i i o d i d e  ( 220) h a s  r e s u l t e d  i n  t h e  i s o l a t i o n  o f  

b i s c o l l i d i n i u m  s a l t s  ( 2.31 and 232) ,  t h e  f o r m a t i o n  o f  which  

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

o f  b rom ide  and i o d i d e .

163
(b )  R e a c t i o n  w i t h  p o t a s s i u m  t - b u t o x i d e  i n  DMSO o r  t - B u t a n o l

P o t a s s i u m  t - b u t o x i d e  h a s  be e n  w i d e l y  u s e d ^ <̂ , ^~* to  d e h y d r o -  

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

combined  w i t h  p o o r  n u c l e o p h i l i c i t y . I n  t h e  r e a c t i o n  o f



t - b u t o x i d e  w i t h  s e c o n d a r y  o r  t e r t i a r y  a l k y l  h a l i d e s ,  where

a number o f  i s o m e r i c  a l k e n e s  may be fo rm ed ,  t h e  o b s e r v e d

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

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

165h i n d e r e d  p r o t o n  . B ecause  o f  i t s  s t r o n g l y  b a s i c  c h a r a c t e r ,

t  166KOBu h a s  a l s o  b e e n  u s e d  t o  a c c e l e r a t e  t h e  p r o t o t r o p i c

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

The r e a c t i o n  o f  161 w i t h  p o t a s s i u m  t - b u t o x i d e  i n  t - b u t a n o l  

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

163
( 212 o r  229) .  I n s t e a d  t h e  m a j o r  p r o d u c t  o f  t h e  r e a c t i o n  was

167 182
t h e  h i g h l y  r e a r r a n g e d  e p i s u l p h i d e  ( 233) * . T h i s  n o v e l

d e c h l o r i n a t i o n  - r e a r r a n g e m e n t  i s  r a t i o n a l i s e d  (Scheme 76) 

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

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

c h l o r i n e .  The f o r m a t i o n  o f  233 i s  s t r o n g  e v i d e n c e  f o r  t h e  

i n t e r m e d i a c y  o f  e p i s u l p h o n i u m  i o n  ( 224) s i n c e  t h e  

t h r e e -m e m b e r e d  r i n g  o f  224 i s  r e t a i n e d  i n  t h e  p r o d u c t .

D ib ro m id e  ( 173) and d i i o d i d e  ( 220) r e a c t  w i t h  p o t a s s i u m  

t - b u t o x i d e  i n  t h e  same manner  as  161.

D u r in g  t h e  above  a t t e m p t s  t o  p r e p a r e  d i e n e  (212)  MacNicol  

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

communica ted  t o  Dr.P.H.McCabe  t h a t  t h e  c o n d e n s a t i o n  o f  212 w i t h  

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

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

p r i o r  kno w le d g e ,  no a t t e m p t  was made t o  r e p e a t  MacNicol*s  

s y n t h e s i s  n o r  t o  e x p l o r e  a l t e r n a t i v e  r o u t e s  t o  2 1 2 , t h e  s u i t ­

a b i l i t y  o f  w h ic h  as  a  p r e c u r s o r  o f  t r i c y c l i c  s y s te m s  r e m a in s  

t o  b e  e s t a b l i s h e d .



Scheme 76

233

B" = (CH3)3C O -  o r  C H 3S O C H -
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A t te m p te d  d e h y d r o c h l o r i n a t i o n  o f  161

A s o l u t i o n  o f  161 ( 1 . 1 3  g ,  5 . 4  mmol) i n  d r i e d  p y r i d i n e  (5 ml)  was

r e f l u x e d  f o r  3 h r .  On c o o l i n g ,  t h e  c o l o u r l e s s  p r e c i p i t a t e  was

removed by f i l t r a t i o n ,  washed  w i t h  a l i t t l e  e t h a n o l ,  d r i e d  and

c o l l e c t e d .  R e c r y s t a l l i s a t i o n  from a queous  m e t h a n o l  gave  h i g h l y

c r y s t a l l i n e  N,N*- ( 9 - t h i a b i c y c l o [ 3 . 3 . 1 ] n o n - 2 , 6 - d i y l ) b i s p y r i d i n i u m

d i c h l o r i d e  ( 2 1 5 ) ,  t r i h y d r a t e  ( 1 . 5 7  g ,  3 .7 1  mmol, 697.),  m .p .

238 -240°  ( d e c o m p . ) ;  A n a l .  c a l c ,  f o r  C1 0 H1 0 C1 N 0 , S :  C 5 1 . 0 6 ,
lo i o  2 2 3

KRt
H 6 . 6 7 ,  N 6.62%. Found:  C 5 1 . 4 0 ,  H 6 . 5 6 ,  N 6.58%; v 3387,* max

3130,  3056,  2939,  2856,  1630,  1575,  1480,  1340,  1140,  1026,  8 6 8 , 770

721 and 682 cm” 1 ; 3 (D2 0)  2 . 3 0 - 2 . 6 4  (m, 8 H, CH2 ) ,  3 . 4 8  (m, 2H,

C ( 1 , 5 ) H ) ,  5 . 8 0  (m, 2H, C ( 2 , 6 ) H ) ,  8 . 2 2  ( t ,  4H, C (3* ' , 5 I )H) ,  8 . 7 1  ( t ,

2H, C ( 4 ' ) H )  and 9 . 1 5  ( d ,  4H, C ( 2 , , 6 , )H) ;  XE t ° H 256 ( s h ,  l o g E 3 . 9 0 )™ max

2 .6 2  ( 3 . 9 9 ) and 269 nm ( s h ,  3 . 9 0 ) .

119
P y r o l y t i c  d e h y d r o c h l o r i n a t i o n  o f  161

161 ( 1 2 . 0  g ,  5 6 .9  mmol) was vacuum s e a l e d  i n  f o u r  f l a m e - d r i e d  P y r e x

p y r o l y s i s  t u b e s  (50 cm x 1 .5  cm i . d . )  and h e a t e d  a t  168° f o r  19 h r .

On c o o l i n g ,  t h e  brown v i s c o u s  l i q u i d  p r o d u c t  was e x t r a c t e d  w i t h

e t h e r  and t h e  e x t r a c t ,  a f t e r  r em ova l  o f  s o l v e n t ,  d i s t i l l e d  i n  vacuo

t o  g i v e  c h l o r o a l k e n e  ( 2 1 3 ) ( 7 . 2 2  g ,  4 1 . 4  mmol, 737„), b . p .  8 4 - 9 0 ° ,

0 . 8  mm Hg ( l i t . 1 1 9  b . p .  6 4 - 6 9 ° ,  0 . 3  mm Hg);  V CC14 3027 ,  2937,max

2846 ,  1651,  1452,  1208,  1077 ,  876 ,  6 8 8  and 659 cm"1 ; a (CDC13 ) 2 .0 4  

(m, 4H, C ( 7 , 8 ) H 2 ) ,  2 .5 8  (m, 2H, C(4)H2 ) ,  3 .1 0  (m, 2H, C ( 1 , 5 ) H ) ,

4 . 5 6  (m, 1H, H-C-Cl)  and 5 . 8 4  (m, 2H, o l e f i n i c  CH).

L a t e r  f r a c t i o n s  b o i l i n g  a t  9 0 - 9 8 ° ,  .98-105° and 105 -107°  c o n t a i n e d

158
213 c o n t a m i n a t e d  by i n c r e a s i n g  amounts  o f  217 and 218
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R e a c t i o n  o f  213 w i t h  p y r i d i n e

( a )  213 (350 mg, 2 . 0  mmol) d i s s o l v e d  i n  a n h y d ro u s  p y r i d i n e  (5 ml)

was r e f l u x e d  f o r  3 h r .  On c o o l i n g ,  p y r i d i n e  was removed by 

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

was d i s s o l v e d  i n  w a t e r  and e x t r a c t e d  w i t h  e t h e r  to  g i v e ,  on rem ova l  

o f  s o l v e n t ,  a m i x t u r e  (127 mg) o f  217 and 2 1 8 . E v a p o r a t i o n  o f  t h e  

a queous  l a y e r  f u r n i s h e d  a brown o i l  f rom which  no c r y s t a l l i n e  

p r o d u c t  was o b t a i n e d .

(b )  213 (993 mg, 5 . 7 0  mmol) d i s s o l v e d  i n  p y r i d i n e  (15 ml)  was

r e f l u x e d  f o r  3 h r  a s  i n  ( a )  a bove .  On s t a n d i n g  a t  room

t e m p e r a t u r e  f o r  16 h r ,  t h e  r e a c t i o n  m i x t u r e  d e p o s i t e d  a r e d

s o l i d  ( 1 . 0  g)  w h ic h  was removed by f i l t r a t i o n .  The s o l i d  p r o d u c t

was washed w i t h  e t h e r  and r e c r y s t a l l i s e d  t w i c e  from c h l o r o f o r m - e t h e r

g i v i n g  a m i x t u r e  o f  p y r i d i n i u m  s a l t s  ( 216 and 225) (526 mg, 2 .0 8  mmol,

3670) , m .p .  9 0 - 9 3 ° ;  A na l ,  ea- lc .  f o r  C ^ H ^ C I N S :  C 6 1 . 4 7 ,  H 6 . 3 5 ,

KBr
N 5.527, .  Found:  C 6 1 . 2 0 ,  H 6 . 8 , N 5.47,;  v 3010,  1635,  1477,7 7 v max

1132 and 680 cm"1 ; 9  (D2 0)  1 . 8 7 - 2 . 9 1  (m ) , 3 .4 6  (m ) , 5 . 4 5  ( m ) , 5 .8 8  ( m ) ,

6 .0 9  (m),  6 . 3 4  ( m ) , 8 . 1 2  ( t ) ,  8 . 6 0  ( t ) ,  8 . 8 5  (d)  and 9 .0 1  ( d ) ;

X Et0H 249 ( s h ,  l o g  € 3 . 4 9 ) ,  256 ( s h ,  3 . 5 9 ) ,  262 ( 3 . 6 4 )  and max

268 nm ( s h ,  3 . 5 4 ) .

( c )  213 ( 1 . 0 9 8  g ,  6 . 2 9  mmol) and p y r i d i n e  (15 ml)  w e re  s t i r r e d

a t  room t e m p e r a t u r e  f o r  64 h r .  The c o l o u r l e s s  p r e c i p i t a t e  f o rm e d ,  

was f i l t e r e d  o f f  and washed w i t h  e t h e r ,  g i v i n g  N - ( 9 - t h i a b i c y c l o -

[ 3 . 3 . 1 ]  n o n - 2 - e n - 6 - y l ) p y r i d i n i u m  c h l o r i d e  ( 216 ) (295 mg, 1 .1 6  mmol,

1 8 . 57o), m .p .  2 1 5 - 2 1 7 ° ;  A na l .  c a l c ,  f o r  C ^ H ^ C I N S :  C 6 1 . 4 7 ,

H 6 . 3 5 ,  N 5 . 5 2 ,  S 12.637.,. Found:  C 6 0 . 9 ,  H 6 . 5 ,  N 5 . 7 ,  S 12.47, ;

Tf R r  - 1
v 3020 ,  1630,  1478,  1137 and 682 cm ; 9 (D9 0)  1 . 8 7 - 2 . 9 0
T max ^



( com plex  m, 6 H, CH^), 3 .4 6  ( b r  m, 2H, C ( 1 , 5 ) H ) ,  5 .4 5  (m, 1H,

C ( 6 )H) ,  6 .0 9  (m, 2 H, o l e f i n i c  CH), 8 . 1 2  ( t ,  2 H, C ( 3 ' ) H ) ,

8 . 6 0  ( t ,  1H, C ( 4 ' ) H )  and 9 .0 1  (d ,  2H, C ( 2 ' ) H ) ;  \ Et0H 256 ( s h ,max

lo g  Z 3 . 5 3 ) ,  262 ( 3 . 5 8 ) ,  2 . 6 8  ( s h ,  3 . 5 1 )  and 296 nm ( 2 . 8 6 ) .

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

h y d r a t e d  s a l t  ( C ^ H ^ C I N S ) 3 H 2 0 ,  m .p .  1 1 1 -1 1 3 ° ;  A na l .  c a l c ,  f o r

C26H38C1 2N2 °3 S2 : C 5 5 ’ 6 0 > H 6>82> N 4 *997~  Found:  C 5 5 . 6 0 ,

H 6 . 4 6 ,  N 4.807o.

P y r o l y t i c  d e c o m p o s i t i o n  o f  215

Anhydrous b i s p y r i d i n i u m  s a l t  ( 215 ) (128 mg, 0 . 3 5  mmol) was

p y r o l y s e d  i n  a f l a m e  d r i e d  s e a l e d  p y r o l y s i s  t u b e  (17 cm x 0 . 5  cm

i . d . ,  P y r e x )  a t  250° f o r  1 h r .  The d a r k  brown l i q u i d  p r o d u c t

was e x t r a c t e d  w i t h  e t h e r  and t h e  e x t r a c t  f i l t e r e d  and e v a p o r a t e d

u n d e r  s u c t i o n .  The p . m . r .  s p e c t r u m  (CDCl^) o f  t h e  c r u d e  p r o d u c t

158
showed t h e  m a j o r  componen t  t o  be d i e n e  ( 229 ) , 9 2 .2 1  (m, 4H, CH

4 . 0 0  (m, 2H, b r i d g e h e a d  CH) ,  5 .8 1  (m, 2H, C ( 2 ,5 ) H )  and 6 .4 0  (m, 2H

158
C ( 3 , 4 ) H ) ,  ac com pa n ie d  by s m a l l  amounts  ( < 57,) o f  217 and 218 

P y r o l y s i s  o f  m o n o p y r i d in i u m  s a l t  ( 216 )

( a )  216 (108 mg, 0 . 4 3  mmol) was p y r o l y s e d ,  a s  a b o v e ,  a t  104° f o r

5 h r .  On c o o l i n g ,  t h e  p r o d u c t  was e x t r a c t e d  w i t h  e t h e r ,  and t h e

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

s p e c t r o s c o p y  o f  t h e  r e s i d u e  ( ca lO  mg) showed t h e  p r e s e n c e  o f  217 

158and 218 . No d i e n e  r e s o n a n c e s  w e re  o b s e r v e d .

(b )  216 (118 mg, 0 . 4 6  mmol) was p y r o l y s e d ,  a s  above  a t  250° f o r

1 h r .  E t h e r  e x t r a c t i o n  o f  t h e  p r o d u c t ,  f o l l o w e d  by e v a p o r a t i o n  o f



s o L v e n t  gave  a y e l l o w  o i l  (54 mg),  which  was shown by p . m . r .

158s p e c t r o s c o p y  to  be p r e d o m i n a n t l y  d i e n e  ( 229 ) accom pan ie d  by 

t r a c e s  o f  217 and 218.



Part Four

The Synthesis 
of Polysubstituted 

8-Thiabicyclo [3.2.1] octanes



INTRODUCTION

I n  c o n t r a s t  t o  9 - t h i a b i c y c l o n o n a n e s , t h e  r e l a t e d

8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e  ( 2 3 4 ) f i e l d  has  r e c e i v e d  l i t t l e

168a t t e n t i o n .  The s y s t e m  was f i r s t  r e p o r t e d  i n  1955 when t h e

p a r e n t  t h i o e t h e r  was i s o l a t e d  f rom I r a n i a n  k e r o s e n e  and a

169s u b s e q u e n t  l a b o r a t o r y  s y n t h e s i s  (Scheme 77)  o f  234 by 

r e d u c t i o n  o f  t h e  D i e l s - A l d e r  a d d u c t  ( 2 3 5 ) o f  c y c l o h e p t a - 1 , 3 - d i e n e  

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

K e tone  ( 2 3 6 ) was one o f  t h e  f i r s t  d e r i v a t i v e s  o f  234 t o  be 

p r e p a r e d  and h a s  b e e n  o b t a i n e d  by t h e  r e a c t i o n 1^  o f  sod ium s u l p h i d e  

w i t h  t r o p i n o n e  m e t h i o d i d e  ( 2 3 7 ) and by t h e  M ic h a e l  a d d i t i o n 1 ^ 1  

o f  h y d r o g e n  s u l p h i d e  t o  c y c l o h e p t a - 2 , 6 - d i e n o n e  ( 2 3 8 ) .  (Scheme 7 8 ) .

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

8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e  d e r i v a t i v e s ,  236 h a s  be e n  u s e d  to  

i n t r o d u c e  f u n c t i o n a l i t y  a t  C ( 2 ) ,  C(3)  and C(4)  o f  t h e  b i c y c l i c  

f r a m ew o rk .

E p i m e r i c  a l c o h o l s  ( 239 and 240) were  o b t a i n e d  by r e d u c i n g  236

172 173w i t h  sod ium b o r o h y d r i d e  o r  l i t h i u m  a lu m in iu m  h y d r i d e  and t h e i r

a r o m a t i c  e s t e r s  ( 2 4 1 , 242 and 243) h a v e  b e e n  p r e p a r e d  f o r  b i o l o g i c a l
1 7 0

t e s t i n g  . C o n v e r s i o n  o f  236 t o  i t s  t o s y l  h y d r a z o n e  ( 244 ) f o l l o w e d  

by p y r o l y s i s  h a s  g i v e n 1^  a l k e n e  ( 245 ) (Scheme 79 )  w h i l e  C l a i s e n  

c o n d e n s a t i o n  w i t h  a r o m a t i c  a l d e h y d e s  y i e l d e d  2 , 4 - d i b e n z j j l i d i n e  

d e r i v a t i v e s  ( 246) which  e x h i b i t  f u n g i s t a t i c  a c t i v i t y 1^ .  Beckmann 

r e a r r a n g e m e n t  o f  oxime ( 247 ) t o  248 i s  a s t e p  i n  t h e  s y n t h e s i s  

(Scheme 8 0 ) ^ ^  o f  3 - a z a - 9 - t h i a b i c y c l o  [ 4 . 2 . l j n o n a n e  d e r i v a t i v e s ,  such  

as  249 , w h ich  a r e  e f f e c t i v e  i n  t h e  t r e a t m e n t  o f  h y p e r t e n s i o n .
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B r i d g e h e a d  s u b s t i t u t i o n  o f  t h e  8 - t h i a b i c y c l o [ 3 . 2 . l j o c t a n e  n u c l e u s  

ha s  been  a c h i e v e d  by t r e a t m e n t  o f  s u l p h o n e  ( 250) w i t h  n - b u t y l  

l i t h i u m  and s u l p h u r y l  c h l o r i d e ,  SO^Cl^ to  g i v e  s u l p h o n y l  c h l o r i d e  

( 251) .  On h e a t i n g ,  251 decomposes w i t h  e v o l u t i o n  o f  SO2  f u r n i s h i n g  

a - c h l o r o s u l p h o n e  ( 252) (Scheme 8 1 ) .  I n  c o n t r a s t ,  t h e  r e a c t i o n  

o f  234 w i t h  S C ^ C ^ ,  f o l l o w e d  by o x i d a t i o n  o f  t h e  c r u d e  p r o d u c t  by 

m o n o p e r p h t h a l i c  a c i d  p r o d u c e d ^ ^  a m i x t u r e  o f  p - c h l o r o s u l p h o n e  ( 253) 

and 1 , 4 - d i c h l o r o c y c l o h e p t a n e  ( 254) .  The f o r m a t i o n  o f  253 h a s  been  

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

s p e c i e s  ( 255) t o  g i v e  s u l p h e n y l  c h l o r i d e  ( 256) which  r e c o m b in e s  

i n t r a m o l e c u l a r l y  to  c h l o r o s u l p h i d e  ( 257) p r i o r  t o  o x i d a t i o n  

(Scheme 8 2 ) .

A p a r t  f rom  t h e  p r e p a r a t i o n ^ ^  * o f  alkenes__ ( 235 and 258) ,  o n l y

one method f o r  t h e  i n t r o d u c t i o n  o f  C ( 6 ) and C(7)  f u n c t i o n a l i t y  h a s

b e e n  r e p o r t e d .  Thus c o n d e n s a t i o n  o f  c y c l o h e p t a t r i e n e  ( 259) w i t h

74s u l p h u r  d i c h l o r i d e  f u r n i s h e d  260 as  t h e  o n l y  i s o l a b l e  p r o d u c t .

74H y d r o l y s i s  o f  260 by sodium c a r b o n a t e  y i e l d e d  b o t h  261 and 2 6 2 ,

179and t h e  l a t t e r  h a s  be e n  o x i d i s e d  t o  d i o n e  ( 263) (Scheme 8 3 ) .

74O x i d a t i o n  o f  260 w i t h  h y d r o g e n  p e r o x i d e  i n  g l a c i a l  a c e t i c  a c i d  

l e d  t o  t h e  r e a r r a n g e d  s u l p h o x i d e  ( 264 ) (Scheme 84) i n  wh ich  t h e  

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

t h e  e l e c t r o n  r i c h  c h l o r i n e  atoms and c a r b o n - c a r b o n  d o u b l e  bond has  

b e e n  m i n i m i s e d .  F u r t h e r  o x i d a t i o n  o f  264 by h y d r o g e n  p e r o x i d e  i n  

a c e t o n e  gave  2 6 5 , w h i l e  i n  a c e t i c  a c i d ,  r e a r r a n g e m e n t  a g a i n  o c c u r r e d  

t o  g i v e  s u l p h o n e  ( 266 ) wh ich  p o s s e s s e s  t h e  same a l l y l i c  c h l o r i d e  

s t r u c t u r e  as  t h e  o r i g i n a l  s u l p h i d e .
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C l o s e l y  r e l a t e d  i n  s t r u c t u r e  t o  t h e s e  compounds a r e  t h e  numerous 

n a t u r a l l y - o c c u r r i n g  d e r i v a t i v e s  o f  8 - a z a b i c y c l o ( 3 . 2 . 1 ] o c t a n e  ( 267) ,  

c o l l e c t i v e l y  known as  t h e  t r o p a n e  a l k a l o i d s .  Many o f  t h e s e  

compounds p o s s e s s  p o w e r f u l  p h y s i o l o g i c a l  a c t i v i t y  and have  found  

u s e  as  p h a r m a c e u t i c a l s .  P o s s i b l y  t h e  b e s t  known members o f  t h e  

s e r i e s  a r e  p - c o c a i n e  ( 268) and a t r o p i n e  ( 269) which  a r e  p o t e n t  

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

and a n a e s t h e t i c s .

A l a r g e  number o f  s y n t h e t i c  t r o p a n e s  h a s  been  p r e p a r e d  and many 

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

I n  p a r t i c u l a r  3 - t r o p y l  b e n z h y d r y l  e t h e r  ( b e n z t r o p i n e ,  270) 

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

h o m o t r o p i n e  ( 2 7 1 ) and e c c a i n e  ( 2 7 2 ) a r e  v a l u a b l e  n o n - t o x i c  

a n a e s t h e t i c s .  T hese  compounds a r e  l i s t e d  w i t h  a number o f  o t h e r  

n a t u r a l  and s y n t h e t i c  t r o p a n e s  i n  T a b l e  6 .

The b i o l o g i c a l  a c t i v i t y  shown by t r o p a n e  a l k a l o i d s  and s e v e r a l  

8 - t h i a b i c y c l o 1 3 . 2 . 1 ] o c t a n e s  ( v i d e  s u p r a )  s u g g e s t s  t h a t  o t h e r  

a p p r o p r i a t e l y  s u b s t i t u t e d  d e r i v a t i v e s  o f  234 m i g h t  a l s o  p o s s e s s  

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

b r i d g e d  compounds.
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DISCUSSION

The r e a c t i o n  o f  s u l p h u r  d i c h l o r i d e ,  S C ^ j  w i t h  o l e f i n s  has  been

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

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

180u n s a t u r a t i o n  . N e v e r t h e l e s s ,  v e r y  l i t t l e  was known a b o u t  t h e  

n a t u r e  o f  t h e  r e a c t i o n  and i t  was some t im e  b e f o r e  t h e  s y n t h e t i c  

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

The t r a n s -  a d d i t i o n  o f  S C ^  t o  c a r b o n - c a r b o n  d o u b l e  bonds  i s  now 

181b e l i e v e d  t o  p r o c e e d  by f o r m a t i o n  o f  a TT-complex and a c y c l i c

e p i s u l p h o n i u m  c a t i o n  ( 2 7 3 ) ,  t h e  l a t t e r  o f  which  i s  opened  by

c h l o r i d e  t o  g i v e  t h e  M arkovnikov  a d d u c t  ( 2 7 4 ) (Scheme 8 5 ) .

182 183However ,  s e v e r a l  i n v e s t i g a t i o n s  * on t h e  r e a c t i o n  o f  t e r m i n a l  

o l e f i n s  ha v e  i n d i c a t e d  t h a t  s t e r i c  f a c t o r s  o f t e n  c o n t r o l  t h e  

d i r e c t i o n  o f  r i n g - o p e n i n g  o f  273 r e s u l t i n g  i n  t h e  a n t i - M a r k o v n i k o v  

a d d i t i o n  p r o d u c t  ( 2 7 5 ) .

One o f  t h e  e a r l i e s t  and m os t  i m p o r t a n t  s y n t h e t i c  u s e s  o f  s u l p h u r

184d i c h l o r i d e  was i n  t h e  p r e p a r a t i o n  o f  i t s  h i g h l y  t o x i c  e t h y l e n e

a d d u c t ,  b i s ( 2 - c h l o r o e t h y l ) s u l p h i d e  ( 2 7 6 ) wh ich  was u s e d  e x t e n s i v e l y

i n  c h e m i c a l  w a r f a r e  d u r i n g  World War I  and was commonly known as

185'M u s t a r d  G a s ' .  The e x t r e m e  t o x i c i t y  o f  276 h a s  b e e n  a t t r i b u t e d  

t o  i t s  e a s e  o f  p e n e t r a t i o n  t h r o u g h  t h e  body t i s s u e  (due  t o  i t s  

h i g h  l i p i d  s o l u b i l i t y )  combined  w i t h  s u b s e q u e n t  i n t r a c e l l u l a r  

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

h y d r o l y s i s  (Scheme 8 6 ) .

More r e c e n t l y ,  t h e  r e a c t i o n s  o f  s u l p h u r  d i c h l o r i d e  w i t h  a w ide
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• i- *  ̂ i- • i 1 8 1 -1 8 3 ,1 8 6v a r i e t y  o f  u n s a t u r a t e d  s y s t e m s  i n c l u d i n g  d i e n e s  ,

- i 1 8 7  i ^   ̂ . 1 8 8  189 , _  . .  19Ca c e t y l e n e s  , e n o l  e t h e r s  and enam ines  , ox imes  and n i t r i l e s

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

a d d i t i o n  o f  SCI 2  t o  c y c l i c  p o l y o l e f i n s  has  been  w i d e l y  u s e d

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

74Prompted  by t h e  s t e r e o s p e c i f i c  f o r m a t i o n  o f  a l l y l i c  c h l o r i d e  

( 2 6 0 ) f rom c y c l o h e p t a t r i e n e  ( 2 5 9 ) ,  t h e  r e a c t i o n  o f  SCI 2  w i t h  

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

o r d e r  t o  s y n t h e s i s e  s u i t a b l y  f u n c t i o n a l i s e d  8 - t h i a b i c y c l o [ 3 . 2 . 1 ] -  

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

t r o p a n e  a l k a l o i d s .  Us ing  t h i s  a p p r o a c h ,  c h l o r i d e ,  e s t e r  and 

c a r b o n y l  g r o u p s  and u n s a t u r a t i o n  have  be e n  i n t r o d u c e d  a t  p o t e n t i a l l y  

u s e f u l  p o s i t i o n s  o f  t h e  b i c y c l i c  f ram ew ork .

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

s e v e r a l  d e r i v a t i v e s  o f  234 from t h e i r  t r o p a n o i d  a n a l o g u e s  were

s t u d i e d .  A l t h o u g h  236 i s  r e a d i l y  s y n t h e s i s e d ^ " ^  from t r o p i n o n e

m e t h i o d i d e  (237 ) by r e a c t i o n  w i t h  sodium  s u l p h i d e ,  t h e  c o r r e s p o n d i n g

191
m e t h i o d i d e s  o f  t r o p i n e  ( 2 7 7 ) ,  p s e u d o t r o p i n e  ( 2 7 8 ) and p - c o c a i n e  

( 2 6 8 ) u n d e r  i d e n t i c a l  c o n d i t i o n s ,  f a i l e d  t o  p r o d u c e  s u l p h u r  

b r i d g e d  p r o d u c t s .  A l t h o u g h  s t e r i c  i n t e r a c t i o n s  may ha v e  an e f f e c t ,  

t h e  r e a s o n s  f o r  t h e  i n e r t n e s s  o f  t h e s e  compounds i s  unknown.

B e c a u s e  o f  i t s  s i g n i f i c a n c e  a s  a s u l p h u r  a n a l o g u e  o f  p - c o c a i n e  ( 2 6 8 ) ,  

t h e  s y n t h e s i s  o f  281 was o f  p a r t i c l a r  i n t e r e s t .  I n  a b s e n c e  o f  a 

d i r e c t  r o u t e  f rom  268 ( v i d e  s u p r a )  i t  was p r o p o s e d  t o  c o n v e r t  236 

i n t o  p - k e t o e s t e r  ( 2 7 9 ) .  R e d u c t i o n  o f  t h e  c a r b o n y l  f u n c t i o n  o f  

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

( 2 8 0 ) would y i e l d  t h e  d e s i r e d  p r o d u c t  ( 2 8 1 ) as  a  m i x t u r e  o f
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d i a s t e r e o i s o m e r s  (Scheme 8 7 ) .  I n  t h e  e v e n t ,  how ever ,  a l l

a t t e m p t s  t o  p r e p a r e  279 by t r e a t m e n t  o f  236 w i t h  sod ium h y d r i d e -

192 193d i m e t h y l  c a r b o n a t e  o r  n - b u t y l  l i t h i u m  - m e t h y l  c h l o r o f o r m a t e

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

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

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

l i t e r a t u r e .  B e c a use  o f  t h e i r  e a s e  o f  p r e p a r a t i o n ,  d i e n o n e s  ( 238 

and 2 8 2 ) and d i e n o l  ( 2 8 3 ) w ere  p a r t i c u l a r l y  a t t r a c t i v e  as  p r e c u r s o r s  

t o  8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e s . Moreover  t h e  p o s i t i o n s  o f  oxygen 

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

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

s i m i l a r  t o  known t r o p a n e  a l k a l o i d s .

194 195C y c l o h e p t a - 3 , 5 - d i e n o n e  ( 2 8 2 ) ’ was p r e p a r e d  i n  two s t e p s  f rom

196c y c l o h e p t a t r i e n e  ( 2 5 9 ) .  A l l y l i c  o x i d a t i o n  o f  259 u s i n g

s e l e n i u m  d i o x i d e  f u r n i s h e d '  t r o p o n e  ( 2 8 4 ) wh ich  was r e d u c e d  t o  282

w i t h  l i t h i u m  a lu m in iu m  h y d r i d e .  I n t e r e s t i n g l y ,  u n d e r  t h e s e

c o n d i t i o n s ,  o n l y  s m a l l  amounts  o f  d i e n o l  ( 2 8 3 ) a r e  fo rm ed ,  even

195
i f  a  l a r g e  e x c e s s  o f  LiAlH^ i s  u s e d .  T h i s  may be r a t i o n a l i s e d  by

n u c l e o p h i l i c  a t t a c k  o f  h y d r i d e  i o n  a t  C(2)  o f  284 f o l l o w e d  by 

e l e c t r o n i c  r e o r g a n i s a t i o n  t o  g i v e  e n o l a t e  i o n  (2 8 5 ) .  Under  t h e  

a p r o t i c  c o n d i t i o n s  employed ,  285 i s  u n a b l e  t o  r e a c t  f u r t h e r  and ,  

on h y d r o l y s i s ,  t a u t o m e r i s e s  t o  k e t o n e  (282)  (Scheme 8 8 ) .

197 198
D i e n o l  (2 8 3 ) may however  be p r e p a r e d  *' f rom 284 by r e d u c t i o n  

w i t h  sod ium b o r o h y d r i d e  i n  aqueous  m e t h a n o l .  I n  t h i s  c a s e  t h e  

i n t e r m e d i a t e  e n o l a t e  i o n  (2 8 5 ) i s  p r o t o n a t e d  i n  s i t u  by s o l v e n t
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y i e l d i n g  282 which  i s  s u s c e p t i b l e  t o  f u r t h e r  r e d u c t i o n  by

b o r o h y d r i d e  i o n  (Scheme 8 8 ) .  283 was c o n v e r t e d  t o  i t s  b e n z o a t e

197
e s t e r  ( 286 ) by t r e a t m e n t  w i t h  b e n z o y l  c h l o r i d e  and p y r i d i n e  •

C y c l o a l k - 2 - e n o n e s  ( 287) a r e  r e a d i l y  p r e p a r e d  by a number o f  

199methods  . The s y n t h e s i s  o f  a ., J3 , a ', p ' - c y c l o a l k a d i e n o n e s  

( 2 8 9 ) i s  l e s s  common b u t  h a s  been  a c c o m p l i s h e d b y  a*CC#- d i -  

b r o m i n a t i o n  o f  t h e  c o r r e s p o n d i n g  c y c l o a l k a n o n e  k e t a l  ( 2 8 8 ) f o l l o w e d  

by d e h y d r o b r o m i n a t i o n  and h y d r o l y s i s  o f  t h e  k e t a l  f u n c t i o n  (Scheme 8 9 ) .  

U s ing  t h i s  a p p r o a c h  c y c l o h e p t a n o n e  was c o n v e r t e d  t h r o u g h  29Q and 29 j  

t o  2 9 2  and was h y d r o l y s e d  by d i l u t e  m i n e r a l  a c i d  t o  d i e n o n e  (2 3 8 ) .

The s y n t h e s i s  o f  c h l o r i n a t e d  8 - t h i a b i c y c l o  ( 3 . 2 . 1 ] o c t a n e s

The r e a c t i o n  o f  d i e n e s  ( 2 8 2 , 28 3 and 286) w i t h  s u l p h u r  

d i c h l o r i d e  was e x p e c t e d  t o  p r o c e e d  a s  f o r  r e p o r t e d  1 , 3 - d i e n e s  

and p r o d u c e  t h e  6 , 7 - d i c h l o r i n a t e d  p r o d u c t s  ( 293, 294 and 295) 

r e s p e c t i v e l y .  I n  t h e  e v e n t ,  286 r e a c t e d  p r e d i c t a b l y  i n  m e t h y l e n e  

c h l o r i d e  a t  - 7 0 °  t o  p r o d u c e  i n  a l m o s t  q u a n t i t a t i v e  y i e l d ,  a c o l o u r l e s s  

c r y s t a l l i n e  s o l i d ,  m . p .  1 6 0 - 1 6 1 ° ,  wh ich  a n a l y s e d  f o r  

The mass s p e c t r u m  showed a m o l e c u l a r  i o n  t r i p l e t  a t  m /e  316 ,  318 

and 320 ( i n t e n s i t y  9 : 6 : 1 )  c o n f i r m i n g  t h e  p r e s e n c e  o f  two c h l o r i n e  

a to m s ,  w h i l e  p . m . r .  s i g n a l s  a t  3 7 . 2 9 - 8 . 3 1  ( p a i r  o f  m u l t i p l e t s ,  5H) 

and an i n t e n s e  i n f r a r e d  band a t  1721 cm  ̂ showed t h a t  t h e  b e n z o a t e  

e s t e r  f u n c t i o n  o f  286 had r e m a in e d  i n t a c t .  A n a r r o w ,  t w o - p r o t o n  

b r i d g e h e a d  s i n g l e t  a t  3 3 . 6 6 ,  t a k e n  w i t h  a s h a r p  H-C-Cl  m u l t i p l e t  

a t  3 4 . 8 9  ( F i g u r e  9 )  was e v i d e n c e  o f  a p l a n e  o f  symmetry t h r o u g h  

s u l p h u r  and C ( 3 ) ,  and i d e n t i f i e d  t h e  p r o d u c t  a s  t h e  e x p e c t e d  

b e n z o a t e  e s t e r  ( 295) .
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By t h i n  l a y e r  c h ro m a to g r a p h y  o f  t h e  l i q u o r s  r e m a i n i n g  a f t e r  

c r y s t a l l i s a t i o n  o f  2 9 5 , an a d d i t i o n a l  m in o r  r e a c t i o n  p r o d u c t  was 

i s o l a t e d  a s  c o l o u r l e s s  c r y s t a l s ,  m .p .  1 1 7 -1 1 8 ° .  A l th o u g h  

p o s s e s s i n g  s i m i l a r  a r o m a t i c  f e a t u r e s  a t  3 7 .5 0  (m, 3H) and 8 .0 8  

(m, 2H ) , t h e  p . m . r .  s p e c t r u m  d i f f e r e d  from t h a t  o f  295 by h a v i n g  

two b r i d g e h e a d  s i g n a l s  a t  3 3 .4 9  and 3 . 9 0 ,  e ach  o f  wh ich  i n t e g r a t e d  

f o r  one p r o t o n  ( F i g u r e  9 ) .  M ore ove r ,  t h e  h y d r o g e n - o n - c a r b o n - b e a r i n g  

oxygen  r e s o n a n c e  a t  3 5 . 4 8  was c o u p l e d  to  a l e s s e r  d e g r e e  t h a n  t h e  

c o r r e s p o n d i n g  s i g n a l  o f  2 9 5 . Doub le  i r r a d i a t i o n  o f  t h i s  m u l t i p l e t  

s h a r p e n e d  t h e  b r i d g e h e a d  r e s o n a n c e  a t  3 3 .9 0  and i n d i c a t e d  a v i c i n a l  

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

d e c o u p l i n g  s t u d i e s ,  a h i g h  r e s o l u t i o n  mass m ea su rem e n t  ( i n d i c a t i n g  a 

f o r m u l a  o f  ^ 1 4 ^ 1 4 ^ 2 ^ 2 ^  and i n f r a r e d  i n f o r m a t i o n  gave  unambiguous 

p r o o f  t h a t  t h e  m in o r  p r o d u c t  (2 .470) was t h e  i s o m e r i c  b e n z o a t e  e s t e r  

( 2 9 6 ) .

The f o r m a t i o n  o f  296 may be r a t i o n a l i s e d  by t h e  r e a c t i o n  o f  s u l p h u r  

d i c h l o r i d e  w i t h  297 wh ich  was p r e s e n t  i n  286 a s  a t r a c e  i m p u r i t y  

due t o  t h e  f o r m a t i o n  o f  d i e n o l  ( 298 ) d u r i n g  t h e  r e d u c t i o n  o f  

t r o p o n e  ( 2 8 4 ) .  Thus i n s t e a d  o f  fo rm in g  282 by p r o t o n a t i o n  a t  C ( 2 ) ,  

e n o l a t e  i o n  ( 285 ) r e a r r a n g e d  w i t h  p r o t o n a t i o n  a t  C ( 6 ) to  g i v e  t h e  

c o n j u g a t e d  d i e n o n e  ( 299 ) wh ich  l e d  t o  298 on f u r t h e r  r e d u c t i o n  

(Scheme 9 0 ) .

I n  c o n t r a s t  t o  286 , d i e n o l  ( 283) and d i e n o n e  ( 282 ) d i d  n o t  behave  

a s  e x p e c t e d  and e v o l v e d  h y d r o g e n  c h l o r i d e  on r e a c t i o n  w i t h  S C ^ .

I n  a d d i t i o n ,  283 formed an  amorphous c re am  p r e c i p i t a t e  w h ic h  was 

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

c r u d e  p r o d u c t  p o s s e s s e d  none  o f  t h e  c h a r a c t e r i s t i c s  o f  an
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8 - t h i a b i c y c l o ( 3 . 2 . 1 ] o c t a n e  s y s te m .  These  r e s u l t s  s u g g e s t e d  t h a t ,  

r a t h e r  t h a n  a d d in g  a c r o s s  t h e  d o u b l e  bonds  o f  2 8 3 , SCl^ had  r e a c t e d  

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

s u l p h i t e  ( 300 ) a s  t h e  p o s s i b l e  p r o d u c t  (Scheme 9 1 ) .  R ig o r o u s  

s t r u c t u r a l  c o n f i r m a t i o n  o f  30Q was n o t  however  u n d e r t a k e n  and t h e  

r e a c t i o n  was n o t  f u r t h e r  i n v e s t i g a t e d .  The c r u d e  p r o d u c t  f rom 

t h e  r e a c t i o n  o f  d i e n o n e  ( 282 ) w i t h  S C ^  was u n s t a b l e  and c o n t i n u o u s l y  

d a r k e n e d  on s t a n d i n g .  Whi le  i t  d e c o l o u r i s e d  somewhat  when p a s s e d  

t h r o u g h  n e u t r a l  a l u m i n a  and a p p e a r e d  a s  one s p o t  (R^ 0 . 6 8 , 

c h l o r o f o r m - p e t r o l e u m  s p i r i t  7 : 3 )  on t . l . c .  i t  showed no t e n d e n c y  

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

However ,  a h i g h  r e s o l u t i o n  mass m ea su rem e n t  on t h e  m o l e c u l a r  i o n  

o f  t h e  mass  s p e c t r u m  was i n  c l o s e  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  

f o r m u l a ,  CyH^ciOS and t h e  p r e s e n c e  o f  o n l y  one c h l o r i n e  atom 

was s u p p o r t e d  by a m o l e c u l a r  i o n  p a i r  a t  m/e 174 and 176 o f  i n t e n s i t y  

r a t i o  3 : 1 .

The i n f r a r e d  s p e c t r u m  p o s s e s s e d  p r o m i n e n t  bands  a t  1736 and 1631 cm  ̂

wh ich  r e v e a l e d  t h e  p r e s e n c e  o f  an  a l i c y c l i c  k e t o n e  and a c a r b o n - c a r b o n  

d o u b l e  bond w h ich  w ere  n o t  i n  c o n j u g a t i o n .  The u n u s u a l l y  h i g h  

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

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

r i n g .

The p . m . r .  s p e c t r u m  o f  t h e  p r o d u c t  ( F i g u r e  10) was complex  and 

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

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

f ram ew ork .
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Double  r e s o n a n c e  e x p e r i m e n t s  showed t h a t  a d o u b l e t  a t  3 3 . 3 3  and a 

d o u b l e  d o u b l e t  a t  3 2 .7 5  were m u t u a l l y  c o u p le d  by 18 Hz and t h e s e  

w e re  a t t r i b u t e d  t o  g e m i n a l l y  s i t u a t e d  m e t h y l e n e  p r o t o n s  w h ich  were  

s l i g h t l y  d e s h i e l d e d .  The h i g h e r - f i e l d  s i g n a l  was c o u p l e d  by 7Hz to  

a b r i d g e h e a d  m u l t i p l e t  a t  3 3 .8 6  which  a l s o  i n t e r a c t e d  w i t h  a complex  

H-C-Cl  r e s o n a n c e  a t  3 5 . 2 4 .  O l e f i n i c  s i g n a l s  a t  3 5 . 7 5  and 6 . 1 8  were  

m u t u a l l y  c o u p l e d  by 10 Hz i n  a c c o r d  w i t h  t h e  p r e s e n c e  o f  a c i s -  d o u b l e  

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

b r i d g e h e a d  p r o t o n  ( 3  3 . 5 7 ,  d ,  J=7 Hz) i n d i c a t e d  t h e  s u l p h u r  b r i d g e  

t o  be  a l l y l i c .

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

2 - c h l o r o - 8 - t h i a b i c y c l o 1 3 . 2 . 1 ] o c t - 3 - e n - 6 - o n e  ( 3 0 1 ) w h ich  embodies  a 

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

f r a m e w o rk .  The f o r m a t i o n  o f  301 i s  an  example  o f  t h e  c o n d e n s a t i o n  

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

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

201 202 
( 1 : 2  a d d u c t )  and t h i o k e t o n e s  ( 1 : 1  a d d u c t )  .. Thus 301

r e s u l t s  f rom  a c o n v e n t i o n a l  t r a n s - a d d i t i o n  o f  S C ^  a c r o s s  one

d o u b l e  bond o f  282 p r o d u c i n g  s u l p h e n y l  c h l o r i d e  ( 3 0 2 ) w h ich  r e a c t s

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

w i t h  e l i m i n a t i o n  o f  HC1 (Scheme 9 2 ) .

On a  s i n g l e  o c c a s i o n  w h ic h  c o u l d  n o t  be r e p e a t e d  column c h ro m a to g r a p h y  

o f  c r u d e  301 p r o d u c e d  an  a b n o r m a l l y  h i g h l y  c o l o u r e d  p r o d u c t .  T . l . c .  

a n a l y s i s  ( c h l o r o f o r m - p e t r o l e u m  s p i r i t  7 : 3 )  o f  t h e  y e l l o w  o i l  showed 

t h a t ,  i n  a d d i t i o n  t o  3 0 1 , a  more p o l a r  (R^ 0 . 5 0 ) ,  i n t e n s e l y  c o l o u r e d  

compound was p r e s e n t .  I s o l a t i o n  o f  t h e  i m p u r i t y  by p r e p a r a t i v e  

t . l . c .  gave  a  p h o t o l a b i l e  c a n a r y  y e l l o w  s e m i - s o l i d  wh ich  c o u l d  n o t  

be  f u l l y  c h a r a c t e r i s e d  b e c a u s e  o f  i t s  low y i e l d .  S t r o n g  ba nds  a t



Scheme 92



Addendum 2

Several attempts were made at preparing 303 by the 
dehydrochlorination of 301. Treatment of 301 with 
chromatographic alumina (Woelm Grade 0, basic) in refluxing 
benzene, 2,4,6-collidine (230) at 105° or sodium methoxide in 
methanol at room temperature failed to produce a reaction. 
Reaction of 301 with potassium t-butoxide in dimethyl sulphoxide 
at room temperature gave a complex mixture of products, none of 
which were identified as dienone (303). Characterisation of 
these products was not attempted.



1690 (C=0) and 1589 cm  ̂ (C=C) i n  t h e  i n f r a r e d  s p e c t r u m ,  how ever ,  

i d e n t i f i e d  t h e  compound a s  a c o n j u g a t e d  enone and were  s u p p o r t e d  

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

v i n y l  d o u b l e t  a t  3 5 . 2 6  ( C ( 3 )H ) ,  c o u p l e d  (11 Hz) t o  a n o t h e r  

d e s h i e l d e d  m u l t i p l e t  a t  3 7 .4 2  (1H, C (4 )H ) .  The r e m a i n d e r  o f  

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

e a c h  o f  wh ich  i n t e g r a t e d  f o r  one p r o t o n ,  and a p a i r  o f  complex  

m u t u a l l y  c o u p l e d  ( J = 6  Hz) v i n y l  m u l t i p l e t s  ( e a c h  1H) a t  3 6 .5 0  

and 7 .0 2  ( F i g u r e  1 0 ) .  On t h e  b a s i s  o f  t h e s e  s p e c t r a ,  m e c h a n i s t i c  

c o n s i d e r a t i o n s  and i t s  c l o s e  p h y s i c a l  s i m i l a r i t y  to  b i s e n o n e  ( 153 ) ,  

t h e  p r o d u c t  was t e n t a t i v e l y  a s s i g n e d  a s  d i e n o n e  ( 3 0 3 ) ,  formed by 

d e h y d r o c h l o r i n a t i o n  and s k e l e t a l  r e a r r a n g e m e n t  o f  301 (Scheme 9 2 )

s i m i l a r  t o  t h a t  a l r e a d y  o b s e r v e d  i n  9 - t h i a b i c y c l o [ 3 . 3 . 1 ] n o n y l

. 158s y s t e m s

Addendum 2
The a d d i t i o n  o f  s u l p h u r  d i c h l o r i d e  to  k e t a l  ( 292) was e x p e c t e d  to  

p r o d u c e  a m i x t u r e  o f  i s o m e r i c  d i c h l o r i d e s  ( 304 and 3 0 5 ) w h i l e  238 

was a  p o t e n t i a l  p r e c u r s o r  o f  t h e  r e l a t e d  k e t o n e s  ( 306 and 3 0 7 ) .

On r e a c t i o n ,  h o w e v e r ,  292 y i e l d e d  a s i n g l e  p r o d u c t  wh ich  was 

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

m .p .  1 1 2 - 1 1 4 ° .  M i c r o a n a l y s i s  c o n f i r m e d  t h e  p r o d u c t  a s  a 1 :1  

a d d u c t ,  C g H ^ C ^ C ^ *  a m o l e c u l a r  f o r m u l a  wh ich  was i n  a c c o r d  w i t h  

t h e  mass s p e c t r a l  m o l e c u l a r  i o n s  a t  m/e 254,  256 and 258 ( 9 : 6 : 1 ) .  

The a b s e n c e  o f  bands  i n  t h e  1500-1800  cm  ̂ r e g i o n  o f  t h e  i n f r a r e d  

s p e c t r u m  p r o v e d  t h a t  b o t h  c a r b o n - c a r b o n  d o u b l e  bonds  o f  292 had  

r e a c t e d  and t h a t  t h e  d i o x o l a n e  m o i e t y  had  r e m a in e d  i n t a c t .

The m e t h y l e n e  p r o t o n s  o f  t h i s  l a t t e r  g roup  gave  r i s e  t o  a b r o a d  

f o u r - p r o t o n  e n v e l o p e  a t  3 3 . 8 0 - 4 . 3 2  i n  t h e  p . m . r .  s p e c t r u m .  T h i s
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c o n t r a s t e d  w i t h  t h e  a p p e a r a n c e  as  a s h a r p  s i n g l e t  ( 0  3 . 8 8 ) o f  t h e  

d i o x o l a n e  m e t h y l e n e  p r o t o n s  o f  292 and i n d i c a t e d  t h a t  t h e  i n s e r t i o n  

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

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

a t  9  3 .2 6  and 3 .4 0  e a ch  i n t e g r a t i n g  f o r  one p r o t o n  d i s f a v o u r e d  t h e  

more s y m m e t r i c a l  a d d u c t  (3 0 4 ) and was s u p p o r t e d  by t h e  e x i s t e n c e  o f  

two s e p a r a t e  o n e - p r o t o n  H-C-Cl  r e s o n a n c e s  a t  0 4 .4 9  and 4 . 6 8 ,  t h e  

l a t t e r  o f  which  was a 6  Hz d o u b l e t .  The r e m a i n d e r  o f  t h e  s p e c t r u m  

c o n s i s t e d  o f  a f o u r - p r o t o n  m e t h y l e n e  e n v e l o p e  a t  0 1 . 9 1 - 2 . 8 3  and 

was i n  a c c o r d  w i t h  t h e  compound b e i n g  b i c y c l i c  d i c h l o r i d e  ( 3 0 5 ) i n  

wh ich  a k e t a l  f u n c t i o n  i s  s p i r o  t o  a f iv e -m e m b e re d  r i n g .

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

i n t e r a c t i o n s  b e tw e e n  b u l k y  s u b s t i t u e n t s  w ere  much l e s s  s e v e r e  i n  

305 t h a n  i n  304 and s a t i s f a c t o r i l y  e x p l a i n e d  t h e  e x c l u s i v e  

f o r m a t i o n  o f  t h e  l e s s  s y m m e t r i c a l  d i c h l o r i d e  (Scheme 9 3 ) .

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

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

8 5 . 5 - 8 7 ° ,  was o b t a i n e d  w h ich  p o s s e s s e d  a h y d r o x y l  s t r e t c h i n g  

a b s o r p t i o n  a t  3380 cm  ̂ i n  i t s  i n f r a r e d  s p e c t r u m .  Mass s p e c t r o m e t r y ,  

showing m o l e c u l a r  i o n s  a t  m/e 236 and 238 ( 3 : 1 ) ,  and m i c r o a n a l y s i s ,  

i n d i c a t i n g  a m o l e c u l a r  f o r m u l a  CgH ^ClO^S ,  c o n f i r m e d  t h a t  one 

c h l o r i n e  atom o f  305 had  been  r e p l a c e d  by a h y d r o x y l  g r o u p .

The p . m . r .  s p e c t r u m  was s i m i l a r  t o  t h a t  o f  305 . However t h e  H^C-C1 

r e s o n a n c e  o f  305 a t  0 4 . 4 9  had  been  r e p l a c e d  by a o n e - p r o t o n  H-C-0 

m u l t i p l e t  a t  0 4 . 1 1  and a d e u t e r i u m  o x i d e  e x c h a n g e a b l e  OH d o u b l e t  

(1H, J=12 Hz) a t  0 2 . 9 3 .  R e t e n t i o n  o f  a o n e - p r o t o n  H-C-Cl  d o u b l e t
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a t  9 4 . 5 9  (J=6 Hz) showed t h a t  h y d r o l y s i s  had n o t  o c c u r r e d  a t  C(6)  

and c o n f i r m e d  t h e  p r o d u c t  a s  308 (Scheme 9 3 ) .

The f o r m a t i o n  o f  308 s u g g e s t s  t h a t  c h l o r i n e  a t  C(2)  i s  much more

e a s i l y  d i s p l a c e d  by n u c l e o p h i l e s  t h a n  c h l o r i n e  a t  C ( 6 ) .  Fo r  t h e

C ( 2 ) - C 1 ,  bonded  to  a s ix -m em bered  r i n g  and p -  t o  t h e  t h i o e t h e r

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

t h e  e p i s u l p h o n i u m  i n t e r m e d i a t e  ( 3 0 9 ) a s  i n  t h e  m echan ism p r o p o s e d

119f o r  h y d r o l y s i s  o f  161 . A l th o u g h  C(6) -C 1  i s  a l s o  p -  to  t h e

b r i d g i n g  s u l p h u r  a tom, t h e  s t r a i n  e n g e n d e r e d  i n  fo rm in g  an 

e p i s u l p h o n i u m  i n t e r m e d i a t e  (3 1 0 ) w i t h i n  t h e  f iv e - m e m b e r e d  r i n g  

p r e v e n t s  f a c i l e  r e p l a c e m e n t  a t  C(6)  by an  S^ l  mechanism.

M o re o v e r ,  i n  S^2 d i s p l a c e m e n t  t h e  a p p r o a c h  o f  t h e  n u c l e o p h i l e  (H2 O) 

t o w a r d s  C(6)  i s  s t e r i c a l l y  h i n d e r e d  by b o t h  s u l p h u r  and d i o x o l a n e  

oxygen and e x p l a i n s  t h e  i n e r t n e s s  o f  t h e  c h l o r i n e ,  bonded  t o  t h i s  

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

A l th o u g h  i t  c o u l d  n o t  be p r e p a r e d  by a c i d  h y d r o l y s i s  o f  3 0 5 , 307 was 

o b t a i n e d  i n  h i g h  y i e l d  (Q27o) a s  t h e  o n l y  p r o d u c t  o f  SCl^ a d d i t i o n  to

238 (Scheme 9 4 ) .  I n  s u p p o r t  o f  t h e  s t r u c t u r a l  a s s i g n m e n t ,  m i c r o -

o
a n a l y s i s  o f  t h e  c r y s t a l l i n e  p r o d u c t ,  m .p .  139-141  , was i n  a c c o r d  

w i t h  a m o l e c u l a r  f o r m u l a  o f  C^HgCl^OS and was c o n f i r m e d  by p a r e n t  

i o n s  a t  m /e  210,  212 and 214 ( 9 : 6 : 1 )  i n  t h e  mass s p e c t r u m .  

F r a g m e n t a t i o n  o f  t h e  m o l e c u l a r  i o n  by l o s s  o f  c a r b o n  monoxide 

i n d i c a t e d  t h e  p r e s e n c e  o f  a k e t o n i c  c a r b o n y l  g ro u p  and was s u p p o r t e d  

by t h e  i n f r a r e d  s p e c t r u m  (CCl^)  which  p o s s e s s e d  a s t r o n g  band  a t  

1761 cm"1 (C 4 8 0 ) .



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

and two s e p a r a t e  o n e - p r o t o n  H-C-Cl  r e s o n a n c e s .  A complex m u l t i p l e t  

a t  0 3 .6 3  (1H) was a s c r i b e d  to  C(5)H w h i l e  a s i m p l e r  o n e - p r o t o n  

s i g n a l  a t  0 3 .7 0  due to  C(1 )_H was d e s h i e l d e d  by i t s  p r o x i m i t y  t o  a 

c a r b o n y l  g r o u p .  S i m i l a r l y ,  a h i g h l y  s p l i t  r e s o n a n c e  a t  0 4 . 4 7  was 

a t t r i b u t a b l e  t o  C(2)H w h i l e  t h a t  a t  0 4 . 8 1  r e s u l t e d  f rom C(6)H.

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

a t  0 1 . 7 4 - 2 . 6 7  (4H) a r i s i n g  from p r o t o n s  a t t a c h e d  t o  C(3 )  and C ( 4 ) .

A l t h o u g h  r e l a t i v e l y  few exam ples  h a v e  b e e n  s t u d i e d ,  t h e  a d d i t i o n  o f  

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

shown t o  be h i g h l y  r e g i o -  and s t e r e o s e l e c t i v e  and p r o d u c e s  

c h l o r i n a t e d  d e r i v a t i v e s  o f  234 i n  h i g h  y i e l d .  By a p p r o p r i a t e  c h o i c e  

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

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

8 - t h i a b i c y c l o 1 3 . 2 . 1 J o c t a n e s  a v a i l a b l e  and p r o v i d i n g  a r o u t e  to  

compounds o f  p o t e n t i a l  b i o l o g i c a l  a c t i v i t y .
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T r o p i n o n e  M e t h i o d i d e  ( 237 )

T r o p i n o n e  ( 311 ) ( 4 . 0 6  g ,  2 9 .2  mmol) was d i s s o l v e d  i n  a b s .  e t h a n o l

(25 ml)  and m e t h y l  i o d i d e  ( 5 . 5  g,  38 .7  mmol) added d r o p w i s e  w i t h

s t i r r i n g .  S t i r r i n g  was c o n t i n u e d  f o r  2 h r  and e t h e r  (75 ml)  a d d e d .

The p r e c i p i t a t e d  p r o d u c t  was f i l t e r e d  and washed w i t h  e t h e r .

R e c r y s t a l l i s a t i o n  from aqueous  m e t h a n o l  gave  m e t h i o d i d e  ( 2 3 7 )

( 7 . 5 1  g ,  26 .7  mmol, 917,),  m .p .  276-279°  (decom p . )  ( l i t . ^ ° ^  

o KBr
m .p .  278 ) ;  V 3028 ,  1725, 1449,  1316,  1199,  1110,  980max 7 7 7 7 7 7

and 921 cm

8 - t h i a b i c y c l o ( 3 . 2 . 1 1 o c t a n - 3 - o n e  ( 236 ) 170

A m i x t u r e  o f  237 ( 5 . 6 0  g ,  20 mmol) and sodium  s u l p h i d e  n o n a h y d r a t e  

( 5 . 6 0  g ,  2 3 .3  mmol) was d i s s o l v e d  i n  w a t e r  (50 ml)  and s t i r r e d  a t  

85°  f o r  2 h r  u n d e r  n i t r o g e n .  On c o o l i n g  t h e  s o l u t i o n  was e x t r a c t e d  

f o u r  t im e s  w i t h  e t h e r  and t h e  combined  e x t r a c t s  washed  w i t h  d i l u t e  

h y d r o c h l o r i c  a c i d ,  and b r i n e  t o  n e u t r a l i t y .  D ry ing  and e v a p o r a t i o n  

o f  s o l v e n t  gave  a brown s o l i d  wh ich  was d e c o l o u r i s e d  by p a s s i n g  

t h r o u g h  a s h o r t  co lumn o f  a l u m i n a  (Woelm Grade 0 ,  b a s i c ) .  

R e c r y s t a l l i s a t i o n  from a queous  m e t h a n o l  gave  236 ( 1 . 5 7  g ,  11 mmol, 

557.) m . p .  155 -157°  ( l i t . 1 7 0  m .p .  1 5 5 - 1 5 6 ° ) ,  y * 3 * 2940,  1707,  1460,f  N r  /  7 V m a x  7 7 7

1398, 1327,  1200,  1039,  976 and 881 cm"1; 0 (CDClg) 2 . 0 6  (m, 4H,

C ( 6 , 7 ) H 2 ) ,  2 .6 8  (m, 4H, C ( 2 , 4 ) H 2) an d  3 .8 1  (m, 2H, C ( 1 , 5 ) H ) .

A t t e m p te d  s y n t h e s i s  o f  2 - m e t h o x y c a r b o n y l - 8 - t h i a b i c y c l o ( 3 . 2 . l ) o c t a n -  

3 - one (279)

192( a )  Sodium h y d r i d e - d i m e t h y l  c a r b o n a t e

A s o l u t i o n  o f  236 (142 mg, 1 mmol) i n  d r y  d i o x a n  (5 ml)  was added 

d r o p w i s e  o v e r  5 min  t o  a  m i x t u r e  o f  a 547. m i n e r a l  o i l  d i s p e r s i o n  o f  

sodium h y d r i d e  (90 mg, 2 mmol) and f r e s h l y  d i s t i l l e d  d i m e t h y l
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c a r b o n a t e  (500 mg, 5 . 6  mmol) i n  d i o x a n  (10 m l ) .  The m i x t u r e  was 

s t i r r e d  u n d e r  n i t r o g e n  a t  96°  f o r  3^ h r .  The y e l l o w  s o l u t i o n  was 

a l l o w e d  t o  c o o l ,  a c i d i f i e d  w i t h  507. v / v  aqueous  a c e t i c  a c i d  (9 m l ) ,  

and e v a p o r a t e d  to  d r y n e s s .  The r e s i d u e  was d i s s o l v e d  i n  w a t e r  and 

e x t r a c t e d  w i t h  e t h e r .  The combined e x t r a c t s  were  washed w i t h  a 

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

c o l o u r l e s s  s o l i d  (151 mg) i d e n t i f i e d  by p . m . r .  s p e c t r o s c o p y  and 

t . l . c .  a s  u n r e a c t e d  2 3 6 .

193(b )  n - B u t y l  l i t h i u m - m e t h y l  c h l o r o f o r m a t e

2 .1  M n - b u t y l  l i t h i u m  i n  h e x a n e  (1 ml)  was added d r o p w i s e  t o  a 

s t i r r e d  s o l u t i o n  o f  236 (284  mg, 2 mmol) i n  h e x a n e  (10 m l ) ,  c a u s i n g  

t h e  im m ed ia te  f o r m a t i o n  o f  a c o l o u r l e s s  p r e c i p i t a t e .  S t i r r i n g  was 

c o n t i n u e d  u n d e r  n i t r o g e n  f o r  a f u r t h e r  5 min  and m e t h y l  c h l o r o f o r m a t e  

(189 mg, 2 mmol) ,  d i s s o l v e d  i n  he xa ne  (2 m l ) ,  a d d e d .  The s o l u t i o n  

was s t i r r e d  a t  room t e m p e r a t u r e  f o r  16 h r ,  a f u r t h e r  5 ml h e x a n e  

added  and t h e  m i x t u r e  washed t h r e e  t im e s  w i t h  w a t e r .  D r y in g  and 

e v a p o r a t i o n  o f  s o l v e n t  gave  a  c o l o u r l e s s  o i l  (339 mg) w h ich  s l o w l y  

c r y s t a l l i s e d  on s t a n d i n g .  T . l . c .  and p . m . r .  a n a l y s i s  showed t h e  

m a t e r i a l  t o  be u n r e a c t e d  2 3 6 .

A t t e m p te d  s y n t h e s i s  o f  2 - m e t h o x y c a r b o n y l - 3 - b e n z o y l o x y - 8 - t h i a b i c y c l o -  

(3 .2 .11  o c t a n e  ( 281)

C o c a i n e  ( 268 ) (303 mg, 1 mmol) was d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  

(4  ml)  and m e t h y l e n e  i o d i d e  (1 m l)  a d d e d .  The m i x t u r e  was s t i r r e d  

a t  room t e m p e r a t u r e  f o r  21 h r  and e t h e r  (5 ml)  a d d e d .  The 

p r e c i p i t a t e d  m e t h i o d i d e  ( 312) (429 mg, 0 . 9 6  mmol, 967.) was c o l l e c t e d ,  

d i s s o l v e d  i n  w a t e r  (20 m l)  and sodium  s u l p h i d e  n o n a h y d r a t e  (300 mg,
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1 .2  mmol) a d d e d .  The m i x t u r e  was s t i r r e d  f o r  20 h r  a t  9 0 ° ,  a l l o w e d  

t o  c o o l  and e x t r a c t e d  w i t h  e t h e r .  D ry ing  and e v a p o r a t i o n  o f  t h e  

e t h e r  e x t r a c t s  gave  a y e l l o w  o i l  (9 mg) wh ich  c o u l d  n o t  be 

c h a r a c t e r i s e d •

196C y c l o h e p t a t r i e n o n e  ( T ro p o n e ,  284)

To a s o l u t i o n  o f  p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e  ( 1 3 . 5  g)  i n  d i s t i l l e d

w a t e r  (33 ml)  was added  1 , 4 - d i o x a n  (330 m l ) ,  s e l e n i u m  d i o x i d e

( 5 3 . Og, 0 . 4 8  mol)  and c y c l o h e p t a t r i e n e  ( 259 ) ( 4 3 . 0  g ,  0 . 4 6  m o l ) .

The m i x t u r e  was s t i r r e d  a t  90° f o r  15 h r ,  f i l t e r e d  and t h e  f i l t r a t e

po u r e d  i n t o  w a t e r  (750 m l ) .  The m i x t u r e  was e x t r a c t e d  t h r e e  t im e s

w i t h  m e t h y l e n e  c h l o r i d e  and t h e  e x t r a c t  washed  w i t h  s a t u r a t e d

sodium b i c a r b o n a t e  s o l u t i o n ,  d r i e d  and e v a p o r a t e d  l e a v i n g  a d a r k

brown o i l y  p r o d u c t  ( 1 5 . 3  g ) .  D i s t i l l a t i o n  o f  t h i s  r e s i d u e  u n d e r

r e d u c e d  p r e s s u r e  (3  mm Hg) gave  t r o p o n e  ( 2 8 4 ) ,  ( 1 1 . 1 9  g ,  0 . 1 1  m ol ,

23%), b . p .  8 0 - 8 5 °  ( l i t . 196 b . p .  9 1 - 9 2 ° ,  4 mm Hg); V l l q #  f l l m  3010,nicix

1710,  1633,  1576,  1520,  1470,  1247, 1210, 895 ,  830 and 780 cm’ 1 ;

3 (CDCl^) 7 .1 3  (com plex  m ) .

The p r o d u c t  c o n t a i n e d  c a  57. b e n z a l d e h y d e  ( Vmax 1705 cm 1) due t o  

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

t r i e n e .

194  19 5 197  
C y c l o h e p t a - 3 , 5 - d i e n o n e  ( 2 8 2 ) ’ ’

A s o l u t i o n  o f  t r o p o n e ,  ( 284 ) ( 2 . 5 1  g ,  23 .7  mmol) i n  a n h y d ro u s  e t h e r  

(50 ml)  was added d r o p w i s e  t o  a v i g o r o u s l y  s t i r r e d  s u s p e n s i o n  o f  

l i t h i u m  a lum in ium  h y d r i d e  ( 0 . 7 1  g ,  17 .85  mmol) i n  a n h y d ro u s  e t h e r  

(100 m l ) .  Rap id  s t i r r i n g  was c o n t i n u e d  a t  room t e m p e r a t u r e  f o r  a 

f u r t h e r  2 h r  and e x c e s s  l i t h i u m  a lu m in ium  h y d r i d e  d e s t r o y e d  by t h e



a d d i t i o n  o f  g l a c i a l  a c e t i c  a c i d  (25 m l ) .  The m i x t u r e  was a l l o w e d  

to  s t a n d  f o r  10 min  and t h e n  n e u t r a l i s e d  w i t h  s a t u r a t e d  sodium 

b i c a r b o n a t e  s o l u t i o n .  The o r g a n i c  l a y e r  which  had s e p a r a t e d  was 

washed w i t h  a f u r t h e r  p o r t i o n  o f  sodium b i c a r b o n a t e ,  d r i e d ,  and 

s t r i p p e d  o f  s o l v e n t .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  i n  vacuo  gave  282 

( 1 . 0 0  g ,  9 . 2 5  mmol, 397.), b . p .  4 0 - 4 5 ° ,  4 mm Hg ( l i t . 19^ b . p .  4 0 - 4 5 ° ,

4 mm Hg); V l l q ’ f l l m  3025,  2898,  1710,  1649,  1596, 1424,  1238, 1211
u I clX

1050, 831 and 681 cm 0 (CDCl^) 3 .0 5  ( d ,  J=6 Hz, 4H, CH^),

5 .8 7  (m, 2H, C ( 4 ,5 ) H )  and 6 .3 2  (m, 2H, C ( 3 , 6 ) H ) .

^ 0 c- , /0Q, . 1 9 5 , 1 9 7 , 1 9 8C y c l o h e p t a - 3 , 5 - d i e n o l  (283 ) 7 7

Sodium b o r o h y d r i d e  ( 1 . 4 0 1  g ,  3 8 .9  mmol) was added  s l o w l y  t o  a 

s o l u t i o n  o f  t r o p o n e  ( 2 8 4 ) ( 2 . 1 0  g ,  19 .8  mmol) i n  a m i x t u r e  o f  

m e t h a n o l  (50 m l)  and w a t e r  (7 m l ) ,  c a u s i n g  im m ed ia te  e v o l u t i o n  o f  

h y d r o g e n .  The m i x t u r e  was s t i r r e d  f o r  2 h r  a t  room t e m p e r a t u r e  

and r e s i d u a l  sod ium b o r o h y d r i d e  was decomposed by t h e  d r o p w i s e  

a d d i t i o n  o f  g l a c i a l  a c e t i c  a c i d  (7 m l ) .  The m i x t u r e  was 

n e u t r a l i s e d  w i t h  s a t u r a t e d  sod ium c a r b o n a t e  s o l u t i o n  and e x t r a c t e d  

w i t h  e t h e r .  The combined  e x t r a c t s  were  washed w i t h  b r i n e ,  d r i e d  

and e v a p o r a t e d .  The brown o i l y  r e s i d u e  was d i s t i l l e d  i n  vacuo  t o  

g i v e  as  a c o l o u r l e s s  o i l ,  c y c l o h e p t a - 3 , 5 - d i e n o l  ( 283 ) ( 1 042 g,

12 .9  mmol, 657.),  b . p .  6 0 - 6 5 ° ,  18 mm Hg ( l i t . 196 b . p .  4 5 - 5 2 ° ,  6 mm Hg)

l i q .  f i l m  335 3Q 189 1615 1439 104g 1Q12 832 and 671 cm
max 7 7 7 7 7 7 7

0 (CDC13 ) 2 .5 0  (m, 4H, CH2 ) ,  3 .6 1  (m, 1H, 0H):, 4 . 1 1  (m, 1H, CHOH) 

and 5 .7 5  (m, 4H, o l e f i n i c  CH) .

197l - b e n z o y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 286 )

To a s o l u t i o n  o f  283 ( 4 . 1 8  g ,  38 mmol) i n  a n h y d ro u s  p y r i d i n e  (5 ml)
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was added r e d i s t i l l e d  b e n z o y l  c h l o r i d e  ( 6 . 1 9  g ,  4 4 .1  mmol) and

t h e  s o l u t i o n  r e f l u x e d  f o r  2 h r .  On c o o l i n g  t h e  m i x t u r e  was

t a k e n  up i n  e t h y l  a c e t a t e  and washed w i t h  2N h y d r o c h l o r i c

a c i d  to  remove e x c e s s  p y r i d i n e .  F u r t h e r  w a s h in g  w i t h  s a t u r a t e d

sodium b i c a r b o n a t e  and b r i n e  t o  n e u t r a l i t y  was f o l l o w e d  by d r y i n g

and e v a p o r a t i o n  o f  s o l v e n t  t o  l e a v e  a brown s w e e t  s m e l l i n g  l i q u i d

( 7 . 9 2  g ) .  D i s t i l l a t i o n  gave  286 ( 5 . 8 5  g 2 7 . 3  mmol, 727o), b . p .

1 3 4 - 1 3 8 ° ,  0 . 7  mm Hg, ( l i t . 197 b . p .  1 2 0 - 1 2 4 ° ,  0 . 2 5  mm Hg);

v l i q .  f i l m  30Q5  ̂ 294Q  ̂ 1 ? 1 2  ̂ 16Q0  ̂ 1267  ̂ n 0 4  ̂ 1Q 7Qo
UlclX

and 655 cm 1; 0 (CDC13 ) 1 . 8 2 - 3 . 1 0  ( b r  m, 4H, CH2 ) ,  5 .3 6  (m, 1H,

CHOCOPh), 5 . 8 2  (m, 4H, o l e f i n i c  CH) and 7 . 1 0 - 8 . 3 0  (com plex  m, 5H, 

a r o m a t i c  CH).

C y c l o h e p t a n o n e  e t h y l e n e  k e t a l  (2 9 0 )

A m i x t u r e  o f  c y c l o h e p t a n o n e  ( 1 1 3 . 5  g ,  1 .0 1  m o l ) ,  e t h y l e n e  g l y c o l  

( 1 0 8 . 4  g ,  1 .7 5  m o l ) ,  b e n z e n e  (150 m l)  and t o l u e n e - p - s u l p h o n i c  a c i d  

(75 mg) was r e f l u x e d  f o r  21 h r  u s i n g  a Dean and S t a r k  t r a p  c o n t a i n i n g  

s i l i c a  g e l  a s  d r y i n g  a g e n t .  The m i x t u r e  was a l l o w e d  t o  c o o l ,  p o u r e d  

i n t o  e t h e r  (250 m l ) ,  washed  w i t h  s a t u r a t e d  sodium  b i c a r b o n a t e  

s o l u t i o n  (100 m l ) ,  and b r i n e  (3 x 150 m l ) ,  d r i e d  o v e r  a n h y d ro u s  

sod ium s u l p h a t e  and s t r i p p e d  o f  s o l v e n t .  The c r u d e  p r o d u c t  was 

p u r i f i e d  by d i s t i l l a t i o n  g i v i n g  290 ( 1 3 2 . 5  g ,  0 . 8 5  mmol, 847.) 

b . p .  4 6 - 4 9 ° ,  0 . 1 5  mm Hg; y l l q * f l l m  2925,  2859,  1450, 1366,  1210,m£L2C

1115,  1094,  1026,  941 ,  876 and 774 cm"1 ; 0 (CDC13 ) 1 . 3 0 - 2 . 0 7

(com plex  m, 12H, c y c l o h e p t a n e  CH2 ) and 3 .8 6  ( s ,  4H, d i o x o l a n e  CH2 ) .

C y c l o h e p t a - 2 , 6 - d i e n o n e  e t h y l e n e  k e t a l  ( 292)

Bromine (128 g ,  0 . 8  m ol)  was added t o  a s o l u t i o n  o f  290 ( 6 2 . 4  g,
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0 . 4  mol)  i n  e t h e r  (500 ml)  a t  such  a r a t e  as  t o  m a i n t a i n  a g e n t l e

r e f l u x .  F u r t h e r  b rom ine  was added d r o p w i s e  u n t i l  t h e  brown c o l o u r

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

from sodium  (20 g ,  0 . 8 7  mol)  and e t h y l e n e  g l y c o l  (300 m l ) ,  was

added  s l o w l y  w i t h  v i g o r o u s  s t i r r i n g  and t h e  r e s u l t a n t  m i x t u r e

p o u red  i n t o  w a t e r .  The e t h e r  l a y e r  was s e p a r a t e d ,  washed w i t h  b r i n e

and d r i e d  o v e r  a n h y d ro u s  sodium  s u l p h a t e .  E v a p o r a t i o n  o f  s o l v e n t

g a v e ,  as  a  y e l l o w  o i l  ( 1 2 5 . 5  g)  c r u d e  d i b r o m o k e t a l  ( 291 ) .

The u n p u r i f i e d  p r o d u c t  was added t o  a m i x t u r e  o f  sodium

h y d r o x i d e  (88 g ,  2 . 2  mol)  and m e t h a n o l  (100 m l ) ,  and was

r e f l u x e d  f o r  a f u r t h e r  48 h r .  The r e a c t i o n  m i x t u r e  was pou red

i n t o  b r i n e  and e x t r a c t e d  t w i c e  w i t h  400 ml p e n t a n e .  The e x t r a c t s

w e re  combined  and d r i e d ,  and s o l v e n t  e v a p o r a t e d  a t  a t m o s p h e r i c

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

292, ( 4 0 . 7  g ,  0 . 2 7  m o l ,  677.), b . p .  6 3 - 6 8 ° ,  1 .2  mm Hg ( l i t . 200

b . p .  5 8 ° ,  0 . 7 5  mm Hg); Vl l q * f l l m  3020,  2935,  2872,  1661,  1399,max

1211,  1090,  1006,  963 ,  820 and 791 cm"1 ; 0 (CDC13 ) 2 .2 9  (m, 4H,

a l l y l i c  CH^),  3 . 8 8  ( s ,  4H, d i o x o l a n e  CH^),  5 . 6 0  ( d ,  J=12 Hz, 2H,

C( 2 , 7 ) H) and 5 .9 1  (m, 2H, C ( 3 , 6 ) H ) .

C y c l o h e p t a - 2 , 6 - d i e n o n e  ( 238) 2° °

K e t a l  ( 2 9 2 ) ( 1 . 5 2  g ,  10 mmol) was s h a k e n  a t  room t e m p e r a t u r e  w i t h  

0 .5N s u l p h u r i c  a c i d  (5 m l)  f o r  5 m in .  The m i x t u r e  was e x t r a c t e d  

w i t h  e t h e r  and t h e  e x t r a c t s  washed  w i t h  s a t u r a t e d  sod ium b i c a r b o n a t e  

and b r i n e ,  and s t r i p p e d  o f  s o l v e n t .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  

ga v e  238 ( 0 . 8 6  g ,  7 .9 6  mmol, 807.),  b . p .  4 0 - 4 6 ° ,  0 . 5  mm Hg ( l i t . 200

b . p .  5 0 . 5 - 5 1 ° ,  1 . 0  ran Hg);  V l l q * f l l “  3011 ,  2932 ,  2898 ,  1646,  1608,max

1426,  1404,  1360,  1286,  1253,  1185,  1158 and 843 cm"1 ; 0 (CDC13 )

2 .4 7  (m, 4H, CH2 ) ,  6 . 0 3  ( d ,  J=12 Hz, C ( 2 ,7 ) H )  and 6 .6 7  ( p r  m, 2H, 

C ( 3 , 6 ) H ) .
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R e a c t i o n  o f  c y c l i c  d i e n e s  w i t h  s u l p h u r  d i c h l o r i d e  - g e n e r a l  p r o c e d u r e  

C y c l i c  d i e n e  (10 mmol) and s u l p h u r  d i c h l o r i d e  ( 1 . 0 3  g ,  10 mmol) ,  

e a ch  d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e  (10 m l ) ,  were added 

s i m u l t a n e o u s l y  o v e r  2 min t o  m e t h y l e n e  c h l o r i d e  (25 ml)  which  was 

v i g o r o u s l y  s t i r r e d  a t  - 7 0 ° .  The s t i r r e d  m i x t u r e  was m a i n t a i n e d  

a t  - 7 0 °  f o r  30 min and was a l l o w e d  to  come to  room t e m p e r a t u r e .

The s o l u t i o n  was washed  i n  t u r n  w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  

and b r i n e ,  d r i e d  and s o l v e n t  removed a t  r e d u c e d  p r e s s u r e .  The 

c r u d e  p r o d u c t  was p u r i f i e d  by t h i n  l a y e r  o r  column c h r o m a to g r a p h y .

1 A d d i t i o n  o f  s u l p h u r  d i c h l o r i d e  to  d i e n o n e  ( 282 )

282 and s u l p h u r  d i c h l o r i d e  w ere  a l l o w e d  to  r e a c t  a s  i n  t h e  g e n e r a l

p r o c e d u r e .  Due t o  e v o l u t i o n  o f  h y d r o g e n  c h l o r i d e  d u r i n g  t h e

r e a c t i o n ,  s e v e r a l  b i c a r b o n a t e  w a s h i n g s  were  r e q u i r e d .  E v a p o r a t i o n

o f  s o l v e n t  gave  a y e l l o w  o i l  wh ich  d a r k e n e d  on s t a n d i n g .  The c r u d e

p r o d u c t  was d i s s o l v e d  i n  c h l o r o f o r m  and c h r o m a to g r a p h e d  o v e r  a lu m in a  -

(Woelm Grade  I ,  n e u t r a l ,  25 g)  f u r n i s h i n g ,  on r em ova l  o f  s o l v e n t s ,

c h l o r o k e t o n e  ( 3 0 1 ) ( 1 . 6 8  g ,  9 . 6 2  mmol, 967„) a s  a p a l e  y e l l o w  o i l

w h ich  c o u l d  n o t  be c r y s t a l l i s e d .  Mass c a l c ,  f o r  CyH^ClOS: 17 3 .9 9 0 6 2 .

Found:  1 7 3 .9 9 0 2 1 ;  VCC14 1749 cm"1 ; V KBr 3040,  2925,  1736,  1631,’ max max

1401,  1187,  1122,  1075,  971 ,  878 ,  770,  710 and 664 cm"1 ;

0 (CDC13 ) 2 .7 5  ( d d ,  J=18 and 7 Hz, 1H, C(7)HS) ,  3 .3 3  ( d ,  J= 18 Hz,

1H, C(7)Ha ) ,  3 .5 7  ( d ,  J=7 Hz, 1H, C ( 5 ) H ) ,  3 . 8 6  (m, J=7 Hz, 1H, C ( l ) H ) ,  

5 . 2 4  (m, J=7 and 2 Hz, 1H, G(2)HC1),  5 . 7 5  ( d t ,  J=10 and 2 Hz, 1H, 

C(3)H) and 6 . 1 8  (m, J = 1 0 ,7  and 2 Hz, 1H, C ( 4 )H ) ;  m/e  [176 and 1741

(M+ ) ,  155 ,  139,  111 ,  110,  97 ,  84 ,  78 and 77.

On one o c c a s i o n ,  an a d d i t i o n a l  compound was o b t a i n e d  d u r i n g  column



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

was p u r i f i e d  by t h i n  l a y e r  c h ro m a to g r a p h y  ( c h l o r o f o r m - p e t r o l e u m  

s p i r i t ,  7 : 3 )  was i s o l a t e d  a s  an u n s t a b l e  c a n a r y  y e l l o w  s e m i - s o l i d

(53 mg) i d e n t i f i e d  a s  8 - t h i a b i c y c l o [ 3 . 2 . 1 1 o c t a - 3 , 6 - d i e n - 2 - o n e  (303 ) ;

KBt 1

V 1690 ,  1589,  1371,  1310,  1220,  1130,  918 ,  854 ,  717 and 671 cm max

9 (CDC13 ) 3 .9 5  (dd ,  J=7 and 4 Hz, 1H, C ( 5 ) H ) ,  4 . 1 4  ( d ,  J=4 Hz, 1H, 

C ( l ) H ) ,  5 .2 6  ( d ,  J = l l  Hz, 1H ,C (3)H) ,  6 . 5 0  (dd ,  J=6 and 4 Hz, 1H, 

C ( 6 ) H ) ,  7 . 0 2  (d d ,  J=6 and 4 Hz, 1H, C(7)H) and 7 .4 2  ( d d ,  J= 11 and 

7 Hz, 1H, C (4 )H ) .

2 A d d i t i o n  o f  s u l p h u r  d i c h l o r i d e  to  e s t e r  ( 2 8 6 )

F o l l o w i n g  t h e  g e n e r a l  p r o c e d u r e ,  286 and s u l p h u r  d i c h l o r i d e  were

r e a c t e d  t o  g i v e  an  a l m o s t  c o l o u r l e s s  c r y s t a l l i n e  s o l i d  ( 3 . 0 8  g)  as

c r u d e  p r o d u c t .  R e c r y s t a l l i s a t i o n  from b e n z en e  f u r n i s h e d  n e e d l e s  o f  

3 - b e n z o y l o x y - 6 , 7 - d i c h l o r o - 8 - t h i a b i c y c l o ( 3 . 2 . l l o c t a n e  ( 295) ( 2 . 6 6  g ,  

8 . 4  mmol, 847„), m .p .  1 6 0 - 1 6 1 ° .  A na l .  c a l c ,  f o r  :

C 5 2 . 9 8 ,  H 4 . 4 6 ,  Cl 2 2 . 3 6 ,  S 10.11%. Found:  C 5 2 . 8 6 ,  H 4 . 5 7 ,
PP1 —1 KRt

Cl 2 2 . 7 3 ,  S 10.54%; y 4 1726 cm ( £  4 7 4 ) ;  V 3028,  2940,7 max max

2920 ,  1721 ,  1600,  1275,  1111,  984,  885 qnd 702 cm"1 ; 9 (CDC13 ) 2 .1 0

(m, 2H, C ( 2 , 4 ) H 2) ,  2 .8 7  (m, 2H, C ( 2 , 4 ) H 2 ) ,  3 .6 6  (m, 2H, C ( 1 , 5 ) H ) ,

4 . 8 9  (m, 2H, C ( 6 , 7 ) H ) ,  5 . 7 5  (m, 1H, C(3)H) and 7 . 2 9 - 8 . 3 1  ( p r  m, 5H,

a r o m a t i c  CH) ;  m/e  (320 ,  318 and 316 J (M**"), [283 and 281],

[198,  196 and 1 9 4 ] ,  [161 and 1 5 9 ] ,  [178 and 1 7 6 ] ,  141,  105,  97

and 77;  XCH3CN 230 ( l o g  £ 4 . 1 3 ) ,  274 ( 2 . 9 5 )  and 281 ran ( 2 . 8 6 ) .  max

T h in  l a y e r  c h r o m a to g r a p h y  ( e t h e r - p e t r o l e u m  s p i r i t ,  1 : 4 )  o f  t h e  

r e m a i n i n g  l i q u o r s  gave  a d d i t i o n a l  b e n z o a t e  ( 295) (285 mg, 0 . 9  mmol, 

97,) and 2 - b e n z o y l o x y - 6 , 7 - d i c h l o r o - 8 - t h i a b i c y c l o  [3. 2 .1 ]  o c t a n e  ( 296) ,
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w hic h  was s u b l im e d  ( 1 1 0 ° ,  0 . 0 3  mm Hg) as  c o l o u r l e s s  n e e d l e s  (75 mg,

0 . 2 4  mmol, 27„) , m.p,. 1 1 7 - 1 1 8 ° .  Mass c a l c ,  f o r  C.. . H, . C1_0„S:
14 14 2 2

3 1 6 .0 0 9 1 3 .  Found:  3 1 6 .0 0 8 7 8 ;  V ^  3057 ,  2940,  2920 ,  2845 ,  1714,max 1 7 7 1 9

1603 ,  1584,  1493,  1449,  1344,  1315, 1271,  1110 ,  941 ,  884 ,  773 and 

710 cm ; 9 (CDCl^) 1 . 7 0 - 2 . 4 6  (m, 4H, CH2 ) ,  3 .4 9  (m, 1H, b r i d g e h e a d  

CH), 3 . 9 0  (m, 1H, b r i d g e h e a d  CH), 4 . 9 4  (m, 2H, C ( 6 , 7 ) H ) ,  5 . 4 8  (m, 1H, 

C(2)H)  and 7 . 5 0 - 8 . 0 8  ( p r  m, 5H, a r o m a t i c  CH) ;  m / e [320,  318 and 316]

(M+ ) ,  [283 and 2 8 1 ] ,  2 4 6 , [ 1 9 8 ,  196 and 1 9 4 ] ,  [178 and 1 7 6 ] ,

[161 and 1591,  141 ,  105,  9 7 ,  91 ,  77.

3 A d d i t i o n  o f  s u l p h u r  d i c h l o r i d e  t o  k e t a l  ( 292 )

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

p r o c e d u r e .  E v a p o r a t i o n  o f  m e t h y l e n e  c h l o r i d e  y i e l d e d  a y e l l o w  

s o l i d  ( 2 . 5 5  g )  wh ich  d a r k e n e d  s l i g h t l y  on s t a n d i n g  a t  room 

t e m p e r a t u r e  o v e r n i g h t .  P r e p a r a t i v e  t . l . c .  ( e t h e r - p e t r o l e u m  s p i r i t ,

3 : 7 )  gave  305 ( 2 . 2 1  g ,  8 . 7  mmol, 877.),  m .p .  1 1 2 - 1 1 4 ° .  A n a l .  c a l c .

f ° r  C9H12C12 ° 2 S: C 4 2 *3 6 ’ H 4 »74<7°* Found:  C 4 2 . 5 9 ,  H 4.707. ;

Vr a r  2979 ,  2930,  2852 ,  1460,  1335,  1204,  1097,  1036,  994 ,  950 ,nidx

881 ,  817 ,  725 and 634 cm 9 (CDCl^) 1 . 9 1 - 2 . 8 3  ( b r  e n v ,  4H,

C ( 3 , 4 ) H 2 ) ,  3 .2 6  (m, 1H, C ( l ) H ) ,  3 . 4 0  (m, 1H, C ( 5 ) H ) ,  3 . 8 0 - 4 . 3 2  (m,

4H, d i o x o l a n e  CH,2 ) ,  4 . 4 9  (m, 1H, C(2)HC1) and 4 . 6 8  ( d ,  J=6 Hz, 1H, 

C(6)HC1);  m/e [258 ,  256 and 254 ]  (M+ ) , [ 2 2 2 ,  220 and 2 1 8 ] ,  183,

146 ,  120 and 99 .

4 A d d i t i o n  o f  s u l p h u r  d i c h l o r i d e  t o  d i e n o n e  ( 238 )

F o l l o w i n g  t h e  g e n e r a l  p r o c e d u r e  238 and s u l p h u r  d i c h l o r i d e  c o n d e n se d

t o  g i v e  a  y e l l o w  c r y s t a l l i n e  s o l i d  ( 2 . 1 2  g )  wh ich  r e c r y s t a l l i s e d

f rom  e t h y l  a c e t a t e  -  h e x a n e  f u r n i s h i n g  d i c h l o r o k e t o n e  ( 3 0 7 ) ( 1 . 7 3  g ,

8 . 2  mmol, 827.),  m .p .  1 3 9 - 1 4 1 ° .  A n a l .  c a l c ,  f o r  CyHgCl20S:

CC1 - 1
C 3 9 . 8 3 ,  H 3.827,.  Found:  C 4 0 . 0 2 ,  H 3.787. ; V 4 1761 cm7 max
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(G 4 8 0 ) ;  y 2990,  2949,  2878,  1750, 1439,  1346,  1223,  1120,
IIlclX

1006,  984 ,  883,  805,  744,  706 and 642 c m ' 1 ; 0  (CDC13 ) 1 . 7 4 - 2 . 6 7

( b r  env ,  4H, C ( 3 , 4 ) H 2 ) ,  3 .6 3  (m, 1H, C ( 5 ) H ) ,  3 .7 0  (m, J = 6  Hz, 1H, 

C ( l ) H ) ,  4 . 4 7  (m, 1H, C(2)HC1) ,  4 .8 1  (d ,  J = 6  Hz, 1H, C(6)HC1);  

m/e ( 2 1 4 ,  212 and 2 1 0 ]  (M+ ) , ( 186 ,  184 and 1 8 2 ] ,  (177 and 1 75 ] ,

(149 and 1 4 7 ] ,  113,  111,  99 ,  94 and 8 8 .

A t t e m p te d  d e h y d r o c h l o r i n a t i o n  o f  301

( a )  C h r o m a t o g r a p h i c  a lu m in a  (Woelm Grade  0 ,  b a s i c ,  2 g)  was 

added  to  a s o l u t i o n  o f  301 (450 mg, 2 .5 8  mmol) i n  AnalaR be n z e n e  

(5 m l ) .  The m i x t u r e  was r e f l u x e d  w i t h  s t i r r i n g  f o r  65 h r .  The

a l u m i n a  was f i l t e r e d  o f f ,  washed w i t h  e t h y l  a c e t a t e  and t h e

combined  f i l t r a t e s  and w a s h i n g s  e v a p o r a t e d  t o  d r y n e s s  l e a v i n g  a 

y e l l o w  o i l  (430 mg) i d e n t i f i e d  by t . l . c .  c o m p a r i s o n  (C H C l^ -p e t ro le u m  

s p i r i t ,  7 : 3 )  and p . m . r .  s p e c t r o s c o p y  to  be  u n r e a c t e d  s t a r t i n g  

m a t e r i a l .

(b)  A s o l u t i o n  o f  301 (96 mg, 0 . 5 5  mmol) i n  2 , 4 , 6 - c o l l i d i n e  ( 230 )

(1 ml)  was warmed t o  105° f o r  2 h r .  On c o o l i n g , ’ t h e  m i x t u r e  was 

t a k e n  up i n  e t h e r  and washed t w i e e  w i t h  2N h y d r o c h l o r i c  a c i d ,  w a t e r  

t o  n e u t r a l i t y  and b r i n e .  D ry in g  and e v a p o r a t i o n  o f  e t h e r  gave  a

d a r k  y e l l o w  o i l  (53 mg) ,  i d e n t i f i e d  a s  i n  ( a )  t o  be m a i n ly  u n r e a c t e d

s t a r t i n g  m a t e r i a l .

( c )  To a s o l u t i o n  o f  301 (480 mg, 2 . 7 5  mmol) i n  AnalaR m e t h a n o l  

(15 m l ) ,  was added  sodium  (63 mg, 2 .7 5  mmol) ,  w i t h  v i g o r o u s  s t i r r i n g .

The s o l u t i o n  wh ich  i m m e d i a t e l y  assumed a deep r e d  c o l o u r  was s t i r r e d

a t  room t e m p e r a t u r e  f o r  3 h r ,  s t r i p p e d  o f  s o l v e n t ,  10 mis  w a t e r  

added  and t h e  a q ue ous  s o l u t i o n  e x t r a c t e d  w i t h  e t h e r .  The e t h e r
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l a y e r  was washed  w i t h  b r i n e ,  d r i e d  and e v a p o r a t e d  l e a v i n g  a d a r k  

r e d  o i l y  r e s i d u e  (207 mg),  which  p r o v e d  to  be u n r e a c t e d  s t a r t i n g  

m a t e r i a l .

(d )  A s o l u t i o n  o f  301 (349 mg, 2 mmol) i n  d i m e t h y l  s u l p h o x i d e  (2 ml)  

was added  d r o p w i s e  t o  a s o l u t i o n  o f  p o t a s s i u m  t - b u t o x i d e  (224 mg,

2 mmol) i n  d i m e t h y l  s u l p h o x i d e  (3 ml)  and t h e  m i x t u r e  s t i r r e d  a t  

room t e m p e r a t u r e  f o r  2 h r  u n d e r  n i t r o g e n .  The deep r e d  s o l u t i o n  was 

p o u r e d  on to  c r u s h e d  i c e  and e x t r a c t e d  w i t h  e t h e r .  The combined 

e x t r a c t s  were  washed  f o u r  t im e s  w i t h  b r i n e  and d r i e d .  E v a p o r a t i o n  

l e f t  a d a r k  brown s e m i - s o l i d  (197 mg).  T h in  l a y e r  c h r o m a to g r a p h y  

(CHCl^ -  p e t r o l e u m  s p i r i t ,  7 : 3 )  showed t h a t  no s t a r t i n g  m a t e r i a l  

r e m a in e d  and t h a t  t h e  p r o d u c t  c o n t a i n e d  many c o m pone n t s ,  none  o f  which  

were  i d e n t i f i e d  a s  3 0 3 *

Acid c a t a l y s e d  h y d r o l y s i s  o f  k e t a l  ( 3 0 5 )

A m i x t u r e  o f  305 (182 mg, 0 . 7 1  mmol) ,  c h l o r o f o r m  (10 ml)  and 2N

s u l p h u r i c  a c i d  (10 ml)  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  65 h r ,

a f t e r  wh ich  t im e  t . l . c .  ( e t h y l  a c e t a t e  - p e t r o l e u m  s p i r i t ,  1 : 4 )  showed

t h a t  t h e  r e a c t i o n  had  gone t o  c o m p l e t i o n .  The o r g a n i c  l a y e r  was

s e p a r a t e d  and washed w i t h  a queous  sodium b i c a r b o n a t e  and w a t e r  to

n e u t r a l i t y ,  d r i e d  and s o l v e n t  removed u n d e r  s u c t i o n .  P r e p a r a t i v e

t . l . c .  ( e t h y l  a c e t a t e  -  p e t r o l e u m  s p i r i t ,  1 : 4 )  and r e c r y s t a l l i s a t i o n

( e t h e r - h e x a n e )  gave  c o l o u r l e s s  p r i s m s  o f  308 (147 mg, 0 . 6 2  mmol,

87%),  m .p .  8 5 . 5 - 8 7 ° .  A na l .  c a l c ,  f o r  CgH CIO3 S: C 4 5 . 6 6 ,  H 5.54%.

Found:  C 4 5 . 4 5 ,  H 5.47%; v CC14 3559 ( £  6 5 ) ;  V ** *  3380,* max v max

2945,  2880,  1469,  1390,  1292,  1197,  1130,  1053,  1036,  980 ,  950,

864 ,  749 and 650 cm"1 ; 9 (CDC13 ) 1 . 8 3 - 2 . 6 0  ( b r  e n v ,  4H, C ( 3 , 4 ) H 2 ) ,
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2 .9 3  (d ,  J=12 Hz, 1H, OH), 3 .1 9  (m, 1H, C ( l ) H ) ,  3 .3 6  (m, J = 6  and 

4 Hz, 1H, C ( 5 ) H ) ,  3 . 9 4  (m, J=12 and 4Hz, 1H, C(2)HOH), 4 . 1 1  (m, 

4H, d i o x o l a n e  CH^) and 4 .5 9  ( d ,  J = 6  Hz, 1H, C( 6 ) HC1) ;  

m/e [238 and 236]  (M+ ) , [220 and 2 1 8 ] ,  201,  183,  149,  125,  118 

and 105.



References



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

1 1 4

S. Landa and V. Machacek ,  C o l l .  Czech.  Chem. Commun.,

1933,  J5, 1.

V. P r e l o g  and R. S e i w e r t h ,  B e r . , 1941,  _74, 1644 and 1769.

P. von R. S c h l e y e r ,  J .  Amer. Chem. Soc. , 1957,  79_, 3292.

P.  von R. S c h l e y e r  and M. M. D o n a ld s o n ,  i b i d . ,  1960,  8_2, 4645 .

E. I .  Du P o n t  de Nemours & C o . ,  B e l g i a n  P a t .  583 ,5 19  ( 1 9 5 9 ) .

H. Koch and J .  F r a n k e n ,  B r e n n s t o f f - C h e m i e ,  1961,  4_2, 90.

H. Hoffmann and C. H. T r o t t i e r ,  U .S .  P a t .  3 , 4 5 7 , 3 1 7  ( 1 9 6 9 ) .

M. Nomura,  P.  von R. S c h l e y e r  and A. A. A rz ,  J .  Amer. Chem. 

S o c . ,  1967,  89 ,  3657.

R. C. F o r t  J n r .  and P.  von R. S c h l e y e r ,  Chem. R e v . ,  1964,  277.

V. V. S e v o s t ' y a n o v a ,  M. M. K r a y u s k i n  and A. G. Yurchenko ,

R u s s .  Chem. R e v . ,  1970,  ^39, 817.

H. S t e t t e r ,  Angew. Chem.,  1954,  £ 6 , 217.

Idem, i b i d . ,  1962,  74 ,  361.

A. F r e d g a ,  Svensk .  Kern. T i d s k r . ,  1960,  !!_, 151.

R. C. Bingham and P.  von  R. S c h l e y e r ,  F o r t s c h r .  Chem. F o r s c h . , 

1971,  18.

"Adamantane - The C h e m is t r y  o f  Diamond M o l e c u l e s " ,  S t u d i e s  i n  

O r g a n ic  C h e m is t r y  Vo l .  5 ,  R. C. F o r t  J n r . ,  Ed. P.  G. Gassman, 

M a rc e l  Dekker  I n c . ,  New York,  1976.

0 .  B o t t g e r ,  B e r . ,  1937,  70.* 314.

H. Meerwein and W. Schurmann,  Ann . ,  1913,  3 9 8 , 196.

H. S t e t t e r ,  H. He ld  and J .  Mayer ,  i b i d . ,  1962,  6 5 8 , 151.

H. S t e t t e r  and J .  Mayer ,  Angew. Chem.,  1959,  _71> 430.

T. M or i ,  K. H. Yang,  K. Kimoto and H. N o z a k i ,  T e t .  L e t t . ,  1970,  

2419.

A. G. Y urchenko ,  A. T. Voroschenko  and F.  N. S t e p a n o v ,

Zh. Org.  Khim. , 1970,  6 _, 189.



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

1 1 5

L. N. Owen and P. A. R o b i n s ,  J .  Chem. S o c . ,  1949,  327.

T. Kutsuma and S. Sugasawa,  T e t .  , 1958, 3_, 175.

H. - J .  V e t t e r ,  H. Noth and W. J a h n ,  Z. Anorg.  A l l g .  Chem.,

1964,  328,  144.

A. W e i s s b a c h ,  J .  Org.  Chem.,  1958,  23_, 329.

Y. Kashman and E. B e na ry ,  T e t . ,  1972,  28 ,̂ 4091.

F. L a u t e n s c h l a e g e r , J .  Org.  Chem.,  1969,  34.» 4002.

A. L. Sm ith  and H. A. C l a r k ,  J .  Amer. Chem. S o c . ,  1961,  8 3 ,

3345.

H. S t e t t e r  and K. D i e m i n g e r ,  B e r . ,  1959,  9_2, 2658.

A. Domenicano ,  R. Spagna and A. V a c i a g o ,  Chem. Commun., 1970,

1146.

F.  L i o n s  and K. V. M a r t i n ,  J .  Amer. Chem. S o c . ,  1957,  79_f 1572.  

M. Komura and R. Okawara,  I n o r g .  N u c l .  Chem. L e t t . ,  1966,  _2, 93.  

H. S t e t t e r  and P.  T a c k e ,  Angew. Chem.,  1962,  74^ 354.

H. S t e t t e r  and E. F.  Schwarz ,  B e r . ,  1968,  1 0 1 , 2464.

N. S. Z e f i r o v  and N. V. A v e r i n a ,  Zh. Org.  K h i m . , 1969,  _5,

190,  1936 and 1991.

N. S.  Z e f i r o v ,  V. A. T a r t a k o v s k i i  and N. V. A v e r i n a ,  i b i d . ,

1971,  ]_, 504.

A. Hamil l ,  A. Kar im and M. A. McKervey,  T e t . ,  1971,  2^7, 4317 .

A. R. Gagneux and R. M e ie r ,  T e t .  L e t t . ,  1969,  1365.

H. S t e t t e r ,  P.  Tacke  and J .  G a r t n e r ,  B e r . ,  1964,  97 ,  3480.

J .  C a b le  and J .  K. MacLeod, A u s t r a l .  J .  Chem.,  1973,  26 ,̂ 2147.

H. S t e t t e r  and K. Komorowski,  B e r . ,  1971,  1 0 4 , 75.

H. D i e t r i c h  ( J .  R. Ge igy  A . - G . ) ,  S. A f r .  P a t .  6 , 8 0 3 , 0 1 2  ( 1 9 6 8 ) .  

H. S t e t t e r ,  J .  G a r t n e r  and P. T a c k e ,  B e r . ,  1966,  99 ,  1435.



1 1 6

44 K. Gerzon  and D. Kau, J .  Med. Chem.,  1967,  _10, 189.

45 F. N. S t e p a n o v ,  T. N. U toc hka ,  and A. G. Yurchenko ,

Zh. Org.  K h i m . , 1972,  _8 , 1183.

46 T. N U to c h k a ,  A. G. Y urchenko ,  S. D. I s a e v  and F.  N S t e p a n o v ,  

i b i d . ,  1974,  10,  59.

47 J .  P.  S c h a e f e r  and L. M. Honig ,  J .  Org.  Chem., 1968, 3_3» 2655.

48 N. V. A v e r i n a  and N. S. Z e f i r o v ,  Chem. Commun., 1973,  197.

49 N. S. Z e f i r o v ,  Zh. Org.  Khim .,  1975, 77.

50 R. M. B l a c k ,  G. B. G i l l  and D. Hands ,  Chem Commun., 1972 ,  311.

51 M. F i s c h ,  S. Smallcombe,  J .  C. G ram a ine ,  M. A. McKervey and

J .  E. A n d e r s o n ,  J .  Org.  Chem.,  1970,  _35, 1886.

52 G. B. G i l l  and R. M. B l a c k ,  Chem Commun., 1971,  172.

53 H. S t e t t e r ,  H. - J .  M e i s s n e r  and W. D. L a s t ,  B e r . ,  1968,  1 0 1 ,

2889.

54 N. V. A v e r i n a ,  N. S. Z e f i r o v ,  P.  K a d z y a u s k a s ,  S. V. R o g o z in a ,

N. K. Sadovaya  and N. M. S o l d a t o v ,  Zh. Org.  Khim . ,  1974,  1 0 , 

1442.

55 E. C u t h b e r t s o n  and D. D. McNicol ,  T e t .  L e t t . ,  1974,  2367.

56 J .  F .  H. Braams ,  H. J .  T.  Bos and F. A r e n s ,  Rec.  T r a v .  C h i m . ,

1968,  87 ,  193.

57 J .  A. K a n t e r s  and J .  B. H u l s c h e r ,  i b i d . ,  1968,  8_7, 201.

58 H. S t e t t e r  and R. H e s s e ,  M o n a t s h . ,  1967,  98.» 755.

59 H. S t e t t e r  and K. H. S t e i n a c k e r ,  B e r . ,  1953,  8 6 ,̂ 790.

60 Idem, i b i d . ,  1954,  87_, 205.

61 H. S t e t t e r  and M. Dohr,  i b i d . ,  1953,  8 6  ̂ 589.

62 H. S t e t t e r  and S. V e s t n e r ,  i b i d . ,  1964,  97^ 169.

63 L. D o l e s j  and Z. A r n o l d ,  C o l l .  Czech .  Chem. Commun., 1966,

31, 4187.



1 1 7

64 S. - 0 .  A l m q v i s t ,  A c ta  Chem. Sc and .  , 1968,  22_, 1367.

65 S. F.  B i r c h ,  T. V. Cul lum,  R. A. Dean and R. L. D enye r ,

N a t u r e ,  1952,  1 7 0 , 629.

6 6  S. F. B i r c h ,  J .  I n s t .  P e t r o l . ,  1953,  39_, 185.

67 H. S t e t t e r  and H. H e ld ,  Angew. Chem.,  1961,  7_3, 114.

6 8  H. S t e t t e r ,  H. He ld  and A. S c h u l t e - O e s t r i c h ,  B e r . ,  1962,  9 5 ,

1687.

69 S. Landa and J .  Jankfi ,  C o l l .  Czech .  Chem. Commun., 1969,  3 4 , 

2014.

70 Idem, i b i d . ,  1972,  37., 2269.

71 G. S n a t z k e  and B. Wolf ram, T e t . ,  1972,  28_, 655.

72 F.  K l a g e s  and H. S c h m id t ,  B e r . ,  1963,  96 ,̂ 2063.

73 P.  Y. B l a n c ,  P.  D i e h l ,  H. F r i t z  and P. S c h l a p f l e r ,

E x p e r i e n t i a ,  1967,  213, 896.

74 F. L a u t e n s c h l a e g e r , J .  Org.  Chem.,  1968,  33_, 2627.

75 T. H i g u c h i  and W. Nowacki ,  Z. K r i s t a l l o g r . ,  K r i s t a l l g e o m . ,

K r i s t a l l p h y s . ,  K r i s t a l l c h e m . , 1972,  1 3 5 , 56.

76 S. - 0 .  A l m q v i s t  and K. O l s s o n ,  Chemica S c r i p t a ,  1971,  1_, 30.

77 E. Fromm and P.  Z i e r s h ,  B e r . ,  1906,  39_, 3599.

78 A. F r e d g a  and A. B r a n d s t r o m ,  Ark.  K em i . ,  1950,  _1, 197.

79 K. O l s s o n ,  i b i d . ,  1966,  2^6, 465;  idem, i b i d . ,  1967,  28_, 53;

A B r a n d s t r o m ,  i b i d . ,  1952,  _3, 41 .

80 D. L » C o f f e n ,  Rec .  Chem. P r o g . ,  1969,  30,  275.

81 K. O l s s o n ,  A c ta  Chem. S c a n d . ,  1968,  2 2 ,  2390.

82 A. F r e d g a  and K. O l s s o n ,  Ark .  K em i . ,  1956,  9_, 163.

83 E. K. A nd e r s en  and I .  L i n d q v i s t ,  i b i d . ,  1956,  9̂ , 169.

84 J .  B o n g a r t z ,  B e r . ,  1886,  1^9, 2182.



85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100 

101 

102 

103

1 1 8

P.  C a n d i a n i ,  Gazz.  Chim. I t a l .  , 1895,  2_5, 81.

R. W. B orgeson  and J .  A. W i l k i n s o n ,  J .  Amer. Chem. S o c . ,

1929,  _51> 1455.

A. F r e d g a  and H. B a u e r ,  Ark.  Kem i . ,  1951, _2, 113.

R. Fusco  and G. B i a n c h e t t i ,  Gazz .  Chim. I t a l . ,  1956, 8 6 _, 500.

M. S. Newman and H. S. L o w r i e ,  J .  Amer. Chem. S o c . ,  1954,

76,  4598.

R. Lukes and V. G a l i k ,  C o l l .  Czech .  Chem. Commun., 1954,

19 ,  712.

V. G a l i k ,  Z. K a fka ,  M. S a f a r  and S. Landa ,  i b i d . ,  1974,  3 9 ,

895 .

W. N. Speckamp, J .  D i j k i n k  and H. 0 .  Huisman,  Chem. Commun.,

1970,  196;  A. W. J .  D. D e k k e r s ,  W. N. Speckamp and 

H. 0 Huisman,  T e t .  L e t t . ,  1971,  489;  W. N. Speckamp,

J .  D i j k i n k ,  A. W. J .  D. D ekke rs  and H. 0 .  Huisman,  T e t . ,

1971,  2_7, 3143.

H. S t e t t e r  and W. R e i n a r t z ,  B e r . ,  1972,  1 0 5 , 2773.

H. S t e t t e r  and K. H e c k e l ,  T e t .  L e t t . ,  1972,  1907.

G. S n a t z k e  and H. S e i d l e r ,  i b i d . ,  1969,  5135.

H. S t e t t e r  and H. H e nn ig ,  B e r . ,  1955,  8 8 , 789.

F.  G a l v i n o s k y  and H. L a n g e r ,  M o n a t s h . , 1955,  8 j6 , 449 .

R. L. V i t t o r y ,  G. S e t t i m j , F. G a t t a ,  N. S a r t i  and 

S. C h i a v a r e l l i ,  Gazz .  Chim. I t a l . ,  1967,  9_7, 1294.

H. S t e t t e r  and K. H e c k e l ,  T e t .  L e t t . ,  1972,  801;  idem,

B e r . ,  1973,  106 ,  339.

R. E. P o r tm ann  and C. G a n t e r ,  H e lv .  Chim. A c t a ,  1973,  56 ,  1962.

R. -M. Dupeyre  and A. R a s s a t ,  T e t .  L e t t . ,  1973,  2699.

H. S t e t t e r  and W. Bockmann, B e r . ,  1951,  £ 4 ,  834 .

D. A. Durham, F.  A. H a r t  and D. Shaw, J .  I n o r g .  N u c l .  Chem . ,

1967,  29,  509.



1 1 9

104 N. W. G a b e l ,  U.S .  P a t .  3 , 3 0 1 , 8 5 4  ( 1 9 6 7 ) .

105 E. B. Hodge, J .  Org. Chem.,  1972, 37., 320.

106 H. S t e t t e r ,  D. T h e i s e n  and G. J .  S t e f f e n s ,  B e r . ,  1970,  1 0 3 ,

200 .

107 P. Duden and M. S c h a r f f ,  A nn . ,  1895,  2 8 8 , 218.

108 L. F i e l d ,  S y n t h e s i s ,  1972,  101.

109 H. -D. B e c k e r ,  G. J .  Mikol  and G. A. R u s s e l l ,  J .  Amer. Chem.

S o c . ,  1963,  85 ,  3410;  E. J .  Corey  and M. Chaykovsky,  i b i d . ,  

1965,  8 7 ,  1345.

110 G. A. R u s s e l l  and L. A. Ochrymowycz, J .  Org. Chem.,  1969,  3 4 , 

764.

111 C. G a n t e r  and J .  - F .  M oser ,  H e lv .  Chim. A c t a ,  1971,  54,  2228.

112 Idem, i b i d . ,  1968,  5T, 300.

113 A. Padwa and A. B a t t i s t i ,  J .  Amer. Chem. S o c . ,  1971,  9_3, 1304.

114 J .  M. M e l l o r  and C. F.  Webb, J .  Chem. Soc.  P e r k i n  1, 1972,  211.

115 P.  A. K n o t t  and J .  M. M e l l o r ,  T e t .  L e t t . ,  1970,  1829.

116 R. C u r c i ,  A. G i o v i n e  and G. Modena,  T e t . ,  1966,  2_2, 1235;

G. A. R u s s e l l  and L. A. Ochrymowycz, J .  Org.  Chem.,  1970,

35 ,  2106.

117 D. D. M acN ico l ,  P.  H. McCabe and R. A. R a p h a e l ,  S y n th .  Commun.,

1972,  2 ,  185.

118 E. J .  Corey  and E. B lo c k ,  J .  Org. Chem.,  1966,  ^ 1 ,  1663.

119 E. D. W e i l ,  K. J .  Sm ith  and R. J .  G r u b e r ,  i b i d . ,  1966,  3 1 ,

1669.

120 A. C. Cope,  B. S. F i s h e r ,  W. Funke ,  J .  M. M c In to sh  and

M. A. McKervey, i b i d . ,  1969,  34 ,̂ 2231.

121 R. R a t c l i f f e  and R. R o d e h o r s t ,  i b i d . ,  1970,  ^ 5 ,  4000.

122 K. Bowden, I .  M. H e i l b r o n ,  E. R. H. J o n e s  and B. C. L. Weedon,

J .  Chem. S o c . ,  1946,  39.

123 K. E. P f i t z n e r  and J .  G. M o f f a t t ,  J .  Amer. Chem. S o c . ,  1963,

85 ,  3027.



1 2 0

124

125

126

127

128

129

130

131

132

133

134

135

136 

137

J .  D. A l b r i g h t  and L. Goldman,  i b i d . ,  1965,  8_7, 4214 .

R. Pummerer ,  B e r . ,  1909,  4_2, 2282;  idem, i b i d . ,  1910,  <43, 1401.

G. S n a t z k e ,  i b i d . ,  1961,  94^, 729.

N. C. Deno and N. H. P o t t e r ,  J .  Amer. Chem. S o c . ,  1967,  8 9 ,

3550.

C. D j e r a s s i ,  Chem. R e v . ,  1948,  43^, 271.

H. 0 .  House ,  "Modern S y n t h e t i c  R e a c t i o n s ,  2nd E d n . " ,  B e n ja m in ,  

Menlo P a r k ,  C a l i f o r n i a ,  1972 ,  pp 7 72 -782 .

E. E. R o y a l s ,  J .  Amer. Chem. S o c . ,  1948,  2£> 489 ;  E. E. R o y a l s ,  

J .  C. Hoppe, A. D. J o r d a n  J n r .  and A. G. R o b in s o n  I I I ,  i b i d . ,

1951 ,  73,  5857 .

E. E. R o y a l s  and D. G. T u r p i n ,  i b i d . ,  1954,  76_, 5452.

N. Green  and F.  B. L a F o rg e ,  i b i d . ,  1948,  70_, 2287;  J .  D. Hobson,

J .  R a i n e s  and R. J .  W h i t e o a k ,  J .  Chem. S o c . ,  1963,  3495.

P.  Z. B e d o u k i a n ,  J .  Amer. Chem. S o c . ,  1945,  6_7, 1430.

C. R. H a use r  and J .  T. Adams, i b i d . ,  1944,  6j5, 345;  idem, 

i b i d . ,  1945 ,  284;  H. S.  Booth and D. R. M a r t i n ,

"Boron  T r i f l u o r i d e  and i t s  D e r i v a t i v e s " ,  W i l e y ,  New York,

1949;  C. R.  H a u s e r ,  F .  C. F r o s t i c k  J n r .  and E. H. Man,

J .  Amer. Chem. S o c . ,  1952,  J74, 3231;  R. M. Manyik ,

F .  C. F r o s t i c k  J n r . ,  J .  J .  S a n d e r s o n  and C. R. H a u s e r ,  i b i d . ,  

1953,  75.? 5030;  C. R.  H a u s e r ,  F .  W. Swamer and J .  T.  Adams,

Org .  R e a c t i o n s ,  1954,  8 ,̂ 59 .

L.  F .  F i e s e r  and E. B. H e r s h b e r g ,  J .  Amer. Chem. S o c . ,  1939,

6 1 , 1272;  idem, i b i d . ,  1940,  6_2, 49 ;  W. S. J o h n s o n ,  Org.  

R e a c t i o n s ,  1944,  _2, 114.

H. M eerwein ,  F .  K i e l ,  G. K l o s g e n  and  S.  Schoch ,  J .  P r a k t .

Chem.,  1922,  1 0 4 , 161.

P.  H. McCabe, u n p u b l i s h e d .



138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

1 2 1

L. A. P a q u e t t e  and L. D. W ise ,  J .  Amer. Chem. S o c . ,  1967,  89_, 6659.  

J .  R. D yer ,  " A p p l i c a t i o n s  o f  A b s o r p t i o n  S p e c t r o s c o p y  o f  

O r g a n ic  Compounds",  P r e n t i c e  H a l l ,  Englewood C l i f f s ,

New J e r s e y ,  1965.

G. M. Bar row,  " I n t r o d u c t i o n  t o  M o l e c u l a r  S p e c t r o s c o p y " ,

M c G raw -H i l l ,  New York ,  1962.

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

s e e  M. I .  Foreman i n  S p e c i a l i s t  P e r i o d i c a l  R e p o r t s  o f  The 

C hem ica l  S o c i e t y ,  " N u c l e a r  M a g n e t i c  R e s o n a n c e " ,  V o l s .  1 - 6 ,

19 7 2 -1977 .

C. R. N e l s o n ,  Ph .D .  T h e s i s ,  U n iv .  o f  Glasgow, 1977.

P.  H. McCabe and C. R. N e l s o n ,  J .  Mag. R e s . ,  1976,  2_2> 183.

D. H. W i l l i a m s  and I .  F l e m i n g ,  " S p e c t r o s c o p i c  Methods i n  

O r g a n ic  C h e m i s t r y " ,  M c G raw -H i l l ,  London,  1966.

P.  H. McCabe, C. R.  N e l s o n  and W. R o u t l e d g e ,  T e t r a h e d r o n ,

1977,  33 ,  1749 and 1755.

D. V. B a n t h o r p e ,  " E l i m i n a t i o n  R e a c t i o n s " ,  E l s e v i e r ,  London,

1963 ,  p 145.

P.  H. McCabe and W. R o u t l e d g e ,  T e t .  L e t t . ,  1973,  3919.

H. S t e t t e r  and H. G. Thomas,  B e r . ,  1966,  99^ 920 .

R.  0 .  D u t h a l e r ,  K. W ic k e r ,  P.  Ackermann and C. G a n t e r ,  H e l v .

Chim. A c t a ,  1972,  J55, 1809.

D. J .  P a s t o  and C. R.  J o h n s o n ,  " 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 l ,  Englewood C l i f f s ,  New J e r s e y ,  1969.

D. J .  P a s t o  and C. C. Cumbo, J .  Org.  Chem.,  1965,  _30, 1271.

R.  E. Po r tm ann  and C. G a n t e r ,  H e l v .  Chim. A c t a ,  1973,  56,  1991.

D. D. P e r r i n ,  W. L. F .  Armarego and D. R.  P e r r i n ,

" P u r i f i c a t i o n  o f  L a b o r a t o r y  C h e m i c a l s " ,  Pe rgamon ,  O x f o r d ,  1966.



1 2 2

154 E. D. Weil  (Hooker  C he m ic a ls  C o r p . ) ,  U .S .  P a t .  3 , 5 7 4 , 2 3 3  ( 1 9 7 1 ) .

155 E.  C u t h b e r t s o n  and D. D. M acN ico l ,  J .  Chem. Soc .  P e r k i n  I ,

1974 ,  1893.

156 W. S.  J o h n s o n ,  W. A. V r e d e n b u rg h  and J .  E.  P i k e ,  J .  Amer. Chem. 

S o c . ,  1960,  82_, 3409 ;  E. R. H. J o n e s ,  G. E g l i n t o n ,

M. C. W h i t in g  and B. L. Shaw, Org.  S y n t h .  C o l l .  V o l .  IV,

404 ;  E. W. W a rn h o f f ,  D. G. M a r t i n  and W. S. J o h n s o n ,  i b i d . ,

162;  J .  P.  S c h a e f e r  and L. E n d r e s ,  Org.  S y n t h . ,  1967 ,

4 7 ,  31.

157 H. M. G i low and J .  H. R i d d ,  J .  Org.  Chem.,  1974,  _39, 3481 .

158 P .  H. McCabe and C. M. L i v i n g s t o n ,  T e t .  L e t t . ,  1973,  3029;

C. M. L i v i n g s t o n ,  Ph .D .  T h e s i s ,  U n iv .  o f  Glasgow, 1975.

159 J .  A. J .  M. V i n c e n t ,  P.  S c h i p p e r ,  Ae.  de G r o o t  and H. M. Buck,

T e t .  L e t t . ,  1975 ,  1989;  J .  A. J .  M. V i n c e n t ,  F .  P.  M. V e r e y k e n ,

B. G. M. Wauben and H. M. Buck,  J .  Roya l  N e t h .  Chem. S o c . ,

1976 ,  9 5 ,  236.

160 H. F r a n z ,  H Hobo ld ,  R. Hohn, G. M i l l l e r - H a g e n ,  R. M u l l e r ,

W. P r t i z k o w  and H. S c h m id t ,  J .  P r a k t .  Chem.,  1970,  3 1 2 , 622.

161 A. C. Cope and R. D. Bach,  Org.  S y n t h .  C o l l .  V o l .  V, 315 .

162 A. S t e w a r t ,  Ph .D .  T h e s i s ,  U n iv .  o f  Glasgow, u n p u b l i s h e d .

163 P .  H. McCabe, C. M. L i v i n g s t o n  and A. S t e w a r t ,  J .  Chem. Soc .

Chem. Commun., 1977 ,  661 .

164 H. C. Brown and I .  M o r i t a n i ,  J .  Amer. Chem. S o c . ,  1953,  7 5 ,

4112 .

165 M. S.  Newman, " S t e r i c  E f f e c t s  i n  O r g a n i c  C h e m i s t r y " ,

J o h n  W iley  and S o n s ,  New York ,  1956,  p .  338 .

166 C. C. P r i c e  and W. H. S n y d e r ,  J .  Amer. Chem. S o c . ,  1961,  R3, 

1773;  J .  Cunningham, R. Gigg and C. D. W a r re n ,  T e t .  L e t t . ,

1964 ,  1191;  L. F .  F i e s e r  and M. F i e s e r ,  " R e a g e n t s  f o r  

O r g a n i c  S y n t h e s i s " ,  J ohn  W i ley  and S ons ,  New York ,  1967,  p .  300 .



167 Dunlop Rubber  Co. L t d . ,  F r e n c h  P a t .  1 , 4 2 8 , 6 8 6  ( 1 9 6 5 ) .

168 S. F.  B i r c h ,  T.  V. C a l lum ,  R. A. Dean,  and R. L. D e n y e r ,

I n d .  Eng.  Chem.,  1955,  47_, 240 .

169 S. F .  B i r c h ,  R. A. Dean,  N. J .  H u n te r  and E. V. W h i t e h e a d ,

J .  Org.  Chem.,  1957,  Z2, 1590;  S. F .  B i r c h ,  T.  V. Ca l lum 

and R. A. Dean,  Chem. D a ta  S e r . ,  1958,  _3, 359.
j s s

170 V. H ora k ,  J .  Zavada and A. P i s k a l a ,  Chem. and I n d . ,  1958,

1113;  idem, A c ta  Chim. Acad.  S c i .  H u n g . ,  1959,  21^ 97;

V. H ora k ,  C zech .  P a t .  9 1 ,1 5 4  ( 1 9 5 9 ) .

171 V. Horak and P. Zuman, T e t .  L e t t . ,  1961,  746;  V. Horak ,

C o l l .  Czech .  Chem. Commun., 1963 ,  2_8, 1614.

172 R. E. I r e l a n d  and H. A. S m i th ,  Chem. and I n d . ,  1959,  1252.

173 V. Horak and J .  Z avada ,  C o l l .  Czech .  Chem. Commun., 1962,

27 ,  1224.

174 P.  Y.. J o h n s o n ,  E. Koza and R. E. Kohrman, J .  Org.  Chem.,  1973,  

38 ,  2967.

175 M. R. B e l l  ( S t e r l i n g  Drug I n c . ) ,  U .S .  P a t .  3 , 3 9 6 , 1 6 2  ( 1 9 6 8 ) .

176 L. D. Wise and G. C. M o r r i s o n ,  U.S .  P a t .  3 , 7 6 3 , 1 8 5  ( 1 9 7 3 ) ;

L. D. W ise ,  G. C. M o r r i s o n ,  K. Egan,  M. A. Commarato,

G. Kopia  and E. C. LaHime, J .  Med. Chem.,  1974 ,  F7, 1232.

177 L. A. P a q u e t t e  and R. W. H o u s e r ,  J .  Amer. Chem. S o c . ,  1969,

91,, 3870 .

178 T.  Yamaguchi ,  K. Naga i  and 0 .  I t a b a s h i ,  K obunsh i  Kagaku,  1973,  

30,  464 .

179 H. T s u r u t a ,  M. Ogasawara  and T; Mukai ,  Chem. L e t t . ,  1974,  887 .

180 F .  G u t h r i e ,  Q u a r t .  J .  Chem. S o c . ,  1860,  L2, 109;  idem, i b i d . ,

1861 ,  13,  129.



1 2 4

181 F.  L a u t e n s c h l a e g e r , J .  Org.  Chem.,  1966,  3_1, 1679;  idem,

The P r i n c e t o n  U n i v e r s i t y  C o n f e r e n c e  on t h e  C h e m i s t r y  o f  

S u l p h i d e s ,  1966,  73.

182 Idem, J .  Org.  Chem.,  1968,  2 2 ,  2620.

183 T.  J .  B a r t o n  and R. C. Kippenham J n r . ,  i b i d . ,  1972,  37_, 4194 .

184 J .  B. C o n a n t ,  E. B. H a r t s h o r n  and G. 0 R i c h a r d s o n ,  J .  Amer.

Chem. S o c . ,  1920,  4_2, 585.

185 E. K. M a r s h a l l  J n r . ,  J .  Amer. Med. A s s o c . ,  1919,  _73, 684.

186 H. J .  B a c k e r  and J .  S t r a t i n g ,  Rec .  T r a v .  C h im . ,  1935,  54 ,̂ 52.

187 K. E. S c h u l t e ,  H. W alker  and L. R o l f ,  T e t .  L e t t . ,  1967,  4819;

T.  J .  B a r t o n  and R. G. Z i k a ,  J .  Org.  Chem.,  1970,  3_5, 1729.

188 M. M u h l s t a d t ,  P.  S c h n e i d e r  and D. M a r t i n e t z ,  J .  P r a k t .  Chem.,  

1973,  315 ,  935 .

189 K. P i l g r a m ,  J .  Org .  Chem.,  1970,  J 5 ,  1165.

190 A. K r i s t i n s s o n ,  T e t .  L e t t . ,  1973,  4489.

191 R. W i l l s t a t t e r ,  B e r . ,  1901,  34 ,  3165 .

192 E. J . ,  C o r e y ,  R.  B. M i t r a  and H. Uda, J .  Amer. Chem. S o c . ,

1964 ,  8 6 , 485 .

193 A. M ic h a e l  and N. W e in e r ,  J .  Org.  Chem.,  1938,  _3, 372 .

194 0 .  L. Chapman, D. J .  P a s t o  and A. A. G r i s w o l d ,  J .  Amer. Chem.

S o c . ,  1962,  84 ,  1213.

195 D. I .  S c h u s t e r ,  J .  M. Pa lm er  and S. C. D ic ke rm an ,  J .  Org.  Chem.,  

1966,  J U ,  4281;  D. I .  S c h u s t e r ,  B. R. S c k o l n i c k  and

F .  - T .  H. L e e ,  J .  Amer. Chem. S o c . ,  1968,  9£ ,  1300.

196 P .  R a d l i c k ,  J .  Org .  Chem.,  1964,  29 ,  960 .

197 W. W. F l o o d ,  Ph .D .  T h e s i s ,  U n iv .  o f  Glasgow, 1971.

198 J .  M e in w a ld , S. L. Emerman, N. C. Yang and G. B u c h i ,  J .  Amer.

Chem. S o c . ,  1955,  ^ O l .



1 2 5

199 A. C. Cope,  M. R.  K i n t e r  and R. T.  K e l l e r ,  J ,  Amer.  Chem.

S o c . ,  1954,  76.> 2757;  E. A. Brande  and E.  A. E v a n s ,  J .  Chem.

S o c . ,  1954,  607;  H. A d l e r  and F .  H. F l o c k ,  B e r . ,  1956,  89,  

1732;  W. F .  Gannon and H. 0 .  House ,  Org .  S y n t h . ,  1960,  40 ,

14;  K. L. W i l l i a m s o n ,  R. T.  K e l l e r ,  G. S. Fonken ,

J .  Szm uszkov icz  and W. S.  J o h n s o n ,  J .  Org.  Chem.,  1962,

27,  1612.

200 E.  W. G a r b i s c h  J n r . ,  J .  Org.  Chem.,  1965,  30 ,  2109 .

201 A. D e l i s l e ,  B e r . ,  1887,  20,  2008.

202 K. G. N a ik  and S. A. V a i s h n a v ,  J .  I n d .  Chem. S o c . ,  1936,  1 3 ,

25 and 28.

203 R. W i l l s t a t t e r ,  B e r . ,  1896,  29,  393.

204 P.H. McCabe and W. Routledge, Tet. Lett., 1976, 85.


