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P A R T  I

CONSTITUENTS OP THE LIGHT PETROLEUM EXTRACT OP

A. RETICULATA



HISTORICAL INTRODUCTION



The genus  A r i s t o l o c h i a  c o n t a i n s  th e  m a jo r  p r o p o r t i o n  

o f  p l a n t s  b e lo n g in g  t o  t h e  f a m i ly  A r i s t o l o c h i a c e a e , 

c o m p r is in g  a b o u t  180 o u t  o f  200 s p e c i e s ,  t h e  r e m a in in g  

tw e n ty  b e in g  d i s t r i b u t e d  among f i v e  o t h e r  g e n e r a .  P l a n t s  

o f  t h i s  genus a r e  w id e ly  d i s t r i b u t e d ,  r e p r e s e n t a t i v e s  b e in g  

fo u n d  i n  a l l  f i v e  c o n t i n e n t s .

Most o f  t h e  members a r e  h e r b s  o r  c l im b in g  p l a n t s  w i th  

woody s te m s .  O i l - s e c r e t i n g  c e l l s ,  som etim es fo rm in g  t r a n s 

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

b u t  t h e  p a r t s  o f  t h e  p l a n t s  m ost f r e q u e n t l y  u s e d  a r e  t h e  

r o o t s  and rh iz o m e s .  The common com m erc ia l  d ru g ,  Texan o r  

Red R iv e r  s n a k e r o o t ,  i s  t h e  d r i e d  r o o t  and rh izom e o f  

£:• r e t i c u l a t a , and i s  c o l l e c t e d  i n  t h e  woods o f  T ex as , 

L o u i s i a n a ,  A rk a n sa s  and Oklahoma. The d ru g  h a s  f a l l e n  

i n t o  d i s u s e  and was d e l e t e d  from  th e  B r i t i s h  P h a rm acopo e ia  

1948, and a l s o  from  th e  P h a r m a c e u t i c a l  Codex 1954.

A r i s t o l o c h i a  s p e c i e s  have  b een  u s e d  from  v e r y  e a r l y  

t i m e s ,  and i n  a  re v ie w  by Dawsonv ' i t s  m e d ic a l  h i s t o r y  h a s  

b e en  t r a c e d  to  t h e  4 th .  c e n tu r y  B .C. to  t h e  t im e  o f  

T h e o p h ra s tu s  (370-285  B .C .)  who m en tio n ed  i t  i n  h i s  H i s t o r y  

o f  P l a n t s .  The number o f  s p e c i e s  t h e n  i n  common u s e  was 

s m a l l ,  D io s c o r id e s  (40 -90  A .D .)  d e s c r i b i n g  t h r e e ,  and  P l i n y  

(23-79  A .D .)  f o u r ,  a l l  b e in g  c h a r a c t e r i s e d  by t h e  ty p e  o f  

r o o t s  i n  w hich  th e  p a r t i c u l a r  v i r t u e s  o f  t h e  d ru g  w ere  known 

t o  r e s i d e  even a t  t h a t  e a r l y  t im e .  They were d e s c r i b e d  a s



(a )  ro u n d  t u b e r s ........................A. r o t u n d a

(b) e lo n g a te d  r o o t .................A. l o n g a

(c )  s l e n d e r  and  l o n g  A. c l e m a t i t i s
( 2 )(d ) f i b r o u s  r o o t s  A. p i s t o l o c h i a  v '

I t  i s  o f  i n t e r e s t  t h a t  (d) a c c u r a t e l y  d e s c r i b e s  t h e  A m erican

d ru g s  A. r e t i c u l a t a  and A. s e r p e n t a r i a  e q u a l l y  w e l l ,  a l t h o u g h  

t h e  l a t t e r  was n o t  i n t r o d u c e d  i n t o  Europe u n t i l  1 6 3 3 ^ ^  • 

Dawson*s r e s e a r c h e s  i n d i c a t e d  t h a t  some o f  t h e  d ru g s  i n  

common u s e  a t  t h e  b e g in n in g  o f  t h e  17th . c e n tu r y  w ere A. 

r o t u n d a ,  A. l o n g a  and A. c l e m a t i t i s , b u t  he o m its  any m e n t io n  

o f  t h e  A m erican  d ru g ,  a l th o u g h  i t  te n d e d  more and more t o  

r e p l a c e  t h e  E urop ean  v a r i e t i e s  b e c a u s e  o f  i t s  more p o w e rfu l  

a c t i v i t y .  L a t e r ,  o t h e r  s p e c i e s  a g a in  w ere recommended, b u t  

b e in g  c o n s id e r e d  l e s s  v a l u a b l e  t h a n  th e  N o r th  A m erican  

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

o f  t h e  1 8 th .  c e n tu r y  A. s e r p e n t a r i a  was t h e  d ru g  u s e d  i n  

m ost c o u n t r i e s .

P l a n t s  o f  t h e  genus A r i s t o l o c h i a  were h e ld  i n  h ig h  

e s tee m  by th e  a n c i e n t  Greek and Roman d o c to r s  on a c c o u n t  o f  

i t s  v a lu e  i n  c h i l d b i r t h ,  i t s  wholesome i n f l u e n c e  on wounds 

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

p o iso n o u s  sn a k es  and i t s  u s e  a s  a  b i t t e r  w i th  t o n i c  p r o p e r 

t i e s .  The common name B i r th w o r t  f o r  th e  p l a n t  and t h e  te rm

S n a k e ro o t  a r e  o b v io u s ly  d e r iv e d  from  th e s e  t r a d i t i o n a l  u s e s .
(?)

A c c o rd in g  to  Rosenmund and R e i c h s t e i n w ' A. c y m b ife ra  M a r t .



3-

s t i l l  s e r v e s  a s  a  h o u s e h o ld  remedy f o r  s n a k e b i t e  i n  B r a z i l .

P r o f e s s i o n a l  Roman s n a k e - c a t c h e r s  u s e d  a  s p e c i e s  o f

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

A. i n d i c a  was r e p u t e d  t o  he a  v a l u a b l e  a n t i d o t e  t o  t h e  b i t e s

o f  sn a k e s  and p o is o n o u s  i n s e c t s ^ .  T h is  how ever h a s  n o t

b e en  s u b s t a n t i a t e d  by M haskar and O aius (q u o te d  i n  r e f e r e n c e
( S')4 ) ,  and Bonsm annw /  i n  h i s  e x p e r im e n ts  w i th  t h r e e  A r i s t o 

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

fo u n d  t h a t  e x t r a c t s  had no p r o t e c t i v e  a c t i o n  a g a i n s t  t h e  

venom o f  n i n e  d i f f e r e n t  s p e c i e s  o f  p o is o n o u s  sn a k e s  u s i n g  

m ice  and g u in e a  p i g s  a s  th e  e x p e r im e n ta l  a n im a ls .

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

i s  g iv e n  by t h e  work o f  S h aw ^ ^  who r e p o r t e d  t h a t  A. e le g a n s  

c o n ta in e d  an a l k a l o i d  w hich  caused  c o n t r a c t i o n  o f  t h e  u t e r u s .  

F u r t h e r  d e t a i l s  w ere n o t  g iv e n  a s  th e  work form ed o n ly  a  

p a r t  o f  a  lo n g  te rm  i n v e s t i g a t i o n  o f  a l k a l o i d s  o b t a in e d  from

A u s t r a l i a n  f l o r a .  An e x t r a c t  o f  t h i s  s p e c i e s  was a l s o
f 7}fo u n d  by B a r n a r d '  * t o  p o s s e s s  C - m i to t i c  a c t i v i t y  when 

t e s t e d  on t h e  r o o t  t i p s  o f  g e rm in a t in g  o n io n  s e e d s .

E x t r a c t s  o f  A r i s t o l o c h i a  s p e c i e s  have  b een  o b se rv e d  to  

i n h i b i t  c u l t u r e s  o f  S ta p h y lo c o c c u s  a u re u s  , w h i l s t  two 

s u b s t a n c e s ,  A and B, were i s o l a t e d  from  t h e  M exican p l a n t ,  

R a iz  de I n d io  , and shown t o  be a c t i v e  a g a i n s t  t h e  

f o l lo w in g  o rg a n is m s :



O rganism I n h i b i t o r y  C o n c e n t r a t i o n

M ic ro c o e c u s  pyogenes

M. c i t r e u s  ...................

B. a n t h r a c i s  ...............

1 tp2 -  1 .7  jjtg. p e r  m l.  

2 .4  /ua* p e r  m l.

3*0 ^g . p e r  m l.

N e i t h e r  A n o r  B c o n ta in e d  N o r  S and b o th  w ere  i n a c t i v a t e d  

by  1 $  c y s t e i n e  and 10$ serum . The s o l e  d i f f e r e n c e  be tw een  

A and B l a y  i n  t h e  f a c t  t h a t  B was l e s s  s o l u b l e  i n  a c e to n e  

and e t h e r .

Many o f  t h e  p r o p e r t i e s  a t t r i b u t e d  to  A r i s t o l o c h i a  

s p e c i e s  a r e  d e r iv e d  from  f o l k l o r e  and t h e s e  m ust be  c l e a r l y  

d i f f e r e n t i a t e d  from  th o s e  w hich  have r e s u l t e d  from  t h e  

d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  s p e c i e s  w hich  h a s  b een  c a r r i e d  

o u t  i n  more r e c e n t  t im e s .  These s t u d i e s  can be c o n s id e r e d  

u n d e r  t h e  two h e a d in g s  o f  c h em ic a l  c o n s t i t u e n t s ,  and 

p h y s i o l o g i c a l  a c t i v i t y .



CHEMICAL CONSTITUENTS

G e n e ra l  e x a m in a t io n

A g e n e r a l  e x a m in a t io n  and e s t i m a t i o n  o f  t h e  c o n s t i t u e n t s  

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

w hole  d ru g ,  was c a r r i e d  o u t  by F e r g u s o n ^  ^  . H is  r e s u l t s

w ere  sum m arised  i n  t h e  f o l lo w in g  form :

S o lv e n t s  i n  
o r d e r  o f  u s e

E x t r a c t i v e  P e r c e n ta g e  o f  T o ta l  e x t r a c t i v e  
w hole  d ru g  w i t h  e a c h  s o l v e n t

P e t ro le u m
s p i r i t

V o l a t i l e  o i l  1 .0 0
R e s in  3 .2 0 4 .2 0

E t h e r R e s in 1 .90 1 .9 0

A b s o lu te
a l c o h o l

A r i s t o l o c h i n e  0 .0 3
( s o l u b l e  i n  

w a te r )
T an n in  0 .8 2
P h lo b ap h en e  0 .9 5 1 .8 0

D i s t i l l e d
w a te r

M uc ilage  0 .6 0
D e x t r in  0 .8 0
G lucose  0 .7 2
M a l ic  a e i d  and 
e x t r a c t i v e  5 .8 8
m a t t e r

8.00

Sodium
h y d ro x id e

s o l u t i o n

A lbu m ino id s  0 .6 0

E x t r a c t i v e  2 .5 0
m a t t e r

3.10



S o lv e n t s  i n  -  . + - P e r c e n ta g e  o f  T o ta l  e x t r a c t i v e
o r d e r  o f  u s e  w hole  d ru g  w i t h  e a c h  s o l v e n t

H y d ro c h lo r ic
A cid

1$

P a r a r a b i n  1 .8 0

S t a r c h  6 .4 8

Calc ium  o x a l a t e  0 .5 3

A lbum ino id  and
e x t r a c t i v e  1 5 .5 9  

m a t t e r
2 4 .4 0

C h lo r in e 5*78 (L o ss)
t r e a t m e n t

R e s id u e C e l l u l o s e  and  
l i g n i n

2 3 .0 9

Ash 1 1 .4

M o is tu re 1 0 .7

L oss 5 .63

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

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

was n o te d  from  th e  f i r s t  ch em ica l  i n v e s t i g a t i o n s .
(111B u c h o lz v foun d  0 .5 $  o f  v o l a t i l e  o i l  a s  w e l l  a s  2 .8 5 $  

y e l l o w i s h  brown o l e o - r e s i n ,  1 .7 $  e x t r a c t i v e  m a t t e r ,  6 2 .4 $

wood f i b r e  and 1 4 .1 $  w a te r  i n  t h e  r o o t s  o f  A. s e r p e n t a r i a .
( 1 2 ) ”   --------------

S p ic a  exam ined th e  v o l a t i l e  o i l  from  A. s e r p e n t a r i a  and

i d e n t i f i e d  b o r n e o l .  The o i l  from  A. r e t i c u l a t a  was found



by P e a c o c k ^ 5) -t0 c o n t a i n  b o r n e o l  and an a c i d  w h ich  was 

p resum ed to  be C^HgOg* T h is  fo rm u la  was b a s e d  n o t  u p on  an  

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

b o m y l  e s t e r  w h ich  had a l s o  b e e n  shown t o  c o n t a i n  a c e t i c  

a c i d ;  i t  m ust t h e r e f o r e  be t r e a t e d  w i th  r e s e r v e .  A t e r p e n e  

( b .p .  157°C. a t  769*6 m .m .; S.G-. 0 .8 6 5  a t  15*5°C .) w hich

a b s o rb e d  b rom ine  r e a d i l y ,  was a l s o  fo u n d .  H ig h e r  b o i l i n g  

f r a c t i o n s  i n c l u d e d  a  g r e e n i s h  y e l lo w  o i l  (S.G-. a t  1 5«5 °C .,  

0 .9 8 8 8 ) .  T h is  o i l  was o b ta in e d  by d i s t i l l a t i o n  o f  a  m ix tu r e ,  

so t h a t  t h e  f o r m u la ,  C^gHggO, m ust be a c c e p te d  w i th  c a u t i o n  

b e c a u s e  o f  th e  d o u b t f u l  homogeneous n a t u r e  o f  t h e  p r o d u c t .

K r i s h n a  Rao, M an jun a th  and Menon^1^  exam ined t h e  

e s s e n t i a l  o i l  o b t a in e d  by K ri  shnaswamy, M an ju na th  and Venkato  

R a o ^  from  t h e  r o o t s  o f  A. i n d i c a .  The l a t t e r  a u th o r s  

o b t a in e d  a  p a l e  y e l lo w  o i l  by e x t r a c t i n g  t h e  pow dered r o o t s  

w i t h  h o t  a l c o h o l ,  rem ov ing  t h e  s o l v e n t  by d i s t i l l a t i o n  and 

s team  d i s t i l l i n g  t h e  c o n c e n t r a t e d  e x t r a c t .  Two m ain f r a c 

t i o n s ,  A and B, w ere i s o l a t e d  from  t h i s  o i l .  F r a c t i o n a l  

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

u n s u c c e s s f u l ,  and a f t e r  rem oval o f  o x y g e n a ted  compounds by 

b o i l i n g  w i th  sodium , a  c o l o u r l e s s  l i q u i d  was o b t a i n e d ,  b . p .  

1 3 0 -1 3 2 ° C ./1 0  m .m .; I>” .‘ o .9 2 2 7 ;  " ” ‘' 1 . 5 0 3 5 ; ‘s ’ 6' - 4 2 .3 7  ° .

T h is  o i l ,  a  s e s q u i t e r p e n e ,  was c a l l e d  i s h w a r e n e .  I t  gave 

a  l i q u i d  m o n o h y d ro c h lo r id e ,  b . p .  128-130°C«/1 m .m .;
3 0 ° C .  3 0 ° C .  r  - . 30 °  C .

a 30.c 1 .0 2 0 0 ;  n y 1 .5 1 0 7 ;  - 1 8 .7 °  ( i n  a l c o h o l ) .



A lth o u g h  is h w a re n e  gave r i s e  t o  a  d a rk  b lu e  l i q u i d  on 

d e h y d ro g e n a t io n  w i t h  s e le n iu m  no c r y s t a l l i n e  p r o d u c t  o r  

d e r i v a t i v e  was o b t a i n e d ,  and m ost o f  t h e  o r i g i n a l  m a t e r i a l  

was r e c o v e r e d .  F r a c t i o n  B was o b t a in e d  i n  l a r g e r  q u a n t i t y  

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

p e t r o le u m  from  th e  r e s i d u e s  l e f t  from  th e  s team  d i s t i l l a t i o n  

o f  th e  t o t a l  a l c o h o l i c  e x t r a c t  o f  t h e  r o o t s ,  and  y i e l d e d  a  

new s e s q u i t e r p e n e  k e to n e ,  w hich  was p u r i f i e d  by

means o f  i t s  se m ic a rb a z o n e  m .p . 2 4 0°C- I t  was a  c o l o u r l e s s
O  /  13°*&‘ 30*C.

l i q u i d  b . p .  118-120 C ./1  m .m .; ^ 3£fC.1 • 0290; 1 .512 2
S o 'C . o

- 4 6 .4 7  > and was named i s h w a ro n e .  The r e s i d u e s  from  

f r a c t i o n  B were f r a c t i o n a l l y  d i s t i l l e d  to  g iv e  a  new s e s q u i 

t e r p e n e  a l c o h o l ,  i s h w a r o l ,  a s  a  p a l e  y e l lo w  v i s c o u s  o i l ,
30eC. f - 3 0 X .

3o*c. 0*9926; n ,  1 .5 0 9 8 ;  - 7 . 2 9 ° ( i n  a l c o h o l ) .  No

d e r i v a t i v e  was o b ta in e d  and Sim onsen and B a r t o n ^  ^  comment 

t h a t  t h e  hom ogene ity  o f  i s h w a re n e  and i s h w a r o l  a p p e a rs  

d o u b t f u l .

The n o n - v o l a t i l e  o i l  f r a c t i o n .

( 161P o h l '1 ' fo u n d  t h a t  e v a p o r a t i o n  o f  th e  l i g h t  p e t ro le u m  

e x t r a c t  from  t h e  powdered s e e d s  and r o o t s  o f  A. c l e m a t i t i s , 

A* lo n g a  and A. r o tu n d a  y i e l d e d  c h l o r o p h y l l ,  an  o i l  and a  

s e m i c r y s t a l l i n e  n i t r o g e n - f r e e  s u b s ta n c e  w hich  was n o t  

i n v e s t i g a t e d  f u r t h e r  a s  i t  had no p h y s i o l o g i c a l  a c t i v i t y .

The r e s u l t s  o b t a i n e d  by H esse on A. a r g e n t i n a  s u g g e s t



t h a t  i d e n t i t y  o f  t h e  c r y s t a l l i n e  s u b s t a n c e ,  w h ich  he a l s o  

m e n t io n s ,  and a r i s t o l a c t o n e  i s  u n l i k e l y .  H esse  e x h a u s te d  

t h e  f i n e l y  pow dered r o o t s  w i th  e t h e r  w hich  was t h e n  

s a t u r a t e d  w i th  ammonia gas  t o  p r e c i p i t a t e  t h e  ammonium 

s a l t s  o f  a c i d s .  These w ere f i l t e r e d  o f f ,  and e v a p o r a t i o n  

o f  t h e  f i l t r a t e  y i e l d e d  a  g re e n is h -b ro w n  o i l y  m ass w h ich  on 

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

c a l l y  i n e r t  s u b s ta n c e  w hich  was i d e n t i f i e d  a s  a  p a l m i t y l
ts'c.

p h y t o s t e r o l i n ,  0 4 2 ^ 7 4 . ^ 2  m*P* 8 2 ° C . , [<*]* -1 5 * 8 °  (c  = 3 in- 

c h lo r o f o r m ) .  H esse  gave th e  r e s u l t s  o f  h i s  a n a l y s i s  i n  

th e  fo rm :

”0 .1 7 3 5  g . m e l te d  a t  110°C. gave 0 .5 2 2  § . COg and  

0 .1 9 1 5  g . H2 0 . ”

A r i s t o l a c t o n e  m e l t s  a t  1 1 0 -1 1 1 °C b u t  i d e n t i t y  w i th  H e s s e ’ s 

n e u t r a l  s u b s ta n c e  i s  c l e a r l y  r u l e d  o u t  by t h e  a n a l y s i s  and 

o p t i c a l  r o t a t i o n .  A r i s t o l i n ,  C ^ H ^ O ^ ,  m .p . 265°C. , was 

a l s o  p r e s e n t  i n  th e  c r y s t a l  mass and Hesse r e g a r d e d  i t  

t e n t a t i v e l y  a s  an a l c o h o l .

£ r ish n a sw a m y , M an jun ath  and Venkato  Rao ^  i s o l a t e d  a  

s m a l l  q u a n t i t y  o f  a  p h y t o s t e r o l i n  m .p . 2 8 5 - 2 9 0 ° 0 . from  t h e  

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

I t  gave an  a c e t y l  d e r i v a t i v e ,  m .p . 1 6 2 -1 6 3 °C .,  and 

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

m .p . 146°C. The a u th o r s  su g g e s te d  t h a t  t h e  p h y t o s t e r o l i n  

was a  g lu c o s id e  o f  t h e  ty p e  o f  i p u r a n o l .  The n o n - v o l a t i l e



r e s i d u e  was d r i e d  on some o f  t h e  powdered r o o t  and e x t r a c t e d  

w i t h  l i g h t  p e t r o le u m ,  e t h e r ,  c h lo ro fo rm ,  e t h y l  a c e t a t e  and 

e t h a n o l  i n  t h a t  o r d e r .  S a p o n i f i c a t i o n  o f  t h e  l i g h t  

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

e e r o t i c ,  l i g n o r e r i c ,  l i n o l e i c ,  o l e i c ,  p a l m i t i c  and s t e a r i c  

a c i d s .  C e ry l  a l c o h o l  and a  p h y t o s t e r o l  w ere i s o l a t e d  from  

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

s t e r o l  (m .p . 1 3 7 °C .,  a c e t y l  d e r i v a t i v e ,  m .p .  127°C .) 

i n d i c a t e  t h a t  i t  co u ld  be B - s i t o s t e r o l .

C e le n t in o  and K L n d ^ ^  i d e n t i f i e d  B - s i t o s t e r o l  and

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

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

s t e r o l  b e in g  i s o l a t e d  by means o f  t h e  d i g i t o n i n  com plex,
<

and  t h e  g lu c o s id e  a s  a  s o l i d  d u r in g  t h e  e t h e r  e x t r a c t i o n  o f  

t h e  u n s a p o n i f i a b l e  m a t t e r .
(1 9 )G reen, E u g s t e r  and K a r re r^  o b ta in e d  c r o c e t i n  

d im e th y l  e s t e r  C2 2 H2 3 O4 , m .p . 2 1 1 -2 1 2 °C .,  d i r e c t l y  from  a  

l i g h t  p e t ro le u m  e x t r a c t  o f  t h e  r o o t s  o f  A. c y m b ife ra  M a r t .

A p a r t  o f  t h e  l i g h t  p e t ro le u m  e x t r a c t  ( a f t e r  s e p a r a t i o n  o f  

t h e  e s t e r )  was shak en  w i th  sodium b i c a r b o n a t e  s o l u t i o n ,  

t h e  aqueous l i q u o r  a c i d i f i e d  and e x t r a c t e d  w i th  e t h e r .  

E v a p o r a t io n  o f  th e  e t h e r  gave f r a c t i o n  I .  F r a c t i o n  I I  

c o n s i s t e d  o f  th e  l i g h t  p e tro le u m  re m a in in g  a f t e r  s h a k in g  

w i th  sodium b i c a r b o n a t e  s o l u t i o n ,  and f r a c t i o n  I I I  w^s th e  

o t h e r  p a r t  o f  t h e  o r i g i n a l  l i g h t  p e tro le u m  e x t r a c t .



C hrom atography o f  t h e s e  f r a c t i o n s  on a  column o f  z in c  

c a r b o n a te  50$ and C e l i t e  50$ gave two z o n e s ,  one b e in g  r e d  

and t h e  o t h e r  y e l lo w .  C r y s t a l l i n e  i s o b i x i n  was u l t i m a t e l y  

i s o l a t e d  from  t h e  r e d  z o n e , w h i l s t  t h e  y e l lo w  zone y i e l d e d  

c r y s t a l s ,  m .p .  2 9 7 -2 9 8 °C .,  p o s s i b l y  a  s a l t  w h ich  was decom

posed  by h y d r o c h l o r i c  a c id  t o  a r i s t o l o c h i c  c y m b ife ra  

a c i d ,  02qH^20 2 o r  m*P* 107°C. I t  c o n ta in e d  two

c a rb o n -m e th y l  g ro u p s  and gave a  monomethyl e s t e r  and a  

d ie th y la m id e  a s  t h i c k  o i l s .

A l l a n t o i n  was a l s o  i d e n t i f i e d  i n  th e  e th a n o l  e x t r a c t  

o f  t h e  r e s i d u e  w hich  rem ain ed  a f t e r  e x t r a c t i o n  o f  t h e  d ru g  

w i th  l i g h t  p e t r o le u m .

The b i t t e r  p r i n c i p l e s

These a r e  u s u a l l y  r e g a rd e d  a s  a l k a l o i d a l ,  b u t  f o r  

c l a r i t y  t h i s  s e c t i o n  can  be d iv id e d  i n t o  two s u b s e c t i o n s  

d e a l i n g  w i t h  a c i d i c  and b a s i c  p r i n c i p l e s  r e s p e c t i v e l y .

A c id ic  p r i n c i p l e s

The p r e s e n c e  o f  a  y e l lo w  b i t t e r  s u b s ta n c e  i n  A r i s t o -  

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

C h e v a l l i e r , W i n k l e r ^ ^ )  F r i c k h i n g e r  and W a lz ^ ^ )

a l l  o f  whom o b ta in e d  some y e l lo w  c r y s t a l l i n e  o r  re s i& o u s  

m a t e r i a l ,  th e  homogeneous n a t u r e  o f  w hich  a p p e a re d  

d o u b t f u l .



P o h l ^ ^  o b t a i n e d  a  n i t r o g e n - c o n t a i n i n g  a c i d  i n  t h e  

fo rm  o f  r a d i a t i n g  y e l lo w  n e e d le  c r y s t a l s  w i t h  an  e m p i r i c a l

fo r m u la  o f  C32H2 2 °1 3 ^ 2 ’ m ,p '# 215° c *fco b a r r i n g  a t  220°C.

I t s  s im p le  c h e m ic a l  p r o p e r t i e s  were s t u d i e d  i n  some d e t a i l ,

i n  p a r t i c u l a r  t h e  f o r m a t io n  o f  s a l t s  su c h  a s  t h e  b a r iu m  

compound. When t r e a t e d  w i th  z in c  d u s t  and a c e t i c  a c i d  

i t  gave a  p a le  y e l lo w  p h y s i o l o g i c a l l y - i n a c t i v e  red u c ed  

compound. The c r y s t a l s  were o n ly  v e r y  w eak ly  a c i d i c ,  

b e in g  l i b e r a t e d  by c a rb o n  d io x id e  from  t h e  s a l t s ,  so t h a t  

P o h l  a d o p te d  th e  name a r i s t o l o c h i n e  r a t h e r  t h a n  a r i s t o l o c h i c  

a c i d  f o r  th e  s u b s ta n c e ,  and judged  t h a t  a  c a rb o x y l  g roup  was 

a b s e n t .  T y p ic a l  a n a l y s e s  were g iv e n  a s  f o l lo w s :

a r i s t o l o c h i n e  C 59*94$; H 3*48$; IT 4 .3 5 $

re d u c e d  compound C 6 8 .9 5 $ ;  H 4*36$; IT 4 .6 6 $
( 17)H e s s e v p o i n t e d  o u t  t h a t  t h e s e  f i g u r e s  f o r  a r i s t o l o c h i n e  

f i t  th e  fo rm u la  G-j^H^OylT e q u a l ly  w e l l  and th u s  b ro u g h t  

a r i s t o l o c h i n e  i n t o  l i n e  w i th  t h e  t h r e e  a c i d s  t h a t  he had 

i s o l a t e d  from  th e  r o o t s  o f  A. a r g e n t i n a . These a c i d s  were 

o b t a in e d  a s  t h e  ammonium s a l t s  a s  d e s c r ib e d  on page 9> and 

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

a c i d ,  o r  by means o f  th e  d i f f e r e n t  s o l u b i l i t i e s  o f  t h e i r  

p o ta s s iu m  s a l t s ,  t h a t  o f  a r i s t i n i c  a c id  b e in g  t h e  l e a s t  

s o l u b l e .  T h is  a c i d ,  C ^ E ^ O y N , form ed g r e e n i s h - y e l l o w  

l e a f l e t s  and n e e d l e s ,  m .p . 275°C. (decom p). I t  gave a  

m e th y l  e s t e r  O^gH^OylT, m .p . 2 5 0 °C ., and a m ethoxy l c o n te n t
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o f  1 . 5 io was a s c r i b e d  to  an  i m p u r i t y .  A r i s t i d i n i c  a c i d

CLoH^O-N, m.p* 2 6 0 °C .,  was o b t a i n e d  from  t h e  m o th e r  l o  1) (
l i q u o r s  o f  t h e  above a s  th e  p o ta s s iu m  s a l t  and c o n ta in e d

one m e th o x y l  g ro u p .  A r i s t o l i c  a c id  C-j^H^OyK o r

C- cIL-rCMT, m .p . 260-270°C . ( a f t e r  d a rk e n in g  a t  2 2 0 ° C .) ,  was 
15 15 *

o b t a i n e d  when th e  a l k a l i n e  r e s i d u e s  r e m a in in g  a f t e r  

i s o l a t i o n  o f  a r i s t i n i c  and a r i s t i d i n i c  a c i d s ,  were a c i d i f i e d .  

I t  form ed o r a n g e - r e d  n e e d l e s  when c r y s t a l l i s e d  from  e t h a n o l .

H esse s u g g e s te d  t h a t  P o h l ' s  a r i s t o l o c h i n e  sh o u ld  be 

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

by C h e v a l l i e r ,  by Walz and by P r i c k h i n g e r  w ere im pure  

sp ec im en s  o f  a r i s t o l o c h i c  a c i d .  S u p p o rt  f o r  t h e s e  

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

from  A. s ip h o  L* H 6 r i t  by C a s t i l l e ^ ^ .  The a c i d  o f  

m o le c u la r  fo rm u la  C ^H ^O yN  was m onobas ic  and gave a  m e th y l  

e s t e r  m .p . 260-2610 C. (decom p.) so t h a t  i t  a p p e a re d  t o  be 

i d e n t i c a l  w i th  P o h l ' s  a r i s t o l o c h i n e .  A n a ly s i s  o f  t h e  e s t e r  

gave t h e  fo rm u la  a s  C^gH^OyN w hich  i n d i c a t e d  t h a t  two m eth y l  

g ro u p s  were t a k e n  u p ,  w h i l s t  r e d u c t i o n  o f  t h e  a c i d  w i th  z in c  

and a c e t i c  a c id  gave a  r e s u l t  s i m i l a r  t o  t h a t  o b ta in e d  by 

P o h l .  JU s io n  w i th  s o l i d  p o ta s s iu m  h y d ro x id e  a t  250°C 

y i e l d e d  ammo n ia  and a  r e s i d u e  show ing th e  p r o p e r t i e s  o f  

a n th r a q u in o n e  and o f  a  p h e n o l i c  s u b s ta n c e .

K rishnasw am y, M anjunath  and Venkato R a o ^  i s o l a t e d  an 

i n t e n s e l y  b i t t e r  m i c r o - c r y s t a l l i n e  y e l lo w  a c i d ,  C ^ H ^ O y N ,
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m .p .  2 7 5 °C . , by e t h e r  e x t r a c t i o n  o f  t h e  d r i e d  e t h a n o l  

e x t r a c t  from  A. i n d i c a . (page 1 0 ) .  f h e  a c i d  was c a l l e d  

i s o a r i s t o l o c h i c  a c i d  to  d i s t i n g u i s h  i t  from  P o h l ' s  a c i d  

w h ich  m e l te d  a t  215°C. I t  d id  n o t  c o n t a i n  m ethoxy , 

m e th y le n e d io x y  o r  e n o l i c  g ro u p s ,  h u t  one a c t i v e  h y d ro g en  

was p r e s e n t .  I t  c o u ld  n o t  he a c e t y l a t e d  and d id  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  f o r  c a rh o n y l  compounds. B e n z o y la -  

t i o n  gave a  s m a l l  y i e l d  o f  a  y e l lo w  m i c r o - c r y s t a l l i n e  

pow der, m .p . 170-171°C . (d eco m p .) ,  ^OgN, and m e th y la -

t i o n  w i th  d im e th y l  s u l p h a t e  gave a  m e th y l  compound,

C-jgHj m .p . 267°C. (d eco m p .) .  As t h e  m e th y l  compound

rem a in ed  u n a f f e c t e d  hy h o i l i n g  w i th  e t h a n o l i c  p o ta s s iu m  

h y d ro x id e  f o r  f o u r  h o u r s  i t  was c o n s id e r e d  to  he a  m e th y l  

e t h e r ,  i n d i c a t i n g ,  i n  ag reem en t w i th  P o h l ,  t h a t  a  c a rh o x y l  

g roup  was a b s e n t .  O x id a t io n  o f  i s o a r i s t o l o c h i c  a c i d  w i th  

a l k a l i n e  h y d ro g en  p e ro x id e  gave a  c o l o u r l e s s  d i b a s i c  a c i d ,

m .p . 1 6 4 .5 °C .,  w hich  l o s t  1 mol. o f  w a te r  a t  120°C.
(~Z \

Rosenmund and R e i c h s t e i n  , who i n  a d d i t i o n  to  

c o r r e l a t i n g  and s u r v e y in g  th e  l i t e r a t u r e  on A r i s t o l o c h i a  

s p e c i e s  i n  a  m ost l u c i d  m anner, r e p o r t e d  t h e i r  own in c o m p le te  

i n v e s t i g a t i o n s  on a r i s t o l o c h i c  a c id  o b ta in e d  from  A. s ip h o  

and d e s c r i b e d  i t  a s  fo rm in g  i n t e n s e l y  y e l lo w  n e e d l e s ,

m .p . 274-278°C . I t  was o p t i c a l l y  i n a c t i v e  and 

t h e  m ethox y l c o n te n t  o f  1 .3 $  was a t t r i b u t e d  t o  p a r t i a l  

c le a v a g e  o f  a  R -d im e th y l  g ro u p . D iazom ethane gave a  m eth y l



e s t e r ,  OjgH^O^N, m .p . 280-282°C . (d e c o m p .) ,  w h ich  was 

s a p o n i f i e d  w i th  d i f f i c u l t y  and s u f f e r e d  d e c o m p o s i t io n  i n  

t h e  p r o c e s s .  T h is  o b s e r v a t i o n  a g r e e s  w i th  t h e  e a r l i e r  

o b s e r v a t i o n s ^  and s u g g e s t s  a  t e r t i a r y  o r  h in d e r e d  

c a rb o x y l  g ro u p .

O x id a t io n  o f  a r i s t o l o c h i c  a c i d  w i th  a l k a l i n e  perm an

g a n a te  gave a  c r y s t a l l i n e  s u b s ta n c e ,  b u t  i n s u f f i c i e n t  f o r  

c h a r a c t e r i s a t i o n ,  w h i l s t  i n  a c id  s o l u t i o n  o x i d a t i o n  a p p e a re d  

to  be c o m p le te ,  a s  no p ro d u c t  c o u ld  be i s o l a t e d  by e t h e r -  

e x t r a c t i o n  o f  th e  aq ueous  l i q u i d .  Chromic a c i d  i n  p y r i d i n e  

gave no c r y s t a l l i n e  m a t e r i a l ,  b u t  t h i s  may have  been  due to  

t h e  s m a l l  amount o f  m a t e r i a l  a v a i l a b l e .

H y d ro g e n a t io n  o f  th e  m e th y l  e s t e r  w i th  p la t in u m  o x id e  

i n  g l a c i a l  a c e t i c  a c i d  gave a  b r i g h t  y e l lo w  s u b s ta n c e ,  

C^gH^O^ H -g-HgO, m .p . 312-315°C . T h is  f o r m u la t i o n  m ust be 

a c c e p te d  w i th  r e s e r v e  a s  t h e  s u b s ta n c e  was u n s t a b l e  and 

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

d i a c e t a t e ,  0 2 2 ^ ^ 0 ^ 1 1  o r  a p p ro x im a te ly ,  m .p . 306-

308°0 . D i r e c t  r e d u c t i o n  and a c e t y l a t i o n  o f  th e  m e th y l  

e s t e r  w i th  a c e t i c  a n h y d r id e ,  p y r i d i n e  and z in c  d u s t  gave 

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

o f  t h e  m e th y l  e s t e r  and th e  r e d u c e d ,  a c e t y l a t e d  p ro d u c t  

a r e  n o t  m ark e d ly  d i f f e r e n t ,  so t h a t  r e d u c t i o n  would a p p e a r  

to  i n v o lv e  g ro u p s  c o n t a i n i n g  oxygen r a t h e r  t h a n  e t h y l e n i c  

b o n d s .



The p r e s e n c e  o f  a  c a rb o x y l  g roup  i n  t h e  a c i d  was shown 

by t h e  e l i m i n a t i o n  o f  one m ol. o f  c a rb o n  d io x id e  on warm ing 

w i t h  q u i n o l i n e  and c o p p e r  pow der, t h e  p r o d u c t  b e in g  a  

n e u t r a l  o r a n g e - y e l lo w  s u b s ta n c e ,  O^gH^O^N, m .p . 2 0 6 -2 1 2 °0 .  

I t  was n o t  b i t t e r  and  gave no c r y s t a l l i n e  p r o d u c t s  a f t e r  

r e d u c t i v e  a c e t y l a t i o n  o r  h y d r o g e n a t io n  w i th  p la t in u m  o x id e  

i n  g l a c i a l  a c e t i c  a c i d .

D e f i n i t e  d e c i s i o n s  co u ld  n o t  be drawn from  t h e  r e s u l t s  

o b t a in e d  b u t  t h e  a u t h o r s  p o s t u l a t e d  t h e  p r e s e n c e  o f  a  

q u in o n o id  group w hich  co u ld  be c o n v e r te d  to  an u n s t a b l e  

p h e n o l .  They a l s o  su b m i t te d  th e  s u g g e s t i o n  t h a t  

F r i c k h i n g e r ' s  a r i s t o l o c h i a - y e l l o w ,  H e s s e 's  a r i s t i n i c  a c i d ,  

C a s t i l l e ' s  a r i s t o l o c h i c  a c id  and th e  i s o a r i s t o l o c h i c  a c i d  

o f  K rishnasw am y, M an jun a th  and V enkato Rao were a l l  one and 

t h e  same s u b s ta n c e .  They p o in te d  o u t  t h a t  t h e  e m p i r i c a l  

fo rm u la  o f  a r i s t i n i c  a c id  co u ld  a l s o  be c a l c u l a t e d  a s

yH, and th e  a n a l y s i s  o f  t h e  m e th y l  e s t e r  a l s o  f i t t e d  

th e  fo rm u la  C^gH^OyN. D i f f e r e n c e s  i n  m e l t i n g  p o i n t s  o f  

t h e  e s t e r s  were a s c r i b e d  to  i m p u r i t i e s  w h i l s t  t h e  d i f f e r e n c e  

i n  m e l t i n g  p o i n t  be tw een  a r i s t o l o c h i n e  (215°C .)  and 

i s o a r i s t o l o c h i c  a c i d  (275°C .)  was th o u g h t  to  be due to  th e  

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

h e a t i n g  and p r e s e n c e  o f  i m p u r i t i e s  h a v in g  some i n f l u e n c e  on 

th e  f i n a l  o b se rv e d  m e l t in g  p o i n t .

The m ost r e c e n t  work on a r i s t o l o c h i c  a c i d  (from
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A* c l e m a t i t i s  L . )  i s  t h a t  by P a i l e r ,  B e lo h la v  and 

S i m o n i t s c h ^ - ^ , who, w h i le  c o n f i rm in g  many o f  Rosenmund and 

R e i c h s t e i n ’ s r e s u l t s ,  have e s t a b l i s h e d  t h e  p r e s e n c e  o f  one 

m ethoxy and one m e th y le n e d io x y  g roup  i n  a r i s t o l o c h i c  a c i d  

by s u i t a b l e  m o d i f i c a t i o n s  i n  t h e  method o f  e s t i m a t i o n .  The 

n i t r o g e n  o f  a r i s t o l o c h i c  a c id  h a s  been  shown to  be p r e s e n t  

a s  a  n i t r o - g r o u p ,  and th e  s t r u c t u r e  o f  t h e  a c id  a s  b a se d  

u pon  t h a t  o f  p h e n a n th r e n e . As a d ip h e n ic  a c id  was o b t a in e d  

by o x i d a t i o n  o f  t h e  d e c a r b o x y la te d  a c i d ,  th e  p o s i t i o n  o f  t h e  

n i t r o - g r o u p  was t e n t a t i v e l y  a s s ig n e d  to  t h e  9 o r  10 p o s i t i o n ,  

s i n c e  th e  p r o d u c t  s t i l l  c o n ta in e d  t h e  m eth oxy l and m e th y le n e 

d io x y  g ro u p s  and a l l  t h e  0 atom s o f  th e  s t a r t i n g  m a t e r i a l .

The b r i g h t  y e l lo w  s u b s ta n c e  o b ta in e d  by Rosenmund and 

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

a s s i g n e d  t h e  fo rm u la  O ^H ^O ^N  iH 20, was fo u n d  to  be

m .p . 317-319°C . w hich  was i n  a c c o rd  w i th  t h e  

r e d u c t i o n  o f  t h e  n i t r o - g r o u p  and t h e  f o r m a t io n  o f  a  l a c ta m  

o f  th e  c o r r e s p o n d in g  a m in o -a c id .  The p a r t i a l  s t r u c t u r e  o f  

a r i s t o l o c h i c  a c i d  t h u s  a p p e a re d  t o  be a s  shown ( I )

-C00H 

-OCHj

( I )

- 0 ,

- 0
; ch2



A seco n d  a c i d ,  G^H^OgN, m .p . 2 0 9 ° C . , s i m i l a r  t o  a r i s t o 

l o c h i c  a c i d  b u t  c o n t a i n i n g  no m eth o x y l g roup  was a ls o  

i s o l a t e d  from  t h e  rh iz o m e s  and c a l l e d  n o r a r i s t o l o oh lo  a c id .

B a s ic  p r i n c i p l e s

I n v e s t i g a t i o n s  i n t o  th e  b a s i c  c o n s t i t u e n t s  a r e  n o t  so 

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

b e c a u se  o f  t h e  d i f f i c u l t y  o f  o b t a i n i n g  a  p u re  s u b s ta n c e ,  

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

A. s e r p e n t a r i a  w i th  l e a d  a c e t a t e  and e x t r a c t i n g  th e  

p r e c i p i t a t e  w i th  h o t  e th a n o l  o b t a in e d  a  s u b s ta n c e  w hich  he 

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

a  s u b s ta n c e  i n  a  s i m i l a r  manner b u t  from  th e  f i l t r a t e  

o b t a in e d  i n  t h e  above p r o c e d u re .  The o r i g i n a l  p a p e r s  were 

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

t h e  same ( c f .  W i e s n e r ) .

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

t r i e d  b o th  t h e s e  m ethods and foun d  t h a t  F e n e u l l e ’ s m ethod 

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

w hich  were o d o u r l e s s  and b i t t e r  and  w hich  e v o lv e d  ammonia on 

h e a t i n g  w i th  s o d a - l im e .  The c r y s t a l s  gave a  r e d d i s h  brown 

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

t h i s  b a s e ,  w hich  F e rg u so n  c a l l e d  a r i s t o l o c h i n e ,  from  t h a t  

i s o l a t e d  by Hesse from  A. a r g e n t l n a . The l a t t e r  b a se  

was a l s o  c a l l e d  a r i s t o l o c h i n e  (German, A r i s t o l o c h i n ) , b u t  i t
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gave a  d a rk  g re e n  c o lo u r  w i th  s u l p h u r i c  a c i d .  I t  fo rm ed  

an  am orphous p r e c i p i t a t e  when i t s  s o l u t i o n  i n  a c i d  was 

made a l k a l i n e .  Chem ical A b s t r a c t s s t a t e  t h a t  a  

se co n d  b a s e - a r i s t i n e ,  i s o l a t e d  a s  g o l d - c o l o u r e d  n e e d l e s  

m .p . 270°C. (decom p.) -  was a l s o  o b t a i n e d ,  b u t  t h e  o r i g i n a l  

p a p e r  (H esse , ^ ^ ) ,  showed t h a t  a r i s t i n e  form ed r e d  compounds 

w i th  a l k a l i  and c o u ld  be p r e c i p i t a t e d  from  th e  re d  s o l u t i o n  

by a c i d s .  These p r o p e r t i e s  would s u g g e s t  t h a t  a r i s t i n e  i s  

p r o b a b ly  r e l a t e d  to  a r i s t o l o c h i c  a c i d .

P e c k o l t ^ ^  o b ta in e d  d u l l - w h i t e ,  f l a k y  c r y s t a l s  w hich  

were o d o u r l e s s  and  t a s t e l e s s  b u t  w i th  a  n a u s e a t i n g  a f t e r 

t a s t e ,  from  A. c y m b ife ra  g e n u in a  M a s t e r s . Dymok and 

W ardenw  ' fo und  i n d i c a t i o n s  o f  a  b a s i c  s u b s ta n c e  i n  th e
i

r o o t s  o f  A. i n d i c a  b u t  cou ld  n o t  o b t a i n  i t  i n  c r y s t a l l i n e  

fo rm . However, c r y s t a l l i n e  m a t e r i a l  was o b ta in e d  from  t h i s  I 

s o u rc e  by K rishnasw am y, M an junath  and Y enkato R a o ^ , th e  

f i r s t  two a u th o r s  m aking  a  more d e t a i l e d  s tu d y  o f  t h e  

a l k a l o i d  w hich  was c a l l e d  a r i s t o l o c h i n e . A f t e r  p u r i f i c a t i o n  

by means o f  th e  h y d r o c h l o r i d e ,  m .p . 268 °C. (d eco m p .) ,  t h e  

b a se  was o b ta in e d  a s  a  c r y s t a l l i n e  powder Cir7H^Q0ZH, m .p .
P zs'c. i f i y 5

21 5°C .,  La 1 - 2 6 8 . 5 ° •  I t  form ed c r y s t a l l i n e  compounds w i th

benzene  and t o lu e n e  m .p . 165°C. (decom p.) and 159°C. (decom p.) 

r e s p e c t i v e l y .  A r i s t o l o c h i n e  was foun d  to  be s p a r i n g l y  

s o l u b l e  i n  m ost o f  t h e  common s o l v e n t s ,  b u t  d i s s o l v e d  r e a d i l y  

i n  a l k a l i e s  from  which i t  was p r e c i p i t a t e d  by ca rb on  d io x id e .
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I t  gave no c o lo u r  w i th  f e r r i c  c h l o r i d e ,  and c a rb o n y l  and 

m e th y le n e d io x y  g ro u p s  were a b s e n t .  I t  c o n ta in e d  one 

m ethoxy g roup  and a  E f-d im ethyl g ro u p .

I p  P " -  i  ;• p p . p i  p  ;  - v a o p -  h  a  .■ ■ . p

- A A  A ' ; a v — ' A l . : .

• p  a !  p a . V • :s A ^ P  P a *  p



PHYSIOLOGICAL ACTIVITY OF ARISTOLOCHIA SPECIES

The f i r s t  e x p e r im e n ta l  i n v e s t i g a t i o n  was p r o b a b ly  t h a t  

o f  M u rra y ^53) wk 0 examined t h e  a c t i o n  o f  A. a n g u ic id a  L. 

a g a i n s t  s n a k e s .  He o b se rv e d  t h a t  t h e  o d o u r  from  t h e  sap  

o f  t h e  r o o t  c a u se d  them  to  f l e e  from  i t ,  and a  few d ro p s  

s e rv e d  to  s t u p i f y  them  o r  send  them i n t o  c o n v u l s io n s .

O r f i l a ^ ^  fou nd  t h a t  on dogs , a  l a r g e  amount o f  aqueous 

e x t r a c t  o r  r o o t  cau sed  g e n e r a l  p a r a l y s i s  and f i n a l l y  d e a th .

He d e s c r i b e d  th e  a c t i o n  a s  an e f f e c t  on th e  n e rv o u s  sys tem  

and A r i  s t o l o  c h i  a  a s  a  n a r c o t i c  p o i s o n .  P o h l ^ ^  c r i t i c i s e d  

t h e  r e p o r t  o f  O r f i l a ’ s e x p e r im e n ts  on th e  g roun ds  t h a t  th e y  

m e re ly  d e m o n s t ra te d  t o x i c i t y  w i th o u t  a l l o w in g  any d e f i n i t e  

c o n c lu s io n  on th e  p o i n t  o f  a t t a c k  o f  t h e  t o x i n s  t o  be drawn. 

He c a r r i e d  o u t  e x p e r im e n ts  on f r o g s ,  r a b b i t s  and d o g s ,  u s i n g  

a  c r y s t a l l i n e  p r i n c i p l e ,  w hich  he c a l l e d  a r i s t o l o c h i n e ,  

i s o l a t e d  from  A. c l e m a t i t i s , A. r o tu n d a  and A. l o n g a .

A r i  s t o l o  c h in e  i n  t h i s  case  was t h e  w eakly  a c i d  m a t e r i a l  and 

n o t  t h e  b a s i c  p r i n c i p l e .  He fou nd  t h a t  f r o g s  were u n a f f e c t 

ed by i t ,  and co n c lud ed  t h a t  th e  a c t i o n  o f  A r i s t o l o c h i a  

s p e c i e s  on c o ld -b lo o d e d  a n im a ls  was n o t  due to  t h i s  c o n s t i 

t u e n t .  He went on to  d e m o n s tra te  t h a t  t h e  o i l  d i s t i l l e d  

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

showed t h a t  th e  p o i s o n in g  was accom panied  by a  g r a d u a l  

s lo w in g  o f  th e  h e a r t .



A r i s t o l o c h i n e  was e x tre m e ly  t o x i c  to  r a b b i t s ,  t h e  

f i r s t  symptom b e in g  a  marked d i u r e s i s  f o l l o w i n g  s u b c u ta n e o u s  

i n j e c t i o n  o f  0 .0 1 g .  p e r  k i l o  b o d y w e ig h t.  L a t e r ,  t h e  volume 

o f  u r i n e  became l e s s  and c o n ta in e d  a lb u m in  and e p i t h e l i a l  

c e l l s .  I f  t h e  dose  was n o t  to o  l a r g e  (0 .0 0 7 g .  p e r  k i l o  

body w e ig h t)  t h e  a n im a l  r e c o v e r e d ,  o th e r w is e  p a r a l y s i s  

f o l lo w e d  by d e a th ,  o c c u r r e d .  I n  p r e g n a n t  r a b b i t s  a r i s t o -  

l o c h i n e  c a u se d  a b o r t i o n  two days  a f t e r  a d m i n i s t r a t i o n  o f  t h e  

d ru g .

Dogs w ere  a lm o s t  u n a f f e c t e d  by su b c u ta n e o u s  i n j e c t i o n s  

o f  a r i s t o l o c h i n e ,  t h e  o n ly  u n to w a rd  symptoms b e in g  w a te ry  

s t o o l s  and an i n c r e a s e  i n  t e m p e r a tu r e  to  4 0 .2 °C . I n j e c t i o n  

i n t o  t h e  j u g u l a r  v e i n  how ever, was f o l lo w e d  by d e a t h  i n  one 

day a f t e r  a  w eakened, s l e e p y  and v e r y  t h i r s t y  c o n d i t i o n .

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

b e in g  a t  l e a s t  t e n  t im e s  a s  p o t e n t  a s  a l o i n .

L a la n n e  and M a t h o u ^ ^  i n v e s t i g a t e d  t h e  b o t a n i c a l  

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

s u g g e s te d  was i d e n t i c a l  w i th ,  o r  c l o s e l y  r e l a t e d  to  A. 

eugystom a D u c h a r t r e .  They examined two p r e p a r a t i o n s  o f  th e  

r o o t s  and rh iz o m e s .  A s o f t  e x t r a c t  o b t a in e d  by e x t r a c t i o n  

w i th  e t h a n o l ,  caused  a b o r t i o n  i n  p r e g n a n t  g u in e a  p ig s  when 

i n j e c t e d  s u b c u ta n e o u s ly , w h i l s t  t h e  o i l  d i s t i l l e d  from  th e  

r o o t s  and rh izo m es  was m e re ly  an i r r i t a n t ,  b u t  r e g u l a r l y  

caused  l o s s  o f  h a i r  i n  th e  e x p e r im e n ta l  a n im a ls .



The a b o r t i v e  c h a r a c t e r  o f  t h e  s o f t  e x t r a c t  was n o t  

due t o  a  s p e c i f i c  a c t i o n  on t h e  u t e r u s  b u t  was a t t r i b u t e d  

t o  i t s  d r a s t i c  p u r g a t i v e  a c t i o n  c a u s in g  in f la m m a t io n  o f  

th e  p e l v i c  o r g a n s .  The n a t i v e s  i n  G uadeloupe u s e d  

e i t h e r  t h e  whole p l a n t ,  o r  more commonly t h e  r o o t s  and 

rh iz o m e s  i n  t h e  fo rm  o f  d e c o c t io n s  o r  i n f u s i o n s ,  a s  an 

emmenagogue and a b o r t i f a c i e n t .

R y o ^ ^  i s o l a t e d  a r i s t o l o c h i n e  from  A. d e b i l i  and 

h i s  r e p o r t  o f  t h e  p h a rm a c o lo g ic a l  a c t i o n  o f  t h i s  s u b s ta n c e  

was s u b s t a n t i a l l y  th e  same a s  t h a t  d e s c r i b e d  by P o h l ,  

e x c e p t  t h a t  i t  c aused  c a r d i a c  and r e s p i r a t o r y  p a r a l y s i s  

i n  f r o g s .
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Summary o f  A r i  s t o l o  c h ia  s p e c i e s  and c o n s t i t u e n t s

S p e c ie s C o n s t i t u e n t s Form ula M .p.
° c .

Remarks R ef

A rg e n t in a A r i s t o l o c h i n e - - b a s i  c
P a l m i t y l

p h y t o s t e r o l i n °42H74°2 82

A r i s t i n i c  a c i d °1 8 H13°7N 275 17
A r i s t o l i c  M C15H11°7H 260-270 o r  C1 5H150?1T
A r i s t i d i n i c  H C18H13°7K 260

c l e m a t i t i s

c l e m a t i t i s )

l o n g a  )

n o r A r i s t o l o  c h i  c 
a c i d

A ri  s t o l o  c h in e

C1 6 W

C3 2 H2 2 ° 1 3 1I2

209

215

25

P ro b a b ly  i d e n t i 
c a l  w i t h  a r i s t o -  ^  
l o c h i c  a c i d

°1 7 H11°7lf

r o tu n d a  )

Compound °18H28° 137

c y m b ife ra  
M a r t .

C r o c e t in  
d im e th y l  e s t e r C22H28°4 211-212 i

I s o b i x i n ^ 2 5 ^ 0 ^ 4 . 214* 5—215* 5 19
A l l a n t o i n

°4H6°3N4
° 2 0 H3 2 ° 2

221
A r i s t o l o c h i c  

c y m b ife ra  a c i d
107 o r  c21h54o2

i n d i  ca P i i y t o s t e r o l i n
A r i s t o l o c h i n e

i s o A r i s t o l o  c h i  c 
a c i d

I sh w a re n e
Ish w aro h e
I s h w a ro l
O le ic  a c i d
L i n o l e i c  a c i d
P a l m i t i c  a c i d

c17h19o3n

01 10? H

°1 5H24
°15H22° 
o1 5h2 ? ( oh)

215
275

( b a s i c )

s e s q u i t e r p e n e
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S p e c ie s C o n s t i t u e n t s Form ula Remarks R e f
C

i n d i c a S t e a r i c  a c i d  
L i g a o e e r i e  a c i d  
C e r o t i c  a c i d  
G ly c e ro l  
C e ry l  a l c o h o l  
P h y t o s t e r o l 157-138

r e t i c u l a t a B o m e o l
T erpene
A c e t i c  a c i d
W ater i n s o l u b l e  

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

<10H16 13

a b o u t  C. nIL c0o ( t h i  s 
65° 10 16 2 work)

b a s i c  10

s e r p e n t a r i a  B o m e o l
A r i s t o l o c h i n e
B - s i t o s t e r o l

B ( B - s i t o s t e r y l - D -  
g ly c o s id e )

C29H50°

12
2 0 ,2 6

140
18

s io h o  
1 ' H fe r it .

A r i s t o l o c h i c
a c i d °17E1 l V 274-27 8  24

3
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INTRODUCTION TO THE PRESENT WORK

The o b j e c t  o f  t h e  i n v e s t i g a t i o n  was t h e  i s o l a t i o n  and 

i d e n t i f i c a t i o n  o f  t h e  c h em ic a l  c o n s t i t u e n t s  o f  A. r e t i c u l a t a . 

T hree  b a t c h e s  o f  d ru g ,  w hich  were shown to  be a u t h e n t i c  

A. r e t i c u l a t a , w ere e x t r a c t e d  i n  f i n e  powder w i th  l i g h t  

p e t ro le u m  by c o ld  p e r c o l a t i o n .  Cold e x t r a c t i o n  and r a p i d  

e v a p o r a t i o n  o f  t h e  p e r c o l a t e  was u s e d  to  m in im ise  decom

p o s i t i o n  o f  u n s t a b l e  s u b s ta n c e s  and to  a v o id  l o s s  o f  

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

o p t i c a l l y  i n a c t i v e ,  i n d i c a t i n g  t h a t  l o s s  by c o - d i s t i l l a t i o n ,  

i f  any , was s m a l l .

E x a m in a t io n  o f  t h e  l i g h t  p e t ro le u m  e x t r a c t  was 

s u f f i c i e n t l y  p ro m is in g  f o r  a t t e n t i o n  to  be c o n f in e d  s o l e l y  

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

l e f t  f o r  f u t u r e  e x a m in a t io n .  W ith  t h e  c r y s t a l l i s a t i o n  o f  

a r i s t o l a c t o n e  from  th e  l i g h t  p e t ro le u m  e x t r a c t  t h e  work f e l l  

n a t u r a l l y  i n t o  two p a r t s ,

P a r t  I ,  a  g e n e r a l  e x a m in a t io n  o f  l i g h t  p e t ro le u m  

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

c a t i o n ,  where p o s s i b l e ,  o f  i t s  c o n s t i t u e n t s ,  and 

P a r t  I I ,  a  s tu d y  o f  a r i s t o l a c t o n e .

The appended scheme sum m arises th e  e x p e r im e n ta l  a p p ro a c h  

t o  t h e  p rob lem  and th e  m ain p r o d u c t s  i s o l a t e d .
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EXAMINATION ON THE LIGHT PETROLEUM -  SOLUBLE FRACTION

I s o l a t i o n  o f  a r i s t o l a c t o n e

The o i l  o b t a in e d  a f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  was 

a  d a rk  g re e n is h -b ro w n  c o lo u r ,  and o f  p l e a s a n t  o d o u r ,  s i m i l a r  

t o  t h a t  o f  t h e  r o o t  i t s e l f .  The y i e l d s  v a r i e d  from  3*6$

5*5i<> o f  t h e  a i r - d r i e d  d ru g ,  t h e  d i f f e r e n c e  be tw een  b a t c h e s  2 

and 3  b e in g  v e r y  m arked (T ab le  7 ) .  As P o h l ^ ^  and Hesse 

had  o b ta in e d  c r y s t a l s  on s t r o n g  c o o l in g  o f  s i m i l a r  e x t r a c t s ,  

t h e  o i l s  were k e p t  i n  a  r e f r i g e r a t o r  f o r  two d a y s ,  b u t  

c r y s t a l s  were n o t  p r e c i p i t a t e d .  Steam d i s t i l l a t i o n  o f  a  

s m a l l  p o r t i o n  o f  th e  o i l  f rom  w hich  f r e e  a c i d s  and c a rb o n y l  

compounds had b e en  rem oved, had y i e l d e d  i n  t h e  l a t e r  r u n n in g s  

a  s m a l l  q u a n t i t y  o f  a  c o l o u r l e s s  c r y s t a l l i n e  s o l i d ,  and when 

t h i s  was u se d  to  seed  th e  m ain  b u lk  o f  t h e  o i l  a  much l a r g e r  

q u a n t i t y  o f  t h e  same m a t e r i a l  was s lo w ly  d e p o s i t e d .  T h is  

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

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

p e t ro le u m ,  m .p . 110. 5^-111°C. B a tc h  3  o f  t h e  d ru g  was o f  

i n t e r e s t  i n  t h a t  t h e  A. s e r p e n t a r i a  t a k e n  from  i t  gave an 

o i l  and c r y s t a l s  o f  a r i s t o l a c t o n e  when t r e a t e d  i n  t h e  same 

way a s  t h a t  u s e d  f o r  A. r e t i c u l a t a .



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

F re e  a c i d s  w ere p r e s e n t  i n  c o m p a r a t iv e ly  s m a l l  amount 

and  w ere r e c o v e r e d  a s  a  g l a s s y  r e s i n o u s  s o l i d  ( 0 .2 5 $  o f  

t h e  o i l ) ,  w h ich  e x h i b i t e d  a  v i o l e t  f l u o r e s c e n c e  u n d e r  u l t r a 

v i o l e t  l i g h t .  They w ere n o t  exam ined f u r t h e r .

I s o l a t i o n  and e x a m in a t io n  o f  c a rb o n y l  compounds

The c a rb o n y l  m a t e r i a l  p r e s e n t  i n  th e  o i l  d id  n o t  fo rm  a  

sodium  b i s u l p h i t e  a d d i t i o n  com plex, th e  s m a l l  amount o f  s o l i d  

o b ta in e d  r e m a in in g  a s  a  p a l e  y e l lo w  powder on h e a t i n g  w i th  a  

10$ s o l u t i o n  o f  sodium  c a r b o n a te .

The p r e s e n c e  o f  a  k e to n i c  f r a c t i o n  was shown by t h e  u s e  

o f  G i r a r d ' s  r e a g e n t (3 7 ) .  R eagen t T ( I I )  was s e l e c t e d

+
H2N•NH■CO• CH2 •F ( CH3 ) Sl~

( I I )

b e c a u se  o f  i t s  g r e a t e r  s o l u b i l i t y  u n d e r  th e  e x p e r im e n ta l  

c o n d i t i o n s  u s e d .  A ldehydes  a l s o  r e a c t  to  form  d e r i v a t i v e s  

w h ich , i t  was th o u g h t ,  co u ld  n o t  be  c le a v e d  t o  t h e  o r i g i n a l  

a ld e h y d e ,  b u t  t h i s  v iew  i s  open to  dou b t i n  v iew  o f  th e  

r e s u l t s  o b ta in e d  by v a r i o u s  a u t h o r s ^ 8 ) .  j n  g^y c a se  t h i s  

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

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

The u s e  o f  th e  r e a g e n t  d id  i n v o lv e  one d i s a d v a n ta g e  i n  

t h a t  a c e t i c  a c i d  was n e c e s s a r y ,  so t h a t  th e  p re s e n c e  o f
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a c e t a t e s  i n  su b s e q u e n t  f r a c t i o n s  c o u ld  n o t  n e c e s s a r i l y  

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

K e to n ic  m a t e r i a l  was e x t r a c t e d  a s  a  b ro w n ish  o i l  (3$)
_ V7°C.

w hich  was s t r o n g l y  d e x t r o r o t a t o r y  ( [^Jj,  + 1 7 0 ° ) .  A 

s m a l l  p o r t i o n  o f  t h i s  o i l  was f u r t h e r  r e s o l v e d  i n t o  two
I3*C. 0

com ponen ts , a  b ro w n is h -y e l lo w  v i s c o u s  s e m i - s o l i d ,  ( [«'J;p +62 ) ,

i n s o l u b l e  i n  l i g h t  p e t ro le u m ,  and a  p a l e  y e l lo w  o i l  
r  o( l 0^  + 179 ) ,  s o l u b l e  i n  l i g h t  p e t ro le u m .  The i n s o l u b i l i t y  

o f  t h e  fo rm e r  f r a c t i o n  i n  l i g h t  p e t ro le u m  i s  o f  i n t e r e s t  and 

s u g g e s t s  t h a t  i t  may be an a r t e f a c t ,  th o u g h  th e  p o s s i b i l i t y  

t h a t  i t  was s o l u b i l i s e d  i n  th e  o r i g i n a l  e x t r a c t  by th e  

p r e s e n c e  o f  t e r p e n e s  c a n n o t  be d i s c o u n te d  e n t i r e l y .  The 

u s u a l  d e r i v a t i v e s  were n o t  o b ta in e d  i n  c r y s t a l l i n e  fo rm , 

b u t  o n ly  a s  amorphous powders o f  i n d e f i n i t e  m e l t i n g  p o i n t s  

e . g .  s e m ie a rb a z o n e  m .p . 80-90°C . The o i l  e x h i b i t e d  h ig h
.  i% >

i n t e n s i t y  u l t r a v i o l e t  a b s o r p t i o n ,  K max 250 rr\jx , ,650

so t h a t  th e  p r e s e n c e  o f  an ccfi - u n s a t u r a t e d  c a rb o n y l  group  i s  

h i g h l y  p r o b a b le .

T h is  f r a c t i o n  was n o t  examined f u r t h e r .

I s o l a t i o n  and e x a m in a t io n  o f  t h e  v o l a t i l e  o i l

Steam d i s t i l l a t i o n  o f  t h e  k e t o n e - f r e e  o i l  r e c o v e r e d  

d u r in g  t h e  i s o l a t i o n  o f  t h e  k e to n e  gave v o l a t i l e  p r o d u c t s  o f  

w hich  th o s e  from  e x t r a c t  A ( f i r s t  b a t c h  o f  d r u g ) ,  were 

c o l l e c t e d  i n  tw e n ty - s e v e n  f r a c t i o n s  (T ab le  11, page 6 4 ) ,  w i th
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t h e  i d e a  o f  c o n s t r u c t i n g  a  r e f r a c t i v e  i n d e x / d e n s i t y  d iag ra m  

f o r  t h e  t e n t a t i v e  r e c o g n i t i o n  o f  t e r p e n e s  ( c f . ^ ^ ) .  The 

p r e s e n c e  o f  c r y s t a l s  i n  some o f  t h e  f r a c t i o n s  made t h i s  

u n r e l i a b l e  so t h a t  i n  d i s t i l l i n g  th e  com parab le  o i l y  f r a c t i o n  

from  e x t r a c t  B (se co n d  b a t c h  o f  d ru g )  th e  f r a c t i o n s  c o l l e c t e d  

w ere fe w e r  i n  number b u t  l a r g e r  i n  volume to  a v o id  th e  u s e  

o f  s o l v e n t s .

The s m a l l  q u a n t i t y  o f  o i l  o b ta in e d  i n  t h e  f i r s t  e x p e r i 

m ent was u se d  f o r  p r e l i m i n a r y  t e s t s  and a s  a  r e s u l t  t h e  

a n a l y s i s  o f  f r a c t i o n s  I ,  I I  and I I I  (T ab le  12, page  6 5 ) was 

much s i m p l i f i e d .  The o i l  p r e s e n t  i n  f r a c t i o n  I  e o u ld  n o t  

be  s e p a r a t e d  from  s o l v e n t  by f r a c t i o n a l  d i s t i l l a t i o n  and was 

i s o l a t e d  a s  a  d ib ro m id e  a f t e r  t r e a t m e n t  w i th  b ro m in e .  The 

p r o d u c t ,  a  c o l o u r l e s s  o i l ,  y i e l d e d  a  sm a ll  q u a n t i t y  o f  a  

c o l o u r l e s s  c r y s t a l l i n e  s o l i d ,  m .p . 87-88°C . when chrom ato

g rap h ed  from  l i g h t  p e t ro le u m  on a lu m in a .  T h is  s u b s ta n c e  

was u n d o u b te d ly  t h e  same a s  t h e  d ib ro m id e  s u b s e q u e n t ly  

i s o l a t e d  from  f r a c t i o n s  A and B a s  d e s c r ib e d  below .

R ep ea ted  r e f r a c t i o n a t i o n  o f  f r a c t i o n s  I I  and I I I  gave 

f u r t h e r  f r a c t i o n s  a s  shown i n  T ab le  1 3 , page  6 7 ) .  

U n f o r t u n a t e l y ,  f r a c t i o n a t i o n  on t h i s  s m a l l  s c a l e  was n o t  

c om ple te  and m ost o f  t h e  f r a c t i o n s  were fo u n d  to  be m ix t u r e s .  

G ra p h ic a l  a n a l y s i s  ( F i g . 1 ) ,  o f  t h e  p h y s i c a l  d a t a  r e c o r d e d  

f o r  f r a c t i o n s  A-F (T ab le  13) s u g g e s te d  th e  p re s e n c e  o f  a t  

l e a s t  t h r e e  com ponents . F r a c t i o n s  A and B a r e  d i s t i n c t  and
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c o u ld  be  m o n o te rp e n e s  (from  b o i l i n g  p o i n t ,  r e f r a c t i v e  i n d e x  

and  d e n s i t y ) . Few m o n o te rp en e s  have  d e n s i t i e s  a s  h ig h  a s  

th o s e  f o r  f r a c t i o n s  A and B b u t  c o n ta m in a t io n  w i th  f r a c t i o n s  

0 and 3D was p o s s i b l e .  The h ig h  d e n s i t i e s  o f  t h e s e  l a t t e r  

f r a c t i o n s  s u g g e s te d  t h e  p r e s e n c e  o f  o x y g e n - c o n ta in in g  

compounds, p ro b a b ly  e s t e r s .  F r a c t i o n s  E and F have  

d e n s i t i e s  w h ich  co u ld  be a t t r i b u t e d  to  s e s q u i t e r p e n e s .

The t r e n d s  o f  t h e  g ra p h  show t h a t  f r a c t i o n  A c o u ld  be 

a  m ix tu re  o f  f r a c t i o n  B w i th  some o t h e r  t e r p e n e ,  w h i l s t  

f r a c t i o n s  E and F co u ld  be m ix tu r e s  o f  f r a c t i o n  ID and a  

s e s q u i t e r p e n e  o r  s e s q u i t e r p e n e s .

F r a c t i o n  A

B ro m in a t io n  o f  t h e  o i l  and ch rom a to g rap h y  o f  t h e  p ro d u c t  

by  fh e  m ethod a d o p te d  f o r  f r a c t i o n  I  y i e l d e d  t h r e e  f r a c t i o n s ,  

two o f  w hich  were o i l s  and one c r y s t a l l i n e .  The c r y s t a l s
-  >7 °G.

were th o s e  o f  a  d ib ro m id e  C-jqELj ^ B ^ ,  m .p . 89 C . , + 98 ,

i d e n t i c a l  (m .p . and m ixed m .p . )  w i th  t h a t  i s o l a t e d  from  

f r a c t i o n  I .  The o i l s  were n o t  exam ined.

F r a c t i o n  B

C o n ta m in a t io n  w i th  f r a c t i o n  C was s u s p e c t e d ,  b u t  

s a p o n i f i c a t i o n  r e v e a l e d  th e  p re s e n c e  o f  o n ly  t r a c e s  o f  

e s t e r s ,  and ch rom atog raph y  o f  t h e  n e u t r a l  m a t e r i a l  gave an

c o n s t a n t s  a r e  s u b s t a n t i a l l y  i n  ag reem en t w i th  th o s e  f o r

These

(+) -  A*-  c a re n e  ( i l l )  w hich  a re  g i v e n a s  d 30»c 0 .8 5 5 2 ,



3 0  C.. r  O  T n  1
1 . 4 7 4 , lccJ^+62 .2  l‘vJ;D4 4 .6 9 ,  th e  o p t i c a l  e x a l t a t i o n

o f  t h e  l a t t e r  ( 0 . 5 ) ,  o v e r  t h e  t h e o r e t i c a l  v a lu e  f o r  a
c\\3

(h i )

M c y e l i c  m o n o e th en o id  t e r p e n e  C^qH ^ ,  1 9 ^ ^ ^  b e in g  due

t o  c o n ju g a t i o n  o f  t h e  e t h y l e n i e  bond and c y c lo p ro p an e  r i n g .  

The p re s e n c e  o f  a  s i n g l e  doub le  bond i n  t h e  m o le c u le  o f  t h e  

t e r p e n e  was c o n firm ed  by an i o d i n e  v a lu e  and by t h e  low  

i n t e n s i t y  u l t r a v i o l e t  a b s o r p t i o n  maximum a t  210m ^.(4 , 4200) 

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

T h is  l a t t e r  c h a r a c t e r i s t i c ,  th e  o p t i c a l  e x a l t a t i o n  o f  t h e  

m o le c u la r  r e f r a c t i o n  and th e  d o u b t f u l  o c c u r r e n c e  o f  th e  

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

t e r p e n e  b e in g  ct - f e n e h e n e  ( I T ) ,  d  0 .8 6 9 ,  1 .4 7 2 4 ,

(IT )
- 3 2 .1 2 ,  d ib ro m ide  C-jQlLjgBrg m .p . 89°C. 

U n f o r t u n a t e l y  A  - c a r e n e  does n o t  y i e l d  any w e l l -  

a u t h e n t i c a t e d  c r y s t a l l i n e  d e r i v a t i v e s .  O x id a t io n  w i th  

p e rm an gan a te  i n  a c e to n e  s o l u t i o n  (Sim onsen ) g iv e s  a
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k e to n e  and th e n c e  a  c r y s t a l l i n e  se m ic a rh a z o n e  b u t  t h i s  was 

n o t  a t t e m p te d  w i th  t h e  v e r y  s m a l l  q u a n t i t y  o f  t e r p e n e  

a v a i l a b l e .

R e a c t io n  w i th  b rom ine  i s  s a i d  to  g iv e  a  v i s c i d  o i l  

w h ich  shows no s i g n  o f  c r y s t a l l i s i n g .  B ro m in a t io n  o f  t h e  

p u r i f i e d  m o n o te rp en e  s i m i l a r l y  gave a  c o l o u r l e s s  v i s c o u s  

o i l ,  b u t  w h ich , a f t e r  ch rom atog raphy  y i e l d e d  a  c o l o u r l e s s  

c r y s t a l l i n e  d ib ro m id e ,  i d e n t i c a l  (m .p. and m ixed m .p . )  w i th  

t h o s e  o b t a in e d  from  f r a c t i o n s  I  and A. A t te m p ts  to  o b t a i n
/. 4-

an  a u t h e n t i c  sam ple  o f  Zjs. - c a r e n e  have  so f a r  p ro v ed  a b o r t i v e  

a l t h o u g h  th e  I m p e r i a l  I n s t i t u t e  w ere m ost h e l p f u l  i n  s u g g e s t 

i n g  p o s s i b l e  s o u r c e s ,  among them , t h e  g r a s s  Andropogon 

J w a ra n c u s a .

F u r t h e r  work on t h i s  t e r p e n e  f r a c t i o n  i s  a t  p r e s e n t  

r e s t r i c t e d  from  l a c k  o f  m a t e r i a l ,  b u t  i t  i s  i n t e r e s t i n g  to  

n o t e ,  i n  c o n n e c t io n  w i th  i t s  t e n t a t i v e  r e c o g n i t i o n  a s  

( - ) -  A ^ - c a r e n e  t h a t ,  t o  d a t e ,  o n ly  t h e  d e x t r o - r o t a t o r y  form  

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

F r a c t i o n  0

C o n s ta n ts  f o r  t h i s  f r a c t i o n  were i n  r e a s o n a b le  ag reem en t
(A.**) 20°c-w i th  l i t e r a t u r e  f i g u r e s v f o r  ( - ) - b o m y l  fo rm a te  ( .0 0 6 ,

is°c
n v  1 . 4 7 0 8 , - 4 9 ° ) ,  b u t  s a p o n i f i c a t i o n  w i th  e t h a n o l i c

p o ta s s iu m  h y d ro x id e  gave t h e  e q u i v a l e n t  w e ig h t  a s  276, 

e q u iv a l e n t  to  o n ly  a b o u t  70$ o f  b o m y l  f o rm a te ,  a ssum ing  th e  

re m a in d e r  c o n s i s t e d  o f  i n e r t  m a t e r i a l .  The p r e s e n c e  o f  t h i s
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m a t e r i a l  was c o n firm ed  by e x t r a c t i o n  o f  n e u t r a l  s u b s t a n c e s  

a f t e r  s a p o n i f i c a t i o n .  These were s e p a r a t e d  c h ro m a to -  

g r a p h i c a l l y  ( P i g . 2) i n t o  a  sm a l l  q u a n t i t y  o f  a  c o l o u r l e s s  

o i l ,  and ( - ) - b o m e o l  w hich  was c o n f irm e d  by

c o n v e r s io n  to  i t s  ] D -n i t ro b e n z o a te ,  and by  o x i d a t i o n  to  

cam phor, t h e  l a t t e r  b e in g  c o n firm ed  by p r e p a r a t i o n  o f  i t s  

2 : 4 - d i n i t r o p h e n y l h y d r a z o n e .
16°C .

P h y s i c a l  c o n s t a n t s  f o r  t h e  o i l ,  ^  ,6*c 0.913>
\b°C„ \S°C. _ r

1 .4 9 5 5 , lccJ3)+ 1 ‘ ^ 9 lf'«J|>65.2) were c h a r a c t e r i s t i c  o f  a 

b i c y c l i c  s e s q u i t e r p e n e  ( [ f t .^ 6 6 .1 )  w i th  two e t h y l e n i e  bonds 

(Sim onsen and B a r t o n ^ ^ ) ,  and th e  p r e s e n c e  o f  t h e s e  two 

e t h y l e n i e  bonds was i n d i c a t e d  by an i o d i n e  v a l u e .  The 

c o n s t a n t s  o f  th i®  t e r p e n e  d id  n o t  a g re e  w i th  t h o s e  o f  any 

known b i c y c l i c  s e s q u i t e r p e n e  and i t  was t h e r e f o r e  d e s ig n a t e d  

r e t i c u l e n e . I t  w i l l  be c o n s id e re d  i n  more d e t a i l  l a t e r  i n  

t h i s  work.

The aqueous l i q u o r s  r e m a in in g  a f t e r  t h e  e x t r a c t i o n  o f  

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

o f  fo rm ic  a c i d .  However, t h e  im m ed ia te  f o r m a t io n  o f  a  b u f f  

p r e c i p i t a t e  on a d d i t i o n  o f  f e r r i c  c h lo r i d e  was a t y p i c a l  and 

a c i d i f i c a t i o n  o f  t h e  s o l u t i o n  caused  th e  d e p o s i t i o n  o f  a  

second  ( w a t e r - i n s o l u b l e )  a c i d .  The l a t t e r  was e x t r a c t e d  

w i th  l i g h t  p e t ro le u m ,  w h i l s t  th e  l i g h t  p e t r o l e u m - i n s o l u b le  

fo rm ic  a c id  was i s o l a t e d  from  th e  r e s i d u a l  l i q u o r s  by s team  

d i s t i l l a t i o n .  N e u t r a l i s a t i o n  and c o n c e n t r a t i o n  o f  t h e  s team
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d i s t i l l a t e  gave c r y s t a l l i n e  sodium  f o r m a te ,  i d e n t i f i e d  by 

c o n v e r s io n  to  t h e  c o r r e s p o n d in g  jo -b ro m o p h e n a c y le s te r ,  by a  

d e t e r m i n a t i o n  o f  s u lp h a te d  a s h  and  by i t s  c o n v e r s io n  to  

sodium  o x a l a t e  when h e a te d  r a p i d l y  to  360°C.

The w a t e r - i n s o l u b l e  a c i d  was o b ta in e d  a s  a  c o l o u r l e s s  

o i l ,  w h ich  gave a  p a l e  b u f f  p r e c i p i t a t e  w i th  f e r r i c  c h l o r i d e  

and a  w h i te  g e l a t i n o u s  p r e c i p i t a t e  w i th  s i l v e r  n i t r a t e ,  b o th  

compounds b e in g  u n s u i t a b l e  f o r  a n a l y s i s .  A ttem p ted  

r e c o v e r y  o f  t h e  a c i d  from  th e  i r o n  s a l t  by means o f  h y d ro 

c h l o r i c  a c i d  l e d  to  c o n s id e r a b le  d e c o m p o s i t io n .  T i t r a t i o n  

o f  t h e  a c i d  gave an e q u i v a l e n t  w e ig h t  o f  165, b u t  a  more 

r e l i a b l e  f i g u r e  o f  169 was o b ta in e d  by g r a v i m e t r i c  d e t e r 

m in a t io n  o f  b a r iu m  i n  th e  c r y s t a l l i n e  b a riu m  s a l t .  T h is  

f i g u r e  a g r e e s  w i th  t h e  f o r m u la t i o n  o f  t h e  a c i d  a s  C^QH^gOg- 

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

bond a s  shown by th e  u p ta x e  o f  h y d ro g en  on m ic r o h y d r o g e n a t io n ,  

and by  an  i o d i n e  v a l u e ,  b o th  e x p e r im e n ts  i n d i c a t i n g  one 

d o u b le  bond.

C o n s ta n ts  f o r  t h e  o i l y  a c i d  ( a )S-c 1 .0 5 0 ;  1 .5 0 1 9 ;

4 7 .2 9 ) ,  and f o r  i t s  r e d u c t i o n  p ro d u c t  ( c l ' ,^ 1 .0 3 0 )  

s u g g e s te d  t h a t  i t  sh o u ld  be f o r m u la te d  w i th  a  m o n o c y c lic  

[ R j p4 7 .2 5  r a t h e r  t h a n  an  open c h a in  s t r u c t u r e  1 ^ ^ 4 9 . 4 5  .

T h is  v iew  i s  s u p p o r te d  by th e  m o le c u la r  fo rm u la
T U ID <L

B enzy l i s o t h i o u r e a  h y d r o c h lo r id e  gave a  c r y s t a l l i n e  s a l t  

w i th  t h e  p a r t i a l l y  n e u t r a l i s e d  a c i d ,  and a f t e r  r e c r y s t a l l i s a -
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t i o n  from  e t h a n o l ,  t h i s  m e l te d  a t  13 6 . 5 °-137°C . T h is  

s o l v e n t  ( e t h a n o l )  c au se d  v e ry  l i t t l e  d e c o m p o s i t io n  o f  t h e  

s a l t ,  w h ich  m e l te d  a t  a  t e m p e r a tu r e  s i g n i f i c a n t l y  h i g h e r  

t h a n  t h a t  fo u n d  when w a te r  was u s e d  a s  s o l v e n t  (124-125°C ) 

( c f .  D onleavy  ) .  A n a ly s i s  o f  th e  s a l t  a g re e d  w i th  t h e

f o r m u l a t i o n  o f  th e  a c i d  a s  0-10^16^2* o r  ^10^14^2* 

a c t i o n  o f  d iazo m e th an e  on t h e  a c i d  y i e l d e d  a  p l e a s a n t  

s m e l l i n g  (cam phoraceous)  l i q u i d  e s t e r ,  u n f o r t u n a t e l y ,  

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

The low  i n t e n s i t y  u l t r a v i o l e t  a b s o r p t i o n  maximum a t  

215 2970) w h ich  was a b s e n t  from  t h e  sp e c tru m  o f  t h e

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

m ix tu r e  o f  r e l a t e d  oc,/3 -  a n d / 3 , y  - u n s a t u r a t e d  a c i d s .  T h is  

v iew  i s  s u p p o r te d  by th e  f a c t  t h a t  on l o n g  s t a n d i n g ,  t h e  

o i l  s lo w ly  c r y s t a l l i s e d  to  y i e l d  an  a c i d ,  w hich  a f t e r  

ch ro m a to g rap h y  on a  m ix tu re  o f  c h a r c o a l  (1 p a r t )  and c e l l u 

l o s e  ( 3  p a r t s )  m e l te d  a t  72-73°C* T h is  s u b s ta n c e  e x h i b i t e d  

a  h ig h  i n t e n s i t y  u l t r a v i o l e t  a b s o r p t i o n  a t  206 najjL(^i 9980) 

c h a r a c t e r i s t i c  o f  an i s o l a t e d  t e t r a s u b s t i t u t e d  do u b le  

b o n d ^ 1 ’ ^ 2 ) ,  o r  an oc - u n s a t u r a t e d  a c i d .  The w a v e le n g th  

o f  maximum a b s o r p t i o n  i s  low  f o r  ot , 0  - u n s a t u r a t i o n  u n l e s s  

t h e  sy s tem  i s  u n s u b s t i t u t e d  a s  i n  a c r y l i c  a c id  ( c f .  Ungnade 

and O r t e g a (4 6 ) ,  rp^g c r y s t a l l i n e  a c id  i s  s i m i l a r  t o  and i s  

p o s s i b l y  i d e n t i c a l  w i th  th e  a c id  i s o l a t e d  by P e a c o c k ^ ^ .

T h is  m e l te d  a b o u t  65°C. and gave a  f l e s h - c o l o u r e d  p r e c i p i t a t e
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w i t h  f e r r i c  c h l o r i d e .

T hat t h e  a c i d  i s  n o t  t i g l i c  a c i d ,  m .p . 6 4 .5 °C . was 

c l e a r l y  shown by i t s  f o r m u la ,  and a l t h o u g h  B - f e n e h o le n ie  

a c i d  (V) m e l t s  a t  7 2 - 7 3 ° C . , g iv e s  an i n s o l u b l e  i r o n  s a l t  

and p o s s e s s e s  a  t e t r a s u b s t i t u t e d  d o u b le  bond , f u r t h e r  

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

s u g g e s t i n g  a  s t r u c t u r a l  f o rm u la .

( OHj) 2 '• 0 =  C CH2
I C-(CH5 ).OOOH

CH2 C H ^
00

F r a c t i o n s  D, E, F and r e t i c u l e n e

S a p o n i f i c a t i o n  o f  f r a c t i o n s  D and E and t r e a t m e n t  as  

above y i e l d e d  f u r t h e r  sm a ll  q u a n t i t i e s  o f  th e  w a t e r -  

i n s o l u b l e  a c i d .  The n e u t r a l  f r a c t i o n s ,  i s o l a t e d  a f t e r  

s a p o n i f i c a t i o n  c o n ta in e d  c o n s i d e r a b le  p r o p o r t i o n s  o f  t h e  

s e s q u i t e r p e n e  r e t i c u l e n e .  F r a c t i o n  F was a lm o s t  p u re  

r e t i c u l e n e .

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

b i c y c l i c  s t r u c t u r e  and a p p a r e n t  c o n f i r m a t io n  was o b ta in e d  by 

b r o m in a t io n ,  w h ich  i n d i c a t e d  t h e  p r e s e n c e  o f  two e t h y l e n i e  

b o n d s .  However, Waves and P e r r o t e t  have o b se rv e d  t h a t  

b r o m in a t io n  o f  arom adendrene  (VI) R = CH2 , and d ih y d r o -  

a rom adendrene  cau se d  th e  a b s o r p t i o n  o f  two and one m o ls .  o f  

b rom ine  r e s p e c t i v e l y .  The a u th o r s  su g g e s te d  t h a t  t h i s  was 

due to  th e  o p e n in g  o f  t h e  c y c lo p ro p an e  r i n g ,  and fou nd  t h a t
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c a t a l y t i c  h y d r o g e n a t io n  o f  a rom adendrene  gave t h e  d ih y d r o 

compound w i th o u t  abnorm al r e a c t i o n s .

The b e h a v io u r  o f  r e t i c u l e n e  u n d e r  th e  above c o n d i t i o n s  

was i d e n t i c a l  i n  ev e ry  r e s p e c t  w i th  t h a t  o f  a ro m ad en d ren e , 

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

seemed w o rth y  o f  i n v e s t i g a t i o n .  Com parison o f  t h e  p h y s i c a l  

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

a rom adendrene  and d ih y d ro a ro m ad e n d ren e  (T a b le s  1 and 2) 

showed a  m arked s i m i l a r i t y .

The e x a l t a t i o n  o f  th e  m o le c u la r  r e f r a c t i o n  o f  d ih y d ro -  

a ro m adendrene  o v e r  th e  c a l c u l a t e d  v a lu e  (6 4 .8 7 )  was a  p o i n t  

i n  f a v o u r  o f  i t s  homogeneous n a t u r e  a s  P fa u  and K L a t tn e r^ ® ^  

had c o n s id e r e d  th e  p a r e n t  h y d ro c a rb o n  to  be a  m ix tu r e  o f  

b i c y c l i c  and t r i c y c l i c  t e r p e n e s .  D i h y d r o r e t i c u l e n e  sh o i^ d  

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

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

th e  t e r p e n e s  i s o l a t e d  from  f r a c t i o n s  C, D, S and P ,  (T ab le  

16 page  71 ) ,  w hich  a r e  m ark ed ly  d i f f e r e n t  i n  c o m p o s i t io n ,  

p o s s e s s e d  a lm o s t  i d e n t i c a l  c o n s t a n t s .

(VI)
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T ab le  1.

A u th o r  [ ^ I tj d 0 3 b . p / ( m . m . ) IHR e f .

S m ith  +4*7 0 .9 2 2 2 1 .4 964 1 2 4 -1 2 5 /1 0 6 4 .8 9 49

B r ig g s  a n d -6 .1 0 .9 1 1 6 1 .4978 1 2 1 / 1 0 65-58 50

S h o r t  + 0 0 .915 7 1 .4993 1 2 1 - 1 2 1 . 4 / 1 0 6 5 .4 4

Naves and , A ac 
P e r r o t e t  + 4 - 8 6 0 .9 1 6 9 1 .4982 114/6 65 .3 7 47

R a d c l i f f e  + 0 .8  

and S h o r t +15* 6 0 .919 7

1 .4990  

1 .502 4

1 2 0 - 1 2 1 / 1 0

1 2 5 -1 2 7 /1 0 6 5 .5 8
51

B i r c h  and +7-54  
l a h e y

0.9111 1 .4953 1 2 2 / 1 0 52

R e t i c u l e n e  +1*6 0 .9 1 3 -1.4955 6 5 . 2

T able  2.

A u th o r  [cc] d b . p . / ( m . m . ) R e f .

Naves and _ 2 .14  
P e r r o t e t

0 .9001 1 .4850 1 0 4 -1 0 4 .5 /4 6 5 . 0 2 47

B r ig g s  and 
S h o r t  ~ 0 .9 0 1 4 1.4817 1 2 1 -12 2 /1 0 6 5 .85 50

? e t i o S ; ne + 4 - °  ° - 9 ° °  1 - ^ 26 65-3



R e t i c u l e n e  gave no c r y s t a l l i n e  d e r i v a t i v e s  and

o z o n o ly s i s  o f  th e  t e r p e n e  by m etnods e s s e n t i a l l y  t h e  same

a s  t h o s e  u se d  f o r  a rom adendrene  by Naves and P e r r o t e t ^ * ^
(and B i r c h  and L a h e y w  1 gave o n ly  an  o i l  o f  cam phoraceous 

o d o u r .  The l a t t e r  a u t h o r s  s i m i l a r l y  o b ta in e d  an  o i l  w hich  

d id  n o t  r e a d i l y  c r y s t a l l i s e  u n t i l  se ed  c r y s t a l s  became 

a v a i l a b l e .  They found  t h a t  th e  p r o d u c t  was a  new k e to n e  

cc - apoarom adendrone  (V I , R = 0 ) ,  r e a d i l y  c o n v e r te d  by h e a t  

and a l k a l i  to  apoa ro m ad en d ro n e , a  s t e r e o i s o m e r  w hich  was 

t h e  p r o d u c t  a lw ay s  i s o l a t e d  by th e  e a r l i e r  w o rk e r s .  B o th  

p r o d u c t s  p o s s e s s e d  cam phoraceous o d o u r s .

The o i l  from  th e  o z o n o ly s i s  o f  r e t i c u l e n e  gave a  sm a ll  

q u a n t i t y  o f  a  c r y s t a l l i n e  s u b s ta n c e ,  m .p . 2 0 0 -2 0 1 °C .,  w i th  

s e m ic a rb a z id e  a c e t a t e  b u t  o n ly  an amorphous 2 :4  d i n i t r o -  

p h e n y lh y d ra z o n e . I t  i s  o f  i n t e r e s t  t h a t  th e  se m ic a rb a z o n e  

o f  apoarom adendrone  e x i s t s  i n  two fo rm s one o f  w hich  m e l t s  

a t  201°C.

The o n ly  o t h e r  p r o d u c t  i s o l a t e d  from  th e  o z o n o ly s i s  o f  

r e t i c u l e n e  was fo rm a ld e h y d e ,  i d e n t i f i e d  a s  i t s  dimedone 

d e r i v a t i v e ,  w hich  e s t a b l i s h e d  th e  p re s e n c e  o f  a  v i n y l i d e n e  

group i n  r e t i c u l e n e .

D e h y d ro g e n a tio n  o f  d i h y d r o r e t i c u l e n e  w i th  p a l la d iu m  on 

c h a r c o a l  gave no p r o d u c t s  p o s s e s s i n g  t y p i c a l  a ro m a t ic  

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 ,  b u t  h e a t i n g  w i th  s e le n iu m  f o r  

6 h o u r s  gave t r a c e s  o f  a  b lu e  s u b s ta n c e  w hich  showed u l t r a -



v i o l e t  a b s o r p t i o n  c h a r a c t e r i s t i c  o f  a z u l e n e s .  Owing to  

t h e  s e n s i t i v i t y  o f  t h e  m ethod o f  d e t e c t i o n  how ever, t h i s  

e v id e n c e  i s  n o t  c o n c l u s i v e ,  a s  t h e  same r e s u l t  c o u ld  be 

o b t a i n e d  from  t h e  p re s e n c e  o f  t r a c e s  o f  i m p u r i t i e s .

B i h y d r o r e t i c u l e n e  gave a  p a le  y e l lo w  c o lo u r  w i t h  

t e t r a n i t r o m e t h a n e  b u t  s i m i l a r  c o lo u r s  a r e  a l s o  g iv e n  by 

s a t u r a t e d  s u b s ta n c e s  c o n ta in i n g  a  c y c lo p ro p an e  r i n g ,  e . g .  

c y c l o a r t a n o n e . B o th  r e t i c u l e n e  and d i  hydro  r e t i c u l e n e  

showed low  i n t e n s i t y  end a b s o r p t i o n  i n  t h e  u l t r a v i o l e t  

r e g i o n  and i t  would be o f  i n t e r e s t  to  compare t h a t  o f  

a rom adendrene  and d i  hydro  a rom adendrene  u n d e r  t h e  same 

c o n d i t i o n s ,  a s  c y c lo p ro p an e  r i n g s  have  lo n g  been  r e c o g n i s e d  

t o  p o s s e s s  p r o p e r t i e s  s i m i l a r  to  th o s e  o f  an e t h y l e n i c  bond 

( W a l s h p 3 ) )  p a r t i c u l a r l y  when i n  c o n ju g a t io n  w i th  o t h e r  

d o u b le  bonds ( K l o t z , ^ ^ )  th o u g h  t h e  e f f e c t s  a r e  n o t  so 

i n t e n s e  i n  u l t r a v i o l e t  a b s o r p t io n  s p e c t r a  a s  t h o s e  cau sed  by 

e t h y l e n i c  bonds th e m s e lv e s .  I f  B i r c h  and L a h e y 's  r e v i s e d  

fo rm u la  (VIJ, t e n t a t i v e )  f o r  a rom adendrene  i s  c o r r e c t ,  t h e n  

i t s  u l t r a v i o l e t  a b s o r p t i o n  sp e c tru m  would e x h i b i t  o n ly  v e r y  

low  i n t e n s i t y  a b s o r p t io n  a s  th e  a u t h o r s  g iv e  t h e  f i g u r e  o f  

t  9 95 a t  212 rn|*i f o r  apoarom adendrone w hich  would be 

e x p e c te d  t o  show t h e  same a b s o r p t i o n  c h a r a c t e r i s t i c s  a t  

210-220 a s  a ro m adendrene . However, a s  t h e  i s o l a t i o n  o f  

t h e  s m a l l  amount o f  r e t i c u l e n e  in v o lv e d  th e  u se  o f  s o l v e n t s  

w hich  were n o t  s p e c t r o s c o p i c a l l y  p u r e ,  th e  end a b s o r p t io n
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o b s e rv e d  c o u ld  p e rh a p s  have no r e a l  s i g n i f i c a n c e .

I n  t h e  i n f r a r e d  sp e c tru m  ( F i g . 3 ) ,  r e t i c u l e n e  showed th e

c h a r a c t e r i s t i c  v i n y l i d e n e  ban ds  a t  882 and 1650 cm. w i th
- 1  - 1an  o v e r to n e  a t  1790 cm. , and a  s m a l l  peak  a t  1007 cm.

mm 1(1009 cm7 i n  d i h y d r o r e t i c u l e n e , P i g . 4 ) ,  c o u ld  be a t t r i b u t e d  

t o  a  c y c lo p ro p an e  r i n g  ( D e r f e r ,  P i c k e t t  and B o o r d , ^ ^ )  

p a r t i c u l a r l y  a s  o x y g e n - c o n ta in in g  s u b s t i t u e n t s  a r e  a b s e n t  

( o f .  C o le ^ 56) ) -

The i n f r a r e d  s p e c t r a  o f  t e r p e n e s  and t h e i r  h y d ro g e n a te d  

p r o d u c t s  have  p ro v ed  o f  c o n s i d e r a b le  u se  i n  t h e  i d e n t i f i c a 

t i o n  o f  s k e l e t a l  s t r u c t u r e s  o f  new t e r p e n e s ,  and a s e r i e s  

o f  p a p e r s ’ (5 9 ) ,  (60) g^ve  a  i a r ge number o f  

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

l y  do n o t  i n c l u d e  t h a t  o f  a rom ad en d rene .

The e v id e n c e  th u s  p o i n t s  to  t h e  i d e n t i t y  o f  r e t i c u l e n e  

and arom adendrene  b u t  com ple te  c o n f i r m a t io n  o r  o th e r w is e  

m ust a w a i t  th e  a r r i v a l  o f  a u t h e n t i c  a ro m a d en d re n e . A t te m p ts  

t o  o b t a i n  t h i s  m a t e r i a l  h a v e ,  so f a r ,  been  u n s u c c e s s f u l .
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E x a m in a t io n  o f  t h e  u n s a p o n i f i a b l e  m a t t e r

C hrom atography  on a  column o f  a lu m in a  o f  t h e  l i g h t  

p e t r o le u m  s o l u b l e  u n s a p o n i f i a b l e  m a t t e r  f r a c t i o n  1A, (T ab le  

17, page  8 4 ) ,  gave s e v e r a l  f r a c t i o n s  w h ich  a r e  sum m arised i n  

T ab le

F r a c t i o n  A

T h is  was a  c o l o u r l e s s  o i l  w hich  c o n ta in e d  a  t r a c e  o f  

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

t e r p e n e  (b ec au se  o f  i n s u f f i c i e n t  s team  d i s t i l l a t i o n )  was 

d is p o s e d  o f  by a t t e m p te d  d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  

I t  was n o n - v o l a t i l e  and p ro b a b ly  c o n s i s t e d  o f  a  m ix tu r e  o f  

h y d ro c a rb o n s  and p o s s i b l y  a l c o h o l s .  I t  was n o t  examined 

f u r t h e r .

F r a c t i o n  B

T h is  was c l e a r l y  a  m ix tu re  and a s  th e  q u a n t i t y  was s m a l l  

i t  was u s e d  to  seed  th e  l a r g e r  q u a n t i t y  o f  u n s a p o n i f i a b l e  

m a t t e r  ( f r a c t i o n  IB , T ab le  1 7 ) .  A p a le  brown s o f t  mass was 

o b t a in e d  on c o o l in g ,  from  which g leam in g  c o l o u r l e s s  c r y s t a l s ,  

^26^54^* 78 -79°C . were i s o l a t e d .  T h is  t e n t a t i v e

i d e n t i f i c a t i o n  o f  c e r y l  a l c o h o l  was co n firm ed  by t h e  p r e p a r a 

t i o n  o f  t h e  a c e t a t e  and by o x i d a t i o n  o f  t h e  a l c o h o l  to  

c e r o t i c  a c i d ,  m .p . 82°G. O x id a t io n  o f  n a t u r a l l y  o c c u r r i n g  

a l c o h o l s  u s u a l l y  g iv e s  a c i d s  m e l t i n g  o n ly  two o r  t h r e e  

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



and lo w e r  t h a n  t h e  s y n t h e t i c  a c i d s  . T h is  i s  b e c a u s e  

t h e  a l c o h o l s  a r e  u s u a l l y  m ix tu r e s  and h e n ce  t h e  te rm  c e r y l  

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

c h e m ic a l  name n - h e x a c o s a n o l .

T able  5

Volume 
F r a c t i o n  o f

E lu a n t
ml

E lu a n t
W eight 

o f  
r e s i d u e  

(g) •

Remarks

A

B

1000

1200

P e t r o l

P e t r o l  98 
Benzene 2

0 .6 77

0 .217

C o lo u r le s s  o i l ,  d e p o s i t i n g  
a  t r a c e  o f  c r y s t a l s .

P a r t i a l  c r y s t a l l i s a t i o n , t h e  
c r y s t a l s  m e l t i n g  a t  50-59°C.

D

E

900

1000

200

3 0 0

3 0 0

P e t r o l  70 
Benzene 30

0.163

Benzene O .3 6 I 

0 .073( Benzene 99 
'  A lc o h o l  1

Benzene 99 
A lc o h o l  1

P a le  y e l lo w  o i l  w hich  showed 
a  s l i g h t  te n d e n c y  to  
c r y s t a l l i s e .

Y e llow  v i s c o u s  o i l .

P a r t  o f  a  p a le  y e l lo w  band 
j u s t  p r e c e d in g  t h e  f r o n t  o f  
t h e  m ain  brown band . Y ellow  
o i l  d e p o s i t i n g  a  few  n e e d le  
c r y s t a l s  m .p .2 5 6 -2 5 8 °C .

3 -1 0  Bark y e l lo w  v i s c o u s  o i l

O. 6 2 3  P a le  y e l lo w  o i l  c r y s t a l l i s 
i n g  on c o o l in g  to  g iv e  
0 .1 4  g . o f  c r y s t a l s  m e l t i n g  
a t  132-137°C.

H 3 0 0 A lco h o l T race



F r a c t i o n s  C, I) and  E

These were n o t  exam ined , t h e  o n ly  p o i n t  o f  n o t e  b e in g

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

r e c a l l s  t h a t  o f  a r i s t o l i n ,  an  a l c o h o l ,  m .p . 265°C. (d eeo m p .)
f 17ii s o l a t e d  by H e s s e v y from  A. a r g e n t i n a .

F r a c t i o n  F

F u r t h e r  ch ro m atog rap hy  on a lu m in a  gave no s e p a r a t i o n  

i n t o  bands  and t h i s  f r a c t i o n  r e q u i r e s  a  d i f f e r e n t  m ethod o f  

t r e a t m e n t ,  p o s s i b l y  by b e n z o y l a t i o n  and ch ro m a to g ra p h y .

F r a c t i o n  G-

The c r y s t a l s  were r e c r y s t a l l i s e d  from  a  m ix tu r e  o f

a c e to n e  and w a te r  to  a  c o n s t a n t  m e l t i n g  p o i n t  o f  1 3 6 -1 3 8 °C .,

and a l t h o u g h  t h i s  was r a i s e d  to  138-139°C . on a d m ix tu re  w i th

a u t h e n t i c  £ - s i t o s t e r o l  such  m ixed m e l t i n g  p o i n t s  o f  s t e r o l s

m ust  be  a c c e p te d  w i th  c a u t io n  ( F i e s e r  and F i e s e r / ^ ^ ) .  A

more r e l i a b l e  gu id e  ( i n  c o n ju n c t io n  w i th  d e r i v a t i v e s )  was
r t ,5°c'g iv e n  by t h e  o p t i c a l  a c t i v i t y  ” 35 > ( c f .  T ab le  4 ) .

I d e n t i f i c a t i o n  o f  B - s i t o s t e r o l  was com ple ted  by th e  p r e p a r a 

t i o n  o f  t h e  a c e t a t e ,  b e n z o a te  and by t h e  c o lo u r  change 

seq u en ce  i n  t h e  l ie b e rm a n n -B u rc h a rd  r e a c t i o n .  As th e  

c r y s t a l s  m e l te d  o v e r  a  ra n g e  (2 C?) th e y  were p o s s i b l y  s t i l l  

a  m ix tu r e  o f  s t e r o l s ,  and y  - s i t o s t e r o l  was t h e  m ost l i k e l y  

c o n ta m in a n t  a s  any o t h e r  s i t o s t e r o l  p r e s e n t  i n  a p p r e c i a b l e  

amount would lo w e r  th e  s p e c i f i c  r o t a t i o n  c o n s id e r a b ly  

( c f .  T ab le  4 ) .
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Table 4

S i t o s t e r o l  m .p. R eferen ce

<*, - 1 .7  166 63

+3 . 5  1 5 6  6 3

<x, + 1 .6 5  142 64

(i - 3 6  140 65

y  - 4 3  1 4 8  66



E x a m in a t io n  o f  t h e  f a t t y  a c i d s

The a c i d s  w ere  e a s i l y  s e p a r a t e d  i n t o  two g r o u p s ,  one 

b e in g  s o l u b l e  i n  l i g h t  p e tro le u m  and  th e  o t h e r  (p ro b a b ly  

r e s i n  a c i d s )  i n  e t h e r .  The l a t t e r  g roup  was n o t  exam ined 

f u r t h e r .

F r a c t i o n  I I I  A, (T ab le  17)

Uo p u re  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  by 

c r y s t a l l i s a t i o n  from  a c e to n e  o r  by c h ro m a to g rap h y  on a  

column o f  a lu m in a ,  b u t  th e  l a t t e r  method i n d i c a t e d  t h e  

p r e s e n c e  o f  n e u t r a l  m a t e r i a l .  The r e s u l t s  o f  t h e  e x p e r i 

ment a r e  sum m arised i n  T ab le  18 (page 9 1 ) .

F r a c t i o n  I I I  B

As i t  a p p e a re d  d o u b t f u l  t h a t  t h e  method a d o p te d  f o r  

f r a c t i o n  I I I  A would y i e l d  p u re  a c i d s ,  f r a c t i o n  I I I  B was 

s e p a r a t e d  i n t o  s a t u r a t e d  and u n s a t u r a t e d  a c i d s  by 

T w i t c h e l l ’ s m ethod a s  m o d if ie d  by H L l d i t c h ^ ^ .

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

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

(T ab le  5) i n d i c a t e d  t h e  p re s e n c e  o f  f ic id s  ( f r a c t i o n  I I I  

B 1 ( a ) ,  I I I  B 1 ( b ) ,  and I I I  B 2) and a c i d s  w i th  tw e n ty - tw o  

o r  more c a rb o n  atom s ( f r a c t i o n  I I I  B 4 ) .



Table 5

B a th  Temp. 
F r a c t i o n  o^

D i s t i l l a t i o n  
Temp.

P r e s s u r e  W eight 
(m .m .H g.) (g) S .E . 1 . 7 .

m .p .
°C.

I I I  B1 200-202 164-168 5 1 .939 - - -

I I I  B2 2 0 3 - 2 3 0 169-170 5 1 . 1 3 8 2 6 8 .0 4 29-30

I I I  B3 231-250 v a r i a b l e 5 0 . 3 4 4 - - 25-29

I I I  B4 250 190-198 5 0 .5 9 6 364 6 40-48

I I I  B5 R esid u e - 0 .2 2 0 - -

I I I  B 1(a) 180-187 148-150 3 1.551 2 6 8 .4 4 27-28

I I I  B l (b ) 188-190 151-155 3 0 . 2 3 0 - -

M ethyl p a l m i t a t e  was co n firm ed  i n  f r a c t i o n s  I I I  B 1(a) 

and I I I  B2 by t h e  m e l t i n g  p o i n t ,  e q u i v a l e n t  w e ig h t  and 

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

u n d e p re s s e d  on a d m ix tu re  w i th  a u t h e n t i c  p a l m i t i c  a c i d .

F r a c t i o n  I I I  B3 was n o t  exam ined.

S a p o n i f i c a t i o n  o f  f r a c t i o n  I I I  B4 gave an a c i d  o f  m .p . 

74~76°C. and e q u i v a l e n t  w e ig h t  372. I t  t h e r e f o r e  c o n s i s t e d

l a r g e l y  o f  l i g n o e e r i e  a c i d .  The l a s t  ru n n in g s  o f  f r a c t i o n  

I I I  B4 s o l i d i f i e d  i n  th e  c o n d e n se r  and r e p e a t e d  c r y s t a l l i s a 

t i o n  from  a c e to n e  y i e l d e d  c o l o u r l e s s  c r y s t a l s ,  m .p .6 l -6 3 ° C .  

I t  seemed p ro b a b le  t h a t  b o th  t h e s e  c r y s t a l s  and f r a c t i o n  

I I I  B5 would g iv e  an a c id  m e l t in g  a t  a  t e m p e r a tu re  h i g h e r  

th a n  7 4 -7 6 °C .,  o th e rw is e  i t  would be d i f f i c u l t  to  a c c o u n t



f o r  t h e  m e th y l  e s t e r  o f  m .p . 6 1 -6 3 °C .,  a s  t h i s  i s  much 

h i g h e r  t h a n  t h a t  f o r  m e th y l  b e h e n a t e ^ ^  and m e th y l  

l i g n o c e r a t e  . S a p o n i f i c a t i o n  o f  f r a c t i o n  I I I  B5 gave

g l i s t e n i n g  m i c r o - r o s e t t e  c r y s t a l s  m .p .  78 -79°C . u n d e p r e s s e d  

on a d m ix tu re  w i th  e e r o t i e  a c i d  o f  m .p . 82°C. The m e l t i n g  

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

w e ig h t  g r e a t e r  t h a n  a b o u t  296 i . e .  C£q, C2 2  > ^24- a c i d s ,  ,

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

i t  a p p e a re d  a d v i s a b l e  to  check  t h a t  some d e p r e s s i o n  o f  

m e l t i n g  p o i n t  o c c u r r e d  w i th  a  m ix tu r e  o f  two d i f f e r e n t  a c i d s ,  i  

The f o l lo w in g  r e s u l t s  p r o v id e  a  m easu re  o f  s u p p o r t .

Acid , m .p . Mixed w i th P ro p e r 31 Mixed m .p . Remarks

Unknown* 73-75 n - e i c o s a n o i c 50 s 50 68-71 d e p re s s e d

n - e i c o s a n o i c  75-76 c e r o t i c 80s 20 7 0 .5 -7 3 n

s t e a r i c 69-70 n - e i c o s a n o i c 50 :50 . 63-68 n

s t e a r i c 69-70 unknown* 50:50 58-62 tt

X P ro b a b ly  l i g n o c e r i c  a c id •

F u r t h e r  s u p p o r t  f o r  t h e  p re s e n c e  o f  l i g n o c e r i c  and  c e r o t i c  

a c i d s  i s  g iv e n  by th e  i s o l a t i o n  o f  t h e s e  two a c i d s  from  

A. i n d i c a ^ ^ , f o r ,  a s  o b se rv e d  by H L l d i t c h ^ ^ ,  p l a n t s  o f  

t h e  same f a m i ly  t e n d  to  have common f a t t y  a c i d s .  The t e r n s



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

o c c u r r i n g  a c i d s  w hich  a r e  known to  he m i x t u r e s ,  e . g .  t h e

m e l t i n g  p o i n t  7 4 - 7 6 ° C. co u ld  a r i s e  from  a  m ix tu r e  o f  two
(70)o r  more a c i d s .  c f .  F r a n c i s ,  P i p e r  and M a lk in v‘ ' ,  and 

K r i s h n a  Rao and M a n ju n a th ^ ^ )  #

C hrom atography o f  f r a c t i o n  I I I  A had s u g g e s te d  t h a t  

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

e x t r a c t i o n  o f  t h e  l i g h t  p e t ro le u m  s o l u t i o n  o f  th e  u n s a t u r a t 

ed a c i d s  w i th  sodium h y d ro x id e  s o l u t i o n  l e f t  a  n e u t r a l  o i l

i n  th e  o r g a n ic  l a y e r .  The n e u t r a l  o i l  y i e l d e d  n e e d le
r n

c r y s t a l s ,  m ,p ‘ 13 4 -1 3 6 .5  C . , [“ Jj, = 0 ,  ^ ma£- 209mu

(€  , 1 0 ,3 6 0 ) ,  L eg a l  t e s t  p o s i t i v e .  The c r y s t a l s  were

n e u t r a l  h u t  c o u ld  he s a p o n i f i e d ,  and a c i d i f i c a t i o n  o f  th e  

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

m .p .  136°G. The m ethod o f  i s o l a t i o n  o f  th e  c r y s t a l s ,  and 

t h e  c h em ic a l  e v id e n c e  su p p o r te d  a  l a c t o n e  s t r u c t u r e  and 

q u a n t i t a t i v e  h r o m in s t io n  o f  t h e  l a c t o n e  i n d i c a t e d  t h e  

p r e s e n c e  o f  two e t h y l e n i c  honds. C a t a l y t i c  h y d r o g e n a t io n  

o f  t h e  l a c t o n e ,  a t  a  p la t in u m  c a t a l y s t  i n  e th a n o l ,  was 

r a p i d ,  h e in g  com ple te  i n  90 m in u te s  w i th  th e  u p ta k e  o f  th e  

e q u i v a l e n t  o f  4 .1 5  m o ls .  and th e  f o r m a t io n  o f  an a c i d ,

°1 5 H28°2 ’ m ,p * H 3 - 5 - 1 l6 ° C .

These r e s u l t s  i n d i c a t e d  th e  p r e s e n c e  o f  an  - u n s a t u r a t -  

ed l a c t o n e  c o n ta in i n g  t h r e e  e t h y l e n i c  honds and hence  a  

h i c y c l i c  s t r u c t u r e  i n c l u d i n g  th e  l a c t o n e  r i n g .  Double honds



w hich  a r e  t o  c a rb o n y l  g ro u p s  a r e  n o t  b ro m in a te d  u n d e r

t h e  c o n d i t i o n s  u s e d  so t h a t  o n ly  two e t h y l e n i c  honds would 

he  i n d i c a t e d  hy t h i s  m ethod , and t h e  p r o d u c t i o n  o f  an  a c i d  

hy h y d r o g e n a t io n ,  w i th  t h e  u p ta k e  o f  f o u r  mol s .  o f  h y d ro g e n ,  

showed t h a t  h y d r o g e n o ly s i s  had  t a k e n  p l a c e .  An a l l y l i c  

a r ra n g e m e n t  o f  one do u b le  w i th  r e s p e c t  to  t h e  l a c t o n e  

oxygen c o u ld  t h u s  he p o s t u l a t e d ,  c f .  Hr - s a n t o n i n  (74) f 

o t h e r  p o s s i b i l i t y  ( J a c o b s  and S c o t t  o f  a / 3 , y - u n s a t u r a t e d

l a c t o n e  b e in g  r u l e d  o u t .  F u r t h e r  e x p e r im e n ts  were 

r e s t r i c t e d  by l a c k  o f  m a t e r i a l ,  and a s  th e  m e l t i n g  p o i n t s  

o f  t h e  l a c t o n e  and a c i d  show a  ra n g e  o f  2 .5  C°. t h e  l a c t o n e  

h a s  n o t  b e en  named a s  f u r t h e r  work may show i t  t o  he a 

m ix tu r e  o f  i s o m e r s .

The u n s a t u r a t e d  a c i d s  were r e c o v e re d  from  th e  sodium  

s a l t s  and c o n v e r te d  to  t h e  m e th y l  e s t e r s .  From th e  r e s u l t s  

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

(T ab le  6) an anomaly was a p p a r e n t  im m e d ia te ly .  F r a c t i o n s  

I I I  B i i  -  I I I  B i v  were a p p a r e n t l y  u n s a t u r a t e d  a c i d s  

w i th  two e t h y l e n i c  honds (from  s a p o n i f i c a t i o n  e q u i v a l e n t s  

and i o d i n e  v a l u e s ) ,  h u t  t h i s  was e x tre m e ly  u n l i k e l y  f o r  

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

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

a c t i v e  and a l th o u g h  h y d n o c a rp ic  a c id  i s  a l s o  d e x t r o r o t a t o r y  

and a  a c i d ,  i t  c o n ta in s  o n ly  one e t h y l e n i c  bond. I t  

c an n o t  he assumed t h e r e f o r e  f o r  c a l c u l a t i o n  p u rp o s e s  (a s  i t



m ust be  i n  t h e  e s t e r  f r a c t i o n a t i o n  p r o c e s s )  t h a t  o n ly  two 

a d j a c e n t  hom ologous u n s a t u r a t e d  members a r e  p r e s e n t  i n  e a c h  

f r a c t i o n ,  ( H i l d i t e h ^ ^ ) so t h a t  t h e  u s u a l  component a c i d  

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

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

I I I  B v i i i  and I I I  B i x  c o n ta in e d  much l e s s  o f  th e  i n t e r 

f e r i n g  s u b s ta n c e ,  and th e  s a p o n i f i c a t i o n  e q u i v a l e n t s  and 

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

a c i d ,  p r o b a b ly  l i n o l e i c  a c id  a s  i t  i s  t h e  m ost common o f  

t h e s e  a c i d s  and b e c a u se  i t  had a l r e a d y  been  i s o l a t e d  from  

A. i n d i c a v ' .  L i n o l e i c  a c id  was co n firm ed  by t h e  

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

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

G ly c e r o l  was con firm ed  i n  t h e  r e s i d u e  from  f r a c t i o n  V A 

by t h e  p r e p a r a t i o n  o f  th e  c r y s t a l l i n e  t r i - j a - n i t r o b e n z o a t e .  

From t h e  s m a l l  q u a n t i t y  o f  g l y c e r o l  o b ta in e d  i t  was c l e a r  

t h a t  a  h ig h  p r o p o r t i o n  o f  t h e  f a t t y  a c i d s  m ust e x i s t  a s  t h e  

s i t o s t e r y l  and c e r y l  e s t e r s .

T h is  co n c lu d ed  th e  g e n e r a l  e x a m in a t io n  o f  t h e  l i g h t  

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



54.

T able 6

F r a c t i  on B a th  Temp
D i s t i l l 11 

Temp.
P r e s s

m.m.
Hg.

'w e ig h t  S .E . 
( g . )

I .V . (0 88

I I I B i 236 140-158 4 0 .5 3 0 - + 5 0 .0 1 .0 0 2

I I I B i i 237 159-164 4 1 .9 2 4 26 7 .5 1 8 6 .2 + 45 .6 1 .1 0

I I I B i i i 242-246 165-170 4 2 .9 4 4 2 66 .7 176 +27.1 1 .0 6 4

I I I B i v 247-256 171-172 4 2 .9 2 5 274 164 +15.9 2 .2 4

I I I B v 257-267 173-178
( f a l l i n g )

4 2 .56 0 2 7 9 .6 157 + 5 .5 2 .0 0 6

I I I B v i

I IX B v i i

268

280

Very

v a r i a b l e
4 | 0 .6 6 6

- - - -

I I I B v i i i " * 2 5 0 184 3 2 .7 6 8 293*6 150.3 + 8 . 3 1 .9 2 8

I I I B i x * 256 184
( f a l l i n g )

3 1 .623 301 .3 1 5 0 .4 +4* 6 2 .6 2 6

R esidu e - - - 2 .9 - - - -

From se m i-m ic ro  a p p a r a t u s .
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EXPERIMENTAL

M .p .s  a r e  u n c o r r e c t e d .  R o t a t i o n s  were d e te rm in e d  

i n  a b s o l u t e  e th a n o l  ( u n l e s s  o th e rw is e  s t a t e d )  i n  a  1-dm. 

t u b e .  U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  were d e te rm in e d  

i n  a b s o l u t e  e th a n o l  on a  H Llger U v isp ek  p h o t o e l e c t r i c  

s p e c t r o p h o to m e te r ;  i n f r a r e d  a b s o r p t i o n  s p e c t r a  by u s i n g  

a  r e c o r d i n g  doub le -beam  i n f r a r e d  s p e c t r o m e te r  b u i l t  i n  

t h i s  C o l le g e  by D r . 1 . A.Brownlee ( J . S c i . I n s t r . , 1950, 2 7 , 

215)* The a u th o r  i s  in d e b te d  to  M r.A .P a jaczk o w sk i and 

Dr. G-.Houghton f o r  t h e s e  m easu rem en ts ,  to  Mr. W.McCorkindal 

and Dr.A.C.Syme f o r  th e  m ic r o - a n a ly s e s ,  and to  t h e  s t a f f  

o f  t h e  C hem is try  D epartm ent f o r  t h e  u s e  o f  a p p a r a t u s ,  and 

f o r  sam ples  o f  a u t h e n t i c  B - s i t o s t e r o l  and c y c lo a r t a n o n e . 

The l i g h t  p e t ro le u m  o r  p e t r o l  u s e d  b o i l e d  o v e r  th e  

ra n g e  40-60°C .
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ISOLATION OP THE LIGHT PETROLEUM SOLUBLE FRACTION 

M a t e r i a l

Three h a tc h e s  o f  d ru g  were o b ta in e d  a t  i n t e r v a l s  o f  

s e v e r a l  m o n th s ,  so t h a t  th e  p o s s i b i l i t y  o f  o n ly  one 

com m erc ia l  d ru g  l o t  b e in g  examined was r e g a r d e d  a s  u n l i k e l y .  

They a l l  s a t i s f i e d  t h e  p h a rm a c o g n o s t ic a l  d e s c r i p t i o n  o f  

A* r e t i c u l a t a  v i z . ,  sm a l l  brown rh izo m es  b e a r i n g  th e  

re m a in s  o f  s u b a e r i a l  s tem s and num erous w iry  r o o t s ,  t h e  

l a t t e r  fo rm in g  th e  m a jo r  p r o p o r t i o n  o f  t h e  d ru g .  One 

b a t c h  (N o .3)? c o n ta in e d  a b o u t  4-fo o f  A. s e r p e n t a r i a , t h e  two 
t y p e s  b e in g  q u i t e  d i s t i n c t  and e a s i l y  s e p a r a t e d .

P r e p a r a t i o n  o f  d ru g

The r o o t s  and rh izo m es  were d r i e d  a t  60°C. f o r  two 

day s  and red u c ed  i n  a  d i s i n t e g r a t o r  to  an  a p p ro x im a te ly  

60 mesh pow der.

E x t r a c t i o n

The powdered d ru g  was packed  i n t o  a  c o p p e r  p e r c o l a t o r ,  

co v ered  w i t h  l i g h t  p e tro le u m  and a l lo w e d  to  m a c e ra te  o v e r 

n i g h t .  I t  was th e n  p e r c o l a t e d  a t  room te m p e r a tu re  w i th  

l i g h t  p e t ro le u m  u n t i l  t h e  p e r c o l a t e  was o n ly  p a le  y e l lo w  

( t h r e e  d a y s ) .  E v a p o r a t io n  o f  t h e  e x t r a c t  on a  w a t e r - b a t h  

y i e l d e d  a  d a rk  g re e n  e x t r a c t  o f  p l e a s a n t  o d o u r .  The y i e l d s  

o f  o i l  a r e  r e c o rd e d  i n  T able  7 .  The o i l - f r e e  d ru g  was



5 6 .

d r i e d  a t  room t e m p e r a tu r e  and r e s e r v e d  f o r  f u t u r e  

e x a m in a t io n .

q?aPle 7

W eight
B a tc h

( l h s . )

P e r c o l a t e

(m l.)

E x t r a c t

(g -)

I d e n t i f i c a t i o n

1 6 1 5 , 0 0 0 106 A

2  28 3 0 , 0 0 0 7 0 0 * B

3  28 2 0 , 0 0 0 460* C

*  E v a p o r a t io n  o f  t h e s e e x t r a c t s was n o t

p ro lo n g e d  i n  o r d e r  to a v o id  l o s s  o f

v o l a t i l e c o n s t i t u e n t s •

i
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ISOLATION OP ARISTOLACTONE

The o i l  ( 4 g . ) from  w hich  f r e e  a c i d  and c a rb o n y l  

compounds had been  removed (se e  p a g e s  58 and 5 9 ) ,  was s te am -  

d i s t i l l e d .  A c r y s t a l l i n e  d e p o s i t  (0 .0 8 3 g » )  i n  t h e  c o n d e n se r  

was removed w i t h  e t h e r  and r e c r y s t a l l i s e d  from  l i g h t  p e t r o l 

eum, m .p .  108-110°C . As t h e  m ain  b u lk  o f  th e  o i l y  extract 
gave no s o l i d  m a t t e r  when k e p t  a t  -1 5 °C . f o r  two d ays  i t  was 
se ed e d  w i th  a  c r y s t a l .  A b u lk y  mass o f  c r y s t a l s  s e p a r a t e d  

w i t h i n  a  few h o u r s .  The m ix tu re  was k e p t  i n  a  r e f r i g e r a t o r  

(2 d a y s ) ,  t h e  c r y s t a l s  f i l t e r e d  o f f ,  washed f r e e  from  

a d h e r i n g  o i l  w i th  i c e - c o l d  l i g h t  p e t ro le u m  and r e c r y s t a l l i s e d  

fro m  l i g h t  p e t ro le u m  to  c o n s t a n t  m e l t i n g  p o i n t ,  110-111°C.

The y i e l d s  a r e  r e c o r d e d  i n  T ab le  8 .

T ab le  8

B a tc h Crude C r y s t a l s  ( g . ) P u re  c r y s t a l s C r y s t a l  form

1 2 .5 2 .0 p l a t e s *

2 16 .0 1 3 . 0 n e e d l e s

3 8 .5 6 .5 n e e d l e s

*  R e c r y s t a l l i s e d  from  a c e to n e - w a te r  m ix tu r e .

B a tc h  3 was u se d  f o r  t h e  i s o l a t i o n  o f  a r i s t o l a c t o n e  

o n ly  and was n o t  examined f u r t h e r .



SEPARATION OP PREE ACIDS

The o i l  w h ich  rem ained  a f t e r  s e p a r a t i o n  o f  t h e  

l a c t o n e  was d i l u t e d  w i th  l i g h t  p e t r o le u m ,  e x t r a c t e d  w i th  

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

aqueous l a y e r  washed once w i th  l i g h t  p e t ro le u m .  The 

a c i d s  w ere r e c o v e re d  by a c i d i f y i n g  th e  aqueous l a y e r ,  

e x t r a c t i n g  w i th  l i g h t  p e t ro le u m ,  d r y in g  th e  e x t r a c t  w i th  

sodium  s u l p h a t e  and rem oval o f  t h e  s o l v e n t .  They form ed 

a  brown v i s c o u s  o i l ,  (0 .2 6 g .  and 0 .6 g .  from  b a t c h e s  1 and 

2 r e s p e c t i v e l y ) ,  w hich  f l u o r e s c e d  b lu e  i n  u l t r a v i o l e t  

l i g h t .  They were n o t  examined f u r t h e r .
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ISOLATION AID EXAM NATION OF CARBONYL COMPOUNDS 

EXTRACT A

( i )  The o i l  from  t h i s  e x t r a c t  was sh ak en  f o r  4 days w i th  

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

q u a n t i t y  o f  s o l i d  w hich  c o l l e c t e d  a t  th e  i n t e r f a c e  was 

f i l t e r e d  o f f .  The s o l i d  a p p e a re d  to  be u n a f f e c t e d  by h o t  

sodium  c a r b o n a te  s o l u t i o n  (10$) and was n o t  examined f u r t h e r ,

( i i )  G i r a r d ’ s m ethod

The o i l  w h ich  was r e c o v e r e d  from  t h e  b i s u l p h i t e  

e x t r a c t i o n  was b o i l e d  g e n t l y  u n d e r  r e f l u x  f o r  one h o u r  w i th  

a  s o l u t i o n  o f  G i r a r d ’ s r e a g e n t  T ( I 0 g . )  and g l a c i a l  a c e t i c  

a c i d  (1 0 m l.)  i n  e th a n o l  (9 0 m l . ) .  The m ix tu r e  was th e n  

d i l u t e d  w i th  i c e d  w a te r  to  re d u c e  th e  a l c o h o l  c o n te n t  to  

n o t  more t h a n  10$ vA r. Nine t e n t h s  o f  t h e  a c e t i c  a c id  was 

n e u t r a l i s e d  by th e  a d d i t i o n  o f  N sodium h y d ro x id e  s o l u t i o n  

(1 5 8 m l.)  and n o n - k e to n i c  m a t e r i a l  was e x t r a c t e d  w i th  

s o l v e n t  e t h e r  (5 x 200 m l . ) .  The c l e a r  aqueous s o l u t i o n  

c o n t a i n i n g  k e t o n i c  m a t e r i a l  was made a p p ro x im a te ly  norm al 

w i t h  r e s p e c t  t o  s u l p h u r i c  a c id  and t h e  m ix tu r e  a l lo w e d  to  

s t a n d  f o r  1 h o u r .  The now o p a le s c e n t  l i q u i d  was t h e n  

e x t r a c t e d  w i th  s o l v e n t  e t h e r  (3 x 200 m l . ) ,  t h e  e t h e r  

l a y e r s  were b u lk e d ,  d r i e d  w i th  sodium s u l p h a t e  and 

magnesium o x ide  ( to  remove a c e t i c  a c id )  and e v a p o r a te d  to  

y i e l d  a  v i s c o u s  o i l  o f  p e c u l i a r  o d o u r .



EXTRACT B

T h is  e x t r a c t  was t r e a t e d  a s  d e s c r i b e d  -under E x t r a c t  

A, ( i i )  u s i n g  p r o p o r t i o n a t e l y  l a r g e r  q u a n t i t i e s  o f  r e a g e n t s  

and s o l v e n t s .  The y i e l d s  a r e  r e c o r d e d  i n  T ab le  9*

Table  9

E x t r a c t X ie ld  ( g . ) A ppearance

A 3*14
»T°G.

y e l lo w  v i s c o u s  o i l  +170

B 21 d a rk  o ran g e  o i l ,  w h ich  was 
n o t  exam ined f u r t h e r .

A ttem p ted  d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e . T here  was 

no s i g n i f i c a n t  d i s t i l l a t e  up  to  a  b a th  t e m p e r a tu r e  o f  240°C. 

and  u n d e r  a  p r e s s u r e  o f  2 m.m. o f  m e rc u ry .  The k e to n e  

f r a c t i o n  g r a d u a l l y  became d a rk e r  i n  c o lo u r .

A ttem p ted  f r a c t i o n a t i o n  by means o f  l i g h t  p e t r o l e u m . The

o i l  ( 0 .2 g . )  was warmed w i th  l i g h t  p e t ro le u m  (2 0 m l.)  and

th e  i n s o l u b l e  m a t t e r  (0 .0 4 2 g .)  was f i l t e r e d  o f f .  The

l a t t e r  was o b ta in e d  a s  a  b ro w n is h -y e l lo w  a lm o s t  s o l i d  
r i  n

s u b s ta n c e  L^Jp +62 ( c = 0 .4 2 8 ) .  The f i l t r a t e ,  a f t e r  

e v a p o r a t i o n ,  y i e l d e d  a  p a le  y e l lo w  o i l ,  ( 0 . 1 4 6 g . ) ,
13 ° C . ,o£

M p +179° ( c = 2 .0 7 ) ,  250 m p . , E. lt°„, 650.

A ttem p ted  f r a c t i o n a t i o n  by means o f  ch ro m a to g ra p h y . The 

o i l  ( 0 . 7 g . )  was h e a te d  w i th  l i g h t  p e tro le u m  (50ml.), c o o le d



and f i l t e r e d  from  i n s o l u b l e  m a t t e r  ( 0 . 2 6 6 g . ) .  The f i l t r a t e  

was e v a p o r a te d  to  a b o u t  5 m l. and p l a c e d  on a  column o f  

a lum in ium  o x id e  ( 4 5 g . )•  The chrom atogram  was d e v e lo p e d  

w i t h  l i g h t  p e t ro le u m  and two p a l e  y e l lo w  b a n d s  w ere o b t a i n e d .  

These  w ere  removed from  th e  column by e x t r u d i n g  t h e  l a t t e r  

and s e p a r a t i n g  them m e c h a n ic a l ly ,  fo l lo w e d  by  s o l u t i o n  i n  

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

. i n  T ab le 10.

T ab le  10.

Band W eight ( g . ) [«■], Remarks

1 0.161 + 121 lo w e r  band on  
column

2 0 .2 5 5 + 22

A ttem p ted  p r e p a r a t i o n  o f  d e r i v a t i v e s . ( i )  The l i g h t  

p e t r o l e u m - s o l u b l e  o i l  ( 0 .1 g . )  was d i s s o l v e d  i n  e th a n o l  

(5 m l.)  and h e a te d  f o r  5 m in u te s  w i th  a  m ix tu r e  o f  

2 : 4 - d i n i t r o p h e n y l h y d r a z i n e  ( 0 . 2 g . ) ,  s u l p h u r i c  a c id  ( 0 .5 m l . )  

and e th a n o l  ( 5 m l . ) .  The m ix tu re  was c o o le d  and a  deep  

r e d  p r e c i p i t a t e  f i l t e r e d  o f f .  R e c r y s t a l l i s a t i o n  from  

e t h a n o l - w a t e r  m ix tu r e  gave r e d  f l o c c u l e s ,  m .p . 1 52 -1 64°C.

( i i )  The o i l  (0 .1 5g« )  i n  e th a n o l  (1 m l.)  was t r e a t e d  w i th  

a  s o l u t i o n  o f  s e m ic a rb a z id e  h y d ro c h lo r id e  ( 0 .5 g . )  and



sodium  a c e t a t e  ( i g . )  i n  w a te r  ( 3 m l . ) .  S u f f i c i e n t  e th a n o l  

was added  to  g iv e  a  c l e a r  s o l u t i o n  when h o t .  A f t e r  

e o o l i n g ,  a  s t i c k y  p r e c i p i t a t e  was 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  e t h a n o l - w a t e r  a s  g r a n u l e s ,  m .p . 80 -90°C . 

The g r a n u l e s  w ere  o p t i c a l l y  a c t i v e  ( d e x t r o r o t a t o r y ) .
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ISOLATION AND EXAMINATION OP THE VOLATILE OIL

EXTRACT A

The o i l ,  f r e e  from  c a rb o n y l  compounds was s te a m -  

d i s t i l l e d ,  t h e  f l a s k  b e in g  m a in ta in e d  a t  1 2 0 - 1 3 0 °C. by 

im m ers io n  i n  an  o i l - b a t h  a t  130°C. to  keep  th e  volume o f  

l i q u i d  a t  a b o u t  250 m l. The d i s t i l l a t e  was c o l l e c t e d  i n  

27 f r a c t i o n s  (T ab le  1 1 ) ,  e ac h  f r a c t i o n  b e in g  e x t r a c t e d  

w i t h  l i g h t  p e t r o le u m .  The l i g h t  p e t ro le u m  e x t r a c t s  were 

d r i e d  w i th  sodium s u l p h a t e ,  e v a p o ra te d  and th e  r e s i d u e  

w e ig h ed . The r e s i d u e  i n  th e  Bteam d i s t i l l a t i o n  f l a s k  

was r e s e r v e d  f o r  s a p o n i f i c a t i o n .

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

a f t e r  N o .7 , b u t  n o t  im m e d ia te ly ,  t h i s  t a k i n g  p l a c e  i n  

some, o n ly  a f t e r  s e v e r a l  w eeks. C o n s ta n ts  were r e c o rd e d  

f o r  c e r t a i n  s e l e c t e d  f r a c t i o n s  i n  o r d e r  t o  d e te rm in e  

w h e th e r  o r  n o t  f r a c t i o n a t i o n  o f  c o n s t i t u e n t s  had  t a k e n  

p l a c e .
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Table 11.

F r a c t i o n D i s t i l l a t e
(m l.)

He s i  due 
(g - )

n°o.
Od

*0.
A p pearance

1 25 1 .67 1 .4702 - 1 0 . 8 m o b i l e , c o l o u r l e s s
2 385 1 1 .7 4 1 .4780 - 1 . 3

tt tt

3 365 2 .2 4 1 .5075 +4 3 . 6 p a le  y e l lo w

4 345 1 .33 1 .5140 +60 .8  y e l lo w , v i s c o u s

5 380 0 .9 2 1 .5145 + 92 .6 tt it

6 385 0 .5 6 1 .5145 +99 • 7 ft tt

7 535 0 .5 9 1 .5152 +108.6 tt «

8 470 0 .4 9 1 .5170 - ft tt

9 525 0 .6 6 - - o i l + c r y s t a l s
10 525 0 .4 4 - - H tt

11 485 0 .6 4 1 .5192 + 1 2 3 It tt

12 425 0 . 3 8 - - tt tt

13 445 0 .5 4 1 .5 2 0 4 - tt M

14 493 0 .4 4 - - tt tt

15 428 0 .4 0 - - p a le  y e l lo w  <o i l
16 450 0 .4 2 - - «t tt it

17 550 0 . 3 2 - - tt tt tt

18 425 0 .2 7 - - n tt tt

19 405 0 .2 5 - - tt tt tt

20 448 0 .2 5 - - M tt tt

21 430 0 .2 9 - - tt tt tt

22 363 0 .1 8 - - It tt tt

23 365 0 .2 0 1 .5210 + 134 ft tt tt

24 440 0 .1 6 - - tt tt tt

25 450 0 . 2 3 - - tt tt tt

26 450 0 .1 2 - - tt tt tt

27 470 0 .1 0 — — tt tt tt
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EXTRACT B

T h is  was t r a n s f e r r e d  to  a  two l i t r e  f l a s k  and s te a m -  

d i s t i l l e d  u n d e r  t h e  c o n d i t i o n s  d e s c r i b e d  ab o v e .  F r a c t i o n  

I  (T ab le  12) came o v e r  so r e a d i l y  t h a t  i t  was c o l l e c t e d ,  

d r i e d  w i th  sodium s u l p h a t e  and r e s e r v e d .  The o t h e r  

f r a c t i o n s  d e s c r ib e d  i n  t h e  t a b l e  were o b ta in e d  by a l lo w in g  

t h e  o i l  to  s e p a r a t e  from  th e  aqu eo us  d i s t i l l a t e ,  s e p a r a t i n g  

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

s o l v e n t  was a v o id e d  i n  e v e ry  c a se  e x c e p t  f r a c t i o n  VI w hich  

r e p r e s e n t e d  th e  v o l a t i l e  o i l  e x t r a c t e d  by means o f  e t h e r  

a f t e r  t h e  above s e p a r a t i o n  and b e f o r e  r e j e c t i o n  o f  th e

aqueous l i q u o r s .

Table  12 •

F r a c t i o n  W eight 
( g . )

D i s t i l l a t e  
( m l . )

C h a r a c t e r i  s t i  cs

I 2 0 0 (m l.) 200 C o l o u r le s s ,  m o b ile  l i q u i d ,  
m a in ly  l i g h t  p e t ro le u m  and 
e t h e r ,  b u t  c o n ta in i n g  
t r a c e s  o f  o i l .

I I 1 9 .0 500 C o l o u r l e s s ,  m o b i le ,  m a in ly  
l i g h t  p e t ro le u m .

I I I 2 2 .4 1000 A lm ost c o l o u r l e s s ,  f r a g r a n t
i5 °C.

IV 3 0 .9 2000 P a le  y e l lo w  o i l ;  ^15^.0.960 
- 6 .9 4 °

. |7 °C .
V 7 .0 3 0 0 0 Y ellow  o i l ;  clts..c 0 .9 6 2

w r +3? .o
VI 19 .0 6000 Y ellow  v i s c o u s  o i l .
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FRACTION I

F r a c t i o n a t i o n  o f  t h i s  l i q u i d  p ro v ed  u n s a t i s f a c t o r y  

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

60-240°C . The d i s t i l l a t e  (25ial*) o f  b o i l i n g  ra n g e  6 0 -6 8 °C . ,  

was o p t i c a l l y  a c t i v e  ( s l i g h t l y  l a e v o r o t a t o r y )  and was 

t r e a t e d  w i th  a  s o l u t i o n  o f  brom ine i n  e t h e r  u n t i l  t h e  

r e a g e n t  was no l o n g e r  d e c o l o u r i s e d .  E v a p o r a t io n  o f  t h e  

s o l v e n t  gave a  d a rk  c o lo u re d  o i l  ( 0 . 1 g . )  w hich  d id  n o t  

c r y s t a l l i s e  even  on lo n g  s t a n d in g .  When ch ro m atog rap hed  

on a lu m in a ,  u s i n g  l i g h t  p e t ro le u m  a s  e l u a n t ,  t h e  o i l  y i e l d e d  

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

w h ich  w ere n o t  i d e n t i f i e d ,  and th e  second  a  c o l o u r l e s s  

c r y s t a l l i n e  s o l i d ,  m .p . 87-88°C . when r e c r y s t a l l i s e d  from  

l i g h t  p e t ro le u m .  These c r y s t a l s  were a l s o  i s o l a t e d  from  

f r a c t i o n s  I I  and I I I  (se e  below ) and d e t a i l s  o f  chrom atogram  

and c o n s t a n t s  a r e  g iv e n  t h e r e .

FRACTIONS I I  and I I I

These were combined and s u b m it te d  to  r e p e a t e d  

f r a c t i o n a l  d i s t i l l a t i o n  u n d e r  red u c ed  p r e s s u r e .  The m ain  

f r a c t i o n s  i s o l a t e d  a r e  g iv e n  i n  T ab le  13-



T a b l e 1 5 •

F r a c t i o n B . p . ° C . / m.m.Hg.
»o°c.

r>x>
IS°C..

w r W eight ( g . )

A 106-140 ( a t m o s . ) 1 .477 0 0 .8 5 6
(1 6 ^ 0 .)

1 .0

B 105-110 ( b a t h ) / 7 5 1 .4774 0 .8 8 2 -5 0 1 .43

C 114 ( b a t h ) / l 8 1 .4765 1 .0 0 0 - 4 4 . 4 4 .8

D 120-126 ( b a t h ) / l 8 1.4841 0.961 - 2 3 .5 3 . 8

E 1 3 0 - 1 3 2 ( b a t h ) / l 8 1 .4910 0 .9 3 7 - 8 . 3 3 .1

F 132-136 ( b a t h ) / l 8 1.4971 0 .9 4 2 0 2 .4

M inor and i n t e r m e d i a t e  f r a c t i o n s 8 .0
!

R e s id u e 3 .5  j
. . .  f

F r a c t i o n  A

The o i l  (0 * 3 55g .)  was d i s s o l v e d  i n  l i g h t  p e tro le u m  

(1 0 m l.)  and t r e a t e d  w i th  a  s o l u t i o n  o f  "bromine i n  l i g h t  

p e t ro le u m  u n t i l  th e  r e a g e n t  was no l o n g e r  rap id ly -  

d e c o l o u r i s e d .  E v a p o r a t io n  o f  t h e  s o lv e n t  gave a  c o l o u r l e s s  

o i l ,  w h ich , when chrom atographed  on a lu m in a  (T ab le  14) gave 

t h r e e  f r a c t i o n s .  F r a c t i o n  A 2 when s u b m i t te d  to  f u r t h e r  

ch rom atog raphy  on a lu m in a  gave c o l o u r l e s s  c r y s t a l s  m .p .89 °C .
r i'7°c’ o(from  70$ e t h a n o l ) ,  [ ^ ] P + 98 (c  = 0 .4 6 ) .



Found C 4 0 .6 5 $ ,  H 5 .5 $ ,  Br 5 4 .5 $ .

C10H16Sr2 r e q u i r e s  C 4 0 .6  $ , H § .5 $ ,  B r  53*9$.

Chromatogram = 10 cm. x  1 cm. E lu a n t  : l i g h t  p e t r o le u m .

T ab le  14.

F r a c t i  on E lu a n t  (m l. )  Re s i  due Remarks

A 1 

A 2

20

10

0 .1 5 2  C o l o u r l e s s , o d o u r l e s s  o i l .  
Rot exam ined.

0 .1 2 3  C o lo u r le s s  c r y s t a l s  and a  
t r a c e  o f  o i l .  Y ie ld  
a f t e r  f u r t h e r  ch rom ato
g ra p h y ,  0 . 1 0 3  g.

A 3 l i g h t  p e t ro le u m  1 
e th a n o l  1

0 .1 1 8  L ig h t  p e tro le u m  y i e l d e d
o n ly  t r a c e s  o f  o i l  so th e  
column was s t r i p p e d  w i th  
t h e  m ixed s o l v e n t  to  g iv e  
an  o i l  o f  cam phoraceous 
o d o u r .  Rot exam ined.

F r a c t i o n  B

The o i l  ( 0 .9 3 g . )  was s a p o n i f i e d  w i th  0 .5R  a l c o h o l i c  

p o ta s s iu m  h y d ro x id e  (1 0m l.)  f o r  3 0  m in u te s ,  d u r in g  w hich  

t im e  th e  c o lo u r  o f  t h e  m ix tu re  deepened  from  y e l lo w  to  

r e d d is h -b r o w n .  The e q u iv a l e n t  w e ig h t  o f  t h e  o i l  was 1228. 

The n o n - a c id  f r a c t i o n  was e x t r a c t e d  from  t h e  n e u t r a l i s e d  

s o l u t i o n  w i th  l i g h t  p e tro le u m  (2 x  3 0  m l . ) ,  t h e  e x t r a c t  

washed w i th  b r i n e  (2 x 5 m l . ) ,  d r i e d  (sodium  s u l p h a t e )  and



e v a p o r a te d  t o  a b o u t  5 ml« C hrom atography on a  column o f  

a lu m in a  u s i n g  l i g h t  p e t ro le u m  a s  e l u a n t  gave t h e  f o l l o w i n g  

f r a c t i o n s  (T ab le  15)

Table  15.

F r a c t i o n E lu a n t  (m l. ) R es idue ( g* ) Remarks

B 1 25 0.417
tS'C. ‘S't-

1.4742; d15oe. 0.859  
[a] ”-5 9 .0 }  E',1 .3 1 3  a t

210 "ift.
B 2 30 t r a c e -

B 3 30 n -

B 4 40
( a c e to n e )

0.097 P a r t l y  c r y s t a l l i n e

B ro m in a t io n  o f  f r a c t i o n  B 1

The o i l  ( 0 .2 0 g . )  when b ro m in a te d  and ch ro m atog raph ed  

a s  d e s c r ib e d  u n d e r  f r a c t i o n  A gave t h e  f o l lo w in g  f r a c t i o n s

B 1a, c o l o u r l e s s  o i l y  l i q u i d  (0 .0 8 7 6  g . ) ;  n o t  exam ined: 

B 1b, c o l o u r l e s s  l i q u i d  (0 .0826  g . ) w hich  c r y s t a l l i s e d  

on s t a n d in g :

B 1e , o i l  (0 .0 1 9 8  g . ) o f  cam phoraceous o d o u r ;  n o t  

exam ined.

F r a c t i o n  B 1b. Three r e c r y s t a l l i s a t i o n s  from  80$ e th a n o l  

gave c r y s t a l s ,  m .p . 8 7 .5 -8 8 ° C . ,  u n d e p re s s e d  on a d m ix tu re



w i t h  th e  d ib ro m id e s  o b ta in e d  from  f r a c t i o n s  I  and A. 

S e e d in g  B 1a w i th  t h e  c r y s t a l s  f a i l e d  t o  in d u c e  

c ry  s t a l i i  s a t i  o n .

Q u a n t i t a t i v e  b r o m in a t io n  o f  f r a c t i o n  B 1 ( p y r i d i n e  

b rom ide  m ethod) gave b rom ine  a b s o r p t i o n  e q u i v a l e n t  to  1 .0 5  

e t h y l e n i c  b o n d s .

A ttem p t a t  p r e p a r a t i o n  o f  a  n i t r o s i t e  from  f r a c t i o n  B 1 .

The o i l  ( 0 .0 4 0 g . )  was t r 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  (2 d ro p s )  and l i g h t  p e tro le u m  ( 0 . 4 m l . ) .  A s a t u r a t e d  

s o l u t i o n  o f  sodium  n i t r i t e  ( 0 .1 m l . )  was added and t h e  

m ix tu r e  sh ak en  g e n t l y .  No c r y s t a l l i n e  p r e c i p i t a t e  form ed 

i n  t h e  l i g h t  p e t ro le u m  l a y e r .  (Absence o f  p h e l l a n d r e n e ) .

F r a c t i o n  C

The o i l  (4 g . )  was b o i l e d  u n d e r  r e f l u x  f o r  50 m in u te s  

w i t h  e t h a n o l i c  p o ta s s iu m  h y d ro x id e  (0 .66N ; 5 0 m l . ) ,  and

n e u t r a l i s e d  by t i t r a t i o n  w i th  0.5N h y d r o c h l o r i c  a c i d .  

E q u iv a le n t  w e ig h t  fo u n d ,  276, e q u i v a l e n t  to  a b o u t  70$  o f  

b o m y l  f o r m a te .  E x t r a c t i o n  o f  t h e  s o l u t i o n  w i th  l i g h t  

p e t ro le u m  y i e l d e d  an o i l y  s e m i - c r y s t a l l i n e  m ass, t h e  o i l  

from  w hich  was ch rom atographed  from  l i g h t  p e tro le u m  on 

a lu m in a .  Two m ain f r a c t i o n s  were o b ta in e d  ( f i g . 2) o f  

w hich  t h e  f i r s t ,  r e t i c u l e n e  ( 0 .1 8 g . )  was a c o l o u r l e s s  o i l .  

The second  f r a c t i o n ,  w hich  was e l u t e d  by a m ix tu re  o f



l i g h t  p e t ro le u m  and e t h a n o l ,  was a  c o l o u r l e s s  c r y s t a l l i n e  

s o l i d  w hich  was added to  th e  re m a in d e r  o f  t h e  c r y s t a l s ,  

from  w hich  t h e  o i l  had  been  p i p e t t e d ,  to  g iv e  f r a c t i o n  0 1. 

The m ix t u r e ,  p r o b a b ly  o f  b o m e o l  and r e t i c u l e n e ,  shown i n  

f i g . 2 was n o t  exam ined .

F r a c t i o n s  D, E and F

These were t r e a t e d  a s  d e s c r ib e d  above f o r  f r a c t i o n  C 

and t h e  r e s u l t s  a r e  sum m arised i n  T ab le  16.

T ab le  16.

F r a c t i o n W eight
( g . )

•j-
E quiv  . 
W eight

R e t i c u l e n e
( g . ) ( g . )

C r y s t a l s  
I d e n t i f i  c a t i  on

C 4 276 0 . 18 2 .7 0 1

D 3-714 370 0 .409 2 .25 D 1

E 3-075 715 1 .794 0 . 7
\

E 1

F 1.897 1455 1 .189 t r a c e -



R e t i c u l e n e

A n a ly s i s  o f  r e t i c u l e n e  from  f r a c t i o n  D

Pound 0, 8 8 .3 5 ;  H, 11 .5 8

(C^Hg)n  r e q u i r e s  0, 8 8 .2  ; H, 1 1 .Q%

The c o n s t a n t s  o f  r e t i c u l e n e  i s o l a t e d  from  eac h  f r a c t i o n  

w e r e s -
\S°C. I ^ ° c - i(,eC.

from  f r a c t i o n  C : [«•]„ + 1 .6  ( c , 4 . 4 7 ) ;  cL'c 0 .9 1 3 ;  'V 1 .4955

D : [ * £ % 1 . 5  ( 0 ,3 - 9 2 ) ;  <Cs£o.912} n’jT' 1 .4944f l  M

n n

n »t

E : [«-]»%■ 1 . 6  ( c , 4 . 4 7 ) ;  <C£.0.913} ^  1-4955  

F : [o-I‘ V l . 1  ( c , 4 .2 )  ; cl'is-c.0 .9 1 4 ;  n® ‘ 1 .4972

Q u a n t i t a t i v e  b r o m in a t io n  o f  r e t i c u l e n e  R e t i c u l e n e  (0 .05 88g )  

was t r e a t e d  w i th  p y r i d in e  brom ide r e a g e n t  ( 3 0 m l . )  an d ,  a f t e r  

th e  a d d i t i o n  o f  p o ta s s iu m  i o d id e  ( 2 g . )  t h e  l i b e r a t e d  i o d i n e  

was t i t r a t e d  w i th  0.1N sodium t n i o s u l p h a t e . A b la n k  was

a l s o  c a r r i e d  o u t .  Halogen u p ta k e  was e q u i v a l e n t  to  2 .2  

mol s .

D i h y d r o r e t i c u l e n e . The o i l  ( 1 .0 8 g . )  was h y d ro g e n a te d  a t  a

p la t in u m  c a t a l y s t  i n  e th a n o l .  Hydrogen u p ta k e  had a lm o s t  

c e a s e d  a f t e r  3 h o u rs  b u t  th e  t im e  o f  c o n ta c t  was e x te n d ed  

to  18 h o u r s ,  by w hich t im e  th e  volume o f  hydrogen  a b so rb e d  

(123 m l. a t  15°C .) was e q u iv a l e n t  to  1 .06  e t h y l e n i c  b o n d s .

The e t h a n o l i c  s o l u t i o n  was f i l t e r e d  from  c a t a l y s t  and
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t h e  s o l v e n t  removed "by e v a p o r a t i o n  to  g iv e  an  o i l y  r e s i d u e  

w h ich  was d i s t i l l e d  u n d e r  red u c ed  p r e s s u r e  to  g iv e  a  

c o l o u r l e s s  o i l  ( 0 .7 2 g . )  b . p .  130-135°C . ( h a t h ) / l 8  m .m ., 

d'Vc. 0 .9 0 0 ,  op C’ 1 .4 8 2 6 , (c  = 5 .2 1 ) ,  k  208i*>fi,

fe, 1681.

Found C, 8 6 .6 4 ;  H, 12 .66

^15^26 r e ^u ^ r e s  C, 8 7 .3 0 ;  H, 1 2 . 7 0 X

Found a f t e r  r e d i s t i l l a t i o n  o v e r  sod ium s-

C, 8 7 .5 5 ;  H, 1 2 .2 3 X

D i h y d r o r e t i c u l e n e  gave a  p a l e  y e l lo w  c o lo u r  w i th  

t e t r a n i t r o m e t h a n e , h u t  f u r t h e r  h y d r o g e n a t io n  a t  a  p la t in u m  

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

a c i d ,  and a t  a  p la t in u m  c a t a l y s t  i n  g l a c i a l  a c e t i c  a c id  

cau sed  no f u r t h e r  a b s o r p t i o n  o f  h y d ro g en , and t h e  p ro d u c t  

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

Q u a n t i t a t i v e  b r o m in a t io n  o f  d i h y d r o r e t i c u l e n e . The o i l  

( 0 . 0 3 9 3 s* )  a b so rb e d  b rom ine  ( p y r id in e  brom ide m ethod) 

e q u i v a l e n t  to  0 .7  e t h y l e n i c  bond.

O z o n o ly s is  o f  r e t i c u l e n e . Method 1 . The o i l  ( 0 .3 8 8 g . )

was d i s s o l v e d  i n  c h lo ro fo rm  (10m l.)  w hich  had  been  d r i e d

by a z e o t r o p i c  d i s t i l l a t i o n .  The m ix tu re  was co o le d  to

-2 0 °C . and a  s t re a m  o f  o z o n is e d  oxygen p a sse d  th r o u g h  f o r



8 m in u te s .  The r e a c t i o n  m ix tu r e  was a l lo w e d  to  r e a c h  room 

t e m p e r a t u r e ,  g l a c i a l  a c e t i c  a c id  (2 m l.)  and z i n c  d u s t  (0*&g«) 

a d d ed , th e  l a t t e r  b e in g  added  i n  p o r t i o n s ,  w i th  s t i r r i n g ,  

o v e r  a  p e r i o d  o f  15 m in u te s .  The m ix tu r e  was sh ak en  

f r e q u e n t l y  d u r in g  3 0  m in u te s  and th e n  f i l t e r e d  from  z in c  

d u s t  and z in c  a c e t a t e .  The r e s i d u e  was washed w i th  c h lo r o 

fo rm  and th e  w a sh in g s  added to  th e  f i l t r a t e ,  w hich  was 

p o u re d  i n t o  w a te r  (40 m l.)  and shaken  th o r o u g h ly .  The 

c h lo ro fo rm  l a y e r  was e x t r a c t e d  w i th  f u r t h e r  q u a n t i t i e s  o f  

w a te r  (4 x 2 0 m l.)  and th e  aqueous l a y e r s  b u lk ed  and r e s e r v e d  

f o r  e x a m in a t io n  f o r  c a rb o n y l  compounds. The c h lo ro fo rm

l a y e r  was d r i e d  (sodium  s u l p h a te )  and e v a p o r a te d  to  g iv e  an
c l%o i l  (0 * 3 9 g .)  o f  cam phoraceous o d o u r ,  t  Uirt a t  289*r>[J- > 2 .5 6 .

E x a m in a t io n  o f  aqueous e x t r a c t . T h is  was f i l t e r e d  th ro u g h  

a  p lu g  o f  c o t t o n  wool and th e  f i l t r a t e  n e u t r a l i s e d  w i th  

sodium  h y d ro x id e  s o l u t i o n  (2 0 $ ) ,  and th e n  made j u s t  a c id  

w i th  a c e t i c  a c i d .  himedone ( 0 .5 g . )  d i s s o l v e d  i n  e th a n o l  

(2 0 m l.)  was added and t h e  m ix tu re  s t i r r e d  th o r o u g h ly .  A f t e r  

1 h o u r ,  t h e  p r e c i p i t a t e  w hich  had form ed was f i l t e r e d  o f f ,  

washed w i th  w a te r  and d r i e d  a t  100°0 . The p r o d u c t  ( s m a l l  

n e e d le  c r y s t a l s )  m e l te d  a t  188-189°0 . and t h i s  was u n d e p re s s e d  

on a d m ix tu re  w i th  a u t h e n t i c  dimedone fo rm a ld e h y d e  d e r i v a t i v e .



E x a m in a t io n  o f  o i l y  f r a c t i o n .  A ttem p ted  p r e p a r a t i o n  

o f  d e r i v a t i v e s .

(i )  2 s 4 - D in i t r o p h e n y lh y d r a z o n e . The o i l  (50mg.) was 

d i s s o l v e d  i n  e th a n o l  (0 .5 m l)  and a  s o l u t i o n  o f  2 : 4 - d i n i t r o -  

p h e n y lh y d r a z in e  ( 0 .1 g . )  i n  e th a n o l  (5ml) and s u l p h u r i c  a c i d  

(0 .3 m l)  was a d d ed . The m ix tu re  was h e a te d  f o r  30 m in u te s ,  

c o o le d  and a  f l o c c u l e n t  p r e c i p i t a t e ,  m .p . 1 0 5 -1 5 0 ° 0 . , 

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

e t h a n o l ,  b e n z e n e ,  c a rb o n  t e t r a c h l o r i d e  and e t h y l  a c e t a t e  

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

(i i )  S e m ic a rb a z o n e . The o i l  ( 0 . 1 g . )  was m ixed w i th  a 

s o l u t i o n  o f  s e m ic a rb a z id e  h y d r o c h lo r id e  ( 0 . 2 g . ) ,  and sodium  

a c e t a t e  ( 0 .2 g . )  i n  w a te r  ( 2 m l . ) .  The m ix tu r e  was h e a te d  

and e t h a n o l  added to  g iv e  a  c l e a r  s o l u t i o n .  A f t e r  1 hou r  

t h e  m ix tu r e  was c o o le d ,  d i l u t e d  w i th  w a te r  to  g iv e  an 

o p a le s c e n c e  and s e t  a s id e  f o r  2 d a y s .  M i c r o - c r y s t a l s  were

t h e n  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  e th a n o l  (7 0 $ ) ,  

m .p . 200-201°C. Y ie ld  5 mg.

Method 2 . R e t i c u l e n e  ( 0 .2 g . )  was d i s s o l v e d  i n  g l a c i a l  

a c e t i c  a c i d  (5 m l.)  and o z o n is e d  oxygen p a s s e d  th ro u g h  th e  

s o l u t i o n  a t  0°C. f o r  20 m in u te s .  The o zo n id e  was decomposed 

by t h e  a d d i t i o n  o f  w a te r  and a l lo w in g  th e  m ix tu re  t o  s ta n d

o v e r n i g h t .  No c r y s t a l s  were o b ta in e d  and th e  o i l  was 

r e c o v e re d  by n e u t r a l i s i n g  th e  m ix tu re  w i th  sodium h y d ro x id e
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s o l u t i o n  (20$) and e x t r a c t i n g  w i th  e t h e r ,  a s  a  v i s c o u s  

l i q u i d  o f  cam phoraceous o d o u r  w hich  f a i l e d  to  c r y s t a l l i s e  

on  s t a n d i n g ,  o r  a f t e r  ch ro m ato g raphy  on a  column o f  a lum ina*

D e h y d ro g e n a t io n  o f  d i h y d r o r e t i c u l e n e . ( i )  The o i l  ( 0 . 1 g . ) 

was h e a te d  w i th  p a l l a d iu m  (25$) on c h a r c o a l ,  a s  d e s c r ib e d  

u n d e r  a r i s t o l a c t o n e  P a r t  I I ,  page 174 . The p r o d u c t  

showed no u l t r a v i o l e t  a b s o r p t io n  t y p i c a l  o f  a ro m a t ic  

com pounds.

( i i )  The o i l  ( 0 . 1 g . )  was h e a te d  w i th  s e le n iu m  ( 0 . 1 g . )  f o r  

6 h o u r s ,  t h e  m ix tu r e  b e in g  b o i l e d  g e n t l y .  The m ix tu r e  was 

d i l u t e d  w i th  c y c lo h exane ( s p e c t r o s c o p i c a l l y  p u re )  and 

e x t r a c t e d  w i th  p h o s p h o r ic  a c id  (S.G-. 1 .7 5 )»  t h e  l a t t e r  b e in g  

washed once  w i th  c y c lo h e x an e .  The a c id  was d i l u t e d  w i th  

w a te r  and th e  m ix tu re  r e - e x t r a c t e d  w i th  c y c lo h e x a n e . An

a p p r o p r i a t e  d i l u t i o n  o f  t h e  o r g a n ic  l a y e r  was exam ined f o r  

u l t r a v i o l e t  a b s o r p t i o n ,  w hich  showed p eak s  a t  244, 248,

294, 341-345  ( f l a t ) ,  357 and 367 mjx .



7 7 .

W a te r - in so lu b le  a c id  from f r a c t i o n s  C, D and E.

The aq ueous l a y e r  r e m a in in g  a f t e r  t h e  e x t r a c t i o n  o f

n e u t r a l  f r a c t i o n s  was a c i d i f i e d  w i th  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 t h  l i g h t  p e t ro le u m  (3 x 25 m l . ) .  The

l i g h t  p e t r o le u m  l a y e r  was washed once w i th  w a te r  ( 1 0 m l . ) ,

d r i e d  (sodium  s u l p h a t e )  and e v a p o r a te d  to  y i e l d  a  c o l o u r l e s s
l5#c.

o i l ,  o p t i c a l l y  i n a c t i v e ,  and a c id  i n  r e a c t i o n ,  1 .0 5 0 ;
XOcG . r*

np 1 .5 0 1 9 ;  L u .  a t  2 1 5 " ^ ,  177. Bromine a b s o r p t i o n  

( p y r i d in e  brom ide m ethod) was e q u i v a l e n t  to  0 .9  e t h y l e n i c  

bonds (b ased  upon  g C ^)• E q u iv a le n t  w e ig h t ,  ( t i t r a t i o n )

165- The a c i d  (0 .1 1 3 g « )  a b so rb e d  18 m l. o f  h y d ro g en  a t  

15°C. a t  a  p a l la d iu m  ( 3 $ ) - c h a r c o a l  c a t a l y s t  i n  e th a n o l

( e q u i v a l e n t  to  1 .2  e t h y l e n i c  b o n d s ) .  The p ro d u c t  was an
j ' 5 ' 0 ,  o i l  Ojs'c.1 . 0 3 0 .

The u n s a t u r a t e d  a c id  p a r t i a l l y  c r y s t a l l i s e d  on s t a n d in g  

f o r  s e v e r a l  weeks and when ch rom atographed  from  l i g h t  

p e t r o le u m  on a  column o f  c h a r c o a l  (1 part) and c e l l u l o s e  

(3 p a r t s )  y i e l d e d  a  c o l o u r l e s s  c r y s t a l l i n e  a c i d ,  m .p .7 2 -7 3 °C * > 

Xm ax. 206Tnp-> 9980 (based  upon C1()H160 2 ) .

The y i e l d s  o f  o i l y  a c i d  from  each  f r a c t i o n  w ere :

0 .2 9  g . (C ); 0 .353  g. (D); 0 .2 7 2  g . ( E ) .

S -B e n z y l th iu ro n iu m  s a l t . The a c id  ( 0 .0 8 0 g . )  was d i s s o l v e d  

i n  e th a n o l  (1 m l.)  and n e u t r a l i s e d  w i th  0.5N sodium h y d ro x id e  

u s i n g  p h e n o lp h th a l e in  a s  i n d i c a t o r .  A s a t u r a t e d  aqueous



s o l u t i o n  o f  S -b e n z y l th iu ro n iu m . c h l o r i d e  was added  and th e  

m ix tu r e  c o o le d  i n  i c e  t o  g iv e  a  c r y s t a l l i n e  p r e c i p i t a t e  

w h ich  was 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  e th a n o l  (90$) 

t o  c o n s t a n t  m .p . 1 3 6 . 5 -1 3 7 ° C .> and d r i e d  i n  vacuo  o v e r  

p h o sp h o ro u s  p e n to x id e  a t  57°0.

Pound C, 6 4 .9 ;  H, 7 .4 4 ;  N, 8 . 4 6

C18H26°2N2S Te^VL±Tes 6 4 .7 ;  H, 7 .8 4 ;  N, 8 . 3 7

° 18H24 ° 2H 2S "  C > 6 5 , 0 ;  H ’ 7 , 2 8 ;

Barium  s a l t . An a l c o h o l i c  s o l u t i o n  o f  t h e  a c i d  was 

n e u t r a l i s e d  w i th  0 .0  5N b a riu m  h y d ro x id e  and e v a p o r a te d  to

d r y n e s s .  The r e s i d u e  was r e c r y s t a l l i s e d  from  e th a n o l  as

a  m i c r o - c r y s t a l l i n e  powder. Pound ( s u lp h a te d  a sh )  B a ,49»26 j 

C^QH^02Ba^ r e q u i r e s  Ba, 49*43-

P e r r i c  s a l t . T h is  was form ed a s  a  b u f f  p r e c i p i t a t e  on th e  

a d d i t i o n  o f  a  s o l u t i o n  o f  f e r r i c  c h lo r i d e  to  an  aqueous

s o l u t i o n  o f  t h e  sodium s a l t .  D eco m p o sit io n  o f  t h e

p r e c i p i t a t e  w i th  h y d r o c h l o r i c  a c i d  cau sed  r a p i d  r e s i n i f i -  

c a t i o n .

S i l v e r  s a l t . T h is  was form ed a s  a  w h i te  g e l a t i n o u s  

p r e c i p i t a t e  on th e  a d d i t i o n  o f  s i l v e r  n i t r a t e  to  an  aqueous 

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

from  aqueous e th a n o l  was u n s u c c e s s f u l .



A tte m p te d  p r e p a r a t i o n  o f  a m id e . The a c i d  ( 0 .0 5 g . )  was 

t r e a t e d  w i t h  an  e t h e r e a l  s o l u t i o n  o f  d iaz o m e th an e  u n t i l  

t h e  y e l lo w  c o lo u r  p e r s i s t e d .  E v a p o r a t io n  o f  t h e  e t h e r  

gave an  o i l  o f  cam phoraceous o d o u r .  Ammonia s o l u t i o n  

(S .G . 0 .8 8 )  was added  to  th e  o i l  and th e  m ix tu r e  shaken  

o c c a s i o n a l l y  d u r in g  1 week. No c r y s t a l l i s a t i o n  o c c u r r e d .



W a ter -so lu b le  a c id  from f r a c t i o n s  C and D

The aq u eo u s  l i q u i d  r e m a in in g  a f t e r  t h e  rem ova l o f  t h e  

w a t e r - i n s o l u b l e  a c i d ,  was s t e a m - d i s t i l l e d  and t h e  d i s t i l l a t e  

n e u t r a l i s e d  w i t h  0.1N sodium  h y d ro x id e  s o l u t i o n  u s i n g  

p h e n o l p h t h a l e i n  a s  i n d i c a t o r .  E v a p o ra t io n  to  d ry n e s s  

y i e l d e d  a  r e s i d u e  o f  sodium s a l t  w hich  p o s s e s s e d  t h e  

f o l l o w i n g  p r o p e r t i e s  c h a r a c t e r i s t i c  o f  f o r m a te s .

( i )  I t  r e d u c e d  s i l v e r  n i t r a t e  s o l u t i o n  on warming 

t h e  m ix tu r e .

( i i )  I t  gave a  r e d  c o lo u r  w i th  f e r r i c  c h lo r i d e  s o l u t i o n  

and  a  b u f f  p r e c i p i t a t e  when h e a te d  w i th  th e  r e a g e n t .

( i i i )  When th e  s a l t  was h e a te d  r a p i d l y  to  360°C. (by 

i n s e r t i n g  i n t o  a  sand b a th  a t  t h a t  t e m p e r a tu re )  t h e  r e s id u e  

gave t h e  r e a c t i o n s  c h a r a c t e r i s t i c  o f  o x a l a t e s .

( iv )  The c r y s t a l s  (0 .0 5 0 g .)  were r e f l u x e d  f o r  1 h o u r  

w i t h  a  s o l u t i o n  o f  jo-brom ophenacyl brom ide ( 0 .2 g . )  i n  

e th a n o l  ( 2 m l . ) .  The m ix tu re  was c o o le d  and a l lo w e d  t o  

s t a n d  f o r  3 d a y s .  A f l o c c u l e n t  p r e c i p i t a t e  was 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  e th a n o l  a s  lo n g  n e e d l e s ,  m .p . 

1 3 7 -1 3 9 °C .,  u n d e p re s s e d  when mixed w i th  a  sam ple o f  

a u t h e n t i c  ja-brom ophenacyl f o rm a te .

(v) S u lp h a te d  a s h :  Pound, Na, 3 2 .8  .

C a lc u la te d  f o r  CHOgNa: Na, 33*8^.



A lcoho l, from f r a c t i o n s  C, D and E

The l a e v o - r o t a t o r y  r e s i d u e s  C 1, D 1 and E 1 (T ab le  

16 page 71 ) w ere  c r y s t a l l i s e d  from  l i g h t  p e t ro le u m  a s  

c o l o u r l e s s  p l a t e s  o f  ( - ) - b o r n e o l ,  m .p . 206°0 . (w i th  

s u b l i m a t i o n ) .

p - N i t r o b e n z o a te  The c r y s t a l s  ( 0 . 2 g . )  were d i s s o l v e d  i n

p y r i d i n e  (2 m l.)  and b o i l e d  g e n t l y  w i th  £ - n i t r o b e n z o y l  

c h l o r i d e  ( 0 . 3 g . )  f o r  30 m in u te s .  The m ix tu re  was c o o le d ,  

d i l u t e d  w i th  w a te r  (1 0 m l.)  and t h e  p r e c i p i t a t e  c o l l e c t e d ,  

washed w i t h  N sodium h y d ro x id e  s o l u t i o n  ( 2 x 5  m l . ) ,  w a te r  

( 3 x 2  m l . )  and d r i e d  o v e r  p h o sp h o ro u s  p e n to x id e  i n  v a c u o .

The p ro d u c t  was r e c r y s t a l l i s e d  from  l i g h t  p e tro le u m  a s  

n e e d l e s  o f  ( - ) - b o r n y l - £ - n i t r o b e n z o a t e  ( 0 .0 5 7 g . ) ,  m .p . 

1 3 4 -1 3 5 °C .,  M p  -3 4 - 7 °  (c = 1*3 i n  c h lo ro f o rm ) .  Htickel 

and  K a luba^7 7  ̂ g iv e  m .p . 136°C ., tccl J> - 3 4 .2 0 (c = 4 i n  

c h lo r o f o r m ) .

Pound C, 6 7 .9 ;  6 7 -9 ;  H ,7 .2 6 * 6 .8 1 ;  N ,4 .7 8

C a lc u la t e d  f o r  C H 0 N : C, 6 7 -3 ;  H ,7 -0  ; N ,4.64%

O x id a t io n  t o  camphor A s o l u t i o n  o f  p o ta s s iu m  d ic h ro m a te  

( 4 g . )  i n  s u l p h u r i c  a c id  (6 g . )  and w a te r  (9 m l.)  was added 

s lo w ly  to  t h e  c r y s t a l s  (0 .4 g . )>  and t h e  m ix tu re  was h e a te d  

on a  b o i l i n g  w a t e r - b a t h  u n d e r  a  lo n g  a i r - c o n d e n s e r  f o r  3 0  

m in u te s .  The w h i te  c r y s t a l l i n e  s u b l im a te  w hich  c o l l e c t e d
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i n  t h e  c o n d e n se r  was d r i e d  on f i l t e r  p a p e r  and r e s u b l im e d  

to  g iv e  c r y s t a l s  o f  camphor m .p . 176°C. (w i th  s u b l i m a t i o n ) .

Camphor 2 :4 ~ d in i t r o p h e n y lh y d r a z o n e  The c r y s t a l s  (m .p . 

1 7 6 ° C .) (0 .0 5 g * ) were d i s s o l v e d  i n  e th a n o l  (2 m l.)  and 

h e a t e d  w i th  a  s o l u t i o n  o f  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e  

( 0 .2 g . )  i n  e th a n o l  (10 m l.)  and s u l p h u r i c  a c i d  (0 .5 m l* )  

f o r  1 h o u r .  The s o l u t i o n  was d i l u t e d  w i th  d i l u t e  

s u l p h u r i c  a c i d  (5 0 m l.)  and th e  p r e c i p i t a t e  f i l t e r e d  o f f .

R e c r y s t a l l i s a t i o n  o f  t h e  p ro d u c t  from  e th a n o l  gave n e e d le  

c r y s t a l s  o f  camphor 2 : 4 - d in i t r o p h e n y lh y d r a z o n e ,  m .p . 

174-175°C .
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SAPONIFICATION OF HESI3UES FROM STEAM DISTILLATION

The r e s i d u e  from  E x t r a c t  A (page 6 3 ) was "boiled  g e n t l y  

u n d e r  r e f l u x  f o r  4 h o u rs  w i th  e t h a n o l i e  p o ta s s iu m  h y d r o x id e ,  

u s i n g  p o ta s s iu m  h y d ro x id e  ( 2 0 g . ) and e th a n o l  (1 20m l.)  f o r  

e a c h  100g. o f  o r i g i n a l  e x t r a c t .  The e th a n o l  was th e n  

removed by d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e ,  th e  volume 

o f  t h e  m ix tu r e  b e in g  k e p t  c o n s t a n t  by a d d i t i o n  o f  w a te r .

The m ix tu r e  was co o led  and e x t r a c t e d  w i th  l i g h t  p e tro le u m  

(3 x  3 0 0  m l . ) ,  t h e  o r g a n ic  l a y e r  was d r i e d  (sodium  s u l p h a t e )  

and t h e  s o l v e n t  e v a p o ra te d  to  g iv e  f r a c t i o n  I  A. The 

aqueou s  l a y e r  was r e - e x t r a c t e d  w i th  e t h e r  ( 3  x  250 m l . ) ,  

t h e  e x t r a c t  was d r i e d  a s  above, and e v a p o ra te d  t o  y i e l d  

f r a c t i o n  I I  A.

A c i d i f i c a t i o n  o f  th e  aqueous l i q u o r  w i th  h y d r o c h l o r i c  

a c i d ,  f o l lo w e d  by e x t r a c t i o n  w i th  l i g h t  p e tro le u m  ( 3  x 3 0 0 ml), 

d r y in g  o f  t h e  o r g a n ic  l a y e r s  (sodium  s u l p h a te )  and e v a p o ra 

t i o n  o f  t h e  s o l v e n t  gave th e  f a t t y  a c id  f r a c t i o n  I I I  A.

The aqueous l i q u i d  s t i l l  c o n ta in e d  much v i s c o u s  brown 

m a t t e r  w hich  was e x t r a c t e d  by e t h e r  to  g iv e  f r a c t i o n  IV A 

a s  a  d a rk  brown s o l u t i o n  i n  e t h e r .  The aqueous a c id  l i q i o r  

c o n s t i t u t e d  f r a c t i o n  V A. I n  e x t r a c t i n g  th e  c o r r e s p o n d in g  

f r a c t i o n s  from  th e  r e s i d u e  from E x t r a c t  B (page 65) th e  

t h e  volum es o f  s o l v e n t  and r e a g e n t s  were i n c r e a s e d  i n  

p r o p o r t i o n  to  th e  w e ig h t  o f  e x t r a c t .  The f r a c t i o n s  a r e
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i d e n t i f i e d  by t h e  l e t t e r  B e . g .  I B  e t c .  and t h e  r e s u l t s  

a r e  r e c o rd e d  i n  T ab le  17*

T able  17.

F r a c t i o n  W ature A ppearance  W eight ( g . )
E x t r a c t  A E x t r a c t  B

l i g h t  p e t ro le u m -  brown 5 .6 7  55
s o l u b l e  s e m i - s o l i d

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

I I  e t h e r - s o l u b l e  H 5*2 42
u n s a p o n i f i a b l e  

m a t t e r

I I I  l i g h t  p e t r o le u m -  n 6 .8 7  32
s o l u b l e  a c i d s

IV  e t h e r - s o l u b l e  n o t  i s o l a t e d  
a c i d s

V aqueou s  l i q u o r

F r a c t i o n s  I I  A, I I  B, IV A, and IV B were n o t  

ex am in ed .



FRACTION I  A. UNSAPONIFIABLE MATTER

Chrom atography  o f  f r a c t i o n  I  A on a  column o f  a lu m in a  

(1 2 M x  2 ,f) from  l i g h t  p e tro le u m  and a p p r o p r i a t e  s o l v e n t s  

gave t h e  r e s u l t s  r e c o rd e d  i n  T ab le  3» ( p a S e 4 5 ) .

F r a c t i o n  A.

A ttem p ted  d i s t i l l a t i o n  u n d e r  red u c ed  p r e s s u r e  gave n o  

v o l a t i l e  m a t e r i a l ,  and t h i s  f r a c t i o n  was n o t  examined 

f u r t h e r .

F r a c t i o n  B.

The y i e l d  o f  c r y s t a l s  was sm a ll  and th e y  were u se d  to  

s e e d  f r a c t i o n  I  B, (T ab le  1 7 ) ,  a f t e r  d i s s o l v i n g  th e  

f r a c t i o n  i n  l i g h t  p e t ro le u m  (100m l.)  The m ix tu re  was 

c o o le d  f o r  48 h o u rs  i n  a  r e f r i g e r a t o r  and t h e  p a le  brown 

mass w hich  s e p a r a t e d  was f i l t e r e d  o f f ,  washed w i th  i c e - c o l d  

l i g h t  p e t ro le u m  and a i r - d r i e d .  y i e l d  4.1 g .  The 

s u b s ta n c e  was d i s s o l v e d  i n  e th a n o l ,  d e c o lo u r i s e d  w i th  

c h a r c o a l  and r e c r y s t a l l i s e d  from  e th a n o l  (once) and e t h y l  

a c e t a t e  (3 t im e s )  to  y i e l d  g l i s t e n i n g  c o l o u r l e s s  c r y s t a l s  

( 0 . 5 g . ) ,  m .p . 7 8 -7 9 ° C . , unchanged  on f u r t h e r  r e c r y s t a l l i s a 

t i o n .  Very s low  c o o l in g  o f  th e  s o l u t i o n s  was foun d  to  be 

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

f i l t r a t i o n .  The c r y s t a l s  were d r i e d  o v e r  pho spho ro us  

p e n to x id e  i n  vacuo f o r  2 h o u rs  a t  57°C.



Pound C, 8 1 .5 1 ;  H, 1 4 .3 4 .

C a lc u la t e d  f o r  Cg^H^QO C, 8 1 .4  ; H, 14.1 •

” ” °26H54° 0, 8 1 .6  * H, 1 4 .2 $ .

The c r y s t a l s  gave no c o lo u r  i n  t h e  L ieb e rm an n -B u rc h a rd  

t e s t ,  and were n e u t r a l  i n  r e a c t i o n .

A c e ty l  d e r i v a t i v e  The c r y s t a l s  ( 0 .1 g . )  were added to  

a c e t i c  a n h y d r id e  (3 m l.)  and th e  m ix tu re  was "boiled g e n t l y  

f o r  1 h o u r .  E th a n o l  (1 0m l.)  was added , tn e  s o l u t i o n  

"boiled f o r  a  f u r t h e r  3 0  m in u te s ,  c o o le d  and d i l u t e d  w i th  

w a t e r .  The p r e c i p i t a t e  was e x t r a c t e d  w i th  e t h e r  ( 5 0 m l . ) ,  

and t h e  e t h e r  l a y e r  washed s u c c e s s i v e l y  w i th  "brine (2 x  5iml), 

s a t u r a t e d  sodium "b ica rbo na te  s o l u t i o n  (2 x 1 0 m l . ) ,  w a te r  

(2 x 5m l.)  and d r i e d  w i th  sodium s u l p h a t e .  E v a p o ra t io n  

o f  t h e  e t h e r  and r e c r y s t a l l i s a t i o n  o f  th e  r e s id u e  from  

e t h y l  a c e t a t e  gave sm a l l  l e a f  c r y s t a l s  m .p . 61-63°C .

( c e r y l  a c e t a t e  m .p. 63> 64* 65°C. B e i l s t e i n )

O x id a t io n  w i th  chrom ic  a c id  The c r y s t a l s  were d i s s o lv e d  

i n  g l a c i a l  a c e t i c  a c id  (1 m l.)  and chromium t r i o x i d e  (I5m g.)  

were ad d ed . The m ix tu re  was h e a te d  on a  b o i l i n g  w a t e r - b a t h  

f o r  1 .5  h o u r s ,  c o o le d ,  d i l u t e d  w i tn  w a te r  and made a l k a l i n e  

w i th  sodium  h y d ro x id e  s o l u t i o n  (2 0 $ ) .  On s h a k in g  th e  

m ix tu r e  w i th  e t h e r  a  f l o c c u l e n t  p r e c i p i t a t e  c o l l e c t e d  a t  

t h e  i n t e r f a c e .  The p r e c i p i t a t e  was washed w i th  e t h e r  and
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t h e n  made a c i d  w i th  d i l u t e  h y d r o c h l o r i c  a c i d .  E x t r a c t i o n  

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

and r e c r y s t a l l i s a t i o n  o f  t h e  r e s i d u e  from  e th a n o l  (70$) 

y i e l d e d  m i c r o - r o s e t t e  c r y s t a l s  o f  an  a c id  (6mg.) m .p . 82°C. 

A c i d i f i c a t i o n  o f  t h e  a l k a l i n e  aqueous l i q u o r s  and e x t r a c t i o n  

w i t h  e t h e r  gave a  f u r t h e r  sm a ll  y i e l d  o f  a c i d .

F r a c t i o n s  C, D and E .

These were n o t  exam ined.

F r a c t i o n  G.

The c r y s t a l s  ( 0 . 1 4 g . ) from  t h i s  f r a c t i o n  were 

r e c r y s t a l l i s e d  from  a  m ix tu re  o f  a c e to n e  and w a te r  t o  g iv e  

t h e  f o l lo w in g  f r a c t i o n s : -

S I  ( 0 .0 1 4 g . ) m .p . 127-132°C.

e  2 ( 0 .0 6 9 g . )  m .p . 136-138°C. [«] 'S-3 5 °  (c  = 0 .9 9  i n
c h lo ro fo rm )

a  3  ( o . 0 3 i g . )  m .p . 136-143°0 .

F r a c t i o n s  G 1 and G 3 were n o t  exam ined.

F r a c t i o n  G 2 was r e c r y s t a l l i s e d  from  a  m ix tu re  o f  a c e to n e  

and w a te r  h u t  t h e  m e l t in g  p o i n t  rem ained  u n changed .

A dm ixture  w i th  a u t h e n t i c  B - s i t o s t e r o l  o f  m .p . 139-140°C. 

r a i s e d  th e  m e l t i n g  p o i n t  t o  137-139°C. The c r y s t a l s  gave 

th e  c o lo u r  r e a c t i o n s  c h a r a c t e r i s t i c  o f  s t e r o l s  v i z .

S a lkow sk i r e a c t i o n ,  o r a n g e - r e d ;  L ie b e rm an n -B u rc h a rd ,  mauve 

 » b l u e  » b o t t l e - g r e e n .  D i f f e r e n t  t e x t - b o o k s  g iv e



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

c f .  G i l m a n a n d  F i e s e r  and F i e s e r ^ ^  and f o r  s a t i s 

f a c t o r y  r e s u l t s  th e  f o l lo w in g  method was a d o p te d .  A few  

c r y s t a l s  ( a b o u t  1mg.) were d i s s o l v e d  i n  c h lo ro fo rm  (2 d ro p s )  

and t h e  m ix tu r e  d i l u t e d  w i th  a c e t i c  a n h y d r id e  ( 1 m l . ) .  

C o n c e n t r a te d  s u l p h u r i c  a c id  was th e n  added d fo p w ise  u n t i l  

t h e  c o lo u r  was p ro d u ced  (2 o r  3 d ro p s  s u f f i c e d ) .

A c e ty l  d e r i v a t i v e . The c r y s t a l s  (5mg.) were h e a te d  w i th  

a c e t i c  a n h y d r id e  (0 .5 m l . )  f o r  3 h o u rs  on a  b o i l i n g  w a te r -  

b a t h ,  t h e  m ix tu r e  d i l u t e d  w i th  e th a n o l  ( 0 .5 m l . )  and h e a te d  

f o r  a  f u r t h e r  30 m in u te s  u n d e r  r e f l u x .  The s o l u t i o n  was 

d i l u t e d  w i th  w a te r ,  c o o le d ,  c e n t r i f u g e d  and th e  s u p e m a t e n t  

l i q u i d  r e j e c t e d .  The w h ite  r e s i d u e  was r e c r y s t a l l i s e d  

from  e th a n o l  (3 t im e s )  i n  a  c e n t r i f u g e  tu b e  to  g iv e  l o n g  

f l a t  c o l o u r l e s s  n e e d le s  m .p . 1 3 0 - 1 3 2 ° 0 . (K o f le r  b l o c k ) .

A s i m i l a r  e x p e r im e n t  u s in g  a u t h e n t i c  B - s i t o s t e r o l  (5mg.) 

gave c r y s t a l s ,  m .p . 130-132°C. (K o f le r  b l o c k ) .  A m ixed 

m .p . was u n d e p re s s e d .

B en zo y l d e r i v a t i v e . The c r y s t a l s  (0 .0 25g«) were 

d i s s o l v e d  i n  p y r i d in e  (0 .5 m l . )  c o n ta in i n g  b e n z o y l  c h lo r i d e  

(1 d r o p ) ,  and h e a te d  i n  a  b o i l i n g  w a t e r - b a t h  f o r  1 h o u r .

The m ix tu re  was coo led  and d i l u t e d  w i th  e t h e r ,  t h e  e t h e r  

l a y e r  washed w i th  2N h y d r o c h lo r i c  a c id  ( 2 x 3  m l . ) ,
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p o ta s s iu m  c a r b o n a te  s o l u t i o n  10$ ( 2 x 3  m l . )  and w a te r  

(3 x  3 A f t e r  d r y in g  w i th  sodium s u l p h a t e ,  t h e

e t h e r  was e v a p o ra te d  and th e  s l i g h t l y  c o lo u r e d  r e s i d u e  

r e c r y s t a l l i s e d  tw ic e  from  b e n z e n e - e th a n o l  m ix tu r e .  The 

p r o d u c t  m e l te d  a t  14 3 -145 °C .,  ( X o f le r  b l o c k ) ,  d e p re s s e d  

t o  1 1 8 -1 2 0 °0 .  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 .



FRACTION I I I  A. FATTY ACIDS

F r a c t i o n  I I I  A, ( 6 .8 7 g . )  was d i s s o l v e d  i n  a c e to n e  

(5 0 m l.)  and s e t  a s i d e  l o o s e l y  c o v e re d ,  f o r  s e v e r a l  w eeks. 

The s e m i - c r y s t a l l i n e  d e p o s i t  ( 0 .1 g . )  w hich  fo rm ed , was 

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  e th a n o l  t o  a  c o n s t a n t  

m .p . 7 3 - 7 5 ° C. A mixed m e l t in g  p o i n t  w i th  n - e i c o s a n o i c  

a c i d  was d e p re s s e d  to  68-71°C.

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

(5mg.) was h e a te d  g e n t l y  f o r  10 m in u te s  w i th  t h i o n y l  

c h l o r i d e  (3 d r o p s ) .  The e x c e ss  o f  r e a g e n t  was removed by 

e v a p o r a t i o n  and  ammonia s o l u t i o n  (S.G-. 0 .8 8 ;  5 d ro p s )  was

added  to  t h e  co o le d  r e s i d u e .  The s o l i d  w hich  form ed was 

d i s s o l v e d  by a d d i t i o n  o f  e th a n o l  and warming t h e  m ix tu r e .

On c o o l in g ,  m i c r o - c r y s t a l s ,  m .p . 102 -1 0 5 °C .,  were o b t a i n e d ,  

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

Chrom atography o f  a c id  m other l i q u o r s  from  f r a c t i o n  I I I  A. 

The a c e to n e  was removed by e v a p o r a t io n  and th e  r e s id u e  

( 2 . 5 g . ) was chrom atographed  on a  column o f  a lu m in a  

10" x  1-£M. T ab le  18 shows th e  e o u rse  o f  t h e  s e p a r a t i o n .

F r a c t i o n  I I I  A 3 . T h is  f r a c t i o n  s lo w ly  c r y s t a l l i s e d  a s  

lo n g  n e e d l e s  i n  a  brown o i l .  R e c r y s t a l l i s a t i o n  from  e t h e r



a t  -4 0 °C . gave f i n e  c o l o u r l e s s  n e e d l e s ,  m .p . 128-130°C .
\°/o

( c lo u d y  m e l t ) ,  becom ing c l e a r  a t  1 3 5 °C. E iL  a t  210mp = 453 

The c r y s t a l s  and o i l  were n e u t r a l  i n  r e a c t i o n  and gave no 

c o lo u r  i n  t h e  L ieb e rm an n -B u reh a rd  t e s t .  The o i l  ( 0 . 4 g . ) 

was s a p o n i f i e d  w i th  e t h a n o l i c  p o ta s s iu m  h y d ro x id e  0 . 5 R" 

(5 m l.)  and n e u t r a l i s e d  2 .4m l. I s o l a t i o n  o f  t h e  a c i d i c  

f r a c t i o n  gave an o i l y  p ro d u c t  w hich  was n o t  c h a r a c t e r i s e d .  

The r e m a in in g  f r a c t i o n s  i n  T ab le  18 were n o t  ex am in ed .

T able  18.

F r a c t i o n  Volume o f
e l u a n t  (m l.)

E lu a n t W eight
r e s i d u e

o f
(g - )

Remarks

I l l A 1 5 0 0

I I I A 2 1 0 0

I I I A 3 1 0 0

I I I A 4 1 0 0

I I I A 5 1 0 0

I I I A 6 1 0 0

I I I A 7 1 0 0

I I I A 8 1 0 0

I I I A 9 1 0 0

I I I A 1 0 1 0 0

I I I A 1 1 3 0 0

l i g h t  p e tro le u m
it it

+ e th a n o l  1 $
it

n

it

l i g h t  p e tro le u m  
+ e th a n o l  5 $

it

it

it

l i g h t  p e tro le u m  
+ e th a n o l  50$

l i g h t  p e tro le u m  
+ g l a c i a l

a c e t i c  a c id  1 $

0.041

0 .563

0 .076
0 .01 7

0 .0 4 4

0 .0 5 0
0 .1 2 5
0 .0 4 4

t r a c e

1,427

C o l o u r l e s s , 
n e u t r a l  o i l
brown v i s c o u s  

o i l
it ti n

if tt n

brown o i l  
w hich  d id  n o t  
s o l i d i f y  a t  

-4 0 °C .

d e p o s i te d  
amorphous 
g r a n u le s  a t  

-4 0 °C .



FRACTION I I I  B. FATTY ACIDS

The a c i d s  (3 2 g .)  were d i s s o l v e d  i n  95$ e th a n o l  (150 m l.)  

and t h e  s o l u t i o n  h e a te d  to  b o i l i n g .  A b o i l i n g  s o l u t i o n  

o f  l e a d  a c e t a t e  (2 5 g .)  and g l a c i a l  a c e t i c  a c i d  (3 m l.)  i n  

e th a n o l  ( 150m l.)  was added and t h e  m ix tu r e  a l lo w e d  t o  c o o l  

o v e r n i g h t .  The c r y s t a l l i n e  p r e c i p i t a t e  w hich  had form ed 

was f i l t e r e d  o f f ,  washed w i th  95$ e th a n o l  and r e c r y s t a l l i s e d  

from  95$ e th a n o l  (200m l.)  w hich  c o n ta in e d  g l a c i a l  a c e t i c  

a c i d  ( 4 m l . ) .  M .p. o f  l e a d  s a l t ,  95-102°C . The combined 

f i l t r a t e  and w a sh in g s  were r e s e r v e d  f o r  t h e  e x a m in a t io n  o f  

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

D e co m p o si t io n  o f  t h e  l e a d  s a l t s  o f  th e  s a t u r a t e d  a c i d s .

The s a l t s  were warmed w i th  a  m ix tu re  o f  e q u a l  p a r t s  o f  

h y d r o c h l o r i c  a c id  and w a te r  (40m l.)  u n t i l  a  l a y e r  o f  f a t t y  

a c i d s  fo rm ed on t h e  s u r f a c e  o f  t h e  m ix tu r e ,  w hich  was th e n  

c o o le d  and t r a n s f e r r e d  to  a s e p a r a t o r .  The f a t t y  a c i d s  

were e x t r a c t e d  w i th  l i g h t  p e tro le u m  (2 x 200 m l . )  and th e  

b u lk e d  l i g h t  p e t ro le u m  l a y e r s  washed f r e e  from  l e a d  s a l t s  

and  m in e r a l  a c i d  w i th  w a te r .  A f t e r  d r y in g  th e  f a t t y  a c i d s  

s o l u t i o n  w i th  sodium s u l p h a t e ,  th e  s o lv e n t  was e v a p o ra te d  

to  l e a v e  a  p a le  y e l lo w  s o l i d  ( 4 .2 g . )  m .p . 47-55°C .

O onvers ion  o f  s a t u r a t e d  a c i d s  to  m eth y l e s t e r s .  The a c i d s
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w ere d i s s o l v e d  i n  m eth an o l  (2 5 m l.)  w hich  c o n ta in e d  

s u l p h u r i c  a c i d  ( 0 . 5 m l . ) ,  and b o i l e d  g e n t l y  u n d e r  r e f l u x  

f o r  2 .5  h o u r s .  The e s t e r s  were i s o l a t e d  by d i l u t i n g  th e  

s o l u t i o n  w i th  b r i n e  and e x t r a c t i n g  w i th  l i g h t  p e t ro le u m  

(1 5 0 m l.)  w hich  was th e n  washed s u c c e s s i v e l y  w i th  b r i n e ,  

w a t e r ,  s a t u r a t e d  s o l u t i o n  o f  sodium  b i c a r b o n a t e  and w a te r .  

The l i g h t  p e t ro le u m  l a y e r  was d r i e d  (sodium  s u l p h a t e )  and 

e v a p o r a te d  to  g iv e  a  p a le  y e l lo w  o i l  w hich  s o l i d i f i e d  

r a p i d l y  when c o o le d  i n  i c e .

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

a c i d s . T h is  was c a r r i e d  o u t  u s i n g  a  s h o r t  f r a c t i o n a t i n g  

column and a  25 m l. f l a s k .  F r a c t i o n s  were c o l l e c t e d  a t  

i n t e r v a l s  and th e  s a p o n i f i c a t i o n  e q u iv a l e n t  ( S .E . )  and 

i o d i n e  v a lu e  ( I . 7 . )  d e te rm in e d  on s e l e c t e d  f r a c t i o n s .  The 

r e s u l t s  a r e  sum m arised i n  T able  5 (page 4 9 ) .  In. t h i s  

t a b l e  f r a c t i o n s  I I I  B 1 (a) and I I I  B 1 (b) were o b ta in e d  by 

r e d i s t i l l i n g  f r a c t i o n  I I I  B 1 from  a  sem i-m icro  a p p a r a tu s  

w hich  was a l s o  u s e d  to  d i s t i l  f r a c t i o n  I I I  B 4. The l a s t  

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

and w ere r e c r y s t a l l i s e d  from  a c e to n e - w a te r  t o  g iv e  l e a f  

c r y s t a l s ,  m .p . 61-63°C . The w e ig h t  o f  f r a c t i o n  I I I  B 4 

i n c lu d e d  th e  w e ig h t  o f  r e s id u e  o b ta in e d  from  th e  m o th e r  

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



General method f o r  d e term in a t io n  o f  th e  s a p o n i f i c a t i o n

e q u i v a l e n t . The e s t e r  ( 0 . 5 - 1 . 0 g . ) ,  a c c u r a t e l y  w e ig h ed , 

was d i s s o l v e d  i n  e th a n o l  (5 m l.)  p r e v i o u s l y  n e u t r a l i s e d  to  

p h e n o l p h t h a l e i n ,  and b o i l e d  g e n t l y  u n d e r  r e f l u x  w i th  0.5N 

e t h a n o l i c  p o ta s s iu m  h y d ro x id e  (1 0 m l.)  f o r  1 h o u r .  The 

m ix tu r e  was c o o le d  and th e  e x c e s s  o f  a l k a l i  t i t r a t e d  w i th  

0 .1N  h y d r o c h l o r i c  a c id  u s i n g  p h e n o lp h t h a l e in  i n d i c a t o r  

(a  m l . ) .  A b la n k  d e t e r m in a t io n  was c a r r i e d  o u t  (b m l . ) .  

The s a p o n i f i c a t i o n  e q u iv a le n t  was c a l c u l a t e d  from  th e  

f o r m u la s -

W eight o f  e s t e r  x  10 ,000  
(b -  a )

G e n e ra l  m ethod f o r  d e te r m in a t io n  o f  t h e  i o d i n e  v a l u e . The 

e s t e r  ( 0 . 0 5 - 0 . 0 6 g . ) a c c u r a t e l y  w e ighed , was d i s s o l v e d  i n  

e a rb o n  t e t r a c h l o r i d e  (5m l.)  i n  a  g l a s s  s to p p e re d  f l a s k ,  and 

s o l u t i o n  o f  i o d i n e  m o n o ch lo r id e  ( B r i t i s h  P harm aco poeia ;  

2 0 m l.)  a d d ed . A f t e r  30 m in u te s ,  p o ta s s iu m  i o d i d e  ( i g . )  

and  w a te r  (5Qml.) were added , and th e  l i b e r a t e d  i o d i n e  

t i t r a t e d  w i th  0.111 sodium t h i o s u l p h a t e  (a  m l . ) .  A b la n k  

d e t e r m i n a t i o n  was c a r r i e d  o u t  (b m l . ) .  The i o d i n e  v a lu e  

was c a l c u l a t e d  from  th e  f o rm u la : -

(b -  a) x  0 .01269  x 100 
Weight o f  e s t e r
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F r a c t i o n  I I I  B 1 ( a ) . I d e n t i f i c a t i o n  o f  p a l m i t i c  a c i d .

I s o l a t i o n  o f  t h e  a c id  from  f r a c t i o n  I I I  B 1 (a )  a f t e r  

i t s  s a p o n i f i c a t i o n  gave a  c r y s t a l l i n e  s o l i d  r e a d i l y  

d i v id e d  i n t o  two f r a c t i o n s  by means o f  a c e to n e .  The 

a c e t o n e - i n s o l u b l e  f r a c t i o n ,  a  w h i te  c r y s t a l l i n e  a c id  

( 0 .1 2 g . )  m .p . 1 0 4 -1 5 0 °C ., was n o t  examined f u r t h e r .

The a c e t o n e - s o l u b l e  a c id  was d e p o s i t e d  a s  s m a l l  

c o l o u r l e s s  c r y s t a l s ,  m .p . 6 1 - 6 2 .5 ° G . , on th e  c a r e f u l  

a d d i t i o n  o f  w a te r  t o  th e  a c e to n e  s o l u t i o n .  The m e l t in g  

p o i n t  was u n d e p re s s e d  on m ix in g  w i th  a u t h e n t i c  p a l m i t i c  

a c i d  o f  m .p .  6 0 - 6 2 .5°C.

F r a c t i o n  I I I  B 2 . P a l m i t i c  a c id  was i d e n t i f i e d  a s  

d e s c r ib e d  ab o v e .

F r a c t i o n  I I I  B 5 > The m e l t in g  p o i n t  su g g e s te d  i t  was a  

m ix tu r e  and i t  was n o t  examined f u r t h e r .

F r a c t i o n  I I I  B 4 . The a c id  i s o l a t e d  from  t h e  s a p o n i f i e d  

e s t e r  m e l te d  a t  7 4 -7 6 °0 .  a f t e r  r e c r y s t a l l i s a t i o n  from  

a c e to n e .  E q u iv a le n t  w e ig h t foun d  = 372.

F r a c t i o n  I I I  B 5. T h is  was d i s s o l v e d  i n  h o t  e th a n o l  (10 m l.)  

and a c t i v a t e d  c h a rc o a l  ( 0 .5 g . )  add ed . The m ix tu re  was 

f i l t e r e d  w h i l s t  h o t  and th e  f i l t r a t e  b o i l e d  w i th  0.5N
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e t h a n o l i c  p o ta s s iu m  h y d ro x id e  (1 0 m l.)  f o r  3 0  m in u te s .

The a l c o h o l  was removed by d i s t i l l a t i o n  and t h e  r e s i d u e  

d i l u t e d  w i th  w a te r  (4 0 m l . ) .  The s l i g h t l y  o p a l e s c e n t  

s o l u t i o n  was e x t r a c t e d  w i th  e t h e r  (5 0 m l.)  to  remove any 

u n chang ed  e s t e r .  The a c id  i s o l a t e d  from  t h e  aqueous 

l a y e r  by a c i d i f i c a t i o n  and e x t r a c t i o n  w i th  e t h e r  was 

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

c r y s t a l s ,  m .p . 7 8 -7 9 ° C. u n d e p re s s e d  on a d m ix tu re  w i th  

c e r o t i c  a c i d ,  m .p . 82°C. Y ie ld ,  15mg.

U n s a tu r a t e d  a c i d s . The r e s e r v e d  f i l t r a t e s  from  th e  

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

d i s t i l l e d  u n d e r  re d u c e d  p r e s s u r e  to  remove e th a n o l ,  and 

th e  r e s i d u e  t r a n s f e r r e d  to  a s e p a r a t o r  w i th  t h e  a id  o f  

l i g h t  p e t ro le u m  (3 0 0 m l.) .  The l i g h t  p e tro le u m  l a y e r  was 

washed w i th  w a te r  and th e n  w i th  d i l u t e  h y d r o c h l o r i c  a c id  

( to  decompose any l e a d  s a l t s  s t i l l  p r e s e n t ) ,  and th e  aqueous 

and a c i d  w ash ing s  r e j e c t e d .

E x t r a c t i o n  o f  n e u t r a l  m a t e r i a l . The l i g h t  p e tro le u m  

l a y e r  was e x t r a c t e d  w i th  an e x c e ss  o f  sodium h y d ro x id e  

s o l u t i o n ,  s e p a r a t i o n  i n t o  two p h a se s  b e in g  a s s i s t e d  by 

a d d i t i o n  o f  sodium c h lo r i d e .  The l i g h t  p e tro le u m  l a y e r  was 

washed w i th  b r i n e  and th e n  w i th  w a te r ,  th e  w ash ings  b e in g  

added to  th e  a l k a l i n e  e x t r a c t ,  d r i e d  (sodium s u l p h a t e )  and



e v a p o r a te d  to  y i e l d  a  c l e a r  b ro w n is h - re d  o i l  (3*1g»)

w hich  d e p o s i t e d  n e e d l e  c r y s t a l s  ( 0 . 3 g . )  m .p . 118-125°C .

R e p e a te d  c r y s t a l l i s a t i o n  from  a  m ix tu r e  o f  e q u a l  p a r t s  o f

a c e to n e  and w a te r  gave n e e d le  c r y s t a l s  ( 0 .0 5 g . )  m .p .
,0/

1 3 4 -1 3 6 .5  C .,  W „  0 (c = 2 .1 1 ) ,  EiJ*.. a t  2 0 9 * ^ ,  447.

Found 0, 7 7 .5 9 ;  H, 8 .9 3 .

C15H20°2 re<lu i r e s :  C, 7 7 .6 ;  H, 8 .6 8 #

The c r y s t a l s  were n e u t r a l ,  b u t  s a p o n i f i c a t i o n  o f  0 .0 2 2 g .

gave t h e  e q u i v a l e n t  w e ig h t  a s  253 (C-j 5H20^2 re<lu i r e s

e q u i v a l e n t  w e ig h t  2 3 2 ) ,  and a c i d i f i c a t i o n  o f  t h e  s a p o n i f i 

c a t i o n  l i q u o r s  p r e c i p i t a t e d  o r i g i n a l  m a t e r i a l ,  m .p . 136°C. 

Bromine a b s o r p t i o n  ( p y r id in e  brom ide m ethod) was 

e q u i v a l e n t  to  2 .0 4  e t h y l e n i c  bo nds.

The c r y s t a l s  gave a  p o s i t i v e  L eg a l  t e s t .

H y d ro g e n a t io n  o f  c r y s t a l s . The s u b s ta n c e ,  m .p . 125- 

1 3 0 ° C . , ( 0 .2 1 1 g . )  was h y d ro g e n a te d  a t  a  p la t in u m  c a t a l y s t  

(50mg.) i n  e th a n o l  (7 m l.)  U ptake o f  hydrogen  was com ple te  

i n  90 m in u te s  a t  24°C. w i th  th e  a b s o r p t io n  o f  92 m l. o f  

h y d ro gen  ( a f t e r  d e d u c t io n  o f  th e  volume a b so rb ed  by th e  

c a t a l y s t ) .  E q u iv a le n t  u p ta k e :  4 .1 5  m o ls .  F i l t r a t i o n  o f  

t h e  r e a c t i o n  m ix tu re  and e v a p o r a t io n  o f  t h e  f i l t r a t e  

y i e l d e d  a  c o l o u r l e s s  o i l  which s o l i d i f i e d  on c o o l in g .  

R epea ted  c r y s t a l l i s a t i o n  from  l i g h t  p e tro le u m  y ie ld e d



c o lo u r l e s s  n e e d le s  o f  an a c id ,  m.p. 11 3 .5 -116°C .

Found C, 7 5 -6 9 ;  H, 1 2 .0 5 .

C a lc u la t e d  f o r  C15H280 2 C, 7 5 .0 2 ;  H, 1 1 .7 5 *

I s o l a t i o n  o f  u n s a t u r a t e d  a c i d s . The a l k a l i n e  aqueous 

l i q u o r  r e m a in in g  a f t e r  t h e  e x t r a c t i o n  o f  n e u t r a l  m a t e r i a l  

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

r e c o v e r e d  by s o l v e n t  e x t r a c t i o n  ( l i g h t  p e tro le u m )  and 

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

C o n v e rs io n  to  m e th y l  e s t e r s . T h is  was c a r r i e d  o u t  a s  

d e s c r i b e d  u n d e r  t h e  s a t u r a t e d  a c i d s  b u t  u s i n g  m eth an o l 

( 100m l.)  w hich  c o n ta in e d  s u l p h u r i c  a c id  ( 2 m l . ) .

F r a c t i o n a l  d i s t i l l a t i o n  o f  th e  m e th y l  e s t e r s . The f l a s k  

(2 5 0 m l.)  was u se d  w i th  a  v acu u m -Ja ck e te d  Widmer column, 

and d i s t i l l a t i o n  o f  th e  e s t e r s  was c o n t in u e d  a s  f a r  a s  

p o s s i b l e  w i th  t h i s  a p p a r a tu s .  The d i s t i l l a t i o n  was 

co m p le ted  i n  a  sem i-m icro  a p p a r a tu s  w i th  a  s h o r t  f r a c t i o n 

a t i n g  column. The r e s u l t s  o f  t h e  d i s t i l l a t i o n  and 

e x a m in a t io n  o f  th e  f r a c t i o n s  a r e  r e c o rd e d  i n  T ab le  6 

(page 5 4 ) .

I d e n t i f i c a t i o n  o f  l i n o l e i c  a c i d . The a c id  was e x t r a c t e d  

from  t h e  s a p o n i f i e d  e s t e r  o f  f r a c t i o n  I I I  B v i i i  i n  t h e



n o rm al m anner and was o b ta in e d  a s  a  brown o i l .  T h is  was 

d i s s o l v e d  i n  l i g h t  p e tro le u m  and t r e a t e d  w i th  a  s o l u t i o n  

o f  b rom ine  i n  l i g h t  p e tro le u m  u n t i l  b rom ine  was i n  e x c e s s .  

Some f l o c c u l e n t  r e d  m a t t e r  was f i l t e r e d  o f f  and t h e  

f i l t r a t e  was c o o le d  i n  a  r e f r i g e r a t o r  f o r  1 h o u r .  The 

a lm o s t  c o l o u r l e s s  s o l id ,  w hich s e p a r a t e d  was c o l l e c t e d ,  

washed w i th  l i g h t  p e tro le u m  and r e c r y s t a l l i s e d  from  a 

m ix tu r e  o f  e t h e r  (1 p a r t )  and l i g h t  p e t ro le u m  (5 p a r t s )  

a s  s m a l l  c o l o u r l e s s  n e e d l e s ,  m .p . 1 15 -1 16°C .,  a f t e r  

s i n t e r i n g  a t  113°C. The c r y s t a l s  c o n ta in e d  b rom ine  and 

t h e  m e l t i n g  p o i n t  was u n d e p re s s e d  when th e y  were mixed 

w i th  a u t h e n t i c  t e t r a b r o m o s t e a r i c  a c i d  p re p a re d  from  

l i n o l e i c  a c i d .



FRAOTIOF 7  A

T h is  f r a c t i o n  was n e u t r a l i s e d  w i th  d i l u t e  s u l p h u r i c  

a c i d  u s i n g  p h e n o lp h t h a l e in  a s  i n d i c a t o r ,  and e v a p o r a te d  

on a  b o i l i n g  w a t e r - b a t h ,  f i l t e r i n g  o f f  a  sm a ll  q u a n t i t y  

o f  brown f l o c c u l e n t  m a t t e r  when t h e  volume had b een  

r e d u c e d .  E v a p o ra t io n  to  d ry n e s s  was com ple ted  and th e  

r e s i d u e  m ixed w i th  sodium s u lp h a te  ( 3 0 g . ) .  The m ix tu r e  

was e x t r a c t e d  c o n t in u o u s ly  w i th  a c e to n e  f o r  4 h o u rs ,  t h e  

a c e to n e  e x t r a c t  d e c a n te d  from  a  sm a ll  amount o f  i n s o l u b l e  

s a l t ,  and e v a p o ra te d  to  d ry n e s s .  The r e s i d u e  was 

d i s s o l v e d  i n  w a te r ,  d e c o lo u r i s e d  w i th  a c t i v a t e d  c h a r c o a l ,  

t h e  s o l u t i o n  f i l t e r e d  and t h e  f i l t r a t e  e v a p o ra te d  to  

d r y n e s s .  The r e s id u e  was d i s s o lv e d  i n  e th a n o l ,  t r a c e s  

o f  s a l t  removed by f i l t r a t i o n ,  t h e  f i l t r a t e  e v a p o r a te d ,  

and t h e  r e s i d u e  d r i e d  a t  100°C. f o r  15 h o u r s .  The 

r e s i d u e  ( 0 .2 2 g . )  was t r a n s p a r e n t ,  s e m i - s o l i d  and t a s t e d  

o f  g l y c e r o l .

P r e p a r a t i o n  o f  g l y c e r y l  t r i - £ - n i t r o b e n z o a t e . The above 

r e s i d u e  ( 0 .1 1 g . )  was d i s s o lv e d  i n  p y r i d in e  (2 m l.)  and 

2 - n i t r o b e n z o y l  c h lo r id e  ( 0 .4 g . )  d i s s o lv e d  i n  p y r i d in e  

(5 m l.)  ad ded . The m ix tu re  was h e a te d  on a  b o i l i n g  w a te r  

b a t h  f o r  3 0  m in u te s ,  coo led  and d i l u t e d  w i th  w a te r  (1 5 m l . ) .  

An e x c e s s  o f  sodium h yd ro x id e  s o l u t i o n  was added and th e



m ix tu r e  s e t  a s id e  w i th  o c c a s i o n a l  s h a k in g .  The oily- 

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

r e c r y s t a l l i s a t i o n  from  a c e to n e  c o n ta in i n g  a  t r a c e  o f  

w a te r  y i e l d e d  s m a l l  n e e d le  c r y s t a l s ,  m .p . 1 9 3 -1 9 5 °C .,  

u n d e p r e s s e d  on a d m ix tu re  w i th  a u t h e n t i c  g l y c e r y l  

t r i - £ - n i t r o b e n z o a t e  m .p . 1 9 4 -1 9 6 °C. N ef, and

Jaquem ain  and M u s k o v i t z g i v e  m .p . 192°C.



B I B L I O G R A P H Y



102.

(1) Dawson, P h a m . J . , 1927, 396, 427.

(2) U n i te d  S t a t e s  D i s p e n s a t o r y , 2 0 th .  e d . , 1262.

(3) Rosenmund and R e i c h s t e i n ,  P h a m . A c ta  H e l v e t . ,  1945> 1 8 ,243•

(4) Krishnasw am y, M an junath  and Venkato Rao, J . I n d i a n  chem.

Soc. , 1935, 12, 476.

(5) Bonsmann, A rc h . e x p . P a t h . Pharm ak. ,  1942, 2 0 0 , 414.

(6) Shaw, A u s t . J . P h a m . , 1947, 28, 857.

(7) B a rn a rd ,  A u s t . J . S c i . , 1949, 1_2, 30.

(8) Mesa, G a rc ia ,  C ra v io to  and Calvo de l a  T o r re ,

Q ie n c ia  e i n v e s t . , Buenos A i r e s ,  1950, 6,  471. 

Chem ical A b s t r a c t s , 1951, ,45, 702h.

(9) G-oncalves, L a r i o s ,  Z ap a ta ,  D z ie n d z ie le w sk y ,

Q ie n c ia  (Mex.) , 1952, 1 2 , 31*

Chem ical A b s t r a c t s , 1953, 47, 6492a.

(10) F e rg u so n ,  Amer. J . P h a m . , 1887, _59, 481.

* (1 1 )  B u c h o lz ,  B e r l . J a h r b . , 1807, 129-

(12) S p ic a ,  G-azz. ch im . i t a l . , 1887, 1_7, 313*

J . chem. S o c . , A b s t r a c t s , 1888, 82 .

(13) P e a co c k , Amer. J . P h a m . , 1891, 6j[, 257-

(14) K r i s h n a  Rao, M anjunath  and Menon, J . I n d i a n  chem. S o c . ,

1935, 1 2 ,  494.

(15) Sim onsen and B a r to n ,  The T erpenes  V o l . I l l ,  235,

Cambridge U n i v e r s i t y  P r e s s .  1952.

(16) P o h l ,  A rc h . e x p . P a t h . Pharm ak. ,  1892, 29,  282.

(17) H esse , A rc h . P h a m . , 1895, 255, 684.

(18) C e le n t in o  and Kind, J . o r g . Chem. , 1953, !§., 1473*

(19) G reen , E u g s t e r  and K a r r e r ,  H e lv . chim . A c ta , 1954, 37, 1717.



103.

* (2 0 )  C h e v a l l i e r ,  J o u r n a l  de P h a rm a c ie , 1820, 6 , 565.

* (2 1 )  W in k le r ,  J a h r b . F . p r a k t . Pharm . ,  1849, 1_9, 71 .

* (2 2 )  F r i c k h i n g e r ,  B u c h n e r1 s R e p e r t . f . d . Pharm . , 1851,

(3), 1, 1.
* (2 3 )  W alz, J a h r b . f . p r a k t . Pharm . ,  1852, 2!4, 65*

1853 9 26,  65.

(24) C a s t i l l e ,  J . Pharm . B e lg . , 1922, 4, 125, 141, 569*

(25) P a i l e r ,  B e lo h la v  and S im o n i ts c h ,  M onatsh . , 1955,

8 6 , 676.

(26) F e n e u l l e ,  J o u r n a l  de P h a rm a c ie , 1819, 5,  565.

(27) W ie sn e r ,  Die R o h s to f f e  des P f l a n z e n r e i c h e s ,

V o l .1 ,  116, Engelmann, 1927-

(28) J . chem. S o c . , A b s t r a c t s , 1892, 894.

(29) H esse , Pharm . J . and T r a n s a c t i o n s , 1892, ( 3 ) ,  22, 551 . 

* (3 0 )  P e c k o l t ,  J o m a l  da A g r i c u l t u r a , 1884, q uo ted  by

P e c k o l t  i n  Pharm . R undschau, Hew York, 1893 > 1 1  > 181*

(31) Dymok and Warden, Pharm . J . and T r a n s a c t i o n s , ( 3 ) ,

1891, 22, 245.

(32) Krishnaswamy and M anjunath , J . I n d i a n  chem. S o c . ,

1937, 14, 39-

* (3 3 )  M urray , A p p a ra tu s  medicaminum, I ,  502 (G o t t in g e n  17 93). 

* (3 4 )  O r f i l a ,  A llgem eine  T o x ic o lo g ie , ( B e r l i n ) ,  1818, 1 1 1 ,3 0 7 .

(35) L a lan n e  and Mathou, B u l l . S c . p h a rm a c o l . ,  1934-, 41, 460.

(36) Eyo, F o l i a  p h a rm a c o l . j a p . ,  1927, 4, 123,

Chemical A b s t r a c t s ,  1927, 3680.



(37) G i r a r d  and S a n d u le s c o ,  H e lv . chim . A c t a , 1936, 1_9, 1095

(38) B i r c h  and E l l i o t ,  A u s t . J .  Chem. , 1953, .6* 369*

L e d e r e r  and Nachroias, B u l l . So c . Ohim. F r a n c e . 1949, 400 

F o r s s  and D unstone , N a t u r e , B o n d .,  1954, 173 , 401.

(39) S u t h e r l a n d ,  U n i v e r s i t y  o f  Q ueensland  P a p e r s , 1948, 1,

N o .34, q u o ted  by M urray and S t a n l e y ,  J . a p p . Chem. 

1952, 2, 5.

(40) S im onsen, J . chem. S o c . , 1922, 121, 2292.

(41) H a l s a l l ,  Chem. and I n d . ,  1951, 867 .

(42) H enb es t  and Wood, i b i d . , 1951, 866.

(43) G u e n th e r ,  The E s s e n t i a l  O i l s , V o l . I I ,  627. Van

N o s tra n d  Co. 1949-

(44) S im onsen and B a r to n ,  The T e rp e n e s , V o l . I l l ,  2,

Cambridge U n i v e r s i t y  P r e s s ,  1952.

(45) D onleavy , J . Amer. chem. S oc . , 1936, 58, 1004*

(46) Ungnade and O r te g a ,  i b i d . , 1951, 71 , 1 564.

(47) Naves and P e r r o t e t ,  H e lv . ch im . A c ta , 1940, 2^ , 912.

(48) P fa u  and P l a t t n e r ,  i b i d . , 1936, 1 9 ,  871.

(49) S m ith , q u o ted  i n  r e f . (5 0 ) ,  p . 2525.

(50) B r ig g s  and S h o r t ,  J . chem. S oc . , 1928, 2524.

(51) R a d c l i f f e  and S h o r t ,  i b i d . , 1938, 1200.

(52) B i r c h  and Lahey, A u s t . J . Chem. , 1953, j6, 379*

(53) W alsh, T r a n s . F a rad ay  S oc . , 1949, 45., 179*

(54) KLotz, J . Amer. chem. S o c . , 1944, 66, 88 .

(55) D e r f e r ,  P i c k e t t  and Boord, i b i d . , 1949, 71., 2482.



(56) C o le ,  J . chem. S o c . , 1954-, 3807.

(57) P l i v a  and Sorm, C o l l . C z e c h o s lo v . chem. Commun. ,

1949, 14, 274.

(58) P l i v a  and H e ro u t ,  i b i d . ,  1950, 1_5, 160.

(59) P l i v a ,  H erou t and Sorm, i b i d . , 1951-1952 , 16 -1 7 , 158.

(60) P l i v a ,  H e ro u t ,  S c h n e id e r  and Sorm, i b i d . , 1953, !§ ., 500.

(61) C h ib n a l l ,  W il l ia m s ,  L a tn e r  and P i p e r ,  B iochem . J . ,

1933, 27, 1885.

e f .  a l s o  C h ib n a l l ,  P i p e r ,  P o l l a r d ,  W il l ia m s  and S a h a i , 

i b i d . , 1934, 28, 2189-

(62) F i e s e r  and F i e s e r ,  N a tu ra l  P r o d u c ts  r e l a t e d  to

P h e n a n th r e n e , 286, R e in h o ld  P u b l i s h i n g  Co. 1949*

(63) W a l l i s  and F e rn h o lz ,  J . Amer. chem. S o c . , 1936, 58, 2446.

(64) G loy er  and S c h u e t t e ,  i b i d . , 1939, 6j[, 1901.

(65) F i e s e r  and F i e s e r ,  N a tu r a l  P r o d u c ts  r e l a t e d  to

P h e n a n th r e n e , 286, R e in h o ld  P u b l i s h i n g  Co. 1949

(66) F i e s e r  and F i e s e r ,  i b i d . , 287.

(67) H L ld i tc h ,  Chemical C o n s t i t u t i o n  o f  N a tu r a l  F a t s ,

371, Chapman and H a l l ,  1941.

(68) H i l d i t c h ,  i b i d . , 308*

(69) H i l d i t c h ,  i b i d . ,  308.

(70) H i l d i t c h ,  i b i d . , 307.

(71) H i l d i t c h ,  i b i d . ,  p . 8 ,9 .

(72) F r a n c i s ,  P i p e r  and M alk in , P r o c . r o y . S o c . , 1930, A,



(73) K r i s h n a  Rao and M an juna th , J . I n d i a n  chem. S o c . ,

1935, 12,, 612.

(74) W esley C ocker, Chopra, C ro ss ,  Edward, H ayes, H u tc h is o n ,

Chem. and I n d . ,  1954, 1509*

(75) Ja c o b s  and S c o t t ,  J . b i o l . Chem. , 1930, § 7 ,  601.

(76) H i l d i t c h ,  B iochem . J .  1934, 28, 779*

(77) Htickel and K aluba , L ie b ig s  Ann. , 1942, 550, 269.

(78) Gilman, O rg a n ic  C h e m is try , an Advanced T r e a t i s e ,

V o l . I I ,  1391, John W iley and S ons , 1950.

(79) F i e s e r  and F i e s e r ,  N a tu r a l  P ro d u c ts  r e l a t e d  t o

P h e n a n th r e n e , 100, R e in h o ld  P u b l i s h i n g  Co. 1949*

(80) N ef ,  L i e b ig s  Ann. , 1904, 335 , 284.

(81) Jaquem ain  and M u skov itz , Compt. r e n d . , 1936, 202 , 497.

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

w i th  an  a s t e r i s k  were n o t  c o n s u l te d  and much

o f  t h e  i n f o r m a t io n  was o b ta in e d  from  th e  p a p e r
( z )

o f  Rosenmund and R e i c h s t e i n .

§§§§§§§§§§§§§§§§§§§§



P A S T  I I  

A E I  3 T 0 L A C T 0 I E



T H E O R E T I C A L



PRELIMINARY EXAMINATION OF ARISTOLACTONE

E le m e n ta ry  a n a l y s i s  and m o le c u la r  w e ig h t  d e t e r m i n a t i o n  

o f  a r i s t o l a c t o n e ,  i s o l a t e d  a s  d e s c r ib e d  i n  P a r t  I ,  gave t h e  

m o le c u l a r  fo rm u la  a s  c 15h 20o 2 . A r i s t o l a c t o n e  e x h i b i t e d  a  

l i g h t - a b s o r p t i o n  maximum a t  211 ( e ,  11 ,5 00 )  w hich  was

a t t r i b u t e d  to  an <x,3 - u n s a t u r a t e d  e s t e r  o r  l a c t o n e  

f u n c t i o n .  H y d ro ly s i s  gave an a c i d i c  f r a c t i o n  i n  q u a n t i 

t a t i v e  y i e l d  and f a i l u r e  to  i s o l a t e  a  s e p a r a t e  a l c o h o l  

f r a g m e n t  was t a k e n  to  i n d i c a t e  a l a c to n e  r a t h e r  t h a n  an 

e s t e r  s t r u c t u r e .  A sm all  p o r t i o n  o n ly  o f  th e  a c id  

c r y s t a l l i s e d  and t h i s  gave a  c r y s t a l l i n e  b u t  u n s t a b l e  

S - b e n z y l th iu r o n iu m  s a l t .  The b u lk  o f  t h e  a c i d  was 

u n s t a b l e ,  ch an g in g  r a p i d l y  i n t o  a  n e u t r a l  o i l  w hich  co u ld  

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

D e te r m in a t io n  o f  th e  i o d in e  v a lu e  o f  a r i s t o l a c t o n e  

u n d e r  v a r y i n g  c o n d i t i o n s ,  gave f r a c t i o n a l  v a lu e s  i n  a l l  

c a s e s ,  t h e  u p ta k e  b e in g  th e  e q u iv a le n t  o f  be tw een  2 .3  and 

2 .7  e t h y l e n i c  bond s , a c c o rd in g  to  th e  r e a c t i o n  t im e s .  The 

n o n - r e a c t i v e  n a t u r e  o f  double  bonds oc ,/3 to  g rou ps  su c h  as  

c a rb o n y l  o r  c a rb o x y l  has  lo n g  been  r e c o g n is e d ,  and a  check 

on r e a d i l y  a v a i l a b l e  m a t e r i a l s  v i z . ,  s a n to n in ,  e th y l  

a c r y l a t e  and m e th y l m e th a c ry la te  confirm ed  t h a t  u n d e r  th e  

e x p e r im e n ta l  c o n d i t i o n s  u se d ,  l i t t l e  o r  no a b s o r p t io n  o f  

h a lo g e n  to o k  p l a c e .  The f r a c t i o n a l  v a lu e  i s  a t t r i b u t e d



t o  some s u b s t i t u t i o n  o r  t o  s low  a d d i t i o n  to  t h e  a. ,13 -  

d o u b le  bond . Two d oub le  bonds a r e  t h u s  d e f i n i t e ,  w i t h  

p o s s i b l y  a  t h i r d .

H y d ro g e n a t io n  o f  A r i s t o l a c t o n e .

The p r e s e n c e  o f  a  t h i r d  d oub le  bond was c o n firm ed  by 

m ic r o - h y d r o g e n a t io n .  On a  l a r g e r  s c a l e  c o n s i d e r a b le  

v a r i a t i o n  was o b se rv e d  i n  t h e  r a t e  o f  hyd rog en  u p ta k e  w i th  

t h e  c a t a l y s t s  and s o l v e n t s  u s e d .  W ith p a l la d iu m  on 

c h a r c o a l ,  and e th a n o l  a s  s o l v e n t ,  o n ly  one m ol. was 

a o s o r b e d ,  th e  p r o d u c t  b e in g  d i h y d r o a r i s t o l a c t o n e ,  C^cR2 2 ^ 2 ' 

m .p . 7 9 -8 0 ° C . ,  [» ]  - 7 7 ° .  U sing  p la t in u m  o x id e  i n  e th a n o l ,

two m o ls .  o f  hydrogen  were r a p i d l y  a b so rb ed  b u t  i s o l a t i o n  

o f  t h e  p ro d u c t  a t  t h i s  s t a g e  gave o n ly  an o i l  w hich  was n o t  

f u l l y  c h a r a c t e r i s e d .  When a llo w ed  to  c o n t in u e ,  th e  

h y d r o g e n a t io n  was com pleted  by th e  a b s o r p t io n  o f  a  f u r t h e r  

m o l . ,  th e  r a t e  b e in g  d e te rm in e d  by th e  e f f i c i e n c y  o f  th e  

c a t a l y s t  -  f o r  exam ple , d i f f e r e n t  b a tc h e s  o f  p la t in u m  o x id e  

w ere  n o t i c e a b l y  d i f f e r e n t ,  one r e q u i r i n g  th e  a d d i t i o n  o f  a 

t r a c e  o f  h y d r o c h l o r i c  a c id  to  com plete  th e  h y d ro g e n a t io n .

The p r o d u c t  was t h e  c r y s t a l l i n e  h e x a h y d r o a r i s t o l a c t o n e ,
rtQQ.

m .p. 1 0 3 .5 -1 0 4 °C ., M p + 3 ° >  w hich  was o b ta in e d  

i n  two d i f f e r e n t  fo rm s from su b seq u e n t  h y d ro g e n a t io n s  -  

n e e d l e s  m .p . 9 9 -1 0 0 °C .,  and p l a t e s  m .p. 100-102 °C .,  b o th  

g iv in g  i d e n t i c a l  i n f r a r e d  a o s o r p t io n  s p e c t r a ,  a n a l y s i s ,
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o p t i c a l  r o t a t i o n  and h yd roxy-rac id , th oug h  a m ixed m .p . was

101-104°C . From th e  marked changes i n  o j j t i c a l  a c t i v i t y

upon  h y d r o g e n a t io n  a t  l e a s t  one o f  th e  do ub le  bonds m ust be

a s s o c i a t e d  w i th  a c e n t r e  o f  o p t i c a l  a c t i v i t y  (C han ley  and
(1)P o l g a r v ' ) •  H e x a h y d r o a r i s to l a c t o n e , u n l i k e  a r i s t o l a c t o n e , 

was s t a b l e  to  c o ld  a l k a l i ,  b u t  was r e a d i l y  s a p o n i f i e d  on 

h e a t i n g  w i th  a l k a l i  ( e q u iv a le n t  w e ig h t  2 3 9 ? t h e o r e t i c a l  2 3 8 ) .
H>*C.

The r e s u l t i n g  h y d ro x y - a c id ,  C-j m .p . 8 6 -8 7 °0 .  , [ ^ l ^ + l S 0 ,

o b ta in e d  from  b o th  form s o f  h e x a h y d r o a r i s t o l a c t o n e  was r e a d i l y  

c o n v e r te d  to  t h e  p a r e n t  l a c to n e  when h e a te d  j u s t  above i t s  

m e l t i n g  p o i n t  i n  a  s e a le d  tu b e .  T race  amounts o f  a  second 

a c i d ,  m .p . 121 -122°G ., were a l s o  o b ta in e d  from  th e  h y d r o l y s i s  

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

r e l a c t o n i s e  when h e a t e d ,  b u t  i n s t e a d ,  underw en t a slow  

r e s i n i f i c a t i o n  to  g iv e  a da rk  c o lo u re d  p ro d u c t  o f  i n d e f i n i t e  

m e l t i n g  p o i n t .  The a c id  was c o m p le te ly  s a t u r a t e d  to  t e t r a -  

n i t r o m e th a n e  and t h i s  exc lu ded  th e  p o s s i b i l i t y  o f  i t  a r i s i n g  

from  t r a c e s  o f  u n red u ced  a r i s t o l a c t o n e .

I n f r a r e d  a b s o r p t i o n  s p e c t r a  o f  a r i s t o l a c t o n e  and 

h e x a h y d r o a r i s t o l a c t o n e .
*

These co nfirm ed  th e  p re se n c e  o f  a  l a c to n e  r i n g  i n  b o th

s u b s ta n c e s .  I n  carbon  t e t r a c h l o r i d e ,  a r i s t o l a c t o n e  showed
1 1a  s t r o n g  band a t  1770 cm. (1736 i n  p a r a f f i n  m u ll)

c h a r a c t e r i s t i c  o f  an oc,/3 - u n s a t u r a t e d  y  —l a c t o n e ,  w i th  th e  

e x p e c te d  s h i f t  t o  1780 cm.  ̂ (1750 cm. i n  p a r a f f i n  m u ll)
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i n  h e x a h y d r o a r i s t o l a c t o n e .  The d i f f e r e n c e  i n  p o s i t i o n  o f  

t h e  hand  when t h e  s u b s ta n c e  i s  examined i n  s o l u t i o n ,  

compared w i th  i t s  p o s i t i o n  when examined i n  t h e  form  o f  

a  m u ll  w i th  p a r a f f i n ,  i s  a t t r i b u t e d  to  s o l v e n t  e f f e c t .

Marked changes  i n  th e  p r o p e r t i e s  o f  t h e  l a c t o n e  r i n g  

f o l l o w i n g  h y d ro g e n a t io n ,  a r e  a l s o  r e f l e c t e d  i n  t h e  e s t e r -  

g roup  a b s o r p t i o n s  o f  th e  two l a c t o n e s  i n  t h e  r e g i o n  

1000-1250 c m ." -*, t h e  two bands a t  1 0 3 4  and 1064 cm.""^ o f
— 1a r i s t o l a c t o n e  b e in g  r e p la c e d  by a  s i n g l e  band a t  1167 cm.

_ -i
i n  h e x a h y d r o a r i s t o l a c t o n e .  A s t r o n g  band a t  890 cm. and

_ -j
a  medium one a t  1650 cm. which a r e  p r e s e n t  i n  a r i s t o 

l a c t o n e  ( i n  c a rb o n  d i s u l p h i d e ) ,  and a b s e n t  from  th e  sp ec tru m  

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

g ro u p ,  w hich  was co nfirm ed  by th e  i d e n t i f i c a t i o n  o f

fo rm a ld e h y d e  a s  one o f  th e  p ro d u c ts  o f  o z o n o ly s i s .  Medium
- 1  - 1b an d s  a t  782 and 840 cm. , and a  weak band a t  800 cm. i n

t h e  sp e c tru m  o f  a r i s t o l a c t o n e ,  bands which a r e  a b s e n t  from

t h a t  o f  th e  s a t u r a t e d  compound, s u g g e s t  t h a t  o f  t h e  two

re m a in in g  d o u b le  bonds, one a t  l e a s t  i s  t e t r a s u b s t i t u t e d .

As a  model compound f o r  com parison  p u rp o se s  t e t r a h y d r o -

a l a n t o l a c t o n e  was o b ta in e d  by h y d ro g e n a t io n  o f  h e l e n i n ,  a

m ix tu r e  o f  l a c t o n e s ,  c o n s i s t i n g  o f  a l a n t o l a c t o n e ,
(p

i s o  a l a n t o l a c t o n e  and d ih y d ro i s o a l a n t o l a c t o n e  , a l l  o f

w h ich  g iv e  t h e  same t e t r a h y d r o l a c t o n e  ^ 1 5 ^ 2 4 ^ 2  011 

h y d r o g e n a t io n .  Comparison o f  i t s  i n f r a r e d  a b s o r p t io n



sp e c t ru m  w i th  t h a t  o f  h e x a h y d r o a r i s t o l a c t o n e  ( n e e d le s )

(b o th  s u b s ta n c e s  a s  a  p a r a f f i n  mu^l) showed a  marked

s i m i l a r i t y  (ap p e n d ix  2 ) ,  p a r t i c u l a r l y  w i th  r e g a r d  to  t h e
— 1 —ban d s  a t  960 and 1 0 1 3  cm. compared w i th  951 and 1008 cm.“

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

c y c lo hexane  r i n g .  ( M a r r i s o n , ^ ) .  D i f f e r e n c e s  do e x i s t  to  

show t h a t  t h e  two compounds a re  n o t  i d e n t i c a l ,  n o t a b l y  i n  

t h e  d o u b le t  n a t u r e  o f  some o f  t h e  p eak s  i n  t h e  t e t r a h y d r o -  

a l a n t o l a c t o n e  a b s o r p t io n  sp e c tru m , f o r  example a t  704 and 

726 cm.-- ' ,  851 and 858 em.” \  and 984 and 991 cm.”"-* r e g i o n s  

The b a n d s  a t  885? 925 and 1675 cm. a r e  p ro b a b ly  cau sed  by 

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

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



112.

THE ACTION OP ALKALI UPON ARISTOLACTONE

The a c t i o n  o f  a l k a l i  upon u n s a t u r a t e d  l a c t o n e s

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

o f  u n s a t u r a t e d  l a c t o n e s  depend to  a  l a r g e  e x t e n t  upon  tn e  

c o n d i t i o n s  u se d  and th e  p o s i t i o n  o f  t n e  do u b le  bond o r  

bonds i n  t h e  m o le c u le .  A t t e n t i o n  i s  h e re  c o n f in e d  to  a 

few exam ples  o f  ct,/3 - u n s a t u r a t e d  l a c t o n e s  and t h e  s i m p le s t  

c ase  i s  th e  f o r m a t io n  o f  th e  c o r re s p o n d in g  h y d ro x y -a c id  by 

t h e  a c t i o n  o f  aqueous a l k a l i o n  f o r  example a l a n t o l a c t o n e

( I )

aqueous

0 = 0  0
a l k a l i

0 = C  OH

( I )
I
OH

W ith t h e  c a r d i a c  g l y c o s id e s ,  two modes o f  a c t i o n  o f  a l k a l i  

w ere o b se rv e d  and d e m o n s tra ted  by means o f  t h e  model 

compound f i -c y c lo h e x y l -  A ' - b u t e n o l i d e  ( I I )  (among o t h e r s ) .  

W ith  p o ta s s iu m  h y d ro x id e  i n  a b s o lu te  m ethano l a t  0 ° C . , 

S -c y c lo h e x y l -B - f o rm y lp r o p io n ic  a c id  ( I I I )  was i s o l a t e d  from 

t h e  r e a c t i o n  m ix tu re  i n  q u a n t i t a t i v e  y i e l d .
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CgH^ -  CH CH2
KOH i n
CH,OH ’ CHO COOH

a t
o°c.

( I I )  ( I I I )

W ith  sodium  h y d ro x id e  i n  50$ m ethano l a t  room te m p e r a tu re  

t h e  sodium  s a l t  o f  t h e  h y d ro x y -a c id  (IT ) was o b ta in e d  

t o g e t h e r  w i th  t r a c e s  o f  t h e  a ld e h y d o - a c id ,  t h e  p r o p o r t i o n  

o f  t h e  l a t t e r  i n c r e a s i n g  w i th  t e m p e ra tu re  u n t i l  a t  t h e  

b o i l i n g  p o i n t  t h e  r a t i o  was 2 :1 .

°6hi i —j3 =—

CH„ C =  0
\  /

0

C6HH - ° = ? H MaOH

°?2 P ~ 0 50$ CH,0H PH2 C00H
'  0  a t 5 0H

room
te m p e ra tu re

(IV)

R a p h a e l ^  i n  h i s  s y n t h e s i s  o f  d i h y d r o p e n i e i l l i c  a c id  

(V II)  o b t a in e d  th e  fo l lo w in g  change on t r e a t i n g  th e  

l a c t o n e  a f  5 -h y d ro x y ,2 -m e th o x y -4 - in e th y l -h e x a -2 :5 - d i e n o i c  

a c i d  (V) w i th  a  m ix tu re  o f  H sodium h y d ro x id e  s o l u t i o n  

and m e th a n o l .
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CH,
i 3CHg =  C — OH-

OOH-
3

6 =  CH
—  i  =  o

(V)

CH- OCH,
CH,—  C = C —  C

? I
CH
I
0 =  0

(VI)

CH, OCH,
CH, —  CH —  0 —  C ==CH« COOH 

2  II

CH, OH OOH,
I 3 I I 5CH,—  CH —  C--C = r  CH

J \ i
0 =  0

(VII)

The m echanism  su g g e s te d  was a  p ro  to  t r o p i c  change fo l lo w e d  

by f i s s i o n  o f  t h e  l a c to n e  r i n g .  U s in g  w eaker a l k a l i ,  

v i z . ,  ammonia, (VI) was a c t u a l l y  i s o l a t e d .  E i s n e r ,  

E lv id g e  and L i n s t e a d ^  have re c o rd e d  t h a t  th e  a c t i o n  o f  

e t h a n o l ! c  sodium  e th o x id e  on (V II I )  g iv e s  t h e  k e t o - e s t e r ,  

e t h y l  c i s - B - c a r b e th o x y a c r y ly lm a lo n a te  (IX) w hereas  w i th  

aqueous a l k a l i ,  f i s s i o n  to  m a le ic  a c id  and e t h y l  m alona te  

o c c u r  s .
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CH=CH x COOC2H5 o 0Ua/CpH,0H /  C00C2H5
^ C  =  C - ^ - 2 ---------£_2------> N C—CH

c _ o  n cooc2h 5 Hê j ° L 50 0 = 0  o x cooc2h 5

o c2h 5

( V I I I )  (IX)

F i n a l l y  McKean and S p r i n g ^  have n o te d  t h e  f o r m a t io n  o f  

a  k e t o - e s t e r  (X) hy th e  a l k a l i n e  re a r ra n g e m e n t  o f  t h e  

<*, 3  - u n s a t u r a t e d  l a c to n e  (X I) .

CHOH CO-
H

-COOMe C G 'v x
M ethy l e s t e r  C^H^gO^ 

(XI)

/CHOH

-COOMe

COOMe
I
CH

CH
_L

CO
\

d im e th y l  e s t e r  °32H520 6 

(X)

A lk a l in e  r e a r r a n g e m e n t  o f  a r i e t o l a c t o n e

The o p t i c a l  changes caused  by th e  h y d r o l y s i s  o f  

a r i s t o l a c t o n e  i n d i c a t e d  s t r u c t u r a l  a l t e r a t i o n s  more complex 

th§tn th e  o p e n in g  o f  th e  l a c to n e  r i n g .  ( F ig .1 )  T rea tm en t  

w i th  c o ld  e t h a n o l i c  p o tass iu m  h y d ro x id e  caused  an i n i t i a l  

p o s i t i v e  s h i f t  up  to  th e  maximum a t  B, th e  s h i f t  b e in g  

r e l a t i v e l y  r a p i d  and com plete i n  50 m in u te s .  The su c c e e d in g  

f a l l  i n  r o t a t i o n  from  B fo  C was v e ry  much s lo w e r ,  r e a c h in g  

a c o n s t a n t  n e g a t iv e  v a lu e  a f t e r  ab o u t  10 d a y s .  T i t r a t i o n  o f
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a  s e r i e s  o f  a l i q u o t  p o r t i o n s  w ithdraw n d u r in g  th e  r e a c t i o n  

showed t h a t ,  w hereas  t h e  i n i t i a l  i n c r e a s e  d id  n o t  i n v o lv e  

u t i l i s a t i o n  o f  a l k a l i ,  th e  s u c c e e d in g  f a l l  was accom panied  

by th e  n e u t r a l i s a t i o n  o f  one e q u i v a l e n t .  The f i r s t  

r e a c t i o n  i s  t h e r e f o r e  re g a rd e d  a s  a  b a s e - c a t a l y s e d  

re a r r a n g e m e n t  and th e  second r e a c t i o n  a s  th e  h y d r o l y s i s  

o f  t h e  p r im a ry  p r o d u c t .

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

maximum r o t a t i o n ,  was a n e u t r a l  s u b s ta n c e  C^HggO^ m .p. 

5 6 - 5 7 ° 0 . ,  [ « ] ,  +317°. I t  was a p p a r e n t l y  form ed by th e

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

r e p e a t e d  r e c r y s t a l l i s a t i o n  from a c e to n e - w a te r  showed t h a t  

e th a n o l  was n o t  p r e s e n t  as  s o lv e n t  o f  c r y s t a l l i s a t i o n .

The i n f r a r e d  sp ec tru m  ( p a r a f f i n  m u ll)  showed p e ak s  a t  1726
 -1

and 1186 cm. ( e s t e r  c a r b o n y l ) ;  peaks  a t  h ig h e r  

f r e q u e n c i e s  w hich  cou ld  be a s s o c i a t e d  w i th  t h e  o r i g i n a l  

l a c t o n e  f u n c t i o n  were a b s e n t .  The p re s e n c e  o f  an 

i s o l a t e d  c a rb o n y l  group was e s t a b l i s h e d  by a  low i n t e n s i t y  

a b s o r p t i o n  maximum a t  291 (fc> 250) and con firm ed  by a
_ 1

s h o u ld e r  a t  1704 cm.

The r e a c t i o n  o f  a r i s t o l a e t o n e  i s  seen  to  be an a lo g o u s  

to  t h e  f o r m a t io n  o f  a  c a r b o n y l - e s t e r  o f  t h e  ty p e  d e s c r ib e d  

by P a i s t ,  B lo u t ,  Uhle and E l d e r f i e l d a n d  by McKean and 

S p r i n g ^ .  T h is  i s  i n  acco rd  w i th  th e  p a r t i a l  s t r u c t u r e s

(X II)  and (X I I I )  f o r  a r i s t o l a e t o n e  and th e  r e a r r a n g e d



p r o d u c t ,  te rm ed  e t h y l  o x o a r i s t a t e ,  r e s p e c t i v e l y .

0=0  —  0

KOH
c2h5oh

room
te m p e ra tu re

(X II) (X II I )

The f o l l o w i n g  p a r t i a l  s t r u c t u r e s  and r e a c t i o n s  c o u ld  a l s o  

he p o s t u l a t e d ;  (XIV) to  (XV) and (XVI) to  (XVII)

0 =  0 —  0 

(XIV)

-

0 =  0— 0

(XVI)

0 = 0
oc2h5

(XV)

0 = 0  0 
oc2h 5

(XVII)

The l o s s  o f  an  e t h y l e n i e  hond i n  t h e  f o r m a t io n  o f  e t h y l



o x o a r i s t a t e  was confirm ed  by m ic r o - h y d r o g e n a t io n  and by 

d e t e r m i n a t i o n  o f  i o d in e  v a lu e  w hich  showed th e  e q u i v a l e n t  

o f  1 .9 5  and 2*5 e t h y l e n i e  bonds r e s p e c t i v e l y .  The h ig h  

v a lu e  o f  t h e  l a t t e r  d e te r m in a t io n  su g g e s te d  t h a t  t h e  

f r a c t i o n a l  v a lu e s  o b ta in e d  i n  th e  h a lo g e n a t io n  o f  a r i s t o -  

l a c t o n e  c o u ld  be due to  s u b s t i t u t i o n  r a t h e r  th a n  to  slow  

a d d i t i o n  to  t h e  cc , 5  -d o u b le  bond.

The h ig h  io d in e  v a lu e  a ls o  e l i m in a te d  th e  p a r t i a l

s t r u c t u r e s  (XI?) and (XVI), b ecau se  i f  t h e  r e a r r a n g e d

p r o d u c t  s t i l l  c o n ta in e d  an ot,/3 - d o u b le  bond t h e  r e s u l t

would be an  a p p a r e n t  t o t a l  a b s o r p t io n  o f  h a lo g e n  e q u iv a l e n t

to  o n ly  1 - 1 .5  double  bonds f o r  th e  e s t e r .  I t  th u s

c o n firm ed  t h a t  i t  i s  th e  oc 9/3 - d o u b le  bond w hich  t a k e s

p a r t  i n  t h e  c o n v e rs io n  to  th e  k e t o - e s t e r .  L ike  a r i s t o -

l a c t o n e ,  e t h y l  o x o a r i s t a t e  a l s o  showed d i f f e r e n t  r a t e s  o f

h y d r o g e n a t io n  f o r  i t s  double bonds, one b e in g  r e a d i l y

h y d ro g e n a te d  to  g iv e  e th y l  d i h y d r o - o x o a r i s t a t e  C-jyEh^O
rr*c.

m .p . 6 5 - 6 6 ° C . , [<*0^ + 131 » which was s t i l l  u n s a t u r a t e d

t o  t e t r a n i t r o m e t h a n e . Complete h y d ro g e n a t io n  (2 m o ls . )  

gave a  s a t u r a t e d  e s t e r  a s  an o i l  o f  e q u iv a le n t  w e ig h t  281 

( t h e o r e t i c a l  282) which on h y d r o ly s i s  y i e ld e d  an a c i d ,  

a l s o  a s  an  o i l .  The o i l  showed an a b s o r p t io n  maximum a t  

287 rr»|x ( *  , 51) c o n s i s t e n t  w ith  th e  c a rb o n y l  group  b e ig g  

r e s i s t a n t  to  h y d ro g e n a t io n  u n d e r  th e  c o n d i t i o n s  u s e d .

E th y l  o x o a r i s t a t e  was f i r s t  o b ta in e d  by th e  c a t a l y s e d
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r e a c t i o n  o f  e t h a n o l i e  ammonia on th e  l a c t o n e .  Ammonia 

i s  known to  fo rm  a d d u c ts  w i th  c e r t a i n  cc,/3 _u n s a t u r a t e d  

l a c t o n e s  ( H a n s e n R u z i c k a  and P i e t h ^ ) )  and a l th o u g h  

a r i s t o l a e t o n e  f a i l e d  to  form  such  an a d d u c t ,  a  c a t a l y s e d  

r e a c t i o n  w i th  e t h a n o l i e  ammonia i n  t h e  p r e s e n c e  o f  z in c  

d u s t  gave e t h y l  o x o a r i s t a t e .  The r e a c t i o n  w hich  was 

fo l lo w e d  p o l a r i m e t r i c a l l y , was com ple te  i n  a b o u t  72 h o u r s ,  

t h e  r o t a t i o n  th e n  h a v in g  re a c h e d  a maximum. I f  p e r m i t t e d ,  

t h i s  r e a c t i o n  a l s o  c o n tin u e d  w i th  th e  same slow  f a l l  i n  

r o t a t i o n  o b se rv e d  when e t h a n o l i e  p o ta s s iu m  h y d ro x id e  had 

b e en  u s e d .
I i*°c.

M ethyl o x o a r i s t a t e  C-jgHg^O^, m .p. 6 8 -6 9 ° C . , M -p +342^ 

was s i m i l a r l y  o b ta in e d  by th e  a c t i o n  o f  m e th a n o l ic  

p o ta s s iu m  h y d ro x id e  on a r i s t o l a e t o n e .  R e 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  e th a n o l  showed t h a t  t h e  e le m e n ts  o f  

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

t i o n .  H y d ro ly s i s  o f  m ethy l o x o a r i s t a t e  w i th  h o t  e t h a n o l i e  

p o ta s s iu m  h y d ro x id e  confirm ed  t h a t  i t  was an e s t e r  o f  

e q u i v a l e n t  w e ig h t  266 ( t h e o r e t i c a l  264) i n  ag reem en t w ith  

th e  above f o rm u la ,  and m ethy l a lc o h o l  was i d e n t i f i e d  as  

one o f  th e  p r o d u c t s  o f  h y d r o l y s i s ,  th e  o t h e r  b e in g  an o i l y  

a c i d  w hich  was n o t  c h a r a c t e r i s e d .

The i n f r a r e d  a b s o r p t io n  spec trum  (app en d ix  2) o f  

m e th y l  o x o a r i s t a t e  i n  carbon  d i s u lp h id e  showed peaks  a t  

1735 and 1150-1200 cm7^ (b road  band : c a r b o x y l ic  e s t e r )  and



— 1 1a t  1720 cm. ( k e to n e ) .  Peaks a t  890 and 1650 cm.

( v i n y l i d e n e )  were i d e n t i c a l  i n  p o s i t i o n  and i n t e n s i t y  w i th

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

group  was a p p a r e n t l y  u n a f f e c t e d  by t h e  a l k a l i n e  r e a r r a n g e -
— 1m en t.  P eak s  a t  782, 800 and 840 cm. o b se rv e d  i n  th e  

sp e c t ru m  o f  a r i s t o l a e t o n e  were a l s o  p r e s e n t  i n  t h a t  o f  

m e th y l  o x o a r i s t a t e ,  though  much red u c ed  i n  i n t e n s i t y .

T h is  d e m o n s t r a te s  th e  t e t r a s u b s t i t u t i o n  o f  th e  second  

d o u b le  bond o f  m e th y l  o x o a r i s t a t e ,  and s u g g e s t s  t h a t  th e  

t h i r d  d o u b le  bond , which i s  e l im in a te d  i n  t h e  a l k a l i n e  

r e a r r a n g e m e n t  o f  a r i s t o l a e t o n e ,  may p o s s i b l y  a l s o  be 

t e t r a s u b s t i t u t e d . On th e  o t h e r  hand , a  d i s t i n c t i v e  peak
_ -i

a t  813 cm. t medium i n t e n s i t y  i s  u s u a l l y  a t t r i b u t e d  to

a  t r i s u b s t i t u t e d  double  bond. T h is  peak  i s  a b s e n t  from

t h e  sp e c tru m  o f  a r i s t o l a e t o n e  and th e  p o s s i b i l i t y  a r i s e s

o f  a  d o u b le  bond s h i f t  i n  a d d i t i o n  to  t h a t  in v o lv e d  i n  th e

f o r m a t io n  o f  t h e  k e t o - e s t e r .  The c o n c lu s io n s  c o n c e rn in g

t h e  t e t r a s u b s t i t u t e d  double  bond a re  su p p o r te d  by th e

u l t r a v i o l e t  a b s o r p t io n  s p e c t r a ,  which showed a  sm a l l  s h i f t

i n  t h e  maximum and a r e d u c t io n  i n  i t s  i n t e n s i t y  from  211m^i

( k 9 11 , 500) i n  a r i s t o l a e t o n e  to  209 , 6 3 6 O) i n

m e th y l  o x o a r i s t a t e ,  and 209 t  , 7000) i n  e th y l

o x o a r i s t a t e .  The p o s i t i o n  and i n t e n s i t y  o f  th e  maxima

f o r  e t h y l  and m eth y l o x o a r i s t a t e  a re  c h a r a c t e r i s t i c  o f  a
(9)t e t r a s u b s t i t u t e d  e th y l e n i e  bond



F u r t h e r  e v id e n c e  f o r  th e  r e a r ra n g e m e n t  p o s t u l a t e d  

comes from  th e  o b s e r v a t i o n  t h a t  t h e  bands i n  t h e  sp e c tru m
_ i

o f  h e x a h y d r o a r i s t o l a c t o n e  a t  953 1010 cm. a t t r i b u t e d

by M a r r i s o n ^  to  a c y c lo h exane r i n g ,  were r e p l a c e d  i n  th e
_ i

sp e c tru m  o f  m e th y l  o x o a r i s t a t e  by one a t  1100 cm.

( cy c lo h exanone d e r i v a t i v e s ,  c f .  l e c o m p t e ) .  These 

b a n d s  a l s o  p ro v id e  e v id e n ce  f o r  t h e  p re s e n c e  o f  a  second  

r i n g  i n  a r i s t o l a e t o n e ,  and su p p o r t  th e  t h e s i s  (b ased  upon 

i t s  f o r m u l a t i o n  a s  c&2Qp2 't i l re e  do u b le  bonds) t h a t

th e  p a r e n t  l a c t o n e  i s  b i c y c l i c ,  so t h a t  th e  secon d  r i n g  

can  be t e n t a t i v e l y  a s s ig n e d  a s  s ix -m em b ered .



122.

ACID ISOMEBISATION OF ARISTOLAOTOIttE

A r i s t o l a e t o n e  was i s o m e r i s e d  by b o i l i n g  g l a c i a l  a c e t i c

a c i d  t o  a  new l a c t o n e ,  i s o a r i s t o l a c t o n e , m .p . 9 0 -9 1 °C . ,  
r 1 l7°c‘ o“ 44 . Much r e s i n i f i c a t i o n  o c c u r re d  and some 

m a t e r i a l  was r e c o v e re d  a s  an. o i l  o f  s i m i l a r  r o t a t i o n  to  

t h a t  o f  i s j o a r i s t o l a e t o n e ,  b u t  w hich  was a p p a r e n t l y  unchanged  

on f u r t h e r  t r e a tm e n t  w i th  g l a c i a l  a c e t i c  a c i d .  Chromato

g rap h y  o f  t h e  o i l  on c e l l u l o s e - c h a r c o a l  m ix tu re  gave a 

f u r t h e r  y i e l d  o f  c r y s t a l l i n e  l a c to n e  m .p . 9 0 -9 1 °C .,  and two
r i o

o i l s ,  one p a r t i a l l y  c r y s t a l l i n e  “ 38 > i n d i c a t i n g

p o s s i b l e  c o n ta m in a t io n  w i th  unchanged  a r i s t o l a e t o n e .

F u r t h e r  b o i l i n g  w i th  g l a c i a l  a c e t i c  a c id  w i th  th e  a d d i t i o n  

o f  a  t r a c e  o f  s u l p h u r i c  a c id  to  c a t a l y s e  t h e  r e a c t i o n  cau sed  

th e  im m ed ia te  fo r m a t io n  o f  a deep brown c o lo u r  i n  th e  

m ix t u r e ,  from  w hich  was i s o l a t e d  a  deep y e l lo w  o i l .

Dry h y d r o c h l o r i c  a c id  i n  e th a n o l  caused  o n ly  a  v e ry  

s low  change i n  a r i s t o l a e t o n e  a t  room te m p e r a tu r e ,  b u t  t h i s  

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

two h o u r s .  Much d a rk e n in g  i n  c o lo u r  e n su ed , and th e  

p ro d u c t  was c o n s id e r a b ly  l e s s  p u re  th a n  t h a t  i s o l a t e d ,  

i n  t h e  g l a c i a l  a c e t i c  a c id  e x p e r im e n t .  Even so ,  th e  

m e l t i n g  p o i n t  was r a i s e d  on ad m ix tu re  w i th  i s o a r i s t o l a c t o n e  

and t h e r e  can  be l i t t l e  doubt t h a t  th e  two p ro d u c ts  a r e  

i d e n t i c a l .
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The u l t r a v i o l e t  a b s o r p t io n  sp e c tru m  o f  i s o a r i s t o -  

l a c t o n e  was s i m i l a r  to  t h a t  o f  a r i s t o l a e t o n e  b u t  a l s o  

showed a  low  i n t e n s i t y  maximum a t  272 mp.( k , 6 4 0 ) .  

i s o A r i s t o l a c t o n e  was n o n -a r o m a t ic ,  g iv in g  a  y e l lo w  c o lo u r  

w i th  t e t r a n i t r o m e t h a n e .  I t  was r e l a t i v e l y  s t a b l e  t o  

a l k a l i ,  b e in g  s a p o n i f i e d  o n ly  v e ry  s lo w ly  by b o i l i n g  

e t h a n o l i e  p o ta s s iu m  h y d ro x id e ,  a b o u t  44$ o f  t h e  l a c t o n e  

b e in g  r e c o v e r e d  unchanged a f t e r  30 m in u te s .  The s e a t  o f  

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

The m arked change i n  s p e c i f i c  r o t a t i o n  (+156° to  -4 4 ° )  

s u g g e s te d  e i t h e r  a  change i n  c o n f i g u r a t i o n  o f  t h e  m o le cu le  

o r  a  r e a r r a n g e m e n t  o f  an e th y l e n i e  bond i n  c lo s e  a s s o c i a t i o n  

w i t h  an  a sy m m etr ic  c e n t r e ^  The fo rm e r  h y p o th e s i s  was

r e n d e r e d  u n l i k e l y  on th e  b a s i s  o f  h y d ro g e n a t io n  e x p e r im e n ts .  

Complete h y d ro g e n a t io n  o f  i s o a r i s t o l a c t o n e  a t  a  p la t in u m  

c a t a l y s t  i n  e th a n o l ,  confirm ed  th e  p re s e n c e  o f  t h r e e  

e t h y l e n i e  bonds and gave h e x a h y d r o a r i s to l a c to n e  a s  s o le  

p r o d u c t ,  i n d i c a t i n g  t h a t  th e  i s o m e r i s a t i o n  was n o t  a  s im p le  

s t e r e o i s o m e r i c  change. The h y d ro g e n a t io n  showed a  d e f i n i t e  

b r e a k  i n  r a t e  o f  hydrogen  u p ta k e  a f t e r  th e  r a p id  a b s o r p t io n  

o f  one m ol. and th e n  gave d i h y d r o a r i s t o l a c t o n e  i n  e x c e l l e n t  

y i e l d .  T h is  d i f f e r e n c e  from a r i s t o l a e t o n e ,  w hich  showed 

a  b r e a k  i n  u p ta k e  a f t e r  th e  slow  a b s o r p t io n  o f  2 m o ls . ,  

s u p p o r te d  th e  h y p o th e s is  t h a t  a  do ub le -bo nd  s h i f t  had 

o c c u r re d  i n  th e  i s o m e r i s a t i o n .
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The cx ,/3 -  doub le  bond i n  p a r t i a l  s t r u c t u r e s  (XIV)

and (XVI) i s  a l r e a d y  i n  a  s t a b l e  p o s i t i o n  exo c y c l i c  t o  a
( 11 )f iv e -m em b ered  r i n g ^ ' 1' ,  w hereas (X II)  w i th  t h e  d oub le  bond 

e n d o c y c l i c  t o  t h e  five-m em bered  r i n g  r e p r e s e n t s  a  l e s s  

s t a b l e  s t r u c t u r e  w hich  would te n d  to  r e a r r a n g e  t o  (XV III) 

o r  (X IX ).

0o =  c 0

(X II)  (XVIII) (XIX)

S p e c t r o s c o p i c  e v id e n ce  s u p p o r t s  t h e  v iew  t h a t  th e  

same d o u b le  bond i s  in v o lv e d  i n  b o th  a c id  and a l k a l i n e  

r e a r r a n g e m e n t s .  I n  carbo n  d i s u lp h id e  i s o a r i s t o l a c t o n e  

showed t y p i c a l  v in y l id e n e  bands a t  892 and 1656 cm. o f  

t h e  same i n t e n s i t y  a s  th o s e  i n  th e  p a r e n t  l a c t o n e  (append ix
_ -j

2 ) .  Bands a t  787 and 842 cm. ( t e t r a s u b s t i t u t e d  e t h y l e n e ) ,  

how ever, were o f  s i m i l a r  i n t e n s i t y  to  th o s e  r e c o rd e d  f o r  

m e th y l  o x o a r i s t a t e  ( reduced  i n t e n s i t y  compared w i th
_ i

a r i s t o l a e t o n e ) .  Bands a t  815 and 853 C321* a r e  a s s o c i a t e d  

w i th  a  t r i s u b s t i t u t e d  double  bond. B i h y d r o a r i s t o l a c to n e  

(ap p en d ix  2) showed s i m i l a r  bands and , m oreover, e x h ib i t e d  

a  maximum a t  209 ( t  , 7800) ( i s o l a t e d  t e t r a s u b s t i t u t e d

e t h y l e n e ) .  F u r t h e r  ev iden ce  f o r  th e  doub le-b ond  s h i f t  i s  

adduced from  a  com parison  o f  th e  u l t r a v i o l e t  a b s o r p t io n
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s p e c t r a  o f  a r i s t o l a e t o n e  and i _ s o a r i s to l a c t o n e ,  (ap p e n d ix  2 ) .

The b r o a d e r  maximum shown by a r i s t o l a e t o n e  a t  211 i s  i n

a c c o rd  w i th  t h a t  e x p e c te d  f o r  th e  summation o f  th e  band due

to  t h e  i s o l a t e d  t e t r a s u b s t i t u t e d  e th y le n e  a t  209 mjx w i th

t h a t  a t  a  l o n g e r  w av e le n g th  due to  t h e  <x,/3 - u n s a t u r a t e d
(1 21l a c t o n e  f u n c t i o n  ( c f .  B a r to n  and de Mayov ' ) •  The much 

more s h a r p l y  d e f in e d  maximum a t  209 ^  i n  i s o a r i  s t o l a c t o n e  

i s  r e g a r d e d  a s  t h e  summation o f  two s i m i l a r  p e a k s ,  b o th  a t  

t h e  same w a v e le n g th ,  one b e in g  due to  t h e  i s o l a t e d  t e t r a 

s u b s t i t u t e d  d o u b le  bond a s  i n  d i h y d r o a r i s t o l a c t o n e . 

Com parison  o f  t h e  m o le c u la r  e x t i n c t i o n  c o e f f i c i e n t s  o f  

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

t h e  new do u b le  bond i n  i s o a r i  s t o l a c t o n e  may be 

t r i s u b s t i t u t e d .



126

DEHYDRO G-ENATI ON OF ARISTOLACTOEE

The m o le c u la r  fo rm u la ,  C ^ H ^ O g ,  f o r  a r i s t o l a e t o n e  

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

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

s k e l e t o n  m ust t h e r e f o r e  be m o n o cy c lic ,  and d e h y d ro g e n a t io n  

e x p e r im e n t s ,  n e c e s s a r i l y  on a  sm a ll  s c a l e ,  were l i k e l y  to  

p ro v e  i n c o n c l u s i v e . L in s te a d ,  M ic h a e l i s  and Thomas 

a p p l i e d  p a l l a d iu m  on c h a r c o a l ,  and p la t in u m  on c h a r c o a l  

c a t a l y t i c  d e h y d ro g e n a t io n  to  v a r i o u s  m o n o te rp en es  and 

s e s q u i t e r p e n e s  a t  r e l a t i v e l y  low te m p e r a tu r e s  and a c h ie v e d  

s a t i s f a c t o r y  y i e l d s .  The method was c l e a n e r  th a n  t h a t  

u s i n g  s e le n iu m  and gave s a t i s f a c t o r y  r e s u l t s  w i th  sm a ll  

q u a n t i t i e s  o f  m a t e r i a l .

The m ethod ad o p ted  t h e r e f o r e ,  to  su p p ly  q u a l i t a t i v e  

e v id e n c e  o f  a  six-m em bered r i n g  sys tem  i n  a r i s t o l a e t o n e  

was t o  h e a t  th e  hexahydro-compound ( 0 . 0 5 - 0 . 1 g .)  a t  i t s  

b o i l i n g  p o i n t  i n  th e  p re se n c e  o f  p a l la d iu m  (25$) on c h a r c o a l  

f o r  20 m in u te s .  A rom atic  system s were d e t e c t e d  i n  th e  

d e c o m p o s i t io n  p ro d u c ts  by s p e c t ro p h o to m e t r ic  m eans. The 

d i s a d v a n ta g e  o f  s u b l im a t io n  d u r in g  th e  h e a t i n g  p ro c e s s  was 

e n t i r e l y  overcome i n  th e  a p p a ra tu s  shown. (R ig . 2, page 174). 

I t  was e s s e n t i a l  to  s t a r t  w i th  th e  f u l l y  s a t u r a t e d  l a c to n e  

a s  i s o m e r i s a t i o n  o f  a r i s t o l a e t o n e  to  i s o a r i  s t o l a c t o n e  was 

known to  g iv e  what cou ld  be i n t e r p r e t e d  a s  b e n ze n o id
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a b s o r p t i o n  i n  t h e  u l t r a v i o l e t  sp e c tru m . The c a t a l y s t  u s e d  

i s  c a p a b le  o f  d e h y d ro g e n a t in g  f u l l y  s a t u r a t e d  s u b s ta n c e s  

b u t  t o  t e s t  t h e  method c o n t r o l  compounds w hich  were known 

t o  d e h y d ro g e n a te  to  n a p h th a le n i c  and b e n ze n o id  sy s tem s were 

u s e d  v i z .

OH-

( i n d i r e c t l y )CH-

0H-
0=0

t e t r a h y d r o a l a n t o l a c t o n e

(XX)

and

CH-

CH- CH-

CH.

CH. CH-

c in e o le

The u l t r a v i o l e t  a b s o r p t io n  cu rv es  o b ta in e d  (ap p en d ix  

2) p ro v id e d  e v id e n c e  o f  a n a p h th a le n i c  s k e l e t o n  i n  (XX) 

and a  b e n z e n o id  system  i n  (XXI). H e x a h y d ro a r i s to la c to n e  

gave r i s e  to  p ro d u c ts  s i m i l a r  i n  a b s o r p t io n  c h a r a c t e r i s t i c s



"to t h o s e  o b t a in e d  from  c in e o le .  T h is  e v id e n c e  a lo n e ,  

h o w ev er ,  c an n o t  be re g a rd e d  a s  c o n c lu s iv e ,  a s  r i n g  

c o n t r a c t i o n  i s  n o t  unknown i n  d e h y d ro g e n a t io n  e x p e r im e n ts .  

F o r  exam ple R u z ic k a  and S e i d e l o b s e r v e d  t h e  f o r m a t io n  

o f  1 : 2 : 3 - t r im e th y lb e n z e n e  (XXII) from  1 : 1 : 2 - 1 r im e th y 1 c y c lo -  

h e p ta n e  (X X II I ) .  The r e s u l t s  m ust be c o n s id e re d  t o g e t h e r

(X X III) (XXII)

w i t h  t h o s e  o f  th e  i n f r a r e d  a b s o r p t io n  c u rv e s .

D e h y d ro g e n a tio n  o f  a r i s t o l a e t o n e  i t s e l f  u n d e r  th e  

same c o n d i t i o n s  confirm ed  th e  p re s e n c e  o f  b en ze n o id  

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

r e v e r t e d  to  a  d i s c o lo u r e d  r e s in o u s  m ass. No c r y s t a l l i n e  

m a t e r i a l  ( o t h e r  th a n  s t a r t i n g  s u b s ta n c e )  was i s o l a t e d  

from  t h e  d e h y d ro g e n a t io n  e x p e r im e n ts .
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R u z i c k a ^ ^  i n  d i s c u s s i n g  th e  a p p l i c a t i o n  o f  t h e  

i s o p r e n e  r u l e  to  t h e  s e s q u i t e r p e n e s  h a s  p o in te d  o u t ,  t h a t  

w i t h  t h e  s i n g l e  e x c e p t io n  o f  e re m o p h ilo n e ,  a l l  s e s q u i 

t e r p e n e s  conform  to  th e  i s o p r e n e  r u l e .  I t  i s  u s u a l  i n  

t h e  s e s q u i t e r p e n e  group f o r  th e  i s o p r e n e  u n i t s  to  he 

a r r a n g e d  i n  a  r e g u l a r  head to  t a i l  manner a s  i n  t h e  

f a r n e s o l  ty p e  (XXIV). The o n ly  known e x c e p t io n  to  th e

(XXIV) (XXV)

f a m e  s o l  r u l e  i s  t h e  c a r o to l  ty p e  (XXV) i n  w hich  th e  

t h r e e  i s o p r e n e  u n i t s  a re  a r ra n g ed  i n  an i r r e g u l a r  m anner.

As a  g u id in g  p r i n c i p l e  th e  v iew  t h a t  th e  h a s i c  

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

u n i t s  was a d o p te d .  C o n s id e ra t io n  h as  heen  g iv e n  o n ly  to  

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

th e  f a r n e s o l  ty p e  o r  o f  th e  c a r o t o l  ty p e .

The f o r e g o in g  ev idence  has e s t a b l i s h e d  t h a t  a r i s t o — 

l a c to n e  i s  a  b i c y c l i c  s e s q u i te r p e n e  l a c t o n e ,  t r i p l y  

u n s a t u r ^ t e d , one r i n g  b e in g  six-membered and th e  o t h e r



1 3 0 .

h a v in g  an  ct ,/3 - u n s a t u r a t e d  y  - l a c t o n e  s t r u c t u r e .  As 

t h e  d i s c u s s i o n  o f  p o s s i b l e  s t r u c t u r e s  i s  b a sed  upon  th e  

p r e s e n c e  o f  t h r e e  e t h y l e n i e  bon ds , a  summary o f  th e  

e v id e n c e  f o r  t h e i r  p re s e n c e  i s  g iv e n .

1 . A n a ly s i s  o f  t h e  f u l l y  s a t u r a t e d  l a c to n e
Pound* N eed les r  7 5 .2  # 1 1 . 4  #
Pound. p l a t e s  0 7 5 .6 5 $  1 H 11.1 #

C15H26°2 re(l ^ i r e s  C 7 5 .6  #  , H 1 1 .0  #

°1 5 H24°2 " C 7 6 .2  #  , H 1 0 .24#

The n a t u r e  o f  t h i s  e v id e n c e  i s  s a t i s f a c t o r y .

2 . A n a ly s i s  o f  th e  h y d ro x y -a c id  d e r iv e d  from  th e  

s a t u r a t e d  l a c to n e

Found: c 7 0 .3  $  , H 1 1 . 2  $

Ci t^HggO^ r e q u i r e s 0 7 0 .3  1° , H 1 1 . 0  $

ClcHofiO, c 7 0 .8 3 $  , H 1 0 . 3  $

E v id e n ce  s a t i s f a c t o r y .

3* Q u a n t i t a t i v e  b ro m in a t io n  o f  a r i s t o l a e t o n e  and

i s o a r i  s t o l a c t o n e  i n d i c a t e d  o v e r  2  doub le  bonds ( 2 * 3  — 

2 . 7 ) .  T h is  ev id e n ce  i s  n o t  c o n c lu s iv e  a s  s u b s t i t u t i o n  

m ig h t have o c c u r re d .

4 .  The u p ta k e  o f  hydrogen on com plete  h y d ro g e n a t io n  o f

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

b o n d s .  T h is  ev id e n ce  i s  n o t  c o n c lu s iv e  a s  l e a k a g e  i s



1 3 1 .

a  p o s s i b l e  so u rc e  o f  e r r o r ,  tho u g h  t h i s  i s  u n l i k e l y  

to  o c c u r  t o  t h e  same e x te n t  w i th  v a r y in g  q u a n t i t i e s  

o f  m a t e r i a l .

5. E th y l  d i h y d r o - o x o a r i s t a t e  was s t i l l  u n s a t u r a t e d

( t e t r a n i t r o m e t h a n e ) . T h is  e v id e n c e  i s  s a t i s f a c t o r y  

a s  one doub le  bond was l o s t  i n  c o n v e rs io n  to  t h e  k e t o -  

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

e s t e r .  The t h i r d  double  bond was shown by 

t e t r a n i t r o m e t h a n e .

6 . O x id a t io n  o f  a r i s t o l a e t o n e  w i th  p o ta s s iu m  perm anganate  

i n  a c e to n e  gave a  compound t e n t a t i v e l y  a s s ig n e d  a 

g l y c o l  s t r u c t u r e  formed by th e  a d d i t i o n  o f  two 

h y d ro x y l  g roups a c r o s s  one double  bond. B ro m in a t io n  

o f  t h i s  p ro d u c t  i n d i c a t e d  th e  p re s e n c e  o f  two 

e t h y l e n i e  bonds. T his e v id e n c e  i s  n o t  c o n c lu s iv e  a s  

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

rem ark s  u n d e r  3* above a l s o  a p p ly .

Many o f  t h e  above p o i n t s  ta k e n  i n d i v i d u a l l y , a r e  n o t  

c o n c l u s i v e ,  b u t  when c o n s id e re d  c o l l e c t i v e l y  th e y  p ro v id e  

s t r o n g  e v id e n c e  i n  fa v o u r  o f  t h r e e  e t h y l e n i e  bonds i n

a r i s t o l a e t o n e .

A p p l i c a t i o n  o f  th e  i s o p re n e  r u l e  l i m i t s  th e  p o s s ib l e  

b a s i c  s k e l e t o n s  to  th e  f o l lo w in g ,  i n  which o n ly  th e  d oub le  

bond o f  t h e  l a c to n e  r i n g  i s  shown.



1 3 2 .

0

(XXVI) (XXVII)

V

CO 0

(XXVIII)

\ y

CO'

(XXIX)

CO

(XXX) (XXXI)

CO

(XXXII)

S t r u c t u r e s  (XXVI) and (XXVII) o n ly ,  conform to  t h e  

f a r n e s o l  r u l e ,  a l th o u g h  (XXVII) r e p r e s e n t s  a  ty p e  o f  which 

t h e r e  i s  no known r e p r e s e n t a t i o n .  The rem a in in g  s t r u c t u r e s  

do n o t  conform  to  th e  f a r n e s o l  r u l e  h u t  a re  h a sed  on t h a t  o f
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c a r o t o l  i n  w hich  o n ly  two o f  t h e  t h r e e  i s o p r e n e  u n i t s  a r e  

a r r a n g e d  i n  a  r e g u l a r  m anner. C e r t a in  o f  t h e s e  s t r u c t u r e s  

can  be e l i m in a t e d  from  c o n s i d e r a t i o n  on t h e  b a s i s  o f  

d e g r a d a t i o n  e v id e n c e  which i s  now c o n s id e r e d .

O x id a t io n  w i th  p o ta s s iu m  perm anganate

O x id a t io n  o f  a r i s t o l a c t o n e  w i th  p o ta s s iu m  pe rm angana te

i n  a c e to n e  gave r i s e  to  two p r o d u c t s ,  t h e  f i r s t ,  a
o r V7 c oc r y s t a l l i n e  n e u t r a l  s u b s ta n c e ,  m .p . 1 5 8 .5 -1 6 0  C . , |<*J5 +128 ,

209 ™m-( i  9 3 4 °° )  • B ro m in a t io n  o f  t h i s  m a t e r i a l• ̂  HI SIX • I

i n d i c a t e d  t h e  p re s e n c e  o f  two e t h y l e n i c  bonds. H y d ro ly s is  

w i t h  e t h a n o l i c  p o ta s s iu m  hydro x ide  d e m o n s tra te d  th e  p re s e n c e  

o f  p o t e n t i a l  a c i d i c  g ro u p s ,  ( e q u iv a le n t  24 6 ) ,  w h i l s t  

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

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

by  a  g l y c o l  s t r u c t u r e  formed by th e  a d d i t i o n  o f  h y d ro x y l  

g ro u p s  to  th e  oc, Q - e t h y l e n i c  bond, and t h i s  i s  su p p o r te d  

by th e  a n a l y s i s  w hich  i n d i c a t e d  th e  m o le c u la r  fo rm u la

°15H22°4 o r  ( C8H12°^n * The l a t t e r  may be r e j e c t e d  s in c e  
more d e e p - s e a t e d  d e g ra d a t io n  would g iv e  r i s e  to  a c i d s  and 

k e to n e s ,  b u t  t h e  su b s ta n c e  was n e u t r a l  and e x h i b i t e d  no 

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

k e to n e s .  A f u r t h e r  o b j e c t i o n  i s  th e  r e l a t i v e l y  sm a ll  

change i n  s p e c i f i c  r o t a t i o n  (+156 to  + 1 2 8 ° ) .  The p re s e n c e  

o f  p o t e n t i a l  a c i d i c  g roups i n  a n e u t r a l  s u b s ta n c e  and th e



134.

e a s e  o f  r e g e n e r a t i o n  by th e  a d d i t i o n  o f  a c id  a f t e r  

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

The seco n d  p ro d u c t  was an a c i d i c  o i l  w hich  s e p a r a t e d  on 

p a p e r  i n t o  a t  l e a s t  two components one o f  w hich  c o n ta in e d  

a  c a r b o n y l  g r o u p ( s ) .  F u r t h e r  o x i d a t i o n  o f  t h i s  o i l  w i th  

a l k a l i n e  pe rm an gana te  gave s u c c i n i c  a c i d ,  i d e n t i f i e d  by 

p a p e r  c h ro m a to g rap h y .

O x id a t io n  w i th  chrom ic a c id

V ig o ro u s  o x i d a t i o n  w i th  p o ta s s iu m  d ic h ro m a te  and 

s u l p h u r i c  a c id  gave r i s e  to  s im p le  a c i d s  w hich  were 

s e p a r a t e d  i n t o  v o l a t i l e  and n o n - v o l a t i l e  a c i d s  by s team  

d i s t i l l a t i o n .  E th e r  e x t r a c t i o n  o f  th e  n o n - v o l a t i l e  

r e s i d u e  gave an a c i d i c  s e m i - c r y s t a l l i n e  o i l .  The v o l a t i l e  

a c i d s  ( e q u i v a l e n t  to  1 .6  m o ls . )  gave a  c r y s t a l l i n e  sodium 

s a l t  w hich  p o s s e s s e d  s l i g h t  re d u c in g  p r o p e r t i e s ,  p ro b a b ly  

b e c a u s e  o f  th e  p re s e n c e  o f  fo rm ic  a c i d .  The b u lk  o f  th e  

s a l t  was sodium a c e t a t e ,  i d e n t i f i e d  by th e  p r e p a r a t i o n  o f  

t h e  c r y s t a l l i n e  S -b e n z y l th iu ro n iu m  s a l t  m .p. 141-142°C. 

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  d e r i v a t i v e  

p r e p a r e d  from  sodium a c e t a t e .  The m e l t in g  p o i n t  o f  t h i s  

d e r i v a t i v e  v a r i e s  i n  th e  l i t e r a t u r e  9 9 ^

a l t h o u g h  v a r i a t i o n s  i n  th e  r a t e  o f  h e a t i n g  u n d o u b te d ly  

c o n t r i b u t e  to  t h i s ^ 20  ̂ th e y  do n o t  a p p e a r  to  su p p ly  an 

e n t i r e l y  s a t i s f a c t o r y  e x p la n a t io n .
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Re c r y s t a l l i s a t i o n  o f  t h e  n o n - v o l a t i l e  a c i d s  gave 

s u c c i n i c  a c i d  w hich  was confirm ed  by t h e  p r e p a r a t i o n  o f  

t h e  S - b e n z y l th iu r o n iu m  s a l t .  The p re s e n c e  o f  s u c c i n i c  

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

(XXXIV).

— o —I — c — |
ch9
I 2

ch9 
I 2

0Eo
I

ch9 
I 2

—0 -  
I

CH0
I 2__n ___

( r a n )
?

(XXXIV)

A s e a r c h  was t h e r e f o r e  made f o r  g l u t a r i c  a c id  ( w h ic h  cou ld  

a r i s e  from  (XXXIV), i n  th e  m other  l i q u o r s  from  th e  s u c c i n i c  

a c i d  c r y s t a l l i s a t i o n .  P ap e r  chrom atography  u s i n g  th e  

s o l v e n t  sy s tem  l i q u i f i e d  pheno l c o n ta in in g  1$ o f  fo rm ic  

a c i d ,  gave w e l l  d e f in e d  s p o ts  o f  s u c c i n i c  a c id  and a 

c a r b o n y l - c o n t a i n i n g  a c id ,  b u t  n o t  a  t r a c e  o f  g l u t a r i c  a c i d .

O x id a t io n  w i th  chromic a c id  i n  p y r i d in e - w a te r  gave 

u n chang ed  a r i s t o l a c t o n e , b u t  chromic a c id  i n  a c e t i c  a c i d -  

w a te r  m ix tu re  a t  50°C. caused some o x i d a t i o n ,  and t r a c e  

am ounts o f  a  n e u t r a l  su b s ta n c e  m .p. 186-187°C. were 

i s o l a t e d .  They were too  sm all  f o r  c h a r a c t e r i s a t i o n ,  and 

th e  o n ly  o t h e r  p ro d u c t  -  an a c i d i c  o i l  -  r a p i d l y  r e s i n i f i e d  

when warmed w i th  t h io n y l  c h lo r id e ,  which was u se d  i n  an
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a t t e m p t  to  p r e p a r e  an am ide .

O z o n o ly s is

O z o n o ly s is  o f  a r i s t o l a c t o n e  gave fo rm ald eh y d e  a s  t h e  

s o l e  v o l a t i l e  p r o d u c t  i s o l a t e d  a s  i t s  dimedone d e r i v a t i v e  

i n  a  y i e l d  c o r re s p o n d in g  to  59$ o f  t h e  t h e o r e t i c a l  r e q u i r e d  

f o r  one v i n y l i d e n e  g roup . E th y l  o x o a r i s t a t e  s i m i l a r l y  

y i e l d e d  fo rm a ld eh y d e  c o r re s p o n d in g  to  37$ o f  th e  

t h e o r e t i c a l  amount f o r  a  s i n g l e  v i n y l i d e n e  g roup . T h is  

c o n f i rm s  th e  e a r l i e r  c o n c lu s io n ,  based  on i n f r a r e d  e v id e n c e  

t h a t  t h e  v i n y l i d e n e  i s  n o t  in v o lv e d  i n  th e  a l k a l i n e  

r e a r r a n g e m e n t  o f  a r i s t o l a c t o n e  and hence i s  rem ote  from  th e  

l a c t o n e  r i n g .  The i s o l a t i o n  o f  fo rm aldehyd e  i n  r e l a t i v e l y  

h ig h  y i e l d  and th e  h ig h  s t a t e  o f  p u r i t y  o f  th e  c rude  

d e r i v a t i v e  i n  b o th  th e  above r e a c t i o n s  made t h e  p re s e n c e  o f  

o t h e r  v o l a t i l e  p ro d u c ts  u n l i k e l y .  A c a r e f u l  s e a r c h  

r e v e a l e d  no e v id e n c e  o f  th e  p re s e n c e  o f  e i t h e r  a c e to n e  o r  

o t h e r  v o l a t i l e  s u b s ta n c e s  so t h a t  t e r m in a l  g ro u p s  o f  t h e  

ty p e  (XXXV) and (XXXVT) a re  a b s e n t .

C i t r a l  was u se d  a s  a model compound to  e n su re  t h a t  a c e to n e

CH,

CH^

CH- C H =

fxxxv) (XXXVI)
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c o u ld  be d e t e c t e d  i n  th e  o z o n o ly s is  p ro d u c t s  by t h e  

t e c h n iq u e  u s e d .

D e co m p o s i t io n  o f  th e  ozon ide  by t h r e e  d i f f e r e n t

m e th o d s ,  (a)  w a te r ^ 21^, (b) z in c  d u s t  and g l a c i a l  a c e t i c  
( 2 2 )a c i d v and (c )  p a l la d iu m  on c h a rc o a l  c a t a l y t i c  

h y d r o g e n a t io n ^ 2^  a l l  f a i l e d  to  y i e l d  c r y s t a l l i n e  p r o d u c t s .  

The o i l s  w hich  were alw ays formed were a lm o s t  c o m p le te ly  

s o l u b l e  i n  d i l u t e  a l k a l i  w i th  th e  f o rm a t io n  o f  deep brown 

s o l u t i o n s  a s  soon  a s  h e a t  was a p p l i e d .  S o lu t io n s  i n  c o ld  

a l k a l i  a l s o  showed d i s c o l o u r a t i o n .  The p re s e n c e  o f  r e a d i l y  

o x i d i s a b l e  g ro u p s  was confirm ed  by th e  s t r o n g  r e d u c in g  

a c t i o n  on amm oniacal s i l v e r  n i t r a t e ,  w h i l s t  th e  f o r m a t io n  

o f  a  r e d  c o lo u r  w i th  a l k a l i n e  sodium n i t r o p r u s s i d e  and 

s t r o n g l y  p o s i t i v e  iodoform  r e a c t i o n  i n d i c a t e d  th e  p re s e n c e  

o f  one o r  more CH^»CO- g ro u p s .

Two o f  t h e  p o s s ib l e  s k e le to n s  (XXVII) and (XXVTII) 

c o n s id e r e d  above would be ex p ec te d  to  y i e l d  p y ru v ic  a c id  on 

o z o n o ly s i s  and a  c a r e f u l  s e a rc h  was t h e r e f o r e  made f o r  t h i s  

a c i d  i n  t h e  su b se q u e n t  exam in a tio n  o f  th e  p r o d u c t s .  The 

o z o n id e  was decomposed w ith  w a te r  and th e  a c i d i c  p ro d u c ts  

b e f o r e  and a f t e r  h y d r o ly s i s  examined c h ro m a to g ra p h ic a l ly  on 

p a p e r  u s i n g  th e  s o lv e n t  system s ( i )  b u t a n o 1 - p y r id in e - w a te r -  

e t h a n o l ^ )  and ( i i )  p y r i d i n e - a m m o n i a - w a t e r # Tlie a d d  

s p o t s  were d e t e c t e d  w ith  th e  sp ra y  r e a g e n t s  b ro m o creso l  

g r e e n ,  T o l l e n ’ s r e a g e n t  and th e  s p e c i a l  sys tem  o f  r e a g e n t s
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d e v is e d  by M a r t in  f o r  th e  p r o d u c t io n  o f  c o lo u re d  s p o t s  

w i th  c e r t a i n  a c i d s ^ ^ .  The s o lv e n t  sy s tem  ( i )  gave 

s a t i s f a c t o r y  r e s u l t s ,  h u t  w i th  th e  p y r i d i n e —ammonia—w a te r  

sy s te m  t h e r e  was a  ten d en cy  f o r  th e  s p o t s  t o  s p r e a d .  Two 

a c i d s  o f  w id e ly  d i f f e r i n g  R^ v a lu e s  were, shown t o  he 

p r e s e n t  (T ab le  1) and o f  th e s e  two, one , (A) o f  R^ 0 .6 2  

( s o l v e n t  ( i ) )  i s  a lm o s t  c e r t a i n l y  l a e v u l i n i c  a c i d .  The 

s l i g h t  r e d u c t i o n  w i th  T o l l e n ’ s r e a g e n t  i s  p o s s i b l y  due to  

t r a c e s  o f  i m p u r i t y .  The a c id  (B) h as  n o t  been  i d e n t i f i e d  

b u t  i t s  l a c k  o f  r e d u c t io n  w i th  T o l l e n ’ s r e a g e n t  d e m o n s tra te d  

c l e a r l y  t h a t  i t  was n o t  p y ru v ic  a c i d .  S k e le to n  s t r u c t u r e s  

(XXVII) and (XXTIII) may t h e r e f o r e  be e l im in a te d  from  

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

Table 1 .

S u b s tan ce  C o n t ro l  Rj? S p ra y re a g e n t
o z o n is e d  A cid  S o l v e n t ( i )  S o l v e n t ( i i )  (jd) (lii) R ef.

A r i s t o l a c to n e  -  (A) 0 .6 2 0 .8 0 s l i g h t
r e d u c t i o n

no
c o lo u r

(B) 0.31 0.4-5 no
r e d u c t io n

n

C i t r a l 0 .62 0 .7 5 n

L a e v u l i n i  c

Methyl 
M e th ac ry la te  ~

0 .62

0.29

0 .7 6 n

s t r o n g
r e d u c t io n

VI

Mauve

P y ru v i  c 0 .28 - »» n
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C o n f i rm a t io n  o f  l a e v u l i n i c  a c id  was o b ta in e d  when th e  

2 s 4 - d in i t r o p h e n y lh y d r a z o n e  m ix tu re  p re p a re d  from  th e  

o i l y  o z o n o ly s i s  p ro d u c t  was examined c h ro m a to g ra p h ic a l ly  

on p a p e r  u s i n g  s o lv e n t  ( i ) .  Two s p o t s  were o b ta in e d  

one o f  w hich  (R^ 0 .6 6 )  was i d e n t i c a l  w i th  t h a t  o f  t h e  

d e r i v a t i v e  from  l a e v u l i n i c  a c id .  The o t h e r  (S^, 0 .9 )  

was n o t  i d e n t i f i e d ,  b u t  was n o t  th e  p y ru v ic  a c id  

d e r i v a t i v e  w hich  had an Rp v a lu e  o f  0 .3 9  .

Ho c r y s t a l l i n e  su b s ta n c e  o r  d e r i v a t i v e  co u ld  be 

i s o l a t e d  from  t h e  o i l y  o z o n o ly s is  p r o d u c t s .
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C o n s id e ra t io n  o f  the  rem aining s k e l e t a l  s t r u c tu r e s

I n  c o n s i d e r i n g  th e  p o s s ib l e  s t r u c t u r e s  i t  m ust be 

remembered t h a t  one o f  th e  doub le  bonds i s  r e p r e s e n te d  by 

a  v i n y l i d e n e  group and t h a t  no c o n ju g a t io n  o f  e t h y l e n i c  

bonds i s  p r e s e n t .  The fo l lo w in g  s t r u c t u r e s  b ased  on 

(XXVI), (XXIX) and (XXX) w i l l  t h e r e f o r e  be c o n s id e re d  f i r s t .

(XXVI)

CO— 0CO—0CO— 0
B

(XXIX)

CO— 0
D

CO— 0
E

(XXX)

CO— 0
F

G
CO—

H
0 0 - 0  

I
CO— 0

K



U l t r a v i o l e t  a b s o r p t io n  s p e c t r a  ( a r i s t o l a c t o n e  anil 

e t h y l  and m e th y l  o x o a r i s t a t e )  i n d i c a t e  a  second  t e t r a -  

s u b s t i t u t e d  d o u b le  bond so t h a t  s t r u c t u r e s  A, B, C, D, E,

F , G, H, J  a r e  c o n s id e re d  u n l i k e l y .  E th y l  o x o a r i s t a t e  

d o e s  n o t  c o n t a i n  a  double  bond i n  c o n ju g a t io n  w i th  a  

c a rb o n y l  g roup  so t h a t  s t r u c t u r e s  A, D, F, G, J ,  K w hich  

would g iv e  t h i s  can be r e j e c t e d .  Those s t r u c t u r e s  w hich  

would g iv e  g l u t a r i c  a c id  on chrom ic a c id  o x i d a t i o n ,  (A,

B, D, E ) , a r e  s i m i l a r l y  r u l e d  o u t .  O z o n o ly s is  o f  

compounds su c h  a s  0, P, G, I ,  K, would g iv e  v o l a t i l e

a ld e h y d e s  o r  k e to n e s  o th e r  th a n  fo rm a ld eh y d e ,  b u t  none

w ere fo u n d .  F i n a l l y ,  two o f  th e  s t r u c t u r e s ,  H and J ,  

c o u ld  n o t  g iv e  r i s e  to  s u c c i n i c  a c id  on chrom ic a c id  

o x i d a t i o n .  A l l  t h e  g iv en  s t r u c t u r e s  a r e  th u s  shown to  be

u n t e n a b l e  even i f  no a llo w ance  i s  made f o r  th e  l e a s t

c o n c lu s iv e  e v id e n c e ,  t h a t  o f  th e  t e t r a s u b s t i t u t i o n  o f  th e  

secon d  do u b le  bond.

S k e l e t a l  s t r u c t u r e  (XXXI) g iv e s  r i s e  to  o n ly  one 

compound (XXXI)A and t h i s  i s  re n d e re d  u n l i k e l y  on th e  b a s i s  

o f  u l t r a v i o l e t  a b s o r p t io n  m easurem ents on e th y l  o x o a r i s t a t e

CO —  0
OEt

(XXXI)A
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( t ,  6000-7000) a t  209 mu . c a l c .  X m 4 .2 0 0 .™ ,* max • i
\  " 3 0 0 - 6 0 0 (9 \  f o r  th e  p ro d u c t  shown.

I f l q » A  •

S t r u c t u r e  (XXXVII) based  on s k e l e t o n  s t r u c t u r e

(XXXII) how ever p ro v id e s  a s a t i s f a c t o r y  e x p la n a t io n  o f  

many o f  t h e  o b se rv e d  f a c t s ,  accommodating th e  c x , $ -  u n s a t 

u r a t e d  l a c t o n e  fu s e d  i n  a  b i c y c l i c  s t r u c t u r e  to  a  s i x -  

membered r i n g ,  th e  t e t r a s u b s t i t u t e d  dou b le  bond and a  

v i n y l i d e n e  g roup .

0CO

(XXXVII)

Chromic a c i d  o x i d a t i o n  o f  a r i s t o l a c t o n e  i s  a  complex 

p r o c e s s  b u t  i f  i t  i s  assumed to  p ro ce ed  a c c o rd in g  to  th e  

f o l lo w in g  scheme th e n  th e  p roposed  s t r u c t u r e  r e a d i l y  

a c c o u n ts  f o r  th e  p ro d u c t io n  o f  fo rm ic  ( t r a c e s ) ,  a c e t i c  and 

s u c c i n i c  a c i d s  ,

CO

CH7 * CO3h ...

CH,

co
X

CH

CO
\

3

CH,

CH
£

CO

CH, 
I  ̂
CH,

CO
4 ...
CO

X /
• CH 

I
-  0

3 H-COOH

3 co2
2 CH^-COOH

CH^-COOH 
I *
CH2 -C00H
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The a c t u a l  i s o l a t i o n  o f  fo rm ic  a c id  i n  l a r g e  y i e l d  would 

be u n l i k e l y  u n d e r  th e  s t r o n g  o x i d i s i n g  c o n d i t i o n s .

E th y l  o x o a r i s t a t e ,  t h e  p ro d u c t  o f  a l k a l i n e  r e a r r a n g e 

m ent i n  e th a n o l  would th e n  be r e p r e s e n te d  by (XXXVTII), 

t h e  v i n y l i d e n e  group and th e  i s o l a t e d  t e t r a s u b s t i t u t e d  

d o u b le  bond t a k i n g  no p a r t  i n  th e  r e a c t i o n  a s  shown by 

t h e  f o r m a t io n  o f  fo rm aldehyde  on o z o n o ly s i s  and by th e  

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

ROH

a l k a l i

(XXXTIII)

The l o s s  o f  an  asym m etric  c e n t r e  and th e  c r e a t i o n  o f  

two new ones  i n  e th y l  o x o a r i s t a t e  would a c c o u n t  f o r  th e  

l a r g e  i n c r e a s e  i n  o p t i c a l  r o t a t i o n  w hich accom panies  th e  

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

w h ich  s lo w ly  l i g u i f i e d  o v e r  a  p e r io d  o f  months even when 

c a r e f u l l y  s t o r e d ,  a  p ro c e s s  w hich, a s  a l r e a d y  shown, was 

g r e a t l y  a c c e l e r a t e d  i n  th e  p re se n c e  o f  a l k a l i ,  may be 

a c c o u n te d  f o r  by i n v e r s io n  a t  one o r  b o th  o p t i c a l  c e n t r e s .

C a t a l y t i c  h y d ro g e n a t io n  o f  e t h y l  o x o a r i s t a t e  gave 

e t h y l  d ih y d ro —o x o a r i s t a t e  which cou ld  be a s s ig n e d  

s t r u c t u r e  (XXXIX) s in c e  o z o n o ly s is  no lo n g e r  gave 

fo rm a ld e h y d e ,  w h i l s t  th e  u l t r a v i o l e t  a b s o r p t io n  spec tru m



showed maxima a t  208 mpi(t, 3570) and 287mp( fc , 52) due to  

t h e  i s o l a t e d  d o u b le  bond and th e  c a rb o n y l  group  

r e s p e c t i v e l y .  I t  i s  i n t e r e s t i n g  to  n o te  th e  d e c r e a s e  i n  

t h e  maximum a t  2 0 8 wi t h  th e  s a t u r a t i o n  o f  th e  v i n y l i d e n e  

g ro u p ,  a  r e s u l t  w hich  i s  a t  v a r i a n c e  w i th  t h e  p ro p o sed  

s t r u c t u r e s .

(XXXIX)

I t  had  e a r l i e r  been  ob se rv ed  t h a t  th e  a b s o r p t io n  spec trum
- 1o f  e t h y l  o x o a r i s t a t e  p o s s e s se d  a peak  a t  815 cm. 

a t t r i b u t e d  to  a  t r i s u b s t i t u t e d  doub le  bond. T h is  f a c t ,  

t o g e t h e r  w i th  th e  com plete u l t r a v i o l e t  a b s o r p t io n  curve  

o f  e t h y l  o x o a r i s t a t e  (appendix  2) o f f e r s  a  r e a s o n a b le  

e x p la n a t i o n  o f  t h e  a p p a re n t  anomaly. As i s  w e l l  known 

i n  t e r p e n e  c h e m is t ry ,  th e  hom ogeneity  o f  p r o d u c t s  i s  

f r e q u e n t l y  open to  doubt because  o f  t h e  p re s e n c e  o f  

c l o s e l y  r e l a t e d  i s o m e rs .  I n  t h i s  case  th e  r e a c t i o n  o f  

a l k a l i  on a r i s t o l a c t o n e  may w e l l  proceed, a s  f o l lo w s

( t r a c e )

CO



S t r u c t u r e s  (XL) and (XLI) e x p la in  th 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 tru m  s in c e  th e  p re s e n c e  o f  (XLI) would be 

i n d i c a t e d  by t h e  i n f l e x i o n  a t  217 wf*. H y d ro g e n a tio n  o f  

t h e  v i n y l i d e n e  group and th e  su b seq u e n t  p r o c e s s  o f  

p u r i f i c a t i o n  co u ld  g iv e  e th y l  d i h y d r o - o x o a r i s t a t e  (X L II) .

CO

OEt

(XLII)

The d e c r e a s e  i n  t h e  a b s o r p t io n  maximum co u ld  t h e r e f o r e  

be  cau sed  by t h e  e l im in a t io n  o f  th e  <x,Q - u n s a t u r a t e d  

com ponent, and th e  t r i s u b s t i t u t e d  doub le  bond i s  p r e s e n t  

to  a c c o u n t  f o r  t h e  i n f r a r e d  a b s o r p t io n  sp e c tru m .

I t  h a s  a l r e a d y  been e s t a b l i s h e d  t h a t  th e  r e a r r a n g e 

m ent o f  a r i s t o l a c t o n e  to  i s o a r i s t o l a c t o n e  i n  g l a c i a l  

a c e t i c  a c i d  in v o lv e d  a s h i f t  o f  th e  l a c to n e  ,/3 -d o u b le  

bond o u t  o f  c o n ju g a t io n ,  w i th  th e  co n co m itan t  i n c r e a s e

i n  t h e  s t a b i l i t y  o f  th e  l a c to n e  r i n g .  The p re s e n c e  o f
-1t h e  v i n y l i d e n e  a b s o r p t io n  band a t  890 cm. m  

i s o a r i s t o l a c t o n e  confirm ed t h a t  th e  v in y l id e n e  group was 

n o t  a s s o c i a t e d  w i th  th e  l a c to n e  r i n g  o f  e i t h e r  s u b s ta n c e .

The a ssu m p tio n  o f  s t r u c t u r e  (XXXVII) f o r  a r i s t o l a c t o n e  

would t h e r e f o r e  a p p ea r  to  le a d  to  e i t h e r  o f  th e  s t r u c t u r e s
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(X L III )  o r  (XLIV) f o r  i s o a r i s t o l a c t o n e .

nA X (X L III)

00 —  0

T Y v A X (XLIV)00— 0 
(XXXVII)

w CO —  0

S t r u c t u r e  (XLIV) i s  r e j e c t e d  on th e  grounds t h a t  th e  

u l t r a v i o l e t  a b s o r p t io n  spectrum  o f  i s o a r i s t o l a c t o n e  showed 

no e v id e n c e  o f  t r i p l e  c o n ju g a t io n  which would be ex p ec ted  

to  g iv e  a h ig h  i n t e n s i t y  a b s o r p t io n  maximum i n  th e  r e g io n  

270-280 The low i n t e n s i t y  a b s o r p t io n  ( fc , 640)

c o u ld  w e l l  a r i s e  however from t r a c e s  o f  s t r u c t u r e  (XLIV) 

p r e s e n t  a s  i m p u r i t y ,  as a sm all  p l a t e a u  a t  ab ou t 273 

h a s  been  n o te d  i n  o th e r  p ro d u c ts  and e x p la in e d  i n  a  s i m i l a r

case  a s  d i h y d r o a r i s t o l a c t o n e , which was o b ta in e d  by two 

d i f f e r e n t  r o u t e s ,  s t i l l  ab so rb s  to  th e  same e x te n t  a t  

272 m|xas does i s o a r i s t o l a c t o n e , and i t  a p p e a rs  u n l i k e l y

t h a t  t h e  same amount o f  im p u r i ty  would a r i s e  i n  b o th

m anner T h is  i s  n o t  e n t i r e l y  s a t i s f a c t o r y  i n  t h i s
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p r o c e s s e s .

S t r u c t u r e  (X L III)  a l s o  a p p e a rs  to  be r u l e d  o u t  by 

t h e  low  i n t e n s i t y  and p o s i t i o n  o f  t h e  a b s o r p t io n  a t  

272 mjA. , a s  a p p l i c a t i o n  o f  Woodward's r u l e s  ( F i e s e r  and 

F i e s e r ^ ® ) )  to  t h e  hom oannular d ie n e  l e a d s  to  a  

t h e o r e t i c a l  maximum a t  283 m(̂  (5 s u b s t i t u e n t s ,  l e x o c y c l i c  

bond) t h e  n o rm al i n t e n s i t y  f o r  such  a sys tem  b e in g  o f  th e  

o r d e r  o f  t ,  6000. The f u l l  e x p la n a t io n  o f  t h e  s p e c t r a l  

a n o m a lie s  how ever,m ust a w a it  th e  s y n t h e s i s  o f  s u i t a b l e  

m odel compounds.

The v e r y  l a r g e  change o f  o p t i c a l  r o t a t i o n  from  +156° 

i n  a r i s t o l a c t o n e  to  -4 4 °  i n  i s o a r i s t o l a c t o n e  i s  o f  th e  

same o r d e r  a s  t h a t  observed  (+117 to  -3 0 ° )  f ° r  "t*16 t r a n s

(XLV) ------ )> c i s  (XL VI) i s o m e r i s a t i o n  o f  th e  l a c t o n e  from

s c l a r e o l  (Klyne . KLyne h as  deduced i n  ag reem ent

w i th  l i n s t e a d ^ ^  t h a t  c i s  f u s i o n  o f  a  f ive-m em bered  and 

a  six -m em bered  r i n g  i s  more s t a b l e  th a n  t r a n s  f u s i o n ,  and 

i t  may w e l l  be  t h a t  th e  a c id  i s o m e r i s a t i o n  o f  a r i s t o l a c t o n e  

i s  c a p a b le  o f  e x p la n a t io n  on s i m i l a r  te rm s a s  a  r e s u l t  o f  a 

d o u b le  bond s h i f t .

(XL VI)

= 0

(XIV)

I t  has  a l r e a d y  been  shown t h a t  h y d ro g e n a t io n  o f
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i s o a r i s t o l a c t o n e  w i th  p la t in u m  i n  e th a n o l  o c c u r s  r a p i d l y  

(10 m in u te s )  w i th  th e  fo rm a t io n  o f  d i h y d r o a r i s t o l a c t o n e .  

O z o n o ly s is  o f  d i h y d r o a r i s t o l a c t o n e  gave no fo rm ald eh yde  

i n d i c a t i n g  t h a t  t h e  v in y l id e n e  group had been  re d u c e d .  

F u r t h e r  h y d r o g e n a t io n  to  h e x a h y d r o a r i s to l a c to n e  to o k  

p l a c e  o n ly  v e ry  s lo w ly  (48 h o u rs )  and t h i s  i s  c o n s i s t e n t  

w i t h  th e  p r e s e n c e  o f  h in d e re d  t r i -  o r  t e t r a - s u b s t i t u t e d  

e t h y l e n i c  b o n d s .  The r e l a t i v e l y  sm a ll  r o t a t i o n  d i f f e r e n c e  

b e tw ee n  i s o a r i s t o l a c t o n e  ( j c c ] ^ - 4 4 ° )  and d i h y d r o a r i s t o 

l a c t o n e  ( [ct] - 7 7 ° )  i s  i n  agreem ent w i th  th e  p l a c i n g  o f  t h e  

v i n y l i d e n e  group i n  a  p o s i t i o n  rem ote from  any c e n t r e  o f  

o p t i c a l  asym m etry .

The f o r m a t io n  o f  d i h y d r o a r i s t o l a c to n e  from  b o th  

a r i s t o l a c t o n e  and i s o a r i s t o l a c t o n e  i s  anomalous s in c e  b o th  

h y d r o g e n a t io n s  c l e a r l y  in v o lv e  r e d u c t io n  o f  th e  v i n y l i d e n e  

group  a s  shown by th e  ev idence  o f  o z o n o ly s is  and i n f r a r e d  

s p e c t r a .  M oreover i t  i s  a l s o  e s t a b l i s h e d  t h a t  t h i s  same 

v i n y l i d e n e  group i s  remote from th e  l a c to n e  r i n g  and o t h e r  

o p t i c a l  c e n t r e s  i n  b o th  a r i s t o l a c t o n e  and i s o a r i s t o l a c t o n e  

so t h a t  mere r e d u c t io n  o f  t h i s  group i n  a r i s t o l a c t o n e  cou ld  

n o t  p o s s i b l y  a c c o u n t  f o r  th e  v e ry  l a r g e  change i n  o p t i c a l  

r o t a t i o n  o b se rv ed  (+156 to  -7 7 ° )  • I t  m ust be concluded  

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

p r o c e s s ,  t a k i n g  24 hou rs  w ith  3# p a l la d iu m  on c h a r c o a l ,  i s  

accom panied  by a  rea rran g em en t  o f  th e  c —doubl e  bond
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s i m i l a r  t o  t h a t  o b se rv ed  i n  th e  fo r m a t io n  o f  i s o a r i s t o 

l a c t o n e .  S i m i l a r  doub le  bond s h i f t s  have been  o b se rv e d  i n  

t h e  h y d r o g e n a t io n  o f  s t e r o l s  o f  th e  e r g o s t e r o l  t y p e ^ 1 >3 2 ) # 

S h a k in g  w i th  t h e  c a t a l y s t  i n  th e  absence  o f  hydrogen  

how ever d id  n o t  cause  any re a r ra n g e m e n t  ( c f .  S t a v e ly  and 

B o l l e n b a c k ^ ^ ) .  The p ro d u c t  o f  t h e s e  h y d ro g e n a t io n s  i s  

t h e r e f o r e  renamed d ih y d ro i s o a r i s t o l a c t o n e .

T e t r a h y d r o a r i s t o l a c t o n e  which was o b ta in e d  a s  an o i l  

when a r i s t o l a c t o n e  was p a r t l y  h y d ro g en a ted  w i th  p la t in u m  i n  

g l a c i a l  a c e t i c  a c id  showed a b s o r p t io n  c h a r a c t e r i s t i c s  

c o m p le te ly  i n  ag reem ent w i th  th o s e  e x p ec te d  f o r  an oc , / 3 -  

u n s a t u r a t e d  l a c t o n e ,  h a v in g  a maximum a t  218 rn^( t  , 7000) 

(ap p e n d ix  2 ) .  T h is  p ro d u c t ,  b e in g  an o i l ,  was p ro b a b ly  

n o t  c o m p le te ly  homogeneous. I t s  fo rm a t io n  w i th  th e  

r e t e n t i o n  o f  t h e  cc,& -d o u b le  bond i s  i n t e r e s t i n g  s in c e  i t  i s  

e s t a b l i s h e d  t h a t  th e  same double  bond un d e rg o es  a  s h i f t  i n  

t h e  f o r m a t io n  o f  d i h y d r o i s o a r i s t o l a c t o n e .  The e x p la n a t io n  

p ro b a b ly  l i e s  i n  th e  much more r a p id  r e d u c t io n  w hich ta k e s  

p l a c e  w i th  p la t in u m  i n  g l a c i a l  a c e t i c  a c i d .  Under th e s e  

c o n d i t i o n s  t h e  v in y l id e n e  group and th e  i s o l a t e d  doub le  

bond no doub t undergo  more o r  l e s s  s im u lta n e o u s  r e d u c t io n .
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OOHCLUSION

I n  c o n c lu d in g  th e  a cco u n t  o f  th e  p r e l im in a r y  

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

seemed d e s i r a b l e  to  draw a t t e n t i o n  to  s e v e r a l  u n e x p la in e d  

p o i n t s .

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

i s o a r i s t o l a c t o n e  and d ih y d ro i s o a r i s t o l a c t o n e  showed a
_ i

s t r o n g  a b s o r p t i o n  band a t  927 cm. which was a b s e n t  from  

t h e  s p e c t r a  o f  t h e  k e t o - e s t e r  and th e  f u l l y  s a t u r a t e d  

l a c t o n e .  I t  t h e r e f o r e  appeared  to  be a s s o c i a t e d  w i th  

u n s a t u r a t i o n  and w ith  th e  l a c to n e  r i n g .  I n  ca rb o n  

t e t r a c h l o r i d e ,  a r i s t o l a c t o n e  showed two peaks ( 1 5 7 0  and
_ 4

1 3 9 0  cm. ) w hich  a re  n o rm a l ly  a s s o c i a t e d  w i th  a  gem-

d im e th y l  g ro up  b u t  i n  th e  i n f r a r e d  spec trum  o f  h ex ah y d ro -
_ 1

a r i s t o l a c t o n e  t h e r e  i s  on ly  one peak a t  1 3 8 3  &
_ 1

v e r y  much s m a l l e r  one a t  1350 cm. That t h e r e  sh o u ld  be

an  i n c r e a s e  i n  one o f  th e  peaks i s  to  be ex p ec ted  

( =0 H2  h 2 > _ 0 H^) b u t th e  a p p a re n t  s h i f t  o f  one peak  i s

u n u s u a l .  I t  sh o u ld  be p o in te d  o u t  however t h a t  exam ples

o f  s p l i t t i n g  o f  t h e  -CH^ band a t  abou t 1 3 8 O cm. do o ccu r  

i n  th e  a b sen c e  o f  a  gem-dimethyl group, p a r t i c u l a r l y  i n  

t h e  3 “ a-ftd- 1 7 - s t e r o i d a l  a c e t a t e s  (54 ) .

The u l t r a v i o l e t  a b s o rp t io n  spectrum  o f  a r i s t o l a c t o n e  

co u ld  be i n t e r p r e t e d  as  b e in g  due to  summation o f  a
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t e t r a s u b s t i t u t e d  d o u b le  bond i n  t h e  J3 , y  - p o s i t i o n  o f  

t h e  l a c t o n e  and a n o th e r  t r i -  o r  t e t r a - s u b s t i t u t e d  d oub le  

bond e ls e w h e re  i n  t h e  m o lecu le  (XLVII) and a l th o u g h  i t  

would e x p l a i n  t h e  r e a c t i o n s  o f  t h e  o z o n o ly s i s  p ro d u c t s  -  

t h e  f o r m a t io n  o f  l a e v u l i n i c  a c i d ,  th e  slow  b u t  d e f i n i t e  

t i t r a t i o n  o f  t h e  p ro d u c t  i n  th e  c o ld ,  and th e  a p p a r e n t

f 3  
0=0

h y d r o l y s i s  ^

CO 0  CO j3H2
(XLVII) p r im ary  p ro d u c t  COOH

(an h y d rid e )  l a e v u l i n i c  a c id

a b se n c e  o f  an  a  -hyd ro xy  k e to n e ,  th e  f o l lo w in g  a s p e c t s  

make t h i s  s t r u c t u r e  u n l i k e l y .  F i r s t l y ,  such  a  l a c to n e  

would have th e  c h a r a c t e r i s t i c  i n f r a r e d  a b s o r p t io n  band a t  

a b o u t  1800 cm.”*̂  ( - u n s a t u r a t e d  y  - l a c t o n e ) .  S econ d ly ,

t h e  o i l  o b ta in e d  on p a r t i a l  h y d ro g e n a t io n  o f  a r i s t o l a c t o n e  

(p ro b a b ly  th e  te trah yd ro -com p oun d)  showed maximum 

a b s o r p t i o n  a t  218mp.( fc, 7000) a t t r i b u t e d  to  cc , /3 -u n s a tu ra -  

t i o n .  T h i r d ly ,  h y d ro g e n a t io n  o f  (XLVII) would most l i k e l y  

be accom panied  by h y d ro g e n o ly s is  and would g iv e  th e  

d e s o x y - a c id  a s  m ain p rod uc t (Jacobs and S c o t t ^ 5 ) )  

a r i s t o l a c t o n e  gave m ain ly  th e  s a t u r a t e d  l a c t o n e .

It is interesting to speculate on the possibility of 
aristolactone being a mixture of isomers (XXXVII) and



(XLVTI), ( c f .  a l a n t o l a c t o n e  w hich i s  th o u g h t  to  he a  

m ix tu r e  o f  (XLVIII) and (XLIX) ) ,  h u t  u n t i l  t h e  a c t u a l

i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  o f  d e g ra d a t io n  o f  

a r i s t o l a c t o n e  was a t te m p te d ,  a r i s t o l a c t o n e  had ev e ry  

a p p e a ra n c e  o f  h e in g  a  s i n g l e  s u b s ta n c e .  I t  i s  c l e a r  

t h a t  t h e  co m p le te  e x p la n a t io n  o f  a l l  t h e  o b se rv ed  f a c t s  

m ust a w a i t  t h e  r e s u l t  o f  f u r t h e r  d e g ra d a t io n  e x p e r im e n ts .

(XLVIII) (XLIX)
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ARISTOLACTOIO)

I s o l a t i o n

A r i s t o l a c t o n e  was i s o l a t e d  from  th e  l i g h t  p e t ro le u m -  

s o l u b l e  e x t r a c t  a s  d e s c r ib e d  i n  P a r t  I  and form ed n e e d le s
Ht#C-

(from  l i g h t  p e t r o le u m ) ,  m .p. 11 0. 5-111 C . , [ « ] ,  + 1 56 .4°

( e ’ 1 ) ’ * m ax . 211 T  ( fc> 1 1 -5 0 0 ) .

Found 0, 7 7 .5 )  H, 8 .8  .

Calc,, f o r  C15H200 2 C, 7 7 .6 ;  H, 8.7%.

E q u iv a le n t  (toy h y d r o l y s i s ) ,  233) M. (R as t)  227 ±  13*

C a lc u la t e d  f o r  2* e<lu i v a l e n ‘fc> 232 ; M.232.

I n f r a r e d  sp e c tru m : (a) 0.5M i n  carb on  t e t r a c h l o r i d e  -

p e ak s  a t  1770 ( cc,/3 - u n s a t u r a t e d  y  - l a c t o n e ) ;  1 0 3 4  and

1060 ( e s t e r  f u n c t i o n ) ;  (b) i n  p a r a f f i n  m u ll  -  peak  a t

1736 (c*,/3 - u n s a t u r a t e d  y  - l a c t o n e ) ;  (c) 0.5M i n  carb on

d i s u l p h i d e  -  peaks  a t  1650 (m) and 890 (s )  ( v i n y l i d e n e ) ,
■1

840 (m), 800 (w ), and 782 (m) cm. ( t e t r a s u b s t i t u t e d  

e t h y l e n e ) .

B ro m in a t io n  o f  a r i s t o l a c t o n e

The method adop ted  was t h a t  o f  th e  B r i t i s h  

Pharm acop oe ia  f o r  th e  io d in e  v a lu e  o f  o i l s  u s i n g  p y r id in e  

brom ide  r e a g e n t  and v a ry in g  th e  s ta n d a rd  t im e  (10 m in u te s )  

to  d e te rm in e  th e  r a p i d i t y  o f  a b s o r p t io n .  S e v e ra l  model
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compounds were t e s t e d  by th e  s ta n d a r d  method and th e  

r e s u l t s  r e c o r d e d  i n  T able  2.

Table 2.

S u b s ta n c e Weight
(mg.)

Time 
(m in .)

A b s o rp t io n  
a s  m l .® /50 s o l n .

E q u iv a le n t  
d o u b le  bonds

A r i s t o l a c t o n e 4 .5 1 4.57 2 .3
tt 6 .5 30 7 . 35 2 . 6

* 9.5 10 10.90 2 .7

S a n to n in 9 .5 10 0 .02 -

E th y l  A c r y la t e 45 10 0 .10 -

M ethy l
M e th a c r y la te 46 .5 10 0 .70 0 .07

H y d r o ly s i s

( i )  A r i s t o l a c t o n e  ( 0 .2 l6 g . )  was r e f lu x e d  f o r  30 m in u te s  

w i th  e t h a n o l i c  p o ta s s iu m  hydrox ide  (0.66N, 3m l*) a*1*3- th e  

m ix tu r e  n e u t r a l i s e d  w ith  0.11! s u lp h u r ic  a c i d ,  a  b la n k  

d e t e r m i n a t i o n  b e in g  c a r r i e d  o u t .  E q u iv a le n t  w e ig h t 

fo u n d ,  2 3 3 . The n e u t r a l  s o l u t i o n  was e x t r a c t e d  w i th  l i g h t  

p e t ro le u m  (2 x 20 m l . ) ,  th e  bu lked  l i g h t  p e tro le u m  l a y e r s  

washed w i th  w a te r  ( 2 x 5  m l . ) ,  d r ie d  (sodium s u lp h a te )  and 

e v a p o r a te d  to  y i e l d  an a c id  r e s id u e  ( 0 .0 1 g . )

The aqueous l a y e r  was a c i d i f i e d  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 e x t r a c t e d  w i th  l i g h t  p e tro leu m  

(2 x 25 m l . ) .  The combined e x t r a c t s  were washed w i th



w a te r  ( 2 x 5  m l . ) ,  d r i e d  (sodium s u lp h a te )  and e v a p o ra te d  

to  y i e l d  a  v i s c o u s  o i l  ( 0 .2 0 7 g . ) ,  which p a r t l y  c r y s t a l l i s e d  

to  g iv e  an  a c i d ,  m .p . 118°C., i n  sm a ll  amount. The 

r e s i d u a l  o i l  ( 0 .1 4 0 g .)  was n e u t r a l i s e d  w i th  0.1N sodium 

h y d ro x id e  ( e q u i v a l e n t  w eight found , 5 6 3 ) and n e u t r a l  and 

a c i d i c  f r a c t i o n s  i s o l a t e d  from th e  s o l u t i o n  a s  d e s c r ib e d  

above to  g i v e s -

N e u t ra l  f r a c t i o n  -  0 .0 5 2 g .

a c i d i c  11 -  0 .08 7g . b o th  a s  o i l s .

The S - b e n z y l th iu r o n iu m  s a l t  was c r y s t a l l i n e  b u t  gave a  gum 

on r e  c r y s t a l l i s a t i o n  from e th a n o l  (70$).

( i i )  A r i s t o l a c t o n e  (0 .0 7 2 8 g .)  was d i s s o lv e d  i n  co ld  

e t h a n o l i c  p o ta s s iu m  hydrox ide  (O .6 6 N, 5m l.) and th e  

s o l u t i o n  examined p o l a r i m e t r i c a l l y  i n  a  1 dcm. tu b e  a t  

13°C. The r o t a t i o n s  observed  a re  p l o t t e d  i n  F i g .1 .

( i i i )  A r i s t o l a c t o n e  ( 0 .2 6 lg . )  was d is s o lv e d  i n  e th a n o l  

(90$) w h ich  had b een  f r e e d  from carbon  d io x id e ,  f r e s h l y  

p r e p a r e d  N e t h a n o l i c  po tass ium  hydrox ide  (3m l.)  was added , 

and th e  s o l u t i o n  made up to  50 ml. w i th  e th a n o l  (9 0 $ ) .

A t i n t e r v a l s  a l i q u o t  p a r t s  (5m l.)  were t i t r a t e d  w i th  

0.05N h y d r o c h l o r i c  a c id  ( f a c t o r ,  1 .051)* th e  r o t a t i o n  o f  

th e  a l k a l i n e  s o l u t i o n  b e in g  de te rm ined  a t  th e  same t im e .

The results are shown in Table 3*



Table 3«

lum ber Time (m in .)
I S t . l i t r e

m l.
AJJrali 

n e u tr a l!  sed  
(0.051,1111.)

1 0 + 1.05 5 .7 2 —

2 5 +1 .5 8 5 .7 0 0 . 0 2

3 1 0 + 1.55 — —

4 15 +1.65 5 .6 0 0 . 1 3

5 25 + 1.74 5 .5 0 0 . 2 3

6 35 + 1.78 5 .5 2 0 . 2 2

7 55 +1.81 5 .43 0 . 5 1

8 75 +1.79 5 .43 0 .3 1

9 3 0  (days) - 0 . 3 0 3 . 6 0 2 . 2 2

1 0 38 « - 0 . 4 8 3 .5 0 2 .3 4

M e u t r a l i s a t i o n  o f  f r a c t i o n s  7 and 8 y i e l d e d  e t h y l  

o x o a r i s t a t e  m .p . 55°C. The p ro d u c t  i s o l a t e d  from  f r a c t i o n .  

10 a f t e r  a c i d i f i c a t i o n  was an  o i l y  a d d .  w inch  f a i l e d  t o  

c r y s t a l l i s e .

E th y l  o x o a r i s t a t e

A r i s t o l a c t o n e  (0 .1 5 6 5 g .)  was d i s s o lv e d  i n  a  m ixture o f  

K e th a n o l ic  p o ta s s iu m  hydrox ide  ( 2 m l.)  an* e th a n o l  (90$  ; 

2 5 m l.)•  The s o l u t i o n  was n e u t r a l i s e d  w i th  0-13T hydro 

c h l o r i c  a c i d  a s  soon a s  th e  o p t i c a l  r o t a t i o n  had  re a c h e d  a



maximum. D i l u t i o n  o f  th e  m ix tu re  w i th  w a te r  y i e l d e d  

e t h y l  o x o a r i s t a t e  (0 .1 2 6 g .)  i n  n e e d le s ,  m .p. 56-57°C.

(from  a o e t o n e - w a t e r ) ,  [« .] , +3 1 7 ° (0) 1 )(  x 2 0 9
IBSX« *

( t ,  7000) and 291 250).

Found C, 73-14 ; H, 9 .4 2  .

C17H26°3 r e « t t i rea  C, 73-3 5 H, 9 .3 1 ^ -

I n f r a r e d  sp e c tru m  i n  p a r a f f i n  m ull  : peaks a t  1726 and

1186 ( e s t e r  c a r b o n y l ) ,  1704 ( s h . ) cm. ” 1 ( k e to n e ) .  Bromine 

a b s o r p t i o n  a s  p r e v io u s ly  d e sc r ib e d  f o r  a r i s t o l a c t o n e  was 

e q u i v a l e n t  t o  2 . 5  e th y l e n i c  bonds.

M ethyl o x o a r i s t a t e

A r i s t o l a c t o n e  (0 .2 5 2 g .)  was d is s o lv e d  i n  H m e th a n o l ic  

p o ta s s iu m  h y d ro x id e  (2m l.) and m ethano l (90$; 2 5 m l.) .  The 

p r o d u c t ,  i s o l a t e d  a s  above, y ie ld e d  m ethyl o x o a r i s t a t e  

( 0 .2 5 0 g . )  i n  n e e d l e s ,  m .p. 68-69°C. (from aqueous e t h a n o l ) ,  

L(x] j C+3420 ( c , 1 .2 3 ) ,  X nax. a t  209 U  , 6 3 6 O) and

290 mp ( fc , 2 6 4 ) .

Found C, 7 2 .1 ;  H, 9 .1  •

C - j r e q u i r e s  C, 7 2 .7 ;  H, 9*1^.

I n f r a r e d  sp e c tru m  : peaks a t  1 6 5 0  (m) and 8 9 0  (s )

( v i n y l i d e n e ) , 840(w ), 800(w) and 7 8 1  (w) ( t e t r a s u b s t i t u t e d  

e t h y l e n e ) ,  1735 and 1 1 5 0 - 1 2 0 0  (broad  band) ( e s t e r  c a r b o n y l ) ,  

1 7 2 0  ( k e t o n e ) ,  and 1 1 0 0  cm. ” 1 ( cyo loh exanone d e r i v a t i v e ) .



Bromine a b s o r p t i o n  was e q u iv a le n t  to  2 .1 5  d oub le  bon ds .

H y d r o ly s i s  o f  m eth y l o x o a r i s t a t e

The e s t e r  (0 .1 6 2 5 g .)  was r e f l u x e d  f o r  30 m in u te s  

w i t h  e t h a n o l i c  p o ta s s iu m  h y d ro x id e  (O .6 6 N, 3m l.)  which 

had  b e e n  p r e p a r e d  from e th a n o l  (m ethanol f r e e ) .  The 

s o l u t i o n  was n e u t r a l i s e d  w ith  0.1H s u l p h u r i c  a c i d .

(Found, e q u i v a l e n t  w eigh t 266, r e q u i r e s  264 ) .

The a l c o h o l  was removed from th e  n e u t r a l  s o l u t i o n  

by d i s t i l l a t i o n  and th e  d i s t i l l a t e  t e s t e d  f o r  m ethy l 

a l c o h o l  by th e  f o l lo w in g  method o f  th e  B r i t i s h  P harm acopoeia .

The d i s t i l l a t e  (5m l.)  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  (3$) i n  p h o sp h o r ic  a c id  ( 2 m l . ) ,  and 

a l lo w e d  to  s t a n d  f o r  10 m in u te s .  The m ix tu re  was 

d e c o l o u r i s e d  w i th  a s o l u t io n  of o x a l i c  and s u l p h u r i c  a c i d s  

i n  w a te r  ( 2 m l . ) ,  d e c o lo u r is e d  s o l u t i o n  o f  m agenta  (5m l.)  

was a d d ed , and th e  m ix tu re  a llow ed  to  s ta n d  f o r  3 0  m in u te s .

A p a l e  b lu e  c o lo u r  developed  o f  abou t th e  same t i n t  a s  

t h a t  d e v e lo p ed  by a  c o n t r o l  c o n ta in in g  m ethano l (8m g.) i n  

e th a n o l  (10$, 5ml. ) .

The aqueous l i q u o r  rem ain in g  i n  th e  d i s t i l l a t i o n  

f l a s k  was a c i d i f i e d  w ith  d i l u t e  s u lp h u r i c  a c id  and 

s a t u r a t e d  w i th  sodium c h lo r id e .  The o i l  was e x t r a c t e d  

w i th  l i g h t  p e tro le u m  (2 x 3 0  m l . ) ,  washed w i th  w a te r  

( 2 x 5  m l . ) ,  d r i e d  (sodium s u lp h a te )  and th e  s o lv e n t
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e v a p o r a te d  to  y i e l d  an ex tre m e ly  v i s c o u s  o i l  w hich d id  

n o t  c r y s t a l l i s e  and f a i l e d  to  y i e l d  c r y s t a l l i n e  f r a c t i o n s  

when ch ro m atog raph ed  from p e t r o l  on a  column o f  a  m ix tu re  

o f  c e l l u l o s e  (3 p a r t s )  and c h a rc o a l  (1 p a r t ) .

A t te m p te d  p r e p a r a t i o n  o f  g - n i t r o b e n z y l  o x o a r i s t a t e

The c ru d e  a c i d  (0 .0 7 5 g .)  from th e  h y d r o l y s i s  o f  m ethy l 

o x o a r i s t a t e  was n e u t r a l i s e d  w ith  0.5N sodium h y d ro x id e  and 

t r e a t e d  w i th  £ - n i t r o b e n z y l  bromide ( 0 .1 5 g . )  d i s s o lv e d  i n  

e t h a n o l  ( 3 m l . ) .  The m ix tu re  was b o i le d  f o r  1 h o u r  and 

c o o le d .  An o i l ,  which r e s i s t e d  a t t e m p ts  to  c r y s t a l l i s e ,  

was p r e c i p i t a t e d .

R e a c t io n s  o f  A r i s t o l a c to n e  w i th  a l c o h o l i c  ammonia

( i )  A r i s t o l a c t o n e  (0 .0 5 0 g .)  was d i s s o lv e d  i n  e th a n o l  

(95$ ; 5m l.)  and th e  s o l u t io n  was s a t u r a t e d  w i th  ammonia 

and s e t  a s id e  o v e rn ig h t .  The s o l u t i o n  was c o n c e n t r a te d  

t o  remove m ost o f  th e  a l c o h o l ,  and d i l u t e d  w i th  w a te r .

The p r e c i p i t a t e  was r e c r y s t a l l i s e d  from l i g h t  p e tro le u m  

to  g iv e  unchanged  a r i s t o l a c t o n e  m .p. 107-109°C.

( i i )  A r i s t o l a c t o n e  (0 .0 7 4 g .)  was d i s s o lv e d  i n  e th a n o l  

(95$; 5m l.) ,  z in c  d u s t  ( 0 . 0 3 0 g . )  added and th e  m ix tu re  

s a t u r a t e d  w i th  ammonia. The p ro d u c t  i s o l a t e d  ( a f t e r  th e  

s o l u t i o n  had re a c h e d  a maximum o p t i c a l  r o t a t i o n ) ,  by 

rem oval o f  e th a n o l  and d i l u t i o n  w ith  w a te r ,  was
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r e c r y s t a l l i s e d  from  e th a n o l  (70$) to  y i e l d  n e e d le s  o f  

e t h y l  o x o a r i s t a t e  ( 0 .0 3 5 g . ) m .p. 56-57°C.

Found C, 7 3 -8 ;  H, 9 . 5  .

C17H26°3 C, 73*3; H, 9-3$.

( i i i )  A r i s t o l a c t o n e  (0 .0 2 0 g .)  t r e a t e d  a s  i n  ( i i )  b u t  

o m i t t i n g  t h e  ammonia was r e c o v e re d  unchanged . f a b l e  4 

r e c o r d s  t h e  o p t i c a l  r o t a t i o n s  ob se rv ed  i n  e x p e r im e n ts

( i ) ,  ( i i )  and ( i i i ) .

Table 4

Time
(h o u rs ) ( i )

E xperim ent
( i i ) ( i i i )

0 + 1.47 + 1 .70 +0 . 6 4

1 +1.47 +1.79 +0.66

2 +1.47 +1.84 +0. 66

18 +1.45 +2.72 +0.66

42 +1.44 +3.33 +0.65

66 - +3.54

210 - +3 . 1 8

( i v )  A r i s t o l a c t o n e  (0 .0 7 0 g .)  when t r e a t e d  w i th  m e th an o lic  

ammonia and z in c  d u s t  a s  i n  ( i i )  y i e ld e d  m ethy l o x o a r i s t a t e  

( 0 . 0 2 6 g . ) m .p . 68-69°C. (from 70$ e th a n o l ) ,  u n d e p re s s e d  on 

a d m ix tu re  w i th  a  sample p rep a red  from m e th a n o l ic  p o tass ium  

h y d ro x id e  and a r i s t o l a c t o n e .



(v) A r i s t o l a c t o n e  (0 .0 3 0 g .)  when t r e a t e d  w i th  i s o p ro p a n o l  

and z in c  d u s t  a s  i n  ( i i )  was re c o v e re d  unchanged .

( v i )  A r i s t o l a c t o n e  ( 0 .0 3 0 g . ) a f t e r  t r e a tm e n t  w i th

t ; r i  e t h y l  amine ( 0 .5 m l . )  i n  e th a n o l  i n  th e  p re s e n c e  o f  z in c  

d u s t  a s  i n  ( i i )  was re c o v e re d  unchanged .

R e a c t io n  o f  A r i s t o l a c t o n e  w i th  sodium e th o x id e

A r i s t o l a c t o n e  (0 .5 4 g .)  was d i s s o lv e d  i n  e th a n o l  (20m l.)  

and a  s o l u t i o n  o f  sodium e th o x id e  (3m l.)  added . A r a p i d  

i n c r e a s e  i n  o p t i c a l  r o t a t i o n  to o k  p la c e  and when a maximum 

was r e a c h e d  ( 6 3  m in u te s )  an a l i q u o t  p a r t  was n e u t r a l i s e d  

w i th  E h y d r o c h l o r i c  a c id ,  d i l u t e d  w i th  w a te r  and th e  

c r y s t a l l i n e  p r e c i p i t a t e  r e c r y s t a l l i s e d  from e th a n o l  to  

g iv e  n e e d l e s  m .p . 56°0. u n d e p re ssed  on adm ix tu re  w i th  e th y l  

o x o a r i s t a t e .

The o p t i c a l  r o t a t i o n  o f  th e  re m a in in g  s o l u t i o n  was

allowed to reach a negative value and hydrolysis was
completed by gently refluxing. Isolation of the acid in
the normal manner gave an oil which yielded a small

0  r V7°c' 0q u a n t i t y  o f  a  c r y s t a l l i n e  a c id ,  m .p. 139--140 C. -1«8  ,

i n s u f f i c i e n t  f o r  f u r t h e r  c h a r a c t e r i s a t i o n .
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A c t io n  o f  g l a c i a l  a c e t i c  a c id

A r i s t o l a c t o n e  (0 .0 1 6 8 g .)  was d i s s o lv e d  i n  g l a c i a l  

a c e t i c  a c i d  and th e  s o l u t i o n  made up  t o  5.Oml. w i th  more 

a c i d .  The s o l u t i o n  (0 .75m l; e q u iv a le n t  to  2 . 52mg. o f  

l a c t o n e )  was i n t r o d u c e d  i n t o  each  o f  5 h o i l i n g  tu b e s  

w hich  were c a l i b r a t e d  a t  1.00ml and were o f  th e  f o l lo w in g  

d im e n s io n s : -  b u lb  : 0 .75m l. C ap ac ity  a p p ro x im a te ly

They were p r e p a r e d  from Pyrex g l a s s  tu b in g .  The b u lb s  o f

i n t e r v a l s  one was removed, coo led  and th e  s o l u t i o n  made up  

t o  1 .00 m l. w i th  g l a c i a l  a c e t i c  a c i d .  The o p t i c a l  r o t a t i o n  

o f  t h e  s o l u t i o n  was m easured i n  a m ic r o - p o la r im e te r  tu b e  

(1 d c m .) .  T able  5 r e c o rd s  th e  r e s u l t s .

s tem  : 10 cm. ( to  f u n c t i o n  a s  c o n d e n s e r ) .

t h e  t u b e s  were immersed i n  an o i l  b a th  a t  130°C. and a t

Table 3»

Tube Ho B o i l in g  tim e 
(hours)

1
2
3
4

5

0 .5  
1.66
3-33
5

0 +0 . 3 1

+0.25
+0.09
+0.03
0.0

- 0 .0 4

+153 
+ 99 
+ 3 6  

+ 12

11

0

-  15
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The m a t e r i a l  r e c o v e re d  by n e u t r a l i s a t i o n  o f  th e  a c e t i c  

a c i d  w i th  sodium h y d ro x id e  ( 2 0 $) and e x t r a c t i o n  w i th  l i g h t  

p e t r o le u m  was an  o i l .  On th e  b a s i s  o f  t h e s e  r e s u l t s ,  

a r i s t o l a c t o n e  ( l .O g . )  was d i s s o lv e d  i n  g l a c i a l  a c e t i c  a c id  

( 1 0 m l . )  and t h e  s o l u t i o n  b o i l e d  g e n t ly  u n d e r  r e f l u x ,  i n  an 

a tm o sp h e re  o f  ca rb o n  d io x id e ,  f o r  12 h o u r s .  The f a l l  i n  

o p t i c a l  r o t a t i o n  was fo l lo w ed  u n t i l ,  a f t e r  7  h o u rs  th e  

s o l u t i o n  became to o  dark  f o r  f u r t h e r  o b s e r v a t i o n s .  The 

s o l v e n t  was removed by d i s t i l l a t i o n  u n d e r  reduced  p r e s s u r e  

and t h e  r e s i d u e  ta k e n  up i n  l i g h t  p e tro le u m , f i l t e r e d  from  

brown r e s i n o u s  m a t e r i a l  ( 0 . 1 g . )  and th e  o rg a n ic  l a y e r  

washed w i th  sodium b ic a rb o n a te  s o l u t io n  ( 2  x 1 0  m l . )  and 

w a te r  (2 x  10 m l . ) .  E v ap o ra tio n  o f  t h e  d r i e d  s o lu t i o n  

(sod ium  s u l p h a t e )  gave a p a le  y e llo w  o i l  ( 0 .9 2 g . )  which 

s o l i d i f i e d  on s t a n d in g  o v e rn ig h t .  R epeated  r e c r y s t a l l i s a 

t i o n  from  l i g h t  p e tro leu m  y ie ld e d  n e e d le  c r y s t a l s  (0 .15g»)
I 7 ° C .

m .p . 9 0 -9 1 ° C . , [<*]p - 4 4  (c , 1 .4 ) ,  'Xmax. 209m p(fc, 11 ,200)

and 2 7 2 tn|x( 6 4 0 ) .

Pound C, 77.55? H, 8 .7  .

C15H20°2 re<ia i r e s  C, 77 .6  , H, 8 .7 ^ .

I n f r a r e d  sp ec tru m  o f  a 0 . 5M s o l u t io n  i n  carbon  d i s u lp h id e  : 

peak s  a t  8 9 2  ( s )  and 1655 ( v i n y l i d e n e ) , and 787 (m) and 

842 cm.”  ̂ (m) ( t e t r a s u b s t i t u t e d  e th y l e n e ) .  Bromine

a b s o r p t i o n  by th e  s ta n d a rd  method was e q u iv a le n t  to  2 .35
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d o u b le  b o n d s .  A second crop  o f  c r y s t a l s  ( 0 .2 g . )  m .p .

8 3 -8 7 °C . and an  o i l  (0 .4 8 g . )  W " ”C- 38.1°w e r e  a l s o

o b t a i n e d .

^fryopiatography o f  th e  o i l  o b ta in e d  by i s o m e r i s a t i o n  

The o i l  ( 0 . 4 8 g . ) was b o i le d  g e n t ly  u n d e r  r e f l u x  

w i th  g l a c i a l  a c e t i c  a c id  (5m l.)  f o r  a f u r t h e r  3 h o u r s ,  

and r e c o v e r e d  a s  an o i l  as d e s c r ib e d  above. T h is  was 

d i s s o l v e d  i n  l i g h t  pe tro leum  (5m l.) and chrom atographed  

on a  column (20cm. x 2 .5cm .) o f  a  m ix tu re  o f  equa l  p a r t s  

c e l l u l o s e  powder and c h a rc o a l .  The r e s u l t  i s  rec o rd ed  

i n  T ab le  6.

Table 6.

F r a c t i o n E lu a n t Volume
(m l.)

Residue
(g . )

Remarks

1 l i g h t  p e tro leu m 65 t r a c e -

2 H p e t r o l , 80 

e t h e r  ,20
15 0 .128 c r y s t a l s

3 w 15 0.317 s e m i - c r y s t a l l i n e

[ « C  -5 8 °
4 w 20 0.127 r -1yl°c- no i l y ,  [ccjp + 1 0

5 e th a n o l 20 0.025 am orphous, brown

R e c r y s t a l l i s a t i o n  o f  f r a c t i o n  2 from p e t r o l  y i e ld e d
n »C,

r e c t a n g u l a r  p l a t e s  ( - 4 7 ° , )  m .p. 9 0 -9 1°C .,  u n d e p re s s e d

on a d m ix tu re  w i th  i s o a r i s t o l a c t o n e .
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A c t io n  o f  e t h a n o l i c  hydro c h lo r i c  a c id

A r i s t o l a c t o n e  ( 0 .1 g . )  was d i s s o lv e d  i n  e th a n o l  

(95$, 5ml«) and th e  s o lu t io n  was s a t u r a t e d  w i th  hydro

c h l o r i c  a c i d .  The o p t i c a l  r o t a t i o n  f e l l  d u r in g  one week 

from  + 2 .1 8 °  t o  + 1 .7 8 ° .  The s o l u t i o n  was r e f lu x e d  f o r  2 

h o u r s  t o  a c c e l e r a t e  th e  change, and th e  r e a c t i o n  m ix tu re  

d i l u t e d  w i t h  w a te r .  The p r e c i p i t a t e  was c r y s t a l l i s e d  

from  e th a n o l  (70$) a f t e r  d e c o l o u r i s a t i o n  w i th  c h a r c o a l ,  

and th e n  from  l i g h t  pe tro leum  to  y i e l d  n e e d le  c r y s t a l s  

m .p . 8 2 -8 7 ° 0 .  r a i s e d  to  85-88°C. on adm ix tu re  w i th  

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

A ttem p ted  h y d r o l y s i s  o f  i s o a r i s t o l a c t o n e

i so A r i s t o l a c t o n e  (0 .1 0 6 g .) was r e f lu x e d  w i th  e t h a n o l i c  

p o ta s s iu m  h y d ro x id e  (0.66]^, 2m l.) f o r  40 m in u te s .  The 

s o l u t i o n  was d i l u t e d  and n e u t r a l i s e d  w ith  0 .0 5U s u lp h u r i c  

a c i d ,  g i v in g  i s o a r i s t o l a c t o n e  (0 .0 4 6 g .)  m.p. and mixed m .p. 

90-91 °C. The m other  l i q u o r s  were e x t r a c t e d  w i th  l i g h t  

p e t ro le u m ,  a c i d i f i e d ,  th en  r e - e x t r a c t e d  w ith  l i g h t  

p e t ro le u m  and d r i e d  (sodium s u lp h a te )  to  y i e l d  an a c i d i c  

o i l  a f t e r  rem oval o f  th e  s o lv e n t .  The o i l  f a i l e d  to  

c r y s t a l l i s e  and was n o t  examined f u r t h e r .
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( j ) H e x a h y d r o a r i s to l a c to n e

A r i s t o l a c t o n e  ( l .3 g « )  was h y d ro g en a ted  i n  e th a n o l  

a t  a  p la t in u m  c a t a l y s t .  Hydrogen u p ta k e  was r a p id  f o r  

t h e  f i r s t  60 m in u te s  and th e n  slowed down, h u t  ap p ea red  

t o  he co m ple te  a f t e r  1140 m in u tes  w i th  th e  a b s o r p t io n  o f  

377 ml* ( a t  N .T .P . ) .  E q u iv a le n t  e th y l e n i c  honds, 2 .9 9 .  

The m ix tu r e  was f i l t e r e d  and th e  e th a n o l  removed u n d e r  

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

a f t e r  r e  c r y s t a l l i s a t i o n  from l i g h t  p e tro leu m  gave 

c o l o u r l e s s  n e e d l e s  o f  h e x a h y d r o a r i s to la c to n e  ( 0 .4 6 g . ) ,
I 7 ° t .

m .p . 1 0 3 .5 -1 0 4 ° C . , [<*1 +3° (c ,  1 .2 ) .

Round C, 75*65; H, 11.1 .

C15H26°2 r e l u i r e s  C, 75*6 ; H, 1 1 .0* .

E q u iv a le n t  w e ig h t (h y d ro ly s i s )  233; ^ 1 5 ^ 2 6 ^ 2  re(lu i r e s  238.

I n f r a r e d  sp e c tru m  : ( i )  0.5M i n  carhon  t e t r a c h l o r i d e  -  

p e a k s  a t  1780 ( s a t u r a t e d  /  - l a c t o n e ) , 1167 ( e s t e r
A

f u n c t i o n ) ;  ( i i )  i n  p a r a f f i n  m ull -  1750 cm.” ( s a t u r a t e d  

Y  - l a c t o n e ) .

L ess  p u re  c r y s t a l s  ( 0 . 59g*) were a ls o  o b ta in e d  from  th e  

r e a c t i o n .  Subsequent h y d ro g en a tio n s  y ie ld e d  hexahydro

a r i s t o l a c t o n e  f i r s t  i n  n e e d le s ,  m.p. 99-100 C ., and th e n
,7°c' 0

i n  p l a t e s ,  m .p . 100-102°C ., [“ J-p +3

Round C, 75*2; H, 1 1 .4 #
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The i n f r a r e d  s p e c t r a  were i d e n t i c a l  w i th  t h a t  d e s c r ib e d  

a b o v e .  A m ix tu r e  o f  th e  n e e d le s  and th e  p l a t e s  had 

m .p . 101-104°C.

H y d r o ly s i s  o f  h e x a h y d r o a r i s to la c to n e

( i )  H e x a h y d ro a r is to la c to n e  (n e e d le s ;  m .p . 103*5- 

104°C; 0 .1 2 1 g . )  was r e f lu x e d  w i th  e th a n o l i c  p o ta s s iu m

h y d ro x id e  (0.66U-, 5m l.) f o r  3 0  m in u te s  and th e  e x ce ss  o f  

a l k a l i  t i t r a t e d  w i th  0.1N h y d ro c h lo r ic  a c id  . (E q u iv a le n t ,  

2 3 3 )* The n e u t r a l  s o l u t io n  was a c i d i f i e d  w i th  a c e t i c  

a c i d  and e x t r a c t e d  w ith  l i g h t  p e tro leu m  to  y i e l d  th e  a c id  

a s  p l a t e s  o f  h e x a h y d ro h y d ro x y a r is t ic  a c i d ,  m .p. 86-87°C .
I6°C.

(from  l i g h t  p e t ro le u m ) ,  +16° (c ,  1 .6 )

Found C, 70.3? H, 1 1 . 2 .

^15^28^3 re(lu:i' r e s  11.0X.

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  o f  th e  m other l i q u o r s  y ie ld e d  

a  s m a l l  q u a n t i t y  (5mg.) o f  a second a c id ,  i n  s h o r t  n e e d l e s ,  

m .p .  1 2 1 -1 2 2 ° C . , i n s u f f i c i e n t  f o r  f u r t h e r  c h a r a c t e r i s a t i o n .  

The a c i d  gave no c o lo u r  w ith  t e t r a n i t r o m e th a n e .

When m in e ra l  a c id s  were used  to  p r e c i p i t a t e  th e  

a c i d  from  th e  n e u t r a l i s e d  s o l u t i o n ,  i t  was o b ta in e d  as  an 

o i l  w hich  s lo w ly  c r y s t a l l i s e d  to  th e  o r i g i n a l  l a c to n e  and 

t h e n  d i s s o l v e d  i n  l i g h t  pe tro leum  le a v in g  t r a c e  amounts 

o f  t h e  second  a c id  u n d is so lv e d .
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( i i )  H e x a h y d ro a r is to la c to n e  ( p l a t e s ;  m .p . 100-102°C; 

0»3§*) r e f l u x e d  w i th  e th a n o l i c  p o ta s s iu m  h y d ro x id e  

(0 .66H , 5 m l.)  f o r  30 m in u te s .  The p ro d u c t  (found : 

e q u i v a l e n t ,  239* ^ 1 5 ^ 2 8 ^ 3  re(lu:^r e s  e q u iv a le n t  238)

i s o l a t e d  a s  d e s c r ib e d  i n  ( i ) ,  formed p l a t e s  m .p . 86-87°C. 

u n d e p r e s s e d  on ad m ix tu re  w ith  th e  a c id  o b ta in e d  from ( i ) .

R e - l a c t o n i s a t i o n  o f  h e x a h y d ro h y d ro x y a r is t ic  a c id

The a c id  (m.p. 8 6 -8 7 °C ., 0 .0 3 2 g .)  was h e a te d  i n  

a  s e a l e d  tu b e  a t  100°C. f o r  3 h o u rs  o ve r p h o sp h o r ic  o x id e .  

A f t e r  s u b l im a t io n  u n d e r  reduced p r e s s u r e ,  h e x a h y d ro a r i  s t o 

l a c t o n e  was i s o l a t e d  as  f e a th e r y  n e e d le s ,  m .p. and mixed 

m .p .  100-103°C .

The a c id  (m.p. 121-122°C.) when t r e a t e d  i n  a  

s i m i l a r  m anner, g r a d u a l ly  r e v e r t e d  to  a red  r e s i n ,  m .p.

1 1 2 -1 40°C.

( i i )  D ih y d ro i  s o a r i  s to la c to n e

A r i s t o l a c t o n e  (0 .2 7 6 g .)  was hyd ro gena ted  i n  

e th a n o l  i n  t h e  p re se n c e  o f  p a l la d iu m -c h a rc o a l ,  th e  

r e a c t i o n  b e in g  s to p p ed  a f t e r  th e  a b s o r p t io n  o f  3 2 .5  ml. o f  

hy d ro g en  a t  17°C. ( e q u iv a le n t  to  abou t 1 m o l . ) .  The 

m ix tu r e  was f i l t e r e d  and th e  f i l t r a t e  e v ap o ra te d  to  g ive  

d ih y d r o i s o a r i s t o l a c t o n e  m.p. 7 9 -8 0 .5  0 . ,  "77 (c ,0 .8 7 )>
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(from  l i g h t  p e t r o l e u m ) , > maJC> 209 mp. ( t ,  7725) and 

271 «"(*•( t ,  58 5 ) .

( i i i )  A ttem p ted  p r e p a r a t i o n  o f  t e t r a h y d r o a r i s t o l a c t o n e

A r i s t o l a c t o n e  ( 0 .2 J 4 g . )  was h y d ro g en a ted  i n  g l a c i a l  

a c e t i c  a c i d ,  w hich  c o n ta in e d  a  t r a c e  o f  h y d r o c h lo r i c  a c i d ,  

i n  t h e  p re s e n c e  o f  p la t in u m , th e  r e a c t i o n  b e in g  s top ped  

a f t e r  t h e  a b s o r p t i o n  o f  47 m l. a t  15°C ., ( e q u iv a le n t  to  1 .97  

d o u b le  b o n d s ) .  The m ix tu re  was f i l t e r e d ,  th e  f i l t r a t e  

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  e th e r  (2 x 50 m l . ) .

The b u lk e d  e t h e r  l a y e r s  were washed w i th  b r in e  (2 x 10 m l . )  

and t h e n  w i th  a  s a t u r a t e d  s o l u t i o n  o f  sodium b ic a r b o n a te  

u n t i l  f r e e  from  a q id .  The e th e r  l a y e r  was d r i e d  (sodium 

s u l p h a t e )  and e v a p o ra te d  to  y i e l d  an o i l  which f a i l e d  to
lO°C. |%

c r y s t a l l i s e .  +4° (c , 1 ) ,  Xm ax. 218m|* 300.

A c t io n  o f  p a l l a d iu m /c h a r c o a l  c a t a l y s t  on a r i s t o l a c t o n e

( i )  A r i s t o l a c t o n e  ( 0 . 1 g . ) was d i s s o lv e d  i n  e th a n o l  

(5 m l.)  and shaken  f o r  24 hours  w i th  p a l la d iu m  (5$>) on 

c h a r c o a l .  I s o l a t i o n  o f  th e  p ro duc t i n  th e  norm al manner 

y i e l d e d  unchanged  a r i s t o l a c t o n e  m.p. and mixed m.p. 108-110 C.

( i i )  A r i s t o l a c to n e  (0 .1g») was t r e a t e d  as  i n  ( i )  b u t  

t h e  c a t a l y s t  was s a t u r a t e d  w i t h  hydrogen. The p ro d u c t  was 

i s o l a t e d  a s  c r y s t a l s  m.p. 90 -105°C .. W " + 1 25°. F u r th e r



s h a k in g  i n  t h e  p re s e n c e  of hydrogen r e s u l t e d  i n  th e  

f o r m a t io n  o f  d ih y d ro i s o a r i s t o l a c t o n e  m .p. 79 -81 °0 .

R e d u c t io n  w i th  l i t h i u m  Aluminium H y d rid e .

A r i s t o l a c t o n e  (0 .1 2 g . )  was added p o r t io n w is e  d u r in g  

a  p e r i o d  o f  10 m in u te s  to  l i t h i u m  alum inium  h y d r id e  (0 . 0 3 9 g . )  

i n  d ry  e t h e r  ( 5 m l . ) ,  and th e  m ix tu re  warmed g e n t ly  f o r  5 

m in u te s .  The e x c e ss  o f  r e a g e n t  was d e s t ro y e d  by th e  

c a u t i o u s  a d d i t i o n  o f  w a te r ,  and d i l u t e  h y d r o c h lo r ic  a c id  

added to  d i s s o l v e  th e  complex and alum inium  h y d ro x id e .  The 

s o l u t i o n  was e x t r a c t e d  w ith  e th e r  (2 x  3 0  m l . ) ,  t h e  e x t r a c t  

d r i e d  (sodium  s u lp h a te )  and e v a p o ra te d  to  y i e l d  a c o l o u r l e s s  

o d o u r l e s s  o i l  w hich , on d i s s o l v i n g  i n  a ce to n e  and c o o l in g  i n  

a  r e f r i g e r a t o r  d e p o s i te d  n e e d le s  (0 .0 1 0 g .)  m.p. 245-246°C.

Round C, 7 6 .4 5 ;  H, 9-98

®15H24®2 re(lu i r e s  7 6 .2 5 ; H, 10.24/6
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HTDROG-ENATION OF isoARISTOLACTQFE

( i )  Hexahy dro  a r  i  s t  o 1 a c t  o ne

i s o  A ri  s t o l a c t o n e  (0 .1 4 0 g .)  was h y d ro g en a ted  a t  a  

p l a t i n u m  c a t a l y s t  f o r  48 h o u rs .  The hydrogen u p ta k e  

(4 6 .5 m l* )  a t  17°C. co rresponded  to  3*2 m o ls . ,  and i s o l a t i o n  

o f  th e  p r o d u c t  a s  d e s c r ib e d  u n d e r  a r i s t o l a c t o n e  gave n e e d le s  

o f  h e x a h y d r o a r i  s t o l a c t o n e ,  m .p. and mixed m .p. 102-104°C. 

Found: e q u i v a l e n t  by h y d r o ly s i s  242* 5H26^2 re(lu i r e s  238*

( i i )  D ihyd ro i  so a r i  s t o l a c to n e

i s o A r i s t o l a c t o n e  (0.111 g . ) was hy d ro g en a ted  f o r  10

m in u te s  i n  e th a n o l  i n  th e  p re sen c e  o f  p la t in u m . A b so rp t io n

(11m l. a t  19°C.) was e q u iv a le n t  to  0 .9m ol. F i l t r a t i o n  and

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

p l a t e s  o f  d ih y d r o is o  a r i  s to la c to n e  m .p. 79*5-80°C. A max>
aQt’ o

209 mix ( fc , 7800) and 271 mp ( t  , 606), -7 5

Found C, 77 .0  ; H, 9*5

C„cHoo0 o r e q u i r e s  C, 7 6 .85 ; H, 9*5 %•
1 0  <Ld. d.

I n f r a r e d  sp ec tru m  i n  carbon d is u lp h id e  (0.5M) : peaks a t

894 (ms) and 1673 (w) (v in y lid e n e  ? ) ,  1775 (s )  ( s a t u r a t e d
—  17 - l a c t o n e ) ,  and 782 (m) and 840 (m) cm. ( t e t r a s u b s t i t u t e d  

e t h y l e n e ) .  Bromine a b s o rp t io n  by th e  s ta n d a rd  method was 

e q u i v a l e n t  to  1 .6  e th y le n ic  bonds. A mixed m e l t  w i th  

a u t h e n t i c  d ih y d ro i  so a r i  s to la c to n e  was 78-80 C.
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HjTDROG-SNATI Olf OF ETHIX OXQAKI STATE

( i )  E th y l  o x o a r is ta te  (0 .0 0 3 2 g .)  when hydrogenated in

a c e t i c  a c i d  i n  t h e  p re se n c e  o f  p la t in u m  a b so rb ed  th e  

e q u i v a l e n t  o f  1*95 m ols . o f  hydrogen .

E th y l  t e t r a h y d r o - o x o a r i s t a t e

( i i )  E th y l  o x o a r i s t a t e  (0 .1 1 7 g .)  was h y d ro g en a ted  i n

e t h a n o l  i n  t h e  p re s e n c e  o f  p la t in u m . A b so rp t io n  (2 4 .4

m l. a t  N .T .P . ) was e q u iv a le n t  to  2-3 e th y l e n i c  bo n d s .

F i l t r a t i o n  and e v a p o ra t io n  o f  th e  s o lv e n t  y i e ld e d  an  a lm o s t

c o l o u r l e s s  o i l  ( 0 .1 1 5g*) (p ro bab ly  e t h y l  t e t r a h y d r o -

o x o a r i s t a t e ) .  Found : e q u iv a le n t  by h y d r o l y s i s ,  281.

C ^ H ^ qO^ r e q u i r e s  e q u iv a le n t ,  282. The h y d r o ly s i s  l i q u o r s

were a c i d i f i e d  w i th  d i l u t e  h y d ro c h lo r ic  a c i d ,  t h e  o i l y  a c id

e x t r a c t e d  w i th  l i g h t  pe tro leum  and d r i e d  (sodium s u l p h a t e ) .

E v a p o r a t io n  o f  t h e  so lv e n t  y ie ld e d  an a c i d i c  o i l  ( 0 .0 7 5 g . )»

287mu( ^ , 51), which on ly  p a r t i a l l y  c r y s t a l l i s e d  in ax * f
a f t e r  s e v e r a l  weeks.

E th y l  d i h y d r o - o x o a r i s t a t e

( i i i )  E th y l  o x o a r i s t a t e  (0 .2 8 1 g .)  was hyd ro gena ted  f o r  14 

m in u te s  a t  a  p la t in u m  c a t a l y s t  i n  e th a n o l ,  th e  r e a c t i o n  

b e in g  s to p p e d  a f t e r  th e  a b s o rp t io n  o f  th e  e q u iv a le n t  o f  1 

m ol. The m ix tu re  was d i lu t e d  w ith  l i g h t  p e tro leu m , 

f i l t e r e d ,  and th e  f i l t r a t e  evapora ted  to  y i e l d  n e e d le s
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o f  e t h y l  d i h y d r o - o x o a r i s t a t e  m .p. 65-66 C. (from  e th a n o l
V7°£.

90$, and a f t e r  s u b l i m a t io n ) ,  [cc] 3) +1 3 1 ° (°> 1*21).

Found C, 7 2 .8 1 ;  H, 10 .06  .

^17^28^3 r e q u i r e s  C, 7 3 -1 7 ;  H, 10 .1 8 $ .

X max 208 my. ( 6 ,  3570) and 287 mp. ( e , 5 2 ) .  The 

p ro d u c t  gave a  y e l lo w  c o lo u r  w i th  t e t r a n i t r o m e t h a n e .
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DEHTDRO G-ENATI OR

G e n era l  m ethod

The f u l l y  s a t u r a t e d  s u b s ta n c e  ( 0 . 0 5 - 0 . 1 g .)  was 

h e a t e d  f o r  20 m in u te s  w i th  p a l la d iu m  (25$) on c h a r c o a l  

(20m g .) ,  g e n t l e  b o i l i n g  b e in g  m a in ta in e d  by means o f  a 

m ic r o - b u r n e r .  A slow  s t re a m  o f  ca rb o n  d io x id e  was 

p a s s e d  th ro u g h  th e  a p p a r a tu s  ( P i g . 2) d u r in g  th e  e x p e r im e n t .  

A s m a l l  q u a n t i t y  o f  th e  p ro d u c t  was d i s t i l l e d  i n t o  th e  

p o c k e t  B, w hich  was k e p t  a t  a  low te m p e ra tu re  by means o f  

s m a l l  p i e c e s  o f  s o l i d  carbo n  d io x id e ,  and d i l u t e d  w i th  

c y c lo h e x a n e . About h a l f  t h e  m ix tu re  was w ithd raw n ,

d i l u t e d  to  10 m l. w i th  more c y c lo h e x a n e , and an a p p r o p r i a t e  

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

o f  a ro m a tic  c o n s t i t u e n t s .

The a b s o r p t io n  c u rv e s  o f  th e  p ro d u c t s  o b ta in e d  from 

h e x a h y d r o a r i s t o l a c t o n e ,  t e t r a h y d r o a l a n t o l a c t o n e  and c in e o le  

a r e  shown i n  Appendix 2.
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OXIDATION OF ARISTOLACTONE

(a )  Chromic a c id

E x p erim en t 1

: ,  A r i s t o l a c t o n e  (0 .2 8 8 g .)  was h e a te d  f o r  2 h o u rs  

w i th  chromium t r i o x i d e  ( 0 .5 g . )  and a  s o lv e n t  (6 m l.)  

c o n s i s t i n g  o f  p y r i d i n e  (7 p a r t s )  and w a te r  (3 p a r t s ) .  The 

m ix tu r e  was c o o le d ,  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  

e t h e r  (1 x  50 m l . )  which was th e n  washed w i th  w a te r  (2 x  10 

m l . ) ,  d r i e d  (sodium  s u lp h a te )  and e v a p o ra te d  to  y i e l d  

c r y s t a l s  ( 0 .2 1 g . )  which a f t e r  r e c r y s t a l l i s a t i o n  from  p e t r o l  

m e l te d  a t  1 02 -1 06°C .,  r a i s e d  to  104-106°C. when mixed 

w i th  a r i s t o l a c t o n e .

E x perim en t 2

A r i s t o l a c t o n e  (0 .4 7 6 g .)  was t r e a t e d  w i th  a  

m ix tu r e  (14m l.)  o f  p o ta s s iu m  d ich ro m a te  ( 4 « 5 g . ) ,  s u l p h u r i c  

a c i d  (4 m l.)  and w a te r  (10m l.)  and c a u t i o u s l y  warmed. A 

v ig o r o u s  r e a c t i o n  o c c u r re d  and c o o l in g  was n e c e s s a r y .

When th e  r e a c t i o n  had ceased  th e  m ix tu re  was r e f l u x e d  

g e n t l y  f o r  two h o u rs  and th e n  s t e a m - d i s t i l l e d .  The 

d i s t i l l a t e  was n e u t r a l i s e d  w i th  0.5N sodium h y d ro x id e  

( 5 .8 m l . ,  e q u iv a le n t  to  1 .6  m o ls . )  and e v a p o ra te d  to  d ry n e s s  

to  y i e l d  a c r y s t a l l i n e  sodium s a l t ,  which p o s s e s se d  a 

s l i g h t  re d u c in g  a c t i o n  ( n e u t r a l  s i l v e r  n i t r a t e  and m e rc u r ic
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c h l o r i d e  s o l u t i o n s ) ,  and gave  a  r e d  c o lo u r  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 .  The d i s t i l l a t e ,  ( r e c o v e re d  w h i l s t  

e v a p o r a t i n g  to  d ry n e s s )  was n e u t r a l  and gave no r e a c t i o n s  

f o r  c a rb o n y l  compounds. I t  was r e j e c t e d .

S -B e n z y l th iu ro n iu m  a c e t a t e

The s a l t  ( 0 .0 2 g . )  was d i s s o l v e d  i n  w a te r  (1m l.)  and a 

s a t u r a t e d  s o l u t i o n  o f  S -b e n z y l th iu ro n iu m  c h lo r id e  (2 m l.)  

ad d ed . The p r e c i p i t a t e  was r e c r y s t a l l i s e d  from  aqueous 

e th a n o l  a s  n e e d l e s  m .p. 141-142°C. u n d e p re s s e d  by th e  

d e r i v a t i v e  (m .p. 143-144°C .) o b ta in e d  from  a u t h e n t i c  

sodium a c e t a t e ,  b u t  d e p re s se d  to  137°C. w i th  th e  c o r r e s 

po n d in g  d e r i v a t i v e  from  sodium fo rm a te .

R es idu e  from  s t e a m - d i s t i l l a t i o n

T h is  was d a rk  g ree n  and c o n ta in e d  sp e ck s  o f  a  sem i- 

r e s i n o u s  s u b s ta n c e .  E x t r a c t i o n  w i th  e t h e r  (6 x 50 m l . ) ,  

d r y in g  (sodium s u lp h a te )  and e v a p o r a t io n  y i e ld e d  a  s l i g h t l y  

c o lo u re d ,  s e m i - c r y s t a l l i n e  r e s i d u e  ( 0 .1 0 6 g . ) .

R e c r y s t a l l i s a t i o n  from  l i g h t  p e t r o le u m - e th a n o l  m ix tu re  gave 

s l i g h t l y  im pure  c r y s t a l s  which were f u r t h e r  p u r i f i e d  by 

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

m a t t e r .  E v a p o ra t io n  o f  th e  f i l t r a t e  y i e ld e d  a c id  c r y s t a l s  

m .p . 183-185°0 . (w i th  p r e l im in a r y  s o f t e n i n g ) .  A mixed m .p. 

w i th  a u t h e n t i c  s u c c i n i c  a c id  was 183-186°0. (w i th  

p r e l i m i n a r y  s o f t e n i n g ) .
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S -B e n z y l th iu ro n iu m  s u c c i n a t e

The a c i d  ( 0 .0 1 g . )  was a lm o s t  n e u t r a l i s e d  w i th  0.1N 

sodium  h y d ro x id e  and a  s o l u t i o n  o f  S -b e n z y l th iu ro n iu m  

c h l o r i d e  ( 0 .0 2 g . )  i n  w a te r  ( 0 .5 m l . )  ad ded . The m ix tu re  

was co o le d  i n  i c e  and th e  c r y s t a l l i n e  p r e c i p i t a t e  

r e c r y s t a l l i s e d  from  w a te r  to  g iv e  c r y s t a l s  m e l t i n g  a t  

153_154°C. A mixed m e l t in g  p o i n t  w i th  a u t h e n t i c  s u c c i n i c  

a c i d  d e r i v a t i v e  (o f  m .p . 154-155°C .) was 153“ 15 4 ° C . ^ ^

M other l i q u o r s  from  th e  c r y s t a l l i s a t i o n  o f  s u c c i n i c  a c id  

These were e v a p o ra te d ,  and th e  semi c r y s t a l l i n e  

r e s i d u e  d i s s o l v e d  i n  e th a n o l  ( 3 m l . ) .  The s o l u t i o n  (abou t 

0 .0 1 m l. )  was chrom atographed  on Whatman p a p e r  (JSTo. 1) by th e  

a s c e n d in g  te c h n iq u e  u s i n g  a s  s o lv e n t  \<f0 o f  fo rm ic

a c id  i n  l i q u i f i e d  pheno l o f  th e  B r i t i s h  Pharm acoep oe ia .

The chrom atogram  was d r i e d  a t  100°C. (15 m in u te s )  and 

sp ra y e d  w i th  a  s o l u t i o n  o f  b ro m o creso l  g re e n .  C a re fu l  

e x p o su re  to  ammonia v ap o u r  gave th e  a c id s  a s  b r i g h t  y e l lo w  

s p o t s  on a  b lu e  background . Comparison w i th  s p o t s  o f  

a u t h e n t i c  s u c c i n i c  (R^ 0 .7 1 )  and g l u t a r i c  a c i d s  (R ,̂ 0 .8 5 )  

showed th e  p re s e n c e  o f  th e  fo rm er  (R^ 0 .7 1 )  and th e  ab sen ce  

o f  th e  l a t t e r .  A second u n i d e n t i f i e d  a c id  ru n n in g  a lm o s t  

w i th  th e  s o lv e n t  f r o n t  was shown to  p o s s e s s  a  ca rb o n y l  

group by s p r a y in g  w i th  an a c id  s o l u t i o n  o f  2 : 4 - d i n i t r o -  

p h e n y lh y d r a z in e .
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E x p erim en t 5

A r i s t o l a c t o n e  ( 0 .5 g . )  was h e a te d  a t  50°C. f o r  

f i v e  h o u rs  w i th  chromium t r i o x i d e  (0 .5 g * )  d i s s o l v e d  i n  

g l a c i a l  a c e t i c  a c i d  (1 0 m l.)  and w a te r  ( 4 m l . ) .  The 

m ix tu re  was c o o le d ,  d i l u t e d  w i th  w a te r  (5 0 m l.)  and 

e x t r a c t e d  w i th  e t h e r  (3 x 250 m l . )  to  y i e l d  0.503g« o f  

v i s c o u s  o i l  w hich  was n e u t r a l i s e d  w i th  0.5N sodium 

h y d ro x id e  ( 2 .6 5 m l . ) .  E x t r a c t i o n  o f  t h e  n e u t r a l  s o l u t i o n  

w i th  e t h e r  y i e l d e d  a n e u t r a l  o i l  ( 0 .1 9 6 g . )  and a c i d i f i c a t i o n  

o f  t h e  aqueous l i q u o r s  and r e - e x t r a c t i o n  w i th  e t h e r  gave an 

o i l y  a c id  w hich  d e p o s i te d  t r a c e s  o f  n e e d le  c r y s t a l s ,  m .p. 

186 -1 87°0 . (from  a  m ix tu re  o f  e th a n o l  and e t h e r  a t  - 3 0 ° C . ) ,  

w hich  were n e u t r a l  i n  r e a c t i o n  and d e p re s s e d  th e  m e l t in g  

p o i n t  o f  s u c c i n i c  a c id .  They d id  n o t  a b so rb  i n  th e  

u l t r a v i o l e t  and th e  q u a n t i t y  was to o  sm a ll  f o r  f u r t h e r  

i n v e s t i g a t i o n .  The o i l y  a c id  was r a p i d l y  c o n v e r te d  to  a 

red -b ro w n  r e s i n  when warmed w i th  t h i o n y l  c h lo r i d e .

(b) P o ta s s iu m  perm anganate

A r i s t o l a c t o n e  (0 .5 4 g . )  was d i s s o lv e d  i n  a c e to n e  

(5 0 m l.)  and th e  m ix tu re  coo led  i n  an i c e - b a t h .  P o ta s s iu m  

perm anganate  (0 .9 g » )  was added i n  p o r t i o n s  o v e r  a  p e r io d  

o f  75 m in u te s .  The da rk  brown p r e c i p i t a t e  was f i l t e r e d  

o f f  and th e  p in k  f i l t r a t e  j u s t  d e c o lo u r i s e d  by th e  a d d i t i o n  

o f  a  t r a c e  o f  a r i s t o l a c t o n e .  E v a p o ra t io n  o f  th e  a c e to n e
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y i e l d e d  a  s e m i - c r y s t a l l i n e  r e s id u e  (0 .0 4 8 g .)«  E x t r a c t i o n  

o f  t h e  "brown p r e c i p i t a t e  w i th  b o i l i n g  w a te r  (4 x 20 m l . )  

gave a  f u r t h e r  y i e l d  o f  c r y s t a l s  ( 0 .0 4 7 g . )  on c o o l in g  th e
i

e x t r a c t s  i n  a  r e f r i g e r a t o r .  The m o th e r  l i q u o r s  were 

e x t r a c t e d  w i th  e t h e r  (3 x 50 m l . )  and th e  e t h e r  e x t r a c t s  

b u lk e d ,  washed w i th  w a te r  ( 5 m l . ) ,  d r i e d  (sodium s u lp h a te )  

and e v a p o ra te d  to  g iv e  a  n e u t r a l  c r y s t a l l i n e  r e s i d u e  

( 0 .1 2 0 g . ) .  R e c r y s t a l l i s a t i o n  o f  t h e s e  f r a c t i o n s  gave
*7 V

n e e d l e s  m .p . 158 .5 -160°C . (from aqueous e th a n o l ) ,  jot] +128°
.0/  ^

Bromine a b s o r p t io n  by th e  s ta n d a r d  method was e q u iv a l e n t  

to  2 . 0 3  double  bonds (based  on wilicil r e q u i r e s  2

d oub le  b o n d s ) .

H y d ro ly s is  o f  th e  p o ta s s iu m  perm anganate  o x i d a t i o n  p ro d u c t  

The p ro d u c t  (0 .0 0 9 8 g .)  was h e a te d  f o r  2 h o u rs  w i th  

e t h a n o l i c  p o ta s s iu m  hydrox ide  (0.66N, 2 m l . ) ,  and th e  

m ix tu r e  n e u t r a l i s e d  w i th  0.02N h y d r o c h lo r i c  a c id .

E q u iv a le n t ,  246, ^ ^ ^ 2 2 ^ A re(lu ^ r e s  266. A c i d i f i c a t i o n  o f  

th e  n e u t r a l  s o l u t i o n  w ith  d i l u t e  h y d r o c h lo r i c  a c id  

p r e c i p i t a t e d  c r y s t a l s  m .p. 159-160°C. ( s i n t e r e d  1 4 7 °0 .)

( c ,  0 . 8 9 ) .  ^  208 w|* 138 .

Found C, 6 8 .0 1 ;  H, 8 .5 5  . 

r e q u i r e s  C, 6 7 .6 7 ;  H, 8 .3 4  .

" 0, 6 8 .5 2 ;  H, 8 .64 /- .
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u n d e p re s s e d  on a d m ix tu re  w i th  o r i g i n a l  m a t e r i a l .

The aqueous r e s id u e  re m a in in g  a f t e r  th e  e t h e r  

e x t r a c t i o n  was s t e a m - d i s t i l l e d  to  g iv e  a  n e u t r a l  d i s t i l l a t e  

w hich  gave o n ly  a  s l i g h t  o p a le s c e n c e  w i th  an  a c i d  s o l u t i o n  

o f  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e .  The d i s t i l l a t e  was n o t  

exam ined f u r t h e r .  The n o n - v o l a t i l e  r e s i d u e  was concen

t r a t e d  to  sm a l l  h u lk  and a c i d i f i e d  w i th  d i l u t e  s u l p h u r i c  

a c i d .  The o i l ,  which was p r e c i p i t a t e d ,  was e x t r a c t e d  w i th  

e t h e r  (2 x 50 m l . ) ,  washed w ith  w a te r  (2 x 5 ml - ) ,  d i i e d  

(sodium  s u lp h a te )  and e v a p o ra te d  to  y i e l d  a y e l lo w  v i s c o u s  

o i l  (0 .3 2 1 g . )  o f  g l u e - l i k e  o dou r .  I t  gave a p o s i t i v e  

r e a c t i o n  f o r  a  m ethy l k e to n e  when t e s t e d  w i th  a l k a l i n e  

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

w i th  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e . E q u iv a le n t  w e igh t

( n e u t r a l i s a t i o n )  232. The sodium s a l t  (50m g.) f a i l e d  to  

y i e l d  a  S -h e n z y l th iu ro n iu m  s a l t .

F u r t h e r  o x i d a t i o n  o f  th e  o i l  w i th  a l k a l i n e  

perm angana te  and e x t r a c t i o n  o f  a c i d i c  f ra g m e n ts  w i th  e t h e r ,  

gave a  s e m i c r y s t a l l i n e  o i l  i n  which s u c c i n i c  a c id  was 

i d e n t i f i e d  hy p a p e r  chrom atography a s  d e s c r ib e d  u n d e r  

chrom ic  a c id  o x i d a t i o n ,  E xp t. 2.
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OZOHOLYSIS OF ARISTOLACTQUS 

E x p e r im e n t  1

A r i s t o l a c t o n e  (0 .415g«) was d i s s o l v e d  i n  c h lo ro fo rm  

(15 m l . )  and c o o led  to  -20°C . A s t re a m  o f  o z o n is e d  

oxygen was p a sse d  th ro u g h  th e  s o l u t i o n  f o r  27 m in u te s  and 

th e  m ix tu re  t r e a t e d  a s  d e s c r ib e d  u n d e r  "O z o n o ly s is  o f  

r e t i c u l e n e ” Method 1, (page 73) o b t a i n  an aqueous 

e x t r a c t  and a  w a t e r - i n s o l u b l e  v i s c o u s  o i l  (0 .4 6 6 g .)

E x am in a t io n  o f  th e  aqueous e x t r a c t

The e x t r a c t  was n e u t r a l i s e d  w i th  sodium h y d ro x id e  

(20$) s o l u t i o n  and made f a i n t l y  a c id  w i th  a c e t i c  a c i d .  A 

s o l u t i o n  o f  dimedone (0 .5 g * )  i n  e th a n o l  (50$; 20m l.)  was

added , th e  m ix tu re  s t i r r e d  w e ll  and s e t  a s id e  f o r  1 ho u r  

i n  a  r e f r i g e r a t o r .  The p r e c i p i t a t e  was f i l t e r e d  o f f  

q u a n t i t a t i v e l y ;  y i e l d ,  0 .3 0 8 g . m .p. 187-189°C. ( s o f te n e d  

a t  1 8 6 °C .) ,  r a i s e d  to  190-191°C. (from  aqueous e th a n o l )  

u n d e p re s s e d  on a d m ix tu re  w i th  a u t h e n t i c  fo rm ald ehy de  

dimedone d e r i v a t i v e .

The f i l t r a t e  from th e  above was d i s t i l l e d  i n t o  a 

s o l u t i o n  o f  2 : 4 - d in i t r o p h e n y lh y d r a z in e  ( 0 .1 g . )  i n  

s u l p h u r i c  a c id  (1m l.)  f r e s h l y  d i l u t e d  to  3 0 ml. w i th  w a te r .  

Only a  s l i g h t  o p a le sc e n c e  was o b ta in e d .
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E x a m in a t io n  o f  th e  w a t e r - i n s o l u b l e  o i l

( i )  The o i l  (0 .0 9 9 g .)  was h y d ro ly s e d  w i th  e t h a n o l i c  

p o ta s s iu m  h y d ro x id e  (0 .66N , 3ml « )  3 0  m in u te s ,  t h e

s o l u t i o n  r a p i d l y  becom ing d a rk  re d  a s  soon a s  h e a t  was 

a p p l i e d .  E q u iv a le n t  w e ig h t  fo u n d , 227. The n e u t r a l  

s o l u t i o n  was d i s t i l l e d  i n t o  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e  

( 0 .1 g . )  d i s s o lv e d  i n  s u l p h u r i c  a c id  (2m l.)  and w a te r  ( 3 0 m l . ) .  

There  was no p r e c i p i t a t e .  The aqueous r e s i d u e  i n  th e  

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

a c i d  and a  brown amorphous p r e c i p i t a t e  f i l t e r e d  o f f .  The 

f i l t r a t e  y i e l d e d  to  e t h e r  o n ly  a  t r q c e  o f  o i l ,  which was 

n o t  exam ined, and gave p o s i t i v e  r e a c t i o n s  w i th  S c h i f f ’ s 

r e a g e n t ,  a l k a l i n e  n i t r o p r u s s i d e  s o l u t i o n ,  ammoniacal s i l v e r  

n i t r a t e  and i n  t h e  iodo fo rm  r e a c t i o n .

( i i )  The o i l  ( 0 .1 g . )  was t r e a t e d  w i th  a  s o l u t i o n  o f  

hydrogen  p e ro x id e  ( 3 0 $, 0 .5 m l . )  and sodium h y d ro x id e  

s o l u t i o n  added g r a d u a l ly  to  keep th e  s o l u t i o n  n e u t r a l  to  

p h e n o lp h th a l e in .  The s o l u t i o n  s t i l l  gave a  p o s i t i v e  

r e a c t i o n  w i th  S c h i f f ' s  r e a g e n t ,  and an o ran ge  p r e c i p i t a t e  

w i th  an a c id  s o l u t i o n  o f  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e .

A ttem pted  r e c r y s t a l l i s a t i o n  o f  th e  p r e c i p i t a t e  gave 

amorphous p ro d u c ts  m .p. 70-100°0 .

( i i i )  The w a t e r - i n s o l u b le  o i l  was a c id  i n  r e a c t i o n ,  b u t  

a t te m p te d  p r e p a r a t i o n  o f  an amide by means o f  t h i o n y l
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c h l o r i d e  fo l lo w e d  by ammonia r e s u l t e d  i n  t h e  f o r m a t io n  

o f  a  d a rk  brown s e m i - s o l i d  mass from  w hich  no c r y s t a l l i n e  

p r o d u c t  was o b ta in e d .

E x p erim en t 2

A r i s t o l a c t o n e  (0 .8 9 5 g .)  was d i s s o lv e d  i n  e th y l  

a c e t a t e  (20m l.)  and t r e a t e d  w i th  o z o n ise d  oxygen a t  -15°C . 

u n t i l  t h e  s o l u t i o n  d id  n o t  d e c o lo u r i s e  brom ine s o l u t i o n .

The s o l u t i o n  was a llow ed  to  r e a c h  room te m p e ra tu re  and 

was h y d ro g e n a te d  a t  a  p a l la d iu m  ( 2 5 $) on c h a rc o a l  c a t a l y s t  

f o r  5 h o u rs  ( a b s o r p t i o n ,  360 m l. a t  1 5 ° C .) .  The f i l t e r e d  

s o l u t i o n  was e x t r a c t e d  w i th  w a te r  ( 6 x 1 5  m l . )  and th e  

aqueous e x t r a c t s  b u lk e d .  The e th y l  a c e t a t e  l a y e r  was 

d r i e d  (sodium  s u lp h a te )  and e v a p o ra te d  to  y i e l d  a  v i s c o u s  

o i l  ( 0 . 3 8 7 g .)•

E x am in a tio n  o f  aqueous e x t r a c t

( i )  The e x t r a c t  was s t e a m - d i s t i l l e d  u n t i l  250 m l. o f  

d i s t i l l a t e  was o b ta in e d .  The d i s t i l l a t e  was n e u t r a l i s e d  

w i th  0 . 5 N sodium h y d ro x id e  ( 3 . 6 m l.)  and r e d i s t i l l e d  i n t o  

an a c id  s o l u t i o n  o f  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e . The 

p r e c i p i t a t e  was f i l t e r e d  o f f  (m.p. 157-160°C .) and 

r e c r y s t a l l i s e d  from  e th a n o l  to  g ive  n e e d le s ,  m .p . 163-165°C. 

u n d e p re s s e d  on a d m ix tu re  w ith  a u t h e n t i c  fo rm aldehyd e  

2 : 4 - d in i t r o p h e n y lh y d r a z o n e  m.p. 164-166°C. The aqueous 

l i q u o r s  i n  th e  d i s t i l l a t i o n  f l a s k  were r e s e r v e d  f o r  f u t u r e
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exam inat ion .

( i i )  (a )  The aqueous s o l u t i o n  o f  n o n - v o l a t i l e  m a t t e r  was 

n e u t r a l i s e d  w i th  0.5N sodium h y d ro x id e  ( 2 .7 m l . )  and 

e v a p o ra te d  to  d ry n e s s  a t  room te m p e ra tu re  to  y i e l d  a  d a rk  

brown v i s c o u s  o i l ,  ( 0 .5 8 g . )  w hich gave p o s i t i v e  r e a c t i o n s  

i n  th e  io d o fo rm , a l k a l i n e  n i t r o p r u s s i d e  and ammoniacal 

s i l v e r  n i t r a t e  t e s t s .  R ig b y 's  t e s t  f o r  a c y l o in s  was 

n e g a t i v e .

(b) The o i l  (0 .093g*) was t r e a t e d  w i th  p e r i o d a t e  

s o l u t i o n  (100m l.)  and 2 N -s u lp h u r ic  a c id  (10m l.)  f o r  24 

h o u r s .  O x id a t io n  c o rre sp o n d e d  to  2 .1 m l. 0 .1R  sodium 

t h i o s u l p h a t e .

(c) A ttem p ted  p r e p a r a t i o n  o f  a  2 : 4 - d i n i t r o p h e n y l -  

h y d razo ne  y i e l d e d  amorphous p r e c i p i t a t e s  (m.p. 6 0 -9 0 ° 0 .)  

w hich  co u ld  n o t  be c r y s t a l l i s e d .

(d) The o i l  ( 0 .0 8 g . )  was d i s s o lv e d  i n  w a te r  (2 m l.)  

and 2TT s u l p h u r i c  a c id  (2m l.)  and t i t r a t e d  w i t h ’ O.IR 

p o ta s s iu m  perm anganate  ( 8 .2 m l . ) .  The s o l u t i o n  y i e l d e d  

o n ly  a  t r a c e  o f  o i l  to  e t h e r ,  and gave an amorphous

2 s 4 - d in i t r o p h e n y lh y d r a z o n e  m .p. 105-13°°C ' which cou ld  n o t  

be r e c r y s t a l l i s e d .
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E x p er im en t  5

A r i s t o l a c t o n e  ( 0 .3 8 7 g . )  was t r e a t e d  w i th  ozone a s  

d e s c r i b e d  i n  e x p e r im e n t  1. The c h lo ro fo rm  was removed a t  

35-40°C . u n d e r  red u c ed  p r e s s u r e  and th e  g l a s s y  r e s i d u e  was 

sh ak en  c o n t in u o u s ly  w i th  w a te r  (3 m l.)  f o r  15 m in u te s ,  t h e n  

f r e q u e n t l y  d u r in g  h a l f  an h o u r  w h i l s t  warming th e  f l a s k  i n  

a  w a te r  b a t h  a t  50°G. D ecom position  was com pleted  by 

h e a t i n g  i n  a  b o i l i n g  w a te r - b a th  f o r  1 h o u r .  The m ix tu re  

was c o o le d  and sm a ll  volumes o f  t h e  a lm o s t  c l e a r  s o l u t i o n  

( 0 . 0 1 - 0 . 0 2 m l .) were p la c e d  on Whatman p a p e r  (No.1) and 

chrom atog raphed  by th e  a sc e n d in g  t e c h n iq u e  u s i n g  t h e  

f o l lo w in g  s o l v e n t s

( i )  B u ta n o l  (6 6 ) ,  p y r i d in e  (1 2 ) ,  w a te r  (18) and e t h a n o l (4)

( i i )  P y r id in e  ( 6 ) ,  ammonia s o l u t i o n  (10$ NH^, 2) and

w a te r  ( 1 ) .

The chrom atogram s were d r i e d  a t  100 C. f o r  10-15 m in u te s  

and t h e  s p o t s  d e t e c t e d  by th e  f o l lo w in g  r e a g e n t s

( i )  B rom ocreso l g reen  i n d i c a t o r

( i i )  T o l l e n ' s  r e a g e n t

( i i i )  P o ta ss iu m  f e r r i c y a n i d e  (10$) and d ry in g  a t  100°C; 

f e r r i c  alum (1$) i n  e th a n o l  (70$) and a i r  d ry in g ;  f i n a l l y  

ammonia (10$) and a i r  d ry in g .  Any c o lo u r s  a t  th e  v a r i o u s  

s t a g e s  when u s i n g  t h i s  r e a g e n t  were n o te d .  Comparison 

s p o t s  u s i n g  p y ru v ic  and l a e v u l i n i c  a c id s  and th e  o z o n o ly s i s  

p r o d u c ts  o f  c i t r a l  and m ethy l m e th a c ry la te  were a l s o



p re p a r e d  (T ab le  1 ) .  S o lv e n t  ( i )  was m ost s a t i s f a c t o r y ,  

t h e  s p o t s  b e in g  compact w hereas w i th  s o lv e n t  ( i i )  th e y  

were d i f f u s e .

The aqueous l i q u i d  gave an amorphous p r e c i p i t a t e  

w i th  an a c id  s o l u t i o n  o f  2 i 4 - d i n i t r o p h e n y l h y d r a z i n e , b u t  

o f  wide m e l t in g  ran g e  (9 0 -1 4 0 ° C .) .  The p r e c i p i t a t e ,  when 

ch rom atog rap hed  on Whatman p a p e r  (E o .1) gave two s p o t s  

(Rp 0 .6 6  and 0 .9 0 ) .  S o lv e n t  ( i )  and a s c e n d in g  te c h n iq u e  

were u se d  and no developm ent o f  s p o t s  by means o f  r e a g e n t s  

was n e c e s s a r y  a s  th e y  were s e l f - i n d i e a t i n g .  S p o ts  f o r  

com parison  were o b ta in e d  by u s i n g  th e  2 s 4 - d i n i t r o p h e n y l -  

h y d ra z o n e s  o f  p y ru v ic  a c id  (Rg, 0 .3 9 )  and l a e v u l i n i c  a c id  

(Rj, 0 . f 8 )  s e p a r a t e l y  and i n  a d m ix tu re ,  com ple te  s e p a r a t i o n  

b e in g  o b ta in e d  i n  th e  l a t t e r  c a se .



OZONOLYSIS OP ARISTOLACTONE DERIVATIVES

E th y l  oxo a r i  s t a t e

E th y l  © x o a r i s t a t e  ( 0 .2 9 g . )  d i s s o l v e d  i n  c h lo ro fo rm  

(1 0 m l.)  was t r e a t e d  w i th  o z o n ise d  oxygen  a t  0°C. f o r  20 

m in u te s .  The g l a s s y  ozo n id e  o b ta in e d  a f t e r  e v a p o r a t io n  

o f  th e  s o l v e n t  was decomposed by th e  a d d i t i o n  o f  w a te r  

(15m l.)  and a llo w ed  to  s ta n d  o v e r n i g h t .  The b u lk  o f  th e  

w a te r  was d i s t i l l e d  i n t o  an i c e - c o o l e d  f l a s k .  The o i l y  

r e s i d u e  (0 .2 5 9 g .)  gave p o s i t i v e  r e a c t i o n s  w i th  a l k a l i n e  

n i t r o p r u s s i d e  and ammoniacal s i l v e r  n i t r a t e .

E x a m in a t io n  o f  th e  aqueous d i s t i l l a t e

Dimedone (0 .5 g .)>  d i s s o lv e d  i n  e th a n o l  (30$, 20m l.)  

was added to  th e  d i s t i l l a t e  and th e  m ix tu re  was s e t  a s id e  

f o r  2 h o u r s .  The c r y s t a l l i n e  p r e c i p i t a t e  w hich s e t t l e d  

o u t  (0 .1 1 2 g .)  was r e c r y s t a l l i s e d  from  e th a n o l / w a t e r  

m ix tu re  t o  g iv e  n e e d le s  m .p. 188-190°C. u n d e p re s s e d  on 

a d m ix tu re  w i th  a u t h e n t i c  fo rm aldehyde  d e r i v a t i v e .  The 

f i l t r a t e  from  th e  dimedone d e r i v a t i v e  was d i s t i l l e d  i n t o  

an  a c id  s o l u t i o n  o f  2 : 4 - d in i t r o p h e n y lh y d r a z in e  and a t r a c e  

o f  p r e c i p i t a t e  was o b ta in e d .  The m .p. 118-129°C. was 

r a i s e d  to  130-134°C. a f t e r  one 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 ,  b u t  t h e r e  was i n s u f f i c i e n t  f o r  f u r t h e r  e x a m in a t io n .
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.  \%
E x a m in a t io n  o f  th e  o i l .  a   280 m u ( £ um. 1 4 .2 ) ." max• r

N e u t r a l i s a t i o n  e q u i v a l e n t ,  228. O x id a t io n  w i th  a l k a l i n e  

p e rm angana te  and i s o l a t i o n  o f  t h e  a c id  gave an o i l  which 

showed no s i g n s  o f  c r y s t a l l i s a t i o n .

D ihydro i s o a r i s t o l a c t o n e

D ihydro i s o a r i s t o l a c t o n e  ( 0 .1 7 6 g .)  was d i s s o lv e d  i n  

c h lo ro fo rm  (5 m l.)  and t r e a t e d  w i th  o z o n is e d  oxygen f o r  

20 m in u te s ,  th e  i s s u i n g  g a se s  b e in g  p a s se d  th ro u g h  a  wash- 

b o t t l e  c o n ta in i n g  w a te r  (10m l.)  b e fo r e  p a s s in g  i n t o  th e  

p o ta s s iu m  i o d id e  t r a p .  The s o l u t i o n  o f  o zo n id e  was 

decomposed u s i n g  th e  g l a c i a l  a c e t i c  a c id  and z in c  d u s t  

method a s  d e s c r ib e d  f o r  a r i s t o l a c t o n e  (e x p e r im e n t  1 ) .

The aqueous e x t r a c t  was t r e a t e d  w i th  dimedone ( 0 .2 g . )  i n  

s o l u t i o n  i n  20i<> e th a n o l  made from  th e  w a te r  u sed  i n  th e  

t r a p .  No p r e c i p i t a t e  was o b ta in e d  on s t a n d in g  f o r  3 d ay s . 

The s o l u t i o n  was d i s t i l l e d  i n t o  an a c id  s o l u t i o n  o f  

2 s 4 - d in i t r o p h e n y lh y d r a z in e  b u t  o n ly  an o p a le s c e n c e  was 

p ro d u ce d .

The o i l  gave a  p o s i t i v e  r e a c t i o n  w i th  a l k a l i n e  

n i t r o p r u s s i d e .

E th y l  d ih y d ro - o x o a r i s t a t e

E th y l  d i h y d r o - o x o a r i s t a t e  ( 0 .1 g . )  was o z o n ise d  as  

d e s c r ib e d  f o r  a r i s t o l a c t o n e , (Experim ent 1 ) .
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The aqueous e x t r a c t  gave no c o lo u r  w i th  S c h i f f ’ s 

r e a g e n t  and f a i l e d  to  g iv e  a  p r e c i p i t a t e  w i t h  dimedone 

s o l u t i o n .  The o i l  gave a  p o s i t i v e  r e a c t i o n  w i th  

a l k a l i n e  n i t r o p r u s s i d e .
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H e le n in

The s u b s ta n c e  was o b ta in e d  from  M e ss rs .  L ig h t s  a s  a  

c o l o u r l e s s  c r y s t a l l i n e  s o l i d ,  m .p . 7 1 -8 1 ° C .,  w i th  a 

s l i g h t  o d o u r .

T e t r a h y d r o a la n t o la c t o n e

H e le n in  ( l . 5 g . )  was d i s s o l v e d  i n  e th a n o l  (2 0m l.)  and

h y d ro g e n a te d  a t  a  p la t in u m  c a t a l y s t  ( 0 . 1 g . ) .  Hydrogen

u p ta k e  (342ml. a t  1 9 °0 .)  was e q u iv a le n t  to  2 .4  e t h y l e n i c

b o n d s .  The c a t a l y s t  was f i l t e r e d  o f f ,  and th e  s o l u t i o n

c o n c e n t r a te d  to  c r y s t a l l i s a t i o n .  The c r y s t a l s  were

r e c r y s t a l l i s e d  from  e th a n o l  as  lo n g  n e e d l e s ,  m .p . 145*5 -  
,7°c-

1 4 6 .5  0 . ,  W ,  +11.7 (c  = 3 -24)

L i t .  v a lu e s  f o r  t e t r a h y d r o a l a n t o l a c t o n e :  m .p . 140 -

141°C. (3) 1 4 7 .5°C. (3 7 ) ,  w ,  +11° (o = 2 . 5 ) ;  W , +15°

(c = 5 ) ,  (3) •

Lehydro genati on
T e t r a h y d r o a la n to la c to n e  (0 .0 7 g . )  was t r e a t e d  a s  d e s c r ib e d  

u n d e r  a r i s t o l a c t o n e ,  page 174. The a b s o r p t io n  curve  o f  

th e  p ro d u c t  i s  shown i n  append ix  2.

Methyl Methacrylate
The e s t e r ,  b . p .  1 01 -1 02°C ., was p re p a re d  by th e  d ry  

d i s t i l l a t i o n  o f  Pyrex  s h e e t  a s  d e s c r ib e d  by Vogel ^ 8 ) .



O z o n o ly s is

M ethy l m e th a c r y l a t e  (0 .5 g « )  i n  c h lo ro fo rm  (2 0 m l.)  was 

t r e a t e d  w i th  o z o n is e d  oxygen f o r  40 m in u te s .  The s o l v e n t  

was removed u n d e r  red u ced  p r e s s u r e  and th e  r e s id u e  a l lo w e d  

t o  s t a n d  o v e rn ig h t  w i th  w a te r  ( 2 0 m l . ) .  D i s t i l l a t i o n  o f  

t h e  m ix tu re  y i e ld e d  fo rm aldehyde  ( i d e n t i f i e d  by means o f  

i t s  dimedone d e r i v a t i v e )  and m eth y l p y ru v a te  i d e n t i f i e d  by 

means o f  a  p o s i t i v e  n i t r o p r u s s i d e  r e a c t i o n  and by g iv in g  

p y ru v ic  a c id  a f t e r  h y d r o l y s i s .  The a c id  was i d e n t i f i e d  

by p a p e r  ch rom atography . Rp o z o n o ly s i s  a c i d ,  0 .2 9 -  

Rp p y ru v ic  a c i d ,  0 .2 8  .

B ro m in a t i  on

0 .0 4 6 5 g . a b so rb ed  brom ine e q u iv a l e n t  to  0 .7 m l.  0.1N 

sodium  t h i o s u l p h a t e .

O ineo le

0 .0 8 g .  was deh y d ro g en a ted  by t h e  method u se d  f o r  

a r i s t o l a c t o n e  (page 174-) and a ro m a tic  c o n s t i t u e n t s  d e te c t e d  

i n  t h e  p r o d u c t .
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U l t r a v i o l e t  a b so rp t io n  curves
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