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HISTORICAL

I n t r o d u c t i o n

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

m o le c u l a r  w e ig h t  may be a l l o c a t e d  to  one o f  two c l a s s e s  

o f  com pounds, t h e  s t e r o i d s  o r  t h e  t r i t e r p e n o i d s .  I n  

g e n e r a l ,  members o f  t h e  l a t t e r  c l a s s  a r e  c h a r a c t e r i z e d  

by  h a v in g  a  m o le c u le  c o n ta in i n g  t h i r t y  ca rb o n  a to m s , 

t h e o r e t i c a l l y  a r r a n g e d  i n  s i x  i s o - p e n ta n e  u n i t s ,  and 

by  y i e l d i n g  n a p h th a le n e  hom ologues on v ig o r o u s  

d e h y d ro g e n a t io n .  The v a s t  m a j o r i t y  o f  su ch  compounds 

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

a n im a l  o r i g i n  a r e  known.

W ith  t h e  e x c e p t io n  o f  sq u a le n e  and a m b re in ,  

w h ich  have  a l i p h a t i c  and t r i c y c l i c  s t r u c t u r e s  r e s p e c t i v e l y ,  

a l l  t r i t e r p e n e s  whose c o n s t i t u t i o n s  have been  e l u c i d a t e d  

a r e  e i t h e r  t e t r a -  o r  p e n t a c y c l i c .  I t  i s  o f  i n t e r e s t  to  

n o te  t h a t  l a n o s t e r o l ,  t h e  b e s t  known o f  th e  t e t r a c y c l i c  

t r i t e r p e n e s ,  h a s  r e c e n t l y  b e en  shown to  p o s s e s s  th e  same 

f u s e d  r i n g  sy s tem  a s  th e  s t e r o i d s  ( l ,  2 ) and h a s  th u s

a f f i n i t i e s  w i t h  b o t h  g ro u p s  o f  compounds.

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

ho w e v er ,  by  f a r  t h e  l a r g e r ,  and i t  i s  i n  t h i s  f i e l d  t h a t  

t h e  m ost th o ro u g h  i n v e s t i g a t i o n  h a s  b een  made. As a  

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

t r i t e r p e n e s  a b o u t  whose s t r u c t u r e  s u f f i c i e n t  i s  known may
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be  a l l o c a t e d  t o  one o f  f o u r  s e r i e s ,  and r e l a t e d  to  one 

o f  t h e  compounds <x-amyrin ( I )  , /? - a m y r in  ( l l ) ,  l u p e o l  ( i l l )  

and t a r a x a s t e r o l  (IV) (3 ) .  A s t r u c t u r e  h a s  o n ly  r e c e n t l y  

b e e n  a l l o c a t e d  t o  t a r a x a s t e r o l  (4-). Members o f  th e  same 

s e r i e s  d i f f e r ,  i n  g e n e r a l ,  o n ly  i n  th e  a rra n g e m e n t  o f  

f u n c t i o n a l  g ro u p s  a b o u t  th e  same ca rb o n  s k e l e t o n .

30

If

U

HO
HO

H O

T h ree  o f  t h e  f o u r  g ro u p s  o f  t r i t e r p e n o i d  

compounds have  b e en  i n t e r - r e l a t e d .  Thus lu p e o l  h a s  b een  

c o n v e r t e d  t o  £ -a m y r in ,  a  known d e r i v a t i v e  o f  /? -am yrin  ( 5 )» 

and  b e t u l i n ,  a  t r i t e r p e n e  w i t h  t h e  b a s i c  c a rb o n  s k e l e to n  

o f  l u p e o l ,  i s  c o n v e r te d  on a c i d  t r e a tm e n t  ( 6 ) to  a l l o b e t u l i n  

i n  t h e  /S-amyrin s e r i e s  ( 7 )* 1b a d d i t i o n ,  h e t e r o b e t u l i n  i n  

t h e  t a r a x a s t e r o l  s e r i e s  may be  o b ta in e d  by t r e a tm e n t  o f  

a l l o b e t u l i n  w i t h  b e n z o y l  c h l o r i d e  ( 8 ) .  As y e t  no a t t e m p t
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t o  c o n v e r t  a  compound o f  th e  ec-amyrin s e r i e s  to  a  member 

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

c o n v e rs e  o p e r a t i o n  b een  p e r fo rm e d .

At th e  t im e  o f  w r i t i n g ,  s i x  o t h e r  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  have  been  r e l a t e d  to  

oc-amyrin (9 ) ,  v i z .  u v a o l ,  b r e i n ,  u r s o l i c  a c i d ,  a s i a t i c  

a c i d ,  /3 -b o s w e l l i c  a c i d ,  and  q u in o v ic  a c i d .  The r e l a t i o n  

- s h i p s  w h ich  members o f  th e  s e r i e s  b e a r  to  <*-amyrin a r e  

shown i n  T a b le  I .

T ab le  I

T r i t e r p e n e F u n c t i o n a l  Groups Source
C=*C -OH -C00H

ot-Amyrin 12:13 2 - M an ila  E lem i r e s i n

U vaol 12:13 2 , 2 8 (?] - A r c to s t a p h y lo s
u v a - u r s i

B r e in 1 2 :13 2 ( e p i ) , 
21 o r  22

- M a n i la  E lem i r e s i n

/3 -B o sw e ll ic  a c i d 12 :13 2 23 o r  24 F ra n k in c e n s e

U r s o l i c  a c i d 12 :13 2 28 (? ) B e a r - b e r r y ,  a p p l e s ,  
p e a r s

Q u in ov ic  a c i d 1 2 :13 2 2 7 , 2 8 Zygophyllum
coccineum

A s i a t i c  a c i d 1 2 :13 2 ,3 .2 3  
o r  24

28 H y d ro c o ty le
a s i a t i c a

W ith  th e  e x c e p t io n  o f  q u in o v ic  a c i d  ( 1 0 ) ,  t h e s e
\

compounds hav e  b e e n  l i n k e d  w i th  c<-amyrin by i n t e r c o n v e r s i o n ,  

a s  shown i n  T a b le  I I .  I n  e p i - * - a m y r in ,  w h ich  h a s  n o t  been  

found  i n  n a t u r e ,  t h e  h y d ro x y l  g rou p  i s  e p im e r ic  w i th  t h a t
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i n  «<-amyrin; t h e  same c o n f i g u r a t i o n  o c c u r s  i n  b r e i n .

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

h a s  a l s o  b e en  c o n v e r t e d  i n t o  oC-amyrin ( l 8 ) .

c o n c e rn e d  w i th  <x-amyrin o n l y ,  t h e  c h e m is t ry  o f  th e  o t h e r  

t r i t e r p e n e s  w i l l  n o t  be d i s c u s s e d  f u r t h e r  e x c e p t  where 

r e l e v a n t .  S e v e r a l  r e c e n t  r e v ie w s  o f  g e n e r a l  t r i t e r p e n e  

c h e m is t r y  a r e  a v a i l a b l e  ( 1 9 > 2 0 , 2 1 , 2 2 ) .

p r e s e n t  g e n e r a l l y  a c c e p t e d .  I t  h a s  b een  b u i l t  up by 

p a i n s t a k i n g  d e g r a d a t i v e  work w h ich  w i l l  be  summarized in  

t h e  f o l lo w in g  p a g e s ,  b u t  i t  c a n n o t  be s a i d  t o  be p ro v ed  

beyond a l l  d o u b t .  O b je c t io n s  to  t h e  c u r r e n t  f o r m u la t io n  

may be  made on s e v e r a l  c o u n t s ,  w h ich  w i l l  be m en tio n ed  

b e lo w , b u t  no fo rm u la  w h ich  g i v e s  more c o n v in c in g  

e x p r e s s io n  t o  th e  r e a c t i o n s  o f  <*-amyrin h a s  b een  s u g g e s te d .

T ab le  I I

( 1 1 ) ( 1 2 ) ( 1 3 )
U r s o l i c  a c i d  ----- >  tf-A m yrin   > e p i -x-A m yrin  <— - B rei:

| (14) f t  1 5 ) <l 6 >
U vao l /3 -B o sw e l l ic  a c i d  -— ^ a  commbn d e g r a d a t io n

p r o d u c t

A s i a t i c  a c id

S in c e  t h e  work d e s c r i b e d  i n  t h i s  t h e s i s  i s

The s t r u c t u r e  a s s ig n e d  above to  oC-amyrin i s  a t
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The S t r u c t u r e  o f  o<-AmyrjLn

tf-Amyrin o c c u r s  i n  mapy v e g e t a b l e  p r o d u c t s ,  b u t  

i s  u s u a l l y  i s o l a t e d  a lo n g  w i th  /3-amyrin from  M a n ila  E lem i 

r e s i n *  The m ixed a m y r in s  were f i r s t  i s o l a t e d  from  t h i s  

by  Rose i n  1839 ( 2 3 ) ,  and w ere s e p a r a t e d  by  V e s te r b e r g  i n  

1887  ( 2 4 ) ,  b u t  i t  i s  o n ly  i n  th e  l a s t  t h i r t y  y e a r s  o r  so 

t h a t  any r e a l  p r o g r e s s  i n  t h e  s t r u c t u r a l  p ro b lem  p r e s e n te d  

by t h e s e  compounds h a s  b e en  m ade. T h is  had  to  a w a i t  

r e a g e n t s  and  t e c h n iq u e s  c a p a b le  o f  d e t e c t i n g  and r e a c t i n g  

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

c h a r a c t e r i s t i c  o f  th e  t r i t e r p e n e s .  S e len iu m  d e h y d ro g e n a t io n ,  

t e t r a n i t r o m e t h a n e  c o lo u r  t e s t s ,  and' s p e c t r o g r a p h i c  a n a l y s i s ,  

a l l  c o m p a r a t iv e ly  r e c e n t  d e v e lo p m e n ts  i n  o r g a n ic  c h e m is t r y ,  

h av e  b e e n  i n d i s p e n s a b l e  i n  a d v a n c in g  o u r  knowledge to  i t s  

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

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

i n v e s t i g a t i o n  o f  <*-amyrin were d e r iv e d  from  se le n iu m  

d e h y d ro g e n a t io n  e x p e r im e n ts  c a r r i e d  o u t  by v a r i o u s  w o rk e rs
*

( 2 5 - 2 8 ) .  The p r o d u c t s  shown i n  C h a r t  I  were o b t a i n e d ,  

and from  t h e s e  R u z ic k a  o f  Z u r ic h  p o s t u l a t e d  t h e  b a s i c  

h y d ro p ic e n e  s t r u c t u r e  IV.

C h a r t  I  ( g v e r l e a f )



C h a r t  I

N  m ^ \ / \
/t B

The f o r m a t io n  o f  1 *2*5 :6  t e t r a m e th y l n a p h t h a le n e  and 

1 : 2 s3 s4- t e t r a m e th y lb e n g e n e  was e x p la in e d  by assum ing  a  

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

t h u s :

tjQ
T h is  was c o n f irm e d  by a  s tu d y  o f  th e  p r o d u c t s  o f  

d e h y d ro g e n a t io n  o f  m ethy l-< x-am yrin , V (29)*

The l o c a t i o n  o f  th e  a n g u la r  m e th y l  g rou p  i n  IV was l a r g e l y  

a r b i t r a r y ,  s i n c e  a l lo w a n c e  h ad  to  be made f o r  p o s s i b l e  

m i g r a t i o n  d u r in g  t h e  r e a c t i o n ;  i t  was l a t e r  m o d i f i e d ,  and 

a  p o s i t i o n  a s s ig n e d  to  t h e  do u b le  b o n d .
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The e x i s t e n c e  o f  th e  d o u b le  bond ofefc-amyrin 

was d e m o n s t r a te d  by R u z ic k a ,  who showed t h a t  w h i le  i t  

c o u ld  n o t  be h y d r o g e n a te d ,  i t  was a t t a c k e d  by ozone ( 3 0 ) .  

S p r in g  and V i c k e r s t a f f  ( 2 5 ) showed t h a t  th e  p ro d u c t  o f  

chromium t r i o x i d e  o x i d a t i o n  o f  oc-amyrin e s t e r s  c o n ta in e d  

an  u n s a t u r a t e d  k e to n e  g ro u p in g ,  d e t e c t a b l e  by 

s p e c t r o s c o p i c  m e th o d s .  T h i s ,  on c a t a l y t i c  h y d r o g e n a t io n ,  

was r e c o n v e r t e d  t o  t h e  o r i g i n a l  o(-amyrin e s t e r  (3 1 ) ,  

showing t h a t  t h e  d o u b le  bond was i n  t h e  same p o s i t i o n  in  

b o th  compounds. I t  f o l lo w s  t h a t  o(-amyrin m ust c o n ta in  

a  m e th y le n e  g ro u p  a d j a c e n t  t o  i t s  d o u b le  b o n d , a s  

o r i g i n a l l y  s u g g e s te d  by S p r in g  ( 2 5 ) .  R e d u c t io n  o f  

fi<-amyrenonpl, t h e  u n s a t u r a t e d  k e to n e ,  w i th  sodium and 

amyl a l c o h o l ,  gave  o (-am yrad ieno l ( 25 ) w h ich  from  

s p e c t r o s c o p i c  e v id e n c e  a p p e a re d  to  be a  hom oannular 

d i e n e .  Thus t h e  en v iro n m en t o f  th e  d o u b le  bond i s  a s  

shown i n  V I . oc-A m yradienol h a s  a l s o  b een  o b ta in e d

c

I ^CH%. r  

I
by m i ld  s u lp h u r  d e h y d ro g e n a t io n  o f  <*-amyrin (3 2 ) and 

-  a s  a c e t a t e  -  by  t h e  a c t i o n  o f  H -b ro m succ in im ide  on

o<-amyrin a c e t a t e  (3 3 ) •

Hydrogen peroa tide  o x i d a t i o n  o f  oc-amyrin b e n z o a te  

g i v e s  a  compound w hich  on b r o m in a t io n  and d e h y d ro b ro m in a t io n  

y i e l d s  an a f/S ^unsa tu ra ted  k e to n e ,  i s o m e r ic  w i th  c<-amyrenonyl
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b e n z o a t e ,  b u t  n o t  i d e n t i c a l  w i th  i t  ( 3 4 ) .  On sodium 

and amyl a l c o h o l  r e d u c t i o n ,  t h i s  to o  g i v e s  <*-am yradienol. 

These  c h an g e s  were fo r m u la te d  a s  shown, l e a d in g  to  

f r a g m e n t  V II  a s  r e p r e s e n t i n g  th e  l o c 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  o f  oc-am yrin.

p r o d u c t  o f  p e ro x id e  o x i d a t i o n  o f  t h e  d o u b le  bond o f  

<X-amyrin i s  i n  f a c t  an  o x id e ,  w hich  i s  e a s i l y  i s o m e r iz e d  

by m i n e r a l  a c i d  to  t h e  k e to n e  shown; t h i s ,  o f  c o u r s e ,  

o c c u r s  i n  th e  c o u rs e  o f  t h e  above b r o m in a t io n .

d o u b le  bond p o s i t i o n  by th e  d e h y d r a t io n  r e a c t i o n s  o f  

<X-amyrenonol. By t h e  a c t i o n  o f  d e h y d r a t in g  a g e n t s ,  

and  su b s e q u e n t  o x i d a t i o n ,  r i n g s  A and B i n  t h i s  compound 

w ere d e g ra d e d  e x t e n s i v e l y ,  t o  g iv e  a  p ro d u c t  p a r t i a l l y  

f o r m u la te d  a s  i n  V I I I  (3 6 ) .  From i t s  u l t r a - v i o l e t

s p e c t ru m ,  i t  i s  e v id e n t  t h a t  t h i s  a c i d  s t i l l  r e t a i n s  

unchanged  t h e  o r i g i n a l  4 /3 -u n sa tu ra te d  k e to n e  chromophore 

o f  aC-amyrenonol, t h u s  e x c lu d in g  r i n g s  A and B a s  p o s s i b l e  

s i t e s  o f  th e  u n s a t u r a t e d  c e n t r e .

Vfl
H

I t  h a s  s in c e  b e en  p ro v ed  (3 5 ) t h a t  t h e

F u r t h e r  l i g h t  was th row n on th e  p ro b lem  o f
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Two s e r i e s  o f  r e a c t i o n s  c a r r i e d  o u t  by 

R u z ic k a  and b i s  c o -w o rk e rs  a t  Z u r ic h  have assumed 

g r e a t  im p o r ta n c e  i n  th e  s t r u c t u r a l  s tu d y  o f  t f -am y rin .

I n  b o th  c a s e s ,  o x i d a t i v e  d e g r a d a t i o n  l e a d s  to  th e  op en ing  

o f  a  r i n g ,  and su b s e q u e n t  p y r o l y t i c  f i s s i o n  b r e a k s  th e  

m o le c u le  i n t o  two f r a g m e n ts  w h ich  a r e  more r e a d i l y  

i n v e s t i g a t e d .

The f i r s t  o f  t h e s e  r e a c t i o n  s e r i e s  s t a r t s  

from  iso - t f -a m y re n o n y l  a c e t a t e  ( I X ) ,  w hich  on t r e a tm e n t  

w i t h  s e le n iu m  d io x id e  gave  a  p r o d u c t  c o n ta in in g  one 

more d o u b le  bond ( 3 7 ) > *>y s p e c t r o s c o p i c  and o t h e r

e v id e n c e  t h i s  was shown to  be u n c o n ju g a te d  w i th  th e  

o r i g i n a l  ch rom ophore . These r e a c t i o n s  a r e  shown, a s  

f i n a l l y  f o r m u la te d ,  i n  C h a r t  I I .  T h is  new compound, 

i s o - o (-am yrad ienony l a c e t a t e  (X ) , was o x i d i s e d  to  a 

g l y c o l  by  osmium jfce trox ide , t h e  r i n g  opened w i th  le a d  

t e t r a - a c e t a t e , and t h e  p ro d u c t  o x i d i s e d  to  a d i k e t o -  

m o n o c a rb o x y lic  a c i d  (X I ) .  T h is  a c i d  was t h e n  s u b je c te d  

t o  p y r o l y s i s ,  and  two f r a c t i o n s ,  v o l a t i l e  and n o n - v o l a t i l e ,  

o b t a i n e d  (3 8 ) .  The fo rm e r  c o n s i s t e d  o f  a m onobas ic  a c id  

( X I I ) w h ich  coulci be  f u r t h e r  o x i d i s e d  to  ^3-methyl- 

t r i c a r b a l l y l i c  a c i d  ( X I I I ) ,  and  was c o n s id e r e d  to  a r i s e  

from  r i n g  E o f  <<-amyrin. The n o n - v o l a t i l e  p o r t i o n  was 

t r e a t e d  w i t h  d ia z o m e th a n e , and two m ain  p r o d u c t s  i s o l a t e d .  

S in c e  t h e s e  s t i l l  c o n ta in e d  a  h y d ro x y l  g ro u p ,  th e y  were 

c o n s id e r e d  t o  come from  r i n g s  A, B and C o f  X -am yrin ,
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th o u g h  t h e  p a r e n t  compound XIV, by m e t h y l a t i o n ,  i n  tU rn ,  

o f  b o th  e n o l i s e d  k e to n e  g r o u p s . The e t h e r  XV was l a t e r  

f u r t h e r  d e g ra d e d  to  l s l s 6 : 10 - t e t r a m e t h y l - 5- k e t o - t r a n s -  

d e c a l i n  ( 3 9 )*

C h a r t  I I

>

c.ooH
\

H O O C  C H t  

C O O H

C O O H

K m  —

HO
COOH

HO

o

H O

m

H O
xy

CO
o
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A s i m i l a r  s e r i e s  o f  e x p e r im e n ts  was th e n  

c a r r i e d  o u t  on i s o - f l -a m y ra d ie n o n y l  a c e t a t e ,  a n a lo g o u s  

t o  X ab o v e ; i n  t h i s  c a s e  p y r o l y s i s  gave  a  v o l a t i l e  a c i d ,  

t o  w h ich  th e  s t r u c t u r e  XVI was a s c r i b e d ,  and th e  same 

p a i r  o f  t r i c y c l i c  compounds a s  o b t a in e d  p r e v i o u s l y  i n  th e  

o^-amyrin s e r i e s ( 4 0 ) .
COOH

The second  s e r i e s  o f  o x i d a t i v e  d e g r a d a t i o n s  

s t a r t s  from  «(-am yranonyl a c e t a t e  (X V II) ,  and i s  shown 

a s  f i n a l l y  f o r m u la te d  i n  C h a r t  I I I .

C h a r t  I I I

h o

H O O  C

X I X XX



On t r e a tm e n t  w i th  fum ing n i t r i c  a c i d ,  th e  c a rb o n y l  g roup  

o f  <x-amyranonyl a c e t a t e  was a t t a c k e d ,  r i n g  open in g  to o k  

p l a c e ,  and a  d i c a r b o x y l i c  a c i d  was p ro d u ce d  ( 4 1 ) .  T h is  

a c i d  was e s t i f i e d  w i th  d ia z o m e th a n e , and i t s  se c o n d a ry  

h y d ro x y l  g ro u p  o x id i s e d  t o  th e  c o r r e s p o n d in g  k e to n e .  

P y r o l y s i s  o f  t h i s  compound (XVTIl) gave  a s e t  o f  p r o d u c t s  

s e p a r a b l e  i n t o  k e t o n i c  and n o n - k e to n ic  f r a c t i o n s .  The 

fo rm e r  c o n s i s t e d  o f  two conpo und s , d i f f e r i n g  o n ly  i n  

d e g re e  o f  s a t u r a t i o n ,  w hich  c o u ld  b o th  be h y d ro g e n a te d  

to  a  compound XIX, a l r e a d y  o b ta in e d  by p y r o l y s i s  from  

o l e a n o l i c  a c i d  i n  th e  /3-am yrin  s e r i e s  ( 4 2 ) .  The non- 

k e t o n i c  f r a c t i o n  a l s o  c o n ta in e d  two compounds, a  

s a t u r a t e d  and an  u n s a t u r a t e d  e s t e r .  T h e s e ,  a f t e r  h y d ro 

g e n a t i o n  and h y d r o l y s i s ,  gave a  s a t u r a t e d  a c i d  (XX), from  

w h ich  was o b t a i n e d ,  on se le n iu m  d e h y d ro g e n a t io n ,  1 *2 *7“ 

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

r e s u l t  from  th e  d e h y d ro g e n a t io n  o f  r i n g s  D and E o f  

o(-amyrin i t s e l f .

From a  c o n s i d e r a t i o n  o f  th e  above e v id e n c e ,  and 

e s p e c i a l l y  t h a t  i n  th e  l a s t  s e c t i o n ,  th e  h y p o t h e t i c a l  

s t r u c t u r e  XXI h a s  b e en  a c c e p te d  a s  r e p r e s e n t i n g  th e  m o le c u le  

o f  o t-am yrin . On a  b a s i s  o f  s i m i l a r ,  b u t  r a t h e r  more
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d e t a i l e d  and c o n c lu s iv e  w ork , /3-am yrin  h a s  b e e n  a s s ig n e d  

t h e  s t r u c t u r e  X X II. W hile  no r e a l  d o ub t h a s  b e en  c a s t  

on fo rm u la  XXII f o r  / i -a m y r in ,  XXI f o r  c<-amyrin does  n o t  

g iv e  an  e n t i r e l y  s a t i s f a c t o r y  e x p la n a t i o n  o f  i t s  

r e a c t i o n s ,  d h i e f l y  i n  so f a r  a s  i t s  d i f f e r e n c e s  from  

|9-am yrin  a r e  c o n c e rn e d .  T h is  m a t t e r  w i l l  be  d i s c u s s e d  

more f u l l y  i n  t h e  T h e o r e t i c a l  S e c t i o n .

N o m en c la tu re  and  C o n v e n tio n s

As t h e  c h e m is t r y  o f  th e  am y rin s  became more 

com plex , and  more new compounds were p r e p a r e d ,  th e  

e x i s t i n g  n o m e n c la tu re  a s  u sed  i n  th e  p r e v io u s  s e c t i o n  

became e x c e e d in g ly  c lu m sy . I n  c o n se q u e n c e ,  D r e id in g ,  

J e g e r  and R u z ic k a  (43) have  r e c e n t l y  su g g e s te d  a  r a t i o n a l  

n o m e n c la tu re  f o r  c<-amyrin d e r i v a t i v e s ,  s i m i l a r  to  t h a t  

u se d  i n  s t e r o i d  c h e m is t r y .  I t  i s  b a se d  on th e  p a r e n t  

s a t u r a t e d  h y d ro c a rb o n ,  u r s a n e  (X X III) (1 :1*758*16*18:19*  

2£ * o c ta m e th y lp e r h y d r o p ic e n e ) , a l th o u g h  t h i s  compound h a s  

n o t  i t s e l f  b e en  p r e p a r e d .  The c o n v e n t io n a l  num bering  o f  

c a rb o n  a tom s re m a in s  un ch an g ed , and f u n c t i o n a l  g ro u p s  a r e  

i n d i c a t e d  by  p r e f i x e s  o r  s u f f i x e s ;  t h e i r  p o s i t i o n  i s  

d e n o te d  n u m e r i c a l l y ,  w i t h  t h e  e x c e p t io n  o f  th e  2- h y d ro x y l  

g r o u p ,  whose l o c a t i o n  i s  g e n e r a l l y  assum ed . Thus 

<*-amyrenonyl a c e t a t e  and  oC-amyradienol become 11- k e t o - u r s  

- 12 - e n y l  a c e t a t e  and u r s a - 1 0 : 12- d i e n o l  r e s p e c t i v e l y ,  and 

oC-amyrin i t s e l f  i s  u r s - 12 - e n o l ,  a l t h o u g h  i n  t h i s  c a se  i t
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i s  s t i l l  c u s to m a ry  to  u se  th e  t r i v i a l  name. A s i m i l a r  

sy s te m , "based on t h e  h y d ro c a rb o n  o l e a n a n e ,  was e a r l i e r  

a p p l i e d  to  /9-amyrin d e r i v a t i v e s  ( 4 4 ) .

T h is  n o m e n c la tu re  w i l l  be u se d  i n  su b se q u e n t  

p a g e s ,  e x c e p t  i n  c a s e s  where i t  i s  m a n i f e s t l y  i n a p p l i c a b l e .  

T hese  c a s e s  i n c lu d e  d e r i v a t i v e s  o f  i s o -<x-an iyrad ienonnl. 

where t h e r e  i s  a  p o s s i b i l i t y  t h a t  a  change i n  t h e  ca rb o n  

s k e l e t o n  h a s  o c c u r r e d ,  and s t e r e o i s o m e r i c  compounds i n  

w h ich  t h e  s t e r e o c h e m ic a l  r e l a t i o n s h i p  i s  n o t  c l e a r .

U n t i l  r e c e n t l y ,  i t  h a s  been  cu s to m ary  to  w r i t e  

t r i t e r p e n e  fo rm u la e  a s  i n  th e  f o r e g o in g  p a g e s .  On 

i n v e s t i g a t i o n  o f  s t e r e o c h e m i s t r y ,  h ow ever ,  i t  was found  

t h a t  r i n g s  A and B o f  th e  t r i t e r p e n e s  b e a r  a  c lo s e  

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

c o n v e n t io n a l  r e p r e s e n t a t i o n  o f  r e f e r e n c e  m e th y l  g ro u p s  

was u se d  i n  o p p o s i t e  s e n s e s  ( s e e  n e x t  s e c t i o n ) .  I n  o r d e r  

to  r e c o n c i l e  t h e s e  c o n v e n t io n s ,  H a l s a l l ,  J o n e s  and 

M eak ins ( 4 5 ) ,  w i t h  t h e  c o n c u r re n c e  o f  th e  o t h e r  p r i n c i p a l  

t r i t e r p e n e  c h e m is ts  i n  B r i t a i n ,  s u g g e s te d  t h a t  th e  

fo rm u la e  o f  t r i t e r p e n o i d s  sh o u ld  be  tu r n e d  th ro u g h  l 80
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a b o u t  an  a x i s  th ro u g h  and C a n d  th e  o t h e r

c o n v e n t io n s  r e t a i n e d  unchanged ( X X I I I a ) . T h is  

e m p h a s is e s  t h e  a p p a r e n t  r e l a t i o n s h i p s  be tw een  s t e r o i d s  

and t r i t e r p e n o i d s ;  how ever th e  r e a l i t i e s  b e h in d  t h e s e  

a p p e a ra n c e s  i n  many c a s e s  rem a in  to  be e s t a b l i s h e d .

S te r e o c h e m is t r y

Most o f  o u r  knowledge o f  th e  s t e r e o c h e m is t r y  

o f  rf-am yrin  i s  n o t  d e r iv e d  d i r e c t l y ,  b u t  h a s  been  

deduced  by  co m pariso n  w i th  P -am yrin , t h e  c o n f i g u r a t i o n  

o f  w h ich  h a s  b e en  e l u c i d a t e d  w i th  a lm o s t  com ple te  

c e r t a i n t y .  T h is  i s  d u e ,  i n  t h e  m h in , to  th e  e l e g a n t  

t h e o r e t i c a l  work o f  B a r to n  ( 4 6 ) ,  who made g r e a t  use  o f  

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

IfiST* J o h n s o n ’ s i n t e r p r e t a t i o n  (47) o f  t h e  r e s e a r c h e s  o f  

L i n s t e a d  and h i s  c o -w o rk e rs  (48) on p e rh y d ro p h e n a n th r e n e s .  

B a r to n  a p p l i e d  t h i s  t h e o r e t i c a l  knowledge to  h iw  own 

e x p e r im e n ta l  r e s u l t s ,  and to  th o s e  o f  o t h e r  w o rk e r s ,  and 

c o n c lu d e d  t h a t  t h e r e  were o n ly  two p o s s i b l e  e x p r e s s io n s  

(XXIV, XXV) o f  t h e  c o n f i g u r a t i o n  o f  t h e  /3-am yrin  n u c le u s .  

I n  t h e s e  fo r m u la e ,  s u b s t i t u e n t s  above and be low  th e  p la n e  

o f  t h e  p a p e r  a r e  i n d i c a t e d  by  t h i c k  and b ro k e n  bonds 

r e s p e c t i v e l y ,  a n d ,  a s  i n  th e  s t e r o i d  f i e l d ,  a r e  d e n o te d  

by  th e  p r e f i x e s  np  »* and A l l  c o n f i g u r a t i o n s  a r e

r e f e r r e d  t o  t h e  m e th y l  g ro up  a t  C •
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X X I V
HO HO

A d e c i s i o n  be tw een  th e s e  on c h em ic a l  g ro u n d s  

seemed i m p o s s i b l e ,  and p h y s i c a l  m ethods have  been  

a p p l i e d  t o  th e  p ro b le m . K ly n e ,  by a  c o n s i d e r a t i o n  o f  

m o le c u l a r  r o t a t i o n  d i f f e r e n c e s  (49) h a s  d e c id e d  i n  

f a v o u r  o f  XXIV, a  c o n c lu s io n  su p p o r te d  by  X -ra y  s t u d i e s  

o f  m e th y l  o l e a n o l a t e  i o d o - a c e t a t e  ( 5 0 ) .  An e x c e l l e n t  

summary o f  t h e  e v id e n c e  l e a d in g  to  XXIV i s  a v a i l a b l e  i n  

t h e  T i l d e n  L e c t u r e ,  1953 > d e l i v e r e d  by B a r to n  ( 5 0 ) .

B e fo re  th e  c o m p le t io n  o f  t h e s e  s t u d i e s ,  i t  

h ad  b e en  r e c o g n i s e d  t h a t  t h e r e  a r e  s t e r e o c h e m ic a l  s i m i l a r  

- i t i e s  be tw een  c*- and  /3-am yrin. The t r i c y c l i c  p y r o l y s i 3 

f r a g m e n t ,  XXVI, o b t a in e d  from  b o th  <*• and /3-amyrin ( s e e  

p .  1 0 ) showed t h a t  c o n f i g u r a t i o n s  a t  c a rb o n  atom s 2 , 5 * 6 

and  9 w ere th e  same i n  b o t h  compounds ( 4 0 ) .

In  th e  same p a p e r ,  i t  was su g g e s te d  t h a t  s u b s t i t u e n t s  a t

C and C m ig h t  a l s o  be  s i m i l a r l y  o r i e n t e d  i n  b o th  
(10) (14)

t r i t e r p e n e  s e r i e s ;  i n  th e  fo rm e r  c a se  from  a c o n s i d e r a t i o n
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o f  m o le c u la r  r o t a t i o n  d i f f e r e n c e s ,  and i n  th e  l a t t e r

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

C , p o s t u l a t e d  i n  b o th  s e r i e s  to  e x p l a i n  th e  fo rm a t io n  
(14)

o f  th e  i  s o - a m y ra d ie n o n o la .

I t  h a s  b een  fou nd  t h a t  g ro u p s  s i m i l a r l y

s i t u a t e d  r e l a t i v e  to  t h e  D/E r i n g  j u n c t i o n  i n  o(- and

(3-amyrin show c o n s i d e r a b le  d i f f e r e n c e s  i n  r e a c t i v i t y  i n

t h e  two s e r i e s ,  <X-amyrin d e r i v a t i v e s  b e in g  m ark e d ly  l e s a

a c t i v e  (3 5 * 5 1 ) •  I *1 p a r t i c u l a r ,  r e a c t i o n  o f  m e th y l

1 1 - k e t o - u r s o l a t e  a c e t a t e  (XXVII) w i th  e i t h e r  a c i d  o r

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

11 - k e t o - o l e a n o l i c  a c i d  compound, f a i l e d  t o  c au se

i s o m e r i s a t i o n  a t  C ( 4 6 ) .  To e x p l a i n  t h i s  i t  was
(18)

s u g g e s te d  t h a t  e i t h e r  t h e  C c o n f i g u r a t i o n  i n  th e
(13)

o(-amyrin s e r i e s ,  u n l ik e  t h a t  i n  th e  /3-am yrin s e r i e s ,  was

i n  t h e  more s t a b l e  a r r a n g e m e n t ,  o r  t h a t  t h e r e  was no

h y d ro g e n  a t t a c h e d  a t  t h a t  p o i n t .

Some r e a c t i o n s  c a r r i e d  o u t  by J e g e r  o f  Z u r ic h

(52) s u g g e s t  t h a t  th e  c o n f i g u r a t i o n s  a t  C i n  o(- and
(1?)

/3-am yrin  a r e  e n a n t io m o rp h o u s . D e g ra d a t io n  o f  o(- and 

/3-am yrin  a s  i n  C h a r t  I I ,  p .  1 0 ,  y i e l d e d  th e  m o n o cy c lic  

p y r o l y s i s  p r o d u c t s  XXVIII and XXIX r e s p e c t i v e l y ,  w hich  

w ere  f u r t h e r  d e g ra d e d  to  g iv e  two e s t e r s  o f  e q u a l  and



18.

o p p o s i t e  o p t i c a l  r o t a t i o n ,  and c o n ta in i n g  t h e  o r i g i n a l
\

C o f  t h e  a m y rin s  aa  t h e  o n ly  a sy m m etr ic  c e n t r e .  
(17)

11

 —v
s t a g e s

<*-amyrin --------->- II I — -----=► f c o o e j  r̂ -j , *
^  11 1 s t a g e s

COOM* COQMt,

y s t a g e s

ZOOM*. CQOht,

X X  ( K

T r i t e r o e n o i d  S a t u r a t e d  H yd ro carbo ns

I t  h a s  been  c o n s id e r e d  o f  i n t e r e s t  i n  t r i t e r p e n e  

c h e m is t r y  t o  a t t e m p t  to  p r e p a r e  t h e  p a r e n t  s a t u r a t e d  

h y d ro c a rb o n s  o f  e a c h  o f  th e  f o u r  s e r i e s ,  v i z .  o le a n a n e  

( ^ - a m y r a n e ) ,  u r s a n e  ( © (-am yrane), lu p a n e  and t a r a x a s t a n e  

f o r  co m p a r iso n  p u r p o s e s .

O leanane  (XXX) was f i r s t  p r e p a r e d  by  R uz icka  

and  J e g e r  (53) > *>y t h e  r e a c t i o n  s e r i e s  shown. (See

o v e r l e a f ) »

L u p e o l ,  h a v in g  no u n r e a c t i v e  u n s a t u r a t e d  c e n t r e ,  

was e a s i l y  c o n v e r te d  t o  lu p a n e  (5 4 ) •  C a t a l y t i c  r e d u c t io n  

o f  t h e  e x o c y c l i c  d o u b le  bo n d , fo l lo w e d  by chrom ic a c id

o x i d a t i o n  o f  th e  h y d ro x y l  g rou p  a t  C , gave a  s a t u r a t e d
( 2 )

k e to n e  whose c a rb o n y l  g roup  was red u c ed  by  th e  K is h n e r -
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W o lf f  m etho d .

T a r a x a s ta n e  h a s  b een  p r e p a r e d  from  s e v e r a l  

members o f  i t s  s e r i e s  by s i m i l a r  m ethods i n v o lv in g  

c a t a l y t i c  r e d u c t i o n  o f  d o u b le  bonds and K ish n e r -W o lf f  

r e d u c t i o n  o f  c a r b o n y l  g ro u p s  (55> 56> 57)* The 

f o r m u la t i o n  f o r  t a r a x a s t a n e  (4) s u g g e s t s  t h a t  i n  f a c t  

1 i t  i s  t h e  same compound a s  u r s a n e ,  u n l e s s  s t e r e o c h e m ic a l  

d i f f e r e n c e s  o c c u r .

Owing to  t h e  ex trem e u n r e a c t i v i t y  o f  s u b s t i t u e n t s

i n  r i n g  C o f  oC-amyrin, i t  h a s  n o t  y e t  been  found  p o s s i b l e
\

t o  p r e p a r e  u r s a n e .  The h y d ro x y l  g rou p  a t  C may be
( 2 )

removed ( 5 8 , $ l )  by chrom ic  a c i d  o x i d a t i o n  fo l lo w e d  by 

K is h n e r - W o lf f  r e d u c t i o n ,  t o  g iv e  u r s - 1 2 - e n e  ( oc-amyrene)* 

However , t h e  rem ova l o f  f u n c t i o n a l  g ro u p s  from  r i n g  C 

h a s  n o t  y e t  b een  a t t a i n e d .  A t te m p ts  to  reduefe t h e  

c a r b o n y l  g roup  o f  1 2 - k e t o - u r s a n y l  a c e t a t e  by K is h n e r -  

W o lf f  o r  Clemmensen m ethods have  p ro v ed  u n s u c c e s s f u l  

(59. 60) .

i so -o t-A m y rad ien o n y l  A c e ta te

i s o -oC-Amyradienonyl a c e t a t e ,  t h e  p ro d u c t  

o b t a i n e d  when 1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  i s  o x id i s e d  

w i t h  s e le n iu m  d i o x i d e , i s  a  compound whose s t r u c t u r e  

h a s  assum ed some im p o r ta n c e  i n  oC-amyrin c h e m is t r y ,  s in c e  

i t  i s  a  v i t a l  l i n k  i n  one o f  t h e  im p o r ta n t  d e g r a d a t io n s  

d e s c r i b e d  above (C h a r t  I I ,  p .  10)*



R u z ic k a  and h i s  c o -w o rk e r s ,  when th e y  

o r i g i n a l l y  p r e p a r e d  t h i s  m a t e r i a l  ( 3 7 ) ,  o b se rv e d  t h a t  

i t  gave  a  y e l lo w  c o lo u r  r e a c t i o n  w i th  t e t r a n i t r o m e t h a n e ,  

c h a r a c t e r i s t i c  o f  a s i n g l e  d o u b le  bond u n c o n ju g a te d  w i th  

a  c a r b o n y l  g ro u p ,  and t h a t  i t  showed maximum u l t r a - v i o l e t
o

a b s o r p t i o n  a t  23?0A , a  r e s u l t  n o t  i n c o n s i s t e n t  w i th  th e  

p r e s e n c e  o f  an o c ^ u n s a tu ra te d  k e to n e  chrom ophore . i s o - oC- 

A m yrad ienony l a c e t a t e  was t h e r e f o r e  fo r m u la te d  a s  i n  th e  

p a r t i a l  s t r u c t u r e  XXXI. On s u b j e c t i n g  i t  to  c a t a l y t i c

h y d r o g e n a t io n ,  two compounds were i s o l a t e d  from  th e  

p r o d u c t ,  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  and 1 2 - k e t o - u r s - 1 0 -  

e n y l  a c e t a t e .  When i s o - cx-am yradienonyl a c e t a t e  was 

t r e a t e d  w i th  h y d rog en  c h l o r i d e ,  an i s o m e r ic  compound 

was o b t a i n e d ,  w hich  p o s s e s s e d  s u b s t a n t i a l l y  t h e  same 

u l t r a - v i o l e t  a b s o r p t io n  sp ec tru m  a s  th e  s t a r t i n g  m a t e r i a l ,  

b u t  gave  no c o lo u r  r e a c t i o n  w i th  t e t r a n i t r o m e t h a n e .

T h is  h a s  b een  p a r t i a l l y  fo r m u la te d  a s  XXXII o r  XXXIII.

A f t e r  t h e  two s e r i e s  o f  d e g r a d a t io n  r e a c t i o n s  

d e s c r i b e d  above ( C h a r t s  I I  and I I I ,  p p .  1 0 , 1 1 ) had  been  

c a r r i e d  o u t ,  i t  was found  t h a t  th e y  were m u tu a l ly

o

xxxi t t

o
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i n c o n s i s t e n t  a s  r e g a r d s  C . T h is  i n c o n s i s t e n c y  was
( 2 7 )

r e s o l v e d  by assum ing  a  m e th y l  g ro up  m ig r a t i o n  i n  th e  

f o r m a t io n  o f  i s o - ^ -a m y ra d ie n o n y l  a c e t a t e ,  on d e h y d ra t io n  

o f  an  i n t e r m e d i a t e  h y d ro x y l  compound (XXXIV). A s i m i l a r  

change  o f  c a rb o n  s k e l e t o n  was p o s t u l a t e d  i n  t h e  fo rm a t io n  

o f  th e  a n a lo g o u s  i s o -f i-a m y rad ien o n y l  a c e t a t e .

oh

I t  was th e n  p o in te d  o u t  by McLean, R u f f  and 

S p r in g  ( 6 l )  t h a t  a  d i f f e r e n c e  i n  c a rb o n  s k e l e to n  be tw een

1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  and i s o -cc-am yrad ienonyl 

a c e t a t e  was e x t r e m e ly  u n l i k e l y ,  s in c e  t h e  l a t t e r  co u ld  

be c o n v e r te d  t o  t h e  fo rm e r  by c a t a l y t i c  h y d ro g e n a t io n .

They th e n  c r i t i c a l l y  re -e x a m in e d  th e  r e l a t i o n s h i p  be tw een

1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  and <Xramyrin i t s e l f ,  and 

c o n c lu d e d  t h a t  i s o - ^ -a m y ra d ie n o n y l  a c e t a t e  r e t a i n e d  th e  

c a rb o n  s k e l e t o n  o f  <X-amyrin. A s i m i l a r  c r i t i c i s m  o f  

t h e  p o s t u l a t e d  s t r u c t u r 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  

was l a t e r  made ( 6 2 ) ,  a l t h o u g h  t h i s  i s  n o t  such  a  c l e a r -  

c u t  c a s e ,  s i n c e  on c a t a l y t i c  r e d u c t io n  t h i s  compound g iv e s  

a  p r o d u c t  h i t h e r t o  unknown i n  t h e  /J-amyrin s e r i e s .

The o b v io u s  e sc a p e  from  t h i s  im passe  i s  to

su ppo se  t h a t  C i n  t h e  am yrins  i s  n o t ,  i n  f a c t ,
( 2 7 )

a t t a c h e d  t o  C , h u t  i s  l o c a t e d  e ls e w h e re  in . t h e  m o le c u le ,  
( 1 4 )



p e r h a p s  i n  a  seven-m embered r i n g .  T h is  l a s t  can  e a s i l y  

b e  r e c o n c i l e d  w i th  th e  d e h y d ro g e n a t io n  e v id e n c e  (p .  5)» %
s in c e  u n d e r  th e  r e a c t i o n  c o n d i t i o n s  u s e d ,  m e th y l  g roup  

m i g r a t i o n  i s  q u i t e  p o s s i b l e .  However, M eyer, J e g e r ,  

P r e lo g  and R u z ic k a  (63) exam ined th e  i n f r a - r e d  s p e c t r a  

o f  many t r i t e r p e n o i d  s a t u r a t e d  k e to n e s ,  and c o n c lu d ed  

t h a t  i n  b o th  am y rin s  r i n g  C was s ix -m em bered .

At t h e  t im e  o f  commencement o f  th e  r e s e a r c h  

d e s c r i b e d  i n  t h i s  t h e s i s ,  th e  above was one o f  t h e  

o u t s t a n d i n g  p ro b lem s o f  c( -am y rin  c h e m is t ry  s t i l l  u n s o lv e d ,  

and i t  w i l l  be  d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  th e  

su b s e q u e n t  T h e o r e t i c a l  S e c t i o n .
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THEORETICAL

E x p e r im e n ts  r e l a t i n g  to  th e  S y n th e s i s  o f  U rsane

As m en tio n ed  in  th e  H i s t o r i c a l  S e c t i o n ,  th e  

p r e p a r a t i o n  o f  u r s a n e ,  th e  p a r e n t  s a t u r a t e d  h y d ro ca rb o n  

o f  th e  o(-amyrin s e r i e s  o f  t r i t e r p e n e s ,  m igh t o f  o f  g r e a t  

v a lu e  $n r e l a t i n g  t h a t  s e r i e s  to  th e  t r i t e r p e n e s  b a se d  

on t a r a x a s t a n e ,  b u t  t h i s  had  n o t  been  a c h ie v e d  i n  t h e  

p a s t .  A p r o j e c t e d  s y n t h e s i s  a n a lo g o u s  to  t h a t  w hich  

l e a d s  t o  o le a n a n e  f a i l e d  s in c e  th e  c a rb o n y l  g roup  o f  

1 2 - k e t o - u r s a n y l  a c e t a t e  co u ld  n o t  be  red u ced  by K is h n e r -  

W o lf f  o r  Clenmensen m ethods ( 5 9 * 6 0 ) .  A ttem p ts  were 

a l s o  made to  c o n v e r t  1 2 -h y d ro x y -u rsa n e  i n to  th e  

c o r r e s p o n d in g  c h l o r i d e  w i th  th e  o b j e c t  o f  r e d u c in g  th e  

l a t t e r  t o  u r s a n e .  These a t t e m p t s  were u n s u c c e s s f u l ,  

t r e a t m e n t  o f  1 2 -h y d ro x y -u rsa n e  w i th  a  v a r i e t y  o f  

c h l o r i n a t i n g  a g e n t s  g i v in g  u r s - 1 2 - e n e  i n  each  c a se  (35)* 

In  1 9 5 1 > B u d z ia r e k ,  J o h n s to n ,  Manson and 

S p r in g  (62) showed t h a t  o le a n a n y l  a c e t a t e ,  w hich  i s  

e a s i l y  c o n v e r te d  i n t o  o le a n a n e  by c l a s s i c a l  m e th o d s ,  

c o u ld  be p r e p a r e d  by K ish n e r -W o lf f  r e d u c t io n  o f

1 1 - k e t o - o l e a n a n y l  a c e t a t e  ( 6 4 ) .  Thus t h e  f i r s t  a t t a c k  

on t h e  p ro b lem  o f  U rsane  in  t h i s  work was d i r e c t e d  

to w a rd s  t h e  p r e p a r a t i o n  o f  u r s - 1 0 - e n y l  a c e t a t e ,  which 

m ig h t  be o x i d i s e d  to  1 1 - k e to - u r s a n y l  a c e t a t e .  A ttem pted  

c a t a l y t i c  h y d r o g e n a t io n  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e
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and 1 2 - k e t o - u r s - 1 0 - e n o l  l e f t  b o th  compounds unchanged .

K is h n e r -W o lf f  r e d u c t i o n  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  

was th e n  a t t e m p te d ;  when c a r r i e d  ou t i n  amyl a l c o h o l ,  

t h i s  r e a c t i o n  gave no c r y s t a l l i s a b l e  p r o d u c t ,  and i n  

e t h a n o l ,  gave m a in ly  unchanged s t a r t i n g  m a t e r i a l  i n  

a d d i t i o n  to  a sm a ll  amount o f  a  c r y s t a l l i n e  m ix tu r e ,  

whose p h y s i c a l  p r o p e r t i e s  i n d i c a t e d  th e  p re s e n c e  o f  

u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e .  The f o r m a t io n  o f  t h e  l a t t e r  

i s  e a s i l y  e x p la in e d  by th e  d e h y d ra t io n  o f  an i n t e r m e d i a t e  

1 2 - h y d r o x y - u r s - 1 0 - e n o l  (XXXV) d u r in g  r e - a c e t y l a t i ^ n .

No f u r t h e r  a t t e m p t s  t o  p r e p a r e  u r s - lQ '- e n y l  a c e t a t e  were 

m ade .

o h

H O

I n  t h i s  c o n n e c t io n ,  i t  i s  i n t e r e s t i n g  to  n o te  

t h a t  r e d u c t i o n  o f  l l - k e t o - u r s - 1 2 - e n y l  a c e t a t e  w i th  

l i t h i u m  i n  l i q u i d  ammonia g a v e ,  i n s t e a d  o f  t h e  e x p e c te d

1 1 - k e t o - u r s a n o l ,  l l - h y d r o x y - u r s - 1 2 - e n o l  ( 6 5 )*

L ith iu m  alum inium  h y d r id e  r e d u c t io n  o f  th e  

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

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

h y d ro c a rb o n  ( 6 6 ) .  As a  f i r s t  s t e p  to  th e  f o rm a t io n  o f



i t s  £ - t o lu e n e s u lp h o n y l  e s t e r ,  w hich  m ig h t he red u c ed  

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

was examined* T h is  compound was f i r s t  r e p o r t e d  hy

Ho'

Seymour, S h a r p ie s  and S p r in g  ( 3 4 ) ,  who p r e p a re d  i t  hy 

r e d u c t i o n  o f  1 2 :1 3 " e p o x y -u r s a n y l  h en zo a te  w i th  sodium 

in  amyl a l c o h o l .  S ubsequ en t p r e p a r a t i o n s  hy S i l v e r s t o n e  

( 6 0 ) ,  u s in g  th e  same r§ d u c in g  a g e n t s  on 1 2 :1 3 -ep o x y -  

u r s a n y l  h e n z o a te ,  and on 1 2 - k e to - u r s a n y l  e s t e r s ,  gave 

p r o d u c t s  whose p h y s i c a l  p r o p e r t i e s  were w id e ly  d i f f e r e n t  

from  t h o s e  o f  th e  p r e v io u s  w o rk e rs ,  a s  a l s o  were th o s e  

o f  t h e  m a t e r i a l  o b ta in e d  s i m i l a r l y  i n  t h i s  w ork . These 

d i f f e r e n c e s  a r e  b e s t  e x e m p l i f i e d  hy s p e c i f i c  r o t a t i o n s ,  

a s  shown i n  T ab le  I I I *

T ab le  I I I

Seymour Silverstone T h is
e t  a l 1 2 : 13-epoxy- 1 2 - k e to - work

1 2 -H y d ro x y -u rs a n o l +7 0 ° +7 0 ° +4 4 V 3 3 *
_ o

+50

1 2 - A c e to x y - u r s a n y l
a c e t a t e +9 0 * + 5 0 ° -

0Nê
.+

* P r e p a r e d  from  h e n z o a te  and a c e t a t e  r e s p e c t i v e l y .

B a r to n  (6 J )  a l s o  r e p e a t e d  t h i s  p r e p a r a t i o n ,



u n d e r  v ig o r o u s  e q u i l i b r a t i n g  c o n d i t i o n s ,  and o b ta in e d  

a  d i o l  and d i —a c e t a t e  o f  and —4 r e s p e c t i v e l y *

The d ib e n z o y l  d e r i v a t i v e  o f  t h e  d i o l  a g re e d  i n  a l l  

r e s p e c t s  w i t h  a  sam ple o f  1 2 -b e n z o x y -u rsa n y l  b e n z o a te  

p r e p a r e d  by  l i t h i u m  a lpm in ium  h y d r id e  r e d u c t io n *

L i th iu m  a lum in ium  h y d r id e  r e d u c t io n  b f  1 2 - k e t o - u r s a n y l  

b e n z o a te  was a l s o  c a r r i e d  o u t  by S i l v e r s t o n e  ( 6 0 ) who 

o b t a i n e d  a  d i o l  o f  fcJ j+ 13%  and a d i - a c e t a t e  o f  (KL,

±P*

D r a s t i c  r e d u c t i o n  o f  1 2 - k e t o - u r s - 1 0 - e n y l  

a c e t a t e  w i th  l i t h i u m  i n  l i q u i d  ammonia gave a  1 2 -h yd ro xy -  

u r s a n o l  o f  (<*]+10% whose d i - a c e t a t e  had  J o C —4-^ » and 

t h e s e ,  h a v in g  p h y s i c a l  p r o p e r t i e s  i n  r e a s o n a b le  ag reem ent 

w i t h  t h e  r e p r o d u c i b l e  r e s u l t s  o f  B a r to n  and S i l v e r s t o n e ,  

w ere  t a k e n  to  be p u re  d i o l  and d i - a c e t a t e  r e s p e c t i v e l y .

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

o b ta in e d  p r e v i o u s l y  f l ig h t  be e i t h e r  m ix tu r e s  o f  

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

The l a t t e r  h y p o t h e s i s  i s  u n l i k e l y ,  s in c e  S i l v e r s t o n e  

o b t a i n e d  a  m a t e r i a l  o f  C°^lJ)+3 3 <> from 1 2 - k e to - u r s a n y l  

a c e t a t e ,  and b o th  t h a t  compound and th e  p u re  d i o l  a r e  

l e s s  d e x t r o - r o t a t o r y .  The p r o d u c t io n  o f  a m ix tu re  o f  

s t e r e o i s o m e r s  seems more l i k e l y ,  s in c e  r e d u c t io n  u n der  

e q u i l i b r a t i n g  c o n d i t i o n s  g i v e s  th e  p u re  compound. In  

an  a t t e m p t  to  p r e p a r e  th e  m is s in g  e p im e r ic  12 -hyd rox y -  

u r s a n o l ,  1 2 - k e t o - u r s a n y l  a c e t a t e  and 12»13~©Poxy~'i r s a n y l



a c e t a t e  were s u b j e c t e d  to  c a t a l y t i c  h y d ro g e n a t io n  

t e c h n i q u e s ,  b u t  i n  n e i t h e r  c a se  was a p ro d u c t  o b t a in e d .  

C hrom atography  o f  a  sample o f  w1 2 - a c e t o x y - u r s a n y l  a c e t a t e  

o f  + 6 5 ° gave a  s e p a r a t i o n  i n t o  f r a c t i o n s  o f  h ig h e r

and lo w e r  s p e c i f i c  r o t a t i o n ,  b u t  no homogeneous m a t e r i a l  

was i s o l a t e d .

1 2 -H y d ro x y -u rsa n o l  o f  +1 0 ° was t r e a t e d

w i t h  £ - t o lu e n e s u lp h o n y l  c h l o r i d e ,  b u t  gave a  compound 

w h ich  showed a y e l lo w  c o lo u r  w i th  t e t r a n i t r o m e t h a n e ,  

s u g g e s t i n g  t h a t  d e h y d r a t io n  had ta k e n  p l a c e .  T h is  was 

co n f irm e d  by p r e p a r a t i o n  o f  o<-amyrin £ - to lu e n e  s u lp h o n a te , 

w h ic h  gave no m e l t in g  p o i n t  d e p r e s s io n  when m ixed w i th  

th e  above p r o d u c t ,  and by th e  o b s e r v a t io n  t h a t  1 2 -hyd roxy  

u r s a n o l  was c o n v e r te d  i n t o  ©(-amyrin by  t r e a tm e n t  w i th  

h y d r o c h l o r i c  a c i d .  In  d e f a u l t  o f  t h e  e p im e r ic

1 2 - h y d r o x y - u r s a n o l ,  w hich  m ig h t  be e x p e c te d  t o  d e h y d ra te  

l e s s  e a s i l y ,  a  sam ple o f  m a t e r i a l  o f  [ < x J j +80 , o b ta in e d

by c h ro m a to g rap h y  o f  t h e  sodium /am yl a l c o h o l  r e d u c t io n  

p r o d u c t  from  1 2 :1 3 - e p o x y -u r s a n y l  b e n z o a te ,  was t r e a t e d  

w i t h  £ - t o lu e n e s u lp h o n y l  c h l o r i d e .  The o n ly  compound 

w h ich  c o u ld  be  i s o l a t e d  from  th e  r e a c t i o n ,  how ever, was 

shown t o  be  o<-amyrin £ - t o l u e n e s u l p h o n a t e .



U r s a - 1 1 : 1 3 ( 1 8 ) - d i e n o l

In  c o n t r a s t  to  th e  u n s a t u r a t e d  c e n t r e  i n  

p - a m y r in ,  t h a t  i n  oC-amyrin i s  u n r e a c t i v e ,  and in  

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

C -a to m  i n  o(-am yrin . Whereas p -am y rin  can  "be
( x S )

sm o o th ly  c o n v e r te d  i n t o  o l e a n a - 1 0 : l 2 - d i e n o l  (67}% 

o l e a n a - 1 0 : 1 2 : l 8 - t r i e n o l  ( 3 3 ) ,  l l - k e t o - o l e a n - 1 2 - e n o l  ( 6 8 ) ,  

and l l - k e t o - o l e a n a - 1 2 : 1 8 - d i e n o l  (67)> c o r re s p o n d in g  

r e a c t i o n s  w i t h  oc-amyrin have b een  l i m i t e d  to  th e  

f o r m a t io n  o f  u r s a - 1 0 : 1 2 - d i e n o l  and l l - k e t o - u r s - 1 2 - e n o l  

( 2 5 )* A g a in ,  p -a m y r in  a c e t a t e  i s  r e a d i l y  o x id is e d  by

se le n iu m  d io x id e  to  o l e a n a - l l : 1 3 ( l 8 ) - d i e n y l  a c e t a t e  

(69> 7 0 )  a s  i n i t i a l  p r o d u c t ,  f u r t h e r  o x id a t io n  o f  which 

w i th  th e  same r e a g e n t  g i v e s  1 2 : 1 9 - d ik e to - 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  ( 7 l ) *  H i t h e r t o ,  a t t e m p t s  to  d u p l i c a t e  

t h e  s e le n iu m  d io x id e  r e a c t i o n s  w i th  o(-amyrin have been  

u n s u c c e s s f u l .  I t  h a s  been  c o n s id e re d  t h a t  th e s e  r e s u l t s  

s u g g e s t  t h e  p r e s e n c e  o f  a  m e th y l  g roup  a t  th e  ^ - a t o m  

i n  ©(-amyrin, a  h y p o t h e s i s  w hich  i s  n o t  s p e c i f i c a l l y  

d i s m is s e d  by any o f  t h e  s ^ r j i c t p r a l  ev id e n ce  a v a i l a b l e  

( 4 6 , 7 2 ) .  To t e s t  t h i s  t h e o r y ,  oC-amyrin a c e t a t e  was 

s u b j e c t e d  to  se len iu m  d io x id e  o x id a t io n  u n der  c o n d i t i o n s  

more d r a s t i c  th a n  had  been  p r e v i o u s ly  e p p lo y e d .

T re a tm e n t  o f  eC-amyrin a c e t a t e  w i th  se len iu m  

d io x id e  i n  d io x a n  a t  200 , o r  i n  b o i l i n g  b e n z y l  a c e t a t e  

(2 1 6 °)  gave  a  m ix tu r e  from  w h ich ,  i n  a d d i t i o n  to  much



unchanged  <*-amyrin a c e t a t e ,  a  d i e n y l  a c e t a t e  was 

i s o l a t e d  in  2 - 3 $  y i e l d .  The same p ro d u c t  was o b ta in e d  

i n  lo w e r  y i e l d  by o x i d a t i o n  i n  b o i l i n g  g l a c i a l  a c e t i c  

a c i d .  T h a t  th e  d i e n y l  a c e t a t e  o r i g i n a t e s  i n  o (-am yrin , 

and n o t  i n  a  d i f f i c u l t l y  s e p a r a b le  im p u r i ty  fo l lo w s  

from  th e  o b s e r v a t i o n  t h a t  s i m i l a r  o x i d a t i o n  o f  <x-amyrin 

a c e t a t e ,  r e c o v e r e d  from  a p r e v io u s  t r e a tm e n t  w i th  

s e le n iu m  d i o x i d e ,  gave th e  same p ro d u c t  i n  th e  same y i e l d .

A number o f  v a r i a t i o n s  i n  th e  e x p e r im e n ta l  

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

t h e  d i e n y l  a c e t a t e ;  i n  one e x p e r im e n t  u s in g  b o i l i n g  

d ip h e n y l  a s  s o l v e n t ,  u r s a - 1 0 : 1 2 - d i e 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 .  In  g e n e r a l ,  th e  c o n c lu s io n  

c o u ld  be drawn from  th e s e  e x p e r im e n ts  t h a t  o x i d a t i o n  

b e lo w  a b o u t  2 2 0 °  g iv e s  t h e  new d i e n y l  a c e t a t e ,  and above 

t h a t  t e m p e r a tu r e  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  i s  fo rm ed .

M ild  s u lp h u r  d e h y d ro g e n a t io n  o f  c(-am yrin  a c e t a t e  h a s  been  

r e p o r t e d  t o  g iv e  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  (32)*

A n a l y t i c a l  d a t a  a g re e d  w i th  t h e  fo rm u la

C H 0  f o r  th e  new d i e n y l  a c e t a t e .  I t s  p r o p e r t i e s  
3 2  5 0  2

c l o s e l y  s im u la te d  th o s e  o f  o l e a n a - l l : 1 3 - d i e n y l  

a c e t a t e ,  b u t  a  m ix tu r e  o f  th e  two compounds showed a 

m arked d e p r e s s io n  i n  m e l t in g  p o i n t .  I n  p a r t i c u l a r ,  

b o t h  d i e n y l  a c e t a t e s  show th e  c h a r a c t e r i s t i c  u l t r a - v i o l e t  

spectmum o f  a  t r a n s o i d  h e t e r o - a n n u l a r  d i e n e .  The new 

compound was p r o v i s i o n a l l y  fo rm u la te d  a s  u r s a - 1 1 : 1 3 ( l 8 ) -

d i e n y l  a c e t a t e  (XXXVTl)•



N e v e r t h e le s s ,  the  con v ers ion  o f  amyrin

i n t o  an  l l : 1 3 ( l 8 ) - d i e n o l  s u p p l i e s  no p r o o f  o f  th e  absence

o f  a  ^ - m e t h y l  g roup  i n  t h e  fo rm e r ,  s in c e  i t  i s

p o s s i b l e  t h a t  th e  f o r m a t io n  o f  t h e  d i e n y l  a c e t a t e  in v o lv e s

e l i m i n a t i o n  o f  such  a  g ro u p ,  i n  w hich c ase  t h a t  compound

would be a  n o r - u r s a - 1 1 s 1 ^ ( 1 8 ) - d i e n y l  a c e t a t e .  A

d e c i s i o n  b e tw een  th e  fo rm u la  C H O and i t s  low er
3 2  5 0  2

hom ologue from  m i c r o - a n a l y s i s  i s  im p o s s ib le .  However, 

t h e  s t r u c t u r e  XXXVII may be su p p o r te d  on th e  ground  t h a t  

more d r a s t i c  r e a c t i o n  c o n d i t i o n s  y i e l d  u r s a - 1 0 :1 2 - d i e n y l  

a c e t a t e ,  w i th  no l o s s  o f  a  m e th y l  g ro u p ,  and th e  l e s s  

d r a s t i c  c o n d i t i o n s  g i v in g  u r s a - 1 1 : 1 3 (1 8 ) - d i e n y l  a c e t a t e  

a r e  h en ce  u n l i k e l y  to  e f f e c t  such  a  change .

U r s a - 1 1 s1 3 ( 1 8 ) - d i e n y l  a c e t a t e  was h y d ro ly s e d  

t o  t h e  p a r e n t  a l c o h o l ,  and i t s  p h y s i c a l  c o n s t a n t s  checked 

by  r e - a c e t y l a t i o n .  C a t a l y t i c  h y d ro g e n a t io n  o f  u r s a - 1 1 s 1 3  

( 1 8 ) - d i e n y l  a c e t a t e  gave an  isom er o f  o (-am yrin , to  be 

f o r m u la te d  a s  u r s - 1 3 ( l 8 ) - e n y l  a c e t a t e  (XXXVIII). T h is  

i s  a n a la g o u s  to  th e  f o rm a t io n  o f  o l e a n - 1 3 ( l 8 ) - e n y l



a c e t a t e  by  h y d ro g e n a t io n  o f  o l e a n a - l l : 1 3 ( 1 8 ) - d i e n y l  

a c e t a t e  ( 7 3 ) • H al s a i l  ( 7 4 -) h a s  shown t h a t  u l t r a - v i o l e t

a b s o r p t i o n  in  th e  r e g io n  2 0 0 0 - 2 2 5 0 A g iv e s  i n s i g h t  i n t o  

th e  s t a t e  o f  s u b s t i t u t i o n  o f  an i s o l a t e d  do u b le  bond i n  

t h e  t r i t e r p e n e  m o lecu le*  The u l t r a - v i o l e t  sp ec trum  of 

u r s - 1 3 ( l 8 ) - e n y l  a c e t a t e  s u g g e s t s  a  t e t r a - s u b s t i t u t e d  

d o u b le  bond s i m i l a r  t o  t h a t  i n  o l e a n - 1 3 ( l 8 ) - e n y l  a c e t a t e .

Chromium t r i o x i d e  o x i d a t i o n  o f  u r s a * U : 1 3 ( l 8 ) -  

d i e n y l  a c e t a t e  was a t t e m p te d ,  u s in g  f i r s t  4  m ols  and 

t h e n  1 . 0 5  m o ls  o f  r e a g e n t .  In  th e  f i r s t  c a s e ,  th e  

am ounts o f  c r y s t a l l i n e  p r o d u c t s  o b ta in e d  were too  sm a ll  

f o r  any u s e f u l  i n v e s t i g a t i o n .  U sing 1 . 0 5  m ols o f  

o x i d i s i n g  a g e n t ,  a b o u t  4 0 $  o f  th e  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  unch an g ed , and o n ly  a v e ry  low y i e l d  o f  

c r y s t a l l i n e  p r o d u c t ,  p ro b a b ly  c o n ta in in g  th e  t e t r a -  

s u b s t i t u t e d  d o u b le  bond and one a d d i t i o n a l  oxygen a tom , 

was i s o l a t e d .  The o n ly  c o n c lu s io n  to  be drawn from 

t h e s e  e x p e r im e n ts  i s  t h a t  u r s a - 1 1 s 1 3 (1 8 )♦ d ie n y l  a c e t a t e  

i s  v e r y  e a s i l y  o x id i s e d  t o  a  v a r i e t y  o f  p r o d u c t s .  T h is  

may e x p l a i n  t h e  low y i e l d  i n  th e  i n i t i a l  p r e p a r a t i o n ,  

w here t h e  s lo w ly  formed d i e n y l  a c e t a t e  would be r a p i d l y  

o x i d i s e d  f u r t h e r ,  l e a v in g  o n ly  a sm a ll  e q u i l i b r iu m

c o n c e n t r a t i o n .

T re a tm e n t  o f  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  

w i t h  H -b ro m su cc in im id e  g i v e s  o l e a n a - 1 0 . 1 2 s l 8 - t r i e n y l  

a c e t a t e  ( 3 3 ) .  From an a t t e m p t  t o  re p ro d u c e  t h i s



33-

r e a c t i o n  i n  t h e  c*-amyrin s e r i e s ,  no such p ro d u c t  was 

obtained*, a  l a r g e  amount o f  unchanged s t a r t i n g  m a t e r i a l  

was r e c o v e r e d .

O th e r  m ethods f o r  th e  p r e p a r a t i o n  o f  u r s a - 1 1 :

1 3 ( ! 8 ) - d i e n y l  a c e t a t e ,  n o t  in v o lv in g  p o s s i b l e  l o s s  o f  a 

m e th y l  g ro u p ,  s u g g e s te d  th e m s e lv e s .  Clemmensen 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  g i v e s  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  i n  good y i e l d  (6 2 ) ;  w h i le  i s o - * -  

a m y ra d ie n o n y l  a c e t a t e  i s  known to  undergo i s o m e r i s a t i o n  

i n  p r e s e n c e  o f  h y d rogen  c h lo r i d e  ( 3 7 ) ,  i t  was d e c id e d  

to  a t t e m p t  i t s  r e d u c t i o n  u n der  Clemmensen c o n d i t i o n s  chosen 

to  m in im ise  i s o m e r i s a t i o n .  However, no i d e n t i f i a b l e  

p r o d u c t  c o u ld  be i s o l a t e d  from  t h i s  r e a c t i o n .

From th e  t h e o r y  o f  h y p e r c o n ju g a t io n ,  f i r s t  

a p p l i e d  t o  t r i t e r p e n e s  by B a r to n  and B rooks ( 7 0 ) f i t  

a p p e a r s  t h a t  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e ,  h a v in g  o n ly  one 

h y p e r c o n ju g a t in g  ca rb o n -h y d ro g en  bond , sh ou ld  be l e s s  

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

tw o , and m ig h t  be  c o n v e r te d  i n t o  i t  by a c id  t r e a tm e n t .

Such r e a c t i o n s  in v o lv in g  c o n v e rs io n  o f  a  hom oannular 

t o  a  h e t e r o a n n u l a r  d ie n e  a r e  w e l l  known i n  s t e r o i d  

c h e m is t r y  ( 7 5 ) .  N e v e r t h e l e s s ,  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  

was u n a f f e c t e d  by e i t h e r  s u lp h u r i c  o r  h y d r o c h lo r i c  a c i d .

I t  was a l s o  shown t h a t  u r s a - l l s 1 3 (1 8 ) - d i e n y l  a c e t a t e  was 

n o t  i s o m e r i s e d  by h yd rog en  c h l o r i d e .

A cid  c o n d i t i o n s  cau se  i s o m e r i s a t i o n  o f  2 - k e t o -



o le a n - 1 2 - e n e  to  2 - k e t o - o l e a n - 1 3 ( l 8 ) - e n e  ( 5 1 ) ,  and o f  

p - a m y r in  a c e t a t e  t o  o l e a n - 1 3 ( 1 9 ) - e n y l  a c e t a t e  ( 7 6 ) .  

A lth o u g h  a  s i m i l a r  a t t e m p t  to  r e a r r a n g e  2 - 3t e t o - u r s - 1 2 -  

ene had  f a i l e d  ( 5 l ) »  <*-amyrin a c e t a t e  was t r e a t e d  w i th  

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

o n ly  unchanged  s t a r t i n g  m a t e r i a l  was r e c o v e r e d .

S in c e  c h e m ic a l  m ethods had f a i l e d ' t o  show t h a t

u r s a - l l s 1 3 ( l 8 ) - d i e n y l  a c e t a t e  r e t a i n e d  th e  carbon

s k e l e t o n  o f  oC-amyrin, p h y s i c a l  m ethods f o r  a t t a i n i n g

t h i s  o b j e c t  were c o n s id e r e d .  The o n ly  one o f  th e s e

w h ich  a p p e a re d  to  be  p r a c t i c a b l e  was d e te r m in a t io n  o f

t h e  e q u i v a l e n t  o f  th e  h a l f - s u c c i n a t e . A model ex p e r im en t

was c a r r i e d  o u t  on *<-amyrin, u s in g  th e  method o f  H eu sse r

and W e r th ie r  (77) f o r  th e  p r e p a r a t i o n  o f  s u c c in y l

d e r i v a t i v e s  o f  s t e r o i d s .  «*-Amyrin h a l f - s u c c i n a t e

(C H : ?O.OC(CH') COOH) was p r e p a r e d  and c h a r a c t e r i s e d ,
30 4 9  2 2

and  i t s  e q u i v a l e n t  d e te rm in e d  by m i c r o - t i t r a t i o n  a g a i n s t

O .IN  sodium  h y d ro x id e  s o l u t i o n .  The m arg in  o f  e r r o r ,  

h o w e v e r ,  was found  t o  be r a t h e r  g r e a t e r  th a n  th e  1 4  p a r t s  

i n  500 r e q u i r e d  t o  d i s t i n g u i s h  betw een u r s a - 1 1 :1 3 (1 8 ) -  

d i e n y l  h a l f - s u c c i n a t e  and i t s  low er hom ologue. A ccord

i n g l y ,  u r  s a - 1 1 i 1 3 ( 1 8 ) - d i  e n y l  h a l f - s u c c i n a t e  was n o t  

p r e p a r e d .

I n  c o n c lu s io n ,  i t  may be s a id  t h a t  w h i le  i t  

was n o t  p o s s i b l e  to  p rove  t h a t  t h e  new d i e n y l  a c e t a t e  

was i n  f a c t  u r s a - 1 1 s 1 3 ( l 8 ) - d i e n y l  a c e t a t e ,  and n o t  a



n o r - u r s a - 1 1 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e ,  th e  s i m i l a r  fo rm a t io n

o f  u r s a - 1 0 : 1 2 —d i e n y l  a c e t a t e  i s  i n  fa v o u r  o f  t h e  fo rm er

fo r m u la t io n ,  and h en ce  o f  th e  ab sen ce  o f  a G -m eth y l
(18)

g ro u p  m  * - a m y r in .

W hichever o f  th e s e  f o r m u la t io n s  i s  t r u e ,  th e  

r e s u l t s  o b ta in e d  a r e  o f  i n t e r e s t  i n  th e  l i g h t  o f  th e  

s t r u c t u r a l  p r o p o s a l s  o f  T schesche  and Fugmann ( 7 8 ) ,  who 

so u g h t  t o  e x p la in  t h e  d i f f e r e n c e s  i n  r e a c t i v i t y  betw een  

<*- and P -a m y r in  by p o s t u l a t i n g  th e  e x i s t e n c e  o f  a  

d i - t e r t i a r y  do u b le  bond i n  t h e  fo rm er compound. The 

p ro p o se d  s t r u c t u r e  f o r  o(-am yrin  i s  t h a t  shown i n  XXXIX,

XXX/X
H O

w h ich  would th e n  d i f f e r  from  o l e a n - 1 3 ( l 8 ) - e n o l  o n ly  in  

t h e  c o n f i g u r a t i o n  a t  C , a s  shown by J e g e r  (5 2 )•
(17)

T h is  s t r u c t u r e  was su p p o r te d  by new i n t e r p r e t a t i o n s  of 

t h e  r e a c t i o n s  o f  o<-amyrin, b u t  th e s e  a r e  n o t  a l t o g e t h e r  

s a t i s f a c t o r y ,  e s p e c i a l l y  i n  th e  case  o f  p e ro x id e  

o x i d a t i o n ,  where a  1 3 * l8 -e p o x id e  was p o s t u l a t e d ,  and 

th o u g h t  to  r e a r r a n g e  to  a  12 -he tone$  th e  mechanism 

adduced  to  a c c o u n t  f o r  t h i s  i s  open to  d o u b t .

The new f o r m u la t io n  i s  n o t  e a sy  to  r e c o n c i l e  

w i t h  t h e  s p e c t r o s c o p i c  r e s u l t s  o f  H a l s a l l  ( 7 4 ) ,  and w i th



t h e  p r o d u c t i o n  o f  a c e to n e  on chromium t r i o x i d e  o x id a t io n  

o f  /3- a m y r in  a c e t a t e  o n ly  ( 7 9 ) .  I n  a d d i t i o n ,  w h i le  a  

compound o f  t h e  s t r u c t u r e  XXXIX c o u ld  be o x id i s e d  to  a 

t r a n s o i d  h e t e r o - a n n u l a r  d i e n e ,  th e  h y d ro g e n a t io n  p ro d u c t  

f rom  t h a t  d i e n e ,  b e in g  d i f f e r e n t  from  c<-amyrin, would 

have  to  p o s s e s s  e i t h e r  a  C -C o r  a C -C
(11) (12) (12) (13)

d o u b le  b o n d . N e i th e r  o f  t h e s e  i s  l i k e l y ,  i n  v iew  o f  

t h e  c lo s e  c o r re sp o n d e n c e  in  p h y s i c a l  p r o p e r t i e s  be tw een  

o<-and p - a m y r in ,  and be tw een  u r s - 1 3 ( l 8 ) - e n y l  a c e t a t e  

and o l e a n - 1 3 ( 1 8 ) - e n y l  a c e t a t e ;  a l s o ,  c a t a l y t i c  

r e d u c t i o n  t o  g iv e  a  mono-ene o f  t h e  ty p e  r e q u i r e d  i s  

unknown i n  t r i t e r p e n e  c h e m is t r y ,  and seems p re c lu d e d  

by s t e r i c  c o n s i d e r a t i o n s .

An a c c o u n t  o f  th e  s a l i e n t  f e a t u r e s  o f  t h e  

above work h a s  a l r e a d y  been  p u b l i s h e d  (8 0 ) .
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The S t e r e o c h e m is t r y  o f  «C-Amyrin D e r i v a t i v e s

I t  h a s  been  shown t h a t  i n  fl-am yrin  t h e  j u n c t i o n  

o f  r i n g s  D and E i s  i n  th e  l e s s  s t a b l e  c i s - c o n f i g u r a t i o n « 

s i n c e  l l - k e t o - o l e a n - 1 2 » e n o l  (XL) i s  e p im e r is e d  by 

a l k a l i  ( 7 9 ) t a s  a l s o  i s  m e th y l  l l - k e t o - o l e a n - 1 2 - e n o l a t e  

a c e t a t e  (4 6 ) .  The e p im e r ic  l l - k e t o - o l e a n - 1 2 - e n y l  

a c e t a t e  (XLI) may be  h y d ro g e n a te d  to  g iv e  an iso m er (XLII)

o h "
Me

Me

*M e

XL I

X L f l

o f  /3 -am y r in ,  w h ic h ,  on se len iu m  d io x id e  o x i d a t i o n ,  i s

c o n v e r t e d  i n t o  th e  known o le a n & r l l* 1 3 ( l8 ) -< l i6 ny l  a c e t a t e

( X L I I l ) .  T h is  c h a in  o f  r e a c t i o n s ,  and a  s i m i l a r  one

i n  t h e  o l e a n o l i c  a c i d  s e r i e s ,  show t h a t  t f p im e r is a t io n

o c c u r s  a t  C o n ly .
<1 8 )l l - K e t o - u r s - 1 2 - e n y l  a c e t a t e  was p r e p a re d  by 

chromium t r i o x i d e  o x i d a t i o n  o f  c(-amyrin a c e t a t e  ( 2 5 ) .



I t  was c o n firm ed  t h a t  t h i s  compound co u ld  n o t  he

b ro m in a te d  u n d e r  norm al c o n d i t i o n s ,  a  f i n d in g  e x p la in e d

on g ro u n d s  o f  s t e r i c  h in d ra n c e  by th e  m e th y l  g roup

a t t a c h e d  t o  H - K e t o - u r s - 1 2 - e n y l  a c e t a t e  was

th e n  s u b j e c t e d  to  p ro lo n g e d  t r e a tm e n t  w i th  s t r o n g

a l k a l i ,  and  was re c o v e re d  unchanged; t h i s  o b s e r v a t io n

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

more s t a b l e  c o n f i g u r a t i o n  in  t h i s  c a s e .  In  o r d e r  to

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

a c e t a t e  a f f e c t s  C , i t s  e n o l  a c e t a t e  was s o u g h t ,  b u t
( 18 )

i t  was h o t  fo rm ed , even  a f t e r  r e f l u x i n g  f o r  72 h o u rs  

w i t h  sodium  a c e t a t e  and a c e t i c  a n h y d r id e .

E v id e n ce  o f  th e  s t a b i l i t y  o f  t h e  D/E r i n g  

j u n c t i o n  i n  u r s o l i c  a c i d  was g iv e n  by B a r to n  and 

H o ln e s s  (4 6 ) ,  who found  t h a t  r e a c t i o n  o f  m eth y l 1 1 - k e t o -  

u r s - 1 2 - e n o l a t e  a c e t a t e  w i th  e i t h e r  a c id  o r  b a se  f a i l e d  

t o  c a u se  i s o m e r i s a t i o n .  They con c lu ded  t h a t  e i t h e r  

t h e  C c o n f i g u r a t i o n  was i n  th e  more s t a b l e  a r r a n g e -
(18)

m e n t , o r  t h a t  t h e r e  was no hydrogen  a t t a c h e d  to  C in
( 18 )

u r s o l i c  a c i d .  The p o s s i b i l i t y  t h a t  a  m e th y l  group i s  

a t t a c h e d  t o  C i n  o(-amyrin h a s  a l r e a d y  been  d i s c u s s e d
(18)

( s e e  above)  and t h i s  seems l e s s  l i k e l y  th a n  th e  p re s e n c e

o f  a  h y d ro g e n  atom a t  t h a t  p o i n t .

J e g e r  (52) had  a l r e a d y  su g g e s te d  t h a t  th e  m ethy l

g ro up  a t t a c h e d  t o  C was o p p o s i te  i n  c o n f i g u r a t i o n  in
( 17 )

t h e  two a m y r in s ,  from  d e g r a d a t io n s  l e a d in g  to  i^wo an a lo g o u s



compounds o f  e q u a l  and o p p o s i te  o p t i c a l  r o t a t i o n *  and

a p p a r e n t l y  c o n ta in i n g  th e  o r i g i n a l  C o f  th e  am yrins
( 1 7 )

a s  t h e  o n ly  asym m etric  c e n t r e .  W hile t h i s  work was 

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

t o  be m ade, t h e r e  i s  a t  p r e s e n t  no re a s o n  to  doub t th e  

c o n c l u s i o n .

On a p p ly in g  t h i s  i n  th e  l i g h t  o f  B a r to n * s  

s t e r e o c h e m ic a l  fo rm u la  f o r  /3 -am y rin  (JO ), th e  D/E r i n g  

j u n c t i o n  i n  <X-amyrin may be a s s ig n e d  th e  c o n f i g u r a t i o n

x u T

shown i n  XLIV, i n  w hich  th e  hydrogen  atom a t t a c h e d  to

C i s  on t h e  same s id e  o f  th e  m o lecu le  a s  th e  m e th y l
( 18 ) 

g ro u p  a t  C
( 5 ) .

A t t e n t i o n  was th e n  tu rn e d  t o  th e  c o n f i g u r a t i o n  

a t  C i n  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e ,  and i t  was
( 1 3 )

foun d  t h a t  t h i s  compound was a l s o  u n a f f e c t e d  by s t r o n g  

a l k a l i .  I t s  e n o l  a c e t a t e  was form ed, and shown to  

p o s s e s s  t h e  1 0 :1 2 - d ie n e  s t r u c t u r e  (XLV) a s  i t s  u l t r a 

v i o l e t  a b s o r p t i o n  sp ec tru m  was t h a t  c h a r a c t e r i s t i c  o f  a



40 .

hom oannu la r  d i e n e .  The s t a b i l i t y  a t  C was
( 1 3 )

c o n f i rm e d  by th e  re c o v e ry  o f  1 2 - k e to - u r s - 1 0 - e n y l  a c e t a t e  

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

O x id a t io n  o f  u r s a - 1 0 : 1 2 - d i e n y l  b e n z o a te  w i th  

h y d ro g e n  p e ro x id e  g iv e s  a  m ix tu re  o f  l l - k e t o - u r s - 1 2 -  

eny l^ -benzoa te  and a n o th e r  - u n s a t u r a t e d  k e to n e  which 

may be  c o n v e r te d  i n t o  1 2 - k e to - u r s - 1 0 - e n o l  by a l k a l i  

t r e a t m e n t .  R e d u c t io n  o f  t h i s  new <</3- a n  s a t u r a t e d  k e to n e  

w i th  sodium  and amyl a l c o h o l  y i e l d s  u r s a - 1 0 : 1 2 - d i e n o l ,  

and c a t a l y t i c  h y d r o g e n a t io n  o f  i t s  a c e t a t e  g iv e s  a 

s a t u r a t e d  k e to n e ,  i s o m e r ic  w i th  1 2 - k e to - u r s a n y l  a c e t a t e ,  

b u t  n o t  i d e n t i c a l  w i th  i t .  T h is  work was c a r r i e d  o u t  

by  McLean, R u ff  and S p r in g  ( 6 l ) ,  who su g g e s te d  t h a t  th e

XLVJ

new ^ - u n s a t u r a t e d  k e to n e  (XLVl) d i f f e r e d  from  1 2 - k e t o -  

u r s - 1 0 - e n o l  o n ly  i n  th e  o r i e n t a t i o n  o f  t h e  hydrogen  atom 

a t  G , and r e f e r r e d  to  i t  a s  ij*o-e(-amyrenonol I I .
( 1 3 ) The p e ro x id e  o x id a t io n  o f  u r s a - 1 0 : 1 2 - d i e n y l  

b e n z o a te  was r e p e a t e d  and s u b s t a n t i a l l y  s i m i l a r  r e s u l t s
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o b t a i n e d ,  a l th o u g h  iso-«c-amyr enony l I I  h e n z o a te  i s o l a t e d

i n  much lo w er  y i e l d  th a n  p r e v i o u s ly  r e p o r t e d .  iso-<x-

Am yrenonyl I I  h e n z o a te  was sm ooth ly  c o n v e r te d  i n t o

1 2 - k e t o - u r s - 1 0 - e n o l  on v ig o r o u s  a l k a l i n e  h y d r o l y s i s ,  and

on m i ld  h y d r o l y s i s  gave an a l c o h o l  w hich was a c e t y l a t e d

t o  g iv e  iso -o (-am yrenony l I I  a c e t a t e .  The e n o l  a c e t a t e

i  s o -  gf- amyrenony 1  I I  a c e t a t e  was p r e p a r e d ,  and found

t o  he  i d e n t i c a l  w i th  t h a t  o f  1 2 - k e to - u r s - 1 0 - e n y l  a c e t a t e .

T h is  a p p e a r s  to  c o n f i rm  t h a t  th e  new <*p-unsaturated

k e to n e  i g  t h e  C -e p im e r  o f  1 2 - k e t o - u r s - 1 0 - e n o l ,  and
( 1 3 ) .

t h e  name 1 3 " i s o - 1 2 - k e t o - u r s - 1 0 - e n o l  i s  s u g g e s te d .

1 3 - is p .-1 2 -K e to ~ u rs -1 0 -e n y l  a c e t a t e  was

h y d r o g e n a te d ,  and gave <<-amyranonyl I I  a c e t a t e ,  which

w i l l  he  d e f e r r e d  to  a s  i s o - 1 2 - k e t o - u r s a n y l  a c e t a t e .

T h is  was fou nd  to  d i f f e r  somewhat i n  m e l t in g  p o i n t  from

t h a t  p u b l i s h e d .  The p re s e n c e  o f  a  s t r o n g  hand a t  
-1

1696 cm. i n  i t s  i n f r a - r e d  a b s o r p t io n  spec trum  confirm ed  

t h a t  t h i s  compound c o n ta in e d  a  c a rb o n y l  g ro u p »i-s0ifed-12- 

K e t o - u r s a n y l  a c e t a t e  was b ro m in a te d  and dehyd rob ro m ina ted  

u n d e r  th e  c o n d i t i o n s  u sed  f o r  th e  i n t r o d u c t i o n  o f  th e

0  -C d o u b le  bond i n t o  1 2 - k e to - u r s a n y l  a c e t a t e .
(10) (11)

1 2 - K e to - u r s - 1 0 - e n y l  a c e t a t e  was o b ta in e d  a s  s o le  p ro d u c t ;  

t h i s  i s  n o t  u n e x p e c te d ,  s in c e  e p im e r i s a t io n  a t  C in
( 1 3 )

e i t h e r  s t a r t i n g  m a t e r i a l  o r  i n i t i a l l y  form ed 1 3 - l s o - 1 2 -  

k e t o - u r s - 1 0 - e n y l  a c e t a t e  cou ld  o c cu r  in  th e  p re s e n c e  o f  

h y d ro g en  b r o m id e .
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The e n o l  a c e t a t e  o f  i so - 1 2 - k e t o - u r s a n y l  

a c e t a t e  was th e n  p r e p a r e d ,  an d , s u r p r i s i n g l y ,  found to  

he d i f f e r e n t  from  th e  known e n o l  a c e t a t e  o f  1 2 - k e to -  

u r s a n y l  a c e t a t e  (3 5 ) •  On h y d r o l y s i s ,  th e  p a r e n t  

s a t u r a t e d  k e to n e  was r e c o v e re d  unchanged. 12 -K eto - 

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

C was a l s o  o b ta in e d  by h y d r o l y s i s  o f  i i s  e n o l  a c e t a t e .
(13)

Two e x p la n a t io n s  o f  t h i s  seeming anomaly a r e  

p o s s i b l e .  E n o l i s a t i o n  o f  th e  k e to n e  u n s t a b ly  o r i e n t e d  

a t  C , o r  o f  b o th  k e to n e s ,  may le a d  to  th e  fo rm a t io n
(13)

o f  a  C -C d o u b le  bond , r a t h e r  th a n  one betw een 
( 11) (12)

C and C . However, chromium t r i o x i d e  o x id a t io n
(12) (13)

o f  t h e  e n o l  a c e t a t e  o f  1 2 - k e to - u r s a n y l  a c e t a t e  g iv e s  a

OAc Of\c

X L V I I  X L V I H  I L

compound f o r m u la te d  a s  i n  XLVII ( 6 0 , 5 9 ) > which i s

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

s t r u c t u r e  X LV III. I t  w i l l  be l a t e r  shown t h a t  a

s a t u r a t e d  k e to n e  o f  th e  s t r u c t u r e  IL f a i l s  to  form an

e n o l  a c e t a t e ,  an im p ro b ab le  r e s u l t  i f  e n o l i s a t i o n  tow ards

C i s  p o s s i b l e .  F i n a l l y ,  th e  u l t r a - v i o l e t  a b s o r p t io n
( 11)

s p e c t r a  o f  th e  e n o l  a c e t a t e s  o f  b o th  1 2 - k e to - u r s a n y l  

a c e t a t e  and i s o - 1 2 - k e to - u r s a n y l  a c e t a t e  a re  v e ry  s i m i l a r ,  

and s u g g e s t i v e  o f  t r i - s u b s t i t u t e d  doub le  bonds ( 7 4 , 8 l ) .
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The a l t e r n a t i v e  p o s s i b i l i t y  i s  t h a t  s a t u r a t i o n  o f  th e

G, »"G, * d o u b le  bond o f  1 3 - i s o - 1 2 - k e t o - u r s - 1 0 - e n y l
( 10) ( 11)

a c e t a t e  l e a d s  to  th e  o p p o s i te  c o n f i g u r a t i o n  a t  C
( 10)

from  t h a t  i n  1 2 - k e t o - u r s a n y l  a c e t a t e ,  and t h a t  t h a t  

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

a t  C
( 1 3 )

T h is  second  h y p o t h e s i s ,  a l th o u g h  l e s s  s im p le ,

a p p e a re d  th e  more p r o b a b le ,  and d i r e c t e d  a t t e n t i o n  to

G o f  <*-amyrin d e r i v a t i v e s .  1 2 - A c e t o x y - l l - k e t o - u r s -  
( 10)

1 2 - e n y l  a c e t a t e  (L) was p r e p a r e d  by chromium t r i o x i d e  

o x i d a t i o n  o f  th e  e n o l  a c e t a t e  o f  1 2 - k e to - u r s a n y l  a c e t a t e  

( 6 0 ) •  An a t t e m p t  to  form  th e  d i - e n o l  d i - a c e t a t e  (L i)

AcO HO

LI

o f  t h i s  was u n s u c c e s s f u l ,  b u t  p ro lo n g e d  a l k a l i  t r e a tm e n t

o f  L gave l l : 1 2 - d i k e t o - u r s a n o l  ( L I l )  i d e n t i c a l  w i th  t h a t

o b t a i n e d  on m ild  h y d r o l y s i s  (6 0 ) ,  t h u s  i n d i c a t i n g  s t a b i l i t y

o f  c o n f i g u r a t i o n  a t  C • The e n o l  a c e t a t e  o f  i s £ - 1 2 -
(10)

k e t o - u r s a n y l  a c e t a t e  was o x id i s e d  w i th  chromium t r i o x i d e ,



44.

with, th e  o b j e c t  o f  p r e p a r in g  an i s o - 1 2 - a o e t o x y - l l - k e t o -

u r s - 1 2 - e n y l  a c e t a t e .  The o n ly  c r y s t a l l i n e  p ro d u c t

o b t a i n e d ,  how ev er ,  was a  sm all  amount o f  l V i s o - 1 2 -k e to -

u r s - 1 0 - e n y l  a c e t a t e ,  whose i d e n t i t y  was con firm ed  by

c o n v e r s io n  i n t o  1 2 - k e t o - u r s - 1 0 - e n o l .

I f  t h e  h y p o th e s i s  t h a t  1 2 - k e t o - u r s a n y l  a c e t a t e

and i s o - 1 2 - k e t o - u r s a n y l  a c e t a t e  d i f f e r  b o th  a t  C and
( 10)

C i s  c o r r e c t ,  th e  f a c t  t h a t  b o th  a r e  s t a b l e  i s
(13)

s i g n i f i c a n t .  On a p p l i c a t i o n  o f  t h e  r u l e s  fo rm u la te d  by 

Jo h n so n  (47) f o r  p e rh y d ro p h e n a n th re n e s ,  b a sed  on t h e  work 

o f  L i n s t e a d  and h i s  c o l l a b o r a t o r s  (4 3 ) ,  i t  a p p e a rs  t h a t  

t h i s  common s t a b i l i t y  can o n ly  be e x p la in e d  by  p o s t u l a t i n g  

a  c i s - r e l a t i o n s h i p  be tw een  th e  s u b s t i t u e n t s  a t  C and
—  (9)

C . As was m en tio n ed  i n  t h e  H i s t o r i c a l  S e c t i o n ,
( 1 4 )

c o n f i g u r a t i o n s  a t  C ,  C ,  C and C have  been
(2) ( 5 ) (6) ( 9 )

shown to  be  t h e  same i n  b o th  a m y r in s ,  w i th  a p p o s s i b i l i t y

t h a t  t h i s  s i m i l a r i t y  e x te n d s  to  G and C . B y
( 1 0 ) ( 1 4 )

a p p ly in g  a l l  th e s e  d a t a ,  i n  t h e  l i g h t  o f  t h e  known

s t e r e o c h e m i s t r y  o f  1 2 - k e to - o le a n a n o l  ( L I I l ) , and making

t h e  n e c e s s a r y  a ssu m p tio n  t h a t  th e  two compounds d i f f e r

i n  c o n f i g u r a t i o n  a t  G th e  h y p o t h e t i c a l  s t e r e o c h e m ic a l
( 1 4 )
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fo rm u la  LIY may be p u t  fo rw ard  f o r  1 2 - k e t o - u r s a n y l  

a c e t a t e .  The s i t u a t i o n  a t  th e  j u n c t i o n  o f  r i n g s  D 

and  E h a s  been  d i s c u s s e d  e a r l i e r .  The h y p o t h e t i c a l  

G e p im e r  o f  1 2 - k e to - u r s a n o l  would th e n  p o s s e s s  th e
( 1 3 )

th e rm o d y n a m ic a l ly  u n s t a b le  c y c lo h exane b o a t  form in

r i n g  C, a s  t h i s  would be l in k e d  t r a n s - syn- t r a n s  w i th

i t s  n e ig h b o u r s .  i s o - 1 2 -K e to -u rs a n o l  would be

r e p r e s e n t e d  by  LV, and e p im e r i s a t io n  a t  C would a g a in
( 1 3 )

LV
HO

l e a d  t o  an  u n fa v o u re d  form  in  r i n g  C.

The v iew  t h a t  c o n f i g u r a t i o n s  a t  C in  b o th
( 1 4 )

a m y r in s  a r e  th e  same i s  b a sed  on th e  r e t r o p i n a c o l i n i c

re a r r a n g e m e n t  th o u g h t  to  be common to  th e  fo rm a t io n  o f

b o t h  i s o -a m y ra d ie n o n y l  a c e t a t e s  (4 0 ) .  However,

s i m i l a r i t y  o f  c o n f i g u r a t i o n  a t  G i n  <*- and /3-am y rin
( 10)

was i n f e r r e d  from  com parison  o f  o p t i c a l  r o t a t i o n s ,  and

i t  i s  th e  c o n te n t i o n  o f  th e  a u th o r  o f  t h i s  t h e s i s  t h a t

th e  a p p l i c a t i o n  o f  t h i s  method to  C l e a d s  to  t h e
(1 4 )

o p p o s i t e  c o n c lu s io n  (se e  T ab le  3 )* ^  and /^-amyrin

d i f f e r  s t e r e o c h e m ic a l l y  a t  two asym m etric  c e n t r e s ,  and 

have  s i m i l a r  o p t i c a l  r o t a t i o n s ,  th e n  th e  r o t a t i o n a l  

c o n t r i b u t i o n  o f  t h e s e  two c e n t r e s  m ust be a p p ro x im a te ly
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s q u a l  and  o p p o s i t e ,  and rem oval o f  one o f  them w i l l  

l e a d  t o  a  d i f f e r e n c e  i n  o p t i c a l  r o t a t i o n  betw een th e  

two s e r i e s .  Such d i f f e r e n c e s  a re  p o s t u l a t e d  in  

fo rm u la e  L I I I  and LIV, and a p p e a r  to  be d e m o n s tra te d  

i n  T a b le  3 .

T ab le  ^

F u n c t i o n a l  Groups 
( i n  a d d i t i o n  to  2 -a c e to x y )

S p e c i f i c  R o ta t io n s
I3

A 1 2 - 1 3  

1 2 - k e t o - A l O - l l

- ^ 1 0 -1 1 ,  12-13

1 2 -a c e to x y  

Zi 1 1 -1 2 ,  13-18  

1 2 - k e t o - A 1 0 - 1 1 , 1 4 - 1 5

+7 9 ° (a)  

+ 8 4  (a )  

+3 1 5 ' (a )  

- 4 ° (a )  

“ 7 9 ° (a)  

+7 ° (a )

+83°(0 ) 

+61° (b)

+3 3 1 ° (d)

+11* (e)  

- 6 2 ° (b) 

- 4 0 ° (b)

R e f e r e n c e s :  (a )  t h i s  work; (b) (62)5 (c)  (79)5 

(d) (8 2 ) ;  (e )  (4 6 ) .

B a r to n  and H o ln ess  have succeeded  i n  

e q u i l i b r a t i n g  u r s o l i c  a c id  w i th  i t s  h i t h e r t o  unknown 

l a c t o n e  by th e  a c t i o n  o f  hyd ro gen  c h lo r i d e ;  t h i s  i s  

s i m i l a r  to  th e  b e h a v io u r  o f  o l e a n o l i c  a c id  (L V I), b u t  

i s  i n  c o n t r a s t  to  t h a t  o f  th e  more th e rm o d y n am ica lly  

s t a b l e  l 8 - i s o - o l e a n o l i c  a c i d ,  which i s  c o n v e r te d  i r 

r e v e r s i b l y  i n t o  i t s  l a c to n e  (LVIl) (4 6 ) •  T h is  s u g g e s ts  

t h a t  w h i le  u r s o l i c  a c id  i t s e l f  p o s s e s s e s  a  s t a b l e
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c ooh

L  V I

CO

c o

L V f l

c o n f i g u r a t i o n ,  i t s  l a c to n e  i s  i n  some way u n s t a b ly  

o r i e n t a t e d ,  u n l ik e  th e  l a c to n e  o f  1 8 - i s o -  o l e a n o l i c  

a c i d .  I f  s t r u c t u r e  LIV i s  a c c e p te d ,  i t  w i l l  be seen  

t h a t  l a c t o n i s a t i o n  r e q u i r e s  t h a t  th e  s u b s t i t u e n t  a t  

e i t h e r  C o r  C sh ou ld  have th e  o p p o s i te
(13) (17)

c o n f i g u r a t i o n  from  t h a t  shown, i n  e i t h e r  case  l e a d in g  

to  an  u n s t a b l e  a r ra n g e m e n t ,  a s  i n  L V III o r  LIX.

c oH

U X

The w eakness o f  th e  argum ent l e a d in g  to  LIV 

l i e s  i n  t h e  a p p l i c a t i o n  o f  r u l e s  deduced from  p e rh y d ro -  

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

i s  p e r h a p s  u n j u s t i f i e d .  In  a d d i t i o n ,  s t r u c t u r e  LIV



48.

s u g g e s t s  t h a t  a  c i s - 3yn- t r a n s  sy s tem  i n  r i n g s  C,D and 

E o f  1 2 - k e t o - u r s - 1 0 - e n o l  i s  more s t a b l e  t h a n  a  s i m i l a r  

t  r a n  s - a n t  i - 1 r a n s  sy s tem  i n  1 3 - i s o - 1 2 - k e t o - u r s - 1 0 - e n o l .  

a l t h o u g h  t h i s  m ig h t  be r e n d e re d  p o s s i b l e  by th e  p r e s e n c e  

o f  t h e  d o u b le  b o n d . However, t h e  h y p o t h e s i s  o f  

s t r u c t u r e  LIV i s  p u t  fo rw a rd  by th e  a u t h o r  a s  a  p o s s i b l e  

b a s i s  f o r  f u r t h e r  i n v e s t i g a t i o n .

iso-oC -A m yradienonyl A c e ta te

i s o - oc-Amyradienonyl a c e t a t e  may be c a t a l y t i c a l l y  

h y d r o g e n a te d  to  g iv e  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e ,  w h ich  

i s  known t o  c o n t a i n  t h e  c a rb o n  s k e l e t o n  o f  o<-amyrin (37) • 

T h is  s u g g e s t s  t h a t  i s o - <*-amyradienonyl a c e t a t e  a l s o  

p o s s e s s e s  th e  c a rb o n  s k e l e t o n  o f  e6-amyrin ( 6 l ) ,  a  

c o n c l u s i o n  w h ic h  i s  i n  d i r e c t  c o n t r a d i c t i o n  to  th e  

f o r m u l a t i o n  LX f o r  i s o -o (-am yrad ienony l a c e t a t e ,  deduced  

from  o t h e r  c h e m ic a l  e v id e n c e  ( s e e  H i s t o r i c a l  S e c t io n ) *

L X t

O H
HO

LX

At t h e  t im e  o f  commencement o f  t h i s  w ork , 

p u b l i s h e d  d e t a i l s  o f  t h e  i n v e s t i g a t i o n  o f  t h e  c h e m is t ry  

o f  i s o - r t - a m y r a d ie n o n y l  a c e t a t e  had  been  c o n f in e d  to  t h e



c a t a l y t i c  r e d u c t i o n  q u o ted  a b o v e ,  i t s  r e a r r a n g e m e n t  to  

i s o -o (-am yrad ienon y l I I  a c e t a t e  w i th  h y d ro g en  c h l o r i d e ,  

and t h e  f o r m a t io n  o f  th e  t r i o l  LXI by o x i d a t i o n  w i th  

osmium t e t r o x i d e .  ( I n  t h e  i n t e r e s t s  o f  c l a r i t y ,  t h e  

p o s t u l a t e d  s t r u c t u r e  LX f o r  iso -« ( -a m y ra d ie n o n y l  a c e t a t e  

w i l l  be  u se d  f o r  f o r m u la t i o n  o f  i t s  d e r i v a t i v e s ) .  T h is  

t r i o l  had been  f u r t h e r  d e g ra d e d  to  t h e  p r o d u c t s  o f  

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

S in c e  t h e s e  p r o d u c t s  had  b e en  u sed  a s  e v id e n c e  i n  

f a v o u r  o f  t h e  commonly a c c e p te d  s t r u c t u r e  o f  <x-am yrin , 

any  d o u b t  th row n  on t h e  f o r m u la t io n  o f  i s o -o t-am y rad ien o n y l 

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

o(-amyrin i t s e l f .  A c c o rd in g ly ,  i t  was c o n s id e r e d  t h a t  

a  f u r t h e r  i n v e s t i g a t i o n  i n t o  th e  c h e m is t r y  o f  i s o -o(- 

a m y ra d ie n o n y l  a c e t a t e  was n e c e s s a r y ,  e s p e c i a l l y  a s  r e g a r d s  

i t s  b e h a v io u r  to w a rd s  r e d u c in g  a g e n t s .

1 2 - K e to - u r s - 1 0 - e n y l  a c e t a t e  was o x i d i s e d  w i th  

s e le n iu m  d io x id e  by  a  m ethod s l i g h t l y  d i f f e r e n t  from  

t h a t  o f  t h e  o r i g i n a l  p r e p a r a t i o n  (37)»  tout more s u i t a b l e  

f o r  l a r g e - s c a l e  w ork . The p r o d u c t  o b ta in e d  showed no 

r e p r o d u c i b i l i t y  i n  m e l t in g  p o i n t  o v e r  s u c c e s s iv e  

p r e p a r a t i o n s ,  and  was ch ro m atog rap hed  to  g iv e  a  compound, 

unchanged  on f u r t h e r  c h ro m a to g ra p h y , and h a v in g  m .p .  221- 

22 2* , £<x)j, + 7%  w h ich  a p p e a r s  t o  be  p u re  is io -o t-am yrad ienon y l

a c e t a t e .  The o r i g i n a l  p u b l i c a t i o n  r e p o r t s  t h a t  i .so - <x- 

a m y ra d ie n o n y l  a c e t a t e  h a s  m .p .  217-218 , 0 * 1 * + 1 4  • *n
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a d d i t i o n  to  t h i 3 ,  a  m ix tu r e  h a v in g  c o n s i d e r a b ly  h i g h e r  

m e l t i n g  p o i n t  and d e x t r o - r o t a t i o n  was o b t a i n e d  from  th e  

co lum n. T h is  i s  th o u g h t  t o  be  a  m ix tu r e  o f  i s o - * -  

a m y ra d ie n o n y l  a c e t a t e  and i t s  i s o m e r ,  ^ so -o ( -am y rad ie n o n y l  

I I  a c e t a t e ,  a  h y p o t h e s i s  s u p p o r te d  by i t s  u l t r a - v i o l e t  

s p e c t ru m ,  and by  th e  f a c t  t h a t  th e  two i s o m e rs  do n o t  

g i v e  a  m ixed  m e l t i n g  p o i n t  d e p r e s s i o n .  F u r th e r m o r e ,  

p u re  i s o -<x-am yradienonyl I I  a c e t a t e  was o b ta in e d  by 

s u b j e c t i n g  t h e  m ix tu r e  to  t h e  a c t i o n  o f  h y d ro g en  c h l o r i d e .  

C o n f i r m a t io n  o f  th e  p r o d u c t io n  o f  t h i s  m ix tu r e  on 

s e le n iu m  d io x id e  o x i d a t i o n  o f  1 2 - k e t o - u r s - l O - e n y l  a c e t a t e  

was l a t e r  p r o v id e d  in d e p e n d e n t ly  by  V o g e l ,  w o rk in g  a t  

Z u r i c h .  ( 8 3 ) .

The p a r e n t  a l c o h o l s  o f  b o th  i s o - <*-amyradienonyl 

a c e t a t e  and i t s  i so m er  were p r e p a r e d  and c h a r a c t e r i s e d ,  

a s  t h i s  d id  n o t  a p p e a r  to  have  b e en  done b e f o r e .  The 

p h y s i c a l  c o n s t a n t s  o f  th e  a c e t a t e s  were c o n firm ed  by 

r e - a c e t y l a t i o n  o f  the  a l c o h o l s .

The e x i s t e n c e  o f  th e  i s o l a t e d  d o u b le  bond o f  

i  so -  o(- amy r  ad  i  eno ny 1 a c e t a t e ,  w h ich  i s  su g g e s te d  by i t s  

c o lo u r  r e a c t i o n  w i th  t e t r a n i t r o m e t h a n e  was th e n  exam ined . 

I t  was d i s c o v e r e d  t h a 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  

sp e c t ru m  o f  i s o - ° (-am y rad ien ony l a c e t a t e  shows, i n  

a d d i t i o n  t o  th e  maximum a t  2370A ( £ s  9 »5 ° ° )»  a n o th e r

a t  2 1 0 0 A ( £ *  6 , 1 0 0 ) ,  i n d i c a t i v e  o f  a  d o u b le  bond; such

a  maximum i s  a b s e n t  from  t h e  u l t r a - v i o l e t  a b s o r p t i o n
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sp e c tru m  o f  i s o  -  <*- amy r  ad i  eno ny 1  I I  a c e t a t e .  S in c e  t h i s  

d o u b le  bond a b s o r p t i o n  i s  supe r im po sed  on t h a t  due to  

t h e  <*/3- u n s a t u r a t e d  k e to n e  g ro u p ,  i t s  i n t e n s i t y  g i v e s  no 

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

H owever, an a t t e m p t  t o  a l l o c a t e  th e  a b s o r p t i o n  a t  2 1 0 0 A 

b e tw ee n  th e  two chrom ophores showed t h a t  th e  in c re m e n t  

a p p a r e n t l y  due to  t h e  i s o l a t e d  e t h y l e n i c  l in k a g e  was 

n o t  i n c o n s i s t e n t  w i t h  i t s  t r i - s u b s t i t u t e d  s t a t e ,  a s  

shown i n  LX. O x id a t io n  o f  i  so * <<- am yradi e n o n y l  a c e t a t e  

w i th  p o ta s s iu m  p e rm an g an a te  gave a compound c o n ta in i n g  

one a d d i t i o n a l  oxygen a tom . W hether th e  a d d i t i o n a l  

oxygen i s  p r e s e n t  a s  o x id e  o r  k e to n e  i s  n o t  knwwn, b u t  

an  a n a lo g o u s  p e rm an g an a te  o x i d a t i o n  p r o d u c t  from  i s o - /3 -  

a m y ra d ie n o n y l  a c e t a t e ,  w hich  i s  u n d o u b te d ly  an  o x id e  ( 8 4 ) ,  

h a s  s i m i l a r  p h y s i c a l  p r o p e r t i e s ,  and t h e r e  i s  no r e a s o n  

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

p r o d u c t  from  i s o - o(-am yradienonyl a c e t a t e .  T h is  compound

L X I I

g i v e s  no c o lo u r  r e a c t i o n  w i th  t e t r a n i t r o m e t h a n e ,  and  

i t s  u l t r a - v i o l e t  a b s o r p t i o n  sp e c tru m  shows a  maximum
O °

a t  2 4 0 0 A o n l y ,  c o n f i rm in g  t h a t  th e  maximum a t  2 1 0 0 A i n  

th e  sp e c tru m  o f  i s o - <^-am yradienonyl a c e t a t e  i s  due to
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t h e  p r e s e n c e  o f  an  i s o l a t e d  d o u b le  bon d , w h ich  may be 

removed by  o x i d a t i o n .

I t  w i l l  be n o te d  t h a t  t h e  a b s o r p t i o n  

maximum due to  th e  c*/3- u n s a t u r a t e d  k e to n e  g ro u p in g  i n
O o

i s o -o (-am yrad ienon y l a c e t a t e  i s  a t  2 3 7 0 A, 1 3 0 A lo w e r  

t h a n  t h a t  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e ,  w hich  would 

a p p e a r  to  c o n ta in  t h e  same ch ro m p p h o re . However, i f  

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

a b s o r p t i o n  f o r  t h a t  ch rom ophore , c o n ta in in g  two

- s u b s t i t u e n t s  i s  c a l c u l a t e d  a c c o rd in g  to  Woodward’ s 

r u l e s  ( 8 5 ) ,  i t  i s  foun d  to  be a t  2 3 9 0 A. C o n s e q u e n t ly ,  

w h i le  t h i s  s h i f t  c a n n o t  y e t  be e x p la in e d ,  i t  i s  n o t  

e v id e n c e  a g a i n s t  th e  p o s t u l a t e d  f o r m u la t i o n  o f  i s o - oC- 

a m y ra d ie n o n y l  a c e t a t e .

The c a t a l y t i c  h y d r o g e n a t io n  o f  i a o - t f -  

a m y ra d ie n o n y l  a c e t a t e  was n e x t  s t u d i e d ,  s in c e  t h i s  

r e a c t i o n  i s  t h e  c ru x  o f  £he e v id e n c e  a g a i n s t  t h e  a c c e p te d  

s t r u c t u r e  LX. In  t h e  p u b l i s h e d  work o f  R u z ic k a  and h i s  

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

g e n a t i o n  o f  i  so—o(- am yrad i en o n y l a c e t a t e  y i e l d s  b o t h  

1 2 - k e t o - u r s - l O - e n y l  a c e t a t e  and u r s a - 1 0 : I g - d i e n y l  a c e t a t e  

( 3 7 ) .  T h is  e x p e r im e n t  was l a t e r  r e p e a t e d  i n  Z u r ic h  

( 8 3 ) ,  and r a t h e r  d i f f e r e n t  r e s u l t s  o b t a i n e d .  V ery 

c a r e f u l l y  p u r i f i e d  i^o-oc-am yrad i e n o n y l  a c e t a t e ,  whose 

p h y s i c a l  c o n t e n t s  a g re e  w e l l  w i th  th o s e  d e te rm in e d  

i n  t h i s  w o rk , was d i s s o l v e d  in  g l a c i a l  a c e t i c  a c i d ,
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sh ak en  w i th  h y d ro g en  o v e r  p l a t i n u m ,  t h e  th e  p r o d u c t  

c h ro m a to g ra p h e d .  A low y i e l d  o f  1 2 - k e t o - u r s - 1 0 - e n y l  

a c e t a t e  was o b t a i n e d ,  i n  a d d i t i o n  t o  a  new s a t u r a t e d  

k e to n e  d i f f e r e n t  from  any p r e v i o u s l y  p r e p a r e d  from  

© (-am yrin . T h is  k e t o n e ,  w hich  was a l s o  o b ta in e d  i n

AcO

v e r y  low  y i e l d ,  was a s s ig n e d  t h e  s t r u c t u r e  L X I I I .

T h is  r e a c t i o n  was r e p e a t e d  w i th  c a r e f u l l y  * 

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

The h y d r o g e n a t io n  p r o d u c t  gave  a  y i e l d  o f  6% o f  1 2 - k e t o -  

u r s - 1 0 - e n y l  a c e t a t e ,  and a f t e r  t h r e e  s u c c e s s iv e  

c h ro m a to g ra p h ic  s e p a r a t i o n s ,  yfo o f  t h e  new s a t u r a t e d  

k e t o n e .  The r e m a in d e r  o f  th e  p r o d u c t  was an 

i n t r a c t a b l e  m i x t u r e .  A t te m p ts  t o  h y d ro g e n a te  i s o - ^  

a m y ra d ie n o h y l  a c e t a t e  i n  n e u t r a l  and in  a l k a l i n e  s o l u t i o n  

l e f t  t h e  m o le c u le  a n a t t a c k e d .  i s o - * -A m y rad ien o n y l 

a c e t a t e  was th e n  h y d ro g e n a te d  i n  g l a c i a l  a c e t i c  a c i d  

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

c h ro m a to g ra p h y ,  a  15^ y i e l d  o f  1 2 - k e t o - u r s - 1 0 - e n y l  

a c e t a t e  was i s o l a t e d ,  i n  a d d i t i o n  to  m a t e r i a l  c o n t a i n 

in g  a  h i g h  p r e p o r t i o n  o f  u r s a - 1 0 s l 2 - d i e n y l  a c e t a t e ,  a s

shown by  u l t r a - v i o l e t  s p e c t r o s c o p y .
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These r e s u l t s  su g g e s t  th a t  the  co n v e rs io n

o f  i  bo-<<-am yrad i e n o n y l  a c e t a t e  i n t o  1 2 - k e t o - u r s - 1 0 - e n y l  

a c e t a t e  i s  d e p e n d a n t  on th e  p r e s e n c e  o f  h y d ro g en  i o n s ,  

a  t h e o r y  w h ich  i s  q u i t e  c o n s i s t e n t  w i th  m e th y l  g ro u p  

m i g r a t i o n ,  a s  i n  t h e  r e a c t i o n  m echanism  shown.

The i n t e r m e d i a t e  LXIV u n d e rg o e s  a  carbon ium  io n  

r e a r r a n g e m e n t  to  LXV, w h ich  th e n  r e a r r a n g e s  t o  th e  

e n o l i c  fo rm  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e ta & e .

a c e t a t e  was r e c o v e re d  unchanged  a f t e r  sh a k in g  w i th  

p l a t i n u m  c a t a l y s t  i n  g l a c i a l  a c e t i c  a c i d  w i th o u t  h y d ro g en  

( 6 l )  i s  n o t  i n c o n s i s t e n t  w i th  th e  above m echan ism , s in c e  

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

c a r b o n y l  g r o u p . ..

a m y ra d ie n o n y l  I I  a c e t a t e ,  form ed by a c i d  t r e a t m e n t  o f  

iso -c< -am y rad i e n o n y l  a c e t a t e ,  may be  c a t a l y t i c a l l y

t x v

LXfV

The o b s e r v a t i o n  t h a t  iso-<X-amyradi e n o n y l

I t  was l a t e r  shown ( see  below ) t h a t  i s o -o<-
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h y d ro g e n a te d  to  a  d i e n e - ty p e  compound, w hich  e a s i l y  

r e a r r a n g e s  t o  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e .  T h is  p r o v id e s  

an  e x p l a n a t i o n  o f  th e  a p p e a ra n c e  o f  t h a t  compound among 

t h e  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 io n  o f  i s o -o(- 

a m y ra d ifn o n y l  a c e t a t e .  I n  t h e  c a se  o f  t h e  f i r s t  

p u b l i s h e d  e x p e r im e n t ,  t h e  i s o - o(-am yrad ienonv l I I  a c e t a t e  

may hav e  b e en  e i t h e r  p ro d u ced  i n  t h e  c o u rs e  o f  t h e

r e a c t i o n ,  o r  p r e s e n t  i n  t h e  s t a r t i n g  m a t e r i a l ,  a s  i t  had

n o t  th e n  been  r e c o g n i s e d  a s  a  p r o d u c t  o f  s e le n iu m  

d io x id e  o x i d a t i o n  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e .

A t t e n t i o n  was t h e n  tu r n e d  to  e x p e r im e n ts  

c o n n e c te d  w i th  t h e  p r e s e n c e  o f  a  m e th y l  g roup  a t  G
( 1 3 )

i n  i  so am yrad i e n o n y l  a c e t a t e .  I t  was d i s c o v e r e d  t h a t

a l t h o u g h  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  fo rm ed an  e n o l

a c e t a t e  w i th  c o m p a r i t iv e  e a s e  ( s e e  a b o v e ) ,  i s o - «*» 

a m y ra d ie n o n y l  a c e t a t e  was r e c o v e r e d  unchanged  from  

p ro lo n g e d  t r e a t m e n t  w i th  b o th  a c e t i c  a n h y d r id e  and 

sodium  a c e t a t e ,  and i s o - p r o p e n y l  a c e t a t e .  The l a t t e r  

i s  a  r e a g e n t  c o m p a r a t iv e ly  r e c e n t l y  i n t r o d u c e d ,  w hich  

h a s  b e en  fo un d  more e f f e c t i v e  f o r  fo rm in g  e n o l  a c e t a t e s  

t h a n  c l a s s i c a l  m ethods ( 8 6 ) ,  and w hich  i n  some c a s e s  

g i v e s  p r o d u c t s  d i f f e r i n g  i n  d o u b le  bond p o s i t i o n  from  

th o s e  o b t a i n e d  by  t h e s e  m ethods ( 8 7 ) .  When t h e  e n o l  

a c e t a t e  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  was t r e a t e d  w i t h  

s e le n iu m  d i o x i d e ,  a g a in  w i t h  t h e  o b j e c t  o f  fo rm in g  

i s o -c ( -  am yrad i e n o n y l  a c e t a t e  e n o l  a c e t a t e ,  t h e  o n ly



p r o d u c t  i s o l a t e d  was i  so -o<- am yrad i e n o n y l  a c e t a t e  i t s e l f ;

h y d r o l y s i s  o f  t h e  o r i g i n a l  e n o l  a c e t a t e ,  fo l lo w e d  by

o x i d a t i o n ,  would a c c o u n t  f o r  t h i s ,  i s o -/3-A m yrad ienbny l

a c e t a t e  h a s  b een  p r e p a r e d  i n  an  a n a lo g o u s  way ( 6 2 ) .

The p r e s e n c e  o f  a ca rb o n y l g ro up  i n  t h e

s a t u r a t e d  k e to n e  L X III  was c o n f i rm e d  by i t s  s t r o n g
-1

i n f r a - r e d  a b s o r p t i o n  a t  1703 cm. , b u t  t h i s  compound 

a l s o  was r e c o v e r e d  unchanged  from  p ro lo n g e d  t r e a tm e n t  

w i t h  sodium a c e t a t e  and a c e t i c  a n h y d r id e ;  th e  e n b l  

a c e t a t e  o f  1 2 - k e t o - u r s a n y l  a c e t a t e  i s  w e l l  Known (3 5 ) •

l i t h i u m  a lum in ium  h y d r i d e ,  fo l lo w e d  by a c e t y l a t i o n  o f  

t h e  p r o d u c t ,  gave  a  compound p o s s e s s i n g  two i s o l a t e d  

d o u b le  b o n d s ,  a s  shown by th e  t e t r a n i t r o m e t h a n e  t e s t  

and  u l t r a - v i o l e t  f c b s o rp t io n .  T h is  compound was a s s ig n e d  

t h e  s t r u c t u r e  LXVI. The a n a lo g o u s  compound form ed by

R e d u c t io n  o f  i s o -" ( -am y rad ien o n y l  a c e t a t e  w i th

L X V I

L Y V l t
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s i m i l a r  r e d u c t i o n  o f  i_so-p-am yrad i e n o n y l  a c e t a t e  g iv e s  

a  t r i e n e  on t r e a t m e n t  w i th  a c i d ,  w hich  h a s  b een  

f o r m u la te d  a s  i n  LXVTII (8 4 ) ,  On t r e a t i n g  LXVI w i th

L W  f l (

a c i d ,  h o w ev er ,  t h e  o n ly  p r o d u c t  i s o l a t e d  was 1 2 - k e to -  

u r s - 1 0 - e n y l  a c e t a t e  (L X V Il) , i n  v e ry  low y i e l d .  T h is  

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

fo rw a rd  f o r  t h e  c a t a l y t i c  r e d u c t i o n  and r e a r r a n g e m e n t  

o f  i s £ - * -  am yrad i e n o n y l  a c e t a t e  (p .  $ 4-) i s  c o r r e c t ,  and 

may be a c h ie v e d  th ro u g h  s i m i l a r  s t a g e s ,  a s  shown a b o v e .

The d i - a c e t a t e  LXVI was found  t o  be i d e n t i c a l  w i th  a  

compound p r e p a r e d  by  r e d u c 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  w i th  sodium  i n  amyl a l c o h o l ,  and su b s e q u e n t  

a c e t y l a t i o n .  T h is  p r e p a r a t i o n  had  b een  e a r l i e r  r e p o r t e d  

by R u f f  ( 8 8 ) ,  who, h o w ev er ,  c o n s id e r e d  t h a t  t h e  p r o d u c t  

had  o n ly  one d o u b le  bo nd .

Clemmensen r e d u c t i o n  o f  i s o - f l -a m y ra d ie n o n y l  

a c e t a t e  g o e s  sm oo th ly  t o  p ro d u ce  o l e a n a - l l : 1 3 ( l 8 ) - d i e n y l  

a c e t a t e  ( 6 2 ) ,  b u t  s i m i l a r  t r e a tm e n t  o f  i s o - * - a m y r a d ie n o n y l  

a c e t a t e  gave  no i d e n t i f i a b l e  p r o d u c t  ( se e  above)*

K is h n e r -W o lf f  r e d u c 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  gave  a  compound w h ich  showed a y e l lo w  c o lo u r
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w i th  t e t r a n i t r o m e t h a n e ,  and u l t r a - v i o l e t  a b s o r p t io n  

c o n so n a n t  w i th  t h e  p re s e n c e  o f  two u n c o n ju g a te d  

e t h y l e n i c  l i n k a g e s .  T h is  compound was r e s i s t a n t  to  

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

o f  h y d ro g en  c h l o r i d e  t o  g iv e  u r s a - 1 0 : 1 ^ - d i e n y l  a c e t a t e .

L X X f

L X J X LX X

Two s t r u c t u r e s ,  LXIX and LXX a r e  p o s s i b l e  f o r  t h e
\

K is h n e r -W o lf f  p r o d u c t ,  w i t h e r  o f  w hich  co u ld  g iv e  th e  

h o m o an n u la r  d ie n e  by carb on ium  io n  r e a r r a n g e m e n t ,  a s  

shown. A d e c i s i o n  be tw een  t h e s e  i s  n o t  p o s s i b l e  a t  

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

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

o < p -u n sa tu ra te d  k e to n e s  w i th  l i t h i u m  in  l i q u i d  ammonia 

can  l e a d  t o  one o f  two p r o d u c t s ,  e i t h e r  th e  c o r re s p o n d  

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

t h e  r e a c t i o n  m i x t u r e ,  t h e  s a t u r a t e d  hydroxy-com pound 

b e in g  form ed ( 8 9 ) .  I t  was found  i n  t h i s  work t h a t  

t h e  hydroxy-com pound c o u ld  be p ro d u c e d ,  i n  t h e  a b sen c e  

o f  a l c o h o l ,  m e re ly  by p r o lo n g in g  th e  r e a c t i o n  ( c f .  p . 2 7 ) .  

Suqh r e d u c t i o n s  were c a r r i e d  o u t  on i s o  -  <*- am yrad i e n o n y l  

a c e t a t e  t o  g iv e  b o th  p o s s i b l e  p r o d u c t s .

P ro lo n g e d  r e d u c t io n  o f  i  so - <x- am yrad i e n o n y l  

a c e t a t e  w i th  l i t h i u m  i n  l i q u i d  ammonia, fo l lo w e d  by 

a c e t y l a t i o n ,  gave a  p r o d u c t  whose u l t r a - v i o l e t  sp e c tru m  

and  r e a c t i o n  w i th  t e t r a n i t r o m e t h a n e  were s u g g e s t iv e  o f  

an  i s o l a t e d  d o u b le  bo n d . To t h i s  compound th e  s t r u c t u r e  

LXXII was a s c r i b e d ,  a  c o n c lu s io n  s u p p o r te d  by a n a l y s i s ,

L X X t t

and by  i t s  i n f r a - r e d  sp e c tru m  . C a t a l y i i e  h y d r o g e n a t io n  

o f  LXXII gave  a s a t u r a t e d  d i - a c e t a t e ,  p re su m a b ly  LX X III, 

w h ich  was shown to  be d i f f e r e n t  from  1 2 - a c e t o x y - u r s a n y l  

a c e t a t e .  T h is  d i f f e r e n c e  c a n n o t  be. e x p la in e d  on a 

b a s i s  o f  t h e  s t e r e o c h e m i s t r y  a t  C a l o n e ,  s in c e
(12)
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m ix t u r e s  o f  1 2 - a c e t o x y - u r s a n y l  a c e t a t e ,  and i t s  unknown

C e p im er  h a v in g  a  h i g h e r  d e x t r o - r o t a t i o n  th a n  b o th
( 1 2 )

1 2 - a c e t o x y - u r s a n y l  a c e t a t e  and t h e  d i - a c e t a t e  LXXIII 

a r e  known ( s e e  p .  2 6 ) ,  The d i - a c e t a t e  LXXIII was 

t r e a t e d  w i t h  h y d r o c h l o r i c  a c i d  and gave a  compound 

i s o m e r ic  w i th  <X-amyrin a c e t a t e ,  b u t  n o t  i d e n t i c a l  w i t h  

i t ,  n o r  w i th  u r s - l $ ( l 8 ) - e n y l  a c e t a t e .  T h is  compound 

i s  n o t a b l e  i n  t h a t  i t  g i v e s  an  o r a n g e - r e d  c o lo u r  w i th  

t e t r a n i t r o m e t h a n e ,  b u t  h a s  th e  u l t r a - v i o l e t  a b s o r p t i o n  

c h a r a c t e r i s t i c  o f  an i s o l a t e d  t e t r a - s u b s t i t u t e d  d o u b le  

b o n d . The o n ly  known compound w hich  h a s  t h e s e  

p r o p e r t i e s  i s  t h e  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 io n  

o f  i s o - P -a m y rad ien o n y l  a c e t a t e ,  n e o - /? -a m y r in . The 

s t r u c t u r e  o f  n e o -/3- a m y r in  h a s  b e e n  c l o s e l y  s t u d i e d ,  and 

t h e r e  i s  e v id e n c e  t h a t  i t  p o s s e s s e s  one o f  th e  s t r u c t u r e s  

LXXIV, LXXV o r  LXXVI, m ost p r o b a b ly  th e  l a t t e r .

L X X VLXXI V L  XXV/

W h ich ev er  o f  t h e s e  f o r m u la t i o n s  -is c o r r e c t ,  t h e  fo r m a t io n  

o f  an a n a lo g o u s  n e o -o(-am yrin  from  t h e  d i - a c e t a t e  LXXIII 

w ould p ro c e e d  a s  shown to  g iv e  t h e  carbon ium  io n  LXXVII, 

w h ich  co u ld  g iv e  r i s e  t o  any o f  them .
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Of t c

>

LXXI I I  L XXVI I

L im ite d  r e d u c t i o n  o f  jjsjo-o(-amyradi e n o n y l

a c e t a t e  w i t h  l i t h i u m  in  l i q u i d  ammonia, f o l lo w e d  by

h y d r o l y s i s ,  gave  a  p r o d u c t  w hich  showed an  i n f r a - r e d
-1

a b s o r p t i o n  maximum a t  I69O cm. , i n d i c a t i v e  o f  a 

c a rb o n y l  g ro u p .  I t s  u l t r a - v i o l e t  a b s o r p t i o n  sp e c tru m  

was t h a t  o f  a  m o n o -e th y le n ic  compound, i n  w hich  th e  

d o u b le  bond was u n c o n ju g a te d  w i th  any o t h e r  g ro u p ,  and 

t h e  s t r u c t u r e  LXXVIII was c o n s id e r e d  p r o b a b l e .  

C a t a l y t i c  h y d r o g e n a t io n  o f  LXXVIII, a f t e r  a c e t y l a t i o n ,

L X X V I I I

gave  a s a t u r a t e d  k e to n e ,  (LXXIX) i d e n t i c a l  w i th  t h a t  

o b t a in e d  by c a t a l y t i c  h y d r o g e n a t io n  o f  iso-<x-am yradi e n o n y l  

a c e t a t e .

T h is  s a t u r a t e d  k e to n e ,  and th e  d i - a c e t a t e  LXXIII, 

a r e  compounds i n  w h ich  th e  f u n c t i o n a l  g ro u p s  a r e  s i m i l a r l y
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p la c e d  to  th o se  in  known d e r i v a t i v e s  o f  <rt-amyrin;

hence  th e  two new compounds c a n n o t  have  th e  ca rb o n

s k e l e t o n  o f  c (-am yrin . T h is  d i f f e r e n c e  in  s t r u c t u r e

m ig h t  he  s t e r e o c h e m i c a l ,  a t  C a n d /o r  C , in,
( 1 4 ) ( 1 0 )

w hich  c a se  i  s o -<X-amyradi en ony l a c e t a t e  c o u ld  s t i l l  have

th e  c a rb o n  s k e l e t o n  o f  o<-amyrin, b u t  t h i s  i s  n o t  i n

a g re e m e n t  w i t h  th e  f o r m a t io n  o f  tneo -<x-amyrint from  th e

d i - a c e t a t e ,  n o r  w i th  th e  r e s i s t a n c e  o f  th e  k e to n e  to

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

Thus t h e  t h r e e  l i n e s  o f  a t t a c k  on t h e  p ro b le m ,

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

a c e t y l a t i o n ,  a l l  s u g g e s t  t h a t  i s o - o<-amyradienonyl

a c e t a t e  d o es  i n  f a c t  p o s s e s s  a  m e th y l  g roup  a t  C ,
( 1 3 )

a  p o s t u l a t e  o r i g i n a l l y  n e c e s s a r y  to  e x p la in  i t s  

d e g r a d a t i o n  r e a c t i o n s .  W hile  i n c o n t r o v e r t i b l e  p r o o f  

o f  t h e  p o s i t i o n  o f  t h i s  m e th y l  g ro  up h a s  n o t  been  

fo u n d ,  i t  i s  t h e  o p in io n  o f  th e  a u th o r  t h a t  t h e  w e ig h t  

o f  e v id e n c e  i s  o v e rw h e lm in g ly  i n  f a v o u r  o f  t h e  o r i g i n a l  

s t r u c t u r e  LXXX.
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i s o -o<r Amyradi e n o n y l  I I  A c e ta te

When i s o -c (-am yrad ienon y l a c e t a t e  was f i r s t  

p r e p a r e d ,  and th e  p re s e n c e  o f  an  i s o l a t e d  d o u b le  bond 

s u s p e c t e d ,  i t  was r e a l i s e d  t h a t  t h a t  d o u b le  bond would 

t e n d  to  move i n t o  c o n ju g a t io n  w i th  th e  a<y3-unsaturated 

k e to n e  g ro u p  a l s o  p r e s e n t ,  u n d e r  th e  a c t i o n  o f  a c i d i c  

r e a g e n t s .  On s u b j e c t i n g  is jo-© (-am yradienonyl a c e t a t e  

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

h y d ro g e n  c h l o r i d e ,  a  new compound was f o r m e d , i s o m e r ic  

w i t h  t h e  s t a r t i n g  m a t e r i a l ,  b u t  w hich  d i d  n o t  g iv e  a  

c o lo 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  ( 3 7 )* T h is  

p r o d u c t ,  r e f e r r e d  to  a s  i s o - o (-am yrad ienony l I I  a c e t a t e ,  

was t a k e n  to  b e  a  c o n ju g a te d  d ie n o n e ,  and p a r t i a l  

f o r m u l a t i o n s  LXXXI o r  LXXXII t e n t a t i v e l y  s u g g e s te d .

L XXX/

The u l t r a - v i o l e t  a b s o r p t i o n  sp e c tru m  o f  t h i s  compound,
O

show ing a  maximum a t  237 0 k  ( £ = 1 1 ,0 0 0 )  o n ly  i s  n o t a b ly
1 , 4-

s i m i l a r  t o  t h a t  o f  c h o l e s t a d i e n e - 3 ~one (L X X X IIl) ,

w h ich  h a s  maximum a b s o r p t i o n  a t  236OA ( £ = 1 6 , 0 0 0 ) (8 5 )* 

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  iso - /3 -a m y ra d ie n o n y l  

a c e t a t e  i s  u n a f f e c t e d  by a c i d i c  r e a g e n t s  (6 2 ) •

In  v iew  o f  th e  p ro b lem  d i s c u s s e d  i n  t h e
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p r e v i o u s  s e c t i o n ,  r e g a r d i n g  t h e  p r e s e n c e  o r  a b se n c e  o f  

a  m e th y l  g roup  a t  C i n  iso -o f-am y rad i  en o n y l a c e t a t e .
(13)

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

i s o - o (-am yrad ienony l I I  a c e t a t e  r e q u i r e d  f u r t h e r  i n v e s 

t i g a t i o n .  The o n ly  work known to  have  "been c a r r i e d  o u t  

on t h i s  compound s in c e  t h e  o r i g i n a l  p r e p a r a t i o n  was t h a t  

o f  R u f f  ( 8 8 ) .  T h is  w orke r  re d u c e d  i s o - a m y r a d i e n o n y l  

I I  a c e t a t e  w i th  sodium i n  amyl a l c o h o l ,  a c e t y l a t e d  th e  

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

a  compound w h ich  he  c q l l e d  d e o x y - i s o - 4 - a m y ra d ie n o n y l  I I  

a c e t a t e ,  and w h ich  a p p e a re d  to  c o n ta in  a  hom oannu lar  

d ie n e  ch rom o pho re , w i th  an  a d d i t i o n a l  d o u b le  b o n d . 

C a t a l y t i c  h y d r o g e n a t io n  o f  t h i s  gave what was a p p a r e n t l y  

an  u n c o n ju g a te d  d i e n e ,  r e f e r r e d  to  a s  i  so -  c (-am yrad ieny l 

a c e t a t e •

The sodium and amyl a l c o h o l  r e d u c t i o n  was 

r e p e a t e d ,  and s u b s t a n t i a l l y  s i m i l a r  r e s u l t s  o b t a i n e d .

The p r o d u c t  was v e ry  s t r o n g l y  l a e v o - r o t a t o r y , showed 

maximum u l t r a - v i o l e t  a b s o r p t i o n  a t  2220 ( £  s 1 0 ,0 0 0 )  

and  28OOA ( ( l  s 7 s 7 0 0 ) ,  and gave a  deep  r e d  c o lo u r  w i th  

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

compound re d u c e d  t h e  c o n ju g a te d  sy s te m , and gave  a  

p r o d u c t  show ing y e l lo w  t e t r a n i t r o m e t h a n e  c o l o u r ,  and 

h a v in g  t h e  u l t r a - v i o l e t  a b s o r p t i o n  sp ec tru m  e x p e c te d  

o f  an  u n c o n ju g a te d  d i e n e .

L i th iu m  a lum in ium  h y d r id e  r e d u c t i o n  o f  i s o -
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<*-am yradienonyl I I  a c e t a t e ,  and s u b s e q u e n t  h y d r o l y s i s ,  

gave  a  d i o l  a p p a r e n t l y  form ed by r e d u c t io n  o f  t h e  

o r i g i n a l  c a r b o n y l  to  a  h y d ro x y l  g ro u p ,  and showing u l t r a  

- v i o l e t  a b s o r p t i o n  i n  ag reem en t w i t h  t h i s .  A c e t y l a t i o n  

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

s team  b a t h  e f f e c t e d  d e h y d r a t i o n ,  and  t h e  same t r i e n e  

a c e t a t e  a s  o b t a in e d  p r e v i o u s l y  was p ro d u c e d .  I t  

a p p e a re d  t h a t  t h i s  t r i e n e  g ro u p in g  m ig h t  be  re p ro d u c e d  

i n  t h e  unknown e n o l  a c e t a t e  o f  i  so -o<-amyradi e n o n y l  I I  

a c e t a t e ,  b u t  t h a t  compound co u ld  n o t  be  form ed by 

sodium  a c e t a t e  and a c e t i c  a n h y d r id e ,  n o r  by  i s o -  

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

C a t a l y t i c  h y d ro g e n a t io n  o f  i s o - °(-am yradi en ony l 

I I  a c e t a t e  was th e n  c a r r i e d  o u t ,  and i t  was found  t h a t  

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

u n c o n ju g a te d  d ie n e  a s  d e s c r i b e d  a b o v e .  On t r e a t m e n t  o f  

, t h i s  d i e n e  w ith e h y d rb g d n  c h l o r i d e , u r s a - 1 0 : 1 2 - d i e n y l  

a c e t a t e  was fo rm ed .

The i n t e r - r e l a t i o n s h i p  o f  t h e s e  r e a c t i o n s  i s  

shown b e lo w .
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i s o - *-A m yradi en o n y l 
I I  a c e t a t e

HC1
y

U r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e

The f a c t  t h a t  t h e  u n c o n ju g a te d  d ie n e  r e a r r a n g e s  

t o  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  r e n d e r s  i t  v e ry  u n l i k e l y  

t h a t  i  so -  <x- am yrad i e n o n y l  I I  a c e t a t e  i s  c o r r e c t l y  

f o r m u la te d  a s  i n  LXXXI. In  t h i s  c a s e ,  th e  compound 

form ed on h y d r o g e n o ly s i s  would have  th e  s t r u c t u r e  BXXXIV, 

w h ich  would he  e x p e c te d  to  r e a r r a n g e  to  u r s a - 1 1 : 1 3 ( 1 8 ) -  

d i e n y l  a c e t a t e .  O th e r  e v id e n c e  a g a i n s t  t h i s  f o r m u la t i o n

LXXXtv

a r i s e s  from  th e  work o f  B e a to n ,  J o h n s to n ,  IffcKean and 

S p r in g  (9 0 ?) • These w o rk e rs  o b t a i n e d ,  by :iinc  and a c e t i c  

a c i d  r e d u c t i o n  o f  !J.2:19,"-2,i^ ‘®*ko—o le a n a —10.

LiAlH

Ha/AmOH
Ac 0

U n s a tu r a te d  d i o l

Ac O/Py
\r 2

T r ie n e

U n c o n ju g a ted  d ie n e
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a c e t a t e  ( p -a m y r a d ie n d io n y l  a c e t a t e ) ,  a compound 

fo r m u la te d  a s  i n  LXXXV, a s t r u c t u r e  th e n  co n f ir m ed

fey p a r t i a l  s y n t h e s i s .  T h is  compound shows u l t r a - v i o l e t  

a fe s o rp t io n  maxima a t  2 ,0 0 0  ( £=*9,000), 2 ,6 0 0  ( £ = 9 ,2 5 0 ) ,  

and  2,950A ( £ = 3 , 4 5 0 ) ;  i n  a d d i t i o n ,  on c a t a l y t i c  

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

w h ich  i s  r e a r r a n g e d  u n d e r  a c i d  c o n d i t i o n s  t o  o l e a n a -  

l l : 1 3 ( l 8 ) - d i e n y l  a c e t a t e .  The p r o p e r t i e s  o f  1 2 - k e t o -  

o l e a n a - 1 0 : 1 3 ( l 8 ) - d i e n y l  a c e t a t e  a r e  th u s  s i g n i f i c a n t l y  

d i f f e r e n t  from  th o s e  o f  i  so -o t-am yradi e n o n y l  I*  a c e t a t e ,  

and p r e c l u d e  t h e  f o r m u la t i o n  o f  t h e  l a t t e r  a s  1 2 - k e t o -  

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

The s t r u c t u r e  o f  t h e  sodium and amyl a l c o h o l

r e d u c t i o n  p r o d u c t  was exam ined; th e  f a c t  t h a t  i t

a b s o r b s  one mol o f  h y d ro g en  to  g iv e  a  d ie n e  c o n f i rm s

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

Thscee compounds c o n ta in i n g  a  c r o s s - c o n j u g a t e d  t r i e n e
6 , 8 ( 1 4 ) , 9 ( 1 1 )

chrom ophore  a r e  known, v i z .  c h o l e s t a t r i e n e
6 , 8 ( 1 4 ) , 9 ( 1 1 ) , 2 2  

- 3 - o l  a c e t a t e  ( 8 5 ) ,  ^  e r g o s t a t e t r a e n e -

3 - o l  a c e t a t e  ( 9 1 ) ,  and a  t r i e n e  o b ta in e d  by h y d r o c h l o r i c  

a c i d  t r e a t m e n t  o f  a  r e d u c t i o n  p r o d u c t  LXXXVI from  i s o -y3-  

a m y ra d ie n o n y l  a c e t a t e  (8^-) • The two s t e r o i d  t r i e n e s
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LXXXVI

p o s s e s s  th e  chrom ophore IXDCVII, and t h e  t r & te r p e n o id  

t r i e n e  h a s  b e e n  fo rm u la te d  a s  i n  LXXXVTII.

L X X X V / I

T&e u l t r a - v i o l e t  a b s o r p t i o n  maxima f o r  t h e s e  compounds 

a r e  shown i n  T ab le  4 .

T ab le  4

Compound
U l t r a - v i o l e t a b s o r p t i o n

A m ax.(A ) £  max.

A 6 , 8 ( 1 4 ) ,9 (1 1 )  c h o le .s ta - 2 8 4 0 8000
t r i e n e - 3 - o l  Ac. (end a b s o r p t i o n  

a t  2200)

A 6 , 8 ( 1 4 ) , 9 ( 1 1 ) , 2 2  e r g o s t a - 2 875 63OO
t e t r a e n e - 3 - o l - A c . 2 3 2 5 18000

t r i e n e  I*XXXVIII from  /3-a m y r in 2280 18500
2820 16000
2 9 4 0 12500

t r i e n e  from  i  so-o(- am yrad i e n o n y l 2220 10000
I I  Ac. 2800 7 7 0 0
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The s i m i l a r i t y  o f  th e  sp ec tru m  o f  th e  t r i e n e  o b t a in e d  

by r e d u c t i o n  o f  i s o -X -a m y ra d ie n o n y l  I I  a c e t a t e  t o  t h e s e  

s u g g e s t s  t h a t  i t  p o s s e s s e s  th e  c r o s s - c o n j u g a t e d  chrom ophore . 

The l i n e a r  t r i e n e  chrom ophore i n  o l e a n a - 1 0 : 1 2 : l 8 - t r i e n y l  

a c e t a t e  (33) g i v e s  u l t r a - v i o l e t  a b s o r p t i o n  maxima a t  

2 3 0 0  ( £ = 2 , 6 0 0 ) and  3 1 1 0 A ( £  =1 1 , 6 0 0 ) .

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

d o u b le  bond o f  i s o - a(-am yradienony 1 a c e t a t e ,  and t h i s  may 

be done by  a ssum ing  e i t h e r  a  c o n ju g a te d  d ie n o n e  s t r u c t u r e  

o r  t h e  f o r m a t io n  o f  an  a d d i t i o n a l  r i £ g ,  W ith  th e  o b j e c t  

o f  m aking a  d e c i s i o n  be tw een  t h e s e  p o s s i b i l i t i e s ,  an 

a t t e m p t  was made to  e s t im a t e  t h e  number o f  d o u b le  bonds 

p r o p e r  i n  t h e  u n c o n ju g a te d  ’ d ien e*  by o x i d a t i o n  w i th  

p e r b e n z o ic  a c i d ;  h o w e v er ,  th e  o n ly  c r y s t a l l i n e  p r o d u c t  

w h ich  c o u ld  be i s o l a t e d  p ro v ed  to  be unchanged  s t a r t i n g  

m a t e r i a l .

s t r u c t u r e  f o r  i s o -o (-am y rad ien ony l I I  a e e t a f e  w h ich  w i l l  

r e p r e s e n t  a l l  t h e  f a c t s .  The s t r u c t u r e  LXXXIX, 

d e r i v e d  from  LXXXII, h a s  b e en  c o n s id e r e d ,  and i t  a p p e a r s

Any f o r m u la t i o n  o f  i s o -^ -a m y ra d ie n o n y l  I I

I t  h a s  n o t  b e en  found  p o s s i b l e  t o  w r i t e  a

LXXXfX

Xc I
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t o  be p o s s i b l e  t o  f o r m u la te  th e  d ie n e  (XC) and th e  

t r i e n e  (XCl) r e d u c t i o n  p r o d u c t s  on t h i s  b a s i s .

However, m echanism s to  a c c o u n t  f o r  th e  f o r m a t io n  o f  

LXXXIX from  i s o -x -a m y ra d ie n o n y l  a c e t a t e ,  and o f  u r s a -  

1 0 : 1 2 - d i e n y l  a c e t a t e  from  XC a r e  l a c k i n g .  I f  a  

c y c lo p ro p an e  r i n g  i s  assumed (X C II, X C III  o r  XCIV), 

t h e  f o r m u la t i o n  o f  t h e  t r i e n e * , w hich  would th e n  c o n ta in

two d o u b le  bonds and one c y c lo p ro p an e  r i n g ,  becom es 

e x t r e m e ly  d i f f i c u l t ,  and f u r th e r m o r e  any m echanism  to  

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

u n l i k e l y .  However, t h e  r e a c t i v e  g roup  i n  any  o f  t h e s e  

s t r u c t u r e s  i s  s i m i l a r  to  t h a t  i n  u m b e l lu lo n e  (XCV) (9 2 ) ,  

and  f o r m a t io n  o f  th e  r e d u c t i o n  p r o d u c t s  o f  i s o -t<- 

a m y ra d ie n o n y l  I I  a c e t a t e  may be accom panied  by com plex

K C t l %o\\f XC/ V

m o le c u l a r  r e a r r a n g e m e n ts  su ch  a s  a r e  known i n  t h e

c h e m is t r y  o f  t h a t  compound. The i n t r o d u c t i o n  o f  a 

c y c lo b u ta n e  r i n g ,  a s  i n  XCVI, XCVII and XCVIII i s  a l s o
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d i f f i c u l t  to  j u s t i f y  on m e c h a n i s t i c  g r o u n d s ,  and th e  

f o r m a t io n  o f  u r s a - 1 0 s l 2 - d i e n y l  a c e t a t e  p r e s e n t s  d i f f i c u l t i e s

Xcv///

U n t i l  f u r t h e r  knowledge o f  th e  c h e m is t r y  o f

i s o -oc-am yradienony 1  I I  a c e t a t e  becomes a v a i l a b l e ,  any
\

f o r m u la t i o n  m ust l i e  i n  t h e  r e a lm s  o f  s p e c u l a t i o n ,  s in c e  

i t  seems p r o b a b le  t h a t  t h e  f o r m a t io n  and r e a c t i o n s  o f  

t h i s  compound in v o lv e  s t r u c t u r e s  and m echanism s o f  t y p e s  

h i t h e r t o  unknown i n  t r i t e r p e n e  c h e m is t r y .
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EXPERIMENTAL

M e l t i n g  p o i n t s  a r e  c o r r e c t e d .  They were 

d e t e r m i n e d  i n  open c a p i l l a r i e s  i n  t h e  u s u a l  way u n l e s s  

s p e c i f i e d  t o  t h e  c o n t r a r y .  R o t a t i o n s  were d e te r m in e d  

i n  c h lo r o f o r m  s o l u t i o n ,  and v a l u e s  o f  have  b e en

a p p ro x im a te d  t o  t h e  n e a r e s t  d e g r e e .  U l t r a - v i o l e t  

s b s o r p t i o n  s p e c t r a  were m easured  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 .

Grade I I  a lu m in a  was used  f o r  c h ro m a to g ra p h y ,  

and l i g h t  p e t r o l e u m  r e f e r s  t o  t h e  f r a c t i o n  o f  b . p .  60-  

8 0 ° .

The p h r a s e  " i n  t h e  u s u a l  way" i m p l i e s ,  i n  

g e n e r a l ,  d i l u t i o n  w i t h  w a t e r ,  e x t r a c t i o n  w i t h  e t h e r ,  

w ash ing  s u c c e s s i v e l y  w i t h  aqueous  h y d r o c h l o r i c  a c i d ,  

a q u e o u s  p o t a s s i u m  h y d r o x id e  and w a t e r  a s  n e c e s s a r y ,  

f o l l o w e d  by sodium s u l p h a t e  d r y i n g  and e v a p o r a t i o n  o f  

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

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

were  c a r r i e d  o u t  i n  p y r i d i n e  and a c e t i c  a n h y d r i d e  on 

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

w ay , a s  d e s c r i b e d  f o r  t h e  a c e t y l a t i o n  o f  12—k e t o —u r s —

1 0 - e n o l  ( s e e  be low )*
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I s o l a t i o n  o f  sc-Amvrin B e n zo a te

The s o l i d  m a t e r i a l  o b t a i n e d  f rom  M a n i la  E lemi

r e s i n  a f t e r  rem ova l  o f  v o l a t i l e  o i l s  by s t e a m - d i s t i l l a t i o n

was g round  t o  a  f i n e  powder .  T h i s  powder ( 1 , 6 4 0  g . )

was shaken  f o r  one h o u r  w i t h  m e t h y l a t e d  s p i r i t  ( 1 , 3 0 0  c n . ,

95%) t t h e  s u s p e n s i o n  f i l t e r e d ,  and th e  f i l t r a t e  d i s c a r d e d .

The r e s i d u e ,  c o n s i s t i n g  m a in ly  o f  o<- and p -a m y r in ,  was
_ o

d r i e d  i n  a i r  a t  8 0  .

The c rud e  mixed am y r in s  ( 6 0 0  g . )  were d i s s o l v e d  

i n  p y r i d i n e  (3 ^ 0  c c . ) ,  and b e n z o y l  c h l o r i d e  ( 4 2 0  c . c . )  

added d ro p w is e  o v e r  one h o u r  t o  th e  s t i r r e d  s o l u t i o n  

on t h e  s t e a m - b a t h .  H e a t in g  and s t i r r i n g  were c o n t i n u e d  

f o r  s i x  h o u r s .  The m i x t u r e  was d i l u t e d  w i t h  benzene  :

(2 1 « ) ,  a l l o w e d  t o  c o o l ,  and t h e  s o l u t i o n  washed w i t h  

w a t e r  ( t w i c e ) ,  2% h y d r o c h l o r i c  a c i d  ( t w i c e ) ,  2% sodium 

h y d r o x i d e  (once )  and 2% sodium c h l o r i d e .  The d r i e d  

( sod ium  s u l p h a t e )  s o l u t i o n  was c o n c e n t r a t e d  t o  a  b u l k  

o f  9 0 0  c . c .  Hot e t h a n o l  was added t o  t h e  b o i l i n g  

s o l u t i o n  u n t i l  i t  was f a i n t l y  t u r b i d ,  and on c o o l i n g  

a  c r y s t a l l i n e  mass s e p a r a t e d .  T h i s  was f i l t e r e d  and 

a i r - d r i e d .

The c ru d e  mixed b e n z o a t e s  ( 3 ^ 0  g . )  were 

shaken  w i t h  e t h e r  f o r  t e n  m i n u t e s ,  and f i l t e r e d .  The 

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

d e t e r m i n e d ,  and t h e  e t h e r  e x t r a c t i o n  p r o c e s s  r e p e a t e d



74.

u n t i l  t h a t  c l e a r i n g - p o i n t  was above 2 1 0 ° .  The 

r e s i d u e  was c r y s t a l l i s e d  s e v e r a l  t im e s  from  b e n z e n e -  

a c e t o n e ,  t o  g i v e  c ru d e  /3- a m y r in  b e n z o a t e  ( 7 5 g . ) ,  

m e l t i n g  p o i n t  2 2 8 - 2 3 0  • The combined e t h e r e a l  e x t r a c t s ,  

on e v a p o r a t i o n  t o  d r y n e s s ,  gave a  s o l i d  r e s i d u e  which  

a f t e r  s e v e r a l  c r y s t a l l i s a t i o n s  f rom b e n z e n e - e t h a n o l  

gave  p u r e  ©<-amyrin b e n z o a te  (150 g . ) ,  m .p .  1 9 7 - 1 9 8 ° ,

[«L  +94° ( 0 , 1 . 2 ) .

<*-Amyrin

e<-Amyrin b e n z o a t e  (50 g . )  was d i s s o l v e d  i n  

b o i l i n g  b enzene  (300 c . c . ) ,  and a  s o l u t i o n  o f  p o t a s s i u m  

h y d r o x i d e  (50 g . )  i n  aqueous  e t h a n o l  (65 c . c .  w a t e r ,

1 1 5 0  c . c .  e t h a n o l )  a d d e d .  The s o l u t i o n  was r e f l u x e d  

f o r  2 4  h o u r s ,  c o n c e n t r a t e d  u n t i l  s o l i d  beg an  t o  a p p e a r ,  

and p o u re d  i n t o  w a t e r .  The p r e c i p i t a t e d  s o l i d  was 

c o l l e c t e d ,  and a f t e r  c r y s t a l l i s a t i o n  f rom aqueous  

m e t h a n o l ,  t f - am y r in  ( 4 0  g . )  was o b t a i n e d  a s  n e e d l e s

o f  m .p .  1 7 6 - 1 7 8 ° ,  £<*] , -  +81° ( o ,  0 . 7 7 ) .

c<-Am.yrin A c e t a t e

<*-Amyrin ( 1 0  g . )  was d i s s o l v e d  i n  p y r i d i n e  

(30  c . c . )  and a c e t i c  a n h y d r id e  (45 c . c . )  and th e  s o l u t i o n  

h e a t e d  on t h e  s t e a m - b a t h  f o r  two h o u r s .  I t  was t h e n  

c o o l e d ,  and  t h e  c r y s t a l s  w h ich  s e p a r a t e d  were f i l t e r e d  

o f f .  A f t e r  w ash in g  w i t h  c o ld  g l a c i a l  a c e t i c  a c i d ,  t h e y  

were  c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g i v e



75.

o<-amyrin a c e t a t e  ( 8 .9  g . ) ,  m .p .  2 2 6 -2 2 7 ° ,  | V ] ^  + 7 9 #

c;;0 . 4 l ) .  /

1 2  s l V E p o x y - u r  s a n y l  A c e t a t e

( c f .  McLean, S i l v e r s t o n e  and S p r i n g ,  J . ,  1 9 5 l> 9 3 5 ) .

<*-Amyrin a c e t& te  ( 5 * 0  g . )  i n  g l a c i a l  a c e t i c  

a c i d  (250 c . c . )  was t r e a t e d  a t  1 0 0 °  w i t h  a  m i x t u r e  o f  

h y d r o g e n  p e r o x i d e  (100 v o l . ;  30 c . c . )  and g l a c i a l  a c e t i c  

a c i d  (30  c . c . )  added d ro p w ise  d u r i n g  t h i r t y  m i n u t e s  w i t h  

s t i r r i n g .  S t i r r i n g  was c o n t i n u e d  f o r  two h o u r s  a t  1 0 0 ° 

and t h e  s o l u t i o n  a g a i n  t r e a t e d  w i t h  h y d ro g e n  p e r o x i d e  

(100 v o l . ;  20 c . c . )  i n  g l a c i a l  a c e t i c  a c i d  (20 c . c . )  

d u r i n g  1 ^ m i n u t e s .  The s o l u t i o n  was k e p t  a t  1 0 0 ° 

f o r  one h o u r ,  and h o t  w a t e r  was added u n t i l  t h e  m i x t u r e  

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

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

and r e c r y s t a l l i s a t i o n  from  c h lo r o f o r m - m e th a n o l ,  

y i e l d e d  1 2 : 1 3 - e p o x y - u r s a n y l  a c e t a t e  ( 1 .9  g*)» m .p .  209-

211° , M . + 1 0 7 * (0 , 0.61).

1 2 : l ^ - E n o x y - u r s a n y l  B e n z o a te  

( c f .  id e m , l o c . c i t . )

-Amyrin b e n z o a t e  ( 5 g«) was o x i d i s e d  a s  

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

p r o d u c t  f rom c h lo r o f o r m - m e th a n o l  gave 1 2 : 1 3 - e p o x y - u r s a n y l  

b e n z o a t e  ( 2 . 6  g . ) >  m .p .  2 1 8 - 2 1 9  * (.c* 0 . ^ 9 ) *
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1 2 - K e t o - u r s - 1 0 t e n y l  B e n z o a te

( c f .  Seym our, S h a r p ie s  and S p r in g ,  J . ,  1 9 3 9 , 1 0 7 5 ) .

1 2 s 1 3 - E p o x y - u r s a n y l  b e n z o a t e  ( 5 * 0  g . )  i n  

g l a c i a l  a c e t i c  a c i d  (150 c . c . )  c o n t a i n i n g  a  t r a c e  o f  

h y d ro b ro m ic  a c i d  was t r e a t e d  a t  60°  w i t h  a  s o l u t i o n  

of  b rom ine  i n  g l a c i a l  a c e t i c  a c i d  ( 1 2 .8 ^  w /v ;  15 c . c . )  

o v e r  a  p e r i o d  o f  t e n  m i n u t e s ,  d u r i n g  which  t im e  t h e  

b ro m o -k e to n e  s e p a r a t e d .  The m i x t u r e  was t h e n  h e a t e d  

on t h e  s t e a m - b a t h  f o r  two h o u r s ,  and a l l o w | d  t o  c o o l  

o v e r n i g h t .  I t  was t h e n  p o u re d  i n t o  e x c e s s  w a t e r ,  and 

t h e  p r e c i p i t a t e d  s o l i d  c o l l e c t e d  and d r i e d .  A f t e r  

c r y s t a l l i s a t i o n  from b e n z e n e - m e t h a n o l ,  1 2 - k e t o - u r s - 1 0 -  

e n y l  b e n z o a t e  (3*0 g . )  was o b t a i n e d  a s  sm a l l  p r i s m s ,  

m .p .  2 1 1 -2 1 2 * ,  O O j + 9 4 0 (0 ,  O .7 3 ) .

1 2 - K e t o - u r s - 1 0 - e n o l

1 2 - K e t o - u r s - 1 0 - e n y l  b e n z o a t e  (50 0 m g m .)  was

d i s s o l v e d  i n  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  (3$ ;  25 c . c . )

and t h e  s o l u t i o n  r e f l u x e d  f o r  s i x  h o u r s .  I t  was t h e n

p o u re d  i n t o  e x c e s s  w a t e r ,  and t h e  p r e c i p i t a t e d  s o l i d

t a k e n  up i n  e t h e r ;  t h e  e t h e r e a l  s o l u t i o n  was washed

f r e e  o f  a l k a l i  w i t h  w a t e r ,  d r i e d  and e v a p o r a t e d  t o  d r y n e s s .

C r y s t a l l i s a t i o n  o f  t h e  r e s i d u e  from aq ueous  e t h a n o l  gave

1 2 - k e t o - u r s - 1 0 - e n o l  a s  n e e d l e s ,  o f  m .p .  2 4 0 - 2 4 1  , CfOj
©

+72°  ( £ ,  1 . 6 ) .  L i g h t  a b s o r p t i o n :  Max. a t  2 5 0 0 A

( £ * 1 0 , 5 0 0 ) .
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1 2 - K e t o - u r s - 1 0 - e n y l  A c e t a t e  

( c f .  idem , l o c . c i t . )

( i )  1 2 : 1 3 - E p o x y - u r s a n y l  a c e t a t e  ( 5 * 0  g . )  was

b r o m in a te d  and d e h y d ro b ro m in a te d  a s  d e s c r i b e d  f o r  the  

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

c h lo r o f o r m - m e th a n o l  gave 1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  

( 3 . 6  g . )  a s  p l a t e s ,  o f  m .p .  2 86-288  , [°0 ;>+8 4 . 3 <?

( £ ,  O .9 8 ) .  L i g h t  a b s o r p t i o n :  Max. a t  2 5 1 0 A ( £ = 1 0 , 9 0 0 ) .

( i i )  1 2 - K e t o - u r s - 1 0 - e n o l  (3*0 g . )  was d i s s o l v e d

i n  p y r i d i n e  ( 6 . 0  c . c . )  and a c e t i c  a n h y d r i d e  ( 6 . 0  c . c . ) ,  

and  t h e  s o l u t i o n  h e a t e d  on t h e  s t e a m - b a t h  f o r  15 m i n u t e s .  

I t  was t h e n  p o u r e d  i n t o  e x c e s s  w a t e r ,  and t h e  p r o d u c t  

o b t a i n e d  by e t h e r  e x t r a c t i o n  i n  t h e  u s u a l  m ann e r .  T h i s  

was c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g i v e  12- 

k e t o - u r s - 1 0 - e n y l  a c e t a t e  ( 2 . 5  g«) a s  p l a t e s  o f  m .p .  286-

288 °, W ,  + 8 3 .0  ° ( 0 , 1 . 1 0 ) .

A t tem p ted  C a t a l y t i c  H y d r o g e n a t io n  o f  1 2 - K e t o - u r s - 1 0 -  

e n v l  A c e t a t e

1 2 - K e t o - u r s - 1 0 - e n y l  a c e t a t e  ( 3 0 0 m g m . ) ,  

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 i d  (70 c . c . ) ,  

was sh a k en  w i t h  h y d ro g en  o v e r  p r e v i o u s l y  re d u c e d  

p l a t i n u m  c a t a l y s t  ( 1 0 0  mgm.) f o r  7 2  h o u r s .  The f i l t e r e d  

s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s ,  and th e  r e s i d u e  

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

p l a t e s  ( 2 4 0  mgm.) o f  m .p .  2 8 6 -2 8 8 ° ,  u n d e p r e s s e d  on m ix in g  

w i t h  s t a r t i n g  m a t e r i a l ,  and 0 * ] j ,+ 8 5  (£•» L i g h t
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a b s o r p t i o n :  Max. a t  2 5 0 0 A ( £  = 1 0 , 7 0 0 ) .

A t tam p ted  C a t a l y t i c  H y d ro g e n a t io n  o f  1 2 - K e t o - u r s - l O - e n o l  

A s o l u t i o n  o f  1 2 - k e t o - u r s - 1 0 - e n o l  (23O mgm.) 

i n  r e d i s t i l l e d  e t h a n o l  (70 c . c . )  was shaken  u n d e r  

h y d ro g e n  o v e r  p r e v i o u s l y  r e d u c e d  p l a t i n u m  c a t a l y s t  (100 

mgm.) f o r  72 h o u r s .  The f i l t e r e d  s o l u t i o n  was e v a p o r a t e d  

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

p e t r o l .  T h i s  gave  n e e d l e s  ( 2 0 0  mgm.) o f  m .p .  2 3 6 - 2 4 0 °, L°0 j  

+ 68 ( £ ,  0 . 9 4 ) .  L i g h t  a b s o r p t i o n :  Max. a t  2 4 9 0 A ( £ = 1 0 , 3 0 0 ) .  

A m i x t u r e  o f  p r o d u c t  w i t h  s t a r t i n g  m a t e r i a l  showed no 

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

A t tam p ted  K i s h n e r - W o l f f  R e d u c t io n  o f  1 2 - K e t o - u r s - l O - e n y f  

A c e t a t e

( i )  1 2 - K e t o - u r s - 1 0 - e n y l  a c e t a t e  ( 9 0 0 m g m . ) ,

h y d r a z i n e  (100$;  6 . 0  c . c . ) ,  and a s o l u t i o n  o f  sodium 

e t h o x i d e  ( 2 . 2 5  g- sodium i n  3 °  o . c .  d r y  e t h a n o l )  were 

h e a t e d  t o g e t h e r  i n  an a u t o c l a v e  f o r  17 h o u r s  a t  200 •

The p r o d u c t  was washed o u t  w i t h  h o t  e t h a n o l ,  p o u red  i n t o  

e x c e s s  w a t e r ,  and  worked up a s  u s u a l .  The gum o b t a i n e d  

was a c e t y l a t e d  w i t h  p y r i d i n e  and a c e t i c  a n h y d r id e  on t h e  

s team  b a t h .  The a c e t a t e  was c r y s t a l l i s e d  from c h lo r o f o r m  

- m e t h a n o l ,  t o  g i v e  p l a t e s  ( 4 2 5  mgm.) , m .p .  2 8 1 - 2 3 4  , 

u n d e p r e s s e d  on m ix in g  w i t h  s t a r t i n g  m a t e r i a l ,  and h a v in g  

H  +3 2 . 4 ° (-£, O .9 2 ) .  From th e  m o t h e r - l i q u o r  a  sm a l l  

amount o f  m a t e r i a l  o f  m .p .  220-230 , D ^ ] j + 2 1 9  (£* O.56)
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was o b t a i n e d .  T h i s  bad  maximum l i g h t  a b s o r p t i o n  a t
o _

2750A ( 6  = 6 , 0 0 0 ) ,  and gave a  r ed -b ro w n  t e t r a n i t r o -

m ethane  c o l o u r .

( i i )  1 2 - K e t o - u r s - 1 0 - e n y l  a c e t a t e  ( 1 . 0  g . ) ,  h y d r a z i n e

(100$;  3*0 c . c O  > and a s o l u t i o n  o f  sodium a m ylox ide  ( 1 . 0  g .  

sodium i n  20 c . c .  r e d i s t i l l e d  amyl a l c o h o l )  were h e a t e d  

t o g e t h e r  i n  an  a u t o c l a v e  f o r  1 7  h o u r s  a t  2 4 0 °. The 

p r o d u c t ,  a f t e r  rem ova l  o f  t r a c e s  o f  amyl a l c o h o l  by 

s t e a m - d i s t i l l a t i o n ,  was o b t a i n e d  and a c e t y l a t e d  a s  i n  t h e  

p r e v i o u s  e x p e r i m e n t ,  b u t  y i e l d e d  o n ly  a  gum w hich  c o u ld  

n o t  be c r y s t a l l i s e d .

1 2 - H y d r o x y - u r s a n o l

L i q u i d  ammonia ( 1 5 0  c . c . )  was added t o  a  

s u s p e n s i o n  o f  l i t h i u m  ( 4 0 0  mgm.) i n  d r y  e t h e r  ( 6 0  c . c . ) ,  

and s t i r r e d  t o  g i v e  a  deep  b l u e  s o l u t i o n .  A s o l u t i o n  

o f  1 2 - ^ e t o - u r s - 1 0 - e n y l  a c e t a t e  (3 00 m gm .)  i n  d r y  e t h e r  

(500 c . c . )  was added  t o  t h i s ,  w i t h  s t i r r i n g  o v e r  20 

m i n u t e s ,  and s t i r r i n g  c o n t i n u e d  f o r  a  f u r t h e r  two h o u r s .  

These  o p e r a t i o n s  were c a r r i e d  o u t  an an a tm o sp h e re  o f  

n i t r o g e n .  Ammonia was a l lo w e d  t o  e v a p o r a t e  o v e r n i g h t ,  

and e x c e s s  l i t h i u m  d e s t r o y e d  w i t h  w a t e r .  The e t h e r e a l  

l a y e r  was washed f r e e  o f  a l k a l i ,  d r i e d ,  and a v a p o r a t e d  

t o  d r y n e s s .  The r e s i d u e  was c r y s t a l l i s e d  from j i -h e x an e  

t o  g i v e  1 2 - h y d r o x y - u r s a n o l  (1^0 mgm.) a s  p r i s m a t i c  

n e e d l e 3 , m .p .  1 7 6 - 1 7 7 ° and 1 9 9 - 2 0 0 ° ( d o a b le  m e l t ) , 0 * 1  

+ 1 0  , + 9  1 . 4 , 2 *2 ) •



1 2 - A c e t o x y - u r s a n y l  A c e t a t e

1 2 - H y d r o x y - u r s a n o l  (100 mgm.) was d i s s o l v e d  in

a c e t i c  a n h y d r i d e  and p y r i d i n e ,  and h e a t e d  f o r  2&  h o u r s

on t h e  s t e a m - b a t h .  The p r o d u c t  was o b t a i n e d  i n  t h e  usual

m a n n e r ,  and a f t e r  s e v e r a l  c r y s t a l l i s a t i o n s  f rom aqueous

m e t h a n o l  gave  1 2 - a c e t o x y - u r s a n y l  a c e t a t e  (60 mgm.) a s

p l a t e s  o f  m .p .  2 0 5 - 2 0 6 ° ,  fc*]* “ 4 ° ,  - 4  (£* 1 *8 , 1 . 4 ) .

Pound:  G, 7 7 *4 ; H, 1 0 . 8 . C a l c ,  f o r  C H 0  : G, 7 7 *2 ;
3 4  5 6  4

H, 1 0 . 7 $ .

R e d u c t i o n  o f  1 2 : H - 5 p o x y - u r 3 a n y l  B e n z o a te  w i t h  Sodium in 

Amyl A lc h h o l

( c f .  Seymour,  S h a r p i e s  and S p r i n g ,  J ,  1 9 3 9  > 1 0 7 5 )

1 2 : 1 3 - E p o x y - u r s a n y l  b e n z o a t e  ( 4 . 0  g . )  was 

d i s s o l v e d  i n  b o i l i n g  amyl a l c o h o l  ( r e d i s t i l l e d ;  100 c .c .)*  

and  sodium ( 4 . 0  g . )  added  p o r t i o n w i s e  t o  t h e  s o l u t i o n .  

A f t e r  b o i l i n g  u n d e r  r e f l u x  f o r  1  h o u r ,  a  f u r t h e r  a d d i t i o n  

o f  sodium ( 4 . 0  g . )  was m ade,  and r e f l u x i n g  c o n t i n u e d  fo r  

30  m i n u t e s .  The s o l u t i o n  was t h e n  c o o l e d ,  e x c e s s  sodium 

d e s t r o y e d  w i t h  w a t e r ,  and amyl a l c o h o l  removed by  steam- 

d i s t i l l a t i o n  a f t e r  a l k a l i  had  b e en  washed o u t .  The solid 

r e s i d u e  r e m a in i n g  was d r i e d  and c r y s t a l l i s e d  f rom  n-hexane. 

- c h l o r o f o r m ,  t o  g i v e  p r i s m a t i c  n e e d l e s  ( 0 * 5 4  g . )  o f  m.p*

2 06 -20 8 "  [<*]„ + 5 0 ° .  + 5 0 ° ,  ( c ,  2 . 1 ,  2 . 2 ) .
o

The above m a t e r i a l  (m .p .  2 0 6 - 2 0 8 ; 3 * 0  £>•) waS 

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

l i s e d  f rom  a q u eo u s  m e t h a n o l  a s  n e e d l e s ,  o f  m .p .
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194-196° , [<^+79° ,+77" ,  (0 ,  1 . 1 ,  1 . 6 ) .

Some o f  t h e  orude  a c e t a t e  o b t a i n e d  above 

(m .p .  1 6 5 - 1 7 2 ° ,  0 *Jj> + 6 5 ° ( c ,  1 .5 )5  2 . 4 4  g . )  was

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  (100 c . c . )  and ch ro m a to 

g ra p h e d  on a lu m in a  (1 5 .5  x  3  c m . ) .  The f i r s t  f r a c t i o n  

(280 mgm.) ,  e l u t e d  w i t h  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 2 ;

500 c . c . ,  and 1 : 1 ,  $00 c . c . ) ,  c r y s t a l l i s e d  from aqu eo u s  

m e th a n o l  a s  n e e d l e s  o f  m .p .  l 8 0 - l 8 8 ° ,  £ o < + 8 3 ° (ct, 1 . 2 ) .

E l u t i o n  w i t h  benzene  ( 7 5 0  c . c . )  gave  a  second  f r a c t i o n  

(300 mgm.) ,  o b t a i n e d  from aqueou s  m e th an o l  a s  n e e d l e s ,  

m .p .  1 7 1 - 1 7 5 ° ,  £°<]5 +87 (£> l . l ) .  The t h i r d  f r a c t i o n

( 1 ,1 8 0  mgm.) ,  e l u t e d  w i t h  b e n z e n e - e t h e r  ( 1 9 : 1 ;  1 ,0 0 0  c . c . )

gave  n e e d l e s  o f  m .p .  1 6 4 - 1 7 0 °, £*J j + 6 9 ° ( £ ,  O .9 3 ) ,  from

aq u eo us  m e t h a n o l .  F i n a l l y ,  b e n z e n e - e t h e r  (4 : 1 ; 7 5 0  c . c .

and  1 : 1 ;  250 c . c . )  and e t h e r  (250 c . c . )  gave  m a t e r i a l

(85 mgm.) which  c r y s t a l l i s e d  from aqueous  m e th a n o l  a s  

n e e d l e s  o f  m .p .  1 0 2 - 1 1 0 °, [°<Jj + 2 2 ° ( £ ,  l . l ) .  The

r e m a in in g  m a t e r i a l ,  e l u t e d  w i t h  e t h e r - m e t h a n o l  and 

m e t h a n o l ,  c o u ld  n o t  be  c r y s t a l l i s e d .  Rone o f  t h e  s o l i d  

f r a c t i o n s  o b t a i n e d  gave a  p u re  s u b s ta n c e  on c r y s t a l l i s a t i o n .

A t tam p ted  Catalytic H y d ro g e n a t io n  o f  1 2 : 1 3 -Epoxy-ursany_l 

A c e t a t e  '

A s o l u t i o n  o f  1 2 - 1 3 - e p o x y - u r s a n y l  a c e t a t e  

(300 mgm.) i n  s t a b i l i z e d  g l a c i a l  a c e t i c  a c i d  (90 c . c . )  

was sha k en  u n d e r  h y d ro g e n  o v e r  p r e v i o u s l y  red u c ed  p l a t i n u m
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c a t a l y s t  ( 2 0 0  mgm.) f o r  2 0  h o u r s .  T h e  f i l t e r e d  

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

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l ,  t o  g i v e  p l a t e s  

(210 mgm.) o f  m. p .  2 0 8 -2 1 0 ° ,  £<*] +118°  ( c ,  l . l ) .

A m i x t u r e  o f  p r o d u c t  and s t a r t i n g  m a t e r i a l  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .

1 2 - K e t o - u r s a n v l  A c e t a t e

( c f .  R u z ic k a ,  J e g e r ,  R ede l  and V o l l i ,  H e l v . Chim. A c t a .

1 9 4 5 , 28 ,  1 9 9 )

1 2 *1 3 - E p o x y - u r s a n y l  a c e t a t e  ( 6 . 0  g . )  was 

d i s s o l v e d  i n  a  m i x t u r e  o f  c h lo r o f o r m  (30 c . c . )  and 

g l a c i a l  a c e t i c  a c i d  (120 c . c . ) ,  and c o n c .  aqueous  h y d r o 

c h l o r i c  a c i d  ( 6 . 0  c . c . )  a d d ed .  The s o l u t i o n  was h e a t e d  

t o  4 0 0 f o r  3 0  m i n u t e s ,  and t h e  p r o d u c t  t h e n  o b t a i n e d  i n  

t h e  u s u a l  m an n e r .  On c r y s t a l l i z a t i o n  from c h lo r o f o r m -  

m e t h a n o l ,  1 2 - k e t o - u r s a n y l  a c e t a t e  ( 2 . 4 5  g*) was o b t a i n e d  

a s  p l a t e s  o f  m. p .  2 8 0 -2 8 2 ° ,  +12 ° (£> 0 .8 0 )  .

L i g h t  a b s o r p t i o n :  Max. a t  2 0 8 0  ( £  = 285) and 287OA

( £ =  3 0 ) .

A t te m p te d  C a t a l y t i c  R e d u c t io n  o f  1 2 - K e t o » u r s a n y l  A ceta te .

A s o l u t i o n  o f  1 2 - k e t o - u r s a n y l  a c e t a t e  ( 3 0 0  mgm.) 

i n  e t h y l  a c e t a t e  (100 c . c . )  and 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  (150 c . c . )  was shaken  u n de r  hy d ro gen  o v e r  p r e v i o u s l y  

r e d u c e d  p l a t i n u m  c a t a l y s t  ( 2 0 0  mgm.) f o r  1 8  h o u r s .  The 

f i l t e r e d  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s ,  and t h e
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r e s i d u e  c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l ,  t o  g iv e  

p l a t e s  ( 2 2 0  mgm.) o f  m .p .  2 7 7 -2 7 9 ° ,  [<*] + 9 °  ( £ ,  1 - 5 ) .

A m i x t u r e  o f  p r o d u c t  and s t a r t i n g  m a t e r i a l  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .

<*-Am.vrin p ^ T o lu e n e s u lp h o n a te

^ - T o l u e n e s u l p h o n y l  c h l o r i d e  ( 2 0 0  mgm.) was 

added  t o  a s o l u t i o n  o f  <*-amyrin ( 2 0 0  mgm.) i n  p y r i d i n e  

( r e d i s t i l l e d ;  1 . 5  c . c . ) ,  and t h e  s o l u t i o n  a l lo w e d  t o

s t a n d  a t  room t e m p e r a t u r e  f o r  2 4  h o u r s .  The r e a c t i o n
/

m i x t u r e  was worked up i n  t h e  u s u a l  m ann e r ,  and a f t e r  

r e p e a t e d  c r y s t a l l i s a t i o n  from a c e t o n e - m e t h a n o l ,  o<-amyrin 

p - t o l u e n e s u l p h o n a t e  (190 mgm.) was o b t a i n e d  a s  a  w h i t e  

amorphous p ow der ,  o f  m .p .  132 “ , M j+6 2%  3-60 ( 0 ,  0 . 7 5 ,  

l . l ) ,  g i v i n g  a  y e l l o w  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 .

Found:  0 , 7 6 .6 ;  H 9 . 7 .  C H O S  r e q u i r e s  0 , 76.5*
3 7  5 6  3

H,  9 - 7 * .

The Ac t i o n  o f  P - T o lu e n e s u lp h o n y l  C h l o r id e  on 1 2 -Hydroxy-  

u r s a n o l .

^ - T o l u e n e s u l p h o n y l  c h l o r i d e  ( 5 0 0 mgm.) was 

added  t o  a  s o l u t i o n  o f  1 2 - h y d r o x y - u r s a n o l ,  (500 mgm.) ,  

i n  p y r i d i n e  ( r e d i s t i l l e d ,  2 . 0  c . c . ) ,  and t h e  s o l u t i o n  

a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  7 0  h o u r s .  The 

r e a c t i o n  m i x t u r e  was worked up i n  t h e  u s u a l  m anner ,  and 

a  w h i t e  amorphous m a t e r i a l  (250 mgm.) o b t a i n e d  on



84.

c r y s t a l l i s a t i o n  from a c e t o n e - m e t h a n o l . T h i s  showed 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 had  m . p .  13 2 ° ,

M  j + 5 7  (£> 0 .8 6 ) .  A m i x t u r e  o f  t h i s  m a t e r i a l  and

oc-amyrin £ - t o l u e n e s u l p h o n a t e  p r e p a r e d  a s  above showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .

The A c t io n  o f  p - T o lu e n e s u lp h o n y l  C h l o r id e  on t h e  P r o d u c t  

o f  Sodium/Amyl A lc o h o l  R e d u c t io n  o f  1 2 : 1 3 - E p o x y - u r s a n y l  

B e n z o a t e .

The p r o d u c t  (m .p .  1 9 7 - 2 0 0 °, C°0 P + ^ 0 ° ;  6 5  mgm.) 

o f  sod ium /am yl  a l c o h o l  r e d u c t i o n  o f  1 2 : 1 3 - e p o x y - u r s a n y l  

b e n z o a t e  ( s e e  above)  was h y d r o l y s e d  by  r e f l u x i n g  f o r  2 

h o u r s  i n  2% 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  (15 c . c . ) .

The a l c o h o l  was o b t a i n e d  a s  u s u a l ,  and p ro v e d  t o  be a  

gum. £ - T o l u e n e s u l p h o n y l  c h l o r i d e  ( 6 0  mgm.) was added 

t o  a  s o l u t i o n  o f  t h i s  gum i n  p y r i d i n e  ( r e d i s t i l l e d ;

0 . 5  c . c . ) ,  and t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room 

t e m p e r a t u r e  f o r  7 0  h o u r s .  The p r o d u c t  was o b t a i n e d  a s  

u s u a l ,  and c r y s t a l l i s e d  from aqueous  m e th a n o l  a s  an 

amorphous m a t e r i a l  ( 4 0  mgm.) o f  m .p .  1 2 0 - 1 2 3 ° > L0^ ] }

+ 6 7 °  ( c ^  0 . 4 7 ) .  T h i s  m a t e r i a l  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 , and i t s  m e l t i n g  p o i h t  was 

u n d e p r e s s e d  on m ix in g  w i t h  o(-amyrin £ - t o l u e n e s u l p h o n a t e ,

p r e p a r e d  a s  a b o v e .

The A c t i o n  o f  Aqueous H y d r o c h lo r i c  Acid  on 1 2 -Hydroxy-

u r s a n o l
Cone, aqueous  h y d r o c h l o r i c  a c i d  ( 5 -0 <*•<*•) was
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added  t o  a  s o l u t i o n  o f  1 2 - h y d r o x y - u r s a n o l  ( 2 0 0  mgm.) i n  

e t h a n o l  (30 c . c . ) ,  and t h e  m i x t u r e  r e f l u x e d  f o r  3  h o u r s ,  

t h e n  a l l o w e d  to  s t a n d  a t  room t e m p e r a t u r e  f o r  3 d a y s .

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

t h e  no rm al  m anner .  The a c e t a t e  was c r y s t a l l i s e d  from 

c h l o r o f o r m - m e t h a n o l ,  t o  g i v e  - a m y r in  a c e t a t e  ( 4 0  mgm.) 

o f  m .p .  2 2 5 - 2 2 7  °» + 7 5 ° ( £ 9  O.93) $ m e l t i n g  p o i n t

u n d e p r e s s e d  on m ix in g  w i t h  an a u t h e n t i c  spec im en .

U r s a - 1 0 : 1 2 - d i e n y l  B e n zo a te

( c f .  R u z ic k a ,  J e g e r  and R e d l ,  H e l v . Ghim. A c t a . 1 9 4 3 ,

26 ,  1 2 3 5 ) .

c^-Amyrin b e n z o a te  (15 g . )  was d i s s o l v e d  i n  

d r y  c a r b o n  t e t r a c h l o r i d e  (375 c * c . ) ,  and t h e  s o l u t i o n  

r e f l u x e d  w i t h  U -b ro m su cc in im id e  (10 g . )  f o r  3 h o u r s .

The s u c c i n i m i d e  p ro d u c e d  was removed by f i l t r a t i o n ,  and 

t h e  c o l d  f i l t r a t e  washed w i t h  d i l u t e  a l k a l i ,  sodium 

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

sodium s u l p h a t e ,  c a rb o n  t e t r a c h l o r i d e  was removed u n d e r  

r e d u c e d  p r e s s u r e ,  and th e  r e d d i s h  o i l  r e m a in in g  was 

c r y s t a l l i s e d  once from a c e t o n e - m e t h a n o l . The c r y s t a l s  

t h u s  o b t a i n e d  were d i s s o l v e d  i n  d r y  e t h e r ,  and t r e a t e d  

w i t h  a c t i v e  c h a r c o a l .  A f t e r  rem oval  o f  e t h e r ,  t h e  

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

g i v e  u r s a - 1 0 : 1 2 - d i e n y l  b e n z o a te  (9 * 5  6*) a s  p l a t e s  o f  

m . p .  176-177°*
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U r s a - 1 0 : 1 2 - d i e n y l  A c e t a t e

( i )  U r s a - 1 0 : 1 2 - d i e n y l  b e n z o a t e  ( 1 . 0  g . )  was 

h y d r o l y s e d  by r e f l u x i n g  i n  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  

( 1 0 $>; 2 5  c . c . )  f o r  8 h o u r s .  The a l c o h o l  was o b t a i n e d  

a s  u s u a l ,  and a c e t y l a t e d  i n  t h e  normal m anner .  U r s a -  

10* 1 2 - d i e n y l  a c e t a t e  (700 mgm.) was d e p o s i t e d  a s  n e e d l e s  

f rom c h l o r o f o r m - m e th a n o l ,  h a v in g  m. p .  1 6 8 - 1 6 9 ° ,  C°G*

+ 3 1 7 °  (<L> 1 *3 )* L i g h t  a b s o r p t i o n :  Max. a t  28OOA

( £ » 10, 100) .

( i i )  A s o l u t i o n  o f  o<-amyrin a c e t a t e  ( 2 . 0  g . )  

i n  m o l t e n  d i p h e n y l  (15 g . )  was t r e a t e d  w i t h  se le n iu m  

d i o x i d e  ( 2 . 4  g . )  and r e f l u x e d  f o r  4 0  h o u r s .  The s o l v e n t  

was removed by s t e a m - d i s t i l l a t i o n  and th e  r e s i d u e  

e x t r a c t e d  w i t h  e t h e r  ( S o x h l e t ) .  The e t h e r  s o l u t i o n  was 

washed w i t h  aqueous  p o t a s s i u m  c y a n id e  (3$) and t h e  p r o d u c t  

c r y s t a l l i s e d  r e p e a t e d l y  from c h lo r o f o r m - m e th a n o l  from 

w hich  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  (200 mgm.) s e p a r a t e d  a3 

n e e d l e s ,  m .p .  1 6 6 -1 6 7%  E°0j + 31L (<L* 0*9)> u n d e p re s s e d

i n  m e l t i n g - p o i n t  when mixed w i t h  an  a u t h e n t i c  spec im en ;  

L i g h t  a b s o r p t i o n :  Max. a t  28OOA ( £ =  1 1 , 7 0 0 ) .

U r s a - 1 1 : 1 ^ ( 1 8 ) - d i e n y l  A c e t a t e

( i )  A m i x t u r e  o f  o<-amyrin a c e t a t e  ( 1 8  g . ) ,  

d i o x a n  (750 c . c . ) ,  and s e le n iu m  d i o x i d e  ( 2 1 .6  g . )  was 

h e a t e d  i n  an  a u t o c l a v e  f o r  1 0  h o u r s  a t  2 0 0 ° .  The c o ld  

m i x t u r e  was f i l t e r e d ,  and t h e  f i l t r a t e  d i l u t e d  w i t h  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 e t h e r e a l  s o l u t i o n  was
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washed w i t h  aqueous  p o t a s s i u m  c y a n id e  ( 5% ) ,  and t h e  

d r i e d  s o l u t i o n  t r e a t e d  w i t h  c h a r c o a l .  A f t e r  rem ova l  

o f  th e  e t h e r ,  t h e  r e d  p r o d u c t  was c r y s t a l l i s e d  from 

c h l o r o f o r m - m e t h a n o l ,  f rom which  two c r o p s  o f  ^ ( -am yrin  

a c e t a t e  ( 8 . 5  g *5 m. p .  and mixed m. p .  2 1 8 - 2 2 1  ) were 

removed.  The m o t h e r - l i q u o r  on e v a p o r a t i o n  gave a  

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

w hich  i n  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 1 0 ;  2^0 c . c . )  was 

ch ro m a to g ra p h ed  on a lu m in a  (15 x  3 * 5  c m. ) .  Washing 

t h e  column w i t h  t h e  same s o l v e n t  m i x t u r e  (500 c . c . )  

gave  a  f r a c t i o n  (352 mgm.) w hich  c o u ld  n o t  be  c r y s t a l l i s e d .  

C o n t in u e d  w ash ing  w i t h  t h e  same s o l v e n t  m i x t u r e  (625 c . c . )  

gave  a  s r y s t a l l $ n e  e l u a t e  (550 m gm .) , r e c r y s t a l l i s a t i o n  

o f  w h ich  f rom m e t h a n o l - c h l o r o f o r m  gave oC-amyrin a c e t a t e ,  

m .p .  220-221 , u n d e p re s s e d  i n  m .p .  when mixed w i t h  an 

a u t h e n t i c  sp e c im en .  A t h i r d  f r a c t i o n  ( 5 L1  mgm.) o b t a i n e d  

by c o n t i n u e d  w ash ing  w i t h  t h e  same s o l v e n t  m i x t u r e  (112? 

c . c . ) ,  c r y s t a l l i s e d  from m e t h a n o l - c h lo r o f o r m  a s  n e e d l e s ,  

m . p .  2 0 2 - 2 0 4 ° ,  and gave a  red -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 .  S e v e r a l  r e c r y s t a l l i s a t i o n s  o f  t h i s  f r a c t i o n  

f rom  m e t h a n o l - c h l o r o f o r m  gave u r s a - 1 1 s 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  

a s  n e e d l e s ,  m . p .  206-207 > * “ 7 9  (jL> 1*2,  0 . 3 5 )*

Pound:  C, 8 2 . 3 ; H, 1 0 . 9 .  C H 0  r e q u i r e s  C, 8 2 .3 ;
3 2  5 0  2  ‘

H, 1 0 . 8 $ .  L i g h t  a b s o r p t i o n :  Max. a t  2 4 4 0  ( £ =  2 9 >0 0 0 ) ,

2 5 2 0  ( £  = 3 1 , 2 0 0 ) ,  and 2 6 0 0 A ( £ =  2 1 , 4 0 0 ) .  A m i x t u r e

w i t h  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  (m .p .  2 3 0 - 2 3 1 °)  had

m . p .  183-190°*
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( i i )  A s o l u t i o n  o f  c^-amyrin a c e t a t e  ( 4 0  g . )  

i n  b o i l i n g  b e n z y l  a c e t a t e  ( r e d i s t i l l e d ;  500 c . c . )  was 

t r e a t e d  w i t h  s e l e n iu m  d i o x i d e  ( 4 8  g . )  and t h e  m ix t u r e  

r e f l u x e d  f o r  2 4  h o u r s .  The f i l t e r e d  s o l u t i o n  was t h e n  

e v a p o r a t e d  t o  d r y n e s s  i n  v a c u o , t h e  r e s i d u e  t a k e n  up i n  

e t h e r ,  washed w i t h  p o t a s s i u m  c y a n id e  s o l u t i o n  (3$) and 

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

c r y s t a l l i n e  s o l i d  was o b t a i n e d  on rem ova l  o f  t h e  e t h e r .  

T h i s  was c r y s t a l l i s e d  from m e t h a n o l - c h l o r o f o r m  and two 

c r o p s  (22 g . )  o f  °C-amyrin a c e t a t e  (m .p .  and mixed m. p .  

2 1 6 -9 ° )  were r e c o v e r e d .  The m o t h e r - l i q u o r  on e v a p o r 

a t i o n  gave a  p a r t l y  c r y s t a l l i n e  r e s i d u e  (15 g . ) ,  a  

s o l u t i o n  o f  which  i n  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 3 ;  1 ,0 0 0  

c . c . )  was ch rom a to g rap h ed  on a lu m in a  (27 x  4 . 5  c m. ) .

Washing t h e  column w i t h  t h e  same s o l v e n t  ( 1 , 0 0 0  c . c . )  gave  

a  f r a c t i o n  (0 .0 9  g») ‘which c o u ld  n o t  be c r y s t a l l i s e d .  

C o n t in u e d  w ash ing  w i t h  t h e  same s o l v e n t  m ix t u r e  ( 7 5 0  c . c . )  

gave  a  c r y s t a l l i n e  e l u a t e  (3*5 £ • ) >  r e c r y s t a l l i s a t i o n  o f  

w h ich  from m e t h a n o l - c h l o r o f o r m  gave <Vamyrin a c e t a ‘te  

( m. p .  and mixed m. p .  223-225°)»  A t h i r d  f r a c t i o n  ( 3 . 0  g . )  

o b t a i n e d  by w on t inued  w ash ing  w i t h  t h e  same s o l v e n t  m i x t u r e  

(2 ,00D c . c . )  c r y s t a l l i s e d  a s  n e e d l e s ,  m. p .  1 9 0 -2 0 0 ° ,  from 

m e t h a n o l - c h l o r o f o r m .  T h i s  t h i r d  f r a c t i o n  was combined 

w i t h  t h e  r e s i d u e  from t h e  m o t h e r - l i q u o r s  o f  t h e  second 

f r a c t i o n ,  and t h e  whole (3 * 5  S*) 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  (125 c . c . )  and rec h ro m a to g ra p h e d  on a lu m in a  

( 1 7  x  3 . 5  c m . ) .  Washing w i t h  the  same s o l v e n t  (450 c . c . )
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gave  a f r a c t i o n  ( 0 .1 1  g . )  w h ich  c o u ld  n o t  he  c r y s t a l l i s e d .

A second  f r a c t i o n  ( 2 . 0 5  g . )  e l u t e d  w i t h  l i g h t  p e t r o l e u m  

( l , 5 0 0  c . c . )  c r y s t a l l i s e d  from m e t h a n o l - c h l o r o f o r m  t o  

g i v e  o(-amyrin a c e t a t e ,  and c o n t i n u e d  w ash ing  w i t h  t h e  

same s o l v e n t  ( 4 5 0  c . c . )  gave  a  m a t e r i a l  ( 0 . 2 4  g . )  which  

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  a s  n e e d l e s  o f  im p .  

1 8 0 - 1 9 0  . Washing w i t h  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 1 ;

300 c . c . )  gave  a f r a c t i o n  (1 .2 3  g - )  w hich  a f t e r  s e v e r a l  

c r y s t a l l i s a t i o n s  from c h lo r o f o r m - m e th a n o l  gave u r s a - 1 1 :  

1 3 ( l 8 ) - d i e n y l  a c e t a t e  (700 mgm.) a s  n e e d l e s  o f  m .p .  205- 

2 0 6 ° ,  u n d e p r e s s e d  by a  sample p r e p a r e d  a s  d e s c r i b e d  

a b o v e .

( i i i )  A s o l u t i o n  o f  o(-amyrin a c e t a t e  ( 4 0  g . )  

i n  b o i l i n g  g l a c i a l  a c e t i c  a c i d  ( 1 ,6 0 0  c . c . )  was t r e a t e d  

o v e r  one h o u r  w i t h  a  s o l u t i o n  o f  s e l e n iu m  d i o x i d e  (20  g . )  

i n  w a t e r  ( 1 0  c . c . )  ^nd g l a c i a l  a c e t i c  a c i d  ( 4 0 0  c . c . ) .

Pused  sodium a c e t a t e  ( 1 6 0  g . )  was t h e n  a d d ed ,  and th e  

m i x t u r e  f e f l u x e d  f o r  15 m i n u t e s .  The h o t  s o l u t i o n  was 

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

s o l i d  was c o l l e c t e d ,  t a k e n  up i n  e t h e r ,  and t h e  e t h e r e a l  

s o l u t i o n  washed w i t h  d i l u t e  a l k a l i ,  p o t a s s i u m  c y a n id e  

s o l u t i o n  (3 $ ) ,  and w a t e r .  A f t e r  d r y i n g  and t r e a t m e n t  

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

and t h e  r e s i d u e  c r y s t a l l i s e d  w i t h  c h lo r o f o r m - m e th a n o l .

T h i s  gave two c r o p s  o f  unchanged o(-amyriri a c e t a t e .  ( 3 4  g . ) .

The m o t h e r - l i q u o r  on e v a p o r a t i o n  gave a gummy r e s i d u e
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( l . 6 7 g . ) a  s o l u t i o n  o f  which  i n  l i g h t  p e t r o l e u m  (100 c . c . )

was c h ro m a tog rap hed  on a lu m in a  ( 1 5  x  2  c m . ) .  Washing

t h e  column w i t h  t h e  same s o l v e n t  ( 1 ,2 0 0  c . c . )  gave  a

f r a c t i o n  ( 0 .7 8  g . )  w hich  c r y s t a l l i s e d  from m e t h a n o l -

c h lo r o f o r m  to  g i v e  o<-amyrin a c e t a t e .  C o n t in u e d  w ash ing

w i t h  t h e  same s o l v e n t  (200 c . c . )  gave  a  f r a c t i o n  ( 0 . 1 0  g . )

o b t a i n e d  a s  n e e d l e s ,  m . p .  l 6 5 ~ l 3 0 °, f rom c h lo r o f o r m -

m e t h a n o l .  The t h i r d  f r a c t i o n  ( 0 . 3 3  § • ) >  e l u t e d  on

w ash ing  w i t h  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 1 0 ; 4 0 0  c . c . ) ,

a f t e r  s e v e r a l  c r y s t a l l i s a t i o n s  from c h l o r o f o r m - m e t h a n o l ,

gave  u r s a - 1 1 : 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  (260 mgm.) a s  n e e d l e s  
/  oo f  m . p .  205-2O6 , u n d e p r e s s e d  on m ix in g  w i t h  a  sample  

p r e p a r e d  a s  d e s c r i b e d  ab o v e .

U r s a - 1 1 : 1 1 ( l 8 ) - d i e n o l

U r s a - 1 1 : 1 3 ( 1 3 ) - d i e n y l  a c e t a t e  (90 mgm.) was

h y d r o l y s e d  by r e f l u x i n g  i n  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

s o l u t i o n  (5$;  10 c . c . )  f o r  3 h o u r s ,  and t h e  a l c o h o l

o b t a i n e d  i n  t h e  u s u a l  m anner .  U r s a - l l : l l ( l 8 ) - d i e n o l

(60  mgm.) s e p a r a t e d  from aqueous  m e th a n o l  a s  n e e d l e s ,

m . p .  1 9 4 - 1 9 5 *, [«<], - 8 3 ° ,  - 3 6 * ( e ,  1 . 2 ,  1 . 0 ) .

Founds C, 8 4 . 6 5 ; H, I I . 5 .  G H 0  r e q u i r e s  C, 84.85
3 0  4 8

H, 1 1 . 4 $ .

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

and a c e t i c  a n h y d r i d e ,  gave u r s a - l l s l 3 ( l 8 ) - d i e n y l  a c e t a t e ,

m .p .  2 0 5 - 2 0 6 °,  [f*] , - 7 6 ’ (c., 0 . 4 4 ) ,  u n d e p re s s e d  i n  m .p .

when mixed w i t h  a  specimen p r e p a r e d  a s  d e s c r i b e d  a b o v e .
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U r s - 1 3 ( l S ) - e n o l

A s o l u t i o n  o f  u r s a - l l : 1 3 ( 1 3 ) - d i e n y l  a c e t a t e

(300 mgm.) i n  e t h y l  a c e t a t e  (70 c . c . )  and 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  (80 c . c . )  was shaken  w i t h  h yd ro g en

o v e r  p r e v i o u s l y  re d u c e d  p l a t i n u m  c a t a l y s t  (150 mgm.)

f o r  2 1  h o u r s .  The f i l t e r e d  s o l u t i o n  was e v a p o r a t e d

and th e  r e s i d u e  h y d r o l y s e d  by r e f l u x i n g  i t  f o r  2 h o u r s

w i t h  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  (3$;  2 5  c . c . ) .  The

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

from m e t h a n o l ,  g i v i n g  u r s - 1 3 ( l 8 ) - e n o l  a s  p l a t e s ,  m .p .

2 0 4 - 2 0 5 *, O J ,  - 3 5 " ,  - 3 6 . 5 * ,  ( o ,  1 . 2 ,  0 . 6 ) .

Pounds C, 8 4 . I 5  H, 1 2 . 0 . G H 0  r e q u i r e s  G, 8 4 . 4 ;
3 0  5 0

H, 1 1 . 8 $ .

U r s - 1 3 ( l 3 ) - e n o l  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 .

U r s - H ( l 8 ) - e n y l  A c e t a t e

U r s - 1 3 ( l 8 ) - e n o l  was a c e t y l a t e d  w i t h  a c e t i c

a n h y d r i d e  and p y r i d i n e ,  and t h e  p r o d u c t  o b t a i n e d  i n  th e

u s u a l  m an n e r .  On c r y s t a l l i s a t i o n  farom c h lo r o f o r m -

m e t h a n o l ,  u r s - H ( 1 8 ) - e n y l  a c e t a t e  s e p a r a t e d  a s  n e e d l e s ,

m .p .  2 1 4 - 2 1 6 *,  " 2 3 ° * “ 2 2  ( £ ,  1 . 4 , 0 . 4 ) .

P o u n d s ’ C, 8 2 . 3 ; H, 1 1 . 4 . C H 0  r e q u i r e s  C, 8 2 . 0 ;
32 52 2

H, 1 1 . 2 $ .

I $ g h t  a b s o r p t i o n s  £  = 4 , 0 0 0 , £ = 5 , 1 0 0 ,  £  =*
2100 2 1 5 0  2200 

2 , 8 0 0 , and £  = 1 , 1 0 0 . U r s - 1 3 ( l 8 ) - e n y l  a c e t a t e  gave
2230

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 a  m i x t u r e  w i t h  

o l e a n - 1 3 ( l 8 ) - e n y l  a c e t a t e  (m .p .  209-210*) had  m . p .  1 9 0 - 1 9 5 °-
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A m i x t u r e . w i t h  u r s a - l l s l 3 ( l 8 ) - d i e n y l  a c e t a t e  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .

O x i d a t i o n  of_ U r s a - 1 1 . 1 ^ ( 1 8 ) - d i e n y l  A c e t a t e  w i t h  Chromium 

T r i o x i d e

A s o l u t i o n  o f  chromium t r i o x i d 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  (5*8 c . c . ,  c o n t a i n i n g  1 . 8 4  mgm. 

a c t i v e  o x y g e n / c . c . ,  i . e .  1 .0 5  m ols )  was added d ro p w ise  

w i t h  sh a k in g  t o  a s o l u t i o n  o f  u r s a - l l : 1 3 ( l 8 ) - d i e n y l  a c e t a t e  

(300 mgm.) 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  (30 c . c . )  a t  

6 5* .  An imm edia te  g r e e n  c o l o u r  was p r o d u c e d .  A f t e r  

a l l  t h e  o x i d a n t  had  been  ad d ed ,  t h e  s o l u t i o n  was k e p t
s 0a t  65 f o r  15 m i n u t e s ,  and t h e  p r o d u c t  was t h e n  o b t a i n e d  

i n  t h e  u s u a l  m an n e r .  I t  p ro ved  t o  be  a  gummy y e l l o w  

s o l i d  (270 mgm. ) ,  which was 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  

(JO c . c . )  and ch ro m a tog rap hed  on a lu m in a  (6 x  l . J  c m. ) .

On w ash ing  th e  columa w i t h  l i g f r t  p e t r o l e u m  ( J 0 0  c . c . ) ,  

a  f r a c t i o n  (120 mgm.) was o b t a i n e d ,  and t h i s  was 

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g i v e  u r s a - 1 1 s
o

1 3 ( l 8 ) - d i e n y l  a c e t a t e ,  m. p .  205-206 , u n d e p re s s e d  on 

m ix in g  w i t h  an  a u t h e n t i c  spec im en .  Benzene (JO c . c . )  

t h e n  e l u t e d  a  sm a l l  f r a c t i o n  ( 2 j  mgm.) which c r y s t a l l i s e d  

f rom  m e th a n o l  a s  n e e d l e s , m . p .  197“9 > d e p r e s s e d  on 

m ix in g  w i t h  s t a r t i n g  m a t e r i a l ,  w h ich  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 .

Found:  C, 8 0 . 0 ; H, 1 0 . 5 .  C H 0  r e q u i r e s  C, 7 9 -6;
3 2  5 0  3
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H, 10 .4# .

L ig h t  a b s o r p t io n s  £  =* 8 , 1 0 0 , £  » 5 , 2 0 0 ,
2100 2150 

£  = 2 ,8 0 0 ,  and £  = 2 ,1 0 0 .
2200 2230 

S u b seq u e n t  f r a c t i o n s ,  o b t a i n e d  by w ash ing  w i t h  v a r i o u s

s o l v e n t s ,  (b enzene ;  150 c . c . s  1 : 2  e t h e r - b e n z e n e ;  100 c . c . *

e t h e r ;  1 0 0  c . c . )  cou ld  n o t  be c r y s t a l l i s e d .  Washing

w i t h  m e t h a n o l - e t h e r  ( I s 2;  50 c . c . )  gave  a  f r a c t i o n  (6 mgm.)

w hich  c r y s t a l l i s e d  from aqueous  m e th a n o l  a s  p l a t e s  o f

m . p .  226-238 . L ig h t  a b s o r p t io n :  Max. a t  2 0 8 0  ( £ =

3 , 9 0 0 ) and 3 1 0 0 A ( £ =  8 , 7 0 0 ) .

The A c t i o n  o f  N-Brom succin imide  on U r s a - l l s  1 3 ( l 8 ) -d ie n .y l  

A c e t a t e

A s o l u t i o n  o f  u r s a - 1 1 s 1 3 ( 1 8 ) - d i e n y l  a c e t a t e  

(170  mgm.) i n  d ry  c a rb o n  t e t r a c h l o r i d e  (8*5 c . c . )  was 

r e f l u x e d  w i t h  N -b ro m su cc in im id e  (100 mgm.) f a r  3 h o u r s ,  

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

s o l u t i o n  was washed w i t h  d i l u t e  a l k a l i ,  a c i d  and w a t e r ,  

d r i e d ,  and e v a p o r a t e d  i n  v a c u o . The r e s i d u e  was 

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

(80 mgm.) o f  m .p .  1 8 0 -1 8 6 ° ,  u n d e p re s s e d  on m ix in g  w i t h  

s t a r t i n g  m a t e r i a l ,  and h a v in g  -6 6  (c.» 0*33) •

The r e s i d u e  ( 6 0  mgm.) 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  

m o th e r  l i q u o r  was 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  (25 c . c . )  

and c h ro m a to g ra p h ed  on a lu m in a  ( 0 . 5  x  4 . 5  c m. ) .  The 

o n l y  f r a c t i o n  w h ich  c o u ld  be c r y s t a l l i s e d  was t h a t  e l u t e d  

w i t h  l i g h t  p e t r o l e u m  (50 c . c . ) ,  and t h i s  ( 2 7  mgm.) g a v e ,
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f rom m e t h a n o l ,  n e e d l e s  o f  m . p .  1 8 4 -1 8 7 ° ,  C0* !, + 67°

( £ ,  0 . 2 8 ) .  L i g h t  a b s o r p t i o n s  Max. a t  2 4 2 0  ( £=* 1 6 , 0 0 0 ) ,  

2 5 2 0  ( £ *  1 9 , 3 0 0 ) ,  and 26OOA ( £  = 1 6 , 6 0 0 ) .

The A c t io n  o f  S u l p h u r i c  Acid  on U r s a - 1 0 : 1 2 - d i e n y l  A c e t a t e

Cone, s u l p h u r i c  a c i d  (4 . 8  c . c . )  was added t o  a  

s o l u t i o n  o f  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  (300 mgm.) i n  

b en ze n e  (5»0 c . c . )  and g l a c i a l  a c e t i c  a c i d  (28 c . c . ) ,  

and t h e  m i x t u r e  a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  

t h i r t e e n  d a y 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 an n e r ,  and p ro v ed  t o  be a gummy s o l i d ,  w hich  c r y s t a l l i s e d  

from c h lo r o f o r m - m e th a n o l  to  g iv e  n e e d l e s  ( l 8 0  mgm.) o f  

m . p .  1 5 8 - 1 6 0 ° ,  u n d e p re s s e d  on m ix in g  w i t h  s t a r t i n g  

m a t e r i a l .  The gum 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  m o th e r -  

l i q u o r  (100 mgm.) was a c e t y l a t e d  i n  t h e  u s u a l  m an n e r ,  and 

t h e  a c e t a t e  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  (25 c . c . )  and 

c h ro m a to g ra p h ed  on a lu m in a  ( 4 . 5  x  1  c m. ) .  The o n ly  

f r a c t i o n  which  c o u ld  be c r y s t a l l i s e d  was t h a t  e l u t e d  w i t h  

l i g h t  p e t r o l e u m  ( 1 2 5  c . c . ) ,  and t h i s  ( 4 3  mgm.) was 

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g i v e  n e e d l e s  of  

m . p .  1 4 6 - 1 5 1 ° ,  u n d e p re s s e d  on m ix in g  w i t h  s t a r t i n g  m a t e r i a l .

The A c t io n  o f  H y d r o c h lo r i c  Acid on U r s a - 1 0 : 1 2 - d i e n y l  

A c e t a t e  %

Cone, aqueous  h y d r o c h l o r i c  a c i d  (10 c . c . )  was 

added  t o  a  b o i l i n g  s o l u t i o n  o f  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  

( 2 0 0  mgm.) i n  e t h a n o l  ( 4 0  c . c . ) ,  and t h e  m i x t u r e  r e f l u x e d
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f o r  5  h o u r s .  The p r o d u c t  was o b t a i n e d  i n  t h e  normal 

m an n e r ,  and a c e t y l a t e d  a s  u s u a l  w i t h  a c e t i c  a n h y d r id e  

and p y r i d i n e .  The p r o d u c t  c r y s t a l l i s e d  from c h lo r o f o r m  

- m e th a n o l  a s  n e e d l e s  ( 9 5  mgm.) o f  m. p .  1 6 3 - 1 6 5 ° ,  

u n d e p r e s s e d  on m ix in g  w i t h  s t a r t i n g  m a t e r i a l .  L i g h t  

a b s o r p t i o n :  Max. a t  2 8 0 0 A ( £  3 1 1 , 2 0 0 ) .

The A c t io n  o f  Hydrogen C h l o r id e  on U r s a - 1 1 : ! H ( l 8 ) -

d i e n y l  A c e t a t e

Dry h y d rog en  c h l o r i d e  was p a s s e d  t h r o u g h  a

s o l u t i o n  o f  u r s a - l l : 1 3 ( l 8 ) - d i e n y l  a c e t a t e  ( 1 2 .5  mgm.)

i n  c h lo r o f o r m  ( r e d i s t i l l e d ;  2 . 0  c . c . )  f o r  15 m i n u t e s .

The s o l u t i o n  was t h e n  a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e

i n  a  s t o p p e r e d  f l a s k  f o r  6 d a y s .  On e v a p o r a t i o n  o f

s o l v e n t ,  a  gummy s o l i d  r e m a in e d ,  and t h i s  was c r y s t a l l i s e d

from c h lo r o f o r m - m e th a n o l  t o  g i v e  n e e d l e s  o f  m . p .  195-19$ ,

u n d e p r e s s e d  on m ix in g  w i t h  s t a r t i n g  m a t e r i a l .  L ig h t

a b s o r p t i o n :  Max. a t  2 4 4 0  ( £ 3 1 7 , 0 0 0 ) ,  2 5 0 0  ( £  =

1 7 , 9 0 0 ) ,  and 2 6 0 0 k  ( £  3 1 1 , 6 0 0 ) ,  and £  3 7 65 ,  w i t h
2800

no i n f l e x i o n .

The A c t i o n  o f  S u l p h u r i c  Acid on <*-Amyrin Acetat_e

Cone, s u l p h u r i c  a c i d  ( 2 0  c . c . )  was added t o  a 

s o l u t i o n  o f  e(-amyrin a c e t a t e  ( 2 . 5  S«) i n d r y b enzen e  

(70 c . c . )  and  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  (300 c . c . )  

and t h e  m i x t u r e  a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  

8 w eek s .  The p r o d u c t  was o b t a i n e d  a s  u s u a l ,  and



9 6 .

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g i v e  o(-amyrin
t \ °a c e t a t e  ( 2 .1 5  g*)> m. p .  225-226 , u n d e p r e s s e d  on m ix in g  

w i t h  an  a u t h e n t i c  spec im en .

<*-Amyrin H a l f - s u c c i n a t e

S u c c i n i c  a n h y d r i d e  ( 0 .3 7  g . ,  i . e .  1 .3  m ols )  

was added to  a  s o l u t i o n  o f  o<-amyrin ( 1 .5 6  g . )  i n  p y r i d i n e  

( 1 2  c . c . ) ,  and t h e  m i x t u r e  h e a t e d  t o  1 0 0 ° f o r  V J  ,h o u r s .  

The r e a c t i o n  m i x t u r e  was t h e n  l a r g e l y  d i l u t e d  w i t h  w a t e r  

and t h e  p r e c i p i t a t e  formed t a k e n  up i n  e t h e r ,  a f t e r  

w h ich  t h e  a c i d  f r a c t i o n  was e x t r a c t e d  by  w ash ing  w i t h  

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  ( 3%)  • The e t h e r  l a y e r ,  

c o n t a i n i n g  t h e  n e u t r a l  f r a c t i o n ,  was washed w i t h  w a t e r ,  

d r i e d ,  and t h e  s o l v e n t  removed. The r e s i d u e  was 

c r y s t a l l i s e d  from m e th a n o l  t o  g iv e  n e e d l e s  ( 0 . 8 0  g . )  o f  

m. p .  1 7 7 - 1 7 9 ° ,  u n d e p re s s e d  on m ix in g  w i t h  an  a u t h e n t i c  

sample  o f  cC-amyrin. The a c i d  f r a c t i o n  was p r e c i p i t a t e d  

by a c i d i f i c a t i o n  o f  t h e  a l k a l i n e  w ash in g s  w i t h  d i l u t e  

h y d r o c h l o r i c  a c i d ,  and was t h e n  t a k e n  up i n  e t h e r ,  washed 

w i t h  w a t e r ,  and d r i e d .  The r e s i d u e  a f t e r  rem ova l  o f  

eth§|* was c r y s t a l l i s e d  from n - h e x a n e - a c e t o n e , t o  g i v e  

rf-pmyrtn h a l f - s u c c i n a t e  (100 mgm.) a s  p r i s m s  o f  m .p .  

2 2 0 - 2 2 3 ° .

Founds C, 7 7 .8 ;  H, 1 0 . 3 .  C H 0  r e q u i r e s  C, 7 7 .5 ;
3 4  5 4 - 4

H, 1 0 . 6 ^ .

R e s u l t s  o f  m i c r o - e q u i v a l e n t  t i t r a t i o n s :  E q u i v a l e n t  w e ig h t

o f  o<-amyrin h a l f - s u c c i n a t e  = 520 ,  5 3 3 > 520 ,  5 2 1 *
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C a l c u l a t e d  v a l u e  o f  e q u i v a l e n t  w e ig h t  = 5 2 7 *

l l - K e t o - u r s - 1 2 - e n v l  A c e t a t e

( c f .  S p r i n g , a n d  V i c k e r s t a f f ,  J .9 1 9 3 7 , 2 4 9 )

A s o l u t i o n  o f  chromium t r i o x i d e  (8 . 4  g . )  i n  

a c e t i c  a c i d  (90^5 H O  c . c . )  was added  d ro p w ise  o v e r  15 

m in u t e s  t o  a b o i l i n g  s o l u t i o n  o f  o(-amyrin  a c e t a t e  (10  g . )  

i n  g l a c i a l  a c e t i c  a c i d  (300 c . c . ) ,  and th e  m i x t u r e  t h e n  

r e f l u x e d  f o r  one h o u r .  The p r o d u c t  was o b t a i n e d  i n  t h e  

u s u a l  m an n e r ,  and c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  

t o  g i v e  l l - k e t o - u r s - 1 2 - e n y l  a c e t a t e  a s  p l a t e s  o f  m .p .  

2 8 6 - 2 8 8  , +96 ( £ ,  1 . 3 )  • L ig h t  a b s o r p t i o n :  Kax.

a t  2 4 8 OA ( £  = 1 3 *1 0 0 ) .

•

A ttem p ted  B r o m in a t io n  o f  l l - K e t o - u r s - 1 2 - e n v l  A c e t a t e

A s o l u t i o n  o f  b rom ine  i n  g l a c i a l  a c e t i c  a c i d  

( 5 . 9 ^  w/v;  2 . 0  c . c . ,  i . e . 1 . 1  m o ls )  was added  d ro p w ise  

w i t h  sh a k in g  t o  a s o l u t i o n  o f  l l - k e t o - u r s - 1 3 - e n y l  a c e t a t e  

( 3 0 0  mgm.) i n  g l a c i a l  a c e t i c  a c i d  ( 4 0  c . c . )  c o n t a i n i n g  a 

t r a c e  o f  h ydrogen  b ro m id e .  D u r in g  t h e  a d d i t i o n ,  and 

f o r  22 h o u r s  t h e r e a f t e r ,  t h e  t e m p e r a t u r e  o f  the  s o l u t i o n  

was m a i n t a i n e d  a t  6 0 - 7 0 °. The p r o d u c t  was o b t a i n e d  i n  

t h e  u s u a l  m ann e r ,  and c r y s t a l l i s e d  from c h lo r o f o r m -  

m e th a n o l  t o  g i v e  p l a t e s  (200 mgm.) o f  m .p .  2 8 0 -2 8 3 ° ,  

u n d e p r e s s e d  on m ix in g  w i t h  s t a r t i n g  m a t e r i a l .
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A ttem pted  F orm ation  o f  th e  E n o l A c e t a te  o f  l l - K e t o - u r s -

1 2 - e n v l  A c e t a t e

l l - K e t o - u r s - 1 2 - e n y l  a c e t a t e  ( 2 . 0  g . )  was 

r e f l u x e d  f o r  72 h o u r s  i n  a c e t i c  a n h y d r i d e  (100 c . c . ) ,  

w i t h  f r e s h l y  f u s e d  sodium a c e t a t e  (3 . 0  g . ) .  The p r o d u c t  

was o b t a i n e d  i n  the  u s u a l  m ann e r ,  and c r y s t a l l i s e d  from 

c h lo r o f o r m - m e th a n o l  a s  p l a t e s  (1 .6 9  g*) o f  m .p .  2 8 4 -2 8 7 ° ,  

(c., 2 . 3 )* A m i x t u r e  w i t h  an a u t h e n t i c  

spec im en  o f  l l - k e t o - u r s - 1 2 - e n y l  a c e t a t e  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .

The A c t io n  o f  S t ro n g  A l k a l i  on l l - K e t o - u r s - 1 2 - e n y l  A c e t a t e

1 1 - K e t o - u r s - 1 2 - e n y l  a c e t a t e  (5*0 g . )  was 

r e f l u x e d  f o r  50 h o u r s  i n  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  

( 1 5 $$ 4 0 0 < c . c . ) .  The p r o d u c t  was o b t a i n e d  a s  u s u a l ,  

and a c e t y l a t e d  i n  t h e  norm al  m anner .  The a c e t a t e  was 

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l ,  and gave  p l a t e s  

( 4 . 5  g») o f  m .p .  283-286 , [ « ] ,  +98°  ( o ,  1 . 6 ) .  A

m i x t u r e  o f  p r o d u c t  and s t a r t i n g  m a t e r i a l  showed no m e l t i n g  

- p o i n t  d e p r e s s i o n .

The A c t i o n  o f  S t r o n g  A l k a l i  on 1 2 - K e t o - u r s - 1 0 - e n y l  A c e t a t e

1 2 - K e t o - u r s - 1 0 ^ e n y l  a c e t a t e  (500 mgm.) was 

r e f l u x e d  f o r  65 h o u r s  i n  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  

( 1 5 ^ 5  4 0  c . c . ) .  The p r o d u c t  was o b t a i n e d  a s  u s u a l ,  and 

a c e t y l a t e d  i n  t h e  norm al  m anner .  The a c e t a t e  was 

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l ,  and gave p l a t e s  

(470 mgm.) o f  m .p .  2 7 7 - 2 8 1 ° ,  [o<]j)+8 2 <’ ( o ,  1 . 1 ) .  A
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m i x t u r e  o f  p r o d u c t  and s t a r t i n g  m a t e r i a l  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .

The E n o l  A c e t a t e  o f  1 2 - K e t o - u r s - 1 0 -en.yl  A c e t a t e

( i )  1 2 - E e t o - u r s - 1 0 - e n y l  a c e t a t e  (790 mgm.)

was r e f l u x e d  f o r  60 h o u r s  i n  a c e t i c  a n h y d r i d e  (60 c . c . )

w i t h  f r e s h l y  f u s e d  sodium a c e t a t e  ( 1 . 2  g . ) .  The p r o d u c t

was o b t a i n e d  a s  u s u a l ,  and c r y s t a l l i s e d  from m e t h a n o l -

b enzene  t o  g iv e  t h e  e n o l  a c e t a t e  (500 mgm.) a s  f i n e

n e e d l e s  o f  m .p .  257~258 > [<*],  + 231° ( c ,  0 . 4 6 ) .

Pound:  £ ,  7 7 *9 , H, 9 *9 . C H 0  r e q u i r e s  C, 7-7 *®»
3 4  5 2  4

H, 9 .9 %•

L i g h t  a b s o r p t i o n :  Max. a t  278OA ( £  = 8 , 9 0 0 ) .  The

e n o l  a c e t a t e  g i v e s  a  r e d  brown 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 i )  1 2 - K e t o - u r s - 1 0 - e n o l  (280 mgm.) was 

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

farom c h lo r o f o r m - m e th a n o l  a s  n e e d l e s  (190 mgm.) o f  m .p .

2 5 6 - 2 5 7 ° t  u n d e p r e s s e d  by a  sample o f  t h e  e n o l  a c e t a t e  

p r e p a r e d  a s  d e s c r i b e d  abo v e .

H y d r o l y s i s  o f  the  E no l  A c e t a t e  o f  1 2 - K e t o - u r s - 1 0 - e n y l  

A c e t a t e

The e n o l  a c e t a t e  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  

(77 mgm.) was h y d r o l y s e d  by r e f l u x i n g  f o r  two h o u r s  i n  

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  (3$;  10 c . c . ) ,  and th e  

p r o d u c t  o b t a i n e d  i n  t h e  u s u a l  way. T h i s  was c r y s t a l l i s e d
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f rom  aqueous  m e th a n o l  t o  g i v e  n e e d l e s  ( 4 7  mgm.) o f  m .p .  

2 3 8 - 2 4 0  , (5*3 y +77 ( c ,  0 . 6 2 ) .  The m e l t i n g  p o i n t  was

u n d e p r e s s e d  on m ix in g  w i t h  an  a u t h e n t i c  sample  o f  12- 

k e t o - u r s - 1 0 - e n o l .

1 3 - i s o - 1 2 - K e t o - u r s - 1 0 - e n v l  B e n z o a te

( c f .  McLean, R u f f  and S p r i n g ,  J . ,  1 9 5 l> IO93)

A s o l u t i o n  o f  u r s a - 1 0 : 1 2 - d i e n y l  b e n z o a t e  ( 9 * 0  g . )  

i n  g l a c i a l  a c e t i c  a c i d  ( 4 0 0  c . c . )  was t r e a t e d  f o r  2 0  m in u t e s  

a t  s t e a m - b a t h  t e m p e r a t u r e  w i t h  a m i x t u r e  o f  hy d rog en  

p e r o x i d e  ( 3 0 ^ 5  3& c . c . )  and g l a c i a l  a c e t i c  a c i d  (36 c . c . )  

w i t h  v i g o r o u s  s t i r r i n g .  S t i r r i n g  and h e a t i n g  were 

c o n t i n u e d  u n t i l  t h e  p r e c i p i t a t e d  s o l i d  r e d i s s o l v e d  (2 

h o u r s ) .  More p e r o x i d e - a c e t i c  a c i d  (72 c . c . )  was a d d ed ,  

and t h e  s o l u t i o n  h e a t e d  and s t i r r e d  f o r  one h o u r ,  a f t e r  

w hich  i t  was d i l u t e d  w i t h  h o t  w a te r  u n t i l  i t  was 

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

on c o o l i n g  was c o l l e c t e d ,  washed w i t h  a  l i t t l e  m e th a n o l
o

and t h e n  w i t h  w a t e r ,  and d r i e d  i n  a i r  a t  1 0 0  . I t  was 

t h e n  d i s s o l v e d  i n  c h l o r o f o r p  (5 c . c . )  and e t h a n o l  (200 

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

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

t h e  b o i l i n g - p o i n t  and t h e  f i l t r a t e  a g a i n  c o n c e n t r a t e d  

u n t i l  c r y s t a l l i s a t i o n  o c c u r r e d .  Two c r o p s  were o b t a i n e d  

t h u s ,  and  were combined and r e c r y s t a l l i s e d  from c h lo r o f o r m  

- m e th a n o l  t o  g i v e  1 3 - i s o - 1 2 - k e t o - u r s - 1 0 - e n y l  b e n z o a t e  

( l . O ' g . )  a s  n e e d l e s  o f  m .p .  2 4 3 - 2 4 4  , |j*]j> + 2 4  (jc, O.7O).
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The A c t io n  o f  S t r o n g  A l k a l i  on 1 3 - i s o - 1 2 - K e t o - u r s - l O -

e n y l  B e n z o a te

( c f .  id em , l o c . c i t . )

1 3 - i s o - 1 2 - K e t o - u r s - 1 0 - e n y l  b e n z o a t e  (200 mgm.) 

was r e f l u x e d  f o r  6 h o u r s  i n  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  

( 6 .6 $ ;  1 2  c . c . ) . A f t e r  t h e  a d d i t i o n  o f  p o t a s s i u m  

h y d r o x i d e  ( 0 . 5  g . )  i n  w a t e r  ( 0 . 4  c . c . )  and e t h a n o l  ( 1 . 6  c . c . )

r e f l u x i n g  was c o n t i n u e d  f o r  8 h o u r s .  The p r o d u c t  was

o b t a i n e d  i n  t h e  u s u a l  m an ne r ,  and  c r y s t a l l i s e d  from
O

aqueo u s  m e th a n o l  a s  n e e d l e s  (85 mgm.) o f  m .p .  239*240 ,

M  + 7 5  (SL> 1 *2 ) .  A m i x t u r e  w i t h  an  a u t h e n t i c  sampleu. —

o f  1 2 - k e t o - u r s - 1 0 - e n o l  showed no m e l t i n g - p o i n t  d e p r e s s i o n .

i f c i  s o - 1 2 - K e t o - u r s - 1 0 - e n y l  A c e t a t e  

( c f .  i d e m , l o c . c i t . )

A s o l u t i o n  o f  1 3 - i s o - 1 2 - k e t o - u r s - 1 0 - e n y l  

b e n z o a te  ( 1 . 0  g . )  i n  b en zene  (20 c . c . )  was t r e a t e d  w i t h

a  s o l u t i o n  o f  p o t a s s i u m  h y d r o x id e  ( 1 . 0  g . )  i n  w a t e r  (8 c . c . )

and e t h a n o l  ( 8 0  c . c . ) .  The m i x t u r e  was r e f l u x e d  f o r  two 

h o u r s ,  and t h e  p r o d u c t  o b t a i n e d  i n  t h e  u s u a l  m an n e r .

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

u s u a l  way. The a c e t a t e  was c r y s t a l l i s e d  from aqueous  

m e th a n o l  to  g i v e  1 3 - i s o - 1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  (600* 

mgm.) a s  p l a t e s  o f  m .p .  200-201 , + ̂  (.£.* 2 . 2 ) .

L i g h t  a b s o r p t i o n s  Max. a t  2 5 0 0 A ( £ ~ 1 0 , 5 0 0 ) .



i s o - 1 2 - K e t o - u r s a n y l  A c e t a t e  

( c f .  id em , l o c . c i t . . )

1 3 - i s o - 1 2 - K e t o - u r s - 1 0 - e n y l  a c e t a t e  ( 5 0 0  mgm.) 

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  ( 4 2 0  c . c . )  was shaken  

w i t h  hy d ro g en  i n  the  p r e s e n c e  o f  p r e v i o u s l y  r e d u c e d  

p l a t i n u m  c a t a l y s t  ( 3 5 0  mgm.) f o r  1 6  h o u r s .  The f i l t e r e d  

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

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

g i v e  i s o - 1 2 - k e t o - u r s a n y l  a c e t a t e  (360 mgm.) a s  n e e d l e s  

o f  m .p .  206-217 9 (m .p .  233“ 2 3 5 °  *n a  s e a l e d ,  e v a c u a t e d  

t u b e > ,  M , + 6 5 ° ,  +6 2 ° ( c ,  1 . 4 , O .9 8 ) .

Found:  C, 7 9 . 1 ; H, 1 0 . 6 . C a l c ,  f o r  0  H 0  C, 7 9 .3
32 52 3

H, 1 0 . 8 $ .

L i g h t  a b s o r p t i o n :  Max. a t  2 1 0 0  ( £  = 3 &0 ) and  2 8 8 0 - 2 9 9 0 A

( £ = 50) • i s t o - 1 2 - K e t o - u r s a n y l  a c e t a t e  was r e c o v e r e d  

unchanged  i n  p h y s i c a l  p r o p e r t i e s  a f t e r  ch ro m a to g rap h y  

on a lu m in a .

i  s o - 1 2 - K e t o - u r s a n o l

i s o - 1 2 - K e t o - u r s a n y l  a c e t a t e  ( 4 4  mgm.) was 

r e f l u x e d  f o r  2 h o u r s  i n  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  

(3^5 15 c . c . ) , and  t h e  p r o d u c t  o b t a i n e d  i n  t ie  u s u a l  way. 

T h i s  c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  a s  p r i s m s  o f  

m .p .  2 5 5 - 2 6 6 °  (m .p .  2 76 -2 7 8 °  i n  a  s e a l e d ,  e v a c u a t e d  tu b e )
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The E n o l  A c e t a t e  o f  l ^ - i s o - l 2 - K e t o - u r s - 1 0 -en.y l  A c e t a t e

1 3 - i s £ - 1 2 - K e t o - u r s - 1 0 - e n y l  a c e t a t e  (200 mgm.) 

was r e f l u x e d  f o r  72 h o u r s  i n  a c e t i c  a n h y d r i d e  (15 c . c . )  \ 

w i t h  f r e s h l y  f u s e d  sodium a c e t a f e  ( 3 0 0  m gm .) . The 

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

c h lo r o f o r m - m e th a n o l  a s  n e e d l e s  (130 mgm.) ,  showing a 

red -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 , and h a v in g  m .p .  

257-258°*  ^ 2 4 -3 ° (£> 1 . 0 ) .  L ig h t  a b s o r p t i o n :
o

Max. a t  276OA ( £  = 1 0 , 1 0 0 ) .  A m i x t u r e  o f  t h e  p r o d u c t  

and t h e  e n o l  a c e t a t e  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  

showed no m e l t i n g - p o i n t  d e p r e s s i o n .

The E n o l  A c e t a t e  o f  i s o - 1 2 -K e to - u r s a n .v l  A c e t a t e

i s o - 1 2 - K e t o - u r s a n y l  a c e t a t e  ( 1 . 0  g . )  was

r e f l u x e d  f o r  7 0  h o u r s  i n  a c e t i c  a n h y d r id e  (25 c . c . )  w i t h

f r e s h l y  f u s e d  sodium a c e t a t e  ( 1 . 0  g . ) .  The p r o d u c t  was

o b t a i n e d  a s  u s u a l ,  and c r y s t a l l i s e d  from c h lo r o f o r m -

m e th a n o l  t o  g i v e  t h e  e n o l  a c e t a t e  ( 4 8 0  mgm.) a s  f l a t t e n e d

n e e d l e s  o f  m .p .  26 0 - 2 $ 2 ° ,  - 7 3 °» - 7 4 ° (c,. 1 *3 > 1 * 6 ) ,

g i v i n g  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  •

Found: C* 7 7 *9 ; H, 1 0 . 2 . O H O  r e q u i r e s  C, 7 7 *6 ;
3 4  5 4  4

H, 1 0 . 3 $ .

L ig h t  a b s o r p t io n :  £, 3 3 *3 ^0 , 3 3 *0 0 0 , £  =
2080 2100 2150

1 *7 5 °* £  = i * 100 and £  = 7 5 ° -
2200 2230
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Acid H y d r o l y s i s  o f  t h e  E n o l  A c e t a t e  o f  i s o - 1 2 - K e to -

u r s a n y l  A c e t a t e

Cone,  aqueous  h y d r o c h l o r i c  a c i d  ( 5  c . c . )  was 

added  t o  a  s o l u t i o n  o f  the  e n o l  a c e t a t e  o f  i s o - 1 2 - k e t o -  

u r s a n y l  a c e t a t e  (100 mgm.) i n  benzen e  ( 6 . 0  c . c . )  and 

m e th a n o l  (25 c . c . ) ,  and t h e  m i x t u r e  r e f l u x e d  f o r  4 h o u r s .  

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

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

p y r i d i n e  i n  t h e  norm al  m an n e r .  The a c e t a t e  was 

c r y s t a l l i s e d  from m e th a n o l  t o  g iv e  p l a t e s  ( 4 0  mgm.) o f  

m . p .  2 11 -2 1 5 °  (m .p .  2 2 7 - 2 2 9 u n d e p re s s e d  on m ix in g  w i t h  

an  a u t h e n t i c  spec im en o f  i s o - 1 2 - k e t o - u r s a n y l  a c e t a t e ,  i n  

a s e a l e d , e v a c u a t e d  t u b e ) , 0 0 * + 6 0 °  ( c ,  1 . 4 ) .

The E n o l  A c e t a t e  o f  1 2 - K e t o - u r s a n y l  A c e t a t e  

( c f .  McLean, S i l v e r s t o n e a n d  S p r i n g ,  J .  1 9 5 1 * 9 3 5 )

1 2 - K e t o - u r s a n y l  a c e t a t e  ( 1 . 0  g . )  was r e f l u x e d  

f o r  2 4  h o u r s  i n  a c e t i c  a n h y d r id e  (20 c . c . )  w i t h  f r e s h l y  

f u s e d  sodium a c e t a t e  ( 1 . 0  g . ) . The p r o d u c t  was o b t a i n e d  

a s  u s u a l ,  and  c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  

g i v e  t h e  e n o l  a c e t a t e  ( y 8 0 mgm.) a s  n e e d l e s  o f  m .p .

2 5 7 - 2 5 9 ° ,  (£> 0 . 8 6 ) ,  g i v i n g  a  y e l l o w  c o l o u r

wi t h  t  e t  r a n  i  t  rome t h a n e .

Founds C, 7 7 . 6 ;  H, 1 0 *7 * C a lc ,  f o r  C H 0  , C, 7 7 * ^ 5
34 5 4 - 4

H, 1 0 . 3 $ .

L i g h t  a b s o r p t i o n s  f  = 2 , 4 0 0 , £  = 2 , 0 0 0 , £, =
^  2080 2100 2150 

I , 1 5 0 , f  = 8 20 ,  f  = 720.
2200  2230  •
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Acid H y d r o l y s i s  o f  t h e  E n o l  A c e t a t e  o f  1 2 - K e t o - u r s a n y l  

A c e t a t e

Gone, aq ueous  h y d r o c h l o r i c  a c i d  ( 1 0  c . c . )  was 

added  t o  a  s o l u t i o n  o f  th e  e n o l  a c e t a t e  o f  1 2 - k e t o - u r s a n y l  

a c e t a t e  (200 mgm.) i n  benzene  (20 c . c . )  and m e th a n o l  (60 

c . c . ) ,  and t h e  m i x t u r e  r e f l u x e d  f o r  4  h o u r s .  The p r o d u c t  

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

was a c e t y l a t e d  i n  a c e t i c  a n h y d r id e  and p y r i d i n e  i n  t h e  

no rm al  m an ne r .  The a c e t a t e  was c r y s t a l l i s e d  from 

c h lo r o f o r m - m e th a n o l  t o  g i v e  f l a t t e n e d  n e e d l e s  (90 mgm.) o f  

m.p* 2 7 3 - 2 7 5 °* M  +1 4 ° ( c ,  1 . 4 ) .  A m i x t u r e  w i t h  1 2 -D  ■— *

k e t o - u r s a n y l  a c e t a t e  showed no m e l t i n g - p o i n t  d e p r e s s i o n .

B r o m in a t io n  o f  i s o - 1 2 - K e t o - u r s a n y l  A c e t a t e

i s o - 1 2 - K e t o - u r s a n y l  a c e t a t e  ( 2 7 0  mgm.) i n  g l a c i a l  

a c e t i c  a c i d  (15 c . c . )  c o n t a i n i n g  a t r a c e  o f  h y d r o b i h m i d : 

a c i d  was t r e a t e d  a t  60 w i t h  a  s o l u t i o n  o f  b rom ine  i n  

g l a c i a l  a c e t i c  a c i d  ( 1 1 *7 ^  w /v ;  O.92 c . c . )  o v e r  a  p e r i o d  

o f  1 0  m i n u t e s .  The m ix t u r e  was t h e n  h e a t e d  t o  1 0 0 ° f o r  

one h o u r ,  and a l lo w e d  t o  c o o l  o v e r n i g h t .  The p r o d u c t  

was o b t a i n e d  i n  t h e  u s u a l  way, and c r y s t a l l i s e d  from
0

c h lo r o f o r m - m e th a n o l  a s  p l a t e s  (190 mgm.) o f  m .p .  282-285 > 

+83° ( £ ,  1 *3 ) .  A m ix t u r e  w i t h  1 2 - k e t o - u r s - 1 0 - e n y l  

a c e t a t e ,  showed no m e l t i n g - p o i n t  d e p r e s s i o n .

Found.  C, 7 9 *5 * 1 0 . 7 . C a lc ,  f o r  C H 7 9 *6 $

H, 1 0 . 4 $ .  L i g h t  a b s o r p t i o n :  Max., a t  2 4 6 0 A ( £  = 1 0 , 9 0 0 ) .



io 6 .

1 2 -A ce t o x y - l l - k e t o - u r s - 1 2 - e n y l  A c e t a t e

( c f .  S i l v e r s t o n e ,  Ph .D .  T h e s i s ,  Glasgow, 1 9 4 9 )

A s o l u t i o n  o f  t h e  e n o l  a c e t a t e  o f  1 2 - k e t o -  

u r s a n y l  a c e t a t e  (530 mgm.) i n  g l a c i a l  a c e t i c  a c i d  (13 c . c . )  

a t  70°  was t r e a t e d  o v e r  20 m i n u t e s  w i t h  a  s o l u t i o n  o f  

chromium t r i o x i d e  ( 4 0 0  mgm.) i n  t h e  minimum volume o f  w a te r -  

and g l a c i a l  a c e t i c  a c i d  ( l l  c . c . ) .  The t e m p e r a t u r e  was 

m a i n t a i n e d  a t  7 0 ° ,  and the  r e a c t i o n  m i x t u r e  s t i r r e d ,  f o r  

f u r t h e r  2 h o u r s ,  and t h e  p r o d u c t  was t h e n  o b t a i n e d  a s  

u s u a l .  T h i s  p ro v e d  t o  be  a  gum, and was c r y s t a l l i s e d  

s e v e r a l  t im e s  from aqueous  a c e t o n e ,  to  g iv e  1 2 - a c e t o x y -

l l - k e t o - u r s - 1 2 - e n y l  a c e t a t e  (270 mgm.) a s  n e e d l e s  o f  m .p .  

2 4 9 - 2 5 1 0 * [ * ] , + 7 2 ° (c.* 2 . 0 ) .  L i g h t  a b s o r p t i o n :  Max.

a t  2 5 3 0 A ( £  = 8 , 7 0 0 ) .  The m a t e r i a l  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 .

A t tem p ted  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 2 -A c e to x v -

l l - t b e t o - u r s - 1 2 - e n y l  A c e t a t e

1 2 - A c e t o x y - l l - k e t o - u r s - 1 2 - e n y l  a c e t a t e  ( 2 4 0  mgm.) 

was r e f l u x e d  i n  a c e t i c  a n h y d r i d e  (12 c . c . )  w i t h  f r e s h l y  

f u s e d  sodium a c e t a t e  (360 mgm.) f o r  66 h o u r s .  The 

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

f rom  aqueous  a c e t o n e  a s  n e e d l e s  ( 1 9 0  mgm.) o f  m .p .  2 4 8 -  

250 M *  + 7 2 °  ( £ ,  1 . 4 ) ,  showing no c o l o u r  r e a c t i o n  w i t h
o

t e t r a n i t r o m e t h a n e .  L i g h t  a b s o r p t i o n :  Max. a t  2 5 4 0 A

( £  = 1 0 , 5 0 0 ) .  A m i x t u r e  o f  p r o d u c t  and  s t a r t i n g  m a t e r i a l  

showed no m e l t i n g - p o i n t  d e p r e s s i o n .



-  1 0 7 . -

The A c t io n  o f  S t r o n g  A l k a l i  on 1 2 - A c e t o x y - l l - k e t o - u r s -

1 2 - e n y l  A c e t a t e

1 2 - A c e t o x y - l l - k e t o - u r s - 1 2 - e n y l  a c e t a t e  ( l 6 0 mgm.) 

was r e f l u x e d  f o r  2 4  h o u r s  i n  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  

( 1 0 $ ;  2 0  c . c . ) .  The p r o d u c t  was o b t a i n e d  i n  t h e  u s u a l  

m an ne r ,  and c r y s t a l l i s e d  from aqueou s  a c e t o n e  t o  g iv e  

l l : 1 2 - d i k e t o - u r s a n y l  a c e t a t e  ( 1 0 0  mgm.) a s  n e e d l e s ,  m .p .  

2 3 1 - 2 3 3 °  > l?^J3>+ 1 3 1 0 (2.9 0 . 5 4 ) .  L i g h t  a b s o r p t i o n :

Max. a t  2 9 0 0 A [ £  = 9 *0 0 0 ) .  l l : 1 2 - D i k e t o - u r s a n y l  a c e t a t e  

gave  a  s t r o n g  d a rk  g r e e n  c o l o u r  w i t h  f e r r i c  c h l o r i d e .

Chromium T r i o x i d e  O x id a t io n  o f  t h e  E n o l  A c e t a t e  o f  i s o - 1 2 -

K e t o - u r s a n y l  A c e t a t e

A s o l u 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 - 1 2 - k e t o -

u r s a n y l  a c e t a t e  ( 4 2 0  mgm.) i n  g l a c i a l  a c e t i c  a c i d  ( 1 1  c . c . )

a t  7 0 °  was t r e a t e d  o v e r  15 m in u te s  w i t h  a  s o l u t i o n  o f

chromium t r i o x i d e  (320 mgm.) i n  t h e  minimum volume o f

w a t e r  and g l a c i a l  a c e t i c  a c i d  ( 1 0  c . c . ) .  The t e m p e r a t u r e

was m a i n t a i n e d  a t  7 0 ° ,  and t h e  r e a c t i o n  m i x t u r e  s t i r r e d ,

f o r  f u r t h e r  2 h o u r s ,  and t h e  p r o d u c t  was t h e n  o b t a i n e d  a s

u s u a l .  T h i s  p ro v ed  to  be a gum, b u t  a f t e r  f i v e

c r y s t a l l i s a t i o n s  f rom aqueous  m e t h a n o l ,  p l a t e s  ( 4 0  mgm.)

o f  m .p .  1 9 6 -1 9 9 ° ,  OG 3 +22°  (£ ,  1 . 0 9 ) ,  were o b t a i n e d .

L i g h t  a b s o r p t i o n :  Max. a t  2 5 2 0 A ( £  = 1 1 , 7 0 0 )*

Found: C, 7 9 *8 ; H, 1 0 . 6 . C a l c ,  f o r  G H 0  : C, 7 9 *6 *
3 2  50 3

H, 1 0 . 4 $ .

A M ix tu r e  w i t h  1 3 - i s o - 1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  showed
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no m e l t i n g - p o i n t  d e p r e s s i o n .

T h i s  m a t e r i a l  (36 mgm.) was r e f l u x e d  f o r  4 0  

h o u r s  i n  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  (12$;  25 c . c . ) ,  

and the  p r o d u c t  o b t a i n e d  a s  u s u a l .  T h i s  c r y s t a l l i s e d  

f rom aqueous  a c e to n e  t o  g i v e  n e e d l e s  o f  m .p .  2 3 7 -2 4 0 ° ,

(fGj, + 7 7  (£> O .7 2 ) .  L i g h t  a b s o r p t i o n :  Max. a t

2 5 0 0 A ( £  = 1 1 , 8 0 0 ) .  A m i x t u r e  w i t h  1 2 - k e t o - u r s - 1 0 -

e n o l  showed no m e l t i n g - p o i n t  d e p r e s s i o n .

i so -o ( -Am yrad ienony l  A c e t a t e

( c f .  R u z ic k a ,  Ruegg, Y o l l i  and J e g e r ,  H e lv .  Chim. A c t a .

1 9 4 7 , 1 0 , 1 4 0 )

A s o l u t i o n  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  ( 2 . 0  g . )  

i n  g l a c i a l  a c e t i c  a c i d  (65 c . c . )  was r e f l u x e d  f o r  2 4  h o u r s ,  

w i t h  s e le n iu m  d i o x i d e  (3 * 0  g . ) .  The c o ld  s o l u t i o n  was 

f i l t e r e d  f rom  s e l e n i u m ,  p o u red  i n t o  w a t e r ,  and th e  

p r e c i p i t a t e d  s o l i d  t a k e n  up i n  e t h e r .  The e t h e r e a l  

s o l u t i o n  was washed w i t h  d i l u t e  a l k a l i ,  p o t a s s i u m  c y a n id e  

s o l u t i o n  ( 3 and w a t e r ,  d r i e d ,  and t r e a t e d  w i t h  c h a r c o a l .  

A f t e r  rem ova l  o f  t h e  e t h e r ,  t h e  gumeremaining  was c r y s t a l 

l i s e d  once f rom  m e t h a n o l ,  t o  g iv e  n e e d l e s  (600 mgm.) o f  

m .p .  2 2 6 -2 2 9 ° ,  [pc] +26°  ( £ ,  2 .0 )  , which  gave  a  y e l l o wjy
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 .  T h is  m a t e r i a l  was 

d i s s o l v e d  i n  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 4 ; 1 0 0  c . c . )  and 

c h ro m a to g ra p h ed  on a lu m in a  ( 8 x 2  d m . ) .  The f i r s t  

f r a c t i o n  (300 mgm.) was e l u t e d  by w ash ing  w i t h  t h e  same 

s o l v e n t  m i x t u r e  (1 : 4 ; $00 c . c . ,  X » 2. \ 200 c . c . )  and w i t h
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b en zen e  ( 3 0 0  c . c * ) .  Washing th e  column w i t h  e t h e r -  

ben ze n e  ( 1 :1 9 ;  3 °0  c . c . )  gave  a  second  f r a c t i o n  ( I 5 0 m g m .)  

w h ich  was c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g iv e  

n e e d l e s  o f  m .p .  2 2 8 - 2 3 0 °, 1 9 ° (£» 0 . 8 8 ) .  The

t h i r d  f r a c t i o n  (70 mgm.) ,  o b t a i n e d  by w ash ing  w i t h  e t h e r  

- b e n z e n e  ( 1 : 1 ;  100 c . c . )  and e t h e r  (100 c . c . ) ,  c r y s t a l l i s e d  

f rom  c h lo r o f o r m - m e th a n o l  a s  n e e d l e s  o f  m .p .  2 ^ 0 - 2 5 3 °  »

+ 9 9  ° (c.» 2 *9 ) • A l l  t h r e e  f r a c t i o n s  gave y e l l o w  

c o l o u r s  w i t h  t e t r a n i t r o m e t h a n e .  The f i r s t  f r a c t i o n  was 

c r y s t a l l i s e d  f rom c h lo r o f o r m - m e th a n o l ,  and gave  i s o -c(- 

a m y ra d ie n o n y l  a c e t a t e  (270 mgm.) a s  n e e d l e s ,  m .p .  2 2 1 -2 2 2 ° ,

[ < ] J>+ 7 e t + 8 °  ( 0 ,  0 . 5 3 ,  1 . 1 0 ) .

Pound:  C, 7 9 *3 ; H, 1 0 . 3 * O a lc .  f o r  C H 0  : G, 7 9 «9 5 »
3 2  4 8  3

H, 1 0 . 1 $ .

L ig h t  a b s o r p t i o n :  Max. a t  2 1 0 0  ( £  3 6 , 1 0 0 ) and 2 3 7 0 A

( £  = 9 , 5 0 0 ) .

i s o - 3 - Am.yradienonol

i s o -of-Amyradienonyl a c e t a t e  (200 mgm.) was 

r e f l u x e d  f o r  2 h o u r s  i n  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  

(3^5 4 0  c . c . ) , and t h e  p r o d u c t  o b t a i n e d  i n  t h e  u s u a l  way. 

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

i so -o c -a m y rad ien o n o l  a s  n e e d l e s  o f  m .p .  1 1 6 - 1 1 9  »

- 6 ° ,  - 6  , (c,, 1 . 6 ,  1 . 8 ) .

Pound:  C, 8 1 . 9 ; H, 1 0 . 7 .  C H 0  r e q u i r e s  C, 8 2 . 1 ;
3 0  4 6  2

H, 1 0 , 6% .

Acetylation of this aicbhol with acetic anhydride
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and p y r i d i n e  i n  th e  u s u a l  way gave i s o -oc-amyradienonyl  

a c e t a t e ,  m .p .  2 2 0 - 2 2 1  , [ ° ^ ] p  + 7 ° (c.* 1 *4 ) ,  u n d e p re s s e d

i n  m e l t i n g - p o i n t  when mixed w i t h  t h e  specim en d e s c r i b e d  

a b o v e .

i s o  -o(-Am yradienonyl  I I  A c e t a t e  

( c f .  id e m , l o c ; c i t . )

( i )  Dry h y d ro g e n  c h l o r i d e  was p a s s e d  th r o u g h  

a  s o l u t i o n  o f  I s o -a ( -am yrad ien on y l  a c e t a t e  ( 3 . 0  g . )  i n  

g l a c i a l  a c e t i c  a c i d  ( 6 0 0  c . c . )  f o r  4 0  m i n u t e s .  The 

s o l u t i o n  was t h e n  a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e  

i n  a  s t o p p e r e d  f l a s k  f o r  4  d a y s .  At t h e  end o f  t h i s  

t im e  t h e  s o l v e n t  was removed by d i s t i l l a t i o n  i n  v a c u o , 

and  t h e  r e s i d u e  c r y s t a l l i s e d  s e v e r a l  t i m e s  from b e n z e n e -  

n -h e x a n e  t o  g i v e  i s o -Q(-amyradienonyl  I I  a c e t a t e  ( 1 . 2 0  g . )  

a s  n e e d l e s  o f  m .p .  2 6 9 -2 7 0 ° ,  [o<]j)+ i 6 0 o, + 1 5 7  (£* O .79 ,

1 * 3 ) ,  g i v i n g  a  v e r y  f a i n t  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 ethane  .

Pound:  G, 8 0 . 2 ; H, 1 0 .3 . G a le ,  f o r  G H 0  : C,
3 2  4 8  3

7 9 .9 5 ; H, 1 0 . 1 $ .

L i g h t  a b s o r p t i o n :  Max. a t  2 3 7 0 A ( £ =  1 1 , 0 0 0 ) .

( i i )  M a t e r i a l  f rom t h e  second  and t h i r d  

f r a c t i o n  o f  t h e  ch rom atog raphy  o f  th e  s e l e n iu m  d i o x i d e  

o x i d a t i o n  p r o d u c t  o f  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  ( s e e  

above)  (680 mgm.) was t r e a t e d  w i t h  hydrogen  c h l o r i d e  a s  

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

n - h e x a n e  a s  n e e d l e s  (3^0 mgm.) o f  m .p .  269-271 »
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+157 °  (<c, 2 . 0 )  u n d e p re s s e d  i n  m e l t i n g - p o i n t  when mixed 

w i t h  a  specim en p r e p a r e d  a s  d e s c r i b e d  i n  ( i )  a b o v e .

i so -o ( -Am yradienonol  I I

i s o -o(-_Amyradienonyl I I  a c e t a t e  ( 2 0 0  mgm.) was 

r e f l u x e d  f o r  2 h o u r s  i n  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  

( 3 %\  4 0  c . c . ) , and th e  p r o d u c t  o b t a i n e d  i n  t h e  u s u a l  way. 

T h i s  was c r y s t a l l i s e d  from n - h e x a n e - a c e t o n e  t o  g iv e  lso-o<- 

- a m y r a d ie n o n o l  I I  a s  n e e d l e s  o f  m .p .  215 - 21$ ° ,  [°0.2>

+1540 , + 1 5 7 0 (o., o .6o,  x . o ) .

Founds G, 8 2 . 0 ; H* 1 0 . 6 . G H 00 r e q u i r e s  G, 8 2 . 1 ;
3 0  4 6  2

H, 1 0 . 6% .

A c e t y l a t i o n  o f  t h i s  a l c o h o l  w i t h  a c e t i c  

a n h y d r i d e  and p y r i d i n e  i n  t h e  u s u a l  way gave  i s o - oC- 

a m y ra d ie n o n y l  I I  a c e t a t e ,  m .p .  2 6 8 - 2 6 9 [ « 1 + 1 5 8 °

( £ ,  1 . 7 ) 9  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  when mixed w i t h  

t h e  specim en d e s c r i b e d  a b o v e .

O x i d a t i o n  o f  i s o -o(-Amyradienonyl A c e t a t e  w i t h  P o t a s s i u m  

P e rm angana te

A s t i r r e d  s o l u t i o n  o f  i s o -oC-amyradienonyl 

a c e t a t e  ( J0 0  mgm.) 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  

(200 c . c . )  was t r e a t e d ,  o v e r  30 m i n u t e s ,  a t  room t e m p e r a t u r e  

w i t h  a  s o l u t i o n  o f  p o t a s s i u m  p e rm ang an a te  (132 mgm.) i n  

w a t e r  ( 2 0  c . c . ) .  S t i r r i n g  was c o n t i n u e d  f o r  a  f u r t h e r  

•30 m i n u t e s ,  and t h e  r e a c t i o n  m i x t u r e  was t h e n  worked up 

i n  t h e  u s u a l  m ann e r .  On r e c r y s t a l l i s a t i o n  f rom c h lo r o f o r m
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-m eth a no l ,  th e  o x i d a t i o n  product  was obta in ed  as

f l a t t e n e d  n e e d l e s  ( 3 0 0  mgm.) ,  m .p .  28O-2830 , C0*]^ + 5 6 °> + 5 5 °

( c ,  1 . 2 , O.92) .

Founds C, 7 7 . 5 ; H, 9 *8 * C H Q) r e q u i r e s  C, 7 7 . 4 ;
3 2  4 8  4

H, 9 . 7 % .

L i g h t  a b s o r p t i o n s  Max. a t  2 4 0 0 A ( £  = 8 , 1 0 0 ) .

A t tam p ted  F o rm a t io n  o f  t h e  E n o l  A c e t a t e  o f  i s o -c<- 

Am yrad ienony l  A c e t a t e

A s o l u t i o n  o f  isjo-oC-amyradienonyl a c e t a t e  

( 1 6 4  mgm.) i n  i s o - p r o p e n y l  a c e t a t e  (15 c . c . ) ,  c o n t a i n i n g  

a  t r a c e  o f  co n c .  s u l p h u r i c  a c i d ,  was r e f l& x e d  f o r  5 h o u r s  

and a l l o w e d  t o  c o o l  o v e r n i g h t .  I t  was t h e n  d i l u t e d  w i t h  

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

w a t e r ,  d r i e d ,  and s o l v e n t  removed i n  v a c u o . The r e s i d u e  

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

(80 mgm.) showing 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 v in g  m .p .  2 1 5 - 2 1 7 °* +8°  (£* 1 *8 ) .  A

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  showed no m e l t i n g - p o i n t  

d e p r e s s i o n .

The A c t io n  o f  Se len ium  D io x id e  on t h e  E n o l  A c e t a t e  o f

1 2 - K e t o - u r s - 1 0 - e n y l  A c e t a t e

A s o l u t i o n  o f  t h e  e n o l  a c e t a t e  o f  1 2 - k e t o - u r s -  

1 0 - e n y l  a c e t a t e  (500 mgm.) 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  ( 6 0  c . c . )  was r e f l u x e d  f o r  2 4  h o u r s  w i t h  se le n iu m  

d i o x i d e  ( 1 . 5  g . ) .  A f t e r  c o o l i n g  and f i l t r a t i o n  from
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s e l e n i u m ,  t h e  m i x t u r e  was p o u red  i n t o  w a t e r ,  and th e  

p r e c i p i t a t e  t a k e n  up i n  e t h e r .  The e t h e r e a l  s o l u t i o n  

was washed f r e e  o f  a c i d  w i t h  w a t e r ,  d r i e d ,  and t h e  s o l v e n t  

removed.  The p r o d u c t  was t h e n  c r y s t a l l i z e d  from 

c h lo r o f o r m - m e th a n o l  to'  g i v e  f i v e  f r a c t i o n s .  The f i r s t  

t h r e e  f r a c t i o n s ,  which gave  red -b ro w n  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 ,  were combined ,  and when 

r e c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  gave n e e d l e s  

(250 mgm.) o f  m .p .  2 5 6 ° ,  u n d e p r e s s e d  on m ix in g  w i t h  

s t a r t i n g  m a t e r i a l .  The f o u r t h  and f i f t h  c r o p s ,  w hich  

gave  y e l l o w  c o l o u r  r e a c t i o n s  w i t h  t e t r a n i t r o m e t h a n e ,  

were  combined and c r y s t a l l i s e d  f rom c h l o r o f o r m - m e th a n o l .  

A f t e r  f o u r  c r y s t a l l i s a t i o n s ,  n e e d l e s  ( 1 0  mgm.) were 

o b t a i n e d ,  which  had  m .p .  2 1 9 -2 20 %  u n d e p r e s s e d  on 

m ix in g  w i t h  i s o -o ( -am yrad ienony l  a c e t a t e .

C a t a l y t i c  H y d ro g e n a t io n  o f  i s o -<x-Amyradienonyl A c e t a t e

( i )  W ith  p l a t i n u m  c a t a l y s t  i n  g l a c i a l  a c e t i c  a c i d .

( c f .  Y o g e l ,  P i s s . ,  E . T . H . , Z u r i c h ,  1 9 5 2 )

i s o - g -A m yrad ienony l  a c e t a t e  ( 1 . 0  g . )  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 i d  (200 c . c . )  was shaken  

u n d e r  h y d ro g e n  f o r  20 h o u r s  w i t h  p r e v i o u s l y  r e d u c ed  

p l a t i n u m  c a t a l y s t  ( 3 0 0  mgm.).  A f t e r  f i l t r a t i o n  from 

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

t a k e n  up i n  b e n z e n e ,  washed f r e e  o f  a c i d ,  and t h e  benzene  

d i s t i l l e d  o f f .  The c r y s t a l l i n e  s o l i d  r e m a in in g  (1 . 0  g . )  

was d i s s o l v e d  i n  b e n z e n e - l i g h t  p e t r o l e u m  ( i s 2} 225 c . c . )



114.

and ch ro m a to g ra p h ed  on a lu m in a  (12 x  1 . 5  c m . ) .

Washing w i t h  t h e  same s o l v e n t  m i x t u r e  ( 3 0 0  c . c . )  gave 

a  f r a c t i o n  (750 mgm.) w hich  c r y s t a l l i s e d  from c h lo r o f o r m  

- m e th a n o l  t o  g i v e  m a t e r i a l  o f  m .p .  2 0 7 - 2 4 0 °. Washing 

w i t h  b e n z e n e - l i g h t  p e t r o l e u m  ( 2 : 1 ;  200 c . c . )  and benzene  

(200 c . c . )  gave  a  f r a c t i o n  (100 mgm.) w hich  c r y s t a l l i s e d  

from c h lo r o f o r m - m e th a n o l  a s  p l a t e s  o f  m .p .  2 7 5 -2 7 9 ° .

A f t e r  s e v e r a l  f u r t h e r  c r y s t a l l i s a t i o n s  t h i s  m a t e r i a l  had 

m .p .  285-288 , +82°  ( £ ,  1 .3 )  ( 5 9  mgm.) .  A m i x t u r e

w i t h  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  showed no m e l t i n g - p o i n t  

d e p r e s s i o n .  L i g h t  a b s o r p t i o n :  Max. a t  2 5 2 0 A ( £ =  1 0 , 3 0 0 ) .

A t h i r d  f r a c t i o n  ( 8 0  mgm.) o b t a i n e d  on w ash ing  w i t h  

b e n z e n e - e t h e r  ( 1 9 s i?  4 0 0  c . c . )  c r y s t a l l i s e d  from 

c h lo r o f o r m - m e th a n o l  a s  p l a t e s  o f  m .p .  222-251°* b u t  was 

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

The f i r s t  f r a c t i o n  from t h e  above ch rom a to g rap h y  

was d i s s o l v e d  i n  b e n z e n e - l i g h t  p e t r o l e u m  (1 :5*  220 c . c . )  

and c h ro m a to g rap h ed  a g a i n  on a lu m in a  (10 x  2 c m . ) .

Washing w i t h  t h e  same s o l v e n t  m ix t u r e  ( 1 : 5 * 8 0 0  c . c . ,

1 : 2 ;  4 0 0  c . c . )  gave  a  f r a c t i o n  (120 mgm.) w h ic h ,  on 

c r y s t a l l i s a t i o n  from c h lo r o f o r m - m e th a n o l  gave m a t e r i a l  

o f  m .p .  1 7 6 - 1 9 0 ° ,  which  was n o t  f u r t h e r  i n v e s t i g a t e d .  

C o n t in u e d  washing  w i t h  th e  same s o l v e n t  m ix t u r e  (.2 : 1 *

8 0 0  c . c . )  , w i t h  benzene  ( 4 0 0  c . c . )  and w i t h  e t h e r - b e n z e n e  

( 1 : 1 9 ;  200 c . c . )  gave a  f r a c t i o n  (270 mgm.) which  

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  a s  p l a t e s  o f  mi.p.
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2 0 7 - 2 1 0 ° .  A t h i r d  f r a c t i o n  ( 1 7 0  mgm.) ,  e l u t e d  w i t h  more 

p o l a r  s o l v e n t  m i x t u r e s ,  c r y s t a l l i s e d  from  c h lo ro f o r m -  

m e th a n o l  t o  g i v e  m a t e r i a l  o f  m .p .  2 0 1 -2 5 5 ° ,  and was 

i g n o r e d .

The second  f r a c t i o n  f rom t h e  second ch rom a to 

gram was 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  (170 c . c . )  and 

ch ro m a to g ra p h ed  on a lu m in a  ( 1 1  x  1  c m . ) .  Washing w i t h  

p e t r o l  ( 4 0 0  c . c . )  gave  a  f r a c t i o n  (36 mgm.) w hich  c o u ld  

n o t  he  c r y s t a l l i s e d .  The second  f r a c t i o n  (70 mgm.) was 

o b t a i n e d  by  w ash ing  w i t h  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 9 ;

300 c . c . ) ,  and c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  a s  

p l a t e s  o f  m .p .  2 2 0 - 2 2 2 °. L a t e r  f r a c t i o n s ,  o b t a i n e d  by 

w ash ing  w i t h  more p o l a r  s o l v e n t s ,  c r y s t a l l i s e d  t o  g i v e  

m a t e r i a l  o f  m .p .  2 0 6 - 2 1 0 ° , which  was i g n o r e d .  The 

second  f r a c t i o n  was r e c r y s t a l l i s e d  s e v e r a l  t im e s  from 

c h l o r o f o r m - m e th a n o l ,  and gave a  sk& ura ted  k e to n e  (30 mgm.) 

a s  p l a t e s  o f  m .p .  222-223°* f a J p  +9 3 °* + 9 1  (£» 0 *9 1 *

1.1) .

Found: C, 7 9 »3 » 1 0 . 9 * C a l c ,  f o r  C H 0  : C,
32 52 3

79 -3; H, 1 0 .8 $ .

L i g h t  a b s o r p t i o n s  Max a t  289O ( £. = 63) and 2 9 5 0 A ( £ = 66)

The compound gave 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 .

( i i )  W ith  p l a t i n u m  c a t a l y s t  i n  g l a c i a l  a c e t i c  a c i d  

c o n t a i n i n g  a  t r a c e  o f  h y d r o c h l o r i c  a c i d .

i ao—oc— Amyradienony 1  a c e t a t e  ( 1 , 0  g . )  was 

h y d r o g e n a t e d  p r e c i s e l y  a s  i n  t h e  p r e v i o u s  e x p e r i m e n t ,
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e x c e p t  t h a t  one d ro p  o f  c o n e . aqueous  h y d r o c h l o r i c  a c i d  

was added  t o  t h e  s o l u t i o n  b e f o r e  h y d r o g e n a t i o n .  The 

p r o d u c t  was o b t a i n e d  a s  d e s c r i b e d  a b o v e ,  a n d ,  a f t e r  

d r y i n g ,  was d i s s o l v e d  i n  b e n z e n e - l i g h t  p e t r o l e u m  ( i s 4-;

100 c . c . )  and c h ro m a to g rap h ed  on a lu m in a  (12 x  2 c m . ) .

The f i r s t  f r a c t i o n  ( 4 2 1  mgm.) was o b t a i n e d  by w ash ing  

w i t h  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 4 1  6 0 0  c . c .  1 : 1 ;

4 5 0  c . c . )  and benzene  (300 c . c . ) ,  and  a f t e r  s e v e r a l  

c r y s t a l l i s a t i o n s  f rom c h lo r o f o r m - m e th a n o l  gave n e e d l e s  

o f  m .p .  1 7 8 -1 7 9 ° ,  [a C \t  +262° ( c ,  O .7 6 ) .

L i g h t  a b s o r p t i o n :  Max. a t  2 0 6 0  ( £  = 3 , 1 0 0 ) and 28OOA

( £ = 6 , 9 0 0 ) .  The m a t e r i a l  gave  a r ed -b ro w n  c o l o u r a 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 . Washing w i t h  e t h e r - b e n z e n e  

( 1 : 1 9 ;  4 5 0  c . c .  1 : 2 ;  3 °0  c . c .  and 2 : 1 ;  150 c . c . )

gave  a  second  f r a c t i o n  (360 mgm.) .  A t h i r d  f r a c t i o n  

( 1 2 4  mgm.) e l u t e d  w i t h  m e t h a n o l - e t h e r  ( 1 : 1 9 ; 1 5 0  c . c . )  

c o u ld  n o t  be c r y s t a l l i s e d .  The second f r a c t i o n  was 

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g i v e  p l a t e s  

(156 mgm.) o f  m .p .  280-283°* I /* !*  + &9 (£* 1 . 0 ) .  A

m i x t u r e  w i t h  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .  L i g h t  a b s o r p t i o n :  Max. a t

248oi ( £ = 9 ,6 0 0 )  .

( i i i )  With p la t in u m  c a t a l y s t  i n  e t h a n o l .

i s o -°C-Amyradienonyl a c e t a t e  (3OO mgm.) d i s s o l v e d

i n  e t h a n o l  ( r e d i s t i l l e d ;  120 c . c . )  was shaken u n d e r  

h y d ro g en  f o r  22 h o u r s  w i t h  p r e v i o u s l y  r e d u c e d  p l a t i n u m
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c a t a l y s t  ( 1 0 0  mgm.).  The f i l t e r e d  s o l u t i o n  was 

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

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g i v e  n e e d l e s  

(270 mgm.) which  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 th a n e ,  and had  m .p .  2 1 6 - 2 1 8 ° ,  + 7 ° ( £ ,  1 . 4 ) .  A

m i x t u r e  o f  p r o d u c t  and s t a r t i n g  m a t e r i a l  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .

( i v )  W ith  p a l l a d i u m  c a t a l y s t  i n  e t h a n o l i c  p o t a s s i u m  

h y d r o x i d e  s o l u t i o n .

i s o - oC-Amyradienonyl a c e t a t e  (250 mgm.) d i s s o l v e d  

i n  e t h a n o l  ( r e d i s t i l l e d ;  100 c . c . )  was added t o  a  

s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e  ( l - 5 g . )  i n  e t h a n o l  

( r e d i s t i l l e d ;  25 c . c . ) ,  and  the  mixed s o l u t i o n  added t o  

a  s u s p e n s i o n  o f  10% p a l l a d i u m  on c h a r c o a l  c a t a l y s t  (200 

mgm.) i n  e t h a n o l  ( r e d i s t i l l e d ;  2 5  c . c . ) .  The m i x t u r e  

was t h e n  shaken  w i t h  h y d ro g e n  f o r  2 3  h o u r s .  The f i l t e r e d  

s o l u t i o n  was t h e n  po u red  i n t o  e x c e s s  w a t e r ,  and th e  

p r o d u c t  o b t a i n e d  by e t h e r  e x t r a c t i o n  tin? th e  u s u a l  way.

I t  was a c e t y l a t e d  i n  t h e  no rm al  way, and t h e  a c e t a t e  

c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  a s  n e e d l e s  (180 mgm.) 

o f  m .p .  2 1 5 -2 1 6 ° ,  M *  +9°(£»  1 * 0 ) ,  w h ich  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 .  A m i x t u r e  o f  s t a r t i n g  

m a t e r i a l  and p r o d u c t  gave  no m e l t i n g - p o i n t  d e p r e s s i o n .
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A ttem p ted  F o rm a t io n  o f  t h e  E n o l  A c e t a te  o f  t h e  S a t u r a t e d  

K e to n e ,  m,.p. 2 2 2 - 2 2 3 °

The s a t u r a t e d  k e to n e  (m .p .  2 2 2 - 2 2 3 ° ,  p r e p a r e d  

a s  d e s c r i b e d  i n  ( i )  above;  87 mgm.) was r e f l u x e d  f o r  

65 h o u r s  i n  a c e t i c  a n h y d r i d e  (5 c . c . )  w i t h  f r e s h l y  

f u s e d  sodium a c e t a t e  (150 mgm.) .  The p r o d u c t  was o b t a i n e d  

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

f rom m e th a n o l  gave p l a t e s  (25 mgm.) o f  m .p .  2 1 9 -2 2 0 ° ,

[ocj, +1 0 2 ° ( £ ,  O .9 2 ) .  A m i x t u r e  o f  p r o d u c t  and s t a r t i n g  

m a t e r i a l  showed no m e l t i n g - p o i n t  d e p r e s s i o n .  The p r o d u c t  

gave  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 no 

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

o b t a i n e d .

Clemmensen R e d u c t io n  o f  i s o -<x-Amyradienonvl A c e t a t e

A h o t  s o l u t i o n  o f  i s 0- «c-amyradienony 1  a c e t a t e  

(500 mgm.) i n  g l a c i a l  a c e t i c  a c i d  (75 c»Q») was t r e a t e d  

w i t h  f r e s h l y  amalgamated z i n c  ( f rom 15 g .  o f  z i n c )  and 

c o n c .  h y d r o c h l o r i c  a c i d  (15 c . c . ) ,  and t h e  m i x t u r e  h e a t e d  

on t h e  s t e a m - h a t h  f o r  1 -J- h o u r s .  A m i x t u r e  o f  g l a c i a l  

a c e t i c  a c i d  (35 c . c . )  and con c .  h y d r o c h l o r i c  a c i d  ( 1 2 . 5  c*o*)  

was a d d e d ,  h e a t i n g  c o n t i n u e d  f o r  1 -J- h o u r s .  The r e a c t i o n  

m i x t u r e  was im m e d ia te ly  p o u red  i n t o  w a t e r ,  and  worked up 

i n  t h e  u s u a l  m anner .  A gum was o b t a i n e d  w h ich ,  even 

a f t e r  a c e t y l a t i o n  by t h e  cus tom ary  m ethod ,  c o u ld  n o t  be

c r y s ^ s t l l i s @ i * The gum was t h e n  c h ro m a to g rap h ed  on a lu m in a



1 1 9 *  .

"but o n ly  m in u te  amounts  o f  c r y s t a l l i n e  m a t e r i a l ,  which  

c o u ld  n o t  be f u r t h e r  i n v e s t i g a t e d ,  were o b t a i n e d .

L i t h i u m  Aluminium H yd r id e  R e d u c t io n  o f  i s o -oc-Am.vradienonvl 

A c e t a t e

A s o l u t i o n  o f  i s o -<*-amyradienonyl  a c e t a t e  ( 5 0 0  mgm.) 

i n  d r y  e t h e r  (120 c . c . )  was added  d ro p w ise  t o  a  s u s p e n s io n  

o f  powdered l i t h i u m  alum in ium  h y d r i d e  (500 mgm.) i n  d ry  

e t h e r  ( 5 0  c . c . ) ,  and t h e  m i x t u r e  r e f l u x e d  f o r  4  h o u r s .

A f t e r  c o o l i n g ,  e x c e s s  l i t h i u m  a lum in ium  h y d r i d e  was 

d e s t r o y e d  w i t h  w a t e r .  The m i x t u r e  was t h e n  t r a n s f e r r e d  

t o  a  s e p a r a t i n g  f u n n e l ,  and t h e  e t h e r e a l  s o l u t i o n  washed 

f r e e  o f  a l k a l i  and suspended  a lu m in a  w i t h  w a t e r .  I t  

was t h e n  d r i e d ,  and e t h e r  removed _in v a c u o ; t h e  r e s i d u e

was a c e t y l a t e d  w i t h  a c e t i c  a n h y d r id e  and p y r i d i n e  f o r  3

* h o u r s  on t h e  s team  b a t h ,  and t h e  a c e t a t e  o b t a i n e d  a s  

u s u a l .  T h i s  was c r y s t a l l i s e d  f rom m e th a n o l  t o  g i v e  t h e  

p r o d u c t  (350 mgm.) a s  p l a t e s  o f  m .p .  1 9 4 -195°*

+ 59% + 60 ° ( c ,  1 . 9 ,  1 - 5 )  •

Pounds C, 7 8 . 2 ; H, 1 0 . 1 . C H 0  r e q u i r e s  G, 7 7 «8 >
3 4  5 2  4

H, 1 0 . 0 ^ .

L i g h t  a b s o r p t i o n s  f  = 7 >0 0 0 , £  = 5 >2 0 0 ,
2100 2150 

£ = 2 , 4 0 0 , and £  3 1 , 4 0 0 . The compound shd»ws
2200 2230 

a  y e l l o w  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 .

\
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R e d u c t io n  o f  i s o -<X-Amyradienonyl A c e t a t e  w i t h  Sodium 

i n  Amyl A lc o h o l

( c f .  R u f f ,  Ph .D .  T h e s i s ,  Glasgow, 1 9 4 -9 )

i s o -s<-Amyradienonyl  a c e t a t e  ( 5 0 0  mgm.) was 

d i s s o l v e d  i n  b o i l i n g  amyl a l c o h o l  ( r e d i s t i l l e d ;  20 c . c . )  

and sodium ( 1 . 2  g . )  added p o r t i o n w i s e  to  t h e  s o l u t i o n .  

A f t e r  b o i l i n g  u n d e r  r e f l u x  f o r  3 0  m i n u t e s ,  a  f u r t h e r  

a d d i t i o n  o f  amyl a l c o h o l  ( 3 .3  c . c . )  was m ade,  and 

r e f l u x i n g  c o n t i n u e d  f o r  4 0  m i n u t e s .  The s o l u t i o n  was 

t h e n  p ou red  i n t o  w a t e r ,  and t h e  m i x t u r e  e x t r a c t e d  w i t h  

e t h e r .  The e t h e r e a l  s o l u t i o n  was washed f r e e  o f  

a l k a l i  w i t h  w a t e r ,  and e t h e r  and amyl a l c o h o l  removed, 

t h e  l a t t e r  by  s t e a m - d i s t i l l a t i o n .  The r e s i d u e  was 

a g a i n  t a k e n  up i n  e t h e r ,  washed and d r i e d ,  and t h e  gum 

r e m a in in g  on rem ova l  o f  s o l v e n t  a c e t y l a t e d  by  r e f l u x i n g  

f o r  2  h o u r s  i n  a c e t i c  a n h y d r i d e  ( 2 0  c . c . ) .  The a c e t a t e  

was o b t a i n e d  i n  t h e  u s u a l  m an n e r ,  and p ro v e d  t o  be a  gum 

( 4 1 3  mgm.) which  was 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  (50 c . c . )  

and ch rom a to g rap h ed  on a lu m in a  ( 1 0  x  1  c m. ) .  Washing 

w i t h  l i g h t  p e t r o l e u m  (300 c . c . )  and b e n z e n e - l i g h t

p e t r o l e u m  ( 1 s9;  100 c . c .  1 : 1 ;  100 c . c . )  gave a  f r a c t i o n  

(290 mgm.) which  c r y s t a l l i s e d  from m e th a n o l  a s  p l a t e s  o f  

m. p .  1 8 7 -1 9 0 ° .  Washing w i t h  benzene  ( 2 0 0  c . c . )  gave  a  

f r a c t i o n  (50 mgm.) which  c r y s t a l l i s e d  from m e th a n o l  a s

n e e d l e s  o f  m .p .  2 1 8 -2 2 2 ° ,  which  were  n o t  f u r t h e r  i n v e s -  

t i e a t e d .  The f i r s t  f r a c t i o n  was r e c r y s t a l l i s e d  s e v e r a l
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t im e s  from c h l o r o f o r m - m e t h a n o l ,  and gave p l a t e s  ( 1 4 2  mgm.) 

o f  m. p ,  193-194  f + 5 ^ (c.» 2 . 0 ) .  The m e l t i n g

p o i n t  was u n d e p r e s s e d  on m ix in g  w i t h  a sample o f  t h e  

p r o d u c t  o b t a i n e d  a s  d e s c r i b e d  im m e d ia te ly  a b o v e .

Pound: C, 7 8 .1 ;  H, 1 0 . 0 $ .

L ig h t  a b s o r p t i o n :  £  = 7 ,9 0 0 ,  £  = 5 »0 0 0 ,
2100 2150 

£  = 2 ,0 0 0 ,  t  = 600.
2200 2230

T re a tm e n t  o f  t h e  D i - a c e t a t e ,  m . p .  1 9 4 - 1 9 5  » w i t h  

Hydrogen C h l o r id e

( i )  The d i - a c e t a t e  (m .p .  1 9 4 -1 9 5 ° ,  p r e p a r e d  

a s  d e s c r i b e d  above;  300 mgm.) 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 i d  (30 c . c . ) ,  and t r e a t e d  w i t h  c o n c .  

a q u eo us  h y d r o c h l o r i c  a c i d  ( 1 . 5  c . c , ) .  The m i x t u r e  was 

h e a t e d  on t h e  s t e a m - b a t h  f o r  15 m i n u t e s ,  t h e n  a l lo w e d  

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

o b t a i n e d  by d i s t i l l a t i o n  o f  s o l v e n t i n  v a c u o . T h i s  was 

a c e t y l a t e d  i n  t h e  no rm al  m an n e r ,  and th e  a c e t a t e  o b t a i n e d  

a s  u s u a l .  The a c e t a t e  ( 2 4 4  mgm.) c o u ld  n o t  be 

c r y s t a l l i s e d ,  and was d i s s o l v e d  i n  b e n z e n e - l i g h t  

p e t r o l e u m  ( l : 9>  50 c . c . )  and c h ro m a tog raph ed  on a lu m in a  

( 1 1  x  1  c m. ) .  Washing w i t h  t h e  same s o l v e n t  m i x t u r e  

( 4 0 0  c . c . )  gave a f r a c t i o n  ( l 8 0  mgm.) w h ich  c o u ld  n o t  

be c r y s t a l l i s e d .  Washing w i t h  benzene  ( 1 0 0  c . c . )  a l s o  

gave  u n c r y s t a l l i s a b l e  m a t e r i a l  ( 1 0  mgm.) . Washing w i t h  

e t h e r - b e n z e n e  (1 :1 9 ;  100 c . c . )  gave a  f r a c t i o n  (20 mgm.)
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w hich  c r y s t a l l i s e d  from  c h lo r o f o r m - m e th a n o l  a s  p l a t e s  o f  

m . p .  2 8 6 -2 8 9 ° ,  + ^ 3  (£> O .7 4 ) .  L ig h t  a b s o r p t i o n :

Max. a t  2 4 8 0 A (£ = 1 0 , 7 0 0 ) .  A m ix t u r e  o f  t h i s  p r o d u c t  

w i t h  1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  showed no m e l t i n g - p o i n t  

d e p r e s s i o n .  F u r t h e r  w ash in g  w i t h  t h e  same s o l v e n t  ( 1 0 0  

c . c . ) ,  and w i t h  e t h e r  ( 1 0 0  c . c . )  gave f r a c t i o n s  ( l O m g m . ,

2 0  mgm.) v:hich c o u ld  n o t  be c r y s t a l l i s e d .

( i i )  A s o l u t i o n  o f  t h e  d i - a c e t a t e  (260 mgm.) i n  

c h lo r o f o r m  ( r e d i s t i l l e d :  30 c . c . )  was t r e a t e d  w i t h  d r y  

h y d ro g e n  c h l o r i d e  f o r  1  h o u r ,  and  a l lo w e d  to  s t a n d  a t  room 

t e m p e r a t u r e  i n  a  s t o p p e r e d  f l a s k  f o r  4  d a y s .  The p r o d u c t  

was o b t a i n e d  by rem ova l  o f  s o l v e n t  i n  v a c u o , and a c e t y l a t e d  

i n  t h e  u s u a l  way; The a c e t a t e  ( 2 1 0  mgm.) ,  o b t a i n e d  a s  

u s u a l ,  c o u ld  n o t  be c r y s t a l l i s e d ,  and was d i s s o l v e d  i n  

b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 9 5  1 0 0  c . c . )  a,nd ch rom atog raphed  

on a lu m in a  ( 1 0  x  1  c m . ) .  Washing w i t h  t h e  same s o l v e n t  

m i x t u r e  ( 4 0 0  c . c . )  and w i t h  benzene  ( 1 0 0  c . c . )  gave f r a c t i o n s  

( l 6 0  mgm., 1 0  mgm.) which  c o u ld  n o t  be c r y s t a l l i s e d .  Wash

in g  w i t h  e t h e r - h e n z e n e  ( 1 :1 9 ;  1 0 0  c . c . )  gave a  f r a c t i o n  ( 1 0  

mgm.) which  c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  a s  p l a t e s  

o f  m. p .  2 8 3 -2 8 6 ° ,  [ ^ 3 + 8 7 °  (£> 0 . 2 4 ) .  L ig h t  a b s o r p t i o n :

Max. a t  2 4 8 0 A ( £ =  1 0 , 8 0 0 ) .  A m i x t u r e  o f  t h i s  p r o d u c t  w i t h

1 2 - k e t o - u r s - 1 0 - e n y l  a c e t a t e  showed no m e l t i n g - p o i n t  d e p r e s s i o n .  

K i s h n e r - W o l f f  R e d u c t io n  o f  i s o -o<-Amyradienonyl A c e t a t e  

j jjo-<*-Amyradienonyl  a c e t a t e  ( 2 . 0  g . )  1 0 0 $

h y d r a z i n e  h y d r a t e  ( 1 0  c . c . )  and sodium m e th ox id e  s o l u t i o n  

( 2 . 0  g .  sodium i n  25 c . c .  m e th a n o l )  were h e a t e d  t o g e t h e r
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i n  an  a u t o c l a v e  f o r  13 h o u r s  a t  2 0 0 ° .  The p r o d u c t  

was o b t a i n e d  i n  t h e  u s u a l  way, and a c e t y l a t e d  i n  th e  

no rm al  m ann e r .  The a c e t a t e  was o b t a i n e d  a s  u s u a l ,  

and  was c r y s t a l l i s e d  once from  m e th a n o l  and s e v e r a l  

t im e s  f rom c h lo r o f o r m - m e th a n o l .  T h i s  gave t h e  p r o d u c t  

(312  mgm.) a s  n e e d l e s  o f  m . p .  171 - 1 7 2 ° ,  C°0 * +4*3° ,  +42°

( c ,  1 .3 , 1 . 0 ) .

Found:  C, 8 2 . 6 ; H, 1 1 . 0 .  C H 0 r e q u i r e s  C, 82.35
32 50 2

H, 1 0 .8 % .

L ig h t  a b s o r p t io n :  £  = 6 , 9 0 0 ,  £  = 4 , 1 0 0 ,
2100  2150  

f  = 1 ,5 0 0 ,  and  £  = 7 0 0 . '  The p r o d u c t  g i v e s  a
2200  2230  

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 . Ho

homogeneous m a t e r i a l  was o b t a i n e d  by c h ro m a to g raph y  o f

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

A ttem pted  C a t a l y t i c  H y d ro g en a tio n  o f  t h e  K ish n e r -W o lf f  

P r o d u c t ,  m .p .  171-172°

The p r o d u c t  o b t a i n e d  a s  d e s c r i b e d  im m e d ia te ly  

above (150  mgm.) was d i s s o l v e d  i n  e t h y l  a c e t a t e  (35  c . c . )  

and s t a b i l i z e d  g l a c i a l  a c e t i c  a c i d  (45  c . c . )  and shaken  

w i t h  hy d ro gen  f o r  17 h o u r s  o v e r  p r e v i o u s l y  r e d u c e d  

p l a t i n u m  c a t a l y s t  (100 mgm.) .  The p r o d u c t  was o b t a i n e d  

by  r e m o v a l  o f  s o l v e n t  in. vacuo a f t e r  f i l t r a t i o n  and 

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

(128 mgm.) o f  m.p* 170^171 » C ^ J p  +44 (jc, 0 . 9 6 ) .  A

m i x t u r e  o f  p r o d u c t  and s t a r t i n g  m a t e r i a l  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .



... 124... ................. ....

T rea tm en t  o f  t h e  K i s h n e r - W o l f f  P r o d u c t ,  m .p .  1 7 1 -1 7 2 ° ,  

w it h  Hydrogen C h l o r i d e

Dry hy d ro g en  c h l o r i d e  was p a s s e d  f o r  4 J  m in u te s  

i n t o  a  s o l u t i o n  o f  t h e  p r o d u c t  (m .p .  171 - 1 7 2 % o b t a i n e d  

a s  d e s c r i b e d  above;  100  mgm.) i n  c h l o r o f o r m - ( r e d i s t i l l e d ;  

20 c . c . ) ,  and t h e  m i x t u r e  a l lo w e d  t o  s t a n d  a t  room 

t e m p e r a t u r e  i n  a  s t o p p e r e d  f l a s k  f o r  5 &ays. S o l v e n t  

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

f rom  m e t h a n o l ,  and s u b s e q u e n t l y  c h l o r o f o r m - m e th a n o l ,  t o  

g i v e  n e e d l e s  (40,mgm.) o f  m .p .  168- 1 6 9 % [o<] 3)+ 3 2 0 P

( c ,  1 . 0 ) .

Pound:  C, 8 2 . 2 ;  H, 1 1 . 2 .  C a l c ,  f o r  C H 0 : C,
32  50 2

8 2 . 3 ; H, 1 0 . 8$ .

L ig h t  a b s o r p t io n :  Max. a t  282OA ( £  = 9 > 2 0 0 ) .  A

m ix tu r e  w i t h  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  showed no m e l t i n g -  

p o in t  d e p r e s s i o n .

P r o l o n g e d  R e d u c t io n  o f  i s o -o(-Amyradienonyl  A c e t a t e  w i t h  

L i th iu m  i n  L i q u i d  Ammonia

L i q u i d  ammonia ( 2 ^ 0  c . c . )  was added  t o  a 

s u s p e n s i o n  o f  l i t h i u m  (1 .0  g . )  i n  d ry  e t h e r  (100  c . c . ) ,  

and s t i r r e d  t o  g i v e  a  deep  b l u e  s o l u t i o n .  A s o l u t i o n  

o f  i s o - <X-amyradienonyl a c e t a t e  ( 1 .0  g . )  i n  d r y  e t h e r  (300  

c . c . )  was added t o  t h i s ,  w i t h  s t i r r i n g ,  o v e r  20 m i n u t e s ,  

and  s t i r r i n g  c o n t i n u e d  f o r  a f u r t h e r  2 h o u r s .  These

o p e r a t io n s  were c a r r i e d  out i n  an a tm osphere o f  n i t r o g e n .  

Ammonia was a l lo w e d  t o  e v a p o r a te  o v e r n i g h t ,  and e x c e s s
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l i t h i u m  d e s t r o y e d  w i t h  w a t e r .  The e t h e r e a l  l a y e r  

was washed f r e e  o f  a l k a l i ,  d r i e d ,  and e v a p o r a t e d  to  

d r y n e s s .  The gum $hus o b t a i n e d  was a c e t y l a t e d  i n  

a c e t i c  a n h y d r id e  and p y r i d i n e  f o r  2 h o u r s  on t h e  s team -  

b a t h ,  and t h e  a c e t a t e  o b t a i n e d  i n  t h e  u s u a l  way. The 

a c e t a t e  (893  mgm.) was 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  

(100  c . c . )  and c h ro m a to g rap h ed  on a lu m in a  (14 x  1 .5  c m . ) .  

Washing w i t h  b e n z e n e - l i g h t  p e t r o l e u m  ( 1 : 9 ;  800 c . c . )  

gave  a  f r a c t i o n  (236  mgm.) w h ich  c r y s t a l l i s e d  from
c

m e th a n o l  a s  n e e d l e s  o f  m .p .  217*218 . S u b sequ en t  

w ash ing  gave no f u r t h e r  homogeneous m a t e r i a l .  The 

f i r s t  f r a c t i o n  was r e c r y s t a l l i s e d  from m e th a n o l  t o  g i v e  

t h e  p r o d u c t  a s  n e e d l e s  (140 mgm.) o f  m .p .  2 2 2 - 2 2 3 ° ,

L « l + 6o * f + 6 0 '  ( £ ,  0 . 9 2 , 1 . 2 ) .

Pound:  G, 77*6 ; H, 1 0 . 0 .  C H 0 r e q u i r e s  C, 77*5*
34 54 4

H, 1 0 . 3 $ .

L ig h t  a b s o r p t i o n :  £  = 3>400,  £  = 1 , 2 0 0 ,
2100  2150 .

£ = 0 ,  and £  3 0 .  The compound shows a  y e l l o w
2200  2230  

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 .

C a t a l y t i c  H y d ro g e n a t io n  o f  th e  L i t h i u m  R e d u c t io n  P r o d u c t ,  

m .p .  222-228° »

The p r o d u c t  o b t a i n e d  a s  d e s c r i b e d  im m e d ia te ly  

above (380  mgm.) 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 i d  (360  c . c . )  and shaken  w i t h  h y d ro g en  f o r  18 

h o u r s  o v e r  p r e v i o u s l y  r e d u c ed  p l a t i n u m  c a t a l y s t  (200  mgm.) 

The f i l t e r e d  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s ,  and th e
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r e s i d u e  c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l .  T h i s  

gave  t h e  p r o d u c t  a s  f e l t e d  n e e d l e s  ( l 8 o mgm.) o f  m .p ,

229- 2 3 0 °, [<LI)+5 5 ° ,  +5 6 * ( 0 , 0 . 6 4 , 1 . 2 ) .

Pound:  C, 77*2; H, 10 .9*  C H 0 r e q u i r e s  C, 7 7 .2 ;
34 56 4

H, 1 0 . 7 $ .

The compound 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 th a n e .  M i x t u r e s  w i t h  s t a r t i n g  m a t e r i a l ,  w i t h  12- 

a c e t o x y - u r s a n y l  a c e t a t e ,  and w i t h  t h e  p r o d u c t  ( ( f ^ l ^ g o * )

o f  sod ium /am yl  a l c o h o l  r e d u c t i o n  o f  1 2 : 13- e p o x y - u r s a n y l  

b e n z o a t e  ( s e e  p .  8 0 ) ,  a i 1 showed p ro n o u n ce d  m e l t i n g -  

p o i n t  d e p r e s s i o n s .

The A c t io n  o f  H y d r o c h l o r i c  Acid  on t h e  C a t a l y t i c

H y d ro g e n a t io n  P r o d u c t ,  m .p .  2 2 9 -2 8 0 ° .

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

d e s c r i b e d  im m e d ia te ly  above (126  mgm.) i n  e t h a n o l  (20  c . c . )

was t r e a t e d  w i t h  co n c .  aqueous  h y d r o c h l o r i c  a c i d  (5  c . c . )

and t h e  m ix t u r e  r e f l t i x e d  f o r  7 h o u r s .  A f t e r  c o o l i n g

o v e r n i g h t ,  t h e  r e a c t i o n  m i x t u r e  was worked up a s  u sua , l ,

and a& e ty la ted  i n  t h e  norm al  m anner .  T h i s  gave a  gum,

w h ich  a f t e r  one c r y s t a l l i s a t i o n  f rom m e t h a n o l ,  and

s e v e r a l  f rom c h lo r o f o r m - m e th a n o l  gave t h e  p r o d u c t  a s

n e e d l e s  (10 mgm.) o f  m .p .  2 2 1 - 2 2 2 ° ,  -18  (js, 0 * 7 4 ) .

Pound:  C, 8 2 .1 ;  H, 1 1 . 6 .  C H 0 r e q u i r e s  C, 8 2 . 0 ;
32 52 2

H, 1 1 . 2 $ .

L i g h t  a b s o r p t i o n :  £  = 7 ,7 0 0 ,  £  = 6 , 9 0 0 ,
2100 21J0

£ = 5 , 0 0 0 , and £  = 3 >&0 0 . 'Ek© compound g i v e s
2200  2230
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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 . A

m i x t u r e  w i t h  u r s - 1 3 ( l 8 ) - e n y l  a c e t a t e  showed a  p ro nounced  

m e l t i n g - p o i n t  d e p r e s s i o n .

L im i te d  R e d u c t io n  o f  i s o -<x-Amyradienonyl A c e t a t e  w i t h  

L i th iu m  i n  L iq u i d  Ammonia.

L iq u i d  ammonia ( 1 ,5 0 0  c . c . )  was added t o  a  

s u s p e n s io n  o f  l i t h i u m  (750  mgm.) i n  d ry  e t h e r  (100  c . c . ) ,  

and s t i r r e d  t o  g i v e  a deep  b l u e  s o l u t i o n .  A s o l u t i o n  

o f  i s o - « - a m y r a d i e n o n y l  a c e t a t e  (8 .0  g . )  i n  d r y  e t h e r  

(1 ,5 0 0  c . c . )  was added t o  t h i s ,  w i t h  s t i r r i n g ,  o v e r  7 

m i n u t e s ,  and s t i r r i n g  c o n t i n u e d  f o r  f u r t h e r  10 m i n u t e s .

The r e a c t i o n  was t h e n  s to p p e d  by a d d i t i o n  o f  ammonium 

c h l o r i d e .  These o p e r a t i o n s  were c a r r i e d  o u t  i n  an 

a tm o sp h e re  o f  n i t r o g e n .  Ammonia was a l lo w e d  t o  e v a p o r a t e  

o v e r n i g h t ,  and w a t e r  ad ded .  The e t h e r e a l  l a y e r  was 

washed f r e e  o f  a l k a l i ,  d r i e d ,  and e v a p o r a t e d  t o  d r y n e s s .  

The r e s i d u e  t h u s  o b t a i n e d  was h y d r o l y s e d  by r e f l u x i n g  

f o r  2 h o u r s  i n  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  ( 3$ ;

1 ,0 0 0  c . c . ) ,  and t h e  h y d r o l y s a t e  o b t a i n e d  a s  u s u a l .

T h i s  was c r y s t a l l i s e d  from m e th a n o l  t o  g i v e  a  p r o d u c t  

a s  n e e d l e s  ( 1 .0 7  g«)  o f  m .p .  233~234° ,  D*]* -39°  > “ 40)

( c ,  O .7 9 , 0 . 9 3 ) •

Pound:  C, 8 1 .3 ;  H, 1 1 . 1 .  G H 0 r e q u i r e s  C, 81 .75
30 48 2

H, 1 1 . 0 $ .

L i g h t  a b s o r p t i o n :  £  = 2,900* £  3 1 ,6 0 0 ,
2100  2150  

£  = 1 ,0 0 0 ,  and £  3 600 .  The compound gave  a
2200  2230
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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 .

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  

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

p y r i d i n e  f o r  2 h o u r s  on t h e  s t e a m - b a t h ,  and  t h e  a c e t a t e  

o b t a i n e d  a s  u s u a l .  T h i s  a c e t a t e  (3 .9  g . )  was 

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  (200  c . c . )  and ch rom ato 

g ra p h e d  on a lu m in a  (24  x  2 . 4  c m . ) .  Only th e  f i r s t  

f r a c t i o n  e l u t e d  (66  mgm.) ,  t h a t  o b t a i n e d  by wash ing  

w i t h  b e n z e n e - l i g h t  p e t r o l e u m  ( l * 3 » 200  c . c . ) ,  gave 

homogeneous m a t e r i a l .  T h is  c r y s t a l l i s e d  f rom c h lo r o f o r m  

- m e th a n o l  t o  g i v e  n e e d l e s  o f  m .p .  218- 2 2 0 °, W ,  +59’
( £ ,  1 . 4 ) ,  whose m e l t i n g - p o i n t  was u n d e p r e s s e d  on m ix in g  

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

l i t h i u m  i n  l i q u i d  ammonia r e d u c t i o n  o f  i s o - d -am y ra d ie n o n y l  

a c e t a t e  ( s e e  p .  1 2 4 ) .

A c e t v l a t i o n  of  t h e  L i th iu m  R e d u c t io n  P r o d u c t ,  m .p .  2 3 ^ -2 ^ 4 %  

The p r o d u c t  o b t a i n e d  a s  d e s c r i b e d  im m e d ia te ly  

above (m .p .  233“ 234° ;  100 mgm.) was a c e t y l a t e d  i n  t h e  

norm al  manner  and t h e  r e a c t i o n  m i x t u r e  worked up a s  

u § u a l .  The p r o d u c t  was c r y s t a l l i s e d  f% o m  c h lo r o f o r m -
©

m e th a n o l  t o  g i v e  t h e  a c e t a t e  a s  n e e d l e s  o f  m .p .  227-228  ,

p -2 7  9 *28 (©.*' 1*3* 1 *1 ) •

Founds C, 79.3» H> 1 0 . 4 .  C H 0 r e q u i r e s  C, 7 9 .6 ;
32 50 3 .

H. 1 0 . 4 $ .

L i g h t  a b s o r p t i o n s  £  t = 2 , 7 0 0 ,  &  -  1 , 3 0 0 ,
2100  2150
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£ = 8 00 ,  and £ = 600 .  The compound g i v e s  a
2200  2230  

y e l l o w  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  .

C a t a l y t i c  H y d r o g e n a t io n  o f  t h e  A c e t a t e ,  m .p .  227-228 .

The a c e t a t e  o b t a i n e d  a s  d e s c r i b e d  im m e d ia te ly  

above (450 mgm.) was d i s s o l v e d  i n  s t a b i l i z e d  g l a c i a l  

a c e t i c  a c i d  (170  c . c . )  and shaken  w i t h  hyd ro g en  f o r  18 

h o u r s  o v e r  p r e v i o u s l y  r e d u c e d  p l a t i n u m  c a t a l y s t  (3 0 0 mgm.).  

The f i l t e r e d  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s ,  and th e  

r e s i d u e  c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  t o  g i v e  

p l a t e s  o f  m .p .  2 1 4 - 2 1 6 ° .  A f t e r  r e p e a t e d  c r y s t a l l i s a t i o n  

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

a s  p l a t e s  (120  mgm.) o f  m .p .  221 - 2 22 ° ,  + 38 ° , +8 7 °

(cs., 1 . 6 , 1 . 3 ) .

Pound:  C, 79*2;  H, 1 1 . 1 .  C a l c ,  f o r  C H 0 : C, 79*3*
3 2  5 2  3H, 1 0 . 8 $ .

A m i x t u r e  w i t h  t h e  s a t u r a t e d  k e t o n e ,  m .p .  2 2 2 -2 2 3 ° ,  

o b t a i n e d  by c a t a l y t i c  h y d r o g e n a t i o n  o f  i s o -o ( -am yrad ien-  

o n y l  a c e t a t e  ( s e e  p .  ) ,  showed no m e l t i n g - p o i n t  

d e p r e s s i o n .

C a t a l y t i c  H y d ro g e n a t io n  o f  i s o -oc-Amyradienonyl I I  A c e t a t e  

A s o l u t i o n  o f  i s o -Q(-amyradienonyl  I i  a c e t a t e  

(500  mgm.) 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  (170  c . c . )  

was shaken  w i t h  h y d ro g en  f o r  24 h o u r s  o v e r  p r e v i o u s l y  

r e d u c e d  p l a t i n u m  c a t a l y s t  ( 2^0 mgm.); t o w a rd s  t h e  end 

o f  t h i s  t im e n e e d l e - l i k e  c r y s t a l s  a p p e a r e d .  The s o l u t i o n
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was t h e n  d i l u t e d  w i t h  c h lo r o f o r m  to  d i s s o l v e  t h e s e  

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

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

f rom  c h l o r o f o r m - m e t h a n o l ,  gave t h e  p r o d u c t  (150  mgm.) 

a s  f l a t t e n e d  n e e d l e s  o f  m .p .  253*256° ,  + 8 8 ° ,  +8 7 °

( c ,  1 . 9 , 1 . 6 ) .

Found:  C, 82*75 H, 1 0 . 9 . C a l c ,  f o r  C H 0 :  C, 82.35
32  50 ' 2

H, 1 0 . 8 $ .

L i g h t  a b s o r p t i o n :  £  = 5 , 8 0 0 ,  £  = 5 , 0 0 0 ,
' 2100  2150  

£  = 3 , 9 0 0 ,  a n d c  = 3 , 2 0 0 .  The compound g i v e s  a
2200 2230  

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 .

H y d r o ly s i s  o f  th e  C a t a l y t i c  H y d ro g en a tio n  P r o d u c t ,  m .p .  

2 5 3 -2 5 6 ° .

The p r o d u c t  o b t a i n e d  a s  d e s c r i b e d  i m m e d ia te ly  

above (140 mgm.) was h y d r o l y s e d  by r e f l u x i n g  f o r  2 h o u r s  

i n  e t h a n o l i c  p o t a s s i u m  h y d r o x i d e  (3$5 25 c . a . ) ,  and t h e  

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

c r y s t a l l i s a t i o n s  from a c e t o n e ,  t h e  a l c o h o l  (70  mgm.) 

was o b t a i n e d  a s  n e e d l e s  o f  m .p .  1 9 9 - 2 0 0 ° ,  [ * ] 3>+8 4 ° ,

+ 8 3 ° ,  ( 0 , 1 . 4 ,  O.7 7 ) .

Pound: C, 85*1; H, 1 1 . 2 .  C H 0 r e q u i r e s  C, 8 4 .8 ;
30 48

H, 1 1 . 4 $ .

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

and p y r i d i n e  i n  t h e  u s u a l  way gave t h e  a c e t a t e ,  m .p .  247- 

2 5 0 ° ,  [?<]* +89 ° (jc, 0 . 6 8 ) ,  u n d e p re s s e d  i n  m e l t i n g - p o i n t

when mixed w i t h  t h e  specimen d e s c r i b e d  a b o v e .
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T re a tm e n t  o f  t h e  C a t a l y t i c  H y d r o g e n a t io n  P r o d u c t ,  m .p .  

2 5 ^ - 2 5 6 ° .  w i t h  Hydrogen C h l o r id e

Dry h y d rog en  c h l o r i d e  was p a s s e d  f o r  45 m in u t e s  

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

(m .p .  253- 2 5 6 0, p r e p a r e d  a s  d e s c r i b e d  above;  100  mgm.) 

i n  d r y  c h lo r o f o r m  (20  c . c . ) ,  and th e  s o l u t i o n  a l lo w e d  t o

s t a n d  a t  room t e m p e r a t u r e  i n  a  s t o p p e r e d  f l a s k  f o r  5 days
\

A f t e r  rem o v a l  o f  s o l v e n t  i n  v a c u o , t h e  r e s i d u e  was 

c r y s t a l l i s e d  s e v e r a l  t i m e s  from c h lo r o f o r m - m e th a n o l  t o  

g i v e  n e e d l e s  (43  mgm.) o f  m .p .  I 69- I 7O0, [<x]v  +323°

( 0 , 0 . 5 5 ) .

Pound: C, 8 2 . 2 ;  H, 1 0 . 8 .  C a lc ,  f o r  C H 0 : C, 8 2 . 3 ;
32 50 2

H, 1 0 . 8 $ .

L ig h t  a b s o r p t i o n :  Max. a t  28OOA ( £  = 8 , 50 0 ) .  The

p r o d u c t  g i v e s  a  r ed -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 .

A m i x t u r e  w i t h  u r s a - 1 0 : 1 2 - d i e n y l  a c e t a t e  showed no 

m e l t i n g - p o i n t  d e p r e s s i o n .

R e d u c t io n  o f  i s o -<x-Amvradienonyl I I  A c e t a t e  w i t h  Sodium 

i n  Amyl A lc o h o l

( c f .  R u f f ,  P h .D .  T h e s i s ,  Glasgow, 1 9 4 9 . )

i s o -o(*Amyradienonyl  I I  A c e t a t e  ( 1 . 0  g . )  was 

d i s s o l v e d  i n  b o i l i n g  amyl a l c o h o l  ( r e d i s t i l l e d ;  40 c . c . ) ,  

and sodium ( 2*5 g*) added p o r t i o n w i s e  t o  t h e  s o l u t i o n .  

A f t e r  b o i l i n g  u n d e r  r e f l u x  f o r  30 m i n u t e s ,  a  f u r t h e r

a d d i t i o n  o f  amyl a l c o h o l  (7 c . c . )  was made, and r e f l u x i n g  

c o n t i n u e d  f o r  40 m i n u t e s .  The s o l u t i o n  was t h e n  po u red



...............   132 .

i n t o  w a t e r ,  and t h e  m i x t u r e  e x t r a c t e d  w i t h  e t h e r .

The e t h e r e a l  s o l u t i o n  was washed f r e e  o f  a l k a l i  w i t h  

w a t e r ,  an d  e t h e r  and amyl a l c o h o l  rem oved,  t h e  l a t t e r  

by s t e a m - d i s t i l l a t i o n .  The r e s i d u e  was a g a i n  t a k e n  

up i n  e t h e r ,  washed and d r i e d ,  and the  gum re m a in in g  

on rem ova l  o f  s o l v e n t  a c e t y l a t e d  by r e f l u x i n g  f o r  2 

h o u r s  i n  a c e t i c  a n h y d r i d e  (20 c . c . ) .  The a c e t a t e  was 

o b t a i n e d  i n  th e  u s u a l  m ann e r ,  and p ro v ed  t o  be a  gum 

(810  mgm.) which  was 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  (50  c . c . )  

and c h ro m a to g raph ed  on a lu m in a  (11 x  1 . 5  cm.) Washing 

w i t h  l i g h t  p e t r o l e u m  (600  c . c . )  gave  a  f r a c t i o n  (300  mgm.) 

w h ich  c r y s t a l l i s e d  f rom  c h lo r o f o r m - m e th a n o l  t o  g i v e  

m a t e r i a l  o f  m .p .  162- 1 6 5 ° . S u b seq u e n t  w ash ing  w i t h  

more p o l a r  s o l v e n t g  gave o n l y  u n c r y s t a l l i s a b l e  f r a c t i o n s .  

The f i r s t  f r a c t i o n  was r e c r y s t a l l i s e d  s e v e r a l  t im e s  from 

c h lo r o f o r m - m e th a n o l  to  g i v e  t h e  p r o d u c t  (100  mgm.) a s  

f l a t t e n e d  n e e d l e s  o f  m .p .  179” l 8 l ° ,  G0^  - 687 ° $  -6 9 4

( c ,  1 . 4 ,  O .7 9 ) .

Pound.  C, 8 3 . 0 ; H, 10*5* C a lc ,  f o r  C H 0  : C, 8 2 . 7 *
32 48 2

H, 1 0 . 4 $ .

L i g h t  a b s o r p t i o n :  M ax .a t  2220 (£  = 7*500) and 2800A

( £  38 6 , 7 0 0 ) .  The compound g i v e s  an  i n t e n s e  d a r k  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 .
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R e d u c t io n  o f  i s o -g -A m yrad ien on y l  I I  A c e t a t e  w i t h  L i th iu m  

Aluminium H yd r ide

A s o l u t i o n  o f  i s o -oc-amyradienonyl  I I  a c e t a t e  

(500  mgm.) i n  d ry  e t h e r  (120  c . c . )  was added d ro p w ise  

t o  a  s u s p e n s io n  o f  l i t h i u m  a lum in ium  h y d r i d e  (500  mgm.) 

i n  d r y  e t h e r  (80  c . c . ) ,  and th e  m i x t u r e  r& f lu x e d  f o r  4 

h o u r s .  A f t e r  c o o l i n g ,  wxcess  l i t h i u m  a lum in ium  h y d r i d e  

was d e s t r o y e d  w i t h  w a t e r .  The m i x t u r e  was t h e n  t r a n s 

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

washed f r e e  o f  a l k a l i  and suspended  a lu m in a  w i t h  w a t e r .

I t  was t h e n  d r i e d  and s o l v e n t  removed i n  v a c u o . The 

r e s i d u e  was c r y s t a l l i s e d  from  . n - h e x a n e - a c e t o n e , t o  g i v e  

t h e  p r o d u c t  a s  n e e d l e s  (153  mgm.) o f  m .p .  218- 219 ° ,

M ,  +? 6 °> + 7 6 ° ,  {<-> 0 . 9 6 , 0 . 8 7 ) .

Pounds C, 8 2 .0; H, 1 1 . 3 . C H 0 r e q u i r e s  C, 8 l . 8 ;
30 48 2

H, 1 1 . 0 $ .

L i g h t  a b s o r p t i o n :  £  = 3 * 5 ^ 0 ,  £  = 1 , 9 0 0 ,
2100  2150 

£  = 600  and £ = 3 0 0 . compound g i v e s  a
2200 2230 

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 .

A c e t v l a t i o n  o f  t h e  L i t h i u m  Aluminium H y d r id e  R e d u c t io n  

P r o d u c t ,  m .p .  218-219.°*

The p r o d u c t  o b t a i n e d  a s  d e s c r i b § d  i m m e d ia te ly  

above (200  mgm.) was a c e t y l a t e d  i n  a c e t i c  a n h y d r i d e  and 

p y r i d i n e  on t h e  s t e a m - b a t h  f o r  2&  h o u r s ,  and t h e  r e a c t i o n  

m i x t u r e  worked up i n  t h e  u s u a l  way . The p r o d u c t  was

c r y s t a l l i s e d  s e v e r a l  t im e s  from c h lo r o f o r m - m e th a n o l  t o



134.

g i v e  f l a t t e n e d  n e e d l e s  (110  mgm.) o f  m .p .  l 80 - l 8 l ° ,

-706  ( £ ,  1 . 0 )  . L i g h t  a b s o r p t i o n :  Max. a t

2220 ( £ = 1 0 ,0 0 0 )  and 282OA ( £ = 7 *7 0 0 ) .  A m i x t u r e  

w i t h  t h e  p r o d u c t  o f  sodium and amyl a l c o h o l  r e d u c t i o n  

o f  i s o -« t -am yrad ienony l  I I  a c e t a t e  ( s e e  p .  13 1 ) showed 

no m e l t i n g - p o i n t  d e p r e s s i o n .  The compound g i v e s  a  

d a r k  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 .

C a t a l y t i c  H y d r o g e n a t io n  o f  t h e  A c e t a t e ,  m .p .  l 8 0 - l 8 l ° .

( c f .  R u f f ,  Ph .D .  T h e s i s ,  Glasgow, 1949)

The a c e t a t e  o b t a i n e d  a s  d e s c r i b e d  im m e d ia te ly

above (100  mgm.) 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 i d  (30  c . c . )  and shaken  w i t h  h y d ro g en  f o r  1

h o u r  o v e r  p r e v i o u s l y  r e d u c e d  p l a t i n u m  c a t a l y s t  (50  mgm.)

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

a p p e a r e d .  A f t e r  t h e s e  had b e en  d i s s o l v e d  by a d d i t i o n

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

and e v a p o r a t e d  t o  d r y n e s s  i n  v a c u o . The r e s i d u e  was

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

(46  mgm.) a s  f l a t t e n e d  n e e d l e s  o f  m .p .  250- 2 5 2 °, [pOj, +8 7 °

( c ,  1 . 4 ) .  L i g h t  a b s o r p t i o n :  £  53 3*500 ,  £  =
“  2100 2150 

2 , 4 0 0 ,  £  3 1 ,4 0 0 ,  and £  3 800 .
2200  2230 

Pound:  C, 82.4$ H 11.0 ' .  C a l c ,  f o r  C H 0 : C, 82.3*
32 50 2

H, 1 0 . 8 $ .

The compound 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 t h a n e .

A m i x t u r e  w i t h  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  p r o d u c t  f rom 

i s o -o ( - a m y ra d ie n o n y l  f  I  -acetate(m . p . 253-256 ) showed no
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m e l t i n g - p o i n t  d e p r e s s i o n .

A t tem p ted  F o r m a t io n  o f  the E n o l  A c e t a t e  o f  i s o - * -  

Am yradienonyl  I I  A c e t a t e

( i )  i s o -« -A m y rad ien o n y l  I I  a c e t a t e  (300 mgm.) 

was r e f l u x e d  f o r  6 8  h o u r s  i n  a c e t i c  a n h y d r id e  ( 1 2  c . g . )  

w i t h  f r e s h l y  f u s e d  sodium a c e t a t e  (400 mgm.).  The 

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

from c h lo r o f o r m - m e th a n o l  t o  g i v e  n e e d l e s  (220  mgm.) o f  

m .p .  2 6 4 -2 6 5 ° ,  [ ° 0 r  +156°(£> O .7 8 ) .  The compound 

g i v e s  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 .  A m ix t u r e  

w i t h  an a u t h e n t i c  sample  o f  i s o -<x-amyradienonyl  I I  

a c e t a t e  showed no m e l t i n g - p o i n t  d e p r e s s i o n .

( i i )  A s o l u t i o n  o f  i s o - oc-amyradienonyl  I I  

a c e t a t e  (200  mgm.) i n  i s o - p r o p e n y l  a c e t a t e  (15  c . c . ) ,  

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

f o r  5 h o u r s  and a l lo w e d  t o  c o o l  o v e r n i g h t .  I t  was t h e n  

d i l u t e d  w i t h  e t h e r ,  t h e  e t h e r e a l  s o l u t i o n  washed f r e e  o f  

a c i d  w i t h  w a t e r ,  d r i e d ,  and t h e  s o l v e n t  removed i n  v a c u o . 

The r e s i d u e  was c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l

to  g i v e  n e e d l e s  (90  mgm.) ,  g i v i n g  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  h a v in g  m .p .  265 - 2 6 7 °» +

( c ,  0 . 2 8 ) .  A m ix tu re  w i t h  s t a r t i n g  m a t e r i a l  showed no 

m e l t i n g - p o i n t  d e p r e s s io n .
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A t tem p ted  P e r b e n z o i c  Acid  O x id a t io n  o f  t h e  C a t a l y t i c  

R e d u c t io n  P r o d u c t ,  m .p .  2 5 1 -2 5 6 ° .

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

(70  m g m . / c . c . ;  1 .9  c . c . ,  2 .1  m o ls )  was added  t o  a  

s o l u t i o n  o f  t h e  p r o d u c t  (m .p .  253- 256 ^; 215 mgm.) 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  i s o -o( -am yrad ienony l  I I  

a c e t a t e  i n  c h lo r o f o r m  ( r e d i s t i l l e d  ; 25 c . c . )  a t  0 ° .

The m i x t u r e  was a l lo w e d  to  s t a n d  a t  t h a t  t e m p e r a t u r e  

f o r  70 h o u r s .  I t  was t h e n  d i l u t e d  w i t h  c h lo r o f o r m  

( r e d i s t i l l e d ;  50 c . c . )  and washed t h o r o u g h l y  w i t h  

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

A f t e r  d r y i n g  o v e r  a n h y d ro u s  sodium s u l p h a t e ,  t h e  

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

r e s i d u e  c r y s t a l l i s e d  from c h lo r o f o r m - m e th a n o l  to  g iv e  

p l a t e s  (116  mgm.) o f  m .p .  250- 2 5 2 ° ,  +94° (c., 0 . 5 4 ) .

T h is  m a t e r i a l  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 ,  

a n d '  a  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  showed no m e l t i n g -  

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

c o u ld  be  o b t a i n e d  from t h e  m o t h e r - l i q u o r .
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