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SOMMARY.

P a r t  I  -  /A-Amyrin.

I n v e s t i g a t i o n s  were c a r r i e d  ou t on th e  n a t u r a l l y

o c c u r r i n g  t r i t e r p e n e  ^ - a m y r in ,  CLAH__0, w i th  a v iew  tojv  |>u
e l u c i d a t i n g  i t s  s t r u c t u r e .

O x id a t io n  o f  t h e  h y d ro ca rb o n  l - o ( - a m y r a d ie n e ,  C30H48> 

by v a r i o u s  r e a g e n t s ,  f a i l e d  to  g ive  homogeneous p r o d u c t s  o r  

r e p r o d u c i b l e  r e s u l t s  though  p o ta s s iu m  permanganates gave 

m a t e r i a l  a n a l y s i n g  as  c30h4 8 ° •

B oth  hydrogen  p e ro x id e  and ozone have been  shown to  

r e a c t  w i th  ^ - a m y r in  e s t e r s  to  g iv e  o x id e s  which may be 

i s o m e r i s e d  to  s a t u r a t e d  k e to n e s .  The compound d e s c r ib e d  i n  

t h e  l i t e r a t u r e  a s  Q ^am yranonyl b e n z o a te  i s ,  i n  f a c t ,  ^ - a m y r i n  

b e n z o a te  o x id e .  Both th e  o x id e s  and k e to n e s  may be p a r t i a l l y  

d e h y d ro g en a ted  by brom ine to  g iv e  i s o -  <?(-amyrenonyl e s t e r s .

R e d u c t io n  o f  -am yrone by t h r e e  d i f f e r e n t  m ethods gave 

the~ 'sa»e  h y d ro ca rb o n  ^ (-am yrene , Cjo h§Q> i n  e v e ry  c a s e .  T h is  

was o x id i s e d  to  o(-am yrene  o x id e  which co u ld  be i s o m e r i s e d  to  

th e  s a t u r a t e d  k e to n e  i s o -  ^ a m y r a n o n e  ( a l s o  o b ta in e d  by 

K ish n e r -W o lf f  r e d u c t i o n  o f  o t-am yrane d io n e )  o r  re d u c e d  to  

th e  a l c o h o l  i s o -  c^ ram y ran o l.

A t te m p ts  t o  c h l o r i n a t e  t h i s  a l c o h o l  so t h a t  th e  h a lo g e n s -  

t e d  d e r i v a t i v e  m igh t be red u c ed  to  th e  s a t u r a t e d  h y d ro c a rb o n  

J^ -a m y ra n e ,  r e s u l t e d  i n  e v e ry  c a se  i n  d e h y d r a t io n ,  and 

vX-amyrene was fo rm ed .

I n  hydrogen  p e ro x id e  o x i d a t i o n s  o f  ^ - a m y r i n  e s t e r s  h ig h  

m e l t in g  b y - p r o d u c t s  a re  formed t o g e t h e r  w i th  t h e  o x id e ,  b u t



i i .

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

I t  was hoped to  p re p a re  v a r i o u s  o( - d ik e to n e s  and k e t o l s  

so t h a t  t h e s e  co u ld  be t r e a t e d  w i th  p e r i o d i c  a c i d ,  n in g  

o p e n in g  m ight o c c u r  g iv in g  a c id  p r o d u c t s .  ^ ( -A m y rad io n o l,  

cH - a m y ra d io n y l  a c e t a t e  and ^ - a m y r a d o n d io l  mono—b e n z o a te  were 

a l l  p r e p a r e d .  The f i r s t  o f  t h e s e  was made by an im provem ent 

o f  a p u b l i s h e d  m ethod , and th e  l a s t  (an - k e t o l )  by r e p l a c e ­

ment o f  brom ine by h y d ro x y l  i n  b ro m o -^ -a m y ra n o n y l  b e n z o a te .  

T hese , on t r e a tm e n t  w i th  p e r i o d i c  a c i d ,  gave n e t i t r a l  p r o d u c t s  

which were a p p a r e n t ly  i s o m e r ic  w i th  th e  s t a r t i n g  m a t e r i a l ,  b u t  

w i th o u t  th e  o r i g i n a l  k e t o l ,  o r  d io n e ,  g ro u p in g .

R e d u c t io n  o f  ^ ( -a m y r in  b e n z o a te  o x id e  gave th e  compound

d e s c r ib e d  i n  th e  l i t e r a t u r e ,  b u t  th e  a c t i o n  o f  v a r i o u s
, e

r e d u c in g  a g e n t s  on ^ (-am yranony l b e n z o a te  gave non-hom ogenous

p r o d u c t s .

New m ethods o f  i n v e s t i g a t i o n  o f  t h e  p rob lem  were exam ined , 

and th e  am yrin  n u c le u s  was found  to  be s t a b l e  t o  a l k a l i  a t  

h igh  t e m p e r a tu r e ,  b u t  c o m p le te ly  b roken  down by a lum inium  

t r i c h l o r i d e .

Many o t h e r  compounds were p r e p a r e d ,  among them  a s u l p h i t e  

o f  o ( - s m y r in ,  and an e x a m in a t io n  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  be tw een  some o f  th e  compounds and t h e i r  e s t e r s  showed 

t h a t  ch an g es  i n  t h e  n e ig h b o u rh o o d  o f  th e  doub le  bond a p p e a r  to  

e x e r t  a  v i c i n a l  a c t i o n  on t h e  h y d ro x y l  g rou p .

g a r t  I I  -  b - C h lo r o - 5-B e n z o y lo x y - C h o le s t - 4- e n e .

T h is  compound, f o rm u la te d  a s  above by S p r in g  and Swain 

( J . (1939) i 1356) &s 4- c h l o r o - 3- b e n z o y l o x y - c h o l e s t - 5-e n e  by
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P e tro w , Rosenheim  and S t a r l i n g  ( J .  (1943) >1 3 5 ) a^d a s  

3- c h l o r o - 4- b e n z o y l o x y - c h o l e s t - 5-e n e  by B erg  an4 W a l l i s ,

(J . B i o l . Chem. ( 194b ) l b 2 (3 ) . 683 ) was i n v e s t i g a t e d .

A s y n t h e s i s  o f  3- c h l o r o - 4- h y d r o x y - c h o le s t - b - e n e  was 

c a r r i e d  o u t  by th e  a c t i o n  o f  s e len iu m  d io x id e  on c h o l e s t e r y l  

c h l o r i d e ,  and a new s y n t h e s i s  o f  6 - c h l o r o - 3 - a c e t o x y - c h o l e s t -  

5 -ene  a c h ie v e d  by th e  a c t i o n  o f  p h o sp h o ru s  p e n t a c h l o r i d e  on 

b - k e t o - c h o l e s t a n y l  a c e t a t e ,

D e g ra d a t iv e  e x p e r im e n ts  on S p r in g  and S w ain1s compound by 

way o f  i t s  o x id e  f a i l e d  t o  g iv e  th e  r e q u i r e d  p r o d u c t s  b e ca u se  

o f  r e a d y  l o s s  o f  h a lo g e n ,  b u t  some new l i g h t  h a s  been  th row n 

on th e  p ro b lem .

A com parison  o f  th e  o p t i c a l  r o t a t i o n s  o f  th e  compound 

u n d e r  i n v e s t i g a t i o n  (a s  a c e t a t e )  and 3 - c ^ l ° r o " 4 - a c e to x y -  

c h o l e s t - 5 - e n e  l e a d s  t o  th e  b e l i e f  t h a t  P e tro w , Rosenheim and 

S t a r l i n g 1s f o r m u la t io n  may be c o r r e c t .
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An I n v e s t i g a t i o n  o f  th e  T r i t e r p e n e . 

n l-A o y rln .
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hlSIOHICAL.

N a t u r a l l y  o c c u r r i n g  c r y s t a l l i n e  compounds o f  h ig h  

m o le c u la r  w e igh t  c o n t a in i n g  o n ly  c a rb o n ,  hydrogen  and oxygen 

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

group* Members o f  th e  fo rm er group g iv e  D i a l ' s  h y d ro ca rb o n  

( 3 - m e th y l - l : 2 - c y c lo p e n te n o p h e n a n th r e n e ) on d e h y d ro g e n a t io n ,  

w h ile  th e  l a t t e r  g ive  hom ologues o f  n a p th a le n e  (1* ) .  The 

t r i t e r p e n e s  in c lu d e  th e  a l c o h o l ,  am yrin , which o c c u r s  i n  many 

r e s i n s ,  th e  d i o l ,  b e t u l i n ,  o b ta in e d  from  b i r c h  b a rk ,  and 

s e v e r a l  hydroxy  a c i d s ,  which may o c c u r  f r e e  i n  th e  r e s i n s ,  

e .g*  e le m o l ic  a c id  i n  M a n i la -e le m i  r e s i n ,  o r  combined a s  

g lu c o s id e s  i n  th e  s a p o n in s ,  e . g .  g l y c y r r h e t i c  a c i d ,  from  

l i q u o r i c e .

The f o r m u la t i o n  o f  t r i t e r p e n e s  h as  p r e s e n te d  many d i f f i ­

c u l t i e s .  P u r i f i c a t i o n  i s  seldom  e a s y ,  com b us tio n  r e s u l t s  

f r e q u e n t l y  f a i l  t o  d i s t i n g u i s h  betw een homologous fo rm u la e  

and e ry o s c o p ic  d e te r m in a t io n  o f  m o le c u la r  w e ig h ts  a re  n o t  

a lw ays r e l i a b l e .  I n v e s t i g a t i o n s  embodying c a r e f u l  m ic ro ­

co m b u s t io n s ,  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 s  o f  a c i d s ,  frhe 

a c e t y l  v a lu e  o f  a c e t a t e s  and m ethox y l v a lu e  o f  e s t e r s  have 

shown t h a t  many o f  t h e s e  compounds c o n ta in  JQ c a rb o n  a tom s.

( 2 , 3 , 4 , 5 , 6 , 7 , 8 , Q . ) .  •

S t r u c t u r a l  work on th e  s e r i e s  i s  f u r t h e r  c o m p l ic a te d  by 

th e  f a c t  t h a t  f u n c t i o n a l  g roups  a re  f r e q u e n t l y  d i f f i c u l t  to  

d e t e c t .  Thus, c a rb o n y l  g ro u p s  may n o t  r e a c t  w i th  th e  u s u a l  

r e a g e n t s ,  and doub le  bonds may be i n e r t  to w a rd s  r e d u c t i o n  i n  

t h e  p re s e n c e  o f  c a t a l y s t s .  In d e e d ,  th e  p re s e n c e  o f  an 

e t h y l e n i c  l in k a g e  i s  o f t e n  o n ly  i n d i c a t e d  by th e  y e l lo w  c o lo u r



2.

dev e loped  w i th  t e t r a n i t r o m e t h a n e .

Two m ethods o f  i n v e s t i g a t i o n  have heen w id e ly  em ployed, 

nam ely : (a) d e h y d ro g e n a t io n ,  and (b) o x i d a t i v e  d e g r a d a t io n .  

These have e n a b le d  th e  t r i t e r p e n e s  t o  be d iv id e d  i n t o  s e v e r a l  

g rou ps  on s t r u c t u r a l  g ro u n d s ,  th e  two p r i n c i p a l  b e in g  th o s e  

o f  & -  and P -a m y r in .  The ^  - a m y r in  s e r i e s  c o n s i s t s  o f  f o u r  

members

F u n c t io n a l  g r o u p s ,

i ) {X -Amyrin Cjq H^qO

i i )  U vao l CjoH^oOg OH, OH.

i i i )  U r s o l i c  Acid G30H48°3  0H> GG0H*

iv )  & -B o s w e l l ic  A c id . C30H48°3 0H> C00H*

O c cu rre n ce  and I n t e r - r e l a t i o n s h i p .

^ -A m y r in  o c c u r s  n a t u r a l l y  a lo n g  w i th  ^ - a m y r i n ,  and i s  

th e  c h i e f  r e p r e s e n t a t i v e  o f  th e  c ^ -a m y r in  g ro u p . The two 

i s o m e r ic  a l c o h o l s  c o n s t i t u t e  th e  m ix tu r e ,  named Amyrin by 

Baup (1 0 ) ,  which was f i r s t  i s o l a t e d  by Hose (1 1 . )  from  M a n ila  

j£lemi r e s i n ,  t h i s  r e m a in in g  th e  p r i n c i p a l  so u rc e  tho ugh  many 

o t h e r s  a r e  now known (1 2 ) .  S e p a r a t io n  i s  u s u a l l y  a c h ie v e d  by 

m ethods d e p en d in g  on th e  d i f f e r i n g  s o l u b i l i t i e s  o f  a c e t a t e s ,  

b e n z o a te s  o r  a n i s a t e s  (13*)•

U r s o l i c  a c id  o c c u r s  i n  a p p le  pomace, c r a n b e r r i e s ,  s a x i ­

f r a g e  and o t h e r  p l a n t s ;  a l s o  g l y c o s i d i f i e d  w i th  ( ^ - s o r b i t o l  i n  

p y r a c a n th a  a u g u s t o f o l i a .  U vaol o c c u r s  w ith  t h e  above in  

a r c t o s t a p h y l e s  u va  u r s i ,  and le u c o th e o  k e i s k e i  and j ^ - b o s w e l l i c  

a c id  i n  f r a n k i n c e n s e .

B oth  u r s o l i c  and 3 - b o s w e l l i c  a c id  have been  c o n v e r te d  to



CK-a m y r in  lay c o n v e r s io n  o f  th e  c a r b o x y l i c  a c id  g ro u p in g  to  

a  m e th y l  group (14)« The a c i d ,  th e  h y d ro x y l  group h a v in g  

“been p r o t e c t e d ,  i s  c o n v e r te d  to  tjie  a c id  c h lo r id e . ;  Rosenmund 

r e d u c t i o n  o f  which g iv e s  t h e  c o r r e s p o n d in g  a ld e h y d e  which i s  

re d u c e d  "by th e  K ish n e r -W o lf f  m ethod , t h u s : -

U r s o l i c  a c id  (a s  'benzoa te) h a s  a l s o  "been re d u c e d  to  u v a o l  

(15* )•  The two a c i d s  th u s  d i f f e r  from  o( -a m y r in  *by h a v in g  a  

c a r b o x y l i c  g ro u p in g  i n  p la c e  o f  one a n g u la r  m e th y l  g ro u p , 

w h ile  u v a o l  h a s  a -CHgOH i n  p la c e  o f  th e  c a rb o x y l  group o f  

u r s o l i c  a c i d .

The ca r 'b o x y l group o f  p - b o s w e l l i e  a c id  i s  s i t u a t e d  a t  

s in c e  m ild  o x i d a t i o n  g iv e s  a compound, 629^46^* 

en o n e , by o x i d a t i o n  o f  t h e  C2 h y d ro x y l  group to  a c a r b o x y l  and 

l o s s  o f  ca rb o n  d io x id e  from  th e  i n t e r m e d i a t e  (3 - k e t o  a c id  (1 6 .)

—OAc 
- C H 3

H0 OC

1

H ooc
CN3
I

C  .

HO.CtA

CM*
\

Only th o s e  r e a e t l o n s  o f  th e  o t h e r  members o f  th e  group 

which have a  d i r e c t  b e a r i n g  on th e  s t r u c t u r e  o f  am yrin  

w i l l  be c o n s id e re d  i n  t h e  f o l lo w in g  p a g e s .



S t r u c t u r a l  E v id e n c e .

X. Dehyd r  o gen a t  1 o n .

S e len ium  de hydro gen a t  io n  o f  o( - a m y r in  and o f  u r s o l i c  a c id  

produced  th e  compounds ( I )  t o  (VI) a s  shown i n  t h e  t a b l e  

below . A l l  have been  s y n t h e s i s e d .

(W (S/J

( I )  ( I I )  ( I I I )  (IT) (V) (TI)

Ok-Amyrin (1 7 ) -  -  -  (17) (1 7 )

T Jrso l ic  Acid (18 ) ( I )  (19) (19) (19) (19)

The fo r m a t io n  o f  (VI) p o i n t s  to  a  p e n t a c y c l i c  s t r u c t u r e .  

The c o n s t r u c t i o n  o f  a t r i t e r p e n e  fo rm u la  t o  a cco u n t  f o r  t h i s ,  

and th e  o t h e r  d e h y d r a t io n  p r o d u c t s ,  l e a d s  to  t h e  p o ly m e th y l  

p e rh y d ro p ic e n e  s k e l e t o n  (V I I ) .  T h is  s t r u c t u r e  c o n s i s t s  o f  

s i x  i s o p r e n e  (C5H3) u n i t s  a s  i s  e s s e n t i a l  i n  t h e  f o r m u la t io n  

o f  t r i t e r p e n e s .



P r o d u c t s  ( I )  and ( I I )  a re  t h u s  d e r iv e d  from  r i n g s  i ) /£ ,  

( I I I )  from  r i n g  A, and (IV) and (V) from  r i n g s  A/B. The 

f o r m a t io n  o f  1 : 2 ;5 ;b - t e t r a m e th y l n a p h th a l e n e  and 1 : 2 ; J ; 4 -  

t e t r a m e th y r b e n z e n e  can be e x p la in e d  by assum ing  a r e t r o -  

p i n a c o l i c  d e h y d ra t io n  o f  t h e  h y d ro x y l  group to  have f i r s t  

o c c u r r e d .

T h is  h a s  been  con firm ed  by d e h y d ro g e n a t io n  o f  m e th y l-  ot- 

am yrin  ( V I I I ) , p r e p a re d  by th e  a c t i o n  o f  a G rig n a rd  r e a g e n t  

on Q^-amyrenone, when o n ly  ( IV ), ( I )  and a p ic e n e  hom ologue, 

a lm o s t  c e r t a i n l y  1 : 2 ; 8 - t r i m e t h y lp i c e n e  (IX) were i s o l a t e d .

. . Lpat



i b l e  w i th  t h e  s k e l e to n  (V II)

6 .

2 . The Double Bond and th e  H ydroxy l Group.

(X-Amyrin i s  a s e c o n d a ry  a l c o h o l  s in c e  m ild  o x i d a t i o n  

g iv e s  a r e a c t i v e  k e to n e  (2 6 )* The doub le  bond i s  e x c e e d in g ly  

u n r e a c t i v e ,  and p r o o f  o f  i t s  p r e s e n c e  i s  g iv en  by th e  y e l lo w  

c o lo u r  p roduced  w i th  t e t r a n i t r o m e t h a n e  on a c h lo ro fo rm  s o l u t i o n  

o f  th e  s u b s ta n c e ,  and a ls o  by th e  f a c t  t h a t  o x i d a t i o n  o f  o (-am yri 

e s t e r s  w i th  chrom ic a c id  g iv e s  th e  c o r r e s p o n d in g  e s t e r s  o f  

(X -am yrenonol, th e  "oxy- (X-amyrin" o f  V eK te rb e rg  (2 0 ) ,  which h a s  

been  shown by s p r i n g  and V i c k e r s t a f f  to  be an C u r a t e d

k e to n e  (17 ) • C a t a l y t i c  h y d ro g e n a t io n  o f  <?(-amyrenonol g iv e s  

jX -am yrin  (2 1 ) .  R e d u c t io n  o f  th e  e s t e r s  w i th  sodium and amyl 

a l c o h o l ,  how ever, g iv e s  e i t h e r  o V am y rad ien y l  e s t e r s  (17) o r  

amyl- ^ - a m y r a t r i o l ,  an a d d i t i o n - r e d u c t i o n  ad d u c t  w hich w i th  

a c e t i c  a n h y d r id e  g iv e s  oX -am yrad icny l a c e t a t e  (2 2 ) .

^ - A m y r a d i t n o l  c o n t a in s  a c o n ju g a te d  sy s tem  o f  d oub le  

bonds l o c a te d  i n  one r i n g  (2 3 ,2 4 )  • I t  *&ay a l s o  be formed by 

p a r t i a l  d e h y d ro g e n a t io n  o f  <?(-amyrin w ith  s u lp h u r  (2 5 ) ,  o r  

( a s  a c e t a t e )  by th e  a c t i o n  o f  N -b rom succin im ide  on o (- a m y r in  

a c e t a t e  ( 2 6 ) .

The frag m e n t  (X) i n  o( - a m y r in  i s  th u s  s u g g e s te d ,  ^ - a m y r e n -  

o n o l  c o n ta in i n g  (XI) and th e  d ien e i .  (X I I ) .

H C C < c
II

c
c <

c
c



Hydrogen p e ro x id e  o x i d a t i o n  o f  ( X - a w r i 11 b e n z o a te  g iv e s  

a compound which was th o u g h t  to  c o n ta in  an u n r e a c t i v e  k e to n e  

g rou p , and was d e s c r ib e d  a s  -am y ran o n y l b e n z o a te  (X I I I ,  R « Bz) 

T h is ,  on r e d u c t i o n  w i th  sodium and amyl a l c o h o l ,  gave a 

s a t u r a t e d  d i o l ,  d ih y d ro x y -  0(-amyTane (XIV, R = H).

\  /

C
\  /  ^  /

C  C x
ft i
c c (

(7 w J  "  ( 7 7 )
o

C ^ l^ s-o R

SC 
II  f

C <  HjlC C -  N C  C '

'  C . ' m )  n c^(X7TD " c f  orvnp
II H
0

T rea tm en t o f  (X III )  w i th  brom ine r e s u l t s  i n  p a r t i a l  

d e h y d ro g e n a t io n ,  g i v in g  an - u n s a t u r a t e d  k e to n e ,  i s o - ,X -  

am yrenonyl b e n z o a te  (XV). The i n t e r m e d i a t e  b ro m o-ketone  (XVI) 

may be I s o l a t e d  (2 7 )* Sodium and amyl a l c o h o l  r e d u c t i o n  o f  

(XV) fo l lo w e d  by t r e a tm e n t  w i th  a c e t i c  a n h y d r id e  g iv e s  ^ - a m y r a -  

d iS n y l  a c e t a t e  (X V III, R = Xc) (2 4 ) .  Fragm ent (X) can  t h e r e f o r e



be e x te n d ed  to  (X V II).

P a r t i a l  d e h y d ro g e n a t io n  o f  p - a m y r i n  o r  t r e a tm e n t  o f  

p - a m y r i n  e s t e r s  w i th  N -b rom suec in im id e  r e s u l t s  i n  th e  i n t r o ­

d u c t io n  o f  a  c o n ju g a te d  t r i e n e  sy s tem  i n t o  th e  m o le c u le  (2 8 ) .  

S i m i l a r  t r e a tm e n t  o f  cX-amyrin and i t s  e s t e r s ,  how ever, i n t r o ­

d u ces  one new doub le  bond o n ly  g iv in g  a d ie n e  system  ( 2 5 ,2 6 ) .  

T h is  s u g g e s t s  one o f  th e  p o s i t i o n s  *X- to  a  d o u b le  bond i n  o ( -  

am y ra d ie n o l  i s  b lo ck ed  by an a n g u la r  m e th y l  g ro u p . A l s o , p a r t i a l  

d e h y d ro g e n a t io n  o f  ^  -am y ren o n y l  e s t e r s  w i th  brom ine c a n n o t  be 

c a r r i e d  o u t ,  w hereas  i n  th e  |3 -  s e r i e s  j3- e m y ra d ie n o n y l  e s t e r s  

a r e  fo rm ed . T h is  m ight be due t o  th e  absence  o f  a  hydrogen  

atom on th e  ^ c a r b o n  atom o f  t h e  X ^ - u n s a t u r a t e d  k e to n e  

{X -am yrenono l, i . e .  t h e r e  i s  a  m e th y l  g roup .

f u r t h e r  e v id e n c e  t h a t  t h e r e  i s  a t  l e a s t  one m e th y l  group 

i n  t h e  v i c i n i t y  o f  th e  d o u b le  bond was o b ta in e d  by Awen and 

S p r in g  (3 0 ) .  A c e ty l  u r s o l i c  a c id  (which d i f f e r s  from  o( - a m y r i n  

a c e t a t e  by h a v in g  a c a r b o x y l i c  g ro u p in g  i n  p l a c e  o f  one o f  th e  

m e th y l  g ro u p s)  on o x i d a t i o n  y i e l d s  k e t o a c e t y l u r s o l i c  a c i d ,  

which i s  an ^  p - u n s a t u r a t e d  k e to n e .  T h is ,  when h e a te d  w i th  

q u i n o l i n e ,  l o s e s  t h e  e le m e n ts  o f  fo rm ic  a c i d ,  and g iv e s  n o r -  

cX -am y rad ie n o n y l  a c e t a t e ,  which c o n ta in s  th e  sy s tem  (XIX).
i 1 1 [ ^c  — c  =  c .  —  £-==

We can t h u s ,  t e n t a t i v e l y ,  e l a b o r a t e  (XVII) to  (XX).



9.
D e h y d ra t io n  o f  ^ - a m y r i n  w ith  p ho sp h o ru s  p e n to x id e  

g iv e s  ^~<A-amyradiene (3D> which h a s  "been shown hy £wen,

Gi 11am and S p r in g  to  c o n ta in  a c o n ju g a te d  sy s tem  o f  doub le  

bonds d i s t r i b u t e d  betw een two r i n g s  (32)* The same a u th o r s  

showed t h a t  d e h y d ra t io n  o f  ,X -am yrad i€n o l gave k-cL - a m y r a t r i e n e  

c o n t a i n i n g  a c o n ju g a te d  sy s tem  o f  t h r e e  e t h y l e n i c  l i n k a g e s .  

T h ese ,  and o t h e r  s i m i l a r  r e a c t i o n s ,  seemed to  i n d i c a t e  t h a t  th e  

doub le  bond was more c l o s e l y  s i t u a t e d  to  th e  h y d ro x y l  g roup  

th a n  h i t h e r t o  s u s p e c t e d ,  p o s s i b l y  even  in  r i n g  B (3 2 ) .  P ro o f  

t h a t  t h i s  was n o t  so was p ro v id e d  a s  f o l lo w s

^(-Jtaayrenonpl on t r e a tm e n t  w i th  p h o sp h o ru s  p e n t a c h l o r i d e  

g iv e s  £< -am yrad ienon e-I  and ^ - a m y r a d i e n o n e - I I ,  i n  n e i t h e r  o f  

which a re  th e  two doub le  bonds c o n ju g a te d .  The f i r s t  o f  t h e s e  

on t r e a tm e n t  w i th  osmium t e t r o x i d e  fo l lo w e d  by le a d  t e t r a c e t a t e  

o x i d a t i o n  o f  th e  p ro d u c t  g iv e s  a d ik e to n e  C27H4QO2, t o g e t h e r  

w i th  a c e to n e ,  i n d i c a t i n g  th e  p re s e n c e  o f  an i s o p r o p y l id e n e  

(Me2C = ) g ro u p in g  in  the  d i e n e .  A r e t r o p i n a c o l i c  r e a r r a n g e ­

ment accom panied by th e  c o n v e r s io n  o f  r i n g  A from  a six-m em bered 

t o  a f ive-m am bered  r i n g  m ust t h e n  have o c c u r re d  on t r e a tm e n t  

w i th  p h o sp h o ru s  p e n t a c h l o r i d e  (33) •
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o ( - im y r a d ie n o n e - I I  on s i m i l a r  o x i d a t i o n  "by osmium 

t e t r o x i d e  and le a d  t e t r a c e t a t e  g iv e s  a  t r i k e t o n e  (X X Ia), and 

so h a s  h e en  fo rm u la te d  a s  (XXI)* T rea tm en t o f  (XXI) w i th  

chrom ic  a c id  g iv e s  a  * i k e t o - o x i d e  (XXII)* More d r a s t i c  o x id a ­

t i o n  o f  (XXI) u s i n g  th e  same r e a g e n t  g iv e s  (XXII) t o g e t h e r  w i th  

an a c id  f r a c t i o n .  The a c id  can n o t  he c r y s t a l l i s e d ,  h u t  on 

r e f l u x i n g  w i th  a c e t i c  a n h y d r id e  g iv e s  t h e  a n h y d r id e  (X X III ) .

I n  a l l  t h e s e  r e a c t i o n s  t h e  o r i g i n a l  cX,|3- i n s a t u r a t e d  k e to n e



11.

g ro u p in g  o f  ^ ( -am y ren o n o l h a s  been  m a in ta in e d ,  th e  doub le  bond 

o f  ^ - a m y r in  m ust t h e r e f o r e  l i e  i n  r i n g  C.

Of g r e a t  im p o r ta n c e ,  b u t  c o n f l i c t i n g  i n  r e s u l t s ,  a re  two 

s e r i e s  o f  r e a c t i o n s ,  which have been  c a r r i e d  o u t  by R u z ic k a  

and h i s  c o -w o rk e rs  (35>36) (37)* f i r s t  o f  t h e s e  may be

summarised t h u s .

i s o -  ^ (- im y ren o n y l  a c e t a t e  was t r e a t e d  w i th  se le n iu m  

d io x id e  i n  a c e t i c  a c id  s o l u t i o n ,  a new do ub le  bond b e in g  t h e r e b y  

in t r o d u c e d .  T h is  p ro d u c t  gave a y e llo w  c o l o u r a 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 was d e s ig n a te d  i s o - o ( - am yrad ienony1 

a c e t a t e  (XXIV). I s o m e r i s a t i o n  o f  t h i s  w i th  h y d r o c h lo r i c  a c id  

gave a p r o d u c t  which showed no c o l o u r a 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  f a c t ,  t o g e t h e r  w i th  i t s  a b s o r p t io n  specjrrum 

( 237O A, lo g .  4*2) su g g e s t  i t  c o n t a i n s  th e  sy s tem
> C ~ C _  — c — c  —  < L <

>1
0

T rea tm en t  o f  (XXIV) w i th  osmium t e t r o x i d e  gave a m ix tu re  

o f  two g l y c o l s ,  which m ust have been  form ed by a t t a c k  a t  t h e  

new e t h y l e n l c  l i n k a g e ,  s in c e  t h e  a b s o r p t io n  sp e c tru m  o f  t h e  

i s o - ,// - a m y ra d ie n o n y l  a c e t a t e  was m a in ta in e d .  O x id a t io n  o f  

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

f i s s i o n ,  and a t r i c a r b o n y l  compound p o s s e s s i n g  one a ld eh y d e  

g roup  (XXV) was fo rm ed . The a ld e h y d e  was o x id i s e d  t o  th e  a c id  

(XXVI). These r e a c t i o n s ,  which a re  b e l i e v e d  to  t a k e  p l a c e  

w i th o u t  change i n  th e  c a rb o n  s k e l e t o n ,  may be summarised schem­

a t i c a l l y  by t h e  f o l lo w in g  p a r t i a l  f o r m u la t io n .
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P y r o l y s i s  o f  (XA.VI) gave a v o l a t i l e  and a n o n - v o l a t i l e  

f r a c t i o n .  The l a t t e r  could  be m e th y la te d ,  g i v in g  t h r e e  

p r o d u c t s ,  two o f  which were hydroxy  compounds C20H30°5» 

t h e r e f o r e  c o n s i s t e d  o f  r i n g s  A, B and C. The t h i r d  p r o d u c t  

was c o n s id e r e d  to  be an e s t e r  o f  one o f  t h e s e  w ith  th e  v o l a t i l e  

a c id  f r a c t i o n .  The compounds CgQH^QO^ were th o u g h t  to  he o f  

ty p e  (XXVII). The v o l a t i l e  f r a c t i o n ,  which m ust have been  

formed from  r i n g  B, was a mono e a r  “boxy l i e  a c i d ,  wlli c h

ab so rb ed  one m o l.  o f  hydrogen  on h y d ro g e n a t io n .  O x id a t io n  o f  

t h e  a c id  by chrom ic  a c i d ,  fo l lo w e d  by ch rom ato g rap hy  on 

c h a r c o a l  gave , a s  one o f  t h e  p r o d u c t s ,  an o p t i c a l l y  a c t i v e  

t r i b a s i e  a c id  Gy H^qO^, i d e n t i f i e d  a s  3 - m e t h y l t r i c a r b a l l y l i c  

a c id  (XXVIII).
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On th© b a s i s  o f  t h i s  e v id e n c e ,  th e  a u th o r s  c o n s id e r e d  

t h a t  t h e  p re s e n c e  of th e  m e th y l  group a t  X i n  (XXL&.) i s  

e s t a b l i s h e d  t o g e t h e r  w i th  t h a t  p a r t  o f  th e  m o le c u le  shown in  

heavy l i n e s .  The i n t r o d u c t i o n  o f  th e  new double  bond by t h e  

a c t i o n  o f  se le n iu m  d io x id e  on i  s o - {X- am yrenonyl a c e t a t e  to  

g iv e  (XXIV) d i s a l l o w s  o f  th e  p o s s i b i l i t y  o f  a  m e th y l  group a t  

C*^, u n l e s s  t h i s  r e a c t i o n  i s  accom panied by m ig r a t i o n  o f  t h e  

m e th y l  t o  C -^ . The f a c t  t h a t  t h e  d ie n o n y l  e s t e r  can  be 

red u c ed  back to  i s o - d ( -am y ren o n y l a c e t a t e ,  and th e  o x i d a t i o n  

o f  th e  g l y c o l  g iv e s  an a ld ehyd e  and n o t r  a  k e to n e ,  shows t h a t  

t h i s  can n o t  be t h e  c a s e .

The s t r u c t u r e  o f  (XXIX) i s ,  however, in c o m p a t ib le  w i th  

t h e  r e s u l t s  o b ta in e d  by t h e s e  w o rk e rs  a t  a l a t e r  d a te  (37) > and 

w hich , i n  f a c t ,  l e a d s  them  to  fo rm u la te  { / -a m y r in  a s  (XXX) on 

t h e  b a s i s  o f  t h e  f o l lo w in g  ev id en ce*  o(-«Amy*anonyl a c e t a t e  (XXXII/ 

was o x id i s e d  by fum ing n i t r i c  a c id  to  g iv e  an amorphous d i c a r -  

b o x y l ic  a c id  c la im ed  to  be (XXXIII). Though t h i s  co u ld  n o t  be 

c r y s t a l l i s e d ,  i t  gave a  c r y s t a l i i s a b l e  a n h y d r id e  (XXXVI), w hich  

on s a p o n i f i c a t i o n  gave back t h e  same n o n - c r y s t a l l i n e  a c i d .
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T h is  a c id  co$ ld  be h y d ro l jrsed  t o  g iv e  (XXXIV) o r  t r e a t e d  

w i th  d iazom eth an e  to  g iv e  (XXXV) which was o x id i s e d  by chrom ic  

a c id  to  t h e  k e to n e  (XXXVII). None o f  th e s e  p r o d u c t s  was 

o b ta in e d  i n  a c r y s t a l l i n e  s t a t e ,  b u t  (XXXV) and (XXXVII) were 

p r e p a r e d  f o r  a n a l y s i s  by c a r e f u l  ch rom ato g rap hy , compound 

(XXXVII) was p y r o ly s e d ,  and th e  v o l a t i l e  p o r t i o n  s e p a r a te d  

i n t o  k e to n ic  and n o n -k e to n ic  f r a c t i o n s .
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The k e to n e  f r a c t i o n  c o n s i s t e d  o f  a s a t u r a t e d  f r a c t i o n  

(XL) and an u n s a t u r a t e d  f r a c t i o n  (XLI) o r  an isom er w i th  t h e  

double  bond e ls e w h e r e .  C a t a l y t i c  r e d u c t io n  o f  (XLI) gave a  

compound (XLII) which was i d e n t i c a l  i n  a l l  r e s p e c t s

w ith  a compound o b ta in e d  by  a n a lo g o u s  d e g r a d a t io n  o f  o l e a n o l i c  

a c id  (XXXIX) (3 8 )•  W hether d e r iv e d  from o l e a n o l i c  a c id  o r  

d - am yrin , (XLII) co u ld  be o x id is e d  to  g iv e  (XL) and red u ced  

t o  g iv e  (X L III) which fo rm s th e  a n i l i d e  (XLIV). But s in c e  

o l e a n o l i c  a c id  can  be c o n v e r te d  t o  |3 -am y rin  (XXXVIII) (3 9 ) ,  

t h e n ,  i t  i s  c o n c lu d e d ,  th e  c o n f i g u r a t i o n  o f  b o th  <7̂ - and 8 -  

am yrin  i n  r i n g s  A and B must be i d e n t i c a l .

L ik e w ise ,  th e  n o n -k e to n ic  f r a c t i o n  c o n s i s t e d  o f  an 

u n s a t u r a t e d  f r a c t i o n ,  fo rm u la te d  a s  (XLV), o r  an iso m er  w i th  

t h e  do ub le  bond i n  a n o th e r  p o s i t i o n ,  and a s a t u r a t e d  p o r t i o n  

(XLVI) .  R e d u c t io n  o f  (XLV) gave what was th o u g h t  to  be a



16.

m ix tu re  o f  s t e r e o i s o m e r s  o f  s t r u c t u r e  (XLVI). T h is ,  on 

v ig o r o u s  s a p o n i f i c a t i o n  gave (XLVII) which cou ld  n o t  he 

o b ta in e d  c r y s t a l l i n e ,  and so was c h a r a c t e r i s e d  a s  th e  

a n i l i f l e  (XLVIII). The n o n - c r y s t a l l i n e  m a t e r i a l  (XLVII) was 

d e h y d ro g e n a te d  by se le n iu m  a t  33^°> tk o  m ix tu re  o f  h y d ro ­

c a rb o n s  o b ta in e d  ch ro m ato g rap h ed . Two f r a c t i o n s  were e l u t e d .  

F i r s t l y ,  a m ix tu re  o f  i s o m e rs  o f  fo rm u la  C14H24, and p o s s i b l e  

s t r u c t u r e  (XLIX), and s e c o n d ly  s a p o t a l i n  (L) i d e n t i f i e d  by 

m e l t i n g  p o i n t  and mixed m e l t in g  p o in t  o f  t r i n i t r o b e n z o a t e  and 

s ty p h n a te .  F u r th e r  d e h y d ro g e n a t io n  o f  (B IX )  a l s o  gave 

s a p o t a l i n ,  seem ing t o  i n d i c a t e  t h a t  i n  t h e  c o n v e rs io n  o f  

(XLVII) t o  (L) th e  c a r b o x y l  group had n o t  been  red u ced  to  a  

m e th y l  g roup , b u t  c o m p le te ly  removed. Had r e d u c t i o n  o f  t h e  

c a r b o x y l  group ta k e n  p l a c e ,  th e n  (B IX )  would be e x p e c te d  t o  

have f i v e ,  and n o t  f o u r ,  m e th y l  g ro u p s .

The f o r m a t io n  o f  s a p o t a l i n  a c c o rd in g  to  t h e  scheme 

s u g g e s te d  r e q u i r e s  a m e th y l  group a t  i n  o^-am yrin  (XXX). 

T h is  i s  i n  c o n t r a d i c t i o n  to  th e  o p in io n s  e x p re s s e d  i n  th e  

p u b l i c a t i o n  o f  1947 (36) ( v . s . ) .

Two obvfeous c r i t i c i s m s  o f  th e  work d e s c r ib e d  on th e  

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

(XXXVII) and (XLVII) f o r  t h e  d e g r a d a t iv e  work on which t h e  

c o n e lu s io n s  a re  b a se d ,  were n o t  o b ta in e d  i n  a  c r y s t a l l i n e  

s t a t e ,  and s e c o n d ly ,  th e  g e n e r a l  u n s u i t a b i l i t y  o f  p y r o l y s i s  

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

and r e a r r a n g e m e n ts  i n  such r e a c t i o n s  i s  i n c r e a a e d ,  and r e n d e r s
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i n t e r p r e t a t i o n  o f  r e s u l t s  u n c e r t a in #

These c o n f l i c t i n g  r e s u l t s  a re  t y p i c a l  o f  many o b ta in e d  

i n  th e  viork on ^ - a m y r i n ,  and i n  th e  above summary s e v e r a l  

have beeii o m i t t e d ,  s i n c e  th e y  ten d  to  o b sc u re  r a t h e r  th a n  

i l l u m i n a t e  th e  p rob lem .



T H i i i O r l i i T I C A L .



THEORETICAL

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

ph o sp h o ru s  p e n to x id e  on ^ - a m y r i n  p ro d u c e s  a  d i e n e ,  1 - o ( -  

a m y rad ien e ,  which c o n ta in s  a  c o n ju g a te d  sy s tem  o f  double  

bonds d i s t r i b u t e d  be tw een  two r i n g s  (3 2 ) .  S in ce  th e  h y d ro x y l  

group o f  o ^ a m y r in  i s  i n  r i n g  A, and, a s  shown above, t h e r e  

i s  c o n s i d e r a b le  e v id e n c e  t h a t  t h e  double  bond i s  i n  r i n g  C, 

i t  i s  o b v io u s  t h a t  im p o r ta n t  ch an ges  have o c c u r re d  i n  th e  

p r e p a r a t i o n  o f  th e  d i e n e ,  e . g .  re a r ra n g e m e n t  i n  r i n g  A, 

accom panied by m ig r a t io n  o f  th e  m e th y l  group a t  U^, and th e  

do ub le  bond i n  r i n g  C, t h u s : -

Nor co u ld  th e  p o s s i b i l i t y  t h a t  th e  compound i s  i n  f a c t  

a t r i e n e  be o v e r lo o k e d .  T h is  m ight be formed by r i n g  o p e n in g ,  

g i v in g  (LI) (4 0 ) .  D e c is io n s  a s  to  t h i s  l a t t e r  p o i n t  a re  made 

d i f f i c u l t  by t h e  i n e r t n e s s  o f  t h e  doub le  bo nds , which can  

n e i t h e r  be r e d u c e d ,  n o r  made to  co&bine w ith  m a le ic  a n h y d r id e  

to  fo rm  an addu c t  (4 0 ) .  O x id a t iv e  r e a c t i o n s  were t h e r e f o r e  

u n d e r ta k e n  in  an a t t e m p t  to  i n t r o d u c e  a r e a c t i v e  g ro u p in g  i n t o  

th e  m o le c u le .  Such a g ro u p in g  m ight fo rm  a p o in t  o f  a t t a c k  

f o r  i n v e s t i g a t i o n  o f  t h e  t r u e  n a tu r e  o f  th e  d ie n e .

I t  had been  shown t h a t  on t r e a tm e n t  o f  th e  d ie n e  w i th  

p e rb e n z o ic  a c i d ,  1 .2  atoms o f  oxygen were a b so rb e d ,  and a
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c r y s t a l l i n e  p r o d u c t ,  m .p . 204 -206° , c o n ta in i n g  one oxygen 

atom, i s o l a t e d  (40)*

T h is  was r e p e a t e d ,  u s i n g ,  so f a r  a s  p o s s i b l e ,  t h e  same 

e x p e r im e n ta l  c o n d i t i o n s .  The amount o f  oxygen ad so rbed  was 

o b se rv ed  to  be th e  same, b u t  th e  p ro d u c t  i s o l a t e d  was n o t  

homogeneous. When th e  r e a c t i o n  m ix tu re  was a llo w ed  to  s ta n d  

f o r  a lo n g e r  p e r i o d ,  v e ry  l i t t l e  more oxygen was a d so rb e d ,  and 

c o n s ta n t  m e l t i n g  m a t e r i a l  o n ly  o b ta in e d  w ith  g r e a t  d i f f i c u l t y .  

T h is  c o rre sp o n d e d  to  n e i t h e r  o f  th e  p r e v i o u s ly  o b ta in e d  s p e c i ­

mens, and a n a l y s i s  a g a in  p o in te d  to  t h e  f a c t  t h a t  mixed 

c r y s t a l s  had been i s o l a t e d .

k -  /X -im yrad iene , vhen t r e a t e d  w i th  hydrogen  p e ro x id e  i n  

a c e t i c  a c i d ,  gave c r y s t a l s ,  m .p . 203-2050 . N o tw i th s ta n d in g  

th e  f a c t  t h a t  t h i s  had e v e ry  a p p ea ran ce  o f  b e in g  a  homogeneous 

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

ponded to  CjQH^glHgO. The u l t r a - v i o l e t  a b s o r p t io n  sp ec tru m  

was \  ,2380jfc 1 ^ ,0 0 0 ,  which i s  a lm o s t  i d e n t i c a l  w i th  th e

f i g u r e  o f  ^ ,2395fr, ^ a x  »15*000 c h a i n e d  to x  th e  d ie n e  (J2),.

A compound, t h e  a n a l y s i s  o f  which c o r re sp o n d e d  t o  t h e  

i n t r o d u c t i o n  o f  one oxygen atom was e v e n t u a l l y  o b ta in e d  by 

th e  a c t i o n  o f  p o ta s s iu m  perm angana te  on a  s o l u t i o n  o f  t h e  

h y d ro ca rb o n  i n  a c e t i c  a c id  and c a rb o n  t e t r a c h l o r i d e .  L ig h t  

a b s o r p t io n  i n  a l c o h o l ,  how ever, was n o t  s e l e c t i v e ,  and p o in te d  

once a g a in  t o  th e  f a c t  t h a t  t h e  p ro d u c t  was n o t  homogeneous. 

The i n t r o d u c t i o n  o f  oxygen shou ld  have p roduced  e i t h e r  an 

- u n s a t u r a t e d  k e to n e  showing a d i s t i n c t  maximum, o r  an 

o x id e  p o s s e s s in g  no chrom ophore a t  a l l .  i l l  a t te m p t  to  i s o m e r -
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i s e  a  specim en of t h e  perm anganate  p ro d u c t  w i th  h y d r o c h lo r i c  

a c id  met w i th  no s u c c e s s .

I n  view  o f  th e  f a i l u r e  to  o b t a i n  homogeneous p r o d u c t s  

and r e p r o d u c i b le  r e s u l t s ,  ( f a c t s  which have been o b se rv ed  by 

o t h e r  w o rk e rs  (41))> i n v e s t i g a t i o n  o f  t h i s  p a r t i c u l a r  compound 

was su sp en d ed , and a t t e n t i o n  tu rn e d  to  more p r o f i t a b l e  f i e l d s .

The A c t io n  o f  Hydrogen P e ro x id e  on ^X -im y rin  E s t e r s .

Seymour, S h a r p ie s  and S p r in g  showed t h a t  v ig o r o u s  hydrogen  

o x i d a t i o n  o f  o ^ -a m y r in  b e n z o a te  gave a  compound m .p .

2 0 5 -2 0 6 ° , 113° (2 4 )* T h is  was c o n s id e re d  to  be an un­

r e a c t i v e  k e to n e  formed by d e h y d ra t io n  o f  an i n t e r m e d i a t e  

g l y c o l ,  and was named ^ - a m y r a n o n y l  b e n z o a te .  B e fo re  commenc­

in g  th e  p r o j e c te d  s y n t h e s i s  o f  ^ -a m y ra n e  d e s o r ib e d  a t  l e n g t h  

i n  th e  s e c t i o n  f o l lo w in g  t h i s  one (pp . -  3X), i t  was th o u g h t  

d e s i r a b l e  to  p r e p a re  th e  s a t u r a t e d  k e to n e  a s  a s te p  to w a rd s  

th e  s a t u r a t i o n  o f  r i n g  C.

A tte m p ts  to  p r e p a r e  p (-am y ran o n y l  b e n z o a te  by t h e  p u b l i s h e d  

method y i e l d e d  n o t  th e  p ro d u c t  d e s c r ib e d ,  b u t  a  c r y s t a l l i n e  

s o l i d ,  m .p . 2 1 7 -2 1 9 ° ,  f- 131° , th e  y i e l d  b e in g  a lw ays

betw een  40#  and 50 #  o f  t h e o r y .  T h is  was c l e a r l y  an o x id e ,  and 

n o t  a k e to n e ,  s in c e  i t  was is o m e r is e d  on t r e a tm e n t  w i th  hyd ro ­

c h l o r i c  a c id  to  g iv e  a  p r o d u c t ,  m .p . 2 2 7 -2 2 9 ° ,  [o tfy f  2 4 .7 ° .

T h is  l a t t e r  compound was u n d o u b te d ly  th e  r e q u i r e d  /^(-am yranonyl 

b e n z o a te ,  th e  k e to n e  p r e v i o u s ly  d e s c r ib e d  b e in g ,  i n  a c t u a l  f a c t ,  

a  s l i g h t l y  im pure form  o f  th e  o x id e .

The r e a c t i o n  of th e  o x id e  w ith  brom ine to  g iv e  i s o - / ) ( -  

am yrenonyl b e n z o a te ,  a s  d e s c r ib e d  in  t h e  l i t e r a t u r e  (24> 27)>



21.

c an  13© r e a d i l y  e x p la in e d  s in c e  th e  r e a c t i o n  was c a r r i e d  o u t 

i n  t h e  p re s e n c e  o f  hydrobrom ic a c i d .  Under th e s e  c o n d i t i o n s  

th e  o x id e  would f i r s t  r e a r r a n g e  to  th e  k e to n e ,  a f t e r  which 

th e  r e a c t i o n  would p ro ceed  n o im a l ly .  To t e s t  t h i s  h y p o t h e s i s ,  

h o th  th e  o x id e  and th e  k e to n e  were s u b je c te d  to  b r o m in a t io n ,  

fo l lo w e d  by d e h y d ro h a lo g e n a t io n .  In  b o th  c a s e s ,  th e  same 

p r o d u c t ,  i s o - ^ - a m y r e n o n y l  b e n z o a te  r e s u l t e d .

The y i e l d  o f  o ( -a m y ra n o n y l  b e n zo a te  o b ta in e d  by i s o m e r i -  

s a t i o n  o f  th e  o x id e  was a lw ays abou t 50% o f  t h e o r e t i c a l .  The 

r e m a in d e r  o f  th e  p ro d u c t  c r y s t a l l i s e d  a s  n e e d le s  o f  i n d e f i n i t e  

m e l t in g  p o i n t  which on t r e a tm e n t  w i th  bromine y i e ld e d  bromo- 

-am y ra n o n y l  b e n z o a te .  As c r y s t a l l i s a t i o n  and ch rom a to g rap h y  

f a i l e d  to  p rod uce  any homogeneous m a t e r i a l  from th e s e  n e e d l e s ,  

th p y  were assumed to  be a  m ix tu re  c o n ta in i n g  l a r g e l y  th e  

k e to n e  and p o s s i b l y  some unchanged o x id e .

The same a u th o r s ,  Seymour, S h a r p ie s  and S p r in g ,  r e p o r t e d  

t h a t  s i m i l a r  p e ro x id e  t r e a tm e n t  o f  ^ - a m y r i n  a c e t a t e  was un­

s u c c e s s f u l ,  and t h a t  o x i d a t i o n  was o n ly  e n fo rc e d  a f t e r  a  

change i n  e x p e r im e n ta l  c o n d i t i o n s .  The f a i l u r e  t o  o x i d i s e  th e  

a c e t a t e  had been  p r e v i o u s ly  r e p o r t e d  by S p r in g  and V i c k e r s t a f f

(4 2 ) .  I n  s p i t e  o f  t h i s ,  i t  was found  t h a t  t r e a tm e n t  o f  th e  

a c e t a t e  u n d e r  t h e  same c o n d i t i o n s  a s  f o r  t h e  bw nzoate , p ro c e e d ­

ed sm oo th ly , and i n  th e  same way gave { / - a m y r in  a c e t a t e  o x id e ,  

m .p . 207-2090 . The o x id e ,  on i s o m e r i s a t i o n  w i th  m in e r a l  a c i d ,  

gave o(/-amyranonyl a c e t a t e ,  a s  p l a t e s ,  m .p . 2 8 2 -2 8 4 ° .

The s a t u r a t e d  a c e to x y  k e to n e  showed l i g h t  a b s o r p t io n  i n  

a l c o h o l  a t  \  , 282OA, » 225 , w h ereas  th e  c o r r e s p o n d in g
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o x id e  was o p t i c a l l y  t r a n s p a r e n t .  T h is  i s  s u f f i c i e n t  e v id e n c e  

to  show t h a t  th e  compounds were ox id e  and k e to n e  r e s p e c t i v e l y ,  

and n o t ,  a s  m igh t have "been e x p e c te d ,  two i s o m e r ic  k e to n e s .  

S p e c to g ra p h ie  e x a m in a t io n  o f  t h e  b e n z o a te s  was c o m p lic a te d  by 

a b s o r p t io n  by th e  b en zo y l  g ro u p , which h a s  a  m ask ing  e f f e c t  

on th e  o t h e r  chrom ophore.

-Am yranonyl a c e t a t e  r e a c t e d  w ith  brom ine i n  th e  same 

way a s  t h e  b e n z o a te ,  p a r t i a l  d e h y d ro g e n a t io n  t a k i n g  p l a c e ,  and 

i s o -  c^-am yrenonyl a c e t a t e  b e in g  form ed. Here th e  i n t e r m e d i a t e  

b rom o-ketone  was s o lu b le  i n  a c e t i c  a c id ,  and was n o t  i s o l a t e d .  

i s o -  <9(-Amyrenonyl a c e t a t e  m e l te d  a t  284-286° , and n o t  a t  2 7 b .5° 

a s  p r e v i o u s ly  r e p o r t e d  l e f .  35 aad H y d r o ly s i s  o f  i s o - ^ -

am yrenonyl b e n z o a te  and a c e t y l a t i o n  o f  t h e  p ro d u c t  gave t h e  

a c e t a t e  m e l t in g  a t  284-286° a s  b e f o r e .

i s o -  (A- .Amyrenonol, th e  m e l t in g  p o i n t  a g a in  b e in g  s l i g h t l y  

h ig h e r  th a n  r e p o r t e d  i n  th e  l i t e r a t u r e ,  was p re p a re d  by 

h y d r o l y s i s  o f  b o th  b e n z o a te  and a c e t a t e .

i s o —̂ - J m y r e n o n y l  a c e t a t e  and i  s o - ^X -am yrenonol were 

o b se rv ed  to  show t h e  c h a r a c t e r i s t i c  a b s o r p t io n  spec tru m  o f  an 

d , - u n s a t u r a t e d  k e to n e .  The fo rm er was found to  g ive  no 

m e l t in g  p o i n t  d e p r e s s io n  on ad m ix tu re  w ith  ^ - a m y r a n o n y l  

a c e t a t e ,  b u t  th e  two k e to n e s  d i f f e r  c o n s id e r a b ly  i n  o p t i c a l  

r o t a t i o n ,  and o n ly  t h e  s a t u r a t e d  compound r e a c t s  w i th  brom ine 

a t  4 0 ° .

A tte m p ts  to  h y d ro ly se  th e  b e n z o a te  o x id e ,  to  g iv e  ^ - a m y r i n  

o x id e ,  were u n s u c c e s s f u l .  V ig o ro u s  h y d r o l y s i s  gave an o i l  

w hich  on a c e t y l a t i o n  gave ^ - a m y r a n o n y l  a c e t a t e .  M ild  hydro ­

l y s i s  r e s u l t e d  i n  an o i l  a l s o ,  b u t  t h i s  on a c e t y l a t i o n  y i e ld e d



a c ru d e  form  o f  ^ - a m y r in  a c e t a t e  o x id e  which c o u ld  he

r e a r r a n g e d  to  th e  k e to n e .

Jaiarly a t t e m p t s  to  p r e p a r e  ^ - a m y r a n o n o l  a l s o  f a i l e d .

In  one c a se  t h e  r e s i n  o b ta in e d  hy s a p o n i f i c a t i o n  o f  th e

b e n z o a te  was d iv id e d  i n t o  two p a r t s .  The f i r s t  o f  t h e s e ,  on

a c e t y l a t i o n ,  gave /^ -am yranonyl a c e t a t e ,  t o g e t h e r  w i th  a

compound, m .p . 23O-2320 , o f  unknown c o n s t i t u t i o n .  The second

p o r t i o n  was c h ro m a to g rap h ed , and a p r o d u c t ,  m .p . 2 1 8 -2 2 0 ° ,

show ing l i g h t  a b s o r p t io n  i n  a l c o h o l  a t  231OA and JQJQA, Emax.
25 ,800  and 1 0 , 0 0 0 , i s o l a t e d .  The p re s e n c e  o f  t h e s e  chromo- 

p h o re s  i n d i c a t e d  t h a t  c o n s id e r a b le  ch anges  m ust have o c c u r re d  

i n  th e  m o le c u le ,  t h e  c o n d i t i o n s  h a v in g  been to o  s e v e r e .

M i ld e r  c o n d i t i o n s  e n a b le d  b o th  a c e t a t e  and b e n z o a te  to  be 

h y d ro ly se d  t o  ^ ( -a m y ra n o n o l ,  m .p . 21 8 -220 ° , which cou ld  be 

r e a d i l y  r e - a c e t y l a t e d  to  g ive  t h e  a c e t a t e .

The above r e s u l t s  may be summarised a s  f o l lo w s

1
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I n  th e  o x i d a t i o n  o f  b o th  o ( -a 3n y r in  b e n z o a te  and 

a c e t a t e  by hydrogen  p e r o x id e ,  a h ig h  m e l t in g  b y -p ro d u c t  

i s  o b ta in e d  i n  v e ry  s m a l l  y i e l d ;  t h a t  from  th e  b e n z o a te ,  

m .p . 3^2-304°  ka s  a l r e a d y  been  d e s c r ib e d  (2 4 ) .  These com­

po u n d s , which a r e  h ig h ly  l a e v o r o t a t o r y ,  were th o u g h t ,  i n  

v iew  o f  t h e i r  a n a l y s e s ,  to  be th e  d i - e s t e r s  o f  ^  -am yrane  

t r i o l  formed by i n t e r e a c t i o n  o f  p e r a c e t i c  a c id  w i th  th e  

o ( - a m y r in  e s t e r s : -

1  — r  ------------ 1 •
C H = C H  C H   CH

( O T )

OH OCOCH«%

o r  by th e  a c t i o n  o f  a c e t i c  a c id  on th e  o x id e  : -

t f C 14> CM* C j
C H  C H  ------   >  C H    C H

u  OH

A tte m p ts  to  i n c r e a s e  t h e  y i e l d  o f  th e  b y -p ro d u c t  by 

c a r r y i n g  o u t  th e  o x i d a t i o n  a t  a  h ig h e r  t e m p e r a tu r e ,  o r  to  

p r e p a r e  i t  by r e f l u x i n g  t h e  o x id e  w i th  a c e t i c  a c i d ,  were 

w ith o u t  s u c c e s s .  A lso ,  th e  u se  o f  p o ta s s iu m  perm anganate  

a s  an o x i d i s i n g  a g e n t  gave ^ - a m y r i n  b e n z o a te  o x id e ,  and 

n o t  a  g l y c o l  a s  had been  hoped .

H y d r o ly s i s  o f  t h e s e  b y - p r o d u c t s ,  fo rm u la te d  a s  ( H I ,

B = Ac and B z ) , gave two d i f f e r e n t ,  b u t  i s o m e r i c ,  compounds 

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

p o i n t  d e p r e s s io n  on a d m ix tu re .  The a n a l y s i s  o f  t h e s e  two



compounds, from  a c e t a t e  and "benzoate, c o rre sp o n d e d  to  

n e i t h e r  amyrane t r i o l  n o r  any o f  i t s  e s t e r s *  The h y d ro ­

l y s i s  p r o d u c t  o f  th e  "by-product, a s s o c i a t e d  w i th  <X-amyrin 

"benzoate o x id e ,  d id  n o t  r e a c t  w i th  p e r i o d i c  a c i d ,  i n d i c a t i n g  

th e  a b sen ce  o f  an ^ - g l y c o l  g ro u p in g .  I t  co u ld  "be a c e t y l a t e d  

t o  g iv e  an a c e t a t e ,  m .p . 2 97 -3° l°>  o r  o x id i s e d  to  a  k e to n e ,  

m .p . 282-285? h y d raz o n e ,  m .p . 33^*33^°• h y d r o l y s i s

p ro d u c t  o f  th e  compound a s s o c i a t e d  w i th  ^ - a m y r i n  a c e t a t e  

o x id e ,  on o x i d a t i o n ,  gave what was a p p a r e n t ly  th e  same k e to n e ,  

t h u s : -

Key*v P ^  "XMc Ci<jJbbJz?

None of t h e  a n a l y s i s  r e s u l t s  f o r  t h e s e  compounds cou ld  

"be i n t e r p r e t e d ,  th o u g h  t h e y  cou ld  "be re p ro d u c e d .  (For 

f i g u r e s ,  see  E x p e r im e n ta l  s e c t i o n ) .  The o n ly  c o n c lu s io n s  

t h a t  could  he drawn were t h a t  s in c e  th e  b y - p r o d u c t s  th e m s e lv e s  

c o n ta in e d  no r e a d i l y  o x i d i s a b l e  g ro u p s ,  and s in c e  n e i t h e r  th e  

b y - p r o d u c t s  n o r  th e  k e to n e  co u ld  be a c e t y l a t e d ,  th e  k e to n e  

had been form ed s im ply  by t h e  o x i d a t i o n  o f  th e  r i n g  A h y d ro x y l  

group which had b een  f r e e d  on h y d r o l y s i s .  The compounds (A) 

and (B) m ight s im p ly  d i f f e r  s t e r e o - i s o m e r i c a l l y .

Ccrv^jwv#l (K̂ HT, PrvJUJk H4v 2 i£* OO-!,
(Lc.. M X - 5*
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The fo rm a t io n  o f  ^ ( -am y rin  a c e t a t e  o x id e  had a l r e a d y  

been d e s c r ib e d  by K u z ick s ,  J e g e r ,  R e d e l  and V o l l i  (4 3 ) *ko 

o b ta in e d  i t  by th e  a c t i o n  o f  ozone on o d -am y rin  a c e t a t e .

T h is  t h e y  i s o m e r is e d  to  ^ -am y rfen o n y l a c e t a t e  by h y d r o c h lo r i c  

a c i d .  The m e l t in g  p o in t  was o b se rv ed  by th e s e  a u th o r s  t o  be 

259- 2600 f o r  th e  k e to n e .  T rea tm en t o f b o th  ^ { -am y rin  a c e t a t e  

and b e n z o a te  w ith  ozone , u s in g  th e  same c o n d i t i o n s  a s  d e s c r ib e d  

by i tu z ic k a  e t  a l .  gave th e  same o x id e s  a s  had been  o b ta in e d  by

th e  a c t i o n  o f  hydrogen  p e r o x id e ,  r>(-Amyrin a c e t a t e  o x ide

p re p a re d  by o z o n o ly s i s  g av e , when i s o m e r i s e d ,  ^ - a m y r a n o n y l  

a c e t a t e ,  m .p .  282-284°• I n  one c a s e ,  when a ozone s t re a m  

was u s e d ,  t h e  k e to n e  i t s e l f  was i s o l a t e d  from  th e  r e a c t i o n  

m ix tu r e . *
T here  can  be no do u b t t h a t  th e  k e to n e  m .p . 282° and t h a t  

d e s c r ib e d  a s  m e l t i n g  a t  259° i d e n t i c a l .  The m e l t i n g  p o i n t ,  

when t a k e n  i n  a s e a le d  tu b e  i n  v acu o , was 2 9 4 -2 9 6 ° , t h i s  a p p ro x ­

im a t in g  to  th e  f i g u r e  o b ta in e d  by R u z ic k a  and h i s  c o -w o rk e rs

u s i n g  th e  same t e c h n iq u e .  These w o rk e rs  a l s o  o b ta in e d  a 

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

o x id e  (43) t h a n  th e  p r e s e n t  w r i t e r .

I t  was r e p o r t e d  (43) t h a t  K ish n e r -W o lf f  and Clemmenson 

r e d u c t i o n  o f  th e  k e to n e ,  m .p . 2 5 9 -260 ° , were u n s u c c e s s f u l ,  b u t  

no m en t io n  was made o f  any h y d r o l y s i s  o r  o t h e r  p ro d u c t  b e in g  

i s o l a t e d  from  th e  r e a c t i o n  m ix tu r e .  A specim en o f  ^ - a m y r a n -  

o n y l  a c e t a t e  was t h e r e f o r e  s u b je c te d  to  K ish n e r -W o lf f  r e d u c t i o n .  

A p r o d u c t ,  m .p . 23 7 -2 3 9 ° , was i s o l a t e d  i n  v e ry  s m a l l  y i e l d ,
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t o g e t h e r  w i th  much r e s i n  w hich , when a c e t y l a t e d ,  gave a 

s m a l l  amount o f  s t a r t i n g  m a t e r i a l ,  t o g e t h e r  w i th  an a c e t a t e ,  

m .p , 2 4 0 -2 4 2 ° . The a n a l y s i s  o f  "both o f  t h e s e  compounds 

su g g e s te d  t h a t  h y d r o l y s i s  had o c c u r r e d ,  and had t e e n  accom­

p a n ie d  "by e t h e r  f o r m a t io n ,  g iv in g  (L I I I )  o r  (LIY). i'he 

l a t t e r  co u ld  be formed by i n t e r a c t i o n  o f  sodium e th o x id e  

w i th  th e  a c e to x y  g ro u p , sodium a c e t a t e  a ls o  r e s u l t i n g .

The v e ry  s m a ll  y i e l d s  o b ta in e d  p re v e n te d  f u r t h e r  i n ­

v e s t i g a t i o n ,  w h i le  an a t t e m p t  to  e t h y l a t e  c^ -am y ran o n o l 

was u n s u c c e s s f u l .

The above r e s u l t s  s t r e s s  th e  d i f f e r e n c e  be tw een  o ( -  

and p - a m y r i n  a s  r e g a r d s  r e a c t i v i t y  o f t h e  doub le  bond, 

and o f  th e  s a t u r a t e d  k e to n e .  In  th e  p - a m y r i n  s e r i e s ,  th e  

a c t i o n  o f  hydrogen  p e ro x id e  g iv e s  th e  k e to n e  d i r e c t l y  

w i th o u t  i n t e r m e d i a t e  ox id e  fo rm a t io n  (4 4 )» and th e  c a r b o n y l  

group can be red u c ed  t o  m e th y len e  by th e  u s u a l  m ethods (45)•

A P r o j e c t e d  S y n th e s i s  o f  6^ - lm y r a n e .

Though no p r o d u c t  o f  th e  ^ - a m y r i n  s e r i e s  h a s  p roved  

to  be I d e n t i c a l  w ith  any o b ta in e d  from  th e  p - s e r i e s ,  i t  

was th o u g h t  o f  i n t e r e s t  t o  a t te m p t  to  p r e p a r e  th e  s a t u r a t e d
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h y d ro ca rb o n  ^ -a ij iy ran e  in  o r d e r  to  compare i t s  p h y s i c a l  

c h a r a c t e r i s t i c s  w ith  t h e  a l r e a d y  known p -a m y ra n e .  The 

l a t t e r  compound was p re p a re d  by K ish n e r -W o lf f  r e d u c t i o n  

o f  a p -a m y ra n o n y l  e s t e r ,  fo l lo w ed  by o x i d a t i o n  and f u r t h e r  

r e d u c t io n  o f  t h e  s a t u r a t e d  a l c o h o l  th e re b y  o b t a i n e d .  As 

th e  c a rb o n y l  group o f  -am yranon y l a c e t a t e  cou ld  n o t  be 

red u c ed  to  m e th y len e  ( v . s . ) t h i s  r o u t e  cou ld  n o t  be a p p l i e d  

t o  ^ - a m y r in .

I t  was t h e r e f o r e  d e c id ed  to  u se  a s  a  s t a r t i n g  p o in t  i n  

th e  s y n t h e s i s  t h e  u n s a t u r a t e d  hy d ro ca rb o n  ^ - a m y r e n e  (LV).

T h is ,  on t r e a tm e n t  w i th  hydrogen  p e ro x id e  shou ld  g iv e  an 

o x id e .  S ince  t r e a tm e n t  o f  ^ - a m y r a n o n y l  b e n z o a te  o x id e  

w i th  sodium and amyl a l c o h o l  g iv e s  < ^ -am y ran ed io l  (2 4 ) ,  t h e n  

r e d u c t i o n  o f  <?(-amyrene o x id e  i n  t h i s  way sho u ld  a l s o  g iv e  a  

s a t u r a t e d  a l c o h o l .  The n e x t  s ta g e  would invo&ve r e p l a c e ­

ment o f  th e  h y d ro x y l  group by h a lo g e n  and su b seq u e n t  r e d u c t i o n .  

I t  was u n l i k e l y  t h a t  th e  k e to n e  U*VI) formed by r e a r ra n g e m e n t  

o f  t h e  o x id e  would be red u c ed  any more r e a d i l y  th a n  amyran­

o n y l  a c e t a t e .  (See page 2 9 )*

W ith a v iew  t o  t h e  f o s s i b i l i t y  o f  c h l o r i n a t i o n ,  th e  

a c t i o n  o f  t h i o n y l  c h l o r i d e  on ^ - a m y r in  i t s e l f  was i n v e s t i ­

g a te d .  The o n ly  p ro d u c t  i s o l a t e d  c o n ta in e d  s u lp h u r ,  and 

was p ro b a b ly  th e  s u l p h i t e  (1<V1 I )  w i th  which t h e  a n a l y s i s  

a g r e e s .
O

°  " S -  °  Ol^T)
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W in t e r s t e i n  and S t e i n  (46) have shown t h e  e x i s t e n c e  

o f  t h r e e  fo rm s o f  ^ - a m y r e n e .  The f i r s t  o f  t h e s e ,  

^ ( - a m y r e n e - I ,  m .p . 9^-97*5°> * a s o b ta in e d  by d e h y d ra t io n  

o f  ^ ( -am y rin  w i th  p h o sp h o ru s  p e n t  o x id e  fo l lo w e d  by r e d u c ­

t i o n  o f  t h e  d ie n e  th e r e b y  o b t a in e d .  The o t h e r  two form s 

were o b ta in e d  a s  a m ix tu r e ,  <^*am yrene-II, when ^ - amyrenone 

was s u b je c te d  to  a Clemmenson r e d u c t i o n .  One o f  t h e s e  

m e l te d  a t  1 2 0 -1 2 2 ° ,  Q / j  + 9 8 .9 ° ,  th e  o t h e r  a t  1 1 0 -1 1 2 ° , 

[ t / L - f  8 8 .8 ° .  N e i th e r  was i s o l a t e d  i n  a c o m p le te ly  p u re  

s t a t e .  ^ - I m y r e n e - I I  was a l s o  p re p a re d  by r e d u c t i o n  o f  

t h e  d ie n e  o b ta in e d  on p y r o l y s i s  o f  ^ - a m y r i n  b e n z o a te .  

B u z ic k a ,  m i l l e r  and S c h e l l e n b e r g  (4 7 ) o a r r i e d  o u t  a  K is h n e r -  

W olff r e d u c t i o n  o f  ^ - a m y r e n o n e  by way o f  th e  se m i-p a rb a z o n e ,  

and o b ta in e d  a h y d ro c a rb o n ,  m .p . 124° , (oOj> + 950 > which
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t h e y  c la im  to  be i d e n t i c a l  w ith  t h e  h ig h e s t  m e l t i n g  form  

o b ta in e d  by W in te r s t e in  and S t e i n .

When a K ish n e r -W o lf f  r e d u c t io n  o f  tX-am yrenone was 

c a r r i e d  o u t  u s i n g  h y d ra z in e  h y d r a te  a s  t h e  r e d u c in g  a g e n t ,  

th e  p r o d u c t  i s o l a t e d  i n  good y i e l d ,  m e lted  a t  1 09 -11 1° , 

t  92»b°, and a n a ly se d  a s  T h is  same p ro d u c t

was a l s o  o b ta in e d  by Clammenson r e d u c t io n  a s  d e s c r ib e d  by 

W in t e r s t e i n  and S t e i n ,  o r  K ish n e r -W o lf f  r e d u c t i o n ,  a c c o rd in g  

t o  t h e  method o f  R u z ic k a  e t  a l .  I n  no case  was any m a t e r i a l  

m .p . 120-122° o r  m .p . 124° i s o l a t e d .

R e d u c t io n  o f  o (-am yrenone u s in g  unam algam ated z in c  i n  

h y d r o c h lo r i c  a c id  and a c e t i c  a c id  gave a  specim en o f  1 -cX -  

sm y rad iene  i n  poor y i e l d .  T h is  had p ro b a b ly  been  form ed by 

r e d u c t i o n  o f  th e  c a rb o n y l  to  a h y d ro x y l  group fo l lo w e d  by 

d e h y d r a t io n .

The cA -am y ren e , m .p . I O 9 - I I I 0 , co u ld  n o t  be red u c ed  by 

hydrogen  i n  th e  p re s e n c e  o f  a c a t a l y s t ,  and a z o n o l y s i s  gave 

a r e s i n o u s  p r d d u c t .  By m o d ify in g  th e  method u se d  f o r  t h e  

o x i d a t i o n  o f  0^ -am yrln  e s t e r s ,  i t  was found p o s s i b l e  to  

o x i d i s e  t h e  h y d ro ca rb o n  t o  o( -am yrene  o x id e ,  Cj0H^00 ,  m .p . 

116 -1 18° , u s i n g  hydrogen p e r o x id e ,  and i s o l a t i n g  th e  p r o d u c t  

chrom ato g ra p h i  c a l l y .

I s o m e r i s a t i o n  o f  t h e  o x id e  to  th e  k e to n e  was s u c c e s s ­

f u l l y  c a r r i e d  o u t  by t r e a tm e n t  w i th  h y d r o c h lo r i c  a c i d .  The 

p r o d u c t ,  d e s ig n a te d  i s o - ^ -a m y ra n o n e ,  e x i s t s  i n  two c r y s t ­

a l l i n e  fo rm s . The p u re  fo rm , m .p . 150- 1520 , and a s o lv a te d



31-
fo rm , m .p . I 4 I - I 4 3 0 , r i s i n g  to  I5 O -I5 2 0 on d r y in g .  The 

p r e f i x  i s o  i s  u sed  to  d i s t i n g u i s h  i t  from th e  h y p o t h e t i c a l  

cX-amyranone formed by s a t u r a t i n g  th e  doub le  bond o f  o (-  

amyrenone.

i s o -  ^-A m yranone was a ls o  o b t a in e d ,  i n  low y i e l d ,  by 

K ish n d r -W o lf f  r e d u c t io n  o f  <X-amyranedione. T h is  l a t t e r  

compound was p re p a re d  by chrom ic a c id  o x i d a t i o n  o f  e i t h e r  

^ - a m y r a n o n o l  o r  o ( -a m y ra n e d io l  o b ta in e d  on r e d u c t io n  o f  

^ - a m y r i n  b e n z o a te  o x id e .  O x id a t io n  o f  ^ -a m y re n o n e  by 

hydrogen  p e ro x id e  d id  n o t  p ro v id e  a s u e c e s s f u l  a l t e r n a t i v e  

r o u t e  t o  - a m y ra n e d io n e , no c r y s t a l l i n e  o x id e  b e in g  o b t a i n e d .

The i s o l a t i o n  o f  t h e  m ono-ketone  from  K ish n e r -W o lf f  

r e d u c t io n  o f  th e  d i - k e to n e  d e m o n s tra te d  th e  i n a c t i v i t y  o f  

th e  r i n g  C c a r b o n y l  g roup , and th e  i m p o s s i b i l i t y  o f  o b t a i n i n g  

-am yrane  by a t t e m p t in g  i t s  r e d u c t i o n .

The s a t u r a t e d  a l c o h o l ,  i s o - ^ - a m y r a n o l ,  m .p . 1 7 8 - I8 0 0 , 

was o b ta in e d  by sodium and amyl a l c o h o l  r e d u c t i o n  o f  {̂ (/-  

amyrene o x id e .  I t  was c h a r a c t e r i s e d  a s  t h e  a e e t a t e ,  m .p . 

2 4 4 -2 4 6 ° .  A tte m p ts  to  r e p l a c e  t h e  h y d ro x y l  group by c h l o r i n e  

were made u s i n g  t h i o n y l  c h l o r i d e ,  h y d r o c h lo r i c  a c i d ,  p h o sp h o r­

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

a g e n t s .  I n  each  c a se  d e h y d ra t io n  r e s u l t e d ,  and o ^ -a m y re n e ,  

m .p . 109- 111° was fche o n ly  p r o d u c t .  No t r a c e  o f  m a t e r i a l  

c o n ta in i n g  h a lo g e n  was o b s e rv e d .  T h is  e a se  o f  d e h y d ra t io n  

o f  th e  a l c o h o l  i s  th o u g h t  t o  have acco u n ted  f o r  i n i t i a l  

d i f f i c u l t y  i n  i t s  a c e t y l a t i o n .
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The above r e s u l t s  may be i n d i c a t e d  s c h e m a t i c a l ly  ae  

f o l l o w s : -

i  i  i 4***
y    j

i i-  u° ' >
K.

. »KX
o t~  ^cvtcovc. Jl-CKav̂ w i   ^   ^ / ^ s r -  A —

^  ion-iu0 ^
»<̂ v. i5br~*̂ A

&%<r- ol-

I t  b e in g  found im p o s s ib le  t o  r e p l a c e  th e  h y d ro x y l  g roup 

by h a lo g e n ,  th e  s y n t h e s i s  was abandoned a t  t h i s  s t a g e .

A tte m p ts  t o  open r i n g  G o f  <7C-amyrin by t h e  u se  o f  th e  

M alap rade  R e a g e n t .

P e r i o d i c  a c id  was i n t r o d u c e d  by M alaprade  a s  a r e a g e n t  

f o r  th e  c le a v a g e  o f  c a rb o n  to  c a rb o n  bonds i n  1928 (4 8 ) .  

< /-G rly co ls ,  he o b s e rv e d ,  were s p l i t  to  g iv e  two m o le c u le s  

o f  a ld e h y d e ,  t h u s : -

R ,  C h ( o h ) .  C H ( o h ) . i} '  »  ft.CHP -+■ iV.CHO
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l a t e r  w o rk e rs  showed t h a t  a  c a r b o n y l  g roup a d ja c e n t  to  

a h y d ro x y l  o r  a n o th e r  c a r b o n y l  group a l s o  r e a c t e d .  Thus 

o( - k e t o l s  (49> 5 5 ^  r e a c t e d  to  g ive  one m o le cu le  o f  

a ld e h y d e ,  and one o f  a c i d ,  and <?( - d i k e t o n e s  (50) to  g iv e  two 

o f  a c i d .
R, C(p),  CH/OH). ► i<.CO0H 4 - l V . C H O

— ► ^ .C P O H  •+  i V .C O O H

Though much l i t e r a t u r e  i s  a v a i l a b l e  on th e  f i s s i o n  o f  

s t r a i g h t  c h a in  compounds, s t e r o i d  s id e  c h a i n s ,  c a rb o ­

h y d r a t e s  and some c a r b o c y c l i c  p o ly h y d ro x y  compounds (52'), 

no work a p p e a r s  to  have been d e s c r ib e d  on r i n g  f i s s i o n  i n  

p o l y c y c l i c  compounds, tho ugh  le a d  t e t r a - a c e t a t e  h a s  been 

used  w i th  s u c c e s s  ( e .g .  33» 3&)» ^  was p r o p o s e d , t h e r e f o r e ,

to  a t te m p t  to  p r e p a r e  o l- a m y ra n o n e d io l  (LVTII, R » HX and 

o( - a m y ra d io n o l  (L V IIIa) u s i n g  c /-a m y ra n o n y l  b e n z o a te  a s  

s t a r t i n g  m a t e r i a l ,  and to  t r e a t  t h e s e  w i th  t h e  r e g g e n t ,  

whereby r i n g  C sh o u ld  be opened and a c id  p r o d u c t s  o b t a i n e d .

H Of\0

B rom o-<^-am yranonyl b e n z o a te  (LIX) i s  r e a d i l y  p r e p a r e d ,  

and on h e a t i n g  w i th  a c e t i c  a c id  l o s e s  th e  e le m e n ts  o f  h y d ro -
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"bromic a c id  t o  g ive  i  so- pi -  am yrenonyl b e n z o a te  ( v . s . ) .

The p o s s i b i l i t y  t h a t  h e a t in g  w ith  a l k a l i  m igh t r e p l a c e  

brom ine by h y d ro x y l ,  and a t  th e  same t im e  h y d ro ljrse  th e  

b enzoy loxy  g r o u p ,g iv in g  th e  r e q u i r e d  k e to l ,w a s  e n v is a g e d .

The brom o-ketone  proved to  be c o n s id e r a b ly  more s t a b l e  

th a n  had been  e x p e c te d ,  and co u ld  be h e a te d  w i th  a l k a l i  

f o r  lo n g  p e r io d s  w i th  a p p a r e n t ly  no e f f e c t .  When c o n d i t i o n s  

were f i n a l l y  found t o  e n fo rc e  th e  re p la ce m e n t o f  b rom ine , 

th e  ex p er im e n t  was found  to  be u n c e r t a i n  a s  t o  r e p r o d u c i b i l i t y  

and t o  g ive  poor y i e l d s .  A ttem p ts  to  r e p l a c e  h a lo g e n  by 

u s i n g  s i l v e r  h y d ro x id e ,  s i l v e r  a c e t a t e ,  o r  sodium a c e t a t e  

were w ith o u t  e f f e c t .

The p ro d u c t  o b ta in e d  u s i n g  p o ta s s iu m  h y d ro x id e  a n a ly s e d  

a s  th e  m onobenzoate o f  £>(-am yraaonediol, t h e  p re s e n c e  o f  

b rom ine h a v in g  a p p a r e n t ly  h in d e re d  th e  h y d r o l y s i s  o f  th e  

b e n z o y l  g roup . The p ro d u c t  was a s s o c i a t e d  w ith  l s o - ^  -  

am yrenonol formed by d e h y d ro h a lo g e n a t io n ,  and by h y d r o l y s i s .  

The k e t o l  gave th e  b lu e  c o l o u r a t i o n  i n  a l c o h o l i c  f e r r i c  

c h lo r i d e  s o l u t i o n  t y p i c a l  o f  such compounds, and on a c e t y l a ­

t i o n  gave a  d i a c e t a t e ,  p resum ab ly  (IX ).

OAc
T rea tm en t o f  (L V III ,  R * Bz) w ith  p e r i o d i c  a c id  was 

found to  g iv e  a n e u t r a l  p ro d u c t  v e ry  c lo s e  i n  a n a l y s i s  to  

th e  s t a r t i n g  m a t e r i a l ,  b u t  g iv in g  no c o l o u r a t i o n  w ith  f e r r i c
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c h l o r i d e  s o l u t i o n .

The f a i l u r e  t o  rep ro d u c e  s a t i s f a c t o r i l y  th e  p r e p a r a t i o n
M r

o f  th e  k e t o l ,  due no doubt to  th e  e a se  o f  d e h y d ro g e n a t io n  

and h y d r o l y s i s ,  tho ugh  a s  s t a t e d  ab ove , th e  l a t t e r  seemed 

h in d e re d  by th e  p re s e n c e  o f  th e  b rom ine , le d  t o  a t t e n t i o n  

b e in g  d i r e c t e d  t o  t h e  d ik e to n e  (L V II Ia ) .

O ^-A nyradionol and i t s  a c e t y l  e s t e r  had p r e v i o u s l y  been 

d e s c r ib e d  by B u z ick a  and h i s  co-w orjcers (43) *k° o b ta in e d  

them by th e  o x i d a t i o n  o f  <?{-amyranonyl e s t e r s .  A compound 

b e l i e v e d  to  be ^ ( -a m y ra d io n y l  a c e t a t e  had a l s o  been  p re p a re d  

by Ewen and S p r in g  (60) by  th e  o z o n o ly s i s  o f  ^ - a m y r a d i e n y l  

a c e t a t e .  I t  was hoped t o  make t h e  b e n z o a te ,  ^ - a m y r i n  ben­

z o a te  b e in g  more r e a d i l y  a c c e s s i b l e  th a n  th e  a c e t a t e ,  and 

t r y  and improve on t h e  y i e l d s  o f  th e  o r i g i n a l  w o rk e rs .

O x id a t io n  o f  ^ - 8Hiyr aa<my2- e s t e r s  by chrom ic a c id  i n  

a c e t i c  a c id  gave i n i t i a l l y  b r i g h t  y e llo w  p r o d u c t s ,  u n d o u b ted ­

l y  m ix tu r e s  c o n ta in i n g  th e  r e q u i r e d  d ik e to n e  c o n ta m in a te d  

by  s t a r t i n g  m a t e r i a l .  H y d r o ly s i s  o f  th e  y e llo w  p r o d u c t s  

gave an unhomogeneous p r o d u c t ,  b u t  g iv in g  a  s t r o n g  c o lo u r  

r e a c t i o n  w i th  f e r r i c  c h l o r i d e .  J fu r th e r  o x i d a t i o n  o f  t h e  

y e llo w  p r o d u c t s  gave new compounds, which co u ld  a l s o  be ob­

t a i n e d  by more v ig o r o u s  i n i t i a l  o x id a t io n  o f  th e  ^ - a m y r a n o n y l  

e s t e r s .  These were o f  ty p e  (LXI). One specim en a n a ly se d  

a s  (1A I I ) .



(tWO
Qlkc Sfc-

H y d r o ly s i s ,  i n  t h e  hope o f  o b t a i n i n g  ^X -am yrad ionol, 

a g a in  gave a m ix tu re  o f  i n d i s t i n c t  m e l t in g  p o i n t ,  though

a c e t y l a t e d ,  i t  gave a  w e l l  d e f in e d  a c e t a t e ,  m .p . 34^“ 34-8°> 

and on t r e a tm e n t  w ith  p e r i o d i c  a c id ,  a  s m a l l ,  n o n - c r y s t a l ­

l i n e  a c id  f r a c t i o n ,  t o g e t h e r  w i th  a  n e u t r a l  p o r t i o n ,  m .p . 

3OI-3030 , w ith  th e  same a n a l y s i s  a s  th e  s t a r t i n g  m a t e r i a l ,  

bu t  no u l t r a - v i o l e t  a b s o r p t io n  sp ec tru m .

To l i m i t  t h e  p o s s i b i l i t y  o f  fo rm a t io n  o f  compounds o f  

ty p e  (LXII) and (LXIII) by  r e a c t i o n  w ith  th e  s o lv e n t  i n  th e  

i n i t i a l  o x i d a t i v e  r e a c t i o n s ,  /)(-amyranonyl b en zo a te*  and 

a c e t a t e ,  e n o l  a c e t a t e s  were used  a s  s t a r t i n g  m a t e r i a l s .

These gave (13& , B * Ac and R * Bz) i n  good y i e l d  a s  com­

pounds w i th  w e l l  d e f in e d  p h y s i c a l  c o n s t a n t s .  A specim en o f  

th e  a c e t a t e  p r e p a r e d ,  i n  poor y i e l d ,  a c c o rd in g  to  th e  

p u b l i s h e d  m ethod, was shown to  be i d e n t i c a l  w ith  t h a t  p r e ­

pa red  by th e  new te c h n iq u e .  The b e n z o a te ,  on h y d r o l y s i s ,  

gave p u re  { ^ -am y rad io n o l ,  d i f f e r i n g  o n ly  s l i g h t l y  i n  p h y s i c a l  

c o n s t a n t s  from  th e  p u b l is h e d  f i g u r e s .

th e  a n a l y s i s  approx im ated  to  th e  r e q u i r e d  Cjq E^qC^.
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I t  i s  w orth  n o t in g  t h a t  compounds o f  ty p e  (LKI), 

c o n ta in i n g  a m o d if ied  &( J$ - u n s a t u r a t e d  k e to n e  g ro u p in g ,  

show an a b s o r p t io n  maximum a t  253OA. i n  th e  u l t r a  v i o l e t .

The d ik e to n e  has h ig h  i n t e n s i t y  a b s o r p t io n  a t  2900A.

A c e t y l a t i o n  o f  t h e  ^ - a m y r a d i o n o l  cou ld  n o t  be s a t i s ­

f a c t o r i l y  a cco m p lish ed , tho u g h  a p u b l i s h e d  method i s  g iv e n

(4 3 )* T h is  may be due to  t h e  p o s s i b i l i t y  o f  fo rm in g  e n o l  

a c e t a t e s ,  o r  m ix tu r e s  o f  t h e s e .

P e r i o d i c  a c id  o x i d a t i o n  o f  pure  ^ - a m y r a d i o n o l  gave no 

a c id  p r o d u c t .  The n e u t r a l  f r a c t i o n  d i f f e r e d  m arked ly  from  

th e  d io n e  i n  p r o p e r t i e s ,  b u t  was c l e a r l y  a m ix tu r e .  Chroma­

to g ra p h y  and a c e t y l a t i o n  b o th  f a i l e d  to  g iv e  a  pu re  

specim en . L ik e w ise ,  a  specim en o f  o f - a m y ra d io n y l  a c e t a t e  

p re p a re d  a c c o rd in g  to  R u z ie k a  e t  a l .  (4 3 ) 011 p e r i o d i c  a c id  

o x i d a t i o n  gave a  s i m i l a r  m ix tu re  o f  n e u t r a l  p r o d u c t s .

No c o n c lu s io n s  a s  to  th e  a c t i o n  of th e  M alaprade  r e a g e n t  

can  be made from  th e  above r e s u l t s .  R e a c t io n  c e r t a i n l y  

t a k e s  p l a c e ,  t h e  p ro d u c t  b e in g  c lo s e  in  a n a l y s i s  to  th e  

o r i g i n a l  k e t o l  o r  d io n e ,  bu t i s  o p t i c a l l y  t r a n s p a r e n t ,  and 

a p p a r e n t ly  does  n o t  c o n ta in  th e  o r i g i n a l  g ro u p in g .  The a c id  

t h a t  was on oncf  o c c a s io n  o b ta in e d  m ight have been th e  

r e q u i r e d  (LXIV), b u t  t h e  q u a n t i t y  was too  s m a l l  f o r  f u r t h e r  

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

c r x r v j
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A specim en o f  oi -a m y ra d io n o l  was o x id i s e d  hy chrom ic 

a c id  i n  an a t te m p t  to  p r e p a r e  th e  k e to n e  c o r re s p o n d in g  to  

(I2CIV), h u t  no c r y s t a l l i n e  m a t e r i a l  was i s o l a t e d  from  th e  

r e a c t i o n  m ix tu r e .

The work o f  K r i te h e v s k y  and t t a l l a g h e r  (53) i n  th e  

s t e r o i d  f i e l d  seemed to  p o in t  to  two new p o i n t s  o f  a t t a c k  

in  r i n g  C. I f  £>(-amyranonyl b e n z o a te  e n o l  a c e t a t e  and o(-  

am y rad io n y l b e n zo a te  e n o l  a c e t a t e  were t r e a t e d  w ith  p e rb e n -  

z o ic  a c i d ,  th e n  th e  double  bonds m ight be a t t a c k e d  to  g iv e  

(LEV) and (LEVI) r e s p e c t i v e l y ,  which on h y d r o l y s i s  m igh t 

g iv e  (LEVII) and L E V III ) .

MO

B oth  c^-am yranonyl b e n z o a te  e n o l  a c e t a t e  and i t s  

chrom ic a c id  o x i d a t i o n  p r o d u c t  were g iv en  p ro lo n g ed  t r e a t ­

ment w i th  p e rb e n z o ic  a c id  i n  c h lo ro fo rm , b u t  w i th  no s u c c e s s ,  

s t a r t i n g  m a t e r i a l  b e in g  re c o v e re d  a lm ost  q u a n t i t a t i v e l y  i n  

each  c a s e .

The R e d u c t io n  o f  ^ -A m y ra n o n y l  E s t e r s .

The r e d u c t i o n  (by sodium i n  amyl a l c o h o l )  o f  c ^ -a m y r in  

b e n z o a te  o x id e ,  a t  t h e  t im e  th o u g h t  to  be c^ -am y rano ny l
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b e n z o a te ,  was shown by Seymour, S h a rp ie s  and S p r in g  to  

g iv e  th e  s a t u r a t e d  d i o l ,  p ^ -a m y ra n e d io l  (2 4 )* T h is  was 

c a r r i e d  o u t ,  and ^ / - a m y r a n e d io l  c o r r e s p o n d in g  i n  p r o p e r t i e s  

t o  t h a t  d e s c r ib e d  i n  th e  l i t e r a t u r e  o b ta in e d .  I t  cou ld  be 

o x id is e d  to  d  -am yraned ione  ( v . s . )  o r  a c e t y l a t e d ,  th ough  th e  

d i - a c e t y l  d e r i v a t i v e  formed m e lted  c o n s id e r a b ly  h ig h e r  th a n  

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

When c^-am yranonyl b e n zo a te  i t s e l f  was t r e a t e d  w i th  

sodium and amyl a l c o h o l ,  th e  p ro d u c t  m e lted  a t  198 -2 00° , 

and t h e  o p t i c a l  r o t a t i o n  i n  f o u r  s u c c e s s iv e  e x p e r im e n ts  

was + 3 2 .7 ° ,  - f 4 1 . 9 ° ,  i  4 4 . 40 , and --^30°. ^  - im y ra n o n y l

a c e t a t e  on s i m i l a r  t r e a tm e n t  gave m a t e r i a l ,  m .p . 1 9 8 -2 0 0 ° ,

G-4 + 33° .

The a n a ly s e s  o f  t h e s e  two compounds was th e  r e q u i r e d  

Cjq h5 2 ^ 2 ’ s ’t a r 't i n 8 m a t e r i a l ,  CJQH5QO2,

were p r e s e n t ,  th e  a n a l y s i s  would n o t  have been  a f f e c t e d  

s u f f i c i e n t l y  t o  be n o t i c e a b l e .

I t  seems p ro b a b le  t h a t  r e d u c t io n  o f  t h e  k e to n e  i s  more 

d i f f i c u l t  t h a n  t h a t  o f  th e  o x id e ,  and t h i s  seems co n firm ed  

by th e  f a c t  t h a t  a c e t y l a t i o n  o f  t h e  m a t e r i a l ,  m .p . 1 9 8 -2 0 0 ° ,  

o b ta in e d  by r e d u c t io n  o f  t h e  b e n z o a te ,  gave a d i - a c e t a t e ,  

m .p . 242-2440 , a p p a r e n t l y  i d e n t i c a l  w i th  t h a t  o b ta in e d  by 

a c e t y l a t i o n  o f  th e  ^ - a m y r a n e d i o l  from  r e d u c t io n  o f  th e  

o x id e .

The a c t i o n  o f  l i t h i u m  alum inium  h y d r id e  i n  d ry  e t h e r  

was a l s o  i n v e s t i g a t e d ;  o( -a m y ra n o n y l  b e n z o a te  gave two 

p r o d u c t s .  The f i r s t  o f  t h e s e ,  m .p . 25O-2520 , y t  12 . 30 ,
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m ust have c o n ta in e d  a l a r g e  amount o f  o ( -am y ra n o n o l,  s in c e  

i t  gave , on a c e t y l a t i o n ,  a p ro d u c t  i n d i s t i n g u i s h a b l e  from  

-am y ran o n y l  a c e t a t e .  The second p ro d u c t ,  m .p . 170-1720 

\dlp+  a n a ly se d  as  th e  d i o l ,  and gave, on a c e t y l a t i o n ,

a  m o n o a c e ta te ,  m .p . 189- 1910 * A c e ty l a t i o n  a t  a  h ig h e r  

t e m p e ra tu re  gave a  d i - a c e t a t e  o f  th e  same m e l t in g  p o i n t .

I f  t h e  m o n o a c e ta te  was a  d e r i v a t i v e  o f  ^ - a m y r a n e d io l ,  o r  • 

one o f  i t s  p o s s i b l e  i s o m e rs ,  i t  should  have been p o s s i b l e  

t o  o x i d i s e  i t  to  q( - am yranonyl a c e t a t e ,  o r  an i s o m e r ic  

k e to n e .  T h is  was a t te m p te d  w i th o u t  s u c c e s s .  These r e s u l t s  

p o i n t  to  im com plete  r e d u c t io n  by th e  l i t h i u m  alum inium  

h y d r id e ,  accompanied by h y d r o l y s i s ,  g iv in g  non-homogeneous 

p r o d u c t s .

The same was found o f  r e d  phosph o rus  and h y d r io d ic  a c id  

a s  a means o f  r e d u c in g  th e  b en zoy loxy  k e to n e .  T h is  was 

a t te m p te d  w i th  a v iew  o f  r e d u c in g  th e  c a rb o n y l  to  m e th y len e  

g rou p . H ere t h e  e x p e r im e n t  was c o m p lic a te d  by th e  p o s s i ­

b i l i t y  o f  d e h y d r a t io n .  I n  v iew  o f  t h i s ,  and th e  f a c t  t h a t  

two s u c c e s s iv e  e x p e r im e n ts  gave two d i f f e r e n t  p r o d u c t s ,  

a g a in  p o s s i b l y  mixed c r y s t a l s ,  no f u r t h e r  r e d u c t i o n s  were 

a t t e m p te d .

The A c t io n  o f  A l k a l i  and o f  Aluminium T r i c h l o r i d e  on th e  

Jm y rln  N u c le u s .

To i n v e s t i g a t e  th e  p o s s i b i l i t y  o f  new m ethods o f  

d e g ra d a t io n  o f  th e  am yrin  n u c le u s ,  specim ens o f  ^ -a m y re n o n e  

and 3 -a m y r in  b e n z o a te  were h e a te d  w i th  s t r o n g  a l k a l i n e
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s o l u t i o n s  i n  an a u to c la v e  t o  te m p e ra tu re  a s  h ig h  a s  290°. 

The 3 -a m y r in  "benzoate was chosen  to  t e s t  th e  r e a c t i o n  so 

a s  to  c o n se rv e  v a lu a b le  s to c k s  o f  -a m y r in  b e n z o a te .

I n  t h e  f i r s t  i n s t a n c e ,  s t a r t i n g  m a t e r i a l  was re c o v e re d  

unchanged , w h i le  i n  th e  second o n ly  h y d r o l y s i s  o c c u r r e d ,  

b e n z o ic  a c id  and j3 -a m y r in  b e in g  th e  o n ly  p r o d u c t s .  These 

r e s u l t s  a r e  i n d i c a t i v e  o f  th e  s t a b i l i t y  o f  th e  am yrin 

n u c l e u s .

When p ~ a m y rin  b e n z o a te  was h e a te d  w ith  anhydrous  

a lum inium  c h l r i d e  i n  b en zen e , c o n s id e r a b le  d e g ra d a t io n  

o c c u r r e d ,  h y d r o c h lo r i c  ac id  was e v o lv e d ,  and th e  p r o d u c t s  

c o n s i s t e d  o f  b e n zo ic  a c id  and a red  o i l .  T h is  re d  o i l  

y i e ld e d  a s team  v o l a t i l e  f r a c t i o n  o f  abou t 13^ o f  th e  t o t a l  

w e ig h t .  T h is  was f r a c t i o n a l l y  d i s t i l l e d ,  and a n a l y s i s  o f  

one sam ple r e v e a le d  i t  t o  be a  m ix tu re  o f  h y d ro c a rb o n s .

The non s team  v o l a t i l e  p o r t i o n  d id  n o t  g iv e  any f r a c t i o n  o f

c o n s t a n t  b o i l i n g  p o in t  on d i s t i l l a t i o n .

The n a t u r e  o f  th e  c h an g es  o c c u r r in g  i s  su g g e s te d  i n  a

p a p e r  by Z e l in s k y  and Koslow (54 ) .  These w o rk e r s ,  s e e k in g  

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

a b l e t i c  a c i d ,  b o th  n a t u r a l l y  o c c u r r in g  compounds, w i th  a l u ­

minium t r i c h l o r i d e ,  and o b ta in e d  s i m i l a r  p r o d u c ts  to  th e  

above. The m frlecu le , t h e y  sa y ,  i s  s p l i t  by th e  r e a c t i o n .  

The l a r g e r  p o r t i o n  u n d e rg o e s  p r o g r e s s i v e  d e h y d ro g e n a t io n ,  

g iv in g  f i n a l l y  a c a rb o n ac e o u s  m ass, th e  f r a c t i o n s  o f  low er  

m o le c u la r  w e ig h t  become s a t u r a t e d  a t  th e  expense  o f  th e  

hydrogen  from  th e  h i g h e r ,  and m ix tu r e s  o f  p a r a f f i n s  a r e
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fo rm ed .

I t  i s  c l e a r  t h a t  i f  d e g r a d a t io n  had o c c u r re d  i n  t h i s  

f a s h i o n ,  t h e n ,  even i f  any r e c o g n i s a b le  p ro d u c t  was 

o b t a i n e d ,  no v a l i d  c o n c lu s io n s  cou ld  be drawn, b ecau se  o f  

th e  d r a s t i c  n a tu r e  o f  th e  r e a c t i o n  which m ig h t have caused  

r e a r r a n g e m e n ts  and m ig r a t i o n s  i n  th e  m o le c u le .

M o le c u la r  B p ta t io n  D i f f e r e n c e s .

The r e l a t i o n s h i p  betw een o p t i c a l  r o t a t o r y  power, and 

s t r u c t u r e  i n  s t e r o i d s ,  was examined by W a l l i s  and h i s  co­

w o rk e rs  (5 5 ) *bo improved on th e  work o f  Callow and S t r a i n  

(5 6 ) .  I t  Tafas th e n  shown t h a t  i f  a c e r t a i n  change be 

e f f e c t e d  in  two d i f f e r e n t  s t e r o i d  m o le c u le s  d i f f e r i n g  from  

one a n o th e r  i n  a p a r t  o f  t h e  m o le cu le  removed from  th e  

r e a c t i n g  c e n t r e ,  t h e n  th e  v a r i a t i o n s  i n  m o le c u la r  r o t a t i o n  

i s  a p p ro x im a te ly  th e  same.

T h is  was a p p l i e d  by B a r to n  and Jo n es  to  t h e  t r i t e r -  

p e n e s  w ith  good r e s u l t s  (5 7 )• Thus, th e  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  betw een p - a m y r i n  and i t s  a c e t a t e ,  g l y c y r r h e t i c  

a c id  and i t s  a c e t a t e , o l e a n o l i c  a c id  and i t s  a c e t a t e ,  and so 

on f o r  th e  o t h e r  members o f  t h e  p >-am yrin g ro u p , were 

a p p ro x im a te ly  th e  same. The d i f f e r e n c e  betw een  v a r i o u s  a c i d s  

and t h e i r  e s t e r s ,  w i th in  any one g roup , was a l s o  c o n s t a n t .

A p p ly ing  t h e s e  r e s u l t s  to  some o f  th e  compounds d e s ­

c r ib e d  above , i n  which th e  c o n f i g u r a t i o n  i n  th e  n e ig h b o u r ­

hood o f  th e  d o u b le  bond h a s  been e f f e c t e d ,  we o b t a i n  th e  

f o l lo w in g  f i g u r e s .  Mean v a lu e s  have been t a k e n  f o r  ^

r e p r e s e n t s  th e  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  be tw een  a l c o h o l
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and a c e t a t e ,  "between a lc o h o l  and "benzoate, and £  

be tw een  a c e t a t e  and b e n z o a te .  I f  ^  and ^  x Q:rQ c o n s t a n t ,  

t h e n  ^  m ust be a l s o .

flf
A lco h o l

n & jp

A c e ta te B enzoate

x 10

A*
-Am yrin 358 370 498 12 140 128

M -Amyrin Oxide - 552 721 - - lb 9

d  -Am yranonol -22 53 137 75 159 84

i s o -  ^X-Amyrenonol 32b 4x0 495 84 169 85

B p i - 1 so -  t7j  -  Amyrenonol (58) -4 8 77 114 125 162 37

-Am yranonol E n o l  A c e ta te 258 432 mm mm 174

-A m yrad io no l E n o l A c e ta te  - 494 518 - • 24
-A m yrad iono l 657 578 .. - 7 9

Ho d e g re e  o f  c o n s ta n c y  I s  shown, e f c e p t  a p p a r e n t ly  

be tw een  th e  t h i r d  and f o u r t h  o f  th e  compounds l i s t e d .  T h is  

co u ld  be t a k e n  t o  mean t h a t  w hereas  t h e  change in v o lv i n g  th e  

i n t r o d u c t i o n  o f  th e  c a rb o n y l  group h a s  been s u f f i c i e n t l y  c lo s e  

t o  th e  h y d ro x y l  t o  e f f e c t  th e  m o le c u la r  n o t a t i o n  d i f f e r e n c e s ,  

th e  i n t r o d u c t i o n  o f  th e  new d o u b le  bond h a s  been f a r  enough 

away to  c a u se  no change* In  o t h e r  w ords , t h a t  th e  d o ub le  bond 

o f  1 so— d - amyrenono 1 i s  more removed from  th e  h y d ro x y l  group 

th a n  i s  th e  c a rb o n y l  g roup .

T h is  r e q u i r e s  a f o r m u la t io n  such  a s  (UCIX) f o r  i s o - t ^ -  

am yrenono l, m aking <?(-amyrenono 1 (1XX).
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In  t h i s  r e s p e c t ,  i t  shou ld  he remembered t h a t  iiiwen, 

G il lam  and s p r i n g  d e h y d ra te d  c^-am yrenonol w i th  h y d r io d ic  

a c i d ,  and o b ta in e d  a p r o d u c t ,  J, - a m y r a d ie n o n e - I I I ,  which 

showed an a b s o r p t io n  maximum a t  2920A, i n d i c a t i n g  th e  

sy s tem  ( U U II )  (3 2 ) .

> C - C  - c *  c -  l ~ o  ( T J V T T J
While t h i s  m ight be formed from  (JuXJC), i t  i s  u n l i k e l y  

to  o c c u r  by d e h y d ra t io n  of (IXLX).

I t  i s  a s  y e t  unknown how f a r  th e  p o i n t  o f  d i f f e r e n c e  

and r e a c t i n g  c e n t r e  o f  th e  m o lecu le  have to  be a p a r t  b e fo r e  

t h e  law o f  B a r to n  and Jo n e s  i s  obeyed, b u t  th e  above f i g u r e s  

f o r  p /-am yrin  do show t h a t  t h e  double  bond and h y d ro x y l  

g ro u p s  a re  s u f f i c i e n t l y  c lo s e  f o r  a change in  th e  fo rm er  to  

a f f e c t  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  c o n c e rn in g  t h e  l a t t e r .

The r e c e n t  i n v e s t i g a t i o n s  by i tu z ic k a  and h i s  c o -w o rk e rs  

whereby i  s o - ,^ -am yranon y l a c e t a t e  was t r e a t e d  w i th  se le n iu m  

d io x id e  (35) a ls o  r e q u i r e  r e - e x a m in in g .  The p r o d u c t  o b ta in e d  

by fc h e ^ e  w o rk e rs ,  o r i g i n a l l y ^  fo rm u la te d  a s  (L3QCC), was 

c la im ed  to  be formed by t h e  i n t r o d u c t i o n  o f  an i s o l a t e d  d o u b le
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■bond i n t o  (IXX). i s o -  tX -im yrenonyl a c e t a t e  shows an u l t r a  

v i o l e t  a h s o r p t io n  maximum a t  2520A, th e  compound o b ta in e d  

a f t e r  t r e a tm e n t  w ith  se len iu m  d io x id e  e x h i b i t s  s e l e c t i v e  

a b s o r p t io n  a t  2J 5OA. Th&fe i s , t h e  chromophore h as  been 

a l t e r e d ,  a l th o u g h  t h i s  i s  d en ied  by n u z ie k a  e t  a l .  (3 5 )*

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  when i s o -  p -a m y re n o n y l  

a c e t a t e  i s  s i m i l a r l y  o x i d i s e d ,  t h e  p r o d u c t  shows l i g h t  

a b s o r p t io n  a t  2 4 5 ^ >  t h i s  b e in g  in  agreem ent w i th  th e  f i g u r e  

o f  247OA o b ta in e d  f o r  th e  s t a r t i n g  m a t e r i a l  (5 9 )*

i s o - cA -A m yrad lenony l a c e t a t e  (o b ta in e d  by se len ium  

d io x id e  o x i d a t i o n  o f  i so _ -^ -a m y re n o n y l  a c e t a t e )  may be 

red u c ed  c a t a l y t i c a l l y  t o  g iv e  i s o - ^ - am yrenonyl a c e t a t e  o r  

is o m e r is e d  by a c id  to  g ive  a new compound, i a o - p - i m y r a d i e n -  

o n y l  a c e t a t e ,  i t  was fo u n d ,  i s  n e i t h e r  red u ced  n o r  i s o m e r is e d  

when su b m it te d  to  th e  same t r e a tm e n t  a s  th e  ,?{ -aompound.

T hat ^A- and |3 -a m y r in  d i f f e r  c o n s id e r a b ly  i n  some r e a c t i o n s  

i s  t h u s  a g a in  d e m o n s tra te d .

As m en tioned  i n  th e  H i s t o r i c a l  S e c t io n ,  R u z ic k a  e t  a l .  

(37 ) now s u g g e s t  th e  s t r u c t u r e  (UCXIEE) f o r  q( -  and 

f o r  p - s m y r i n .  T h is  r e n d e r s  th e  i n t r o d u c t i o n  o f  a doub le  

bond a t  im p o s s ib le  u n l e s s  accom panied by m ig r a t i o n  o f  

t h e  m e th y l  group to  G ^ ,  bu t t h i s  h a s  been  shown t o  be 

u n l i k e l y  i n  v iew  o f  su b seq u e n t  d e g r a d a t io n  o f  th e  m o le c u le .
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The p re s e n c e  o f  a m e th y l  group a t  i n  c / - a m y r in  

h o e s  n o t  seem s u f f i c i e n t  t o  acco u n t f o r  t h e  r e a c t i v i t y  

d i f f e r e n c e s  i n  th e  d oub le  bond o f  and -a m y r in ,  a s  

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

m o le c u le s  a s  e x e m p l i f i e d  above•

The c a rb o n y l  group  o f  j3 -am yranon y l e s t e r s  can be 

re d u c e d  t o  m e th y le n e ,  bu t d o t  o f  ^ - a m y r a n o n y l .  O x id a t io n  

by p e ro x id e  g iv e s  k e to n e s  i n  th e  c a s e  o f  ^ - a m y r i n ,  b u t ,  a s  

h a s  been  shown above, o x id e s  i n  ^ - a m y r i n  e s t e r s .  The 

p r e v io u s  s u g g e s t io n  (UCX7 ) i s  more s a t i s f a c t o r y ,  bu t  f a i l s  

to  a cc o u n t  f o r  th e  fo rm a t io n  o f  s a p o t a l i n  a s  d e s c r ib e d  on 

page 16 .

H o
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Only m ethods o f  d e g r a d a t io n  which e n a b le  th e  in te rm e d ­

i a t e s  to  be c h a r a c t e r i s e d ,  and w hich  p r e c lu d e  r e a r r a n g e m e n ts ,

w i l l  a l lo w  o f  a s o l u t i o n .  U n t i l  such m ethods a re  e v o lv e d ,
/no s i n g l e  f o r m u la t io n  f o r  o \ - a BLyr i l i can acc o u n t  f o r / t h e  

e v id e n c e  a v a i l a b l e .



E X P E R I M E N T A L .



EXPERIMENT AL.

A l l  m e l t in g  p o i n t s  a re  u n c o r r e c te d  f o r  exposed s tem . 

O p t i c a l  r o t a t i o n s  were o b se rv ed  i n  c h lo ro fo rm  s o l u t i o n ,  

u s in g  a one d e c im e tre  tu b e .

U -  and p -A m y rin  B e n z o a te s . -  Eleml r e s i n  was steam  

d i s t i l l e d  t o  remove v o l a t i l e  o i l s ,  s e s q u i t e r p e n e s ,  e t c . ,  

and th e  s o l i d  mass re m a in in g  d i s s o lv e d  i n  e t h e r .  Acid 

c o n s t i t u e n t s  were removed by tw ic e  w ash ing  th e  s o l u t i o n  

w i th  abou t one t h i r d  i t s  volume o f  10% c a u s t i c  so da  s o lu ­

t i o n ,  and once w ith  th e  same volume o f  w a te r .  Washing was 

com pleted  w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  and 2% s a l t  

s o l u t i o n ,  u n t i l  n e u t r a l  t o  l i t m u s .  The e t h e r  was d r i e d  o v e r  

sodium s u l p h a t e .  On rem ov a l o f  th e  s o l v e n t ,  a  c r y s t a l l i n e  

s o l i d  rem a in e d , which was c r y s t a l l i s e d  from a lc o h o l  o r  

i n d u s t r i a l  m e th y la te d  s p i r i t s ,  c o l l e c t e d ,  washed w i th  more 

o f  th e  s o l v e n t ,  p r e s s e d  th o r o u g h ly ,  and d r i e d  a t  105°•

Crude mixed am yrins (250 g . ) ,  o b ta in e d  a s  above, were 

d i s s o lv e d  i n  p y r id in e  (150 c . c . ) ,  and r e d i s t i l l e d  b e n zo y l  

c h l o r i d e  C175 c . c . )  s lo w ly  added w ith  s t i r r i n g  a t  100°. 

H e a t in g  and s t i r r i n g  were c o n t in u e d  f o r  a  f u r t h e r  s i x  h o u rs  

a f t e r  a l l  t h e  r e a g e n t  had been added . On c o o l in g ,  t h e  

r e d d i s h  brown s e m i- s o l id  m ass was d i l u t e d  w i th  benzene 

(75O c . c . ) ,  and washed w i th  h y d r o c h lo r i c  a c id  (10%), c a u s t i c  

soda  (10%}, and tw ic e  w i th  d i l u t e  s a l t  s o l u t i o n  b e fo re  b e in g  

d r i e d  o v e r  sodium s u l p h a te .  The benzene s o l u t i o n  was concen­

t r a t e d  to  c a .  400 c . c . ,  and a l c o h o l  added a t  th e  b o i l  u n t i l
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t h e  s o l u t i o n  was t u r b i d .  A c r y s t a l l i n e  mass s e p a r a te d  on 

c o o l i n g ,  and was c o l l e c t e d  and d r i e d  a t  105°*

The c ru d e  mixed "benzoates were t r a n s f e r r e d  to  a wide 

necked  "bo ttle  f i t t e d  w ith  a ru b b e r  s to p p e r  c o n ta in in g  a t a p  

f o r  r e l i e f  o f  p r e s s u r e .  Hither (250 c . c . )  was added , and th e  

"bo ttle  shaken  fo r  t e n  m in u te s ,  and th e  u n d is s o lv e d  s o l i d  

c o l l e c t e d .  As th e  m e l t in g  p o in t  o f  mixed am yrins i s  i n d e f ­

i n i t e ,  t h e  c l e a r i n g  p o in t  i s  used  to  t e s t  p u r i t y ,  and t h i s  

o p e r a t io n  must "be r e p e a te d  u n t i l  t h i s  i s  a"bove 210° .  Three 

such w ash in g s  l e f t  m a t e r i a l  o f  c l e a r i n g  p o in t  220° .  T h is  

was c r y s t a l l i s e d  from  "benzene-acetone to  g ive  p u re  |3  -  am yrin  

b e n z o a te , m .p . 234-235° (40 8*) •

The e t h e r e a l  w ash in gs  were e v a p o ra te d  to  d ry n e s s ,  and 

th e  s o l i d  r e s id u e  c r y s t a l l i s e d  from  b e n z e n e -a lc o h o l .  F iv e  

c r y s t a l l i s a t i o n s  gave p u re  ^ - a m y r i n  b e n zo a te  a s  s t o u t  

n e e d l e s ,  m .p . 195- 196°* rjtoe y i e l d  was 55 6* Subsequen t 

p r e p a r a t i o n s  gave y i e l d s  a s  h ig h  a s  9® 6*

3 -Amyrin -  The b e n z o a te  (50 g . ) was d i s s o lv e d  in,t( -  and J -Amyrin

i n  w a te r  (66 c . c . )  and a l c o h o l  (1150 c . c .  r e f l u x e d  and d i s ­

t i l l e d  o v e r  c a u s t i c  soda) added , and r e f l u x i n g  w a r r ie d  o u t  

f o r  24 h o u r s .  The s o l u t i o n  was c o n c e n t r a te d  u n t i l  s o l i d  

began to  a p p e a r ,  and th e n  poured  i n t o  w a te r ,  c o l l e c t e d ,  

washed w e l l  w ith  w a te r ,  and oven d r i e d .  The y i e l d  was 42 g. 

(91^) i n  b o th  c a s e s .

U - im y r in  m e lted  a t  17® -174°> J^~am yrin a t  I8O -I820 .
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When p re p a re d  "by t h i s  m ethod, b o th  p o s s e s s  a y e l lo w  t i n g e ,  

hu t a re  s u f f i c i e n t l y  p u re  f o r  su b sequ en t r e a c t i o n s .

A  -  afld |3 -Amyrin A c e ta te  -  The a l c o h o l  (40 g . )  i n

p y r i d in e  (120 c . c . )  and a c e t i c  a n h y d r id e  (180 c . c . )  was 

h e a te d  on a s team  b a th .  A c e ta te  began to  s e p a r a t e  a lm ost 

a t  o n c e .  A f t e r  2 h o u rs ,  th e  m ix tu re  was co o led  ana f i l t e r e d ,  

and t h e  s o l i d  washed w i th  a l i t t l e  co ld  a c e t i c  a c id  and 

c r y s t a l l i s e d  from  c h lo ro fo rm -m e th a n o l .  The y i e l d  was 40 g . 

(90%) o f  ^ - a m y r i n  a c e t a t e ,  m .p . 225°» o r  am yrin  a c e t a t e  

m .p . 235°*

i  -  d  -Am yradiene -  -Amyrin. (27 g . ) was d i s s o lv e d  i n  d ry  

benzene  (700 c . c . )  and pho sphorus  p e n to x id e  (34 g* ) added 

w i th  sh a k in g .  The m ix tu re  was shaken  on a  r e c i p r o c a l  

sh a k e r  f o r  24 h o u r s ,  th e n  poured  i n t o  w a te r .  The benzene 

s o l u t i o n  was tw ic e  washed w i th  w a te r ,  and tw ic e  w i th  sodium 

s u lp h a te  s o l u t i o n  b e fo r e  d ry in g  (sodium  s u l p h a t e ) .  Concen­

t r a t i o n  o f  th e  benzene s o l u t i o n  to  a b o u t  30-bO c . c .  was 

c a r r i e d  o u t ,  when on a d d i t i o n  o f  e t h e r  th e  p ro d u c t  s e p a r a t e d .  

B a o r y s t a l l i s a t i o n  from  b e n z e n e - a lc o h o l  gatoe 1 - ^ - a m y r a d ie n e  

(12 g .  4 6$) a s  n e e d le d ,  m .p . 194"* 196°.

A c t io n  o f  P e rb e n z o lc  Acid on 1-p /-A m y ra d ien e  -  i )  l - c K -  

Amyradiene (1 .7 8  g . )  i n  c h lo ro fo rm  (40 c . c . )  was t r e a t e d  

w i th  a  s o l u t i o n  o f  p e rb e n z o ic  a c id  (1 .62  g . 2 .7  a tom s oxygen) 

i n  c h lo ro fo rm  (60 c . c . )  and th e  m ix tu re  l e f t  a t  0° .  A b la n k  

o f  p e rb e n z o ic  a c id  i n  c h lo ro fo rm  was p re p a re d  a l s o ,  and l e f t
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a t  t h e  same te m p e r a tu re .  From tim e  t o  tim e 1 c . c .

sam p le s  were ta k e n  and t i t r a t e d  a g a i n s t  O.98 N t h i o s u l p h a t e

s o l u t i o n .

Tim e. B lank ( c . c . ) R e a c .M i x . ( c . c . )  Atoms 0 a d s o r b e d .

18 h o u rs  2 .42  I .4 0  1 .2 0

90 h o u rs  2 . 4 I  1 .2 8  1 .2 7

The c h lo ro fo rm  s o l u t i o n  was tw ic e  washed w ith  2% c a u s t i c  

sod a , tw ic e  w i th  w a te r ,  and th e  so lv e n t  removed a f t e r  d r y i n g  

o v e r  sodium  s u l p h a t e ,  l e a v in g  a p a le  ye llo w  r e s i n ,  which was 

c r y s t a l l i s e d  from  c h lo ro fo rm -m e th a n o l .  S ix  c r y s t a l l i s a t i o n s  

• gave c o l o u r l e s s  b l a d e s ,  m .p . 201-203° , g iv in g  no d e p r e s s io n  

w i th  a spec im en , m .p .  204- 206° ,  p re p a re d  by G.T.Newbold.

The p ro d u c t  dev e lo p ed  no a p p a re n t  c o lo u r  w ith  t e t r a n i t r o -  

m ethane i n  c h lo ro fo rm  s o l u t i o n .  (Found: C, 82*4 ; H, 1 0 . 8 # 

C30H48°2 r e q u i r e s :  C , 8 l . 7 ;  H ,1 0 .9 #  C joH ^O  r e q u i r e s :  0 ,8 4 .8 5  

H ,1 0 . 8 $ ) .

F u r th e r  q u a n t i t i e s  o f  s o l i d  o b ta in e d  from  th e  m other  

l i q u o r s  were c h ro m a to g rap h ed , b u t  no s e p a r a t io n  o f  any 

m ix tu re  was a c h ie v e d .

i i )  The e x p e r im e n t  was r e p e a te d  a s  b e fo re  u s in g  A -p f-  

am yrad iene  (3 g* ) ,  c h lo ro fo rm  (320 c . c . )  and p e rb e n z o ic  

a c id  (4 .2 3  g . 2*3 a to m s) .  A f t e f  168 h o u rs  t i t r a t i o n  i n d i ­

c a te d  t h a t  1*33 atom s o f  oxygen had been a d so rb e d .  W orking 

up  a s  b e fo r e  gave a  y e l lo w  r e s i n  which c r y s t a l l i s e d  as  

y e l lo w  p l a t e s ,  m .p . c a .  I7 0 0 . C ontinued  c r y s t a l l i s a t i o n  

from  c h lo ro fo rm -m e th a n o l  f a i l e d  to  remove t h e  c o lo u r  o r
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g iv e  m a t e r i a l  o f  c o n s ta n t  m e l t in g  p o i n t .  Chrom atography 

e v e n t u a l l y  gave a low y i e l d  o f  m a t e r i a l  c r y s t a l l i s i n g  

from  aqueous a lc o h o l  a s  c o l o u r l e s s  "blades, m .p . 2 0 6 -2 1 0 ° .

Two specim ens were p re p a re d  f o r  a n a l y s i s  and s p e e to -  

g ra p h ic  e x a m in a t io n ,  "but, on d r y in g  i n  v acu o , a t  t h e  

te m p e r a tu re  o f  b o i l i n g  x y le n e ,  one o f  th e s e  tu rn e d  y e l lo w ,  

and t h e  m e l t in g  p o i n t  d ropped  t o  I4O -I500 . No s e l e c t i v e  

a d s o r p t io n  was shown i n  th e  u l t r a - v i o l e t  r a n g e ,  however. 

(Found: C ,8 0 .3 ;  Hf 1 0 . 8S& CjQH^gOg r e q u i r e s :  C , 8 l . 8 ;  H ,1Q .9 ;S).

A c t io n  o f  Hydrogen P e ro x id e  on l-c^ -A m y rad len e  -  The 

hy d ro ca rb o n  (1 g . ) i n  benzene (50 c . c . )  was t r e a t e d  w i th  

hydrogen  p e ro x id e  (0 .2 1  g . 2 .5  atom s) i n  a c e t i c  a c id  (50 

c . c . )  on a  s team  b a th  f o r  3 h o u r s ,  poured  i n t o  w a te r ,  and 

th e  benzene l a y e r  s e p a r a te d  and worked up i n  t h e  u s u a l  

m anner. A s o l i d  was o b ta in e d  which c r y s t a l l i s e d  from  

b e n z e n e - a lc o h o l  a s  b l a d e s ,  m .p . 203-2050 . (F ound i 0 , 8 6 . 3 ;

H ,11 . 5$ c 30h 48°  r e q u i r e s :  0 ,8 4 .9 ;  H ,1 1 . 3%: C30H48 r e q u i r e s :  

0 , 8 8 .2 ;  H .11 . 8#  ) 2380A, Smai< -  1 7 , 000 .

The p ro d u c t  gave no m .p . d e p r e s s io n  on a d m ix tu re  w i th  

s t a r t i n g  m a t e r i a l ,  o f  woth th e  p ro d u c t  m .p . 201-203° 

o b ta in e d  by Mr. S .B .R u f f , u s in g  p o ta s s iu m  perm angana te  a s  

th e  o x i d i s i n g  a g e n t .

A c t io n  o f  P o ta s s iu m  Perm anganate  on 1-cV -A m yrad iene .

i )  I n  p y r i d i n e  s o l u t i o n  -  1-c^ -A m yrad iene  (1 g . ) i n  

p y r i d i n e  (100 c . c . )  was t r e a t e d  w i th  a s o l u t i o n  o f  p o ta s s iu m  

perm angana te  (0 .8  g . ) i n  w a te r  (10 c . c . )  o v e r  a p e r io d  o f
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1 hour on a steam  h a th .  D e e o lo u r i s a t i o n  o c c u r r e d ,  and 

m anganese d io x id e  s e p a r a t e d .  A f t e r  h e a t i n g  f o r  a f u r t h e r  

h our w ith  a d d i t i o n  o f  more p y r i d in e  (20 c . c . ) ,  t h e  

s o l u t i o n  was f i l t e r e d  h o t .  On c o o l in g ,  c r y s t a l s  s e p a r a t e d ,  

and were c o l l e c t e d .  C r y s t a l l i s a t i o n  from  b e n z e n e - a lc o h o l  

gave p u re  s t a r t i n g  m a t e r i a l ,  m .p . 197- 199°• The m other  

l i q u o r s  were poured  i n t o  w a te r ,  and e x t r a c t e d  w ith  b en zen e , 

when a  f u r t h e r  s m a l l  q u a n t i t y  o f  1 - ^ -am y rad ien e  was 

r e c o v e r e d .

P y r i d i n e  a lo n e ,  when t r e a t e d  i n  th e  same way, was 

found to  decompose th e  perm anganate  s o l u t i o n .

i i )  I n  A c e t ic  Acid S o lu t io n  -  l - c (  - im y ra d ie n e  (1 g . ) i n  

a c e t i c  a c id  ( s t a b i l i s e d ,  150 c . c . )  was r e f l u x e d ,  and perman­

g a n a te  (0 .6  g . ,40) i n  w a te r  (10 c . c . )  added d ro p w ise .  At 

f i r s t  d e e o l o u r i s a t i o n  was i n s t a n t a n e o u s ,  b u t  i t  to o k  p la c e  

more s lo w ly  s u b s e q u e n t ly .  A f t e r  2 h o u r s ,  th e  s o l u t i o n  was 

f i l t e r e d  h o t ,  and th e  volume red u ced  i n  vacuo . I t  was th e n  

l a r g e l y  d i l u t e d  w i th  w a te r ,  and e x t r a c t e d  w ith  ben zen e . 

Removal o f  th e  benzene  l e f t  a  r e s i n o u s  m ass, p a r t  o f  which 

c r y s t a l l i s e d  when l e f t  i n  a l c o h o l i c  s o l u t i o n  a t  0 ° ,  g iv in g  

y e l lo w  n e e d l e s ,  m .p . I9 6 -2 0 4 0 . Two su b seq u e n t  c r y s t a l l i s a ­

t i o n s  gave a lm ost c o l o u r l e s s  n e e d l e s ,  m .p . 21 0 -212 ° .

i i i ) I n  Carbon T e t r a c h l o r i d e - A c e t i c  Acid S o lu t io n  -

1- ^ - i m y r a d i e n e  (1 g . ) i n  c a rb o n  t e t r a c h l o r i d e  (50 c . c . )  and 

a c e t i c  a c id  (100 c . c . )  was r e f l u x e d  on a  w a te r  b a th ,  and 

p o ta s s iu m  perm angana te  (0 .6  g. ,40 )  i n  w a te r  (7 c . c . )  added 

d ro p w ise  o v e r  a  p e r io d  of 45 m in u te s ,  and r e f l u x i n g  c o n t in u e d
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f o r  a f u r t h e r  h o u r .  The s o l u t i o n  was f i l t e r e d  h o t ,  c o o le d ,  

pou red  i n to  w a te r ,  and th e  c a r t o n  t e t r a c h l o r i d e  l a y e r  

s e p a r a t e d  and washed. I t  was e v a p o ra te d  i n  vacuo a f t e r  

d r y i n g  o v e r  sodium c a rb o n a te .  The y e llo w  s o l i d  which 

rem ained  was c r y s t a l l i s e d  f i v e  t im e s  from  b e n ze n e -m e th an o l  

g iv in g  c o l o u r l e s s  n e e d le s ,  m .p . 21 4 -215 ° . -  6 0 . 2°

(c = 0 . 6 ) (Found: 0 , 8 4 .6 ;  H , l l . l ^  r e q u i r e s :  C ,8 4 . 9 >

h , i i . 3 jS).

The p ro d u c t  showed U.V. a b s o r p t io n  o ve r  a  c o n s id e r a b le  

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

A ttem pted  i s o m e r i s a t i o n  o f  th e  p ro d u c t  C30S482. " ^ke p ro d u c t  

(0 .8  g . )  i n  c h lo ro fo rm  (10 c . c . )  and a c e t i c  a c id  (20 c . c . )  

was t r e a t e d  w i th  h y d r o c h lo r i c  a c id  (conc . 1 c . c . )  f o r  30 

m in u te s  a t  4O0 , poured  i n t o  w a te r ,  and e x t r a c t e d  w i th  e t h e r .  

The p ro d u c t  c r y s t a l l i s e d  a s  b l a d e s ,  m .p . 21 4 -216 ° , from  

c h lo ro fo rm -m e th a n o l  (Found: 0 ,8 4 .4 ;  H ,1 1 .2  c 5oH48° re( i u i r e s :

0,84.9; H,11 . 3%).
There was no s e l e c t i v e  a d s o r p t io n  i n  th e  U.V. r a n g e .

A c t io n  o f  Hydrogen P e ro x id e  on ^ - A m y r in  j e s t e r s ,

a) ^ -A m y r in  B enzoate  -  /^-A m yrin b e n zo a te  (10 g . ) i n  a c e t i c  

a c id  (400 c . c . )  was s t i r r e d  a t  100° .  A s o l u t i o n  o f  hydrogen  

p e ro x id e  (30%, 60 c . c . )  i n  a c e t i c  a c id  (60 c . c . )  was p r e ­

p a re d ,  and a p o r t i o n  (80 c . c . )  was added d ro p w ise  o v er  a  

p e r io d  o f  20 m in u te s ,  and c o n d i t i o n s  m a in ta in e d  f o r  a f u r t h e r  

2 h o u r s ,  d u r in g  which a l l  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 .

The re m a in d e r  o f  th e  p e ro x id e  s o l u t i o n  was added , and a f t e r
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a f u r t h e r  h o u r ,  hot w a te r  was dropped i n  u n t i l  th e  s o lu ­

t i o n  rem ained  t u r b i d .  The s t i r r e r  was s to p p e d ,  and th e  

s o l u t i o n  a llow ed  to  c o o l .  The c o l l e c t e d  s o l i d  was r e -  

c r y s t a l l i s e d  from  b e n zen e-m eth an o l  g iv in g  ^ - a m y r i n  b e n z o a te  

o x id e  (5 g . , 48#) a s  f i n e  n e e d l e s ,  m .p. 2 1 7 -2 1 9 ° .

I 3 I . 8 0 (c = 2 .9 6 ) .  Found: C ,8 l . 7 ; H ,9 «6% r e q u i r e s :

0 ,8 1 .3 5  H, 10.0%) •

L ig h t  a b s o r p t io n  i n  a l c o h o l ,  A = 23OOA, = 1 3 ,4 0 0 .
IH q a  •

The a c e t i c  a c id  m o ther  l i q u o r s  were l a r g e l y  d i l u t e d  w i th  

w a te r  and e x t r a c t e d  w i th  b en zen e , g iv in g  in  v e ry  low y i e l d  

(2- 5%) a p ro d u c t  a s  p l a t e s  from  c h lo ro fo rm -m e th a n o l ,  m .p . 

305-3IO 0 ( s o f t e n s  o a .  300° ) .  -  107° (C = 2 . 2 4 ) .

(Found: C ,7 7 . b ,  7 7 - 2 ; H ,9 *3 , 9 -4 % ° 3f H58°5 r «Qu l r e s :  0 , 7 7 . 2 : 

H ,9 . 6$ ) .

The u l t r a  v i o l e t  a n s o r p t io n  spec trum  showed no s e l e c t i v e  

a b s o r p t io n .

b) pj  -A n y r in  A c e ta te  -  The a c e t a t e  (10 g . ) i n  a c e t i c  a c id  

(4OO c . c . )  was t r e a t e d  w ith  hydrogen p e ro x id e  a s  d e s c r ib e d  

f o r  th e  b e n z o a te  u n d e r  a ) .  The c rude  ox id e  formed p l a t e s  

from  c h lo ro fo rm  m e th a n o l ,  m .p . 20 7 -2 0 9 ° , { J j j  -*-105°

(C -  1 .5 8 )  (Found: 0 , 7 9 - 7 ; H ,1 0 . 9%. ^ 2 ^ 5 2 ^ 3  re<lu i r e s :

0 , 7 9 . 3 ; H ,10 . 7%) (Y ie ld  5 g . ) .

T h is ,  on f r a c t i o n a l  c r y s t a l l i s a t i o n  from  a lc o h o l ,  gave 

t h r e e  f r a c t i o n s  o f  c o n s ta n t  m e l t in g  p o i n t : -
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■A. m .p .  208- 210° ,  j y j j 7 + -100° (C = 2 . 1 2 )

B. m .p . 203- 205° ,  ^ + 117. 6° 1 0 - 3 . 4 6 *

C. m .p . 203- 205° ,  I I 4 . 5 0 ( O - 3 . 1 9 )

F r a c t i o n  B, (2 g . ) ,  h a v in g  th e  h ig h e s t  o p t i c a l  r o t a t i o n

was ch rom atog rap hed , g iv in g  a  f u r t h e r  t h r e e  f r a c t i o n s ,  rhe  

f i r s t  (0 .2 7  g . ) was unchanged ^ - a m y r i n  a c e t a t e ,  m .p . 227- 

2 2 9° , ( / ] J /+ 7 7 ° • The second ( I .5 0  g . ) was p u re  ct - a m y r in  

a c e t a t e  o x i d e , m .p . 207- 2090 , Q ^ p + 1 1 4 0  (C -  2 . 29) (Found: 

G, 7 9 . 3 , H ,10 . 5% C52H520 j  r e q u i r e s :  0 , 79*3 , H ,10 . 7%). The 

t h i r d  (0 .1 8  g . )  m e l te d  a t  217- 219° (Found: 0 , 78 *9 * H ,10 . 6%) 

and was p r o b a b ly  a m ix tu r e .

The b y -p ro d u c t  o b ta in e d  from  th e  a c e t i c  a c id  m other 

l i q u o r s  fo rm s v e ry  s m a ll  f i n e  n e e d le s  from  c h lo ro fo rm -  

m e th a n o l  decom posing 270- 280° .  The m e l t in g  p o in t  i n  a 

s e a l e d ,  e v a c u a te d  tu b e  was 2 8 4 -2 9 0 ° , s o f t e n i n g  a t  2 8 0 -2 8 4 ° .  

[ j O / 1 -  129° (C = 2 . 0 4 ) .

N e i t h e r  t h e  o x id e  n o r  th e  b y -p ro d u c t  show s e l e c t i v e  

a d s o r p t io n  i n  th e  u l t r a - v i o l e t .

A c t io n  o f  Ozone on ^ -A m y rin  B s t e r s . ( c f .  R u z ic k a ,  J e g e r ,  

R e d e l  and V o l l i ,  H e lv . (1944) ,  2 8 > ^9 9 )•

a) / -^ - Im y rin  B enzoate  -  The b e n zo a te  (2 .5  g . ) in  d ry  

r e d i s t i l l e d  ca rb o n  t e t r a c h l o r i d e  (50 c . c . )  was s u b je c t e d  to  

a  s t r e a m  o f  ozone (c .2 .5% ) i n  oxygen f o r  a  p e r io d  o f  7 h o u rs  

a f t e r  which a  specim en o f  th e  s o l u t i o n  gnve no y e llo w  c o lo u r  

i r i t h  t e t r a n i t r o m e t h a n e .  The carbon  t e t r a c h l o r i d e  was 

removed by d i s t i l l a t i o n ,  and th e  o zo n id e  b o i le d  w i th  w a te r
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f o r  1 h o u r ,  and th e  p ro d u c t  e x t r a c t e d  w i th  benzen e . The 

s m a ll  a c id  f r a c t i o n  was e x t r a c t e d  by w ash ing  th e  benzene 

w ith  d i l u t e  c a u s t i c  soda s o l u t i o n .  I t  p roved  too  s m a l l  

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

from  c h lo ro fo rm -m e th a n o l ,  g iv in g  ^ - a m y r i n  b e n zo a te  o x id e  

a s  n e e d l e s ,  m .p . 215- 217° ,  ( g ) , ^  1 30 .3°  (C = 2 . 9 7 ) .

(Y ie ld  1 .5  g . ) .

b) , ^ - lm y r in  A c e ta te  when t r e a t e d  e x a c t l y  a s  d e s c r ib e d  

above f o r  th e  b e n z o a te  gatie ,V -am y rin  a c e t a t e  o x id e  a s  

s m a l l  b l a d e s  from  aqueous a c e to n e ,  m .p . 20 8 -2 1 0 ° , 1110

(C = 3 . 1 0 ) .  (Found: 0 , 79*8 ; H ,10 . 7 /fc c j 2H52^3 re<lu i r e s :  

0 , 7 9 . 3 ;  H ,10 .7% ).

i i )  When s u b je c te d  to  a s t r e a m  o f  ozone i n  oxygen, th e  

a c e t a t e  c o m p le te ly  r e a s t e d  i n  j u s t  u n d e r  2 h o u r s ,  and t h e  

p ro d u c t  c r y s t a l l i s e d  from  b e n z e n e -m e th an o l ,  g iv in g  

iX— am yranonyl a c e t a t e  (1 g . )  a s  p l a t e s ,  m .p . 280 -282°d . 

( S in t e r e d  a t  278° )  11. 5° (0 = 1 . 5 7 ) .  The m .p . i n  a

s e a le d  tu b e  i n  vacuo was 294-29 6° .

A c t io n  o f  p o ta s s iu m  perm angana te  on ^ - i m y n i n  B enzoate  -  

o (-A m yrin  b e n z o a te  (1 g . )  i n  a c e t i c  a c id  ( s t a b i l i s e d ,  75 

c . c . )  was s t i r r e d  a t  100° ,  and p o ta s s iu m  perm angana te  1O.24 

g . ) i n  w a te r  (8 c . c . )  d ropped  i n  o ve r  a p e r io d  o f  30 

m in u te s .  The c o n d i t i o n s  were m a in ta in e d  f o r  2 h o u rs  a f t e r  

which th e  brown s o l u t i o n  was poured  i n t o  w a te r ,  and e x t r a c t e d  

w i th  e t h e r .  The s o l i d  p ro d u c t  on c r y s t a l l i s a t i o n  from  

a lc o h o l  gave some unchanged s t a r t i n g  m a t e r i a l ,  w h i le  f rom



t h e  m o th e r  l i q u o r s  was o b ta in e d  d -am y r in  b e n z o a te  ox ide  

(200 m g.) m .p . 2 1 7 -2 1 9 ° ,  u n d e p re s s e d  on a d m ix tu re  w i th  an 

a u t h e n t i c  specim en .

A ttem pted  H y d r o ly s i s  o f  d  - i m y r i n  B enzoate  Oxide -  i )  The 

o x id e  (1 g . ) i n  a l c o h o l  (50 c . c . )  and benzene  (10 c . c . )  was 

r e f l u x e d  on a  w a te r  b a th  w i th  p o ta s s iu m  h y d ro x id e  s o l u t i o n  

(10% 10 c . c . )  f o r  b h o u r s ,  and a llow ed  t o  s ta n d  o v e r n i g h t .

The s o l u t i o n  was th e n  poured  i n t o  w a te r ,  and e x t r a c t e d  w i th  

e t h e r .  A r e s i n o u s  p ro d u c t  was o b ta in e d  w hich  c o u ld  n o t  be 

c r y s t a l l i s e d ,  and so was a c e t y l a t e d  by a c e t i c  a n h y d r id e  

(5 c . c . )  i n  p y r i d in e  (5 c . c . )  f o r  15 m in u te s  a t  100° .  Many 

c r y s t a l l i s a t i o n s  o f  th e  p r o d u c t  gave <?(-amyranonyl a c e t a t e ,  

m .p . 280- 2820 ( d . )  ( S in te r e d  a t  278°) u n d e p re ss e d  on 

ad m ix tu re  w i th  a specim en o b ta in e d  by t h e  a c t i p n  o f  ozone 

on ^ - a m y r i n  a c e t a t e .

i i )  The o x id e  (2 g . ) i n  m e th a n o l  (100 c . c . )  c o n t a i n i n g  

p o ta s s iu m  h y d ro x id e  (1 g . )  was r e f l u x e d .  A f t e r  1 h o u r ,  

benzene  (20 c . c * )  was added to  a id  s o l u t i o n  o f  th e  m a t e r i a l ,  

and r e f l u x i n g  c o n t in u e d  f o r  2 h o u rs  m ore. The s o l u t i o n  was 

pou red  i n t o  w a t e r ,  and e x t r a c t e d  w ith  b e n z e n 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  gave unchanged  s t a r t i n g  m a t e r i a l  (O.85 g. i 

w h ile  from  th e  m o th e r  l i q u o r s  was o b ta in e d  a  n o n - c r y s t a l i i s a ­

b l e  r e s i n .  T h is  was a c e t y l a t e d  by a c e t i c  a n h y d r id e  (2 c . c . )  

i n  p y r i d i n e  (5 c .c * )  f o r  l 8  h o u rs  a t  room te m p e r a tu r e .  The 

a c e t y l a t e d  p ro d u c t  c r y s t a l l i s e d  from  aqueous a c e to n e  t o  g iv e  

v e ry  s m a l l  b l a d e s ,  m .p . 1 9 8 -2 0 0 ° . Q / ] ^ ^ 113 *9° (0 = 1 *5 8 )



(Found: 0 , 7 9 . 3 ;  H ,10 . 5% r e q u i r e s :  0 , 79* 3 » H ,1 0 *7 ^ ) .

T h i s ,  on i s o m e r i s a t i o n ,  a s  d e s c r ib e d  be lo w , gave ^  -  

am yranony l a c e t a t e ,  m .p . 280-282° ( d . ) .

R earran gem en t o f  t h e  O x ides  was c a r r i e d  o u t  i n  c h lo ro fo rm -  

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

(see  R u 2 ic k a ,  J e g e r ,  R e d e l  and V o l l i ,  H e lv . , ( 1944)» 2 8 , 1 99)*

The b e n z o a te  o x id e  g iv e s  ,? ( - am yranonyl b e n z o a te  i n  $0 % 

y i e l d  a s  p l a t e s  from  c h lo ro fo rm -m e th a n o l ,  m .p .  2 2 7 -2 2 9 ° , 

[ X ] p + 2 4 . 7° (C = 2 . 0 2 ) .  (Found i C ,8 l . 0 j H ,10 . 2fr C37H54O, 

r e q u i r e s :  C ,8 l . 3 ; H ,10 . 0 $ ) .  L ig h t  a b s o r p t io n  i n  a l c o h o l ,

/\ = 2290A, Smax. = 13 , 000 . From t h e  m other l i q u o r s  a r e  

o b ta in e d  a m ix t u r e ,  a s  n e e d l e s ,  m .p . 223- 225° ,  ( S i n t e r s  

2 1 6 -2 2 3 ° ) ,  92 *3° s  2 .2 )  which was i n v e s t i g a t e d  a s

d e s c r i b e d  below .

^ -A m yran ony l a c e t a t e  i s  o b ta in e d  i n  bO% y i e l d  a s  p l a t e s  

from  c h lo ro fo rm -m e th a n o l ,  m .p . 280- 282° ( d . ) .  S i n t e r i n g  a t  

278° (m .p. in  a  s e a le d  tu b e  i n  v a cu o , 294-296°)

(C = 1 . 5 7 ) (Found: 0 , 79 . 1 ; H,10.$7b r e q u i r e s :  0 ,7 9 .3

H ,1 0 . 7%) L ig h t  a b s o r p t io n  i n  a l c o h o l ,  ^  » 2820A, Bmax. =225

A ttem p ted  0 x1 mg F o rm a tio n  - ^ -A m y ra n o n y l  b e n z o a te  (0 .5  g . ) 

i n  a l c o h o l  (25 c . c . )  was t r e a t e d  w i th  hydroxy lam ine  h y d ro ­

c h l o r i d e  (1 g . ) and sodium a c e t a t e  (1 g . ) ,  b o th  d i s s o l v e d  

i n  th e  minimum o f  w a te r ,  and r e f l u x e d  f o r  1 h o u r ,  t f a te r  was 

added , and th e  c o l l e c t e d  s o l i d  c r y s t a l l i s e d  a s  unchanged 

s t a r t i n g  m a t e r i a l .



I n v e s t i g a t i o n  o f  th e  n e e d le s  i s o l a t e d  from  t h e  m o the r  

l i q u o r s  o f  b e n z o a te  a f t e r  re a r ra n g e m e n t  o f  t h e  o x id e  -

i )  ^ - A m y r in  b e n z o a te  o x id e  (4*7 S*) was i s o m e r i s e d  g iv in g  

th e  k e to n e  (2 g . ) and a q u a n t i t y  o f  s o l i d  (2 .7  g . ) from  th e  

m o th e r  l i q u o r s  w hich  was c h ro m a to g ra p h ed , 17 f r a c t i o n s  

b e in g  th k e n .  F r a c t i o n s  £) -  8) (0 ,9  g . )  on r e c r y s t a l l i s a ­

t i o n ,  behaved l i k e  t h e  c ru d e  k e to n e ,  g iv in g  some o f  t h i s ,  

t o g e t h e r  w i th  th e  m ix tu r e  u n d e r  i n v e s t i g a t i o n .  F r a c t i o n s  

9 ) -  1 2 ) (0 .2 9  g*) gave n e e d l e s  m .p . 218- 220° .  The 

re m a in d e r  (1 .3  g -)  gave m .p . 232-236° ( s i n t e r i n g  above 228°) 

Q?Qj1 + 88 . 4 0 (C = 2 . 2 5 ) (Found: 0 , 8 1 . 7 ; H ,1 0 . 2%

r e q u i r e s :  C ,8 l . 3 ; H,10.0% . T h is  was re c h ro m a to g ra p h e d ,  b u t  

no s e p a r a t i o n  was a c h ie v e d .

T h is  l a s t  f r a c t i o n  (100 m g.) i n  a c e t i c  a c id  (3 c . c . )  

was t r e a t e d  a t  60° w i th  brom ine i n  a c e t i c  a c id  (13$ 2 c . c . ) ,  

a l lo w e d  to  s ta n d  f o r  10 m in u te s ,  pou red  i n t o  w a te r ,  and 

e x t r a c t e d  w i th  e t h e r .  The p ro d u c t  was b rom o-o^-am yranony l 

b e n z o a te ,  m .p .  1 8 6 -1 8 8 ° ,  c r y s t a l l i s i n g  a s  p l a t e s  from  

c h lo ro fo rm -m e th a n o l .  (Found: B r . 1 3 *1$  B r. r e q u i r e

B r, 1 2 . 8%).

i i )  The c ru d e  m a t e r i a l  a s s o c i a t e d  w i th  th e  k e to n e  (0 .5  g . )  

i n  a c e t i c  a c id  (20 c . c . )  was t r e a t e d  a t  60° w i th  b rom ine i n  

a c e t i c  a c id  (13% 8 c , c . )  and a llow ed  to  c o o l .  The bromo- 

eompound which s e p a r a t e d  was 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  to  g iv e  bromo-c^ -a m y ra n o n y l  b e n z o a te  (250 mg) a s  

p l a t e s ,  m .p . I 8 4 - I 8 6 0 , ( U ] / + 2 4 *1° (C = 2 .2 8 ) .



6 l.

H y d r o ly s i s  o f  -A m yranonyl B en zo a te  -  The ke to n e , (3 g * ) 

was d i s s o l v e d  i n  benzene  (20 c . c . )  and r e f l u x e d  w ith  a l c o h o l  

(100 c . c . )  c o n t a i n i n g  aqueous p o ta s s iu m  h y d ro x id e  (10%,

30 c . c . )  f o r  7 h o u r s ,  and a llow ed  t o  s ta n d  o v e rn ig h t  a t  room 

t e m p e r a t u r e .  A f t e r  r e d u c t i o n  o f  t h e  volume by d i s t i l l a t i o n  

i n  v a c u o ,  t h e  s o l u t i o n  was poured  i n t o  w a te r ,  and e x t r a c t e d  

w i th  e t h e r .  An e x c e e d in g ly  s o lu b le  r e s i n o u s  p ro d u c t  was 

o b t a i n e d ,  which was d iv id e d  i n t o  two p o r t i o n s .

The f i r s t  o f  t h e s e  was ab so rbed  on a lu m in a ,  and f r a c ­

t i o n a l l y  e l u t e d ,  benzene  rem oving  O .36 g . o f  a  c r y s t a l l i n e  

s o l i d ,  w hich  was t a k e n  up  i n  m e th an o l  ( a q . ) .  C o lo u r l e s s  

c u b es  s e p a r a t e d  on lo n g  s t a n d in g ,  and on r e c r y s t a l l i s a t i o n  

from  t h e  same s o l v e n t  gave n e e d l e s ,  m .p . 218- 220° .  (Found 1 

C ,8 0 . 0 , 7 9 . 2 ; H ,10 . 6 , 10 . 6%). L ig h t  a b s o r p t io n  i n  a l c o h o l  

showed two maxima, 25IO, -“̂ max. " 2 5 ,8 0 0 ,  1 0 , 0 0 0 .

The second  p o r t i o n  was h e a te d  on a s team  b a th  f o r  20 

m in u te s  w i th  p y r i d in e  (10 c . c . )  and a c e t i c  a n h y d r id e  (20 

c . c . )  pou red  i n t o  w a t e r ,  and e x t r a c t e d  w i th  e t h e r .  C r y s t a l l i ­

s a t i o n  o f  t h e  p ro d u c t  from  c h lo ro fo rm -m e th a n o l  gave d -  

am yranony l a c e t a t e  a s  f a i n t l y  y e l lo w  p l a t e s ,  m .p . 282-284°

(d. S i n t e r e d  a t  278°) u n d e p re s s e d  on a d m ix tu re  w i th  an 

a u t h e n t i c  specim en • r  11 . 6° (C * I . 6 3 ) .

From t h e  m o th e r  l i q u o r s  were o b t a i n e d ,  i n  e q u a l  q u a n t i t y ,  

a  compound fo rm in g  n e e d l e s  from  c h lo ro fo rm -m e th a n o l ,  m .p .

2 3 0 -2 3 2 ° ,  3 7 - 9°  (c = 1 *9 5 )-  (Found: 0 , 7 8 . 4 ,  7 8 - 7 ;

H, 1 1 .1 ,  1 1 .4 # ) .
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,>(-Amyranonol -  ^ -A m y ra n o n y l  b e n z o a te  o r  a c e t a t e  (1 g . ) 

was r e f l u x e d  w i th  1% p o ta s s iu m  h y d ro x id e  in  m e th y la te d  

s p i r i t s  (50 c . c . )  f o r  2 h o u r s ,  pou red  i n t o  w a te r  and 

e x t r a c t e d  w ith  b e n ze n e .  The p ro d u c t  c r y s t a l l i s e d  from  60-  

80° l i g h t  p e t ro le u m  a s  f e r n - l i k e  g row ths  o f  e x c e e d in g ly  f i n e  

n e e d l e s ,  m .p .  218- 220° ,  ~ 4 *9^° (C -  1 *5U  (Found:

C ,8 l . l ;  H ,10.9%  Cj0H^o°2 r e q u i r e s :  C ,8 l . 4 > H , l l .  3 # ) .

A c e t y l a t i o n  o f  ^ (-A m yranonol -  The a l c o h o l  i e x ,^  -am y ra n o n y l  

b e n z o a te ,  0 .5  g . )  i n  p y r i d i n e  (5 c . c . )  and a c e t i c  a n h y d r id e  

2 c . c . )  was l e f t  o v e r n ig h t  a t  room t e m p e r a tu r e .  The a c e t a t e  

began to  s e p a r a t e  a f t e r  a few h o u r s ,  and was f i n a l l y  f i l t e r e d  

o f f ,  and r e c r y s t a l l i s e d  from  c h lo ro fo rm -m e th a n o l  t o  g iv e  

^  -a m y ra n o n y l  a c e t a t e  a s  p l a t e s ,  m .p . 280- 282° (d. S i n t e r e d  

a t  278°) u n d e p re s s e d  on a d m ix tu re  w i th  an a u t h e n t i c  spec im en .

(c = 2 .86) .

1 ^ - im y r a n o n r l  B en zo a te  E n o l A c e ta te  -  -.Amuranonyl b e n z o a te  

(3 g . ) i n  a c e t i c  a n h y d r id e  (60 c . c . )  c o n ta in i n g  fu s e d  sodium 

a c e t a t e  (3 g . ) was r e f l u x e d  f o r  24 h o u r s ,  poured  i n t o  w a te r ,  

and e x t r a c t e d  w i th  e t h e r .  The p ro d u c t  was c r y s t a l l i s e d  from  

aqueous a c e to n e  to  g iv e  t h e  e n o l  a c e t a t e  (2 g . )  a s  s m a l l  

c o l o u r l e s s  b l a d e s ,  m .p .  2 2 0 -2 2 2 ° .  *>5.3° (0 * 7 .3 7 )

(Found: 0 , 79 . 7 ; H .9 . 29/&, r e q u i r e s :  C, 7 9 . 6 ; H ,9 . 52%)(.

-A m yranonyl A c e ta te  E nol A c e ta te  may be p re p a re d  by  t r e a t ­

ment o f  # ( - am yranonyl a c e t a t e  a s  d e s c r ib e d  f o r  t h e  b e n z o a te .  

The p ro d u c t  c r y s t a l l i s e s  a s  n e e d l e s  from  a l c o h o l ,  m .p . 255-  

257° ,  G4 ^ - ^ 4 9 . 20 (0 = 2 . 5 8 ) (Found: C, 7 7 *6 ; H, 1 0 . 1^
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0 r e q u i r e s :  C, 7 7 .6 ;  H, 10 . 25%).

B r o m o - -A m y ra n o n y l  B en zo a te  -  i )  The k e to n e  (0 .5  g*) i n  

g l a c i a l  a c e t i c  a c id  (20 c . c . )  c o n ta in i n g  a t r a c e  o f  h y d ro -  

brom ic  a c i d ,  was t r e a t e d  w i th  a  s o l u t i o n  o f  brom ine in  

a c e t i c  a c id  (7%, 5 c . c . )  a t  60° w i th  s h a k in g .  D e e o lo u r i s a ­

t i o n  o f  th e  s o l u t i o n  was accom panied by s e p a r a t i o n  o f  t h e  

p r o d u c t  which was c o l l e c t e d  a f t e r  10 m in u te s ,  and c r y s t a l l i ­

sed from  c h lo ro fo rm -m e th a n o l  a s  b l a d e s ,  m .p . 186-188° ( d . ) .

27 *1° (C = 2 .3 6 ) .  The y i e l d  was 0 .5  g* (Found: G,

H, 8 . 77% Br. r e q .  C, 7 1 . 0 ; H, 8 .48% ).

i i )  ^ -A m y re n y l  b e n z o a te  o x id e  when t r e a t e d  i n  an a n a lo g e o u s  

manner gave th e  same bromo-compound a s  b l a d e ? ,  m .p . l8 6 - l 8 8 °  

( d . ) .  (Found: C, 71 *4 l  8.56% C37H53°3 510 r e q u i r e s :

C, 7 1 .O ; H, 8 .48% ).

i s o -  c^-Amyrenonyl B enzoate  -  i )  The broijio-compound (200 m g.) 

o b ta in e d  a s  ab o v e ,  was h e a te d  on a  steam  b a th  w i th  a c e t i c  

a c id  (4 c . c . )  c o n t a i n i n g  a t r a c e  o f  hydrobrom ic  a c i d ,  f o r  3 

h o u r s ,  d u r in g  which d a rk e n in g  o c c u r r e d ,  and hydrobrom ic  a c id  

was e v o lv e d .  A f t e r  s t a n d in g  o v e r n ig h t  a t  0 ° ,  th e  m ix tu r e  

was d i l u t e d  w i th  w a te r ,  and th e  c o l l e c t e d  s o l i d  c r y s t a l l i s e d  

from  b e n z e n e -m e th a n o l  ( n o r i t e ) ,  g i v in g  t h e  r e q u i r e d  p r o d u c t  

a s  s m a l l  p r i s m s ,  m .p .  212-214°*

i i )  ^ - A m y r e n y l  b e n z o a te  o x id e  (5 g*) i a  a c e t i c  a c id  (150 

c . c . )  c o n t a i n i n g  a  t r a c e  o f  hydrobrom ic  a c id  was t r e a t e d  a t  

60° w i th  a s o l u t i o n  o f  brom ine i n  a c e t i c  a c id  (12.8%, 15 c . c . )



o v e r  a p e r io d  o f  10 m in u te s  d u r i n g  which th e  b rom o-ketone  

s e p a r a t e d .  The m ix tu r e  was t h e n  h e a te d  on a  s team  h a th  f o r  

2 h o u r s ,  when t h e  s o l i d  d i s s o l v e d ,  d a rk e n in g  o c c u r r e d ,  and 

hydro0 hrom ic a c id  was e v o lv e d .  A f t e r  s t a n d ig g  o v e rn ig h t  

a t  0 ° ,  th e  f r o z e n  m ass was d i l u t e d  w ith  w a te r ,  and th e  

c o l l e c t e d  s o l i d  c r y s t a l l i s e d  from  b e n z e n e - a lc o h o l  ( n o r i t e )  

g i v in g  i s o - o( -a m y re n o n y l  b e n z o a te  (3 gw) a s  s m a l l  p r i s m s ,  

m .p . 2 1 2 -2 1 4 ° ,  u n d e p re s s e d  on a d m ix tu re  w ith  th e  p r e v i o u s l y  

o b ta in e d  spec im en . 9^ * 8° (C = I . 9 6 )  (Found: C, 8 1 . 7 ;

H, 9 . 7 % r e q u i r e s :  C, 8 l . b ;  H, 9 . 6 %).

i s o -  ,?(-Amyrenonyl A c e ta te  -  i )  ^ -A m y ra n o n y l  a c e t a t e  (1 g . ) 

i n  a c e t i c  a c id  (50 c . c . )  c o n t a i n i n g  a t r a c e  o f  hydrobrom ic  

a c id  was t r e a t e d  w ith  a  s o l u t i o n  o f  brom ine i n  a c e t i c  a c id  

(8$ , 8 c . c . )  o v e r  a  p e r io d  o f  10 m in u te s  a t  50- 60° •  The 

brom ine was d e c o l o u r i s e d ,  b u t  no s o l i d  s e p a ra te d *  The 

s o l u t i o n  was h e a te d  on a  s team  b a th  f o r  Z h o u r s ,  and l e f t  

o v e r n ig h t  a t  0° .  I t  was worked u p y ( in 'th e  c a se  o f  th e  

b e n z o a te .  The p r o d u c t  c r y s t a l l i s e d  a s  p l a t e s ,  m .p .  284-286° 

( d . )  from  b e n z e n e -m e th a n o l ,  and gave no m .p . d e p r e s s io n  on 

a d m ix tu re  w i th  ,^ -a m y ra n o n y l  a c e t a t e .  The s p e c i f i c  r o t a t i o n  

o f  t h e  p ro d u c t  was £ ^ ] j ,' 8 7 . 4 0 s  2 *°7 ) (Found: 0 , 7 9 .4 :  

H ,1 0 . 6$  r e q u i r e s :  C ,79«6 j H ,10 . 5$)* L ig h t  a b s o r p t io n

I n  a l c o h o l ,  \  -  2520A, a 7 ,5 0 0 .

i i )  i s o - ^ - A m y r e n o n o l  (0 .5  g . , o b ta in e d  by h y d r o l y s i s  o f  

th e  b e n z o a te ,  see  below ) was r e f l u x e d  f o r  15 m in u te s  w i th  

a c e t i c  a n h y d r id e  (5 c . c . ) ,  and a  l i t t l e  fu se d  sodium a c e t a t e .
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On c o o l i n g  i s o - y( -a m y re n o n y l  a c e t a t e  s e p a r a t e d ,  and was 

c o l l e c t e d  and r e c r y s t a l l i s e d  from  b e n z e n e -m e th a n o l  a s  

p l a t e s ,  m .p . 284-286° ( d . ) .  ( l / j !  + 8 2 . 8 ° (C = 1 . 9 2 ) .  T here  

was no m .p . d e p r e s s io n  on a d m ix tu re  w i th  a specim en o b ta in e d  

by m ethod i )  •

i s o -o>(-imyTenonol -  i )  i s o -  U -am y ren o n y l  b e n z o a te  (2 g . )  i n  

a l c o h o l i c  p o ta s s iu m  h y d ro x id e  (12%, 150 c . c . )  was r e f l u x e d  

f o r  4 h o u r s ,  and l e f t  o v e r n ig h t  a t  room te m p e r a tu r e .  The 

s o l u t i o n  was poured  i n t o  w a te r ,  and th 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 c r y s t a l l i s e d  from  aqueous a lc o h o l  ( n o r i t e )  

g i v in g  i s o - iX- amyrenono1 a s  f i n e  n e e d l e s ,  m .p . 2 4 I -2 4 2 0 ,

7 1 .0 °  (c = 1 .9 9 ) .

i i )  i s o  - ^ - .A m yrenony l a c e t a t e  (1 .3  g . )  i n  a l c o h o l  (50 c . c . )  

and aqueous p o ta s s iu m  h y d ro x id e  (40%, 5 c . c . )  was r e f l u x e d  

f o r  2 h o u rs  on a s team  b a th ,  and worked up a s  abo ve . The 

p r o d u c t  formed lo n g  f i n e  n e e d l e s ,  (p (Jp^ '75* l0 » (c = 2 .1 5 ) ,  

m .p . 241-242°  u n d e p re s s e d  w i th  a  p r e v i o u s  specim en. (Found:

C, 8 2 . 0 ; H, 1 1 . 1% CjoH^QOg r e q u i r e s :  C, 8 l . 8 ;  H, 1 0 . 9 %).

L ig h t  a b s o r p t io n  i n  a l c o h o l ,  }\ = 2500A, * 9>300.

A ttem p ted  K ish n e r -W o lf f  B e d u c t io n  o f  ^ - im y r a n o n y l  A c e ta te  -  

The k e to n e  (1 g . ) ,  sodium  e th o x id e  (1 .2  g . sodium  and 30 

c . c .  a l c o h o l )  and h y d ra z in e  h y d ra te  (98%, 3*4 c . c . )  were 

h e a te d  t o g e t h e r  i n  an a u to c la v e  f o r  18 h o u rs  a t  I9 0 0 . The 

o o n t e n t s  o f  th e  a u to c la v e  were poured  i n t o  w a te r ,  and 

e x t r a c t e d  w i th  e t h e r ,  y i e l d i n g  a  r e s i n  which c r y s t a l l i s e d  

f ro m  aqueous a l c o h o l  to  g iv e ,  i n  v e ry  s m a l l  y i e l d ,  v e r y  f i n e
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n e e d l e s ,  m .p , 237- 239°* (Found: C ,8 1 . 9 ; 8 2 . 1 ; E, 1 2 . 5 , 12 . 6 % 

and from  a su b seq u e n t  p r e p a r a t i o n ,  C, 8l . b ;  H, 12 . 1%

C32^ 54^2 r e q u i r e s :  C, 8 l . 7 * H> 11 *5%)*

The m o th e r  l i q u o r s  y i e ld e d  much r e s i n o u s  m a t e r i a l ,  which 

was a c e t y l a t e d  by h e a t i n g  w i th  a c e t i e  a n h y d r id e  (5 c . c . )  and 

p y r i d i n e  (5 c . c . )  f o r  15 m in u te s  a t  100° .  C r y s t a l l i s a t i o n  

o f  th e  p ro d u c t  gave a  l i t t l e  ^{ -am yrenony l a c e t a t e ,  and an 

unknown compound c r y s t a l l i s i n g  a s  n e e d l e s  from  aqueous a l c o h o l ,  

m.p 24O-2420 . (Found: C, 79*9 , H, 10 . 8 % r e q u i r e s :

C> 7 9 . 7 ; H, 10 . 9%).

A ttem pted  B t h y l a t i o n  o f  (7*\-imyranonol -  The a l c o h o l  (0 .7  &•)

was added to  d ry  t o lu e n e  (10 c . c . )  c o n ta in i n g  f i n e l y  d iv id e d

sodium (0 .0 4  g . , 1 a to m ), and r e f l u x e d  f o r  1 h o u r .  Some

sodium rem a in ed  u n r e a c t e d .  E x cess  o f  e t h y l  i o d id e  (0 .5  c . c . )

was th e n  added , and th e  s o l u t i o n  r e f l u x e d  fo r  a f u r t h e r  h o u r ,

d u r in g  w hich  sodium i o d id e  s e p a r a t e d .  The s o l u t i o n  was p o u red

i n to  w a te r ,  and th e  to lu e n e  l a y e r  washed and d r i e d  (sodium
from

s u l p h a t e ) .  E v a p o r a t io n  to  d r y n e s s  l e f t  a  r e s i n /w h ic h  no 

c r y s t a l l i n e  m a t e r i a l  co u ld  he o b ta in e d .

r ^ - i m y r a n e d io l  was p re p a re d  by r e d u c t io n  o f  ^  - a m y r in  b e n z o a te  

ox id e  w i th  souium i n  amyl a l c o h o l  a s  d e s c r ib e d  by Seymour, 

S h a rp ie s  and S p r in g ,  ( £ . ( 1941 ) ,  3 ^9 ) • p r o d u c t  was c r y s t ­

a l l i s e d  f i r s t  from  l i g h t  p e t ro le u m  (6O-8O0 ) ,  th e n  from  

aqueous a c e to n e ,  g iv in g  f i n e  n e e d l e s ,  m .p . 2 0 0 -2 0 2 ° ,  G

73. 5° (c = 1 . 6 6 ) ,  (2C 5*  70° (0 = 2 . 4 4 ) .
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(X-Amyranedione -  i )  o (-A m yranonol (1 g . ) i n  a c e t i c  a c id  

(17 c . c . )  was t r e a t e d  w i th  a s o l u t i o n  o f  chrom ic a c id  

(0 .2 2  g . )  in  th e  minimum volume o f  w a te r  and a c e t i c  a c id  

(3 c . c . )  A f t e r  s t a n d in g  o v e r n i g h t ,  t h e  m ix tu re  was poured  

i n t o  w a te r ,  and e x t r a c t e d  w ith  e t h e r .  The s m a l l  a c id  

f r a c t i o n ,  i s o l a t e d  by w ash ing  o f  th e  e t h e r  w i th  d i l u t e  

c a u s t i c  soda  s o l u t i o n ,  was n e g l e c t e d .  The n e u t r a l  p ro d u c t  

c r y s t a l l i s e d  from  aqueous a l c o h o l  a s  n e e d l e s ,  m .p . 1 6 6 -1 6 8 ° ,

(C -  2 . 4 2 ) .  Found: C, 8 2 . 0 ; H, 10 . 3% ° 30H48°2 

r e q u i r e s :  C, 8 l . 7 i 1QL.0 %).

i i )  ^ (-A m yraned io l  (1 g . ) i n  a c e t i c  a c id  (17 c . c . )  was 

t r e a t e d ,  a s  above , w i th  chrom ic a c id  (O.44 g . ) i n  a l i t t l e  

w a te r  p l u s  a c e t i c  a e id  (3 c . c . ) .  p^-A m yranedione, m .p . 166-  

168° , u n d e p re s s e d  on ad m ix tu re  w i th  a specim en p re p a re d  a s  

above , was o b ta in e d  i n  low y i e l d  (200 m g .) .

H ydrazone o f  /?(-Amyranedione -  The d io n e  (200 mg.) i n  

a l c o h o l  (10 c . c . )  was t r e a t e d  w i th  h y d ra z in e  h y d ra te  (90%,

1 c . c . )  a t  room t e m p e r a t u r e ,  and l e f t  o v e r n i g h t .  The s o l u t i o n  

was t h e n  poured  i n t o  w a te r ,  and e x t r a c t e d  w i th  e t h e r .  The 

p r o d u c t  c r y s t a l l i s e d  a s  s m a l l  n e e d l e s  from  b e n z e n e - a lc o h o l ,  

m .p . 3 1 4 -3 1 6 ° .  (Found: C, 7^*5 ? 10 . 9% Ojoh 52°2 r e q u i r e s :

0 , 78 .95  H, 11 .4% ).

(V-Amyrenone was p repared - i n  J0 % y i e l d  a c c o rd in g  to  th e  

method o f  B u z ic k a  e t  a l .  (H elv . (1939) 75^) • The p r o d u c t

c r y s t a l l i s e d  a s  t i n y  n e e d l e s  from  a c e to n e ,  m .p . 1 2 5 ° .
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o(-A m yrena -  i )  o{-Amyrenone (6 g . ) sodium e th o x id e  (6 g. 

sodium i n  150 c . c .  e t h a n o l ) ,  and h y d ra z in e  h y d r a te  (90%

18 c . c . )  were h e a te d  t o g e t h e r  i n  an a u to c la v e  a t  l8 0 °  f o r  

18 h o u r s .  On c o o l i n g ,  th e  c o n t e n t s  were poured  i n t o  w a te r ,  

and e x t r a c t e d  w i th  e t h e r .  The e x t r a c t  was washed w ith  w a te r ,  

and d i l u t e  m in e r a l  a c i d ,  th e n  d r i e d  o v e r  sodium s u l p h a te .  

Removal o f  t h e  s o l v e n t  l e f t  a y e llo w  o i l  w hich c r y s t a l l i s e d  

from  e t h a n o l  to  g iv e  c o l o u r l e s s  p l a t e s ,  m .p . 1 0 9 -1 11° ,

9 2 . 6° (C * 1 . 7 5 ) (Found: C, 8 8 . 1 ; H, 12 . 4% O jo ^ O  r e q u i r e s :

C, 8 7 .7 ;  H, 12 . 3 %). The y i e l d  was 3 .5  g. (60%).

i i )  j^-A m yrenone was re d u c e d  by amalgam ated z in c  i n  h y d ro ­

c h l o r i c / a c e t i c  a c id  s o l u t i o n  a s  d e s c r ib e d  by W in t e r s t e i n  and 

S te in  (Ann. (1955) , 5 0 2 . 2 2 3 ) .  The o n ly  p ro d u c t  i s o l a t e d  was 

tX -am yrene, ( ^ J y - 592. 4 0 (0 = 1 * 9 8 ) ,  m .p . 10 9 -1 1 1 ° , u n d e p re s s e d  

on a d m ix tu re  w i th  a specim en p re p a re d  a s  d e s c r ib e d  ab ove .

i i i )  (A -Amyrenone se m ica rb azo n e  (1 g . ) was t r e a t e d  w ith  

sodium e th o x id e  i n  an  a u to c la v e  a s  d e s c r ib e d  by R u z ic k a  e t  

a l#  (H e lv . (1939) , 2 2 , 7 5 8 ) .  The p ro d u c t  was , -am y ren e , m .p . 

109- 111° ,  9 2 . 6° (C « 2 .4 4 ) ,  t h e  y i e l d  b e in g  c a .  400 mg.

R e d u c t io n  o f  o/-Am yrenone w i th  Z inc  and H y d ro c h lo r ic  Acid was 

c a r r i e d  o u t  u s in g  t h e  method d e s c r ib e d  by W i n t e r s t e i n  and 

S t e in  (I b i d . ) t b u t  u s i n g  unam algam ated z i n c .  A sm a ll  q u a n t i t y  

o f  m a t e r i a l ,  c r y s t a l l i s i n g  from  aqueous a c e to n e  a s  n e e d l e s ,  

m .p . 192- 4° was o b t a i n e d .  (Found: C, 8 8 .3 ;  H, 11 . 5% 

r e q u i r e s :  C, 8 8 . 2 ; H, 11 . 8%. T h is  gave no m .p . d e p r e s s io n  

on a d m ix tu re  w ith  1 -c A -a m y ra d ifn e .
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A ttem pted  H y d ro g e n a t io n  o f  .X-Amyrene -  i )  -Amyrene 

(1 g . ) was d i s s o l v e d  i n  e t h y l  a c e t a t e  (100 c . c . )  and 

shaken  i n  an  a tm osphere  o f  hydrogen  i n  th e  p r e s e n c e  o f  a 

p la t in u m  c a t a l y s t  f o r  12 h o u r s .  No hydrogen  was a d s o rb e d ,  

and on f i l t e r i n g  f r e e  from  p la t in u m ,  and rem oving  t h e  

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

i i )  (X-Aayrene (1 .3  g . ) i n  e t h y l  a c e t a t e  (150 c . c . )  i n  

t h e  p re s e n c e  o f  p la t in u m  o x id e  (0 .1  g . )  was t r e a t e d  w i th  

hydrog en  u n d e r  5^ a tm o sp h e re s  p r e s s u r e  a t  a te m p e r a tu re  o f  

75° f o r  6 h o u r s .  A f t e r  a l lo w in g  th e  a u to c la v e  to  c o o l  

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

and removed i n  v a cu o . Unchanged ^ (-am yrene  was r e c o v e r e d .

M-Amyrene Oxide -  ^ -A m y rene  (5 g* ) * a s  t r e a t e d  w i th  

hydrogen  p e ro x id e  i n  a c e t i c  a c id  a s  i n  t h e  p r e p a r a t i o n  o f  

^ l-a m y r in  ‘b e n zo a te  o x id e  ( v . s . ) .  The r e a c t i o n  m ix tu re  was 

d i l u t e d  o n ly  v e r y  s l i g h t l y  a f t e r  c o o l i n g ,  how ever, t o  a id  

c y y s t  a l i i  s a t  io n  o f  some s o l i d  which s e p a r a te d  and was 

c o l l e c t e d .  T h is ,  on c r y s t a l l i s a t i o n ,  gave unchanged h y d ro ­

ca rb on  (0 .5  g . ) .  The a c e t i c  a c id  m o ther  l i q u o r s  were poured  

i n to  w a te r ,  and e x t r a c t e d  w ith  b e n z e n e .  Removal o f  th e  

benzene l e f t  a n o n - c r y s t a l i i  s a b le  gum (3*8 g*) which was 

d i s s o l v e d  i n  5 0 / 5 0 : b e n z e n e / p e t r o l ,  and f i l t e r e d  th ro u g h  

a lu m in a .  A c o l o u r l e s s  o i l  (2 .0  g . ) p a sse d  s t r a i g h t  th ro u g h  

th e  colum n, and was c r y s t a l l i s e d  from  a l c o h o l ,  g i v in g  

amyrene o x id e  a s  p l a t e s ,  m .p . I l b - l l 8 ° ,  ■+ 135*2° (0 =

1 . 9b ) .  (Found: C, 8 4 *5 ; H» 11*9*  C jo ^ O 0 r e q u i r e s :  C, 8 4 .5 ;

H, 11 .7% ).



A second c h ro m a to g ra p h ic  f r a c t i o n  was o b t a i n e d  

c r y s t a l l i s i n g  f rom a l c o h o l  to  g i v e , i n  low y i e l d ,  n e e d l e s ,  

m .p .  i n d i s t i n c t  be tween  2 6 8 -2 7 4 ° > s i n t e r i n g  above 250° .

(Found: G, 7 9 . 3 ;  H, 10.7% C3 2 H5 4 Q3 r e q u i r e s :  C, 7 9 . 1;

H, 11.1%).

i s o -  fgt-Amyranone -  i )  ^ -Amyrene oxider (0 .9  g . ) was 

d i s s o l v e d  i n  c h lo r o f o r m  (5 c . c . )  and a c e t i c  a c i d  (20 c . c . )  

and c o n c e n t r a t e d  h y d r o c h l o r i c  (1 c . c . ) m a d d e d .  The s o l u t i o n  

was m a i n t a i n e d  a t  40°  f o r  3° m in u t e s ,  poured  i n t o  w a t e r ,  and 

e x t r a c t e d  w i t h  e t h e r .  The washed and d r i e d  e x t r a c t ,  on evap­

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

a s  c l u s t e r s  o f  m ic r o s c o p ic  b l a d e s ,  m .p .  I 5 O - I 5 2 0 . 0 °

(C = 0 . 6 7 )  (Found: C, 8 4 . 1;  H, 11.6% CjqE^qQ r e q u i r e s :  C, 8 4 . 5 ;  

H, 11.7%).

T h i s  p r o d u c t  h a s  been  found sometimes t o  c r y s t a l l i s e  i n  

a s o l v a t e d  foirn a s  s m a l l  b l a d e s ,  m .p .  1 4 1 - 1 4 3 °> r i s i n g  t o  

I 5O - I 5 2 0 a f t e r  d r y i n g  i n  vacuo a t  1 2 0 ° .

i i )  ^(-Amyranedione  (0 .75  &•) > sodium e t h o x i d e  (0 .75  S* sodium 

i n  30 c . c .  e t h a n o l )  and h y d r a z in e  h y d r a t e  (9 0 %, 3 * 5  c . c . )  were 

h e a te d  i n  an  a u t o c l a v e  f o r  18 h o u r s  a t  l 8 o ° .  The c o n t e n t s  

were poured  i n t o  w a t e r  and e x t r a c t e d  w i t h  e t h e r .  A r e s i n o u s  

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

g i v i n g ,  i n  v e r y  low y i e l d ,  i  so -  r i-  amyr a n o n e , m .p .  I 4 I - I 4 3 0 , 

u n d e p r e s s e d  on adm ix tu re  w i t h  a u t h e n t i c  sp ec im en s  o f  e i t h e r  

t h e  s o l v a t e d  o r  d r i e d  form .



i s o -  d  - ^ m y ra n o l  -  (^-Amyrepe o x id e  (2 .85  g . ) i n  amyl 

a l c o h o l  <38 c . c . )  was t r e a t e d  u n d e r  r e f l u x  w i t h  sodium 

(2 .85  g . ) and boi l&d ^ o r  20 m in u t e s  a f t e r  which more sodium 

(2 .8 5  g . ) was added.  K e f lu x i n g  was c a r r i e d  ou t  f o r  2-g- h o u r s ,  

d u r i n g  which s m a l l  q u a n t i t i e s  o f  amyl a l c o h o l  were added.

The amyloxide  was decomposed by b o i l i n g  w i th  w a t e r ,  and t h e  

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  which e x t r a c t i o n  

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

ed f rom  aqueous  a l c o h o l  o r  a c e to n e  a s  f e a t h e r y  p l a t e s ,  m .p .

A c t io n  o f  A c e t i c  Anhydride  on i s o -  /X-Amyranol -  i )  The 

a l c o h o l  (O.5 g . )  i n  p y r i d i n e  (5 c . c . )  was t r e a t e d  w i t h  a c e t i c  

a n h y d r id e  (5 c . c . )  and h e a t e d  on a s team  b a th  f o r  15 m i n u t e s ,  

t h e n  poured  i n t o  w a t e r  and e x t r a c t e d  w i th  e t h e r .  A r e s i n o u s  

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

i i )  The a l c o h o l  (200 mg.) i n  p y r i d i n e  (4 c . c . )  and a c e t i c  

a n h y d r id e  (2 c . c . )  was a l lowed t o  s t a n d  f o r  20 h o u r s  a t  room 

t e m p e r a t u r e ,  and worked up a s  above .  The r e s i n o u s  p r o d u c t  

was t a k e n  up i n  a l c o h o l ,  and a f t e r  lo n g  s t a n d i n g  c r y s t a l l i s e d ,  

and was r e c r y s t a l l i s e d  from t h e  same s o l v e n t  g i v i n g  i s o - j ^  -  

amyrwnyl a c e t a t e  a s  b l a d e s ,  m .p .  244-246° (Found: C, 8 l . l ;

A t t e m p ts  t o  c h l o r i n a t e  i s o - ô  -Amyranol  -  i )  The a l c o h o l

s o l u t i o n  o f  t h i o n y l  c h l o r i d e  (0 .5  c . c . )  i n  p y r i d i n e  ( 2 .5  c . c . )

1 7 8 -1 80 ° ,  Q / ] } 1,+ 4 8 . 1° (C = 2 . 0 8 ) .  Y i e l d ,  1 .5  g .  153^).

(Found: G, 8 4 . 0 ; H, 12 .2 5 ^  070H520 r e q u i r e s :  C, 8 4 . 1 ; H, 1 2 . 4 5 ^  

h ,  11.9% °52H54°2 r e Qu i r e s :  c > 8 i « 7 ; h > n * 5^)*

(3OO mg.) i n  p y r i d i n e  (5 c . c . )  was t r e a t e d  a t  0°  w i t h  a
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and l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e .

i i )  The a l c o h o l  (600 mg.) was t r e a t e d  w i th  t h i o n y l  c h l o r i d e  

(5 c . c . ) ,  and th e  s o l u t i o n  h e a t e d  f o r  ^0 m in u t e s  on a  s team  

h a t h .

i i i )  The a l c o h o l  (J00 mg.) i n  d r y  e t h e r  (20 c . c . )  was c o o le d  

i n  i c e - s a l t ,  and a  s t r e am  o f  d ry  h y d r o c h l o r i c  a c i d  s lo w ly  

h u hh led  i n ,  t h e  t e m p e r a t u r e  h e i n g  m a in t a in e d  he low 5°* »*hen 

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

and l e f t  o v e r n i g h t  i n  t h e  r e f r i g e r a t o r .

i v )  The a l c o h o l  (500 mg.) was d i s s o l v e d  i n  i c e  c o ld  p h o sp h o r ­

u s  o x y c h l o r i d e  15 c . c . )  and a l lowed t o  s t a n d  o v e r n i g h t  a t  

room t e m p e r a t u r e .  The s o l u t i o n  d e v e lo p ed  a  p in k  c o l o u r .

v) The a l c o h o l  (500 m g . ) and p h o sp h o ru s  p e n t a c h l o r i d e  (500 

mg.)  were h e a t e d  t o g e t h e r  on a  s team  h a th  f o r  15 m i n u t e s ,  

when t h e y  m e l t e d .  B e fo re  w ork in g  u p ,  t h e  m ix t u r e  was d i l u t e d  

w i th  a l i t t l e  p h o sp h o ru s  t r i c h l o r i d e ,  so t h a t  i t  c o u ld  he 

p o u r e d .

I n  e a c h  of  t h e  ahove c a s e s ,  working up was a c h ie v e d  hy 

p o u r i n g  i n t o  i c e  w a t e r ,  fo l lo w e d  hy e x t r a c t i o n  o f  t h e  

p r o d u c t  w i th  e t h e r .

i i ) ,  i i i ) ,  i v )  and v) gave ,  a s  t h e  o n ly  p r o d u c t ,  ^ -  

emyrene,  m .p .  1 0 9 -1 11 ° ,  u n d e p re s s e d  on a d m ix tu re  w i t h  an 

a u t h e n t i c  spec im en .  J n a l y s i s  o f  t h e  p r o d u c t  was c a r r i e d  o u t  

i n  c a s e  i i )  o n l y .  (Found:  C, 8 7 . 9 ;  H, 12 . 3% ° 30H50 r9(i u i r a s :  C

8 7 . 7 ;  H, 12 .3%).

I n  i )  ahove ,  no c r y s t a l l i n e  p r o d u c t  was i s o l a t e d ,  h u t
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t h e  low m e l t i n g  r e s i n  o b t a i n e d  was f r e e  o f  h a lo g e n .

A t tem pted  R e d u c t io n  o f  i s o -  o(-Amyranone by fled P hosphorus  

and H y d r io d ic  Acid -  I o d i n e  (0 .0 2  g . ) and r e d  p ho sp h o ru s  

(O.O5 g . ) were a l low ed  to  s t a n d  i n  c o n t a c t  w i t h  one a n o th e r  

i n  a c e t i c  a c id  (10 c . c . )  f o r  20 m i n u t e s ;  t h e  k e to n e  (200 

mg.) and w a te r  (0 .2  c . c . )  were t h e n  added ,  and r e f l u x i n g  

c a r r i e d  out  f o r  2i  h o u r s .  The s o l u t i o n  was f i l t e r e d  th r o u g h  

a s b e s t o s ,  and poured  i n t o  sodium b i s u l p h i t e  s o l u t i o n .  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 c r y s t a l l i s e d  from 

aqueous  a c e t o n e ,  g i v i n g  unchanged k e t o n e ,  m .p .  I5 O - I5 2 0 , i n  

low y i e l d .  There  was no t r a c e  o f  any p r o d u c t .

A c t io n  o f  Ozone on .^-Amyrene -  g(-Amyrene (1 g . ) i n  d r y  

warbon t e t r a c h l o r i d e  (25 c . c . )  was s u b j e c t e d  to  a s t r e a m  o f  

oxygen c o n t a i n i n g  o zone ,  u n t i l  a  sample gave no f u r t h e r  

y e l lo w  c o l o u r a t i o n  w i th  t e t r a n i t r o m e t h a n e .  The s o l v e n t  was 

removed i n  v a c u o ,  and the  r e m a in i n g  r e s i n  b o i l e d  w i th  w a te r  

f o r  1 hour  t o  decompose th e  o zon id e  which was t h e n  e x t r a c t e d  

w i th  e t h e r .  Washing o f  t h e  e x t r a c t  w i th  2N c a u s t i c  soda 

gave a  s m a l l  a c i d  f r a c t i o n  which was t a k e n  up i n  m e th a n o l ,  

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

t o  g iv e  any c r y s t a l l i n e  m a t e r i a l .

A c t io n  o f  Hydrogen P e r o x id e  on cZ-Amyrenone -  o^-Amyrenone 

(p g . ) i n  g l a c i a l  a c e t i c  a c i d  (150 c . c . )  was t r e a t e d  on a 

s team  b a t h ,  w i th  s t i r r i n g ,  w i th  40 c . c .  o f  a  s o l u t i o n  o f  

hydrogen  p e r o x i d e  (30$ 30 c . c . )  i n  a c e t i c  a c i d  (30 c . c . )  o v e r  

a p e r i o d  o f  10 m i n u t e s .  A f t e r  2 h o u r s ,  t h e  r e m a in d e r  o f  ther



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

f u r t h e r  h o u r ,  a f t e r  which t h e  s o l u t i o n  was p oured  i n t o  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 t a k e n  up i n  a l c o h o l .  

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

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

t r e a t e d  w i th  h y d r o c h l o r i c  a c i d  to  i s o m e r i s e  any o x id e  p r e s e n t .  

A ga in ,  however ,  no c r y s t a l l i n e  p r o d u c t  cou ld  be i s o l a t e d .

A c t io n  o f  T h io n y l  C h lo r id e  on ^-Am yrin  -  ^ - A m y r i n  (1 g . ) 

i n  p y r i d i n e  (5 c . c . )  was t r e a t e d  w i t h  t h i o n y l  c h l o r i d e  (2 c . c . )  

i n  p y r i d i n e  (2 c . c . )  a t  room t e m p e r a t u r e .  S l i g h t  warming 

o c c u r r e d .  A f t e r  18 h o u r s ,  t h e  m ix t u r e  was poured  i n t o  w a t e r ,  

and e x t r a c t e d  w i th  e t h e r .  The e x t r a c t  was washed w i th  d i l u t e  

h y d r o c h l o r i c  a c id  and w a t e r ,  t h e n  d r i e d  ov e r  sodium s u l p h a t e .  

From th e  e x t r a c t  was o b t a i n e d  a d a r k  r e s i n ,  which was c r y s t a l ­

l i s e d  from b e n z e n e -m e th a n o l  ( n o r i t e )  t o  g iv e  sm a l l  c o l o u r l e s s  

p l a t e s ,  m .p .  2 6 0 -2 6 1 ° ,  [q[]^^  35*1° = 2 . 0 5 ) ,  c o n t a i n i n g

s u l p h u r .  Found:  G, 79 *4 > 10 . 5 ; S, 3 *°9 $  ^b0^ 98°3 r e Q u i r e s :

C, 8 0 . 2 ; H, 1 0 . 9 ; S, 3 . 5 6 ^ ) .

A c t io n  o f  A c e t i c  Acid on ,^ -Amyrenyl B enzoa te  Oxide -  The 

o x id e  (1 g . ) was r e f l u x e d  w i t h  a c e t i c  a c id  (25 c . c . )  c o n t a i n ­

i n g  a  t r a c e  o f  h y d ro gen  p e r o x i d e ,  f o r  3 h o u r s .  The s o l u t i o n  

became y e l l o w ,  and was poured  i n t o  w a t e r ,  and e x t r a c t e d  w i t h  

e t h e r ,  g i v i n g  a y e l lo w  r e s i n  which was c r y s t a l l i s e d  w i th  

d i f f i c u l t y  f rom  c h lo r o f o r m - m e th a n o l  a s  unchanged s t a r t i n g  

m a t e r i a l .



75-
H y d r o l y s i s  o f  P r o d u c t ,  m .p .  305°» a s s o c i a t e d  w i th  ^ - A m y r i n  

B e n zoa te  Oxide -  i )  The compound ( 0 .7  g* ) i n  a l c o h o l i c  

p o t a s s i u m  h y d ro x id e  (2%, 5^ c . c . )  and benzene (§ c . c . )  was 

r e f l u x e d  f o r  2 h o u r s .  The s o l u t i o n  was t h e n  c o n c e n t r a t e d  by 

d i s t i l l a t i o n ,  pou red  i n t o  w a te r ,  and th e  p r o d u c t  e x t r a c t e d

w i th  e t h e r .  The s o l i d  t h u s  o b t a i n e d  c r y s t a l l i s e d  from aqueous
&(/

a l c o h o l  a s  n e e d l e s ,  m .p .  24 6 -24 8 ° ,  -  l 8 o °  (C = 2 . 1 4 ) .

(Found:  C, 7 6 . 2 ; H, 9 .87% ).

i i )  The compound (1 g . ) i n  benzene  (5 c . c . )  and a l c o h o l i c  

p o t a s s i u m  h y d ro x id e  (5%> 100 c . c . )  was r e f l u x e d  f o r  2 h o u r s ,  

and worked up  a s  above .  The p r o d u c t  c r y s t a l l i s e d  a s  n e e d l e s ,  

m .p .  247- 249° ,  (fOj -  182. 2° (C = 2 . 7 b ) .  I Found: C, 7 5 . 9 ;

H, 9.5%).

A c e t y l a t i o n  o f  t h e  H y d r o l y s i s  P r o d u c t  -  The h y d r o l y s i s  

p r o d u c t  ( 0 .1  g . )  i n  p y r i d i n e  (2 c . c . )  and a c e t i c  a n h y d r id e  

(2 c . c . )  was h e a t e d  on a s team  b a t h  f o r  15 m in u t e s ,  poured  

i n t o  w a t e r ,  end e x t r a c t e d  w i t h  e t h e r .  The p r o d u c t  c r y s t a l l i s ­

ed f rom b e n z e n e - a l c o h o l  a s  b l a d e s ,  s i n t e r i n g  2 8 5 -2 9 5 ° ,  m .p .  

297- 3010 ( d . ) .  ( ^ ] f -  64° (0 = 0 . 7 8 ) .  (Found: C, 7 4 - 9 :

H, 9 . 2 b > ) .

O x i d a t i o n  o f  t h e  H y d r o l y s i s  P r o d u c t  -  The h y d r o l y s i s  p r o d u c t  

(0 .5  g . ) i n  a c e t i c  a c id  18.5 c . c . )  and benzene  (2 c . c . )  was 

t r e a t e d  w i t h  chrom ic  a c i d  (0 .2 2  g. 20) i n  w a te r  (1 c . c . )  and 

a c e t i c  a c i d  (2 c . c . )  a t  room t e m p e r a t u r e ,  and l e f t  o v e r n i g h t .  

The s o l u t i o n  was poured  i n t o  W ater ,  and e x t r a c t e d  w i t h  e t h e r .  

The n e u t r a l  p r o d u c t  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
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g i v i n g  a k e to n e  a s  g l i s t e n i n g  p l a t e s ,  m .p .  282-285°  (d . )  

s i n t e r i n |  ^"bove 276° ,  QQv “ 2 10 . 2° (C » I . 7 6 ) .  (Found;

C, 7 6 . 2 ^ H,J 9 . 4 ;  9 . 4 5 ^ ) .

Hydrazone of  t h e  Ketone -  The k e to n e  (420 mg.) i n  a l c o h o l  

(60 c . c . )  and c h lo r o f o r m  (5 c . c . )  was t r e a t e d  w i th  h y d r a z in e  

h y d r a t e  [$0 %, 5 c . c . )  and l e f t  o v e r n i g h t .  The s o l u t i o n  was 

poured  i n t o  w a t e r ,  and e x t r a c t e d  w i th  e t h e r .  The d e r i v a t i v 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 ^ i i e e d le s ,  m .p .  336-336°  

( d . ) .  Found:  C, 7 5 . 7 ;  H, 8 . 9 7 ; N, 3 . 5 7 * 3 *72%).

A c t io n  o f  P e r i o d i c  Acid on Benzoate  H y d r o l y s i s  P ro d u c t  -  The 

h y d r o l y s i s  p r o d u c t  (100 mg.)  i n  a l c o h o l  (50 c . c . )  was t r e a t e d  

w i th  sodium p e r i o d a t e  (200 m g . ) d i s s o l v e d  i n  s u l p h u r i c  a c i d  

s o l u t i o n  (10%, 2 c . c . )  and l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e .  

On w ork ing  u p ,  o n l y  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 .

H y d r o l y s i s  o f  P r o d u c t ,  m .p .  280° ,  a s s o c i a t e d  w i th  tX'-Amyrin 

A c e t a t e  Oxide -  The b y - p r o d u c t  (100 mg.) i n  m e t h y l a t e d  

s p i r i t s  c o n t a i n i n g  p o t a s s iu m  h y d ro x id e  (2%, 10 c . c . I  was 

r e f l u x e d  f o r  2 h o u r s ,  and t h e  s o l u t i o n  c o n c e n t r a t e d  by d i s t i l ­

l a t ion* .  On c o o l i n g ,  t h e  p r o d u c t  c r y s t a l l i s e d ,  and was c o l l e c t ­

ed and r e c r y s t a l l i s e d  f rom  aqueous a l c o h o l  a s  n e e d l e s ,  m .p .

245“'247°> ( d e p r e s s e d  t o  below 240° on a d m ix tu re  w i th  a 

specim en o f  t h e  b e n z o a te  h y d r o l y s i s  p r o d u c t ) .  “ 134*7°

(C a 0 . 4 9 )  (Found: C, 7 6 *4 ; 9 *62%).

O x i d a t i o n  o f  t h e  A c e t a t e  H y d r o l y s i s  P r o d y c t  -  The h y d r o l y s i s  

p r o d u c t  (420 mg.)  i n  benzene (2  c . c . )  and a c e t i c  a c i d  (7  c . c . )



was t r e a t e d  w i th  a s o l u t i o n  o f  chromic  a c i d  (0 .18  g . ) i n  

w a te r  (1 c . c . )  and a c e t i c  a c id  (2 c . c . ) ,  l e f t  o v e r n i g h t ,  

and worked up a s  u s u a l .  The p r o d u c t  c r y s t a l l i s e d  a s  b l a d e s  

f rom c h lo r o f o r m - m e th a n o l ,  m .p .  286-290°  ( d . ) ,  s i n t e r e d  above 

2 7 8° .  The m .p .  was u n d e p re s s e d  on a d m ix tu re  w i th  a  specimen 

o f  t h e  k e to n e  p r e v i o u s l y  o b t a i n e d  ( v . s . ) .  2 06 . 2° (C ■

1 . 7 9 ) (Found: 0 , 7 6 . 8 ;  H, 9 *96%).

A c t io n  o f  v a r i o u s  r e g g e n t s  on t h e  b y - p r o d u c t  a s s o c i a t e d  w i th  

C^-Amyrin B enzoa te  O x id e .

a) A c e t i c  Anhydr ide  -  i )  The b y - p r o d u c t  (100 mg.)  i n  

p y r i d i n e  (5 c . c . )  and a c e t i c  a n h y d r id e  (2 c . c . )  was h e a t e d  

f o r  15 m in u t e s  a t  100° .

i i )  The compound (500 mg.) was r e f l u x e d  f o r  2 h o u r s  i n  

a c e t i c  a n h y d r id e  (20 c . c . ) .

I n  b o th  c a s e s ,  o n l y  unchanged s t a r t i n g  m a t e r i a l  was 

r e c o v e r e d .

b) Chromic Acid -  The m a t e r i a l  (0 .5  g . ) was d i s s o l v e d  i n  

benzene  (8 c . c . )  and a c e t i c  a c id  (8 c . c . )  and a  s o l u t i o n  o f  

chromic  a c i d  (0 .22  g . )  i n  w a te r  (0 .5  c . c . )  and a c e t i c  a c i d

(2 c . c . )  added.  A f t e r  s t a n d i n g  a t  room t e m p e r a t u r e  o v e r n i g h t ,  

t h e  s o l u t i o n  was worked u p ,  when i t  was found t h a t  no r e a c t i o n  

had t a k e n  p l a c e .

c) T h io n y l  C h l o r id e  -  i )  The b y - p r o d u c t  (200 mg.)  i n  

p y r i d i n e  (10 c . c . )  was t r e a t e d  w i th  t h i o n y l  c h l o r i d e  (1 c . c . )  

i n  p y r i d i n e  (4 c . c . ) .  The s o l u t i o n  was l e f t  o v e r n i g h t  a t  0 ° ,  

p ou red  i n t o  w a t e r ,  and e x t r a c t e d  w i th  e t h e r .  Unchanged s t a r t ­
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i n g  m a t e r i a l  was r e c o v e r e d .

i i )  The b y - p r o d u c t  (500 mg.)  i n  t h i o n y l  c h l o r i d e  (12 c . c . )  

was r e f l u x e d  f o r  1-J- h o u r s ,  poured  i n t o  w a te r ,  and t h e  

g r a n u l a r  s o l i d  o b t a i n e d  c o l l e c t e d .  T h is  m a t e r i a l  ap pea red  

to  c o n t a i n  s u l p h u r ,  bu t  cou ld  n o t  be o b t a i n e d  i n  a c r y s t a l l i n e  

form.

A t tem pted  A c e t y l a t i o n  o f  t h e  K e to n e ,  m.p.  282° -  The k e to n e  

(25O mg.) was t r e a t e d  w i th  a c e t i c  a n h y d r id e  (3 c . c . )  i n  

p y r i d i n e  (3 c . c . )  f o r  15 m in u t e s  a t  100° .  On w ork ing  up ,  

s t a r t i n g  m a t e r i a l  was r e c o v e r e d  q u a n t i t a v e l y .

A c t io n  o f  A l k a l i  on Bromo-cX-Amyranonyl Benzoa te  -  i )  The 

b rom o -k e to ne  ( 0 .7  g . ) was r e f l u x e d  w i t h  a l c o h o l i c  p o t a s s i u m  

h y d r o x id e  (4%, 5° o » c . )  f o r  10 m in u t e s .

i i )  The b rom o-ke tone  (300 mg.) was d i s s o l v e d  i n  benzene

(5 c . c . )  and a l c o h o l i c  aqueous  p o t a s s iu m  h y d ro x id e  (50 c . c . )  

c o n t a i n i n g  1 g.  a l k a l i )  added .  The m ix tu r e  was a l lo w e d  to  

s t a n d  f o r  5 d a y s .

i i i )  The b rom o-ke tone  (1 g . ) was r e f l u x e d  w i th  a l c o h o l i c  

p o t a s s i u m  h y d ro x id e  (1%, 100 c . c . )  f o r  2 h o u r s .

I n  each  o f  t h e s e  t h r e e  c a s e 9, on working  up by t h e  u s u a l  

m e th o d s ,  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 .

i v )  The b rom o-ketone  (1 g . ) i n  benzene  (25 c . c . )  was r e f l u x e d  

w i th  m e t h y l a t e d  s p i r i t s  (5° o * c . )  c o n t a i n i n g  w a te r  (5 c . c . )  

and p o t a s s i u m  h y d ro x id e  (1 g . ) .  A f t e r  2 h o u r s ,  t h e  s o l u t i o n  

was poured  i n t o  w a t e r ,  and e x t r a c t e d  wihh be n ze n e .  Some 

s t a r t i n g  m a t e r i a l  c r y s t a l l i s e d  f i r s t ,  b u t  f rom  t h e  m o th e r
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l i q u o r s  was o 'b ta ined  a p r o d u c t  c r y s t a l l i s i n g  a s  n e e d l e s  

f rom aqueous  a l c o h o l ,  m.p.  2 0 9 -2 11 ° ,  and f r e e  o f  h a lo g e n .

(Found: C, 79• b ; H, 9 *91% C37H54°4 r e q u i r e s :  C, 7 9 *° ;

H, 9 . 656) .

v) The b rom o-ketone  (2 ,5  g * ) i n  "benzene (62 c . c . )  methy­

l a t e d  s p i r i t s  (125 c . c . )  and w a te r  (12 c . c . )  c o n t a i n i n g  

p o t a s s i u m  h y d ro x id e  ( 2 .5  g * ) was r e f l u x e d  u n t i l  a l l  t h e  s o l i d  

had d i s s o l v e d  (ca .  20 m i n u t e s ) ,  ana t h e n  f o r  a f u r t h e r  2 h o u r s .  

The s o l u t i o n  was c o n c e n t r a t e d ,  poured  i n t o  w a t e r ,  and e x t r a c t e d  

w i th  "benzene. A r e s i n  was o b t a i n e d  which c r y s t a l l i s e d  from 

b e n z e n e - a l c o h o l ,  g i v i n g ,  i n  s m a l l  y i e l d ,  -am yra& on^dlo l  

m o n o - b e n z o a te , a s  f i n e  n e e d l e s  f rom  b e n z e n e - a l c o h o l ,  m .p .  243- 

245° ( I n d i s t i n c t )  (tfCrj 6 4 .4 °  (0 = I . 3 2 ) .  (Found: G, 7^*75

9 *345  ̂ r e q u i r e s :  G, 7 9 »0 > The p r o d u c t

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

The m o th e r  l i q u o r s  were 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 a l  o i l  c r y s t a l l i s e d ,  f i r s t  f rom l i g h t  p e t r o l e u m  (6O-8O0 ) ,  

t h e n  from aqueous  a l c o h o l ,  g i v i n g  i s o -  c^-amyrenonol,  m .p .  240- 

242° ,  l i g h t  a b s o r p t i o n  i n  a l c o h o l  }\ = 249OA, z 9 >800 .

(Found: 6 ,  8 l . b ;  H, 1 1 . 0 % 030-^48^2 r e q u i r e s :  C, 8 l . 8 ;  H, 1 0 . 9%)*

v i )  The b rom o-ke tone  (11 .7 5  8*) i n  "benzene (247 .5  c . c . )  was 

t r e a t e d  w i t h  p o t a s s i u m  h y d ro x id e  (11*75 S*) i u  w a te r  (55*5 

c . c . )  and m e t h y l a t e d  s p i r i t s  (555 e*c ‘ ) e x a c t l y  a s  d e s c r i b e d  

u n d e r  v) above .  The r e s i n o u s  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 - a l c o h o l  g i v i n g  i n  low y i e l d  ( c a .  1 .5  g - ) a  p r o d u c t ,

m .p .  218- 220° .  ^ 4 8 . 1° (& * 2 . 7 5 ) .  (Found: C, 7 6 . 7 ; H, 10 . 6 %)



A c e t y l a t i o n  o f  / ^ - im y r a n o n ^ d io l  Monobenzoate  -  The k e t o l  

(100 mg.) i n  p y r i d i n e  (2 c . c . )  was t r e a t e d  w i th  a c e t i c  

a n h y d r id e  (2 c . c . )  on a s t eam  b a th  f o r  15 m i n u t e s ,  poured  

i n t o  w a t e r ,  and e x t r a c t e d  w i t h  e t h e r .  A r e s i n  was o b t a i n e d ,  

which c r y s t a l l i s e d  f rom  a l c o h o l ,  g i v i n g ,  i n  s m a l l  y i e l d ,  t h e  

d i - a c e t o x y  compound, a s  t i n y  p r i s m s ,  m .p .  247-249°  ( I n d i s ­

t i n c t ) .  (Found: C, 7 5 .8 ;  H, 8.98% C^H^gOg r e q u i r e s :  C, 76 .2  

H, 8 .98% ).

A c t io n  o f  S i l v e r  Oxide on B r o m o - ^ - i m y r a n o n y l  Benzoa te  -

i )  The b rom o-ke tone  (0 .5  g . ) i n  a l c o h o l  (50 c . c . )  and 

benzene  (30 c . c . )  c o n t a i n i n g  w a t e r  (0 .5  c . c . )  was shaken  

w i t h  s i l v e r  o x id e  (0 .5  g . )  f o r  18 h o u r s  a t  room t e m p e r a t u r e  

i n  a f l a s k  p r o t e c t e d  f rom  l i g i t .

i i )  The b rom o -k e to n e  ( 0 . 5  g . ) i n  benzene (30 c . c . ) ,  a l c o h o l  

(50 c . c . )  and w a te r  ( 0 . 5  c . c . )  was r e f l u x e d  f o r  2 h o u r s  i n

a f l a s k  p r o t e c t e d  from  l i g h t .

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

t o  d r y n e s s ,  when s t a r t i n g  m a t e r i a l  was r e c o v e r e d  q u a n t i t a ­

t i v e l y .

A c t io n  o f  S i l v e r  A c e t a t e  on th e  Bromo-ketone -  The hromo- 

k e t o n e  ( l  g . ) i n  p y r i d i n e  (30 c . c . )  was t r e a t e d  w i th  s i l v e r  

a c e t a t e  (1 g . ) i n  p y r i d i n e  (20 c . c . )  and l e f t  o v e r n i g h t  a t  

room t e m p e r a t u r e .  As no s i l v e r  bromide had s e p a r a t e d ,  t h e  

s o l u t i o n  was h e a te d  on a  s team  b a t h  f o r  1^ h o u r s  b e f o r e  

p o u r i n g  i n t o  w a t e r ,  and e x t r a c t i n g  w i th  e t h e r .  Only some 

unchanged  bromo-compound was r e c o v e r e d .
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A c t io n  o f  Sodium A c e t a t e  on t h e  Bromo-ketone -  The bromo- 

k e to n e  (1 g . ) i n  d r y  benzene (10 c . c . )  was r e f l u x e d  w i th  

d r y  a l c o h o l  (50 c . c . )  c o n t a i n i n g  fu se d  sodium a c e t a t e  

(0 .5  8 *) T°r  4 h o u r s .  On c o o l i n g ,  th e  unchanged bromo- 

compound, n o t  A l l  o f  which had d i s s o l v e d ,  s e p a r a t e d ,  and was 

c o l l e c t e d .  No p r o d u c t  was o b t a i n e d .

A c t io n  o f  p e r i o d i c  Acid on ^ - A m y ra n o n e d io l  Monobenzoate -

i )  The k e t o l  (25O mg.) was d i s s o l v e d  i n  a l c o h o l  (150 c . c . )

and sodium p e r i o d a t e  (500 mg.) i n  s u l p h u r i c  a c id  (N, 5 c . c .  j

added t o  t h e  c o ld  s o l u t i o n .  A f t e r  24 h o u r s ,  w a te r  was added,  

and t h e  a l c o h o l  removed by vacuum d i s t i l l a t i o n .  The p r o d u c t

was d i s s o l v e d  i n  e t h e r ,  and th e  s o l u t i o n  washed w i t h  d i l u t e

sodium c a r b o n a t e .  No a c i d  f r a c t i o n  r e s u l t e d ,  however. The 

n e u t r a l  p r o d u c t  was c r y s t a l l i s e d  from  aqueous a l c o h o l  a s  

s m a l l ,  f i n e  n e e d l e s ,  m .p .  195-197°> c l e a r i n g  a t  207° ,

6 4 . 2° (C = 1 . 0 6 ) .  ) Found : G, 7 8 .8 ,  79 . 2 ; H, 8 . 9 ,  9.6%

C37H54°4 r 0 qu i r Q s :  c > 7 9 *°» 9-8%).

i i )  The k e t o l  (200 mg.)  was t r e a t e d  w i th  sodium p e r i o d a t e  

(400 mg.) a s  d e s c r i b e d  above .  The s o l u t i o n  became s l i g h t l y  

y e l lo w  a t  f i r s t ,  b u t  t h e  c o l o u r  t h e n  f a d e d .  Again t h e r e  was 

no a c i d  f r a c t i o n ,  t h e  n e u t r a l  p r o d u c t  c r y s t a l l i s i n g  a s  f i n e  

n e e d l e s ,  m .p .  206-208° ( d . )  f rom  aqueous a l c o h o l ,  and g i v i n g  

no c o l o u r a t i o n  w i t h  a l c o h o l i c  f e r r i c  c h l o r i d e  s o l u t i o n .

( fo u n d :  C, 78*9;  H, 9*6%).

A c t io n  o f  Chromic Acid on <?(-Amyrenonyl B enzoa te  -  i ) p( -

Amyranonyl  b e n z o a te  (1 g . )  was d i s s o l v e d  i n  a c e t i c  a c i d



(12 c . c . )  by h e a t i n g ,  and c o o le d  r a p i d l y ,  so t h a t  t h e  

k e to n e  s e p a r a t e d  i n  a f i n e l y  d i v id e d  s t a t e .  S o l i d  chromic 

a c id  (0 .4  g . ) was added ,  and t h e  m ix t u r e  r e f l u x e d  f o r  JO 

m i n u t e s ,  c o o le d ,  poured  i n t o  w a te r ,  and t h e  s o l i d  c o l l e c t e d .  

The r e s i n o u s  p r o d u c t  cou ld  n o t  be c r y s t a l l i s e d .

i i )  The k e to n e  {4 g . ) was d i s s o l v e d  i n  a c e t i c  a c id  (200 

c . c . )  and t r e a t e d  a t  J0 ° w i th  a s o l u t i o n  of  chromic a c id  

( 1 .6  g . ) d i s s o l v e d  i n  t h e  minimum of  w a te r  and a c e t i c  a c id  

(40 c . c . )  added o v e r  a p e r i o d  off 20 m in u te s  w i t h  i n t e r m i t t e n t  

s h a k in g .  The s o l u t i o n  was k e p t  a t  70° f o r  1 h o u r .  The 

r e a c t i o n  m ix t u r e  was poured  i n t o  w a t e r ,  and t h e  p r o d u c t  

e x t r a c t e d  w i t h  e t h e r .  The e x t r a c t  was washed w i th  c a r b o n a t e  

t o  remove t h e  m in u te  a c id  f r a c t i o n  which was n e g l e c t e d .  The 

n e u t r a l  y e l lo w  e t h e r e a l  e x t r a c t  was d r i e d  o v e r  sodium s u l p h a t e ,  

and e v a p o r a t e d  t o  d r y n e s s .  The y e l lo w  p r o d u c t  was c r y s t a l ­

l i s e d  from aqueous  a c e to n e  t o  g ive  a s o l i d ,  m .p .  233-235°  a s  

l i g h t  y e l lo w  p l a t e s .  Qt{] y *"30 • 1° (° * 3 *0 2 ) .  (Found: C, 8 0 . 1 , 

7 9 . 4 ; H, 9 . 5 ,  9.4% r e q u i r e s :  0 , 79*0 ; H, 9 *4 %)*

The p r o d u c t  gave a  s l i g h t ,  b u t  p o s i t i v e ,  b l u e  c o l o u r a ­

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

i i i )  The k e to n e  (O.5 g#) i n  a c e t i c  a c i d  (30 c . c . )  was 

r e f l u x e d  w i t h  a s o l u t i o n  o f  chromic  a c i d  (0 .2  g . ) i n  w a te r  

( 0 .5  c . c . )  and a c e t i c  a c id  (10 c . c . )  f o r  1 h o u r ,  poured  i n t o  

w a t e r ,  and e x t r a c t e d  w i t h  e t h e r .  The n e u t r a l  p r o d u c t  was 

t a k e n  up i n  a l c o h o l .  A v e r y  low y i e l d  o f  m a t e r i a l  c r y s t a l l i s ­

i n g  a s  s m a l l  p r i s m s ,  m .p .  270- 272° a s  o b t a i n e d .  There  was 

t o o  l i t t l e  f o r  i n v e s t i g a t i o n .
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i v )  ^(-Amyranonyl  Benaoa te  (1 g . ) i n  a c e t i c  a c i d  (50 c . c . )  

was t r e a t e d  w i th  a  s o l u t i o n  o f  chromic a c id  (0 .8  g . ) i n  

w a te r  (1 c . c . )  and a c e t i c  ac id  (20 c . c . )  added o v e r  a p e r i o d  

o f  20 m i n u t e s ,  w i th  s h a k in g ,  a t  'JO0 . A f t e r  2 h o u r s  a t  t h i s  

t e m p e r a t u r e ,  t h e  s o l u t i o n  was poured  i n t o  w a t e r ,  and e x t r a c t e d  

w i th  e t h e r ,  itfas&ing o f  t h e  e x t r a c t  w i th  d i l u t e  p o t a s s iu m  

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

from c h l o r o f o r m - l i g h t  p e t r o l e u m  (60-80®), m .p .  i n d i s t i n c t  

between 220 and 24O0 ( d . ) .  The n e u t r a l  p o r t i o n  off t h e  

p r o d u c t  c r y s t a l l i s e d  from  aqueous  a c e to n e  t o  g ive  p a l e  y e l lo w  

n e e d l e s ,  m .p .  2 6 4 -2 6 6 ° ,  (c = l*t>7 ) (Found:

C, 7 8 .1 8 ,  7 8 . 0 2 ; H, 8 . 8 7 ,  9.0556 C41H5s 0 5 r e q u i r e s :  C, 7 8 . 1 ;

H, 9 . 2156) .

H y d r o l y s i s  o f  O x i d a t i o n  P r o d u c t ,  m .p .  235° -  The b e n z o a te

(0 .8  g . )  was r e f l u x e d  w i th  a l c o h o l i c  p o t a s s i u m  h y d ro x id e

(1#, 50 c . c . )  f o r  2 h o u r s ,  poured  i n t o  w a t e r ,  and e x t r a c t e d

w i th  e t h e r .  The p r o d u c t  c r y s t a l l i s e d  f rom  c h l o r o f o r m - l i g h t

p e t r o l e u m  (60- 80° )  a s  f i n e  n e e d l e s .  The m e l t i n g  p o i n t  was
0

n o t  s h a r p ,  t h e  m a t e r i a l  decomposing above 25Q , and m e l t i n g  

w i th o u t  c l e a r i n g .  I t  d e v e lo ped  a b lu e  c o l o u r a t i o n  w i th  

f e r r i c  c h l o r i d e  i n  a l c o h o l .  (Found: C, H, 11 . 0 #

g30h 46°3  re( iu i r e s :  79 *2 ; H, 1 0 . 2 # ) .

A c t io n  o f  P e r i o d i c  Acfed on P r o d u c t ,  m .p .  233° -  The o x i d a t i o n  

p r o d u c t  (480 mg.)  i n  a l c o h o l  (300 c . c . )  was t r e a t e d  w i t h  

sodium p e r i o d a t e  (1 g . ) i n  s u l p h u r i c  a c id  (10#, 7 c . c . )  and 

a l lo w e d  t o  s t a n d  f o r  48 h o u r s  a t  room t e m p e r a t u r e .  O11 work­
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i n g  u p ,  o n l y  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 .

F u r t h e r  O x i d a t i o n  o f  t h e  P r o d u c t ,  m .p .  255° -  The y e l lo w  

o x i d a t i o n  p r o d u c t  (320 mg.)  i n  a c e t i c  a c id  (16 c . c . )  was 

t r e a t e d ,  a t  7^°» w i th  a  s o l u t i o n  o f  chromic a c id  (130 mg.)  

i n  a  l i t t l e  w a t e r  and a c e t i c  a c id  (4 c . c . )  added over  a 

p e r i o d  o f  15 m i n u t e s .  A f t e r  1 h o u r , a t  JO0 , t h e  s o l u t i o n  was 

poured  i n t o  w a t e r ,  and worked up a s  b e f o r e .  The t i n y  a c id  

f r a c t i o n  i s o l a t e d  i n  t h e  u s u a l  f a s h i o n  was i g n o r e d .  The 

neufc ra l  p r o d u c t  c r y s t a l l i s e d  from aqueous a c e to n e  a s  p a l e  

y e l l o w  n e e d l e s ,  m .p .  2 6 9 - 2 7 I 0* (d . )  s o f t e n i n g  a bou t  26 5 ° .  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 a d m ix tu re  w i th  a  specimen o f  

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

( v . s . ) .  The p r o d u c t  gave no c o l o u r a t i o n  w i th  f e r r i c  c h l o r i d e  

i n  a l c o h o l .

H y d r o l y s i s  o f  P r o d u c t ,  m .p .  264- 266° -  The o x i d a t i o n  

p r o d u c t  (0 .5  g . ) i n  e t h a n o l i c  p o t a s s iu m  h y d ro x id e  (1#,  5° 

c * c . )  was r e f l u x e d  f o r  2 h o u r s ,  poured  i n t o  d i l u t e  hy d ro ­

c h l o r i c  a c i d  s o l u t i o n ,  and e x t r a c t e d  w i t h  e t h e r .  The s o l i d  

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

n e e d l e s ,  m .p .  u n c e r t a i n ,  decomposing be tween 250 and 2700 , 

w i t h o u t  c l e a r i n g  o r  fo rm in g  a  p o o l .  The f e r r i c  c h l o r i d e  t e s t  

was p o s i t i v e .  (Found: C, J3 . 1 ; H, 10 . 1# ^50^48^3 r0(i u i r e s :

C, 7 8 . 9 ; H, 1 0 . 5 # ) .

A c e t y l a t i o n  o f  t h i s  H y d r o l y s i s  P r o d u c t  -  The h y d r o l y s i s  

p r o d u c t  ( 0 .5  g . ) i n  p y r i d i n e  (5 c . c . )  and a c e t i c  a n h y d r id e
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(5 c . c . )  was h e a t e d  a t  100° f o r  1 5  m i n u t e s ,  and worked up 

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

n e e d l e s  f rom  c h lo r o f o r m - m e th a n o l ,  m .p .  3 4 6 - 3 4 8 ° ,  (c/Jjf t  3 9 *2 ° ,  

(C = 1 . 4 3 ) .  (Found: G, 7 6 . 3 ;  H, 9 . 6 9 # ) .

A c t io n  o f  P e r i o d i c  Acid on t h e  H y d r o l y s i s  P r o d u c t  -  The 

p r o d u c t  (0 .5  g . ) i n  a l c o h o l  (300 c . c . )  was t r e a t e d  w i th  

sodium p e r i o d a t e  (1 g . ) i n  s u l p h u r i c  a c id  (10#,  7  c . c . )  and 

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

• w i th  w a t e r ,  and t h e  volume red u c ed  i n  vacuo b e f o r e  t h e  

p r o d u c t  was e x t r a c t e d  w i th  e t h e r .  Washing o f  t h e  e x t r a c t  w i t h  

sodium c a r b o n a t e  s o l u t i o n  gave a  s m a l l  a o id  f r a c t i o n ,  b u t  

t h e r e  was to o  l i t t l e  f o r  i n v e s t i g a t i o n .  The n e u t r a l  p o r t i o n  

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  f i n e  n e e d l e s ,  m .p .  

3O I - 3O3 0 ( d . )  g i v i n g  no c o l o u r a t i o n  w i th  f e r r i c  c h l o r i d e  

s o l u t i o n .  (Found: C, JdmS; H, 1 0 .1 #  r e q u i r e s :

C, 7 8 . 9 ; H, 1 0 . 5 # ) .

A c t io n  o f  Chromic Acid on ^X-Amyranonyl A c e t a t e  -  i )  The 

a c e t a t e  (1 . 7  g * ) i n  a c e t i c  a c id  (8 5  c . c . )  a t  J0° was t r e a t e d  

w i th  a s o l u t i o n  o f  ch rom ic  a c id  (0 .74  g * ) l a  w a te r  (1 c . c . )  

and a c e t i c  a c id  (1 7  c . c . )  a s  d e s c r i b e d  f o r  t h e  b e n z o a te  u n d e r  

number i i ) .  The p r o d u c t  c r y s t a l l i s e d  a s  y e l lo w  p l a t e s  f rom 

c h lo r o f o r m - m e th a n o l ,  m .p .  287-288° (d . ) . (c?Q ^+ 5*6° (C a 2 . 6 7 ) .  

The p r o d u c t  gave a p o s i t i v e  e o l o u r  r e a c t i o n  w i th  a l c o h o l i c  

f e r r i c  c h l o r i d e ,  b u t  no m .p .  d e p r e s s i o n  on a d m ix tu re  w i th  

s t a r t i n g  m a t e r i a l .  (Found!  C, 7 6 * 5 > 1 0 . 2 #  C jgH^O^

r e q u i r e s :  C, J J . l ;  H, 1 0 . 0 # ) .
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i i )  ( c f .  R u z ic k a ,  J e g e r ,  R e d e l  and V o l l i ,  H e l v . (1944)>

2 8 , 199 ) -Amyrenonyl  a c e t a t e  (2 g . ) i n  t o i l i n g  a c e t i c  a c id  

(150 c . c . )  n a s  r e f l u x e d  w i th  a s o l u t i o n  o f  chromic a c i d  

(0 .80  g . ) i n  w a te r  (2 .5  c . c . )  and a c e t i c  a c i d  (50 c . c . )  f o r  

1 h o u r .  The s o l u t i o n  was t h e n  poured  i n t o  w a t e r ,  and e x t r a c t ­

ed w i th  e t h e r .  The n e u t r a l  p r o d u c t  c r y s t a l l i s e d  from  c h l o r o ­

fo rm -m e th a n o l  a s  p a l e  y e l lo w  p l a t e s ,  m .p .  2 8 2 -2 8 4 ° ,  t 9 5 * 9 °

(C = I . 4 2 ) .  F e r r i c  c h l o r i d e  t e s t  p o s i t i v e .  (Found: C, 77 . 7 ; 

h ,  9.8% G52H5o°4 r0( iu i r Q s :  c » 7 7 . l ;  h ,  l o . o M .

F u r t h e r  O x i d a t i o n  o f  t h e  P r o d u c t ,  m .p .  287° -  The y e l lo w  

a c e t a t e  o x i d a t i o n  p r o d u c t  f rom i )  (400 mg.) i n  a c e t i c  a c id  

(30 c . c . )  was o x i d i s e d  a t  JO0 hy chromic a c id  (0 .2  g . ) i n  a 

l i t t l e  w a t e r  and a c e t i c  a c id  (10 c . c . )  u s i n g  e x a c t l y  t h e  same 

p r o c e d u r e  as  b e f o r e .  The n e u t r a l  p r o d u c t  c r y s t a l l i s e d  f rom 

aqueous  a l c o h o l  a s  p a l e  y e l lo w  p l a t e s ,  m .p .  2 6 3 -2 6 5° .  (Found:

C, 7 6 . 5 ;  7 6 . I |  H, 1 0 .1 ,  10.3%).

A c t io n  o f  P e r i o d i c  Acid on p r o d u c t  m .p .  28 2 , from i i )  ahove -  

Thewd i o n y l  a c e t a t e "  ( 0 .5  g . ) i n  a l c o h o l  (300 c . c . )  was t r e a t e d  

a t  room t e m p e r a t u r e  w i th  sodium p e r i o d a t e  (1 g . ) i n  s u l p h u r i c  

a c id  (10%, 7 c . c . )  and a l low ed  t o  s t a n d  f o r  48 h o u r s .  The 

s o l u t i o n  was poured  i n t o  w a te r ,  and some o f  t h e  a l c o h o l  

removed hy d i s t i l l a t i o n  i n  vacuo a f t e r  which t h e  p r o d u c t  was 

d i s s o l v e d  i n  e t h e r .  Washing o f  th e  e t h e r  e x t r a c t  w i th  c a rb o n ­

a t e  s o l u t i o n  gave no a o id  f r a c t i o n .  The n e u t r a l  p o r t i o n  was 

d r i e d  o v e r  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  l e f t  a  

s o l i d  which on c r y s t a l l i s a t i o n  gave what app ea red  t o  he
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s t a r t i n g  m a t e r i a l ,  m .p .  2 8 0 -2 8 2 ° ,  f e r r i c  c h l o r i d e  t e s t
-  1 i(j

p o s i t i v e ,  ^  6 4 *5° (0 = 1 . 2 1 ) .  From t h e  m o th e r  l i q u o r s  

was o b t a i n e d  a p r o d u c t  a s  v e r y  f i n e  p a l e  y e l lo w  n e e d l e s  

f rom  m e th a n o l  o r  aqueous a c e t o n e ,  m .p .  2 1 6 -2 2 0 ° ,  s i n t e r i n g  

212- 216° .  F e r r i c  c h l o r i d e  t e s t  n e g a t i v e .  (Found: C, 7 5 *8 , 

7 7 . 7 ;  H, 1 0 . 6 ;  10.7%).

;7i -A m y rad io n y l  A c e t a t e  F n o l  A c e t a t e  -  i )  - i m y r a n o n y l  

a c e t a t e  e n o l  a c e t a t e  (1 .9  6*) in  a c e t i c  a c id  (40 c . c . )  was 

t r e a t e d  w i th  a s o l u t i o n  o f  chromic a c id  (1 .44  8*) in  t h e  

minimum volume o f  w a te r  and a c e t i c  a c i d  (40 c . c . )  added o v e r  

a  p e r i o d  o f  20 m in u t e s  a t  a t e m p e r a t u r e  o f  JO0 w i t h  o c c a s i o n ­

a l  s h a k in g .  A f t e r  a f u r t h e r  2 h o u r s ,  t h e  s o l u t i o n  was p oured  

i n t o  w a t e r ,  and e x t r a c t e d  w i th  e t h e r  a s  u s u a l .  The p r o d u c t  

c r y s t a l l i s e d  from  aqueous  a c e to n e  a s  n e e d l e s ,  m .p .  2 4 4 -2 4 6 ° ,  

Q/)} ^72^9° (0 -  2 .5 5 )*  l i g h t  a b s o r p t i o n  i n  a l c o h o l  a t  ^  — 

2540A, = 1 4 , 900 . (Found: C, 7 5 - 9 ; H, 9 - 77# C j ^ O j

r e q u i r e s :  C, 75 *0 ; H, 9 .6 3 ^ )  • (Yield  50%)*

i i )  q( -A m y ran o n y l  a c e t a t e  e n o l  a c e t a t e  (1 .3  g * ) was o x i d i s e d  

e x a c t l y  a s  d e s c r i b e d  by B uz ic k a  e t  a l .  ( H e l v . (1 9 4 4 ) ,2 3 ,1 9 9 )  

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

I t  c r y s t a l l i s e d  a s  n e e d l e s ,  m .p .  244-246°  (u n d e p re s s e d  on 

ad m ix tu re  w i th  a specimen o f  t h e  above p r e p a r e d  p r o d u c t ) .

r f v 7 3 , 2 °  ( c  = 1 - 4 2 ) -
The m a t e r i a l  a s s o c i a t e d  w i th  i t  i n  t h i s  p r e p a r a t i o n  i s  

d e s c r i b e d  a s  ^ - a m y r a d i o n y l  a c e t a t e  by t h e  above a u t h o r s ,  

and was assumed to  be t h i s .  I t  c r y s t a l l i s e d  f rom  a q u eo us
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e t h a n o l  a s  p l a t e s ,  m .p .  280-282° .

A c t io n  o f  P e r i o d i c  Acid on tX-Amyradionyl A c e t a t e  -  The 

a c e t a t e  (120 jpg . ) i n  a l c o h o l  (75 c . c . )  was t r e a t e d  w i th  

sodium p e r i o d a t e  (24O mg.) i n  s u l p h u r i c  a c i d  (10%, 2 c . c . )  

o v e r n i g h t  a t  room t e m p e r a t u r e .  The s o l u t i o n  was poured  i n t o  

w a t e r ,  and e x t r a c t e d  w i t h  e t h e r .  There  was no a c id  f r a c t i o n .  

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

p a l e  y e l l o w  n e e d l e s ,  m .p .  206 -212° ,  g i v i n g  a p o s i t i v e  f e r r i c  

c h l o r i d e  t e s t .  (Found: C, 7 9 , 0 ; H, 9 *7^ ^ ) .

H y d r o l y s i s  o f  ^ - A m y r a d i o n y l  A c e t a t e  J&iol A c e t a t e  -  The e s t e r  

(0 .5  g . ) 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 iu m  

h y d r o x id e  (2%, 25 c . c . ) ,  poured  i n t o  d i l u t e  h y d r o c h l o r i c  a c i d  

and e x t r a c t e d  w i th  e t h e r .  The p r o d u c t  c r y s t a l l i s e d  f rom  

aqueous  a c e to n e  a s  f i n e  n e e d l e s ,  m .p .  226-228* 3» (K)j> 1 8 4 .1 °

(C * 1 . 8 9 ) .  (Found : C, 78*7 ; 10 . 7 % r e q u i r e s :

C, 7 8 . 9 ; H, 10.5%.

(?{-Amyradionyl B enaoa te  E no l  A c e t a t e  -  m yranonyl  b e n z o a te  

e n o l  a c e t a t e  (1 g . ) i n  a c e t i c  a c id  (50 c . c . )  was t r e a t e d ,  a t  

70 ° w i t h  a s o l u t i o n  o f  chromic a c id  (0 .6 8  g . ) i n  a l i t t l e  

w a t e r ,  and a c e t i c  a c id  (20 c . c . )  added o v e r  a p e r i o d  o f  20 

m i n u t e s  w i th  o c c a s i o n a l  sh a k in g .  The t e m p e r a t u r e  was m ain­

t a i n e d  f o r  2 h o u r s  more ,  a f t e r  which  th e  r e a c t i o n  m ix t u r e  was 

p ou red  i n t o  w a t e r ,  and t h e  p r o d u c t  e x t r a c t e d  w i th  e t h e r .  

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

m e t h a n o l ,  gave s m a l l  c o l o u r l e s s  n e e d l e s ,  m .p .  2 6 2 -2 6 4° .



+ 8 5 . 8 ° .  The y i e l d  was 50% o f  t h e o r y .  (Found: C, 77*5;

H, 8.93% C39H5405 r e q u i r e s :  C, 7 7 . 7 ;  H, 9 .2 7 # ) .  l i g h t  

a 'b s o r p t io n  i n  a l c o h o l  showed a  maximum a t  )\ -  2530A, ^max •  

1 2 ,0 0 0 .

A -A m yradionol  -  ^ - I m y T a d i o n y l  "benzoate e n o l  a c e t a t e  

( 1 .4  g * ) was r e f l u x e d  i n  a l c o h o l i c  p o t a s s i u m  h y d ro x id e  (2%,

70 c . c . )  f o r  2 h o u r s ,  poured  i n t o  w a t e r ,  and t h e  p r o d u c t  

e x t r a c t e d  w i t h  e t h e r .  The a l c o h o l  c r y s t a l l i s e d  from aqueous  

a c e to n e  ( n o r i t e )  a s  v e r y  f i n e  c o l o u r l e s s  n e e d l e s ,  m .p .  233- 

235° > K ) ) V  14 5 -t>° (c -  3 - I D ,  CAI)^  144. 2° (C = 1 . 5b ) ,  g i v i n g  

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

(Found:  C, 7 8 . 4 ;  1 0 . 1#  CjqH^qO^ r e q u i r e s :  C, 76*95 10 . 5#)

l i g h t  a 'b s o r p t io n  i n  a l c o h o l  showed a  maximum a t  A 55 2900A,

W .  = ^ 00°-

A ttem p ted  F u r t h e r  H y d r o l y s i s  "by H y d r o c h lo r i c  Acid o f  t h e  

t A - i m y r a d i o n o l  o b t a i n e d  a s  above -  The above d i o n o l  (0 .5  g . ) 

was r e f l u x e d  i n  e t h a n o l  (50 c . c . )  c o n t a i n i n g  h y d r o c h l o r i c  

a c id  (co n c .  10 c . c . )  f o r  2 h o u r s .  More a c id  (3 c . c . )  was 

t h e n  add ed ,  and a f t e r  a n o t h e r  1 h o u r ’ s r e f l u x i n g ,  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  f rom  

aqueous  a l c o h o l ,  g i v i n g  s t a r t i n g  m a t e r i a l ,  m .p .  232-2330 , 

k f l j j S l 4 2 . 5° (C = 1 . 2 ) .  (Found: 7 8 . 5 ;  H, 10 . 1$ C3oH48°3 

r e q u i r e s :  C, 76*9? 10 .5#)*

A c t io n  o f  H y d ra z in e  H y d ra te  on >9(-lmyradionol  -  i )  The 

d i lce tone  (100 mg.) i n  a l c o h o l  (10 c . c . )  was t r e a t e d  w i t h
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h y d r a z i n e  h y d r a t e  (90%, 1 c . e . )  and l e f t  o v e r n i g h t  a t  room 

t e m p e r a t u r e .

i i )  The B ik e to n e  (100 mg.) i n  a l c o h o l  (10 c . c . )  p l u s  

h y d r a z i n e  h y d r a t e  (90% 2 c . c . )  was r e f l u x e d  f o r  2 h o u r s .

I n  b o th  c a s e s ,  when th e  s o l u t i o n s  were poured  i n t o  w a te r  

and e x t r a c t e d  w i th  e t h e r ,  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 .

A c t io n  o f  A c e t i c  Anhydride  on -A t ty rad io n o l  -  i )  The a l c o h o l  

(JOO mg.) i n  p y r i d i n e  (2 c . c . )  was t r e a t e d  w i th  a c e t i c  anhy­

d r i d e  (2 c . c . ) ,  and l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e ,  

i i )  The a l c o h o l  (4OO mg.) i n  p y r i d i n e  (5 c . c . )  and a c e t i c  

a n h y d r id e  (5 c . c . )  was h e a t e d  on a steam h a th  f o r  15 m i n u t e s .

I n  b o t h  c a s e s ,  t h e  r e a c t i o n  m ix t u r e  was poured  i n t o  

w a t e r ,  and th e  p r o d u c t  e x t r a c t e d  w i t h  e t h e r .  The m a t e r i a l  

o b t a i n e d  c r y s t a l l i s e d  f rom  aqueous a c e to n e  o r  a l c o h o l  a s  

n e e d l e s ,  m .p .  2 2 4 -2 2 6 ° ,  g i v i n g  a  c o l o u r  r e a c t i o n  w i t h  f e r r i c  

c h l o r i d e .  (Found: G, 7 9 *8 ; H, 9 *7^)*

A c t io n  o f  P e r i o d i c  Acid on ^ - A m y r a d i o n o l  -  i )  The d ione  

(1 g . )  i n  m e th a n o l  (4OO c . c . )  was t r e a t e d  w i th  sodium p e r i o d ­

a t e  (2 g . ) i n  s u l p h u r i c  a c i d  (10°/o9 15 c . c . )  and l e f t  o v e r n i g h t  

a t  room t e m p e r a t u r e .  The s o l u t i o n  was 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  a l c o h o l  removed by vacuum d i s t i l l a t i o n ,  a f t e r  

which th e  p r o d u c t  was d i s s o l v e d  i n  e t h e r .  The e t h e r  s o l u t i o n  

was washed w i th  c a u s t i c  soda  (2%), and a  s m a l l  a c i d  f r a c t i o n  

o b t a i n e d ,  which c o u ld  n o t  be c r y s t a l l i s e d .  The n e u t r a l  

p o r t i o n  o f  t h e  p r o d u c t  was c r y s t a l l i s e d  from aqueous  a c e to n e



a s  f i n e ,  p a l e  y e l lo w  n e e d l e s ,  m .p .  226-230°  ( d . )  s i n t e r i n g

above 224° .  (oOi) -  91*1 (C = 2 . 2 4 ) • T h i s  gave no c o l o u r a -  
. y 71‘Gj

t i o n  w i t h  a l c o h o l i c  f e r r i c  c h l o r i d e .  (Found: G, 7 9 . bX H, 9 .4

9 . 4* ) .

The m a t e r i a l  (J00  m g . ) was ab so rb ed  on Grade I I I  

Brockmann Alumina ,  f rom  200 c . c .  o f  b e n z e n e - p e t r o l  (50:50)  

and f r a c t i o n a l l y  e l u t e d .

S o l v e n t . Vol .  ( c . c . ) V/t. f l u t e d  (mg.)

1) B e n z e n e - P e t r o l (50 : 50 ) 500 -

2) tt tt (7 2 :2 5 ) O O -

31 Benzene a lo n e 200 50

41 n tt 200 80

5 ) w n 400 100

61 tt it 400 140

7 ) w ft 600 50

8) B enzene-A cetone (95 *5 ) 400 100

9 ) « it 400 200

10) Acetone 100 60

T o t a l 780 mg

F r a c t i o n s  1) t o  6) amd 7) t0  1 0 ) were combined,  t h e  

f i r s t  g i v i n g  what seemed to  be unchanged s t a r t i n g  m a t e r i a l ,  

m .p .  220- 2400 , f e r r i c  c h l o r i d e  t e s t  n e g a t i v e .  The second 

f r a c t i o n ,  however ,  a g a i n  m e l t e d  o v e r  a r a n g e ,  1§ 0 -180° ,  b u t  

gave a b l u e  c o l o u r a t i o n  w i t h  f e r r i c  c h l o r i d e  i n  a l c o h o l  

s o l u t i o n .  No homogeneous m a t e r i a l  was i s o l a t e d ,  

i i )  The r e a c t i o n  was r e p e a t e d  a s  d e s c r i b e d  above ,  t h e  

t e m p e r a t u r e ,  however ,  was m a i n t a i n e d  a t  4O-600 f o r  t h e  f i r s t
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4 h o u r s .  C o n s i d e r a b l e  d a rk e n in g  o f  t h e  s o l u t i o n  o c c u r r e d ,  

b u t  t h e  p r o d u c t  was a s  b e f o r e .

A c t io n  o f  A c e t i c  Anhydride  on th e  P e r i o d a t e  P r o d u c t  -  The 

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

a c i d  on ^ - a m y r a d i o n o l  (250 mg.) i n  p y r i d i n e  (5 c . c . )  and 

a c e t i c  a n h y d r id e  (5 c . c . )  was h e a te d  f o r  15 m in u t e s  a t  100° .

The s o l u t i o n ,  on p o u r i n g  i n t o  w a t e r ,  and e x t r a c t i n g  

w i th  e t h e r ,  y i e l d e d  a s o l i d  c r y s t a l l i s i n g  as  f i n e  p a le  y e l lo w  

n e e d l e s  f rom aqueous a l c o h o l ,  m .p .  i n d i s t i n c t ,  c a .  216- 220° .  

(Found: C, 7 6 . 7 ;  H, 9 . 4 # ) .

A c t io n  o f  chromic Acid on ^ - i m y r a d i o n o l  -  Amyradionol  

(O.5 g . ) i n  a c e t i c  a c i d  (20 c . c . )  was t r e a t e d  a t  7 °0 w i t h  a  

s o l u t i o n  o f  chromic a c i d  (O.44 g . ) d i s s o l v e d  i n  t h e  minimum 

volume o f  w a t e r ,  p l u s  a c e t i c  a c i d  (20 c . c . )  added o v e r  a 

p e r i o d  o f  20 m i n u t e s .  C o n d i t i o n s  were m a in t a in e d  f o r  2 h o u r s ,  

and t h e  s o l u t i o n  poured  i n t o  w a te r ,  and e x t r a c t e d  w i t h  e t h e r .  

Washing o f  t h e  e x t r a c t  w i t h  d i l u t e  c a u s t i c  soda  removed an 

a c i d  f r a c t i o n ,  which c o u ld  n o t  be c r y s t a l l i s e d .  The n e u t r a l  

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

m a t e r i a l .

A c t io n  o f  P e r b e n z o l c  Acid on c^-Amyranonyl A c e t a t e  S n o l  

A c e t a t e  -  The e n o l  a c e t a t e  (1 g . ) was d i s s o l v e d  i n  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  (O.75 g . ) i n  c h lo r o f o r m  (10 c . c . )  and l e f t  

f o r  7 d a y s  a t  room t e m p e r a t u r e .  A f t e r  b e i n g  washed w i t h  

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



93-
s o l v e n t  was removed, and th e  r e s i d u e  c r y s t a l l i s e d  from 

a l c o h o l ,  g i v i n g  unchanged s t a r t i n g  m a t e r i a l ,  m .p .  255*257°»

4 6 .9 °  (c = I . 2 3 ) .

From t h e  m o the r  l i q u o r s  was o b t a i n e d  a v e r y  s m a l l  

amount o f  p r o d u c t ,  c r y s t a l l i s i n g  a s  n e e d l e s ,  m ,p .  242-244° 

from a l c o h o l .  (Found: C, 7 7 *2 ; H, 11 , 0 % ^34^54^5 r °qu l r e s :

C, 7 5 - 3 ; H, 9 . 9b%).

A c t io n  o f  P e r b e n z o i c  Acid on /7^ im y rad io n y l  B enzoa te  Enol  

A c e t a t e  -  The e n o l  a c e t a t e  (1 g . ) was d i s s o l v e d  i n  a 

s o l u t i o n  o f  p e r b e n z o i c  a c id  ( 0 . 6 3 / g . ) i n  c h lo r o f o r m  (10 c . c . )  

and l e f t  f o r  12 d a y s  a t  0 ° .  The s o l u t i o n  was worked up a s  i n  

t h e  above e x p e r i m e n t ,  o n ly  unchanged s t a r t i n g  m a t e r i a l ,  m .p .  

2 6 2 -2 6 4 ° ,  8 4 .8 °  (G a 2 .5 1 )  was r e c o v e r e d ,  however .

A c t io n  o f  H ydr ioA ic  Acid and Red P hosphorus  on ^ - A n y r a n o n y l  

Benzoa te  -  i )  I o d i n e  (O.07 g. ) and r e d  p h o sp h o ru s  (0 .2 1  g . )  

were added to  a c e t i c  a c i d  (75 c . c . )  and a l lo w e d  t o  s ta n d  f o r  

20 m in u t e s .  The k e to n e  (1 g . ) and w a te r  (0 .5  c . c . )  were 

t h e n  added,  and t h e  m ix t u r e  r e f l u x e d  f o r  3 h o u r s .  The 

s o l u t i o n  was f i l t e r e d  th r o u g h  a s b e s t o s ,  and poured  i n t o  

sodium b i s u l p h i t e  s o l u t i o n  The p r e c i p i t a t e d  s o l i d  was 

e x t r a c t e d  w i th  b e n zene ,  and t h e  e x t r a c t  washed and d r i e d  

(sodium s u l p h a t e ) .  Removal o f  t h e  s o l v e n t  l e f t  a  r e s i n  which 

was c r y s t a l l i s e d  f rom  b e n z e n e -m e th a n o l  a s  n e e d l e s ,  m .p .  218-  

220° .  (Found : C, 8 2 . 0 2 ; H, 1 0 . 15%).

i i )  The r e a c t i o n  was r e p e a t e d  on tw ic e  t h e  above s c a l e .  The
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p r o d u c t  t h i s  t im e  c r y s t a l l i s e d  a s  b l a d e s  f rom a l c o h o l ,  

m .p .  2 1 4 -2 1 6 ° ,  and g i v i n g  a d e p r e s s i o n  on a d m ix tu re  w i th  

t h e  p r e v i o u s  p r o d u c t ,  m .p .  218- 220° .  (Found: C, 8 3 . 1 ;

H, 10 . 52% r e q u i r e s :  C, 8 3 . 5 ;  H, 1 0 . 5%).

The p r o d u c t  showed no low i n t e n s i t y  a b s o r p t i o n  i n  th e  

u l t r a - v i o l e t  r a n g e .

A c t io n  o f  L i th iu m  Aluminium Hydr ide  on ^ - A m y r a n o n y l  

B en zo a te  -  The k e to n e  (2 g . ) i n  d r y  e t h e r  (120 c . c . )  was 

added t o  a  s u s p e n s io n  o f  th e  r e a g e n t  (0 .5  g . ) i n  d r y  e t h e r  

(50 c . c . ) ,  t h e n  r e f l u x e d  f o r  3 h o u r s .  A f t e r  c o o l i n g ,  w a te r  

was c a u t i o u s l y  added t o  d e s t r o y  e x c e s s  h y d r i d e ,  t h e n  2N 

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

l a y e r  was s e p a r a t e d ,  washed w i th  w a t e r ,  and d r i e d  o v e r  sodium 

s u l p h a t e .  E v a p o r a t i o n  o f  t h e  s o l v e n t  l e f t  a s o l i d  which 

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 ,  m .p .  250- 

2520 , C ? d i + 12- 30 (0 = 2 . 3 5 ) .  Y i e l d ,  300 mg. (Found: C, 8 l . l ;  

H, 11.9% C3oH52°2 r e i « 1r e s :  C, 8 l . O ;  H, 11.773.

The m othe r  l i q u o r s ,  on e v a p o r a t i o n ,  y i e l d e d  a  r e s i n ,  

which on t r e a t m e n t  w i th  l i g h t  p e t r o l e u m  (60-80°)  gave 

c r y s t a l s ,  which were r e c r y s t a l l i s e d  f rom c h l o r o f o r m - l i g h t  

p e t r o l e u m  (60- 80° )  a s  a n a l l  p r i s m s ,  m .p .  I7 O - I7 2 0 , Q/]y~h 

12 . 9° (C = 4 . 0 3 ) .  Y i e l d ,  500 mg. (Found: G, 8 l . O ;  H, 11 . 8 % 

C ^ H  Gg r e q u i r e s :  C, 8 l . O ;  H, 11 . 7%.

A c e t y l a t l o n  o f  t h e  P r o d u c t ,  m .p .  250- 252° was c a r r i e d  o u t  

by d i s s o l v i n g  t h e  m a t e r i a l  (200 mg.) i n  p y r i d i n e  (5 c . c . )  by 

warming, a d d in g  a c e t i c  a n h y d r id e  (3 c . c . )  and l e t t i n g  s t a n d
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o v e r n i g h t .  The s o l u t i o n ,  which d e p o s i t e d  c r y s t a l s ,  was 

poured  i n t o  w a te r , ,  and th e  p r o d u c t  e x t r a c t e d  w i th  e t h e r .

The a c e t a t e  c r y s t a l l i s e d  f rom  c h lo r o f o r m - n ie th a n o l ,  o r  

aqueous  e t h a n o l ,  a s  p l a t e s ,  m .p .  279- 281° .  (Found: G, 7 8 . 9 ;

H, 10 . 9$  r e q u i r e s :  C, 7 9 . 3 ;  H, 10 . 7$ ) .

A c e t y l a t i o n  o f  t h e  p r o d u c t ,  m .p .  170- 172° -  i )  The m a t e r i a l

(200 mg.)  i n  p y r i d i n e  (3 c . c . )  and a c e t i c  a n h y d r id e  (3 c . c . )

w a s .a l lo w e d  t o  s ta n d  o v e r n i g h t ,  and worked up a s  above.  The

a c e t a t e  c r y s t a l l i s e d  f rom  aqueous a l c o h o l  a s  b l a d e s ,  m .p .

1 8 9 -1 91 ° .  ^ ° °  (c = 2 . 1 2 ) (Found: C, 7 8 . 9 ;  H, 11 . 2%

r e q u i r e s :  C, 7 9 . 0 ; H, 11. 1%).

i i )  The a c e t y l a t i o n  was r e p e a t e d ,  h e a t i n g  th e  r e a c t i o n

m ix t u r e  f o r  1 hour  a t  100° .  The p r o d u c t  m e l t e d ,  a s  "before,

a t  189- 1910 . (Found: C, 7 7 . 0 ; H, 1 0 . 4 #  C , .H  .0  r e q u i r e s :
5 0  4

C, 7 7 - 3 ;  H, 1 0 . 6 $ ) .

A c t io n  of  Ghromic Acid on th e  M ono-Aceta te  m .p .  189- 191° -  

The a c e t a t e  (150 mg.)  i n  "benzene (3 c . c . )  and a c e t i c  a c i d  

(10 c . c . )  was t r e a t e d  w i th  a s o l u t i o n  o f  chromic  a c i d  ( 0 . 1  g . ) 

i n  a l i t t l e  w a te r  and a c e t i c  a c id  (5 c . c . ) ,  l e f t  o v e r n i g h t  a t  

room t e m p e r a t u r e ,  and worked up i n  t h e  u s u a l  manner. No 

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

Sodium and Amyl A lc o h o l  R e d u c t io n  o f  ^ -A m y ra n o n y l  B en zo a te  -  

The k e to n e  (2 g . ) i n  amyl a l c o h o l  (24 c . c . )  u n d e r  r e f l u x ,  

was t r e a t e d  w i th  sodium (2 g . ) ,  and a f t e r  30 m in u t e s  more 

sodium (2 g . ) added .  R e f l u x i n g  was c o n t i n u e d  f o r  a n o t h e r  2



h o u r s .  U n re a c te d  sodium was d e s t r o y e d  by a d d i t i o n  o f  a  

l i t t l e  e t h a n o l .  Steam d i s t i l l a t i o n  decomposed th e  a m y lox id e ,  

and removed t h e  amyl a l c o h o l ,  a f t e r  which t h e  p r o d u c t  was 

e x t r a c t e d  w i t h  e t h e r ,  and t h e  e x t r a c t  washed, and d r i e d  o ve r  

sodium s u l p h a t e .  Removal o f  th e  e t h e r  l e f t  a r e s i n  which  was 

c r y s t a l l i s e d  f i r s t  f rom  l i g h t  p e t r o l e u m  (60 -  8 0 ° ) ,  t h e n  f rom 

aqueous  a c e to n e  t o  g iv e  f i n e  n e e d l e s ,  m .p .  198-200° .

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

H, 11.8ft c3oH52°2 re(luires: G> 8 l . l;  H, 11.7#).

A c e t y l a t i o n  o f  t h e  P r o d u c t ,  m .p .  198- 200° -  The compound 

(200 mg.)  i n  p y r i d i n e  (3 c . c . )  and a c e t i c  a n h y d r id e  (3 c . c . )  

was h e a t e d  on a s team  b a th  f o r  15 m in u t e s ,  poured  i n t o  w a t e r ,  

and t h e  p r o d u c t  e x t r a c t e d  w i t h  e t h e r .  I t  c r y s t a l l i s e d  from 

aqueous  a c e to n e  a s  n e e d l e s ,  m .p .  242- 244°•  (-found: C, 7 7 *2 ;

H, 10 . 5$  C j4H560^ r e q u i r e s :  C, 7 7 .3 ;  H, 10 . 6%).

D i a c e to x y - ^ - A m y r a n e  -  pL -A m y raned io l  ( v . s .  $00 mg.)  i a  

p y r i d i n e  (5 c . c . )  and a c e t i f i  a n h y d r id e  (5 c . c . )  was h e a t e d  

f o r  1 hour  a t  100° ,  and worked up i n  t $ e  u s u a l  manner .  The 

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

2 4 2 -2 4 4 ° ,  u n d e p r e s s e d  on a d m ix tu re  w i t h  a  spec im en  o f  t h e

above a c e t a t e .  +  50° (°  = 1 *7 2 ) .  (Pound: C, 7 7 .7 ;

H, 1 0 .6%. C,4HcgO. r e q u i r e s :  C, 7 7 . 3 ;  H, 10 . 6%).

were [Uj, + 3 2 . 7° (0 = I . 7 1 ) , 6 ^ + -  41 -9 °  (0 = +

4 4 -4 ° (C :  2 .4 1 )  and G < ])V  30° (C = I . 5 0 ) .  (Found: C, 8 1 . 5 ; 

Sodium and Amyl A lc o h o l  S e d u c t i o n  o f  c>̂ -4m yranony l  A c e t a t e
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^ ( -A m y ran o n y l  a c e a t e  (1 g . ) i n  amyl a l c o h o l  (12 c . c . )  was 

t r e a t e d ,  u n d e r  r e f l u x ,  w i th  sodium (1 g . ) .  A f t e r  30 

m i n u t e s ,  more sodium (1 g . ) was added ,  and r e f l u x i n g  con­

t i n u e d  f o r  2 h o u r s .  U n re ac te d  sodium was d e s t r o y e d  by 

a d d i t i o n  o f  a l i t t l e  r e t h a n o l ,  and the  amyl a l c o h o l  removed 

by s t e a m  d i s t i l l a t i o n , a f t e r  which th e  p r o d u c t  was e x t r a c t e d  

w i th  e t h e r .  The p ro d u c t  c r y s t a l l i s e d  from aqueous  a c e to n e  

a s  n e e d l e s ,  m .p .  198- 200° ,  [ ^ ^ 4 - 3 2 . 8 °  (C = 1 . 2 5 ) .  (Found:

G, 7 9 *9 ; H, 1 1 . 3% C H 0 2 r e q u i r e s :  C, 8 l . 8 ;  H, 11 . 0 ) .

A c t io n  o f  C a u s t i c  bod a  on (A-Amyrenone -  o(-Amyrenone 

(14 g . ) i n  c a u s t i c  soda (40/*, 100 c . c . )  was h e a t e d  i n  an 

a u t o c l a v e .  A f t e r  1 -̂ h o u r s ,  when t h e  t e m p e r a t u r e  had r e a c h e d  - 

120° ,  s t i r r i n g  was commenced. H e a t i n g  was c o n t i n u e d  f o r  

a n o t h e r  4 h o u r s ,  when t h e  t e m p e r a t u r e  r o s e  t o  25O0 , and t h e  

p r e s s u r e  t o  37 a tm o s p h e r e s .  A f t e r  8 more h o u r s ,  d u r i n g  which 

t h e  t e m p e r a t u r e  r o s e  to  270° ,  and t h e  p r e s s u r e  t o  50 a tmos­

p h e r e s ,  h e a t i n g  and s t i r r i n g  were d i s c o n t i n u e d ,  and t h e  a u t o ­

c l a v e  c o o le d  o v e r n i g h t .  The c o n t e n t s  were e x t r a c t e d  w i t h  

e t h e r ,  and t h e  a l k a l i n e  l a y e r  a c i d i f i e d  t o  see  i f  t h e r e  was 

any a c id  f r a c t i o n ,  b u t  t h e r e  was n one .  The e t h e r ,  on 

e v a p o r a t i o n  t o  d r y n e s s ,  y i e l d e d  unchanged s t a r t i n g  m a t e r i a l .

A c t io n  o f  C a u s t i c  Soda on p - i m y r i n  Benzoa te  -  |3 - i m y r i n  

b e n z o a te  (20 g . )  i n  c a u s t i c  soda  (40%, 100 c . c . )  was h e a t e d  

i n  an a u t o c l a v e .  A f t e r  4 ^  h o u r s ,  t h e  t e m p e r a t u r e  had r e a c h e d  

25O0 , and t h e  p r e s s u r e  25 a tm o sp h e re s ,  so s t i r r i n g  was 

commenced. H e a t i n g  was c o n t in u e d  f o r  8 more h o u r s ,  d u r i n g
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which th e  t e m p e r a t u r e  r o s e  to  290° ,  and t h e  p r e s s u r e  to  

42 a tm o s p h e r e s .  On c o o l i n g  o v e r n i g h t ,  t h e  p r e s s u r e  

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

were d i l u t e d  w i th  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 

c a u s t i c  soda ,  on a c i d i f i c a t i o n ,  y i e l d e d  b e n z o ic  a c i d ,  

c r y s t a l l i s i n g  f rom w a te r  a s  n e e d l e s ,  m .p .  121° .  The 

n e u t r a l  p r o d u c t  was c r y s t a l l i s e d  f rom aqueous  a l c o h o l ,  and 

gave p - a m y r i n  U 5  g . ) a s  n e e d l e s ,  m .p .  184-186°^

8 8 . 9° (0 = 3 .Q 9) .

A c t io n  o f  Aluminium T r i c h l o r i d e  on /3 -Amyrin B enzoa te  -  i )  

Aluminium t r i c h l o r i d e  (5 g* ) was s t i r r e d  i n  d ry  benzene  

(50 c . c . )  and a s o l u t i o n  o f  p - a m y r i n  b e n z o a te  (2 g . ) i n  

benzene  (10 c . c . )  added. The m ix t u r e  was s t i r r e d  on a 

s team  b a t h  f o r  1 h o u r ,  d u r i n g  which d a r k e n i n g  o c c u r r e d ,  

and h y d r o c h l o r i c  a c id  was e v o lv e d .  The m ix t u r e  was c o o l e d ,  

i c e  added,  and t h e  benzene  l a y e r  s e p a r a t e d ,  washed w i th  

d i l u t e  m i n e r a l  a c id  to  remove aluminium h y d r o x i d e ,  w a t e r ,  

t h e t s o d i u m  c a r b o n a t e ,  which e x t r a c t e d  an a c i d  f r a c t i o n ,  

c r y s t a l l i s i n g  from  w a t e r  a s  b e n z o ic  a c i d ,  m .p .  121° .  The 

n e u t r a l  p r o d u c t  was a red  o i l .

i i )  When t h e  e x p e r im e n t  was r e p e a t e d  on f i v e  t im e s  t h e  

above s c a l e ,  t h e  y i e l d  o f  b e n z o ic  a c i d  was 0 . 7  g* The 

o i l y  f r a c t i o n  was d i s t i l l e d  i n  vacuo to  g ive  t h e  f o l l o w i n g  

f r a c t i o n s
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1 . M obi le  y e l lo w  o i l ,  B .P .  60- 120° / !  mm. c .  2g.

2 . More v i s c o u s  o i l ,  B .P .  120- 150° / l  mm. c .  l g .

J .  V i s c o u s  y e l lo w  o i l ,  B .P .  140- l b 0 ° /6  x 10*^  mm c .  l g .

4 .  Sm a l l  d a rk  r e s i d u e .

A t te m p ts  were made t o  h y d ro g e n a te  f r a c t i o n s  1. and 3 . ,

t h u s

a) The o i l  f i r s t  c o l l e c t e d  (1 .8  g . ) was d i s s o l v e d  i n  e t h y l  

a c e t a t e  (100 c . c . )  and shaken  w i th  hydrogen  i n  t h e  p r e s e n c e  

o f  a p l a t i n u m  c a t a l y s t ,  i h e r e  was no a b s o r p t i o n  a f t e r  

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

b) F r a c t i o n  3 * (0 .7 8  g . ) was t r e a t e d  i n  t h e  same way.

Again  t h e r e  was no a b s o r p t i o n .

I n  b o th  c a s e s ,  on f i l t e r i n g  th e  s o l u t i o n  and rem ov ing  

t h e  s o l v e n t ,  t h e  o i l  was r e c o v e r e d .

i i i )  5g 8* p - a m y r i n  b e n z o a te  were t r e a t e d  a s  b e f o r e .

The n e u t r a l  p r o d u c t  was stv.am d i s t i l l e d ,  g i v i n g  6 . 2  g .  o f  a  

y e l lo w  o i l  ( s . g .  1 ) • T h i s  f r a c t i o n  was d i s s o l v e d  i n  i t h e r ,

d r i e d  o vee  sodium s u l p h a t e ,  and th e  s o l v e n t  removed.  The o i l  

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

1 . P a l e  y e l lo w  o i l ,  B .P .  48- 54° / 0»4 c .  3 c *c *

2 . D a rker  ” w B .P .  52- h 0° / 0 .4  c * 1 c . c .

3 . " " " B .P . 6 0 - 7 0 ° /0 .4  mm. c .  2 c . c .

4 . " " " B .P .  7 0 -1 0 0 ° /0 .5  mm. c .  0 .5  c . c .

5 . S t a a l l  r e s i d u e ,  B .P .> 1 0 0 ° /0 .5  mm.

The f i r s t  f r a c t i o n  r e d i s t i l l e d  betw een 50_ ° 0 ° / 0 *5 nmu 

(e . 150° a t  A . P . ) ,  f e Q ^ O  (C = 1 . 5 5 ) .  (Found: 0 , 8 7 -5 ;

H, 12 . 4 % M = 4 6 8 ) .
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The non s team  v o l a t i l e  p o r t i o n  (39 g * ) was f r e e z e  

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

(8 -  10 g . ) was c o l l e c t e d  ov e r  th e  r a n g e  JO -  l 80° / 0 .1  mm. 

Most o f  t h i s  came o v e r  be tween lbO° and 180° / 0 .1  mm., b u t  

t h e r e  was no c o n s t a n t  b o i l i n g  f r a c t i o n .  A t a r - l i k e  r e s i d u e  

was l e f t  i n  t h e  d i s t i l l a t i o n  f l a s k .

p -A m y ra n o n y l  A c e t a t e  -  p -A m y r in  a c e t a t e  (10 g . ) i n  a c e t i c  

a c i d  (500 c . c . )  was h e a t e d  on a  s team  b a t h  w i th  s t i r r i n g .  

Hydrogen p e r o x i d e  (30%, 30 c . c . )  was added,  and t h e  s t i r r i n g  

c o n t i n u e d  f o r  2 h o u r s .  More hydrogen  p e r o x i d e  (10 c . c . )  was 

t h e n  added ,  and a f t e r  a f u r t h e r  h o u r ,  b o i l i n g  w a te r  was 

added d ro p w ise ,  u n t i l  t h e  s o l u t i o n  was m i lk y .  The p r o d u c t  

s e p a r a t e d  <ffn c o o l i n g ,  was c o l l e c t e d ,  and c r y s t a l l i s e d  from 

e h lo r o f o r m - m e th a n o l  a s  p l a t e s ,  m .p .  292- 294°• The y i e l d  was

6 g .

i s o -  p -A m y ren o n y l  A c e t a t e  was p r e p a r e d  a c c o r d i n g  to  t h e  

method o f  P i c a r d ,  S h a r p i e s  and S p r i n g ,  ( J . (1939 )>1047)• I i  

c r y s t a l l i s e d  from  e h lo r o f o r m - m e th a n o l ,  i n  5 ^ ^ y i e l d ,  a s  

p l a t e s ,  m .p .  2 8 6 -2 8 8 ° .

1 so— p - i m y r a d i e n o n y l  A c e t a t e  -  was made from t h e  above by 

t h e  a c t i o n  of  s e l e n iu m  d i o x id e  i n  a c e t i c  a c i d .  (Green, Mower, 

P i c a r d  and S p r i n g ,  J . (1944)>5^7 )• I i  c r y s t a l l i s e d  from aqueous  

a l c o h o l  a s  b l a d e s ,  m .p .  205- 207° ,  feOj - 31 *9° (C a 3 - 2 3 ) ,  

i n  $0 % y i e l d .
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A ttem pted  I s o m e r i s a t i o n  o f  i s o -  p - i m y r a d i e n o n y l  A c e t a t e  -  

( c f .  R u z ic k a ,  Ruegg and J e g e r , ( H e lv . (1949 )>5 0 >1294) -  The 

a c e t a t e  (200 mg.) i n  a c e t i c  a c id  (50 c . c . )  was s a t u r a t e d  

w i th  d r y  h y d r o c h l o r i c  a c i d ,  and a l lo w ed  t o  r em a in  a t  room 

t e m p e e a t u r e  o v e r n i g h t .  On e v a p o r a t i o n  t o  d r y n e s s  i n  wacuo, 

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 .

i s o -  p -A m y rad len o no l  -  The method o f  Green,  Maver, P i c a r d  

and S p r i n g  ( i b i d . ) ,  gave t h e  a l c o h o l  a s  n e e d l e s  from aqueous  

e t h a n o l ,  m .p .  24O-24I0 , (jp()y -  5 I . 4 0 (C = 2 . 2 2 ),

R e - a c e t y l a t i o n  o f  i s o -  p -A m y rad ieno n o l  -  The a l c o h o l  (250

mg.) i n  p y r i d i n e  (5 c . c . )  and a c e t i c  a n h y d r id e  (5 c . c . )  .was 

h e a t e d  a t  100° f o r  18 m i n u t e s ,  and worked up a s  u s u a l .  

i s o -  -A m yrad ienony l  a c e t a t e  c r y s t a l l i s e d  f rom  aqueous  

a l c o h o l  a s  p l a t e s ,  m .p .  2 0 5 -2 0 7 ° ,  g i v i n g  a y e l lo w  c o l o u r  

w i t h  t e t r a n i t r o m e t h a n e  i n  c h lo r o f o r m  s o l u t i o n .

A t tem p ted  H y d r o g e n a t io n  o f  i s o - j^ - A m y r a d ie n o n y l  A c e t a t e  -  

The a c e t a t e  ( 0 .5  g .  s p e c i a l l y  p u r i f i e d  from se le n iu m  by 

s o l u t i o n  i n  benzene  and f i l t r a t i o n  th r o u g h  a l u m i n a ) ,  i n  

a c e t i c  a c i d  (50 c . c . )  was shaken  w i t h  p l a t i n u m  o x id e  (100 mg.)  

i n  an a tm osphere  o f  hydrogen  f o r  3 d a y s .  The s o l u t i o n  was 

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

m a t e r i a l .  T h i s  m a t e r i a l  (47^ .  Big*) was t r e a t e d  a g a i n  a s  

b e f o r e ,  bu t  no p r o d u c t  was o b t a i n e d .
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h i s t o r i c a l .

As a p r e l i m i n a r y  s tu d y  o f  t h e  d e h y d r a t i o n  o f  th e  

o x i d e s  o f  e h o l e s t e r y l  e s t e r s ,  S p r i n g  and Swain (1 ) p r e p a r e d  

and 3 - e h o l e s t e r y l  b e n z o a te  o x i d e s .  By t h e  a c t i o n  o f  

h y d r o c h l o r i c  a c id  on t h e  f o rm e r ,  o r  o f  b e n z o y l  c h l o r i d e  on 

t h e  ^ \ - o x i d e  o f  c h o l e s t e r o l  i t s e l f ,  a  compound C ^H ^^O jC l  

m .p .  202- 205° ,  was o b t a i n e d .  T h is  was s u b s e q u e n t l y  c h a r a c ­

t e r i s e d  a s  b - c h l o r o - 5- h y d r o x y -3- b e n z o y lo x y  c h o l e s t a n e  ( I ) .  

T re a tm e n t  o f  (I)  w i t h  t h i o n y l  c h l o r i d e  i n  p y r i d i n e  a t  0° 

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

1 2 7 -1 2 8 ° ,  c o n s i d e r e d  to  be b - c h l o r o - 3 - b e n z o y l o x y - c h o l e s t -

4 - e n e  (II)- was i s o l a t e d  i n  good y i e l d .  T h i s  c h a in  o f  

r e a c t i o n s  may be r e p r e s e n t e d  by th e  f o l l o w i n g  p a r t i a l  

f o r m u l a t i o n  (BzO s  C^H^OCO)

X
CP OP

I n  o r d e r  f u r t h e r  t o  c h a r a c t e r i s e  (11+, i t  was 

r ed uced  w i th  a lum in ium  amalgam i n  m o is t  e t h e r ,  when i t  was 

e x p e c te d  t o  g iv e  a l i o - e h o l e s t e r y l  b e n z o a te  (3 -b e n z o y lo x y -  

c h o l e s t - 4 - e n e ) ,  b u t  a c h o l e s t a d i e n e ,  m .p .  80-81°

was o b t a i n e d ,  and shown t o  p o s s e s s  an i n t e n s e  a b s o r p t i o n  

maximum a t  2 3 5 i n d i c a t i n g  i t  t o  be c h o l e s t a - 3 (2)

T rea tm en t  w i t h  m e th an o l  and p o ta s s iu m  h y d ro x id e  o r  

w i t h  sodium e t h o x i d e  gave u nw orkab le  o i l s ,  w h i l e  h e a t i n g  

w i t h  p y r i d i n e  gave h a lo g e n  f r e e  r e s i n o u s  p r o d u c t s  which
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could  n o t  be c r y s t a l l i s e d .  H alogen  was s u c c e s s f u l l y  removed 

■by h e a t i n g  w i th  p o t a s s i u m  a c e t a t e  i n  a l c o h o l ,  g i v i n g :

(A) a s o l i d  m .p .  lbo - l t> 7° i Qa]  -  4 7 . 2°

(B) " " m .p .  13 1 -132° ,  [ < ^ - 2 9 . 4 °

(C) " " m .p .  153- 154° ,  (o0 3 -  27 .8 °

(C) was shown t o  he C_.Hc - 0 _ formed hy r e p l a c e m e n t  o f34 50 3
c h l o r i n e  hy h y d r o x y l ,  and shou ld  t h e r e f o r e  he 6 -hydroxy-3~  

b e n z o y l o x y - c h o l e s t - 4 - e n e  o r  4 - h y d r o x y - 3 - h e n z o y l o x y - c h o l e s t -  

5 - e n e ,  t h e  l a t t e r  r e q u i r i n g  an a l l y l i e  r e a r r a n g e m e n t  f o r  

i t s  f o r m a t i o n .  I t  d i f f e r e d  from t h e  e s t e r  p r e p a r e d  hy 

Bosenheim and S t a r l i n g  ( 3 ) ,  hu t  on h y d r o l y s i s  gave 3 :4 -  

d i h y d r o x y - c h o l e s t - 5 - e n e ,  and n o t  t h e  e x p e c te d  3 :6- d i h y d r o x y -  

c h o l e s t - 4 - e n a .

B e n z o y l a t i o n  o f  (C) gave c i s  -  3 s4- d i h e n z o y l o x y - c h o l e s t -

5-en e  and a c e t y l a t i o n  gave an e s t e r ,  m .p .  I 3 O - I 3 I 0 , d i f f e r i n g  

f rom t h e  c i  s -  3-  hen 20 y l o  xy-  4 -* ac e 10 xy-  c ho l e  s t -  5-  ene d e s c r i b e d  

hy  Bosenheim and S t a r l i n g .  (C) was t h e n  t h e  c o r r e s p o n d i n g  

4 - e s t e r ,  a  m i g r a t i o n  h a v in g  o c c u r r e d  d u r i n g  f o r m a t i o n .  The 

3 * 4 - d i o l  o f  c h o l e s t - 5 - e n e  was p a r t l y  a c e t y l a t d d ,  and t h e n  

h e n z o y l a t e d ,  g i v i n g  an i d e n t i c a l  p r o d u c t ,  showing (C) t o  he 

4 - h e n z o y l o x y - 3 - h y d r o x y - c h o l e s t - 5- e n e  ( I I I ) .

(A) and (B) were i s o m e r i c ,  h a v in g  a s  fo r m u la  C j g H ^ O j ,  

and c o n t a i n i n g  one e t h o x y l  g ro u p .  They were p r o h a h l y  e s t e r -  

e t h e r s  o f  e i t h e r  c i s - 3 g A - d i h y d r o x y - c h o l e s t - 5 - e n e , o r  3*6- 

d i h y d r o x y - c h o l e s t - 4 - ® n e » and i n  v iew  o f  t h e  p o s s i b i l i t y  o f  

m i g r a t i o n  o f  t h e  b e n z o y l  g ro u p ,  t h e r e  were f o u r  p o s s i b i l i t i e s
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f o r  (A) and (B) • H y d r o l y s i s  o f  (A) gave a  d i o l  m o n o e th y l  

e t h e r  m .p .  123- 124° ,  and o f  (B) gave a  s i m i l a r  compound 

m .p .  122- 123° ,  'both o f  which gave m o n o - a c e t a t e s .  The 

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

3 - b e n z o y l o x y - b - a c e t o x y - c h o l e s t - 4 - e n e  (3 ,4 )  was a c c e n t u a t e d  

hy t h e  f a c t  t h a t  t h e  two gave no m e l t i n g  p o i n t  d e p r e s s i o n  

on a d m ix tu r e .  T h i s  s u g g e s te d  t h a t  (B) was 3- b e n z o y lo x y -  

b - e t h o x y - c h o l e s t - 4 - e n e  formed hy d i r e c t  r e p l a c e m e n t  o f  

h a lo g e n  hy an e t h o x y l  g r o u p in g ,  h u t  t h e  f a i l u r e  o f  i t s  

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

a c c o rd a n c e  w i th  t h i s .

In f u r t h e r  a t t e m p t s  t o  c o n v e r t  (II) i n t o  e i t h e r  c h o l e s t a  

5 : 7 - d i a n y l  or 4 : 6 - d i e n y l  b e n z o a t e ,  i t s  b e h a v io u r  w i t h  s i l v e r  

n i t r a t e  i n  p y r i d i n e  was exam ined ,  (5 )• At room t e m p e r a t u r e ,  a  

pyrid lrW un^a l t  and 3 - h e n z o y l o x y - 4 - h y d r o x y - c h o l e s t « 5 - e n e  were 

fo rm ed ,  and a t  90° t h e  same s a l t  and a  compound m .p .  1 2 8 -1 2 9 ° ,  

whose c o lo u r  r e a c t i o n s  and o r i g i n  i n d i c a t e d  i t  t o  he 3~^®nzoyl- 

o x y - c h o l e s t - 4 : 6 - d i e n e .  T h i s  was s u b s e q u e n t l y  p roved  hy 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  which showed a  s i n g l e  

maximum a t  239OA.

Twc U cn& ZS



io8.

An a l t e r n a t i v e  s u g g e s t i o n  f p r  t h e  s t r u c t u r e  o f  (114 

was o f f e r e d  hy P e t ro w ,  Bosenheim and S t a r l i n g  ( 6 ) ,  who 

o b t a i n e d  an i d e n t i c a l  p r o d u c t  hy t r e a t m e n t  o f  3 - b e n z o y lo x y -

4- h y d r o x y - c h o l e s t - 5-en e  (IV) w i th  t h i o n y l  c h l o r i d e  i n  

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

i t  a s  4- c h l o r o - 3- b e n z o y l o x y - c h o l e s t - 5-©ne (V).

XXJ sSfc u j  ' /yU
BiC X  (TO e ®

The s t r u c t u r e  o f  (IV) had p r e v i o u s l y  heen e s t a b l i s h e d  

hy  o x i d a t i o n  o f  t h e  h y d ro x y l  t o  a c a r b o n y l  g roup ,  whereby 

<A> |3 - u n s a t u r a t e d  k e to n e  was o b t a i n e d ,  and by com p ar i ­

son o f  (V) w i th  t h e  p r o d u c t s  o f  Darzen  d e h y d r a t i o n  o f  t h e  

3- m o n o e s t e r s  o f  b - c h l o r o - 3 : 5- d i h y d r o x y - c h o l e s t a n e .  I t  i s  

clfeimed t h a t  t h i s  r e a c t i o n  i s  accompanied by a l l y l i c  

r e a r r a n g e m e n t .  ( 4 ) .  T h is  s e r i e s  o f  o b s e r v a t i o n s  e x p l a i n s
f

t h e  f o r m a t io n  o f  ( I I I )  by t h e  a c t i o n  o f  p o ta s s i u m  a c e t a t e  

by a l l o w i n g  f o r  t h e  o c c u r r e n c e  o f  s im p le  r e a r r a n g e m e n t  

d u r i n g  h y d r o l y s i s .

B erg  and W a l l i s  (7 « ) on p u r e l y  t h e o r e t i c a l  g ro u n d s ,  

s u g g e s t  a f u r t h e r  a l t e r n a t i v e  whereby ( I I )  i s ,  i n  f a c t ,  

3- c h l o r o - 4- b e n z o y l o x y - c h o l e s t - 5-e n e  (VT), h a v in g  been  formed 

by t h e  f o l l o w i n g  m echan ism :-

W C9 Ofc. 05z

The f o r m a t i o n  o f  ( I I I )  on h y d r o l y s i s  would t h e n  be
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e x p e c t e d ,  and t h e  above e x p l a n a t i o n  becomes u n n e c e s s a r y ,  

t o g e t h e r  w i t h  K o sen h e im 's  o r i g i n a l  s u g g e s t i o n ,  ( 8 ) ,  v i z ;

C o n s i d e r i n g  th e  method o f  f o r m a t io n  o f  ( I I )  and (V.) 

r e s p e c t i v e l y ,  i t  would seem t h a t  an a l l y  l i e  r e a r r a n g e m e n t  

would be j u s t  a s ,  o r  even more,  l i k e l y  t o  o c c u r  i n  t h e  

l a t t e r  c a s e ,  a s  n o t  o n ly  i s  a  h y d ro x y l  group  b e i n g  r e p l a c e d  

by h a lo g e n ,  b u t  t h e  r e a c t i o n  i s  c a r r i e d  o u t  a t  a  much h i g h e r  

t e m p e r a t u r e .  Thus, i f  a l l y l i e  r e a r r a n g e m e n t  d id  o c cu r  ( I I )  

would r e s u l t ,  o r  i f  s im p le  a c y l  m i g r a t i o n  o n l y ,  (VI4 would 

f o l l o w .

On t h e  o t h e r  hand,  Berg  and W a l l i s  co u ld  be c o r r e c t  i f  

t h e  3- b e n z o y l o x y - 4- h y d r o x y - c h o l e s t - 5- e n e  o f  P e t ro w ,  Hosenheim 

and o t a r l i n g  was i n  f a c t  t h e  c o r r e s p o n d i n g  4 - a s t e r  o f  t h e  3 S4 

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

s t r u c t u r e  o f  ( IV . )  was t h e  p r o d u c t i o n  o f  t h e  u n s a t u r a t e d  

k e to n e  c la im ed  t o  be  (VII)  ( v . s . ) .

The 4- e s t e r  shou ld  on s i m i l a r  t r e a t m e n t  g ive  (V I I I )  

t h ou g h  i t  i s  f e a s i b l e  t h a t  c o n j u g a t i o n  m ight  o c c u r  t o  g iv e  

( V i l l a ) .

Oil
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t h eo r et ic a l .

With t h e  o b s e r v a t i o n s  made i n  t h e  p r e v i o u s  s e c t i o n  i n  

mind, i t  was d e c id e d  t o  commence by v e r i f y i n g  t h e  a b s o r p t i o n  

s p e c t ru m  o f  (VII)  and to c h l o r i n a t e  t h e  4- ® s t e r  o f  t h e  3 :4“ 

d i o l  to  (IX) and o x i d i s e  i t  t o  ( V I I I ) .  For c o n v e n ie n c e ,  i t  

was d e c id ed  to  p r e p a r e ,  n o t  t h e  b e n zo y lox y  compounds which 

have b e en  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 ,  bu t  t h e  

a c e t y l  d e r i v a t i v e s  which a re  a l s o  known.

3- A c e t o x y - 4 - h y d r o x y - c h o l e s t - 5- e n e  was p r e p a r e d  by p a r t i a l  

a c e t y l a t i o n  o f  t h e  3 :4 “ d i o l ,  and o x i d i s e d  t o  t h e  k e to n e  by t h e  

p u b l i s h e d  m ethod .  T h is  was hhown to  p o s s e s s  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  t y p i c a l  o f  an - u n s a t u r a t e d  k e to n e .

Work was c a r r i e d  o u t  on th e  c o r r e s p o n d i n g  4 - a s t e r  by 

Mr. S. U. R u f f ,  b u t  w i t h o u t  s u c c e s s ,  no s u c c e s s f u l  method 

b e in g  found f o r  e i t h e r  r e p la c e m e n t  o f  t h e  h y d r o x y l  by c h l o r i n e ,  

o r  o x i d a t i o n  t o  t h e  k e to n e  (9 )*

The main p ro b lem ,  v i z . , t h e  s t r u c t u r e  o f  t h e  s o - c a l l e d

6- c h l o r o - 3- b e n z o y l o x y - c h o l e s t - 4- e n e ,  o f f e r e d  two l i n e s  o f  a t t a c ]

i )  s y n t h e s i s  o f  th e  p r i n c i p a l  i s o m e r s  o f  6- c h l o r o - 3 - b e n z o y lo x y  

(or  a c e t o x y ) - c h o l e s t - 4 - e n e  by  methods which would l e a v e  no 

doub t  a s  t o  t h e  s t r u c t u r e  o f  t h e  p r o d u c t s ,

i i )  d e g r a d a t i v e  work on S p r i n g  and Sw ain ’ s compound i t s e l f .  

These w i l l  be c o n s i d e r e d  s e p a r a t e l y .

S y n t h e s i s  o f  two M o n o -A ce to x y -M o n o-C h lo ro -C h o les ten es .

i ) 6- C h l o r o - 3- A o e t o x y - C h o l e s t - 5- e n e .

Berg  and W a l l i s  (7) c l a i m  to  have p r e p a r e d  th e  3~Qs t a r s
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o f  6- e h l o r o - 3~ h y d r o x y - e h o l e s t - 5- s a e r e f l u x i n g  e h o l e s t e r y l

b e n z o a te  d i c h l o r i d e  with, a l c o h o l i c  p o t a s h  and e s t e r i f y i n g  

t h e  p r o d u c t .

I t  was though  o f  i n t e r e s t  to  p r e p a r e  (X, B -  Ac) "by a 

new r o u t e ,  t h e  c h l o r i n a t i o n  o f  t h e  e n o l i c  form o f  b - k e t o -  

c h o l e s t a n y l  a c e t a t e .

b - K e t o - c h o l e s t a n y l  a c e t a t e  was r e a d i l y  p r e p a r e d  a c c o r d i n g  

t o  t h e  method o f  H e i l b r o n ,  J a c k s o n ,  Jo n e s  and S p r in g  (1 0 ) .  At 

f i r s t  i t  was assumed t h a t  t h i s  compound m ig h t  e x i s t  i n  i t s  

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

t h i o n y l  c h l o r i d e ,  i n  the  c o l d ,  i n  e t h e r  and i n  p y r i d i n e ,  was 

i n v e s t i g a t e d .  I t  soon feecame c l e a r  t h a t  more v i g o r o u s  c o n d i ­

t i o n s  would be r e q u i r e d ,  and a s  t h e  same r e a g e n t ,  i n  l a r g e  e x c e s s  

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

h y d r o x y l  by  c h l o r i n e  i n  a  number o f  c a s e s  w i t h  o r  w i t h o u t  s m a l l  

amounts o f  p y r i d i n e  p r e s e n t  (114, i t  was d e c id e d  to  a p p ly  t h i s  

m ethod .  I n  t h e  p r e s e n c e  o f  p y r i d i n e ,  no n o t i c e a b l e  d a r k e n i n g  

o c c u r r e d  f o r  some h o u r s ,  and o n l y  a t a r  cou ld  be o b t a i n e d  f rom  

t h e  r e a c t i o n  m i x t u r e .  W ithout  p y r i d i n e ,  however ,  d a r k e n i n g  o f  

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

a c i d  were e v o lv e d .  A r e s i n o u s  s o l i d  was o b t a i n e d  on w o rk in g  u p ,

and c h ro m a to g r a p h ic  a n a l y s i s  o f  t h i s  i n d i c a t e d  t h a t  up t o  5%
o f  t h e  m a t e r i a l
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m ight  have been c h l o r i n a t e d ,  though  3 0 % o f  th e  k e to n e  was 

r e t u r n e d  unchanged .

P h o sp h o ru s  o x y c h l o r i d e  was even l e s s  s u c c e s s f u l ,  and 

unchanged s t a r t i n g  m a t e r i a l  cou ld  he r e c o v e r e d  a lm os t  

q u a n t i t a v e l y  a f t e r  r e f l u x i n g  w i t h  t h e  r e a g e n t  f o r  24 h o u r s  

a t  120° .

C h l o r i n a t i o n  was f i n a l l y  a c h ie v e d  by the  a c t i o n  o f  

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

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

c o r r e s p o n d s  to  b - c h l o r o - 3- a c e t o x y - c h o l e s t - 5- e n e .  The 

m e l t i n g  p o i n t ,  1 2 8 - I3O0 i s  i n  agreement  w i th  t h a t  r e p o r t e d  

by B e rg  and W a l l i s ,  th o u g h  th e  o p t i c a l  r o t a t i o n  a p p e a r s  t o

4 1 .2 °  p r e v i o u s l y  r e p o r t e d ,  

i  i ) 3 - C h lo ro - 4 - Ac e to  xy-Chole  s t - 5 -en  e .

Se len iu m  d i o x i d e  o x i d a t i o n  o f  c h o l e s t e r o l  and i t s  

e s t e r s  i s  known t o  g iv e  a h y d r o x y l  g roup  i n  t h e  4 t h ,  o r  u n d e r  

d i f f e r e n t  c o n d i t i o n s ,  i n  t h e  6 t h ,  p o s i t i o n  (3* 1 2 ) .

and so i t  seemed p r o b a b l e  t h a t  a  s i m i l a r  o x i d a t i o n  o f  

e h o l e s t e r y l  c h l o r i d e  u n d e r  t h e  c o r r e c t  c o n d i t i o n s  would g iv e

3- c h l o r o - 4 - h y d r o x y - e h o l e s t - 5- « Iio (XI11^ which cou ld  t h e n  be 

a c e t y l a t e d  t o  3- e h l o r o - 4- a e e t o x y - e h o l e s t - 5- e n e  (XIV).

be somewhat g r e a t e r compared w i th
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The p o s i t i o n  of  th e  doub le  bond and h y d r o x y l  i n  

(X I I I )  would t h e n  be e s t a b l i s h e d  by o x i d a t i o n  to  t h e  o / jp -  

u n s a t u r a t e d  k e to n e  (XV), and by h y d r o l y s i s  t o  t h e  known 

3 :4 - d i o l  (XVI).

C h o l e s t e r y l  c h l o r i d e  was t r e a t e d  w i th  se le n iu m  d i o x i d e  

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

employed i n  t h e  p r e p a r a t i o n  o f  th e  3 :4- d i o l .  ( 3 ) .  A pprox i­

m a t e l y  h a l f  o f  t h e  s t a r t i n g  m a t e r i a l  was i n  e v e r y  case  

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

f rom  a l c o h o l .  E v a p o r a t i o n  o f  t h e  m othe r  l i q u o r s  f o l lo w e d  by 

c r y s t a l l i s a t i o n  from a c e to n e  gave mixed c r y s t a l s  o f  th e  

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

a c h ie v e d  by c h ro m a to g ra p h y ,  and p u re  hydroxy  compound o b t a i n e d  

i n  y i e l d s  o f  up t o  10%, t o g e t h e r  w i th  t r a c e s  o f  h ig h  m e l t i n g  

m a t e r i a l  which  was n o t  i n v e s t i g a t e d .

The p r o d u c t  c r y s t a l l i s e s  from a l c o h o l  a s  c o l o u r l e s s  

n e e d l e s ,  m .p .  125-127°> and g i v e s  th e  b lu e  c o l o u r a t i o n  w i th  

an t im ony  t r i c h l o r i d e  i n  c h lo r o f o r m  t y p i c a l  o f  an e t h y l e n e
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l i n k a g e  i n  t h e  p o s i t i o n  w i th  r e s p e c t  t o  t h e  h y d r o x y l

g ro u p .  T h is  f a c t ,  t o g e t h e r  w i t h  t h e  h ig h  n e g a t i v e  r o t a t i o n ,  

-  5 3 . 2 ° ,  i n d i c a t e s  a  double  bond a t  t h e  f i f t h  c a r b o n  

atom, and so t h e  compound h a s  been  f o r m u la te d  as  3” c^ l ° r 0 *

4- h y d r o x y - c h o l e s t - 5- e n e  ( X I I I ) .

More c o n c r e t e  p r o o f  o f  i t s  s t r u c t u r e ,  however, h a s  n o t  

been f o r t h c o m in g ,  a s  an a t t e m p t  t o  r e p l a c e  h a lo g e n  by 

h y d r o x y l  was a f a i l u r e ,  whi le  a t t e m p t e d  o x i d a t i o n  o f  t h e  

h y d r o x y l  to  a  k e t o - g r o u p ,  by way o f  th e  d ib r o m id e ,  gave h ig h  

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

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

r e q u i r e d  a b s o r p t i o n  sp e c t ru m  was o b t a i n e d ,  l a c k  o f  s u c c e s s  

i n  t h e  l a t t e r  c a s e  was p r o b a b l y  due t o  t h e  h y d ro x y l  group  

h a v in g  been a t t a c k e d  i n i t i a l l y ,  o r  to  i n c o m p le te  deb rom ina-  

t i o n .  The s m a l l  s t o c k  o f  m a t e r i a l  a v a i l a b l e  d id  n o t  p e r m i t  

o f  a  r e p e t i t i o n .

A c e t y l a t i o n  was c a r r i e d  o u t  r a t h e r  more r e a d i l y ,  t h e  

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

m .p .  9 6 - 9 8 ° ,  71 - 4 °•  T h i s  h a s  been f o r m u la t e d  a s

3- c h l o r o - 4 - a c e t o x y - e h o l e s t - 5- e n e  (XIV) to  which  t h e  a n a l y s i s  

c o r r e s p o n d s .

3- C h l o r o - 4- a c e t o x y - c h o l e s t - 5- e n e  gave a  m e l t i n g  p o i n t  

d e p r e s s i o n  on a d m ix tu re  w i th  a  specim en o f  6 - e h l o r o - 3 -  

a c e t o x y - e h o l e s t - 4 - e n e  p r e p a r e d  by s p r i n g  and sw a in ,  t h u s  

e l i m i n a t i n g  B erg  and W a l l i s ' s  s u g g e s t i o n  t h a t  ( I I )  may be 

r e p r e s e n t e d  by t h e  f o r m u l a t i o n  (VI) .
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D e g r a d a t i v e  E v id e n c e .

I t  seemed t h a t  t h e  o n l y  s a t i s f a c t o r y  method o f  

d e c i d i n g  th e  p o s i t i o n  o f  t h e  d o u b le  bond i n  r e l a t i o n  to  

t h e  c h l o r i n e  i n  t h e  m o le c u le  would be by d e g r a d a t i v e  work 

on b - c h l o r o - 3 - b e n z o y ! o x y - c h o l e s t - 4 - e n e  i t s e l f ,  and so a  

s t o c k  o f  t h i s  was p r e p a r e d ,  u s i n g  t h e  method adop ted  by 

S p r i n g  and Swain ( v . s . ) .

H y d r o l y s i s  o f  t h e  compound by a l c o h o l i c  p o t a s s iu m  

c a r b o n a t e  was found to  g iv e  3 : 4 - d i h y d r o x y - c h o l e s t - 5 - e n e ,  

and t h i s  fo rm s f r e s h  e v id e n c e  i n  f a v o u r  o f  P e t ro w ,  Bosenheim 

and S t a r l i n g ^  a l t e r n a t i v e  s t r u c t u r e  (V), b u t  w h i le  t h e  

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

cou ld  be e s t a b l i s h e d .  I t  was t h e r e f o r e  d e c id e d  to  im m o b i l i s e  

t h e  doub le  bond by f o r m a t io n  o f  an o x i d e ,  and a t t e m p t  t h e  

f o l l o w i n g  c h a i n  o f  r e a c t i o n s ,  whereby a known p r o d u c t  m igh t  

be o b t a i n e d .

I f  t h e  s t r u c t u r e  o f  t h e  c h l o r o - e s t e r  i s  t i l ) ,  t h e n  

o x id e  f o r m a t i o n  f o l lo w e d  by i s o m e r i s a t i o n  t o  t h e  k e to n e  and 

d e h a l o g e n a t io n  sh o u ld  p ro du ce  (XVII) ,  whereas  i f  t h e  

s t r u c t u r e  i s  (V), t h e  same s e r i e s  o f  r e a c t i o n s  sh o u ld  g iv e  

t h e  b - k e t 0 - 3 - e s t e r  which  i s  known.
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A l t e r n a t i v e l y ,  th e  s t a r t i n g  m a t e r i a l  m ig h t g iv e  a  

g l y c o l  on t r e a tm e n t  w ith  hydrogen  p e r o x id e .  The g ly c o l  

cou ld  t h e n  he re d u c e d  i n  th e  same way, t h u s : -



t h e  compound (XVIII) "being i d e n t i f i a b l e .

The a c t i o n  o f  m o n o p e r p h th a l i c  a c id  on t h e  compound 

( I I )  was w i th o u t  e f f e c t ,  h u t  p e r b e n z o i c  a c id  formed s low ly ,  

and i n  low y i e l d  (34%), a c r y s t a l l i n e  o x id e ,  m .p .  1 2 1 -12 2 ° .  

S m a l l  amount o f  a  s u b s t a n c e  m .p .  160° were i n  one c a s e  

i s o l a t e d  f rom t h e  m o th e r  l i q u o r s ,  bu t  as  h a lo g e n  was a b s e n t  

i t  was f e l t  t h a t  t h i s  was a  p r o d u c t  o f  a l c o h o l y s i s  cau se d  

by c o n c e n t r a t i o n  o f  t h e  s o l v e n t  by b o i l i n g ,  and i t  was 

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

T re a tm e n t  o f  t h e  o x id e  by a c i d  gave a  c r y s t a l l i n e  

s o l i d ,  m .p .  2 3 I 0 1 c o n t a i n i n g  no h a lo g e n ,  b u t  which c o u ld  n o t  

be i d e n t i f i e d .

The a c t i o n  o f  hydrogen  p e r o x i d e  on 6- c h l o r o - 3*-benzoyl-  

o x y - c h o l e s t - 4 - e n e  i n  t e r t . - b u t o n a l  was t e s t e d  u n d e r  b o th  

aqueous  and anhydrous  c o n d i t i o n s .  I n  t h e  fo rm er  c a s e ,  an 

u n i d e n t i f i a b l e  p r o d u c t  was a g a in  o b t a i n e d ,  h a lo g e n  once more 

b e in g  a b s e n t .

The most  r e m a rk a b le  f e a t u r e  o f  t h e  compound u n de r  

c o n s i d e r a t i o n ,  and by f a r  t h e  g r e a t e s t  so u rc e  o f  t r o u b l e  i n
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t h e  above r e a c t i o n s ,  was t h e  e a s e  w i th  which t h e  c h l o r i n e  

was removed f ro m  t h e  m o le c u le .  T h i s  was most  marked when 

i t  was h e a t e d  w i th  g l a c i a l  a c e t i c  a c i d ,  a g reen  c o l o u r  

d e v e l o p i n g ,  and unw o rk ab le  o i l s  b e in g  formed w i t h  t h e  

l i b e r a t i o n  o f  h y d r o c h l o r i c  a c i d .  T h is  phenomenon was a l s o  

o b se v re d  when sam ples  o f  b - c h l o r o - 3 - a c e t o x y - c h o l e s t - 4 - e n e  

and 3“ c k l ° r o ~ 4 - a c e t o x y - c h o l e s t - 5 - e n e  were s i m i l a r l y  t r e a t e d .  

I t  w i l l  be remembered i n  t h i s  c o n n e c t i o n  t h a t  S p r i n g  and 

Swain (2 ) found t h a t  h e a t i n g  w i th  p y r i d i n e  gave h a lo g e n  

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

T h i s  r e a d y  l o s s  o f  h y d r o c h l o r i c  a c id  m ig h t  a cc o u n t  

f o r  t h e  p r o d u c t  formed when b - c h l o r o - 3 - b e n z o y l o x y - c h o l e s t -

4 - e n e  was h e a t e d  w i t h  aqueous  hydrogen  p e r o x i d e  i n  t e r t . -  

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

r a t h e r  t h a n  o x i d a t i o n .

When ( I I )  was h e a t e d  w i t h  w a te r  i n  t e r t . - b u t a n o l ,  t h e  

r e a c t i o n  m i x t u r e  became a c i d ,  and r e s i n o u s  p r o d u c t s  were 

fo rm ed .  I n d e e d ,  when h e a te d  w i t h  w a te r  a l o n e ,  t h e  l i q u i d  

was found  t o  q u i c k l y  d e v e lo p  a n  a c id  r e a c t i o n  t o  congo r e d  

p a p e r .  I t  seems t h i s  r e a d y  l o s s  o f  h a lo g e n  i s  sh a red  by 

t h e  o x id e  r e s u l t i n g  i n  th e  breakdown o f  t h e  s u g g e s t e d  scheme.

i n  a t t e m p t  to  r e d u c e  th e  o x id e  by z in c  and a c e t i c  a c i d  

whereby i t  was hoped t o  form one o f  t h e  p r o d u c t s  i n d i c a t e d  

be low ,  f a i l e d  to  p ro d uce  any c r y s t a l l i n e  m a t e r i a l .
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T hus, w h ile  no d e f i n i t e  p ro o f  h a s  been fo r th c o m in g  

a s  to  t h e  s t r u c t u r e  o f  ( I I ) ,  we c a n ,  i n  t h e  l i g h t  o f  th e  

above r e s u l t s ,  s t a t e  t h a t  B erg  and w fa l l i s ! s a l t e r n a t i v e  

s t r u c t u r e  (VI) i s  m ost p ro b a b ly  i n c o r r e c t *

A gain , i n  v iew  o f  th e  l a r g e  n e g a t iv e  r o t a t i o n  o f  t h e  

S p r in g  and Swain compound ( I I )  (Aeetoxy d e r i v a t i v e )  (ĝ ĵ  -  

70*4 ° ,  and t h e  g r e a t  s i m i l a r i t y  be tw een t h i s  and th e  f i g u r e  

o b ta in e d  f o r  th e  3 - c k l o r ° “4 - a e e t o x y - c h o l e s t - 5 - e n e  above 

d e s c r i b e d ,  -  7 1 »4 °» i t  m igh t be deduced t h a t  b o th

have a do u b le  bond i n  p o s i t i o n  f i v e ,  and d i f f e r  o n ly  i n  th e  

p o s i t i o n s  o f  e s t e r  and h a lo g e n  g ro u p in g s .  I f  t h i s  i s  so ,  

th e n  P e t ro w ,  Rosenheim  and S t a r l i n g f s  s u g g e s t io n  t h a t  th e  

s t r u c t u r e  i s  (V) i s  c o r r e c t .

C L

b u t  c o n t r o v e r s y  m ust c o n t in u e  u n t i l  a  s a t i s f a c t o r y  d e g ra d a ­

t i o n  can  be a c c o m p lish e d ,  i n  which t h e  p o s s i b i l i t y  o f  

re a r r a n g e m e n t  i s  e l i m i n a t e d .
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EXPERIMENTAL
120.

A l l  m e l t i n g  p o i n t s  a re  u n c o r r e c t e d  f o r  exposed  

s tem. O p t i c a l  r o t a t i o n s  were measured  i n  c h lo r o f o r m  

s o l u t i o n ,  u s i n g  a one d e c i m e t r e  t u b e .

C h o l e s t e r y l  B en zoa te  -  i )  C h o l e s t e r o l  (10 g . ) and b e n z o y l  

c h l o r i d e  (20 c . c . )  were r e f l u x e d  f o r  1 hour  a t  150- l b 5° C . ,  

and t h e n  f o r  3° m in u t e s  a t  I9 O -I95 0 , c o o le d  and 2-3  v o l s .  

o f  m e th a n o l  added w i th  i c e  c o o l i n g .  The c r y s t a l s  which 

s e p a r a t e d  were d r i e d  on po ro u s  p l a t e ,  and r e d r y s t a l i i s e d  

from e t h y l  a c e t a t e .  The y i e l d  was 55^  t h e o r y ,  and 

m e l t e d  a t  I 5 O - I 5 I 0 .

i i )  An improved y i e l d  (80%) was o b t a i n e d  by t h e  a c t i o n  o f  

e x c e s s  o f  b e n z o y l  c h l o r i d e  i n  p y r i d i n e  s o l u t i o n  a t  100° .

C h o l e s t e r y l  A c e t a t e  -  C h o l e s t e r o l  (50 g . ) ,  and a c e t i c  

a n h y d r id e  (73 c . c . )  and fu s e d  sodium a c e t a t e  (2 g . ) were 

r e f l u x e d  t o g e t h e r  w i th  1 h o u r ,  c o o le d  and f i l t e r e d .  C r y s t a l ­

l i s a t i o n  f rom  e t h y l  a c e t a t e  gave 49 g* o f  p r o d u c t  (94% o f  

t h e o r y )  m .p .  141°*

P u r i f i c a t i o n  o f  Dioxan -  Dioxan (250 c . c . ) ,  p y r o g a l l o l  (40 g . ) 

and c a u s t i c  p o t a s h  (20$, $0 c . c . )  were shaken  t o g e t h e r  f o r  3 

h o u r s ,  and a f t e r  s e t t l i n g ,  t h e  d a rk  l i q u i d  was d e c a n te d  and 

d r i e d  o v e r  c a u s t i c  so da .  A f t e r  s e p a r a t i n n  from th e  s o l i d ,  

e x c e s s  o f  sodium was s lo w ly  added,  and th e  m i x t u r e  r e f l u x e d  

f o r  6 - 7  h o u r s .  P u r e ,  p e r o x i d e - f r e e  d io x an  was t h e n  s e p a r a ­

t e d  by d i s t i l l a t i o n ,  and s t o r e d  i n  d a rk  b o t t l e s  o v e r  c a .  6



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

1 2 1 .

3- B e n z o y lo x y - 4 - H y d r o x y - C h o l e s t - 5- e n e  -  i )  The method o f  

P e t ro w ,  Kosenheim and  s t a r l i n g  ( J . 1 1 9 4 3 ) > 1 3 5 )  g a v e ,  n o t  

t h e  r e q u i r e d  p r o d u c t ,  m .p .  208° ,  hu t  c o l o u r l e s s  n e e d l e s ,  

m .p .  176- 178° i n  good y i e l d .  (Found:  C, 8 1 . 8 ;  H, 9 *59% 

C29H480 3 r e q u i r e s :  C, 8 0 . 6 ,  H, 9 . 88%). 

i i )  (Rosenheim and S t a r l i n g ,  £ , (1937)  >377) -  O x id a t i o n  o f  

c h o l e s t e r y l  b e n z o a te  by se len ium  d i o x id e  i n  a c e t i c  a c id  

s o l u t i o n  gave a p r o d u c t  m e l t i n g  a t  198° .

c i s  -  3*4 -  D ih y d ro x y -C h o l e s t - 5-en e  -  The method o f  

Kosenheim and S t a r l i n g  (£• (1 9 3 7 ) > 3 7 7 )  wa s  found to  be t h e  

most s u c c e s s f u l ,  and gave t h e  r e q u i r e d  p r o d u c t  a s  c o l o u r ­

l e s s  n e e d l e s ,  m .p .  174- 176° c r y s t a l l i s i n g  f rom  a l c o h o l ,  b u t  

i n  y i e l d s  no g r e a t e r  t h a n  20% o f  t h e o r y .

3- A c e t o x y - 4 -Hydroxy-Chol e s t - 5- e n e  -  i )  O x i d a t i o n  o f  c h o l e s t ­

e r y l  a c e t a t e  by se len iu m  d i o x i d e  i n  d io x a n  s o l u t i o n  (P e t row ,  

Rosenheim and S t a r l i n g  ( J . (1943)>135) gave y i e l d s  o n l y  5% o f  

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

f rom  a l c o h o l ,  and m e l t e d  a t  192-193°«

i i )  A e e t y l a t i o n  o f  t h e  d i o l  by a c e t i c  a n h y d r id e  i n  p y r i d i n e  

a t  room t e m p e r a t u r e  (Petrow and S t a r l i n g ,  J . ( 1940) , 6 0 ) gave 

t h e  e s t e r  i n  20-30% y i e l d .

Q x ld a t lo f l  o f  3- A c e to x y - 4- H y d r o x y - O h o l e s t - 5- s n e  -  i s  c a r r i e d  

o u t  by t h e  a c t i o n  o f  chromic a c id  on t h e  d ib ro m id e  (Pe trow
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and S t a r l i n g ,  I b i d . ) .  3~A ce toxy-4- k e t o - c h o l e s t - 5- en e  

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

118- 120° .  A b s o r p t io n  maximum a t  2400A i n  U.V.

6 - N i t r o - C h o l e s t e r y l - N i t r a t e  -  i )  ( c f .  S i n d a u s ,  Ber .  (1903) ,  

2§.»3752 , and Beynon, H e i lb r o n  and S p r i n g ,  J .  (1 937 ) ,406)  -  

C h o l e s t e r o l  (10 g . ) was s lo w ly  added w i t h  m e c h a n ic a l  s t i r ­

r i n g  o v e r  a  p e r i o d  o f  $0 m in u t e s  to  a m ix t u r e  o f  fuming 

n i t r i c  a c i d  (100 c . c . )  and g l a c i a l  a c e t i c  a c id  (150 c . c . )  

coo led  to  0 ° i n  i c e - s a l t .  S t i r r i n g  was c o n t i n u e d  a t  t h e  

same t e m p e r a t u r e  f o r  a f u r t h e r  h a l f  h o u r ,  and t h e n  u n t i l  

t h e  m a t e r i a l  had warmed to  room t e m p e r a t u r e ,  when i t  was 

p oured  o v e r  75° S* o f  c ru s h e d  i c e ,  t h e  s o l i d  c o l l e c t e d ,  

washed w i t h  w a t e r ,  and d r i e d  i n  vacuo .  I t  was c r y s t a l l i s e d  

f rom g l a c i a l  a c e t i c  a c i d ,  when i t  gave m a t e r i a l  m .p .  126-1289 

(5 g* 41% o f  t h e o r y ) .

i i )  A 68% y i e l d  was o b t a i n e d ,  u s i n g  t h e  method o f  H e i l b r o n ,  

J a c k s o n ,  J o n e s  and S p r i n g  ( J .  ( 1 9 3 8 ) ,1 0 4 ) .

6 - K e t o - C h o l e s t a n o l  -  i )  ( W i n d a u s , I b i d . ) 5 8* o f  6 -n i fc ro -  

c h o l e s t e r y l  n i t r a t e  gave 2 g. o f  t h e  k e to n e  (46% o f  t h e o r y )  

c r y s t a l l i s e d  f rom  75^  a l c o h o l ,  m .p .  I4O0 .

i i )  The method o f  H e i lb r o a p  J a c k s o n ,  J o n e s  and S p r i n g  (I b i d . ) 

gave a  64% y i e l d .

6 - K e t0 - O h o le s t a g y 1 A c e t a t e  -  A c e t y l a t i o n  o f  t h e  above i n  

p y r i d i n e  s o l u t i o n  ( a c c o r d in g  t o  t h e  same a u t h o r s )  gave t h e  

e s t e r  i n  82% y i e l d  a s  c o l o u r l e s s  p l a t e s  f rom  a l c o h o l ,  m .p .  

1 2 4 -1 2 6 ° .



A c t io n  o f  C h l o r i n a t i n g  Agents  on b-Ke t  o-Gho l e s t  any 1 A c e t a t e .

(a)  A c t io n  o f  T h io n y l  C h l o r i d e . -  i )  The k e to n e  ( 0 .5  g . ) 

i n  p y r i d i n e  ( 2 .5  c . c . )  was t r e a t e d  w i t h  t h i o n y l  c h l o r i d e  

(O.15 c . c . )  a t  0 ° .  A f t e r  5 m in u t e s  t h e  m ix tu r e  was poured  

i n t o  i c e - w a t e r ,  and t h e  s o l i d  c o l l e c t e d  and r e c r y s t a l l i s e d  

f rom  a l c o h o l  a s  unchanged s t a r t i n g  m a t e r i a l ,  

i i )  The k e to n e  (0 .5  g . )  i n  p y r i d i n e  (2 c . c . )  was t r e a t e d  

w i t h  t h e  r e a g e n t  (0 .2  c . c . )  i n  p y r i d i n e  ( 1 .8  c . c . )  a t  room 

t e m p e r a t u r e ,  and a l low ed  t o  s t a n d  f o r  18 h o u r s  b e f o r e  w o rk in g  

u p .  Unchanged s t a r t i n g  m a t e r i a l  was a g a i n  r e c o v e r e d ,  

i l l )  T h io n y l  c h l o r i d e  ( 0 .1  c . c . )  i n  e t h e r  ( 0 .9  c . c . )  was 

added to  a s o l u t i o n  o f  the  k e to n e  (0 .5  g . ) i n  e t h e r  (20 c . c . )  

c o n t a i n i n g  p y r i d i n e  (0 .1  c . c . )  and l e f t  f o r  24 h o u r s ,  The 

e t h e r e a l  s o l u t i o n  was d e c a n te d  from  p y r i d i n e  h y d r o c h l o r i d e ,  

washed w i t h  sodium c a r b o n a t e  and w a t e r ,  t h e n  d r i e d  o v e r  

sodium s u l p h a t e .  Removal o f  t h e  e t h e r  r e t u r n e d  unchanged 

k e t o n e .

i v )  The k e to n e  ( 0 .5  g . ) t o g e t h e r  w i th  p y r i d i n e  (0 .5  c . c . )  

and t h i o n y l  c h l o r i d e  (5 c . c . )  was r e f l u x e d  f o r  24 h o u r s ,  

d u r i n g  which d a r k e n i n g  o c c u r r e d ,  and h y d r o c h l o r i c  a c id  was 

e v o l v e d .  The s o l u t i o n  was poured  i n t o  w a t e r ,  and e x t r a c t e d  

w i t h  e t h e r ,  g i v i n g  an o i l  which c o u ld  n o t  be s o l i d i f i e d .

v)  The k e to n e  (2 g . ) was d i s s o l v e d  i n  e x c e s s  o f  t h e  r e a g e n t  

(20 c . c . )  and r e f l u x e d  f o r  b h o u r s .  D arken ing  was more r a p i d  

t h a n  i n  i v ) , and s u l p h u r  d i o x id e  was e v o lv e d .  A f t e r  s t a n d i n g  

o v e r n i g h t ,  t h e  s o l u t i o n  was poured  i n t o  w a t e r ,  and t h e  g r a n u l a r
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r e s i n o u s  s o l i d  c o l l e c t e d .  As t h i s  co u ld  # o t  he c r y s t a l l i s e d ,  

i t  was abso rb ed  on a lu m ina ,  and f r a c t i o n a l l y  e l u t e d .  (Weight 

o f  r e s i n  was O.98 g . )

X)

S o l v e n t . V o l . ( c . c . ) Wt. o f  M a t e r i a l  N a t u r e ,  
(mg. )

L ig h t  p e t r o l e u m 100 - -

2) tt tt 100 40 C o l o u r l e s s  o i l .

3 ) it tt 100 Trace ff ft

4 ) B z . / P e t :  4 0 /6 0 100 tt Brown o i l .

5 ) w tt 100 80 tf ff

6) B z . P e t :  5O/5O 100 20 Yellow o i l .

7 ) Benzene 100 140 R e s in .

8) w 100 240 Yellow s o l i d

9 ) Ac/Bz:  10/90 100 300 ft n

10) « » 100 40 Brown o i l .

11) A c . / B z :  50/50 100

T o t a l  = O.96 g.

100 *t n

F r a c t i o n s  7) -  9 ) were c r y s t a l l i s e d  from a l c o h o l  a s  

unchanged  s t a r t i n g  m a t e r i a l ,  The f i r s t  f r a c t i o n s  c o n t a i n e d  

h a lo g e n ,  hu t  c o u ld  n o t  he c r y s t a l l i s e d .  I t  i s  t h e r e f o r e  

p r o h a h l e  t h a t  up t o  5$  o f  t h e  m a t e r i a l  had r e a c t e d .

(h) A c t io n  o f  Ph osp h o ru s  Q x y c h l o r i d e .

i )  6 - K e t o - c h o l e s t a n y l  a c e t a t e  (0 .5  g . )  was r e f l u x e d  f o r  2 

h o u r s  be tw een  120 and I4O0 i n  p h o sp h o ru s  o x y c h l o r i d e  (5 c . c . )  

which was s u b s e q u e n t l y  removed i n  v a c u o ,  l e a v i n g  a y e l lo w  o i l  

which c r y s t a l l i s e d  from a l c o h o l  a s  unchanged k e t o n e .

i i )  I n  a  r e p e t i t i o n  o f  i )  r e f l u x i n g  was c a r r i e d  o u t  f o r  24
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h o u r s .  A n o n - c r y s t a l i i s a b l e  o i l  was o b t a i n e d ,

i i i )  The k e to n e  (1 g . ) i n  p h osp ho rus  o x y c h l o r i d e  (10 c . c . )  

was r e f l u x e d  f o r  24 h o u r s  a t  120° ,  c o o l e d ,  poured  i n t o  w a t e r ,  

and e x t r a c t e d  w i t h  e t h e r .  Removal o f  t h e  s o l v e n t  l e f t  a  y e l lo w  

o i l ,  which s o l i d i f i e d ,  and was r e c r y s t a l l i s e d  from  a l c o h o l  as  

unchanged  s t a r t i n g  m a t e r i a l .

( c ) A c t io n  o f  P h o sp h o ru s  P e n t a c h l o r i d e .

6- C h lo ro - 5-A oe toxy-C ho le  s t - 5-oue  -  i )  The k e to n e  (1 g . ) and 

an e q u i m o l e c u l a r  w e igh t  o f  p h o sp h o ru s  p e n t a c h l o r i d e  (0 .5  g . ) 

were h e a t e d  on a s team  b a t h  f o r  1^  h o u r s .  A f t e r  s t a n d i n g  

o v e r n i g h t ,  e x c e s s  o f  w a te r  was added ,  and e x t r a c t i o n  w i th  

e t h e r  c a r r i e d  o u t .  From t h e  e t h e r e a l  e x t r a c t  o n l y  an unwork­

a b le  r e d  o i l  c o u ld  be o b t a i n e d  (0.95  T h i s  was chroma­

t o g r a p h e d ,  t h u s : -

S o l v e n t .  Vol .  ( c . c . ) Wt. o f  M a t e r i a l .  N a t u r e .

1) L ig h t  P e t r o le u m . 100 -

2) ft tt 100 Trace OolourXess o i l .

3 ) B z . / P e t :  20 /80 100 130 c t g .  h a lo g e n .

4 ) tt 100 250 tt

5 ) B z . / P e t :  50 /50 100 50 tt

6) Benzene 100 50 tt

7 ) ft 100 40 s e m i - s o l i d .

8) A c . /B z :  10/90 100 120 o i l .

9 ) A c . /B z :  50/50 100 130 y e l lo w  o i l .

10) A c e to n e . 100 60 n n

i i ) A ce to ne . 100 60 « w
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F r a c t i o n s  3) ^  7 ) were c r y s t a l l i s e d  f rom a l c o h o l ,

w i th  some d i f f i c u l t y ,  to  g iv e  a p r o d u c t ,  m .p .  122-124°» 

w i t h  p o s i t i v e  B e i l s t e i n  t e s t  f o r  h a lo g e n .  I n  view o f  t h i s ,  

t h e  e x p e r im e n t  was r e p e a t e d .

i i )  The k e to n e  (3 g* ) t o g e t h e r  w i t h  p h o sp h o ru s  p e n t a -  

c h l o r i d e  (T5g . ,  1 m o l . )  was h e a t e d  on a s team  h a t h  f o r  2 

h o u r s ,  t h e n  a l low ed  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  20 

h o u r s .  As t h e  mass was n o t  m o b i l e ,  i t  was d i s s o l v e d  i n  a 

l i t t l e  p h o sp h o ru s  t r i c h l o r i d e ,  and poured  s l o w l y ,  w i th  

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

was c o l l e c t e d ,  washed w i th  w a t e r ,  p r e s s e d  w e l l  and d i s s o l v e d  

i n  e t h e r ,  which was,  i n  t u r n ,  washed w i t h  sodium b i c a r b o n a t e  

s o l u t i o n ,  w a t e r ,  and d r i e d  (sodium s u l p h a t e ) .  Removal o f  

t h e  e t h e r  i n  vacuo l e f t  an o i l  which p a r t l y  c r y s t a l l i s e d  from 

e t h e r - e t h a n o l - m e t h a n o l ,  t o  g ive  e o l o u r l e s s  n e e d l e s ,  m.p.

1 2 3 -1 25 ° ,  c o n t a i n i n g  h a lo g e n .  S e v e r a l  f u r t h e r  r e c r y s t a l l i ­

s a t i o n s  f rom a l c o h o l  b ro u g h t  th e  m e l t i n g  p o i n t  t o  128- I3O0 .

CpOj1-  5 3 *8° <c = 0 *7 4 ) • (Found: C, 7 5 .9 3  H, 10 . 1 : C l ,  7.2% 

BggH^yOgCl r e q u i r e s :  C, 7 5 *2 ; H, 10 . 2 ; C l ,  The y i e l d

was c a .  0 . 5  g. ( ca .  16^  o f  t h e o r y ) .

C h o l e s t e r y l  C h lo r id e  was p r e p a r e d  a f t e r  t h e  method o f  

Daughenbaugh and A l l i s o n  ( J . A . C . S . (1929) i 5 1 >566 5 ) by t h e  

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

r e a c t i o n  m ix t u r e  was f a c i l i t a t e d  by c o l l e c t i n g  and wash ing  

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

w a t e r ,  t h e n  d i s s o l v i n g  t h i s  i n  e t h e r  and p r o c e e d i n g  a s
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d e s c r i b e d .  I t  c r y s t a l l i s e d  f rom  a l c o h o l  a s  n e e d l e s ,  

m .p .  9b0 .

A c t io n  of  s e l e n i u m  Diox ide  on C h o l e s t e r y l  u h l o r i d e .

5- C h l o r o - 4 -Hydroxy- i?ho les t - 5- e n e  -  i )  The c h l o r i d e  (5 g « ) 

i n  a c e t i c  a c i d  (100 c . c . )  was h e a t e d  on a  s te am  b a t h ,  and 

a  s o l u t i o n  o f  se l e n iu m  d i o x id e  (1 .4  g . ) i n  w a te r  (0 .7  c . c . )  

and a c e t i c  a c i d  (30 c . c . )  warmed s l i g h t l y ,  and r a p i d l y  

added (1 mol.  s e le n iu m  d i o x i d e  to  1 mol.  c h l o r i d e ) .  H e a t i n g  

was c o n t in u e d  f o r  15 m i n u t e s ,  d u r i n g  which d a r k e n i n g  o c c u r r e d ,  

and s e l e n iu m  s e p a r a t e d .  C r y s t a l l i n e  sodium a c e t a t e  (4 g . ) 

was added ,  and h e a t i n g  c o n t in u e d  f o r  a f u r t h e r  5 m i n u t e s ,  

a f t e r  which  t h e  s o l u t i o n  was f i l t e r e d  f s e e  f rom  s e le n iu m ,  

and a l low ed  to  c o o l ,  when unchanged s t a r t i n g  m a t e r i a l  

(1 .2  g . )  s e p a r a t e d ,  and was c o l l e c t e d .  To t h e  a c e t i c  a c id  

s o l u t i o n  benzene  (50 c . c . )  was added ,  and t h e  whole s lo w ly  

poured  i n t o  b r i n e  (10% s o l u t i o n  , 250 c . c . ) .  The benzene  

l a y e r  was s e p a r a t e d ,  washed and d r i e d  (sodium s u l p h a t e ) .  

Removal o f  t h e  s o l v e n t  l e f t  a  d a rk  t a r .  S in ce  no s o l i d  

m a t e r i a l  could  be o b t a i n e d ,  a c e t y l a t i o n  was a t t e m p t e d ,  u s i n g  

a c e t i c  a n h y d r id e  (10 c . c . )  i n  p y r i d i n e  (20 c . c . ) .  Hydrogen 

s e l e n i d e  was e v o lv e d ,  due to  the  p r e s e n c e  o f  c o l l o i d a l  

s e l e n iu m .  The s o l u t i o n  was poured  i n t o  ^0 % b r i n e ,  when an 

o i l  a g a i n  s e p a r a t e d .  The squeous  phase  was d e c a n te d ,  and 

t h e  o i l  d i s s o l v e d  i n  b o i l i n g  a l c o h o l ,  t h e  s o l v e n t  b e in g  

s u b s e q u e n t l y  removed i n  v acu o ,  and t h e  r e s i d u e  ch ro m a to g ra p h ed .
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Weight o f  r e s i n  = 1 .8  g.

S o l v e n t . V o l . ( o . o . )  Wt. o f  M a t e r i a l  N a t u r e .
(m g . )

1) L ig h t  P e t r o le u m 100 T race Almost c o l o u r l e s s  
o i l

2 ) « » 100 200 ft ft

3 ) n tt 100 -  1
4 ) B z . / P e t r o l : 40 / 6o 100 400 Yellow r e s i n .

5 ) B z . / P e t r o l : 40 /6 0 100 150 w «

6 ) « 100 90 Yellow se m i- so  l i d

7 ) B z . / P e t r o l : 5 0 / 5^ 100 100 tt w

8 ) n 100 120 Yellow r e s i n .

9 ) Benzene 100 150 R e s in o u s  s o l i d

10) Acetone 100 510 Bark r e d  r e s i n .

T o t a l  w e igh t  = 1 .7 2  g.

The s o l i d  o b t a i n e d  ( in  v e r y  s m a l l  y i e l d )  f rom f r a c t i o n s  

6) and 7 ) gave a n e g a t i v e  B e i l s t e i n  t e s t ,  and m e l te d  a t  

c a .  240°•

F r a c t i o n  9) * a s  c r y s t a l l i s e d  f rom  a l c o h o l  a s  c o l o u r l e s s  

n e e d l e s ,  g i v i n g  3 - ck l ° r ° - 4 - h y d r o x y - c h o l e s t - 5 - e n e ,  m .p .  122- 

124° -  (Found: C, 7 6 »7 > 10. 7% ^27^45^ ^  ^QQUires:  C, 7&-9 ;

H, 1 0 . 7%).

i i )  The c h l o r i d e  (8 g. ) was d i s s o l v e d  i n  b o i l i n g  benzene  

(30 c . c . )  and a s o l u t i o n  o f  se len iu m  d i o x i d e  (2 .22  g. 1 m o l . )  

i n  w a te r  (1 .2  c . c . )  p l u s  a c e t i c  a c i d  ( s t a b i l i s e d ,  bO c . c . )  

ad ded ,  and t h e  m ix t u r e  r e f l u x e d  f o r  3° m in u t e s  on a s team  

b a t h .  Sodium a c e t a t e  (10 g . ) was added ,  and r e f l u x i n g  c o n t i n ­

ued f o r  a  f u r t h e r  10 m i n u t e s .  The m ix t u r e  was t h e n  c o o l e d ,



129.
f i l t e r e d  f r e e  f rom b l a c k  s e le n iu m ,  poured  i n t o  h a l f -

/

s a t u r a t e d  b r i n e ,  and t h e  benzene  l a y e r  s e p a r a t e d ,  washed 

w i t h  s a l t  s o l u t i o n ,  and d r i e d .  On d i s t i l l a t i o n  o f  t h e  

s o l u t i o n  i n  v a cu o ,  a  s e m i - c r y s t a l l i n e  mass rem a in e d .  T h i s  

was t a k e n  up i n  b o i l i n g  a l c o h o l  unchanged c h o l e s t e r y l  

c h l o r i d e  c r y s t a l l i s i n g  o u t  on c o o l i n g .  T h i s  was c o l l e c t e d  

and c r y s t a l l i s e d  once more.

The combined a l c o h o l i c  m other  l i q u o r s  were t a k e n  t o  

d r y n e s s ,  and t h e  t a r - l i k e  r e s i d u e  d i s s o l v e d  i n  t h e  minimum 

volume o f  b o i l i n g  a c e to n e ,  which was c o d ie d  and l e f t  i n  t h e  

r e f r i g e r a t o r , when a s t i c k y  s o l i d  s e p a r a t e d ,  and was c o l l e c t e d .  

C r y s t a l l i s a t i o n  f rom  a c e to n e  ( n o r i t e )  gave c o l o u r l e s s  n e e d l e s ,  

m .p .  110° ,  bu t  f u r t h e r  c r y s t a l l i s a t i o n  caused  a  d rop  i n  

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

w i th  c h o l e s t e r y l  c h l o r i d e ,  m .p.  9 6 ° ,  which was f i n a l l y  

i s o l a t e d  f rom a sam p le ,  i n  a p u re  s t a t e .  The a c e to n e  m o th e r  

l i q u o r s  y i e l d e d  o n l y  a  t a r .

The mixed c r y s t a l s  (54$ m g . ) were ch rom atog raphed  a s  

b e f o r e ,  benzene  e l u t i n g  c r y s t a l l i n e  m a t e r i a l  (450 mg.)  m .p .  

126° .

i l l )  I n  s u b s e q u e n t  p r e p a r a t i o n s  o f  t h e  p r o d u c t  m .p .  126° ,  

t r i p l e  t h e  above q u a n t i t i e s  were used  ( i . e .  24 g.  o f  

c h o l e s t e r y l  c h l o r i d e ) , and h e a t i n g  c a r r i e d  o u t  f o r  5° 

m i n u t e s .  I n  e v e r y  c a s e ,  a lm o s t  h a l f  t h e  c h l o r i d e  was r e c o v ­

e re d  u n c h an g ed ,  w h i le  f rom t h e  a c e to n e  s e p a r a t e d  3 . 5  g .  t o  

10. Q g .  o f  s o l i d ,  which was ab so rb ed  on a lu m in a ,  and e l u t e d
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w i t h  be n ze n e .  Y i e l d s  o f  up t o  5 g.  o f  c rude  m a t e r i a l

were o b t a i n e d ,  h u t  se ldom more t h a n  2 . 5  g* (10/«) o f  pu re

c r y s t a l s .  F o r  t h e  sa&e o f  c o m p le t e n e s s ,  a  t y p i c a l

ch ro m a to g rap hy  i s  shown helow.

Weight o f  m a t e r i a l  * 3*^4 8-

S o l v e n t .  V o l . ( c . c . )  Wt. o f  Mater i a l  N a t u r e .

S t a r t i n g  m a t e r i a l .

Yellow o i l ,  p l u s  
some p r o d u c t .  

C o l o u r l e s s  s o l i d .
m . p . 126-128°  

P a l e  y e l lo w  s o l i d ,  
m . p . 125-6°  

R ed d ish  s o l i d ,  
m . p . 122-3°  

R e d d ish  y e l lo w  o i l .

(Redd ish  y e l lo w  o i l  
(
(P lu s  c o l l o i d a l  s e l .  
({ n it tt

Red o i l .

tt

F r a c t i o n s  3) -  5) 8aVQ 1 - 51 g* (6#) o f  p r o d u c t ,  which 

when p u r e ,  formed c o l o u r l e s s  n e e d l e s ,  m .p .  125-127°  from 

a l c o h o l .  -  5 3 *2° (C = O .9 9 ) .  (F o u n a :  C, 7 6 . 3 ;  H, 10 . 8 ;

C l ,  1 0 : 0 #  3- c h l o r o - 4 - h y d r o x y - c h o l e s t - 5- e n e  r e q u i r e s :  C, 7 6 . 9 ; 

H, 1 0 . 7 ; C l ,  8 . 4 4 ^ ) .  The m a t e r i a l  d e v e l o p s  a  h lu e  c o l o u r  

w i th  t h e  an t im ony  c h l o r i d e  r e a g e n t .

L a t e r  f r a c t i o n s  o f  t h e  ch rom atog raphy  sometimes p r o ­

duced a m a l l  amounts  o f  a brown s o l i d ,  m .p .  c a .  250° ,  and

1) l i g h t  P e t r o le u m 200
(mg. )

2) It ft 100 670

3 > tt tt 100 300

4 ) B z . / P e t . 50 /50 100 630

5 ) ft tt 100 580

b) tt tt 100 40

7 ) tt W 100 50

8) Benzene 100 20

9 ) tt 100 70

10) B z . / A c ; 50 /50 75 220

11) ft « 25 150

T o t a l w e ig h t  = 3 .6 8  g,



c o n t a i n i n g  no h a l o g e n , .  Owing t o  t h e  low y i e l d ,  however,  

t h i s  was n o t  i n v e s t i g a t e d .

A c t io n  o f  Se len ium  D iox ide  i n  Dioxan S o l u t i o n  on 

C h o l e s t e r y l  c h l o r i d e  -  C h o l e s t e r y l  c h l o r i d e  (2 g . ) i n  

d io x an  (5 c . c . )  and se le n iu m  d i o x id e  (0 . 2 b g. 0 .5  m o l . )  i n  

w a t e r  (0 .3  c . c . )  and d io xan  (2 c . c . )  were h e a t e d  on a s team  

h a th  f o r  4 h o u r s ,  s e p a r a t e d  from se le n iu m ,  c o o le d  and poured  

s lo w ly ,  w i th  s t i r r i n g ,  i n t o  h a l f  s a t u r a t e d  b r i n e ,  and t h e  

s o l i d  c o l l e c t e d ,  washed,  t a k e n  up i n  e t h e r ,  and a f t e r  f u r t h e r  

w ash in g ,  d r i e d  o v e r  sodium s u l p h a t e .  Removal o f  t h e  e t h e r  

l e f t  a s e m i - c r y s t a l l i n e  mass ,  which was t a k e n  up i n  a l c o h o l ,  

c h o l e s t e r y l  c h l o r i d e  (1 g . )  s e p a r a t i n g  on c o o l i n g .  E vapo ra ­

t i o n  of  t h e  m o th e r  l i q u o r s  gave a r e d d i s h  o i l  f rom  which no 

s o l i d  c o u ld  be o b t a i n e d .  The o i l  was r e f l u x e d  w i th  a c e t i c  

a n h y d r id e  (15 c . c . )  f o r  1 h o u r ,  and t h e  r e a g e n t  removed i n  

v a c u o ,  l e a v i n g  a g a i n  an unworkable  o i l .  As no s o l i d  m a t t e r  

co u ld  be s e p a r a t e d ,  and i n  v iew o f  t h e  s u c c e s s  o f  t h e  

o x i d a t i o n  i n  a c e t i c  a c i d - b e n z e n e ,  t h e  o i l  was d i s c a r d e d .

A c t io n  o f  E x c e s s  o f  Se len iu m  Diox ide  i n  Absenae o f  Water -  

C h o l e s t e r y l  c h l o r i d e  (1 g . ) was d i s s o l v e d  i n  b o i l i n g  g l a c i a l  

a c e t i c  a c id  (25 c . c . )  and se l e n iu m  d i o x id e  (1 g . ) added,  and 

b a i l i n g  c o n t i n u e d  ( c f .  Mower, Green and S p r i n g ,  J . (1 9 4 4 ) ,2 5 8 . 

O x i d a t i o n  o f  (j t-amyrin b e n z o a t e ) .  Rapid  d a r k e n i n g  o c c u r r e d ,  

s e l e n iu m  was d e p o s i t e d ,  and s h o r t l y  hydrogen  s e l e n i d e  began 

to  be e v o lv e d .  I t  was a p p a r e n t  t h a t  c o n d i t i o n s  were to o  

s e v e r e ,  and t h a t  d e p o s i t e d  s e l e n iu m  was c a u s i n g  dehydrogena ­



t i o n .  The e x p e r im e n t  was abandoned

132.

5- 0h l o r o - 4 - A c e to y y - C h o le s t - 5- e n e  -  3" Gh l o r o - 4- h y d r o x y -  

c h o l e s t - 5 - e n e  (o b ta in e d  by t h e  a c t i o n  o f  s e l e n iu m  d i o x id e  

on c h o l e s t e r y l  c h l o r i d e ,  0 . 5  g . ) i n  p y r i d i n e  (5 c . c . )  and 

a c e t i c  a n h y d r id e  (5 c . c . )  was h e a t e d  on a s team  b a t h  f o r  

2 h o u r s ,  c o o le d ,  poured  in to  w a t e r ,  and e x t r a c t e d  w i th  

e t h e r ,  a s  u s u a l .  The p r o d u c t ,  on one c r y s t a l l i s a t i o n  from 

a l c o h o l ,  gave a y e l lo w  s o l i d  (0 .4  g . ) m .p .  82- 840 . T h i s  was 

p u r i f i e d  c h ro m a to g ra p h ic  a l l y ,  g i v i n g  c o l o u r l e s s  n e e d l e s  

( 0 .2 7  g . ) 50# ) ,  m .p .  96- 98° .  7 1 -4° (C -  O .3 3 ) .  (Found:

C, 7 5 . 2 ;  H, 1 0 . 0 ; 0 1 , 7 . 5> CggH^OgCl r . q u l r e s :  C, 7 5 . 2 ;

H, 1 0 . 2 ; C l ,  7 .7%).

I t  gave no c o l o u r a t i o n  w i th  ant im ony t r i c h l o r i d e  i n  

c h lo r o f o r m ,  and gave a  m e l t i n g  p o i n t  d e p r e s s i o n  on a d m ix tu re  

w i th  a spec im en  o f  S p r i n g  and Sw ain1s 6 - c h l o r o - 3 - 9 o e t o x y -

cholest-4-0&0*

A ttem pted  D e h a lo g e n a t io n  o f  5 - C h lo r o - 4 - H y d r o x y - C h o le s t - 5 - o a 9  -  

The chloro*compound (0 .7 5  g « ) i n  a l c o h o l  (30 c . c . )  p l u s  

p o t a s s i u m  c a r b o n a t e  (4 g . )  and w a te r  (15 c . c . )  were r e f l u x e d  

t o g e t h e r  f o r  5 h o u r s  on a s team  b a t h ,  c o o le d ,  f i l t e r e d  t o  

remove a l i t t l e  u n d i s s o l v e d  s o l i d ,  p ou red  i n t o  w a t e r ,  and 

e x t r a c t e d  w i th  c h lo r o f o r m .  A gum was t h e r e b y  o b t a i n e d  from 

which o n l y  s m a l l  amounts o f  unchanged s t a r t i n g  m a t e r i a l  co u ld  

be r e c o v e r e d .  No p r o d u c t  was o b t a i n e d .
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O x i d a t i o n  by Chromic Acid o f  5- C h l o r o - 4- H y d r o x y - C h o le s t -

5-ene  was a t t e m p t e d  t h r o u g h  t h e  o ih rom id e  a s  f o l l o w s

The ch lo ro-com pound (1 g . )  was d i s s o l v e d  i n  c h lo r o f o r m  

(3 c . c . )  and bromine  (Q.15 c . c . )  i n  c h lo r o f o r m  (3 c . c . )  

s l o w ly  added.  A f t e r  s t a n d i n g  f o r  10 m i n u t e s ,  a c e t i c  a c id  

(10 c . c . )  was added ,  and t h e  m ix t u r e  c o o le d  to  0 ° ,  when th e  

d ib ro m id e  s e p a r a t e d  a s  a lm o s t  c o l o u r l e s s  p l a t e s ,  m .p .  98°* 

fhe h u lk  o f  t h e  y i e l d ,  however, was o b t a i n e d  by r e d u c t i o n  o f  

t h e  volume o f  s o l u t i o n  i n  vacuo a t  room t e m p e r a t u r e ,  when a 

c o l o u r l e s s  s o l i d ,  m .p .  90-95°  ^Qs o b t a i n e d ,  and d r i e d  i n  

vacuo o v e r  c a u s t i c  soda .

The d ib ro m id e  (1 g . )  i n  benz.ene (14 c . c . )  and chromic 

a c i d  (O.bb g . )  i n  w a te r  (6 c . c . )  and a c e t i c  a c id  (14 c . c . )  

were shaken  t o g e t h e r  b h o u r s ,  and t h e  benzene  l a y e r

s e p a r a t e d ,  washed w i t h  w a t e r ,  and d r i e d  (sodium s u l p h a t e ) ,  

a f t e r  which  d e b r o m in a t io n  was a t t e m p t e d  by r e f l u x i n g  f o r  10 

m in u t e s  w i th  sodium i o d i d e  i n  a l c o h o l  (10$ 10 c . c . ) ,  c o o l i n g  

and s h a k i n g  w i th  d i l u t e  aqueous sodium s u l p h i t e ,  f o l lo w e d  by 

c a u s t i c  so d a ,  w a t e r ,  and d r y i n g  once more.  The benzene  was 

removed,  l e a v i n g  a y e l l o w i s h  s o l i d ,  which was r e c r y s t a l l i s e d  

from a l c o h o l  ( n o r i t e )  to  g iv e  v e r y - f i n e  c o l o u r l e s s  n e e d l e s ,  

m .p .  I 6 2 - I 6 4 0 ( d . ) .  The y i e l d  was c a .  0 .2  g.  (Found:  C, 6 6 . 8 ;  

H ,  8 . 7 ; C l ,  2 3 . 7 ( 1 ) $  3- c h l o r o - 4- k e t o - c h o l e s t - 5- e n e  r e q u i r e s :

C,  7 7 . 8 ;  H ,  I O .3 ;  C l ,  8 . 4 8 $ ) .

The compound showed on u l t r a - v i o l e t  a b s o r p t i o n  maximum 

a t  254OA, "  103 «7 «
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6- C h l o r o - 3- B e n z o y lo x y -C h o le s t - 4 - e n e  was p r e p a r e d  i n  good 

y i e l d  from Both c ^ - c h o l e s t e r y l  Benzoa te  o x id e  and ^  -  

c h o l e s t e r y l  o x i d e ,  u s i n g  the  p u b l i s h e d  method.  (S p r in g  and 

Swain ,  J .  (1939) >2*35 6 ) • I t  fo rm s  n e e d l e s  f rom  e t h y l  a c e t a t e -  

m e th a n o l ,  m .p .  126-127°*

A c t io n  o f  P e r b e n z o i c  Acid on 6- C h l o r o - 3- B e n z o y l o x y - C h o le s t -  

4 - e n e  -  i )  The e s t e r  (10 g . ) i n  d r y  c h lo r o f o r m  (50 c . c . )  was 

t r e a t e d  w i t h  p e r b e n z o i c  a c i d  (2 .6  g .  1 atom oxygen) i n  

c h lo r o f o r m  (84 c . c . )  a t  0 ° ,  and l e f t  o v e r n i g h t  i n  a r e f r i g e r ­

a t o r .  T i t r a t i o n  o f  a 1 c . c .  sample a g a i n s t t h i o s u l p h a t e  

i n d i c a t e d  t h a t  no r e a c t i o n  had t a k e n  p l a c e ,  and so th e  

m i c t u r e  was l e f t  a t  room t e m p e r a t u r e .  T i t r a t i o n  o f  a  f u r t h e r  

sam ple ,  a f t e r  24 h o u r s ,  a g a in  gave a n e g a t i v e  r e s u l t .  A f t e r  

s t a n d i n g  a t  room t e m p e r a t u r e  f o r  6 d a y s ,  i t  was found t h a t  a 

l i t t l e  o v e r  h a l f  o f  t h e  p e r b e n z o i c  a c i d  r e m a in e d .  The 

s o l u t i o n  was shaken  w i t h  aqueous d i l u t e  sodium c a r b o n a t e ,  and 

d r i e d ,  and t h e  c h lo r o f o r m  removed i n  v a cu o .  The r e s i d u a l  

c o l o u r l e s s  o i l ,  on c r y s t a l l i s a t i o n  f rom  e t h y l  a c e t a t e - m e t h a n o l  

gave some unchanged s t a r t i n g  m a t e r i a l ,  w h i le  f rom  t h e  m othe r  

l i q u o r s  were o b t a i n e d  v e r y  f i n e  n e e d l e s ,  m .p .  86- 94° •  Chroma­

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

m .p .  121° .  ( 0 I 9 -  11- 7° (1 * 2 , C = O.34) (Foundi  C, 75 .3?

H, 9 .O 3;  C l ,  6 . 62%. Monoxide o f  6- c h l o r o - 3- b e n z o y l o x y - c h o l e s t -

4- e n e ,  C^H^^O^Cl r e q u i r e s :  C, 7 5 *5 ? 9 *^7 > d ,  $*57^) •

C o n t in u ed  c r y s t a l l i s a t i o n  o f  t h e  c rud e  m a t e r i a l  f i r s t



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

159- 161° .

i i )  The e s t e r  (1 g . ) i n  c h lo r o f o r m  (10 c . c , )  p l u s  p e r -  

b e n z o ic  a c id  (0 .6  g. 2 a toms 0 ) i n  c h lo r o f o r m  (10 c . c . )  

were m ixed ,  and l e f t  a t  room t e m p e r a t u r e .  A b l a n k  was 

p r e p a r e d  o f  b e r b e n z o i c  a c id  (0 .6  g . ) i n  c h lo r o f o r m  (20 c . c . ) .  

T i t r a t i o n  o f  1 c . c .  sam ples  a g a i n s t  O.o45 N sodium t h i o s u l p h a t e  

was a s  f o l l o w s

On w o rk in g  up a s  b e f o r e ,  a c o l o u r l e s s  o i l  was o b t a i n e d ,  

which was c r y s t a l l i s e d  from e t h y l  a c e t a t e - m e t h a n o l .  sev en  

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

110° .  There  was, however ,  no m e l t i n g  p o i n t  d e p r e s s i o n  below 

t h i s  t e m p e r a t u r e  on ad m ix tu re  w i t h  t h e  p u re  o x i d e ,  m .p .  121° .  

The c ru d e  m a t e r i a l  was u sed  i n  t h e  e x p e r im e n t  w i th  2N s u l p h u r ­

i c  a c i d  d e s c r i b e d  below.

i i i )  The e s t e r  (10 g . ) was d i s s o l v e d  i n  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  (5*6 g .  2 atoms 0 ) i n  c h lo r o f o r m  (135 c . c . ) ,  

and l e f t  a t  0° ,  t h e n  a t  room t e m p e r a t u r e ,  a s  i n d i c a t e d .  

T i t r a t i o n s  a s  b e f o r e  showed t h e  f o l l o w i n g  r e s u l t s

R e a c t i o n  M i x t u r e B l a n k  fege
( c . c . ) ( c . c . )  R e a c t i o n

I n i t i a l l y 5 .90 5 .8 6

A f t e r  7 days  a t  room t e m p e r a t u r e  3 .6 0
n n  n » n 2#9q

" 14 " " n 2.46

5 .1 5  36

4 -7 7  42

4 -5 9  50



I n i t i a l l y

R e a c t i o n  M i x t . B lank N o r m a l i ty  o f
( c . c , ) ( c . c . ) t h i o .

8 .2 0  8 . 6  0 .0 4 5

A f t e r  4 d a y s  a t  0°  9 .6 2

n 11 " " R.T .  1 .9 9

"  1 4  " " " I .70
3-33

3 .0 9

8.6

0 .1 0

«

4 7 .4

49

The m ix t u r e  was worked up as  "before, g i v i n g ,  a f t e r  3 

c r y s t a l l i s a t i o n s , 3 . 5  g* o f  p r o d u c t  (34* o f  t h e o r y )  m .p .  121° .

A c t io n  o f  M o n o p e rp h th a l ic  Acid on b - Q h l o r o - 3-B enzo y lo xy -  

C h o l e s t - 4 - e n e  -  The e s t e r  (1 g . ) was d i s s o l v e d  i n  d r y  e t h e r  

(11 c . c . )  and m o n o p e r p h th a l i c  a c id  (0 .42 g . ) i n  e t h e r  (11 c . c . )  

added .  A "blank o f  mono p e r  p h t h h l i e  ac id  (0 «4 2 ) g . )  i n  e t h e r  

(22 c . c . )  was p r e p a r e d .  1 c . c .  sam ples  were t i t r a t e d  a g a i n s t  

O.o45 N t h i o s u l p h a t e , a s  shown

The m ix t u r e  was washed w i th  d i l u t e  sodium c a r b o n a t e  and 

d r i e d .  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  on rem o va l  

o f  t h e  e t h e r .

A c t io n  o f  Hydrogen P e r o x i d e  on 6- O h l o r o - 3- B e n z o y l o x y - C h o le s t -

4 - e n e .

(a) I n  P r e s e n c e  o f  Water -  The e s t e r  (1 g . ) i n  t e r t . - b u t y l  

a l c o h o l  (35 c . c . )  was t r e a t e d  w i t h  hydrogen  p e r o x i d e  (30%,

1 c . c . )  and r e f l u x e d  on a s team  b a t h  f o r  2 h o u r s .  N o th in g

R e a c t i o n  M ix tu re  Blank 
( c . c . ) ( c . c . )

A f t e r  24 h o u r s  a t  room t e m p e r a t u r e  

w 1 h our  u n d e r  r e f l u x .

4 .3 0

4.10

2 .0 7

4 . 7 0

4 . 6 7

2 .3 0n 20 h o u r s  u n d e r  r e f l u x
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s e p a r a t e d  on c o o l i n g ,  and so t h e  s o l u t i o n  was poured  i n t o  

w a t e r ,  e x t r a c t e d  w i th  e t h e r ,  and th e  e x t r a c t  washed w i th  

aqueous  sodium c a r b o n a t e ,  w a t e r ,  and d r i e d .  Removal o f  t h e  

e t h e r  gave an unworkable  gum, y e l lo w  i n  c o l o u r .  T h i s ,  on 

ch ro m a to g ra p h y ,  gave ,  i n  t h e  f i r s t  volumes o f  t h e  e l u a t e ,  an 

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

t o  g iv e  a s m a l l  amount o f  s o l i d ,  m .p .  116- 118° .  (Founds 

C, 8 0 . 1 ; H, 10 . 4% r e q u i r e s :  C, 8 0 . 3 ;  H, 10 . 2%).

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

t h e  f i n a l  f r a c t i o n s  o f  t h e  ch rom a tog raph y  were a l s o  o b se rv e d  

to  be f r e e  o f  h a lo g e n .

(b) I n  Absence o f  Water -  The e s t e r  (0 .5  g . ) was t r e a t e d  

w i t h  a  s o l u t i o n  o f  hydrogen  p e r o x i d e  (0 .d96  g . ) i n  t e r t . -  

b u t a n o l  (2 c . c . )  p r e p a r e d  a f t e r  t h e  manner o f  M i l e s  and 

Sussman (2 . A . £ . S . , (1936) ,58^,1302), and r e f l u x e d  on a w a te r  

b a t h  f o r  2 h o u r s .  The y e l lo w  s o l u t i o n ,  on b e i n g  worKed up 

a s  b e f o r e ,  gave a r e s i n o u s  p r o d u c t ,  which would n o t  

c r y s t a l l i s e .

A c t io n  o f  b u l p h u r i c  Acid on th e  Oxide m .p .  121° -  i )  The 

c ru d e  o x id e  ( 0 .6  g . ) o b t a i n e d  from t h e  s m a l l  s c a l e  p r e p a r a ­

t i o n s  ( i l )  above i n  e t h a n o l  (35 c . c . )  and s u l p h u r i c  a c id  

(2N, 5 c . c . )  was r e f l u x e d  on a w a te r  b a t h  f o r  24 h o u r s ,  c u r i n g  

which th e  s o l u t i o n  became o rang e  c o l o u r e d .  Hot f i l t r a t i o n  

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

s o l u t i o n  was poured  i n t o  w a t e r ,  and e x t r a c t e d  w i t h  e t h e r .  An



o ran g e  r e s i n o u s  m a t e r i a l  was o b t a i n e d ,  which gave sm a l l  

amounts  o f  s o l i d ,  m .p .  155°> from e t h y l  a c e t a t e - m e t h a n o l .  

r h i s  gave no m .p .  d e p r e s s i o n  w i th  t h e  s o l i d  m .p .  159- 161° 

o b t a i n e d  d u r i n g  t h e  f i r s t  o x id e  p r e p a r a t i o n ,  and gave an 

i n t e n s e  b lu e  c o l o u r a t i o n  w i th  t h e  an t im ony  t r i c h l o r i d e  

r e a g e n t .  The m o the r  l i q u o r s ,  on t r e a t m e n t  w i th  2 :4  d i n i t r o -  

p h e n y lh y d r a z i n e  d e p o s i t e d  a d e r i v a t i v e ,  m .p .  224- 226° ,  and 

c o n t a i n i n g  no h a lo g e n .  (Found: N,15.4%. C a lc ,  f o r  c h o l e s t -  

enone 2 :4  d i n i t r o p h e n y l h y d r a z d n e , C33H48°5N4 : N’ 9-66%). 
i i )  The p u re  o x id e  (1 g . )  was r e f l u x e d  i n  benzene (20 c . c . )

c o n t a i n i n g  s u l p h u r i c  ac id  (66%, 0 .5  c . c . )  f o r  2 h o u r s .  The 

s o l u t i o n  a c q u i r e d  a p in k  c o l o u r a t i o n ,  and on c o o l i n g  was 

d i l u t e d  w i th  w a t e r ,  e x t r a c t e d  w i t h  e t h e r ,  and th e  e x t r a c t  

washed w i th  sodium c a r b o n a t e  s o l u t i o n ,  and d r i ^ d .  Removal o f  

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

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

2 3 I 0 . T h i s  p r o d u c t  c o n ta in e d  no h a lo g e n ,  and gave no c o l o u r a ­

t i o n  w i th  an t im ony  t r i c h l o r i d e  o r  t e t r a n i t r o m e t h a n e  i n  

c h lo r o f o r m  s o l u t i o n .  (Y ie ld  ca .  0 . 5  g* ) .  (Found: C, 79*8 ;

H, 9 . 5S^).

A t tem pted  R e d u c t io n  o f  t h e  o x i d e  by Z inc  and A c e t i c  Acid -

i )  The o x id e  (1 g . )  was d i s s o l v e d  i n  a c e t i c  a c i d  (25 c . c . )  

w i t h  h e a t i n g ,  and a c t i v a t e d  z in c  d u s t  (2 g . ) added .  The 

m i x t u r e  was h e a t e d  on a  s t e am  b a t h  f o r  1 h o u r ,  f i l t e r e d  h o t ,  

poured  i n t o  w a t e r ,  and e x t r a c t e d  w i th  e t h e r .  The e x t r a c t  was 

washed w i th  sodium b i c a r b o n a t e  s o l u t i o n ,  and d r i e d .  A r e s i n ­
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ous p r o d u c t  was o b t a i n e d  on rem ova l  o f  t h e  s o l v e n t ,

i i )  The e x p e r im e n t  was r e p e a t e d  a s  b e f o r e ,  o n l y ,  a f t e r  

h e a t i n g  f o r  1 h o u r ,  r e f l u x i n g  was c a r r i e d  o u t  f o r  15 m i n u t e s .  

On work ing  up a s  b e f o r e ,  an o i l  was o b t a i n e d .  T h i s  p a r t l y  

c r y s t a l l i s e d  from  a l c o h o l  t o  g iv e  f i n e  needLles, m .p .  152-1560 

( fo rm in g  a p o o l  c a .  I 7 0 0 }. R e c r y s t a l l i s a t i o n  r a i s e d  t h e  

m e l t i n g  p o i n t  to  1 9 6 -20 0 ° ,  b u t  no homogeneous p r o d u c t  was 

o b t a i n e d .

A c t io n  o f  G l a c i a l  A c e t i c  Acid on 6- C h l o r o - 5-Bgnzoy loxy-  

C h o l e s t - 4 - e n e  -  i )  The e s t e r  (1 g . ) was d i s s o l v e d  i n  a c e t i c  

a c id  (10 c . c . )  w i t h  warming. A g re e n  c o l o u r  d e v e lo p e d ,  and 

h y d r o c h l o r i c  a c i d  was e v o lv e d .  On s t a n d i n g  o v e r n i g h t ,  a  

brown o i l  s e p a r a t e d .  The r e a c t i o n  m ix tu r e  was poured  i n t o  

w a t e r ,  snd e x t r a c t e d  w i th  e t h e r ,  which was washed,  and d r i e d ,  

o v e r  sodium c a r b o n a t e .  Removal o f  t h e  e t h e r  l e f t  an o i l ,  

which f a i l e d  t o  g i v e  a p r o d u c t ,  even  on ch ro m a tog rap hy ,

i i )  The e s t e r  ( 0 .5  g . ) was h e a t e d  on a  s team  b a t h  f o r  3^ 

m i n u t e s  w i t h  g l a c i a l  a c e t i c  a c id  (5 c . c . ) .  The s o l u t i o n  

became b r i g h t  g r e e n ,  a f t e r  which an o i l  s e p a r a t e d ,  On 

c o o l i n g ,  th e  s o l u t i o n  was y e l l o w i s h .  Working up a s  b e f o r e  

gave an o i l ,  which was t a k e n  up i n  a c e to n e ,  a  s m a l l  q u a n t i t y  

o f  b row nish  s o l i d ,  m .p .  c a .  23O0 , s e p a r a t i n g  on c o o l i n g .

T h i s  gave a  n e g a t i v e  B e i l s t e i n  t e s t  f o r  h a lo g e n ,  an i n t e n s e  

b lu e  c o l o u r  w i th  ant im ony t r i c h l o r i d e  i n  c h lo r o f o r m ,  and a 

y e l lo w  t i n t  w i th  t e t r a n i t r o m e t h a n e  i n  th e  same s o l v e n t .  

F u r t h e r  p u r i f i c a t i o n  o f  t h e  s m a l l  amount c o u ld  n o t  he c a r r i e d

out.
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A c t io n  of  Water on b - 8h l o r o - 5- B e n z o y l o x y - C h o le s t - 4 - e n e  

was i n v e s t i g a t e d  by r e f l u x i n g  t h e  chloro-compound (0 .5  g « ) 

i n  t e r t . - b u t a n o l  (3 .5  c . c . )  w i th  w a te r  (O.25 c . c . ) .  The 

s o l u t i o n  v e r y  soon became a c id  t o  c o n g o - re d  p a p e r ,  p r o b a b l y  

due to  t h e  slow e v o l u t i o n  o f  h y d r o c h l o r i c  a c i d ,  and s lo w ly  

became y e l lo w .  A f t e r  4 h o u r s ,  t h e  s o l u t i o n  was c o o l e d ,  

when an o i l  s e p a r a t e d .  Working up was c a r r i e d  o u t  a s  i n  t h e  

e x p e r im e n t  w i th  hydrogen  p e r o x i d e  ( v . s . ) . ,  b u t  no c r y s t a l l i n e  

p r o d u c t  cou ld  be o b t a i n e d .

H y d r o l y s i s  o f  b - C h l o r o - 5- B e n z o y l o x y - C h o le s t - 4- e n e  -  The e s t e r  

(1 g . ) ,  e t h a n o l  (40 c . c . ) ,  w a t e r  (20 c . c . ) ,  and p o t a s s i u m  

c a r b o n a t e  (6 g . ) were r e f l u x e d  t o g e t h e r  on a w a te r  b a t h  f o r  

3 h o u r s ,  and f i l t e r e d  h o t ,  when some u n d i s s o l v e d  e s t e r  was 

removed.  The r e a c t i o n  m i x t u r e ,  which  sm e l led  o f  e t h y l  

b e n z o a t e ,  was 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 th  e t h e r ,  

t h e  e x t r a c t  washed and d r i e d  (sodium s u l p h a t e ) .  Removal o f  

t h e  e t h e r  l e f t  a s t i c k y  s o l i d  which c r y s t a l l i s e d  i n  p a r t  f rom  

m e t h a n o l .  R e c r y s t a l l i s a t i o n  from a l c o h o l ,  t h e n  a c e t o n e ,  gave 

n e e d l e s ,  m .p .  171- 1730 * These gave a  n e g a t i v e  B e i l s t e i n  t e s t ,  

and a b l u e  c o l o u r  w i t h  t h e  an t im ony  t r i c h l o r i d e  r e a g e n t .  On 

a d m ix tu re  w i th  an a u t h e n t i c  specimen o f  3*4 d i h y d r o x y - c h o l e s t -

5- e n e ,  t h e r e  was no m e l t i n g  p o i n t  d e p r e s s i o n .  The y i e l d  was 

0 .2 5  g .  (35%).
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