
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


SYNTHETIC APPROACHES TO MEDIUM RINGS.

T H E S I S

p r e s e n t e d  to  t h e  U n i v e r s i t y  o f  G lasgow  

f o r  t h e  d e g r e e  o f  P h .D .

fcy

A le x a n d e r  M acn air  Lawson.



ProQuest Number: 10984268

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10984268

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



S U M M A R Y .

S y n t h e t i c  r o u t e s  to  10-m em bered c a r b o c y c l e s  v i a  

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

S t a r t i n g  from  d im ed on e , d i e t h y l s u c c i n y l s u c c i n a t e  and 

2 - p h e n y l b i c y c l o - ( 3 j  3; 1) - n o n a n e - 3 ,  9 - d i o n e ,  s e v e r a l  n o v e l  

compounds and com p lex  r e a r r a n g e m e n ts  w ere e n c o u n t e r e d  

h u t  no t r i c y c l i c  compounds w ere form ed# I n  t h e  c o u r s e  

o f  t h e s e  s t u d i e s  i t  was n o t e d  t h a t  n o n - e n o l i s a b l e  

p - d i k e t o n e s  g i v e  r i s e  t o  a c h a r a c t e r i s t i c  v (C = 0 )  d o u b le t  

i n  t h e  i n f r a - r e d  o f  A v (C=0) c a .  30 cm**"'1'.

The s y n t h e s i s  o f  a c y c lo d e c a n e  d e r i v a t i v e  b y  

c l e a v a g e  o f  t h e  one  ca rb o n  b r i d g e  o f  a b i c y c l o —( 5 ; 3 ; l ) — 

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

( 3 ; 3 ; 1 ) —n o n en o n e ,  h a s  b e e n  s t u d ie d #  I t  was fo u n d ,  t h a t  

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

t o  s m a l l e r  r i n g s .
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O L O _ _ o _d u c t i  o y .

I n t e r e s t  i n  medium r i n g  compounds c o n t a i n i n g

e i g h t  to  e l e v e n  ca rb o n  atom s h as  i n c r e a s e d  s t e a d i l y  o v e r

th e  p a s t  h a l f  c e n t u r y .  The i n t r o d u c t i o n  o f  th e  ' a c y l o i n 1' 
1 , 2 , 3 ,

c o n d e n s a t i o n  i n  1947  b y  P r e l o g  and i n d e p e n d e n t l y  b y

S t o l l ,  e f f e c t i v e l y  p r o v id e d  a s y n t h e t i c  r o u t e  t o  s im p le

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

t h i s  a r e a .  However i n  r e c e n t  y e a r s ,  th e  g r e a t e s t  s i n g l e

f a c t o r  c o n t r i b u t i n g  to  th e  i n c r e a s i n g  i n t e r e s t  i n  medum

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

c o n t a i n i n g  ca rb o n  r i n g s  o f  n i n e ,  t e n  and e l e v e n  members

i n  common p l a n t  c o n s t i t u e n t s *  P r i o r  to  t h i s  th e

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

o n l y  i n  th e  m a c r o e y e l i e  f r a g r a n t  k e t o n e s  and t h e s e ,

m o r e o v e r ,  w ere th e  p r o d u c t s  o f  a n im a l  m eta b o lism *
4

Sorm p ro d u ce d  t h e  f i r s t  p r o o f  i n  1949  o f  th e  

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

th e  c o u r s e  o f  s t u d i e s  i n  c a r y o p h y l l e n e ,  ( 1 ) .  o i n c e  th e n  

o t h e r  s e s q u i t e r p e n e s  i s o l a t e d  h a v e  b e e n  shown to  c o n t a i n  

s i m i l a r  r i n g  s y s t e m s ,  n o t a b l y  hum ulene ( 2 ) ,  zerum bone ( 3 ) ,  

g e rm a cro n e  ( .4 ) ,  and b e t u l e n o l s  ( 5 a )  and (5 b )  and t h e  

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

t y p e  ( 6 ) .
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The g r e a t  e a s e  w ith  w hich  u n s a t u r a t e d  d e r i v a t i v e s  o f  

g erm a cro n e  ( 7 )  un dergo  s t e r e o s p e c i f i c  t r a n s a n n u la r  

c y c l i s a t i o n ,  m ost  g e n e r a l l y  to  compounds o f  th e  s e l i n a n e  

( o )  s x e l e t o n  -  t h a t  i s  i n  th e  c a s e  o f  th e  l a c t o n e s  i n t o  

r e l a t i v e s  o f  s a n t o n in  (9 )  -  s u g g e s t s  a b i o g e n e t i c  

s i g n i f i c a n c e  o f  su ch  r e a c t i o n s .  I t  a p p e a r s  l i k e l y  t h a t  

t h e  c y c l o d e c a n e  ty p e  l a c t o n e s  a r e  t h e  p r im a r y  p r o d u c t s  o f  

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

( 1 0 )  s e r i e s  a r e  form ed from  th e  s e c o n d a r y  p r o c e s s e s  

a n a lo g o u s  to  th e  s t e r e o s p e c i f i c  t r a n s a n n u la r  r e a c t i o n s .

A f u r t h e r  p o i n t e r  i n  t h e  same d i r e c t i o n  i s  t h e  f r e q u e n t  

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

C o m p o s i t a e  i n  w h ic h  s a n t o n i n  d e r i v a t i v e s  commonly o c c u r *  

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

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

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

m o re  l i g h t  on t h e  s i t u a t i o n .

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

d i s c u s s e d  b y  H en d r ick so n ^  i n  a p a p er  c o n s i d e r i n g  th e  

b i o g e n e s i s  o f  s e s q u i t e r p e u e s .  He h a s  p o s t u l a t e d  s e v e r a l  

t e n  and e l e v e n  membered r i n g  i n t e r m e d i a t e s ,  t h e  c o n f ir m 

a t i o n  o f  w h ich  w ould  d i r e c t  b o t h  t h e  s t r u c t u r e  and 

s t e r e o c h e m i s t r y  o f  th e  s e s q u i t e r p e n e s  form ed  from  them b y  

f u r t h e r  r e a c t i o n s .  schem e 1 o u t l i n e s  t h e  two m ain p a t h 
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w ays from  w hich  m ost  o f  th e  b i c y c l i c  and l a r g e  r i n g  

m o n o c y c l i c  s e s q u i t e r p e n e s  can  b e  e n v i s a g e d  to  a r i s e .  T h is  

schem e i s  n o t  c o m p le te  and o m it s  i n t e r m e d i a t e s  i n v o l v e d  i n  

t h e  6 -  r i n g  m o n o c y c l i c  and c a r o t a n e  s e r i e s  o f  segu ifasrp en es .  

The c a t i o n s  ( 1 5 ) ,  ( I S ) ,  ( 1 7 )  and ( 1 8 )  a r e  fo rm ed  v i a  t h e  

n o n - c l a s s i c a l  i n t e r m e d i a t e s  ( 1 3 )  and ( 1 4 )  b y  i o n i s a t i o n  o f  

t h e  a l l y l i e  p y r o p h o sp h a te  g r o u p in g  and p a r t i c i p a t i o n  o f  th e  

t e r m i n a l  d o u b le  b o n d x tf  c i s -  and t r a n s - f a r n e s o l ,  ( 1 1 )  and  

(,12) r e s p e c t i v e l y ,  l e a d i n g  t o  c y c l i s a t i o n *

m cam ples o f  th e  s e s q u i t e r p e n e s ,  w h ich  ca n  b e  

s a t i s f a c t o r i l y  c l a s s i f i e d  a s  a r i s i n g  from  one o f  t h e s e  

c a t i o n i c  medium r i n g s ,  a re  l i s t e d  b e low *  T h is  i s  i n  no  

way a c o m p le te  l i s t *

a) C a r y o p h y l le n e  ( l ) , <*- and (3 -  b e t u l e n o l  (5 a )  and  

( 5 b )  and h im a c h e le n e  ( 1 9 a )  and ( 1 9 b ) ,  l o n g i f o l e n e  ( 2 0 ) , . * *  

e t c . ,  c o u ld  a l l  a r i s e  th r o u g h  ( 1 5 ) .

b )  lu u u r o le n e s  ( 2 1 ) ,  c o p a e n e  ( 2 2 ) ,  m u sk a to n e  ( 2 3 )  

and h e l m i n t h o s p o r a l  ( 2 4 )  a l l  from  ( 1 6 ) .

c )  P r o b a b ly  t h e  l a r g e s t  grou p  a r e  form ed  v i a  t h e  

c a t i o n  ( 1 7 )  and i n c l u d e  g erm acron e  ( 4 ) ,  l i n d e r a n e  ( 2 5 ) ,  

C o s t u n o l i d e  ( 2 6 ) ,  p a r t h e n o l i d e  ( 2 7 ) ,  p y r e t h r o s i n  ( 2 8 ) ,  

a i c t i o p i c r i n  ( 2 9 ) ,  s c a b i o l i d e  ( 3 0 )  and g u a ia n e  (3 1 )

s  e  s q u i t  e r p e n e s ♦
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d) Kumulene ( 2 )  h as  b e e n  p o s t u l a t e d  t o  a r i s e  from  

t h e  t r a n s - f a r n e s y l  c a t i o n  ( 1 8 )  •

A lth o u g h  th e  f o r e g o i n g  i d e a s  r e g a r d in g  th e  

b i o g e n e s i s  o f  s e s q u i t e r p e n e s  a r e  u s e f u l  i n  a p p ly in g  some 

o r d e r  to  t h i s  c l a s s  o f  com pounds, i t  m ust b e  rem embered  

t h a t  i n  n a t u r e  th e  en zym ic  sy s te m  b r i n g i n g  a b o u t  th e  

c o n v e r s i o n  o f  th e  p y r o p h o sp h a te  p r e c u r s o r  t o  t h e  

s e s q u i t e r p e n e ,  would do so  i n  a f u l l y  c o n c e r t e d  manner 

and no s t r u c t u r e s  w i t h  f u l l  fo r m a l  c h a r g e s  c o u ld  b e  t o l e r a t e d *  

The i n t e r e s t i n g  p o i n t  w h ich  em erges  from  t h i s  t r e a t m e n t  i s  

t h e  fa c f t  t h a t  medium s i z e d  r i n g s  would a p p ea r  t o  p l a y  a 

m ajor  r o l e  i n  t h e  b i o g e n e s i s  o f  s m a l l e r  r i n g s  i n  t h e  

s e s q u i t e r p e n e  f i e l d *

A p a r t  f r o m  t h e i r  o c c u r r e n c e  i n  n a t u r e ,  medium 

s i z e d  r i n g s  h a v e  e x c i t e d  much i n t e r e s t  i n  t h e i r  own r i g h t .

As a c l a s s ,  t h e y  b e h a v e  a b n o rm a lly  i n  c h e m ic a l  r e a c t i o n s  

and a r e  d i f f i c u l t  to  p r e p a r e .  The e x i s t e n c e  o f  s t e r i c  

i n t e r f e r e n c e  b e tw e e n  n o n - a d j a c e n t  atom s i n  medium r i n g s  i s  

a d i r e c t  r e s u l t  o f  t h e  g e o m e tr y  o f  t h e s e  s y s t e m s .  Brown^  

term ed  t h i s  I - s t r a i n  and from  i t  one can  e x p l a i n  many o f  

t h e  l e s s  e x p e c t e d  c h e m ic a l  c h a r a c t e r i s t i c s  o f  t h e s e  s y s t e m s .  

I - s t r a i n  ca n  b e  r e l i e v e d  i n  a medium r i n g  b y  i n c r e a s i n g  

t h e  C-C-C a n g l e s  o f  t h e  r i n g .  A d r i v i n g  f o r c e  i s  th u s  

p r o d u c e d  f o r  t e t r a h e d r a l  c e n t r e s  to  c o n v e r t  r e a d i l y  to
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t r i g o n a l  o n e s  i f  g i v e n  th e  o p p o r t u n i t y *  The en h a n ced  

r a t e s  o f  s o l v o l y s i s  o f  c y c l o d e c y l  bromifes and t o s y l a t e s  and  

t h e  d i s s o c i a t i o n  o f  c y c lo a l k a n o n e  c y a n o h y d r in s  h e a r  o u t  

t h i s  p o i n t .  The r e v e r s e  c a s e  o f  an bp2 c e n t r e  c h a n g in g  

t o  an 3 p 3 on e  i s  c o n s e q u e n t ly  an u n f a v o u r a b le  p r o c e s s ,  an 

e f f e c t  w h ich  i s  e x e m p l i f i e d  i n  t h e  l a c k  o f  r e a c t i v i t y  o f  

c y c lo d e c a n o n e  t o  k e t o n i c  r e a g e n t s .

The l a c x  o f  a u n ifo r m  in t e r d e p e n d e n c e  o f  p h y s i c a l  

and c h e m ic a l  p r o p e r t i e s  w i t h  r i n g  s i z e  h a s  p r o v id e d  a 

f o r m id a b le  c h a l l e n g e  to  bot£r p h y s i c a l  and o r g a n ic  c h e m i s t s .
Q

X -r a y  a n a l y s i s  t e c h n i q u e s  h ave  b e e n  a p p l i e d  b y  D u n i t z  and  

h i s  c o - w o r k e r s ,  i n  an a t t e m p t  to  e l u c i d a t e  t h e  con form 

a t i o n s  o f  th e  9 - ,  1 0 -  and 1 2 -  membered c y c l o a l k a n o n e s .  

A lt h o u g h  t h e  p o s i t i o n  o f  th e  h y d ro g e n  atom s h a v e  n o t  b e e n  

d e te r m in e d  a c c u r a t e l y ,  c a l c u l a t i o n s ,  b a s e d  on r e a s o n a b l e  

a s s u m p t i o n s ,  show t h a t  t r a n s a n n u la r  s t r a i n  i s  a v e r y  r e a l  

e f f e c t  i n  th e  9 -  and 1 0 -  membered a n a l o g u e s .  The 

c o n f o r m a t io n s  o b t a i n e d  b y  D u n itz  f o r  t h e s e  r i n g s  i n d i c a t e  

a b a l a n c e  b e tw e e n  I -  and n a e y e r  s t r a i n  w i t h  e f f e c t i v e l y  

no P i t z e r  s t r a i n  i n  th e  1 0 -  r i n g  b u t  some i n  t h e  9 -  r i n g ,  

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

C-G-C a n g l e s  a v e r a g e  o u t  a t  1 1 7 °  i n  b o t h y > - a n d  1 0 -  r i n g s
do

w h erea s  a s t r u c t u r a l  a n a l y s i s  o f  c y c lo d e c a n o n e  shov/ed t h e
A

a v e r a g e  C-C-C a n g l e s  to  b e  1 1 2 °  • T h is  i s  a cco m p a n ie d ,
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i n  th e  l a t t e r  s y s t e m ,  by  t h e  r e d u c t i o n  o f  b o t h  P i t z e r  and

t r a n s a n n u la r  s t r a i n s .

A d i r e c t  r esu lt  o f  th e  i n c r e a s e d  s t r a i n  i n

medium s i z e d  r i n g s  i s  i l l u s t r a t e d  b y  t h e  g r a p h ,  f i g u r e  1 9

w h ic h  show s th e  r i n g  s i z e  p l o t t e d  a g a i n s t  th e  e x c e s s  e n e r g y

o f  t h e  cycloa ljtcane  o v e r  an i n f i n i t e  p o ly m e t h y le n e  c h a i n .

Much o f  t i ie  c h e m is t r y  o f  medium r i n g s  i s  g o v e r n e d

b y  t h e i r  c o n f o r m a t io n  w h ic h ,  a s  has  b e e n  i n d i c a t e d ,  o f t e n

h o l d s  o p p o s i t e  s i d e s  o f  t h e  r i n g  i n  c l o s e  p r o x i m i t y  to  ea ch

o t h e r .  T h is  p r o x i m i t y  e f f e c t  and t h e  accom p an yin g

t r a n s a n n u la r  r e a c t i o n s  h a v e  b e e n  a d e q u a t e ly  r e v ie w e d

r e c e n t l y  b y  Cope, M a r t in  and M cKervey 1 0 ♦ The r e a c t i o n s

p r o c e e d  th ro u g h  a v a r i e t y  o f  i n t e r m e d i a t e s  su c h  as  
carbon* uw\

i o n s ,  c a r b e n e s ,  f r e e  r a d i c a l s  o r  a c o m b in a t io n  o f

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

p r o d e s s  i n  a medium r i n g ,  a s  h a s  a l r e a d y  b e e n  d i s c u s s e d
p 3w i t h  r e s p e c t  to  Sp and Sp h y b r i d i s e d  c e n t r e s ,  and  

p r o b a b ly  t h e  m a j o r i t y  o f  t r a n s a n n u l a r ' r e a c t i o n s  r e s u l t  

th r o u g h  an i n t e r m e d i a t e  o f  t h i s  t y p e .  F or t h i s  r e a s o n  

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

many o f  t h e  e x a m p le s .

The r e a c t i o n  o f  1 -  m e t h y lc y c lo d e c a n e  -  1 , 6  -
11d i o l  ( 3 2 ) ,  d e u t e r a t e d  a t  Cg*. w i t h  p h o s p h o r ic  a c i d  , 

d e m o n s t r a t e s  a 1 , 6  -  h y d r id e  s h i f t .  The r e s u l t i n g
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p r o d u c t  was 6— m e t h y lc y c lo d e c a n o n e  c o n t a i n i n g  o n l y  one  

d e u te r iu m  atom p e r  m o le c u le *  a l t h o u g h  e v id e n c e  h a s  

b e e n  fo r w a r d e d  f o r  1 , 5  -  h y d r id e  s h i f t s  i n  

c y c l o d e c a n e  r i n g s ,  i n  t h i s  c a s e  an e x c l u s i v e l y  1 , 6  -  

s h i f t  v/as o b se rv e d *  The r e a c t i o n  pathw ay i s  shown i n  

dcherne 2 *

The s o l v o l y s i s  o f  th e  l o n g i f o l e n e  d e r i v a t i v e

( 3 3 )  p r o v i d e s  an exam p le  o f  a 1 , 5  -  h y d r id e  s h i f t  a c r o s s

a 9 -  membered r i n g ‘d » (Schem e 3 ) .  T r a n sa n n u la r  h y d ro g e n

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

i n  t h e  c a s e  o f  th e  f o r m a t i o n  o f  th e  b i c y c l i c  a l c o h o l  b y
*L 3

i r r a d i a t i o n  o f  (3 4 )  • Prom j u s t  t h e s e  fe w  ex a m p le s

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

medium r i n g s  i s  an a r e a  o f  c o n s i d e r a b l e  p o t e n t i a l  f o r

b o t h  p h y s i c a l  and o r g a n i c  c h e m is t .

R u z ic k a  and c o - w o r k e r s ^  p r e p a r e d  t h e  many

membered r i n g  x e t o n e s ,  v/hich t h e y  u s e d  a s  s t a r t i n g

m a t e r i a l s  f o r  o t h e r  compounds o f  t h i s  g r o u p ,b y  th e

p y r o l y s i s  i n  v a cu o  o f  th e  th o r iu m , y t t r iu m  o r  cer iu m

s a l t s  o f  a l i p h a t i c  a ,iH - d i c a r b o x y l i c  a c id s *  h o w ev er

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

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

c a r b o c y c l e s  o f  g r e a t e r  th a n  9 -  m em bers, i n  m o st  c a s e s

b e i n g  o n ly  a f r a c t i o n  o f  a p e r c e n t .  A grap h  o f  y i e l d
15p l o t t e d  a g a i n s t  r i n g  s i z e  i s  shown i n  F in u r e  p. •
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The i n t r o d u c t i o n  o f  th e  d i l u t i o n  p r i n c i p l e  

b y  Z i e g l e r  and c o - w o r k e r s ^  i n  1933  im p roved  t h e  y i e l d s  

o f  m a c r o c y c le s  o f  1 4 -  membered s i z e  and g r e a t e r  b u t  d id  

l i t t l e  t o  i n c r e a s e  th e  y i e l d s  o f  medium s i z e d  r i n g s  

c o n t a i n i n g  8 t o  12  ca rb o n  atoms* The b a s i c  s t e p s  

i n v o l v e d  i n  Z i e g l e r ’ s  m ethod a r e  o u t l i n e d  i n  Scheme 4 .

O th er  m eth od s  f o r  s y n t h e s i s i n g  r i n g s  o f  

g r e a t e r  th a n  medium s i z e  and u s i n g  h ig h  d i l u t i o n  

t e c h n i q u e s  i n c l u d e  th e  im p roved  Dieckmann r e a c t i o n  

(L e o n a r d  1 9 5 9 )  e m p lo y in g  p o t a s s iu m  t e r t i a r y  b u t o x i d e  

on t h e  a ,u j— l o n g  c h a in  d i e s t e r  ( 3 6 )  and th e  r o u t e  

d e v i s e d  b y  B lo r n q u is t  (1 9 4 8 )  f o r  k e t e n e  c y c l i s a t i o n  

( s e e  Scheme 5 )*

No s a t i s f a c t o r y  r o u t e  to  medium r i n g s  was

a v a i l a b l e  u n t i l  th e  i n t r o d u c t i o n  o f  th e  v e r y
1 2  3a d v a n ta g e o u s  a c y l o i n  s y n t h e s i s  9 9 9 w h ich  a l l o w s

t h e  p r e p a r a t i o n ,  i n  v e r y  g o o d  y i e l d s  o f  r i n g  compounds 

h a v i n g  more th a n  e i g h t  members. T h is  s y n t h e s i s  l e a d s  

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

a s im p le  way w i t h o u t  u s i n g  g r e a t  d i l u t i o n s ,  t o  

m a c r o c y c l i c  a c y l o i n s ,  w hich  ca n  b e  e a s i l y  c o n v e r t e d  

i n t o  v a r i o u s  o t h e r  com pounds. The r e a c t i o n  i s  

r e c o r d e d  i n  Scheme 6 and th e  y i e l d s  i n  F ig u r e  2 .  The  

d i s a d v a n t a g e  o f  t h e  a c y l o i n  c o n d e n s a t i o n  i s  t h a t  when
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u n s a t u r a t e d  and s u b s t i t u t e d  medium r i n g s  a r e  r e q u ir e d *  

t h e  s y n t h e s i s  o f  t h e  i n i t i a l  lo n g  c h a in  d i e s t e r  to  

i n c o r p o r a t e  t h e s e  f e a t u r e s  or  s u b s t i t u e n t s  w hich  w i l l  

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

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

o t h e r  s y n t h e t i c  p a th w ays  b e  d e v e lo p e d  to  c o p e  w ith  more 

c o m p l i c a t e d  medium r i n g s .

A v e r y  e l e g a n t  d e m o n s t r a t io n  o f  t h e  s y n t h e s i s  

o f  a n i n e  membered r i n g  i s  fo u n d  i n  C o r e y ’ s  r e c e n t  t o t a l  

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

t h e  d e s i r e d  b i c y c l o - ( 7 : 2 : 0 ) - u n d e c a n e  s k e l e t o n  o f  

c a r y o p h y l l e n e  p o s e d  t h e  a l t e r n a t i v e s  : ( 1 )  d i r e c t  c l o s u r e  

o f  a n i n e  membered r i n g  from  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  

c y c lo b u t a n o n e  and ( 2 )  c o n v e r s i o n  o f  a c y c lo b u t a n e  d e r i v a t i v e  

t o  a t r i c y c l i c  s t r u c t u r e  o f  such  a n a t u r e  a s  t o  a l l o w  

g e n e r a t i o n  o f  t h e  9 -  membered r i n g  from two s m a l l e r  r i n g s  

b y  b r i d g e  s c i s s o n .  The d i f f i c u l t y  o f  s e l e c t i v e l y  

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

f o r m a t i o n  o f  t h e  9 -  r i n g  i n  ( l )  l e d  C orey  t o  r e j e c t  t h i s  

m eth od  and c o n c e n t r a t e  on m ethod  ( 2 ) .  The e s s e n c e  o f  t h e  

s y n t h e s i s  i s  shown i n  a f l o w  s h e e t  (Schem e 7 )  a n d , as  can  

b e  s e e n ,  t h e  9 -  r i n g  i s  fo rm ed  b y  t h e  i n t e r n a l  e l i m i n a t i o n  

o f  a t o l u e n e s u l p h o n a t e  g r o u p in g  i n  a ( 4 ; 3 : 0 ) - b i c y c l i c  

sy s te m *
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The b a s i s  o f  t h i s  e l i m i n a t i o n  was r e p o r t e d
19

p r e v i o u s l y  b y  Wharton i n  w hich  h e  d e s c r i b e s  t h e

sm ooth  e l i m i n a t i o n  i n  t h e  m o n o m esy la te  ( 3 7 )  w ith

c o n c o m it a n t  f o r m a t i o n  o f  t h e  c y c lo d e c a n e  ( 3 8 ) .  ^

s i m i l a r  ty p e  o f  e l i m i n a t i o n  r e a c t i o n  l e a d i n g  to  8 -  and
189 -  membered a l i c y c l e s  was p u b l i s h e d  r e c e n t l y  and  

i n v o l v e s  t h e  s c i s s o n  o f  th e  b r i d g e  i n  a ( 3 : 3 : 1 ) -  and 

( 4 : 3 : 1 ) -  b i c y c l i c  sy s te m  t o  g i v e  8 -  and 9 -  r i n g s  

r e s p e c t i v e l y .  The p a r a - t o l u e n e s u l p h o n a t e s  ( 3 9 )  and  

( 4 0 )  on t r e a t m e n t  w ith  sodium  e t h o x i d e  y i e l d i n g  ( 4 1 )  

and ( 4 2 ) .

F o l lo w in g  on t h i s  was M a r s h a l l ’ s 20 s y n t h e s i s  

o f  a c y c lo d e c e n e  from  c y c l o o c  t  a n o n e  v i a  a ( 5 : 3 : 1 ) -  

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

r e a c t i o n  ( s e e  Scheme 8 ) .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  i t  was 

e n v i s a g e d  t h a t  b r i d g e  b i c y c l i c  m o l e c u l e s  o f  ty p e  ( 4 3 )  

o r  t r i c y c l i c  s t r u c t u r e s  o f  t y p e  ( 4 4 )  w ould  p r o v e  t o  b e  

s u i t a b l e  i n t e r m e d i a t e s  i n  s y n t h e t i c  r o u t e s  t o  1 0 -  

membered r in g s *
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D I S C U S S I O N .

PART I .

I n  r e c e n t  y e a r s ,  i n  t h i s  d ep a rtm en t and
'Z A

e l s e w h e r e  * * 9 s y n t h e t i c  r o u t e s  to  medium r i n g s  v i a  

T > lc y c l i c  p r e c u r s o r s  h a v e  b e e n  i n v e s t i g a t e d *  A p p l i c a t i o n  

o f  t h e s e  m eth od s  to  th e  s y n t h e s i s  o f  t e n  membered and 

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

o f  s u i t a b l e  b i c y c l i c  compounds* However t h e  u s e  o f  a 

d o u b ly  b r i d g e d  ca rb o n  s k e l e t o n  o f  g e n e r a l  ty p e  ( l ) ,  w h ich  

c o u ld  b e  c l e a v e d  i n  such a way ( 2 )  t o  g i v e  a l a r g e  r i n g ,  

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

r in g s *  R e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  from  w hich  

su ch  a b r i d g e d  sy s te m  c o u ld  be  s y n t h e s i s e d  w ere s o u g h t  

and two d i f f e r e n t  m eth ods seem ed f e a s i b l e :  e i t h e r  to

b u i l d  two s e p a r a t e  t h r e e  carb on  b r i d g e s  on t o  a d o u b ly  

f u n c t i o n a l  m o n o c y c le  ( 3 ) ,  or a s i n g l e  t h r e e  ca rb o n  b r i d g e  

on t o  a m o n o - fu n c t io n a l  b i c y c l e  ( 4 ) .  B o th  t h e s e  a p p ro a c h e s  

w ere  i n v e s t i g a t e d *

The two compounds c h o s e n  a s  s t a r t i n g  m a t e r i a l s  

f o r  t h e  f i r s t  m ethod w ere 5 , 5 - d i m e t h y l c y c l o h e x a n e - l , 3 - d i o n e  

( 5 ) ,  d im ed o n e , and d i e t h y l s u c c i n y l s u c c i n a t e  ( 6 ) .

a l t h o u g h  th e  e n v i s a g e d  t r i c y c l i c  s y s te m  ( 7 ) ,  

c o n s t r u c t e d  from  d im ed o n e , a p p e a r s  c o m p a r a t iv e ly  r i g i d  and
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f a i r l y  s t r a i n e d *  a s t u d y  o f  s t e r e o m o d e l s  ( 8 )  n e v e r t h e 

l e s s  i n d i c a t e d  t h a t  i t  s h o u ld  b e  c a p a b le  o f  an in d e p e n d e n t  

e x i s t e n c e .

The c o n d e n s a t io n  o f  th e  Mannich b a s e  (9 )  o f

a c e t o p h e n o n e  and dim edone y i e l d e d  a m ix tu r e  o f  p r o d u c t s

( 1 0 )  and ( 1 1 )  o f  w hich o n l y  t h e  form er was a l k a l i

s o l u b l e .  T h ese  compounds were r e a d i l y  i d e n t i f i e d  b y

m eans o f  t h e i r  i n f r a - r e d  s p e c t r a ,  w hich  showed r e s p e c t -
- 1  CCIai v e l y ,  a b o n d ed  h y d r o x y l  a t  3200 cm. w ith  v 00 1670

and 1 6 2 2  cm. and i n  th e  n o n - e n o l i s a b l e  p r o d u c t  no 

h y d r o x y l  a b s o r p t i o n  b u t  1728 and 1694 cm.

I t w a s h o p e d  t o  c y c l i s e  (1 0 )  and (1 1 )  t o  th e  b i -  and  

t r i c y c l i c  compounds (1 2 )  and ( 1 3 ) .

I n  t h e  p r e p a r a t i o n  o f  (1 2 )  i t  w ou ld  seem

t h a t  t h e  r e a d y  e n o l i s a t i o n  o f  t h e  p - d i k e t o n e  ( 1 0 )  w ould  

l e a d  t o  a r e a c t i o n  i n t e r m e d i a t e  ( 1 4 )  w hich c o n t r a v e n e s
5

B r e d t ' s  R u le  . D e s p i t e  t h i  b  an apparently  v a l i d  a n a lo g y  

e x i s t e d  i n  t h e  l i t e r a t u r e  , f o r  i t  c la im e d ,  a l b e i t  

w i t h o u t  ' r e a l 1 p r o o f ,  t h a t  t h e  a ld e h y d e  ( 1 5 )  i s  

c y c l i s e d  t o  (1 6 )  b y  m i ld  a c i d  t r e a t m e n t .  I t  i s  a l s o

known and c o r r o b o r a t e d  i n  t h e s e  l a b o r a t o r i e s ,  t h a t

( 1 7 )  i s  c y c l i s e d  to  ( 1 8 )  u n d er  v i g o r o u s  a c i d  t r e a t m e n t .

R e f l u x i n g  ( 1 0 )  i n  a m ix t u r e  o f  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  and a c e t i c  a c i d ,  h o w e v e r ,  was a lm o s t
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t o t a l l y  i n e f f e c t i v e .  70/o o f  (1 0 )  was r e t u r n e d  u n c h a n g e d  

t o g e t h e r  with 14/o o f  t h e  r e t r o - M i c h a e l  p r o d u c t ,  d i m e d o n e .  

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

f e w  p e r c e n t ,  a f t e r  d i s t i l l a t i o n  showed a b r o a d  p o o r l y  

r e s o l v e d  vCO b a n d  and  no v OH a b s o r p t i o n  i n  t h e  i n f r a - r e d .  

A l t h o u g h  t h i s  d a t a  i s  c o n s i s t e n t  w i t h  ( 1 2 )  i t  i s  n o t  

d e f i n i t i v e .  T h i s  r e s u l t  s u b s t a n t i a t e d  t h e  v i e w  t h a t  t h e  

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

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

I n  o r d e r  t o  p r o v e  t h i s  p o i n t  f u r t h e r  2 , 5 , 5 -  

t r i m e t h y l c y c l o h e x a n e - 1 , 3 - d i o n e  was c o n d e n s e d  w i t h  t h e  

M a n n i c h  b a s e  ( 9 )  t o  y i e l d  ( 1 9 )  t h e  c y c l i s a t i o n  o f  w h ic h  

w as  a t t e m p t e d  u n d e r  a c i d  c o n d i t i o n s .  I n  a d d i t i o n  t o  

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

was  c h e m i c a l l y  s e p a r a b l e  i n t o  an  a o i d  (47;b) an d  a n e u t r a l  

c o m p o n e n t  (7% ).
r nThe a c i d ,  C1 8 H2 4 O4  showed  v 1 7 5 3 , 1 7 0 9  an d

16 9 1  crn.” '1' i n  t h e  i n f r a - r e d  an d  i t s  n . m . r .  s p e c t r u m  

e x h i b i t e d  6  m e t h y l  p r o t o n s  a t  8 . 9 3  T ( s i n g l e t ,  gern- 

d i m e t h y l s )  and  3 a t  8 . 8 7  t  ( d o u b l e t ) .  M e t h y l e n e  p r o t o n s  

a p p e a r e d  a t  7 . 2  T ( q u a r t e t  -CHg-COCgHg) a n d  a t  7 - 4 8  an d  

7 . 4 1 t  ( s i n g l e t s ,  -CHg-CO- an d  -CHg-CO^H r e s p e c t i v e l y ) .

T h e s e  f a c t s  a r e  m o s t  p l a u s i b l y  e x p l a i n e d  b y  s t r u c t u r e  (20)* ,
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w h ic h  w ould  a r i s e  b y  c l e a v a g e  o f  t h e p  - d i k e t o n e  sy s te m  as  

i n  ( 2 1 ) ,  i . e .  b e f o r e  c y c l i s a t i o n  to  a b i c y c l i c  m odel (2 2 )  

had o c c u r r e d .  D e s t r u c t i o n  o f  th e  d io n e  s y s te m  a f t e r  

c l o s u r e  to  ( 2 2 )  w ould have  l e d  to  (2 3 )  o r ,  l e s s  l i k e l y ,  

to  ( 2 4 ) ,  n e i t h e r  o f  w hich  a g r e e  w ith  a l l  t h e  p h y s i c a l  d a t a .

The n e u t r a l  com ponent, C ig H g o ^  6 ave  n . m . r .  d a t a  

c o m p a t ib l e  w i t h  s t r u c t u r e  ( 2 2 ) ,  i . e .  one v i n y l  p r o to n  a s  

a t r i p l e t  ( 3 . 9 3  t , J  = 3 . 6  c p s . ) and t h r e e  u n s p l i t  m e th y l  

s i g n a l s  ( t h e  g e m -d im e th y l  p r o t o n s  b e i n g  i n  n o n - e q u i v a l e n t  

c h e m ic a l  e n v ir o n m e n ts  i n  t h i s  s t r u c t u r e ) .  The i n f r a - r e d  

sp e c tru m  was u n u s u a l  i n  show ing  a s p l i t  c a r b o n y l  a b s o r p t i o n ,  

t h e  two p e a k s  b e i n g  s e p a r a t e d  b y  some 30 cm."’^. T h is  

s p l i t  c a r b o n y l  band i s ,  h o w e v e r ,  a c h a r a c t e r i s t i c  o f  n o n -  

e n o l i s a b l e  p - d i x e t o n e s  and i s  d i s c u s s e d  i n  more d e t a i l  i n  

th e  A p p e n d ix .  The low  y i e l d  o f  (2 2 )  from  th e  r e a c t i o n  

i n d i c a t e s  t h a t  th e  p - d i k e t o n e  sy s te m  i s  t o o  f r a g i l e  u n d er  

th e  c o n d i t i o n s  u s e d .

A c c o r d i n g l y ,  t h e r e  was l i t t l e  hope o f  c a r r y in g  

o u t  th e  r i n g  c l o s u r e  (1 1 )  to  ( 1 3 )  o r i g i n a l l y  p la n n e d .  An 

a t t e m p t e d  c y c l i s a t i o n  o f  (1 1 )  g a v e  a m ix t u r e  from  w hich  

no n e u t r a l  p r o d u c t  c o u ld  b e  i s o l a t e d .

A d i f f e r e n t  m ethod o f  ey e  U s i n g  a 3 - c a r b o n  s i d e  

c h a i n  h ad  t o  b e  c o n s i d e r e d  i f  d im edone was to  p r o v e  a 

s u i t a b l e  s t a r t i n g  m a t e r i a l  f o r  t h e  t r i c y c l i c  m o d e l .  The
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e s s e n c e  o f  t h i s  i s  shown i n  th e  Scheme ( l )  , (25 ) .+  (26)-+

( 2 7 ) .  ( 2 8 )  or  ( 2 9 ) ;  th e  b i s - e n o l  l a c t o n e  (2 7 )  to  b e
- 4 ’c o n v e r t e d  to  e i t h e r  ( 2 9 ) ,  b y  th e  k u j im o to  r e a c t i o n  u s i n g

m e t h y l  magnesium b r o m id e 8 , or to  ( 2 8 )  b y  a com p lex  h y d r id e

9r e d u c t i o n  •

The d i e s t e r  (2 5 )  was s y n t h e s i s e d  b y  a m o d i f i e d  

m eth od  due t o  N a z a r o v ^  i n  67/0 y i e l d .  D i s u b s t i t u t i o n  was 

e s t a b l i s h e d  onQg^from th e  u l t r a - v i o l e t  sp e e tru m ,\m ^ f^  2 2 1 m|i 

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

f r e q u e n c y  i n  th e  i n f r a - r e d  ( s e e  T a b le  7 . ) .  The e q u i v a l e n t  

m e t h y l s  o f  th e  g e m -d im e th y l  grou p  ap p ea red  i n  th e  n . m . r .  

a t  8 . 9  T a s  a s i n g l e t ,  th e  e s t e r  m e th y ls  a t  6 . 3 9  T (6H, 

s i n g l e t )  and t h e  m e th y le n e s  o f  th e  s i x  ca rb o n  r i n g  a r e  

u n s p l i t  a t  7 .4 1  T (4 H ) .

A lth o u g h  s e v e r a l  m eth ods o f  h y d r o l y s i n g  (2 5 )  

t o  ( 2 6 )  w ere a t t e m p te d  none was s u c c e s s f u l .

h t h a n o l i c  p o t a s s iu m  h y d r o x id e  f u r n i s h e d  a 60 % 

y i e l d  o f  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 ,  w hich

show ed o n ly  a s i n g l e  m e th y l  o f  a m e th y l  e s t e r  a t  6 . 2 6  t  

(3H , s i n g l e t )  i n  th e  n .m .r .  The c a r b o n y l  a b s o r p t i o n  

b a n d  i n  th e  i n f r a - r e d  was vSB 4 1 7 5 1 ,1 7 1 0  and 1623 cm .~^

a s  e x p e c t e d  f o r  s t r u c t u r e  ( 3 0 a ) .  The 1623 cm.  ̂

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

d o u b le  b o n d  s t r e t c h i n g  modes o f  t h e  d im e r ic  e n o l  ( 3 1 ) .
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B o th  th e  m ass sp e c tru m , w ith  a p a r e n t  i o n  m /e 226 and

f r a g m e n t a t i o n  e v id e n c e  c o m p a t ib le  w ith  a mono—m e th y l

e s t e r ,  and th e  u l t r a  v i o l e t ,  A. max** 264 mjx , s u b s t a n t i a t e d

a s t r u c t u r e  a s s ig n m e n t  o f  (3 0 a )*

L ith iu m  i o d i d e  in  r e f l u x i n g  p y r i d i n e  t r e a t m e n t

o f  ( 2 5 )  y i e l d e d  no r e c o g n i s a b l e  p r o d u c t .  A c id  h y d r o l y s i s

o f  ( 2 5 ) ,  w i t h  e i t h e r  c o n c e n t r a t e d  o r  d i l u t e  h y d r o c h l o r i c

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

A sod ium  b ic a r b o n a t e  e x t r a c t  o f  t h e  r e a c t i o n  m ix tu r e

y i e l d e d  two a c i d s .  The m ost abundant a c i d ,  a f t e r
GC1d i s t i l l a t i o n ,  g a v e  an i n f r a - r e d  sp ectru m  w ith  Vqq 4  1 7 4 1  

( e  = 1 4 7 0 )  and 1715  ( e = 367) cm .- 1 . The l o s s  o f  th e  

t y p i c a l  2 , 2 - d i - s u b s t i t u t e d - l , 3 - d i k e t o n e  sy stem  i n d i c a t e d  

t h a t  t h e  l a t t e r  had b een  d e s t r o y e d  to  g i v e  ( 3 3 a ) .  The 

o t h e r  a c i d ,  C1 5 H2 2 O5 , c r y s t a l l i s e d  from  p e t r o l  a s  a 

c o l o u r l e s s  s o l i d .  The n .m .r .  sp ec tru m  showed t h a t  o n ly  

o n e  m e th y l  e s t e r  was p r e s e n t  6 . 3 1  T (3H -  s i n g l e t ) ,  a l s o  

t h e  a c i d i c  p r o t o n  o f  an a c id  a t  2 T (1H ) and th e  gem -  

d i m e t h y l  g r o u p in g  s p l i t  to  a d o u b l e t ,  9 .0 T  (6 H ) .  The 

s p l i t t i n g  o f  t h i s  l a s t  s i g n a l  was i n d i c a t i v e  o f  th e  non

e q u i v a l e n c e  o f  th e  m e th y l  g r o u p s  due to  c o n f o r m a t i o n a l

asym m etry . The s t r u c t u r e  o f  th e  a c i d  was f i n a l l y  c o n f ir m e d
CC1t o  b e  (3 2 )  b y  th e  i n f r a - r e d  s p e c tr u m , w hich  had Vqq 4  1753  

and  1713  cm."''1', a t t r i b u t a b l e  to  a c i d  monomer and d im er



- 18 -

r e s p e c t i v e l y ;  1724  cm. (g  = 7 7 0 ) ,  e s t e r ,  and 1730 cm. ^

( s = 5 0 0 )  and 1697 cm.  ̂ (g -  9 9 0 ) ,  th e  d o u b le t  from  a 

f u l l y  s u b s t i t u t e d  p - d i k e t o n e  s y s te m .

M e t h y la t io n  o f  b o th  (3 3 a )  and ( 3 2 )  w ith  

d ia z o m e th a n e  y i e l d e d  th e  two com ponents fo u n d  i n  th e  

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

c o r r e s p o n d e d  to  s t a r t i n g  m a t e r i a l  (2 5 )  and th e  o t h e r  to  

( 3 3 b ) .  The f o r m a t io n  o f  th e  l a t t e r  i n  th e  h y d r o l y s i s  was 

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

a c i d  b y  m e th a n o l  i n  a c id  s o l u t i o n .  P r o o f  o f  th e  s t r u c t u r e  

o f  (3 3 b )  was o b t a in e d  from  th e  n .m .r .  ( 6 . 3 8  t , 9H s i n g l e t :

m e t h y l  p r o t o n s  o f  th e  t h r e e  e s t e r s ;  8 . 9 5  T ,  6H, s i n g l e t :
C r i

gem d im e t h y l  p r o t o n s ) ,  from  th e  i n f r a - r e d  sp ectru m  ( v qq 4  

1741  cm.  ̂ (e  = 1 4 7 0 ) ,  1715  cm .~^ ( g =  3 6 7 )  ) and from  th e  

m i c r o - a n a l y s i s  (C^^Hg^O^)*

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

( 2 5 )  w ere d e te r m in e d  b y  g . l . c .  and fo u n d  to  b e  a s  f o l l o w s :  

15/0- ( 2 5 )  r e t u r n e d ,  2 C ^ - ( 3 2 ) ,  48^0- ( 3 3 a )  and 17/0- ( 3 3 b ) .

S i n c e  th e  h y d r o l y s i s  o f  (2 5 )  c o u ld  n o t  b e  a c h i e v e d  

b y  any o f  t h e  m ethuds a t t e m p t e d ,  an a l t e r n a t i v e  ap p roach  

to  t h e  t r i c y c l e  (2 8 )  b y  d i r e c t  c o n v e r s i o n  o f  th e  d i e s t e r  

( 2 5 )  to  (2 7 )  was i n v e s t i g a t e d .  The l a c t o n i s a t i n n  c f  ( 3 5 )  

t o  ( 3 6 )  u s i n g  b o r o n  t r i f l u o r i d e  i n  a c e t i c  a c i d  h a s  b e e n  

s t u d i e d  i n  t h e s e  l a b o r a t o r i e s  11 and fo u n d  to  p r o c e e d  i n
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o v e r  70^ y i e l d .  S i m i l a r  t r e a tm e n t  o f  ( 2 5 ) ,

h o w e v e r ,  d id  n o t  g i v e  th e  r e q u ir e d  b i s - e n o l  l a c t o n e  (2 7 )

o r  e v e n  t h e  m o n o - la c t o n e  ( 3 7 ) .  An a c i d i c  p r o d u c t ,

014Hl8O5> was i s o l a t e d  i n  65$ y i e l d  and f i n a l l y  f o r m u la t e d

as  ( 3 8 ) .  The m ost  p l a u s i b l e  mechanism f o r  i t s  f o r m a t io n

i s  shown i n  Scheme A> and i n v o l v e s  i n i t i a l  f i s s o n  o f  th e

P - d i k e t o n e  sy s te m  f o l l o w e d  b y  l a c t o n i s a t i o n  and r i n g

c l o s u r e .  U l t r a - v i o l e t  and i n f r a - r e d  s p e c t r a  s u p p o r te d
EtOHt h i s  s t r u c t u r e .  A v a l u e  o f  A max. 2 b2  m u . , ( e  = l . l  x  1 0 4 ) 

com pared f a v o u r a b ly  w i t h  t h a t  f o r  t h e  m od el s y s te m  ( 3 S ) ,

^max^ 255mi i ( e =  1 . 1 1  x  10^ ) S i m i l a r l y  i n  t h e  i . i*  t h e
c c i

sp ectru m  o f  (3 9 )  shows v max4  1 7 9 5 ,  1660 Gm.-  ̂ w h i l e  ( 3 8 )
n p q ___________________________________________________-j

h a s  v ^ - 4  17 9 9  cm. ( l a c t o n e ) ,  1673 cm. ( a  , p - u n s a t u r a t e d
H i C t A

c a r b o n y l )  and 1 7 5 9 ,  1712  cm. "S ( a c i d  monomer and d im e r ) .

An a l t e r n a t iv e  s t r u c t u r e  i s o m e r i c  w ith  ( 3 8 ) ,  

f o r m u la t e d  as  ( 4 0 )  and form ed as  i n  Scheme B , was a l s o  i n  

a g reem en t w ith  t h e  p h y s i c a l  d a t a .  Mass s p e c t r o s c o p y  was 

u s e d  t o  c o n f ir m  t h a t  t h e  p r o d u c t  was in d e e d  ( 3 8 ) .  A t  

f i r s t  s i g h t  t h e  sp ectru m  a p p ea red  t o  a g r e e  w i t h  b o t h  

s t r u c t u r e s  w ith  l o s s e s  o f  m /e  59 and m /e  6 0 ,  w hich  c o u ld  

b e  due to  r e a r r a n g e m e n ts  i n v o l v i n g  t h e  a c i d  g r o u p in g  

( ( 4 1 ) ,  R=H; (4 2 ) *  R=H ) .  However t h e  breakdow n M- 2 6 6  

t o  M -194 ( i . e .  l o s s  o f  th e  fr a g m e n t  m /e  7 2 )  i s  more  

r e a s o n a b l y  e x p l a i n e d  a s  a M c L a f f e r ty  -*-0 r e a r r a n g e m en t
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(S chem e G) o f  (,38) r a t h e r  th an  th e  somewhat u n l i k e l y  

c l e a v a g e  shown i n  ( 4 0 a ) ,  k=±i* I n  an a t t e m p t  to  s e t t l e  

t h i s  p o i n t  th e  m e th y l  e s t e r  o f  th e  a c i d  was p r e p a r e d  and 

s u b j e c t e d  t o  m ass s p e c t r o s c o p y .  The r e s u l t i n g  sp ectru m  

show ed a l o s s  o f  rn/e 86 frorn t h e  p a r e n t  Ivi-280. T h is  

c o r r e s p o n d s  to  th e  same r e a r r a n g e m e n t  a s  p o s t u l a t e d  i n  

Scheme C and c o u ld  n o t  o c cu r  i n  ( 4 0 )  due to  th e  l a c x  o f  a 

s u i t a b l e  h y d ro g e n  i n  a p o s i t i o n  n e c e s s a r y  f o r  t h i s  ’ t y p e  H* 

breakdow n. No r e a s o n a b l e  peak  f o r  rn/e 72  l o s s  c o r r e s p o n d 

i n g  to  th e  c l e a v a g e  ( 4 0 a ) ,  R=CHg, was fo u n d  b u t  l o s s  o f  m /c  

74  c o n s id e r e d  t o  b e  t h e  r e a r r a n g e m e n t  ( 4 1 ) ,  R=CHg was 

o b s e r v e d .

Two f u r t h e r  a t t e m p t s  t o  make ( 2 7 )  from  ( 2 5 )  

u s i n g  d i f f e r e n t  r e a g e n t s  w ere t r i e d .  The f i r s t  o f  t h e s e ,  

p o ly p h o s p h o r ic  a c i d ,  y i e l d e d  a m ix t u r e  o f  th e  l a c t o n e  ( 3 8 )  

and i t s  m e th y l  e s t e r .  A c e t i c  a n h y d r id e ,  on t h e  o t h e r  

h an d , g a v e  a q u a n t i t a t i v e  r e t u r n  o f  th e  b i s - v i n y l  e s t e r

( 4 3 )  and no d e t e c t a b l e  l a c t o n e  ( 2 7 ) .  The s t r u c t u r e  o f  

(4 -3 ) ,  CgoH2 8 ° 3  was e s t a b l i s h e d  from th e  f o l l o w i n g  p h y s i c a l  

d a t a .  I n  t h e  n .m .r .  t h e  p e a x s  o b s e r v e d  w ere 4 . 4 5  t  ,  2Ha, 

s i n g l e t ;  6 . 3 6  t ,  6Hb, s i n g l e t ;  7 . 8 5  t ,  6Hc s i n g l e t ;

8 . 8 0  T , 6Hd, s i n g l e t ;  7 . 6  T , 2fci, m u l t i p l e t  and 8 . 1 5  T ,

2H, m u l t i p l e t ,  and a s s i g n e d  a s  i n  ( 4 3 a ) .  The i n f r a - r e d
CCl —1 ishow ed v Cu 4  1 7 7 0  cm. ( v i n y l  e s t e r ) ,  1740 crn. ( e s t e r s )
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and t h e  u l t r a - v i o l e t ,  \ max 212 mp 0

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

( 2 5 )  was d i s a p p o i n t i n g  a s  i t  i s  known 12 t h a t  c o n v e r s i o n  

o f  2 - c a r h e t h o x y e t .1 ^ ,1 - 5 ,5 - d ir n e t h y lc y c lo h e x a n e - l ,  5 - d i o n e  to

( 5 9 )  p r o c e e d s  i n  go o d  y i e l d  u n d er  t h e  same c o n d i t i o n s .

A s t u d y  o f  a s te r e o r n o d e l  o f  t h e  b i s - e n o l  l a c t o n e  ( 2 7 )  

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

was f a i r l y  u n c t r a i n e d  and s h o u ld  h e  c a p a b le  o f  e x i s t e n c e .

PU.rther u s e  o f  d im edone a s  s t a r t i n g  m a t e r i a l  f o r

t h e  c o n s t r u c t i o n  o f  a t r i c y c l i c  m od el was d i s c o n t i n u e d  a t

t h i s  p o in t . ,  a s  d i r e c t  c y c l i s a t i o n  o f  th e  d i e s t e r  ( 2 5 )  had  

b e e n  u n a t t a i n a b l e  u n d er  any c o n d i t i o n s  u se d  o r  c o n s i d e r e d  

and t h e  p - d i k e t o n e  sy s te m  had p r o v e d  to o  s e n s i t i v e  t o  a 

w id e  v a r i e t y  o f  r e a g e n t s <>

A t t e n t i o n  was tu r n e d  to  d i e t h y l s u c c i n y l s u c c i n a t e  

( 6 )  a s  a s o u r c e  f o r  a s i m i l a r  t r i c y c l e  ( 4 4 ) .  The 

e n v i s a g e d  r o u t e  t o  ( 4 4 )  i n v o l v e d  t h e  c o n d e n s a t io n  o f  two  

m o le s  o f  a c r o l e i n  w ith  ( 6 )  t o  g i v e  ( 4 5 ) ,  s u b s e q u e n t  c l o s u r e  

to  (4 6 )  and d e h y d r a t io n  t o  g i v e  (4 4 ) *  I t  was r e a l i s e d  a t  

t h e  o u t s e t  t h a t  r i n g  c l o s u r e  o f  ( 4 5 )  c o u ld  w e l l  t a k e  p l a c e  

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

p r o c e e d in g  i n  t h e  d e s i r e d  way j u s t i f i e d  t h e  e x p e r im e n t .

D i e t h y l s u c c i n y l s u c c i n a t e  was p r e p a r e d  b y  a 

m o d i f i c a t i o n  o f  t h e  l i t e r a t u r e  p r e p a r a t i o n 1"̂ , and f u l l y
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c h a r a c t e r i s e d  b y  i n f r a - r e d ,  u l t r a - v i o l e t  and n .m .r *  

s p e c t r o s c o p y  ( s e e  e x p e r im e n t a l ) *

The p r e p a r a t i o n  o f  t h e  ( 3 : 3 : l ) - b i c y c l i c  s t r u c t u r e  

( 4 7 )  h a s  b e e n  a c c o m p l is h e d  b y  Cope 3 from c a r b o m e th o x y -  

c y c lo h e x a n o n e  and a c r o l e i n  u s i n g  sodium  m e th o x id e  a s  

c o n d e n s in g  a g e n t ;  t h e  i n t e r m e d i a t e  k e t o a ld e h y d e  b e i n g  

r i n g  c l o s e d  w i t h  h y d r o c h l o r i c  a c i d .  I n  a r e c e n t  p a p er  15  

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

a c r o l e i n  and 2 - e t h o x y c a r b o n y lc y c lo p e n t a n o n e  c o n d e n se  s m o o th ly  

t o  y i e l d  ( 4 8 )  w h ich  can  b e  c y c l i s e d  b y  a c id  t o  a m ix t u r e  o f  

b i c y c l i c  a l c o h o l s  ( 4 9 ) .  However t h i s  r i n g  c l o s u r e  c o u ld  

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

and in d e e d  t h e  o v e r a l l  p r e p a r a t i o n  o f  (4 9  ) c o u ld  b e  

c a r r i e d  o u t  i n  one o p e r a t io n .

D i e t h y l s u c c i n y l s u c c i n a t e  and a c r o l e i n  w ere  

s u b m it t e d  t o  s i m i l a r  c o n d i t i o n s  ( s t i r r i n g  f o r  s e v e r a l  d ays  

a t  room t e m p e r a t u r e ) .  The r e s u l t a n t  r e a c t i o n  o i l  was o f  

a f a i r l y  com p lex  n a t u r e .  The f i r s t  r e c o g n i s a b l e  p r o d u c t  

t o  b e  i s o l a t e d  from t h i s  o i l  was t h e  d i e t h y l - e s t e r  o f  

2 , 5 ~ d i h y d r o x y t e r p h t h a l i c  a c i d  ( 5 0 ) ,  a s  a h i g h l y  c r y s t a l l i n e  

y e l l o w  s o l i d .  The m ost  e f f e c t i v e  m ethod  o f  m i n i m i s i n g ,  

and on some o c c a s i o n s  c o m p le t e ly  i n h i b i t i n g ,  i t s  f o r m a t i o n  

was t o  c a r r y  o u t  t h e  r e a c t i o n  i n  an a tm o sp h ere  o f  n i t r o g e n .  

( S e e  e x p e r im e n t a l  f o r  p h y s i c a l  c h a r a c t e r i s t i c s ) .
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Two c o l o u r l e s s  c r y s t a l l i n e  p r o d u c t s  A and B were  

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

r e l a t i v e  am ounts o f  ea ch  a l t e r i n g  from  one ru n  t o  a n o t h e r  

i n  an i n e x p l i c a b l e  way.

P r o d u c t  A had a m o le c u la r  w e ig h t  o f  332 and  

a n a ly s e d  f o r  A m o le c u la r  s t r u c t u r e  o f  t h i s  ty p e

i n d i c a t e d  t h a t  i s  was form ed b y  l o s s  o f  two m o le s  o f  w a ter  

from a compound p r o d u ce d  b y  t h e  d i - a d d i t i o n  o f  a c r o l e i n  t o  

d i e t h y l s u c c i n y l s u c c i n a t e #  Of t h e  two p o s s i b l e  s t r u c t u r e s  

( 4 4 )  and ( 5 1 ) ,  t h e  i n f r a - r e d ,  u l t r a - v i o l e t  and n .m .r #  

s p e c t r a  e l i m i n a t e d  (4 4 )  and f a v o u r e d  ( 5 1 ) ;  v i z .

1751 cm.*"^ ( e s t e r ) ,  1720 om.  ̂ ( a h . ) ,  1705 cm.  ̂

( c o n j u g a t e d  c a r b o n y l )  and 1623 cm.~^ ( VC=C); 264 mu
i/JcLX

(8 1 7  ) ,  235 mu ( 4 9 6 0 )  and 205 mu ( 5 0 4 0 ) .  Although t h i s

d i s a g r e e s  w i t h  ( 4 4 )  i t  i s  a l s o  anom alous f o r  ( 5 1 ) .  The

e x p e c t e d  v a l u e  f o r  ( 5 1 ) ,  a s  c a l c u l a t e d  b y  Woodward1s  R u l e s ,

i s  a b o u t  2 4 1  mu and t h e  c l o s e s t  m od el s y s te m  w hich  c o u ld
iitOH

b e  fo u n d  ( 5 2 )  show s ^max ^40 ( 5 4 0 0 ) .  N o n - c o n f o r m it y

t o  'Woodward’ s  R u le s  f o r  en on e  s y s te m s  i n  s t r a i n e d  

e n v ir o n m e n ts  i s  n o t  unknown and an e x p l a n a t i o n  f o r  t h e  

anom aly  i n  t h e  p r e s e n t  c a s e  may l i e  i n  t h a t  d i r e c t i o n .

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

e q u i v a l e n t  v i n y l  p r o t o n s  ( 3 . 4 t  , t r i p l e t , J  = 2 . 5  c p s . ) ,  

a n d , a p a r t  from  t h e  e t h y l  p r o t o n s  o f  t h e  e s t e r s ,  t h e
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r e m a in in g  8 m e th y le n e  p r o t o n s  a p p ea red  "between 6*8 and  

8 . 0  t  a s  a com p lex  s e r i e s  o f  p e a x s .  a s  ( 4 4 )  r e q u i r e s  a 

r a t i o  o f  2 : 3 ,  v i n y l  : m e th y le n e  p r o t o n s ,  ( d i s r e g a r d i n g  

e s t e r s ) ,  t h e r e  was no dou bt l e f t  t h a t  t h i s  was n o t  th e  

s t r u c t u r e  o f  a* A p a rt from  t h e  u . v . ,  th e  p h y s i c a l  d a t a  

was i n  harmony w it h  th e  b i s - e n o n e  ( 5 1 ) .  F u r t h e r  p r o o f  o f  

t h i s  was o b t a in e d  from  th e  m ass sp ectru m  i n  w hich  t h e  

b a s e  peak:, m /e 1 6 6 ,  c o r r e sp o n d e d  to  a fr a g m e n t  o f  e x a c t l y  

h a l f  t h e  m o le c u la r  w e ig h t  o f  t h e  p a r e n t  i o n  (M -3 3 2 ) .

T h i s  i s  m o s t  o f t e n  i n d i c a t i v e  o f  th e  h a l v i n g  o f  a 

s y m m e tr ic a l  m o le c u le  t o  g i v e  i d e n t i c a l  f r a g m e n t s ,  a 

f e a t u r e  w hich  w ould e x p l a i n  t h e  s im p le  n a t u r e  o f  t h e  

sp e c tru m  b e lo w  m /e  1 6 6 ,  ( s e e  T a b le  2 and ( 5 3 )  ) .

E v id e n c e  f o r  t h e  en on e  f u n c t i o n s  i n  t h e  m o le c u le  

was o b t a i n e d  b y  r e d u c t i o n  w i t h  sodium  b o r o h y d r id e  i n

m e th a n o l  t o  ( 5 4 ) .  T h is  showed no a b s o r p t i o n  i n  t h e  u . v .
CC1ab o v e  220 mp, andVQg 4 36 2 0  ( s m a l l ) ,  3548  ( S h . )  and  

3 4 8 0  cm .” '1' i n  t h e  i n f r a - r e d *  An i n c r e a s e  i n  m o l e c u l a r  

w e ig h t  from  332 t o  336  was o b s e r v e d ,  (m ass  s p e c t r o s c o p y ) .  

A t t e m p t s  t o  c o n v e r t  compound A t o  th e  q u in o n e  ( 5 5 ) ,  b y  

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

w ere  u n s u c c e s s f u l .

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

w h ich  w i l l  b e  d i s c u s s e d  a t  a l a t e r  s t a g e ,  t h e  m ain  r e a c t i o n
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com p o n en t,  i s o l a t e d  b y  colum n ch rom atograp h y , was a  p a l e  

y e l l o w  v i s c o u s  o i l  w hich  was s e n s i t i v e  to  b o t h  a i r  and h e a t .  

N e v e r t h e l e s s  a p u re  sa m p le ,  ( a s s a y e d  b y  b o t h  g . l . c .  and  

t . l . c . ) ,  was o b t a in e d  f o r  a p p r a i s a l  b y  p h y s i c a l  m e th o d s .  

M i c r o - a n a l y s i s  and m ass s p e c t r o m e t r y  showed i t  t o  h a v e  a

m o l e c u l a r  w e ig h t  o f  3 6 8 .  I t s  i n f r a - r e d  sp ectru m  was
eel —1i n t e r p r e t e d  i n  t h e  f o l l o w i n g  way: vmax 4  3630 cm. ( f r e e

h y d r o x y l ) ;  3 5 3 7 ,3 4 9 3 ,3 4 4 4  cm. 1 ( a l l  s t r o n g ,  i n t r a 

h y d r o g e n  b o n d in g  o f  h y d r o x y l s  -  d i l u t i o n  s t u d i e s ) ;  2737 cm .”1 

( a ld e h y d e  vCH ); 1745 cm .”1 ( e s t e r  vCO); 1723  cm .”1 

( vCO) and 1706 cm. 1 # (b on d ed  v q o ) .  C o n f ir m a t io n  o f  t h e  

a ld e h y d e  was fo u n d  in' t h e  n . m . r .  w hich  e x h i b i t e d  a s i g n a l  

a t  0 . 2 2 t f o r  t h e  a ld e h y d e  p r o t o n / s .  From t h e  f o r e g o i n g  

e v i d e n c e  i t  was d e c id e d  t h a t  t h i s  was n o t  a s i n g l e  compound 

b u t  an e q u i l i b r i u m  m ix tu r e  o f  a t  l e a s t  two com pounds, ( 5 6 )  

and ( 5 7 ) .  The t r i c y c l i c  s t r u c t u r e  (4 6 )  was n o t  c o n s i d e r e d  

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

s im p ly  and i n  h ig h  y i e l d , t o  th e  p r e v i o u s l y  i s o l a t e d  b i s - e n o n e  

( 5 1 ) .  Any e f f o r t s  t o  c y c l i s e  f r e e  a ld e h y d e ,  i n  t h e  m i x t u r e ,  

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

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

A lth o u g h  t h e  m ain  com ponent from  t h e  r e a c t i o n  o f  

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

u n f r u i t f u l ,  a s  a m eans o f  f u r n i s h i n g  t h e  t r i c y c l i c  compound
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( 4 4 ) ,  t h e  i s o l a t i o n  o f  compound B p r o m ise d  to  h e  o f  

i n t e r e s t *  I n  one p a r t i c u l a r  run  o f  t h e  c o n d e n s a t io n  

1 . 0 7 g .  o f  t h i s  a l c o h o l  B was i s o l a t e d  from  3 . 0 g .  o f  

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

y i e l d  and w a r r a n te d  a more th o ro u g h  e x a m in a t io n .

The i n f r a - r e d  sp ectru m  o f  B showed Vqo14 1741  

and 1 7 2 4  cm* ^OH"^ ®^32 and 3585 cm* T h e  c a r b o n y l

a b s o r p t i o n s  w ere  a s s i g n e d  r e s p e c t i v e l y  a s  e s t e r  and norm al  

c y c lo h e x a n o n e  t y p e .  T o g e t h e r  w ith  t h e  i n t e n s i t y  o f  th e  

17 4 1  cm* ^ p e a k ,  t h e  p r e s e n c e  o f  two e s t e r  g r o u p in g s  was 

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

number o f  p r o t o n s  i n  th e  m o le c u le  h a v in g  b e e n  d e te r m in e d  

b y  a c o m b in a t io n  o f  m i c r o - a n a l y s i s  ( C l8 H2 4 ° 8 )  anci rnass 

s p e c t r o s c o p y  (P= 3 6 8 ) .  A lth o u g h  t h e  h y d r o x y l i c  p e a k s  i n  

a n u j o l  m u l l  a p p ea red  s t r o n g l y  t h e y  were weak i n  carb on  

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

By r e - r u n n in g  th e  i n i t i a l  n .m .r .  s a m p le ,  a f t e r  

a d d i t i o n  o f  a l i t t l e  d e u ter iu m  o x i d e ,  two m ain c h a n g e s  i n  

t h e  sp ectru m  were o b s e r v e d  w h ich  c o u ld  o n ly  b e  a c c o u n t e d  

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

m o l e c u l e .  One peak  a t  6 .8 8  t  and t h e  o t h e r  a t  8 . 4 5  t  w ere  

s e e n  t o  d i s a p p e a r .  The s h a r p e n in g  up o f  a p o o r l y  d e f i n e d  

m u l t i p l e t  a t  4 . 9 9  t  t o  a sh a rp  d o u b le t  was a l s o  n o t i c e d  and  

c o n s i d e r e d  t o  b e  due t o  a p r o t o n  c l t o  one o f  t h e  h y d r o x y l s .
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No a ld e h y d e  g r o u p in g  c o u ld  b e  d e t e c t e d  i n  t h e  n . m . r .  

s p e c t r u m .

From t h e  in f o r m a t io n  d e s c r i b e d  i t  a p p ea red  

t h a t  d i e t h y l s u c c i n y l s u c c i n a t e  had c o n d e n se d  w ith  two  

m o l e c u l e s  o f  a c r o l e i n .  F u rth erm ore  i t  was a p p a r e n t  t h a t  

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

t h e  a ld e h y d e  f u n c t i o n s  to  a compound c o n t a i n i n g  two  

h y d r o x y l s  and a c a r b o n y l  g r o u p in g .  a s  th e  a l c o h o l  B d i d  

n o t  g i v e  a p o s i t i v e  f e r r i c  c h l o r i d e  t e s t  and showed no 

a b s o r p t i o n  i n  t h e  u l t r a - v i o l e t ,  i t  v/as assum ed t h a t  t h e  

P - k e t o - e s t e r  s y s t e m s  i n  t h e  s t a r t i n g  m a t e r i a l  w ere no 

l o n g e r  i n  a p o s i t i o n  t o  e n o l i s e  i n  t h e  a l c o h o l  B . I-n  

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

th e  a c r o l e i n  m o ie t y  had o c c u r r e d  a t  t h e s e  c e n t r e s .

One o f  t h e  m ost p u z z l i n g  p i e c e s  o f  e v i d e n c e ,  

a b o u t  t h e  a l c o h o l ,  was th e  a p p ea ra n ce  o f  a peak  i n  t h e  

n . m . r .  a t  4 . 4 8  t  w h ich  i n t e g r a t e d  f o r  one p r o to n  and was 

s p l i t  t o  a f i n e  t r i p l e t  o r  q u a r t e t .  T hat t h i s  was a 

v i n y l  p r o t o n  was c o n f ir m e d  b y  c a t a l y t i c  h y d r o g e n a t io n  

( P d / C . )  to  g i v e  one compound, an o i l ,  w hich  showed no 

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

A lth o u g h  a c o n s i d e r a b l e  number o f  p o s s i b l e  

s t r u c t u r e s  w ere drawn and a d ju d g ed  t h e y  a g r e e d  w i t h  l i t t l e  

o f  t h e  e v id e n c e  and o n l y  tw o ,  ( 5 9 )  and ( 6 0 ) ,  w ere i n i t i a l l y
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c o n s id e r e d *  B o th  are  assum ed to  form v i a  t h e  d i -  

a ld e h y d e  ( 4 5 )  b y  d i f f e r e n t  a l d o l  c o n d e n s a t i o n s .  T h ey  

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

t h e  v i n y l  p r o t o n ,  and t h e y  a c c o u n t  f o r  t h e  a b s e n c e  o f  u .v *  

a b s o r p t i o n .

O x id a t io n  o f  B u s i n g  s ta n d a r d  J o n e s  r e a g e n t  a f f o r d e d  

a h i g h l y  c r y s t a l l i n e  p r o d u c t  (C1 8 H2 2 O9 ) w h ich  showed  

d e c r e a s e  i n  m o le c u la r  w e ig h t  from 368 t o  3 6 6 .  T h is  

i n d i c a t e d  t h a t  o n ly  one o f  th e  h y d r o x y l s  had o x i d i s e d .

I f  i t  i s  assum ed t h a t  no rea r r a n g e m en t  o f  t h e  m o l e c u l e  

h ad  t a k e n  p l a c e  un der  t h e  a c i d i c  c o n d i t i o n s  o f  t h e  r e a c t i o n ,  

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

h i n d e r e d  as  t o  r e s i s t  o x i d a t i o n .  The o x i d a t i o n  p r o d u c t
pp 1

show ed 4  1 7 7 1 ,  1 7 4 5 ,  1740 and 1 7 2 4  cm. t o g e t h e r

w i t h  a v e r y  f e e b l e  h y d r o x y l  around 3600  cm. The

1 7 2 4  cm.  ̂ a b s o r p t i o n  was u n ch anged  from  t h e  a l c o h o l  B ,  

t h e  1740  and 17 4 5  cm.  ̂ p ea k s  a p p ea red  to  b e  t h e  two e s t e r s  

i n  n o n - e q u i v a l e n t  e n v ir o n m e n ts  l e a v i n g  1771  cm.  ̂ a s  h a v in g  

a r i s e n  b y  o x i d a t i o n  o f  one o f  th e  h y d r o x y l  g r o u p i n g s .  The  

l a t t e r  a b s o r p t i o n  was i n t e r p r e t e d  a s  an e n o l  l a c t o n e  sy s te m  

and su ch  an o x i d a t i o n  p r o d u c t  i s  c o m p a t ib le  w i th  ( 5 9 )  and

( 6 0 ) .  The v a lu e  q u o te d  b y  N a k a n is h i  16 f o r  ( 6 1 )  i c  

1760  cm.~*^. ^ - l a c t o n e s  can  h ow ever  b e  s h i f t e d  t o  e v e n  

h i g h e r  f r e q u e n c i e s  due t o  t h e  i n t r o d u c t i o n  o f  r i n g  s t r a i n
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b y  t h e  f u s i o n  o f  t h e  l a c t o n e  t o  o t h e r  c y c l i c  sy s tem s* ^ *

T rea tm en t  o f  t h e  a l c o h o l  B w i t h  e i t h e r  d i l u t e  

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

b e n e e n e ,  r e s u l t e d  i n  a compound w h ich  show ed a l o s s  o f  

o n l y  one m o le  o f  w a te r  and had one  a d d i t i o n a l  v i n y l  p r o t o n  

( a s  s e e n  from  t h e  n . m . r . ) .  A s  t h e  a l c o h o l  had  two  

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

t h a t  one o f  t h e s e  i s  i n  a p o s i t i o n  w hich  o b s t r u c t s  i t s  

d e h y d r a t i o n .  As t h e  a t t e m p te d  d e h y d r a t io n  o f  t h e  

o x i d a t i o n  p r o d u c t  o f  B r e s u l t e d  i n  a q u a n t i t a t i v e  r e t u r n  o f  

s t a r t i n g  m a t e r i a l ,  i t  was d ed u ced  t h a t  t h e  h y d r o x y l ,  w h ich  

w ou ld  n o t  d e h y d r a t e ,  was t h e  one  t h a t  w ould  n o t  o x i d i s e .

The p r o p o s e d  s t r u c t u r e s  f o r  t h e  a l c o h o l  B , ( 5 9 )  

and ( 6 0 )  w e r e ,  f o r  s e v e r a l  r e a s o n s ,  v e r y  u n s a t i s f a c t o r y .

A lth o u g h  t h e i r  o x i d a t i o n  t o  ( 6 2 )  and ( 6 3 )  w ou ld  
- 1

e x p l a i n  th e  1 7 7 1  c ,m . a b s o r p t io n ,  th e  s t a b i l i t y  o f  t h e  s e c o n d  

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

( 6 2 )  o r  ( 6 3 )  s h o u ld  d e h y d r a te  and ( 5 9 )  and ( 6 0 )  s h o u ld  

l o s e  two m o le s  o f  w a te r  on d e h y d r a t io n .  F u r th e r m o r e ,  

u n l e s s  v e r y  lo n g  ra n g e  c o u p l i n g  was in v o k e d ,  n e i t h e r  o f  

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

p r o t o n  i n  t h e  n . m . r .  or  i t s  i n c r e a s e d  s p l i t t i n g  ( J = 3 . 5  cps.) 

i n  t h e i r  r e s p e c t i v e  o x i d a t i o n  p r o d u c t s .  S t r u c t u r e s  ( 5 9 )  

and ( 6 0 )  a r e  t h e r e f o r e  u n s a t i s f a c t o r y .
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A d d i t i o n a l  i n f o r m a t i o n  a b ou t th e  n a tu r e  o f  t h e  a l c o h o l i c  

g r o u p s  was f u r n i s h e d  b y  r u n n in g  th e  n .m .r*  sp ectru m  i n  

d im e t h y l  s u lp h o x id e  a s  s o l v e n t .  a  d o u b le t  a t  3 . 3 8 t 

( J  = 7 c p s . )  a p p ea red  i n  th e  sp e c tru m , i n d i c a t i n g  t h a t  

t h e  h y d r o x y l  i s  s e c o n d a r y ;  b u t  a v a i l a b l e  i n f o r m a t i o n  19  

a l s o  show ed t h a t  o n ly  v e r y  fe w  h y d r o x y l  p r o t o n s  r e s o n a t e  

a t  su c h  low  f i e l d .  H e m ia c e t a l s  and h em i& eta l  h y d r o x y l  

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

lo w e r  f i e l d s  (ca*  3 . 4  t ) th a n  n o rm a l,  ( e . g .  t a z e t t i n e  (6 4 )  

a t  3 . 4 6  t  ,  s i n g l e t ) .

On t h i s  b a s i s  p a r t  o f  th e  s t r u c t u r e  o f  th e  

a l c o h o l  B was c o n s i d e r e d  to  b e  ( 6 5 ) .  The p o s s i b i l i t y  

t h a t  a s e c o n d  r e s o n a n c e ,  ( d im e t h y l s u lp h o x id e )  a t  5 . 0 7 t  

( t r i p l e t ) ,  was due to  a p r im a ry  a l c o h o l  was d i s m i s s e d  on  

t h e  c h e m ic a l  e v id e n c e  and i n s t e a d  a s s i g n e d  to  t h e  

x l  -  h y d r o g e n  o f  th e  h e r n ia c e t a l  c o u p l i n g  w i t h  a p - h y d r o g e n .  

I n  a s o l u t i o n  w i t h  d e u ter iu m  o x id e  added t h i s  a p p ea r s  as  a 

d o u b l e t  ( J n  9  c p s . )  a t  much t h e  same f i e l d  p o s i t i o n .

The 5 . 0 7  T r e a s o n a n c e  i n  d im e t h y l s u lp h o x id e  s o l u t i o n  was 

f i n a l l y  r a t i o n a l i s e d  a s  two a lm o s t  o v e r la p p in g  d o u b l e t s ,  

t h e  o v e r a l l  J  v a l u e  o f  16 c p s .  em b rac in g  th e  7 c p s .  and  

9 c p s .  c o u p l i n g s  i n v o l v e d  ( s e e  f i g u r e  1 ) .  T h i s  l e d  t o  

t h e  p o s t u l a t i o n  o f  t h e  p a r t i a l  s t r u c t u r e  ( 6 6 ) .  The 

p o s i t i o n  o f  t h e  s e c o n d  h y d r o x y l  i n  t h e  d i m e t h y l s u l p h o x i d e
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sp e c tru m  was p o s s i b l y  o b s c u r e d  b y  th e  m e t h y le n e s  o f  th e  

e s t e r s  c e n t r e d  a t  5 .6 6  t  , a p ea x  b e i n g  j u s t  v i s i b l e  a t  

5 . 9 5  t .

C o u p lin g  t h e  n .m .r .  d a ta  w ith  t h e  c h e m ic a l  and  

p h y s i c a l  e v id e n c e  a l r e a d y  d i s c u s s e d ,  t h e  p a r t  s t r u c t u r e  

( 6 6 )  was e x t e n d e d  t o  ( 6 7 ) .  T h is  a c c o u n t s  f o r  th e  e n o l  

l a c t o n e  f u n c t i o n  i n  t h e  o x i d a t i o n  p r o d u c t  and t h e  

c o u p l i n g  o f  t h e  v i n y l  p r o to n  w i t h  t h e  a l l y  l i e  (3 -  p r o to n s *

A  t h i r d  s t r u c t u r e ,  w hich  s a t i s f i e s  a l l  t h e  above  

d a t a  f o r  t h e  a l c o h o l  B , i s  ( 6 8 )  and th e  o x i d a t i o n  p r o d u c t  

w ou ld  t h e n  b e  f o r m u la t e d  as  ( 6 9 ) .

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  i n  t h e  o x i d a t i o n  

o f  t h e  a l c o h o l ,  t h a t ,  i f  t h e  r e a c t i o n  t im e  w ith  J o n e s  

r e a g e n t  was p r o lo n g e d ,  ( s a y  12 h o u r s ) ,  th e n  t h e  p r o d u c t  

i s o l a t e d  was a m ix t u r e  o f  two c a r b o x y l i c  a c i d s .  The 

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

h a v e  b e e n  ( 7 0 )  and ( 7 1 ) .

O th er  th a n  t h e  p r o d u c t  o f  h y d r o g e n a t io n  ( 7 2 ) ,  

two f u r t h e r  compounds p r e p a r e d  from th e  a l c o h o l  B d e s e r v e  

m e n t io n .  The f i r s t  o f  t h e s e  was form ed  b y  t r e a t m e n t  o f  

B w i t h  a c e t i c  a n h y d r id e  and p y r i d i n e  and from  a n a l y s i s  

( c20 h 2 6 ° 9 )  and inasB s p e c t r o s c o p y  (m /e  .4 5 2 )  was c o n s i d e r e d  

t o  b e  a d i a c e t a t e .  The same p r o d u c t  c o u ld  a l s o  b e  

p r e p a r e d  b y  r e f l u x i n g  B w i t h  i s o p e n t e n y l  a c e t a t e  and
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p a r a - t o l u e n e s u l p h o n i c  a c i d ,  a l th o u g h  t h i s  m ethod a l s o  

p r o d u c e d  th e  s o - c a l l e d  d e h y d r a t io n  p r o d u c t .

The a c e t a t e  showed no e v id e n c e  o f  h y d r o x y l  i n  

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

ca rb o n  t e t r a c h l o r i d e  s o l u t i o n  were n o t e d  : 1770  cm.*"1  

( e = 9 7 0 ) ,  1 7 4 4  cm. ( e = 1 0 7 0 )  and 1725 cm. \  i t  

was th o u g h t  t h a t  t h e  1770 cm. a b s o r p t io n  r e p r e s e n t e d  

p o s s i b l y  two v i n y l i c  a c e t a t e  g r o u p in g s .  T h is  was 

c o r r o b o r a t e d  to  some e x t e n t  b y  t h e  n .m .r .  sp ectru m  w hich  

show ed a s i n g l e t  m e th y l  p ea k  a t  7 .9 1  t  t h a t  i n t e g r a t e d  f o r  

s i x  p r o t o n s .  a s  w e l l  as  th e  v i n y l  r e s o n a n c e  a t  4 . 5 5  t  

( f i n e l y  s p l i t  t r i p l e t ) ,  w h ich  was a l s o  p r e s e n t  i n  B ,  a 

s e c o n d  a b s o r p t i o n  c e n t r e d  a t  4 . 0 5  t ,  ( d o u b l e t ,  J  = 9 c . / s e c . ) ,  

a p p e a r e d .  A lth o u g h  s e v e r a l  s t r u c t u r e s  c o u ld  b e  drawn 

( e . g .  ( 7 3 ) ) non e  o f  them w ould  s a t i s f y  e v e n  t h e  m a j o r i t y  

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

The o t h e r  compound w hich  d e f i e d  s o l u t i o n  was 

t h e  d e h y d r a t io n  p r o d u c t .  The f a c t  t h a t  o n ly  one m ole  o f  

w a te r  was l o s t  on d e h y d r a t io n  h a s  a l r e a d y  b e e n  d i s c u s s e d  

b u t  a p o i n t ,  w h ich  h a s  b e e n  o m it t e d  so  f a r ,  i s  t h a t  no  

e v i d e n c e  o f  t h e  r e m a in in g  h y d r o x y l  c o u ld  b e  fo u n d  i n  

e i t h e r  i n f r a - r e d  or  b y  d e u te r iu m  o x id e  e x c h a n g e  e x p e r im e n t s  

i n  t h e  n . m . r .  F u r th e r m o r e ,  a s e c o n d  v i n y l  p r o t o n  was p rod u ced  

d u r in g  t h e  r e a c t i o n  w hich  a p p ea r s  a t  v e r y  lo w  f i e l d ,  3 . 4 1  t
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(v e r y  f i n e  t r i p l e t ) .  as w ith the  a c e t a t e ,  the  

d eh yd ra tion  product must he the r e s u l t  o f  some e x te n s iv e  

rearrangem ent w ith in  the m olecu le .

A s b o t h  a p p ro a c h e s  to  th e  t r i c y c l i c  m o d e l ,  

u t i l i s i n g  a m o n o c y c l i c  b i f u n c t i o n a l  m o le c u le  a s  s t a r t i n g  

m a t e r i a l ,  p r o v e d  i n e f f e c t u a l ,  i t  was d e c id e d  to  a t t e m p t  a 

’ t r i c y c l i c ’ s y n t h e s i s  from  a b i c y c l i c  sy s te m  b y  a d d in g  a 

s u i t a b l e  s i d e  c h a in  to  t h i s  and c y c l i s i n g  th e  r e s u l t i n g  

a d d u c t  to  form  t h e  r e q u ir e d  p r o d u c t .

The b i c y c l i c  compound, 2 - p h e n y l b i c y c l o - ( 3 : 3 i 1 ) -  

n o n - 2 - e n e ~ 9 - o n e ,  ( 1 8 )  was c h o s e n  a s  s t a r t i n g  m a t e r i a l  f o r  

s e v e r a l  r e a s o n s .  T h is  compound was r e a d i l y  a c c e s s i b l e  b y  

a m eth o d , due t o  Cope from  t h e  Mannich b a s e  (9 )  o f  

a c e t o p h e n o n e  and c y c lo h e x a n o n e  v i a  t h e  d ik e t o n e  (1 7 )  and  

s u b s e q u e n t  c y c l i s a t i o n  w i t h  a c i d .  A ’b i c y c l e ’ had t o  b e  

s e l e c t e d  t h a t  had s u i t a b l e  f u n c t i o n a l i t y  on t h e  Cg p o s i t i o n  

( 7 4 )  and w ould  a l l o w  d i r e c t l y ,  o r  a f t e r  m o d i f i c a t i o n ,  

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

s t r u c t u r e .  T h is  was a n e c e s s a r y  p r e r e q u i s i t e  when t h e  

u l t i m a t e  g o a l  was t h e  f o r m a t i o n  o f  a t e n  membered c a r b o -  

c y c l e .  The r e m a in in g  r e q u ir e m e n t  o f  t h e  sy s te m  was t h a t  

i t  s h o u ld  b e  c a p a b le  o f  c o n v e r s i o n  t o  a  compound w hich  

w o u ld  n o t  o n ly  a l l o w  t h e  c o n d e n s a t io n  o f  a f u r t h e r  t h r e e -  

c a r b o n  b r i d g e  from  Cg "to C^, b u t  a l s o  h a v e  a s i m i l a r
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f u n c t i o n a l  grou p  a t  C3  a s  a t  Cg to  p e r m it  f i s s o n  a t  a 

l a t e r  s t a g e ,  On t h e s e  g r o u n d s ,  ( 1 8 )  a p p ea red  to  h e  a 

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

was p e r h a p s  th e  l e a s t  d e s i r a b l e  f e a t u r e  o f  th e  m o le c u le  a s  

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

N e v e r t h e l e s s  i t  c o u ld  b e  u s e d  t o  a d v a n ta g e  i n  a s t e r e o 

c h e m ic a l  s e n s e  to  d i r e c t  c o n f o r m a t io n .

An a p p r a i s a l  o f  th e  m ost f e a s i b l e  c e n t r e s  on to  

w h ich  th e  t h r e e - c a r b o n  b r i d g e  c o u ld  b e  c o n s t r u c t e d ,  shows  

t h a t  o n ly  t h e  C2  and C4  s i t e s ,  ( o r  t h e  c o r r e s p o n d in g  Cg 

and C g ) , a r e  s u i t a b l e .  A b r i d g e  from  Cg t o  C5 , f o r  

e x a m p le ,  w ou ld  b e  i m p o s s i b l e  a s  any c o n d e n s a t io n  a t  C5  

w h ich  n e c e s s a r i l y  i n v o l v e s  an i o n i c  o r  p a r t i a l l y  i o n i c  

s p e c i e s  i s  d i s a l l o w e d .  T h i s  i s  an e x t e n s i o n  o f  B r e d t ’ s  

R u le  w hich  p o s t u l a t e s  t h a t  a d o u b le  bond c a n n o t  b e  

s u s t a i n e d  i n  t h e  sy s te m  ( 7 5 )  a t  a b r id g e h e a d  s i t e  when 

n £  4 .  However su ch  a b r i d g e  from  C3  t o  C5  s h o u ld  b e  

p o s s i b l e  i f  t h e  n e c e s s a r y  addendum a t  C5  i s  c o n d en sed  

p r i o r  to  t h e  f o r m a t io n  o f  t h e  i n i t i a l  b i c y c l i c  s y s t e m .  

T h is  l a t t e r  c o u r s e  was n o t  i n v e s t i g a t e d  b u t  a m ethod f o r  

a t t a c h i n g  a ca rb o n  b r i d g e  a c r o s s  Cg t o  C4  i s  d i s c u s s e d  i n  

t h e  f o l l o w i n g  p a g e s .

P r o c e d u r e s  f o r  th e  c l e a v a g e  o f  one ca rb o n  

b r i d g e s  i n  a t r i c y c l i c  s y s t e m ,  ( 7 6 ) ,  a r e  c o n s i d e r e d  more
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f u l l y  a t  a l a t e r  s t a g e ,  b u t  t h e  p r e s e n c e  o f  th e  

c a r b o n y l  g r o u p s  a t  carb on  atom s 3 and 9 ,  w ould  p r o v id e  

c e n t r e s  a t  w hich  r e a c t i o n ,  l e a d i n g  to  f i s s o n  o f  t h e  

b r i d g e ,  w ould  b e  p o s s i b l e .  The i n i t i a l  p ro b lem  was 

c o n v e r s i o n  o f  (1 8 )  to  th e  b i c y c l i c  d io n e  ( 7 7 ) .  Two 

m eth od s  seem ed f e a s i b l e .  The f i r s t ,  (.Scheme l ) ,  

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

t h e  d o u b le  b on d  b y  a h y d r o b o r a t io n  p r o c e d u r e  and  

o x i d a t i o n  o f  th e  r e s u l t i n g  d i o l  to  g i v e  t h e  d io n e  ( 7 7 ) .  

The o l e f i n ,  ( 1 8 ) ,  was t r e a t e d  w i t h  d ib o r a n e  p r o d u ce d  

i n  s i t u  from  b o r o n  t r i f l u o r i d e  e t h e r a t e  and l i t h i u m  

alum inium  h y d r id e .  A c o n s i d e r a b l e  amount o f  i n v e s t i 

g a t i o n  h a s  b e e n  c a r r i e d  o u t  on th e  r e a c t i o n  and
21m echanism  o f  h y d r o b o r a t io n  , and t h e  r e s u l t s  o f  t h e

h y d r o b o r a t io n  o f  a s e r i e s  o f  a l k y l  and a r y l  o l e f i n s  

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

e l e c t r o n i c  r a t h e r  th a n  s t e r i c  f a c t o r s .  I n  g e n e r a l ,  

t h e  b o r o n  atom a t t a c h e s  i t s e l f  to  th e  l e s s  s u b s t i t u t e d  

ca rb o n  atom o f  t h e  d o u b le  b o n d . W ith s t y r e n e , t e r m i n a l  

a d d i t i o n  o c c u r s  to  t h e  e x t e n t  o f  80$ w i t h  2 C/i on t h e  

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

r e l a t i o n s h i p s  becom e more im p o r t a n t ,  and a s  c i s -  

a d d i t i o n ,  ( s e e  Scheme 2 ) ,  o f  t h e  hydrogenH D oron b o n d  

t o  t h e  d o u b le  bon d  o c c u r s ,  t h e  a d d i t i o n  g e n e r a l l y
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t a k e s  p l a c e  on t h e  m ost a c c e s s i b l e  s i d e  o f  t h e  r in g *  T h is  

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

a t i o n  o f  ( 1 8 )  s h o u ld  b e  ( 7 8 ) ,  w hich  on o x i d a t i o n  w i t h  

a l k a l i n e  h y d ro g e n  p e r o x id e  s h o u ld  p r o c e e d  w i t h  r e t e n t i o n  

o f  c o n f i g u r a t i o n  to  g i v e  t h e  c o r r e s p o n d in g  a l c o h o l  ( 7 9 ) *

The m ajor p r o d u c t ,  i s o l a t e d  i n  58$ y i e l d  from  

t h e  h y d r o b o r a t io n  and o x i d a t i o n  o f  ( 1 8 ) ,  was t h e  d i o l  ( 7 9 ) .  

The c o n f i g u r a t i o n  o f  t h e  h y d r o x y l  g r o u p s  was d ed u ced  from  

a k n o w le d g e  o f  th e  c i s - a d d i t i o n  m echanism , (Schem e 2 ) ,  

a l r e a d y  d e s c r i b e d ,  and th e  i n f r a - r e d  sp ectru m  w h ich  showed  

v g H C l3  3 0 2 o an(i  3617  cm. \  I f  t h e  h y d r o x y l  on t h e  

b r i d g i n g  c a rb o n  atom (C9 ) was sy n  t o  t h e  r i n g  c a r r y in g  

t h e  p h e n y l  g ro u p , th e n  i n t r a m o l e c u l a r  h y d ro g en  b o n d in g ,  

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

o c c u r ,  ( 8 l ) .  As t h i s  was n o t  o b s e r v e d  t h e  Cg h y d r o x y l  

f u n c t i o n  was assum ed to  b e  a n t i .

The r e m a in in g  com p on en ts  o f  t h e  m oth er  l i q u o r  

fro m  t h e  h y d r o b o r a t io n  r e a c t i o n  w ere s e p a r a t e d  b y  column  

c h r o m a to g r a p h y .  F i r s t  t o  b e  e l u t e d  from  th e  colum n was a 

m ix t u r e  o f  th e  s y n -  and a n t i - 2 —p h e n y l b i c y c l o - (  3: 3: l ) - T \ o n -  

2 - e n e - 9 - o l s ,  ( 8 2 )  and ( 8 3 ) .  T h e se  s t r u c t u r e s  w ere  

c o n f ir m e d  b y  c o m p a r a t iv e  t . l . c .  and g . l . c .  w i t h  s a m p le s  

s y n t h e s i s e d  i n  a d i f f e r e n t  way. The o t h e r  two compounds 

p r e s e n t  i n  t h e  m ix t u r e  w ere t h e  e p im e r ic  d i o l s  ( 8 4 )  and
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( 8 5 ) *  B o th  a n a ly s e d  f o r  ^15^20^2 s t y r e n e

chrornophore, o b s e r v e d  i n  t h e  u . v .  o f  t h e  s t a r t i n g  m a t e r i a l  

( 1 8 ) ,  had d i s a p p e a r e d  to  a l l o w  th e  lo w  i n t e n s i t y  p e a k s  o f  

t h e  a r o m a t ic  n u c le u s  t o  b e  s e e n  ( 2 4 2 , 2 4 6 , 2 5 1 , 2 5 7  and

2 6 4  m j i ) .  The s y n - e p im e r ,  ( 8 4 ) ,  showed s t r o n g  i n t r a -
CHC1____________ _1

h y d r o g e n  b o n d in g ,  ( 8 6 ) ,  v 3 3575 cm. ( d i l u t i o n

s t u d y ) ,  t o g e t h e r  w ith  f r e e  n o n -b o n d ed  h y d r o x y l ,  3618  ( s h . )

and 3600 cm.""^. The o t h e r  is o m e r  ( 8 5 )  h ow ever  had o n ly

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

(3 6 0 0  c m . O n  o x i d a t i o n  w ith  s ta n d a r d  J o n e s  r e a g e n t

b o t h  d i o l s  g a v e  th e  same k e t o l ,  ( a s  p r o v e d  b y  g . l . c . ) .

T h is  f a c t o r  c o r r o b o r a t e d  th e  p o s t u l a t e d  s t r u c t u r e s  ( 8 4 )  and

( 8 5 ) .

Y i e l d s  o f  up to  65$ o f  t h e  d lo l  ( 7 9 )  c o u ld  b e  

r e a l i s e d  b y  t h e  l i t h i u m  alum inium  h y d r id e  -  b o r o n  t r i 

f l u o r i d e  e t h e r a t e  p r o c e d u r e .  A t te m p ts  to  i n c r e a s e  th e  

y i e l d  i n c l u d e d  th e  u s e  o f  s o d iu m .b o r o h y d r id e ,  a s  r e d u c in g  

a g e n t ,  i n  d ig ly m e  a s  s o l v e n t  b u t  t h i s  m ethod  g a v e  p o o r e r  

r e t u r n s  o f  ( 7 9 ) .  Numerous p r o c e d u r e s  h a v e  b e e n  d e v e lo p e d  

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

i n v e s t i g a t i o n  o f  t h e s e  w ith  r e s p e c t  to  t h e  p r e s e n t  c a s e  

w ere  n o t  p u r s u e d .

The r e a s o n  why t h e  y i e l d  c o u ld  n o t  b e  i n c r e a s e d  

p a s t  ab ou t 65$ i s  p r o b a b ly  t o  b e  fo u n d  i n  t h e  d i f f e r e n c e
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i n  t h e  e a s e  o f  f o r m a t io n  o f  t h e  b o r o n  com p lex  b e t w e e n  th e  

s y n -  and a n t i -  i s o m e r i c  a l c o h o l s  ( 8 2 )  and ( 8 3 ) .  An 

a n a l y s i s  o f  th e  q u a n t i t i e s  o f  ea ch  o f  t h e s e ,  o b t a in e d  i n  

t h e  h y d r o b o r a t io n  r e a c t i o n ,  shows t h a t  o n ly  a t r a c e  o f  

t h e  a n t i - e p i m e r  i s  r e t u r n e d  compared w ith  1 0 -1 5 £  o f  th e  

sy n  a l c o h o l .  Now, c o n s i d e r a t i o n  o f  t h e  r e l a t i v e  amounts  

o f  ea ch  o f  t h e s e  i s o m e r s  form ed  i n  a l i t h i u m  a lum in iu m  

h y d r id e  or  sodium  b o r o h y d r id e  r e d u c t i o n  o f  t h e  k e t o n e  ( 1 8 ) ,  

( s e e  T a b le  3 ) ,  show s t h a t  a b o u t  t h r e e  t im e s  a s  much o f  th e  

a n t i - a l c o h o l  ( 8 3 )  t o  t h e  s y n - a l c o h o l  ( 8 2 )  i s  p r o d u c e d .

Thus i t  would seem l i k e l y  t h a t ,  i n  t h e  h y d r o b o r a t io n  

r e a c t i o n ,  t h e  k e t o n e  f u n c t i o n  i s  f i r s t  r ed u c ed  t o  a m ix t u r e  

o f  ( 8 2 )  and ( 8 3 )  and t h a t  th e  b o r o n  com p lex  i s  a lm o s t  

s o l e l y  b e i n g  form ed  w ith  th e  a n t i - i s o m e r  (8 3 )  l e a v i n g  (8 2 )  

u n r e a c t e d .

One m ethod o f  i n c r e a s i n g  th e  o v e r a l l  y i e l d  o f  

t h e  d i o l  ( 7 9 ) i s  to  f i r s t  r e d u c e  ( 1 8 ) ,  s e p a r a t e  t h e  i s o m e r s  

( 8 2 )  and ( 8 3 )  and h y d r o b o r a t e  o n ly  ( 8 3 )  w h i l e  o x i d i s i n g  t h e  

s y n  f r a c t i o n  t o  (1 8 )  w hich  c o u ld  th e n  b e  r e c y c l e d .

2 -P h e n y lb ic y c lo - (3 :  3: l ) -n o n a n e -3 ,9 -d io l  (79)  was

o x i d i s e d  w i t h  s ta n d a r d  J o n e s  r e a g e n t  to  t h e  d io n e  ( 7 7 )  i n

Q2fa y i e l d .  T h is  y i e l d  was i n c r e a s e d  to  73/ 0 b y  u s i n g
22sodium  d ic h r o m a te  d i h y d r a t e  i n  96>0 s u l p h u r i c  a c i d  as  

t h e  o x i d i s i n g  a g e n t .  I t  a n a ly s e d  f o r  C1 5 H16Og and t h e
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m ass  sp ectru m  had a p a r e n t  i o n  a t  m /e 2 2 8 .  The i n f r a - r e d
CC1 —1showed two c a r b o n y l  a b s o r p t i o n s ,  v qo 4  1723  and 1728  cm.

due t o  t h e  v a r i a n c e  i n  en v iro n m en t o f  t h e s e  f u n c t i o n s .

The a s s i g n a b l e  p e a k s  i n  t h e  n . m . r .  were : d o u b l e t  a t

6 . 0 3  T -  Ha, f i n e l y  s p l i t  s i n g l e t  a t  2 . 7 2  t  -  Hd and two

m u l t i p l e t s , o n e  c e n t r e d  a t  7 .1 7  f ,  4  p r o t o n s  -  Hb and t h e

o t h e r  a t  8 . 1 5  t  ,  6  p r o t o n s  -  He, ( s e e  7 7a )*

Scheme 3 r e p r e s e n t s  t h e  p r o p o s e d  a l t e r n a t i v e  

m eth od  f o r  c o n v e r s i o n  o f  ( 1 8 )  t o  ( 7 7 ) .  T h is  i n v o l v e d  t h e  

e p o x i d a t i o n  o f  t h e  d o u b le  b o n d ,  o p e n in g  o f  t h e  e p o x id e  i n  

t h e  d e s i r e d  s e n s e  to  t h e  a l c o h o l  and o x i d a t i o n  t o  ( 7 7 ) .

As t h e  a c i d  c a t a l y s e d  o p e n in g  o f  t h e  e p o x id e  r i n g  w ould  

p r o c e e d  th ro u g h  a carbonium  i o n ,  t h e  r i n g  w ould b e  

e x p e c t e d  to  b r e a k  p r e f e r e n t i a l l y  a t  th e  m ost h i g h l y  

s u b s t i t u t e d  ca rb o n  atom , th e  p h e n y l  group  s t a b i l i s i n g  t h e  

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

H ow ever, a t t e m p t s  to  make th e  e p o x id e  were
23u n s u c c e s s f u l .  I n  a p a p er  b y  M einwald t h e  f a i l u r e  t o  

e p o x i d i s e  dehydronorcam phor ( 8 7 )  i s  d i s c u s s e d ,  and t h e  

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

d o u b le  bond i s  due to  th e  c a r b o n y l  f u n c t i o n  b e i n g  h e l d  

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

e l e c t r o n  w i th d r a w a l ,  ( s e e  ( 8 8 ) ) ,  th u s  m aking t h e  d o u b le  

b on d  u n u s u a l l y  r e s i s t a n t  to  e l e c t r o - p h i l i e  a t t a c k .  a
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s i m i l a r  phenomenon h a s  h e e n  e n c o u n t e r e d  and r a t i o n a l i s e d  i n
24t h i s  way b y  Woodward , who fo u n d  t h a t  th e  n o n - c o n j u g a t e d  

d o u b le  b on d  i n  t h e  l a c t o n e  (.89) c o u ld  n o t  b e  s e l e c t i v e l y  

e p o x i d i s e d  w ith  p e r b e n z o i c  a c i d ,  u n d o u b t ly  b e c a u s e  o f  t h e  

e l e c t r o n  r e l e a s e  from  t h e  d o u b le  bon d  t o  t h e  l a c t o n i c  

c a r b o n y l  group* A s i t u a t i o n  w hich  i s  f a i r l y  s i m i l a r  t o  

t h i s  e x i s t s  i n  ( 1 8 ) *  T h is  e f f e c t  s h o u ld  b e  rem oved i n  

t h e  r e d u c e d  compound ( 8 3 ) .  P e r a c i d  t r e a t m e n t  o f  t h e  

a l c o h o l  ( 8 3 )  f o l l o w e d  b y  o x i d a t i o n  p ro d u ced  t h e  d io n e  ( 7 7 )  

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

work on th e  e p o x id e  r o u t e .

S e v e r a l  m eth od s  o f  c o n s t r u c t i n g  th e  t h r e e  carb on  

b r i d g e  o v e r  t h e  3 - k e t o  group  i n  t h e  d io n e  (7 7 )  were  

c o n s i d e r e d .  As l - e t h o x y c a r b o n y l - 5 - m e t h y l b i c y c l o - ( 3 : 3 : 1 ) -  

n on —3 —e n e —9 - o n e ,  ( 9 0 ) ,  i s  r e a d i l y  p r e p a r e d ,  a s  o u t l i n e d  i n  

Scheme 4 ,  i t  was p r o p o s e d  t o  a p p ly  t h e  same s e r i e s  o f  

r e a c t i o n s  t o  ( 7 7 )  w i t h  t h e  r e s u l t a n t  f o r m a t i o n  o f  a 

t r i c y c l i c  sy s te m  ( s e e  Scheme 5 ) .  The s t e r e o c h e m i c a l  

a s p e c t s  o f  t h i s  schem e a r e  o f  m ajor im p o r t a n c e .  Any 

f a i r l y  l a r g e  s i d e  c h a in  c o n d e n se d  w i t h  t h e  d i k e t o - e s t e r  

( 9 1 ) ,  on therm odynam ic g ro u n d s  m ig h t  b e  e x p e c t e d  to  t a k e  

up an e q u a t o r i a l  p o s i t i o n .  H ow ever, t h e  s t e r i c  i n t e r 

a c t i o n  o f  th e  C7  m e th y le n e  o f  r i n g  A w ould  t e n d  to  

p r e v e n t  c o n d e n s a t io n  o f  t h e  addendum, ( e . g .  a c r o l e i n ) ,
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from  t h e  u n d e r s id e  o f  th e  b i c y c l i c  s y s t e m .  (A pproach  

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

i s  to  r e s u l t . )  Thus on c o n s i d e r a t i o n  o f  a p p roach  c o n t r o l  

one  would e x p e c t  an a x i a l  c o n d e n s a t io n  (9 2 & ).  A lth o u g h  

t h e  c o n f o r m a t io n  o f  b i c y c l o - ( 5 : 3 i l ) - n o n a n e  h a s  b e e n  shown
op. 9 7

to  e x i s t  i n  th e  tw in  c h a ir  c o n fo r m a t io n ,  ^  9 ^  i t  i s  

p o s s i b l e  t h a t  t h e  c o n d e n s a t io n  p r o d u c t  c o u ld  ta k e  up a 

c o n f o r m a t io n  w h ich  w ould p l a c e  th e  s i d e  c h a in  i n  a l e s s  

s t r a i n e d  e n v ir o n m e n t ,  nam ely  th e  c h a i r - b o a t  form  ( 9 2 b ) .

C y c l i s a t i o n  o f  (9 2 a )  t o  (9 3 )  s h o u ld  g i v e  one o f  

t h e  i s o m e r s  : ( 9 3 a ) ,  ( 9 3 b ) ,  ( 9 3 c )  or  ( 9 3 d ) ,  t h e  f i n a l  

c o n f o r m a t io n s  o f  r i n g s  A and C d e p e n d in g  on t h e  b a l a n c e  o f  

s t e r i c  i n t e r a c t i o n s  p r e s e n t .  On t h e  o t h e r  h an d , i f  th e  

a c r o l e i n  m o le c u le  had c o n d e n se d  e q u a t o r i a l l y  t o  g i v e  ( 9 2 c ) ,  

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

w o u ld  b e  ( 9 3 e ) , ( 9 3 f ) ,  ( 9 3 g )  and ( 9 3 h ) .

The s y n t h e t i c  sch em e, (Schem e 5 ) ,  was embarked  

on b u t  c o n s i d e r a b l e  d i f f i c u l t y  was e n c o u n t e r e d  i n  p r e p a r in g  

t h e  d i k e t o - e s t e r  ( 9 1 ) .  C a r b e t h o x y l a t i o n  o f  ( 7 7 )  w ith  

sodium  h y d r id e  and d i e t h y l  c a r b o n a t e ,  a m ethod  due t o
pa QQ

S o lo w a y  and LaPorge and l a t e r  im p ro v ed  b y  Ghandi t 

was a t t e m p t e d .  A lth o u g h  b a s e  s o l u b l e  m a t e r i a l ,  w h ich  g a v e  

a p o s i t i v e  f e r r i c  c h l o r i d e  t e s t ,  was i s o l a t e d  from  t h e  

r e a c t i o n ,  b o t h  lo w  y i e l d s  and t h e  p r e s e n c e  o f  s e v e r a l
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b y - p r o d u c t s  d i s c o u r a g e d  f u r t h e r  worx on t h i s  r e a c t i o n  s e r i e s .

F a i l u r e  to  make th e  d i k e t o - e s t e r  (9 1 )  i n  

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

h ad  d i f f i c u l t y  i n  fo r m in g ,  b u t  t h i s  was shown t o  b e  f a l s e  

b y  b r o m in a t io n  o f  th e  d io n e  (7 7 )  i n  h ig h  y i e l d  b y  s h a k in g  

f o r  a f e w  m in u te s  w ith  a s o l u t i o n  o f  b rom in e  i n  

c h lo r o f o r m .  The b rom in e  a d d u c t  was shown t o  b e  ( 9 4 ) ,  

c 15H14^2B r 2 n . m . r .  The d o u b le t  a t  6 . 0 3  t  due t o  t h e  

p r o t o n  on C2  i n  t h e  d io n e  ( 7 7 )  had d i s a p p e a r e d  i n  t h e  

sp e c tru m  o f  ( 9 4 ) .  A d o u b le t  a t  3 . 8 6  t  due t o  Ha, 

m u l t i p l e t s  a t  6 . 7  t  and 7 . 3  t  due to  b r id g e h e a d  p r o t o n s  

and a m u l t i p l e t  c e n t r e d  a t  8 . 4 5  t  f o r  t h e  r e m a in in g  m e t h y le n e s  

v/ere o b s e r v e d .

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

g ro u p  a t  t h e  C4  p o s i t i o n  w ere:  a) t o  a l l o w  c o n d e n s a t io n

o f  a s i d e  c h a in  a t  t h a t  s i t e  and b )  t o  p r o v id e  a means 

b y  w h ich  t h e  one ca rb o n  b r i d g e ,  w hich  w ould  come from  C3 , 

c o u l d  b e  c l e a v e d .  l - E t h o x y c a r b o n y l b i c y c l o - ( 3 : 3 : l ) - n o n -

3 —e n e —9 - o n e  ( 4 7 ) u n d e r g o e s  a r e v e r s e  a c e t o a c e t i c  e s t e r  

c o n d e n s a t i o n ,  ( 4 7 ) - +  ( 9 6 ) ,  t o  g i v e  1 , 5 - d i  e t h o x y  carb  o n y l -  

c y c l o - o c t - l - e n e  ( 9 6 ) ,  H ow ever, t h e  c o r r e s p o n d in g  

m e th y l  a n a lo g u e  ( 9 0 ) ,  d o e s  n o t  u n d erg o  f i s s o n  i n  t h i s  

way®®. The r e a s o n  s u g g e s t e d  i s  t h a t  t h e  b i s - e s t e r  

( 9 8 )  fo r m e d ,  r e c y c l i s e s  t o  ( 9 0 )  a s  t h e  b r id g e h e a d



- 43 -

s u b s t i t u e n t  p r e v e n t s  t h e  d o u b le  bond m oving i n t o  

c o n j u g a t i o n .  F i s s o n  o f  th e  C3  b r i d g e  i n  ( 9 3 )  w o u ld , i n  

t h e  same way, p ro d u ce  a c y c l o - o c t e n e  (9 9 )  w hich  c o u ld  

r e c y c l i s e  to  s t a r t i n g  m a t e r i a l .  T h is  p r o v id e d  a s e c o n d  

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

s y n t h e s i s ,  (Schem e 5 ) .

F o r m y la t io n  o f  t h e  C4  p o s i t i o n  was a l s o  

c o n s i d e r e d  and a t t e m p te d  i n  o r d e r  t o  f o l l o w  Scheme 6 , b u t  

r e j e c t e d  ow ing to  lo w  y i e l d s .

The d i f f i c u l t y  met i n  a t t e m p te d  c a r b e t h o x y l a t i o n  

and f o r m y l a t i o n  prom pted t h e  d e c i s i o n  to  co n d e n se  a s i d e  

c h a i n  d i r e c t l y  on t o  t h e  b i c y c l i c  s y s te m  ( 7 7 )  and d e v i s e  

an a l t e r n a t i v e  m ethod o f  r i n g  f i s s o n .

1 , 3 - d i c h l o r o b u t e n e  was c o n d e n se d  w ith  ( 7 7 ) ,  

u s i n g  p o t a s s iu m  t e r t i a r y  b u t o x i d e ,  t o  g i v e  an i s o m e r i c  

m ix t u r e  o f  2 - p h e n y l - 2 - ( 3 - c h l o r o b u t - 2 - e n y l ) - b i c y c l o -  

( 3: 3 : l ) - n o n a n - 3 , 9 - d i o n e  ( 1 0 0 ) .  From t h e  p h y s i c a l  d a t a  

t h e r e  d i d  n o t  a p p ea r  t o  b e  any way o f  d i f f e r e n t i a t i n g  

b e tw e e n  th e  a x i a l  and e q u a t o r i a l  ep im er  b u t  f o r  c o n v e n ie n c e  

one was r e f e r r e d  t o  as  A and t h e  o t h e r  B w i t h o u t  kn ow in g  

w h ich  was w h ic h .  B o th  a n a ly s e d  f o r  C^gHgiOgCl, had mass 

s p e c t r a ,  (P= 316 m / e ) ,  w ith  breakdow n p a t t e r n s  c o m p a t ib le  

w it h  m o n o - c h lo r in a t e d  compounds and g a v e  p o s i t i v e  B e i l s t e i n  

t e s t s .  The n . m . r .  s p e c t r a  o f  b o t h  A and B show ed l o s s  o f
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t h e  6 . 0 3  t  d o u b l e t ,  o b s e r v e d  f o r  t h e  d io n e  ( 7 7 ) ,  and a 

s h a r p e n in g  o f  t h e  a r o m a t ic s  t o  a c l e a n  s i n g l e t .  B o th  

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

C2  p o s i t i o n .  F u r th e r  p r o o f  o f  s t r u c t u r e  i n  t h e  n .n i . r .  was 

t h e  a p p ea r a n c e  o f  a t r i p l e t  f o r  t h e  v i n y l  p r o to n  ( 4 . 8 2 t ,

J= 7  c p s .  i n  t h e  c a s e  o f  A and 4 . 9 7  t ,  J = 8 .5  c p s .  f o r  B)  

and a s i n g l e t  a t  8 . 0 7  f o r  th e  m e th y l  g r o u p in g .  The i n f r a 

r e d  sp ec tru m  o f  A had V q q ^  1 7 1 7 ,1 7 1 0 ;  1663  cm
r tp  1 QQ -i

and o f  B had v 4  1 7 2 1 ,1 7 0 9  cm. ; Vqq 4  1655 cm. ~  •

I f  t h e  c o n fo r m a t io n  o f  one o f  t h e  e p im e r s  i s  as  

shown i n  ( 1 0 0 a) t h e n  i f  r i n g  c l o s u r e  p r o c e e d s  i n  t h e  

d e s i r e d  way, r i n g  B s h o u ld  t a k e  up t h e  b o a t  c o n fo r m a t io n  

and t h e  o t h e r  i s o m e r ,  ( 1 0 0 b ) ,  g i v e  t h e  t r i c y c l i c  compound 

w it h  r i n g  B i n  t h e  c h a ir  form .

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

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

T h ere  a r e  two g e n e r a l  s y n t h e t i c  m eth ods  w hich  h a v e  b e e n  

em p lo y ed  t o  f u s e  an a d d i t i o n a l  c a r b o c y c l i c  r i n g  t o  a 

c y c l i c  k e t o n e .  The f i r s t  p r o c e d u r e ,  t h a t  o f  R o b in s o n 3-*-, 

i s  t h e  c y c l i s a t i o n  o f  a 1 , 5 - d i k e t o n e ,  su ch  a s  ( 1 0 1 a ) ,

w i t h  d i l u t e  a c i d  o r  b a s e .  The s e c o n d  p r o c e d u r e ,  d i s c o v e r e d
32 33 34b y  W io h t e r l e  and w id e ly  em p loyed  b y  P r e l o g  9 , i s

t h e  c y c l i s a t i o n  o f  a 2 - ( 3 1- c h l o r o c r o t y l ) - c y c l o h e x a n o n e ,  su ch

a s  ( 1 0 2 a ) ,  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  t o  a m ix t u r e  o f
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( 1 0 3 a )  and ( 1 0 4 a ) ,  t h e  r a t i o  d ep en d in g  on t h e  n a t u r e  o f  

t h e  s u b s t i t u e n t s  R and Rf . The p r o d u c t  from  t h e  

R o b in so n  a n n e l a t i o n  r e a c t i o n  i s  th e  o c t a l o n e  (1 0 4 a )*

The m echanism  o f  th e  W ic h t e r l e  r e a c t i o n  i s  
35c o n s i d e r e d  i n  Scheme 7 , where t h e  c h l o r o v i n y l  grou p  i s

a c t i n g  a s  a d i s g u i s e d  c a r b o n y l  group w hich  i s  l i b e r a t e d
36d u r in g  t h e  r e a c t i o n  • The m ain f a c t o r  d e t e r m in in g  

w h e th e r  th e  o c t a l o n e  (1 0 4 )  o r  t h e  b i c y c l i c  - ( 3 : 3 : l ) - s y s t e m  

( 1 0 3 )  w i l l  r e s u l t  from  t h i s  i n v o l v e s  c o n f o r m a t io n a l  e n e r g y  

d i f f e r e n c e s *  The e n e r g y  d i f f e r e n c e ,  b e tw e e n  t h e  co n fo rm er  

w it h  an a x i a l  b u ta n o n e  s i d e  c h a in  and t h e  e q u a t o r i a l  s i d e  

c h a i n  co n fo rm er  s h o u ld  b e  s m a l l e r  i n  th e  2 - m e t h y l - 2 - ( 3 -  

o x o b u t y l ) - c y c l o h e x a n o n e  ( 1 0 1 b )  i n t e r m e d i a t e ,  th a n  i n  t h e  

c o r r e s p o n d in g  d e s m e th y l  a n a lo g u e  ( 1 0 1 a) where t h e  

e q u a t o r i a l  s i d e  c h a in  would b e  g r e a t l y  f a v o u r e d .  The 

b r i d g e d  p r o d u c t  m ig h t  t h e r e f o r e  b e  more e a s i l y  form ed  from  

t h e  fo r m e r  i n t e r m e d i a t e  ( 1 0 1 b ) .  Thus i t  i s  n o t  s u r p r i s i n g

t h a t  (1 0 2 b )  s h o u ld  g i v e  (1 0 3 b )  i n  h ig h  y i e l d  w h e r ea s  (1 0 2 a )  

g i v e s  b o th .  ( 1 0 3 a )  and (1 0 4 a )  i n  a b o u t  e q u a l  am ou n ts .

S t a b i l i s a t i o n  o f  t h e  e n o l  form  ( 1 0 6 ) > where R* i s  

m e th y l^ d ir  e c t s  c y c l i s a t i o n  c o m p le t e ly  to  th e  ( 3 : 3 : 1 ) — 

b i c y c l i c  p r o d u c t  ( 1 0 7 ) .  The d i k e t o n e s ,  (1 0 1 a )  and ( 1 0 1 b ) ,  

can  b e  i s o l a t e d  when ( 1 0 2 a) and ( 1 0 2 b ) ,  r e s p e c t i v e l y ,  a re  

t r e a t e d  w i t h  c o n c e n t r a t e d  a c i d  f o r  a b o u t  30 m in u t e s  a t
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0 °C . T h i s  v/ould appear to  i n v a l i d a t e  any m echanism  w hich  

i n v o l v e s  p r o t o n a t i o n  o f  th e  d o u b le  b on d , c y c l i s a t i o n  and  

s u b s e q u e n t  d e h y d r o c h l o r i n a t i o n  ( s e e  Scheme 8 ) .  No 

d i k e t o n e  ( 1 0 1 c )  can  b e  i s o l a t e d  i n  t h e  c a s e  o f  t h e  d im e t h y l  

compound ( 1 0 2 c ) ,  t h e  r e a c t i o n  p r o c e e d in g  d i r e c t l y  t o  t h e  

b i c y c l i c  p r o d u c t  ( 1 0 3 c ) .  In  t h e  p r o p o se d  c y c l i s a t i o n  o f  

( 1 0 0 ,) t o  t h e  t r i c y c l i c  s t r u c t u r e  ( 1 0 8 )  t h e  p h e n y l  

s u b s t i t u e n t  s h o u ld  d i r e c t  r in g  c l o s u r e  to  ( 1 0 8 )  r a t h e r  th a n  

( 1 0 9 ) .  I n  c o n s i d e r i n g  t h e  c o n d i t i o n s  m ost s u i t a b l e  f o r  

th e  c y c l i s a t i o n  QO/a s u l p h u r i c  a c i d  was u s e d  t o  a v o i d  t h e  

s t r o n g  p o s s i b i l i t y  o f  s u lp h o n a t i o n  o f  t h e  b e n z e n e  r i n g  w i t h  

95$ s u l p h u r i c  a c i d .

a s  compound A was more r e a d i l y  o b t a in e d  p u re  

th a n  B , i t  was s u b j e c t e d  t o  a c i d  t r e a t m e n t  f i r s t .  A 

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

w h ich  a n a ly s e d  f o r  C i 9 H2 2 ^3 , an<̂  e x p e c t e d  m o le c u la r

w e ig h t  o f  2 9 8 ,  (m ass  s p e c t r o s c o p y ) ,  f o r  t h e  t r i c y c l i c  

compound ( 1 0 8 ) .  The p a r e n t  i o n  i n  t h e  m ass sp ectru m  

show ed two s e p a r a t e  l o s s e s ,  one o f  m /e  18 c o r r e s p o n d in g  t o  

l o s s  o f  w a t e r ,  t o  g i v e  a m /e 280 p eak  and t h e  o t h e r ,  w h ich  

v/as t h e  m ajor  p a th w a y , a l o s s  o f  m /e  44  t o  g i v e  a m /e  

2 5 4  p e a k .  L o ss  o f  m /e  4 4 ,  from  a compound w h ich  c o n t a i n s  

no n i t r o g e n ,  i s  m ost  o f t e n  due t o  e i t h e r  C02  o r  CH3 CHO 

b r e a k in g  o f f  from  t h e  m o l e c u l e .  A s o u r c e  o f  COg from
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t h e  a l c o h o l  (1 0 8 )  i s  d i f f i c u l t  to  e n v i s a g e  and a l o s s  o f  

CH^CHO v/ould i n v o l v e  s e v e r a l  im p ro b a b le  bon d  f i s s o n s .

A s l o s s  o f  m /e 44  from t h e  a l c o h o l  a p p ea r s  t o  b e  su ch  a 

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

p e a k  o f  t h e  s p e c t r u m ) ,  t h e n f t h e  l a t t e r  ( i . e .  GH^CHO) seem s  

u n l i k e l y  t o  b e  t h e  m /e 4 4  fr a g m e n t .

The c a r b o n y l  r e g i o n  i n  t h e  i n f r a - r e d  sp ec tru m  

o f  t h e  a l c o h o l  showed a b r o a d  peak  b e tw e e n  1720 and 1 7 3 0  cm."*'1' 

i n  c h lo r o fo r m  s o l u t i o n .  R e -r u n n in g  t h e  sp ectru m  i n  a 

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

a b s o r p t i o n  up to  1744 cm.*"'1' which a p p ea red  to o  h ig h  f o r

t h e  e x p e c t e d  s t r u c t u r e  ( 1 0 8 ) ,  ( c . f .  ( 7 7 )  vC C l* 1 7 2 3 , 1728cm .” '1').
CO

I t  was c o n s i d e r e d  t h a t  t h i s  m ig h t h a v e  b e e n  due t o  some 

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

An a l t e r n a t i v e  s t r u c t u r e  f o r  t h e  a l c o h o l  was 

exa m in ed  ( 1 1 0 ) .  T h is  was d i s p r o v e d  b y  t h e  a p p e a r a n c e  o f  

a m o n o - s u b s t i t u t e d  b e n z e n e  p a t t e r n  i n  b o t h  th e  i n f r a - r e d  and  

u l t r a - v i o l e t  s p e c t r a ,  and a l s o  b y  t h e  n . m . r .  w h ich  showed  

a sh a r p  s i n g l e t  f o r  th e  a r o m a t ic  p r o t o n s .  E x c e p t in g  t h e  

l a t t e r ,  t h e r e  were no peaics i n  t h e  n . m . r .  b e lo w  7 . 0 t  and  

t h e  o n l y  w e l l  d e f i n e d  one b e i n g  a t  8 .4 9  T and i n t e g r a t i n g  

f o r  t h r e e  p r o t o n s .  T h i s  s h i f t  d o w n f i e ld  o f  a m e th y l  

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

f u n c t i o n  to  t h e  same ca rb o n . S t r u c t u r e  ( 1 0 8 )  w ou ld  b e
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c o n s i s t e n t  w ith  t h i s *  The r a t e  o f  p r o t o n  ex ch a n g e  o f  t h e  

h y d r o x y l  was r e d u c e d  b y  ru n n in g  an n*m*r* sp ec tru m  i n  

d i m e t h y l s u l p h o x i d e  ^  so  a s  t o  o b s e r v e  t h e  h y d r o x y l  p r o t o n .  

As t h e  h y d r o x y l  r e s o n a n c e  a b s o r p t io n  a p p ea red  a s  a sh a rp  

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

The W ic h t e r l e  r e a c t i o n  i s  n o r m a l ly  accom panied  

b y  d e h y d r a t io n  a s  a l r e a d y  d e s c r i b e d  i n  Scheme 7 .  T h u s ,  

i t  seem ed  p e c u l i a r  t h a t  i n  t h e  p r e s e n t  c a s e  a s i m i l a r  

p a th w a y  had n o t  b e e n  f o l l o w e d .  D e s p i t e  c o n s i d e r a b l e  

e f f o r t  t o  d e h y d r a t e  t h i s  a l c o h o l  undur n orm al d e h y d r a t in g  

c o n d i t i o n s  and a l s o  w ith  r e a g e n t s  su ch  a s  f o r m ic  a c i d  and  

p e r c h l o r i c  a c i d  i n  g l a c i a l  a c e t i c  a c i d ,  known t o  

d e h y d r a t e  b i c y c l i c  s y s te m s  o f  t y p e  ( i l l )  t o  ( 1 1 2 ) ,  no 

e v i d e n c e  o f  d e h y d r a t io n  was fo u n d s  A lth o u g h  t h e  i n a b i l i t y  

o f  t h e  a l c o h o l  t o  d e h y d r a te  c o u ld  have  b e e n  a c o n f o r m a t i o n a l  

e f f e c t ,  t h e  s u s p i c i o n  t h a t  t h e  a l c o h o l  had u n d erg o n e  

r e a r r a n g e m e n t ,  was h e i g h t e n e d .  A h y d r o x y l  grou p  a t  a 

b r i d g e h e a d ,  f o r  i n s t a n c e ,  w ould n o t  d e h y d r a t e .  No 

s t r u c t u r e s  c o u ld  b e  drawn, h o w e v e r ,  w hich  w ould  a g r e e  w i t h  

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

any r e a r r a n g e m e n t  t h a t  had t a x e n  p l a c e  m u st h a v e  b e e n  o f  

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

I f  t h e  a l c o h o l  had i n  f a c t  t h e  s t r u c t u r e  ( 1 0 8 )  

t h e n  i t  was o f  su ch  a n o v e l  n a t u r e  t o  r e q u i r e  a c o n c l u s i v e
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d e t e r m i n a t i o n  o f  t h e  c o n fo r m a t io n .  On t h e  o t h e r  han d ,

i f  a r e a r r a n g e m e n t  had ta k e n  p l a c e  i t  was a l s o  o f

im p o r ta n c e  t o  d e te r m in e  i t s  d e f i n i t e  s t r u c t u r e .  I n

e i t h e r  c a s e  t h e r e  was s u f f i c i e n t  i n t e r e s t  t o  w arran t a

s t r u c t u r a l  p r o o f  b y  X -r a y  c r y s t a l l o g r a p h y .

The a l c o h o l  was fou n d  to  f o r m y la t e  r e a d i l y  on

r e f l u x i n g  w i t h  98$ fo r m ic  a c i d .  The i n f r a - r e d  o f  t h i s

e s t e r  show ed t h r e 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 s  1 7 4 3 ,

1 7 3 2  and 1726  cm.*”'1’. I f  th e  f i r s t  o f  t h e s e  i s  assum ed t o

b e  t h e  i n i t i a l  c a r b o n y l  o b se r v e d  i n  t h e  a l c o h o l ,  t h e n  t h e
—1o t h e r  two m u st b e  due to  t h e  e s t e r .  The 17 4 3  cm.

a b s o r p t i o n  o n ly  a p p ea red  to  b e  i n t e n s e  enough f o r  one

c a r b o n y l  g r o u p in g ,  w hich  i s  a t  v a r ia n c e  w ith  t h e

s t r u c t u r e  ( 1 1 3 ) .  The vCCl4  a t  3170 cm. 1  c o n f ir m e d  t h e
C-0

C -0  s t r e t c h  o f  th e  e s t e r .  As was a lr e a d y  fo u n d  f o r  t h e  

a l c o h o l ,  t h e  m ass spectru m  showed a v e r y  f a v o u r a b l e  l o s s  

o f  m /e  4 4 ,  i n  t h i s  c a s e  from  an i o n  M-28C; t h e  l a t t e r  

a r i s i n g  from  l o s s  o f  fo r m ic  a c i d  from t h e  p a r e n t  i o n  

m /e  3 2 6 .  A g a in  no r a t i o n a l i s a t i o n  c o u ld  b e  fo u n d  f o r  

t h i s  f r a g m e n t a t i o n .

As t h e  fo r m a te  e s t e r  was e a s i l y  p r e p a r e d ,  i t  

was d e c i d e d  t o  p r e p a r e  t h e  a c e t a t e  o f  t h e  a l c o h o l  i n  

p r e p a r a t i o n  f o r  t h e  f o r m a t io n  o f  a b r o m o a c e ta te  

d e r i v a t i v e ,  w hich  c o u ld  b e  u se d  i n  an X—r a y  s t u d y .
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Under r e f l u x i n g  c o n d i t i o n s ,  w ith  i s o p r o p e n y l  

a c e t a t e  and p a r a t o lu e n e s u lp h o n ic  a c i d  th e  a l c o h o l  was 

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

o f  t h 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 io n  a t  1745  cm."*1  i n  

ca rb o n  t e t r a c h l o r i d e  i n d i c a t e d  t h e  p r e s e n c e  o f  o n ly  two  

c a r b o n y l s .  The n .m .r .  d a ta  was c o n s i s t e n t  w ith  ( 1 1 4 ) ,  

b u t  a s  i n  t h e  a l c o h o l  (1 0 8 )  and t h e  fo r m a te  e s t e r  ( 1 1 3 ) ,  

t h e  m ass sp ec tru m  showed l o s s  o f  m /e 4 4 .  T o g e t h e r  w i t h  

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

b a s e  p ea k  a t  lvi-236. T h is  i n d i c a t e s  t h a t  th e  m /e  4 4  

fr a g m e n t  i s  n o t  l o s t  from  t h e  c e n t r e  c a r r y in g  t h e  h y d r o x y l  

and m u st t a k e  p l a c e  a t  some o th e r  s i t e  i n  t h e  m o l e c u l e .

A 6 - l a c t o n e  i s  known t o  g i v e  l o s s  o f  COg (m /e  4 4 )  u n d er  

e l e c t r o n  bombardment i n  some c a s e s  an d , a l th o u g h  t h e  

i n f r a - r e d  s u p p o r t e d  such  a g r o u p in g ,  i t  c o u ld  n o t  b e  

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

a l c o h o l ,  ( so d iu m  e t h o x i d e  or  m i ld  p o t a s s iu m  h y d r o x i d e ) ,  

d i d  h o w ev er  r e n d e r  an u n i d e n t i f i e d  a c i d ,  b u t  no f u r t h e r  

i n v e s t i g a t i o n  o f  t h i s  was made.

A d d i t i o n  o f  b r o m o a c e ty l  b rom id e  to  t h e  a l c o h o l  

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

n i g h t  y i e l d e d  a b r o m o a c e t a t e .  M i c r o - a n a l y s i s  and m ass  

s p e c t r o m e t r y  ( P - 4 1 9 )  c o n f ir m e d  a m o le c u la r  f o r m u la  o f  

C2 lH g 3 0 4 B r ,  t h e  l a t t e r  h a v in g  a f r a g m e n t a t io n  p a t t e r n
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c o n s i s t e n t  w i th  t h e  fo r m a te  and a c e t a t e  d e r i v a t i v e s ,  ( i . e .  

"base p e a k ,  M -2 3 6 ) .  A g a in  an anom alous i n f r a - r e d  f o r  a 

s t r u c t u r e  o f  t y p e  (1 1 5 )  was r e c o r d e d ,  Vqq1 4  1 1 7 4 5  cm."*1  

( e = 8 4 0 ) .

A sam p le  o f  t h e  h r o m o - a c e t a t e  c o n t a i n i n g

c r y s t a l s  o f  t h e  c o r r e c t  s i z e  f o r  X -r a y  c r y s t a l l o g r a p h y

w ere p r e p a r e d  b y  d i s s o l v i n g  t h e  b r o m o a c e ta te  i n  e t h e r  and

a l l o w i n g  th e  l a t t e r  t o  e v a p o r a t e  o f f  o v e r  s e v e r a l  d a y s .

The X -r a y  a n a l y s i s  was u n d e r ta k e n  b y  D r . G.

F e r g u s o n  and Mr. R. P o l l a r d  who r e p o r t e d  a s  f o l l o w s : -

R o t a t i o n ,  o s c i l l a t i o n ,  W e is s e n b e r g  and

p r e c e s s i o n  p h o to g r a p h s  w ere ta k e n  w ith  c o p p er  K -a

( X = 1 . 5 4 2  X) and molybdenum K -a  ( X t= 0 .7 1 0  a )

r a d i a t i o n s .  The c a l l  d im e n s io n s  were o b t a in e d  from

r o t a t i o n  and p r e c e s s i o n  p h o t o g r a p h s ,  and t h e  s p a c e

g r o u p ,  P 2 1 / e ,  was d e te r m in e d  u n iq u e ly  from  t h e

s y s t e m a t i c  a b s e n c e s*

I n t e n s i t y  d a t a  were o b t a in e d  from  e q u a t o r i a l

and e q u i - i n c l i n a t i o n a l  up per  l a y e r  p h o to g r a p h s ,  ta k e n

from  c r y s t a l s  r o t a t e d  a b o u t  t h e  n e e d l e  a x i s  ( a - c r y s t a l
38a x i s ) ;  t h e  m u l t i p l e  f i l m  t e c h n iq u e  was em ployed  

Some 2 ,0 0 0  d a ta  were e s t i m a t e d  v i s u a l l y  b y  c o m p a r iso n  

w it h  a c a l i b r a t e d  s t r i p ,  and w ere c o r r e c t e d  f o r  

L o r e n t z ,  p o l a r i s a t i o n  and r o t a t i o n  f a c t o r s
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a p p r o p r i a t e  t o  t h e  up per  l a y e r s S in c e  s m a l l

c r y s t a l s  w ere  u s e d  no c o r r e c t i o n s  f o r  a b s o r p t io n

w ere  a p p l i e d .  The v a r i o u s  l a y e r s  w ere p l a c e d  on

t h e  same s c a l e  b y  co m p a r iso n  o f  th e  o b s e r v e d  and

c a l c u l a t e d  s t r u c t u r e  a m p l i tu d e s  o b t a in e d  from  t h e

t h r e e  d im e n s io n a l  P a t t e r s o n  f u n c t i o n .

The p o s i t i o n  o f  t h e  b rom in e  atom was fo u n d  from

t h e  P a t t e r s o n  d i s t r i b u t i o n  and t h e  rem a in d er  o f  t h e
40 4 1s t r u c t u r e  e l u c i d a t e d  b y  t h e  h ea v y  atom m ethod 9 

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

on t h e  G lasgow  KDF9 com p u ter . The v a l u e  o f  R i s  

now 14/0 and r e f in e m e n t  o f  a to m ic  p a r a m e te r s  i s  

c o n t i n u i n g .

The s t r u c t u r e  and c o n fo r m a t io n  o f  t h e  m o le c u le  a r e  shown  

i n  ( 1 1 9 )  and F ig u r e  2 and a l i s t  o f  c r y s t a l  d a t a  g i v e n  

b e l o w : -

CRYSTAL DATA.

M o le c u la r  Formula*  

M o le c u l a r  W e ig h t .  
S y s te m  
a 
b

“ C2 l H2 3 u4B r *
-  4 1 9 .3 3 1
-  m o n o c l i n i c

0
U n i t  C e l l  Volume
N o . o f  m o l e c u l e s / u n i t  c e l l
A b s e n t  s p e c t r a

c

-  7 . 1 6  £
-  1 6 .1 5  £
-  1 7 . 7 1  £
-  1 0 8 °  4 0 '
-  1942  £ 3

-  4
-  h o l  i f  1  i s  odd
-  oko i f  k  i s  odd
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CRYSTAL DATA. C o n tin u ed :

S p a c e  Group -  P2^_/c

N o . o f  e l e c t r o n s / u n i t  c e l l  -  864

N o . o f  i n t e n s i t i e s  e s t i m a t e d  -  2000

A f t e r  d e t e r m in a t io n  o f  th e  s t r u c t u r e  s e v e r a l  o f  

t h e  a n om alou s  a s p e c t s  o f  t h e  p h y s i c a l  d a ta  c o u ld  b e  

r a t i o n a l i s e d .  I n  p a r t i c u l a r ,  t h e  l o s s  o f  rn/e 4 4  i n  t h e  

m ass sp e c tru m  m ust b e  due t o  a r ea r ra n g em en t i n  t h e  

l a c t o n e  r i n g  w h ich  can  b e  d e p i c t e d  as shown i n  Scheme 9 .  

A lth o u g h  w a te r  can  b e  l o s t  from  t h e  p a r e n t  i o n  o f  t h e  

a l c o h o l ,  ( P - 2 9 8 ) , i t  i s  more f a v o u r a b l y  l o s t  a f t e r  t h e  

GOg s p l i t s  o f f ,  ( i . e .  rn/e 298 -+ m /e 2 5 4  -+ m /e  2 3 6 ) .

I n  t h e  c a s e s  o f  t h e  fo r m a te  ( 1 1 7 ) ,  a c e t a t e  (1 1 8 )  and  

b r o m o a c e t a t e  ( 1 1 9 ) ,  l o s s e s  o f  f o r m i c ,  a c e t i c  and b ro m o -  

a c e t i c  a c i d s  r e s p e c t i v e l y  o c cu r  b e f o r e  l o s s  o f  m /e  4 4 .

T h i s  i s  p r o b a b ly  due t o  t h e  f a c t  t h a t  t h e y  can  u n d ergo  a 

M c L a f f e r t y  ^  r ea r r a n g e m en t  (Schem e 10 )  w hereas  

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

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

and t h e  n .m .r *  d a t a  c l a r i f i e d .  The in e th y l  p r o t o n s  

r e s o n a t i n g  a t  lo w e r  f i e l d  due to  t h e  a t t a c h m e n t  o f  t h e  

o x y g e n  o f  t h e  l a c t o n e  to  t h e  same carb on  and n o t  t o  a

h y d r o x y l  a s  i n  ( 1 0 8 ) .

A m echanism  f o r  t h e  c o n v e r s i o n  o f  th e  c h l o r o -
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compound ( 1 0 0 )  to  th e  a l c o h o l  i s  o u t l i n e d  i n  Scheme 11*

I t  i s  now c l e a r  t h a t  compound A must have  b e e n  t h e  a x i a l  

ep im er  ( 1 0 0 b )  and t h a t  t h e  m o d i f i e d  t r i c y c l e  ( 1 2 3 )  h a s  i n  

f a c t  b e e n  form ed*  The a c i d  c a t a l y s e d  r i n g  o p e n in g  i s  

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

s t r a i n e d  b i c y c l o  -  ( 3 : 2 : 1 )  -  o c t a n o n e .  I t s  o p e r a t i o n  i n  

a co m p lex  b i c y c l o  -  ( 3 : 3 : l ) - n o n a n o n e  p resu m ab ly  r e f l e c t s  

t h e  s t r a i n  i n  t h i s  p a r t i c u l a r  m o le c u le *

I t  was d e c id e d  n o t  t o  sufcgect compound B t o  a c i d  

t r e a t m e n t  a s  a s i m i l a r  r ea r r a n g em en t to  t h e  one j u s t  

d e s c r i b e d  w ou ld  a lm o s t  c e r t a i n l y  t a k e  p l a c e .  Work on 

t h e  s y n t h e s i s  o f  a t r i c y c l i c  compound was d i s c o n t i n u e d  a t  

t h i s  s t a g e .

PART I I *
20 4PC op e, i n  two p a p e r s  9 i n  1 9 5 0 ,  e s t a b l i s h e d  

a s y n t h e s i s  o f  an e i g h t  membered r i n g  compound b y  

c l e a v a g e  o f  t h e  b r i d g e  o f  a ( 3 : 3 : l ) - b i c y c l i c  compound.

The b a s i s  o f  t h i s  c l e a v a g e  was th e  c o n v e r s io n  o f  a k e t o n e  

b r i d g e  i n  a ( 3 : 3 : l ) - b i c y c l i c  sy s te m  t o  an o x im e ,  

r e a r r a n g e m e n t  t o  t h e  la c ta m  and h y d r o l y s i s  o f  t h i s  t o  an  

amino a c i d .  Schem es 12 and 13 b r i e f l y  o u t l i n e  t h e  s e r i e s  

o f  r e a c t i o n s  u n d e r ta k e n  i n  h i s  r e p o r t e d  c a s e s .

The p r e s e n t  work was u n d e r ta k e n  t o  i n v e s t i g a t e  

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

Two b i c y c l i c  s y s te m s  were c o n s id e r e d  a s  p o s s i b l e  

s t a r t i n g  m a t e r i a l s  f o r  m o d i f i c a t i o n  to  t h e  t e n  carb on  r i n g .  

The f i r s t  was t h e  ( 4 : 4 : l ) - b r i d g e d  sy stem  ( 1 2 5 ) ,  r em o v a l o f  

t h e  c a r b o n y l  b r i d g e  from  w hich  would l e a d  t o  th e  r e q u ir e d  

r in g  s i z e .  H ow ever , t h e  c o n d e n s a t io n  o f  a f o u r  carb on  

s i d e  c h a in  to  a c y c lo h e p t a n o n e  and s u b s e q u e n t  c y c l i s a t i o n  

to  a b i c y c l i c  compound i s  a p a r t i c u l a r l y  d i f f i c u l t  p ro b lem 4 3 , 

and a t  p r e s e n t  o n ly  one such  compound 4 4 , a l l o h i m a c h a l o l  

( 1 2 6 )  , h a s  a p p e a r e d  i n  t h e  l i t e r a t u r e .  On th e  o t h e r  hand  

t h e  ( 5 : 3 : l ) - b i c y c l i c  s k e l e t o n  ( 1 2 7 )  h a s  b e e n  s y n t h e s i s e d  

b y  P r e l o g  and h i s  c o -w o r k e r s  3 3 > 4 5 ,4 6  o t h e r s ,  and ,  

a l t h o u g h  l i t t l e  f u r t h e r  worn had b e e n  done on su ch  a 

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

th a n  t h e  ( 4 : 4 : 1 ) - b i c y c l e .

2 - (  3 - p h e n y l - 3 - o x o p r o p y l ) - c y c l o - o c t a n o n e  (1 2 8 )  

was p r o d u c e d  i n  5 6 /  y i e l d  from  c y c l o - o c t a n o n e  and c y c l i s e d  

t o  a m ix t u r e  o f  t h e  u n s a t u r a t e d  b i c y c l i c  k e t o n e s  ( 1 2 9 )  and  

( 1 3 0 ) .  G . l . c .  i n d i c a t e d  t h a t  t h e  m ix tu r e  was com posed o f

63 % and 3 7 /  o f  ( 1 2 9 )  and ( 1 3 0 ) ,  r e s p e c t i v e l y .  The
G el  —i

i n f r a - r e d  o f  t h e  m ajor  com ponent showed v qq 4  1701  cm.

and th e  u l t r a —' v i o l e t 243 mM- ( s = 1 2 , 4 0 0 ) ,  t h e

l a t t e r  b e i n g  c o n s i s t e n t  w ith  a norm al s t y r e n e  ty p e

chrom ophore ( c . f .  T a b le 4 )#  N* m, r ,  i n d i c a t e d  t h e
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p r e s e n c e  o f  one  v i n y l  p r o to n  ( 4 . 0 9  t ) ,  w hich a p p ea red  as  

a t r i p l e t ,  a g r e e i n g  f a v o u r a b ly  w ith  th e  s t r u c t u r e  

a s s ig n m e n t  ( 1 2 9 ) .  T h is  was c o r r o b o r a te d  b y  an a c c e p t a b l e  

a n a l y s i s ,  C2 3 H2 4 O4 N4 , f o r  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  

d e r i v a t i v e .

S e p a r a t i o n  o f  (.129) and (1 3 0 )  p ro v ed  i m p r a c t i c a l  

as b o t h  r a n  c l o s e l y  on a t . l . c .  p l a t e  and a l s o  on a 

co lu m n . On a s m a l l  s c a l e ,  h o w ev er ,  s e p a r a t i o n  was a c h ie v e d  

b y  t h i c k  l a y e r  ch rom atograp h y  t o  p r o v id e  s u f f i c i e n t  m a t e r i a l  

f o r  i . r . ,  u . v . ,  and n . m . r .  d a t a  t o  b e  c o l l e c t e d .  The 

c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  o f  t h e  m in or  component  

( 1 3 0 )  i n  t h e  i n f r a - r e d  a p p ea red  a t  1693 cm. ^ w i t h  a 

s h o u ld e r  a t  1683  cm. The o r d er  o f  t h i s  a b s o r p t i o n  i s

c l o s e  to  t h e  e x p e c t e d  v a lu e  f o r  a a (3 - u n s a t u r a t e d  

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

s l i g h t l y  h i g h e r  v a l u e .  The a p p ea ra n ce  o f  a d o u b le t  

h o w ev er  may w e l l  b e  due t o  Fermi r e s o n a n c e ,  a f e a t u r e  

w h ich  i s  o b s e r v e d  i n  s e v e r a l  o t h e r  b i c y c l i c  k e t o n e s ,

( c . f .  T a b le  5 ) .  The n . m . r .  sp ectru m  shows no v i n y l  

p r o t o n s  and , e x c e p t  f o r  t h e  v e r y  f i n e l y  s p l i t  a r o m a t ic  

p e a k , no o t h e r  a b s o r p t i o n  b e lo w  7 . 4  t  • The m ost  

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

v i o l e t  sp e c tru m  w ith  ^max ^  ( e ~ 1 2 , 2 0 0 ) .  No

m o d el s y s t e m  c o u ld  b e  fo u n d  w ith  w hich  a t r u e  c o m p a r iso n
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c o u ld  b e  made ow ing t o  th e  u n iq u e  c o n fo r m a t io n  o f  su ch  a 

s y s t e m .  T a b le  6  l i s t s  s e v e r a l  o f  t h e  m ost c l o s e l y  r e l a t e d  

sy s te m s*

L ig h t  a b s o r p t i o n  i n  th e  n ea r  u l t r a - v i o l e t  can  

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

grou n d  s t a t e ,  t o  w h ich  r e s o n a n c e  fo r m s ,  ( p a r t i c u l a r l y  i o n i c  

f o r m s ) ,  o f  h i g h e r  e n e rg y  c o n t e n t  th an  c l a s s i c a l  

s t r u c t u r e s  make a r e l a t i v e l y  s m a l l  c o n t r i b u t i o n ,  t o  

e x c i t e d  s t a t e s  to  w hich  r e s o n a n c e  fo rm s  o f  h i g h e r  e n e r g y  

c o n t e n t  make a l a r g e r  c o n t r i b u t i o n .

A s t r u c t u r a l  ch an ge  w hich  t e n d s  to  d e c r e a s e  t h e  

p l a n a r i t y  o f  t h e  c o n j u g a t e d  sy stem  m ig h t  b e  e x p e c t e d  t o  

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

t h e  f o l l o w i n g  w a y s .

a) I f  t h e  s t e r i c  i n t e r f e r e n c e  r e s u l t i n g  i n  non 

p l a n a r i t y  i s  r e l a t i v e l y  s m a l l ,  th e n  t h e  c h a r a c t e r i s t i c  

t r a n s i t i o n  o f  th e  chrom ophore m ig h t  b e  r e s t r i c t e d  t o  

v i b r a t i o n a l  s t a t e s  i n  w h ich  a p p r o p r ia t e  b on d s  a r e  

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

p l a n a r i t y .  S o l u t i o n  s p e c t r a  r e p r e s e n t i n g  ban d  e n v e l o p e s ,  

r a t h e r  th a n  d i s c r e t e b a n d s , w i l l  th e n  show l i t t l e  ch a n g e  

i n  t h e  wave l e n g t h  l o c a t i o n ,  b u t  th e  i n t e n s i t y  o f  t h e  

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

r e s t r i c t e d  t o  a s m a l l e r  number o f  v i b r a t i o n a l  s t a t e s .
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At t h e  same t i m e ,  h a n d s ,  c h a r a c t e r i s t i c  o f  th e  p a r t i a l  

chrom ophore p r e s e n t  i n  t h e  n o n -p la n a r  c o n f i g u r a t i o n ,  w i l l  

ap p ear  i n c r e a s i n g  i n  i n t e n s i t y  a s  th e  i n t e n s i t y  o f  t h e  

main h a n d  d e c r e a s e s .

b )  I f  s t e r i c  i n t e r f e r e n c e  i s  l a r g e  and r e s o n a n c e  

i n t e r a c t i o n  t a k e s  p l a c e  d e s p i t e  n o n - p l a n a r i t y ,  th e  e n e r g y  

l e v e l  o f  t h e  e x c i t e d  s t a t e  w i l l  t h e r e f o r e  b e  r a i s e d  

r e l a t i v e l y  t o  t h a t  o f  th e  ground s t a t e ,  i . e .  t h e  

c h a r a c t e r i s t i c  b a n d  i t s e l f  w i l l  b e  d i s p l a c e d  to w a rd s  

s h o r t e r  wave l e n g t h s .

From t h e  u l t r a - v i o l e t  sp ectru m  o f  (1 3 0 )  th e  

h y p so c h r o m ic  s h i f t  o f  th e  m ain a b s o r p t io n  b a n d , from  t h e  

e x p e c t e d  v a l u e  o f  a b o u t  2 8 0 -2 9 0  rn*p. t o  263 m .p .  , w ou ld  

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

enone s y s t e m .

A lt h o u g h  a p u re  sa m p le  o f  (1 3 0 )  was n e v e r  

a n a l y s e d ,  a m ix t u r e  o f  t h e  i s o m e r s  ( 1 2 9 )  and (1 3 0 )  

a n a l y s e d  f o r  C1 7 H2 0 0  a*1*1 S ave  a mass s p e c t r a l  m o le c u la r  

w e ig h t  o f  2 4 0 .

T h e o r e t i c a l l y  t h e  h y d r o g e n a t io n  o f  a m ix t u r e  o f  

( 1 2 9 )  and ( 1 3 0 )  s h o u ld  r e s u l t  i n  t h e  one compound. When 

( 1 2 9 )  was h y d r o g e n a t e d  i n  e t h a n o l  u s i n g  a 10 jo p a l l a d i l i s e d  

c h a r c o a l  c a t a l y s t  a m ix t u r e  o f  i s o m e r s  was o b t a in e d  w h ich  

w ere t h o u g h t  t o  d i f f e r  o n ly  i n  t h e  s t e r e o c h e m i s t r y  a t  C2 ,
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i . e .  one  w i t h  t h e  p h e n y l  g r o u p in g  a x i a l  and t h e  o t h e r  

e q u a t o r i a l .  The m ix t u r e  a n a ly s e d  f o r  C1 7 H2 2 G , and had  

a m o le c u la r  w e ig h t  o f  2 4 2 .  No a b s o r p t io n  i n  t h e  n .m .r .  

f o r  a v i n y l  p r o t o n  was o b s e r v e d .  L o ss  o f  t h e  d o u b le  bon d  

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

from  w h ic h  t h e  243 m.p, a b s o r p t io n  had d is a p p e a r e d  t o  b e  

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

t h e  s p e c t r a  o f  t h e  a r y l  b i c y c l i c  compounds ( 7 7 ) ,  ( 7 9 ) ,  ( 8 4 ) ,

( 8 5 ) ,  e t c . ,  • The e x p e c t e d  c a r b o n y l  a b s o r p t io n  i n  t h e
CC1 —1

i n f r a - r e d  f o r  ( 1 3 1 )  was fo u n d  V qq 4  1701 cm.

H y d r o g e n a t io n  o f  a m ix t u r e  o f  ( 1 2 9 )  and (1 3 0 )  y i e l d e d

t h e  same m ix t u r e  a s  h y d r o g e n a t io n  o f  (1 2 9 )  a l o n e .  T h is

was shown b y  b o t h  t . l . c .  and g . l . c .  a n a l y s i s .

From t h e  p h y s i c a l ,  and a l s o  t h e  h y d r o g e n a t io n

e v i d e n c e ,  t h e r e  seem ed l i t t l e  doubt t h a t  t h e  i s o m e r i c

m ix t u r e  o b t a i n e d ,  b y  t r e a t i n g  t h e  d ik e t o n e  (1 2 8 )  w ith  a 
hydr*ocMo>nc

m ix t u r e  o f ^ g l a c i a l  a c e t i c  a c i d s ,  was com posed o f  t h e  

u n c o n j u g a t e d  ( 5 : 3 : 1 ) - b i c y c l i c  k e t o n e  (1 2 9 )  and th e  

c o n j u g a t e d  k e t o n e  ( 1 3 0 ) .  The l a t t e r  i s  an exam ple  o f  t h e  

l i m i t i n g  c a s e  f o r  a d o u b le  bond t o  b e  s i t u a t e d  a t  a 

b r i d g e h e a d  •

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

s u f f i c i e n t  t o  e l i m i n a t e  t h i s  m ethod a s  a f e a s i b l e  means o f  

p r e p a r i n g  ( 1 2 9 ) .  F o r t u n a t e l y  t h i s  p rob lem  was o b v i a t e d
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"by u s i n g  p a r a —t o l u e n e —s u lp h o n ic  a c i d  a s  th e  c o n d e n s in g  a g e n t  

and c a r r y in g  o u t  t h e  r e a c t i o n  i n  b e n z e n e  i n  a w a te r  s e p a r a t o r #  

A lth o u g h  t h e  r e a c t i o n  m ix tu r e  tu r n e d  b l a c k  d u r in g  t h e  r e -  

f l u x i n g  p e r i o d ,  a f t e r  d i s t i l l a t i o n  a good  y i e l d  o f  

2 - p h e n y l b i c y c l o - (  5: 3: l ) - u n d e c - 2 - e n e - l l - o n e  (1 2 9 )  was 

i s o l a t e d  f r e e  from  t h e  c o n ju g a te d  i s o m e r  ( 1 3 0 ) .  V ery  

l i t t l e  o f  t h e  l a t t e r  was p ro d u ced  a t  a l l  i n  t h e  r e a c t i o n  

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

r e f l u x i n g  t i m e s .

E q u i l i b r a t i o n  o f  t h e  two i s o m e r s  was p o s s i b l e  b y  

r e f  l u x i n g  some p u r e  ( 1 2 9 )  i n  a m ix tu r e  o f  h y d r o c h l o r i c  and  

a c e t i c  a c i d s  f o r  t h r e e  h o u r s .  30 $  o f  (1 2 9 )  i s o m e r i s e d  

to  ( 1 3 0 ) .  I n c r e a s e d  r e a c t i o n  t im e s  d id  n o t  a l t e r  t h e  

i s o m e r i c  r a t i o  a l t h o u g h  t im e s  o f  g r e a t e r  th a n  tv /e lv e  h o u rs  

w ere  n o t  e m p lo y e d .  A s i m i l a r  i s o m e r i s a t i o n  was o b s e r v e d  

b y  l e a v i n g  ( 1 2 9 )  s t a n d i n g  i n  an a l c o h o l i c  s o l u t i o n  o f  

sodium  e t h o x i d e  o v e r n i g h t .

Once a s u i t a b l e  m ethod o f  p r e p a r in g  ( 1 2 9 )  had  

b e e n  o b t a i n e d  t h e  l a t t e r  was c o n v e r t e d  t o  i t s  oxim e ( 1 3 2 )  

whose s t r u c t u r e  was e s t a b l i s h e d  b y  p h y s i c a l  m eans, ( s e e  

e x p e r i m e n t a l ) • C o n v e r s io n  o f  t h e  oxim e to  th e  c o r r e s p o n d 

in g  la c ta m  ( 1 3 3 )  g a v e  some t r o u b l e  i n i t i a l l y .  The m ethod  
20u s e d  b y  Cope , was t o  s t i r  t h e  oxim e w ith  b e n z e n e -  

s u l p h o n y l  c h l o r i d e  i n  p y r i d i n e  f o r  t h i r t y  m in u t e s ,  b u t
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s e v e r a l  a t t e m p t s  t o  a p p ly  t h i s  p r o c ed u r e  t o  ( 1 3 2 )  y i e l d e d  

o n ly  s t a r t i n g  m a t e r i a l .  R e f l u x i n g  th e  m ix tu r e  l e d  to  

s e v e r e  c h a r r i n g .  H ow ever, when th e  oxim e was h e a t e d  a t  

1 0 0 °  w i t h  p a r a - t o l u e n e s u l p h o n y l  c h l o r i d e  i n  p y r i d i n e  f o r  

t h r e e  h o u r s ,  i t  was c o m p le t e ly  expended  and t h e  r e a c t i o n  

m ix t u r e  c o n s i s t e d  o f  some f i v e  or  s i x  com p on en ts , t h e  

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

s t a n d i n g .

The o b v io u s  c h a r r in g  and th e  b y - p r o d u c t s  

p r o d u c e d  w ere  v i r t u a l l y  e l i m i n a t e d  b y  c a r r y in g  o u t  t h e  

r e a c t i o n  a t  room te m p e r a tu r e  o v e r n i g h t .  Y i e l d s  o f  up t o  

70 % o f  t h e  la c ta m  ( 1 3 3 )  c o u ld  b e  o b t a in e d  i n  t h i s  way#

A m o l .  wt# o f  255 was e s t a b l i s h e d  b y  m ass s p e c t r o s c o p y  

and an e m p i r i c a l  fo r m u la  o f  C1 7 H2 3 ON b y  m i c r o - a n a l y s i s .

The u l t r a - v i o l e t  sp ectru m  showed ^max 2554 m.M< ( e = 1 0 ,4 5 0 )

and t h e  i n f r a - r e d  Vqq1 4  1 6 5 7  cm .- 1 . T h ese  f a c t s  w ere  n o t

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

la c ta m #

T h e re  w ere two p o s s i b l e  d i r e c t i o n s  i n  w h ich  t h e  

Beckmann r e a r r a n g e m e n t  c o u ld  h ave  t a k e n  p l a c e  d e p e n d in g  

on w hich  b on d  i n  t h e  b r i d g e  m i g r a t e s ,  one g i v i n g  r i s e  t o

( 1 3 3 )  and t h e  o t h e r  t o  ( 1 3 4 ) .  The d i f f e r e n c e  b e t w e e n  

t h e  r e s o n a n c e  f r e q u e n c y ,  o f  a p r o t o n  a t o  n i t r o g e n  and

a l l y  l i e  t o  a d o u b le  bond and t h a t  o f  a p r o t o n  oc t o  a



c a r b o n y l  and a l l y l i c ,  was to o  i n d e f i n i t e  to  a l l o w  

s t r u c t u r e  a s s ig n m e n t  from  t h e  n .m .r .  sp e c tru m . C ope, i n  

t h e  ( 3 : 3 :  l ) - b i c y l i c  s y s te m , was o n ly  a b le  to  s a y  t h a t  t h e  

oxim e ( 1 3 5 )  had  t h e  s t r u c t u r e  shown, when, on h y d r o l y s i s ,  

d e c a r b o x y l a t i o n  was a b le  to  t a k e  p l a c e .  S u f f i c e  t o  

comment a t  t h i s  s t a g e  t h a t  i t  seemed l i k e l y  t h a t  th e  

r e a r r a n g e m e n t  o f  (1 3 2 )  w ould  t a k e  p l a c e  i n  t h e  same s e n s e  

a s  i n  C o p e ’ s  r e a c t i o n .

I n  t h e  h y d r o l y s i s  s t e p ,  (1 3 5 )  -+ ( 1 3 6 ) ,  Cope 

e m p lo y ed  6IST h y d r o c h l o r i c  a c i d  and a 24 hour r e f l u x  t i m e .  

S i m i l a r  t r e a t m e n t  o f  ( 1 3 3 ) ,  h o w ev er , d id  n o t  y i e l d  t h e  

r e q u i r e d  amino a c i d  ( 1 3 7 ) ,  i t s  h y d r o c h lo r id e  o r  t h e  

d e c a r b o x y l a t e d  a n a lo g u e  ( 1 3 0 ) .  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  was i s o l a t e d  i n  good  y i e l d  w hich  

a n a ly s e d  f o r  C-L^HgpON and had a m o le c u la r  w e ig h t  o f  2 5 5 .  

The i n f r a - r e d  a b s o r p t i o n  sp ectru m  had b o n d s  a t  1663 and  

1632  cm ." ”1  and t h e  v C-H and vE-H r e g i o n  b o r e  a marked  

r e s e m b la n c e  t o  t h e  c o r r e s p o n d in g  r e g i o n  i n  t h e  sp ec tru m  

o f  ( 1 3 3 ) .  The g r e a t e s t  s i n g l e  c l u e  to  t h e  s t r u c t u r e  o f  

t h i s  compound was th e  u . v .  sp ectru m  w hich  showed ^ max a t  

250  m. \ i  ( e = 8 7 0 0 ) .  A lth o u g h  t h e  i n t e n s i t y  seem ed h ig h  

t h e  a b s o r p t i o n  w a v e le n g th  was th e  r i g h t  o r d e r  f o r  an 

cic,(3 — u n s a t u r a t e d  la c ta m  ^ $ ( c . f .  (1 3 9 )  — \  max 251  mfi 

( e = 1 , 1 2 0 )  ) .  I n  t h e  l i g h t  o f  t h i s  t h e  i n f r a - r e d  was
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s t u d i e d  more c l o s e l y .  The c a r b o n y l  f r e q u e n c y  o f  (1 3 3 )  

was 1657  cm. 1  and i t  seem ed u n l i k e l y  t h a t  t h i s  s h o u ld  

i n c r e a s e  t o  16 6 3  cm. 1  i f  a , {3- u n s a t u r a t i o n  had b e e n
a a

i n t r o d u c e d .  H ow ever , Edwards and S in g h  have made t h e  

i n t e r e s t i n g  o b s e r v a t i o n ,  t h a t  a , (3- u n s a t u r a t i o n  d o es  n o t  lo w e r  

th e  c a r b o n y l  f r e q u e n c y  o f  s i x  and s e v e n  membered u n s a t u r a t e d  

s y s te m s  ( e . g .  ( 1 3 9 )  ) b u t  a p p ea r s  t o  r a i s e  i t  a l i t t l e .

A s i m i l a r  o b s e r v a t i o n  h a s  b e e n  made w ith  c e r t a i n  b a k a n k o s in e  

d e r i v a t i v e s  ^ ,  w h ich  c o n t a i n  a c y c l i c  7-membered  

a,|3 - u n s a t u r a t e d  la c t a m ,  a v e r a g e  f i g u r e s  q u o ted  b e i n g  

v CO 1 6 5 8  and v C=C 1605  cm.

The e v id e n c e  c o l l e c t e d  up t o  t h i s  p o in t  

i n d i c a t e d  t h a t  t h e  h y d r o l y s i s  p r o d u c t  o f  (1 3 3 )  was t h e  

i s o m e r i c  la c ta m  ( 1 4 0 ) .

F u r t h e r  p r o o f  o f  t h i s  was o b t a in e d  from  th e  

n . m . r .  sp e c tr u m  w h ich  showed no v i n y l  p r o to n  and th e  

r e s o n a n c e  p e a k  f o r  t h e  p r o t o n  on t h e  n i t r o g e n  a p p e a r in g  a t  

1*20 t  a s  a p o o r l y  d e f i n e d  d o u b le t  (J  = 8  c p s . ) .  The  

c h a r a c t e r i s a t i o n  o f  t h i s  compound as  (1 4 0 )  n e c e s s a r i l y  

p r o v e s  t h a t  t h e  i n i t i a l  la c ta m  had s t r u c t u r e  ( 1 3 3 )  and n o t

( 1 3 4 ) .  The f a c t  t h a t  t h e  Beckmann r e a r r a n g e m en t  o n ly  

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

e x p l a n a t i o n  may w e l l  l i e  i n  t h e  c o n fo r m a t io n  o f  t h e  

i n t e r m e d i a t e  o x im e .
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C o n c e n t r a t e d  h y d r o c h lo r i c  a c i d  was u s e d  i n  an 

a t t e m p t  t o  h y d r o l y s e  t h e  la c ta m  (1 3 3 )  b u t  o n ly  i s o m e r i s e d  

la c ta m  ( 1 4 0 )  was i s o l a t e d  a f t e r  24 h o u rs  r e f l u x i n g .  

S i m i l a r l y ,  2 h o u r s  r e f l u x i n g  w ith  5 ^ p o t a s s iu m  

h y d r o x id e  i n  e t h a n o l  y i e l d e d  (1 4 0 )  t o g e t h e r  w ith  t r a c e  

am ounts o f  o t h e r  compounds; 6 N h y d r o c h lo r i c  a c i d  i n  

e t h a n o l  p r o d u c e d  n o t  o n ly  (1 4 0 )  b u t  f u r t h e r  n e u t r a l  

p r o d u c t s ,  ( n o t  f u l l y  i n v e s t i g a t e d ) ,  one o f  w hich  a t  

l e a s t  was i s o m e r i c  w ith  s t a r t i n g  m a t e r i a l ,  (m ass s p e c t r a l ,  

m i c r o - a n a l y t i c a l  and i n f r a - r e d  e v i d e n c e ) .

D e s p i t e  h i s  b e i n g  a b l e  t o  h y d r o ly s e  t h e  m on-  

p h e n y l  la c t a m  (1 3 5 )  i n  24  h o u r s ,  Cope fo u n d  i t  n e c e s s a r y  

to  r e f l u x  t h e  d ip h e n y l  a n a lo g u e  (1 4 1 )  f o r  9 d ays  b e f o r e  

h y d r o l y s i s  c o u ld  b e  a c c o m p l i s h e d .  Under s i m i l a r  

t r e a t m e n t  t h e  la c ta m  (1 3 3 )  was n o t  h y d r o ly s e d  b u t  

m e r e ly  i s o m e r i s e d  t o  ( 1 4 0 ) .

I n  c o n c l u s i o n ,  i t  a p p ea r s  t h a t  t h e  la c ta m  (1 3 3 )  

was i s o m e r i s e d  t o  ( 1 4 0 )  and, a l th o u g h  th e  l a t t e r  p r o b a b ly  

h y d r o l y s e d  t o  t h e  amino a c i d  ( 1 4 2 ) ,  t h e  g e o m e try  o f  i t s  

t e n —membered r i n g  was su ch  t h a t  c l o s u r e  b a c k  t o  ( 1 4 0 )  to o k  

p l a c e .  T h ere  seem ed no r e a s o n  to  doubt t h a t  t h e  a ,  (3 — 

u n s a t u r a t e d  la c ta m  was c a p a b le  o f  h y d r o l y s i n g .  The s c o p e  

o f  C op e*s  r o u t e  to  l a r g e  r i n g s  v i a  b i c y c l i c  s y s t e m s  w ould  

t h u s  a p p ea r  to  b e  d e p e n d en t  on t h e  a b i l i t y  o f  t h e  i n t e r —
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m e d ia t e  am ino a c i d  t o  d e c a r b o x y l a t e .  D e c a r b o x y l a t i o n  i s  

f a c i l i t a t e d  b y a n p ?  f t - d o u b le  b o n d , and t h e  movement o f  t h e  

d o u b le  b o n d  i n t o  c o n j u g a t i o n  ( i . e .  (1 3 3 )  —* ( 1 4 0 )  ) h a s  two 

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

o f  g e o m e tr y  i t  e n c o u r a g e s  r i n g  c l o s u r e  o f  any h y d r o ly s e d  

p r o d u c t  ( 1 4 2 )  b a c k  t o  amide ( 1 4 0 ) .
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A P P E N D I X ,

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

s y m m e t r ic a l  d i c a r b o n y l  compounds h ave  b e e n  fo u n d  t o  c o u p l e ,  

r e s u l t i n g  i n  two a b s o r p t i o n s ,  one above and t h e  o t h e r  b e lo w
c-l

t h e  common f r e q u e n c y  . T h is  e f f e c t  h a s ,  h o w e v e r ,  b e e n  

d e m o n s tr a te d  o n ly  i n  a fe w  t y p e s  o f  compounds, m a in ly  i n
c n  Kg 5 4

a c y l  and a r o y l  p e r o x i d e s  $ a c i d  a n h y d r id e s  * , c y c l i c
5 5

m a lo n a t.e s  and more r e c e n t l y  i n  c y c l i c  |3 - d ik e t o n e  
56 57s y s t e m s  9 . N e v e r t h e l e s s  t h e  o r i g i n  o f  t h e  s p l i t t i n g

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

I n  t h e  c o u r s e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  a 

s e r i e s  o f  2 , 2 - d i s u b s t i t u t e d  1 , 3 —c y c l i c  d i k e t o n e s  was 

s t u d i e d  and v e r i f i c a t i o n  o f  t h e  vCO s p l i t t i n g  phenomenon  

o b t a in e d *

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

s p l i t t i n g  o f  t h e  c a r b o n y l  i n t o  a d o u b le t  c o u ld  b e  due to  

e i t h e r  Perm i r e s o n a n c e  o r  d i p o l e  i n t e r a c t i o n ,  ( v i b r a t i o n a l  

c o u p l i n g ) .  D i f f e r e n t i a t i o n  b e tw e e n  t h e s e  two e f f e c t s  can  

b e  made b y  c h e c k in g  t h e  p eak  s e p a r a t i o n  (A v ) and t h e  

r e l a t i v e  i n t e n s i t i e s  o f  t h e  p ea k s  i n  a s e r i e s  o f  s o l v e n t s .

The s o l v e n t s  s e l e c t e d  i n  t h e  p r e s e n t  s t u d y  w ere  

h e x a n e ,  carb on  t e t r a c h l o r i d e ,  c h lo r o fo r m  and a c e t o n i t r i l e  

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

i n  T a b le  7 .  T h e se  r e s u l t s  d i s p r o v e d  Perm i r e s o n a n c e  and



c o n f ir m e d  v i b r a t i o n a l  c o u p l i n g .  The f o l l o w i n g  s i g n i f i c a n t  

p o i n t s  a r e  a p p a r e n t  from  t h i s  t a b l e .

1 )  The p e a k  s e p a r a t i o n ,  ( A v  ) ,  i s  c o n s t a n t  a t  ca*

30 cm. \  o r  a l i t t l e  g r e a t e r ,  i n  a l l  c a s e s .

2 )  The v a l u e  o f  Av i s  u n a f f e c t e d  b y  s o l v e n t  

p o l a r i t y .

3) 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  p e a k s  a re  

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

4 )  The e f f e c t  i s  observab le  i n  c a s e s  where e n o l i s a t i o n

i s  f o r b i d d e n  b y  s u b s t i t u t i o n .
58B e l la m y  and B e e c h e r  a t t r i b u t e d  t h e  1733 and  

17 0 6  cm.~^ p e a k s  i n  a s o l u t i o n  sp ec tru m  o f  d im edone t o  t h e  

n o n - e n o l i s e d  k e t o  g ro u p  o f  t h e  e n o l  form  and t h e  f r e e  k e t o
5 5

form  r e s p e c t i v e l y .  A b ra m o v itch  , h o w e v e r ,  s u g g e s t s  t h a t  

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

o f  t h e  two f r e e  c a r b o n y l  g r o u p s .  T h is  prob lem  h a s  n o t  b e e n  

r e s o l v e d  t o  d a t e ;  s o l v e n t  s t u d i e s ,  i n  t h i s  c a s e ,  h a v e  o n ly

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

17 0 6  cm.~'L p ea k  d i s a p p e a r s  a t  h ig h  d i l u t i o n .  F u r t h e r  t o

t h i s ,  i n  t h e  p r e s e n t  w ork, no e v i d e n c e  o f  d i p o l a r  i n t e r a c t i o n

was fo u n d  i n  any 2 - m o n o s u b s t i t u t e d  1 , 3 - c y c l i c  d i k e t o n e s .

I t  i s  c o n c lu d e d  t h a t  t h e  o c c u r r e n c e  o f  a d o u b l e t  o f  

Av c a ,  30 i s  d i a g n o s t i c  o f  a n o n - e n o l i s a b l e  c y c l i c

j3 -  d i k e t o n e  s y s t e m .
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E X P E R I M E N T A L .

A l l  m e l t i n g  p o i n t s  were d e te r m in e d  on a K o f l e r  

b l o c k .  R o u t in e  i n f r a - r e d  s p e c t r a  o f  l i q u i d  f i l m s  and  

n u j o l  m u l l s  w ere r e c o r d e d  on a Uni cam SP. 200 and  

S P . 2 0 0  G s p e c t r o p h o t o m e t e r s  and q u a n t i t a t i v e  i n f r a - r e d  

a b s o r p t i o n  s p e c t r a  on a Uni cam SP. 100 d o u b le  beam 

s p e c t r o m e t e r ,  e q u ip p e d  w ith  an S P .1 3 0  sodium  c h l o r i d e  

p r is m  g r a t i n g  d o u b le  m onochrom ator o p e r a t e d  u n d er  vacuum  

c o n d i t i o n s .

U l t r a - v i o l e t  a b s o r p t io n  s p e c t r a ,  m easu red  on a 

Unicam S P .8 0 0  s p e c t r o p h o t o m e t e r ,  r e f e r  to  s o l u t i o n s  i n  

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

N u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  w ere o b t a in e d  

on t h e  V a r ia n  HA 100 and F e r k in -E lm e r  R 10 s p e c t r o m e t e r s ,  

u s i n g  a p p r o x im a t e ly  0 . 3  m o la r  s o l u t i o n s  o f  d e u t e r o -  

c h lo r o f o r m ,  u n l e s s  o t h e r w i s e  i n d i c a t e d ,  w ith  t e t r a m e t h y l -  

s i l a n e  a s  i n t e r n a l  s t a n d a r d .

G a s - l i q u i d  ch rom atograp h y  was c a r r i e d  o u t  on a 

P ye A rgon  and P e r k in -E lm e r  P l l  Gas C h rom atograp h s.  

C h r o m a t o p la t e s ,  b o t h  f o r  a n a l y t i c a l  and p r e p a r a t i v e  u s e ,  

w ere  made b y  th e  m ethod o f  S t a h l  u s i n g  K i e s e l g e l  G (M e r c k ) •

H igh  r e s o l u t i o n  m ass s p e c t r a  w ere  r e c o r d e d  on  

t h e  A . E . I .  MS 9 m ass s p e c t r o m e t e r .
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% » 2 -B is - (2 *  -B e n z o y le t h .y l ) - d im e d o n e ,  ( 1 1 ) ,  a n d 2 - ( 2 * -  

b e n z o y l e t h y l ) —d im ed o n e , ( 1 0 ) .

-D irn eth y la m in o p ro p io p h en o n e  ( 2 1 . 5  g . )  and 

d im ed one ( 5 5 . 5  g . )  w ere m ixed w ith  c o n t in u o u s  s t i r r i n g  and  

s l o w l y  h e a t e d  t o  1 4 0 ° •  The te m p er a tu r e  was m a in ta in e d  a t  

1 4 0 °  Tor 45  m i n . , and, a f t e r  c o o l i n g ,  th e  r e s u l t i n g  gum was 

t a k e n  up i n  e t h e r  and e x t r a c t e d  w ith  aqueous sodium  

c a r b o n a t e .  The r e s i d u a l  e t h e r  s o l u t i o n  was th e n  

e v a p o r a t e d ,  y i e l d i n g  2 , 2 - b i s - ( 2 ’ - h e n z o y le t h y l ) - d im e d o n e  

( 3  g . )  w h ich  c r y s t a l l i s e d  from  b e n z e n e  i n  c o l o u r l e s s  

n e e d l e s ,  m .p .  1 6 0 ° ,  ( 1 7 2 8 ,  1694  cm. ■**•)• Pound,

C, 7 6 . 7 9 ;  H, 7 . 2 7 ;  0 2 6 ^ 2 80 4 r e ^u:Lres c > H* 6 *9 $*

The a l k a l i n e  e x t r a c t  was a c i d i f i e d  and e x t r a c t e d  

w it h  e t h e r .  T h is  e t h e r e a l  s o l u t i o n  was th e n  w ashed w ith  

w a t e r ,  d r i e d  o v e r  magnesium s u lp h a t e  and e v a p o r a t e d ,  a f f o r d 

i n g  a c ru d e  s o l i d  which was shown b y  t h i n  p l a t e  chrom atography  

t o  b e  c o n ta m in a te d  w ith  d im ed one . The cru de  p r o d u c t  

( 2 1 . 4  g . )  was ch rom atograp h ed  i n  b e n z e n e  on a lu m in a  and e l u t e d  

v / i th  b e n z e n e .  2—( 2 1 —B e n z o y l e t h y l )  —dim edone was

r e c r y s t a l l i s e d  from  e t h e r  i n  c o lo u r fe s s  n e e d l e s ,  m .p .  1 4 8 ° .

The i n f r a - r e d  sp ectru m  (CCI4 ) showed a b r o a d  OH band  

3 3 5 0 - 3 0 5 0  cm."*1 , c a r b o n y l  ban ds a t  1670 and 1622  cm. 1 and 

a b an d  a t  1 6 4 7  cm. ^ a s c r i b e d  t o  t h e  G=C o f  th e  e n o l .  Pound  

C, 7 5 .2 3 ;  H, 7 . 4 0 ;  Ci7H2C°3 r e q u i r e s  C, 7 5 . o; H, 7 . 3 5 $ .
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A tte m p te d  c y c l i s a t i o n  o f  2 - ( 2 f - B e n z o y le t h y l ) - d im e d o n e  ( 1 0 ) .

2 ~ ( 2 ’ - B e n z o y l e t h y l ) - d i m e d o n e  (5  g . )  i n  g l a c i a l  

a c e t i c  a c i d  ( 4 0  m l . )  was t r e a t e d  w ith  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  ( 1 0  m l . )  and b o i l e d  under r e f l u x  f o r  

30 h r s .  The s o l v e n t  was th e n  rem oved un der  vacuum and 

_ca. 100  m l .  o f  w a te r  was ad d ed . A b e n z e n e  e x t r a c t  o f  

t h i s  m ix t u r e  was e x t r a c t e d  w i th  a l k a l i  and t h e  r e s i d u a l  

b e n z e n e  s o l u t i o n  was w ashed w i th  w a te r ,  d r i e d  o v e r  magnesium  

s u l p h a t e  and e v a p o r a t e d .  T h e  gummy p r o d u c t  ( c a .  40C mgm.) 

was d i s t i l l e d  u n d er  h ig h  vacuum and t h e r e a f t e r  showed a 

b r o a d  p o o r l y  r e s o l v e d  ban d  a t  1740—1600 cm. t h e r e  was 

no OH a b s o r p t i o n .  A lth o u g h  t h i s  d a ta  i s  c o n s i s t e n t  w ith  

s t r u c t u r e  ( 1 2 ) ,  i t  i s  n o t  d e f i n i t i v e .  The low  y i e l d  

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

The a l k a l i n e  e x t r a c t  was a c i d i f i e d ,  and on w ork ing  

u p , i t  y i e l d e d  s t a r t i n g  m a t e r i a l  (.ca* 3 . 5  g . )  t o g e t h e r

w ith  d im ed on e ( 5 ) form ed  b y  breakdow n o f  t h e  t r i k e t o n e  ( 1 0 )«

A tte m p te d  C y c l i s a t i o n  o f  2 , 2 - b i s - - ( 2 f Hsen z o y l  e t h y l )  -d im ed on e

L H ) .

0 . 9  g .  o f  2 , 2 - b i s - ( 2 ! - b e n z o y l e t h y l ) - d i m e d o n e  

w ere  r e f l u x e d  w i t h  8  m l g l a c i a l  a c e t i c  a c i d  and 2  ml o f  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  f o r  24  h o u rs  and th e n  

l e f t  s t a n d i n g  f o r  a f u r t h e r  48  h o u r s .  The a c e t i c  a c i d  

was rem oved  u n d er  r e d u c e d  p r e s s u r e  and 30 m l o f  w a te r  ad d ed .
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The b e n z e n e  e x t r a c t  o f  t h i s  s o l u t i o n  was w a ter  washed and 

e x t r a c t e d  w i t h  a l k a l i ,  washed w ith  w a ter  and d r io d  (MgSC>4 ) • 

R em oval o f  s o l v e n t  l e f t  60 m gs. o f  s t a r t i n g  m a t e r i a l .

The a l k a l i n e  w a sh in g s  on a c i d i f i c a t i o n  and e x t r a c t i o n  were  

s e e n  t o  c o n t a i n  4  compounds, 2 o f  w hich  were o n ly  p r e s e n t  

i n  t r a c e  a m o u n ts .  S e p a r a t io n  o f  th e  two main f r a c t i o n s  

was o b t a i n e d  on a s i l i c a  g e l  column made up i n  b e n z e n e .

The m ajor  component was 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  ( n e e d l e s ) ,  t h e  s t r u c t u r e s  o f  w h ic h ,  a l th o u g h  n o t  

f u l l y  e s t a b l i s h e d  was a lm o st  c e r t a i n l y  t h e  a c i d  form ed  b y  

c l e a v a g e  o f  t h e  p - d i k e t o n e  s y s te m .

2 -M e th y l - d im e d o n e . ( M o d i f i c a t i o n  o f  t h e  method em ployed  

b y  H a l s a l l i  J .  C h e m .S o c . ,  2431 ( 1 9 5 6 ) .  )

M eth y l i o d i d e  (1 5  m l) was added s l o w l y  t o  a 

c o o l e d  s o l u t i o n  o f  d im edone ( 2 8 g . )  i n  a l c o h o l i c  sodium  

e t h o x i d e ,  ( 4 . 6 g .  o f  sodium i n  60 ml a b s o l u t e  e t h a n o l ) , 

and t h e  m ix t u r e  warmed on a steam  b a th  f o r  3 h o u r s .  The 

a l c o h o l  was rem oved under r ed u ced  p r e s s u r e  and t h e  r e s i d u e  

d i s s o l v e d  i n  b e n z e n e .  A sodium c a r b o n a te  e x t r a c t  o f  t h i s  

on a c i d i f i c a t i o n ,  y i e l d e d  2 -m e th y l-d im e d o n e  w hich  

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

m .p .  1 5 8 ° - 9 ° ,  ( l i t e r a t u r e  v a l u e ,  1 5 8 - 9 ° ) •
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2 - M e t h y l - 2 - (  2 f - B e n z o y le t h y l ) - d im e d o n e  ( 1 9 ) .

6 -D im e th y l-a m in o p r o p io p h e n o n e  ( 1 2  g . )  was added  

t o  2 -m e th y ld im e d o n e  (1 1 * 3  g . )  and s lo w l y  h e a t e d  t o  1 4 0 ° .

The te m p e r a tu r e  was m a in ta in e d  a t  14 0 °  f o r  45  m in u te s  and, 

a f t e r  c o o l i n g ,  t h e  r e a c t i o n  m ix tu r e  was d i s s o l v e d  i n  e t h e r ,  

w ashed w i t h  aq u eou s  sodium b ic a r b o n a t e ,  th e n  w ith  w a te r ,  

d r i e d  o v e r  magnesium s u lp h a t e  and e v a p o r a t e d .  The r e s i d u e  

c r y s t a l l i s e d  from  l i g h t  p e tr o le u m  ( 6 0 - 8 0 ° )  i n  c o l o u r l e s s  

n e e d l e s ,  m .p .  9 9 ° ,  ( V q q ^  1 7 3 1 ,  1698 cm.*"1 )* Y i e l d  c a .  5 g .  

Found; 0 , 7 5 . 2 1 ;  H, 7 . 2 2 ;  ^1Q ^22^Z  r e q u i r e s  C, 7 5 .5 3 ;  H,

7 . 6 9 # .

A t te m p te d  C y c l i s a t i o n  o f  2 - m e t h y l - 2 - ( 2 1- b e n z o y l - e t h y l ) -  

dim edone ( 1 9 ) .

5  g .  o f  2 - m e t h y l - 2 - ( 2 T- b e n z o y l e t h y l ) - d i m e d o n e  

( 1 9 )  w ere  r e f l u x e d  w i t h  40  ml g l a c i a l  a c e t i c  a c i d  and 10 ml 

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  f o r  14-  ̂ h o u rs  and l e f t  s t a n d in g  

f o r  a f u r t h e r  4  h o u r s .  The a c e t i c  a c i d  was rem oved as  

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

m ix t u r e  th e n  t r e a t e d  w ith  1 0 0  m l o f  w ater  and e x t r a c t e d  

w it h  b e n z e n e .  The b e n z e n e  s o l u t i o n  i n  tu rn  was e x t r a c t e d  

w ith  a l k a l i ,  w ashed w ith  w a ter  and d r i e d .  T h is  y i e l d e d

0 . 3 3  g .  o f  2 - p h e n y l - 5 , 8 , 8 - t r i m e t h y l b i c y c l o - ( 3 , 3 , 1 ) - n o n - 2 -  

e n - 6 , 9 - d i o n e  ( 2 2 ), ( 7# ) ,  a s  c o l o u r l e s s  c r y s t a l s  w hich  w ere  

r e c r y s t a l l i s e d  from  p e tr o le u m  e t h e r  ( 4 0 —6 0 ° )  m .p . 1 2 3 —4 ° ,
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I . R .  (CCI4 ) 1 7 4 1 ,  1708  cm#"-1 . Found; C = 8 0 .6 5 ;  H =a 7 .0 8 ;  

C l8 H2 0 ° 2  r e q u i r e s  C s  8 0 .6 5 ;  H = 7 .5 1  #

The a l k a l i n e  w a sh in g s  on a c i d i f i c a t i o n  and 

e x t r a c t i o n  y i e l d e d  2 . 5  g i . e .  47# o f  t h e  a c i d  ( 8 ) as  a 

w h i t e  c r y s t a l l i n e  s o l i d  mp 5 1 - 2 ° .  Found; C = 7 0 .9 1 ;

H = 7 .5 9 ;  C1 8 H2 4 O4  r e q u i r e s  C *  7 1 .0 6 ;  H = 7 . 8 £ # .

I . E .  (CCI4 ) 1 7 5 3 ,  1709 cm .- 1 .

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

was a l s o  r e t u r n e d  and in c r e a s e d  y i e l d s  o f  t h e  two p r o d u c t s  

can b e  o b t a i n e d  b y  i n c r e a s e d  r e a c t i o n  t im e .

2 , 2 ~ B i s - ( 2 t -C a r b o m e th o x y e th y l) -d im e d o n e  (.25) and 2 -  

(2* - C a r b o x y - e t h y l ) -d im ed on e  ( 5 0 b ) .

Sodium m e ta l  ( l . O g ;  0 .0 4 3 5  m) was d i s s o l v e d  i n  

d ry  e t h a n o l  (6 0  m l) b e f o r e  a d d i t i o n  o f  dim edone (2 8 g ;

0 . 0 7 0  m) and m e th y l  a c r y l a t e  ( 1 7 . 2 g ;  0 .2 1 5  m ).  The m ix tu r e  

was r e f l u x e d  f o r  4  h o u r s  and t h e  e t h a n o l  removed u n d er  

r e d u c e d  p r e s s u r e .  The r e s id u e  was p ou red  i n t o  a d i la te  

s o l u t i o n  o f  sodium h y d r o x id e  and t h e  s o l i d  d i —a d d i t i o n  

p r o d u c t ,  a s  t h e  d i e s t e r  ( 2 5 ) ,  f i l t e r e d  o f f .  T h is  was 

r e c r y s t a l l i s e d  from  p e tr o le u m  e t h e r  ( 6 0 —8 0 ° )  o r  e t h a n o l  

a s  c o l o u r l e s s  c r y s t a l l i n e  p l a t e s ,  m .p . 80—8 1 ° ,  ( 3 0 g ,  67#  

yield).
The u l t r a - v i o l e t  showed \m ax.221m n- and t h e  

n . m . r . ,  6 . 3 9  r ( 6 H, s i n g l e t ) ,  7 . 4 1  t  (4H , s i n g l e t ) ,



7 . 9 4  t  ( 8 H, t r i p l e t )  and 8 . 9  t  ( 6 H, s i n g l e t ) .  A s o l u t i o n  

s t u d y  i n  t h e  i n f r a - r e d  showed t h e  f o l l o w i n g  vqq : h e x a n e ,  

1 7 4 7 ,1 7 3 0  ( s h )  and 1698 cm. c a r b o n t e t r a c h l o r i d e ,  1 7 4 2 ,  

1 7 3 1  ( s h )  and 1697  cm. c h lo r o fo r m  1742 and 1694  cm.""1  

and a c e t o n i t r i l e  1 7 3 8 ,  1727 ( s h )  and 1693 cm.*”1 .

The b a s i c  s o l u t i o n  was washed w ith  e t h e r  and  

t h e  d i s s o l v e d  e t h e r  removed from  th e  s o l u t i o n  b y  b u b b l in g  

n i t r o g e n  th ro u g h  i t .  The pH was a d j u s t e d  to  4 w ith  4  

n o rm a l h y d r o c h l o r i c  a c id  and t h e  y e l l o w i s h  brown o i l  form ed  

e x t r a c t e d  o u t  w i th  e t h e r .  A f t e r  rem oval o f  s o l v e n t ,  

u n r e a c t e d  dim edone was washed o u t  w ith  b e n z e n e .  The 

r e s i d u e  was w ashed w ith  c o ld  e t h e r  and th e n  r e c r y s t a l l i s e d  

fro m  h o t  w a te r  t o  g i v e  t h e  r e q u ir e d  a c i d  ( 3 0 b ) .

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

w it h  d ia z o m e th a n e  and com p arison  b y  g . l . c .  w i th  a sam ple  

o f  2 - ( 2 f -c a r b o m e th o x y e th y l ) -d im e d o n e  o b t a in e d  from  a l a t e r  

e x p e r im e n t .

T h ree  s e p a r a t e  co lum ns were u s e d  f o r  t h i s

c o m p a r iso n :  -

Column. Tem p e r a tu r e .  F low  R a t e .  R e t e n t i o n .  ̂
P c J  (m l/m in )  T im e s ( m in s ) .

1# PEG A 160 50 4 . 1 2 ,  6 . 7 2

1# NGS 150 50 8 . 2 8 ,  1 4 .9 6

1# APL 150 50 5 . 0 5 ,  9 . 7 5

The s e c o n d  p eak  i n  each  i n j e c t i o n  was c o n s i d e r e d  to  b e  a
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b y - p r o d u c t  o f  t h e  m e t h y l a t i o n ,  t h e  m e th y l  e t h e r  o f  th e  

e n o l i c  form  o f  2 - ( 2 f - c a r b o m e t h o x y e t h y l ) - d im e d o n e  ( i . e .  o f  

3 0 a )  »

Hy d r o l y s i s  o f  2 , 2 —B i s - ( 2 ’ - C a r b o m e th o x y e t h y l ) - d im e d o n e  ( 2 5 ) .

( a )  P o t a s s iu m  H y d r o x id e /M e th a n o l .

932  m g s . ,  ( 0 .0 0 3 6  m o le s )  o f  th e  e s t e r  ( 2 5 )  and  

200 m g s . ,  ( 0 . 0 0 3 6  m o le s ) ,  p o t a s s iu m  h y d r o x id e  i n  50 m l .  o f  

m e th a n o l  were s t i r r e d  o v e r n i g h t  a t  room te m p e r a t u r e .  Most

o f  th e  m e th a n o l  was rem oved u n d er  r e d u c e d  p r e s s u r e  and t h e  

r e s i d u e  f l o o d e d  w i th  watei?. T h is  was w ashed w i t h  e t h e r  

b e f o r e  s e p a r a t i o n  i n t o  n e u t r a l  and a c i d i c  f r a c t i o n s  w ith  

sodium  b i c a r b o n a t e .  The n e u t r a l  f r a c t i o n  c o n s i s t e d  o f  a 

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

s o l i d i f i e d  to  a w h i t e  c r y s t a l l i n e  s o l i d  w h ich  on r e c r y s t a l l i s 

a t i o n  from  a m ix t u r e  o f  p e tr o le u m  e t h e r  ( 6 0 - 8 0 )  and e t h y l  

a c e t a t e  g a v e  a p p r o x im a t e ly  4 0 0  m g s . ,  (ca .60#) o f  a w h i t e  

c r y s t a l l i n e  s o l i d  m .p .  1 3 7 - 8 ° .  Found: C, 6 3 . 2 4 ;  H, 7 . 9 5 ;  

C1 2 H1 8 O4  r e q u i r e s  C, 6 3 . 7 ( ;  H, 8 . 0 2 # .  Mass sp e c tru m ;

P = 226 m /e  -  c r a c k in g  p a t t e r n  i n d i c a t e s  p r e s e n c e  o f  a 

m e th y l  e s t e r *  v qq"^ - ^ 1 0 ,  1751 and 1623  cm. as  

e x p e c t e d  o f  ( 3 0 a ) .  U .V . 264  mp ( m e t h a n o l ) .  N .M.R. 0 . 7  T 

(1H bum p), 6*26  t  (3H s i n g l e t ) ,  7 . 4 4  t , 7 . 7 2  t  ( 8 H m u l t i p l e t s ) ,  

8 . 9 6  t  ( 6H s i n g l e t ) .
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( b )  L ith iu m  I o d i d e / P y r i d i n e .

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

f r e e  o f  w a te r  b y  h e a t i n g  i t  a t  1 8 0 °  on  an o i l  b a t h  f o r  3 

h o u r s  u n d er  w a te r  pump p r e s s u r e .

19 g .  o f  an h yd rou s  l i t h i u m  i o d i d e  and 2 g* o f  

t h e  d i e s t e r  ( 2 5 )  i n  200 m l .  o f  anh yd rou s  p y r i d i n e  were  

r e f l u x e d  f o r  1 . 5  h o u r s  and th e n  l e f t  s t a n d in g  f o r  2 . 5  

d a y s  a t  room te m p e r a t u r e .  The p y r i d i n e  was d i s t i l l e d  o f f  

and th e  r e m a in in g  r e s i d u e  f l o o d e d  w ith  w a t e r .  An e t h e r  

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

c o m p o n en ts .  The fo r m e r  c o n s i s t e d  o f  a p p r o x im a t e ly  140 m gs. 

o f  a y e l l o w  o i l  w h ich  was n e g l e c t e d  and t h e  l a t t e r  

f u r n i s h e d  u n ch an ged  s t a r t i n g  m a t e r i a l .  The r e c o v e r y ,  

h o w e v e r ,  was v e r y  p o o r  and i n d i c a t e d  t h e  f o r m a t i o n  o f  a 

w a te r  s o l u b l e  m a t e r i a l  a t  some s t a g e .

( c )  D i l u t e  H y d r o c h lo r ic  A c id /M e t h a n o l .

The d i e s t e r  (2 5 )  (2 5  g . , )  was t r e a t e d  w ith

1 0 0  m l. o f  6 N h y d r o c h l o r i c  a c i d  i n  50 m l .  m eth& nol u n d er

r e f l u x  f o r  22 h o u r s .  The m e th a n o l  was rem oved and th e

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

and n e u t r a l  f r a c t i o n s  w i t h  sod ium  b i c a r b o n a t e .  The a c i d i c  

m a t e r i a l  ( 1 7 . 2  g . , )  was shown b y  t . l . c .  to  b e  two compounds 

A and B and s u b s t a n t i a t e d ,  a f t e r  e s t e r i f i c a t i o n  w i th  

d ia z o m e th a n e ,  b y  g . l . c .  The a c i d  A on e s t e r i f i c a t i o n  g a v e
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s t a r t i n g  m a t e r i a l  (2 5 )  -  b y  g . l . c .  a n a l y s i s .  A was a 

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

(60-dCf) -  d i e t h y l  e t h e r  s y s te m  -  m .p . 9 4 - 5 ° .  Pound:

G, 6 0 . 6 4 ;  H, 6 . 7 4 .  C1 5 H2 2 O5  r e q u i r e s  C, 6 0 .3 9 ;

H, 7 . 4 2 $ .  1753  and 17 1 3  (COgH); 1742  ( e  7 7 0 )  

( e s t e r ) ;  1730  and 1697  (C = 0 ) cm .- 1 . N.M.R. (CDClg)

2 t (1 H  bum p), 6 . 3 1 t  (3H s i n g l e t ) ,  7 . 3 4  t  (4H s i n g l e t ) ,  

7 . 8 2  t  ( 8 H n arrow  m u l t i p l e t ) ,  8 . 4 t  (1H narrow  m u l t i p l e t ) ,  

9 . 0  t  ( 6 H d o u b l e t ) .  Prom t h e  a b o v e  in f o r m a t i o n  t h e  i n f r a 

r e d  sp ectru m  i n d i c a t e s  th e  p r e s e n c e  o f  th e  s u b s t i t u t e d  

p - d i k e t o n e  s y s t e m ,  -CO-C.Rg -C O ~,& the e x i s t e n c e  o f  an  

a c i d  and an e s t e r .  The s p l i t  m e th y l  s i g n a l  i n  t h e  

n u c l e a r  m a g n e t ic  r e s o n a n c e  sp ec tru m  p o i n t s  to  asym m etry  

r e s u l t i n g  i n  non e q u i v a l e n t  m e th y l  s i g n a l s  -  a l s o  t h e  

p r e s e n c e  o f  a s i n g l e  e s t e r  f u n c t i o n .

The o n l y  s t r u c t u r e  c o m p a t ib l e  w ith  a l l  t h e s e  

d a t a  i s  2 , S-(2 * - c a r b o r n e t h o x y e t h y l - 2 * - c a r b o x y e t h y l ) - d i m e d o n e  

( 3 2 ) .

Compound B , a f t e r  p u r i f i c a t i o n  b y  t h i c k  l a y e r  

c h r o m a to g r a p h y ,  d i s t i l l e d  a t  7 0 - 7 3 ° / 0 . 1  m in . Pound:

C, 5 9 .4 0 ;  H, 7 . 9 3 .  C17H 28°7 r e q u i r e s  C, 5 9 .2 9 ;  H, 8 . 1 9 $ .

V CC14  1 7 4 1  ( e 1 4 7 0 )  and 1715  ( e  3 6 7 )  cm .- 1 * I t  a p p ea rs  
C°

t o  b e  t h e  c l e a v a g e  p r o d u c t  ( 3 3 a ) .  P r o p o r t i o n s  o f  A and B 

fo r m e d  i n  t h e  r e a c t i o n  w ere 27$ A and 7 ^  B . The n e u t r a l
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f r a c t i o n  c o n s i s t e d  o f  41$ s t a r t i n g  m a t e r i a l  and 59$ o f  

th e  e s t e r i f i e d  a n a lo g u e  o f  B ( 3 3 b ) • T h e se  p e r c e n t a g e s  

w ere o b t a in e d  b y  g . l . c .  on a 1$ ^  1 Column ( 1 7 5 °  and 45  m l /  

m in .)  : r e t e n t i o n  t im e s  o f  A and B r e s p e c t i v e l y ,  ( a f t e r  

e s t e r i f i c a t i o n  w ith  d ia z o m e t h a n e ) ,  1 6 . 2 4  and 1 0 .8 8  m i n u t e s .

B oron  T r i f l u o r i d e  F t h e r a t e / A c e t i c  A c id  t r e a t m e n t  o f  ( 2 5 ) .

The d i e s t e r  ( 2 5 ) ,  ( 2  g . , )  was r e f l u x e d  w ith  10 m l .
*

o f  BFg i n  20 m l.  a c e t i c  a c i d  f o r  2*5 h o u r s .  M ost o f  t h e  

a c e t i c  a c i d  was rem oved b y  d i s t i l l a t i o n  u n der  r e d u c e d  

p r e s s u r e  b e f o r e  f l o o d i n g  w i t h  w a t e r .  The a q u eo u s  s o l u t i o n  

v/as e x t r a c t e d  w ith  sodium  b i c a r b o n a t e  s o l u t i o n .  T h is  

e x t r a c t  b y  a c i d i f i c a t i o n  and e t h e r  e x t r a c t i o n  y i e l d e d  

1 .2 3 1  g .  o f  a l i g h t  y e l l o w  o i l  w h ich  f u r n i s h e d  a w h i t e  

c r y s t a l l i n e  s o l i d  m .p . 125°C . The cru d e  r e a c t i o n  o i l  was 

a p p r o x im a t e ly  90$ com posed  o f  t h i s  compound (6 5 $  y i e l d ) .  

Found: C, 6 3 . 5 1 ;  H, 6 . 7 4 ;  C1 4 H1 8 O5  r e q u i r e s  C, 6 3 .1 5 ;

H, 6 . 8 1 $ .  1 7 9 9 ,  1759  and 1712  (COgH), 167 3  and 1633

c m .- 1 . N .M .E . , 0 . 1 5  t  (1 H ) ,  7 . 4 9  t  ( 6 H ), 8 . 0  r  (5H) and

8 . 7 1  t ( 6 H, s i n g l e t ) .  Mass S p ec tru m : P e  2 6 6 .  U*V.

^max- 2 5 2  m \i  9 e “  6 8 5 0 • T^ e ° n l y  s t r u c t u r e s  w h ich  a g r e e  

w ith  a l l  th e  p h y s i c a l  d a ta  and can  b e  r e a s o n a b l y  a c c o u n te d

f o r  b y  a c h e m ic a l  m echanism  a r e  ( 3 8 )  and ( 4 0 ) .

Mass S p e c t r o s c o p y  c o u ld  a g r e e  w i t h  t h e  s e c o n d  

s t r u c t u r e  on t h e  b a s i s  o f  a 72 m ass  u n i t s  l o s s  a t  th e
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f i r s t  "breakdown. To t e s t  t h i s ,  t h e  a c i d i c  l a c t o n e  was 

e s t e r i f i e d  w i t h  d ia z o m e th a n e  to  g i v e  a v i s c o u s  l i q u i d  b . p .  

1 4 0 ° / 0 . 01 m.m. Found: C, 6 3 .7 7 ;  H, 7 . 3 4 .  C1 5 H2 0 0 5

r e q u i r e s  C, 6 4 .2 7 ;  H, 7 . 1 S $ .  ^-ruax. 2 5 2  mjx ( e = 7 , 0 0 0 ) ;

v 2 2 1 4  1 8 0 0 ,  1 7 4 2 ,  1672  and 1633  cm .”1 . N.M .R. i n d i c a t e s  
CO

a m e th y l  e s t e r .  Mass sp ectru m : P = 2 8 0 .  The sp ectru m

h a s  a c r a c k in g  p a t t e r n  w ith  a breakdow n i n v o l v i n g  a l o s s  o f  

8 6  m ass u n i t s ,  w hich  d i s c o u n t s  t h e  s e c o n d  s t r u c t u r e  ( 4 0 )  

f o r  t h e  a c i d i c  l a c t o n e  and f a v o u r s  t h e  f i r s t  ( 3 8 ) .

P o l y p h o s p h o r ic  A c id  t r e a t m e n t  o f  ( 2 5 ) .

One g .  o f  t h e  d i e s t e r  was h e a t e d  on a s team  

b a t h  f o r  one h ou r  w ith  2 0  g .  o f  p o ly p h o s p h o r ic  a c i d .

The m ix t u r e  was t h e n  p o u re d  on t o  50 g .  o f  i c e  and  

e x t r a c t e d  w i t h  e t h e r ,  w ashed and d r i e d  o v e r  MgSO .̂*

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

e x t r a c t  o f  t h i s  y i e l d e d  t h e  a c i d i c  l a c t o n e ,  ( 3 8 ) ,  a l r e a d y  

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

e s t e r  and s t a r t i n g  m a t e r i a l .  The t h r e e  com pon en ts  

o c c u r r e d  i n  3 0 ,  50 and 20$ y i e l d s .

P r e p a r a t i o n  o f  D i e t h y l s u c c i n y l  s u c c i n a t e  ( 6 ) .

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

a t i o n  i n  O r g a n ic  R e a c t i o n s  1 ,  2 3 3 .

54  g .  o f  sodium  w ir e  were c o v e r e d  w ith  a 

minimum amount o f  t o l u e n e  to  w h ich  was added 4 0 6  g .  o f
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d i e t h y l  s u c c i n a t e  and 30 m l .  o f  dry  e t h a n o l .

T h is  was r e f l u x e d  f o r  24 h o u r s  and th e n  e x c e s s  

sodium  d e s t r o y e d  w i th  e t h a n o l ,  and a c i d i f i e d  when c o ld  

w ith  i c e  c o l d  d i l u t e  su lph uric  a c id .. .  The m ix t u r e  was l e f t  

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

s u c c i n a t e  washed w i t h  w a t e r .  The t o l u e n e  l a y e r  was 

s e p a r a t e d  o f f  from  th e  f i l t r a t e  and rem oved u n d er  r e d u c e d  

p r e s s u r e  t o  l e a v e  a f u r t h e r  cro p  o f  th e  c r y s t a l l i n e  p r o d u c t ,  

w h ich  was r e - c r y s t a l l i s e d  w i t h  t h e  f i r s t  from  a 95$ e t h a n o l  

s o l u t i o n  t r e a t e d  w i t h  a n im a l c h a r c o a l .  T h is  g a v e  200 g .  

( 6 8 $ )  o f  d i e t h y l s u c c i n y l  s u c c i n a t e  a s  p a l e  y e l l o w  

c r y s t a l l i n e  n e e d l e s :  m .p .  1 2 6 - 7 ° ,  ( L i t .  v a l u e  1 2 6 - 7 ° ) •

I .R . ( C C 1 4 ) ,  1 6 6 8 ,  16 2 4  cm. ” 1  ( n o v ^ ) ;  N .M .R. - 2 . 2 5  T ( s )  ;

5 . 7 2  T (q )  6 . 8 2  t ( s ) ;  8 . 6 7  t  ( t )  U .V. , X maX. 243  m\i .

T re a tm en t  o f  D i e t h y l s u c c i n y l  s u c c i n a t e  w i t h  A c r o l e i n .

S e v e r a l  v a r i a t i o n s  o f  t h i s  m ethod w ere t r i e d ,  i . e .  

c h a n g e s  i n  s o l v e n t ,  r e a c t i o n  t im e ,  r e a c t i o n  a tm o sp h ere  e t c . ,  

h u t  t h e  p r o d u c t s  o b t a in e d  from  e a c h ,  a l th o u g h  t h e  sam e, 

w ere i n  d i f f e r e n t  q u a n t i t i e s .  A f a i r l y  g e n e r a l  p r o c e d u r e  

i s  a s  f o l l o w s :

4 . 1 5  g .  o f  a c r o l e i n  w ere  added  c a r e f u l l y  t o  an  

i c e  c o l d ,  s t i r r e d  s o l u t i o n  o f  9 . 5  g .  o f  d i e t h y l s u c c i n y l  

s u c c i n a t e ,  and 1 m l .  o f  t r i e t h y l a m i n e  i n  4 0 0  m l .  o f  

t e t r a h y d r o  f u r a n .  The m ix t u r e  was s t i r r e d  i n  an a tm o sp h ere
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o f  n i t r o g e n  f o r  tw e n t y  h o u r s .

The s o l u t i o n  was th en  n e u t r a l i s e d  w i t h  g l a c i a l  

a c e t i c  a c i d  and th e  t e t r a h y d r o - f u r a n  rem oved u n d er  r e d u c e d  

p r e s s u r e .  The r e s i d u e  was ta k e n  up i n  e t h e r  and w ashed  

s u c c e s s i v e l y  w i t h  sod ium  c h l o r i d e  s o l u t i o n ,  w a t e r ,  s a t u r a t e d  

sod iu m  h i  c a r b o n a te  and w a t e r .  T h is  was d r i e d  o v e r  

m agnesium  s u l p h a t e  and t h e  e t h e r  rem oved t o  l e a v e  a pa? e 

y e l l o w  o i l .

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

c o m p o n en ts ,  t h r e e  o f  w h ich  c o u ld  b e  s e p a r a t e d  o u t  b yv

c r y s t a l l i s a t i o n .

l )  F i r s t  t o  c r y s t a l l i s e  o u t  was a y e l l o w  s o l i d  w h ich  

was r e c r y s t a l l i s e d  from  e t h a n o l  as  y e l l o w  n e e d l e s ,  m .p .  

1 3 4 - 1 3 5 . 5 ° .  T h i s  was shown t o  b e  t h e  d i e t h y l  e s t e r  o f  

2 , 5 - d i h y d r o x y t e r p h t h a l i c  a c i d  ( l i t e r a t u r e  v a lu e  o f  m .p .  

1 3 5 . 5 ° ) .  Found: C, 5 7 .1 4 ;  H, 5 . 3 7 ;  C l2 H14 °6  r e q u i r e s

C, 5 6 . 6 9 ;  H , 6*01% and i t s  m o l e c u l a r  v /e ig h t  shown t o  b e  

2 5 4  (m a ss  s p e c t r o s c o p y ) .  I .R .  »^ m a x ^  3480  cm.*0 * (b o n d ed  

h y d r o x y l ) ,  1 6 9 0  cm. 1  ( c o n j u g a t e d  c a r b o n y l  o f  e s t e r ) a n d  i n  

t h e  n . m . r .  t h e  f o l l o w i n g  p e a k s  w ere  o b s e r v e d :  0 . 1 2  t ( 2 H,

s i n g l e t ,  h y d r o x y l s ) ;  2 .C 6  t (2H , s i n g l e t ,  a r o m a t i c s ) ;

5 . 5 9  7 (4H, q u a r t e t ,  m e t h y le n e s  o f  e s t e r s )  and 8 . 5 6 t  ( 6 H, 

t r i p l e t ,  m e t h y l s  o f  e s t e r s ) .

The r e m a in in g  o i l  was ta k e n  up i n  a s m a l l  q u a n t i t y
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o f  e t h e r  and c o o le d *  A w h i t e  c r y s t a l l i n e  m a t e r i a l  

s e p a r a t e d  o u t w h ich , d e p e n d in g  on c o n d i t i o n s ,  was e i t h e r  

A o r  B .

2) A had a m .p . o f  1 8 4 ° •  Pound: C, 6 4 * 8 6 ;

H, 5 . 9 6 ;  CiQHgoOg re(i u i r e s  6 5 .0 5 ;  H, e .O 1?^. I . R .

v m axt 1 7 5 1 > 1 7 2 0  ( s h ) *  17° 5  and 16 2 3  cm .- 1 ; U .V . ,  Xffla x .

264  m|i ( e = 8 1 7 0 ) ,  235 mu ( e = 4 9 6 0 )  and 205 mu (e  = 5 0 4 0 ) .

Mass Spectrum  had p a r e n t  i o n  a t  m /e  3 3 2  and b a s e  p ea k  a t  

m /e 1 6 6 .  N.M .R. show ed 3 . 4 t  ( f i n e  t r i p l e t ,  2H ), 5 . 9 1  t  

( q u a r t e t ,  4H) 8 . 8 7 T ( t r i p l e t ,  6 H) and 7 . 0 - 8 . 0  t  ( u n r e s o l v e d  

m u l t i p l e t ,  8 H ) . I t  was c o n c lu d e d  t h a t  t h i s  was t h e  b i s -  

enone  ( 5 1 ) .

3) B: 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 4 0 ° •

Pound: C, 5 8 . 3 7 ;  H, 6 . 1 4 ;  ^18^24^8 r e 9.u i r e s  C, 5 8 .6 9 ;

H, Mass S p e c t r o s c o p y  show ed p a r e n t  i o n  o f  m /e  368

w h ich  e x h i b i t e d  a f a c i l e  l o s s  o f  2  m o le s  o f  w a te r  t o  g i v e  

m /e  3 3 2 .  U.V. Xmax#210  m\x ; I . R .  v ^ 4  1 7 4 1 ,  1 7 2 4 ,  3632  

and 3585  cm .- 1 ; N.M.R. CDCI3 I -  2 . 8 3  t  (5H s i n g l e t ) ,  4 . 4 8  T 

(1H , f i n e l y  s p l i t  t r i p l e t ) ,  4 . 9 9  t  (1H , p o o r l y  d e f i n e d  

m u l t i p l e t ) ,  5 . 8 6  t  (4H , q u a r t e t ) ,  6 . 8 8  t  (1 H ) ,  8 .4 5 t ( 1 H ,  

s i n g l e t ) ,  8 . 7 5 t ( 6 H ,  t r i p l e t ) ;  8 . 0 7  t  (1H , d o u b l e t ,

J  = 9 c p s . ) ; d i m e t h y l s u l p h o x i d e : -  3 . 3 8  t (1H , d o u b l e t ,

J  =s 7 c p s . )  and 5 . 0 7  t  (1H , two o v e r l a p p i n g  d o u b l e t s ,  J  sum 

= 16 c p s . ) .  T h is  compound was a s s i g n e d  th e  t r i c y c l i c
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s t r u c t u r e  ( 6 8 ) .

4 )  The r e m a in in g  v i s c o u s  y e l l o w  o i l  c o n t a in e d  a t  

l e a s t  f i v e  c o m p o n e n ts ,  t h e  m ain one o f  w hich  was t h e  m ajor  

p r o d u c t  o f  t h e  r e a c t i o n .  T h i s  was s e p a r a t e d  from  t h e  

r e m a in d e r  on a g r a d e  4 a lu m in a  colum n made up i n  l i g h t  

p e t r o le u m  ( 6 0 - 8 0 ° )  and g r a d i e n t  e l u t i o n ,  ( 1 0 0 % p e tr o le u m  

e t h e r  t o  10C/ 0 e t h y l  a c e t a t e ) ,  c a r r i e d  o u t .  T h is  was 

c o n s i d e r e d  t o  h e  an e q u i l ib r iu m  m ix t u r e  o f  ( 5 6 )  and ( 8 7 ) .

I t s  r e a d y  d e c o m p o s i t i o n ,  when e x p o s e d  t o  a i r ,  made i t  

d i f f i c u l t  to  o b t a i n  p u re  and i t s  d i s t i l l a t i o n  i m p o s s i b l e .  

Pound: C, 5 8 . 4 2 ;  H, 7 .02,°  c 18H2 4 °8  ^e ^u i r e s  5 8 .6 9 ;

H, 6.57%; m o le c u la r  w e ig h t  o f  368  (b y  m ass s p e c t r o s c o p y ) ;

I . R .  v max. 1 7 4 5 ,  1 7 2 3 ,  1 7 0 6 ,  3 6 3 0 ,  3 5 3 7 ,  3 4 9 3 ,  34 4 4  and  

2737  cm."*1 ; U.V. , no a b s o r p t i o n  above 220 m u ;  N.M.R. 

show ed a l d e h y d i c  p r o t o n ,  0 . 2 2  T.

O x i d a t i o n  o f  ( 6 8 ) .

0 . 4 8 8  g .  o f  t h e  a l c o h o l  ( 6 8 ) w ere c o o l e d  i n  an  

i c e  b a t h  i n  20 m l .  o f  a c e t o n e .  T h is  s o l u t i o n  was t r e a t e d  

w it h  J o n e s ’ r e a g e n t  u n t i l  t h e  s o l u t i o n  was a perm anent  

o r a n g e  c o l o u r .  E x t r a c t i o n  w i t h  e t h e r ,  w a te r  w a sh in g  and  

MgSO^ d r y in g  o f  t h e  e x t r a c t s  y i e l d e d  an e t h e r  s o l u t i o n  

a f f o r d i n g ,  on e v a p o r a t i o n ,  0 .3 6 9 4  g .  o f  a w h i t e  

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

e t h a n o l  m .p .  1 5 8 - 1 5 9 °  (78.5%  y i e l d ) ,  F eC lg  t e s t  -  n e g a t i v e ,
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no  U . V . , I .R . ( C C 1 4 ) ,  1 7 7 1 ,  1 7 4 5 ,  174C, 1 7 2 4  and 1614  cm. - 1  

(n o  OH b a n d ;*  C18H22^8 r e 9.u i r e s  C = 5 9 .0 1 ;  H = 6 .0 5  

f o u n d  0 = 5 9 * 0 6 ;  H = 6 . 1 3 $ ,  Mass sp ec tru m  show ed p a r e n t  

i o n  m /e  3 6 6 .  T h is  compound was c o n s i d e r e d  t o  b e  t h e  e n o l  

l a c t o n e  ( 6 9 ) .

D e h y d r a t io n  o f  ( 6 8 j .

a) The a l c o h o l  ( 6 8 ) ,  (5 0  m g s . , ) ,  was r e f l u x e d  o v e r 

n i g h t  i n  a w a te r  s e p a r a t o r  w ith  p a r a - t o l u e n e  s u l p h o n i c  

a c i d ,  (5  m g s . , ) ,  and b e n z e n e  (20  m l . , ) .  S o l i d  p o t a s s iu m  

c a r b o n a t e  was added  and t h e  fn ix tu r e  l e f t  s t a n d in g  a t  room 

t e m p e r a tu r e  f o r  4  h o u r s  b e f o r e  f i l t r a t i o n .  The f i l t r a t e  

was w ashed  w i t h  b r i n e  u n t i l  n e u t r a l ,  d r i e d  o v e r  an h yd rou s  

m agnesium  s u l p h a t e  and t h e  b e n z e n e  s o l v e n t  rem oved t o  

y i e l d  an o i l y  c r y s t a l l i n e  m ix t u r e .  T h is  was r e c r y s t a l l i s e d  

from  an e t h y l  a c e t a t e  -  p e tr o le u m  e t h e r  ( 6 0 - 8 0 ° )  s y s t e m ,  

or e t h a n o l ,  a s  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 ,  (4 1  m g s . , -  

85$ y i e l d ) ,  m .p . 1 3 1 - 2 ° ,  t h e  s t r u c t u r e  o f  w hich  was n e v e r  

c o m p l e t e l y  d e te r m in e d *  Pound; C, 6 2 .0 9 ;  H, 6 . 0 2 ;

^18^22^7 C, 6 1 .7 1 ;  H, 6 . 3 3 $ .  I . R .  (CHClg)

1 7 4 5 ,  1 7 3 7 ,  1 7 2 4 ,  1683  and 3435  cm .”'1 . U .V . showed o n ly  

end a b s o r p t i o n  a t  216 m u • Mass sp ectru m  show ed p a r e n t  i o n  

o f  m /e  3 5 0 .  N .M .R . , 3 4 1  t  ( v e r y  f i n e l y  s p l i t  s i n g l e t ,

1H) and 4 . 5 2  T ( d o u b l e t ,  J  = 4  c p s . ,  1H); i n  d e u ter iu m  

o x id e  v e r y  l i t t l e  change  was o b s e r v e d  i n  t h e  s p e c tru m ,
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e x c e p t  f o r  a s l i g h t  a l t e r a t i o n  a t  c a .  7 . 7  t and. i n  d i m e t h y l -  

s u lp h o x i d e  s o l u t i o n  no ch an ge  c o u ld  h e  s e e n .

h )  The a l c o h o l  ( 6 8 ) ,  (3 0  m g s . , )  was l e f t  s t a n d i n g  i n  

a m ix t u r e  o f  d i l u t e  s u lp h u r ic  a c i d  ( 1 0  m l . , )  and e t h a n o l  

(3 0  m l . , )  f o r  3 2  d a y s .  T h is  was th e n  h e a t e d  on a s team  

h a t h  f o r  1  h o u r  and t h e  e t h a n o l  rem oved under r e d u c e d  

p r e s s u r e .  The r e s i d u e  v/as f l o o d e d  w ith  w a te r  and e t h e r  

e x t r a c t e d .  T h is  e x t r a c t  was b r i n e  w ash ed , d r i e d  

(m agnesium  s u l p h a t e )  and s o l v e n t  rem oved t o  g i v e  an o i l y  

c r y s t a l l i n e  m ix t u r e  (2 5  m g s . , ) .  R e c r y s t a l l i s a t i o n  from  

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

i n  t h e  d e h y d r a t io n  o f  th e  a l c o h o l  ( 6 8 ) b y  p a r a - t o l u e n e  

suiphonic  a c i d  t r e a t m e n t ,  ( i . e .  a) ) ,  (m ix ed  m e l t i n g  p o i n t ,  

t . l . c . ,  g . l . c . ,  and i n f r a - r e d  c o m p a r is o n ) .

Hy d r o g e n a t i o n  o f  ( 6 8 ) .

The a l c o h o l  ( 6 8 ) ,  (5 0 0  m g s . , ) ,  was s t i r r e d  w ith  

10$ p a l l a d i l i s e d  c h a r c o a l  (5 0 0  m g s . , )  i n  e t h a n o l  (100  m l . , )  

i n  an a tm o sp h er e  o f  h y d ro g e n  a t  room t e m p e r a t u r e .  Rem oval  

o f  t h e  c a t a l y s t ,  b y  f i l t r a t i o n ,  and s o l v e n t ,  u n d er  r e d u c e d  

p r e s s u r e ,  y i e l d e d  a q u a n t i t a t i v e  amount o f  t h e  r e d u c e d  

p r o d u c t  ( 7 2 )  a s  a c o l o u r l e s s  o i l .  The p a r e n t  i o n  i n  t h e

m ass sp ec tru m  was m /e  3 7 0 .  I . R . , v (CCl^) 1 7 4 5 ,  1 7 2 3 ,  

1 7 0 0 ,  3 6 3 5 ,  3545  and 3460  cm.*”1 . U.V. -  o n l y  end  

a b s o r p t i o n  o b s e r v e d  and i n  t h e  n . m . r .  no a b s o r p t i o n  i n  t h e
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3 * 0 - 5 * 0 T r e g i o n .

A c e t y l a t i o n  o f  ( 6 8 ) .

1) The a l c o h o l  ( 6 8 ) ,  ( 7 4  m g s . , ) ,  was r e f l u x e d  o v e r 

n i g h t  w i th  p a r a - t o l u e n e  s u l p h o n i c  a c i d  (5  m g s . , )  and i s o -  

p r o p e n y l  a c e t a t e  ( 8  m l . , ) .  The r e a c t i o n  m ix t u r e  was 

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

a c e t a t e  rem oved u n d er  r e d u c e d  p r e s s u r e .  The r e s i d u e  was 

t a k e n  up i n  e t h e r ,  w ashed w ith  b r i n e ,  d r i e d  w i t h  m agnesium  

s u l p h a t e  and s o l v e n t  rem oved to  y i e l d  a c o l o u r l e s s  o i l .

T h is  c r y s t a l l i s e d  on s t a n d i n g  and b y  t . l . c .  a n a l y s i s  was 

shown to  c o n s i s t  o f  two co m p o n en ts .  S e p a r a t i o n  o f  t h e s e  

was a c c o m p l i s h e d  b y  t h i c k  l a y e r  c h r o m a to g ra p h y .  One had  

a m e l t i n g  p o i n t  o f  1 3 1 - 2 °  and was shown t o  b e  t h e  d e h y d r a t io n  

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

o f  a c e t y l a t i o n ,  t h e  s t r u c t u r e  o f  w h ic h ,  f u r t h e r  th a n  i t s  

b e i n g  a d i a c e t a t e ,  was n o t  e l u c i d a t e d .  M. p.  1 2 3 - 5 ° ;  

fo u n d ;  C, 5 8 .6 4 ;  H, 6 . 7 0 ;  ^22^-28^20  r e q u i r e s  C, 5 8 .4 0 ;

H, 6 . 2 4 $ ;  I . R .  v m ax, (CC14 ) 1770 cm . - 1  ( 9 7 0 ) ,  1 7 4 4  cm. - 1  

( 1 0 7 0 ,  and 1725  cm. > U . V . j - o n l y  end  a b s o r p t i o n .  N .lt .R .  

show ed 4 . 0 5  T (1H, d o u b l e t ,  J  = 9 c p s . ) ,  4 . 3 5  t  (1H , s i n g l e t ) ,  

5 . 7 5  and 5 . 8 3 T  (4H , su p e r im p o se d  q u a r t e t s ) ,  7 . 9 3  t  ( 6 H, 

s i n g l e t )  and 8 . 6 8  and 8 . 7 1 t  ( 6 H s u p e r im p o se d  t r i p l e t s ) .

The m ass s p e c tr u m , (P = 4 5 2  m / e ) ,  show ed two d i f f e r e n t  

l o s s e s ,  one o f  m /e  60 and t h e  o t h e r  o f  m /e 4 2 .  T h ese
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c o u ld  b e  a s s i g n e d  a s  a c e t i c  a c i d  and k e t e n e  r e s p e c t i v e l y  

w h ich  i n d i c a t e d  t h a t  one o f  t h e  a c e t a t e s  was a t t a c h e d  t o  

a s a t u r a t e d  c e n t r e  and t h a t  t h e  o t h e r  was v i n y l i c .

2) The a lc o h o l  ( 6 8 ) ,  (1 4 3  m g s . , ) ,  was r e f l u x e d  f o r  

90 m in u te s  w i t h  a m ix t u r e  o f  a c e t i c  a n h y d r id e  ( 1 . 5  m l . , )  

and an h yd rou s  p y r i d i n e  (3  m l . , ) .  A f t e r  c o o l i n g ,  t h e  

r e a c t i o n  m ix t u r e  was p o u red  on t o  i c e  and t h e  w h i t e  

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

was shown b y  m ix e d  m e l t i n g  p o i n t ,  t . l . c .  and i n f r a - r e d  to  

b e  t h e  same d i a c e t a t e  a s  a l r e a d y  i s o l a t e d  and r e p o r t e d  

ab o v e , ( i . e .  D ) .

R e d u c t io n  o f  ( 5 1 )  t o  ( 5 4 ) .

The b i s - e n o n e  ( 5 1 ) ,  (1 1 3  m g s . , ) ,  was s t i r r e d

w it h  a m ix t u r e  o f  sodium  b o r o h y d r id e  (5 0  m g s . , ) ,  m e th a n o l

(4 0  m l . , )  and w a te r  ( 4  m l . , )  f o r  s e v e r a l  h o u r s  a t  room

te m p e r a tu r e  b e f o r e  l e a v i n g  o v e r n i g h t .  A lth o u g h  ( 5 3 )  was

n o t  i n i t i a l l y  v e r y  s o l u b l e  i n  t h e  m e th a n o l ,  t h e  s o l u t i o n

becam e hom ogeneous a s  t h e  r e a c t i o n  p r o c e e d e d .  T h e  m ix t u r e

was th e n  f l o o d e d  w i t h  w a te r  ( 1 0 0  m l . , )  and e t h e r  e x t r a c t e d .

T h i s  e x t r a c t  was w ashed w i t h  w a t e r ,  d r i e d  o v e r  magnesium  .

s u l p h a t e  and s o l v e n t  rem oved t o  y i e l d  73 m gs. o f  a w h i t e

c r y s t a l l i n e  s o l i d  (6 0 - 7 0 $  y i e l d ) ,  m .p .  1 5 0 ° ,  ( e t h y l  a c e t a t e  )

I # R *' v max. ( CC1 4 ) 3 6 2 0 ,  3 5 4 8 ,  3 4 8 0 ,  1737  cm .” 1 ; U.V. 

S p ectru m  showed c o m p le te  d i s a p p e a r a n c e  o f  th e  2 6 4  mp
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a b s o r p t i o n  o f  ( 5 1 ) ;  N.M.R.  , 4 . 0 5  t  (2H , f i n e l y  s p l i t ) ,  

5 . 8 4  t  (4H , q u a r t e t ) ,  7 . 5 7 t  ( 8 H m u l t i p l e t )  and 8 . 7 9  t  

( 6 H, t r i p l e t ) .  The m ass sp ectru m  had a p a r e n t  i o n  o f  

m /e  3 3 6 .
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2 , 2*  -D im e th y la m in o p r o p io p h e n o n e  H y d r o c h lo r id e .

T h is  M annich b a s e  was p r e p a r e d  a s  i t s  h y d ro 

c h l o r i d e  b y  t h e  m ethod  g i v e n  i n  O r g .R n s . ,  C o l l . V o l .  I l l ,

3 0 5 .

2 - (  2 1 - B e n z o . y l e t h y l ) — C y c lo h e x a n o n e  ( 1 7 ) .

T h is  d i x e t o n e  was p r e p a r e d  b y  a m o d i f i c a t i o n  o f  

t h e  m ethod u s e d  b y  G i l l  e t  a l .  J .A m e r .C h e m .S o c . , 7 4 ,  4 9 2 3  

( 1 9 5 2 ) .

2 , 2 * -D im e th y la m in o p r o p io p h e n o n e  was l i b e r a t e d  

from  i t s  h y d r o c h l o r i d e  b y  t r e a t m e n t  w i t h  a q u eo u s  sodium  

h y d r o x id e  and e t h e r  e x t r a c t i o n  o f  t h e  p r e c i p i t a t e d  f r e e  

b a s e .  F r e s h l y  p r e p a r e d  M annich b a s e  and r e - d i s t i l l e d  

c y c lo h e x a n o n e ,  i n  a m o la r  r a t i o  o f  1 : 3 ,  w ere  h e a t e d  

t o g e t h e r  a t  1 6 0 °  f o r  2 0  m in u t e s ;  e v o l u t i o n  o f  d im e th y la m in e  

was o b s e r v e d .  The c o o l e d  r e a c t i o n  m ix t u r e  was e x a c t l y  

n e u t r a l i s e d  w i t h  g l a c i a l  a c e t i c  a c i d  and e x t r a c t e d  w ith  

e t h e r .  The l a t t e r  was s u b s e q u e n t l y  w ashed  w i t h  b r i n e ,  

d r i e d  and c o n c e n t r a t e d .  E x c e s s  c y c lo h e x a n o n e  was rem oved  

on a w a te r  pump and t h e  r e s i d u e  d i s t i l l e d  u n der  r e d u c e d  

p r e s s u r e  to  g i v e  a p a l e  y e l l o w  o i l  w h ich  s o l i d i f i e d  on  

c o o l i n g .  The d i k e t o n e ,  ( 1 7 ) ,  c r y s t a l l i s e d  from  l i g h t  

p e t r o le u m  a s  w h i t e  n e e d l e s ,  m. p .  4 8 - 5 0 ° .  ( 1 7 )  was

o b t a i n e d  i n  80$ y i e l d .
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2 - P h e n y l b i c y c l o - ( 5 : 5 : l ) - n o n - 2 ~ e n e - 9 - o n e  ( 1 8 ) .

The m ethod o f  Cope and Hermann was u s e d ,  J .A m er .  

C h e m .S o c . ,  7 2 ,  3405  ( 1 9 5 0 ) .

A s o l u t i o n  o f  th e  d i k e t o n e  (1 7 )  i n  g l a c i a l  a c e t i c  

a c i d  ( 2 5 0  m l . , )  and c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (5 0  m l * , )  

on h e a t i n g  u n d er  r e f l u x  f o r  16 h o u r s  a f f o r d e d  t h e  r e q u i r e d  

k e t o n e ,  ( 1 8 ) ,  a s  a y e l l o w  o i l ,  h . p .  1 3 0 - 1 3 3 ° / 0 * 1 5  m. m. ,

( 2 2 g . , 74$ y i e l d ) ,  w h ich  s o l i d i f i e d  on t r i t u r a t i o n  w ith  

l i g h t  p e t r o le u m .  The s o l i d  was r e c r y s t a l l i s e d  from  a 

2 : 3  m ix t u r e  o f  c y c lo h e x a n e  and p e n t a n e ,  m*p*, 5 2 - 5 3 ° ,

(6 2 * 5 $  y i e l d ) .  ^m ax. 2 4 7  ( e = 8 , 1 0 0 ) ;  Vqq (h e x a n e )

1 7 3 2  ( 4 4 4 ) ,  1 7 2 2  ( 3 1 3 )  cm .- 1 , ( c a r b o n  t e t r a c h l o r i d e )  1729  

( 2 9 1 ) ,  1715  (457) cm."”1  and ( c h lo r o f o r m )  1736  ( 5 0 4 ) ,  1 7 2 4  

( 1 6 0 )  -  s p l i t t i n g  o f  th e  c a r b o n y l  a b s o r p t i o n  was th u s  

c o n s i d e r e d  t o  b e  due to  Permi r e s o n a n c e .  The n . m . r .  

show ed 3 . 8  t , J  = 4  c p s .

H y d r o b o r a t io n  o f  2 - P h e n y l b i c y c l o - ( 5 , 5 : 1 ) - n o n - 2 - e n e - 9 - o n e  

( 1 8 ) .

6 .2 7 1  g .  o f  l i t h i u m  a lum iniu m  h y d r id e  w ere  

s u s p e n d e d  i n  50 mL o f  sodium  d ry  e t h e r  and t h e  s u s p e n s i o n  

c o o l e d  t o  0°C i n  an i c e  b a t h .  A s o l u t i o n  o f  7 g .  o f  

2 - p h e n y l b i c y c l o - ( 3 : 3 ; l ) - n o n - 2 - e n e - 9 ~ o n e  i n  30  m l .  o f  dry  

e t h e r  was s l o w l y  ad d ed  to  t h i s  s u s p e n s i o n .  M a in t a i n in g  

t h e  i c e  c o o l i n g ,  2 7 .7 2  g .  o f  BP^ e t h e r a t e  w ere added and
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t h e  m ix t u r e  s t i r r e d *  A f t e r  a d d i t i o n  o f  a l l  t h e  b o r o n  

t r i f l u o r i d e  e t h e r a t e  t h e  i c e  b a t h  was rem oved and  

s t i r r i n g  c o n t in u e d  f o r  a f u r t h e r  2£  h o u r s  a t  room 

t e m p e r a t u r e .

E x c e s s  l i t h i u m  alum inium  h y d r id e  was d e s t r o y e d  

b y  t h e  c a r e f u l  a d d i t i o n  o f  50 m l .  a c e t o n e .  The m ix tu r e  

was t h e n  t r e a t e d  w i th  20  m l.  o f  3N sodium  h y d r o x id e  and  

20 m l . ,  50$ h y d r o g e n  p e r o x id e  and s t i r r e d  o v e r n i g h t .

150  m l.  o f  w a te r  was added and t h e  e t h e r  l a y e r  

s e p a r a t e d .  The r e m a in d e r  was e x t r a c t e d  w i t h  e t h e r  

(2 x 1 0 0  m l . , )  and t h e  com bined  e t h e r  e x t r a c t s  and s o l u t i o n  

was w ash ed  w ith  f e r r o u s  s u l p h a t e  u n t i l  no ch an ge  i n  

c o l o u r  wa.6 o b s e r v e d .  The s o l u t i o n  was f u r t h e r  w ashed  w ith  

w a te r  and t h e  e t h e r  rem oved  u n d er  r e d u c e d  p r e s s u r e  t o  g i v e  

5 . 2 4 7  g .  o f  a l i g h t  y e l l o w  o i l .  T h is  was p l a c e d  i n  a 

l i t t l e  b e n z e n e  and l e f t  o v e r n ig h t  and y i e l d e d  2 . 0 1 9  g .  

o f  2 - p h e n y l b i c y c l o - ( 3 : 3 ; l ) - n o n a n e  - 3 , 9 - d i o l  ( 7 9 ) .  The 

r e m a in in g  o i l ,  ( 3 . 2 2 8  g * , )  c o n s i s t e d  m a in ly  o f  t h i s  d i o l  

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

A f u r t h e r  2 . 4 2  g .  o f  2 - p h e n y lb i c y c lo * - ( 3 :  3 : 1 )  -  

n o n a n e , - 3 , 9 - d i o l  ( 7 9 )  were s e p a r a t e d  o u t  b y  column  

c h ro m a to g ra p h y  t o  g i v e  an o v e r a l l  y i e l d  o f  4 . 4 3 9  g . ,  ( 5 8 $ )  

m*p.  1 7 8 - 9 °  C1 5 H2 0 O2  r e q u i r e s  C = 7 7 . 5 5 ;  H = 8 . 6 5 .  Pound: 

C = 7 7 . 2 7 ;  H, 8 .5 ^ 4 .  I . R .  ( CHCXg) 3 6 1 0 ,  36 1 7  cm .”1 *
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S e p a r a t i o n  o f  t h e  r em a in in g  compounds in t h e jn o t h e r  l i q u o r s  

was a c h i e v e d  b y  colum n chrom atography u s in g  a s i l i c a  g e l  

column* F i r s t  t o  b e  e l u t e d  from t h e  column was a m ix tu r e  

o f  s y n -  and a n t i -  2 - p h e n y lb i c y c lo - ( 3 j 3 ;  l ) - n o n - 2 - e n e - 9 - o l s ,

( 8 2 )  and ( 8 3 )  r e s p e c t i v e l y *  C om p arative  t . l * c *  and g * l . c .  

w it h  a u t h e n t i c a l l y  s y n t h e s i s e d  sam p les  p ro v ed  th e  i d e n t i t y  

o f  t h e s e  two a l c o h o l s *  A ls o  I .R* s o l u t i o n  s p e c t r a ,  a n t i 

a l c o h o l  3635  cm*“ \  no C=0; Syn a l c o h o l ,  3 6 3 4 ,  3596  and 3505  
- 1cm* •

The e p im e r ic  d i o l s  (8 4 ;  85) s y n - ,  and a n t i - 2 -  

p h e n y l b i c y c l o —* ( 3 , 3 , l ) - n o n - 2 , 9 - d i o l  were e l u t e d  from  t h e  

colum n s e p a r a t e l y ,  t h e  syn  b e f o r e  t h e  a n t i  a l c o h o l .

T hey wero b o t h  c r y s t a l l i n e  s o l i d s  and had th e  f o l l o w i n g  

p h y s i c a l  c h a r a c t e r i s t i c s : -

S y n - 2 - p h e n y lb i c y c lo - ( .3 *  3 j l ) - n o n - 2 , 9 - d i o l  ( 8 4 ) .

I . R .  (CHClg) 3618  ( s h o u l d e r ) ,  3600 and 3575 cm*"”1 : U.V.

2 4 2 ,  2 4 6 ,  2 5 1 ,  2 5 7 , 264  m u ;  m*p* 1 4 0 - 3 ° ;  Found: C ,=

7 6 . 9 5 ;  H,  = 8 .2 7 ;  C i5H 20°2 r e q u i r e s  C = 77*55; H= 8 . 6 8 £ .

A n t i - 2 - p h e n y l b i c y c l o - (  3 , 3 ,  l ) - n o n - 2 , 9 - d i o l  ( 8 5 )  •

I . R .  (CHC13 ) ,  3610  cm. - 1  ( o n l y ) ;  U.V. 2 4 1 , 2 4 7 , 2 5 2 ,  2 5 8 ,

264 mu ; m. p .  1 6 7 - 1 7 0 ° ;  Found: C = 7 7 .6 7 ;  H = 8 .5 5 ;

Ci5H go^2 r e q u i r e s  C = 7 7 .5 5 ;  H = 8 . 6 8 $ .

B oth  t h e s e  d i o l s  on o x i d a t i o n  w i t h  s ta n d a r d  

Jones*  r e a g e n t  g a v e  th e  same ice t o —a l c o h o l .
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H y d r o b o r a t io n  o f  (1 8 )  w ith  sodium b o r o h y d r id e  

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

a l s o  c a r r i e d  o u t .  However t h i s  method ga v e  p o o r e r  y i e l d s  

o f  t h e  d i o l  ( 80 )  th a n  t h e  l i t h i u m  alum inium  h y d r id e  

p r o c e d u r e  and was c o n s e q u e n t ly  d i s r e g a r d e d  i n  f a v o u r  o f  

t h e  l a t t e r .

O x id a t io n  o f  2 - P h e n y l b i c y c l o - ( 3 ; 5 i l ) - n o n a n e - 5 . 9 -  

d i o l .  ( 7 9 )  t o  ( 7 7 ) .

( a )  1 .4 6 8  g .  o f  2 - p h e n y l b i c y c l o - ( 3 ; 3 ; l ) - n o n a n e - 3 , 9 -

d i o l  w ere  d i s s o l v e d  i n  2 0  m l .  o f  a c e t o n e  and t h e  s o l u t i o n  

c o o l e d  t o  0°C i n  an i c e  b a t h .  A s ta n d a r d  s o l u t i o n  o f  

J o n e s 1 o x i d i s i n g  r e a g e n t  was s l o w l y  added w ith  s t i r r i n g  

u n t i l  t h e  s o l u t i o n  to o k  on a perm anent oran ge  c o l o u r a t i o n .  

2 0 ml* o f  w a te r  w ere th e n  added and t h e  s o l u t i o n  e x t r a c t e d  

t h o r o u g h ly  w i t h  e t h e r  (3 x 5 0  m l . , ) .  The com bined e t h e r  

e x t r a c t s  w ere  washed w ith  w a te r  and d r i e d  w ith  MgSO^. 

S o l v e n t  rem o v a l l e f t  1 .2 7 8 5  g .  o f  2 - p h e n y l b i c y c l o “ (3*3 > l ) -  

n o n a n e - 3 , 9 - d i o n e  ( 7 7 ) .  T h i s  was r e c r y s t a l l i s e d  from an 

e t h y l  a c e t a t e  -  p e tr o le u m  e t h e r  (6 0 -8 C ° )  s o l v e n t  sy s tem  

m .p . 1 4 7 - 8 ° ;  c a .  60$ y i e l d ;  Found: C, 7 8 .8 9 ;  H, 6 .9 8 ;

G1 5 H1 6 O2  r e q u i r e s  C =: 7 8 .9 2 ;  H = 7 .0 6 $ ;  I . R .  (CCI4 )

1 7 2 3 ,  17 2 8  cm .~1 ; Mass S p e c . ,  P = 228 m /e ;  X max. 2 2 7 ,

2 4 7 ,  2 5 2 ,  258  and 264  mp . I n  t h e  n . m . r .  p ea k s  a t  2 . 7 2  t  

(5H , v e r y  f i n e l y  s p l i t ) ,  6 . 0 3  T (1H, d o u b l e t ,  Jt= 6  c p s * ) ,
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7 . 1 7  t (4H , multiplet) and 8 . 1  t ( 6 H, multiplet).

( b )  The a l t e r n a t i v e  p r o c e d u r e  f o r  t h e  o x i d a t i o n  o f  

( 7 9 )  u s e s  o x i d i s i n g  c o n d i t i o n s  d e s c r ib e d  b y  Brown, J.Araer.Ghem. 

S o c . ,  8 3 ,  2952  ( 1 9 6 1 ) .

Sodium d ich ro m a te  d ih y d r a t e  (1 0  g . ,  1 6 .6  m .raoles)  

was d i s s o l v e d  i n  96$ s u lp h u r ic  a c i d  ( 7 . 5  m l . ,  67 m .m o les ,  

d i l u t e d  t o  50 m l . , )  and t h e  s o l u t i o n  added to  a s u s p e n s io n  

o f  t h e  d i o l  ( 7 9 ) ,  (1 0  g . , ) ,  i n  e t h e r  (5 0  m l . , )  o v e r  25 m in s .

The r e a c t i o n  was s t i r r e d  f o r  2 h o u rs  w h i le  m a in t a in in g  t h e  

t e m p e r a t u r e  b e tw e e n  25  and 3 0 ° .  The aqu eou s l a y e r  was 

w a sh ed  w i t h  e t h y l  a c e t a t e  and t h e s e  w a sh in g s  added t o  t h e  

e t h e r  s o l u t i o n .  The com bined o r g a n ic  s o l u t i o n  was washed  

w it h  sod iu m  b ic a r b o n a t e  and b r i n e  and d r i e d  o v e r  anhydrous  

m agnesium  s u l p h a t e .  S o lv e n t  rem ova l y i e l d e d  8 . 5  g .  o f  

a c r y s t a l l i n e  s o l i d  w hich  on 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  -  p e tr o le u m  e t h e r  ( 6 0 —8 0 ° )  gave  7 . 1  g . ,  ( 7 2 . ^  

y i e l d ) ,  o f  t h e  d io n e  ( 7 7 ) .

A t te m p te d  e p o x i d a t i o n  o f  2 ~ P h e n y l b i c y c l o ~ ( 5 ; 3 ; l ) —n o n - 2 -  

e n e - 9 - o n e .  ( 1 8 ) .

1 g . ,  o f  2 - P h e n y l b i c y c l o - ( 3; 3 ; l ) - n o n - 2 - e n e - 3 - o n e

was h e a t e d  w i t h  3 m l .  o f  15$ HgOg and 3 m l .  o f  10$ aq .

NaOH i n  15 m l .  e t h a n o l ,  f o r  10 m in u te s  on a steam  b a t h .

The s o l u t i o n  s l o w l y  ch an ged  from  c o l o u r l e s s  t o  p a l e  s t r a w  

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

The s o l u t i o n  was r e f l u x e d  f o r  a f u r t h e r  2 hours  

on t h e  s tea m  b a t h ,  t h e  c o lo u r  ch an g in g  t o  l i g h t  brow n.

M ost o f  t h e  e t h a n o l  was removed under r ed u ced  p r e s s u r e  and 

t h e  r e s i d u e  p o u re d  i n t o  100 m l.  o f  w a te r .  T h is  was l e f t  

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

0 . 2 5  g . , ;  m .p .  5 1 - 5 3 °  w hich  was shown to  b e  s t a r t i n g  

m a t e r i a l  b y  m ixed  m .p .

The m oth er  l i q u o r  was e x t r a c t e d  w ith  e t h e r  b u t  

no e v i d e n c e  o f  e p o x i d a t i o n  was fo u n d .

(An a t t e m p te d  e p o x id a t io n  b y  means o f  p e r fo r m ic  

a c i d  g a v e  a s i m i l a r  r e s u l t ) .

R e d u c t i o n  o f  2 H P h e n .v lb ic v c lo - (3 ; 5 ; l ) - n o n - 2 - e n e - 9 ~ o n e  (1 8 )  

w it h  ( a )  LiAlfiLj, i n  e t h e r  and (b )  NaBH4  i n  aq . m e th a n o l .

( a )  0 . 9  g .  o f  l i t h i u m  alum inium h y d r id e  were

su s p e n d e d  i n  2 0  m l .  o f  e t h e r  and 1  g* o f  2 - p h e n y l— 

b i c y c l o —( 3 ; 3 ;  1 ) - n o n - 2 —e n e - 9 - o n e  i n  10 m l .  o f  e t h e r  

ad d ed  s l o w l y ,  w ith  s t i r r i n g ,  to  t h e  s u s p e n s io n .  The 

m i x t u r e  was s t i r r e d  o v e r n ig h t  un der  g e n t l e  r e f l u x .

E x c e s s  LiAlH 4  was d e s t r o y e d  w ith  m o is t  e t h y l  a c e t a t e  and  

30 ml* o f  w a te r  a d d ed . The s o l u t i o n  was e x t r a c t e d  w ith  

e t h e r  (3 x 3 0  m l . , )  and t h e  e x t r a c t s  washed w ith  w a te r  and  

d r i e d  (MgS04 ) • S o l v e n t  rem oval l e f t  a c l e a r  o i l  which  

on t r i t u r a t i o n  w i t h  petrolm um  e t h e r  ( 4 0 - 6 0 ° )  g a v e  w h it e
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c r y s t a l s .  Y i e l d  o f  c l e a r  o i l  -  0 . 9 7  g . ,  ( 9 6 $ ) .

A g . l . c .  s tu d y  on t h i s  o i l  i n d i c a t e d  i t  to  

c o n s i s t  o f  78$ a n t i -  and 2 2 $ s y n -  a l c o h o l .

I . R .  s p e c ,  o f  th e  w h ite  c r y s t a l s  showed them to  

b e  p u r e l y  t h e  a n t i  fo rm .

f t )  0 . 2 5  g .  o f  sodium b o r o h y d r id e  was added t o  a 

s o l u t i o n  o f  1 g .  o f  2 - p h e n y l b i c y c l o - ( 3 ; 3 ; l ) - n o n - 2 - e n e - 9 -  

o n e  i n  20 m l .  m eth a n o l and 6  m b  o f  w a te r .  T h is  was 

a l l o w e d  to  s t a n d  o v e r n ig h t  a t  room te m p e r a tu r e .  1 0 0  m l.  

o f  w a te r  w ere added and t h e  p r e c i p i t a t e d  o i l  was e x t r a c t e d  

w it h  e t h e r  (3 x 2 0  m l * , ) .  A f t e r  d r y in g ,  MgS04 , and s o l v e n t  

r e m o v a l  0 . 9 2  g .  o f  a c o l o u r l e s s  o i l  were o b t a in e d  ( 9 1 $ ) .

G .L .C . i n d i c a t e d  73$ -  a n t i ,  21% -  sy n .

A n t i —a l c o h o l  ( 8 3 ) :  m .p . 7 9 - 8 0 ° ;  I . R .  (CC14 )

3 6 3 5 ,  1495  and 1060 cm."*1 , no 0=0 b a n d . Found: C, 8 3 .7 7 ;

H, 8 . 0 1 ;  C !5 H1 8 0  r e q u i r e s  C, 8 4 .0 7 ;  H, 8 . 4 7 $ .  U.V.

Xm ax. -  2 4 8  mP- > G .L .C . R e t e n t io n  t im e 1 6 .4  i n s .  10$

PEG,A 15  i n s . / h r .

S .v n -a lc o h o l  ( 8 2 ) :  As y e t ,  n e v e r  i s o l a t e d  a s

p u r e  s a m p le .  I .R .  (CC14 ) -  (some a n t i  p r e s e n t ) .  3 6 3 4 ,  

3 5 9 6  and 3505  cm."- 1 * G.L.C. R e t e n t io n  t im e  1 2 . 4  i n s .

1 0 $  PEG,A 15 i n s . / h r .
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P e r a c e t i c  A c id  ‘tr e a tm e n t  o f  2 —p h en y l—9—hyflT*ox.ybicyclo—

( 3 ; 3 ; l ) - n o n - 2 - e n e ,  ( 8 3 ) .

P e r a c e t i c  a c i d  (J .A m er .C h em .S o c ., 6 8 , 907 ( 1 9 4 6 ) ) :  

G l a c i a l  a c e t i c  a c i d  (10  g . , )  was added d rop w ise  t o  con

c e n t r a t e d  s u l p h u r i c  a c i d  ( 0 * 1 1  m l * , ) ,  th e  tem p era tu re  b e in g  

m a i n t a i n e d  a t  2 2 - 2 3 °  b y  a w a ter  b a t h .  90$ hydrogen  

p e r o x i d e  ( 9 . 1  g . , )  was added d r o p w ise ,  w ith  s t i r r i n g ,  to  

t h e  m ix t u r e  and t h e  r e s u l t i n g  s o l u t i o n  s t i r r e d  o v e r n ig h t  

( o a .  1 6  h o u r s ) .  The m ole  r a t i o  o f  HgOg t o  AcOH b e in g  

1 . 5  : 1 . 0 .

The u n s a t u r a t e d  a l c o h o l  ( 8 3 ) ,  ( 0 .1 8 7  g * , ) ,  waB 

d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c i d  ( 1 2  m l . , )  and th e  

p e r a c e t i c  a c i d  m ix tu r e  (1  m l . , )  added d r o p w ise .  The 

s o l u t i o n  was k e p t  a t  4 0 °  f o r  5 h ou rs  and th e n  poured  

i n t o  h o t  w a te r  ( 9 5 —1 0 0 ° )  and w e l l  s t i r r e d .  A f t e r  

c o o l i n g  t o  room te m p e r a tu r e  t h i s  was e x t r a c t e d  w ith  

e t h e r  and t h e  e x t r a c t  washed w ith  b r i n e  b e f o r e  d ry in g

(m agn esiu m  s u l p h a t e )  •

The y e l l o w  o i l ,  ( 0 .1 6 3  g . , ) ,  o b t a in e d  b y  s o l v e n t  

r e m o v a l  was rdSLuxed a t  100°  w ith  e x c e s s  2 norm al sodium  

h y d r o x id e  b e f o r e  p o u r in g  i n t o  d i l u t e  h y d r o c h lo r i c  a c i d  

and e t h e r  e x t r a c t i n g *  B r in e  w ash in g  and magnesium  

s u l p h a t e  d r y in g  o f  t h i s  e x t r a c t  and su b seq u en t  s o l v e n t  

r e m o v a l  y i e l d e d  an o i l ,  ( 0 . 1 6  g . , ) ,  w hich  c o n t a in e d  some
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t h r e e  c o m p o n en ts ,  ( t . l . c .  a n a l y s i s ) .  O x id a t io n  o f  t h i s  

m ix t u r e  w i t h  s ta n d a r d  J o n e s  r e a g e n t  a t  0 °  g a v e  a 

c o r r e s p o n d in g  m ix t u r e ,  one component o f  w hich , b y  b o th  

t . l . c .  and g . l . c .  a n a l y s i s , w a s  shown to  b e  ( 7 7 ) .  S e p a r a t io n  

o f  t h i s  com ponent b y  column chrom atography and i t s  i n f r a 

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

B o th  lo w  y i e l d  and s e p a r a t i o n  d i f f i c u l t i e s  

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

o f  ( 7 7 ) .

A t t e m p t e d  F o r m y la t io n  o f  ( 7 7 ) .

2 - P h e n y l b i c y c l o - ( 3 ; 3 ; l ) - n o n a n e - l , 9 - d i o n e ,  ( 7 7 ) ,

( 4 . 0  g . , ;  1 e q u i v a l e n t )  i n  b e n z e n e  (1 0 0  m l . , )  was added ,

a t  i c e  t e m p e r a tu r e ,  to  a s u s p e n s io n  o f  dry powdered sodium  

m e th o x id e  ( 1 . 2  g . ,  sodium ) i n  b e n z e n e  (5 0  m l . , ) .  E t h y l  

o r t h o f o r m a t e  ( 3 . 9  g . , ;  3 e q u i v a l e n t s )  i n  b e n z e n e  (5 0  m l* , )  

was added to  t h i s  and th e  f l a s k  l e f t  o v e r n ig h t  a t  room 

t e m p e r a t u r e .  The s o l u t i o n  was p ou red  on i c e  and th e  

b e n z e n e  l a y e r  w ashed w e l l  w ith  aqueous sodium h y d r o x id e .

T h e se  w a s h in g s  were added t o  t h e  aqueous f r a c t i o n ,  

a c i d i f i e d  and e t h e r  e x t r a c t e d .  B r in e  w ash in g  and  

m agnesium  s u l p h a t e  d r y in g  o f  t h i s  e x t r a c t  f o l l o w e d  b y  

r e m o v a l  o f  s o l v e n t  y i e l d e d  1 . 2 1  g .  o f  a y e l l o w  o i l .

A l th o u g h  t h i s  g a v e  a p o s i t i v e  r e a c t i o n  w ith  f e r r i c  

c h l o r i d e ,  i t  c o n s i s t e d  o f  some s i x  or s e v e n  com ponents
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and an i d e n t i f i c a t i o n  o f  a f o r m y la t e d  p ro d u ct  a s  one o f  

t h e s e  was n o t  c o n c l u s i v e .

S t a r t i n g  m a t e r i a l  ( 2 . 4 3  g . , )  was r e c o v e r e d  from  

t h e  b e n z e n e  l a y e r .  Longer r e a c t i o n  t im es  were fou n d  to  

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

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

A t t e m p t e d  C a r b e t h o x y la t io n  o f  ( 7 7 ) .

( a )  E t h y l  O x a la t e  and Sodium E th o x id e .

A s o l u t i o n  o f  e t h y l  o x y l a t e  ( 0 .4 5 8  g . , )  and 2 - p h e n y l -  

b i c y c l o - ( 3 ; 3 ; l ) - n o n a n e - 3 , 9 - d i o n e  i n  e t h a n o l  (1 8  m l . , )  was 

add ed  s l o w l y  to  an i c e  c o l d ,  s t i r r e d ,  e t h a n o l i c  s o l u t i o n  

o f  sod ium  e t h o x i d e  ( 0 . 4  g* sodium  i n  2 m l.  e t h a n o l ) .

T h i s  was s t i r r e d  a t  0 °  f o r  1 h ou r  and th e n  a t  room 

t e m p e r a t u r e  f o r  6  h o u r s .  The r e a c t i o n  m ix tu r e  was 

d eco m p o sed  b y  p o u r in g  i t  on to  c o n c e n t r a t e d  s u lp h u r ic  

a c i d  ( 1  m l . , )  i n  a f l a s k  im m ersed i n  an i c e  b a t h .

F l o o d i n g  w i t h  w a te r  and b e n z e n e  e x t r a c t i o n ,  su b s e q u e n t  

w a s h in g  o f  t h i s  e x t r a c t  w ith  b r i n e ,  d r y in g  (MgS04 ) and 

r e m o v a l  o f  b e n z e n e  y i e l d e d  a q u a n t i t a t i v e  r e t u r n  o f  

s t a r t i n g  m a t e r i a l  ( 7 7 ) .

(b )  D i e t h y l  C arbonate  and Sodium H y d r id e .

A d i s p e r s i o n  o f  sodium h y d r id e  i n  o i l  ( 4 . 2  g . ,  50$  

d i s p e r s i o n ,  0 .0 0 8 8  m. ) was p l a c e d  i n  a f l a s k  u n d er  

n i t r o g e n  and d i e t h y l c a r b o n a t e  i n  t e t r a h y d r o f u r a n  (1 5  m l . , )
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added d r o p w is e .  T h is  m ix tu r e  was r e f l u x e d  and t h e  d io n e ,  

( 7 7 ) ,  ( l . O  g . , )  i n  t e t r a h y d r o f u r a n  (1 0  m l . , )  added over  a 

p e r i o d  o f  3 s  h o u r s  and r e f l u x i n g  c o n t in u e d  f o r  a f u r t h e r  

h o u r .  E x c e s s  sodium  h y d r id e  was d e s t r o y e d  b y  c a r e f u l  

a d d i t i o n  o f  w a ter  b e f o r e  rem oval o f  th e  s o l v e n t .  The 

r e s i d u e  was f l o o d e d  w ith  w ater  and e x t r a c t e d  w ith  e t h e r .  

T h is  e x t r a c t  a f t e r  b r i n e  w ash ing  y i e l d e d  c r y s t a l l i n e  

s t a r t i n g  m a t e r i a l  ( 7 7 ) ,  (_ca. 0 . 8  g . , ) .

The aq u eou s  f r a c t i o n  on a c i d i f i c a t i o n  w ith  6  

n o r m a l h y d r o c h l o r i c  a c i d  and e t h e r  e x t r a c t i o n  yfelded an 

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

2 , 4 -D ib  romo-2~-ph eny lb  i c y c l o - (  3 ; 3 ; l ) - n o n a n e - 5 , 9 - d i o n e ,  ( .9 4 ) .

The d io n e  (1 0 0  m g .) ,  ( 7 7 ) ,  i n  c h lo ro fo rm  was 

t r e a t e d  w i t h  e x c e s s  o f  brom ine i n  ch lo ro fo rm  u n t i l  th e  

c o l o u r  p e r s i s t e d ,  th e n  h e a te d  a t  1 0 0 ° f o r  a fe w  m in u te s  

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

m .p .  2 0 5 - 6 °  g a v e  a p o s i t i v e  B e i l s t e i n  t e s t .  Found:

C, 4 6 . 5 2 ;  H, 3 . 6 4 .  C isH ^O gB rg r e q u i r e s  C, 4 6 .3 3 ;

H, 3 . 6 3 $ .  v C0l 4  I ? 4 1  and lr^35 cm* N .M .R ., 3 .8 6 T

(1H , d o u b l e t ) ,  6 . 7  and 7 . 3  t (2H, m u l t i p l e t s ) ; 8 .4 5  T

( 6 H, m u l t i p l e t ) .
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2 —P h e n y l - 2 —(.31 - c h l o r o b u t - 2 f - e n .v l ) - b i c .v c l o - ( 3 ; 5 ;  l ) - n o n a n e -

3 , 9 - d i o n e ,  ( 1 0 0 ) .
t

A  s u s p e n s io n  o f  KOBu, p rep ared  from 0 .0 9 4  g . ,  

( 0 . 0 0 2 4  m o le s )  o f  p o t a s s iu m ,  i n  30 m l.  o f  dry benzene^w as  

t r e a t e d  w ith  a s o l u t i o n  o f  0 . 5  g . ,  ( 0 .0 0 2 4  m o le s )  o f  

d io n e  ( 7 7 )  i n  20 m l. dry  b e n z e n e  and c o o le d  to  0°* To 

t h i s  was added 0 .3 9 8  g . ,  ( 0 .0 2 4  m o le s )  o f  1 , 3 - d i c h l o r o b u t -  

2 - e n e  and t h e  m ix t u r e  was r e f l u x e d  f o r  4  h o u r s ,  p ou red  on 

t o  i c e ,  a c i d i f i e d  w i th  d i l u t e  HC1 and e x t r a c t e d  w i th  

e t h e r .  The e x t r a c t  was washed w ith  s a t u r a t e d  sodium  

b i c a r b o n a t e  th e n  b r i n e ,  d r ie d  and e v a p o r a te d .  T here  

r e s u l t e d  0 .6 4 5  g .  o f  an o i l y  c r y s t a l l i n e  m ix tu r e  w hich  

b y  t . l . c .  i n d i c a t e d  t h e  p r e s e n c e  o f  two compounds, A and 

B t o g e t h e r  w i t h  some s t a r t i n g  m a t e r i a l ;  g . l . c .  c o r r o b o r a te d  

t h i s  ( 0 . 5 $  A PL /1750 ) g i v i n g  t h e  f o l l o w i n g  p r o p o r t io n s  o f

compounds p r e s e n t ,  57$ o f  A, 33$ o f  B and 10$ o f  s t a r t i n g  

m a t e r i a l .  A m ix t u r e  o f  A and B c r y s t a l l i s e d  o u t  from  t h e

r e a c t i o n  m ix t u r e .  A and B c o u ld  b e  s e p a r a t e d  from  each

o t h e r  and from  s t a r t i n g  m a t e r i a l  b y  column chrom atography

on Grade I I  a lu m in a  and e l u t i n g  w ith  a 5$ m ix tu r e  o f

e t h y l  a c e t a t e  i n  p e tr o le u m  e t h e r  ( 6 0 - 8 0 ° ) •  (The

m a t e r i a l  b e i n g  in t r o d u c e d  on to  th e  column i n  c h lo r o fo r m

s o l u t i o n ) •

A s e p a r a t e d  o u t a s  w h it e  c r y s t a l l i n e  n e e d l e s ,
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m .p .  1 7 5 - 6 °  ( r e c r y s t a l l i s e d  from p e tro leu m  e t h e r  ( 6 0 - 8 0 ° ) )  

and g a v e  a p o s i t i v e  B e i l s t e i n t e s t .  Found: C, 7 1 .4 5 ;

H, 6 . 4 9 .  G1 9 H2 i 0 2 Gl r e q u ir e s  C, 7 1 .8 6 ;  H, 6 . 6 8 $ .  I .R ,  

(CC14 ) 1 7 1 7 ,  1710 and 1663 cm .”1 . N .M .R ., 4 .9 7  T (1H,

t r i p l e t ,  J  = 7 c p s . ) ,  8 . 0 9 t( 3H, s i n g l e t ) .  The mass  

s p e c tr u m  -  (P  = 316 m /e)  -  ga v e  c o n fo r m a tio n  o f  th e  

p r e s e n c e  o f  c h l o r i n e  from  th e  l a r g e  peak due to  P+2 i o n  

and from  l o s s  o f  35 mass u n i t s  from p a r e n t .

Compound B r e c r y s t a l l i s e d  i n  n e e d le  c r y s t a l s  -  

m .p .  1 6 4 - 5 ° ,  g a v e  a p o s i t i v e  B e i l s t e i n  t e s t  and g a v e  p h y s i c a l  

d a t a  o f  a v e r y  s i m i l a r  n a tu r e  to  Compound A. I t  was 

c o n s i d e r e d  to  b e  i s o m e r i c .  Found: C, 7 1 .6 4 ;  H» 6 * 2 6 .  

C1 9 H2 1 O2 CI r e q u i r e s  C, 7 1 .8 6 ;  H, 6 . 6 8 $ .  I . R .  (CCI4 )

1 7 2 1 ,  1 7 0 9  and 1655  cm .- 1 * N.M.R. 4 . 8 2  t  (1H, t r i p l e t :  

j  _  7 - 8  c p s . ) ,  8 . 0 6  t  ( 3H, s i n g l e t ) .  Mass spectru m  P= 3 1 6 .

T r e a tm e n t  o f  2 - P h e n y l - 2 - ( 3*- c h l o r o b u t - 2 * - e n y l ) - b i c y c l o -  

( 3 ; 3 ; 1 ) - n o n a n e - 3 , 9 - d i o n e , ( 1 0 0 ) ,  w i th  a c i d .

( a )  P o ly p h o s p h o r ic  a c id :

2 - P h e n y l - 2 - ( 3 f - c h l o r o b u t - 2 f - e n y l ) - b i c y c l o -  

( 3 ; 3 ; l ) - n o n a n e - 3 , 9 - d i o n e  ( 1 0 0 ) ,  (5 0  m g s . ) ,  was s t i r r e d  and  

h e a t e d  on a steam  b a th  w ith  p o ly p h o s p h o r ic  a c i d  ( 1 . 0  g . , )  

f o r  o n e  h o u r .  The r e s u l t i n g  dark s o l u t i o n  was p ou red  

i n t o  i c e  w a te r  and th e  amorphous s o l i d  p r e c i p i t a t e d  

f i l t e r e d  o f f .  E th er  e x t r a c t i o n  o f  t h e  r em a in in g  s o l u t i o n



- 103 -

y i e l d e d  a n e g l i g i b l e  q u a n t i t y  o f  a l i g h t  y e l l o w  o i l .

The s o l i d  c o n s i s t e d  o f  some fo u r  to  f i v e  compounds, t h e  

two m a jo r  o f  w hich were i s o m e r s ,  w ith  s i m i l a r  i n f r a - r e d  

and u l t r a - v i o l e t  s p e c t r a ,  th e  l a t t e r  show ing Xmax. 275 m\x . 

No f u r t h e r  i n v e s t i g a t i o n  o f  t h i s  m ix tu r e  was made.

( b )  C o n c e n tr a te d  S u lp h u r ic  A c id .

The a d d i t i o n  o f  con cen tra ted  s u lp h u r ic  a c i d  t o  

an i c e  c o o l e d  f l a s k  c o n t a in in g  th e  ch loro-com pou nd ( 1 0 0 ) ,

(5 0  m g s . , ) ,  r e s u l t e d  i n  a m ix tu r e  o f  s e v e r a l  compounds 

w h ich  w ere w a te r  s o l u b l e .  T h is  i n d i c a t e d  s u lp h o n a t io n  o f  

t h e  a r o m a t ic  r i n g  and th u s  u n s a t i s f a c t o r y  c o n d i t i o n s  o f  

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

( c )  80$ S u lp h u r ic  A c id .

8 C$ S u lp h u r ic  A c id  (3  m l . , )  was added d ro p w ise  

t o  ( 1 0 0 ) ,  (5 0  m g s . , ) ,  i n  a f l a s k  c o o le d  i n  an i c e  b a t h .  

H ydrogen  c h l o r i d e  g a s  was e v o lv e d  and th e  f l a s k  th e n  l e f t  

o v e r n i g h t  a t  room te m p e r a tu r e .  The m ix tu r e  was p ou red  

i n t o  i c e  c o l d  w a te r  and a w h ite  amorphous s o l i d  was 

p r e c i p i t a t e d .  The s u s p e n s io n  was e x t r a c t e d  w ith  e t h e r  

a n d , a f t e r  b r i n e  w a sh in g ,  t h i s  was d r i e d  o v er  anhydrous  

m agnesium  s u l p h a t e .  Removal o f  s o l v e n t  y i e l d e d  a w h ite  

c r y s t a l l i n e  s o l i d  (3 8  m g s . , )  w hich  on r e c r y s t a l l i s a t i o n  

from  e t h a n o l  had a m e l t in g  p o i n t  o f  221—2 • T h is  was 

t h e  r e a r r a n g e d  p r o d u c t ,  th e  t r i c y c l i c  l a c t o n e  ( 1 1 6 ) .
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Found: C, 7 6 . 0 2 ;  H, 7 . 3 5 .  C1 9 H2 2 O3  r e q u i r e s  C, 7 6 .4 8 ;

H, 7 . 4 3 $ .  I .R .  (CHClg) 1720—30 cm. 1 (b road  p e a k ) ,

3 5 9 5  c m .” 1 ; v (C C l4 ) 1744 cm .”1 , 3597 cm .”1 . N .M .R ., 

(CDClg) 2 . 6 1  t  (5H, s i n g l e t ^  8 .4 9  t  (3H, s i n g l e t ,  m e t h y l ) ; 

( d i m e t h y l  s u lp h o x id e )  4 .9 7  t  (1H, s i n g l e t ,  h y d r o x y l ) .

The m ass  sp ectru m  -  (P  = 298 m /e) -  showed l o s s  o f  m /e 44  

f r a g m e n t  t o  g i v e  m /e  254 iom . U.V. no a b s o r p t io n  above  

2 2 0  m  jj, .

At t e m p t e d  d e h y d r a t io n  o f  (1 1 6 )  -  p r i o r  to  d e t e r m in a t io n  o f  

s t r u c t u r e .

( a )  The a l c o h o l  ( 1 1 6 ) ,  (1 0  m g s . , ) , ,  was r e f l u x e d  w ith  

p a r a - t o l u e n s u l p h o n i c  a c i d ,  (1  m g . , ) ,  i n  dry b e n z e n e  (2 5  m l . , )  

i n  a w a te r  s e p a r a t o r  f o r  20 h o u r s .  Only unchanged s t a r t i n g  

m a t e r i a l  was r e c o v e r e d .

(b )  The a l c o h o l  ( 1 1 6 ) ,  (1 0  m g s . , ) ,  was s t i r r e d  o v e r -
50n i g h t  i n  an O .lN  s o l u t i o n  o f  p e r c h l o r i c  a c i d  i n  g l a c i a l  

a c e t i c  a c i d  (1 0  m l . , ) .  Only unchanged s t a r t i n g  m a t e r i a l  

was r e c o v e r e d .

( c )  The a l c o h o l  ( 1 1 6 ) ,  ( 3 . 5  m g s . , ) ,  was r e f l u x e d  f o r  

1 h o u r  w i t h  80$ s u l p h u r i c  a c i d  ( 7 . 5  m l . , ) .  The b a d ly  

c h a r r e d  r e a c t i o n  m ix tu r e  y i e l d e d  a p o o r  r e c o v e r y  o f  o r g a n ic  

m a t e r i a l  w hich  c o n t a in e d  no s t a r t i n g  m a t e r i a l  and showed  

no e v i d e n c e  o f  d e h y d r a t io n ,  ( i n f r a - r e d  and n . m . r . ) .

(d )  The a l c o h o l  ( 1 1 6 ) ,  ( 3 . 5  m g s . , ) ,  was r e f l u x e d  on
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a s tea m  b a t h  f o r  one hour w ith  p o ly p h o s p h o r ic  a c id  ( 5 «0 g . , ) # 

T he o i l  i s o l a t e d  from t h e  r e a c t i o n  m ix tu r e  c o n t a in e d  two 

com pou nds, n e i t h e r  o f  which showed l o s s  o f  w a te r ,  (m ass  

s p e c t r a l  d a t a ) .

( e )  The a l c o h o l  ( 1 1 6 ) ,  (5  m g s . , ) ,  was r e f l u x e d  w ith  

p h o sp h o r o u s  o x y c h l o r i d e  ( 4  d ro p s)  and p y r i d i n e  (2  m l . , )  

f o r  2 . 5  h o u r s .  The two major p r o d u c t s  s t i l l  showed  

h y d r o x y l  a b s o r p t i o n  i n  th e  i n f r a - r e d  and no v i n y l  p r o to n  

a b s o r p t i o n  i n  t h e  n .m .r .  sp ectru m .

( f )  The a l c o h o l  ( 1 1 6 ) ,  (2  m g s . , ) ,  was r e f l u x e d  i n  

98$ f o r m ic  a c i d  (2  m l . , )  f o r  100 m in u te s .  The fo r m ic  

a c i d  was th e n  rem oved under red u ced  p r e s s u r e ;  f i n a l  t r a c e s  

b e i n g  a z e o t r o p e d  o f f  w ith  b e n z e n e .  The r em a in in g  y e l l o w  

o i l  c r y s t a l l i s e d  on s t a n d in g  and r e c r y s t a l l i s a t i o n  from  

e t h a n o l  y i e l d e 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 7 2 - 3 ° ;  y i e l d - q u a n t i t a t i v e .  The f o l l o w i n g  p h y s i c a l  d a t a  

show ed  t h i s  to  b e  ( 1 1 7 ) ,  t h e  fo r m a te  e s t e r  o f  ( 1 1 6 ) .

The m ass  sp ec tru m  — (P  = 326 m /e) — showed l o s s  o f  m /e 4 6 ,  

f o l l o w e d  b y  m /e  44  t o  g i v e  a b a s e  peak  o f  236 m /e .  I . R . ,  

CC14 , 1 7 4 3 ,  1 7 3 2 ,  1726 ( s h ) ,  1176 cm .”1 . U.V. showed  

o n l y  en d  a b s o r p t i o n .

A c e t y l a t i o n  o f  t h e  a l c o h o l  ( 1 1 6 ) .

A m ix t u r e  o f  th e  a l c o h o l  ( 1 1 6 ) ,  ( 1 3 . 4  m g s . , ) ,  

i s o p r o p e n y l  a c e t a t e  (4  m l . , )  and p a r a —t o l u e n e s u l p h o n i c
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a c i d  ( 1  m g . , )  was r e f l u x e d  f o r  12 h o u r s .  Removal o f

e x c e s s  i s o p r o p e n y l  a c e t a t e  under red u ced  p r e s s u r e  y i e l d e d

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

a c e t a t e  (3 0  m l . , )  and washed w ith  w a ter  (3x50  m l . , ) .

D r y in g  o v e r  anh ydrous magnesium s u lp h a t e ,  f i l t r a t i o n  and

s o l v e n t  rem ova l g a v e  a c o l o u r l e s s  s o l i d ,  (1 8  m g s . ,^

w h ich  was r e c r y s t a l l i s e d  from an e t h y l  a c e t a t e - p e t r o l e u m

e t h e r  ( 6 0 - 8 0 ° )  s o l v e n t  sy s te m  to  y i e l d  p l a t e  c r y s t a l s , m . p .

1 9 8 - 9 ° ,  14  m g s . ,  ( 9 1 .5 $  y i e l d ) *  T h is  was th e  a c e t a t e  (1 1 8 )

o f  t h e  a l c o h o l .  I .R .  (CCI4 ) 1745 cm. 1  ( e = 96 8 ) and

- 11 1 7 6  cm. ; U.V. , o n ly  end a b s o r p t io n  o b se r v e d ;  n . m . r . ,  

2 . 6 3  t  (5H , s i n g l e t ,  a r o m a t i c s ) ,  7 .9 8  t  (3H, s i n g l e t ,  

a c e t a t e  m e th y l )  and 8 .4 7  t  (3H, s i n g l e t ,  m e t h y l ) .  The 

p a r e n t  p ea k  i n  t h e  mass spectrum  was m /e 340 and  

c o n s e c u t i v e  l o s s e s  o f  m /e 60 and m /e 44  g a v e  r i s e  t o  a 

b a s e  p e a k  a t  m /e  236*

B r o m o a c e t y l a t i o n  o f  t h e  a l c o h o l  (116)_»

The a l c o h o l  ( 1 1 6 ) ,  (40  m g s . , ) ,  was d i s s o l v e d  i n  

a m ix t u r e  o f  b e n z e n e  (1 0  m l . , )  and dry  p y r id i n e  ( 4  d ro p s)  

b e f o r e  a d d i t i o n  o f  b r o m o a c e ty l  b rom id e  ( l  m l . , ) .  A 

w h i t e  f l o c c u l a n t  p r e c i p i t a t e  o f  t h e  a c e t y l  p y r id in iu m  

s a l t  was p ro d u ced  and th e  r e a c t i o n  s t i r r e d  a t  room 

t e m p e r a t u r e  o v e r n i g h t .  I c e  was added and th e  aqueous  

s o l u t i o n  e x t r a c t e d  w i th  e t h y l  a c e t a t e .  T h is  was washed
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w it h  s a t u r a t e d  sodium  b ic a r b o n a t e  and b r i n e  s o l u t i o n s  

b e f o r e  d r y in g  o v er  magnesium s u lp h a t e .  Removal o f  

s o l v e n t  y i e l d e d  th e  c o l o u r l e s s  c r y s t a l l i n e  b r o m o a c e ta te  

( 1 1 9 ) .  I t  was p u r i f i e d  b y  t h i c k  l a y e r  chrom atography  

f o l l o w e d  b y  c r y s t a l l i s a t i o n  from  a m in im al amount o f  

d i e t h y l  e t h e r ,  m .p . 1 5 3 ° .  A sam ple o f  (1 1 9 )  was run on  

a s i l v e r  n i t r a t e  t h i n  l a y e r  ch rom atograp h ic  p la te  and 

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

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

b r o m in e .  A B e i l s t e i n  t e s t  was a l s o  p o s i t i v e .  Found:

C, 6 0 . 4 9 ;  H, 5 . 9 1 .  C g q i^ t ^ B r  r e q u ir e s  C, 6 0 .2 9 ;

H, 5 . 5 0 $ .  Mass sp ectru m  -  (P = 419) -  showed  

c o n s e c u t i v e  l o s s e s  o f  m /e 139 and m /e 4 4  g a v e  r i s e  t o  th e  

b a s e  p e a k  m /e  23 6 ;  th e  P+2 peak  was l a r g e ,  c o n f ir m in g  

t h e  p r e s e n c e  o f  b r o m in e .  I .R .  (CCI4 ) ,  1745 cm. 1  

( e  = 8 4 0 ) ;  U .V . , no a b s o r p t io n  above 220 m\x .

l-Ethoxycarbonyl-4-hydroxy-5-methylbicyclo~( 3; 3 ; l )  -non-

9 - o n e .
|B -(l-E th o x y ca rb o n y l-2 -k eto ~ 3 -m eth y lcy c lo h ex y l)-

p r o p io n a ld e h y d e  was c y c l i s e d  b y  th e  method o f  Murray e t  a l ,  

T e t . ,  1 8 ,  55 ( 1 9 6 2 ) ,  t o  g i v e  th e  r e q u ir e d  b i c y c l i c

a l c o h o l .
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O x i d a t i o n  o f  E t h . y l - 5 - m e t h y l b l c y c l o - ( g ; 3 ; l ) - n o n - 4 - o l - 9 - o n e -  

c a r b o x y l a t e .

A s ta n d a r d  s o l u t i o n  o f  chromium t r i o x i d e  i n  

s u l p h u r i c  a c i d  ( J o n e s ’ r e a g e n t )  was added drop w ise  to  a 

s t i r r e d  s o l u t i o n  o f  e t h y l - 5 - m e t h y l b i e y e l o - ( 3 ; 3 ; l ) - n o n - 4 -

o l - 9 - o n e - c a r b o x y i a t e  ( 5 . 8  g . , )  i n  a c e to n e  (2 0 0  m l . , )  a t  

0 °C , u n t i l  a perm anent orange c o lo u r  was o b t a in e d .  T h is  

t o o k  4 . 4  m l .  o f  o x i d i s i n g  s o l u t i o n .  The m ix tu r e  was 

d i l u t e d  w ith  w ater  (5 0 0  m l . , )  and e x t r a c t e d  w ith  e t h e r  

( 3 x 1 0 0  m l . , ) *  The e t h e r e a l  e x t r a c t s  were washed w ith  

w a te r  and d r i e d  (MgSC^). Removal o f  s o l v e n t  and 

d i s t i l l a t i o n  g a v e  4 .7 7  g .  o f  a c o l o u r l e s s  o i l  ( b . p .  1 2 7 ° /

0 . 1 8  m .m .) .  S l i g h t  ru b b in g  w ith  a s p a t u l a  in d u c ed  

c r y s t a l l i s a t i o n ,  and r e - c r y s t a l l i s a t i o n  from p e tr o le u m  

e t h e r  ( 6 0 - 8 0 ° )  g a v e  a w h ite  c r y s t a l l i n e  s o l i d ,  m .p .

7 9 - 8 0 ° .  T h is  was e t h y l - 5 - m e t h y l - b i c y c l o - ( 3 ; 3 ; l ) - n o n - 4 , 9 -  

d i o n e —1—c a r b o x y l a t e .  Y i e l d  5 .1  g . , — 8 £ $ .  A n a l y s i s

Found: C, = 6 5 .9 5 ;  H, = 7 . 3 2 .  C1 3 H1 8 O4  r e q u i r e s

C = 6 5 . 5 3 ;  H = 7 . 6 1 $ .  I .R .  (CCI4 ) 1 7 4 5 , 1736 and 

1 7 1 3  cm .- 1 .

A d i n i t r o p h e n y l h y d r a z i n e  d e r i v a t i v e  was p r e p a r ed  and  

p u r i f i e d  on a B e n t o n i t e  K ie s e lg u h r  column -  m .p . 1 9 4 - 5 ° .
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8 - ( 3 ' - P h e n y l - 3 '  - o x o p r o p y l ) - c y c lo o c t a n o n e  ( 128) ♦

3 -d im e th ylaminopropiophenone hydrochloride 
( 1 0 * 7  g . ,  0 . 0 5  m ), ( a s  p rep a red  i n  Org. R n s . ,  C o l l .

V o l .  3 ,  3 0 5 ) ,  was d i s s o l v e d  i n  w a ter  (500  m l . , )  and 4N 

S o d iu m  h y d r o x id e  (50  m l . , )  added . The l i b e r a t e d  p h en y l  

v i n y l  k e t o n e  was e x t r a c t e d  w ith  e t h e r  (3x100  m l . , )  and 

w ash ed  w i t h  b r i n e  (2x100  m l . , ) .  The e t h e r  was removed  

u n d er  r e d u c e d  p r e s s u r e  on a 50° w a ter  b a t h  and th e  r e s id u e  

add ed  s l o w l y  t o  a f l a s k  c o n t a in in g  r e f l u x i n g  c y c lo o c ta n o n e  

( 1 9 . 0  g . ,  0 . 1 5  m . , )  and t h e  r e f l u x i n g  c o n t in u e d  f o r  2 h o u r s .  

The te m p e r a tu r e  d u r in g  t h i s  tim e was m a in ta in e d  a t  abou t  

2 1 0 °  and s t e p s  ta k e n  f o r  rem oval o f  th e  d im eth y la m in e  

e v o l v e d  d u r in g  t h e  r e a c t i o n .  The r e a c t i o n  m ix tu r e  was 

a c i d i f i e d  to  pH 7 w ith  c o n c e n t r a t e d  h y d r o c h lo r i c  a c id ,  ta k en  

up i n  e t h e r  ( 2 0 0  m l . , )  and washed w ith  sodium b ic a r b o n a t e  

( 1 0 0  m l . , ) ,  b r i n e  ( 3 x 2 0 0  m l . , )  and d r ie d  o v er  magnesium  

s u l p h a t e .  D i s t i l l a t i o n  o f  t h e  r e s id u e  l e f t  b y  s o l v e n t  

r e m o v a l  y i e l d e d  unchanged c y c lo o c t a n o n e  t o g e t h e r  w ith  

2 —( 3 T —p h e n y l—3 f —o x o p r o p y l ) —c y c lo o c t a n o n e  ( 1 2 8 ) ,  ( 7 . 2  g . ,

56% y i e l d ) ,  b . p .  1 6 0 - 2 ° /2 .0 m ,m .  Pound: C, 7 9 .0 3 ;

H, 8 . 5 8 ;  ^ ^ h 2 2 °2  pe(l u i r e s  0  ~ 7 8 *3 8 ' H =

v m ax. (CC1 4 ) 1 6 9 2  and 1 7 0 0  an*""1 ' ( ° om'b in e d  p e sk  had  

e = 5 3 0 , A v  ^  = 25 cm. - 1  and A = 4 . 6 8  ) ,  ( n u j o l )  690

and 750  cm .- 1 .  N.M.R. showed th e  5 a r o m a t ic  p r o to n s
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s p l i t  t o  two r n u l t i p l e t s  (2H and 3H) and a com plex s e r i e s  

o f  p e a k s  b e tw e e n  7 . 0  and 8 . 0  r e q u iv a l e n t  to  5H. U.V. 

h a d  b e n z e n o i d  b a n d s  a t  208 and 280 m\x and an e l e c t r o n  

t r a n s f e r  ban d  a t  242 my •

C y c l i s a t i o n  o f  2 - ( 3* - p h e n y l - 3 * - o x o p r o p y l ) - c y c lo o c t a n o n e  ( 1 2 8 ) .

( a )  2 - (  3* - p h e n y l - 3 * - o x o p r o p y l ) - c y c lo o c t a n o n e  ( 1 2 8 ) ,

( 2 . 0  g . , ) ,  g l a c i a l  a c e t i c  a c id  ( 1 0  m l . , )  and c o n c e n tr a te d  

h y d r o c h l o r i c  a c i d  ( 2  m l . , )  were r e f l u x e d  t o g e t h e r  f o r  16 

h o u r s .  M ost o f  t h e  a c e t i c  a c i d  was removed under r ed u ced  

p r e s s u r e  and t h e  r e s i d u e  d i l u t e d  w ith  w ater  b e f o r e  

e x t r a c t i o n  w i t h  b e n z e n e .  T h is  e x t r a c t  was washed w ith  

s a t u r a t e d  sodium  b i c a r b o n a t e ,  b r i n e  and d r ie d  o v e r  

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

1 . 7 2  g .  o f  a brown o i l  which on d i s t i l l a t i o n  g a v e  a p a le  

y e l l o w  o i l  ( 1 . 5 5  g . , ) ,  b . p .  .ca* 1 4 0 ° /2  m.m. which b y  g . l . c .  

was shown to  c o n t a i n  two compounds t o g e t h e r  w ith  a t r a c e  

o f  s t a r t i n g  m a t e r i a l .  T h ese  two p r o d u c ts  were s e p a r a t e d  

b y  p r e p a r a t i v e  t h i c k  l a y e r  chrom atography.

The m ajor  component (63%) was t h e  d e s i r e d  2 —

p h e n y l b i c y c l o —( 5 ;  3 ; l ) —u n d ec—2—e n e - 1 1 —one ( 1 2 9 ) .  The

2 , 4 - d i n i t r o p h e n y  1 - h y d r a z in e  d e r i v a t i v e  o f  t h i s ,  a y e l l o w  

c r y s t a l l i n e  s o l i d  m .p . 1 7 4 - 5 ° ,  g ave  t h e  f o l l o w i n g  a n a l y s i s  

f i g u r e s :  Pound, C, 6 5 .8 5 ;  H, 5 .5 8 ;  N, 1 3 . 6 .

C23H2 4 ° 4 N4  re(l u i r e s  6 5 .7 2 ;  H, 5 .7 2 ;  N, 13.34%.
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cci —1
I . R . ,  Vq 4  1701  cm* j i n  th e  n*m*r* t h e  a rom atic

p roton  a b so rp tio n  was only very f i n e ly  s p l i t  a lso  4 .0 9  t

(1H , t r i p l e t ,  v i n y l ) ;  U *V ., k maX. 243 my ( e = 1 2 ,4 0 0 )

and 213  mu . Mass spectru m  con firm ed  m o le c u la r  w e ig h t

o f  2 4 0 .

The m inor component (37$$) was shown to  b e  

2 - p h e n y l b i c y c l o - ( 5 ; 3 ; l ) - u n d e c - l - e n e - l l - o n e  ( 1 3 0 ) .  I .R .

^ ( 0 0 1 4 } 1693  and 1683 ( s h )  cm.'"*’*’; U . V . , \ max, 263 my 

( e ts 1 2 , 2 0 0 )  and 212  my • I n  th e  n .m .r .  spectrum  t h e  

a r o m a t ic  p r o t o n  r e s o n a n c e  peak  was o n ly  f i n e l y  s p l i t ,  no 

v i n y l  p r o t o n  a b s o r p t io n  was o b se rv e d  and o th e r  th an  th e  

aroma t i c s  no a b s o r p t io n  b e lo w  7 . 4  T •

(b )  P a r a - t o l u e n e s u l p h o n i c  a c id  ( 2 . 0  g . )  i n  b e n z e n e  

(5 0  m l . )  was r e f l u x e d  i n  a Dean and S ta rk  w ater  s e p a r a t o r  

f o r  30  m in u te s  b e f o r e  a d d i t i o n  o f  2 - ( 3 ’ - p h e n y l - 3 ’ -o x o p r o p y l )  

c y c l o o c t a n o n e  ( 2 . 5  g . ) .  T h is  was r^Luxed f o r  2?  h ou rs  

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

o f  a n h y d ro u s  sodium  c a rb o n a te  and l e f t  o v e r n i g h t .  The 

s o l u t i o n  was f i l t e r e d  and th e  b e n z e n e  f i l t r a t e  washed  

w it h  b r i n e  (4 x 1 0 0  m l . ) .  Removal o f  s o l v e n t  under red u ced  

p r e s s u r e  g a v e  a deep  r e d  o i l  which changed to  p a le  y e l l o w  

on d i s t i l l a t i o n .  A n a l y s i s  o f  t h i s  o i l  b y  g . l . c .  

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

( 5 ; 3 ; l ) - u n d e c - 2 - e n e - l l - o n e  (1 2 9 )  w ith  o n ly  about 1 or  2$
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o f  t h e  o t h e r  iso m e r  ( 1 3 0 ) ,  2 - p h e n y l b i c y c l o ~ ( 5 ; 3 ; l ) - u n d e c -

1 - e n e - l l - o n e  p r e s e n t *

I s o m e r i s a t i o n  o f  ( 1 2 9 ) .

( 1 )  H y d r o c h lo r ic  a c i d  -  a c e t i c  a c i d .

( 1 5 0  m g s . )  was r e f l u x e d  i n  a m ix tu r e  o f  6N h y d r o c h lo r ic  

a c i d  ( 5  m l . )  and g l a c i a l  a c e t i c  a c id  (5  m l . )  f o r  t h r e e  

h o u r s .  The s o l u t i o n  tu rn ed  a l i g h t  p u rp le  c o lo u r  and

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  was f l o o d e d  w ith  w ater  and 

e t h e r  e x t r a c t e d .  T h i s  was washed w ith  s a t u r a t e d  sodium  

" b ica rb o n a te  s o l u t i o n ,  b r i n e  and th en  d r ie d ,  (magnesium  

s u l p h a t e ) ,  b e f o r e  rem oval o f  s o l v e n t  to  y i e l d  a l i g h t  

y e l l o w  o i l .  T h is  was shown b y  t . l . c .  and g . l . c .  t o  b e  

com p osed  o f  t h e  c o n ju g a te d  iso m e r  (1 3 0 )  and t h e  i n i t i a l  

u n c o n j u g a t e d  is o m e r  (1 2 9 )  i n  th e  r a t i o  o f  3C$ t o  70-&.

The f o l l o w i n g  r e t e n t i o n  t im e s  were o b s e r v e d  f o r  t h e s e  i s o m e r s .  

COLUMN. TEMP. PLOW RATE. RETENTION TIME* ISOMER.,

2 - P h e n y l b i c y c l o - ( 5; 3 ; 1 ) - u n d e c - 2 - e n e - l l - o n e ,

t h e n  y e l l o w .  A f t e r  rem oval o f  a c e t i c  a c i d  under

(m l/rain)

42 1 5 .2 5

(m in s)

(1 3 0 )

(1 2 9 )

(1 3 0 )  

(1 2 9 )

1 6 .6 5

dfr QF1 175° 34 2 5 .5

2 7 .7
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( 2 ) Sodium e t h o x id e  i n  e t h a n o l .

When th e  u n co n ju g a ted  b i c y c l i c  k e to n e  (1 2 9 )  was 

l e f t  s t a n d i n g  i n  a s o l u t i o n  o f  sodium e t h o x id e  i n  e t h a n o l ,  

a s i m i l a r  m ix t u r e  o f  th e  i s o m e r s  (1 2 9 )  and (1 3 0 )  r e s u l t e d  

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

2 - P h e n y l b i c .y c l o - (  5 ; 3 ; l ) - u n d e c a n e - I l - o n e ,  ( 1 3 1 ) .

The u n s a t u r a t e d  b i c y c l i c  k e to n e  ( 1 2 9 ) ,  (5 0 0  m g s . ) ,  

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  (30  m l . )  and h y d ro g e n a ted  

i n  an a tm o sp h er e  o f  h yd rogen  u s in g  a lC^ p a l la d iu m  on 

c a rb o n  pow der c a t a l y s t  a t  room te m p e r a tu r e .  The 

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

and s o l v e n t  rem o v a l,  was shown to  c o n s i s t  o f  two compounds, 

b y  b o t h  g . l . c .  and t . l . c .  a n a l y s i s .  These were c o n s id e r e d  

t o  b e  t h e  a x i a l  and e q u a t o r i a l  i s o m e r s  o f  2 - p h e n y l b i c y c l o —

( 5 ; 3 ; l ) - u n d e c a n e - l l - o n e  ( 1 3 1 ) .  Pound! C, 8 4 .0 3 ;

H, 8 . 8 5 .  r e q u i r e s  C, 8 4 .2 5 ;  H, 9 . 1 5 $ .  U.V.

K max. 2 2 2 , 2 4 2 . 5 ,  2 4 8 , 2 5 9 ,  264 and 268 mp ; I . R . ,

1701  cm .” 1 * No v i n y l  p r o to n  app eared  i n  th e
ou

n . m . r .  s p e c tr u m  and t h e  a r o m a t ic  p r o to n s  e x h i b i t  o n ly  

v e r y  f i n e  s p l i t t i n g .  A p a r e n t  i o n  o f  m /e 242 was 

r e c o r d e d  i n  t h e  mass sp ec tru m .



- 114 -

2 - P h e n .y l b i c y c l o - (  5 ; 3 ; l ) - u n d e c - 2 - e n e - l l - o n e  o x im e , ( 1 3 2 ) .

2 - P h e n y l b i c y c l o - ( 5 ; 3 ; l ) - u n d e c - 2 - e n e - l l ~ o n e  ( 2 . 0  g .

0 .0 0 8 3  m .)  and h y d r o x y la m in e  h y d r o c h l o r i d e  ( 0 . 7 2  g .  0 ,013m )  

w ere r e f l u x e d  t o g e t h e r  i n  a s o l u t i o n  o f  d ry  p y r i d i n e  ( 4  m l . )  

and a b s o l u t e  e t h a n o l  (4  i n i . )  f o r  10 h o u r s .  On rem o v a l o f  

s o l v e n t  un der  r e d u c e d  p r e s s u r e ,  w a ter  ( 2 0  m l . )  and 

c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  ( 4  m l . )  w ere added t o  th e  

r e s i d u e  and th e  m ix t u r e  e x t r a c t e d  w ith  b e n z e n e .  T h is  

e x t r a c t  was washed w i t h  6  n orm al h y d r o c h l o r i c  a c i d

(2 x 2 0  m l . ) ,  sodium  b i c a r b o n a t e  (3 x 2 0  m l . ) ,  b r i n e  (3 x 2 0  m l . )

and d r i e d  o v e r  anh ydrous m agnesium  s u l p h a t e .  S o l v e n t

r e m o v a l  y i e l d e d  an a lm o s t  c o l o u r l e s s  v i s c o u s  o i l  from

w h ich  t h e  ox im e ( 1 3 2 )  c r y s t a l l i s e d  w i t h  n i t r o m e t h a n e ,  as

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  ( 1 . 8  g . ,  85^ y i e l d )  m*p.

1 2 0 ° .  Pound: C, 8 0 .0 9 ;  H, 8 . 1 3 ;  N , 5 . 7 0 9 .  C1 7 H2 1 0N

r e q u i r e s  C, 7 9 .9 6 ;  H, 8 .2 9 ;  N, 5 .4 9 ^ .  The p a r e n t  i o n

i n  t h e  m ass  sp ectru m  i s  m /e 255 w i th  l a r g e  l o s s e s  o f  m /e  

1 7  and m /e  18  t o  g i v e  m /e  238 and m /e  237 r e s p e c t i v e l y .

1 .R .  , v ^ 4  1652  cm. " ' 1  ( e  = 3 0 . 8 ) ;  3 5 9 9 ,  3256 cm .”1 ,CN uil
( t h e  38 56 cm."'1' a b s o r p t i o n  i s  due t o  i n t e r - h y d r o g e n  b o n d in g  

a s  shown b y  i t s  d i s a p p e a r a n c e  on d i l u t i o n ) .  U .V. ^ ma x .

242 mu ( e =s 1 2 ,5 0 0 )  and 206 m|i .  The n . m . r .  sp ectru m  

show s t h e  f o l l o w i n g  0 . 8 2  t  (1H , b r o a d  p e a k ,  d i s a p p e a r s  on  

a d d i t i o n  o f  d e u te r iu m  o x id e  t o  s a m p le ) ,  4 . 2  t  (1 H ) ,  5 . 5  t
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(1H, broad peak) and 6 .3 4 t ( 1H broad peak)*

5 - A in in o - 2 - p h e n y l c y c l o d e c - 2 - e n e  c a r b o x y l i c  a c i d -  e - l a c t a m  (154) .

A m ix t u r e  o f  2 - p h e n y l b i c y c l o - ( 5 ; 3 ; l ) - u n d e c - 2 -  

e n e - l l - o n e  oxim e ( 1 3 2 ) ,  ( 2 0 0  m g s * ) ,  and p a r a - t o l u e n e -  

s u lp h o n y l  c h l o r i d e  (3 0 0  m g s . )  d i s s o l v e d  i n  d ry  p y r i d i n e  

( 5  m l* )  was l e f t  a t  room te m p e r a tu r e  f o r  14 h o u r s .  The 

c o lo u r  o f  t h e  s o l u t i o n  ch an ged  from  a l i g h t  y e l l o w  c o l o u r  

to  a w ine  r e d  one d u r in g  t h i s  t im e .  W ater ( 2 0  m l*) was 

add ed  t o  t h e  s o l u t i o n  and t h e  m ix t u r e  p o u red  i n t o  6  norm al  

h y d r o c h l o r i c  a c i d  (2 x 3 0  m l * ) ,  b r i n e  s o l u t i o n  (3 x 4 0  m l . )  

and d r i e d  o v e r  a n h yd rou s  magnesium  s u l p h a t e .  F i l t r a t i o n  

and r em o v a l o f  s o l v e n t  y i e l d e d  a l i g h t  y e l l o w  o i l  ( 1 8 0  m g s . )  

w hich  q u i c k l y  s o l i d i f i e d  on s t a n d i n g .  T h is  was 

r e c r y s t a l l i s e d  from  an e t h y l  a c e t a t e - p e t r o l e u m  e t h e r  

( 6 0 - 8 0 ° )  s o l v e n t  s y s te m  as  c o l o u r l e s s  c r y s t a l s ,  (1 4 0  m g s . ,

70^ y i e l d ) ,  m*p* 1 2 8 -1 3 0 ° *  T h is  was t h e  d e s i r e d  e - l a c t a m  

( 1 3 4 ) .  Found: C, 8 0 .1 9 ;  H, 8 .0 3 ;  N, 5 .5 3 *  C i 7 H2 1 0N

r e q u i r e s  C, 7 9 .9 6 ;  H, 8 . 2 9 ;  N, 5 . 4 9 $ .  The m ass
/ CC1 . _-i

sp e c tru m  had a p a r e n t  i o n  m /e  2 5 5 .  I . R . , V qq 4  1657  cm.

a l s o  3281  and 3190  cm .- *1', ( t h e  l a s t  two ;

a b s o r p t i o n s  c o u ld  b e  s u p p r e s s e d  on d i l u t i o n ) .  U .V . ,X maX#

206 mu ( e = 2 5 , 5 0 0 )  and 234  mp ( a = 1 0 , 4 5 0 ) .  I n  th e

n . m . r .  s p e c tr u m , t h e  p r o t o n  c a r r i e d  b y  t h e  n i t r o g e n  j i
i:

r e s o n a t e s  a t  1 . 0 2  t  (b ro a d  d o u b l e t ,  J  = 8  c p s . )  and t h e  jj
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v i n y l  p r o t o n  a t  4 * 3 2  t ( d o u b l e t ,  J  = 6 c p s . ) .  T h ere  i s  

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

H y d r o l y s i s  o f  ( 1 3 4 ) .

( a )  6N H y d r o c h lo r ic  a c i d .

5 - A m i n o - 2 - p h e n y lc y c lo d e c - 2 - e n e  c a r b o x y l i c  a c i d - e  “  

la c t a m  ( 1 3 4 ) ,  (6 2  m g s . )  was r e f l u x e d  f o r  24  h o u r s  i n  6N 

h y d r o c h l o r i c  a c i d  (1 2  m l . ) *  The r e a c t i o n  m ix t u r e  was 

f l o o d e d  w i t h  w a te r  and 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 .

T h is  e x t r a c t  was b r i n e  w ashed ( 3 x 2 0  m l . )  d r i e d  o v e r  

a n h yd rou s  m agnesium  s u l p h a t e  and t h e  s o l v e n t  rem oved u n der  

r e d u c e d  p r e s s u r e  t o  y i e l d  a l i g h t  y e l l o w  o i l  (5 8  m g s . )  

w h ich  s o l i d i f i e d ,  on t r i t u r a t i o n  w i t h  e t h e r ,  a s  c o l o u r l e s s  

c r y s t a l s  ( 5 5  m g s . ) ,  m .p . 1 4 9 - 1 5 0 ° .  T h is  was shown t o  b e  

t h e  i s o m e r i c  la c ta m  ( 1 4 0 ) ,  5 - a m i n o - 2 - p h e n y l c y c l o d e c - l - e n e  

c a r b o x y l i c  a c i d - e — la c ta m *  Found: C, 8 0 .0 5 ;  H, 8 . 1 3 ;

N, 5 . 7 4 8 .  Cl 7 H2 i ^ N r e q u i r e s  C, 7 9 .9 6 ;  H, 8 . 2 9 ;  N , 5 . 4 9 # .
—1 0 0 1

I , R * v max. ( c c l 4 )  1 6 6 3 ,  1632  cm. and V0N 4  3 4 2 1 ,  3268  

and 31 9 2  cm .” ^; ( t h e  3268  and 3192 cm.~^ a b s o r p t i o n s  

c o u ld  b e  s u p p r e s s e d  on d i l u t i o n ) .  U .V . , ^ m a x .^ 50 

( e = 8 ,7 0 0 )  and 207 mu ( e =  1 0 , 3 0 0 ) .  The m o le c u la r  

w e ig h t  was 255 (m ass s p e c t r o s c o p y ) .  N .M .R .,  1 .2 0  t ( 1H, 

d o u b l e t ,  J  = 8 c p s . )  and t h e  a b s e n c e  o f  any v i n y l i c  p r o t o n  

a b s o r p t io n *
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(b )  6N H y d r o c h lo r ic  a c i d  -  9 d a y s .

T rea tm en t o f  t h e  la c ta m  (1 3 4 )  w i t h  6N h y d r o 

c h l o r i c  a c i d  u n d er  r e f l u x  c o n d i t i o n s  f o r  9 d a y s  y i e l d  

o n ly  ( 1 4 0 ) .

( c )  C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .

A 24 hou r  r e f l u x  o f  t h e  la c ta m  ( 1 3 4 )  w i t h  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a g a in  y i e l d e d  t h e  same 

i s o m e r i s e d  la c ta m  ( 1 4 0 ) .

( d )  6N H y d r o c h lo r ic  a c i d  i n  e t h a n o l .

When t h e  la c ta m  ( 1 3 4 )  was r e f l u x e d  w ith  d i l u t e  

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

la c ta m  ( 1 4 0 ) ,  t o g e t h e r  w i t h  s e v e r a l  o t h e r  n e u t r a l  p r o d u c t s ,  

w ere  fo r m e d . O f t h e  l a t t e r  t h e  m ain  one a p p ea r e d  t o  b e  

a f u r t h e r  i s o m e r  o f  th e  i n i t i a l  la c ta m  ( 1 3 4 ) .  The i n f r a 

r e d  sp ec tru m  was v e r y  s i m i l a r  t o  ( 1 3 4 )  and t h e  m ass  

sp e c tru m  i n d i c a t e d  a m o le c u la r  w e ig h t  o f  2 5 5 .  The 

o t h e r  p r o d u c t s  w ere  o n ly  p r e s e n t  i n  t r a c e  am ou nts .

( e )  P o t a s s iu m  h y d r o x id e  i n  e t h a n o l .

The la c ta m  (1 3 4 )  when r e f l u x e d  w i t h  5# p o t a s s iu m  

h y d r o x id e  i n  e t h a n o l  f o r  2 h o u r s ,  y i e l d e d  an a lm o s t  

q u a n t i t a t i v e  amount o f  i s o m e r i s e d  la c ta m  ( 1 4 0 )  t o g e t h e r  

w it h  t r a c e  am ounts o f  b y  p r o d u c t s .
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