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in t b q p u c t iq n

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

com pounds f o r m i n g  t h a t  g r o u p  o f  p o l y t e r p e n e s  e a c h  member 

o f  w h ic h  c o n t a i n s  t h i r t y  c a r b o n  a to m s  a n d  t h e  m a j o r i t y  

c o n t a i n i n g  a  f i v e - r i n g  c a r b o c y c l i c  s k e l e t o n  w h ic h ,  

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

r e g u l a x - l y  o r  i r r e g u l a r l y .

M ost t r i t e r p e n e s  a r e  o b t a i n e d  f r o m  p l a n t  s o u r c e s ,  

o f t e n  i n  a s s o c i a t i o n  w i t h  p h y t o s t e r o l s  ( 1 ) ,  w h e re  t h e y  

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

s u g a r s  a s  s a p o n i n s .  A. few  t r i t e r p e n e s  a r e  f o u n d  i n  

a n im a l  o r g a n i s m s ,  w h ere  t h e y  o c c u r  w i t h  s t e r o l s ,  w h ic h  

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

L ik e  t h e  s t e r o l s ,  t h e  t r i t e r p e n e s  y i e l d  c h a r a c t e r ­

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

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

common b a s i c  c a r b o n  s k e l e t o n .

A p a r t  f r o m  th e  p e n t a c y c l i c  t r i t e r p e n e s ,  w h ic h  a r e  

i n  t h e  m a j o r i t y ,  t h e r e  a r e  a  few  w h ic h  c o n t a i n  a  s m a l l e r  

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

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

an d  t h e  a l i p h a t i c  s q u a le n ® .  M ono-, a n d  d i c y c l i e  t r i ­

t e r p e n e s  a r e  unknow n.

C h e m ic a l  i n v e s t i g a t i o n  o f  t h e  t r i t e r p e n e s  o v e r  t h e



l a s t  tw e n ty  y e a r s  h a s  show n t h a t  f o r  r e a s o n s  o f  s t r u c t ­

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

m a in  s u b - g r o u p s ,  v i z ,

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

2 .  t h e  a - a m y r i n  g r o u p ,

3 .  t h e  l u p e o l  g r o u p ,

4 .  t h e  t e t r a c y c l i c  t r i t e r p e n e s .

Many o f  t h e  com pounds w i t h i n  t h e s e  g r o u p s  h a v e  b e e n  

i n t e r r e l a t e d  a n d  some com pounds o f  d i f f e r e n t  g r o u p s  h a v e  

b e e n  c o n v e r t e d  i n t o  common i n t e r m e d i a t e s .  No com pound 

o f  t h e  Ou-amyrin su b -g i* o u p ,  h o w e v e r ,  h a s  b e e n  r e l a t e d  t o  

one  o f  t h e  $ - a m y r in  s u b - g r o u p .

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

p r o b a b l y  t h e  a m y r i n s ,  w h ic h  w e re  f i r s t  i s o l a t e d  by Hose 

i n  1839  (2 )  f ro m  M a n i l a  IClemi r e s i n .  R e s o l u t i o n  o f  t h e  

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

l a t e r  by V e s t e r b e r g  ( 3 ) .

The w ork  d e s c r i b e d  i n  t h i s  t h e s i s  w as c o n c e r n e d  

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

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

f o l l o w s ,  e m p h a s i s  h a s  b e e n  l a i d  a l m o s t  e n t ix ^ e ly  u p o n  th e  

s t r u c t u r e s  o f  t h e  com pounds  o f  t h e  f t - a m y r i n / o l e a n o l i c  

a c i d  s u b - g r o u p  a s  x*evealed  by t h e  now c l a s s i c a l  w ork  on 

d e h y d r o g e n a t i o n ,  o x i d a t i v e  d e g r a d a t i o n  e t c . ,  a n d  a l s o  t h e
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v e r y  r e c e n t  w ork  on  s t e r e o c h e m i s t r y . The h i s t o r i c a l  

w ork  p e r t a i n i n g  d i r e c t l y  t o  t h e  a u t h o r ' s  own w o rk  i s  

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

I n  v ie w  o f  th e  l a r g e  a n d  e v e r - i n c r e a s i n g  d a t a  w h ic h  

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

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

g e n e r a l  h i s t o r i c a l  o u t l i n e  o f  t h e  s u b j e c t  i n  t h i s  t h e s i s .

F o r  d e s c r i p t i o n s  o f ,  a n d  d i s c u s s i o n s  on t h e  w h o le  

t r i t e r p e n e  f a m i l y  o f  co m p o u n d s ,  t h e  r e a d e r ' s  a t t e n t i o n  

i s  d i r e c t e d  t o  t h e  e x c e l l e n t  r e v i e w s  o f  H a w o r th  ( 4 j , 

S p r i n g  ( 5 ) ,  H o l l e r  ( 6 ) ,  J e g e r  ( 7 ) ,  B i r c h  (8 )  a n d  a l s o  t o  

E l s e v i e r ' s  E n c y c l o p a e d i a  o f  O r g a n ic  C h e m is t r y  ( 9 ) .



C l a s s i f i c a t i o n  o f  t h e  t r i t e r p e n e s .

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

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

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

r e s p e c t s .  I n  t h i s  s e c t i o n  o f  t h e  " h i s t o r i c a l " p a r t  o f  

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

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

( i ) The ( 3 - a m y r i n / o l e a n o l i c  a c i d  g r o u p  c o n s i s t s  o f  t h e  

com pounds  nam ed i n  t h e  T a b le  b e lo w .  The p o s i t i o n s  o f  

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

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

o f  p - a m y r i n  ( o r  { 3 -a m y re n o l j .

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

g r o u p  a t  p o s i t i o n  Cs a n d  a l l  e x c e p t  6 - a m y r i n ,  g e m a n i c a l  

a n d  m o r o l i c  a c i d  h a v e  a  1 2 : 1 3  e t h y l e n i c  l i n k a g e .  Of t h e  

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

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

i n  d o u b t .

U9> Lie)
CH3 cHj

Ho
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( i i )  The a  - a m y r in  g r o u p . T h i s  g r o u p  c o m p r i s e s  t h e  

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

T a b l e ,  w i t h  t h e  c a r b o n  s k e l e t o n  ( I I )  f o r  a - a m . / r e n o l .

T r i t e r p e n e
Double
bond H y d ro x y l COOH S o u rc e

a -A m y r in 1 2 : 1 3 2 - ,u< .U le m i  Be s i n

U vao l 1 2 : 1 3 2 * 2 8 (? ) - E r i c a c e a e  
A r c 1 0  s  t a p h y 1 0

B r e i n 1 2 : 1 3 2 .2 1  ( o r  22) - i i .E l e m i  B e s i n

£ - B o s w e l l i c  a c i d 1 2 : 1 3 2 2 3 ( o r  24) F r a n k i n s e n c e

U r s o l i c  a c i d 1 2 : 1 3 2 28 ( ? ) A p p le s  a n d  pe

Q u in o v ic  a c i d 1 2 : 1 3 2 to to CO S y g o p h y I l iu m  
c o c c in e u m

(,3o)

Ho
Ho

it

A g a in  i n  t h i s  g r o u p ,  e a c h  m ember c a r r i e s  a  h y d r o x y l  

g r o u p  a t  Cs a n d  a  1 2 : 1 3  d o u b le  b o n d .  Q u in o v ic  a c i d  was 

o n l y  r e c e n t l y  p r o v e d  t o  be  a  g r o u p  m em ber ( 2 5 j .



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

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

( I I I ,  H=CHa ) ,  b e t u l i n  ( I I I ,  E-CHgOH) a n d  b e t u l i c  a c i d  

( I I I ,  R=C00H)* The com pounds o f  t h i s  g r o u p  d i f f e r  f ro m  

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

a n  e x o c y c l i c  m e th y le n e  g r o u p  i n  a n  i s o p r o p y l  g r o u p  w h ic h  i s  

a t t a c h e d  t o  a  f i v e - m e  in h e red  r i n g  a s  shown i n  f o r m u l a  ( I I I  

C o n v e r s io n s  o f  l u p e o l  a n d  i t s  d e r i v a t i v e s  i n t o  (3- a m y r in  

d e r i v a t i v e s  h a v e  b e e n  c a r r i e d  o u t  ( 3 1 ,  32) t h u s  p r o v i n g  

t h a t  t h e  r i n g s  A, B, C a n d  1) s k e l e t o n  i s  t h e  same i n  b o t h  

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

g r o u p ,  c o n s i s t i n g  o f  h e t e r o b e t u l i n  (IVb (&x s *y u 5 o r  

t a r a x a s t e r o l , V - t a r a x a s t e r o l , f a r a d i o l  a n d  a r n i d i o l ,  t h e  

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



T r a n s i t i o n s  w i t h i n  t h e  T r i t e r p e n e

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

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

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

h a s  now m ore o r  l e s s  b e e n  a c h i e v e d .  The m a in  t r a n s ­

i t i o n s  w i t h i n  t h e  £ - a m y r in  g r o u p  a r e  g i v e n  i n  t h e  

f o l l o w i n g  T a b l e .

G e r m a n ic o l

M a n i l a d i o l
A

G l y c y r r h e t i c
a c i dj

G e n in  A\
p -Amyrin <-

h

B r y t h r o d i o l

E e h i n o c y s t i c
a c i d

A

-> O l e a n o l i c  
a c i d

Q u i l l a i c  a c i d S i a r e s i n o l i c
a c i d

^  -A m y rin

a - B o s w e l l i e  ac

G y p s o g e n in  D e g r a d a t i o n  
p r o d u c t st

H e d e r a g e n i ni
D e g r a d a t i o n  

p r o d u c t s

t
S u m a r e s i n o l i c

a c i d

M ost o f  t h e s e  t r a n s i t i o n s  w e re  e s t a b l i s h e d  by u s i n g  

t h e  m e th o d  f i r s t  d e v e l o p e d  b y  E u z ic k a  a n d  S c h e l l e n b e r g  

(2 6 )  i n  t h e i r  c o n v e r s i o n  o f  o l e a n o l i c  a c i d  i n t o  - a m y r in
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a n d  e r y t h r o d i o l .  A c e t y l o l e a n o l i c  a c i d  w as c o n v e r t e d

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

b y  t h e  Kosenmund m e th o d .  The a l d e h y d e  w as t h e n  r e d u c e d  

by t h e  W o l f f - K i s h n e r  m e th o d  (2 7 )  t o  y i e l d  a  m i x t u r e  o f  

p - a m y r i n  a n d  e r y t h r o d i o l ,  a s  shown i n  t h e  p a r t i a l  

f o r m u l a e  b e lo w :

H0.C89H*eCHo
AcO. Cs e H4 6 COOH -*AeO. Ceell^eCGCl -* AcG. CS9H4 6 CHO-^ p - a m y r in

+
A c e t y l  o l e a n o l i c  a c i d  HO .C s e H4 6 G^OH

e r y t h r o d i o l

The m em bers o f  t h e  a - a m y r i n  g r o u p  h a v e  l i k e w i s e  

b e e n  i n t e r - r e l a t e d  by  t h i s  an d  o t h e r  m e th o d s  ( 2 8 , 2 9 , 5 0 )  

a n d  s i m i l a r  r e l a t i o n s h i p s  h a v e  b e e n  e s t a b l i s h e d  b e tw e e n  

t h e  m em bers  o f  t h e  l u p e o l  g r o u p .

T h e se  i n t e r - c o n v e r s i o n s  w i t h i n  t h e  g r o u p s  h a v e  

p r o v e d  t h a t  a l l  t h e  r e l a t e d  com pounds  h a v e  t h e  same 

b a s i c  c a r b o n  s k e l e t o n s  a n d  t h a t  t h e y  d i f f e r  f ro m  one 

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

u e n t s  w h ic h  a r e  a t t a c h e d  t o  t h e  b a s i c  c a r b o n  s k e l e t o n .

T r a n s i t i o n s  b e tw e e n  d i f f e r e n t  g r o u p s  o f  t r i t e r p e n e s  

h a s  p r o v e d  a  m ore d i f f i c u l t  t a s k  a n d ,  a s  y e t ,  no  compound 

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

p - a m y r i n  g r o u p .  A n u m b er  o f  t r a n s i t i o n s  f ro m  l u p e o l  and  

i t s  d e r i v a t i v e s  i n t o  p - a m y r i n  d e r i v a t i v e s ,  a n d  o t h e r
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m em bers o f  t h e  p - a m y r i n  g r o u p  h a v e  b e e n  made ( 3 1 ,3 2 )  an d  

b y  t h i s  m ean s  t h e  f a c t  t h a t  t h e  b a s i c  s t r u c t u r a l  d i f f e r ­

e n c e  b e tw e e n  t h e  two g r o u p s  l i e s  o n l y  i n  r i n g  23 h a s  b e e n  

e s t a b l i s h e d .

N o m e n c l a t u r e .

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

t r i t e r p e n e s  w as p r o p o s e d  by R u z ie k a  i n  1 9 4 3  ( 7 4 ,  c f .  

B a r t o n  a n d  B ro o k s ,  84] b a s e d  on  t h e  name o l e a n a n e  = 

1 . 1 . 8 . 8 . 1 6 . 1 8 . 1 9 . 2 2 ,  o c t a m e t h y l  p e r h y d r o p i c e n e . S i m i l a r  

n a m e s ,  u r s a n e  ( 9 7 ,9 8 )  a n d  l u p a n e  f o r  t h e  a - a m y r i n  a n d  

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

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

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

known a n d  w e l l  d e f i n e d  com pounds i n  t h i s  t h e s i s .  Where 

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

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

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

Owing t o  t h e  g e n e r a l l y  i n e r t  n a t u r e  o f  t h e  f u n c t i o n a l  

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

t e c h n i q u e s  o f  p u r i f i c a t i o n  e t c . ,  t h e  e a r l y  w o r k e r s  w ere  

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

W ith  t h e  a d v e n t  o f  m i c r o a n a l y s i s ,  h o w e v e r ,  i t  wa3 p r o v e d  

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

s k e l e t o n  ( 1 0 - 1 7 )  an d  g r a d u a l l y  m e th o d s  f o r  t h e  d e t e c t i o n

o f  t h e  f u n c t i o n a l  g r o u p s  w ere  p e r f e c t e d .  D e s c r i p t i o n s  

o f  t h e  m e th o d s  e m p lo y e d  f o r  th e  d e t e c t i o n  o f  t h e  v a r i o u s  

f u n c t i o n a l  g r o u p s  a r e  g i v e n  b e lo w .

( i )  B t h y l e n i c  l i n k a g e s . I n  t h e  t r i t e r p e n e s  o f  t h e  

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

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

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

s e r i e s ,  h o w e v e r ,  c a n  be h y d r o g e n a t e d  ( 2 2 , 2 4 ) .  I n  t h e

a -  a n d  P - a m y r in  s e r i e s  much u s e  i s  now .made o f  t h e  t e t r a -  

n i t r o m e t h a n e  c o l o u r  t e s t  ( h e n c e f o r t h  d e s i g n a t e d  I .N .M .  

t e s t ) (1 8 )  f o r  i s o l a t e d  a n d  c o n j u g a t e d  d o u b le  b o n d s .  T h i s  

t e s t  i s  l i m i t e d ,  h o w e v e r ,  a s  i t  f a i l s  when t h e  d o u b le  

b o n d  i s  i n  c o n j u g a t i o n  w i t h  a  c a r b o n y l  g r o u p  ( 2 0 , 2 1 , 2 2 ) .  

D oub le  b o n d s  c o n j u g a t e d  w i t h  c a r b o n y l  g r o u p s  a r e  a l s o  

o f t e n  n o t  s u s c e p t i b l e  t o  h y d r o g e n a t i o n  ( 1 8 ) .  The m e th o d  

i n v o l v i n g  u l t r a - v i o l e t  l i g h t  a b s o r p t i o n  i s  much u s e d
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q u a l i t a t i v e l y  a n d  q u a n t i t a t i v e l y  ( 1 9 ,3 3 )  b u t  i t  a l s o  h a s  

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

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

a b s o r p t i o n  a t  h i g h e r  w a v e l e n g t h s  i n  t h e  u l t r a - v i o l e t *  A 

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

t r i t e r p e n e  a c i d s  w as d i s c o v e r e d  by  W i n t e r s t e i n  (1 0 ;  who 

f o u n d  t h a t  w e l l  d e f i n e d  b r o m o - l a c t o n e s  w ere  f o rm e d  by 

t h e  a c t i o n  o f  b ro m in e  on  t r i t e r j j e n e  a c i d s  s u c h  a s  

o l e a n o l i c  a c i d  a n d  h e d e r a g e n i n ,  a s  show n b e lo w .  U s in g  

h y d r o b r o m ic  a c i d  o r  h y d r o c h l o r i c  a c i d  ( 1 0 , 1 8 , 2 3 ) ,  b ro m in e  

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

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

a c i d .  A p a r t  f ro m  p r o v i d i n g  a  u s e f u l  m e th o d  f o r  t h e

I i i  i t » I f i  i i i

— q = C — c— C- — C— C— C— C--------> — c— c— c— c—
* I ♦ ! » r i *: { i

COOH B r B r  COOH B r o — -C O

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

p r o v i d e d  e v i d e n c e  t h a t  t h e  d o u b le  b o n d s  i n  t h e s e  com pounds 

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

C a r b o x y l  g r o u p s . I n  many t r i t e r p e n e  a c i d s ,  e . g .  

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

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

r e a c t i v i t y  w i t h  common e s t e r i f y i n g  r e a g e n t s .  b s t e r i f i c -  

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

d i f f i c u l t y .

( i i i )  C a r b o n y l  g r o u p s  i n  many d e r i v a t i v e s  show t h e m s e l v e s  

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

t h e i r  p r e s e n c e  c a n  o f t e n  o n ly  be  e s t a b l i s h e d  by s p e c t r o -  

g r a p h i c  a n a l y s i s .

H y d ro x y l  g r o u p s . The u b i q u i t o u s  s e c o n d a r y  h y d r o x y l  

g r o u p  a t  p o s i t i o n  C8 i n  t h e  t r i t e r p e n e s  i s  q u i t e  r e a c t i v e  

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

c o n d i t i o n s .
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D e h y d r o g e n a t i o n  E x p e r i m e n t s .

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

t h e  s t r u c t u r e  o f  t h e  p e n t a c y c l i e  t r i t e r p e n e s  w as made 

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

t r i t e r p e n e s  w i t h  s e l e n i u m ,  a n d  p a l l a d i u m  on c h a r c o a l .

I n  1929 R u z ic k a  (2 2 )  i s o l a t e d  a  h y d r o c a r b o n ,  O j ^ E ^  

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

p e n e s  by d e h y d r o g e n a t i o n  w i t h  s e l e n i u m .  T h i s  h y d r o ­

c a r b o n  wa3 l a t e r  shown by  R u z ic k a  a n d  h i s  c o - w o r k e r s  t o  

be 1 * 2 * 7 - t r i m e t h y l n a p h t h a l e n e  ( 3 4 ) ,  a n d  a  s e c o n d  roain  

d e h y d r o g e n a t i o n  p r o d u c t  was shown t o  be 1 * 2 : 6 *6- t e t r a -  

m e th y ln a p h th & le n e  ( 3 5 ) .  %  u s i n g  t h i s  m e th o d  o f

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

t e r p e n e s  a  n u m b er  o f  common d e g r a d a t i o n  p r o d u c t s  w e re  

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

T a b l e .

P e h y d r o g e n a t i o n  P r o d u c t R e f e r e n c e

1 : 2 * 7 - t r i m e t h y l n a p h t h a l e n e  

1 : 2  * 5 : 6 - t e t r a m e t h y l n a p h t h a l e n e  

6 - h y d r o x y - 1 * 2 * 5 - t r i m e t h y l n a p h t h a l e n e  

2 * 7 - d i m e t h y l n a p h t h a l e n e  

i s 8 - d i m e t h y l p i c e n e  (V)

1 * 2 •3 * 4 - t e  t r a m e t h y l b e n z e n e

2 2 , 3 4 ,3 6

35

37

38

3 9 , 4 0 , 4 1

4 2 ,4 3

I
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I t  w as f o u n d  t h a t  a p a r t  f ro m  y i e l d i n g  t h e  px*oducts  

l i s t e d  a b o v e ,  a -  a n d  £ - a m y r e n o l  y i e l d e d  tw o new p r o d u c t s ,  

2 - h y d r o x y -1  *8 - d i m e t h y l p i c e n e  (V I)  a n d  a  CA8Hxe p h e n a n -  

t h r e n e  d e r i v a t i v e  ( 2 0 , 3 9 , 4 0 , 4 4 , 4 5 , 4 6 , 4 7 ) .  O l e a n o l i c  

a c i d  a l s o  y i e l d e d  t h e  p r o d u c t s  l i s t e d  ab o v e  w i t h  t h e  

e x c e p t i o n  o f  (V Ij  ( 2 2 , 4 7 , 4 8 ) .  L u p e o l ,  h o w e v e r ,  y i e l d e d  

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

d e h y d r o g e n a t i o n  ( 2 2 , 4 9 ) ,  i t s  p r i n c i p a l  p r o d u c t  b e i n g  

1 : 2 15 - t r i m e t h y l n a p h t h a l e n e  ( a g a t h a l i n e ) .

I t  w as  c o n c l u d e d ,  t h e r e f o r e ,  f r o m  t h i s  w ork  t h a t  

a l l  m em bers o f  t h e  a -  a n d  - a m y r in  g r o u p s  h a d  t h e  same 

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

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

f ro m  w h ic h  s a p o t a l i n e  w as p r o d u c e d  on d e h y d r o g e n a t i o n .

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

r e a l  a t t e m p t s  a t  f o r m u l a t i o n  o f  t h e  a m y r in s  w ere  m ade .

I n  1932  H u z ic k a  s u g g e s t e d  a  f o r m u l a  b a s e d  on a  h y p o t h e t ­

i c a l  p e n t a c y c l o s q u a l e n e  ( s q u a l e n e  V I I ) .  B u z i c k a ’ s
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f o r m u l a t i o n  w as o n l y  a c c e p t e d  f o r  a  s h o r t  t i m e ,  h o w e v e r ,  

a n d  s i n c e  t h e n  many m o d i f i c a t i o n s  h a v e  b e e n  made t o  

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

i n f o r m a t i o n .  A l t e r n a t i v e s  t o  B u z ic k a * s  s t r u c t u r e  w h ic h  

w ere  s u g g e s t e d  i n c l u d e d  t h o s e  o f  K i t a s a t o  ( 6 0 ) ,  H aw o rth  

( 4 ) ,  S p r i n g  (5 1 )  a n d  Kon ( 5 2 ) .  Of a l l  t h e  s u g g e s t e d

f o r m u l a e  t h a t  o f  H a w o r th  ( V I I I )  f o r  t h e  £ - a m y r in  g r o u p  

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

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

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

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

r i n g  C i n  ( V I I I j  p r o d u c e s  t h e  n a p h t h a l e n e  d e r i v a t i v e s ,  

s a p o t a l i n e  b e i n g  p r o d u c e d  from, r i n g s  D a n d  E . The 

p r o d u c t i o n  o f  I s 2 s 5 : 6 - t e t r a m e t h y l n a p h t h a l e n e  an d  

1 :2 *  3 s 4 - t e t r a m e t h y l  b e n z e n e  i s  e x p l a i n e d  on  t h e  a s s u m p t i o n  

o f  a  r e t r o p i n a c o l i n e  r e a r r a n g e m e n t  [ c f .  B u z i c k a  ( 4 6 ) ]  

t h u s ; -

Hi Mi
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S tr u c tu r e  (V III )  r e p r e s e n t s  th e  more im p o rta n t  

members o f  th e  p-am yrin  grou p , e . g .  p -am yrenol (V I II ;

K=H' =Me) ; o l e a n o l i c  a c id  (V I I I ;  B=Me, B'=COOH); 

e r y th r o d io l  (V III ;  B=Me, B'=CHbOH); h e d e r a g en in  (V I II ;  

E=CHe OH, E'=COOH); and g y p so g en in  (V I I I ;  E=CHO, E'=COOHj.
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O x i d a t i v e  D e g r a d a t i o n .

V a lu a b le  i n f o r m a t i o n  c o n c e r n i n g  t h e  s t r u c t u r e  o f  

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

f ro m  o x i d a t i v e  d e g r a d i o n  e x p e r i m e n t s  on t h e  m o n o c a rb o x y -  

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

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

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

^ - a m y r e n o l  a n d  t h e  o t h e r  m em bers o f  t h e  g r o u p .  The 

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

o f  u n s a t u r a t i o n  i n  r i n g  C m akes  two d i s t i n c t  t y p e s  o f  

o x i d a t i v e  a t t a c k  p o s s i b l e .

( i )  O x i d a t i o n  o f  r i n g  A. M ost o f  t h e  w ork  on  t h e  

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

m o l e c u l e  w as c a r r i e d  o u t  on  h e d e r a g e n i n  ( V I I I j  E=CH.gOH, 

R ,= COOH). O x i d a t i o n  o f  h e d e r a g e n i n  ( V I I I )  w i t h  c h r o m ic  

a c i d  (5 3 )  r e s u l t e d  i n  t h e  l o s s  o f  a  c a r b o n  a to m  a n d  t h e  

p r o d u c t i o n  o f  t h e  Ca9 k e t o - a c i d s  (IX ) a n d  (X ) ,  f u r t h e r  

o x i d a t i o n  o f  w h ic h  w i t h  p o ta s s iu m ,  h y p o b r o m i t e  ( 5 4 , 5 5 , 5 6 )  

y i e l d e d  t h e  m onom ethy l e s t e r s  o f  t r i c a r b o x y l i c  a c i d s  

(X I)  a n d  ( X I I )  r e s p e c t i v e l y .  P y r o l y s i s  o f  ( X I I I )  w h ic h  

w as o b t a i n e d  f ro m  ( X I I )  g a v e  t h e  k e t o - l a c t o n e  (X IV ) ,  

o x i d a t i o n  a n d  e s t e r i f i c a t i o n  o f  w h ic h  g a v e  t h e  t r i m e t h y l  

e s t e r  l a c t o n e  (XV) . The t r i m e t h y l  e s t e r  l a c t o n e  (XV) 

w as a l s o  o b t a i n e d  by o x i d a t i o n  o f  (XVI) ( 5 6 , 5 7 , 5 8 ) .  T h i s
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s e r i e s  o f  r e a c t i o n s  i n d i c a t e s  a  l : 3 - d i o l  s y s t e m  i n  r i n g  

A o f  h e d e r a g e n i n  a n d  t h e  f o r m a t i o n  o f  (XV) e x c l u d e s  t h e

Ho

■o-c

p o s s i b i l i t y  o f  a  m e th y l  g r o u p  a t  C©. The p r e s e n c e  o f

a  m e th y le n e  g r o u p  a t  C© was p r o v e d  by t h e  f o r m a t i o n  a t  

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

( 5 9 ) .  The p r e s e n c e  o f  a  m e th y le n e  g r o u p  a t  C4 was 

e s t a b l i s h e d  by o x i d a t i v e  w o rk  on  b e t u l i n  ( lu |> e o l  g r o u p )  

( 6 0 , 6 1 , 6 2 )  i n  w h ic h  r i n g  A w as  o x i d i s e d  t o  a  e y c l o -  

p e n ta n o n e  d e r i v a t i v e .

The c o n c l u s i o n s  d e r i v e d  f r o m  t h i s  w ork  a r e  summed 

u p  i n  p a r t i a l  f o r m u l a  (X V II j  H=CH© f o r  p - a m y r e n o l  e t c . )



2 0

f o r  r i n g  A o f  t h e  p - a m y r in  g r o u p  o f  t r i t e r p e n e s .  A l th o u g h

p r o o f  f o r  t h e  s t r u c t u r e  o f  r i n g  A w as t h u s  p r o v i d e d ,  t h e  

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

p r o v i d e d  by  o x i d a t i v e  a t t a c k  on  t h e  u n s a t u r a t e d  c e n t r e  

a n d  t h i s  w ork  w i l l  be d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .

( i i )  O x i d a t i o n  o f  t h e  u n s a t u r a t e d  c e n t r e . The p o s i t i o n  

a n d  e n v i r o n m e n t  o f  t h e  u n s a t u r a t e d  c e n t r e  i n  t h e  5 - am .yrin  

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

r e s e a r c h e s  o f  S p r in g  a n d  R u z ic k a ,  a n d  t h e i r  r e s p e c t i v e  

c o - w o r k e r s ,  on  o l e a n o l i c  a c i d  a n d  i t s  d e r i v a t i v e s .

(R e v ie w s  5 , 4 , 6 , 7 , 8  a n d  9 ) .

O x i d a t i o n  o f  a c e t y l  o l e a n o l i c  a c i d  (X V II I ;  w i t h  

c h ro m ic  a c i d ,  u n d e r  m i ld  c o n d i t i o n s ,  w as show n by K i t a s a t o  

(1 8 )  a n d  R u z ic k a  ( 5 9 , 6 3 , 6 4 )  t o  y i e l d  k e t o a c e t y l o l e a n o l i c  

a c i d  l a c t o n e  (XIX) a n d  k e t o a c e t y l o l e a n o l i c  a c i d  ( ,a_A i a  s  a  

m in o r  p r o d u c t .  The k e  t o - l a c t o n e  (XIX) w as  shown t o  be 

s a t u r a t e d  an d  w as c l e a r l y  f o rm e d  a s  a  r e s u l t  o f  d i r e c t  

a t t a c k  on  t h e  d o u b le  b o n d .  The com pound (XXI) w as show n 

t o  be a n  i n t e r m e d i a t e  i n  t h i s  r e a c t i o n  a n d  w as x>re p a r e d  

by a  v a r i e t y  o f  m e th o d s  ( 6 5 , 6 6 , 6 7 ) .  O x i d a t i o n  o f  t h e  

m e th y l  e s t e r  o f  a c e t y l o l e a n o l i c  a c i d  a g a i n  y i e l d e d  (X X ),
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a s  i t s  m e t h y l  e s t e r ,  a n d  a l s o ,  t h e  s a t u r a t e d  k e t o - a c i d

(X X II)  w h ic h  w as s u b s e q u e n t l y  o b t a i n e d  by o t h e r  m e th o d s  

( 6 8 , 5 6 , 6 9 , 7 0 , 6 6 , 6 3 ) .

U n d e r  m ore d r a s t i c  c o n d i t i o n s  i t  w as  f o u n d  t h a t  

a c e t y l o l e a n o l i c  a c i d  (X V II I )  c o u l d  be o x i d i s e d  w i t h  

c h ro m ic  a c i d  t o  g i v e  t h e  a c e t y l  d i c a r b o x y l i c  a c i d  l a c t o n e

(X X II I )  (7 1 )  w h ic h  w as a l s o  o b t a i n e d  by  o x i d a t i o n  o f  (XIX) 

a n d  (X X II)  ( 7 1 , 4 0 , 6 4 , 7 2 ) .  The k e t o - d i c a r b o x y l i c  a c i d

(X X IV ), w h ic h  was f o rm e d  f r o m  (X X II I )  (7 1 )  w as p y r o l y s e d  

by  R u z ic k a  a n d  h i s  c o - w o r k e r s  ( 7 3 ,7 4 )  t o  y i e l d  k e t o n i c  

a n d  n o n - k e t o n i c  f r a c t i o n s  i n  a l m o s t  e q u a l  a m o u n ts  i n d i c a t ­

i n g  t h a t  t h e  m o le c u l e  h a d  b e e n  s p l i t  i n t o  two h a l v e s .  The



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

shown i n  f o r m u l a e  (XXV t o  XXX) a b o v e .  The k e t o n e

(XXV) w as c l e a r l y  d e r i v e d  f ro m  r i n g s  A a n d  B o f  t h e  

p a r e n t  com pound (X V II I )  an d  i t s  s t r u c t u r e  w as p r o v e d  

by i t s  c o n v e r s i o n  t o  (XXVII) by t h e  s t e p s  show n . The 

n o n - k e t o n i c  f r a g m e n t s  ( X X V IIIj a n d  (XXIX) c l e a r l y  h a d  

t h e i r  o r i g i n  i n  r i n g s  D a n d  B a s  w as shown by t h e i r  

d e h y d r o g e n a t i o n  t o  2 J 7 - d i m e t h y l n a p h t h a l e n e  (XXX).

To g e n e r a l i s e  on t h e s e  r e a c t i o n s ,  i t  may be s a i d  

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

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

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

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

I t  i 3  o f  i n t e r e s t  t o  n o t e  h e r e  t h a t  t h i s  m e th o d  o f  

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

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

a n d  one n o t a b l e  e x a m p le  o f  t h e  u s e  o f  t h i s  m e th o d  w as 

i n  t h e  c o r r e l a t i o n  o f  t h e  p - a m y r in  g r o u p  w i t h  a m b r e in  

( X Z f l j  t h r o u g h  a  common d e g r a d a t i o n  p r o d u c t  o f  t h e  l a t t e r  

a n d  o f  o l e a n o l i c  a c i d  ( 7 5 , 7 6 ) .  T h e se  e x p e r i m e n t s  

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

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

c h e m i s t r y  ( s e e  l a t e r  s e c t i o n )  o f  r i n g  A a n d  B, s i n c e  t h e  

c o n s t i t u t i o n  o f  a m b r e in  h a d  b e e n  e s t a b l i s h e d  by i n t e r -  

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

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

Ho
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S t e r e o c h e m i s t r y  o f  t h e  ft-A m yrin  G roup o f  T r i t e r p e n e s .

P r e v i o u s  t o  t h e  e l e g a n t  r e s e a r c h e s  o f  D .H .R . B a r t o n , 

a n d  E .R .H .  J o n e s  a n d ,  t o  a  l e s s e r  d e g r e e ,  c e r t a i n  o t h e r  

w o r k e r s ,  l i t t l e  w as known a b o u t  t h e  s t e r e o c h e m i s t r y  o f  

t h e  p e n t a e y c l i c  t r i t e r p e n e s .  The p ro b le m  h a s  now b e e n  

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

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

w ork  i n v o l v e d  i s  g i v e n  b e lo w .

I n  1949 B a r t o n  show ed t h a t  v i g o r o u s  o x i d a t i o n  o f  

a b i e t i c  a c i d  (X X X II j p r o d u c e d  a  CAj. a c i d  w h ic h ,  h e  c o n ­

c l u d e d ,  h a d  t h e  s t r u c t u r e  r e p r e s e n t e d  by (XXXIV) ( 7 8 ) ,  

a n d  i n  v iew  o f  t h e  r e l a t i o n s h i p  e x i s t i n g  b e tw e e n  a b i e t i c  

a c i d  a n d  o t h e r  d i t e r p e n o i d s  on one h a n d ,  a n d  a b i e t i c  

a c i d  a n d  t h e  t r i t e r p e n o i d s  on t h e  o t h e r  ( 7 6 ,7 )  he  c o n ­

c l u d e d  t h a t  r i n g s  A a n d  B i n  o l e a n o l i c  a c i d  m u s t  be 

t r a n s - f u s e d .



Prom a n  X - r a y  s t u d y  o f  v a r i o u s  m em bers  o f  t h e  ft- 

- a m y r in  g r o u p ,  G i a e o n e l l o  i n  1 9 3 8  h a d  c o n c l u d e d  t h a t  

a l l  f i v e  r i n g s  w ere  f u s e d  t r a n s - a n t i - t r a n s  a s  shown i n  

(XXXV) (7 7 )  f o r  f t - a m y r e n o l , a n d  t h e  s p a c i a l  c o n f i g u r ­

a t i o n  t h u s  a s s i g n e d  t o  t h e  C*, h y d r o x y l  g r o u p  w as t e n t a t ­

i v e l y  c o n f i r m e d  by R u z ic k a  ( 7 9 ) .  I n  1 9 5 1 ,  h o w e v e r ,  a  

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

t h e  r e l a t i v e  d e g r e e  o f  s t e r i c  h i n d r a n c e  i n  t h e  two 

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

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

(8 1 )  e n a b l e d  B a r t o n  (8 0 )  t o  show t h a t  t h e  Cs - h y d r o x y l  

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

t o  t h a t  a s s i g n e d  t o  i t  by G i a c a n e l l o  a n d  R u z i c k a .  The 

C * - h y d r o x y l  g r o u p  i s  t h e r e f o r e  now r e g a r d e d  a s  "ft'* i n  

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

h y d r o x y l  g r o u p .

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

Cj. 7  i n  o l e a n o l i c  a c i d ,  t h e  e s t e r s  o f  w h ic h  a r e  d i f f i c u l t  

t o  h y d r o l y s e  and. w h ic h  e a s i l y  l a c t o n i s e  , h a s  l e d  B a r to n

( 8 4 ,8 3 )  a n d  J o n e s  (8 5 )  t o  t h e  c o n c l u s i o n  t h a t  i t  i s  

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

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

e i t h e r  c i s -  o r  t r a n s - f u s e d .  B i lh a m  a n d  Kon ( 8 6 ) c o n ­

c l u d e d  f ro m  r e a c t i o n s  o f  q u i l l a i c  a c i d ,  a  m em ber o f  t h e
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f - a m y r i n  g r o u p ,  t h a t  two f o rm s  o f  D /£ l i n k i n g  e x i s t ,  

i * e ,  t h e  l e s s  s t a b l e  c i s -  w h ic h  c a n  be c o n v e r t e d  t o  th e  

m ore s t a b l e  t r a n s - .  From t h e i r  e v i d e n c e  t h e . /  a r g u e d  

t h a t  t h e  o l e a n o l i c  a c i d  D/E l i n k a g e  m u s t  be c i s - .  C on­

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

b e e n  g i v e n  by B a r t o n  (8 5 )  a s  shown i n  t h e  f o l l o w i n g  

s e r i e s  o f  r e a c t i o n s .  I t  w as  f o u n d  t h a t  m e t h y l - 1 1 ; k e t o -  

- o l e a n o l a t e  a c e t a t e  ( XXXVI5 K=Ae) c o u l d  be i s o m e r i s e d

t o  (XXXVII) by  e i t h e r  m i n e r a l  a c i d  (2 3 )  o r  a l k a l i  ( 8 3 ) .  

C o r r e s p o n d i n g  i s o m e r i s a t i o n s  h a v e  b e e n  c a r r i e d  o u t  on 

^ - a m y r i n  a n d  i t s  d e r v i a t i v e s  ( 8 7 , 8 8 , 8 9 , 9 0 ) .  C a t a l y t i c  

h y d r o g e n a t i o n  o f  (XXXVI) a n d  (XXXVII) g a v e  t h e  i s o m e r s  

(XXXVIII) a n d  (XXXIX) r e s p e c t i v e l y .  B o th  t h e s e  i s o m e r s
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we r e  o x i  d i  se  d t  o rae t h y l  dehy  d ro  - o l e  a n o l a t e  ae  e t a t e  ( XL) 

w h ic h  h a d  b e e n  p r e v i o u s l y  p r e p a r e d  by  R u z ic k a  e t  a l . ( 9 1 )  .

The e p i m e r i s a t i o n  a t  Ci 8  i n  o l e a n o l i c  a c i d  p r o v e s  

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

a n d  t h e  D/S r i n g  j u n c t i o n  m u s t  be c i s *>. F u r t h e r  p r o o f  

o f  t h i s  f a c t  h a s  b e e n  g i v e n  by B a r t o n  (8 3 )  f ro m  a  

c o n s i d e r a t i o n  and  c o m p a r i s o n  o f  t h e  th e rm o d y n a m ic  s t a b ­

i l i t i e s  o f  t h e  l a c t o n e s  o f  o l e a n o l i c  a c i d  and  t h o s e  o f  

i t s  1 8 - i s o  f o rm .

P r o o f  t h a t  i n v e r s i o n  d o e s  n o t  o c c u r  a t  p o s i t i o n  

CAG i n  t h e  ab o v e  r e a c t i o n s  i s  g i v e n  by t h e  c o n v e r s i o n  o f  

b o t h  (XXXVI) a n d  (XXXVII) t o  (XL) by  so d iu m  a n d  a l c o h o l  

r e d u c t i o n  (2 3 )  a n d  f u r t h e r  by t h e  f a c t  t h a t  t h e  d i e n o n e  

(XLI) c a n n o t  be i s o m e r i s e d  by a l k a l i  ( 8 3 ) .  T h i s  p r o o f

o f  t h e  n o n - i n v e r s i o n  a t  C i 0  a l s o  i m p l i e s  t h a t  i n  o l e a n o l i c  

a c i d  a n d  t h e  o t h e r  m em bers  o f  t h e  {3- a m y r in  g r o u p  t h e  

o r i e n t a t i o n  a t  Cx0 i s  t h e  s t a b l e  one a n d  a  c o n v i n c i n g  

p r o o f  i s  i n c l u d e d  i n  t h e  t h e 0 1 *6 t i c a l  s e c t i o n  o f  t h i s

t h e s i s  and  by B u d z ia r e k  e_t a l .  ( 8 9 , 9 2 ) .
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Thus t h e  s t e r e o c h e m i s t r y  o f  r i n g s  A an d  i t  and 

r i n g s  D a n d  E i n  t h e  0 - a m y r in  g r o u p  o f  t r i t e r p e n e s  h a s  

b e e n  e s t a b l i s h e d  a n d  t h e  r e m a i n i n g  c e n t r e s  t o  be c o n ­

s i d e r e d  a r e  C©, C i© , Ci 3  a n d  Ci f t .

I n  1 9 5 1 ,  B a r t o n  a n d  B ro o k s  (8 4 )  c o n c l u d e d  t h a t  t h e  

c o n f i g u r a t i o n  a t  Ci { 5  i n  m o r o l i c  a c i d  ( X I I I )  w as s u c h  

t h a t  t h e  C-H b o n d  w as s t e r e o  c h e m i c a l l y  '’v e r t i c a l ’1 a n d  

on  t h e  same s i d e  o f  t h e  m o le c t i l e  a s  t h e  c a r b o x y l  g r o u p .  

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

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

Co©H

d i h y d r o - 1 2 - k e t o s i a r e s i n o l i c  a c i d  ( X L I I I ) ( 9 3 ) .  The same 

c o n c l u s i o n  was r e a c h e d  by B a r t o n  a n d  H o ln e s s  (8 3 )  f ro m  

r e a c t i o n s  on 1 2 - k e t o o l e a n o l i c  a c i d  (X L IV ) .

A c o n s i d e r a t i o n  o f  t h e  c e n t r e s  Cj.g a n d  C** w i t h  

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

a n d  v e r t i c a l  b o n d s ,  h a s  l e d  B a r t o n  (8 3 )  t o  t h e  c o n c l u s i o n  

t h a t  r i n g s  C a n d  0  i n  t h e  com pounds  o f  t h e  0 - a m y r i n  g r o u p  

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

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



h y p o t h e t i c a l  p a i r s  o f  h y d r o c a r b o n s  (XXV) a n d  (XLVI ) 5 a n d  

(XLVII) a n d  (X X V III)  t h e s e  w o r k e r s  c o n c l u d e d  t h a t  (XLV) 

w o u ld  be m ore s t a b l e  t h a n  (XXVI), a n d  (XLVII) more s t a b l e  

t h a n  ( X L V I I I ) .

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

a n d  r i n g s  C, I) a n d  15 i n  o l e a n o l i c  a c i d  i s  o b v i o u s  a n d  

i n  v ie w  o f  t h e  e v i d e n c e  d e s c r i b e d  a b o v e ,  t h e  s t r u c t u r e  

o f  r i n g s  C, X a n d  15 i n  t h e  com pounds o f  t h e  0 - a m y r in  

g r o u p  c a n  be s u m m a r is e d  i n  p a r t i a l  f o r m u l a  (X L IX ) .

The n a t u r e  o f  t h e  l i n k i n g  o f  r i n g s  B a n d  C h a s  n o t  y e t  

b e e n  p r o v e d  c o n c l u s i v e l y ,  b u t  i t  h a s  b e e n  shown by  B a r t o n  

(8 3 )  t h a t  t h e  s u b s t i t u e n t  a t  Cie  i n  o l e a n o l i c  a c i d  m u s t  

l i e  on t h e  o p p o s i t e  s i d e  o f  t h e  p l a n e  t o  t h e  s u b s t i t u e n t s

CoOH
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a t  C ia  a n d  C i7 .

I n  v ie w  o f  t h e  ab o v e  e v i d e n c e  i t  w o u ld  a p p e a r  t h a t  

o n l y  two s t r u c t u r e s ,  (L) a n d  ( L I ) ,  a r e  p o s s i b l e  f o r  t h e  

£ - a m y r in  g r o u p  o f  t r i t e r p e n e s .  No d i s t i n c t i o n  b e tw e e n

t h e s e  two com pounds h a s  so  f a r  b e e n  a t t a i n a b l e  on 

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

a r g u m e n t s  o f  K ly n e  (9 6 )  a  d e c i s i o n  i n  f a v o u r  o f  s t r u c t u r e  

(L) h a s  b e e n  m ade. T h i s  d e c i s i o n  h a s  b e e n  c o n f i r m e d  by  

t h e  w ork  o f  C a r l i s l e  a n d  ( M s s )  Adb .151 I le h in  ( P e r s o n a l  

co m m u n ic a t io n ,  t o  D r .  L .I I .H .  B a r t o n  -  s e e  r e f  .8 2 )  who 

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

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

( L I I )  a s  b e i n g  t h e  c o r r e c t  one f o r  t h a t  com pound .

Ho ICHfOO

— oOOr—





SECTION I

£ - A m y r a d ie n d io n y l  a c e t a t e  ( 1 2 : 1 9 - d i k e t o - o l e a n a -  

- 1 0 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e )  w as r e d u c e d  t o  o l e a n a -  

- 1 0 i 1 3 ( 1 8 ) - d i e n - 2 : 1 9 - d i o l  w i t h  l i t h i u m  a lu m in iu m

h y d r i d e .  The m ono- a n d  d i a c e t a t e s  o f  t h i s  com pound 

y i e l d e d  o l e a n a - 1 0 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  on c a t a l y t i c  

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

£>- a m y r a d i e n d i o n y l  a c e t a t e  w as c o n v e r t e d  i n t o  o l e a n a -  

- 1 0 - e n - 2 : 1 9 a - d i o l , t h e  m o n o a c e t a t e  o f  w h ic h  g a v e  

o l e a n a - 1 0 i 1 8 - d i e n y l  a c e t a t e  on d e h y d r a t i o n .  O l e a n a -  

- 1 0 : 1 3 ( 1 8 ) -  a n d  o l e a n a - 1 0 : 1 8 - d i e n y l  a c e t a t e s  w e re  

i s o m e r i s e d  hy  m i n e r a l  a c i d  t o  o l e a n a - 1 1 : 1 3 ( 1 8 ) - d i e n y l  

a c e t a t e  O - a m y r a d i e n y l - I I  a c e t a t e ) .
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The e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  s e c t i o n  w ere  

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

d i e n y l  a c e t a t e s ,  o l e a n a - 1 0 : 1 3 ( 1 8 ) - ,  o l e a n a - 1 0 : 1 8 -  a n d  

o l e a n a - 1 1 : 1 8 - d i e n y l  a c e t a t e s ,  w h ic h  w ere  r e q u i r e d  f o r  

c o m p a r i s o n  w i t h  two u n c o n j u g a t e d  d i e n y l  a c e t a t e s ,  t h e  

p r e p a r a t i o n  o f  w h ic h  f ro m  i s o - f t - a m y r a d ie n o n y l  a c e t a t e  

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

p a r t  o f  t h i s  t h e s i s .  A m e th o d  f o r  t h e  p r e p a r a t i o n  o f  

o l e a n a - 1 1 : 1 8 - d i e n y l  a c e t a t e  h a s  n o t  y e t  b e e n  d i s c o v e r e d  

b u t  m e th o d s  f o r  t h e  p r e p a r a t i o n  o f  t h e  o l e a n a - 1 0 : 1 8 -  

a n d  t h e  o l e a n a - 1 0 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e s  a r e  d e s c r i b e d  

b e l o w .

A n u m b er  o f  a l t e r n a t i v e  m e th o d s  f o r  t h e  p r e p a r a t i o n  

o f  (3 - a m y r a d i e n d i o n y l  a c e t a t e  ( 1 2 :1 9  - d i k e t o  - o l e a n a - 

- 1 0 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e )  ( I I )  f r o m  p - a m y r i n  a c e t a t e  o r  

i t s  d e r i v a t i v e s  a r e  known ( 1 0 3 , 1 0 4 , 1 0 5 , 8 4 , 1 0 2 , 9 2 )  b u t  

t h e  b e s t  i s  u n d o u b t e d l y  t h a t  i n  w h ic h  £ - a m y r in  a c e t a t e  

( I )  i s  o x i d i s e d  i n  d i o x a n  by s e l e n i u m  d i o x i d e  i n  a n
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a u t o c l a v e  a t  2 0 0 ° t o  g i v e  ^ - a m y i 'a d i e n d i o n y l  a c e t a t e  i n  

7 5 #  y i e l d .  The d i e n d i o n e  c h ro m o p h o re  o f  t h i s  com pound 

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

Maximum a t  2780  A ( £ 35 1 2 ,0 0 0 )  .

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

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

i t  w as t r e a t e d  w i t h  l i t h i u m  a lu m in iu m  h y d r i d e  i n  e t h e r  

s o l u t i o n .  When c a r r i e d  o u t  a t  room  t e m p e r a t u r e ,  t h e  

r e a c t i o n  y i e l d e d  o n ly  a n  u n c r y s t a l l i s a b l e  gum b u t  when 

t h e  r e a c t i o n  m i x t u r e  w as r e f l u x e d ,  a  CS0 H4 eQy d i e n d i o l  

w as o b t a i n e d  i n  a p p r o x i m a t e l y  5 0 #  y i e l d .  The r e a c t i o n  

c l e a r l y  i n v o l v e d  th e  r e p l a c e m e n t  o f  t h e  Cs a c e t o x y l  

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

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

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

c a r b o n y l  g r o u p  t o  a  m e th y le n e *  T r e a tm e n t  o f  t h i s  

C3 0 H4.8 Oa d i o l  w i t h  a c e t i c  a n h y d r i d e  a n d  p y r i d i n e  a t  room 

t e m p e r a t u r e  gave  a  C3 SH5 0 Oa d i o l - m o n o a c e t a t e  a n d  m ore  

d r a s t i c  t r e a t m e n t  w i t h  t h e  same r e a g e n t s  g a v e  a  C3 4 H6 s 0 6  

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

a lu m in iu m  h y d r i d e  p r o d u c t  d i d  i n  f a c t  p o s s e s s  two 

s e c o n d a r y  h y d r o x y l  g r o u p s  a n d  t h a t  one o f  th em  w as 

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

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



- 34 -

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

show ed  u l t r a - v i o l e t  l i g h t  a b s o l u t i o n s  c h a r a c t e r i s t i c  

o f  u n c o n J u g a t e d  d o u b le  b o n d s  a s  i s  show n i n  t h e  f o l l o w ­

i n g  T a b le  A o f  p h y s i c a l  c o n s t a n t s .

I D i o l - m o n o a c e t a t e

TABLE

Compound c 2 1 0  © S . 2 1 5 0  H&&QO

2090AD io l

2100  A

+60° ! 2100A

2130A

I D i o l - d i a c e t a t e

O l e a n a - 1 0 : 1 3 ( 1 8 ) -  
d i e n y l  a c e t a t e

O l e a n a - 1 0 : 1 8 - d i e n y l  
a c e t a t e

1 2 0 0 0  1 0 0 0 0  I 6 3 0 0  ! 1 2 0 0  SI ■ t

1 0 0 0 0  ; 8500  15 6 0 0  j 2600  j

11 8 0 0  | 8900  ;6 0 0 0  3200  ;

93 0 0  16000 ;3 1 0 0

+99° | 2090A 3100  j 1 2 5 0  j 280

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

d i a c e t a t e  y i e l d e d  a  Cs s HB0 Oe a c e t a t e  i n  v e r y  h i g h  y i e l d  

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

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

r e g i o n  2100A t o  2250A s i m i l a r  t o  t h a t  o f  t h e  d i o l ,  t h e  

d i o l - m o n o a c e t a t e  a n d  t h e  d i o l  d i a c e t a t e ,  a s  shown i n  

T a b le  A. The a c e t a t e  w as r e a d i l y  c o n v e r t e d  i n t o  (3- 

- a m y r a d i e n y l - I I  a c e t a t e  (V I)  by  t r e a t m e n t  w i t h  h y d r o ­

c h l o r i c  a c i d  i n  a c e t i c  a c i d ,  a n d  was t h e r e b y  shown t o  be 

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

b e tw e e n  2100  a n d  2250A shown by t h i s  com pound t o g e t h e r



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

i t s  d o u b le  b o n d s  w as b e tw e e n  C1 0  a n d  Ci e , t h a t  i s ,  a  

= C<^ t y p e  o f  e t h y l e n i c  l i n k a g e  ( 3 3 , 1 9 ) .  T h i s
r

a c e t a t e  w as a l s o  shown t o  be i d e n t i c a l  w i t h  one o f  t h e  

two com pounds o b t a i n e d  f ro m  t h e  c a t a l y t i c  h y d r o g e n a t i o n  

o f  p - a m y r a d i e n d i o n y l  a c e t a t e  ( I I )  (1 0 6 )  a n d  i n  v ie w  o f  

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

r e a c t i o n s  an d  c h a r a c t e r i s t i c s  d e s c r i b e d  a b o v e ,  i t  w as 

c o n c l u d e d  t o  be o l e a n a - 1 0 : 1 3 ( 1 8 i - d i e n y l  a c e t a t e  ( V ) .

The p o s i t i o n  o f  t h e  d o u b le  b o n d s  i n  t h e  l i t h i u m  

a lu m in iu m  h y d r i d e  p r o d u c t  o f  £ - a m y r a d i e n d i o n y l  a c e t a t e  

w as t h e r e f o r e  e s t a b l i s h e d  a s  - 1 0 : 1 1 -  a n d  - 1 3 ( 1 8 ) - ,  a n d  

i n  o r d e r  t o  d e c i d e  b e tw e e n  t h e  two s t r u c t u r e s  p o s s i b l e  

f o r  t h e  m o n o a c e t a t e  o f  t h i s  com pound, o l e a n a - 1 0 : 1 3 ( 1 8 ) -  

- d i e n - 2 : 1 9 - d i o l - 2 - a c e t a t e  ( I I I ,  R=H) a n d  o l e a n a - 1 0 : l 3 ( 1 8 )
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- d i e n - 2 *‘1 2 - d i o l - 2 - a c e t a t e  ( IV ,  R=H) a n  a t t e m p t  w as made 

t o  o x i d i s e  i t  t o  t h e  c o r r e s p o n d i n g  k e t o n e ,  ( V I I )  o r  

( V I I I )  , e i t h e r  o f  w h ic h  w o u ld  h a v e  b e e n  r e a d i l y  d i s ­

t i n g u i s h a b l e  f r o m  t h e  o t h e r .  The  k e t o n e  w as  n o t

o b t a i n e d ,  h o w e v e r ,  a n d  u s i n g  c h ro m ic  a c i d ,  e q u i v a l e n t  

t o  one a to m  o f  o x y g e n ,  a t  room  t e m p e r a t u r e ,  t h e  m ono- 

a c e t a t e  w as o x i d i s e d  t o  y i e l d  a  m i x t u r e  f ro m  w h ic h  

p - a m y r a d i e n d i o n y l  a c e t a t e  ( I I )  a n d  u n c h a n g e d  d i o l -  

- m o n o a c e t a t e  w ere  s e p a r a t e d .  U s in g  a n  e x c e s s  o f  o x i d ­

i s i n g  a g e n t ,  a g a i n  a t  room  t e m p e r a t u r e ,  {3-am yrad ien~  

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

t r e a t m e n t  o f  t h e  d i o l  d i a c e t a t e  ( I I I ,  R~Ac) o r  ( IV ,

R=Ac) w i t h  c h ro m ic  a n h y d r i d e  i n  a c e t i c  a c i d  a l s o  g a v e  

p - a m y r a d i e n d i o n y l  a c e t a t e .

T r e a tm e n t  o f  t h e  m o n o a c e t a t e  w i t h  m i n e r a l  a c i d  i n  

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

- 1 0 * 1 2 : 1 8 - t r i e n y l  a c e t a t e  O - a m y r a t r i e n y l  a c e t a t e ) ( I X )  

( 1 0 7 ) ,  t h e  r e a c t i o n  p r o b a b l y  i n v o l v i n g  a n  a n i o n a t r o p i c  

r e a r r a n g e m e n t  a n d  d e h y d r a t i o n .  The t r i e n e  was a l s o  

f o u n d  a s  a  b y - p r o d u c t  i n  t h e  ab o v e  l i t h i u m  a lu m in iu m
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h y d r i d e  r e d u c t i o n  o f  p - a m y r a d i e n d i o n y l  a c e t a t e  and  

c o n s i d e r i n g  t h e  e a s e  w i t h  w h ic h  i t  c a n  be c o n v e r t e d  

i n t o  p - a m y r a d i e n d i o n y l  a c e t a t e  ( 1 0 2 ) i t  seem s  l i k e l y  

t h a t  i t  w as a n  i n t e r m e d i a t e  i n  t h e  ab o v e  o x i d a t i o n s  o f  

t h e  m ono-  an d  d i a c e t a t e s  o f  t h e  l i t h i u m  a lu m in iu m  

h y d r i d e  r e d u c t i o n  p r o d u c t  o f  0 - a m y r a d i e n d i o n y l  a c e t a t e .  

An a t t e m p t  t o  o x i d i s e  t h e  d i o l - m o n o a c e t a t e  i n  a c e t o n e  

s o l u t i o n  w i t h  m an g a n e se  d i o x i d e  ( 1 0 8 ,1 0 9 ,1 1 0 )  a l s o  g a v e  

t h e  t r i e n e  i n  v e r y  h i g h  y i e l d .

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

f a i l e d  t o  p r o d u c e  com pounds w h ic h  w o u ld  h a v e  l e d  t o  a  

d e c i s i o n  b e tw e e n  s t r u c t u r e s  ( I I I )  a n d  (IV ) f o r  t h e  

l i t h i u m  a lu m in iu m  h y d r i d e  p r o d u c t  o f  $ - a m y r a d i e n d i o n y l  

a c e t a t e ,  a  d e c i s i o n  w as r e a c h e d  a s  a  r e s u l t  o f  t h e  w ork  

d e s c r i b e d  b e lo w .

The r e d u c t i o n  o f  P - a m y r a d i e n d i o n y l  a c e t a t e  ( I I )  

w i t h  z i n c  d u s t  a n d  a c e t i c  a c i d  (1 0 6 )  g a v e ,  among o t h e r  

p r o d u c t s ,  1 2 - k e t o - o l e a n a - 1 0 i 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  (IX ) 

w h ic h  was r e d u c e d  by l i t h i u m  a lu m in iu m  h y d r i d e  t o  

o l e a n a - 1 0 J 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  (V ) .  I n  t h i s  r e a c t i o n ,  

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

b e i n g  r e d u c e d  t o  a  m e th y le n e  g r o u p  w i t h  l i t h i u m
V

a lu m in iu m  h y d r i d e ,  a n d  t h e  a n a l o g y  w i t h  t h e  l i t h i u m  

a lu m in iu m  h y d r i d e  r e d u c t i o n  o f  £ - a m y r a d i e n d i o n y l  a c e t a t e
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i s  o b v io u s *  I t  seem s p r o b a b l e ,  t h e r e f o r e ,  t h a t  t h e  

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

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

o b t a i n e d  f ro m  {3- a m y r a d i e n d i o n y l  a c e t a t e  by  r e d u c t i o n  

w i t h  l i t h i u m  a lu m in iu m  h y d r i d e ,  f o l l o w e d  by  p a r t i a l  

a c e t . y l a t i o n  w as o l e a n a - 1 0 :1 3 ( 1 8 )  - d i e n - 2 : l 9 ~ d i o l - 2 -  

- a c e t a t e  ( I I I ,  R H ) . A d d i t i o n a l ,  th o u g h  l e s s  c o n v i n c ­

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

known r e l a t i v e  d i f f i c u l t y  o f  a c e t y l a t i o n  o f  C i 9 - h y d r o x y l  

g r o u p s  i n  th e  (3- a m y r in  g r o u p  ( s e e  b e lo w  an d  c f . 1 2 3 ) .

A t t e n t i o n  was n e x t  d i r e c t e d  t o  t h e  p r e p a r a t i o n  o f  

o l e a n a - 1 0 : 1 8 - d i e n y l  a c e t a t e .  B a r t o n ,  H o l n e s s ,  O v e r to n  

a n d  E o s e n f e l d e r  (1 1 1 )  o b s e r v e d  t h a t  m e t h y l - 1 2 : 1 9 - d i k e t o -  

- 1 0 :1 3 ( 1 8 )  - d i e n o l a t e  a c e t a t e  (X) i s  r e d u c e d  t o  m e t h y l - 

- 1 2 : 1 9 - d i k e t o - o l e a n - 1 0 - e n o l a t e  a c e t a t e  (X I) by z i n c

d u s t  an d  a c e t i c  a c i d .  U s in g  t h e i r  c o n d i t i o n s ,  MeKean 

(1 0 6 )  f o u n d  t h a t  t h e  r e d u c t i o n  o f  t h e  r e l a t e d  1 2 : 1 9 -  

- d l k e t o - o l e a n a - 1 0 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  ( p - a m y r a d i e n -  

d i o n y l  a c e t a t e )  ( I I )  w as  a  c o m p le x  r e a c t i o n  g i v i n g
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( a )  o l e a n a - 1 0 i 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  (Y) ( s e e  a l s o  a b o v e } ,

(b )  1 2 - k e t o - o l e a n a - 1 0 i 1 3 ( 1 8 ) - d i e n y l  a c e t a t e ' ( V I I I )  ( s e e  

a b o v e )  a n d  ( c i  a n  a c e t a t e ,  CggH^aO* w h ic h  w as a l s o  

o b t a i n e d  i n  e x c e l l e n t  y i e l d  by  t h e  r e d u c t i o n  o f  0 -  

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

T h i s  a c e t a t e  was p r o b a b l y  i d e n t i c a l  w i t h  a  C3 SH4 8 0 4  

a c e t a t e  o b t a i n e d  by R u z ic k a  an d  J e g e r  (1 0 3 )  by  t h e  

c a t a l y t i c  h y d r o g e n a t i o n  o f  0 - a m y r a d i e n d i o n y l  a c e t a t e  a n d  

f o r  w h ic h  t h e  s t r u c t u r e ,  1 2 i 1 9 - d i k e t o - o l e a n - 1 3 ( 1 8 ) - e n y l  

a c e t a t e  w as c o n s i d e r e d  a n d  r e j e c t e d .  I t  w as  a l s o  

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

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

g r o u p .  B a r t o n ,  H o l n e s s ,  O v e r to n  a n d  E o s e n f e l d e r  ( 1 1 2 ) ,  

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

1 2 J1 9 - d i k e t o - o l e  a n - 1 0 - e n y l  a c e t a t e  ( X I I ) ,  w h ic h  i s  

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

com pound t o  be f u r t h e r  a c e t y l a t e d  o r  o x i d i s e d  u n d e r  c o n ­

d i t i o n s  i n  w h ic h  a  s e c o n d a r y  h y d r o x y l  g r o u p  w o u ld  r e a c t .  

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

t h i s  compound w as e s t a b l i s h e d  by i t s  u l t r a v i o l e t
o

a b s o r p t i o n  s p e c t r u m ,  maximum a t  2 460  A ( £. = 1 2 , 6 0 0 ) ,  a n d  

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

e s t a b l i s h e d  by i t s  c o n v e r s i o n  i n t o  1 9 - k e t o - o l e a n - 1 0 - e n y l  

a c e t a t e  (XIV) by h y d r o g e n o l y s i s ,  a s  d e s c r i b e d  b e lo w .
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C o n s e q u e n t l y , t h e  f o r m a t i o n  o f  t h e  a c e t a t e ,  Ca^H^eO*

(12  s 19 - d i k e  t o  - o l e  a n  -1 0  - e n y l  a c e t a t e )  ( X I I )  f r o m  (3- 

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

- 1 3 ( 1 8 ) - e t h y l e n i e  l i n k a g e  w i t h  h y d r o g e n  a s  i n  t h e  

a n a l o g o u s  c a s e  o f  t h e  r e d u c t i o n  o f  m e t h y l - 1 2 : 1 9 - d i k e t o -  

- o l e a n a - 1 0 J l 3 ( 1 8 ) - d i e n o l a t e  a c e t a t e  ( X ) .

OH >

OH1 >

H y d r o g e n o l y s i s  o f  1 2 ! 1 9 - d i k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  

( X I I ) , u s i n g  p l a t i n u m  c a t a l y s t  i n  a c e t i c  a c i d  a t  room  

t e m p e r a t u r e ,  g av e  1 9 - k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  (X IV ) ,  

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

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

( 1 0 6 ) .  I t  gave  a  y e l l o w  c o l o u r  w i t h  t e t r a n i t r o m e t h a n e , 

i n d i c a t i v e  o f  a n  i s o l a t e d  d o u b le  b o n d ,  c o n f i r m e d  by  i t s  

l i g h t  a b s o r p t i o n  ( s e e  T a b le  B) w h ic h  a l s o  show ed t h e  

p r e s e n c e  o f  an  i s o l a t e d  c a r b o n y l  g r o u p .  O x i d a t i o n  o f
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1 9 - k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  (XIV) w i t h  s e l e n iu m  d i o x i d e  

g av e  t h e  p a r e n t  £ - a m y r a d i e n d i o n y l  a c e t a t e  i n  g o o d  y i e l d .

T r e a tm e n t  o f  1 2 » 1 9 - d i k e t o  —o l e a n —1 0 —e n y l  a c e t a t e  

( X I I )  w i t h  s t r o n g  e t h a n o l i c  c a u s t i c  p o t a s h  g a v e  t h e  

i s o m e r i c  1 2 : 1 9 - d i k e t o - 1 8 a - o l e a n - 1 0 - e n y l  a c e t a t e  ( X I I I )  

w h ic h  h a d  s i m i l a r  c h a r a c t e r i s t i c s  t o  t h o s e  o f  ( X I I ) .

The p r e s e n c e  o f  a n  i s o l a t e d  c a r b o n y l  g r o u p  i n  ( X I I I )  

w as  e s t a b l i s h e d  by i t s  h y d r o g e n o l y s i s  t o  1 9 - k e t o - 1 8 u -  

- o l e a n - 1 0 - e n y l  a c e t a t e  (X..V) , a  t r a n s i t i o n  w h ic h  w as 

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

h y d r o g e n o l y s i s  o f  ( X I I )  t o  ( X IV ) , due no  d o u b t  t o  t h e  

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

a b o u t  by t h e  e p i m e r i s a t i o n  a t  C1 8 . A s i m i l a r  e p i m e r -  

i s a t i o n  t o  t h e  one d e s c r i b e d  ab o v e  was a c h i e v e d  by t h e  

c o n v e r s i o n  o f  1 9 - k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  (XIV) t o  

t h e  i s o m e r  1 9 - k e t o - 1 8 a - c l e a n - 1 0 - e n y l  a c e t a t e  (X V ).

TABLE B.

Compound X  m ax . £ m ax.

i 1 2 ; 1 9 - d i k e t o - o l e a n -  
—1 0 - e n y l  a c e t a t e + 132°

O
2460A 1 2 ,4 0 0

12 * 19 —d ik e  t o  —1 8 a  —
- o l e a n - 1 0 - e n y l  a c e ta t e + 92°

o
2430A 1 1 ,7 0 0

1 9 -k e  t o - o l e  a n - 1 0 -  
- e n y l  a c e t a t e +117 ° 2060A j3020A 2 , 9 0 0 }45

1 9 - k e t o - l S a - o l e a n -  
- 1 0 - e n y l  a c e t a t e + 139° 2060A j2980A 3 , 3 0 0 J62
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The ab o v e  r e a c t i o n s  p ro v e  t h a t  1 9 - k e t o - o l e a n - 1 0 -  

- e n y l  a c e t a t e  (X I? )  a n d  i t s  a l k a l i  s t a b l e  i s o m e r  (X?) 

h a v e  t h e  same c o n f i g u r a t i o n  a t  Ci s , t h a t  t h e y  d i f f e r  

s o l e l y  i n  o r i e n t a t i o n  a t  C i 8  a n d  t h a t  a  s i m i l a r  

r e l a t i o n s h i p  e x i s t s  b e tw e e n  1 2 : 1 9 - d i k e t o - o l e a n - 1 0 - e n y l  

a c e t a t e  ( X I I )  a n d  i t s  a l k a l i  s t a b l e  i s o m e r  ( X I I I ) .

The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e s e  f o u r  com pounds 

a r e  c o m p ared  i n  T a b le  B.

S e d u c t i o n  o f  1 9 - k e t o - o l e a n - l O - e n y l  a c e t a t e  (XIV) 

w i t h  l i t h i u m  a lu m in iu m  h y d r i d e  y i e l d e d  o l e a n - 1 0 - e n -  

- 2 : 1 9 a - d i o l  w h ic h  was r e a d i l y  c o n v e r t e d  i n t o  i t s  m ono- 

a c e t a t e  (XVI) by p a r t i a l  a c e t y l a t i o n .  T h i s  i n d i c a t e d  

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

( t h e  a n a l o g o u s  1 9 £ - h y d r o x y l  g r o u p  d e s c r i b e d  by B e a to n  

e t  a l .  (1 0 6 )  was s i m i l a r l y  h i n d e r e d )  a n d  a n  a n a l o g y  

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

m o n o a c e t a t e  o f  t h e  l i t h i u m  a lu m in iu m  h y d r i d e  p r o d u c t  

o f  £ - a m y r a d i e n d i o n y l  a c e t a t e  c a n  be d ra w n .  O x i d a t i o n  

Of t h e  m o n o a c e t a t e  (XVI) w i t h  c h ro m ic  a n h y d r i d e  i n  

a c e t i c  a c i d  a t  room t e m p e r a t u r e ,  g a v e  t h e  p a r e n t  k e t o n e  

(X IV ) .  D e h y d r a t i o n  o f  t h e  m o n o a c e t a t e  (XVI) w i t h  

p h o s p h o r o u s  o x y c h l o r i d e  i n  p y r i d i n e  g av e  a  h i g h  y i e l d  

o f  t h e  r e q u i r e d  o l e a n a - 1 0 : 1 8 - d i e n y l  a c e t a t e  ( X V I I I ) , 

w h ic h  h a d  t h e  u l t r a v i o l e t  l i g h t  a b s o r p t i o n  shown i n
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T a b le  A, g a v e  a  y e l l o w  c o l o u r  w i t h  t e t r a n i t r o m e t h a n e  

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

i n  a c e t i c  a c i d  g av e  o l e a n a - 1 1 s l 3 ( 1 8 ) - d i e n y l  a c e t a t e  

O - a m y r a d i e n y l - I I  a c e t a t e )  ( V I ) .  R e d u c t i o n  o f  1 9 -  

- k e t o - 1 8 u - o l e a n - l Q - e n y l  a c e t a t e  (XV) w i t h  l i t h i u m  

a lu m in iu m  h y d r i d e  (1 0 6 )  g av e  1 8 a - o l e a n - 1 0 - @ n - 2 : 1 9 £ - d i o l  

w h ic h  w as r e a d i l y  c o n v e r t e d  i n t o  i t s  m o n o a c e t a t e  ( X V I I ) . 

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

c h l o r i d e  i n  p y r i d i n e  a g a i n  g av e  o l e a n a - 1 0 : l 8 - d i e n y l  

a c e t a t e  ( X V I I I ) .

The c o n v e r s i o n s  o f  1 9 - k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  

a n d  i t s  a l k a l i  s t a b l e  i s o m e r  i n t o  o l e a n a - 1 0 ; 1 8 - d i e n y l  

a c e t a t e  a g a i n  p r o v e  t h a t  t h e y  h a v e  t h e  same c o n f i g u r ­

a t i o n  a t  C1 8 . The c o n f i g u r a t i o n s  a s s i g n e d  t o  t h e  1 9 -  

- h y d r o x y l  g r o u p s  i n  o l e a n - 1 0 - e n - 2 : 1 9 - d i o l - 2 - a c e t a t e
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(XVI) a n d  i t s  1 8 a - i s o m e r  (X V II) f o l l o w  f ro m  th e  e a s e  

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

r e q u i r e s  a  t r a n s - a r r a n g e m e n t  o f  t h e  h y d r o g e n  a t t a c h e d  * 

t o  Ci 8  a n d  t h e  h y d r o x y l  a t t a c h e d  t o  Ci9  i n  e a c h  c a s e .

The c o n v e r s i o n  o f  1 9 - k e t o - 1 8 a - o l e a n - 1 0 - @ n y l  

a c e t a t e  i n t o  1 8 a - o l e a n a - 2 : l 9 p - d i o l  p r o v e s  t h a t  t h e  c o n ­

f i g u r a t i o n  a t  C13 i n  I S - k e t o - o l e a n - 1 0 - e n y l  a c e t a t e ,

1 2 : 1 9 - d i k e  t o - G le a n - 1 0 - e n y l  aceta te  and i t s  a l k a l i  s t a b l e  

i s o m e r  i s  t h e  same O )  a s  t h a t  i n  m o r o l i e  a c i d  (XIX)

( 8 3 ,8 4 )  an d  i t  f o l l o w s  t h a t  1 2 : 1 9 - d i k e t o - o l e a n - 1 0 - e n y l  

a c e t a t e  h a s  t h e  13( I ) :1 8 (  (3 ) - c o n f i g u r a t i o n  shown i n  ( X I I )  

a n d  t h a t  i t s  a l k a l i - s t a b l e  i s o m e r  h a s  t h e  1 3 0 ) ' . 1 8 ( a ) -  

- c o n f i g u r a t i o n  shown i n  ( X I I I ) . Thus t h e  z i n c  d u s t  

r e d u c t i o n  o f  f c - a r a y r a d ie n d io n y l  a c e t a t e  i n v o l v e s  c i s - 

- a d d i t i o n  o f  h y d r o g e n  t o  t h e  1 3 : 1 8  d o u b le  b o n d ,  a s  

a s su m e d  by  B a r t o n  e t  a l .  ( l o c . e i t . ) ,  f o r  t h e  r e d u c t i o n  

o f  t h e  a n a l o g o u s  m e th y l  1 2 ; 1 9 - d i k e t o - o l e a n a - 1 0 J l 3 ( 1 8 ) - 

- d i e n o l a t e  a c e t a t e  ( X ) . The f i r s t  c a s e  o f  s u c h  a  c i s - 

- a d d i t i o n  o f  h y d r o g e n  t o  an  e n e - 1 : 4 - d i o n e  w as r e p o r t e d  

by B a r t o n  e t  a l . ( l o c «o i t » ) who show ed t h a t  r e d u c t i o n  o f  

m e th y l  1 2 J l 9 - d i k e t o - o l e a n - 1 3 ( 1 8 ) - e n o l a t e  a c e t a t e  g a v e  

m e t h y l  1 2 : 1 9 - d i k e t o - o l e a n o l a t e  a c e t a t e  a n d  a  s i m i l a r  

c i s - a d d i t i o n  o f  h y d r o g e n  t o  a  s t e r o i d  e n e - 1 : 4 - d i o n e  h a s  

s u b s e q u e n t l y  b e e n  r e p o r t e d ,  by B u d z ia r e k  a n d  S p r in g  (1 1 3 )  .
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R e c e n t l y ,  t h e  e x p e r i m e n t s  o f  B a rn e s  a n d  B a r to n  (1 1 4 )  

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

o x i d a t i o n  o f  a n e - d i o n e s  o f  t h e  t y p e  ~CO~CH-CH-CO- t o
i i

t h e  e n e - d i o n e  -CO-C=C-CQ- r e q u i r e s  a  c i s - a r r a n g e m e n t  

o f  t h e  h y d r o g e n  a to m s  i n  t h e  f o r m e r .  I n  a g r e e m e n t  

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

r e l a t i o n s h i p s  d e d u c e d  a b o v e ,  1 2 : 1 9 - d i k e t o - o l e a n ~ 1 0 -  

- e n y l  a c e t a t e  ( X I I )  w as r e a d i l y  o x i d i s e d  t o  p - a m y r a -  

d i e n d i o n y l  a c e t a t e  ( I I )  w i t h  s e l e n i u m  d i o x i d e  w h i l e  t h e  

1 8 ( a )  i s o m e r  ( X I I I )  w as  r e c o v e r e d  u n c h a n g e d  a f t e r  t h e  

same t r e a t m e n t ;
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SECTXOH 2

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

e n o n y l  a c e t a t e  showed t h a t  t h e  p a r e n t  a p - u n s a t u r a t e d  

k e t o n e  i s  c o r r e c t l y  f o r m u l a t e d  a s  2 - a c e t o x y o l e a n - l O -  

- e n - 1 2 - o n e .  i s o -f t-A m y rin  d e r i v e d  f ro m  i s o - B - a m y r e n -  

o n y l  a c e t a t e  by c a t a l y t i c  o r  C lem m ensen r e d u c t i o n  w as 

shown t o  be 2 - a c e t o x y o l e a n - l O - e n e  an d  i t  w as c o n c l u d e d  

t h a t  t h e  l o c k i n g  o f  r i n g s  B/C i n  p - a m y r in  c o r r e s p o n d s  

t o  t h e  more s t a b l e  c o n f i g u r a t i o n .  The c h ro m ic  a c i d  

o x i d a t i o n  o f  0 - a m y r in  a c e t a t e  t o  p r o d u c e  a c e t o n e  (9 0 )  

w as r e p e a t e d  a n d  v e r i f i e d  a n d  t h e  ^ p r e p a r a t i o n  o f  1 1 -  

- k e t o - 1 8 a - o l e a n - 1 2 - e n y l  a c e t a t e  a n d  i t s  r e a c t i o n s  a r e  

r e p o r t e d .
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O x i d a t i o n  o f  (3 - a m y r in  a c e  ta t©  ( I )  w i t h  h y d ro  g e n  

p e r o x i d e  i n  a c e t i c  a c i d  ( 1 1 5 ,1 1 6 )  o r  b e t t e r ,  w i t h  

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

g i v e s  t h e  s a t u r a t e d  k e t o n e  (3- a m y ra n o n y l  a c e t a t e  ( 2 -  

- a e e t o x y o l e a n a n - 1 2 - o n e )  (XX). T r e a tm e n t  o f  t h e  s a t u r ­

a t e d  k e t o n e  w i t h  b ro m in e  g i v e s  b ro m o -p -a m y ra n o n y l  

a c e t a t e  w h ic h  r e a d i l y  l o o s e s  h y d r o g e n  b ro m id e  t o  g i v e  

i s o - f t - a m y re n o n y l  a c e t a t e  ( 1 1 6 ,1 1 7 )  f o r  w h ic h  t h e  a l t e r ­

n a t i v e  s t r u c t u r e ®  (XXI) a n d  (X X II)  h a v e  b e e n  c o n s i d e r e d  

( 5 , 1 1 8 ) .

A d e c i s i o n  i n  f a v o u r  o f  t h e  l a t t e r  h a s  b e e n  made s i n c e  

r e d u c t i o n  o f  i s o - a m y re n o n y l  a c e t a t e  w i t h  so d iu m  a n d  

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

a c e t i c  a n h y d r i d e ,  g i v e s  ( 3 - a m y r a d ie n y l - I  a c e t a t e  (X X II I )  

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

m e n t  o f  P -a m y re n o n y l  a c e t a t e  (XXIV) ( 8 7 , 1 1 9 ) .

C a t a l y t i c  h y d r o g e n a t i o n  (1 2 0 )  a n d  C lem m ensen 

r e d u c t i o n  o f  i s o - f t - a m y re n o n y l  a c e t a t e  (X X II) g a v e  a n  

i s o m e r  o f  P - a m y r in  a c e t a t e  w h ic h  c o n t a i n e d  a  ^C~"CH~ 

e t h y l e n i c  l i n k a g e  s i n c e  i t  w as  o x i d i s e d  by h y d r o g e n  

p e r o x i d e  t o  a  s a t u r a t e d  k e t o n e  (1 2 0 )  i s o m e r i c  w i t h  

p - a m y ra n o n y l  a c e t a t e  (X X ). The i s o m e r i c  p - a m y r in  

a c e t a t e  h a s  b e e n  f o r m u l a t e d  a s  2 - a c e t o x y o l e a n - 1 0 - e n e  

(XXV) ( 1 2 0 ) .  T h i s  s t r u c t u r e  d i d  n o t  a p p e a r  t o  be 

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

(X X II)  c o u l d  h a v e  p r o c e e d e d  by  t h e  r e d u c t i o n  o f  t h e  

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

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

t o  g i v e  a n  i s o m e r i c  p - a m y r in  a c e t a t e  (X X V II) ,  d i f f e r i n g  

o n l y  i n  t h e  c o n f i g u r a t i o n  o f  t h e  h y d r o g e n  a to m  a t  C10 

i n  p - a m y r in  a c e t a t e  (XXVI) ( o f .  t h e  c a t a l y t i c  h y d r o g e n ­

a t i o n  o f  0 - a m y ra n o n y l  a c e t a t e  t o  p - a m y r in  a c e t a t e  ( 1 0 3 ) .  

Gf t h e  a l t e r n a t i v e  s t r u c t u r e s  (XXV) a n d  (XXVII) f o r  t h e  

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



- 49 -

(ssy) (X̂ Vy) Q xv/tQ

by  W o l f f - K i s h n e r  r e d u c t i o n  o f  t h e  d e r i v e d  i s o m e r i c  

p - a m y ra n o n y l  a c e t a t e  t o  a  p r o d u c t  w h ic h ,  a f t e r  a c e t y l - 

a t i o n ,  g a v e  P -a m y ra n y l  a c e t a t e  (X X V II I ) ,  i d e n t i c a l  

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

|3 -a m y ra n o n y l  a c e t a t e  (XX) (1 0 3 )  . I h e  i s o m e r i c  p -  

- a m y ra n o n y l  a c e t a t e  i s  t h e r e f o r e  2 - a e e t o x y o l e a n a n - l l - o n e  

( X X IX ).

An i n t e r e s t i n g  p o i n t  c o n c e r n i n g  t h e  n a t u r e  o f  t h e  

l o c k i n g  o f  r i n g s  B/C i n  t h e  p - a m y r in  g r o u p  o f  t r i t e r -  

p e n e s  e m e rg e s  f ro m  t h e  s e r i e s  o f  c h a n g e s  d e s c r i b e d  

a b o v e .  The c o n v e r s i o n  o f  {3~amyrin a c e t a t e  i n t o  1 1 -  

- k e t o - P - a m y r a n y l  a c e t a t e  (XXIX) an d  t h e n c e  i n t o  p - a m y r -  

a n y l  a c e t a t e  (X X V III) by  W o l f f - K i s h n e r  r e d u c t i o n  p r o v e s
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t h a t  r i n g s  B/C  a r e  l o c k e d  i n  t h e  more s t a b l e  c o n f o rm ­

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

an d  i t s  s u b s e q u e n t  e l i m i n a t i o n  w o u ld  p e r m i t  a  c h a n g e  

f ro m  a  l e s s  t o  a  more s t a b l e  c o n f o r m a t i o n -  S in c e  no 

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

more s t a b l e  B/C l o c k i n g  e x i s t s  i n  £ - a m y r in  and  t h e r e f o r e  

i n  th e  o t h e r  m em bers o f  t h e  (3 -am yrin  g r o u p .  An a d d i t ­

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

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

t h e  h y d r o g e n  a to m  a t  Ci a  in. v a r i o u s  com pounds ( 8 7 ,8 8 , 8 9 )  

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

a t  Ci® w ere  a c c o m p a n ie d  by e p i m e r i s a t i o n  a t  Ci 0 . The 

ab ove  r e a c t i o n s  c o n f irm , t h a t  no i n v e r s i o n  h a s  o c c u r r e d  

a t  Cio •

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

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

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

p r o v e d  t o  be a n  e n o l - d i b e n z o a t e  (XXX, R-~Ba ) w h ic h  g av e  

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

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

w i t h  maxima a t  2300 A ( £ -  3 1 , 0 0 0 ) ,  a t t r i b u t a b l e  t o  t h e
o

two b e n z o y l  g r o u p s ,  a n d  2750  A ( £  = 1 1 ,0 0 0 )  due t o  t h e  

h o m o a n n u la r  d ie n e  s y s t e m .  T r e a tm e n t  o f  i s o -(3-a m y re n o n y l  

a c e t a t e  w i t h  a c e t i c  a n h y d r i d e  an d  so d iu m  a c e t a t e  g av e
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a n  e n o l  a c e t a t e  (XXX, R- Aq ) 9 w h ic h  g a v e  a  b row n c o l o u r  

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

maximum a t  278Q A ( fc = 8 ,5 0 0 )  a t t r i b u t a b l e  t o  t h e  hom o- 

a n n u l a r  d i e n e  s y s t e m .  The e n o l  a c e t a t e  w as  e x t r e m e l y

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

( a c t i v a t e d  a lu m in a )  a n d  t h u s  t h e  s t r u c t u r e  (X X II) f o r  

i s o - f i -aiE.yre.non.yl a c e t a t e  w as c o n f i r m e d .

The s t r u c t u r e  (XXX, R=Ae) f o r  t h e  e n o l  a c e t a t e  o f  

i s o - f t - a m y ra n o n y l  a c e t a t e  was f u r t h e r  s u p p o r t e d  by i t s  

o x i d a t i o n  w i t h  h y d r o g e n  p e r o x i d e  i n  a c e t i c  a c i d ,  t h e  

1 0 s l l - e t h y l e n i c  l i n k a g e  o f  (XXX, Ii=Acj b e i n g  o x i d i s e d ,  

t o  y i e l d  t h e  e n o l  a c e t a t e  o f  11 s l S - d i k e t o - p - a m y r a n y l  

a c e t a t e  (XXXI) w h ic h  was p r e v i o u s l y  o b t a i n e d  by E u z ic k a  

a n d  J e g e r  (103) by t h e  c h ro m ic  a c i d  o x i d a t i o n  o f  t h e  

e n o l  a c e t a t e  o f  p -a m y ra n o n y l  a c e t a t e  (XXXII)..

Two o t h e r  o x i d a t i o n  p r o d u c t s  w ere  o b t a i n e d  f ro m  

t h e  e n o l  a c e t a t e  (XXX, R = A c). O x i d a t i o n  w i t h  s e l e n iu m  

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

o
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(X X X V III) and  t r e a t m e n t  w i t h  N -b ro m o s u c c in im id e  gave  

P - a m y r a d i e n d i o n y l  a c e t a t e  ( I I ) .  The p r o d u c t i o n  o f  

i s o ~ f3 -am y rad ien o n y l  a c e t a t e  (XXXVIII) f ro m  t h e  e n o l  

a c e t a t e  c a n  be r e a d i l y  e x p l a i n e d  on t h e  a s s u m p t i o n  t h a t  

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

p a r e n t  a ( 3 - u n s a t u r a t e d  k e t o n e  (X X II) w h ic h  i s  known t o  

be o x i d i s e d  t o  i s o - J 3 - a m y r a d ie n o n y l  a c e t a t e  (118) w i t h  

s e l e n iu m  d i o x i d e  ( s e e  a l s o  s e c t i o n  3 o f  t h i s  t h e o r e t i c a l  

r e v i e w ) *

I n  v ie w  o f  t h e  f a c t  t h a t  t h e  e n o l  a c e t a t e  o f  i s o - 

- p - a m y r e n o n y l  a c e t a t e  y i e l d e d  (3- a m y r a d l o n d i o n y l  a c e t a t e  

on t r e a t m e n t  w i t h  N - b ro m o s u c c in im id e , th e  p a r e n t  a p -  

- u n s a t u r a t e d  k e to n e  was t r e a t e d  w i t h  t h e  same r e a g e n t *  

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

O x i d a t i o n  o f  o l e  a n - 1 0 - e n y l  a c e t a t e  ( i  so  ~ p -a rn y r ln  a c e t a t e )  

(XXV) w i t h  s e le n iu m  d i o x i d e ,  h o w e v e r ,  y i e l d e d  p - a m y r a -  

d i e n d i o n y l  a c e t a t e ,  a n a l o g o u s l y  t o  p--aray2»in a c e t a t e .  

A t t e m p t s  t o  b r o m in a t e  t h e  e n o l  a c e t a t e s  o f  (XXX, B-Ae) 

a n d  (XXXII) f a i l e d ,  a n d  s t a r t i n g  m a t e r i a l  w as r e c o v e r e d  

n@ a r l y  q u a n t i  t a t i v e l y .

(x><2uy)
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The g e n e r a l l y  a c c e p t e d  s t r u c t u r e  a s c r i b e d  t o  th e  

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

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

v e r y  l a r g e  am ount o f  e v i d e n c e  w h ic h  h a s  b e e n  a m a sse d  

d u r i n g  t h e  l a s t  t w e n ty  y e a r s *  The s t r u c t u r e  a s s i g n e d  

t o  t h e  a - su u y r in  u r s o l i c  a c i d  g r o u p  i a  i l l u s t r a t e d  by 

t h a t  o f  a - a m y r i n  a c e t a t e  (XXXV) . I n  1949 i t  was 

r e p o r t e d  t h a t  th e  c h ro m ic  a c i d  o x i d a t i o n  o f  h i g h l y  

p u r i f i e d  j5~amyrin a c e t a t e  g i v e s  a n  a p p r e c i a b l e  y i e l d  

{&%) o f  a c e t o n e  w h e r e a s  s i m i l a r  o x i d a t i o n  o f  u - a m y r i n  

a c e t a t e  d o e s  n o t  g i v e  a c e t o n e  (SO).- I f  ( I )  i s  t h e  

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

p r o b a b l y  o r i g i n a t e s  i n  t h e  g e m in a l  d im e th y l  grouip i n  

r i n g  E * The n a t u r a l  i n f e r e n c e  i s ,  h o w e v e r ,  t h a t  

$ ~ a m y r in  a c e t a t e  c o n t a i n s  an  i s o  pr o p y l  g ro u p  a s  i n  

l u p e n y l  a c e t a t e  (XXXIV)* The c h ro m ic  a c i d  o x i d a t i o n  

o f  fi3~anyriii a c e t a t e  was r e p e a t e d ,  and. v e r i f i e d ,  an d  i n  

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

h a v e  t h e  same c a r b o n  s k e l e t o n ,  th e  p r e p a r a t i o n  o f  

i s o m e r i c  s a t a i* a te d  a l c o h o l s  o f  t h e  ^ - su n y r in  g r o u p  was 

u n d e r t a k e n ,  i n  o r d e r  t o  com pare  them  w i t h  l u p a n o l  ( 8 9 ,  

90 )*  I n  th e  c o u r s e  o f  t h i s  w o rk ,  l l - k e t o ~ 1 8 <x -o le a n - -  

- 1 2 - e n y l  a c e t a t e  (XXXVII) was p r e p a r e d  by th e  s t a g e s  

i l l u s t r a t e d  b e lo w ,  i n  w h ic h  p - a m y r in  b e n z o a te  ( I ,  R-COPh)
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OH

w as o x i d i s e d  t o  £ -am yr& nonyl b e n z o a t e  (XXXVI) , t r e a t ­

m e n t o f  w h ic h  w i t h  s t r o n g  a l k a l i  f o l l o w e d  by a c e t y l -  

a t i o n  y i e l d e d  11 - k e t o - 1 8 c - - o l e a n - 1 2 - e n y l  a e e t a t e  

(XXXVII) • An a t t e m p t  t o  b r o m in a te  t h i s  com pound, a n d  

a n  a t t e m p t  t o  fo rm  i t s  e n o l  a c e t a t e  w i t h  a c e t i c  

a n h y d r i d e  and  so d iu m  a c e t a t e  g ave  u n c h a n g e d  s t a r t i n g  

m a t e r i a l .

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

(XXIV) w i t h  so d iu m  an d  a l c o h o l ,  f o l l o w e d  by a o e t y l a t i o n ,  

y i e l d s  £ - a m y r a d i e n y l - I  a c e t a t e  (X X III )  ( 8 7 , 1 1 9 ) .  I t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r e d u c t i o n  o f  1 1 - k e t o - 1 8 a - 

- o l e a n - 1 2 - e n y l  a c e t a t e  u n d e r  e x a c t l y  t h e  same c o n d i t i o n s ,  

r e p e a t e d l y  y i e l d e d  a  m ix ed  c r y s t a l ,  w h ic h  d e f i e d  a l l  

a t t e m p t s  a t  s e p a r a t i o n ,  b u t  w h ic h  by v i r t u e  o f  t h e  r e d -  

-b row n  c o l o u r  i t  g ave  w i t h  t e t r a n i t r o m e t h a n e  i n  c h l o r o ­

fo rm  and  a l s o  i t s  u l t r a v i o l e t  l i g h t  a b s o r p t i o n :  Maxima
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a t  2420 { I  =* 1 9 ,0 0 0 )  , 2510 ( £ = 2 2 ,0 0 0 )  a n d  2600 A 

( i  ~ 1 5 , 1 0 0 ) ,  i s  t h o u g h t  t o  h av e  c o n s i s t e d  m a in ly  o f  

£ -& m y ra d ie m y l~ I I  a c e t a t e .  1'he m in o r  c o n s t i t u e n t  o f  

t h e  m ix ed  c r y s t a l  w as  p r o b a b l y  t h e  1 8 ( a ) ~ i s o m e r  o f  

p ~am„y r a d  i  e n y l  - I  a c e t a t e «
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SECTION 5 .

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

a lu m in iu m  h y d r i d e  t o  a  d i o l  w h ic h  was r e a r r a n g e d  t o  a  

new t r i e n e  ( p - e u n y r a t r i e n y l - I I  a c e t a t e ) , a  s t r u c t u r e  f o r  

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

p - a m y r in  a c e t a t e ,  named n e o - p - a m y r in  a c e t a t e  i s  d e s c r i b e d  

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

p r e p a r a t i o n  and  r e a c t i o n s  o f  two new u n e a n j u g a t e d  d i e n y l  

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

and  t h e  c o n v e r s i o n  o f  t h e s e  d e r i v a t i v e s  t o  known p - a m y r in  

d e r i v a t i v e s  i s  r e p o r t e d .

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

v a r i o u s  o x i d i s i n g  a g e n t s  p r o d u c e d  a n  o x i d e ,  t h e  r e a c t i o n s  

o f  w h ic h  and  o t h e r  o x i d a t i o n s  o f  i n o - p - a m y r a d i e n o n y l  

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

ch ro m o p h o re  o f  0 - a m y r a d i e n d i o n y l  a c e t a t e  ( I I )  and  

a c c o r d i n g l y ,  G re e n ,  Mower, P i c a r d  a n d  s p r i n g  (118 )  

a t t e m p t e d  t o  c o r r e l a t e  t h e s e  two com pounds by o x i d a t i o n  

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

t h a t  ( 3 -a m y ra d ie n d io n y l  a c e t a t e  w ou ld  r e s u l t .  I n s t e a d ,  

t h e  r e a c t i o n  g av e  i s o - f t - a m y r a d ie n o n y l  a c e t a t e  w h ic h  show s
O G

a b s o r p t i o n  maxima a t  2090 A (£  = 3 ,0 0 0 )  a n d  2450 A ( £ = 

1 0 , 0 0 0 ) ,  a n d  u n l i k e  i s o - 0 -a m y re n o n y l  a c e t a t e  g i v e s  a  

y e l l o w  c o l o u r  w i t h  t e t r a n i t r o m e  th a n e  . i s o  -(3 -A m y ra d ie n -

o n y l  a c e t a t e  was a l s o  o b t a i n e d  by t h e  a c t i o n  o f  b ro m in e  

on i s o - 0 -a m y re n o n y l  a c e t a t e  by th e  same w o r k e r s  a n d  by 

J e g e r  a n d  R u z ic k a  (9 8 )$  i s o - f t - a m y ra d ie n o n y l  a c e t a t e  c a n  

a l s o  be o b t a i n e d  d i r e c t l y  f ro m  0 -a m y ra n o n y l  a c e t a t e  by 

b r o m i n a t i o n  ( 9 2 ) .  G re e n ,  Mower, P i c a r d  an d  S p r in g  ( l o c . 

c i t . )  s u g g e s t e d  th e  s t r u c t u r e  ( V I I I )  f o r  i s p ~ |3 - a m y r a d i e n ­

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

compound ( 1 0 6 ) ,  w h ic h  h a s  shown i t  t o  be d i f f e r e n t  f ro m  

i s o - 0 - a m y r a d ie n o n y l  a c e t a t e ,  t h e i r  s u g g e s t i o n  m u s t  be 

r e j e c t e d .
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I n  1945 J e g e r  an d  H u z ic k a  p r o p o s e d  s t r u c t u r e  

( XXXVIIIj i n  w h ic h  i t  i s  r e p r e s e n t e d  a s  fo rm e d  f ro m  

i s o - 0 -a m y re n o n y l  a c e t a t e  by t h e  m i g r a t i o n  o f  a n  a n g u l a r  

m e th y l  g r o u p  f ro m  C^X4l  ̂ t o  £ ( 1 0 ) w i t h  s i m u l t a n e o u s  

i n t r o d u c t i o n  o f  a  1 4 : 1 5 - d o u b le  b o n d .  More r e c e n t l y  

M e i s e l s ,  J e g e r  and  E u z ic k a  (120 )  h av e  o x i d i s e d  i 30.- 0 -  

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

a t e d  a s  (XXXIX) t h e  m e th y l  e s t e r  o f  w h ic h  on p y r o l y s i s  

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

- d i k e t o n e  (X L ) . The h y d r o x y  d i k e t o n e  was c h a r a c t e r i s e d  

by m e t h y l a t i o n  a n d  a c e t y l a t i o n  w h ic h  g a v e  two i s o m e r i c  

com pounds f o r m u l a t e d  a s  (X I I )  an d  (X L II ;  an d  i d e n t i c a l  

w i t h  two com pounds o b t a i n e d  b y ,  i n  a l l  e s s e n t i a l  

f e a t u r e s ,  t h e  same r o u t e  s t a r t i n g  f ro m  a - a i p y r i n .  These  

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

t h e  a n g u l a r  m e th y l  g ro u p  d u r i n g  c o n v e r s i o n  o f  i s o - 0 -  

-a io y re n o n y l  a c e t a t e  i n t o  i s o - 6 - a m y r a d ie n o n y l  a c e t a t e ,  

a n d  t h e  w ork  d e s c r i b e d  b e low  was i n i t i a t e d  w i t h  a  v iew  

t o  p r o v in g  w h e th e r  t h e  m e th y l  g r o u p  m i g r a t i o n  h a d  t a k e n  

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

r e a c t i o n s  o f  th e  com pound.

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

a g e n t s  on i s o - 0 - a m y r a d ie n o n y l  a c e t a t e  i t  was r e d u c e d  by 

l i t h i u m  a lu m in iu m  h y d r i d e  i n  e t h e r  t o  a  d i o l ,  c h a r a c t e r i s e d
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(XX><vS) I S )

o oMt

l*U) (X uu )

by t h e  f o r m a t i o n  o f  i t s  d i a c e t a t e  w h ic h  g a v e  a  y e l l o w  

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

e x h i b i t e d  s t r o n g  l i g h t  a b s o r p t i o n  b e tw e e n  2 1 0 0 -2 2 5 0  A 

i n d i c a t i v e  o f  u n c o n j u g a t e d  d o u b le  b o n d s .  t r e a t m e n t  

o f  i s o - P - a m y r a d i e n o n y l  a c e t a t e  w i t h  so d iu m  m e th o x id e  i n  

a n  a u t o c l a v e  a t  2 0 0 ° ,  f o l l o w e d  by a c e t y l a t i o n  y i e l d e d  

th e  same d i a c e t a t e  i n  good  y i e l d .  To i n t e r p r e t  t h e s e  

two r e d u c t i o n s  i t  i s  r e a s o n a b l e  t o  s u p p o s e ,  on t h e  b a s i s  

o f  s t r u c t u r e  ■(XLGCVIII) f  o r  i s o  -(b - a m y r a d ie n o n y l  a c e t a t e ,  

t h a t  th e  Ci e  c a r b o n y l  g r o u p  was r e d u c e d  t o  a  s e c o n d a r y  

h y d r o x y l  g ro u p  w i t h  t h e  d o u b le  b o n d s  r e m a i n in g  a t  

p o s i t i o n s  1 0 -1 1  an d  14 . '15 . The d i a c e t a t e  may t h e r e f o r e  

be r e p r e s e n t e d  a s  ( X L I I I ,  B=Ac) w i t h  an  a c e t o x y l  g r o u p  

a t  CB . T r e a tm e n t  o f  t h e  d i a c e t a t e  w i t h  h y d r o c h l o r i c

o
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(TOTi) CVD

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

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

a c e t a t e ,  d i f f e r i n g  f ro m  p - a a y r a t r i e n y l  a c e t a t e  (IX )
o

w h ic h  h a s  a  l i g h t  a b s o r p t i o n  maximum a t  3100 A ( £, =

1 4 .5 0 0 )  an d  w h ic h  w as t h e  o n ly  known c o n j u g a t e d  t r i e n e  

i n  t h e  p - a m y r in  g r o u p .  The new t r i e n e ,  p - a m y r a t r i e n y l -  

- I I  a c e t a t e ,  h ad  l i g h t  a b s o r p t i o n  maxima a t  2280  ( £  =

1 8 . 5 0 0 ) ,  2820 { t  = 1 6 ,0 0 0 )  and  2940 A ( £ =  1 2 ,5 0 0 )  w h ic h  

s u g g e s t e d  t h a t  t h e  t r i e n e  ch ro m o p h o re  was c r o s s - c o n j u g ­

a t e d  r a t h e r  t h a n  c o n t i n u o u s l y  c o n j u g a t e d  a s  i n  ( I X ) .  

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

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

S c h r e i b e r ,  A g n e l lo ,  L i g h t f o o t  and  B ru rm in g s  ( 1 2 1 ) ,  an d  

i n  v iew  o f  t h i s  a n a lo g y  an d  a l s o  th e  r e a c t i o n s  d e s c r i b e d  

b e lo w ,  s t r u c t u r e  (IXV) i s  p r o p o s e d  f o r  £ - a m y r a t r i e n y l - I I  

a c e t a t e .  A p l a u s i b l e  m ech an ism  f o r  th e  f o r m a t i o n  o f  

t h i s  compound c a n  be fo u n d  i f  i t  i s  assu m ed  t h a t  t h e  

r e a r r a n g e m e n t  o f  th e  d i a c e t a t e  ( Z L I I I , 11-A c ) p r o c e e d s
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(* 5 5 )
(xuy)

v i a  th e  e a rb o n iu m  i o n  (XLIV ) s t a b i l i s a t i o n  o f  w h ic h  i s  

b r o u g h t  a b o u t  by th e  m i g r a t i o n  o f  t h e  m e th y l  g r o u p  f ro m  

Gxa t o  Cl s  a n d  t h e  s u b s e q u e n t  i n t r o d u c t i o n  o f  a  d o u b le  

bond a t  1 3 ;1 8  w i t h  th e  c o n j u g a t i o n  o f  t h e  1 0 i l l  b o n d .  

H y d r o g e n a t io n  o f  p-amy r a t r i e n y l '5  a c e t a t e  , w i t h  p l a t i n u m  

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

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

t o  y i e l d  a  C{5SHea 0 s a c e t a t e .  H ep- p - a m y r i n  a c e t a t e  ( a s  

t h i s  compound i s  now c a l l e d  a f t e r  b e i n g  r e p o r t e d  a s  

i s o - p - a m y r a d i e n y l  a c e t a t e  by B u d z ia r e k  e_t a l .  (92 )  g a v e  

a n  o r a n g e - r e d  c o l o u r  w i t h  t e t r a n i t r o m e t h a n e  and  h a d  a  

l i g h t  a b s o r p t i o n  w h ic h  i s  shown i n  f a b l e  C t o g e t h e r  w i t h  

t h o s e  o f  p - a m y r in  a c e t a t e ,  i s o - p - a m y r i n  a c e t a t e  a n d  <S- 

- a m y r in  a c e t a t e  ( o l e  a n a -1 3  (18 )  - e n y l  a c e t a t e )  (I.VI) . The 

c o m p a r i s o n  o f  l i g h t  a b s o r p t i o n s  i n  T a b le  C e s t a b l i s h e d  

d e f i n i t e l y  t h a t  t h e  ty p e  o f  d o u b le  bond p r e s e n t  i n  n e o - 

- P - a m y r in  i s  th e  ty p e  ^C ~ C ^  p r e s e n t  i n  S - a m y r i n  

a c e t a t e  r a t h e r  t h a n  t h e  ^C-CH- ty p e  p r e s e n t  i n  p - a m y r in
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TABLE C

Compouad j X m a x . j l m a x . £ s io o £ £ ISO £gSJ0 0 j £ SS86G

p - a m y r in  a c e t a t e  «2080A 13,200 3 ,0 0 0 1 ,5 6 0
p

520  I 190
I} O' |

i s o - p - a m y r i n  a c e t a t e  I207GA |3 ,1 0 0  J2,20Q 850 260 185
I ° 16 - a m y r in  a c e t a t e  |2 1 1 0 A j5 ,9 0 0 - 5 ,1 0 0 3 ,5 0 0  (1 ,8 0 0

'H

ITeo- p - a m y r in  a c e t a t e  ;2110A |6 ,0 0 0 4 ,4 5 0  j3 , 1 0 0 ; 1 , 8 0 0  <

a c e t a t e  o r  i s o - p - a m y r ln  a c e t a t e .  On th e  b a s i s  o f  

s t r u c t u r e  (XLYj f o r  p - a m y r a t r i e n y l - I I  a c e t a t e ,  t h e r e f o r e ,  

t h r e e  p o s s i b l e  s t r u c t u r e s  (X L Y I) , (XLVII) a n d  (X L V III)  

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



o f  n e o - p - a m y r i n  a c e t a t e  w i t h  c h ro m ic  a n h y d r i d e  o r  p o t ­

a s s iu m  p e rm a n g a n a te  y i e l d e d  a  Ca s H6 s Oo o x id e  ( i n c i d e n t a l l y  

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

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

t e t r a n i t r o m e t h a n e , s e e  ab o v e ]  w h ic h  g av e  no c o l o u r  w i t h  

t e t r a n i t r o m e t h a n e  i n  c h l o r o f o r m  an d  showed no s e l e c t i v e  

l i g h t  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 .  The o x i d e ,  w h ic h  

on th e  b a s i s  o f  t h e  abo v e  p o s s i b l e  s t r u c t u r e s  f o r  n e o - 

- P - a m y r in  a c e t a t e  may be r e p r e s e n t e d  by (X L IX ), (L) o r  

( L I ) ,  r e a r r a n g e d  w i t h  h y d r o c h l o r i c  a c i d  t o  a  h e t e r o -  

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

maximum a t  2580 A { t ~  2 1 , 0 0 0 ) .  Of t h e  f o u r  p o s s i b i l i t i e s  

f o r  t h i s  h e t e r o - a n n u l a r  d i e n e ,  ( I I I ) , ( 1 I I I )  , (LIVj a n d  

(L V ) , t h e  s t r u c t u r e  ( L I I )  c a n  be i m m e d ia t e ly  e x c l u d e d  

b e c a u s e  o f  th e  i n c o n s i s t e n c y  o f  th e  i n t e n s i t y  o f  t h e  

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

o f  known c i s o i d - h e t e r o - a n n u l a r  d i e n e s  ( c f .  B a r t o n  and  

B ro o k s  ( 8 4 ) ) .  T r e a tm e n t  o f  n e o - p - a m y r i n  a c e t a t e  w i t h  

b ro m in e  an d  s e le n iu m  d i o x i d e  show ed t h e  compound t o  be 

e x t r e m e l y  r e a c t i v e  and  o n ly  by t r e a t m e n t  w i t h  N -b ro m o - 

s u c e i n im i d e  c o u l d  any o t h e r  d e r i v a t i v e  o f  n e o - p - a m y r in  

a c e t a t e  be o b t a i n e d .  T h i s  r e a c t i o n  gave  an  am orp h o u s  

m a t e r i a l  w h ic h  c o u l d  n o t  be p u r i f i e d ,  b u t  w h ic h  show ed 

l i g h t  a b s o r p t i o n  maxima a t  2520 ( t  = 1 3 ,0 0 0 )  , 2600
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( £ = 1 2 ,5 0 0 )  and  3570A ( E. = 1 0 ,0 0 0 )  an d  g av e  a  d a rk - 'b ro w n  

c o l o u r  w i t h  t e t r a n i t r o m e t h a n e  i n  c h l o r o f o r m .

I n  s p i t e  o f  t h e  f a c t  t h a t  no c h e m ic a l  e v i d e n c e  

w h ic h  w o u ld  e n a b l e  a  d e c i s i o n  t o  be made b e tw e e n  t h e  

above  t h r e e  s t r u c t u r e s  i s  a v a i l a b l e ,  a  t e n t a t i v e  d e c i s i o n  

i n  f a v o u r  o f  s t r u c t u r e  (XLVI) f o r  n e o - p -a m y r in  a c e t a t e ,  

an d  t h e r e f o r e  (XLIX) f o r  i t s  o x id e  a n d  ( L I I I )  f o r  th e  

h e t e r o - a n n u l a r  d i e n e ,  h a s  b e e n  made f o r  th e  f o l l o w i n g  

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

a c e t a t e  (V I) g i v e s  - a m y r in  a c e t a t e  (LVI) by t h e

r e d u c t i o n  o f  t h e  1 1 s 1 2 -d o u b le  b o n d ,  t h e  b r i d g e h e a d  1 3 ;1 8  

d o u b le  bond  b e i n g  i n e r t  t o  h y d r o g e n a t i o n  ( 1 0 5 ) .  The

Li.) Lt*])

) V

1 3 :1 8  d o u b le  bond i n  1 2 - k e t o - o l e a n a - 1 0 s 1 3 ( 1 8 ) - d i e n y l  

a c e t a t e  ( V I I I )  i s  a l s o  n o t  h y d r o g e n a t e d  i n  t h e  c o n v e r s i o n
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o f  ( V I I I )  t o  (V I I )  ( 1 0 6 ) ,  I t  i s  r e a s o n a b l e  t o  a s su m e ,  

t h e r e f o r e ,  t h a t  i n  t h e  c a t a l y t i c  h y d r o g e n a t i o n  o f  

f t - a m y r & t r i e n y l - I I  a c e t a t e  (XLV) t h e  1 3 *18  ( 6 - a m y r in )  

d o u b le  bond  r e m a in s  i n e r t  w h i l e  t h e  1 1 :1 2  a n d  14*15 

d o u b le  b o n d s  ax*e s a t u r a t e d .

n e o -ft-Am yyin a c e t a t e  was a l s o  fo u n d  to  be th e  

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

( X I I I I ,  fi=Ac) ,  i s o - f t - a m y ra d ie n o n y l  a c e t a t e  (X X X V III),  

i s o - f t - a m y r a d i e n d i o n y l  a c e t a t e  ( I V I I )  f ro m  t h e  s e l e n iu m  

d i o x i d e  o x i d a t i o n  o f  i s o - f t - a m y r a d i e n o n y l  a c e t a t e  ( 9 9 ) ,  

an d  a l s o  by h y d r o g e n a t i o n  o f  th e  o x id e  o f  .iso-jft - a m y ra ­

d i e n o n y l  a c e t a t e  (I»V III) ( s e e  b e lo w ) .

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

w i t h  p l a t i n u m  c a t a l y s t  f a i l e d ,  and  w i t h  p la t in u m ,  i n  

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

n o t  p r o c e e d  a t  a l l .  W ith  t h e  a d d i t i o n  o f  a  t r a c e  o f  

h y d r o c h l o r i c  a c i d  t o  th e  a c e t i c  a c i d  s o l u t i o n s ,  h o w e v e r ,  

t h e  r e a c t i o n s  w ere c a t a l y s e d  an d  t h e  h y d r o g e n a t i o n s  

p r o c e e d e d  v e r y  r a p i d l y  t o  g i v e  n e o - f t - a m y r in  a c e t a t e  i n
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good  y i e l d .  The i n f e r e n c e  drawn f ro m  t h i s  phenom enon 

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

m o l e c u l a r  r e a r r a n g e m e n t  t a k e s  p l a c e ,  x ^ o ss ib ly  due t o  a  

tx*aee o f  h y d r o g e n  i o n  i n  th e  s o l u t i o n ,  t o  g i v e  a  common 

i n t e r m e d i a t e  w h ic h  i s  t h e n  h y d r o g e n a t e d  t o  n e o - p - a m y r i n  

a c e t a t e .  From a  c o n s i d e r a t i o n  o f  th e  mode o f  f o r m a t i o n  

o f  P - a m y r a t r i e n y l - I I  a c e t a t e  (XLVJ, and  th e  e x t r e m e  e a s e  

w i t h  w h ic h  i t  i s  h y d r o g e n a t e d  t o  n e o - p -a m y r in  a c e t a t e ,  

i t  seem s p r o b a b l e  t h a t  i t  i s  t h e  i n t e r m e d i a t e  compound 

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

A t t e n t i o n  was n e x t  t u r n e d  t o  t h e  r e d u c t i o n  o f  i s o  - 

- p - a m y r a d ie n o n y l  a c e t a t e  (XXXVIII) by t h e  m e th o d  o f  

W o lff  an d  K i s h n e r .  R e d u c t io n  w i t h  so d iu m  m e th o x id e  an d  

h y d r a z i n e  i n  an  a u t o c l a v e  a t  2 0 0 °  f o l l o w e d  by a c e t y l a t i o n  

gave  a  m i x t u r e  o f  two i s o m e r i c  CagHeoO* a c e t a t e s ,  w h ic h  

w ere  s e p a r a t e d  by f r a c t i o n a l  c r y s t a l l i s a t i o n ,  and  e a c h  

o f  w h ic h  g av e  a  y e l lo w  c o l o u r  w i t h  t e t r a n i t r o m e t h a n e .

The p h y s i c a l  c o n s t a n t s  o f  t h e s e  two a c e t a t e s  a r e  co m p ared  

i n  T a b le  1 .

TABLE D

P  Compound jm .p .  | £ a ]p jX m ax . I^m axj £gi 6okaj2oo \i e s e o i f i e l d ^

j CssHeoOa a c e t a t e ! 2 3 1 °  - 9 °  ; 2 1 2 0 A j4 9 7 0 14 1 8 0 :1 7 0 0  320 b0%

\ C*oH©oOo a c e t a t e | 2 0 3 ° ; - 9 5 °j 2100A 5 9 0 0 j3700 1 4 6 0 ;4 3 0  i 25% iL . _  . . . . . . .  i ....... i- » i i i i - « J
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The a c e t a t e ,  m .p .2 3 1 ° ,  w h ic h  was o b t a i n e d  i n  a b o u t  50% 

y i e l d  was c h a r a c t e r i s e d  by h y d r o l y s i s  t o  t h e  c o r r e s ­

p o n d in g  a l c o h o l  w h ic h  g a v e  t h e  p a r e n t  a c e t a t e  on 

r e a c e t y l a t i o n .  On t r e a t m e n t  w i t h  h y d r o c h l o r i c  a c i d  i n

a c e t i c  a c i d ,  t h e  a c e t a t e ,  m . p . 2 3 l ° ,  w as c o n v e r t e d  i n t o  

(3- a m y r a d i e n y l - I  a c e t a t e  ( X X III j  i n  good  y i e l d .  S i m i l a r  

t r e a t m e n t  o f  t h e  a c e t a t e ,  m .p .2 G 3 ° ,  c o n v e r t e d  i t  i n t o  

P - a m y r a d i e n y l - I I  a c e t a t e  (V) a l s o  i n  g o o d  y i e l d .  I n  

c o n s e q u e n c e  o f  t h e s e  two t r a n s i t i o n s  i n t o  w e l l  known and  

d e f i n e d  d i e n y l  a c e t a t e s  (X X III )  an d  ( V ) , w h ic h  u n d o u b t ­

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

i n  c o n s i d e r a t i o n  o f  t h e  mode o f  f o r m a t i o n  o f  t h e  two 

a c e t a t e s ,  m . p . 2 3 l °  a n d  m .p .2 0 3 ° ,  th e  s t r u c t u r e s  (LIX) 

an d  (IX ) a r e  r e s p e c t i v e l y  p r o p o s e d  f o r  th e m .  The

g 9

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

t i o n  s p e c t r a  and  th e  c o l o u r  r e a c t i o n  w i t h  t e t r a n i t r o -  

m e th a n e  e s t a b l i s h e d  t h a t  t h e s e  a c e t a t e s  w ere  b o th  

u n c o n j u g a t e d  d i e n e s  an d  i t  s h o u ld  be n o t e d  t h a t  t h e y  w ere

lb*)
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b o t h  d i f f e r e n t  f ro m  o l e a n a - 1 0 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  (V) 

a n d  o l e a n a - 1 0 : 1 8 ~ d i e n y l  a c e t a t e  ( X V I I I ) .  F u r th e r m o r e  

t h e  r e a d y  c o n v e r s i o n  o f  t h e  a c e t a t e ,  m .p . 2 3 1 ° ,  i n t o  

o l e a n a - 1 0 J 1 2 - a i e n y l  a c e t a t e  ( p - a m y r a d i e n y l - I  a c e t a t e )  

(X X III )  showed t h a t  i t  w as n o t  t h e  unknown o l e a n a - 1 1 : 1 8 -  

- d i e n y l  a c e t a t e  s i n c e  i n  a n a lo g y  w i t h  o l e a n a - 1 0 : 1 8 - d i e n y l  

a c e t a t e ,  o l e a n a - 1 1 : 1 8 - d i e n y l  a c e t a t e  w ould  be e x p e c t e d  

t o  y i e l d  th e  s t a b l e  o l e a n - 1 1 * 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  on 

t r e a t m e n t  w i t h  m i n e r a l  a c i d .  Thus a s  t h e  a c e t a t e ,  

m .p .2 3 1 °  i s  n o t  one o f  th e  t h r e e  p o s s i b l e  n o n - c o n j u g a t e d  

d i e n e s  i n  th e  o l e a n a n e  s e r i e s  i n  w h ic h  t h e  d o u b le  b o n d s  

a r e  l o c a t e d  i n  t h e  Cio-C*© s y s te m  ( 1 0 : 1 3 ( 1 8 ) ,  1 0 : 1 8 ,  1 1 :1 8 )  

i t  i s  p r o b a b l e  t h a t  i t  i s  n o t  a  s im p le  o le a n a n e  d e r i v a t i v e  

an d  t h a t  i t  h a s  a  d i f f e r e n t  c a r b o n  s k e l e t o n  f ro m  t h a t  o f  

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

The W o l f f - K i s h n e r  r e d u c t i o n  o f  i s o - P - a m y r a d ie n o n y l  

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

e o u s l y  i n  two w ay s ;  f i r s t l y ,  by th e  r e d u c t i o n  o f  th e  

C i S c a r b o n y l  g ro u p  t o  a  m e th y le n e  w i t h  a n  acco m p a n y in g  

s h i f t  o f  th e  1 0 :1 1  d o u b le  bond t o  t h e  1 1 :1 2  p o s i t i o n  t o  

g i v e  t h e  a c e t a t e ,  m . p . 2 3 l °  (LIX) ( F o r  s i m i l a r  d o u b le  bond  

m i g r a t i o n  i n  V /o l f f - K is h n e r  r e d u c t i o n s  o f .  1 2 4 ,  1 2 5 ) ,  a n d  

s e c o n d l y ,  by th e  n o rm a l  r e d u c t i o n  o f  t h e  C** c a r b o n y l  

g r o u p  t o  g iv e  t h e  a c e t a t e ,  m .p .2 0 3 °  (LX) .



I f  t h e  s t r u c t u r e s  (LIX) an d  (LX) a r e  c o r r e c t  t h e n  

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

m i g r a t i o n  o f  t h e  m e th y l  g r o u p  a t  Ci 8  t o  CX4 a n d  a  m ove­

m en t o f  t h e  14**15 d o u b le  bond  t o  t h e  m o s t  s t a b l e  p o s i t i o n .  

She f o l l o w i n g  m echan ism  f o r  t h e  i s o m e r i s a t i o n  o f  t h e  

a c e t a t e ,  m . p . 2 3 l °  (LIX) i s  s u g g e s t e d .

i i

*  Y

As s t a t e d  abo v e  th e  m in o r  p r o d u c t  o f  t h e  W o l f f - K i s h n e r  

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

m .p .g 0 3 °  (LX) was i s o m e r i s e d  t o  ( 3 - a m y r a d i e n y l - I I  a c e t a t e ,

an d  a  s u g g e s t e d  m echan ism  f o r  t h e  t r a n s f o r m a t i o n  i s  

g i v e n  b e lo w .
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l t  i s  n o te w o r th y  t h a t  a l t h o u g h  h o t h  n o n - c o n j u g a t e d  

d i e n e s  o b t a i n e d  f ro m  i s o -{3- a m y ra d ie n o n y l  a c e t a t e  w ere  

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

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

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

a  c a r b o n y l  a t  Cj.% i n h i b i t s  t h e  c a rb o n iu m  i o n  r e a c t i o n s  

d e p i c t e d  above  f o r  th e  two d i e n y l  a c e t a t e s .  I t  i s  a l s o  

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

d i e n y l  a c e t a t e ,  m .p .2 3 1 ° ,  i n t o  o l e a n a - 1 0 : 1 2 - d i e n y l  

a c e t a t e  ( u n s t a b l e  c o n f i g u r a t i o n  a t  Ci e ) shows t h a t  Ci8  

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

a c e t a t e  ( 1 2 - k e t o - o l e a n - l G - e n y l  a c e t a t e )  (X X II) i n t o  

i s o - f i - a m y ra d ie n o n y l  a c e t a t e .

T r e a tm e n t  o f  (LIX) w i t h  p e r b e n z o i c  a c i d  (1  m o l . )  

y i e l d e d  a  C3&H50Os a c e t a t e ,  f o r m u l a t e d  a s  (LXV), w h ic h  

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

a n d  h a d  a n  u l t r a v i o l e t  l i g h t  a b s o r p t i o n  maximum a t  2820A 

( £. 9 ,1 0 0 )  i n d i c a t i v e  o f  a  h o m o -a n n u la r  d i e n e  c h ro m o -

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

a c e t a t e  ( X X I I I ) .  T h is  compound was shown t o  p o s s e s s  a  

s e c o n d a r y  h y d r o x y l  g ro u p  by i t s  o x i d a t i o n  w i t h  c h ro m ic  

a n h y d r i d e  a t  room t e m p e r a t u r e  t o  th e  c o r r e s p o n d i n g  k e t o n e
o

(LXVI) w h ic h  h a d  a  l i g h t  a b s o r p t i o n  maximum a t  0 8 2 0 A 

( S.- 8 ,7 0 0 )  ■ I n  th e  l i g h t  o f  th e  above i n f o r m a t i o n ,
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i t  i s  s u g g e s t e d  t h a t  t h e  p e r b e n z o i c  a c i d  o x i d a t i o n  

p r o c e e d e d  by t h e  o x i d a t i o n  o f  th e  1 4 :1 5  d o u b le  bond  i n  

(LIX) t o  g iv e  a n  m i s t a b l e  o x id e  (LXI) a  f i s s i o n  o f  

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

fo rm )  o r  i n  t h e  w o rk in g  up  t o  g iv e  t h e  i n t e r m e d i a t e s  

( L X I I ) ,  (L X I I I )  a n d  (LXIV) w h ic h  l e d  t o  t h e  p r o d u c t  

(L X ?) .

OHOH
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The a s s u m p t io n  t h a t  t h e  m o le c u le  h a s  r e v e r t e d  t o  th e  

o r i g i n a l  £ -a rn y r in  s t r u c t u r e  i s  b o rn e  o u t  by t h e  com ­

p a r i s o n  o f  t h e  p h y s i c a l  c o n s t a n t s  i n  T a b le  22 b e lo w .

TABLE 1

j* Compound [ > ] p ^ m a x . j tm a x

| f t - a m y r a d i e n y l - I  a c e t a t e (X X III ) +337 ° 2820A 9000

| The a l c o h o l  (1XV) +293° 2820A 9100

| The k e t o n e  (LXVI) +253° 2820A js7 0 0

.N.M.

O x i d a t i o n  o f  t h e  a c e t a t e ,  i a . p . 2 3 l °  (LIX) w i t h  s e l e n iu m  

d i o x i d e  i n  a c e t i c  a c i d  gave  f t - a m y r a d ie n d io n y l  a c e t a t e  

( I I )  i n  good  y i e l d ,  and  i n  v iew  o f  t h e  f a c t  t h a t  

f t - a m y r a d i e n y l - I  a c e t a t e  i s  known t o  be o x i d i s e d  t o  t h e  

d i e n d i o n e  ( I I )  w i t h  s e l e n iu m  d i o x i d e  (104.) i t  i s  a ssu m ed  

t h a t  i n  t h e  c o n d i t i o n s  o f  th e  r e a c t i o n  t h e  a c e t a t e ,  

m . p . 2 3 l °  (LIX) f i r s t  r e a r r a n g e d  t o  f t - a m y r a d i e n y l - I  

a c e t a t e  (X X III)  w h ic h  was t h e n  o x i d i s e d  t o  ( I I ) .

A t t e m p ts  w h ic h  w ere  made t o  h y d r o g e n a t e  th e  u n c o n ­

j u g a t e d  d i e n e s  (LIX) a n d  (LX) w i t h  p l a t i n u m  i n  a c e t i c  

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

m a t e r i a l .

A n o th e r  c o n v e r s i o n  o f  i s o  -  ft - a rn y ra d ie n q n y l  a c e t a t e  

i n t o  a  known ft-ar/iyrin  d e r i v a t i v e  was a c h i e v e d  when i t
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w as r e d u c e d  by th e  Clemmensen m ethod  t o  f t - a j n y r a d i e n y l - I I  

a c e t a t e  (V) i n  50$  y i e l d .  An i n t r a m o l e c u l a r  r e a r r a n g e ­

m en t o b v i o u s l y  to o k  p l a c e  u n d e r  th e  s t r o n g  a c i d  

c o n d i t i o n s  o f  t h i s  r e a c t i o n  an d  i t  i s  p o s s i b l e  t h a t  th e  

a c e t a t e ,  m .p .2 0 5 ° ,  f o r m u l a t e d  a s  (LX) was i n t e r m e d i a t e  

i n  t h e  c o n v e r s i o n .

E e a g e n t s  w h ich  f a i l e d  t o  r e a c t  w i t h  i s o - f t - a m y ra -  

d i e n o n y l  a c e t a t e  w ere  z i n c  d u s t  i n  a c e t i c  a c i d ,  e t h a n o l i c  

c a u s t i c  p o t a s h  an d  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  i n  

a c e t i c  a c i d .

To su m m arise  t h i s  work- t h e  s tu d y  o f  th e  a c t i o n  

o f  r e d u c i n g  a g e n t s  on i s o - f t - a m y ra d ie n o n y l  a c e t a t e  w o u ld  

seem  t o  s u b s t a n t i a t e  R u z i c k a ' s  p o s t u l a t i o n  (9 9 )  t h a t  

i s o - f t - a m y ra d ie n o n y l  a c e t a t e  d o e s  n o t  h av e  t h e  same b a s i c  

c a r b o n  s k e l e t o n  a s  f t - a ra y r in .  The f a i l u r e  t o  c o n v e r t  

n e o - f t - a ip y r in  a c e t a t e  i n t o  any  known f t-a ra y r in  d e r i v a t i v e  

s u g g e s t s  t h a t  i n  n e o - f t - a m y r in  a c e t a t e  th e  m o le c u le  h a s  

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

i o n s  f o r  w h ic h  have  b e e n  s u g g e s t e d ,  a n d  i t  seem s l i k e l y  

t h a t  t h e  d i f f e r e n c e  b e tw e e n  th e  f t -a m y r in  a n d  th e  n e o -ft-  

- a m y r in  s t r u c t u r e s  l i e s  i n  th e  p l a c i n g  o f  th e  m e th y l  

g r o u p  w h ic h  was o r i g i n a l l y  a t  0 14l r a t h e r  t h a n  an y  m ore 

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

The p r o d u c t i o n  o f  th e  u n c o n j u g a t e d  d i e n e s  (LIX)
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an d  (LX) by t h e  7ro l f f  - K i s h n e r  re  d u e t i o n  o f  i s o  -ft - a m y ra -  

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

t h e  known unc on j u g a t e  d d ie n e  d e r i v a t i v e s  o f  f t - a m y r in  

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

a n d  t h e i r  c o n v e r s i o n  i n t o  known c o n j u g a t e d  d i e n e s  

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

a u t h o r * s  o p i n i o n ,  t o  s u p p o r t  t h e  v iew  t h a t  i n  t h e  p r e ­

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

m i g r a t e s  f ro m  C t o  I t  i s  a l s o  a p p a r e n t  f ro m

t h e  above work t h a t  th e  m e th y l  g ro u p  a t  Ci0  i n  i s o - f t - 

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

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

w o u ld  a p p e a r  f ro m  t h e  abo v e  r e a c t i o n s  t h a t  when t h e  

c a r b o n y l  g ro u p  i s  c o n v e r t e d  d i r e c t l y  i n t o  a  m e th y le n e  

a t  C x 2 ( e . g .  W o lf f -K i  shne  r  r e  due t i  on and  p r e s u m a b ly  

Clemmensen r e d a c t i o n )  p o t e n t i a l  f t-a m y r in  d e r i v a t i v e s  

a r e  p r o d u c e d ,  b u t  when th e  c a r b o n y l  g ro u p  i s  r e d u c e d  t o  

a  s e c o n d a r y  h y d r o x y l  g ro u p  ( e . g .  l i t h i u m  a lu m in iu m  

h y d r i d e  r e d u c t i o n  and  p re s u m a b ly  c a t a l y t i c  h y d r o g e n a t i o n )  

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

p o t e n t i a l  n e o - f t - a m y r in  com pounds ( e . g .  f t - a m y r a t r i s n y l - I I  

ac  e t a t e  } a r e  f  o x*me d .
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As a  s e c o n d  a p p r o a c h  t o  th e  p r o b le m ,  a  s t u d y  o f  

t h e  a c t i o n  o f  o x i d i s i n g  a g e n t s  on i s o -(3- a m y r a d ie n o n y l  

a c e t a t e  was u n d e r t a k e n .

O x i d a t i o n  o f  i s o - a m y ra d ie n o n y l  a c e t a t e  (XXXVIII) 

w i t h  p e r b e n z o i c  a c i d  i n  c h lo r o fo i 'm  g ave  a  

a c e t a t e ,  w h ic h  u n l i k e  t h e  s t a r t i n g  m a t e r i a l  g av e  no 

c o l o u r  w i t h  t e t r a n i t r o m e t h a n e  i n  c h lo r o f o r m  an d  showed
o

a n  u l t r a v i o l e t  l i g h t  a b s o r p t i o n  maximum a t  2400 A ( i  = 

1 0 ,8 0 0 )  i n d i c a t i n g  t h a t  th e  aj3-un s a t u r a t e  d k e t o n e  g r o u p ­

i n g  was u n a f f e c t e d  by th e  o x i d a t i o n .  I n  v iew  o f  t h e  

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

a c i d i c  r e a g e n t s  ( s e e  be low ) i t  was c o n c lu d e d  t h a t  i t  i s  

a n  o x id e  o f  i s o -(3- a m y ra d ie n o n y l  a c e t a t e  a n d  i t  i s  

f o r m u l a t e d  a© ( L V I I I ) . T h i s  o x id e  was a l s o  p r e p a r e d ,

i n  g o o d  y i e l d ,  by t h e  o x i d a t i o n  o f  i s o - f t - a m y ra d ie n o n y l  

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

g l a c i a l  a c e t i c  a c i d  a t  room t e m p e r a t u r e  (9 5 % y i e l d )  an d  

by  o x i d a t i o n  w i t h  c h ro m ic  a n h y d r id e  i n  s t a b i l i s e d  

g l a c i a l  a c e t i c  a c i d  a t  6 0 ° .  H y d r o l y s i s  o f  th e  o x id e
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w i t h  e t h a n o l i c  c a u s t i c  p o t a s h  g av e  t h e  c o r r e s p o n d i n g  

a l c o h o l  w h ic h  was r e a c e t y l a t e d  t o  th e  p a r e n t  o x id e  

a c e t a t e  ( L V I I I ) .

O x i d a t i o n  o f  i s o -{3- a m y ra d ie n o n y l  a c e t a t e  w i t h  

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

g av e  a  m ix tu r e  o f  two p r o d u c t s  w h ic h  were e a s i l y  

s e p a r a t e d  by c h r o m a to g ra p h y .  The m ain  p r o d u c t  was a  

a c e t a t e ,  m . p . 3 l 8 °  w h ic h  g av e  no c o l o u r  w i t h  

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

a b s o r p t i o n  maximum a t  2360 A ( £ = 1 3 , 4 0 0 ) .  The m in o r  

p r o d u c t  was a n  a c e t a t e ,  m .p .2 2 6 °  w h ic h  showed no l i g h t
o

a b s o r p t i o n  i n  t h e  r e g i o n  2 0 0 0 -4 0 0 0  A an d  g a v e  no c o l o u r  

w i t h  t e t r a n i t r o m e t h a n e  i n  c h lo r o f o r m  o r  w i t h  f e r r i c  

c h l o r i d e  i n  e t h a n o l  o r  d io x a n .  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  q u a n t i t a t i v e l y  f ro m  an  a t t e m p t e d  a c e t y l a t i o n  

o f  t h i s  m a t e r i a l .  The m a jo r  p r o d u c t ,  th e  a c e t a t e ,  

m .p . 3 1 8 0 , was shown t o  c o n t a i n  a  s e c o n d a r y  h y d r o x y l  

g r o u p  by  o x i d a t i o n  t o  t h e  c o r r e s p o n d i n g  C3 fc>H4 6 0 4  k e t o n e ,  

m . p . 3 l 5 ° ,  and  a l s o  by a c e t y l a t i o n  t o  t h e  c o r r e s p o n d i n g  

C5 4 H5 0 O6  d i a c e t a t e ,  m . p . l 9 6 ° .  H y d r o l y s i s  o f  t h e  

a c e t a t e ,  m .p . 3 l 8 ° ,  gave  th e  C3 0 H4 6 0 3  d i o l  a s  e x p e c t e d ,  

a n d  a c e t y l a t i o n  o f  t h i s  d i o l  gave  t h e  C3 4 He0 Oe d i a c e t a t e ,  

m . p . l 9 6 °  a l s o  o b t a i n e d  a s  s t a t e d  a b o v e .

The C3 £H4 0 O4  k e t o n e ,  m . p . 3 l 5 ° ,  was a l s o  o b t a i n e d
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by c h ro m ic  a c i d  o x i d a t i o n  o f  th e  o x id e  o f  i s o - P - a m y r a -  

d i e n o n y l  a c e t a t e  (L V I I I )  i n  s t a b i l i s e d  g l a c i a l  a c e t i c  

a c i d  a t  1 0 0 °  an d  by  th e  c h ro m ic  a c i d  o x i d a t i o n  o f  i s o - 

- P -a m y r a d ie n o n y l  a c e t a t e  i n  b o i l i n g  a c e t i c  a c i d .  The 

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

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

t o  t h e  p a r e n t  k e t o n e  a c e t a t e .

T r e a tm e n t  o f  t h e  o x id e  o f  i s o - p -a m y r a d ie n o n y l  

a c e t a t e  (L V I I I )  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  i n  

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

l i n k a g e  t o  g i v e  a  compound c o n t a i n i n g  one a tom  o f  c h l o r i n e ,  

a n a l y s i n g  f o r  C3eB4  7  0 s Cl and  show ing  a  l i g h t  a b s o r p t i o n
o

maximum a t  2560 A ( i. ~ 1 1 , 0 0 0 ) .  A l k a l i n e  h y d r o l y s i s  o f  

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

w i t h  t h e  d i o l  o b t a i n e d ,  a s  s t a t e d  a b o v e ,  f ro m  t h e  

h y d r o l y s i s  o f  t h e  a c e t a t e ,  m . p . 3 l 8 ° ,  f ro m  t h e  h y d r o g e n  

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

T r e a tm e n t  o f  th e  c h lo ro -c o m p o u n d  w i t h  a c t i v a t e d  z i n c  i n  

a c e t i c  a c i d  e f f e c t e d  a  r e p l a c e m e n t  o f  th e  c h l o r i n e  a tom  

by  a n  a c e t o x y l  g ro u p  t o  g iv e  th e  d i a c e t a t e ,  m . p . l 9 6 ° ,  

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

a c e t y l a t i o n  o f  t h e  a c e t a t e ,  m . p . 3 l 8 ° .

F i n a l l y ,  i n  t h i s  s e r i e s  o f  r e a c t i o n s ,  th e  c h l o r i n e  

a to m  i n  th e  c h lo ro -c o m p o u n d  was r e p l a c e d  w i t h  h y d ro g e n
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by t r e a t m e n t  w i t h  a c t i v a t e d  z in c  d u s t  i n  e t h e r  an d  

m e th a n o l  and  by u n a c t i v a t e d  z i n c  d u s t  i n  a c e t i c  a c i d ,  

t o  g i v e  a  C8s3H4 8 0 3 a c e t a t e ,  m .p .2 7 5 ° .  The c o n s t a n t s  

o f  a l l  t h e  above  p r o d u c t s  a r e  com p ared  i n  T a b le  ? .

TABLE F

Compound m .p . [> 3 d \m a x . £ m ax .

i s o - 0 - A m y r a d ie n o n y l  
a c e t a t e 2 2 0 -2 2 1 ° -4 0 °

°
2450A 1 0 ,1 0 0

O xide o f  i s o - 0 - a m y r -
d i e n o n y l  a c e t a t e 2 8 0 -2 8 1 ° - 1 2 .5 ° 2 400A 1 0 ,8 0 0  I

A lc o h o l  o f  o x id e 2 4 9 -2 5 0 ° -2 6 ° 2420A 1 4 ,0 0 0

A c e t a t e ,  C3sH4 e 0 4 
f ro m  HS0 S o x i d a t i o n 3 1 8 -3 1 9 ° +155° 2360A 13,40 ,0  !t
D io l  f ro m  h y d r o l y s i s  
o f  t h e  a c e t a t e 2 9 0 -2 9 1 ° +167° 2360A 1 2 ,5 0 0  j

D i a c e t a t e  f ro m  
a c e t y l a t i o n  o f  t h e  a c e t a t e 1 9 4 - 1 9 4 .5 ° +141°

o
23 6 0 A

!
1 1 ,5 0 0  S

K e to n e  f ro m  C r0 3 
o x i d a t i o n  o f  t h e  a c e t a t e 3 1 4 -3 1 5  ° +94° 236 OA

$

1 3 ,0 0 0

A lc o h o l  f ro m  t h e  k e to n e 2 9 8 -2 9 9 ° +71° 2360A 1 3 ,0 0 0

C h lo ro -c o m p o u n d 2 2 7 -2 2 8 ° +117°
°

2360A 1 1 ,1 0 0

C3SH4 8 0 3 a c e t a t e  f ro m  
t h e  c h i o  r o - c  ompound 2 7 4 -2 7 5 ° +130°

0
2340A 1 1 ,5 0 0

F o r  r e a s o n s  w h ic h  w i l l  become o b v i o u s ,  t h e  f o r m u l ­

a t i o n  o f  th e  above  o x i d a t i o n  p r o d u c t s  o f  . i s o - 0 - a m y r a ­

d i e n o n y l  a c e t a t e  i s  v e r y  d i f f i c u l t ,  b u t  a t  t h i s  j u n c t u r e
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t h e  t e n t a t i v e  f o r m u l a t i o n s  g i v e n  be low  g iv e  a  r e a s o n a b l e  

i n t e r p r e t a t i o n  o f  t h e  modes o f  f o r m a t i o n  and th e  

r e a c t i o n s  o f  t h e  abo v e  com pounds.

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

com pounds l i s t e d  i n  f a b l e  F i t  was c o n c lu d e d  t h a t  t h e y  

a l l  h a d  th e  same b a s i c  s t r u c t u r e  an d  t h a t  t h e y  d i f f e r e d  

o n ly  i n  th e  n a t u r e  o f  a  s u b s t i t u e n t  p l a c e d  a t  a  c e r t a i n  

p o i n t ,  p r o b a b l y  C1 6 , i n  th e  m o l e c u l e .  E x a m in a t io n  o f  

t h e  m odes o f  f o r m a t i o n  o f  t h e s e  compounds m akes i t  c l e a r  

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

f o r m a t i o n  o f  t h e  o x id e  (L V I I I ;  and  s e c o n d ly  by o x i d a t i v e  

f i s s i o n  o f  th e  o x i d e .  The k e y  t o  t h e  modus o p e r a n d !  

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

o f  t h e  o x id e  l i n k a g e  and  t h i s  h a s  b e e n  e x e m p l i f i e d  by 

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

t h e  c h lo ro -c o m p o u n d .  The i n t e r m e d i a t e  i n  t h i s  r e a c t i o n  

i s  t h o u g h t  t o  be a n  u n s t a b l e  t r a n s - c h l o r o h y d r i n  (LXVII) 

w h ic h  p r o c e e d s  t h r o u g h  t h e  e a rb o n iu m  i o n  (L X V III)  t o

lL)Wq)
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g i v e  t h e  c h lo ro -c o m p o u n d ,  t e n t a t i v e l y  f o r m u l a t e d  a s  

(LXIX, R=C1) o r  (LXX, R=C1), th e  m e r i t s  o f  w h ic h  a r e  

d i s c u s s e d  b e lo w .

On th e  b a s i s  o f  s t r u c t u r e s  (LXIX, R -C l)  o r  (LXX, 

E=C1) f o r  t h e  c h lo ro -c o m p o u n d ,  t h e r e f o r e ,  th e  a c e t a t e ,  

m # p .3 1 8 °  c a n  be t e n t a t i v e l y  f o r m u l a t e d  a s  (LXIX, E=0H) 

o r  (LXX, H“0 H )5 t h e  k e t o n e ,  m . p . 3 l 5 °  a s  (LXIX, R=0) o r  

(LXX, R=0) and  th e  CsgH4 e O0 a c e t a t e  f ro m  t h e  z i n c / e t h e r /  

/ m e t h a n o l  r e d u c t i o n  o f  th e  c h lo ro -c o m p o u n d  a s  (LXIX,

R“H) o r  (LXX, R=H).

A f u r t h e r  r e a c t i o n  o f  th e  c h lo ro -c o m p o u n d  w h ic h  i s  

p e r t i n e n t  t o  n o te  a t  t h i s  s t a g e ,  i s  t h a t  on t r e a t m e n t  

w i t h  c o l l i d i n e  i n  a  s e a l e d  tu b e  a t  2 0 0 °  i t  was d e h y d r o -  

c h l o r i n a t e d  t o  g iv e  a  Ge s H4.60 s a c e t a t e  w h ic h  g a v e  a  

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

a b s o r p t i o n  maxima a t  2090 { t  = 3 ,0 0 0 )  and  2320  A (£  =

1 2 , 5 0 0 ) .  On th e  b a s i s  o f  s t r u c t u r e s  (LXIX) a n d  (LXX) 

i t  i s  f o r m u l a t e d  a s  (LXXI) o r  (L X X II) .  I t  i s  s i g n i f ­

i c a n t  t h a t  t h e  i s o l a t e d  d o u b le  bond p r e s e n t  i n  t h i s

o

U-x*j) (LXtfu)
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com pound, p re s u m a b ly  a t  1 5 :1 6  d id  n o t  c o n j u g a t e  w i t h  

th e  r e m a i n d e r  o f  t h e  ch ro m o p h o re  on t r e a t m e n t  w i t h  

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

he i n g  r e  c o v e r e d  u n c h a n g e  d >

R e d u c t io n  o f  t h e  Q sa H ^ O s  a c e t a t e  (LXIX, R~H) o r  

(LXX, R-H) by t h e  7 / b l f f - X i s h n e r  m ethod  y i e l d e d  a  

C3aHSoOs a c e t a t e ,  m .p .2 3 0 ° ,  w h ich  g a v e  a  y e l l o w  c o l o u r  

w i t h  t e t r a n i t r o m e t h a n e  i n  c h l o r o f o r m  an d  h a d  t h e  l i g h t  

a b s o r p t i o n  shown i n  T a b le  G. T re a tm e n t  o f  t h i s  a c e t a t e  

w i t h  h y d r o c h l o r i c  a c i d  i n  a c e t i c  a c i d  g ave  p - a m y r a d ie n y l  

- I I  a c e t a t e  (V I) and  i t  w as r e c o v e r e d  u n c h a n g e d  a f t e r  

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

a c i d .  On th e  b a s i s  o f  t h e  above  f o r m u l a t i o n s  t h i s  

C’aaHeoOa' a c e t a t e ,  n u p .2 3 Q ° ,  may t h e r e f o r e  be r e p r e s e n t e d  

by  (L X X III)  o r  (LXXIV).

v
hIj\

s /

XT - »■ " Xr  1  I I i T
V f ____________________ ____

(VT) (.Lxxv)

The r e a r r a n g e m e n t  o f  t h e  a c e t a t e ,  (LX X III)  o r  

(LXXIV), t o  p - a m y r a d i e n y l - I I  a c e t a t e  h a s  t h e r e f o r e  

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

b r i d g e  t o  p ro d u c e  a  d o u b le  bond i n  th e  s t a b l e  1 3 :1 8  

p o s i t i o n  w i t h  th e  s im u l t a n e o u s  r e p r o d u c t i o n  o f  th e
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m e th y l  g ro u p  w h ich  r e v e r t e d  to  i t s  f o r m e r  p o s i t i o n ,  

a n d  th e  c o n j u g a t i o n  o f  t h e  1 0 i l l  d o u b le  b o n d .  I t  may 

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

t h i s  compound i s  c o n s i s t e n t  w i t h  th e  known i n e r t  n a t u r e  

o f  t h e  1 0 i l l  d o u b le  bond  arid a l s o  w i t h  th e  p r o p e r t i e s  

o f  a  c y c lo p r o p a n e  b r i d g e .  The a c e t a t e ,  m . p . 2 3 0 °

(LXXXIJ) o r  (LXXIV) was a l s o  p ro d u c e d  a s  one o f  t h e  two 

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

3 1 5 ° .  f ro m  th e  c h ro m ic  a c i d  o x i d a t i o n  o f  i a o - f i - a p y r a -  

d i e n o n y l  a c e t a t e  (LXIX, K=0) o r  (LXX, R-0) and  th e  

s e c o n d  p r o d u c t  was a  C3aHe a Oa a c e t a t e ,  i s o m e r i c  w i t h  p -  

- a m y r in  a c e t a t e ,  f o r m u l a t e d  a s  (LXX?). T h is  compound 

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

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

f i r s t  p r o d u c t  ( s e e  a b o v e ) ,  t h e  G3SH5 oOa a c e t a t e ,  m . p . 2 3 0 °  

(L X X III)  o r  (LXXIV) p r o v e s  t h a t  th e  h y d r o g e n a t i o n  o f  th e  

k e t o n e  a c e t a t e ,  m . p . 315° (LXIX, R=0) o r  (LXX, R=0) was 

a  b i l a t e r a l  r e a c t i o n  and t h a t  t h e  f i r s t  p r o d u c t  was n o t  

a  p r e c u r s e r  o f  th e  s e c o n d  (XXXV).

I n  o r d e r  t o  f i n d  w h e th e r  a  c y c lo p r o p a n e  b r i d g e  d i d  

e x i s t  i n  th e  a c e t a t e ,  m .p .2 3 0 °  (LX X III)  o r  (LXXIV), i t  

w as t r e a t e d  w i t h  p e r b e n z o i c  a c i d .  T h is  r e a c t i o n  y i e l d e d  

a  compound w h ich  a n a l y s e d  f o r  Cs s He o 0 3 , one a tom  o f  

o x y g en  more t h a n  th e  s t a r t i n g  m a t e r i a l ,  g a v e  no t e t r a -
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n i t r o m e t h a n e  c o l o u r  r e a c t i o n  and  showed no l i g h t
o

a b s o r p t i o n  i n  th e  r e g i o n  2 0 0 0 -4 0 0 0  A. T h i s  compound

i s  f o r m u l a t e d  a s  (LXXVI) o r  (LXXVII). These  f a c t s  a r e  

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

l i n k a g e  and  one c y c lo p r o p a n e  b r i d g e  b e c a u s e  i f  t h e  

compound h a d  c o n t a i n e d  two e t h y l e n i c  l i n k a g e s  t h e n  e i t h e r  

t h e y  w o u ld  b o th  h ave  b e e n  o x i d i s e d ,  i n  w h ic h  c a s e  t h e  

a n a l y s i s  w ou ld  h av e  shown th e  o x i d a t i o n  p r o d u c t  t o  c o n t a i n  

f o u r  a to m s  o f  oxygen  and  n o t  t h r e e ,  o r  i f  o n ly  one o f  th e  

d o u b le  b o n d s  h a d  b e e n  a t t a c k e d  th e  o t h e r  w o u ld  s t i l l  h a v e  

g i v e n  a  y e l lo w  c o l o u r  y j i th  t e t r a n i  tro m e  th a n e  i n  c h l o r o ­

f o r m .  As a l r e a d y  s t a t e d ,  t h e  compound (LXXVI) o r  (LXXVII) 

g i v e s  no c o l o u r  r e a c t i o n  w i t h  t e t r a n i t r o m e t h a n e  and  i t  

i s  t h e r e f o r e  assum ed  t h a t  i t  d o e s  c o n t a i n  a  c y c lo p r o p a n e  

b r i d g e  t o g e t h e r  w i t h  an  o x id e  l i n k a g e  a n d ,  t h e r e f o r e ,  t h e  

s t a r t i n g  m a t e r i a l ,  t h e  a c e t a t e ,  m .p . 2 3 0 °  c o n t a i n s  a  c y c l o ­

p ro p a n e  b r i d g e  and one e t h y l e n i c  l i n k a g e .

A f i n a l  r e a c t i o n  w h ic h  was c a r r i e d  o u t  i n  t h i s  s e r i e s  

was t h e  r e d u c t i o n  o f  th e  a c e t a t e  (LXIX, B=Q) o r  (LXX,

R=0) by th e  W o l f f - K i s h n e r  m e th o d .  The p r o d u c t  f ro m  

t h i s  r e a c t i o n  was a  C0SH48Oo a c e t a t e  w h ic h  g a v e  a  y e l lo w  

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

a b s o r p t i o n  shown i n  T a b le  G- and  was r e c o v e r e d  u n c h a n g e d  

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

The compound may be f o r m u l a t e d  a s  (LXXVIII) o r  (LXXIX).
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A l th o u g h  th e  w e ig h t  o f  e v id e n c e  p r o v i d e d  by t h e  

ab o v e  w ork  seem s t o  be i n  f a v o u r  o f  t h e  e x i s t e n c e  o f  a  

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

- a m y r a d ie n o n y l  a c e t a t e  two e x p e r i m e n t s  w ere  c a r r i e d  o u t  

w h ic h  c o u l d  be t a k e n  a s  e v id e n c e  a g a i n s t  s u c h  a  

s t r u c t u r e .  These w e re ,  th e  t r e a t m e n t  o f  t h e  a c e t a t e .
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CasB^eOs (LXIX, R=H) o r  (LXX, R=H) w i t h  h y d r o c h l o r i c  

a c i d  i n  a c e t i c  a c i d  u n d e r  th e  s t r o n g e s t  p o s s i b l e  

c o n d i t i o n s  a n d  t h e  t r e a t m e n t  o f  t h e  a c e t a t e ,  m . p . 3 l 5 ° ,  

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

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  u n c h a n g e d .  how, c y c l o ­

p ro p a n e  b r i d g e s  w ould  be e x p e c t e d  t o  b r e a k  u n d e r  t h e  

i n f l u e n c e  o f  s t r o n g  p r o t e i n  d e n o t in g  r e a g e n t s  t o  p ro d u c e  

a n  e t h y l e n i c  l i n k a g e  an d  t h e o r e t i c a l l y  a  r e a r r a n g e m e n t  

w o u ld  be e x p e c t e d ,  u n d e r  t h e s e  c o n d i t i o n s ,  i n  com pounds 

w i t h  s t r u c t u r e s  (LXIX) o r  (LXX). I n  t h i s  c a s e ,  h o w e v e r ,  

i t  may be t r u e  to  s a y  t h a t  when th e  c y c lo p r o p a n e  b r i d g e  

i s  i n  c o n j u g a t i o n  w i t h  a  c a r b o n y l  g ro u p  a s  i n  (LXIX) 

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

g r o u p  i s  rem o v ed , a s  i n  t h e  a c e t a t e  (L X X III)  o r  (LXXIV) 

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

a c i d .

O th e r  s t r u c t u r e s  w h ic h  h a v e b e e n  c o n s i d e r e d  f o r  t h e  

o x i d a t i o n  p r o d u c t s  a r e  ( V I I I ,  B=H) a n d  (LXXX).



-  86 -

S t r u c t u r e  ( V I I I )  ( s e e  s e c t i o n  1) h a d  t o  be r e j e c t e d  

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

a t  2 0 8 0 ,  2600 and  2950 A was d i f f e r e n t  f ro m  t h e  common

l i g h t  a b s o r p t i o n  (maximum a t  2360 A) shown by th e  

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

c r i b e d  a b o v e .

No s u c h  so u n d  a rg u m e n t  c a n  be fo u n d  a g a i n s t  

s t r u c t u r e  (LXIX} a t  p r e s e n t  a l t h o u g h  i f  th e  c y c l o p r o p a n e  

b r i d g e  i s  c o n s i d e r e d  t o  h a v e ,  t o  a  c e r t a i n  e x t e n t ,  t h e  

p r o p e r t i e s  o f  a  d o u b le  b o n d ,  t h e n  t h e  w a v e le n g th  a t  w h ic h  

maximum l i g h t  a b s o r p t i o n  to o k  p l a c e  s h o u ld  h av e  b e e n

i n c r e a s e d  f ro m  2450 A a s  i n  i s o  -ft - a m y ra d ie n o n y l  a c e t a t e

r a t h e r  t h a n  d e c r e a s e d  t o  2360 A a s  i n  t h e  o x i d a t i o n  

p r o d u c t s  o f  i s o - iS -a m y ra d ie n o n y l  a c e t a t e .  I h e  c h ro m o -  

p h o r e  o f  (LXIX) i n  f a c t  b e a r s  some r e s e m b la n c e  t o  t h a t  

o f  f t - a ia y r a d ie n o n y l  a c e t a t e  (LXXXI) w h ic h  shows maximum

l i g h t  a b s o r p t i o n  a t  2800 A. 1'he c y c lo p r o p a n e  b r i d g e

o

o

o

o

o
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i n  (LXXX) w ould  a l s o  seem t o  be v e r y  s u s c e p t i b l e  t o  

h y d r o g e n  i o n  r e a r r a n g e m e n t  w h ic h ,  i f  t r u e ,  w o u ld  p r e ­

c l u d e  i t s  f o r m a t i o n  by th e  h y d ro g e n  c h l o r i d e  f i s s i o n  o f  

t h e  o x id e  ( L V I I I ) .

I h e  s t r u c t u r e  (LXXXII) was a l s o  c o n s i d e r e d  b u t  i n  

v ie w  o f  t h e  f a c t  t h a t  o x i d a t i o n  o f  t h e  c h l o r o  -com pound 

(LXXXII, &“ C1) w i t h  o2io n e ,  u n d e r  c o n d i t i o n s  w h ic h  w o u ld  

h a v e  g i v e n  fo rm a ld e h y d e  f ro m  an  e x o c y e l i c  m e th y le n e  

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

s o l u t i o n ,  b o th  o f  w h ich  r e s u l t e d  i n  t h e  c o m p le te  r e c o v e r y  

o f  s t a r t i n g  m a t e r i a l ,  t h e  f o r m u l a t i o n  (LXXXII) was 

r e  j e c t e d .

By a  p r o c e s s  o f  e l i m i n a t i o n ,  t h e r e f o r e ,  r & r h e r  t h a n  

a n y  w e i g h t  o f  d i r e c t  c h e m ic a l  e v id e n c e  i t  i s  c o n c lu d e d  

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

a c e t a t e  p o s s e s s  c y c lo p r o p a n e  b r i d g e s  an d  th e  b a s i c  

s t r u c t u r e s  w h ic h  b e s t  f i t  th e  r e a c t i o n s  o f  t h e s e  com pounds 

a r e  (LXIX) an d  (LXX). On th e  c h e m ic a l  e v id e n c e  a v a i l a b l e  

no  d e c i s i o n  b e tw e e n  t h e s e  s t r u c t u r e s  c a n  be made b u t  a  

t e n t a t i v e  d e c i s i o n  c a n  p e r h a p s  be made f ro m  a  c o n s i d e r ­

a t i o n  o f  t h e  l i g h t  a b s o r p t i o n  o f  t h e s e  com pounds.

i'he l o c a t i o n  o f  th e  maximum l i g h t  a b s o r p t i o n  o f  t h e
o

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

i n t r o d u c t i o n  o f  a  c y c lo p r o p a n e  b r id g e  i n t o  t h e  m o le c u le
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o
c a u s e d  a  d e c r e a s e  o f  900& i n  th e  l o c a t i o n  o f  t h e  maximum 

3hown "by th e  a g - u n s a t u r a t e d  k e to n e  g ro u p  o f  i s o -ft -  

- a m y r a d ie n o n y l  a c e t a t e  and  i t  w ou ld  t h e r e f o r e  a p p e a r  

t h a t  t h e  c y c lo p r o p a n e  b r i d g e  m u st  be i n  c o n j u g a t i o n  

w i t h  t h e  a f t - u n s a t u r a t e d  k e to n e  ch ro m o p h o re  a s  i n  (LXIX) 

r a t h e r  t h a n  o u t  o f  c o n j u g a t i o n  a s  i n  (LXX).

T r e a tm e n t  o f  th e  o x id e  (L V II I )  w i t h  s u l p h u r i c  a c i d  

i n  a c e t i c  a c i d  y i e l d e d  a  Cgj^HeoOs d i a c e t a t e  w h ic h  w as 

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

w h ic h  p ro d u c e d  th e  p a r e n t  d i a c e t a t e .  The d i a c e t a t e  

g a v e  no c o l o u r  w i t h  t e t r a n i t r o m e t h a n e  i n  c h l o r o f o r m  an d
o

h a d  a  l i g h t  a b s o r p t i o n  maximum a t  2500 A ( £ = 1 3 , 5 0 0 ) .

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

o f  t h e  o x id e  w i t h  s e le n iu m  d io x id e  r e s u l t e d  i n  th e  

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

h y d r o g e n a t i o n  y i e l d e d  a  CO4HfeW04 a c e t a t e  i n  60% y i e l d ,  

w h ic h  gave a  y e l lo w  c o l o u r  w i t h  t e t r a n i  t ro m e  t h a n e  a n d  

h a d  th e  l i g h t  a b s o r p t i o n  shown i n  T a b le  H. T h is  

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

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

o x id e  l i n k a g e  by s u l p h u r i c  a c i d  i s  assum ed t c  h av e  

p r o c e e d e d  v i a  an  u n s t a b l e  i n t e r m e d i a t e  s. uXXa.11 1 ) a s  i n  

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

d e s c r i b e d  above i n  w h ic h  th e  u n s t a b l e  i n t e r m e d i a t e
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s t a b i l i s e d  i t s e l f  by th e  l o s s  o f  th e  e l e m e n t s  of  w a t e r .  

The h y d r o x y l  group  a t  C15 i n  t h i s  coimpound was 

o b v i o u s l y  a c e t y l a t e d  i n  s i t u .

t L*sxm)
oN*»

Two a l t e r n a t i v e  s t r u c t u r e s  e ach  c o n t a i n i n g  a 

c y c lo p r o p a n e  b r id g e  f o r  th e  o x i d a t i o n  p r o d u c t s  and th e  

h y d r o c h l o r i c  a c i d  f i s s i o n  p r o d u c t  o f  th e  ox ide  o f  i s o  - 

- 3 -a m y ra d ie n o n y l  a c e t a t e  have been  s u g g e s t e d .  As no 

d e f i n i t e  c h o ic e  between the  two s t r u c t u r e s  f o r  th e  

o x i d a t i o n  p r o d u c t s  can be made a t  t h i s  j u n c t u r e  and i n  

v iew o f  th e  s i m i l a r i t y  be tween th e  modes o f  f o r m a t i o n  

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

p h u r i c  a c i d  f i s s i o n  p r o d u c t  of  th e  ox ide  o f  i s p -(5- a m y ra ­

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

may a l s o  c o n t a i n  a  c y c lo p ro p a n e  b r id g e  and may p o s s e s s  

one of  th e  two s t r u c t u r e s  (LXIX, R=0Ac) o r  (LXX, ft=OAc) 

s u g g e s t e d  f o r  the  o x i d a t i o n  p r o d u c t s  of  i s o - 3 -a m y ra d ie n o n y l  

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

a c i d  f i s s i o n  p r o d u c t ,  th e  C3 4 H5 s 0 4  a c e t a t e  i s  a ssu m ed  

t o  h a v e  b e e n  p ro d u c e d  by th e  h y d r o g e n o l y s i s  o f  t h e  Ci s  

c a r b o n y l  g ro u p  to  a  m e th y le n e  and  t h i s  i s  b o rn e  o u t  by 

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

n i  t ro m e  th a n e  ( s e e  T a b le  H ) .

F i n a l l y ,  i n  t h i s  s e r i e s  o f  r e a c t i o n s ,  t h e  o x id e  

o f  i s o - f t - a m y ra d ie n o n y l  a c e t a t e  (L V II I )  was t r e a t e d  

w i t h  b o ro n  t r i f l u o r i d e  e t h e r a t e  i n  b e n z e n e ,  an d  f ro m  

t h i s  r e a c t i o n  two i s o m e r i c  C3 aH4 8 0 4  a c e t a t e s ,  e a s i l y  

s e p a r a t e d  by f r a c t i o n a l  c r y s t a l l i s a t i o n ,  w ere  p r o d u c e d .

The f i r s t ,  and  m in o r  p r o d u c t ,  m . p . 3 1 4 ° ,  gave  no c o l o u r  

w i t h  t e t r a n i t r o m e t h a n e  and  showed a  l i g h t  a b s o r p t i o n
o

maximum a t  2380 A ( £ = 1 1 ,7 0 0 )  and  t h e  s e c o n d ,  m . p . 2 5 3 ° ,  

a l s o  g av e  no c o l o u r  w i t h  t e t r a n i t r o m e t h a n e  i n  c h l o r o f o r m ,
o

b u t  h a d  a  l i g h t  a b s o r p t i o n  maximum a t  2500 A ( t  -  1 3 ,5 0 0 )  . 

The c o n s t a n t s  o f  t h e s e  and  o t h e r  com pounds a r e  co m p ared  

i n  T a b le  H.

I n f r a - r e d  l i g h t  a b s o r p t i o n  o f  t h e s e  com pounds 

show ed t h a t  n e i t h e r  c o n t a i n e d  a  h y d r o x y l  g ro u p  and  t h i s  

was c o n f i r m e d  by t h e i r  n o n - a c y l a b i l i t y  and  r e s i s t a n c e  

t o  c h ro m ic  a c i d  o x i d a t i o n .
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TABLE H

Compound 0 3 d X max. f  max.

HgSO* r e a r r a n g e m e n t  p r o d u c t -78°
O

2500A 1 3 ,5 0 0

H y d r o g e n a t io n  p r o d u c t  o f  
Hs SO* p r o d u c t

OOtoI 2070A 1 ,2 0 0

Ac e t a t e ,  m. p .25 3 f ro m  
BF3 r e a r r a n g e m e n t -7 6 ° 2500A

i

1 3 ,5 0 0

A c e t a t e ,  m .p . 314° f ro m  
BFg r e a r r a n g e m e n t

\ { 
; o i

-180° j 2380A j 1 1 ,7 0 0  J

A l th o u g h  t h e r e  i s  a  s i m i l a r i t y  i n  u l t r a v i o l e t  l i g h t  

a b s o r p t i o n  b e tw e e n  th e  m ain  p r o d u c t  o f  t h i s  b o ro n  t r i -  

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

p r o d u c t  on one h a n d ,  and  b e tw e e n  th e  m in o r  p r o d u c t  an d  

t h e  h y d r o c h l o r i c  a c i d  r e a r r a n g e m e n t  p r o d u c t  on th e  o t h e r ,  

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

r e a r r a n g e m e n t  p r o d u c t s  i s  a v a i l a b l e  t o  f o r m u l a t e  th em .

To sum m arise  t h i s  w o rk , and  to  c o n c lu d e  t h e  t h i r d  

s e c t i o n  o f  t h e  t h e o r e t i c a l  p a r t  o f  t h i s  t h e s i s ,  i t  may 

be s a i d  t h a t  th e  e x c e e d i n g l y  com plex  r e a c t i o n s  o f  i s o - 

- 0 - a m y r a d ie n o n y l  a c e t a t e  w i t h  o x i d i s i n g  and  r e d u c i n g  

a g e n t s  h av e  shown t h a t  i t  d o es  n o t  p o s s e s s  th e  same b a s i c  

s t r u c t u r e  a s  0 - a m y r in ,  b e c a u s e  many o f  th e  r e a c t i o n s  

d e s c r i b e d  above  d e fy  i n t e r p r e t a t i o n  on t h e  b a s i s  o f  t h e  

0 - a m y r in  s t r u c t u r e ,  and  i t  seem s l i k e l y ,  i n  t h e  a u t h o r ’ s
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v ie w ,  t h a t  t h e  s t r u c t u r e  (XXXVIII) p r o p o s e d  by R u z ic k a  

f o r  t h i s  compound i s  c o r r e c t  i n  e v e r y  r e s p e c t .  The 

e x t r a o r d i n a r y  m i g r a t i o n  and  b ack  m i g r a t i o n  o f  t h e  

m e th y l  g ro u p  b e tw e e n  C i Q and  Ci4  w ou ld  now a p p e a r  t o  be 

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

m e th y l  g r o u p ,  a s  i n  th e  f o r m a t i o n  o f  n e o -(3-amy r l n  

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

p o s t u l a t e d  i n  t h e  above p a g e s ,  w ou ld  seem , f ro m  h y p o ­

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

t h e  p r o p e r t y  o f  th e  e i g h t  c a r b o n  s y s te m  (LXXXVIII) 

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

C
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Melting points are uneorreetei.
" ( K ) M d e n o t e s  K o f l e r  m e l t i n g  p o i n t  a p p a r a t u s .

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

s o l u t i o n  i n  a  1 dm. tu b e  a t  room t e m p e r a t u r e .

“S t a b i l i s e d  a c e t i c  a c i d "  d e n o t e s  a c e t i c  a c i d  

w h ic h  h a s  b e e n  r e f l u x e d  o v e r  and d i s t i l l e d  f ro m  

c h ro m ic  a n h y d r i d e .

U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  w ere  m e a s u re d  i n  

a b s o l u t e  e t h a n o l  s o l u t i o n  w i t h  a  Unicam S P .5 0 0  

s p e c t r o p h o t o m e t e r .

The a n a l y s t s  w ere  D r. A. C. Syme a n d  Mr. Wm. 

M e C o rk in d a le  o f  The E o y a l  T e c h n ic a l  C o l l e g e ,  G lasgow .
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I s o l a t i o n  jof (:■ - a m y r in  f ro m  M a n i la  H lem i He s i n . -  S le m i  

r e s i n  (5  k i l o s ) , f ro m  w h ic h  t h e  s t e a i a - v o l a t i l e  c o n s t i t ­

u e n t s  h a d  b e e n  p r e v i o u s l y  rem o v ed , w as s t i r r e d  f o r  4 

h o u r s  w i t h  80# a q u e o u s  m e t h y l a t e d  s p i r i t  (12  1 . ) .  A f t e r  

s t a n d i n g  o v e r n i g h t  a t  room t e m p e r a t u r e ,  t h e  s u s p e n s i o n  

w as f i l t e r e d  a n d  t h e  r e s i d u e  was w ash ed  w i t h  a q u e o u s  

m e t h y l a t e d  s p i r i t  an d  d r i e d  a t  8 0 ° .  The m e l t i n g  p o i n t  

o f  t h e  c r u d e  m ixed  a m y r in s  a t  t h i s  s t a g e  was 1 5 5 - 1 6 7 ° .

The c r u d e  m ix ed  a m y r in s  (1800 g . )  w ere  d i s s o l v e d  i n  

p y r i d i n e  ( 1 1 . )  a t  1 0 0 °  and  b e n z o y l  c h l o r i d e  ( 1 . 2  1 . )  w as 

a d d e d  s lo w ly  d u r in g  one h o u r .  The s o l u t i o n  w as t h e n  

h e a t e d  on th e  a t e  a m -b a th  f o r  a  f u r t h e r  6 h o u r s ,  • c o o l e d  

a n d  d i l u t e d  w i t h  c h lo r o f o r m  (4 1 . ) .  The c h l o r o f o r m  

e x t r a c t  was w ashed  w i t h  b% h y d r o c h l o r i c  a c i d  s o l u t i o n ,

5 #  p o t a s s i u m  h y d r o x id e  s o l u t i o n ,  2% so d iu m  c h l o r i d e  

s o l u t i o n ,  w a t e r ,  and  was c o n c e n t r a t e d  t o  a p p r o x i m a t e l y  

2 l i t r e s .  A d d i t i o n  o f  h o t  m e th a n o l  ( 1 .5  1 . )  a n d  s t a n d ­

i n g  o v e r n i g h t  y i e l d e d  c r y s t a l s  o f  m ix ed  a m y r in  b e n z o a t e s  

(9 0 0  g . j .  C o n c e n t r a t i o n  o f  t h e  m o th e r  l i q u o r s  y i e l d e d  

a  f u r t h e r  q u a n t i t y  (550  g . )  o f  m ix ed  b e n z o a t e s .  The 

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

c l e a r i n g  p o i n t  o f  2 1 4 °  was r e a c h e d .  The r e s i d u e  (6 0 0  g . )  

o f  c r u d e  p - a m y r in  b e n z o a te  was t h e n  c r y s t a l l i s e d  f r o m  

c h l o r o f o r m / m e t h a n o l  t o  y i e l d  p r i s m a t i c  n e e d l e s  o f  p - a m y r i n
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b e n z o a t e  (3 1 8  g . ) ,  m . p . 2 3 2 - 2 3 4 ° .  C o n c e n t r a t i o n  o f

m o t h e r  l i q u o r s  y i e l d e d  s o l i d  m a t e r i a l  (2 6 0  g . ) ,  m .p . 1 9 0 -  

-1 9 5  ° .

{3-A m yrin  A c e t a t e . -  (3-A m yrin  b e n z o a te  (1 0 0  g . , m . p . 2 3 2 -  

- 2 3 4 ° )  i n  b e n z e n e  (7 0 0  c . e . )  and  e t h a n o l i c  p o t a s s i u m  

h y d r o x id e  ( e t h a n o l ,  2000 e . c . ;  w a t e r ,  150  c . c . j  

p o t a s s i u m  h y d r o x i d e ,  90 g . )  was r e f l u x e d  f o r  8 h o u r s .  

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

n e e  d i e  s  o f  p - a m y r in  (87 g . ) ,  m. p ♦186-187  ° . The p - a m y r in  

w as t h e n  d i s s o l v e d  i n  p y r i d i n e  (2 5 0  c . c . ) ,  a c e t i c  

a n h y d r i d e  (9 0  e . e . j ,  and  h e a t e d  on t h e  s t e a m - b a t h  f o r  2 

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

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

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

p - a m y r i n  a c e t a t e  (77 g . } ,  m .p .2 4 0 - 2 4 1 ° ,  +77° ( e , 2 . 1 ) .

p -A m y ra d ie n d io n y l  A c e t a t e  . -  p -A m yrin  a c e t a t e  (3 0  g . ) 

a n d  s e l e n iu m  d i o x i d e  (48  g . )  w ere  h e a t e d  w i t h  p u r i f i e d  

d i o x a n  (700  c . e . )  i n  a n  a u t o c l a v e  f o r  22 h o u r s  a t  2 0 0 -  

- 2 1 0 ° .  The c r u d e  m i x t u r e  w as t r e a t e d  w i t h  w a t e r ,  e t h e r  

e x t r a c t e d  a n d  th e  e x t r a c t  was w ash ed  w i t h  w a t e r ,  d r i e d  

(H as S04 ) ,  s h a k e n  w i t h  c h a r c o a l ,  f i l t e r e d  a n d  e v a p o r a t e d .  

The c r u d e  p r o d u c t  was t h e n  t r e a t e d  w i t h  l i g h t  p e t r o l e u m  

( 4 0 - 6 0 ° )  i n  w h ic h  th e  s e l e n iu m  was p r e f e r e n t i a l l y
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d i s s o l v e d  an d  th e  s o l i d  r e s i d u e  was c r y s t a l l i s e d  f ro m  

e t h e r / l i g h t  p e t r o l e u m  ( 4 0 - 6 0 ° )  t o  y i e l d  f t - a m y r a d ie n -  

d i o n y l  a c e t a t e  a s  s q u a re  p l a t e s  (24 g . j ,  m . p . 2 3 6 - 2 3 8 ° .  

Two r e c r y s t a l l i s a t i o n s  f ro m  a q u e o u s  m e th a n o l  y i e l d e d  

s q u a r e  p l a t e s ,  s u p . 2 4 0 - 2 4 1 ° ,  [ u j ^  - 9 5 °  ( c ,  2 . 0 ) .  No 

c o l o u r  w i t h  T.N.M. i n  c h l o r o f o r m .  L i g h t  a b s o r p t i o n  i n
a

e t h a n o l ;  Maximum a t  2780 A ( I  = 1 2 ,5 0 0 )  . No d e p r e s s i o n  

i n  m e l t i n g  p o i n t  on a d m ix tu re  w i t h  a n  a u t h e n t i c  s a m p le  

o f  f t - a m y r a d ie n d io n y l  a c e t a t e .

R e d u c t i o n  o f  ft -Amy r a d i  e n d i  ony 1 A c e t a t e  w i t h  L i t h i u m  

A lum in ium  H y d r i d e . -  A s o l u t i o n  o f  ( 3 -a m y ra d ie n d io n y l  

a c e t a t e  (2  g . )  i n  d ry  e t h e r  (250  c . c . )  w as a d d e d  t o  a  

s u s p e n s i o n  o f  l i t h i u m  a lu m in iu m  h y d r i d e  (3  g . )  i n  e t h e r  

(4 0 0  c . c . )  a n d  t h e  m ix tu r e  h e a t e d  u n d e r  r e f l u x  f o r  4 

h o u r s .  The p r o d u c t  was i s o l a t e d  i n  t h e  u s u a l  m a n n e r ,  

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

p y r i d i n e  (50  c . c . )  an d  a c e t i c  a n h y d r id e  (25  c . c . )  w as  

k e p t  o v e r n i g h t  a t  room t e m p e r a t u r e  a n d  t h e n  h e a t e d  on  

t h e  w a t e r - b a t h  f o r  one hour*  The c r u d e  p r o d u c t  w as  

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

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

b r o a d  a b s o r p t i o n  maximum a t  3110 A ( £ = 1 1 0 0 )  . S ev en  

c r y s t a l l i s a t i o n s  o f  th e  a c e t . y l a t e d  p r o d u c t  f ro m  m e th a n o l
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g a v e  o l e a n - I Q ; 1 5 ( 1 8 ) - d i e n -2 « 1 9 - d i o l  2 - a c e t a t e  a s  n e e d l e s ,  

a u p  * 2 2 3 -2 2 4 °*  t h e  [ a ] ^  +75° ( c ,  0 . 7 ) ,  d i d  n o t  c h a n g e  

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

F ound ; 0 , 7 9 . 3 5 ,  H , 1 0 .4 .

C3BH6006 r e q u i r e s ;  0 ,7 9 .6 }  H ,1 0 . 4 $ .

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

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

a b o v e  2200  A.

A s o l u t i o n  o f  th e  m o n o a c e ta te  (3 0 0  m g.)  i n  p y r i d i n e  

( 1 0  c . c . )  an d  a c e t i c  a n h y d r id e  ( 1 0  c . c . )  w as k e p t  a t  

room  t e m p e r a t u r e  f o r  6  d a y s .  C r y s t a l l i s a t i o n  o f  t h e  

p r o d u c t  f ro m  m e th a n o l  g av e  o l e a n -10  ;1 3 (1 8 )  - d i e n - 2 : 1 9 - d i o l  

d i a c e t a t e  a s  n e e d l e s ,  m . p . 231 - 2 3 1 .5 ° ,  Ea 3p +60° ( c ,  0 . 8 ) .

Found : 0 , 7 7 . 6 *  H , 1 0 .1 .

C»*He s Q4  r e q u i r e s i  0 ,7 7 .8 *  1 1 ,1 0 .0 $ .

L i g h t  a b s o r p t i o n :  £ a i oo  -  1 1 ,8 0 0 ,  £ 3 . 1 0 0  “ 8 9 0 0 ,  £ 3 3 0 0  = 

6 0 0 0 ,  £ 3 3 0 0  = 3 2 0 0 ,  £ 3 3 0 0  = 1 1 0 0 .  The d i a c e t a t e  g a v e  

a  y e l l o w  c o l o u r  w i t h  t e t r a n i t r o m e t h a n e .

Q l e a n a -1 Q :1 3 (1 8 )  - d i e n - g : 1 9 - d i o l . -  A s o l u t i o n  o f  t h e  d i o l  

d i a c e t a t e  ( 2 0 0  mg.) i n  d ry  e t h e r  ( 2 0 0  c . c . )  w as  t r e a t e d  

w i t h  l i t h i u m  aluminium, h y d r id e  (200  m g . ) .  A f t e r  one 

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

a c i d )  an d  c r y s t a l l i s e d  from  a q u e o u s  m e th a n o l  f ro m  w h ic h  

o l e a n a - 1 0 s l 3 ( 1 8 ) - d i e n - 2 : 1 9 - d i o l  s e p a r a t e d  a s  p l a t e s ,
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m#p*24Q-*243°. P u r i f i c a t i o n  by r e  c r y s t a l l i s a t i o n  f ro m  

t h e  same s o l v e n t  w as a c c o m p a n ie d  by  a  d r o p  i n  s u p .  t o  

2 3 0 - 2 3 1 °  u n a l t e r e d  by f u r t h e r  r e c r y s t a l l i s a t i o n  o r  by  

d r y i n g  i n  a  vacuum , [ a ] ^  +58° ( c ,  0 * 5 ,  0 * 8 ) *

P ound : 0 , 8 1 . 5 ;  i i , l l * 2 .

c ©©H4 8 0^ r e q u i r e s ;  0 , 8 1 . 8 ;  K , 1 1 .0 $ .

L i g h t  a b s o r p t i o n ;  £ soso  = 1 2 , 5 0 0 ,  £ gus© = 1 0 , 0 0 0 ,

Egj3oo ~ 6 3 0 0 ,  E2i5oo = 1200*

0 1 e a n a -1 0  * 1 2 : 1 8 - t r i e n y l  A c e t a t e  f ro m  Q le a n - 1 0 : 1 3 ( 1 8 )  -  

- d i e n - 2 : 1 9 - d i o l  2 - A c e t a t e * -  ( a )  A s o l u t i o n  o f  t h e  mono -  

a c e t a t e  (2 1 0  m g.)  i n  a c e t i c  a c i d  (25 c . c * )  w as  t r e a t e d  

w i t h  3 d r o p s  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  a n d  t h e  

s o l u t i o n  k e p t  a t  room t e m p e r a t u r e  f o r  16 h o u r s .  I t  w as 

t h e n  h e a t e d  on a  s te a m  b a t h  f o r  30 m i n u t e s .  The p r o d u c t  

w as i s o l a t e d  by m eans o f  e t h e r  an d  c r y s t a l l i s e d  f ro m  

c h l o r o f o r m - m e t h a n o l  t o  y i e l d  o l e a n a - 1 0 : 1 2 : 1 8 - t r i e n y l  

a c e t a t e  (175  mg. )  a s  p l a t e s ,  c u p * 1 8 0 - 1 8 1 ° ,  + 570°

( c ,  1 * 0 ) ,  i t  g i v e s  a  d eep  brown c o l o u r  w i t h  T.N.M* i n
o

c h lo r o f o r m *  L i g h t  a b s o r p t i o n :  Maximum a t  3100  A ( £ *

1 4 , 8 0 0 ) .  Newbold a n d  S p r in g  (1 0 2 )  g i v e  m .p . 1 8 4 - 1 8 5 ° ,
o

[ a ] ^  + 5 6 0 ° ,  maximum a t  3100 A (£  = 1 4 , 0 0 0 ) .

(b )  The m o n o a c e ta te  (3 1 0  mg. )  i n  a c e t o n e  (1 0 0  c . c . )  w as 

s h a k e n  w i t h  f r e s h l y  p r e p a r e d  m an g an ese  d i o x i d e  (1 0  g . )  

f o r  9 h o u r s .  The p r o d u c t  i s o l a t e d  i n  t h e  u s u a l  m a n n e r
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w as c r y s t a l l i s e d  f ro m  m e th a n o l  t o  g i v e  o l e a n a - 1 0 : 1 2 : 1 8 -  

- t r i e n y l  a c e t a t e  (1 9 8  mg*) ,  m . p . 1 7 9 - 1 8 3 °  a n d  1 8 0 - 1 8 1 .5 °  

a f t e r  r e  c r y s t a l l i s a t i o n  f ro m  t h e  same s o l v e n t ;  [ gG jj 

+5 4 5 °  ( e ,  1 * 5 ) ;  maximum a t  3100 A ( £ » 1 4 , 0 0 0 ) ;  a  

m i x t u r e  w i t h  a n  a u t h e n t i c  s p e c im e n  w as u n d e p r e s s e d  i n  

m e l t i n g  p o i n t .

C a t a l y t i c  H y d r o g e n o ly s i s  o f  O l e a n - 1 0 : 1 3 ( 1 8 ) - d i e n - 2 :1 9  -  

- d i o l  d i a c e t a t e . -  A s o l u t i o n  o f  t h e  d i a c e t a t e  (1 5 0  mg. )
—inr-ut-i.TU.- -■ .r - . ' ■■■ 1 ^

i n  g l a c i a l  a c e t i c  a c i d  (50  c . c . )  was a d d e d  t o  a  s u s p e n s i o n  

o f  p l a t i n u m  ( f ro m  100 mg. P t 0 s ) i n  g l a c i a l  a c e t i c  a c i d  

(2 0  c . c . )  a n d  t h e  m ix tu r e  s h a k e n  w i t h  h y d r o g e n  f o r  1 8  

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

- m e th a a o l  t o  y i e l d  o l e a n a - 1 0 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  

(1 0 0  m g.)  a s  p l a t e s ,  m . p . 1 9 9 - 2 0 0 ° ,  Ca ] p  + 5 8 ° ,  + 59°  ( c , Q . S ,  

0 . 5 )  .

F ound : 0 , 8 2 . 2 ;  H , 1 0 . 9 .

Ca a H6 o08 r e q u i r e s :  0 , 8 2 . 3 ;  H ,1 Q .8 $ .

L i g h t  a b s o r p t i o n :  i a i e o  = 0 2 0 0 ,  Eawoo *  5 6 0 0 ,  *

3 3 0 0 ,  E.S8 0  0 ® 9 5 0 .  A m i x t u r e  w i t h  a  s p e c im e n  p r e p a r e d

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

u n d e p r e s s e d  i n  m e l t i n g  p o i n t .

S i m i l a r  h y d r o g e n o l y s i s  o f  o l e a n - 1 0 : 1 3 { 1 8 ) - d i e n - 2 : 1 9 -  

- d i o i  2 - a c e t a t e  g av e  o l e a n a - 1 0 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  a s  

p l a t e s  f ro m  c h l o r o f o r m - m e t h a n o l , m .p . 1 9 8 - 2 0 0 ° ,  [ a ] ^  +59°
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( c ,  1 . 2 )  u n d e p r e s s e d  i n  m . p .  when m ixed  w i t h  a n  a u t h e n t i c  

s p e c im e n .

C o n v e r s io n  o f  Q le a n a - I O * 1 3 ( 1 8 ) - d i e n y l  A c e t a t e  i n t o  

O l e a n a - 1 1 * 1 3 ( 1 8 ) - d i e n y l  A c e t a t e . -  A s o l u t i o n  o f  o l e a n a -  

- 1 0 * 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  (87 mg. )  i n  a c e t i c  a c i d  (15  c . c . )  

c o n t a i n i n g  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 . 5  c . c . )  w as  

h e a t e d  f o r  3 h o u r s  on th e  s te a m  b a t h .  The p r o d u c t ,  

i s o l a t e d  by  m eans o f  e t h e r ,  was t r e a t e d  w i t h  a c e t i c  

a n h y d r i d e  (1  c . c . )  an d  p y r i d i n e  (1 c . c . ) .  C r y s t a l l i s a t i o n  

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

o l e a n a - 1 1 * 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  (50  mg . )  a s  p l a t e s ,  m . p .  

2 2 3 - 2 2 6 ° ,  Ca 3-p -6 3 °  ( c ,  1 . 2 )  u n d e p r e s s e d  i n  m .p .  when 

m ix e d  w i t h  a n  a u t h e n t i c  s p e c im e n  L i g h t  a b s o r p t i o n *

Maxima a t  2420 ( E  = 2 3 , 5 0 0 ) ,  2500 ( E  * 2 7 ,0 0 0 )  a n d  2 6 0 0  

A ( E = 1 7 ,6 0 0 )  .

O x i d a t i o n  o f  O le a n a -10  *13(1 8 ) - 2  *19- d i o l  2 - A c e t a t e  w i t h  

C hrom ic  A c i d . -  ( a )  The d i o l  m o n o a c e t a t e  (5 0 0  m g .)  i n  

g l a c i a l  a c e t i c  a c i d  (100  c . c . )  w as t r e a t e d  w i t h  c h r o m ic  

a c i d  (77  m g .)  i n  w a t e r  (1  c . c . )  a n d  a c e t i c  a c i d  (2 4  c . c . )  

a t  room  t e m p e r a t u r e  a n d  t h e  s o l u t i o n  k e p t  a t  room  t e m p e r a ­

t u r e  f o r  16 h o u r s .  I t  w as h e a t e d  on t h e  w a t e r - b a t h  f o r  

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

C r y s t a l l i s a t i o n  f ro m  m e th a n o l  g av e  a  l e s s - s o l u b l e  f r a c t i o n
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(2 1 0  mg. )  a s  n e e d l e s ,  m .p ..2 1 5 - 2 1 8 ° ,  r e c r y s t a l l i s a t i o n  o f  

w h ic h  g a v e  t h e  d i o l  m o n o a c e t a t e ,  m . p . 2 2 1 - 2 2 5 ° ,  [ a ]  +70°

( c ,  1 . 3 )  u n d e p r e s s e d  i n  m .p .  when m ix e d  w i t h  s t a r t i n g  

m a t e r i a l .  A m o r e - s o l u b l e  f r a c t i o n  (1 6 0  m g .)  s e p a r a t e d  

a s  p l a t e s ,  m . p . 2 2 2 - 2 2 5 ° ,  -6 2 °  r e c r y s t a l l i s a t i o n  o f

w h ic h  g a v e  p - a m y r a d ie n d io n y l  a c e t a t e ,  m . p . 2 3 4 - 2 3 6 °  

u n d e p r e s s e d  when m ix ed  w i t h  an  a u t h e n t i c  s p e c im e n  a n d
o

sh o w in g  a n  a b s o r p t i o n  maximum a t  2800  A ( £ *  1 0 ,0 0 0 )  .

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

e q u i v a l e n t  t o  4 0 g av e  { 3 -a m y ra d ie n d io n y l  a c e t a t e ,  m . p . 2 3 9 -
o

- 2 4 0 ° ,  [ a ] j )  -8 6 °  ( c ,  1 . 8 ) ,  maximum a t  2780  A ( L  = 1 2 ,0 0 0 )  

i n  n e a r l y  q u a n t i t a t i v e  y i e l d

A s i m i l a r  o x i d a t i o n  o f  o l e a n -10  .‘1 3 (1 8 )  - 2 ;  1 9 - d i o l  

d i a c e t a t e  (325 mg. )  u s i n g  c h ro m ic  a c i d  e q u i v a l e n t  t o  2 0 

i n  a c e t i c  a c i d  a t  room t e m p e r a t u r e  g a v e  a  m i x t u r e  w h ic h  

w as s e p a r a t e d  by c h r o m a to g ra p h y  on a lu m in a  i n t o  u n c h a n g e d  

d i o l  d i a c e t a t e  (23  m g . ) ,  n e e d l e s  f ro m  m e t h a n o l ,  m . p . 2 1 8 -  

-2 2 4 °  u n d e p r e s s e d  when m ix ed  w i t h  s t a r t i n g  m a t e r i a l  . a n d  

t h e  m ore s t r o n g l y  a b s o r b e d  ( 3 -a m y ra d ie n d io n y l  a c e t a t e  

(2 6 0  mg . )  w h ic h  s e p a r a t e d  f ro m  a q u e o u s  m e th a n o l  a s  p l a t e s ,  

m . p . 2 3 6 - 2 3 8 ° ,  0 3 -p  -8 7 °  ( c ,  0 . 9 ) .  L i g h t  a b s o r p t i o n :  

Maximum a t  2760 A ( £ 3 1 2 ,6 0 0 )  \ a  m i x t u r e  w i t h  a n  a u t h ­

e n t i c  s p e c im e n  was u n d e p r e s s e d  i n  m .p .
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R e d u c t i o n  o f  ft- A m y ra d ie n d io n y l  A c e t a t e  w i t h  Z in c  B u s t  

i n  E t h a n o l . -  A s o l u t i o n  o f  f t - a m y r a d ie n d io n y l  a c e t a t e  

(mvp* 2 -40-241° , 5 g . )  i n  b o i l i n g  e t h a n o l  (5 0 0  c . c . )  w as 

r e f l u x e d  w i t h  f r e s h l y  a c t i v a t e d  z i n c  d u s t  (25  g . )  f o r  

5 h o u r s .  She p r o d u c t  was c r y s t a l l i s e d  f ro m  c h l o r o f o r m /  

/ m e t h a n o l  t o  y i e l d  1 2 : 1 9 - d i k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  a s  

b l a d e s ,  m . p . 2 8 7 -2 9 0 °  ( d e c o m p . ) ,  Ca ] p  *1 3 5 °  ( c ,  1 . 4 ) .  No.  

c o l o u r  w i t h  T.N.M. i n  c h l o r o f o r m .  T h re e  r e c r y s t a l l i s ­

a t i o n s  f ro m  c h l o r o f o r m / m e th a n o l  y i e l d e d  p l a t e s ,  m . p . 2 8 5 -  

- 2 8 7 ° ,  [ a ] D * 1 3 2 ° ( c ,  1 . 0 )  .

F ound : 0 , 7 7 . 6 *  H , 9 . 9 .

CssjHfceO* r e q u i r e s :  0 , 7 7 .4 *  I I ,9 . 7 $ .
o

L i g h t  a b s o r p t i o n  i n  e t h a n o l :  Maximum a t  2460  A ( fc =

1 2 , 4 0 0 ) .

H y d r o g e n o l y s i s  o f  1 2 : 1 9 - D i k e t o - o l e a n - 1 0 - e n y l  A c e t a t e . -  

A s o l u t i o n  o f  1 2 : 1 9 - d i k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  (537  mg . )  

i n  a c e t i c  a c i d  (200  c . c . )  was s h a k e n  w i t h  h y d r o g e n  a n d  

p l a t i n u m  ( f ro m  190 mg. P tO *.). A b s o r p t i o n  o f  h y d r o g e n  

w as s lo w  an d  c e a s e d  a f t e r  21 h o u r s .  The p r o d u c t  w as  

c r y s t a l l i s e d  f ro m  c h l o r o f o r m - m e t h a n o l  t o  g i v e  1 9 - k e t o -  

- o l e a n - 1 0 - e n y l  a c e t a t e  (413  m g .)  a s  p l a t e s ,  m . p . 2 5 6 - 2 5 8 ° ,

[ a ] p  + 1 1 7 ° ,  +116° ( c ,  1 . 4 ,  0 . 8 ) .

F o und : C , 7 9 . 6 *  H , 1 0 .4 .

Cc8He o 0 3 r e q u i r e s :  0 , 7 9 . 6 *  H ,1 0 . 4%.
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I t  g a v e  a  y e l lo w  c o l o r a t i o n  w i t h  T.N.LT. L i g h t  a b s o r p t i o n :  

£;ao6o g* 2 9 0 0 ,  £.saoo = 2 2 0 0 ,  t e i e o  = 1 1 0 0 ,  fceyoo = 280*

O x i d a t i o n  o f  19 -Ke t o  - o l e a n -1 0  - e n y l  A c e t a t e  w i t h  S e le n iu m  

D i o x i d e . -  The a c e t a t e  (83  mg. )  i n  g l a c i a l  a c e t i c  a c i d  w as 

r e f l u x e d  w i t h  s e le n iu m  d i o x i d e  (8 3  mg . )  f o r  8  h o u r s .  The 

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

m e t h a n o l .  A r e l a t i v e l y  i n s o l u b l e  f r a c t i o n  (1 2  m g . ) ,  

m * p .2 8 3 - 2 8 6 ° ,  Ett3p (°?  0 . 4 )  w as n o t  i n v e s t i g a t e d

f u r t h e r .  The m o th e r  l i q u o r  was e v a p o r a t e d  t o  d r y n e s s  

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

w h ic h  £ - a m y r a d i e n d i o n y l  a c e t a t e  (3 0  mg. )  s e p a r a t e d  a s  

p r i s m s ,  m . p . 2 3 2 - 2 3 4 ° .  R e c r y s t a l l i s e d  f ro m  a q u e o u s

m e th a n o l  i t  s e p a r a t e d  a s  p l a t e s ,  m . p . 2 3 6 - 2 3 8 ° ,  u n d e p r e s s e d  

when m ix e d  w i t h  an  a u t h e n t i c  s p e c im e n ;  Ca 3p - 9 1 °  ( c ,  0 . 5 ) .
o

L i g h t  a b s o r p t i o n :  Maximum a t  2780  A { £ = 1 1 , 0 0 0 ) .

1 2 S 1 9 - L i k e t o - 1 8 a - o l e a n - 1 0 - e n y l  A c e t a t e . -  A s o l u t i o n  o f  

1 2 : 1 9 - d i k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  (400  m g .)  i n  1 0 $  

m e t h a n o l i c  p o t a s s i u m  h y d r o x id e  w as r e f l u x e d  f o r  3 h o u r s .

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

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

y i e l d  1 2 s l 9 «» d i k e t o - 1 8 a - o l e a n - 1 0 -en .y l a c e t a t e  a s  p l a t e s ,  

m . p . 2 7 9 - 2 8 1 ° ,  [cO p +91%  + 9 2 ° ,  + 8 9 .5 °  ( c ,  0 * 5 ,  1 . 2 ,  1 . 3 ) .

P o u n d : 0 , 7 7 . 6 ;  H , 9 . 7 .

Co«H4 e 0 4  r e q u i r e s :  0 , 7 7 . 4 ;  I I ,9 .-7$ .
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L i g h t  a b s o r p t i o n :  Maximum a t  2430  A (£  = 1 1 , 7 0 0 ) .

1 9 ~ K et0 - 1 8 a - o l e a n - 1 0 - e n y l  A c e t a t e . -  ( a )  A s o l u t i o n  o f  

1 9 -Ice t o - o l e  a n - 1 0 - e n y l  a c e t a t e  ( 1 . 3  g . )  i n  10% e t h a n o l i c  

p o t a s s i u m  h y d r o x id e  (500  c . c , )  w as h e a t e d  u n d e r  r e f l u x  

f o r  3 h o u r s .  The p r o d u c t  was i s o l a t e d  by m ean s  o f  e t h e r  

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

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

- c h l o r o f o r m  g ave  1 9 -h e  t o - 1 8 a - o l e a n - 1 0 - e n y l  a c e t a t e  

( 1 .1 4  g . )  a s  b l a d e s  o r  n e e d l e s ,  m . p . 2 5 4 - 2 6 6 ° ,  [ a ]-y +1 3 9 °

( e , 1 . 2 )  .

Found : C , 7 9 . 8 j H , 1 0 .4 .

CesHsoOs r e q u i r e s :  0 , 7 9 . 6 ,  H ,1 0 .4 $ .

(b )  The c a t a l y t i c  h y d r o g e n o l y s i s  o f  1 2 : 1 9 - d i k e t o  - 1 8 a - 

- o l e a n - 1 0 - e n y l  a c e t a t e  was more d i f f i c u l t  t o  e f f e c t  t h a n  

t h a t  o f  th e  c o r r e s p o n d i n g  1 8 p - i s o m e r .  A s o l u t i o n  o f  t h e  

1 8 a - d i k e t o n e  (1 g . )  i n  g l a c i a l  a c e t i c  a c i d  (1 5 0  c . c . )  w as 

s h a k e n  w i t h  h y d ro g e n  a n d  j3 ln t in u m  ( f ro m  0 .5  g .  P tO a ) f o r  

4 8  h o u r s .  The f i l t e r e d  s o l u t i o n  was a d d e d  t o  f r e s h l y  

p r e p a r e d  p l a t i n u m  ( f ro m  0 .2 5  g .  P tO ^) i n  g l a c i a l  a c e t i c  

a c i d  (2 0  c . c . )  and  s h a k e n  w i t h  h y d r o g e n  f o r  24 h o u r s .  The 

p r o d u c t  o b t a i n e d  by f i l t r a t i o n  an d  e v a p o r a t i o n  o f  t h e  

s o l u t i o n  g ave  a  p a l e  y e l l o w  c o l o u r  w i t h  T. N. M.  i n  c h l o r o ­

fo rm  a n d  showed a b s o r p t i o n  maxima a t  2070 ( £ = 2100) a n d
o

2440  A ( t  = 3700) ♦ A s o l u t i o n  o f  t h e  r e a c t i o n  p r o d u c t



i n  l i g h t  p e t r o le u m - b e n z e n e  ( 2 s i ,  150  c . c . )  w as c h r o m a ­

t o g r a p h e d  on a  co lum n o f  a lu m in a  (G ra d e  I I / I I I ,  15 x  

2 c m . ) .  The same s o l v e n t  m i x t u r e  (2 5 0  c . c . )  e l u t e d  a  

s o l i d  (2 6 0  m g .)  c r y s t a l l i s a t i o n  o f  w h ic h  f ro m  c h l o r o f o r m  

- m e th a n o l  y i e l d e d  1 9 - k e t o - 1 8 a - o l e a n - 1 0 - e n y l  a c e t a t e  a s  

b l a d e s ,  m . p . 2 5 7 - 2 5 9 ° ,  u n d e p r e s s e d  when m ix ed  w i t h  t h e  

s p e c im e n  d e s c r i b e d  u n d e r  ( a ) j  Ca 3p +136° ( c ,  1 . 2 ) .  

l i g h t  a b s o r p t i o n *  5 go s o  = o 3 0 0 ,  ^ s i o o  = 2 2 0 0 ,  £ g i 5 o  = 

6 7 0 .  I t  g i v e s  a  y e l lo w  c o l o r a t i o n  w i t h  t h e  T N M. 

r e a g e n t .  C o n t in u e d  w a s h in g  o f  th e  a lu m in a  co lu m n  w i t h  

t h e  same s o l v e n t  m ix tu r e  (200  c . c . )  g a v e  i n t e r m e d i a t e  

f r a c t i o n s  ( t o t a l ,  250 mg. )  o f  1 9 ~ k e t o - 1 8 a - o l e a n - 1 0 - e n y l  

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

( 1 : 1 ,  100  c . c . )  e l u t e d  a  f r a c t i o n  (3 6 0  m g .)  c r y s t a l l i s ­

a t i o n  o f  w h ic h  f ro m  c h l o r o f o r m - m e t h a n o l  y i e l d e d  1 2 : 1 9 -  

- d i k e t o - 1 8 a - o l e a n - 1 0 - e n y l  a c e t a t e  a s  p l a t e s ,  m . p . 2 8 2 -2 8 4  

[ a 3jl +86°  ( c ,  2 . 2 )  sho w in g  a n  a b s o r p t i o n  maximum a t
o

2440  A ( t  = 9800) a n d  u n d e p r e s s e d  i n  m . p .  when m ix e d  

w i t h  t h e  s t a r t i n g  m a t e r i a l .

R e d u c t i o n  o f  1 9 - h e t o - o l e a n - 1 0 - e n y l  A c e t a t e  w i t h  L i t h i u m  

A lum in ium  H y d r i d e . -  The k e t o n e  ( 0 . 5  g . )  i n  d r y  e t h e r  

(2 0 0  c . c . )  was t r e a t e d  w i t h  l i t h i u m  a lu m in iu m  h y d r i d e  

( o . 5  g . )  i n  e t h e r  (200  c . c . )  a n d  t h e  m i x t u r e  k e p t  a t
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room  t e m p e r a t u r e  f o r  4 h o u r s .  The p r o d u c t  w as i s o l a t e d  

( a v o i d i n g  m i n e r a l  a c i d )  a n d  c r y s t a l l i s e d  f ro m  a q u e o u s  

m e th a n o l  f ro m  w h ic h  o f e a n ~ f 0 - e n - 2 : 1 9 a -d iQ 'f  s e p a r a t e d  a s  

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

t i o n ,  m . p . 2 0 4 - 2 0 5 ° ,  [ a ] ^  + 7 8 ° ,  +79° ( c ,  0 .7 *  1 . 3 ) .

F o und : 0 , 8 1 .3 }  H , l l * 5 .

0 se H600 2 r e q u i r e s :  0 ,8 1 .4 }  H ,1 1 .4 $ .

L i g h t  a b s o r p t i o n *  t  2 1 0 0  = 2 0 0 0 ,  £ ~ 1 4 0 0 ,  £ &&0 o ~

4 7 0 .  I t  g i v e s  a  p a l e  y e l l o w  c o l o u r  w i t h  t h e  T. N. M.  

r e a g e n t .

P a r t i a l  a c e t y l a t i o n  o f  t h e  d i o l  (125  mg . )  u s i n g  

a c e t i c  a n h y d r id e  (2  c . c . )  a n d  p y r i d i n e  (2  c . c . )  a t  room  

t e m p e r a t u r e  f o r  16 h o u r s  y i e l d e d  o l e a n - 1 0 - e n - 2 : 1 9 a - d i o l  

2 - a c e t a t e  s e p a r a t i n g  a s  p r i s m a t i c  n e e d l e s  f ro m  c h l o r o f o r m - 

- m e t h a n o l ,  m .p * 2 6 2 -2 6 3 ° ,  Ca ] jj  + 8 8 ° ,  +89° ( c ,  1 . 5 ,  o l 9 ) .

F ound : 0 , 7 9 .1 }  1 1 ,1 0 .9 .

C0jeH62Oe r e q u i r e s :  0 , 7 9 . 3 }  K ,1 0 .8 $ .

L i g h t  a b s o r p t i o n :  U 0 9 0  ~ 2 0 0 0 ,  £ © 1 5 0  ~ 8 2 0 ,  I  2Soo =

200} i t  g av e  a  p a l e  y e l lo w  c o l o u r  w i t h  t h e  T.N.M.  

r e a g e n t .

0 1 e a n - 1 0 - e n - 2 : 1 9 a - d i o l  2 - a c e t a t e  (1 5 0  m g.)  i n  

g l a c i a l  a c e t i c  a c i d  (50  c . c . )  was t r e a t e d  a t  room  te m p ­

e r a t u r e  w i t h  c h ro m ic  a n h y d r id e  (=  1*2 0) i n  a c e t i c  a c i d  

( 1 1 .5  c . c . )  a d d e d  d ro p w is e  o v e r  30 m i n u t e s  a n d  th e
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s o l u t i o n  was k e p t  a t  room t e m p e r a t u r e  f o r  20 h o u r s *

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

c r y s t a l l i s e d  f ro m  c h l o r o f o r m - m e t h a n o l  t o  y i e l d  1 9 - k e t o -  

- o l e a n - 1 0 - e n y l  a c e t a t e  a s  p l a t e s ,  m .p . 2 5 3 - 2 5 5 ° ,

+118° ( c ,  0*8) u n d e p r e s s e d  i n  m. p .  when m ix e d  w i t h  a n  

a u t h e n t i c  sam ple}  a  m i x t u r e  w i t h  1 9 - k e t o - 1 8 a - o l e a n - 1 0 -  

- e n y l  a c e t a t e ,  m .p . 2 5 4 -2 5 6  0 , Ca J-p +139° h a d  m .p * 2 5 2 - 2 3 8 ° .

O l e a n a - 1 0 : 1 8 - d i e n y l  A c e t a t e . -  A s o l u t i o n  o f  o l e a n - 1 0 -  

- e n - 2 :1 9 a - d i o l  2 - a c e t a t e  < m .p .2 6 3 -2 6 4 %  1 .3 7  g . )  i n  

p y r i d i n e  (75  c . c . )  an d  p h o s p h o ro u s  o x y c h l o r i d e  (25  c . c . j  

w as h e a t e d  on th e  s te a m  b a t h  f o r  7 h o u i 's .  A f t e r  s t a n d ­

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

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

i n  c h l o r o f o r m  (300  c . c . )  and  th e  s o l u t i o n  d r i e d  (Nas S 0 * ) .  

E v a p o r a t i o n  y i e l d e d  a  s o l i d  r e s i d u e  w h ic h  c r y s t a l l i s e d  

f ro m  c h l o r o f o r m / m e th a n o l  a s  p l a t e s  (1  g . j ,  m . p . 2 5 6 - 2 5 8 ° .  

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

(1 5 0  m g . ) ,  m .p .2 4 7 - 2 5 1 ° .  T h ree  r e c r y s t a l l i s a t i o n s  o f

t h e  f i r s t  c r o p  y i e l d e d  p l a t e s ,  m . p . 2 5 6 - 2 5 7 ° ,  O ] ^  +99°

( o ,  2 . 2 )  g i v i n g  a  y e l lo w  c o l o u r  w i t h  I . N . M.  i n  c h lo r o f o r m . -  

L i g h t  a b s o r p t i o n  i n  e t h a n o l :  £.©o©o ~ 3 2 0 0 ,  £ s i a o  = 1250} 

£@&oo 83 280.
F ound : 0 ,8 2 .5 9 }  H ,1 0 .9 9 .

C8sHeo02 r e q u i r e s :  0 , 8 2 . 3 4 :  11,10*80$.
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O x i d a t i o n  o f  1 2 : 1 9 - d i k e t o  - o 1 e a n -10 - e a y  1 A c e t a t e  w i t h  

S e le n iu m  D i o x i d e . -  1 2 : 1 9 - D i k e t o - o l e a n - 1 0 - e n y l  a c e t a t e  

( m . p . 2 9 2 - 2 9 4 ° ,  250 mg*) was r e f l u x e d  w i t h  . s e l e n iu m  d i o x i d e  

(2 5 0  mg. )  a n d  s t a b i l i s e d  g l a c i a l  a c e t i c  a c i d  (1 0 0  c . c . )  

f o r  5 h o u r s .  The p a l e  y e l lo w  s o l u t i o n  w as  f i l t e r e d ,  

p o u r e d  i n t o  w a t e r , t r e a t e d  w i t h  e t h e r  an d  t h e  e x t r a c t  w as 

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

(N agSG *). The e x t r a c t  was t h e n  t r e a t e d  w i t h  c h a r c o a l ,  

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

f r o m  a q u e o u s  m e th a n o l  a s  s q u a r e  p l a t e s  ^1 7 0  m g . ) ,  m . p . 2 3 5 -  

- 2 3 8 ° .  C o n c e n t r a t i o n  o f  th e  m o th e r  l i q u o r s  y i e l d e d  a  

s e c o n d  e i ’op o f  p l a t e s  (5 0  m g . ) ,  m .x 3 .2 2 5 -2 3 2 ° . The f i r s t  

c r o p  r e c r y i ' t a l l i s e d  f ro m  a q u e o u s  m e th a n o l  a s  s q u a r e  

p l a t e s ,  m . p . 2 3 7 - 2 3 9 ° ,  sh o w in g  no  c o l o u r  w i t h

T.N.M.  i n  c h l o r o f o r m .  L i g h t  a b s o r p t i o n  i n  e t h a n o l :
o

maximum a t  2800 A ( £ = 1 1 ,2 0 0 )  . No d e p r e s s i o n  i n  m . p .  

on  a d m i x t u r e  w i t h  an  a u t h e n t i c  s p e c im e n  o f  (3 -a m y ra d ie n -  

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

O x i d a t i o n  o f  12 >19- d i k e t o - 1 8 a - o l e a n - 1 0 - e n y l  A c e t a t e  w i t h  

S e le n iu m  D i o x i d e . -  1 2 : 1 9 - B i k e t o - 1 8 a - o l e a n - 1 0 - e n y l  a c e t a t e  

( m . p . 2 8 4 - 2 8 6 ° ,  250 mg. )  w as r e f l u x e d  w i t h  s e l e n iu m  

d i o x i d e  (250  m g.)  an d  s t a b i l i s e d  g l a c i a l  a c e t i c  a c i d  f o r

5 h o u r s .  T re a tm e n t  o f  t h e  s o l u t i o n  i n  t h e  m an n e r
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described in the previous experiment yielded a  solid 
which crystallised from chloroform/methanol as plates 
(196 mg.) , m.p.282-285 0. Concentration of the i&other 
liquors yielded a second crop of plates (30 mg.), m.p,. 
276-281°. The first crop recrystallised from chloro­
form/methanol as plates, m.p*285-285°, [a]j) +81° (c, 1.5)
showing no colour with T.N.M. in chloroform. Light

°  cabsorption  in  ethanol: Maximum a t 2440 A ( c = 10 ,500) .

There was no depression  in  m.p* on admixture w ith  s ta r t in g  

m a ter ia l.
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P-Amyranonyl Acetate. - (a) {3-Amyrin acetate (20 g . , in . .p .  

240-241°) in glacial acetic acid (1800 c.c.) was treated 
at 100° with a mixture of hydrogen peroxide (100 vol.. >
150 c.c.) in glacial acetic acid (150 c.c.) added drop- 
wise during 30 minutes with stirring. Stirring was 
continued for 2 hours at 100° and the solution again 
treated with hydrogen peroxide (100 vol.; 50 c.c.) in 
acetic acid (50 c.c.) during 15 minutes. The solution 
was then kept at 95° for onQ hour and hot water was added 
until it became faintly opalescent. The crystalline 
solid which separated on standing overnight at room 
temperature was collected by filtration (m.p.288-291°;
8.7 g.j. The mother liquor was heated to 100° then 
treated with hot water until opalescent, and a second 
crop of crystals (m.p.286-287 2.0 g.) was isolated.
The two crops were combined, dissolved in light petroleum 
(b.p.60-80°)-benzene (1:2; 300 c.c.), and chromatographed 
on a column of activated alumina (Grade I/ll, 42 x 3.5cm.). 
Washing with the same solvent mixture (3450 c.c.) gave an 
eluate (7.05 g.) which when crystallised from chloroform- 
-methanol yielded p-amyranonyl acetate as plates, m.p.300- 
-301° (K) (299-300° in an open capillary), [a]^ -15°,
(c, 2.82, 5.83). Light absorption in ethanol: Maximum
at 2780 A (I * 280).
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Found: 0,79.0; H,10.7.
Cale. for CS8Hee0o: 0,79.3} H,1Q.8$.

Continued washing of the column with light petroleum 
(60-80)-benzene (1:4; 600 c.c*), benzene (600 c.c.), 
and benzene-ether (19:1; 200 c.c.) yielded material 
(total 1.3 g.) which on crystallisation from chloroform- 
-methanol gave |3-amyranonyl acetate as plates, m.p.299- 
-300°, [a]^ -15° (550 mg.).
(b) £ -Amyrin acetate ( i n . p . 240-2410, 3 g.) in ethyl
acetate (175 c.c.) at 54° was treated with a solution of 
hydrogen peroxide (100 vol ; 5 c.c.) in formic acid (98- 
100^, 25 c.c.) added dropwise during three hours at 54° 
with stirring. Stirring at 54° was continued for 36 
hours and the solution was concentrated to 30 c.c. On 
cooling, plates of p-amyranonyl acetate (2.20 g.), 
m.p.298-300°, -12° (c, 1.4) separated.

Concentration of the mother liquor yielded an 
amorphous material.

Hecrystallisation of the above crystals from chloro­
form -methanol yielded plates, m.p#299-301°, ta]i) -14°
(e, 1*0) showing no colour with and no depression
in melting point on admixture with authentic p -amyranonyl 
acetate.
Note. In using this method on a large scale (20 g.
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3-amyrin acetate) it was found necessary to use four 
times as much hydrogen peroxide as in the above method 
in order to ensure complete oxidation. The temperature 
at which the preparation is carried out is not critical 
and six hours is sufficient for complete reaction.

iso-P-Amyrenonyl Acetate.- ft-Amyranonyl acetate (m*iJ.299- 
-300°; 5 g.) in glacial acetic acid (450 c.c.) was 
treated, at 45-50°, with a solution of bromine (2 g.,
1.2 mols.) in glacial acetic acid (27 c.c.) added drop- 
wise during 30 minutes with stirring. Stirring at 45- 
-50° was continued for a further two hours and the 
solution was allowed to stand overnight at room tempera­
ture. It was then heated to 80° and hot water was added 
until it became faintly opalescent. The crystalline 
solid (m.p.288-289°, 2.92 g.) which separated on cooling 
was collected by filtration and more water was added to 
the hot mother liquor until a faint opalescence appeared. 
On cooling, a second crop of crystalline material (m.p. 
281-283°, 1.0 g.) was deposited and a third crop (m.p.240- 
-250°, 0.2 g.) was obtained in a similar manner.

Re crystallisation of the combined first and second 
crops yielded hexagonal plates of iso-3-amyrenonyl acetate, 
m.p.290-291° (K) , [a]p +62° (c, 1.9). Other preparations 
had m.p.289-290°, [a]^ +61° (c, 1.2); m.p.287-2890,
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[a]^ +60° (c, 2.2). Light absorption in ethanol*
QMaximus* at 2450 A ( i  « 10,000) .

Found: 0,79.6$ H,10.6.
Gale. for CS8H60Os: 0,79.6^ H,10*45$.

jso-ft-Amyrin Acetate.- Following the method of Jeger and 
Buzioka (99), iso-ft-amyrenonyl acetate (m.p.288-289°,
1.3 g.) in stabilised glacial acetic acid (200 c.c.) was 
added to platinum catalyst (from 0*2 g. Pt08) in acetic 
aeid (10 c.c.). Shaking in hydrogen was then carried 
out for 48 hours at slightly greater than atmospheric 
pressure. The solution was warmed, filtered and poured 
into water (500 c.c*). The ether extract was neutral­
ised with sodium bicarbonate solution, dried (Jtfas804; 
and evaporated. The crystalline residue was recrystal- 
lised from chloroform/methanol to yield plates, m.p.250- 
-251°, +77° (c, 1.6j, (0.83 g.). Yellow colour with
f.N.M. in chloroform. Light absorption in ethanol:

o

Maximum at 2070 A (L = 3,500)•

iao^ft-Amyrin Acetate.- iso-ft-Amyrenonyl acetate (m.p.288- 
-289°, 0.3 g.) in acetic aeid (15 c.c.) containing con­
centrated hydrochloric acid (15 c.c.) was added to 
amalgamated zinc (9 g.) and maintained at 100° for 6 hours.
Luring this period additions of concentrated hydrochloric
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acid {5 c.c.) were made at intervals of two hours. The 
hot solution was decanted into water, and the precipit­
ated solid was collected, washed, dried and crystallised 
from methanol/chloroform to yield plates, m.p.240-255°
(156 mg*). This product was readily separated by 
chromatography of a light petroleum (60-80)-benzene 
solution (4:1, 50 c.c.ion activated alumina (Grade II,
14 x 1.6 cm.) into a fraction I (94 mg.) eluted by light 
petroleum (60-80)-benzene (4:1, 200 c.c.), and a fraction 
II (53 mg.) eluted by benzene (150 c.c.). Crystallis­
ation of fraction I from chloroform/methanol gave 
plates, m.p.250-251°, [a]p +17° (c, 0.3). Yellow colour 
with I.W.M. in chloroform. Light absorption in ethanol:
^«o?o ^ 3,100, £ axoo = 2,200, £ sieo ~ 850, £asoo ~ 260, 
tfc&eo = 185.

Found: 0,82.1* H,11.4.
Calc, for CQjgHgyOfcj * C,82.0* H , 11.2$. 

Admixture with an authentic specimen of iso-ft-amyrin 
acetate prepared by the catalytic hydrogenation of iso - 
-ft-amyrenonyl acetate produced no aepx^ession in melting 
point.

Crystallisation of fraction II from chloroform/ 
/methanol gave iso-ft -amyrenonyl acetate as plates, 
m.|).285~2860« Light absorption in ethanol'* Maximum
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Q
at.2450 A ,( 1 = 9,500). No depression in melting point 
on admixture with starting material and no colour with 
3?.N.M.

11 -ICeto~ft-Amyranyl Acetate.- Following the method of 
Jeger and Ruzieka (99), iso-(3-amyrin acetate (m.p.250- 
-251°, 0.7 g.) was dissolved in glacial acetic acid 
(100 c.c.) at 110° and while refluxing gently, a solution 
of hydrogen peroxide (100 vols., 7 c.c.) in glacial 
acetic acid (7 c.c.) was added dropwise during 10 minutes. 
The solution was then refluxed gently for one hour and a 
further quantity (10 c.c.) of hydrogen peroxide solution 
in glacial acetic acid was added. The solution was then 
refluxed for a further two hours and on cooling the 
product crystallised as plates, m.p.327-332° (decomp.)
(0.2 g>). Recrystallisation from chloroform/methanol 
yielded plates, m.p.338-339° (in vacuo) , Ca3j) *6.4° (c,0-3).

oLight absorption in ethanol: Maximum at 2800 A ( t  =? 230) .
Negative I.N.M. test. Addition of water to the hot 
mother liquor yielded a second crop of plates (0.04 g.), 
su p *310-315 °*

f t-Amyranyl Acetate.- Following the method of Jeger and 
Ruzieka (100), ft-amyranonyl acetate (m.p.299-300°, 0.2 g.) , 
hydrazine hydrate (100$, 2 c.c.) and sodium amylate (5$,
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10 c . c * )  were h e a t e d  in an a u t o c l a v e  f o r  18 h o u r s  a t  

200°. The crude product was treated with water and 
extracted with ether. The extract wa3 washed with 
water, dried (NaeS04) and evaporated. The residue was 
dissolved in pyridine (3 c.c.) and acetic anhydride 
(3 c.c*) and allowed to stand at 20° for 48 hours. She 
solution was worked up in the usual manner and yielded 
a residual gum which crystallised from chloroform/methanol 
as plates (0.1 g.), m*p#276-279°.

Eecrystallisation from chloroform/methanol yielded 
plates, m,p.283-284% +24° (e, 0.5). The product
showed no selective light absorption in the region 2000-

o
-4000 A and showed no colour reaction with T.N.25. in 
chloroform.

P "Amyranyl Acetate. - 11 -Keto -£> -amyranyl ace tat e (m . p . 338 - 
-339°, 0.25 g.), hydrazine hydrate (100$, 2c. c.) and 
sodium ethoxide (7.5$, 10 c.c.) were heated in an auto­
clave for 18 hours at 200-210°. The ether extract of 
the crude product was washed with 2% hydrochloric acid, 
water, dried (NasS04) and evaporated. The residue was 
acetylated with acetic anhydride and pyridine and the 
crude acetylated product (185 mg.) was dissolved in a 
mixture of light petroleum (60-80°)-benzene (2:lj 50 c.c.)



-  117  -

and chromatographed on a  column of a c t i v a t e d  a lu m in a  

(Grade II, 10 x 1.25 cm.). Elution with the same 
solvent mixture gave a fraction I (30 mg.), crystallis­
ation of which from chloroform/methanol yielded plates, 
m.p.282-284°, [u]^ +24° (c, 0.46) showing no selective 
light absorption in the region 2000-4000 A, and no 
colour reaction with T.N.M. in chloroform. Admixture 
with an authentic sample of f:>-amyranyl acetate produced 
no depression in melting point. Further elution with 
the same solvent mixture gave a fraction II (40 mg.) 
which crystallised from chloroform/methanol as plates, 
m.p.297-303° (decomp.), undepressed in melting point on 
admixture with starting material.

Enol Acetate of iso-fc-Amyrenonyl acetate.- A solution of 
iso-p-amyrenonyl acetate (m.p.289-290°, 1 g.) in acetic 
anhydride (60 c . c . ) ,  c o n t a i n i n g  freshly fused sodium 
acetate (0.5 g.) was refluxed for 80 hours. The reaction 
mixture was treated with w a t e r  and extracted with ether. 
The extract was washed with water, shaken with charcoal, 
filtered, dried (Na^SO*) and evaporated. The residue 
crystallised from chloroform/methanol to give the enol 
acetate of iso-6-amyranonyl acetate as long prismatic 
needles (0.85 g . ) ,  m . p .216.5-217°, [a]D +201° (c, 1.6)
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oLight absorption in ethanol: Maximum at 8780 A ( £ =
8,500) • The enol acetate gave a brown colour with 
T.N.M. in chloroform.

Found: 0,77*5 j H,9.9.
Oo^HegO* requires: C,77.8j H,9.9$.

Attempted purification of the enol acetate by chromato­
graphy on alumina yielded iso-L-ainyrenonyl acetate 
quantitatively.

Enol Acetate of (3-Amyranon.yl Acetate. - Following the
method of Huzicka and Jeger (100), a solution of P-amyr-
anonyl acetate (m.p.299-300°, 1 g.) in acetic anhydride
(40 c.c.) containing freshly fused sodium acetate (1 g.’j
was refluxed for 48 hours. The reaction mixture was
treated with water and extracted with ether. The extract
was washed with water, shaken with charcoal, filtered,
dried (NaaS0*) and evaporated. The residue crystallised
from chloroform/methanol to give the enol acetate of
P^amyranonyl acetate as needles, (0.7 .g..) , m.p.232-233°,
l&l-r, +60° (o, 1*3) • Yellow colour with T.N-M. in chloro- 

X) oform. Light absorption in ethanol: Maximum at 2080 A.
( i  * 2 ,600) •

Enol Acetate of 11 :l2 -hiketo -p-iunyranyl Acetate. - Following
the method of Auzicka and Jeger (100) , the enol acetate
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of £>-amyranonyl a c e t a t e  ( m . p . 2 3 2 -2 5 3 ° ,  0 .1 5  g . )  in 
acetic acid (6 c.c.), benzene (20 c.c.) and concentrated 
sulphuric acid (0.1 c.c.) was treated with a solution of 
chromic oxide (0.1 g.) in acetic acid (5 c.c., 90$) 
during 30 minutes at 20°. After standing at room 
temperature overnight the solution was treated with 
water and ether, and the ether extract was washed with 
saturated sodium bicarbonate solution, water, dried 
(Nas304j and evaporated. The residue crystallised from 
chloroform/methanol as flat prismatic needles (0.1 g.), 
m.p*233-2540 (K), +78° (c, 1.2). No colour with
T.N.M. in chloroform. Light absorption in ethanol*

°  • cMaximum at 2550 A ( l = 11,200).

Bnol Acetate of 11:12-Liketo-(3-Amyranyl Acetate.- A 
solution of the enol acetate of iso-{3-amyrenonyl acetate 
(m.p.216-217 0.3 g.) in acetic acid (20 c.c.) was
treated with a solution of hydrogen peroxide (100 vols.j 
25 c.c.) in acetic acid (25 c.c.) during 30 minutes at 
100° with stirring. /ifter one hour a second addition 
of the hydrogen peroxide-acetic acid mixture (20 c.c.) 
was made and stirring was continued for two hours, when 
the remainder of the peroxide solution was added. After 
a further hour the solution was diluted with water, the
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s o l i d  p r e c i p i t a t e  c o l l e c t e d ,  d r i e d  and crystallised f rom  

chloroform/methanol to yield the enol acetate of 11:12- 
-diketo-f3-amyranyl acetate as flat prismatic needles, 
m.p.228-229°, Ca]jj +80° (c, 1.5). Negative T.N.M. test.

olight absorption in ethanol: Maximum at 2550 A ( E. =
10,900) . This product was undepressed in melting point 
on admixture with an authentic specimen of the enol 
acetate of 11:12-diketo-P-amyranyl acetate as pre|>ared 
above.

Acid Hydrolysis of the Enol Acetate of 3-Amyranonyl 
Acetate.- The enol acetate of p-amyranonyl acetate 
(m.p.232-233°, 0.15 g.) was refluxed for two hours in 
methanol-hydrochloric acid solution (19:1, 30 c.c.). A 
further quantity of methanol-hydrochloric solution 
(20 c.c.) was then added and refluxing was carried out 
for a further 3 hours. The solution was treated with 
water and ether, and the ether extract was washed with 
dilute sodium bicarbonate, water, dried (Na«304j, and 
evaporated. The residue was dissolved in pyridine 
(4 c.c.), aeetic anhydride (5 c.c.), heated on the steam - 
-bath for two hours, and the acetylating solution worked 
up in the usual manner. The residue crystallised from 
chloroform/methanol as plates (90 mg.), m.p.295-2960 ,
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[a]^ -14° (c, 0.5} , negative T.N.M. test, and was 
undepressed in melting point on admixture with ft-amyran- 
onyl acetate. A second crop of plates, m.p.294-296°
(30 mg.), also undepressed in melting point on admixture 
with (3-amyranonyl acetate, was obtained by concentration 
of the mother liquors.

Attempted Bromination of the Enol Acetate of {3-Amy ran- 
onyl Acetate.- The enol acetate of ft-amyranonyl acetate 
(m.p.233-234°, 0.35 g.) in glacial acetic acid (50 c.c.) 
was treated, at 60° and constant stirring, with two drops 
of aqueous 48$ HBr solution immediately followed by the 
dropwise addition of a solution of bromine in acetic acid 
(4.8 c.c., 2.5$, 1.1 mols.). Stirring was continued for 
two hours at 60° and the solution was allovi/ed to stand at 
room temperature for a further five hours. It was then 
heated to 80° and hot water was added until it became 
opalescent. The product which separated was recrystal­
lised from chloroform/methanol to yield needles (D.14 g.), 
m.p.233-234°, [a]p +60° (c, 0.33). fellow colour with 
T.N.M. in chloroform. Admixture of the product with 
starting material produced no depression in melting point. 
Concentration of the mother liquors yielded an uncrystal- 
lisable gum.



A t te m p te d  Bromination of the Enol Acetate of iso-P-Amyr- 
enonyl Acetate.- The enol acetate of i so -ft-amyrenonyl 
acetate (m.p.216-217°, 0.3 g.) in glacial acetic acid 
(125 c.c.) was treated at 60° with a solution of bromine 
in acetic acid (2.4 c.c., 5%, 1.1 mols.) added dropwise 
during 15 minutes with stirring. Stirring was continued 
at 60° for two hours, during which the bromine colour 
disappeared and the solution became pale yellow in colour. 
After standing for five hours the solution was heated to 
80° and hot water was added until a faint opalescence 
appeared. On cooling, crystalline material separated 
and filtration yielded prismatic needles, m . p .213-215°, 
[a]^ +180° (c, 1.1) (0.21 g.), which gave a brown colour 
with T.N.M. in chloroform. Light absorption in ethanol:

oMaximum at 2800 A ( £ - 8,000) . Admixture with starting 
material produced no depression in melting point.
Fur the r investigation of the mother liquors produced only 
low melting amorphous material.

Treatment of the Enol Acetate of iso-p-Amyrenonyl Acetate 
w i t h  N- B r o m o s u c c in im id e. - A solution of t h e  enol a c e t a t e  

of iso-ft -amy r e  n o n y l  a c e t a t e  ( 0 . 4  g.) a n d  N - b r o m o s u c c in -  

imide ( 0 .5  g . )  in c a r b o n  t e t r a c h l o r i d e  (1 0 0  c . c . )  w as 

refluxed for 8 hours during which the solution became 

deep yellow in colour and hydrogen bromide was evolved.
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The filtered solution was evaporated to dryness under 
vacuum and the ■ residue was twice re crystallised from 
aqueous methanol to yield square plates, m.p.23*7-238°
(£) » [a3-f) -95° (c, 0.25), negative I.N.M. reaction, and

oshowing a light absorption maximum at 2*780 A  ( £ - 10,000). 
When mixed with a specimen of |3-amyradiendionyl acetate 
from the selenium dioxide oxidation of {3-amyrin acetate, 
there was no depression in melting |)oint.

Oxidation of iso -fi-Amyrin Acetate with Selenium Dioxide. - 
i s o - (3 -Amyrin acetate (m.p. 250-251°, 0.4 g.) was re fluxed 
in acetic acid (30 c.c.) with selenium dioxide (0.4 g.) 
for 40 hours. The solution was filtered, poured into 
water, ether extracted and the extract was washed with 
sodium bicarbonate solution, dried (Na&SQ*) and evapor­
ated. The residue was dissolved in benzene (50 c.c.) 
and filtered through a short column of activated alumina 
(Grade II, 5 x 1.5 cm.) to remove the most of the 
colloidal selenium. The residue obtained on evaporation 
of the benzene (0.3 g.) crystallised from chloroform/ 
/methanol as plates (0.2 g.), m.p.248-249°, Ĉ IIx) +I76°
(c, 0.5), yellow colour with I.N.M. in chloroform. There 
was no depression in melting point on admixture with 
starting material. The residue obtained by evaporation 
of the mother liquor crystallised from aqueous methanol
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as square plates, m.p.233-234° (E), [a]D -87° (c, 0.33). 
Light absorption in ethanol; Maximum at 2780 A ( £ = 
10,700). Negative T.N.M. reaction. Admixture with a 
sample of 13-amyradiendionyl acetate from the selenium 
dioxide oxidation of p-amyrin acetate produced no 
depression in melting point.

Treatment of iso -(3 -/any re nonyl Acetate with N -Bromo sue c in - 
imide.- iso-ft-Amyrenonyl acetate (m.p.290-291°, 0.3 g.) 
and N-bromosuccinimide ( 0 .5  g . )  were refluxed in carbon 
tetrachloride (100 c.c.) for 6 hours. The solution was 
filtered and the filtrate was washed with sodium thio- 
sulphate solution, water, dried (Nâ SO-*) and evaporated 
under vacuum. The residue crystallised from chloroform/ 
/methanol as plates (0.2 g.), m.p.284-2860, showing no 
depression in melting point on admixture with starting 
material. Concentration of the mother liquors produced 
a second crop of plates (0.05 g.j, m.p.279-282°, also 
showing no depression in melting point on admixture with 
starting material.

Treatment of i so -3 - Amy re nonyl Acetate with Aqueous 
Ethanolie Caustic Potash.- iso-p-Amyrenonyl aeetate (m.p. 
290-291°, 0.67 g.) was refluxed in Ib^aqueous ethanolie 
caustic potash solution (130 c.c. ethanol, 20 c.c. water,
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22.5 g. potassium hydroxide j for 70 hours. The solution 
was treated with water and ether, and the ether extract 
was washed with water, dried (Na^SO*) and evaporated 
The residue was dissolved in pyridine (6 c.c.) and acetic 
anhydride (10 c.c.) and after heating on the steam-bath 
for 3 hours the solution was worked up in the normal 
manner. Crystallisation from chloroform/methanol yielded 
plates (0.43 g.), m.p.288-290°. There was no depression
in melting point on admixture with starting material. 
Concentration of the mother liquors yielded plates (0.15g.) 
m.p.287-289°. No depression in melting point on
admixture with starting material.

Treatment of £-Amyranonyl A c e ta te  with aqueous Ethanolie 
Caustic Potash.- p -Amyranonyl a cetate (m .p .2 9 9-300°}
0*2 g.) was refluxed in an aqueous ethanolie solution of 
potassium hydroxide (25 c.c. 15%) for 60 hours. The 
solution was treated with water and ether, and the ether 
extract was washed with water, dried (Na»S0*) and evapor­
ated. The residue was acetylated on the steam-hath with 
pyridine and acetic anhydride and the acetylating solution 
was worked up in the usual manner. The residue (0.16 g.) 
was dissolved in light petroleum (b.p.60-80°)-benzene- 

4:1, 25 c.c.) mixture and chromatographed on a column of 
activated alumina (Grade II, 14 x 1.5 cm.).
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F r a c t i o n s  E l u a n t  Wt. m .p .

1 - 8  L i g h t  P e t ro le u m /B e n z e n e  50  c . c .
(4*1 )

3 - 1 0  -  d o .  -  800  0 * 1 0 0  g* 2 5 5 - 2 6 5 °

1 1 - 1 4  -  do * -  100  0*006

1 5 - 1 8  L i g h t  P e t r  o le u m /B e n z e n e  1 0 0  0*008
( 2 *1 )

1 9 - 2 0  L i g h t  P e t ro le u m /B e n z e n e  50  0 .0 2 4  2 7 4 -2 7 7
( 1 *1 )

2 1 -2 2  B enzene 60  0 .0 2 9  2 8 4 -2 8 7

2 3 - 2 4  d o . 50

F r a c t i o n s  ( 3 -1 0 )  w ere  co m b in ed  a n d  tw ic e  r e c r y s t a l l i s e d  

f r o m  c h l o r o f o r m / m e th a n o l  t o  g iv e  f l a t  n e e d l e s ,  m . p . 2 6 9 -  

- 2 7 1 °  w h ic h  on f u r t h e r  r e  c r y s t a l l i s a t i o n  g a v e  p l a t e s ,  

m . p . 2 6 9 - 2 7 1 ° ,  [ g>]jj +92° ( c ,  1 .2 8 )  No c o l o u r  w i t h  T.N.M 

i n  c h l o r o f o r m .  D e p r e s s i o n  o f  3 0 -3 5 °  i n  m e l t i n g  p o i n t  on 

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

F o und : 0 , 7 7 . 6 4 ;  H ,1 0 . 1 6 .

Co*H640* r e q u i r e s :  0 , 7 7 . 7 2 ,  H ,1 0 .3 2 $ .

F r a c t i o n s  (1 1 -2 2 )  w ere co m b in ed  a n d  c r y s t a l l i s e d  f ro m  

c h l o r o f o r m  a s  p l a t e s ,  m . p . 2 9 6 - 2 9 8 ° .  No d e p r e s s i o n  i n  

m e l t i n g  p o i n t  on a d m ix tu re  w i t h  s t a r t i n g  m a t e r i a l  -

C hrom ic  A c id  O x i d a t i o n  o f  h -A m yrin  A c e t a t e . -  6 -A m y rin  

a c e t a t e  ( m . p . 2 4 0 - 2 4 1 ° ,  10 g . )  was d is s o 3 .v e d  i n  h o t  s t a b i l ­

i s e d  g l a c i a l  a c e t i c  a c i d  (650  c . c . ) .  The s o l u t i o n  w as 

g e n t l y  b o i l e d  t o  e f f e c t  s low  d i s t i l l a t i o n ,  a n d  a  s o l u t i o n
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o f  c h ro m ic  o x id e  (30  g . )  i n  a q u e o u s  s t a b i l i s e d  a c e t i c  

a c i d  (1 0 0  c . c . ;  80%) was a d d e d  d r o p w i s e .  The d i s t i l l a t e  

w as  c o l l e c t e d  i n  40 c . c .  f r a c t i o n s ,  e a c h  b e i n g  n e u t r a l ­

i s e d  w i t h  c a u s t i c  s o d a  s o l u t i o n  (30%) a n d  r e d i s t i l l e d .

The f i r s t  10  c . c .  o f  t h e  r e d i s t i l l a t e  f ro m  e a c h  f r a c t i o n  

w as t r e a t e d  w i t h  a  s o l u t i o n  o f  2 : 4 - d i n i t r o p h e n y l  h y d r a z i n e  

i n  a q u e o u s  h y d r o c h l o r i c  a c i d  an d  t h e  y e l l o w  2 : 4 - d i n i t r o -  

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

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

i s e d  g l a c i a l  a c e t i c  a c i d  (100  c . c . )  a n d  a  s o l u t i o n  o f  

c h r o m ic  o x id e  (10  g . )  i n  w a t e r  (10  c . c . )  a n d  a c e t i c  a c i d  

(2 0  c . c . )  was a d d e d .  A t o t a l  o f  tw e lv e  f r a c t i o n s  'was 

t a k e n  a n d  t h e  2 : 4 - d i n i t r o p h e n y l  h y d r a z o n e  (8 0  m g . ) ,  

m . p . 1 2 2 - 1 2 4 ° ,  was c o l l e c t e d .  The p r o d u c t  w as r e c r y s t -  

a l l i s e d  tw ic e  f ro m  m e th a n o l  t o  y i e l d  y e l l o w  n e e d l e s ,  

m . p . 1 2 4 - 1 2 6 ° ,  u n d e p r e s s e d  i n  m e l t i n g  p o i n t  on a d m i x t u r e  

w i t h  a u t h e n t i c  a c e t o n e  2 : 4 - d i n i t r o p h e n y l h y d r a z o n e .

C hrom ic  A cid  O x i d a t i o n  o f  ft-A m yrin  B e n z o a te  * -  F o l l o w i n g  

t h e  m e th o d  o f  B u z ic k a ,  M u l l e r  a n d  d c h e l l e n b e r g  (1 0 1 )  , 

f t - a m y r in  b e n z o a t e  ( m .p .2 3 1 - 2 3 3 ° ,  30 g . )  i n  a c e t i c  a c i d  

(1 8 0 0  c . c . )  a t  1 0 0 °  was t r e a t e d  w i t h  a  s o l u t i o n  o f  

c h r o m ic  o x id e  (30  g . )  i n  a c e t i c  a c i d  (2 0 0  c . c . )  a n d  w a t e r  

(1 0  c . c . ) ,  ad d ed  d ro p w ise  d u r in g  one h o u r  a n d  t h e  s o l u t i o n
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w as r e f l u x e d  f o r  a  f u r t h e r  h o u r .  'w a te r  was t h e n  a d d e d  

u n t i l  a  f a i n t  o p a l e s c e n c e  a p p e a r e d  an d  on  c o o l i n g ,  

p l a t e s  (11*4  g . ) , m . p . 261-264® , s e p a r a t e d .  R e c r y s t a l l i s ­

a t i o n  f ro m  c h l o r o f o r m / m e th a n o l  gave  £ - a m y re n o n y l  b e n z o a t e  

a s  p l a t e s ,  m .p * 2 7 1 -2 7 2 ° ,  [ a ]  +113° ( c ,  2 . 9 )  s h o w in g  no

c o l o u r  w i t h  T.N.IvI. i n  c h l o r o f o r m  a n d  e x h i b i t i n g  l i g h t
o

a b s o r p t i o n  maxima i n  e t h a n o l  a t  2300 A ( t  * 2 1 ,5 0 0 )  a n d  

2 5 2 0  1  ( I  = 1 3 ,8 0 0 )  .

B p i m e r i s a t i o n  o f  p -Amypenon.yl B e n z o a t e . -  f o l l o w i n g  t h e  

m e th o d  o f  I tu z ic k a  e t  a l .  (101 ) , j3 -am yranony l b e n z o a t e  

( m . p . 2 7 1 - 2 7 2 ° ,  7 . 4  g . )  was d i s s o l v e d  i n  e t h a n o l i e  

p o t a s s i u m  h y d r o x id e  s o l u t i o n  (600  c . c . ,  15$ )  a n d  r e f l u x i n g  

w as c a r r i e d  o u t  f o r  70 h o u r s .  The s o l u t i o n  w as t h e n  

t r e a t e d  w i t h  w a t e r ,  f i l t e r e d  and  t h e  d r i e d  p r o d u c t  w as 

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

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

a n d  w as c r y s t a l l i s e d  f ro m  c h l o r o f o r m / m e th a n o l  a s  p r i s m a t i c  

p l a t e s  o f  1 8 - i s o -P - a m y re n o n y l  a c e t a t e  (3  g . ) ,  m . p . 2 7 6 - 2 7 8 ° ,  

[ a ] j j  +73° ( c ,  0 * 7 5 ) ,  u n d e p r e s s e d  i n  m e l t i n g  p o i n t  on 

a d m i x t u r e  w i t h  a n  a u t h e n t i c  sam p le  o f  18  - i s o ~fi -amy r e  n o n y l  

a c e t a t e  -

A t t e m p te d  B r o m in a t io n  o f  1 8 - iso - IB -A m yrenony l A c e t a t e  . -

1 8 - i s o - 5 -A m yrenonyl a c e t a t e  ( m . p . 2 7 5 - 2 7 7 ° ,  0 . 5  g . )  i n
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g l a c i a l  a c e t i c  a c i d  (200  c . c . )  was t r e a t e d  a t  6 0 ° ,  f i r s t  

w i t h  a  few  d r o p s  o f  a q u e o u s  h y d r o g e n  b ro m id e  s o l u t i o n  

(4 8 $ )  a n d  t h e n  w i t h  a  s o l u t i o n  o f  b ro m in e  i n  a c e t i c  a c i d  

( 4 . 4  c . c . j  1*2 m o l s . ,  2 .5 $ )  a d d e d  d ro p w is e  w i t h  s t i r r i n g .  

S t i r r i n g  w as c o n t i n u e d  f o r  t h r e e  h o u r s  a t  6 0 °  a n d  a f t e r  

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

h e a t e d  t o  80°  a n d  w a t e r  was a d d e d  u n t i l  f a i n t  o p a l e s c e n c e  

a p p e a r e d .  On c o o l i n g ,  p l a t e s  ( 0 . 4  g . ) ,  m . p . 2 7 3 - 2 7 5 ° ,  

s e p a r a t e d  and  showed no d e p r e s s i o n  i n  m e l t i n g  p o i n t  on 

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

p l a t e s ,  m . p . 2 6 9 - 2 7 2 ° ,  ( 0 .0 5  g . ) w as  o b t a i n e d  f r o m  t h e  

m o t h e r  l i q u o r s  i n  t h e  same way a n d  t h i s  c r o p  w as a l s o  

u n d e p r e s s e d  i n  m e l t i n g  p o i n t  on a d m ix tu r e  w i t h  s t a r t i n g  

m a t e r i a l .

A t t e m p te d  F o r m a t io n  o f  t h e  E n o l  A c e t a t e  o f  1 8 - i s o -{3- 

- A m yrenony l A c e t a t e . -  1 8 - i s o - 5 -A m yrenony l a c e t a t e  ( m . p .  

2 7 6 - 2 7 8 ° ,  0 .5  g . )  i n  a c e t i c  a n h y d r i d e  (5 0  c . c . )  was 

t r e a t e d  w i t h  f r e s h l y  f u s e d  so d iu m  a c e t a t e  (1  g . )  a n d  

r e f l u x i n g  was c a r r i e d  o u t  f o r  80 h o u r s .  The s o l u t i o n  

w as f i l t e r e d ,  t r e a t e d  w i t h  w a t e r  a n d  e t h e r ,  an d  t h e  

e x t r a c t  was w ash ed  w i t h  w a t e r ,  d r i e d  (I'Tas S04 ) a n d  d e c o l ­

o r i s e d  w i t h  c h a r c o a l .  The r e s i d u e  o b t a i n e d  on e v a p o r ­

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

a s  p l a t e s  ( 0 . 3  g . ) ,  m .p .2 7 5 - 2 7 7 ° . C o n c e n t r a t i o n  y i e l d e d
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a  s e c o n d  c r o p  o f  p l a t e s  ( 0 .1 4  g . j ,  m . p . 2 7 0 - 2 7 3 ° .  N e i t h e r  

c r o p  w as d e p r e s s e d  i n  m e l t i n g  p o i n t  on a d m i x t u r e  w i t h  

s t a r t i n g  m a t e r i a l .

Sodium / Amyl A lc o h o l  Re due t i o n  o f  18  - i 3 Q -3  -  A m yrenony l 

A c e t a t e . -  1 8 - i s o -g -A m y re n o n y l a c e t a t e  ( m . p . 2 7 6 - 2 7 8 ° ,

Ca ] p  + 7 9 ° ,  500 m g.)  i n  b o i l i n g  am yl a l c o h o l  (2 0  c . c . )  

w as  t r e a t e d  w i t h  sod ium  m e t a l  (9 0 0  m g.)  a d d e d  i n  s m a l l  

a m o u n ts  w i t h  f r e q u e n t  s h a k in g  d u r i n g  one h o u r .  The 

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

a n d  s t e a m - d i s t i l l e d  t o  y i e l d  a  w h i t e  s o l i d  w h ic h  g a v e  a  

y e l l o w  c o l o u r  w i t h  f . N . M.  i n  c h l o r o f o r m .  L i g h t  

a b s o r p t i o n  i n  e t h a n o l ;  Maxima a t  2080  ( £ * 1 , 2 0 0 ) ,
° X2 450  A ( £ = 350) . The p r o d u c t  was h e a t e d  f o r  1~£ h o u r s  

on  t h e  s t e a m - b a t h  w i t h  f r e s h l y  f u s e d  so d iu m  a c e t a t e  

( 0 . 5  g . )  i n  a c e t i c  a n h y d r i d e  (10  c . c . ) .  The p r o d u c t  

c r y s t a l l i s e d  f ro m  c h l o r o f o r m / m e t h a n o l  a s  p l a t e s ,  m . p . 2 1 3 -  

-2 1 6 °  (3 7 0  m g . ) .  R ed-b row n  c o l o u r  w i t h  T.N.M . i n  

c h l o r o f o r m .  L i g h t  a b s o r p t i o n  i n  e t h a n o l ;  Maxima a t  

2420  ( £ = 1 9 , 0 0 0 ) ,  2510 ( t » 2 2 ,0 0 0 )  a n d  2600  A ( £  = 1 5 , 1 0 0 ) .  

F o u r  r e  c r y s t a l l i s a t i o n s  f ro m  t h e  same s o l v e n t ,  u s i n g  

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

2 1 6 - 2 1 7 ° ,  M d  +21° ( c ,  1 . 1 ) .  R ed -b ro w n  c o l o u r  w i t h  

T. N. M.  a n d  no d e p r e s s i o n  i n  m e l t i n g  p o i n t  on a d m ix tu r e  

w i t h  p - a m y r a d i e n y l - I I  a c e t a t e ,  m . p . 2 2 7 - 2 2 9 ° ,  [ a ]-Q - 6 3 ° .
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f r a c t i o n a l  c r y s t a l l i s a t i o n ,  h y d r o l y s i s  a n d  d o u b le  

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

a c e t a t e  w h ic h  a p p e a r e d  t o  h a v e  fo rm e d  a  m ix ed  c r y s t a l  

w i t h  some o t h e r  com pound, p o s s i b l y  1 8 - i s o - p - a m y r a d i e n y l - I  

a c e t a t e .
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i s o - f t - A a y r a d ie n o n y l  A c e t a t e . -  i s o - f t-A m y ren o n y l a c e t a t e  

( m .p * 2 9 0 -2 9 1 ° ,  15 g . )  was r e f l u x e d  i n  g l a c i a l  a c e t i c  

a c i d  (5 0 0  c . c . )  w i t h  s e l e n iu m  d i o x i d e  (16  g . )  f o r  48  

h o u r s .  The s o l u t i o n  w as t r e a t e d  w i t h  w a t e r  an d  e t h e r  

a n d  t h e  e t h e r  e x t r a c t  was w ash ed  w i t h  p o t a s s i u m  c y a n i d e  

s o l u t i o n  (5$).,  w a t e r ,  a n d  d r i e d  ( Na^SO*) .  The e x t r a c t  

w as t h e n  t r e a t e d  w i t h  c h a r c o a l ,  f i l t e r e d  an d  e v a p o r a t e d  

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

(1 0 0  c . c . )  a n d  f i l t e r e d  t h r o u g h  a  co lu m n  o f  a c t i v a t e d  

a lu m in a  (G rad e  I I ,  14 x 3 c m . ) .  The p a l e  y e l l o w  r e s i d u e  

c r y s t a l l i s e d  f ro m  c h l o r o f o r n / m e t h a n o l  a s  p r i s m s  (8  g . ) ,  

m . p . 2 2 2 - 2 2 3 ° ,  [u].p  -3 8 °  ( c ,  2 . 6 )  an d  g a v e  a  y e l l o w  c o l o u r  

w i t h  T.N.M.  i n  c h l o r o f o r m .  L i g h t  a b s o r p t i o n  i n  e thanol**  

Maxima a t  2090 ( £, = 3 ,0 0 0 ]  a n d  2450 A ( i  = 1 0 ,0 0 0 )  . 

A d m ix tu re  w i t h  a n  a u t h e n t i c  s j je c im e n  o f  i  so  -ft - a m y r a d ie n  - 

o n y l  a c e t a t e  p r o d u c e d  no  d e p r e s s i o n  i n  m e l t i n g  p o i n t .

O x i d a t i o n  o f  t h e  E n o l  A c e t a t e  o f  i s o - f t -A m y ren o n y l A c e t a t e  

w i t h  S e le n iu m  D i o x i d e . -  The e n o l  a c e t a t e  ( m . p . 2 1 6 - 2 1 7 ° ,  

0 . 4 8  g . )  was r e f l u x e d  i n  s t a b i l i s e d  g l a c i a l  a c e t i c  a c i d  

(1 0 0  c . c . )  w i t h  s e le n iu m  d i o x i d e  ( 0 . 4 5  g . )  f o r  72 h o u r s .  

S o l i d  s e le n iu m  was rem oved  by  f i l t r a t i o n  a n d  th e  s o l u t i o n  

w as  w o rk ed  up  a s  d e s c r i b e d  i n  t h e  p r e v i o u s  e x p e r i m e n t  t o  

y i e l d  a  r e s i d u e  ( 0 - 4 3  g . )  w h ic h  was f r a c t i o n a l l y  c r y s t a l ­

l i s e d  f ro m  c h l o r o f o r m - m e t h a n o l . The f i r s t  two c r o p s
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( 0 . 3 4  g . )  s e p a r a t e d  a s  n e e d l e s ,  m .p . 2 1 5 - 2 1 6 ° ,  u n d e p r e s s e d  

w hen m ix ed  w i t h  t h e  e n o l  a c e t a t e  o f  i s o -(3- a m y re n o n y l  

a c e t a t e .  She t h i r d  c r o p  ( 0 .0 6  g . )  s e p a r a t e d  a s  n e e d l e s ,  

m . p . l 9 0 - 1 9 6 G, a n d  i t  was t h r i c e  r e c r y s t a l l i s e d  f ro m  t h e  

same s o l v e n t  t o  g iv e  p r i s m s ,  m . p . 2 1 8 - 2 1 9 ° ,  0 ] ^  - 3 9 °

( c ,  0 . 7 ) ,  y e l lo w  c o l o u r  w i t h  T.N.M.  i n  c h l o r o f o r m .  L i g h t  

a b s o r p t i o n  i n  e t h a n o l :  Maxima a t  2090 ( E. = 2 ,0 0 0 )  an d
o

2450  A ( i  -  11 f 200)  . I t  w as d e p r e s s e d  t o  m . p . 1 8 0 - 1 9 5 ° 

w hen m ix ed  w i t h  t h e  e n o l  a c e t a t e  o f  i s o - 6 - a m y re n o n y l  

a c e t a t e ,  an d  ■undepressed  when m ix ed  w i t h  a  s p e c im e n  o f  

i s o - f t - a m y ra d ie n o n y l  a c e t a t e  p r e p a r e d  by t h e  m e th o d  

d e s c r i b e d  a b o v e .

Clem m ensen R e d u c t io n  o f  i s o - p -A m y ra d ie n o n y l  A c e t a t e . -  A 

h o t  s o l u t i o n  o f  i s o - p - a m y r a d i e n o n y l  a c e t a t e  ( m .p .2 2 0 ~ 2 2 1 ° ,  

0 . 5  g . )  i n  s t a b i l i s e d  a c e t i c  a c i d  (5 0  c . c . )  w as  t r e a t e d  

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  (10  c . c . )  a n d  a d d e d  

t o  f r e s h l y  a m a lg a m a te d  z i n c  ( f ro m  15 g .  o f  z i n c ) .  The 

s o l u t i o n  was r e f l u x e d  f o r  two h o u r s ,  f i l t e r e d ,  t r e a t e d  

w i t h  w a t e r  an d  e t h e r ,  and  th e  e x t r a c t  was w a sh e d  w i t h  

d i l u t e  sod ium  b i c a r b o n a t e  s o l u t i o n ,  w a t e r ,  d r i e d  (N aa 30*) 

a n d  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  f ro m  c h l o r o f o r m -  

- m e th a n o i  a s  p l a t e s  ( 0 .1 5  g . ) ,  m . p . 2 1 5 - 2 1 8 ° ,  sh o w in g  a  

r e d - b r o w n  c o l o u r  w i t h  T.H.M.  i n  c h l o r o f o r m .  S ix  r e  -  

c r y s t a l l i s a t i o n s  f ro m  t h e  same s o l v e n t  g a v e  p l a t e s ,
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m . p . 2 3 0 * 5 - 2 3 1 .5 ° ,  Ca l p  -6 5 °  ( c ,  1 . 1 ) .  L i g h t  a b s o r p t i o n  

in  e t h a n o l :  Maxima a t  2430 ( £ = 2 3 , 6 0 0 ) ,  2 6 1 0  U  c

2 8 ,0 0 0 )  an d  2600  A ( I  * 1 7 , 4 0 0 ) .

F o u n d : 0 , 8 2 . 1 ,  H , 1 0 . 8 .

O a le .  f o r  C33HQ0Os : C , 8 2 .3 ;  H ,1 0 .8 $ .

T h e re  w as no d e p r e s s i o n  i n  m e l t i n g  p o i n t  on a d m i x t u r e  

w i t h  a u t h e n t i c  P - a m y r a d i e n y l - I I  a c e t a t e .

A s e c o n d  c r o p  o f  p l a t e s  ( 0 . 1  g . ) ,  m . p . 2 2 2 - 2 2 6 ° ,  

g i v i n g  a  r e d - b r o w n  c o l o u r  w i t h  T.N.M.  i n  c h l o r o f o r m  an d  

s h o w in g  no  d e p r e s s i o n  i n  m e l t i n g  p o i n t  on  a d m i x t u r e  w i t h  

p - a m y r a d i e n y l - I I  a c e t a t e  was o b t a i n e d  by c o n c e n t r a t i o n

o f  t h e  m o th e r  l i q u o r s  o f  th e  f i r s t  c r o p .

L i t h i u m  A lum inium  H y d r id e  R e d u c t io n  o f  i s o - p -A m y ra d ie n ­

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

( m .p .2 2 0 - 2 2 1 %  0 .4  g . )  i n  d ry  e t h e r  (50  c . c . )  w as  a d d e d  

d r o p w is e  t o  l i t h i u m  a lu m in iu m  h y d r i d e  ( 0 . 3  g . )  i n  d ry  

e t h e r  (40  c . c . ) .  The m i x t u r e  was r e f l u x e d  f o r  f o u r  

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

a c i d  a n d  e t h e r  e x t r a c t e d .  The e t h e r e a l  s o l u t i o n  w as 

w a sh e d  w i t h  w a t e r ,  d r i e d  (Nas S04 ) a n d  e v a p o r a t e d .  The 

p r o d u c t  was a c e t y l a t e d  by h e a t i n g  w i t h  p y r i d i n e  (3  c . c . )  

a n d  a c e t i c  a n h y d r i d e  (3  c . c . )  on t h e  s t e a m - b a t h  f o r  t h r e e  

h o u r s  an d  t h e  s o l u t i o n  was w o rk ed  up  i n  th e  u s u a l  m a n n e r .  

C r y s t a l l i s a t i o n  o f  t h e  p r o d u c t  f ro m  m e th a n o l  g av e  a



d i a c e t a t e  a s  s q u a r e  p l a t e s  { 0 .3 6  g . j ,  m .p . 1 6 7 - 1 6 8 ° ,  

[> ]D  +25° ( e ,  1♦0)  w h ic h  p r o d u c e d  a  y e l l o w  c o l o u r  w i t h  

T. N. M.  i n  c h l o r o f o r m .  L i g h t  a b s o r p t i o n  i n  e t h a n o l : 

Lgoeo **■ 9 , 2 0 0 ,  5 , 8 0 0 ,  Ljeiaoo ~ 2 , 3 0 0 ,

2 8 0 .

P o u n d 2 C, 7 8 . 0 5 H ,1 0 * 0 5 .  

r e q u i r e s :  0 , 7 7 . 8 ;  H ,1 0

t r e a t m e n t  o f  i s o - f i -A m y ra d ie n o n y l  A c e t a t e  w i t h  Sodium  

M e th o x i d e . -  i s o -f t-A m y ra d ie n o n y l  a c e t a t e  ( m . p . 2 2 1 - 2 2 2 ° ,

1 g . )  w as h e a t e d  w i t h  sod ium  m e th o x id e  ( 1 .2 5  g .  so d iu m  

i n  15 c . c *  m e th a n o l )  f o r  6  h o u r s  a t  2 0 0 ° .  The c r u d e  

p r o d u c t  was t r e a t e d  w i t h  w a t e r  a n d  e t h e r ,  a n d  t h e  e x t r a c t  

w as w ash ed  w i t h  w a t e r ,  d r i e d  (Naa S04 ) a n d  e v a p o r a t e d .  The 

r e s i d u e  w as h e a t e d  on t h e  s t e a m - b a t h  f o r  one h o u r  w i t h  

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

u p  i n  t h e  u s u a l  m a n n e r  t o  y i e l d  a  r e s i d u e  ( 0 . 9 5  g . )  w h ic h  

w as d i s s o l v e d  i n  l i g h t  p e t r o le u m  ( 6 0 - 8 0 ° j  ( 5 0  c . c . )  a n d  

c h r o m a to g ra p h e d  on a  co lum n  o f  a c t i v a t e d  a l u m i n a  (G rad e  

I I ;  18  x  2 c m . ) .

F r a c t i o n s  E l u a n t  Volume W eigh t

1 - 1 8  L . P .  900  c . c .  486 mg S o l i d  f ro m  MeOH
1 9 - 2 2  L . P . / B . (9 :1 )  200 c . c .  82 mg. Gum.
2 3 - 2 4  “ ( 4 : 1 )  100 c . c .  5 8  mg. "
2 5 -2 9  11 ( 3 : 2 ) 250 c . c .  121  mg. S o l i d  f ro m  MeOH
3 0 -3 1  i! ( 2 : 3 )  100  c . c .  26  mg. Gum.
3 2 -3 6  Benzene 250 c . c .  8 8  mg. S o l i d  f ro m  MeOH
3 7 - . 3 8  B / E ( 3 : 2 )  100 c . c .  19 mg.  Gum
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F r a c t i o n s  ( 1 -1 8 )  and  ( 2 5 - 2 7 )  w ere  co m b in ed  a n d  c r y s t a l ­

l i s e d  f ro m  m e th a n o l  a s  s q u a r e  p l a t e s  (4G0 m g . ) ,  m . p . 1 6 5 -  

- 1 6 7 ° ,  [ a ] D +24° ( c ,  1 . 4 )  sh o w in g  a  y e l l o w  c o l o u r  w i t h  

T .N .M . i n  c h l o r o f o r m .  L i g h t  a b s o r p t i o n  i n  e t h a n o l :

£jaos© 32 9 , 0 0 0 ,  £ s i s o  = 5 , 2 0 0 ,  £&so© 38 1 , 4 0 0 ,  £ sgeeo 82 

3 2 0 .  T h e re  was no d e p r e s s i o n  i n  m e l t i n g  p o i n t  on 

a d m ix tu r e  w i t h  t h e  p r o d u c t  o f  t h e  l i t h i u m  a lu m in iu m  

h y d r i d e  r e d u c t i o n  o f  i s o -13 - a m y r a d ie n o n y l  a c e t a t e .  

F r a c t i o n s  (3 ^ -3 6 )  w ere  co m b in ed  a n d  a c e t y l a t e d  on  t h e  

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

s q u a r e  p l a t e s  f ro m  m e th a n o l  (55 m g . ) ,  m .p . 1 6 3 - 1 6 5 ° ,

[ a ] ^  +22° ( c ,  0 . 5 )  g i v i n g  a  y e l l o w  c o l o u r  w i t h  T. N. M.  

i n  c h l o r o f o r m .  A d m ix tu re  w i t h  t h e  p r o d u c t  o b t a i n e d  

f r o m  f r a c t i o n s  (1 -1 8 )  a n d  ( 2 5 - 2 7 )  p r o d u c e d  no  d e p r e s s i o n  

i n  m e l t i n g  p o i n t .

A t te m p te d  Z i n c / A c e t i c  A c id  R e d u c t io n  o f  i s o - p -A m yra­

d i e n o n y l  A c e t a t e ♦- i s o - p -A m y ra d ie n o n y l  a c e t a t e  ( m . p . 2 2 0 -  

- 2 2 2 ° ,  1 g . )  i n  s t a b i l i s e d  a c e t i c  a c i d  (1 0 0  c . c . )  was 

t r e a t e d  w i t h  f r e s h l y  a c t i v a t e d  z i n c  ( 1 . 8  g . )  a n d  t h e  

s o l u t i o n  was r e  f l u x e d  f o r  two h o u r s .  A f u r t h e r  q u a n t i t y  

o f  z i n c  (1 g . )  was t h e n  a d d e d  an d  r e f l u x i n g  w as c o n t i n u e d  

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

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

f ro m  t h e  e t h e r  s o l u t i o n  c r y s t a l l i s e d  f ro m  c h l o r o f o r m /
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/ m e t h a n o l  a s  p r i s m s  ( 0 . 5 5  g * ) ,  m . p . 2 1 9 - 2 2 2 ° ,  g i v i n g  a  

y e l l o w  c o l o u r  w i t h  T N.M.  i n  c h lo r o fo r m *  L i g h t

a b s o r p t i o n  i n  e t h a n o l : Maxima a t  2090  ( i  38 3 ,7 0 0 )  a n d
o

2 4 4 0  A ( t  =» 1 0 , 5 0 0 ) .  T h e re  was no  d e p r e s s i o n  i n  

m e l t i n g  p o i n t  on  a d m ix tu r e  w i t h  s t a r t i n g  m a t e r i a l .  

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

( 0 . 3  g . ) ,  m . p . 2 1 7 -2 2 0 °  and  a  t h i r d  c r o p  o f  p r i s m s  ( 0 . 0 8  g . )  

m .p *190**210° . B o th  t h e s e  c r o p s  gave  a  y e l l o w  c o l o u r  

w i t h  T.N.M.  i n  c h l o r o f o r m  and  w ere  u n d e p r e s s e d  i n  m e l t i n g  

p o i n t  on a d m ix tu r e  w i t h  s t a r t i n g  m a t e r i a l .

i s o - f t -A m y ra d ie n d io n y l  A c e t a t e . -  F o l lo w in g  t h e  m e th o d  o f  

J e g e r  an d  R u z ic k a  ( 9 9 ) ,  i s o -p  “• a m y ra d ie n o n y l  a c e t a t e  

( m .p . .2 2 1 -2 2 2 ° ,  2 . 4  g . )  was h e a t e d  i n  a  s e a l e d  t u b e  w i t h  

d lo x a n  (1 6 0  c . c . )  a n d  s e le n iu m  d i o x i d e  (8  g . )  f o r  24 

h o u r s  a t  2 0 0 ° .  The s o l u t i o n  was t r e a t e d  w i t h  w a t e r  an d  

e t h e r ,  an d  t h e  e t h e r  e x t r a c t  was w ash ed  w i t h  p o t a s s i u m  

c y a n i d e  s o l u t i o n  (1 0 / . ) ,  w a t e r ,  d r i e d  (Ma8 S0*) a n d  e v a p ­

o r a t e d .  The r e s i d u e  w as d i s s o l v e d  i n  l i g h t  p e t r o l e u m  

( 6 0 - 8 0 ° ) -b e n z e n e  ( 1 : 1 ,  100 c . c . )  a n d  f i l t e r e d  t h r o u g h  a  

s h o r t  co lum n o f  a c t i v a t e d  a lu m in a  (G ra d e  I I ,  30  g . )  .

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

n e e d l e s  o f  i s o - f i - a m y r a d ie n d io n y l  a c e t a t e  ( 0 . 7  g . J ,  m . p .  

2 5 6 - 2 5 9 ° .  C o n c e n t r a t i o n  o f  t h e  m o th e r  l i q u o r s  y i e l d e d  

a  s e c o n d  c ro p  o f  n e e d l e s  ( 0 .1 4  g « ) ,  m . p . 2 4 7 - 2 5 7 ° .
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Repeated recrystallisation of the first crop gave 
needless m.p.261.5-262° (JC) , [a]D -122° (e, 1.2), which 
produced no colour with T.N.M. in chloroform. Light 
absorption in ethanol; Maximum at 2520 A ( t  = 17,300).

Found: 0,77.7; H,9.4.
Calc, for C3SH4S04: C,77.5; H,9.6J*.

Treatment of iso-ft-Amyradienonyl Acetate with Bthanolic 
Caustic Potash Solution.- iso-ft-Amyradienonyl acetate 
(m.p.218-221°, 0.5 g.) was refluxed for 40 hours in 
ethanol potassium hydroxide solution (18 g. KOH, 20 c.c. 
water, 100 c.c. ethanol). The solution was treated 
with water and ether and worked up in the usual manner 
to yield a residue which was aeetylated with acetic 
anhydride and pyridine on the steam bath. The aeetylated 
product crystallised from chloroform/methanol as prismatic 
needles (0.38 g.), m.xj.217-220°. Two recrystallisations 
from the same solvent yielded prisms, m.p.220-221°,
[a]D -36° (c, 3.1) , giving a yellow colour with T.N.M. 
in chloroform and showing no depression in melting point 
when mixed with starting material.

Concentration of the mother liquors yielded amorphous 
material (0.06 g.).



Neo-ft-Amyrin Acetate.- (a) From iso-ft-Amyradienonyl 
Acetate. A solution of iso-ft-amyradienonyl acetate 
(m.p.220-2210, 1 g.) in stabilised glacial acetic acid 
(150 c.c.) was added to a suspension of platinum (from 
0.5 g. Pt08) in glacial acetic acid (10 c.c.) and the 
solution was shaken in hydrogen for 48 hours with an 
apparent absorption of approx. 3 mols. of hydrogen. The 
solution was filtered and treated with water and ether. 
The extract was washed with sodium bicarbonate solution, 
water, dried (Nag304) and evaporated. The residue 
crystallised from chioroform-methanol as blades (0.6 g.) 
m.p.222-224°. After three recrystallisations from the
same solvent, neo-ft-amyrin acetate was obtained as blade 
m.p.225-226°, [a]p +5° (c, 2.0) showing an orange-red 
colour with T.N.M. in chloroform. Light absorption in 
ethanol: Maximum at 2140 A ( £ = 3,500).

Found: 0,82.0; H,11.2.
C3SH6g0a requires: C,82.0* H,11.2$.

(b) From iso -ft -Amyradiendionyl Acetate . A solution of 
iso-ft-amyradiendionyl acetate (m.p.261-262°, 0.2 g.) in 
stabilised glacial acetic acid (50 c.c.) was added to a 
suspension of platinum (from 0.2 g. of PtOg) in acetic 
acid (10 c.c.) and the mixture was shaken in hydrogen at 
room temperature for 12 hours. The solution was



filtered, treated with water and ether, and the ether 
extract was washed with sodium bicarbonate solution, 
water, dried (Na^SO*) and evaporated. The residue was 
dissolved in light petroleum (60-80°, 50 c.c.) and 
chromatographed on a column of activated alumina (Grade 
II, 12 x 1.5 cm.). Elution with light petroleum (60- 
-80°)-benzene (9:1; 100 c.c.) gave a major fraction I 
(0.093 g.) and further elution with the same eluant gave 
a fraction II (0.044 g . ). Fraction I crystallised from 
chloroform-methanol as blades, m.p.222-224°. Three 
reerystallisations from the same solvent yielded blades, 
m*p*224-225° (K), Ca3jj +5° (c, 1.5) showing an orange-red 
colour with T.N.M. in chloroform. Light absorption in 
ethanol* £ 2 1 1 © ~ 5,000, £&a,so 28 4^50, £ skoo = 3,100,
£ 1386 0 = 1,800, igsoo = 550. No depression in melting- 
point on admixture with neo-p-amyrin acetate obtained by 
the catalytic hydrogenation of iso^ft-amyradienonyl 
acetate.

Found: 0,81.8; H,11.2.
CssHeg0g requires: 0,82.0; H,11.2$.

(c) From the Oxide of iso-p-Amyradienonyl Acetate. A 
solution of the oxide of iso-ft-amyradienonyl acetate 
(m.p.279-281°, 1 g.) in stabilised glacial acetic acid 
(200 c.c.) was added to a suspension of platinum (from



0*5 g. of PtO») in glacial acetic acid (10 c.c.) and the 
mixture was shaken in hydrogen at room temperature for 
40 hours. The solution was worked up in the manner 
described in the previous experiment to yield a residue 
which crystallised from chloroform-methanol as needles 
(0.35 g.), m.p.215-221°. Concentration of the mother 
liquors yielded a second crop of needles (0.2 g.), m.p. 
209~214°. Both crops gave an orange-red colour with 
T.N.M. in chloroform. Six z’ecrystallisations of the 
first crop from chloroform-methanol produced blades, 
m«p*226-227°, [&]£ +5° (c, 2.0). Light absorption in

o
ethanol: Maximum at 2140 A ( i = 3,600) . There was no
depression in melting point with a sample of neo-p -amyrin 
acetate prepared by the above two methods.

Bound: 0,81.9; 11,11.8.
CaaHsgOa requires: C,82.Qj H,ll*2$.

Chromic Acid Oxidation of neo-p-Amyrin Acetate.- neo-p- 
-Amyrin acetate (m.p.223-225°, 0.55 g.) in stabilised 
acetic acid (50 c.c.) was tx’eated at 100° with a solution 
of chromic oxide (0.25 g.; 2.5 atoms 0) in stabilised 
acetic acid (80 c.c.) and water (5 c.c.), added dropwise 
during 30 minutes. The solution was heated on the steam- 
-bath for 90 minutes and treated with methanol, water and 
filtered. The residue was dissolved in ether and washed



with an aqueous solution of sodium hydroxide (50 c.c.,
5$). Acidification of the alkaline solution produced 
no acid fraction. The ether extract was then washed 
with water, dried (Na^SO*), and evaporated to yield a 
residue which was dissolved in light petroleum (60-80°)- 
-benzene (5:2;-70 c.c.) and chromatographed on a column 
of activated alumina (Grade II, 15 x 2 cm.). Blution 
with light petroleum (60-80°)-benzene (3:2* 200 c.c.) 
gave a main fraction (0.175 g.) which crystallised from 
methanol as prismatic needles, m.p.203-205° and after 
five recrystallisations from the same solvent, m.p.203.5 - 
-204.5° (K), [&]p -4° (c, 1.0), giving no colour with 
T.N.M. in chloroform. There was no light absorption

o
in the region 2000-4000 A,

Found: 0,79.4* H,10.9.
Ga&Hs&Oa r e q u i r e s :  0 , 7 9 . 3 *  1 1 ,1 0 .8 $ .

Oxidation of neo-fi-Amyrin Acetate with Potassium 
Permanganate.- neo-p-Amyrin acetate (m.p.225-227°, 0.4 g.) 
in stabilised glacial acetic acid (150 c.c.) was treated 
with a solution of potassium permanganate (100 mg. IZMnQ* 
in 25 c.c. of acetic acid) in acetic acid, added drop- 
wise during 30 minutes at room temperature. The solution 
was stirred for one hour and the excess permanganate was 
destroyed with 10$ bisulphite solution. The solution was



then worked up through water and ether in the usual 
maimer to yield a residue which crystallised from 
methanol as prisms (0.22 g.}, m.p.197-204°. Concen­
tration of the mother liquors yielded a second crop of 
prisms (0.05 g,), m.p.190-202°. Five recrystallisations 
of the first crop yielded prisms, m.p.207-208°, 0 ] p  -6° 
(c, 1.5), showing no light absorption in the region 2000-

o*>4000 A and no colour with T.N.M. in chloroform.
Found: 0,79.3$ H,11.2.

CssHessQs requires: 0,79.3$ H,10.S$.
Admixture with the ehromic acid oxidation product of 
neo«*fi-amyrin acetate produced no depression in melting 
point.

treatment of neo-g-Amyrin Acetate with N-Bromosuecinimide. 
neo-g-Amyrin acetate (0.3 g.) in dry carbon tetrachloride 
(50 c.c.) was treated with N-bromo suee inimi de (1 g.$ 9h%) 

and the solution was refluxed gently for one hour. The 
solution became red in colour immediately after the 
addition of the N-bromosuecinimide and hydrogen bromide 
was evolved during the reaction. After being filtered, 
washed with water, and dried (Na^SO*), the solution was 
evaporated under vacuum to yield a brown gum which was 
dissolved in light petroleum (60-80°, 50 c.c.) and
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chromatographed on a column of activated alumina (Grade 
II, 14 x 1.75 cm.}. Elution with light-petroleum (60- 
-80°}-benzene (4*1* 260 c.c*} produced a main fraction 
(0.25 g.) which was deposited from aqueous methanol as 
a semi-crystalline material which was extremely soluble 
in all the normal crystallisation reagents. After two 
such crystallisations the material had m.p.205-210°,
1>3d -28° (+2) (c, 0*9) and showed a deep red-brown 
colour with I.N.M. in chloroform. Light absorption in 
ethanol; inflection at 2250 A, maxima at 2520 ( i  -  13,000) , 
2600 ( i  * 12,500) and 3570 A ( I = 10,000).

Attempted Catalytic Hydrogenation of iso-6-Amyradienonyl 
Acetate in Neutral Solution.- iso-ft-Amyradienonyl acetate 
(m.p.219-221°, 0.25 g.) in ethyl acetate (250 c.c.) was 
added to platinum catalyst (from 100 mg. PtOa) in ethyl 
acetate (25 c.c.) and shaking in hydrogen was carried 
out for 12 hours. Platinum oxide (100 mg.) was then 
added to the solution and -shaking in hydrogen was carried 
out for a further 60 hours. The solution was filtered, 
evaporated to dryness, and the residue crystallised from 
methanol as plates (0.19 g.), m.p.212-215°. Recrystallis­
ation from methanol yielded prismatic rods, m.p.218-221°, 
[a]p -36° (c, 1.2) giving a yellow colour with T.N.II. in



chloroform. Light absorption in ethanol: Maxima at
2090 ( i  * £,100) and 2450 A .( £ « 10,000).

There was no depression in melting point on 
admixture with starting material.

Concentration of the mother liquors yielded a 
further crop of iso-p-amyradienonyl acetate (0.04 g.}, 
m.p.210-215°.

Wolff-Kishner Reduction of iso-ft-Amyradienonyl Acetate.- 
iso-fi-Amyradienonyl acetate (m.p.221-2 2 2°, 2 g.) was 
heated with sodium methoxide (2 g. sodium in 25 c.c. 
methanol) and hydrazine hydrate (10 c.c., 100$) in an 
autoclave at 200° for 13 hours. The crude product was 
acetylated with pyridine (20 c.c.) and acetic anhydride 
(20 c.c.) on the steam-bath for 2 hours and the solution 
was worked up in the usual manner to yield a solid 
residue. The residue crystallised from chloroform- 
-methanol as plates (1.0 g.), m.p.228-231°. Four 
recrystallisations from the same solvent yielded plates, 
m.p*230.5-231°, [a-]p -9° (c, 2.0) giving a yellow colour 
with T.N.M. in chloroform. Light absorption in ethanol 
£ea.jgo 4,970, fcsieo ^ 4,180, fcjeeo© ^ 1,700, £,«©«© 53
320 •

Found: C,82.2j H,10.9.
CssHgo0E requires; C,82.3j H,10.8$.



Concentration of the mother liquors yielded a second 
crop of plates (0.5 g.), m.p. 175-195° which after two 
recrystallisations yielded plates (0.16 g.), m.p.230- 
-231° showing no depression in melting point on admixture 
with the first crop. Concentration of the mother 
liquors of the second crop yielded plates (0.27 g.), 
m. p. 180-186° which, after five recrystallisations from 
the same solvent, yielded a second compound as plates, 
m.p.202-203°, [a]p -95°, -93° (c, 1.0, 0.75) giving a 
yellow colour with T.N.M. in chloroform. Light absorp­
tion in ethanol* £ exoo 5,900,  ̂giso 515 3,700,  ̂b^oo = 
1,460, £ e8«© * 430.

Found: C,82.6* H,10.8.
Cs s He o0e requires: C , 8 2 . 3 j  H,10.8$.

Hydrolysis of the C3SHSoOa Acetate (m.p.230°) from the 
Wolff-Kishner Reduction of iso-p-Amyradienonyl Acetate.- 
The acetate (m.p.230-231°, 0.2 g.) was refluxed in 
ethanolic potassium hydroxide solution (3$, 15 c.c.) for 
3 hours and the solution was poured into water and worked 
up through ether in the usual way The residue crystal­
lised from methanol as needles, m.p.l93-195°. Four 
recrystallisations from the same solvent yielded needles, 
m.p.195-196°, [>]£> -12°, -12° (c, 0.8, 0.8) giving a 
yellow colour with T.fT.M. in chloroform. Light absorptii



in ethanol: Maximum at 2110 A ( i  = 4,500).
Found: C,84.8j H , l l * 4 .

Cgo^eO requires: C,84.8j H , l l * 4 $ .

The above alcohol {m.p*195-196°, 100 tag.) was acetylated 
on the steam-bath with pyridine (3 c.c.) and acetic 
anhydride (3 c.c.) and the solution was worked up in the 
usual manner to .yield plates from chloroform/methanol, 
m.p.229-23l°. Four recrystallisations from the same 
solvent yielded plates, m.p.230.5-231°, [a]^ -8° (c,2.5). 
This material showed no depression in melting point on 
admixture with the C3aH500K acetate (m.p.230°) from which 
the reacetylated alcohol was obtained.

Treatment of the CSS3H50Qs Acetate tm.p.230 A with

stabilised glacial acetic acid (25 c.c.) and concentrated 
hydrochloric acid (1 c.c.) was heated on the steam-bath 
for four hours. The solution was treated with water and 
ether, and the ether extract was washed with sodium 
bicarbonate solution, water, dried (Nae304) and evapor­
ated. The residue was heated with pyridine (5 e.c.) 
and acetic anhydride (5 c.c.) on the steam-bath for one 
hour and the solution was worked up in the usual manner 
to yield a residue which crystallised from chloroform/ 
/methanol as needles, m.p.214-217°. Five recrystaliis-

Acid.- The acetate (m.p.230°, 0.15 g.) in
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ations from the same solvent yielded fine needles, 
m.p.219*5-220°, [&]d +337° (c, 1*5), giving a brown 
colour with T.N.M. in chloroform. . Light absorption in

oethanol: Maximum at 2820 A ( £= 9,000).
Found: 0,82.6; H.,11.1*

OeaHeoO^ requires: 0,82.3; H,10*8$.
Admixture of this product with ft-amyradienyl-I acetate 
produced no depression in melting point.

Treatment of the CeaH6O0g Acetate (m*p.203°) with 
Hydrochloric Acid.- The acetate (m.p.203°f 0.06 g.) in 
stabilised glacial acetic acid (50 c.c.} and concentrated 
hydrochloric acid (1 c.c.) was heated on the steam-bath 
for seven hours. The yellow solution was poured into 
water, ether extracted, and the ether extract was washed 
with sodium bicarbonate solution, water, dried (NasS04) 
and evaporated to yield a solid residue which gave a red- 
-brown colour with T.N.M. in chloroform and showed light

o
absorption maxima at 2430, 2500 and 2600 A. Crystallis­
ation from ehloroform/methanol yielded plates (0.035 g.) 
m.p.223-255°. Two recrystallisations from the same 
solvent yielded plates, m.p.227-228°, [cOp -62° (c, 0.6) 
giving a red-brown colour with T.N.M. in ehloroform.
Light absorption in ethanol: Maxima at 2420 ( i = 22,000),
2510 ( i = 27,200) and 2600 A ( fc = 17,000) . There was no
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depression in melting point on admixture with p-amyra­
dienyl -II acetate.

Selenium Dioxide Oxidation of the C3SHesOe Acetate 
(m*p*230°).- The acetate (m.p.230-231°, 0*5 g.) in 
stabilised glacial acetic acid (100 c.c.) was refluxed 
with selenium dioxide (0.5 g.) for 24 hours. The deep 
red solution was filtered, poured into water, ether 
extracted, and the extract was washed with sodium 
bicarbonate solution, water, dried (Nas30*) and evapor­
ated. The residue was dissolved in benzene and filtered 
through a short column of activated alumina. The residue 
obtained on evaporation of the benzene crystallised from 
ehlorof orm-methanol as plates (0.05 g.) m.p.225-227°•
Two recrystallisations from the seme solvent yielded 
plates, m.p#230-231°, undepressed in melting point on 
admixture with starting material.

The mother liquors were evaporated to dryness and 
the residue crystallised from light-petroleum (60-80°) 
as prisms (0.2 g.), m.p.239-242°. Two reerystallisations
from aqueous methanol yielded square plates, m*p*240-241°, 
[a]p -91° (c, 1*5) giving no colour with T.N.M. in 
ehloroform. Light absorption in ethanol: Maximum at
2780 A ( c = 11,700). Admixture of this product with



{3-ajnyradiendionyl acetate produced no depression in 
molting point.

Oxidation of the Caj3K500 Acetate (m.p.23Q°) with 
Perbenzoic Acid.- The acetate, (m.p.228-230°, 0*75 g.) 
in chloi’oform (35 c.c.) was treated with perbenzoic acid 
in chloroform (4.6 c.c., 1.3 mols.j at 0° and the solution 
was kept at 0° for four days. It was then washed with 
sodium bicarbonate solution, water, dried (Nas3G*) and 
evaporated to yield a gum which was dissolved in light 
petroleum (60-80°;-benzene (3:1, 120 c.c. ) and chromato­
graphed on a column of activated alumina (Grade I, 14 x
2 cm.) . 

Fractions Eluant Volume Weight
1-10 LP/B (3:1) 500 c.c. 197 mg. Gum
11-13 " (9:4) 150 Trace Gum
14-16 " (3:2) 150 65 mg. Solid
17-19 " (9:7) 150 53 M
20-28 (1:1) 450 119 «
29-30 it tt 100 9 «t
31-33 (2:3) 150 12 t*
34-35 " (1:4) 100 17 tt
36-38 Benzene 

B/E (9:1)
150 14 tt

39 —40 100 110 Gum
41-44 (3:2) 200 30 n
45 —46 Ether 100 —
47 -50 Acetone 200 —

Fractions 14-38 were combined and crystallised from light 
petroleum (60-80°) to give plates, ra.p.257-260° giving a 
red-brown colour with T.N.M. in chloroform. Five
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recrystallisations from aqueous methanol gave plates, 
m.p.270-27G.5°, [a-lp +293° ' c, 0.5) giving a brown 
colour with T.N.M. in chloroform- Light absorption in

oethanoli Maximum at 2820 A ( £ = 9,100).
Found: 0,79.6} H,10.5.

CeeH5c03 requires: 0,79.6; H,10.4$.

Chromic Acid Oxidation of the Perbenzoic Acid Product 
of the G0gH6oOs Acetate (m.p.23G°).- The perbenzoic acid 
oxidation product of the acetate (m.p.230°) (m.p.269-271°, 
0*1 g.) in stabilised glacial acetic acid (50 c.q.) was 
treated at room temperature with a solution of chromic 
oxide in acetic acid (12-5 c.c., 15.4 mg. Cr03; 1.1 atoms 
of 0) added dropwise during 30 minutes. After standing 
at room temperature for two hours the green solution was 
poured into water, extracted with ether, and the extract 
was washed with sodium bicarbonate solution, water, dried 
(NagS04) and evaporated. The residue crystallised from 
aqueous methanol as prismatic needles (0.033 g.), m.p. 
246-248°, giving a red-brown colour with T.N.M. in chloro­
form. Six re crystallisations from the same solvent 
yielded prismatic needles, yn.p.249-250°, [a]p +252°,
+253° (c, 0.5, 0.6) giving a red-brown colour with T.N.M. 
in chloroform- Light absorption in ethanol: Maximum
at 2820 A ( £ = 8,700).



Found: 0,79.9} H,10.3.
C8SH *e03 requires: 0,79.95} H , 1 0 . l £ .

Attempted Catalytic Hydrogenation of the CagHeoOe Acetate 
(m*p.230°).- The acetate (m.p.229-230°, 0*25 g.) in 
stabilised glacial acetic acid (150 c.c.) was added to 
a suspension of platinum (from 0.5 g. PtOsj in acetic 
acid (20 c.c.) and shaking in hydrogen was carried out 
for 48 hours. The solution was filtered and evaporated 
to dryness. The residue crystallised from chloroform/ 
/methanol as plates (0.19 g.), m.p.226-228°, D -5°
(e, 1.5) giving a yellow colour with T.N.M. in chloroform. 
Concentration of the mother liquors yielded a second crop 
of plates (0.03 g.), m.p.224-227° giving a yellow colour 
with T.N.M. in chloroform. Neither crop was depressed 
in melting point on admixture with starting material.

Attempted Catalytic Ik drogenation of the CssHeoOs Acetate 
(m.p.203°) from the Wolff -K1 shne r lie duct ion of iso-(3 - 
-Amyradienonyl .acetate. - The acetate (m.p.2Q3-204°, 0.15 g. 
in stabilised glacial acetic acid (100 c.c.) was added to 
a suspension of platinum (from 0.25 g. of Pt0s) in acetic 
acid (10 c.c.) and shaking in hydrogen was carried out at 
room temperature for 48 hours. The solution was filtered 
and evaporated to dryness to yield a residue which
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crystallised from chloroform/methanol as blades (0.1 g.), 
m.p.200-202°, [ct]̂  -89° (e, 1.0) which produced a yellow 
colour with T.N M. in chloroform. Concentration of the 
mother liquors produced a second crop as blades (0.025 g.), 
sup.197-202° giving a yellow colour with T.N.M. in 
chloroform.

Neither crop was depressed in melting point on 
admixture with starting material.

Oxide of iso-p- Amyradienonyl Acetate. - (a) i^sq-h-Amyra­
dienonyl acetate (m.p*221-222°, 1 g . ) in dry chloroform 
(10 c.c.) at 0° was treated with a solution of perbenzoic 
acid in chloroform (9 c.c., 1.2 mols.) also at 0°. The 
solution was kept at this temperature for 8 days, treated 
with ether (100 c.c.) and washed with sodium bicarbonate 
solution, water, dried (Naw804j and evaporated. The 
residue crystallised from chloroform/methanol as plates 
(0.64 g.) , m.p.277-279° giving no colour with T.N.M. in 
chloroform. Four recrystallisations from the same 
solvent yielded plates, m.p.280-281° (K), [a]p -12° (c,4.9) 
giving no colour with T.N.M. in chloroform. Light

o
absorption in ethanol: Maximum at 2400 A ( L » 10,800).

Found: C,77.3J H,9.9.
requires: C,77.4j H,9.7$.

C o n c e n t r a t i o n  o f  t h e  m o t h e r  l i q u o r s  p r o d u c e d  a  s e c o n d  c r o p
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of plates (0*1 g.}, m.p.273-276°, showing no colour with 
T.N.M. in chloroform and undepressed in melting point on 
admixture with the first crop.
(h) iso-ft-Amyradienonyl acetate (m.p.221-222°, 1 g.) in 
stabilised glacial acetic acid (150 c.c.) was treated 
with a solution of potassium permanganate (0.75 g.) in 
water (75 c.c.) added dropwise with stirring at room 
temperature during 30 minutes. Stirring was continued 
for two hours and the solution was treated with sodium 
metabisulphite solution (10$), water and ether. The 
extract was washed with sodium bicarbonate solution, 
water, dried (NasS04) and evaporated. The residue 
crystallised from methanol as rhombic plates (0.95 g.), 
m.p.276-280°, producing no colour with T.N.M. in chloro­
form. Four recrystallisations from the same solvent 
yielded rhombic plates, m.p.281-282°, -12.5° (c,2.1).

o
Light absorption in ethanol; Maximum at 2420 A ( E. ~ 
10,500). Admixture with the product from the perbenzoic 
acid oxidation of iso-ft-amyradienonyl acetate produced no 
depression in melting point.

(c) iso-ft-Amyradienonyl acetate (m.p.221-222°, 1 g.) in 
stabilised glacial acetic acid (80 c.c.) at 60° was 
treated with a solution of chromic oxide in stabilised 
glacial acetic acid (16 c.c., 1.5 atoms 0) added dropwise
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with stirring at 60° during one hour. Stirring was 
continued for a further 50 minutes and the solution was 
poured into water and extracted with ether. The extract 
was washed with sodium bicarbonate so3_ution, water, dried 
(Na8S04) and evaporated? to yield rhombic plates (0.56 g.) , 
sup.270-274° from chloroform/methanol. Concentration of 
the mother liquors yielded plates (0.21 g.), m.p.257-264°, 
and further concentration yielded a third crop of plates 
(0.085 g.), m.p.225-254°* Four recrystallisations of
the first crop from the same solvent gave rhombic plates, 
m.p*280-281o, [n]p -12° (c, 1.0) showing no colour with 
T.N.M. in chloroform. light absorption in ethanol:

oMaximum at 2400 A ( L = 10,500). Admixture of this 
product with the perbenzoic acid and permanganate oxid­
ation products of iso-3-amyradienonyl acetate produced no 
depression in melting point.

Oxide of iso-g-Amyradienonol. - The oxide of iso-p-amyra­
dienonyl acetate (m.p.280-281°, 0.1 g.) was refluxed in 
aqueous ethanolic potassium hydroxide solution (5 c.c., 3%) 

for three hours. The solution was treated with water and 
ether, and the extract was washed with water, dried 
(Na»S04), and evaporated. The residue crystallised from 
methanol as prismatic rods, m.p.244-246°. Three recryst­
allisations from the same solvent yielded prismatic needles,
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m.p.249*5-250°, [a]j) -26° (e, 1.4} giving no colour with 
2?.N.M. in chloroform. Light absorption in ethanol:

oMaximum at 2420 A { i  = 14,000) .
Pound: 0,79.15{

OsoH^eOa requires: 0,79.2$ H,10.2$.
The alcohol obtained by the above hydrolysis (14 mg.) was 
heated on the steam-bath with pyridine (0.5 c.c.) and 
acetic anhydride (0.5 e.c.) for two hours. The solution 
was worked up through water and ether in the usual manner 
and the residue crystallised from methanol as rhombic 
plates? m.p.275-277°. Admixture of this material with 
the original acetate (oxide of iso-6-amyradienonyl 
acetate} produced no depression in melting point.

Oxidation of iso-p-amyradienonyl Acetate with Hydrogen 
Peroxide.- iso-P-Amyradienonyl acetate (m.p.220-222°, Ig.) 
in unstabilised glacial acetic acid (150 c.c.) was treated 
with a solution of hydrogen peroxide (100 vols.) in acetic 
acid (1:1, 200 c.c.) added dropwise during two hours at 
95° with stirring. The solution was stirred at this 
temperature for a further three hours, poured into water, 
and ether extracted. The extract was washed with sodium 
bicarbonate solution, water, dried (Nas304) and evaporated 
to yield a residue which was dissolved in light petroleum 
(60-80°)-benzene (7:3, 100 c.c.) and chromatographed on
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activated alumina (Grade II, 14 x 1.75 cm.).

Fractions Eluant Volume Weight
1-2 LP/B (7:3) 100 c.c. 57 mg. Solid
3-6 LP/B (3:2) 200 317 H

7-12 Benzene 300 284 t t

13-14 B/E (9si) 100 3! gum
15 -16 B/E (4:1) 100 46 t t

17-18 B/E (1:1) 100 33 t t

19-20 Ether 100 38 f t

21-23 E/Me thanol(1:1) 150 180 I t

24 Methanol 50 34 t t

Fractions 1-14 were combined (0.69 g.) , dissolved in light 
petroleum (60-80°) -benzene (4:5, 135 c.c.) and rechromato- 
graphed on neutral activated alumina (Grade II, 18 x 2 cm.).

Fractions Eluant Volume Weight
1-6 LP/B (4:5) 300 c.c. -
7-12 LP/B (2:3) 300 107 mg. Solid
13-16 LP/B (1:2) 200 27 »»
17-18 LP/B (1:3) 100 Trace
19-20 LP/B (1:4) 100 5 mg. gum
21-25 Benaene 250 tiMt

26 -37 B/E (9:1) 600 238 mg. solid
38-41 B/E (1:1) 200 19 mg. i t
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Fractions 7-16 were combined and crystallised from 
chloroform-methanol as plates (0.08 g.), m.p.2l3-220°, 
giving no colour with T.N.M. in chloroform. Five re - 
crystallisations from the same solvent yielded plates, 
m.p.225-226°, [cOp +78° (c, 0.7) giving no colour with 
T.N.M. in chloroform and no light absorption in the region 
2200-4000 A.

Found: C,74.4j H,10.2.
Caj8H6s06 requires: C,74.4; H,10.1$.
CagH6oOs requires: C,74.7; H, 9.8$.

Fractions 26-37 were combined and crystallised from 
methanol as plates, m.p.318-319°, 0 ]p +155° (e, 1.3) 
giving no colour with T.N.M. in chloroform. Light

o
absorption in ethanol: Maximum at 2360 A ( E. = 13,400).

Found: C,77.7j H,9.9.
CssH^aO* requires: C,77.4j H,9.7$.

Hydrolysis of the Acetate (m.p.318°) from the Hydrogen 
Peroxide Oxidation of iso-P-Amyradienonyl Acetate.- The 
acetate (m.p.318-319°, 0.1 g.) was refluxed in aqueous 
ethanolie potassium hydroxide (3$, 15 c.c.) for four hours. 
The solution was poured into water, treated with ether, 
and the extract was washed with water, dried (NasS04) and 
evaporated. Crystallisation of the residue from aqueous 
methanol, yielded needles, m.p.264-270°. Five recryst-
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allisations from the same solvent yielded prisms, m.p. 
290-291°, [a]p +167° (c, 1.0) giving no colour with 
T.N.M. in chloroform. Light absorption in ethanol:

o
Max. at 2360 A ( t  » 12,500).

Found: 0,79,4$ H,10.4
CsoH4e03 requires: C,79.2j H,10.2$.

Acetylation of the Acetate (m.p.318°) from the Hydrogen 
Peroxide Oxidation of iso-ft - Amy r a.dienony1 Ace tate.- The 
acetate (m.p.318-3190, 0.1 g.) in pyridine (20 c.c.) and 
acetic anhydride (10 c.c.) was heated on the steam-bath 
for two hours. The solution was worked up through water 
and ether in the usual manner to yield a residue which 
crystallised from aqueous methanol as needles (0.08 g.), 
m.p.190-193°. Four recrystallisations from the same
solvent yielded needles, m.p.194-194.5°, [u]p +141° (c,0.6) 
giving no colour with T.N.M. in chloroform. Light absorp-

o

tion in ethanol: Max. at 2360 A ( £ = 11,500).
Found: 0,75.7* H,9.6

CoaHeoOe requires: 0,75.8* H,9.4$.

Chromic Acid Oxidation of the Acetate (m.p.318°) from 
the Hydrogen Peroxide Oxidation of iso -ft -Amyradienonyl 
Acetate.- The acetate (m.p.318°, 0.12 g.) in stabilised 
glacial acetic acid (40 c.c.) was treated with a solution 
of chromic anhydride in water and acetic acid (10 c.c.,
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1.3 atoms of 0) added dropwise at room temperature 
during 30 minutes. The solution was allowed to stand 
overnight at room temperature, and then heated on the 
steam-bath for 30 minutes. It was poured into water, 
treated with ether, and the extract was washed with 
sodium bicarbonate solution, water, dried (NasS04) and 
evaporated. The residue crystallised from ehloroform- 
-methanol as needles (0.09 g.), m.p.308-314°. Five 
reerystallisations from the same solvent yielded needles, 
m.p.314-315°, [u]p +94° (c, 1.0) giving no colour with 
T.N.M. in chloroform. Light absorption in ethanol:
Max. at 2360 A ( £. = 13,000).

Found: C,78.0* H,9.6.
CasH4604 requires: 0,77.7} H,9.4j6.

Attempted Acetylation of the Acetate (m.p.226°) from 
the Hydrogen Peroxide Oxidation of iso -{3-Amyradienonyl 
Acetate. - The acetate (m.p.226-228°, 0.15 g.) in pyridine 
(5 c.c.) and acetic anhydride (5 c.c.) was heated on the 
steam-bath for two hours. The solution was worked up in 
the usual way to yield a residue which crystallised from 
ehloroform-methanol as plates (0.13 g.) , m.p.227-229°,
[a]B +750 (e, 1.5) giving no colour with T.N.M. in chloro­
form. Concentration of the mother liquors yielded a 
second crop of plates (0.015 g.), m.p.215-221°, giving no
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colour with T.N.M. in chloroform. Neither crop was 
depressed in melting point on admixture with the 
starting material.

Oxidation of i s o -Amyradienonyl Acetate with Chromic 
Acid.- A gently refluxing solution of iso-3-amyradienonyl 
acetate (m.p.221-222°, 5 g.j in stabilised glacial acetic 
acid (400 c.c.) was treated with a solution of chromic 
oxide (5 g .} in stabilised glacial acetic acid (150 c.c.) 
added dropwise during one hour. The solution was then 
refluxed for a further two hours, poured into water and 
ether extracted. The extract was washed with sodium 
hydroxide solution (6$), water, dried (Na^SO*) and 
evaporated. Acidification of the alkali washings yielded 
an acid fraction (0.26 g.) which was not investigated 
further. The residue obtained by evaporation of the 
ether, crystallised from ehloroform-methanol as needles 
(2.1 g.), m.p.293-298° Concentration yielded a second 
crop (0.2 g.), m.p.267-275°. Five recrystallisations of 
the first crop from the same solvent yielded needles, 
m.p.315-316°, +57° (c, 2.0) giving no colour with
T.N.M. in chloroform. Light absorption in ethanol; Max.

oat 2360 A i t -  12,000) . Admixture with the product from 
the chromic acid oxidation of the acetate (m.p.318°) from 
the hydrogen peroxide oxidation of iso-p-amyradienonyl
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acetate produced no depression in melting point.

Chromic Acid Oxidation of the Oxide of iso-6-Amyradien­
onyl Acetate.- (a) The oxide of iso-ft-amyradienonyl 
acetate (m.p.278-280°, 0.5 g.) in stabilised glacial 
acetic acid (100 c.c.j at 80° was treated with a solution 
of chromic oxide (0.1 g., 1.5 mols.) in stabilised glacial 
acetic acid (20 c.c.) and a few drops of water, added 
dropwise with stirring during two hours. The solution 
was then stirred at 80° for a further 30 minutes, poured 
into water and ether extracted. The extract was washed 
with sodium hydroxide solution (3%) (acidification 
produced no acid fraction), water, dried (NasS04) and 
evaporated. The residue crystallised from chloroform- 
-methanol as a mixture of plates and needles (0.35 g.),
[&]j) +33° (c, 1.0). Concentration produced a second 
crop of mixed plates and needles (0.055 g.).
(b) The oxide of iso-p-amyradienonyl acetate (m.p.278- 
-280°, 0.5 g.) in stabilised glacial acetic acid (100 c.c.) 
at 80° was treated with a solution of chromic oxide in 
acetic acid and water (22 c.c., 2.5 mols.) added dropwise 
during four hours with stirring. The solution was then 
stirred at 80° for a further one hour, poured into water 
and ether extracted. The extract was worked up in the 
usual manner to yield a residue which crystallised from



chloroform -me thano1 as needles (0.35 g.J, m.p. 313-316 
[>3d +58° (c, 1,0) giving no colour with T.N.M. in 
chloroform. Light absorption in ethanol* Max. at

Q2360 A ( i = 11,900). Admixture with the chromic acid 
oxidation product of iso-ft-amyradienonyl acetate produced 
n© depression in m e l t i n g  point.

Alkaline Hydrolysis of the Chromic Acid Oxidation Product 
of iso-ft-Amyradienonyl A c e t a t e . - The chromic acid oxidation 
product (m.p.312-314°, 0.15 g.j was refluxed in aqueous 
ethanolic potassium hydroxide solution (3$, 15 c.c.) for 
three hours. The solution was poured into water, 
treated with ether, and the extract was washed with water, 
dried (NasS0*) and evaporated. The residue crystallised 
from chloroform-methanol as long needles, m.p.293-297 
Four recrystallisations from methanol yielded long needles, 
m.p.298-299°, [&]j) +71° (c, 0.5) giving no colour with 
T.N.M. in chloroform. Light absorption in ethanol:
Max. at 2360 A (i = 13,000).

Found: 0,79.8; H,9.9.
CgoHaaQs requires: 0,79.6; H,9.8$.

Acetylation.- The above alcohol (m.p.297-298°, 0.05 g.) 
in pyridine (2 c.c.) and acetic anhydride (2 c.c.) was 
heated on the steam-bath for one hour. The solution, 
which was worked up in the usual manner yielded a residue
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which crystallised from ehloroform-methanol as needles, 
m.p.311-313°. Three recrystallisations from the same
solvent yielded needles, m.p.313-314°, [a]^ +90° (o,0.06) 
giving no colour with T.N.M. in chloroform. Light

o
absorption in ethanol: Max. at 2360 A ( £ * 13,000).
There was no depression in melting point on admixture 
with the chromic acid oxidation products ([u]p +57°) of 
iso-{3-amyradienonyl acetate and the oxide of .iso-{3-amyra­
dienonyl acetate nor the chromic acid oxidation product 
(Ca3j) +94°) of the acetate (m.p.318°) from the hydrogen 
peroxide oxidation of iso-(3-amyradienonyl acetate.

Acid Hydrolysis of the Chromic Acid Oxidation Product 
of 1 so -3-Amyradienonyl Acetate . - A solution of the chromic 
acid oxidation product (m.p.312-314°, ta]jj +58°, 0.25 g.) 
in ethanol (60 e.c.j and concentrated hydrochloric acid 
(8 c.c.j was refluxed for three hours, poured into water 
and ether extracted. The extract was washed with sodium 
bicarbonate solution, water, dried (Nae304) and evapor­
ated. The residue crystallised from ehloroform-methanol 
as needles, m.p.296-300°. Three recrystallisations from 
the same solvent yielded long needles, m.p.298-299°, OI-q 
+71° (c, 0.7) giving no colour with T.N.M. in chloroform. 
Light absorption in ethanol: Max. at 2360 A ( t = 12,200).
Admixture with the alcohol from the alkaline hydrolysis
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of the chromic acid oxidation product of iso-ft-amyra- 
dienonyl acetate produced no depression in melting point.

Wolff-Kishner Reduction of the Chromic Acid Oxidation 
Product ([&]p +90°) of iso-p-Amyradienonyl Acetate.- 
Chromic acid oxidation product (m.p.313-314°, +90°,
1 g.) was heated with sodium methoxide (30 c.c. methanol* 
2.5 g. sodium) and hydrazine hydrate (100$, 10 c.c.) in 
an autoclave at 200° for 16 hours. The crude product 
was treated with water and ether, and the extract was 
washed with water, dried (Naa304) and evaporated. The 
residue was heated with pyridine (10 c.c.) and acetic 
anhydride (10 c.c.) on the steam-bath for one hour and 
the solution was worked up in the usual manner. The 
residual gum was dissolved in light petroleum (60-80°,
50 c.c.) and chromatographed on a column of activated 
alumina (Grade II/III, 14 x 2 cm.).

Fraction Eluant Volume Weight
1-7 LP (60-80°) 350 c.c.
8-11 LP/B (9:1) 200 47 mg. solid

12-15 " (17:3) 200 127 n

16-17 ■ (3:1) 100 81 ft

18-24 (1:1) 350 324 n

Further elution with benzene yielded gum.
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Fractions (10-22) were combined and crystallised from 
ehloroform-methanol to yield plates and prisms (0.26 g.), 
m.p*223-235 °.

Five recrystallisations from methanol yielded plates, 
m.p.227-229°, Ca]j) -2.5°, -2° (c, 2.0, 2*8) giving a 
yellow colour with T.N.M. in chloroform. Light absorp­
tion in ethanol* £ aoso ~ 3,400, £ sxbo 35 2,000, £ jssqq 35
1,100, “* 650.

Found: C,79.6; H,10.1. 
requires: 0,79.95; H,10.1$.

Treatment of the Wolff-Kishner Product of the Chromic 
Acid Oxidation Product of iso-(3-Amyradienonyl Acetate 
with Hydrochloric Acid.- The Wolff-Kishner product 
(m.p.225-227 °, 0.05 g.) in stabilised glacial acetic acid 
(25 c.c.) and concentrated hydrochloric acid (3.5 c.c.) 
was heated on the steam-bath for 3 hours. On working up 
through water and ether in the usual manner the solution 
yielded a residue which was dissolved in pyridine (2 c.c.) 
and acetic anhydride (1 c.c.) and the solution was heated 
on the steam-bath for one hour. On working up in the 
usual manner, a residue which crystallised from methanol 
as plates (0.038 g.), m.p.221-224° was obtained. Kecryst- 
allisation from the same solvent yielded plates, m.p.223- 
-225°, O H d ° (c, 0.5j giving a yellow colour with T.N.M.
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i n  ch loro fo rm .

Admixture w ith  s t a r t i n g  m a te r ia l  produced no 

d e p r e s s io n  in  m e lt in g  p o in t .

C on cen tra tion  o f  the mother l i q u o r s  gave an 

u n c r y s t a l l ! s a b l e  brown gum.

Treatment o f  the Chromic Acid O x id a tio n  P roduct o f  

i s o - f c -Amyradienonyl A ceta te  w ith  S u lp h u r ic  A c id . - The 

chromic a c id  o x id a t io n  product (m .p .3 1 3 -3 1 4 ° ,  + 90° ,

0*25 g . )  i n  a c e t i c  a c id  (200 c . c . )  and su lp h u r ic  a c id  

(16N, 15 c . c . )  was h ea ted  on the stea m -b ath  f o r  6 h o u rs .  

The y e l lo w  s o l u t i o n  was t r e a t e d  w ith  w a ter  and e t h e r ,  

and the e x t r a c t  was washed w ith  sodium b ic a rb o n a te  

s o l u t i o n ,  w a te r ,  d r ied  (Na^SO*) and e v a p o r a te d .  The 

r e s id u e  c r y s t a l l i s e d  from eh loroform -m eth an o l a s  n e e d le s  

( 0 .1 6  g . ) ,  m .p .3 1 0 -3 1 4 ° ,  [ a ]p  +87°. R e c r y s t a l l i s a t i o n  

from  the same s o lv e n t  y i e ld e d  n e e d l e s ,  m .p .3 1 2 -3 1 5 ° , [&]j) 

+90° ( c ,  1 . 3 ) .  L igh t  a b s o r p t io n  i n  e th a n o l :  Max. a t
o

2380 A ( c = 1 2 ,5 0 0 )  . Admixture w ith  s t a r t i n g  m a t e r ia l  

produced no d e p r e ss io n  in  m e l t in g  p o i n t .  C o n ce n tr a t io n  

o f  the mother l iq u o r s  y i e l d e d  n e e d le s  ( 0 .0 4 3  g . ) ,  m .p .  

3 0 8 -3 1 2 ° ,  M p  ( e > 0 . 5 ) .  Admixture w ith  s t a r t i n g

m a te r ia l  produced no d e p r e s s io n  i n  m e l t in g  p o i n t .



-  1 6 8  -

C a t a ly t i c  Hydr o g e n a tio n  o f  the  Chromic Acid O x id a t io n  

P roduct o f  i s o  -(5-Amyradienonyl A c e t a t e . -  The chromic  

a c id  o x id a t io n  product (m .p .3 1 3 - 3 1 5 [ & ] ] )  + 90° , 1 .6  g . )  

i n  s t a b i l i s e d  g l a c i a l  a c e t i c  a c id  (250 c . c . )  was added  

to  p la tinu m  c a t a l y s t  (from 0 .5  g .  o f  PtOg ) i n  a c e t i c  

a c id  (20  c . c . )  and shaking in  hydrogen was c a r r ie d  ou t  

f o r  48 h o u rs . The s o l u t i o n  was th en  f i l t e r e d  and the  

f i l t r a t e  was added to  f r e s h  p la tinu m  c a t a l y s t  (from  

0*25 g .  o f  PtOg) and shaking in  hydrogen was c a r r ie d  ou t  

f o r  a f u r t h e r  24 h ou rs . The s o l u t i o n  was th en  f i l t e r e d  

and evap orated  to  d r y n e ss .  The r e s id u e  was d i s s o l v e d  

i n  l i g h t  petroleum  ( 6 0 - 8 0 ° ) -benzene (2 * 1 , 150 c . c . )  and 

chromatographed (alum ina - Grade I I / I I I ,  14 x  2 c m .) .

F r a c t io n s  E luant Volume Weight

1 - 8  LP/B (2*1) 400 c . c .  1 .3 4  g .  s o l i d

9-10  ”  "  100 

11-17  Benzene 350 0 .1 0 6  s o l i d

18-19  E ther 100 0 .0 7 3  gum

F r a c t io n s  (1 -8 )  were d i s s o lv e d  i n  l i g h t  p e tro leu m  (6 0 -8 0 ° )  

but an a ttem pt which was made to  se p a r a te  the  components  

by re  chromatography f a i l e d .  C r y s t a l l i s a t i o n  o f  the  

combined f r a c t i o n s  (1 - 8 ) from m e th a n o l-e th e r  y i e l d e d  

p l a t e s  (0 .2 5  g . ) ,  m .p .2 2 0 -2 3 0 ° ,  g i v in g  a y e l lo w  c o lo u r
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w ith  T.N.M. i n  ch loro form . Pour r e c r y s t a l l i s a t i o n s  

from ch loroform -m ethanol y i e l d e d  h exagon a l p l a t e s , 

m .p .2 5 1 -2 3 2 ° ,  [ a ]  +8 6 ° ,  +87° ( c ,  1 . 0 ,  1*5) g i v i n g  a

y e l lo w  c o lo u r  w ith  T.N.M. in  ch lo ro fo rm . L ig h t  

a b s o r p t io n  i n  e th a n o l:  E.SOso = 3 ,0 0 0 ;  £ s l e© = 2 ,8 0 0 ;

 ̂sifio  1 ,8 0 0 9  ̂2200 ”* 860j £ g g 6 o ~ 320*

Pound: 0 ,8 2 .5 ;  H ,1 0 .8 .

CssH60Os r eq u ire s*  0 ,8 2 .3 ;  H ,1 0 .8 $ .  

C o n cen tra t io n  o f  the mother l iq u o r s  y i e l d e d  f i n e  n e e d l e s ,  

( 0*6  g . ) ,  m .p .1 6 4 -1 6 6 ° . Pour r e c r y s t a l l i s a t i o n s  from

m ethanol gave f i n e  n e e d l e s ,  m .p . 1 6 8 -1 7 0 ° ,  [u]-p + 12° ,

+13° ( e ,  1 . 3 ,  1*3) g iv in g  a y e l lo w  c o lo u r  w ith  T.N.M. 

i n  ch lo ro fo rm . L igh t a b s o r p t io n  i n  e th a n o l :  £ Soe© ® 

1 ,5 2 0 ,   ̂g i o o  = 1 ,0 7 0 )  £ a 16 o ~ 650 , £ s g  q o  * 5 6 0 ,

£ ggso ~ 280 , £>gsoo “ 140 .

Pound: 0 ,8 1 .9 5 ;  H ,1 1 .4 .

CSgH5 s 0 a r e q u ir e s :  0 , 8 2 .0 ;  H ,1 1 .2 $ .

F r a c t io n s  (11 -17) were n o t  i n v e s t i g a t e d  f u r t h e r .

Treatment o f  the CcsHCo0s A ceta te  (m .p .2 3 0 ° )  from  the  

Q a t a ly t ic  H ydrogenation o f  the  Chromic Acid O x id a t io n  

Product w ith  H ydroch lor ic  A c id . -  The a c e t a t e  (m .p .2 2 7 -  

-2 2 9 ° ,  0 .0 6 5  g . )  in  a c e t i c  a c id  (35 c . c . )  and c o n c e n ­

t r a t e d  h y d r o c h lo r ic  a c id  (3  c . c . )  was h e a te d  on the  

steam -bath  f o r  5 h o u rs .  The s o l u t i o n  was then  a l lo w e d
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to  s ta n d  o v e rn ig h t  a t  room tem p eratu re , t r e a t e d  w ith

w a ter  and e th e r ,  and the e x t r a c t  was washed w ith  sodium

b ica rb o n a te  s o l u t i o n ,  w a te r ,  d r ie d  (Nas SG4 ) and

e v a p o r a te d . The r e s id u e  was d i s s o lv e d  i n  p y r id in e

(5 c . c . )  and a c e t i c  anhydride (3  c . c . )  and h e a te d  on the

steam -b ath  f o r  one hour. The s o l u t i o n  was worked up i n

the  u s u a l  manner and the r e s id u e  c r y s t a l l i s e d  from

chloroform -m ethan ol a s  p l a t e s  (0 .0 3 8  g . ) ,  m .p .2 2 4 - 2 2 6 ° ,

g i v in g  a red-brown c o lo u r  w ith  T.N.M. i n  ch lo ro fo rm .

H e c r y s t a l l i s a t i o n  from the same s o lv e n t  y i e l d e d  p l a t e s ,

m. p .  2 2 6 -2 2 8 ° ,  Ca ]p  -61°  ( c ,  0 .7 )  g i v in g  a  red-brown

c o lo u r  w ith  T.N.M. i n  ch loro form . L ig h t  a b s o r p t io n  i n

e th a n o l:  Max. a t  2430 ( I  = 2 6 ,0 0 0 ) ,  2510 ( i  = 2 8 ,0 0 0 ) ,
° c

and 2600 A ( t  = 2 0 ,0 0 0 )  . Admixture w ith  a sample o f  

P -a m y r a d ie n y l-II  a c e ta t e  produced no d e p r e s s io n  i n  

m e lt in g  p o in t .

Treatment o f  the C32H52Q2 A ceta te  (m .p . l7 0 ° )  from the  

C a t a ly t i c  H ydrogenation w ith  H y d ro ch lor ic  A c id . - The 

a c e t a t e  (m .p .1 6 8 -1 7 0 ° ,  0 .1 2  g . )  in  a c e t i c  a c id  (50  c . c . )  

and c o n c e n tr a te d  h y d r o c h lo r ic  a c id  (3  c . c . )  was h e a te d  

on the steam -bath  f o r  4 h o u rs .  The s o l u t i o n  was worked 

up i n  the u su a l  manner to  y i e l d  a r e s id u e  w hich was

d i s s o lv e d  in  p y r id in e  (2  c . c . )  and a c e t i c  anhydride

(2 c . c . )  and heated  on the  stea m -b ath  f o r  one hour. The
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r e s id u e  from the a c e t y l a t i o n  c r y s t a l l i s e d  from aqueous  

m ethanol as  f i n e  n e e d le s  (0 .0 2 6  g . j ,  m .p .1 5 5 -1 6 5 ° .  

B e e r y s t a l l i s a t i o n  from the same s o lv e n t  gave f i n e  

n e e d l e s ,  m .p .1 6 3 -1 6 7 °  g i v in g  a y e l lo w  c o lo u r  w i t h  T.N.M. 

i n  c h lo ro fo rm . Admixture w ith  th e  s t a r t i n g  m a t e r ia l  

produced no d e p r e s s io n  i n  m e lt in g  p o i n t .  C o n c e n tr a t io n  

o f  the m other l iq u o r s  gave an u n c r y s t a l l i s a b l e  brown 

gum.

Attempted C a t a ly t ic  H ydrogenation o f  the  A c e ta te  (m .p .  

230°)  from the H ydrogenation o f  the  Chromic Acid  

O x id a t io n  P ro d u c t . -  The a c e t a t e  (m .p .2 2 7 -2 2 9 ° ,  0 .1 5  g . )  

i n  s t a b i l i s e d  g l a c i a l  a c e t i c  a c id  (150 c . c . )  was added  

t o  f r e s h l y  prepared p la tinu m  o a t a l y s t  (from 0 .2 5  g .  o f  

PtOjs) and shaking  i n  hydrogen was c a r r ie d  ou t  f o r  24 

h o u r s .  The s o l u t i o n  was f i l t e r e d ,  ev ap o ra ted  to  d r y n e s s ,  

and the  r e s id u e  c r y s t a l l i s e d  from, ch loro form -m eth an o l a s  

p l a t e s  (0 -1 2  g . ) ; m .p .2 2 3 -2 2 6 ° , [ > ] d +82° ( c ,  0 .5 )  g i v i n g  

a  y e l lo w  c o lo u r  w ith  T.N.M. i n  ch lo ro fo rm .

C on cen tra tion  o f  the mother l i q u o r s  y i e l d e d  p l a t e s  

( 0 .0 2  g . ) ,  m .p .2 2 0 -2 2 3 ° ,  g i v in g  a y e l lo w  c o lo u r  w ith  

T.N.M. i n  ch loro form . N e i th e r  crop  waa d e p r e sse d  i n  

m e lt in g  p o in t  on admixture w ith  the  s t a r t i n g  m a t e r i a l .
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O x id a tio n  o f  the  A ceta te  (m .p .230°) from the Hydrogen­

a t io n  o f  the Chromic Acid O x id ation  Product w ith  

P erb en zo ic  A c id . -  The a c e t a t e  (m .p .2 2 7 -2 2 8 ° \ 0 ,3 4  g . )  

i n  ch loro form  (25 c . c . )  a t  0 ° was t r e a t e d  w ith  p e r b e n z o ic  

a c id  i n  ch loro form  (2 c . c « »  105 m g . / c . c . *  2 .1  m o l s . ) 

and the  s o l u t i o n  was a l lo w ed  to  s ta n d  a t  0 °  f o r  4 d a y s .

I t  was th en  t r e a t e d  w ith  e t h e r  and washed w ith  sodium  

b ica rb o n a te  s o l u t i o n ,  w a te r ,  d r ie d  (Nas S0*) and e v a p o r ­

a t e d .  The r e s id u e  c r y s t a l l i s e d  from ch loro form -m eth an o l  

a s  plates ( 0 .1  g » ) ,  m .p .2 1 9 -2 2 3 ° ,  g i v in g  a y e l lo w  c o lo u r  

w ith  T.N.M. i n  ch loroform .

B e e r y s t a l l i s a t i o n  from ch ioroform -m eth an o l y i e l d e d  

h exagonal p l a t e s ,  m. p . 225-227 ° ,  [ a ] p  -*-81° ( c ,  1 .5 )  

g i v i n g  no d e p r e ss io n  in  m e lt in g  p o in t  on adm ixture w ith  

s t a r t i n g  m a te r ia l .

C o n cen tra tion  o f  the o r i g i n a l  m other l i q u o r s  y i e l d e d  

p l a t e s  ( 0 .1 1  g . ) ,  m .p .1 7 6 -1 8 5 ° .  S ix  r e c r y s t a l l i s a t i o n s  

from the same s o lv e n t  y i e l d e d  p l a t e s ,  m .p . l9 4 - 1 9 5 ° ,

[ a ] ^  +23° ( e ,  1 . 0 ) ,  g iv in g  no c o lo u r  w ith  T.N.M. i n  

ch loro form  and showing no l i g h t  a b s o r p t io n  i n  the  r e g io n  

2000-4000  A.

Pound: 0,79.4; H,10.7..
@®aHg©0g r e q u ir e s :  0,79.6* H,10.4^«



-  1 7 5  -

Treatment o f  the Oxide o f  i s o - f t -Amyradienony1 A c e ta te  

w ith  H yd roch lor ic  A c id - ~ The ox ide  (m .p .2 7 9 -2 8 Q ° )( 1 .2  g . j  

was h e a te d  a t  60°  f o r  2 hours i n  ch lo ro fo rm  (2 0  c . e . ) ,  

a c e t i c  a c id  (50 c . c . )  and c o n c e n tr a te d  h y d r o c h lo r ic  a c id  

(5 c . c . ) -  The g r e e n i s h - y e l lo w  s o l u t i o n  was t r e a t e d  

w ith  w ater  and e th e r  and the e x t r a c t  was washed w ith  

sodium b ica rb o n a te  s o l u t i o n ,  w a te r ,  d r ie d  (Naa30*) and 

e v a p o r a te d . The r e s id u e  c r y s t a l l i s e d  from c h lo r o fo r m - 

-m ethanol a s  n e e d le s  (0 .6  g . ) ,  m .p .2 2 0 -2 2 3 ° .  F ive  

r e c r y s t a l l i s a t i o n s  from the same s o lv e n t  gave n e e d l e s ,  

m .p .2 2 7 -2 2 8 °  (decom p., a c id  vapours e v o lv e d )  {m .p .2 1 8 -  

-2 1 9 ° ,  in  v a c u o ) ,  *117° , +118° ( c ,  1 . 3 ,  0 .7 )  g i v i n g

no c o lo u r  r e a c t io n  w ith  T.N.M. i n  chlox-oform. P o s i t i v e  

' B e i l s t e in *  t e s t  f o r  h a lo g e n . L ig h t  a b s o r p t io n  i n
o

e t h a n o l : Max. a t  2360 A ( t “ 1 1 ,0 0 0 ) .

Found: C ,7 4 .8 ;  H ,9 .3*  C l , 6 . 5 .  

Cm H*70 6C1 r e q u ir e s ;  C ,7 4 .6 ,  H ,9 .2*  C l , 6 . 9%.

H y d r o ly s is  o f  the Chloro-compound (m .p .227°)  from  th e  

H yd roch lor ic  Acid F i s s i o n  o f  the Oxide o f  i s o - f t - Amyra- 

d le n o n y l  A c e t a t e . -  The chloro-com pound (m .p .225-227  

0 .1 5  g . )  was d i s s o lv e d  i n  aqueous e t h a n o l i e  p o ta ss iu m  

hyd rox id e  (1 g .  o f  KOH* 5 c . e .  o f  water* 25 c . c .  o f  

e th a n o l )  and re f l u x i n g  was c a r r ie d  out f o r  f o u r  h o u rs .

The s o l u t i o n  was worked up through w ater  and e t h e r  i n
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the  normal manner and the r e s id u e  c r y s t a l l i s e d  from  

aqueous m ethanol as n e e d l e s ,  m .p .287 -290° , t> ] p  +165°

( c ,  0 -6 ) .  Two r e c r y s t a l l i s a t i o n s  from the same s o l v e n t  

y i e l d e d  p r ism s , m .p .2 8 9 .5 - 2 9 1 ° ,  [ a 3-p +1 6 7 ° ( c ,  0 . 7 ) .
o

L ig h t  a b so r p t io n  i n  e th a n o l:  Max. a t  2380 A ( £ = 1 3 ,5 0 0 )*

Admixture o f  t h i s  product w ith  the a lc o h o l  o b ta in e d  by 

h y d r o ly s i s  o f  the  a c e t a te  (m .p .318°) , from  the  hydrogen  

p e ro x id e  o x id a t io n  o f  i s o -g-am yradienony1 a c e t a t e ,  

produced no d e p r e s s io n  in  m e lt in g  p o i n t .

Treatment o f  the Ch lo r o  - Compound w ith  Ac t i v a t e d  Zinc i n  

A c e t ic  A c id . -  The chloro-com pound (m .p .2 2 7 -2 2 9 ° ,  0 .2 5  g . )  

i n  s t a b i l i s e d  g l a c i a l  a c e t i c  a c id  (70 c . e . j  was r e f lu x e d  

w ith  f r e s h l y  a c t iv a t e d  z in c  ( 1 .5  g .  j f o r  f i v e  h o u rs .

The s o l u t i o n  was f i l t e r e d , poured in t o  w a te r ,  e x t r a c t e d  

w ith  e t h e r  and the e x t r a c t  was washed w ith  sodium  

b ica rb o n a te  s o l u t i o n ,  w a te r ,  d r ie d  (Nae 3Q*j and e v a p o r a te d .

The r e s id u a l  gum c r y s t a l l i s e d  from l i g h t  p e tro leu m  (4 0 -6 0 ° )

a s  prism s ( 0 .1  g . j ,  m .p .1 9 4 -1 9 6 ° .  Three r e c r y s t a l l i s -  

a t i o n s  from the same s o lv e n t  y i e ld e d  p r ism s ,  m .p .1 9 7 - 1 9 8 ° ,  

[ a ] p  +134° ( c ,  0 .5 )  g i v in g  no c o lo u r  w ith  T.N.M. i n  

ch lo ro fo rm  and a n e g a t iv e  ’ B e i l s t e in *  t e s t .  L ig h t
o

a b s o r p t io n  i n  e t h a n o l 1 Max. a t  2360 A ( £ 58 1 2 , 8 0 0 ) .

Pound: C ,7 5 .8 j  Hf9 . 7 .

C84H6 o06 r e q u ir e s :  C ,7 5 .8 j  H ,9 .4 $ .
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Admixture w ith  the d ia c e t a t e  o b ta in ed  by a c e t y l a t i o n  o f  

th e  a c e t a t e  (m .p .318°) from the hydrogen p e r o x id e  

o x id a t io n  product o f  i s o - 3 -am yradlenonyl a c e t a t e  

produced no d e p r e s s io n  i n  m e lt in g  p o i n t .

Treatment o f  the Chloro - Compound w ith  (In a c t iv a ted  Zinc  

i n  A c e t ic  A c id . -  The chloro-com pound (m .p .2 2 7 -2 2 9 ° ,

1 g . )  i n  s t a b i l i s e d  g l a c i a l  a c e t i c  a c id  (300 c . c . )  was 

r e f lu x e d  w ith  u n a c t iv a te d  z in c  (6  g . )  f o r  5 h o u r s .  The 

s o l u t i o n  was f i l t e r e d  and when worked up through w a te r  

and e t h e r  i n  the u su a l  manner gave a r e s id u e  which was 

d i s s o l v e d  i n  l i g h t  petro leum  ( 6 0 - 8 0 ° ) -benzene ( 3 :2 j 

50 c . c . )  and chromatographed. (Alum ina, grade I I ,

14 x  2 c m .) .

F r a c t io n s E luant Volume Weight

1 - 1 1 LP/B (352) 550 c . c . 361 mg.

1 2 -1 3 LP/B (2 :3 ) 100 33

14 -1 9 Benzene 300 1 1 0

2 0 -2 3 B/E (1 :1 ) 200 170

Combined f r a c t i o n s  (1 -1 9 )  c r y s t a l l i s e d  from aqueous  

a c e to n e  a s  p r ism a t ic  n e e d l e s ,  m .p .2 6 5 -2 7 2 ° .  F iv e  re  -  

c r y s t a l l i s a t i o n s  from the same s o lv e n t  y i e l d e d  p r is m a t ic  

n e e d l e s ,  m .p .2 7 4 -2 7 5 ° ,  [ a ]^  +13° ( c , 1 .4 )  g i v i n g  no 

c o lo u r  w ith  T.N.M. i n  ch lo ro fo rm . L ig h t  a b s o r p t io n  i n
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e th a n o l :  Max. a t  2340 1( 1 = 1 1 ,5 0 0 ) .

Pound: C ,7 9 .6 ;  H ,1 0 .3 .

CosH480 c r e q u ir e s :  C ,7 9 .9 5 }  H ,1 0 .1 $ .

F r a c t io n s  (2 0 -2 3 )  were n ot i n v e s t i g a t e d  f u r t h e r .

trea tm en t  o f  the Chloro -Compound w ith  A c t iv a te d  Zinc  

i n  E ther  and M ethan ol. -  The chloro-com pound (m .p. 226 -  

- 2 2 8 ° ,  0 .5  g . )  i n  e th e r  (75 c . c . )  and m ethanol (75 c . c . )  

was r e f lu x e d  w ith  a c t iv a t e d  z in c  (5 g . j  f o r  5 h o u r s .

The s o l u t i o n  was f i l t e r e d  and when worked up through  

w a ter  and e t h e r  in  the u su a l  way y i e l d e d  a  r e s id u e  w hich  

was d i s s o l v e d  i n  l i g h t  p e tro leu m ( 6 0 - 8 0 ° ) -benzene ( 2 :3 ,

50  c . c . )  and chromatographed on n e u tr a l  alum ina (Grade 

1 , 9 x 2  c m .) .

F r a c t io n s E luant Volume Weight

1 -9 LP/B (2 :3 ) 450 c . c . 175 mg

10-15 LP/B (1 :2 ) 300 53

1 6 -1 8 LP/B (1 :5 ) 150 30

19 -38 Benzene 10 0 0 166

39 -41 E ther 150 106

Combined f r a c t i o n s  (1 -3 8 )  c r y s t a l l i s e d  from aqueous  

a c e to n e  a s  p r ism a t ic  n e e d l e s ,  m .p .2 6 8 -2 7 1 ° .  Two r e -

c r y s t a l l i s a t i o n s  from th e  same s o lv e n t  gave p r is m a t ic  

n e e d l e s ,  m .p .2 7 3 -2 7 5 ° , O l p  +139° ( c ,  1 .1 )  h a v in g  no
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colour reaction with T.N.M. in chloroform and a negative 
'Beilstein1 test. Light absorption in ethanol: Max.
a t  2350 A U  = 1 1 ,9 0 0 ) .

There was no d e p r e s s io n  i n  m e lt in g  p o in t  on adm ixture  

w ith  th e  a c e t a t e  (m .p .275°) from the u n a c t iv a t e d  z i n c /  

/ a c e t i c  a c id  r e d u c t io n  o f  th e  ch loro-com pound.

Attem pted Bearrangement o f  the  P roduct o f  the U n a c t iv a te d  

Zinc /Ace t i c  Acid Be duct io n  o f  the  Chloro -Compound. -  The 

a c e t a t e  (m .p .2 7 0 -2 7 2 ° ,  0 .1  g . )  was d i s s o l v e d  i n  s t a b i l i s e d  

g l a c i a l  a c e t i c  a c id  (35 c . c . )  and c o n c e n tr a te d  h y d ro ­

c h l o r i c  a c id  (1 0  c . c . )  and the s o l u t i o n  was h e a te d  on 

th e  steam -b ath  f o r  24 hotirs and a l lo w ed  to  s ta n d  o v e r n ig h t .  

The s o l u t i o n  was worked up through w a ter  and e t h e r  i n  the  

u s u a l  way and th e  r e s id u e  was d i s s o l v e d  i n  p y r id in e  

(5 c . c . )  and a c e t i c  anhydride (5 c . c . )  and h e a ted  on th e  

steam -b ath  f o r  one hour. The m a te r ia l  o b ta in e d  from  

the  a c e t y l a t i n g  s o l u t i o n  c r y s t a l l i s e d  from  aqueous a c e to n e  

a s  n e e d le s  (0 .0 7 3  g . ) ,  m .p .2 6 8 -2 7 1 °  g i v in g  no c o lo u r  w ith  

T.N.M. i n  ch loro form . L ig h t  a b s o r p t io n  i n  e t h a n o l :

Max. a t  2370 A ( i  = 1 0 ,3 0 0 ) .

C on cen tra tion  o f  th e  m other l iq u o r s  y i e l d e d  a second  

crop  o f  n e e d le s  (0 .0 1 5  g . j ,  m .p .2 6 2 -2 6 6 ° ,  g i v i n g  no 

c o lo u r  w ith  T.N.M. in  ch loro form . N e i th e r  crop  was 

d ep ressed  in  m e lt in g  p o in t  on adm ixture w ith  s t a r t i n g  

m a t e r i a l .
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W o lff-K ish n er  R eduction  o f  the U n a c t iv a ted  Z in c / A c e t ic  

Aoid R eduction  o f  the  Chloro-Compound. -  The a c e t a t e  

( a . p . 2 7 0 -2 7 2 ° ,  0 .5  g . )  was h ea ted  w ith  sodium m ethoxide  

(2  g .  o f  sodium, 25 c . c .  o f  m ethanol) and h y d ra z in e  

h yd rate  (100^, 5 c . c . )  i n  an a u to c la v e  a t  200°  f o r  10  

h o u rs .  The crude product was t r e a t e d  w ith  w a te r  and 

e t h e r  and the e t h e r  e x t r a c t  was washed w ith  w a te r ,  d r ie d  

(Nas S0 4 ) e v a p o ra ted . The r e s id u e  was d i s s o l v e d  in  

p y r id in e  (1 0  c . c . )  and a c e t i c  anhydride (1 0  c . c . )  and 

th e  s o l u t i o n  was h ea ted  on the steam -b ath  f o r  one hour.  

The r e s id u e ,  which was o b ta in ed  on working up th e  a c e t y l - 

a t i n g  s o l u t i o n  in  the  u s u a l  manner, was d i s s o l v e d  i n  

l i g h t  petro leum  (6 0 -8 0 ° ,  50 c . c . )  and chromatographed on 

a  column o f  a c t i v a t e d  alum ina (Grade I I ,  14 x 2 c m. ) .

F r a c t io n s  E luant Volume Weight

1 -1 0  L . P . (6 0 -8 0 ° )  500 c . c .  239 mg.

1 1 -1 3  Benzene 150 30

1 4 -1 6  E th er  150 166

Combined f r a c t i o n s  (1 -1 0 )  c r y s t a l l i s e d  from e h lo r o fo r m -  

-m ethanol a s  p l a t e s  ( 0 . 2  g . ) ,  m .p .2 2 0 -2 2 4 ° ,  g i v i n g  a  

y e l lo w  c o lo u r  w ith  T.N.M. i n  ch lo ro fo rm . Three r e c r y s t ­

a l l i s a t i o n s  from ch loroform -m ethan ol y i e l d e d  p l a t e s ,  

m .p .2 2 6 -2 2 8 ° ,  [ a ] D +84° ( c ,  1 . 0 )  g iv in g  a y e l lo w  c o lo u r  

w ith  T.N.M. i n  ch loro form . L ig h t  a b s o r p t io n  i n  e th a n o l :
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E 8 1© 6 ~ 2 , 600 , E.S160 ~ 2 ,0 0 0 ,  £ £ 8 0 0 850 , £>8 86 0 = HO •

There was no d e p r e s s io n  i n  m e lt in g  p o in t  on adm ixture  

w ith  the  a c e t a t e  (m .p .230°)  from the c a t a l y t i c  h yd rogen ­

a t i o n  o f  the chromic a c id  o x id a t io n  p rod u ct o f  i s o -p -  

-am yradienonyl a c e t a t e .

Treatment o f  the C h loro- Compound w ith  C o l l id in e  - The 

chloro-com pound (m .p .2 2 6 -2 2 8 ° ,  0 .2 5  g . )  was h e a te d  w ith  

r e d i s t i l l e d  c o l l i d i n e  (25 c . c . )  in  an a u to c la v e  a t  200°  

f o r  3 h ou rs . The crude product was t r e a t e d  w ith  w a te r ,  

e x tr a c t e d  w ith  e th e r ,  and the  e x t r a c t  was washed w ith  

d i l u t e  h y d r o c h lo r ic  a c id  (5N) , w a te r ,  sodium b ic a r b o n a te  

s o l u t i o n ,  w a te r ,  d r ied  (Na^SO*), and ev a p o r a te d . The 

r e s id u e  c r y s t a l l i s e d  from ch loroform -m ethan ol a s  p l a t e s  

( 0 .1 5  g*J ,  m .p .2 7 8 -2 8 1 ° , g iv in g  a y e l lo w  c o lo u r  w ith  

T.N.M. i n  ch loro form , and a n e g a t iv e  ' B e i l s t e i n *  t e s t .

F iv e  r e e r y s t a l l i s a t i o n s  from the same s o l v e n t  y i e l d e d  

p l a t e s ,  m .p .2 8 6 -2 8 7 ° ,  [o-Jp +117° ( c ,  1 . 2 5 )  w hich  gave a  

y e l lo w  c o lo u r  w ith  T.N.M. i n  ch loro form  and a n e g a t iv e  

’S e i l s t e i n *  t e s t  f o r  h a lo g e n . L ig h t  a b s o r p t io n  i n
o

e th a n o l :  Max. a t  2090 ( I = 3 ,0 0 0 ;  and 2320 A ( i  «  1 2 ,8 0 0 )  .

Found: 0 ,8 2 - 3 }  H , 9 . 9 .  

r e q u ir e s :  0 ,8 2 * 3 }  H ,9*7^.
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Attempted He arrangement o f  the P r o d u c t  o f  C o l l id in e  

Treatment o f  the Chloro-Compound♦ -  The c o l l i d i n e  

d e h y d r o e h lo r in a t io n  p rodu ct (m .p .2 8 4 -2 8 6 ° ,  0 .0 3  g . )  was 

d i s s o l v e d  in  dry benzene (3  c . c . ) ,  s t a b i l i s e d  g l a c i a l  

a c e t i c  a c id  (1 0  c . c . )  and c o n c e n tr a te d  h y d r o c h lo r ic  

a c id  ( 0 . 5  c . c . j ,  and the s o l u t i o n  was a l lo w e d  to  s ta n d  

a t  room tem perature f o r  f i v e  days and was h e a te d  a t  60 °  

f o r  th ree  h o u rs .  A f te r  b e in g  worked up through w a te r  

and e t h e r  i n  the u su a l  manner, the r e s id u e  c r y s t a l l i s e d  

from ch loroform -m ethanol as  p l a t e s  (0 .0 2 5  g . ) ,  m .p .2 7 0 -  

-2 7 8 ° .  H e c r y s t a l l i s a t i o n  from the same s o l v e n t  y i e l d e d  

p l a t e s ,  m .p .2 8 3 -2 8 5 ° , t a ]p  +115° ( c ,  0 . 5 )  which gave a  

y e l lo w  c o lo u r  w ith  T.N.M.  in  ch lo ro fo rm . Admixture  

w ith  s t a r t i n g  m a te r ia l  produced no d e p r e s s io n  i n  m e l t in g  

p o i n t .

Attem pted C a ta ly t ic  H ydrogenation o f  the Chloro-Compound 

i n  E th y l A c e t a t e . -  The chloro-com pound (m .p .2 2 6 -2 2 8 ° ,

1  g . )  i n  e t h y l  a c e t a t e  (200  c . c . ;  was added to  f r e s h l y  

prepared  p latinum  c a t a l y s t  (from 0 .3 5  g .  o f  PtOs ) i n  

e t h y l  a c e t a t e  (25 c . c . )  and shak in g  i n  hydrogen was 

c a r r ie d  out f o r  24 hours* The s o l u t i o n  was f i l t e r e d  

and evap ora ted  to  d ryness to  y i e l d  a r e s id u e  w hich c r y s t ­

a l l i s e d  from ch loroform -m ethanol a s  n e e d le s  ( 0 .6 6  g . ) ,
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m .p .2 2 8 -2 3 0 ° ,  [ a ]p  +115° ( e ,  2 . 0 ) .  L ig h t  a b s o r p t io n

i n  e th a n o l :  Max. a t  2360 A { U  1 0 ,5 0 0 ) .

C o n cen tra tio n  o f  the  m other l i q u o r s  y i e l d e d  a  secon d  

crop  o f  n e e d le s  ( 0 . 2  g . ) ,  m .p .2 2 4 -2 2 7 ° .  L ig h t  a b s o r p t io n

i n  e th a n o l :  Max. a t  2360 A ( E = 1 0 ,0 0 0 ) .  N e i th e r  crop

was d ep ressed  i n  m e lt in g  p o in t  on adm ixture w ith  

s t a r t i n g  m a t e r ia l .

chloro-com pound ( m. p. 2 2 6 - 2 2 8 °,  1 g . )  i n  p u r i f i e d  c h l o r o ­

form  (50 c . c . )  was t r e a t e d  w ith  a stream  o f  ozone in  

oxygen (approx. 1%) p a sse d  a t  0°  f o r  th r e e  h o u r s .  The 

b lu e  s o l u t i o n  was then  eva p ora ted  to  d ry n ess  under  

vacuum a t  25° and the s o l i d  r e s id u e  was t r e a t e d  w ith  

d i s t i l l e d  w ater  (25 c . c . )  and s lo w ly  h e a te d  to  100 °  

during  one hour. The w a ter  was th en  d i s t i l l e d  u n t i l  

o n ly  5 c . c .  remained and the d i s t i l l a t e  was c o l l e c t e d  i n  

a s a tu r a te d  s o l u t i o n  o f  dimedene (10 c . c . ) .  The 

dimedone s o l u t i o n  was h ea ted  on the steam -b ath  f o r  10  

m in u tes  and th en  a llow ed  to  stan d  a t  0° f o r  24 h o u r s .

No dimedene d e r iv a t iv e  c r y s t a l l i s e d .  The r e s id u e  from  

the  d i s t i l l a t i o n  was d i s s o lv e d  in  ch lo ro fo r m , d r ie d  

(Nas SQ *), and c r y s t a l l i s e d  from ch loroform -m eth an o l to  

y i e l d  n e e d le s  (0 .8 2  g . ) ,  m .p .2 2 4 -2 2 7 ° ,  [ a ] D +114° ( c , 1 . 7 ) .  

C on cen tra tion  o f  the mother l iq u o r s  y i e l d e d  a second crop

o

o

O zo n o ly s is  o f  the Chloro-Compound. -  The
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o f  n e e d le s  (0 .1 1  g . ) ,  m .p .2 2 1 -2 2 5 ° .  N e ith e r  crop was

d ep ressed  in  m e lt in g  p o in t  on admixture w ith  s t a r t i n g  

m a t e r i a l .

trea tm en t o f  th e  Oxide o f  i s o  - g -  Amy r a d i  enony 1 A c e ta te  

w ith  Boron T r i f l u o r i d e . -  The ox id e  (m .p .2 8 0 -2 8 1 ° ,

2 .5  g . )  i n  dry benzene (250 c . c . )  was t r e a t e d  w ith  

f r e s h l y  d i s t i l l e d  boron t r i f l u o r i d e  e tn e r a t e  (4  c . c . )  

and the  s o l u t i o n  was a llo w ed  to  stan d  a t  room tem pera­

tu re  f o r  60 h ou rs . The g r e e n i s h - y e l lo w  s o l u t i o n  was 

th en  t r e a t e d  w ith  w ater  and e t h e r ,  and the e th e r -b e n z e n e  

s o l u t i o n  was washed w ith  sodium b ic a rb o n a te  s o l u t i o n ,  

w a te r ,  d r ie d  (Nas S04 ) and ev a p o r a te d . The r e s id u e  

c r y s t a l l i s e d  from c h i  or  o f  orra-methanol a s  n e e d le s  ( 0 .4 3 g . )  

m .p .3 0 8 -3 1 2 ° .  Four r e c r y s t a l l i s a t i o n s  from the  same

s o l v e n t  y i e ld e d  n e e d le s ,  m .p .3 1 4 -3 1 5 ° , -1 8 0 °  ( e , Q. 7 )

g i v i n g  no c o lo u r  w ith  T.N.M.  in  ch lo ro fo r m . L ig h t
o

a b s o r p t io n  in  e t h a n o l : Max. a t  2380 A { t  -  1 1 ,7 0 0 ) .

Found: 0 , 7 7 . 2 ;  H ,1 0 .0 .

C3gH4 804 r e q u ir e s :  C, 7 7 . 4 ;  H,9*7j6.

I n f r a - r e d  s p e c tr o s c o p ic  i n v e s t i g a t i o n  showed t h a t  the  

compound d id  n o t  c o n ta in  a hyd roxy l group .

C on cen tra tion  o f  the m other l i q u o r s  y i e l d e d  a second  

produ ct a s  sm all cubes ( 1 . 3  g . ) ,  m .p .2 3 7 -2 4 5 ° . S ix  

r e c r y s t a l l i s a t i o n s  from methanol gave p r ism s , m .p .253-  

- 2 5 3 . 5 [ >3d 1*2)  g iv in g  no c o lo u r  w ith  T.N.M.
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In  ch loro form . L ig h t  a b so r p t io n  i n  e th a n o l :  Max. a t
O

2500 A ( t  = 1 3 ,5 0 0 )  .

Found: 0 , 7 7 . 3 *  H , 9 . 7 .

CasH4804 r e q u ir e s :  C , 7 7 . 4 |  H ,9 .7 $ .

I n f r a - r e d  s p e e tr o s c o p ie  i n v e s t i g a t i o n  showed t h a t  th e  

compound d id  n o t  c o n ta in  a hydroxyl group.

Attem pted A c e t y la t io n  o f  the A ceta te  (m .p .253°)  from  

th e  Boron T r i f lu o r id e  lie arrangement o f  the  Oxide o f  

i s o  -ft-Amyradienonyl A ceta te  . -  The a c e t a t e  (m. p.  250 -252 ° , 

0 .1  g . )  i n  p y r id in e  (5 c . c . )  and a c e t i c  anhydride (5 c . c . )  

was h e a te d  on the steam -hath  f o r  3-- h o u rs .  The s o l u t i o n  

was worked up i n  the u su a l  manner to  g iv e  a r e s id u e  

w hich c r y s t a l l i s e d  from m ethanol a s  cu b es  ( 0 .0 6  g . ) ,  

m * p .2 48 -25 1° , [oOp -7 2 °  ( c ,  0 . 5 )  g i v in g  no c o lo u r  w ith  

T.N.M. i n  ch loro form . L igh t  a b s o r p t io n  i n  e th a n o l :
o

Max. a t  2500 A ( t  = 1 2 ,0 0 0 ) .  He c r y s t a l l i s a t i o n  from  the  

same s o lv e n t  y ie ld e d  c u b e s ,  m .p .2 5 1 - 2 5 2 .5 ° ,  [u ]p  - 7 4 ° .

C on cen tra tion  o f  the  mother l i q u o r s  gave a  secon d  

crop  o f  cubes ( 0 . 02  g . ) ,  m .p .2 4 6 -2 4 9 ° .

N e i th e r  crop was d ep ressed  i n  m e l t in g  p o in t  on 

adm ixture w ith  the s t a r t i n g  m a t e r ia l .

Attem pted Chromic Acid O x id ation  o f  the  A ceta te  (m .p .2 53°)  

from the Boron T r i f lu o r id e  hearrangem ent o f  th e  O xide. -  

The a c e t a t e  (m .p .2 5 0 -2 5 2 ° ,  0 .2 5  g . )  i n  s t a b i l i s e d  g l a c i a l
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a c e t i c  a c id  (200  c . c . )  was t r e a t e d ,  a t  room tem p era tu re ,  

w ith  a s o l u t i o n  o f  chromic anhydride ( 1 . 25  atoms 0 ) ,  i n  

a c e t i c  a c id  (15 c . c . )  added d rop w ise . The s o l u t i o n  

was a l lo w e d  to  stan d  a t  room tem perature o v e r n ig h t  and 

was h e a te d  a t  80° f o r  5 h ou rs . The s o l u t i o n  was worked  

up i n  the u su a l  way, g i v in g  no a c id  f r a c t i o n ,  and th e  

r e s id u e  o b ta in ed  c r y s t a l l i s e d  from m ethanol a s  cu b es  

( 0 .1 7  g . ) ,  m .p .248-251%  [ a ] p -2 0°  ( c ,  1 . 0 )  g i v in g  no 

c o lo u r  w ith  T.N.M. i n  ch loro form  and showing no d e p r e s s io n  

i n  m e l t in g  p o in t  on admixture w ith  s t a r t i n g  m a t e r i a l .

C on cen tra tion  o f  the mother l i q u o r s  y i e l d e d  amorphous 

m a t e r ia l  (0 .0 2 5  g . ) .

Treatment o f  the Oxide o f  i s o - f t -Amyradienonyl A c e ta te  

w ith  Su lphuric  A c id . -  The ox id e  (m .p .2 7 9 -2 8 1 ° ,  0 . 8  g . ) 

i n  g l a c i a l  a c e t i c  a c id  (500 c . c . )  and d i l u t e  su lp h u r ic  

a c id  (12N, 20 c . e . )  was h ea ted  on th e  s tea m -b a th  f o r  

f o u r  h o u rs .  The s o l u t i o n  was t r e a t e d  w ith  w a ter  and 

e t h e r ,  and the e x t r a c t  was washed w ith  sodium b ic a rb o n a te  

s o l u t i o n ,  w a ter , d r ied  (Na^SO*) and e v a p o r a te d .  The 

r e s id u e  was d i s s o lv e d  i n  l i g h t  p etro leu m  ( 6 0 - 8 0 ° ) -benzene  

( I s l *  50 c . c . ) and chromatographed on a c t i v a t e d  alum ina  

(Grade XI, 14 x  1 .2 5  c m. ) .

%



F r a c t io n s E luant Volume Weight

1 LP/B ( l s l ) 50 c . c . -

2 - 9 (1*4) 400 465 mg

1 0 - 1 2 Benzene 150 27

13-15 B/E ( 9 s i ) 150 89

16-17 ( l s l ) 1 00 20

18-19 E ther 100 5

2 0 -2 1 B/Methanol 100 126

22 Methanol 50

Combined f r a c t i o n s  ( 2- 9)  c r y s t a l l i s e d  from  l i g h t  p e tro leu m  

a s  p r is m a t ic  n e e d le s ,  m .p .2 4 1 -2 4 6 ° .  S ix  r e c r y s t a l l i s ­

a t i o n s  from  the same s o lv e n t  gave p r is m a t ic  n e e d l e s ,  

m .p .2 5 1 .5 - 2 5 2 ° ,  Ca lj) -*78° ( e ,  1 . 1 ) ,  g i v in g  no c o lo u r  w ith  

T.N.M. i n  ch loro form . L ig h t  a b s o r p t io n  i n  e t h a n o l :

Max. a t  2500 A { t  = 1 3 ,5 0 0 ) .

Founds C, 75 . 9 j  H, 9. 65$ A c e to x y l ,  1 6 . 9 .  

CeaHgoOf? r e q u ir e s :  C, 75 . 8 j  H, 9 . 4 j  2 (A c e to x y l)  ,1 7 . .

F r a c t io n s  (1 3 -2 2 )  y i e ld e d  u n c r y s t a l l i s a b l e  gums.

A lk a l in e  H y d r o ly s is  o f  the  Product from the Su lph uric  

Acid Treatment o f  the Oxide o f  i s o  -ft -Amyradienonyl 

A c e t a t e . -  The su lp h u r ic  a c id  product (m .p .2 5 3 -2 5 4 ° ,

0 . 5  g . ) was d i s s o lv e d  i n  aqueous e t h a n o l i c  p o ta ss iu m  

hyd rox id e  (3%\ 30 c . c . )  and the s o l u t i o n  was r e f lu x e d
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f o r  3 h o u rs . The r e s id u e  o b ta in ed  by working up the  

s o l u t i o n  through w ater  and e th e r  in  the u s u a l  mariner* 

c r y s t a l l i s e d  from aqueous a ceto n e  a s  n e e d le s  ( 0 .3 9  g . ) ,  

m .p *28 5-288 ° . fo u r  r e c r y s t a l l i s a t i o n s  from th e  same 

s o l v e n t  y i e l d e d  n e e d l e s ,  m. p . 2 8 8 - 2 8 9 [ a ] D -1 1 0 ° ( c , 1 . 0 ) 

g i v i n g  no c o lo u r  w ith  T.N.M. i n  ch lo ro fo rm . L ig h t
o

a b s o r p t io n  in  e t h a n o l •* Max. a t  2500 A ( t  = 1 4 ,0 5 0 ) .

found; C, 79. 0*  H ,1 0 .2 .

r e q u ir e s ;  0 , 7 9 . 2 *  H ,1 0 .2 $ .

The a lc o h o l  (m .p .2 8 6 -2 8 8 ° ,  0 .1  g . ) was d i s s o l v e d  i n  

p y r id in e  (5 c . c . )  and a c e t i c  anhydride (5 c . c . )  and the  

s o l u t i o n  was h ea ted  on the  s team -b ath  f o r  two h o u r s .

The i*esidue which was o b ta in ed  a f t e r  working up the  

s o l u t i o n  in  the u su a l  manner c r y s t a l l i s e d  from l i g h t  

p etro leu m  (6 0 -8 0 ° )  as  p r ism a t ic  n e e d l e s ,  m .p .2 4 9 -2 5 2 ° .  

B e c r y s t a l l i s a t i o n  from the same s o lv e n t  gave p r i s m a t ic  

n e e d l e s ,  m .p .2 5 1 -2 5 3 ° ,  [u ]p  -75 °  ( c ,  1 . 4 ) .  L ig h t
o

a b s o r p t io n  in  e th a n o l;  Max. a t  2500 A ( £ ** 1 3 ,6 0 0 ) .  

Admixture w ith  the d ia c e t a t e  from which th e  a lc o h o l  

(m .p .289°) was ob ta in ed  produced no dexxression i n  m e l t in g  

p o i n t .

Treatment o f  the  Su lphuric  Acid Product w ith  Selen ium  

D io x id e . -  The su lp h u r ic  a c id  product (m .p .2 5 1 -2 5 3 0 ,

0 . 5  g . )  i n  s t a b i l i s e d  g l a c i a l  a c e t i c  a c id  (1 0 0  c . c . j  was

r e f lu x e d  w ith  se len iu m  d io x id e  ( 0 . 5  g . j  f o r  24 h o u rs .
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The y e l lo w  s o l u t i o n  was f i l t e r e d ,  poured i n t o  w a te r  and 

e x t r a c t e d  w ith  e t h e r .  The e x t r a c t  was washed w i t h  

sodium b icarb o n ate  s o l u t i o n ,  w a te r ,  d r ie d  (Na^SO*) 

ev a p o ra ted  to  y i e l d  a r e s id u e  which c r y s t a l l i s e d  from  

l i g h t  petro leum  (6 0 -8 0 ° )  as  n e e d le s  ( 0 . 3  g . ) ,  m .p .2 4 6 -
o

-2 4 8 ° .  L ig h t  a b s o r p t io n  in  e th a n o l:  Max. a t  2500 A

( i  = 1 4 , 2 0 0 ) .  C on cen tra tio n  o f  the mother l i q u o r s  

y i e l d e d  a second crop o f  p r ism a t ic  n e e d le s  ( 0 . 1 2  g . ) ,  

m .p .2 4 4 -2 5 1 ° .  R e c r y s t a l l i s a t i o n  o f  the secon d  crop

from  the  same s o lv e n t  y i e ld e d  p r ism a t ic  n e e d l e s ,  m. p.  

2 4 9 -2 5 2 ° .  N e ith e r  crop was d ep ressed  i n  m e l t in g  p o in t  

on admixture w ith  s t a r t i n g  m a t e r ia l .

C a t a ly t i c  H ydrogenation o f  the Su lphuric  Acid F i s s i o n  

Product o f  the  Oxide o f  i s o - f t -Amyradienony1 A c e t a t e . -  

The su lp h u r ic  a c id  f i s s i o n  product (m .p .2 5 0 - 2 5 1 0*

0 .7 5  g . )  i n  s t a b i l i s e d  g l a c i a l  a c e t i c  a c id  (1 0 0  c . c . )  

was added to  f r e s h l y  prepared p la tinu m  c a t a l y s t  (from  

0 .5  g .  o f  PtOg) in  a c e t i c  a c id  (20 c . c . )  and sh ak in g  i n  

hydrogen was c a r r ie d  out f o r  24 h o u rs . The s o l u t i o n  

was f i l t e r e d  and evap ora ted  to  d ryn ess  to  y i e l d  a r e s id u e  

which c r y s t a l l i s e d  from ch loroform -m ethan ol a s  n e e d le s  

( 0 .5 7  g . ) ,  m .p .2 4 8 -2 5 4 ° ,  g i v in g  a y e l lo w  c o lo u r  w ith  

T.N.M.  i n  ch loro form . C on cen tra tion  o f  the  m other  

l i q u o r s  y i e ld e d  a second crop o f  n e e d le s  (0 . 1  g . ) ,  m. p.
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m .p .2 4 5 -2 5 0 ° ,  g iv in g  a y e l lo w  c o lo u r  w ith  I . N. M.  i n  

c h lo ro fo rm . S ix  r e c r y s t a l l i s a t i o n s  o f  the f i r s t  crop  

from  ch loroform -m ethan ol y i e l d e d  n e e d l e s ,  m .p .2 5 1 -2 5 3 ° ,  

[ a ] p  - 2 9 ° ,  -3 0 °  ( c ,  1 . 0 ,  1 . 2 )  g iv in g  a y e l lo w  c o lo u r  

w ith  T.N.M. i n  ch lo ro fo r m . L ig h t  a b s o r p t io n  i n  e th a n o l?  

taoT© 3 1 ,2 0 0 ,  i g i o o  ~ 980 , £ s*is© -  440 , £ aaoo 5=1 *75.

e A c id . -  The c a t a l y t i c  h y d ro g en a t io n  p rod u ct  

(m .p .2 5 0 -2 5 3 ° ,  0 .2 5  g . j  i n  g l a c i a l  a c e t i c  a c id  (100  c . c . )  

and c o n c e n tr a te d  h y d r o c h lo r ic  a c id  (3  c . c . )  was h e a te d  

on the  steam -b ath  f o r  4 hours- The s o l u t i o n  was poured  

i n t o  w ater  and woi'ked up through e t h e r  i n  the  u s u a l  

manner. The r e s id u e  was d i s s o lv e d  in  p y r id in e  and 

a c e t i c  anhydride and the s o l u t i o n  was h e a te d  on the  

steam -b ath  f o r  one hour. The a c e t y l a t i n g  s o l u t i o n  

y i e l d e d  a gum which c r y s t a l l i s e d  from ch lo roform -m eth an o l  

a s  n e e d le s  (0 .0 9  g . ) ,  m .p .2 3 0 -2 4 0 ° .  l i e c r y s t a l l i s a t i o n

from the  same s o lv e n t  gave n e e d le s ,  m .p .2 4 9 -2 5 2 ° ,  y e l lo w  

c o lo u r  w ith  T.N.M. in  ch loroform  and showing no d e p r e s s io n  

i n  m e lt in g  p o in t  on admixture w ith  s t a r t i n g  m a t e r i a l .

C o n cen tra tion  o f  the mother liq uo i*s  y i e l d e d  amorphous 

m a t e r ia l  and gum which showed no l i g h t  a b s o r p t io n  i n

Found: C, 77. 5> II,1 0 .5 .

C«*He804 r e q u ir e s :  C, 7 7 . 8 j  H,1Q.Q$.

Treatment o f  the Product w ith

o
e th a n o l  in  the r e g io n  2200-4000  A.
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