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^ C r i t i c a l  Study of the  Nature of  "Cedrene” .

Al though one of  the  f i r s t  S e s q u i t e r p e n e s  t o  be d i s c o v e r e d ,  

t he  c o n s t i t u t i o n  of  Cedrene s t i l l  remains  u n e x p l a i n e d .  I t  i s ,  

i n  f a c t ,  d o u b t f u l  whether  a sample of  pure Cedrene has ev e r  

been h a nd l ed ,  f o r  i t  i s  the  op i n i on  of the  w r i t e r  t h a t  Cedrene 

i s  no t  o n e , , b u t  a mi x tu re  of  h yd roca r bo ns .  The e a r l i e r  a u t h o r s  

use t he  name Cedrene In a somewhat wider  sense  than  i t  i s  now,

as  t he  e x i s t e n c e  of  such S e s q u i t e r p e n e s  as  C ar y oph yl l en e  and 

Cadinene  were a t  t he  t ime unknown. J . H . G l a d s t o n e  { J . C . S . ,  

1886,  49,  609 ] r e f e r s  to  Cedrenes from Cl oves ,  Rosewood, 

Cubebs ,  CalajBUi, P a t c h o u l i ,  and Cedar;  r e f e r r i n g  t o  t he  l a s t  

as  e s p e c i a l l y  r e p r e s e n t a t i v e  of the  name. As the  o i l s  from 

t he  o theb  source® have been more c a r e f u l l y  examined and t h e i r  

c o n s t i t u e n t s  s e p a r a t e d ,  new names have been c o i n e d ,  and t he  

g e n e r a l  use of  t h e  term Cedrene abandoned u n t i l  i t  i s  now 

used t o  deno t e  t h a t  hydrocarbon  found in  t he  o i l  of  Cedar  

Wood ( J u n i p e r u s  V i r g i n i a n a  ) which b o i l s  a t  1&4-1260/  12mm.

I t  i s  p r o b a b l e  t h a t  t h e  t e r m w i l l  r e q u i r e  t o  be s t i l l  f u r t h e r  

r e s t r i c t e d  .

There has not  ye t  been e s t a b l i s h e d  any s a t i s f a c t o r y  

o r i  t e r  ion f o r  t h i s  hycfrocarborr, ,ftff- aithrougrh i t  e&mbiires urat-h
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b r omi ne  and t h e  h a l o g e n  a c i d s ,  t h e  compounds a r e  t o o  u n s t a b l e  

t o  be i s o l a t e d ; : nor  do t h e  o x i d e s  of  n i t r o g e n  or  n i t r o s y l  

c h l o r i d e  g i v e  any b e t t e r  r e s u l t  [Chapman,  J . C . S . ,  1896 .  11,  

P.  140 ] > . T h e  p h y s i c a l  c o n s t a n t s  o f  t h e  h y d r o c a r b o n ,  as  

r e c o r d e d  by v a r i o u s  i n v e s t i g a t o r s ,  v a r y  somewhat# as  t h e  

f o l l o w i n g  t a b l e  s h o w s : -

C o n s t a n t s  o f  Cedeene  as  r e c o r d e d  by d i f f e r e n t  i n v e s t i g a t o r s .

B o i l i n g  P o i n t D* n »  i t  j S p * o  i t  i o  
R o t a t i o n

R* f  r  a o  t i r  *

T * ® p . . P r  * 8 •  . T * ■ p • [ “ I d T* » p
t

d d • T * n p .

2 6 1 - 2 6 2 ° 7 6 0  ■ > . 0 . 9 3 5 9 1 5  ° - 6 0 ° 1 .  5 0 1 5

1 8 1 - 1 3 2 ° 1 0  * ■  . - 4 * ^ 5 4 ^ f

1 2 4 - 1 2  6 ° 1 2  . 0 . 9 3 5 4 1 5 ° - 5 5 ° 1 . 5 0 2 3 3

1 2 2 - 1 2 4  ° 1 0 " * i t 0 . - 5 5 ° 15 °

1 2 2 - 1 3 1 ° 1 7  « * . 0 . 9 8 2  2 2 8 . 6 °  ’
.*
- 6 4 .  8 4  ° 1 9 . 5  ° 1 . 4 9 9 5 2 5  .  8 °

0 . 9 3 9 0 15 ° 1 . 5 0 4 3 2 15 °

( Hg  g r a n n l i g h t  *
>
)

R e f e r e n c e s

A. Chapman,  J . C . S i ,  1896,  t i ,  P.  140.

B. R o u s s e t ,  B u l l .  S o c . Chim. ,  1897,  17 , ( 3 ) ,  485 .

C. Semmler  and Hoffmann,  9 e r , ,  1 90 7 ,  40 9 35 19 .

D. Sword ,

E.  Sword,

The l a c k  o f  a common o f  c o m p a r i s o n ,  so f a m i l i a r

i n  t h e  r e c o r d s  o f  p h y s i c a l  c o n s t a n t s ,  e v i d e n t  h e r e ,  as  a g a i n
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on p.15 The r e a s o n  i s  o b v i o u s .  Reduced p r e s s u r e s  a r e  u s u a l l y  

o b t a i n e d  by means o f  a w a t e r  pump, w i t h  the  r e s u l t  t h a t  t h e  

p r e s s u r e  o b t a i n a b l e  on any day i s  d e p e n d e n t  on t he  t e m p e r a ­

t u r e  of  t h e  t a p  w a t e r  and t he  a i r  a t  t h e  t ime  of  o b s e r v a t i o n .  

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

nor  d e n s i t i e s  and r e f r a c t i v e  i n d i c e s  a t  t he  same t e m p e r a t u r e .

As i n  t h e  above t a b l e ,  i t  i s  not  u n u s u a l  t o  f i n d  a r e f r a c t i v e  

i ndex  r e c o r d e d  t o  t h e  f i f t h  d ec i m a l  and t h e  t e m p e r a t u r e  of  

the  o b s e r v a t i o n  o m i t t e d  a l t o g e t h e r :  such  a v a l u e  i s ,  o f  c o u r s e ,  

u s e l e s s .  As Cedrene  g i v e s  no d e r i v a t i c e s  t h r o u g h  which i t  can 

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

bas ed  on i t s  p h y s i c a l  c o n s t a n t s .  Th i s  b e i n g  t he  c a s e  t h e  

n e c e s s i t y  of h a a i n g  a common b a s i s  f o r  t h e  c o m p a r i s o n  i s  im­

p e r a t i v e , -  a p o i n t  which i n v e s t i g a t o r s  would a p p e a r  on o c c a s i o n  

t o  have o v e r l o o k e d - .  I t  would c e r t a i n l y  a p p e a r  t h a t ,  b e f c r e  

making t h e  r a t h e r  d a r i n g  c l a i m s  d i s c u s s e d  on p.  i«  , a much 

f u l l e r  r e c o r d  of  c o n s t a n t s ,  and a c l o s e r  a g r ee me n t  be t ween  

thdm would be n e c e s s a r y .  The w r i t e r  made i t  h i s  f i r s t  s t u d y  

t o  r e c o r d  t h e  trb* c o n s t a n t s  of  t he  h y d r o c a r b o n  i n  such  a way 

t h a t  t h e y  c o u l d  be compared w i t h  any o t h e r s  a t  any t e m p e r a t u r e  

and p r e s s u r e  w i t h i n  t he  u s u a l  l i m i t s  of  w o r k i n g .  4 grapl j  of  

t h e  b o i l i n g  p o i n t s  a t  d i f f e r e n t  p r e s s u r e s  w i l l  be found on p .4 

a t a b l e  of  r e f r a c t i v e  i n d i c e s  a t  d i f f e r e n t  t e m p e r a t u r e s  on p s o  

one of  c h a n g e s  i n  b o i l i n g  p o i n t  a t  v e r y  low p r e s s u r e s  on.  p * 7
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I t  would a p p e a r  t h a t  t h e  b o i l i n g  p o i n t  r e c o r d e d  by R o u s s e t  

p . 2 . 8 ,  was i n  e r r o r ,  as  i t  d i f f e r s  by 10° from t h a t  o f  any 

o t h e r  o b s e r v e r ;  m or eo ve r ,  Semmler r e p e a t e d  R o u s s e t ' s  work 

u s i n g  C edr en e  a s  d e s c r i b e d  by him p . 2 . C ,  and o b t a i n e d ,  i n  

t h e  main,  t h e  same p r o d u c t s .  I t  was most  p r o b a b l y  an e r r o r  

c a u s e d  by a f a u l t y  manometer ,  i n  which c a s e ,  u s i n g  t h e  g r a p h  

on p . 4 .  t h e  r e a d i n g  would be 1 3 1 - 1 3 2 ° /  i 8 » » .

As a c o n s i d e r a t i o n  of  t h e  r e s u l t s  o f  o t h e r  c h e m i s t s  l e i > 

t h i  w r i t e r  t o  s u s p e c t  t h a t  Cedr ene  was n o t  an i n d i v i d u a l  

h y d r o c a r b o n ,  he r e c o r d e d  n o t  on l y  t h e  c o n s t a n t s  o f  t h e  

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

s u b s e q u e n t  f r a c t i o n s .  A g r ap h  of  t h e  b o i l i n g  p o i n t s  of  t h e  

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

shown on p . f ,  and one a g a i n s t  t h e i r  s p e c i f i c  r o t a t i o n s  on 

p. .6 .  T a b l e s  o f  t h e  b o i l i n g  p o i n t s ,  r e f r a c t i v e  i n d i c e s ,  d e n s i t i  

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

pp .  48^ 49< 50,  5 1 ; 3nd 52 ; a c o n s i d e r a t i o n  o f  t h e s e  shows

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

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

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

a l m o s t  i n e v i t a b l e  .

E v i d e n c e  t h a t  ' C e d r e n e '  i s  a M i x t u r e  o f  i s o m e r s .

I n  t h e  sample  o f  ‘C e d r e n e ’ s u p p l i e d  t o  t h e  w r i t e r  by M e s s r s

VJBus-K- & C# L&L t h e r e  was found a f r a c t i o n  b a i l i n g  a b o u t  1*
< ♦  •

fcel^w t h e  main f r a c t i o n ,  and a n o t h e r  f r a c t i o n  b o i l i n g  a b o u t
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4 above  i t .  I f  t h e  c u r v e s  on pp .  and jr be examined  i t

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

g r a d i e n t  round 1 3 0 * £ t 7 o r  1 2 3 * / i 2  ■*. T h i s  c e r t a i n l y  

shows t h a t  round t h a t  b o i l i n g  p o i n t  i s  t o  be found t h e  most  

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

g r a d i e n t  shows t h a t  t h i s  i s  o n l y  a c o m p a r a t i v e  t e r m,  and 

t h a t  even  t h e  mo§t  d e f i n i t e  f r a c t i o n  c o n t a i n s  more t h a n  one 

h y d r o c a r b o n ; .  I t  would a p p e a r  t h a t  t h e  i s o m e r s  have b o i l i n g  

p o i n t s  which a r e  v e r y  s l i g h t l y  d i f f e r e n t .  Even t h e  most  c a r e ­

f u l  f r a c t i o n a t i o n  mi gh t  f a i l  i n  such  a c a s e  t o  e f f e c t  a s -  

s e p a r a t i o n .  I f  t h e  h y d r o c a r b o n  i s  i n d e e d  a m i x t u r e  of  i s o m e r s  

t h e  r e p e a t e d  f a i l u r e s  t o  p r e p a r e  any c r y s t a l l i n e  d e r i v a t i v e a '  

a r e  e x p l a i n e d .

I f  t h e  work o f  o t h e r  w o r k e r s  be  exami ned  i n  t h i s  l i g h t  

t h e i r  r e s u l t s  w i l l  be found t o  c o n f i r m  t h i s  v i ew ,  a l t h o u g h  

h i t h e r t o  a p p a r e n t l y  o v e r l o o k e d .

Al t h o u g h  n e v e r  s a t i s f a c t o r i l y  p r o v e d ,  i t  has  a l way s  

b een  assumed t h a t  Ce dr e ne  has  one d o u b l e  l i n k a g e  i n  i t s  

c o n s t i t u t i o n ,  from p h y s i c a l  d a t a .  In  h i s  i n v e s t i g a t i o n s  o f  

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

s e l e c t i o n  o f  o r g a n i c  s u b s t a n c e s  [ J . C . S . ,  1884 ,  45,  T.  2€4:  

1891 ,  59,  T.  290 3 J , H . G l a d s t o n e  o b t a i n e d  t h e  f o l l o w i n g  

v a l u e s  f o r  Cedr ene  ( u s i n g  t h e  f o r m u l a  j - * ) t * *  t h e

s p e c i f i c  r o t a t i o n ,  and v a l u e s  f o r  t h e  c a l c u l a t i o n  f rom t h e
\

c h e m i c a l  f o r m u l a  d e t a i l e d  i n  t h e s e y p a p e r s . )
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Mol.  r e f r a c t i o n  1 08 * 52 .  ,( c a l c ,  f o r  one d o u b l e  bond 108*4)
Mol .  d i s p e r s i o n  5*35 i  c a l c .  5*36 )

Chapman,  however ,  wai  u n s u c c e s s f u l  i n  h i s  e f f o r t  t o  i d e n t i f y

C e d r e n e  by means o f  i t s  h y d r o c h l o r i d e  o r  d i b r o m i d e .  A few y e a r s  

l a t e r  R o u s s e t  r e p e a t e d  t h e  work [ B u l l .  S o c .  Ch i m. ,  1897,  17,  

485 ] ,  and,  f i n d i n g  t h e  same d i f f i c u l t i e s ,  t r i e d  t o  e s t i m a t e  

t h e  e x t e n t  t o  which a d d i t i o n  had t a k e n  p l a c e  by e s t i m a t i n g  

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

i n  t h e  HC1 g a s .  He found t h a t  o n l y  60% o f  t h e  amount  o f  HC1 

n e c e s s a r y  t o  s a t u r a t e  one d o u b l e  bond had been  a dd e d .  In 

t h e  c a s e  of  b r omi ne  he found t h a t  t h e  r e a c t i o n  went  r a p i d l y  

a t  f i r s t  b u t  soon s lowed down, and l on g  b e f o r e  t h e  n e c e s s a r y  

amounf had been  added HSr was l i b e r a t e d .  The w r i t e r  r e p e a t e d  

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

s o l v e n t s ,  and found  t h a t  t h e  f i r s t  10% o r  so  r e a c t e d  i n s t a n t e r ,  

a f t e r  which t h e  s l o w i n g  down s e t  i n ,  i n  a way which i n d i c a t e d  

t h a t  t h e r e  were  a t  l e a s t  two s u b s t a n c e s  u nde r  t r e a t m e n t ,  t h e

one p r e i f f l t ' i n  s m a l l e r  amount  h a v i n g  an o r d i n a r y  e t h y l e n i c  

l i n k a g e ,  t h e  o t h e r  h av i ng  an u n s a t u r a t i o n  of  a more c o m p l i c a t e d  

p a t u r e  which was made u n s t a b l e  by t he  a d d i t i o n  o f  a h a l o g e n  o r  

h a l o g e n  a c i d

Again ,  p o t a s s i u m  p e r ma n g a n a t e  i s  a v e r y  r e l i a b l e  

o x i d i s i n g  a g e n t ,  g i v i n g  as a r u l e  a y i e l d  of  o x i d a t i o n  

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

y i e l d ;  w i t h  Cedrene  t h e  y i e l d  of  g l y c o l  was o n l y  10-15%,  t h e
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main p r o d u c t s  b e i n g  k e t o n i c  i n  s t r u c t u r e .  The re  would seem 

t o  be more t h a n  a c h a n c e  a g r e e m e n t  b e t w e e n  t h e s e  two r e a c t i o n s :  

i t  would i n d e e d  a p p e a r  t h a t  a g a i n  t h e  p o r t i o n  h av in g  t h e  e t h y l e n i c  

bond had g i v e n  an a l m o s t  q u a n t i t a t i v e  y i e l d  o f  g l y c o l ,  t h e  

o t h e r  p o r t i o n  a g a i n  r e a c t i n g  i n  an a l t o g e t h e r  u n u s a i l  manner.

A s i m i l a r  r e s u l t  was o b t a i n e d  by S . T . R . S . M i t c h e l l  in  

t h i s  l a b o r a t o r y  when s t u d y i n g  t he  r e a c t i o n  o f  p e r h y d r o l  on 

Cedrene*.  o n l y  a s m a l l  y i e l d  o f  g l y c o l  ( 5 - 1 0 #  ) was o b t a i n e d ,  

t h e  main p r o d u c t  i n  h i s  c a s e  b e i n g  an a l c o h o l .  The same c a u s e  

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

o x i d a t i o n .

I n  t h e  p a p e r  c i t e d  above R o u s s e t  s t a t e s  t h a t  Cedr ene  

d o e s  n o t  g i v e  an a l c o h o l  CisHjgOH when t r e a t e d  w i t h  HtS04 

i n  g l a c i a l  a c e t i c  j | c i d t  The w r i t e r  r e p e a t e d  t h i s  and found 

t h a t  t h e  r e c o v e r e d  h y d r o c a r b o n  had e n t i r e l y  l o s t  t h e  *mel l  

o f  Ceda r  Wood, i t s  b o i l i n g Aw h i l e  p r a c t i c a l l y  t h e  same, showed 

i n  some o f  t h e  e x p e r i m e n t s  i n d i c a t i o n s  o f  a l ower  b o i l i n g  

f r a c t i o n .  The o p t i c a l  r o t a t i o n  had i n c r e a s e d *  ( s ee  p p . 72 , 73  )

I t  would a p p e a r  t h a t  t h e  s u l p h u r i c  a c i d  had a t t a c k e d  t h e  

i s o m e r  t o  which  t h e  o i l  owes i t s  c h a r a c t e r i s t i c  s m e l l ,  

l e a v i n g  t h e  more s t a b l e  i s om e r  o f  h i g h e r  r o t a t i o n .  The re  i s  

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

i s o m e r .

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

t h e  h e t e r o g e n o u s  n a t u r e  o f  C e d r e n e .



I t

Zh£-.Q2 ! l § l i t y t i g  n_ o/_  Oedrene±

For  i n f o r m a t i o n  r e g a r d i n g  t h e  c o n s t i t u t i o n  of  Cedf ene  

we a r e  a l m o s t  e n t i r e l y  d e p e n d e n t  on d e d u c t i o n s  from t h e  

p h y s i c a l  c o n s t a n t s .  An e x a m i n a t i o n  of  t h e  v a r i o u s  hydro­

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

m o n o c y c l i c  t e r p e n e s  , Limonene,  S y l v e e t r e n e ,  T e r p i n e n e ,  

P h e l l a n d r e n e ,  e t c ,  r a n g e  f rom 0*847 t o  0*860 a t  1 5 ° ,  and 

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

p i n e n e s ,  and Camphene r a n g e  from 0*663 t o  0 * 8 7 /  1 5 ° .

In t h e  s e s q u i t e r p e n e s  t h e  d e n s i t i e s  o f  Z i n g i b e r e n e  and 

S i s a b o l e n e  a r e ,  r e s p e c t i v e l y ,  0*875 and 0*881 /  1 5 ° .  These 

a r e  t h o u g h t  t o  be t h e  o n l y  r e p r e s e n t a t i v e s  of  m o no cy c l i c  

s e s q u i t e r p e n e s .  The d e n s i t i e s  of  C a d i n e n e ,  C a r y o p h y l l e n e ,

S e l i n e n e ,  Humulene,  B . S a n t a l e n e ,  A t r a c t y l e n e ,  C a p a r r a p e n e ,  

and Guagene r a n g e  f rom 0*900 t o  0*924 /  1 5 ° :  t h e s e  a r e  a l l  

t h o u g h t  t o  be b i c y c l i c ;  i n  t h e  c a s e  o f  C ad i n e n e  t h e  c o n s t i t u t i o n  

i s  a l m o s t  e s t a b l i s h e d .  The d e n s i t i e s  o f  C e d r e n e ,  C lo v e n e ,  

H e e r a b o l e n e  r a n g e  from 0*935 t o  0 : 9 4 3 :  t h e s e  a r e  t h o u g h t  t o

be t r i c y c l i c .  As a c o n s i d e r a t i o n  of  t h e  m o l e c u l a r  r e f r a c t i v i t i e s  

d i v i d e s  them i n t o  t h e  same c l a s s e s , , ,  t h e  v a l u e s  f o r  t h e  t h r e e  

/ ■ c l a s s e *  b e i n g : -  m o n o c y c l i c  67*76,  b i c y c l i c  66*15,  and t r i c y c l i c  

64*45 . .  . t h e r e  i s  good r e a s o n  t o  b e l i e v e  t h a t  t h i s ' c l a s s i f i c a t i o n  

i s  c o r r e c t .  Whi le  t h e  t e r p e n e s  can be d i v i d e d  i n t o  two c l a s s e s  

by t h e i r  b o i l i n g  p o i n t s . .  . b i c y c l i c  1 5 0 - 1 6 5 ° ,  m o n o c y c l i c  1 7 0 - 1 8 0 ° ,  

t h e r e  i s  no s i m i l a r  d i v i s i o n  as  y e t  a p p a r e n t  i n  t h e  s e s q u i t e r p e n e s
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whose b o i l i n g  p o i n t s  a l l  l i e  be t ween  260° and 27(3°, and 

a p p a r e n t l y  i r r e s p e c t i v e  of  c o n s t i t u t i o n .  From a c o n s i d e r a t i o n  

o f  i t s  p h y s i c a l  c o n s t a n t s  a l o n e  C ed r en e  a p p e a r s  t o  be a 

t r i c y c l i c  s e s q u i t e r p e n e  hat f ing one d o u b l e  bond somewhere i n  

t h e  m o l e c u l e .

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

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

d i f f i c u l t  n a t u r e  of  t h e  t a s k  b e i n g  shown by t h e  u n c e r t a i n t y  

which  ac co mp an ie s  t h e  r e s u l t s  o f  e v e r y  r e s e a r c h  on t h i s  h y d r o ­

c a r b o n .  Chapman’s work has  a l r e a d y  been  m e n t i o n e d .  His r e s u l t s  

were  n e g a t i v e  in  as  much as  he f a i l e d  t o  p r e p a r e  any a d d i t i o n  

compound,  b u t  p o s i t i v e  i n  as  much as  a r e a c t i o n  u n d o u b t e d l y  

t o o k  p l a c e :  nor  have l a t e r  e x p e r i m e n t e r s  been  more s u c c e s s f u l .

The a s s e r t i o n  t h a t  C e d r e n e  has  one u n s a t u r a t i o n  t h e r e f o r e  

r e m a i n s  unproved c h e m i c a l l y .  Chapman, i n  t h e  same p a p e r ,  

f u r t h e r  c o n c l u d e d  t h a t  t h e  h y d r o c a r b o n  he o b t a i n e d  from 

S a n t a l a l ,  t h e  a l d e h y d e  CjsHssO,  was n o t  i d e n t i c a l  w i t h  t h e  

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

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

i s  + 5 ° 4 5 '  w h i l e  t h a t  o f  Cedrene  i s  - € 0 ° ,  O t h e r  C h e m i s t s  have 

c o n s i d e r e d  such  d i s a g r e e m e n t s  a s  no o b s t a c l e  i n  p r o v i n g  t h a t  

t h e  C e d r e n e s  o b t a i n e d  oy r e d u c i n g  C e i r o l ,  C e d r e n o l ,  and "VCedrol 

were a l l  i d e n t i c a l  w i t h  t h e  n a t u r a l  C e d r e n e (  s e e  p i c ) .  The 

u n c e r t a i n t y  r e g a r d i n g  t h e  b o i l i n g  p o i n t  o f  R o u s s e t * s  sample  

has  been  m e n t i o n e d ,  b u t  t h a t  i a  n o t  a l l .  On o x i d i s i n g  h i s
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Ced ren e  w i t h  ch romic  a c i d  he o b t a i n e d  a k e t o n e ,  Cedrone  

C i » H* 4 0 , which,  on r e d u c t i o n  w i th  sodium,  gave an a l c o h o l  

i s o - C e d r o l  The k e t o n e  r e a c t e d  w i t h  sodium hypo-

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

t h e  p r e s e n c e  o f  t h e  g roup  CHs.CO*. On r e p e a t i n g  t h i s  work 

Semmler and Hoffmann s t a t e  [ 8 e r . ,  1907,  40,  3519 ] t h a t  

ch r omi c  a c id  g i v e s  Cedrone  CigHtsO,  whi ch ,  on r e d u c t i o n  g i v e s  

an a l c o h o l  n o t  i s o - C e d r o l  b u t  d i h y d r o - i s o - C e d r o l  C i sH* #0,  

and t h a t  Cedrone  c o n t a i n s  t h e  g r o u p- CxC,CH8 C0. C-  . They do 

n o t  deny t h a t  i t  g i v e *  t h e  i o do fo r m r e a c t i o n ,  b u t  a p p e a r  t o  

e x p l a i n  i t  by t h e  n o t e  t h a t  c r u d e  Cedrone  c o n t a i n s  i h o t h e r  

k e t o n e .

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

p e r m a n g a n a t e  and ozone on C e d r e n e .  The f o r m e r  gave t h e  g l y c o l  

C i s H# «0* r e f e r r e d  t o  on p jo ,  a k e t o - a l d e h y d e  o r  d i k e t f c n e ,

C i * H* 4 0 *, and a k e t o ^ a c i d  Ct sH*4 0 3 ; t h e  l a t t e r  gave an 

i n d i f f e r e n t  p r o d u c t  C i 4 H*40 o r  C i 4 H* * 0  ( a k e t o n e  ) ,  t h e  

k e t o ^ a l d e t i y d e  C i s H i 4 0 * a l r e a d y  m e n t i o n e d ,  and t h e  k e t o n i c  

a c i d  C i . H f 4 0 f . As t h e  f o r m a t i o n  of  t h i s  k e t o n i c  a c i d  by t h e  

d e c o m p o s i t i o n  o f  t h e  o z o n i d e  i s  used  by t h e s e  a u t h o r s  as  t h e  

i n f a l l i b l e  p r o o f  o f  Cedr ene  i t  i s  d e s c r i b e d  by them i n  d e t a i l
id

I t  c h a r a c t e r i s e d  in | the f i r s t  p l a c e  by i t s  s e m i c a r b  azone  and 

i t s  me t hy l  e s t e r :  i t  i s  r e a d i l y  o x i d i s e d  by p e r m a n g a n a t e  t o  

t h e  c o r r e s p o n d i n g  d i c a r b o x y l  ici a c i d  Ci§H«4 0 4 , wh i e h iw-frwww 

which i n  t u r n  can  be c h a r a c t e r i s e d  by i t s  m e l t i n g  o a i n t  and
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In t he  o i l  of  Cedar  Wood t h e r e  i s  u s u a l l y  found 

a l o n g  w i t h  C e d r e n e ,  a t e r t i a r y  a l c o h o l  C e d r o l .  By d e h y d r a t i n g  

t h i s  a l c o h o l  w i t h  p h o s p h o r u s  p e n t p x i d e  W a l t e r  p r e p a r e d  a h ydr o­

c a r b o n  which he c a l l e d  Cedrene  [ L i e b .  Ann. ,  1841,  39,  24? ] .

By a s i m i l a r  r e a c t i o n  b u t  u s i n g  f o r m i c  a c i d  as  d e h y d r a t i n g
? '

a g e n t ,  Semmler and S p o r n i t z ' o b t a i n e d  a h y d r o c a r b o n  b . D .  1 1 2 - 1 1 3 /

7 mm., * T h i s  t h e y  c o n c l u d e  must  be Cedr ene  s i n c e

i t  g i v e s  t h e  same k e t o l  a c i d .  In some c l a s s e s  of  o r g a n i c  

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

b u t  i n  a c l a s s  of  s u b s t a n c e s  in  which t h e  number of  i s o m e r s  

i s  so l a r g e *  t h e  lower  b o i l i n g  p o i n t ,  t h e  much h i g h e r  r o t a t i o n  

and t h e  a b s e n c e  of  o t h e r  p h y s i c a l  c o n s t a n t s  would make t h e  

a s s u m p t i o n  a p p e a r  r a t h e r  d a r i n g .

I*  a d d i t i o n  t o  t he  c r y s t a l l i n e  C e d r o l ,  a p r i m a r y

a l c o h o l  was d i s c o v e r e d  by Semmler and Mayer [ B e r . ,  1912,  45,  786]

which t h e y  named C e d r e n o l .  Al though  a s m a l l  f r a c t i o n  i t  i s

an i n v a r i a b l e  c o n s t i t u e n t  of  t h e  o i l  o f  C eda r  Wood. I t  i s  a

l i q u i d ,  i s  t r i c y c l i c  and c o n t a i n s  one d o u b l e  bond .  On r e d u c i n g

C e d r e n y l  c h l o r i d e  w i t h  sodium and a l c o h o l  t h e  a u t h o r s  o b t a i n e d

a h y d r o c a r b o n  b!*p. 117-130°  /  17mm., d*° 0*931 ,  1^ 5081 ,

fa 1 *0 —3 ° t o  +13° ;  The r e f r a c t i v e  i ndex  i s  u s e l e s s  w i t h o u t  t h e  
d -
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t e m p e r a t u r e  o f  o b s e r v a t i o n ;  and w i t h  a b o i l i n g  p o i n t  r a n g i n g  

o v e r  1 3 °  i t  w o u l d  s e e m  e v e n  mo r e  d a r i n g  t o  a s s e r t  t h a t  t h i s

a l s o  i s  C e d r e n e ,  y e t  i t  y i e l d s  t h e  k e t o l a c i d  on  o x i d a t i o n  

w i t h  o z o n e ,  and  t h i s  t h e  a u t h o r s  c o n s i d e r  s u f f i c i e n t .

The  s a me  c h e m i s t s  i s o l a t e d  a t h i r d  a l c o h o l  f r o m  t h e  

o i l  o f  C e d a r  w o o d ;  t h i s  t h e y  c a l l e d  Y- C e d r o l  b e c a u s e  t h e y  

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

k e t o - a c i d )  a n d  p h y s i c a l l y  i s o m e r i c  w i t h  C e d r o l ,  [ 9 e r . ,  1 9 1 2 ,  

4 5 ,  1 3 8 4  ] .  On r e d u c t i o n  w i t h  z i n c  d u s t  i n  a s e a l e d  t u b e ,  i t  

y i e l d e d  C e d r e n e  and d i h y d r o c e d r e n e . T h e  C e d r e n e  w a s  a g a i n  

i d e n t i f i e d  b y  m e a n s  o f  i t s  k e t c - a c i d ,  t h e  d i h y d r o c e d r e n e  by  

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

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

w i t h  t h e  d i h y d r o - i s o « C e d r e n e  o b t a i n e d  b y  R o u s s e t .

A g l a n c e  a t  t h e  f o l l o w i n g  t a b l e  s h o w s  t h e  i n c o m p l e t e  

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

s o - c a l l e d  C e d r e n e s .

P h y s i c a l  c o n s t a n t s  o f  " C e d r e n e  H;' ' o b t a i n e d  f r o m  t h e  n a t u r a l  

a l c o h o l s

S o u r c e B.  P . Preos. d , * ° /I19  ’ f a ]

C e d r e n e » 1 8 4 * 1 8 6 * . 1 2 ■ ■ . 0 * 9 8 5 4 H* CM • » 1 * 5 0 2 8 , - 6 0  *

C e d r o l : . . 1 1 2 * 1 1 3 * . 1 ? ■ » . - - - —

G e d r e n p l , 1 1 7 - 1 3 0 * 7 * » . 0 * 9 8  1 . 2 0 ° . i * 5 o e t ; - 3  *t  o ♦ 13  *
Y. C e d r o l  i - - - - - *

( Thft f i g u r * !  3 * ■ •  I * r 1 • t h r o u g h o u t  t  t a b l *  )

(  *Ko t  * * p * r » t u r *  g i r f t f i  f o r  t h i a  r * f  r i o t  i r *  i o d « x  )
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While t h e  work o f  Semmler and h i s  c o l l a b o r a t o r s  shows 

t h e  c l o s e  r e l a t i o n s h i p  be tween  t h e  n a t u r a l  Cedr ene  and t h e  

h y d r o c a r b o n s  o b t a i n e d  oy r e d u c t i o n  of  t h e  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  m en t i o ne d  on t h e  p r e v i o u s  p age ,  i t  c a n n o t  be s a i d  

t o  have p r oved  more t h a n  t h a t  t h e y  a r e  p r o b a b l y  i s o m e r s  more 

o r  l e s s  c l o s e l y  r e l a t e d .  Tha t  t h e y  a l l  y i e l d  t h e  same p r o d u c t  

a s  one of  t h e i r  o x i d a t i o n  p r o d u c t s  does  n o t  p r o v e  them t o  be 

i d e n t i c a l .  P i n e n e  and S o r n y l e n e  a r e  q u i t e  d i s t i n c t  h y d r o c a r b o n s  

y e t  when o x i d i s e d  w i t h  p e r h y d r o l  P i n e n e  y i e l d s  S o r n e o l ,  . Again 

Limonene,  T e r p i n e n e ,  and S a b i n e n e  a r e  d i s t i n c t  h y d r o c a r b o n s ,  

and y e t  t h e y  each  y i e l d  t h e  same p r o d u c t  when t r e a t e d  w i t h  

chromyl  c h l o r i d e ,  t h e  same p r o d u c t  i n  f a c t  a s  Cymene g i v e s ,  

v i z .  p . t o l y l m e t h y l k e t o n e ,  and from what  w i l l  a p p e a r  on a l a t e r  

page i t  i s  c e r t a i n  t h a t  t h e y  a l l  g i v e  p . t o l y l p r o p a l d e h y d e  as 

w e l l ,  f M i l l e r  and Rohde,  B e r . ,  1390,  23,- 1070- 1082?  Widman,

B e r . ,  1891,  24,  439;  M i l l e r  and Rohde,  1891,  24,  1356;  Hender son  

Munro and C a mp be l l ,  J . C . S . ,  1907,  91,  T . 18 ^ 1 ;  Hender son  and 

Cameron,  J . C . S . , 1 9 0 9 ,  95,  T . 96 9;  Hend er son ,  R o b e r t s o n  and Brown,  

J . C . S . ,  1922,  121,  T . 2 7 1 7 ;  J . C . S . ,  R o b e r t s o n ,  1024,  125,  765 ] .

On t h e  o t h e r  hand Semmlerfe r e s u l t s  would f u r t h e r  s u p p o r t  t h e  

t h e s i s  p u t  f o r w a r d  on pp.  8-10 t h a t  n a t u r a l  Ce dr e ne  i s  n o t  a 

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

which by a s l i g h t  i n t r a m o l e c u l a r  chang e  a r e  c o n v e r t e d  i n t o  t h e  

same p r o d u c t  on o x i d a t i o n .  Whether  S e m m l e r ' s  " s y n t h e t i c "  C e d r e n e s  

a r e  c o n s t i t u e n t s  o f  t h e  n a t u r a l  Ce dr e ne  o r  me r e l y  i s o m e r s  i t



i s  i m p o s s i b l e  t o  s a y .

On t h e  a s s u m p t i o n  t h a t  t h e  t h r e e  a l c o h o l s  men t i on ed  

above a r e  a l l  d e r i v e d  f rom one h y d r o c a r b o n ,  Semmler has  

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

[ Ci*Hjo ] [ Qi fHfo  ] [ OigHfo $ [ | u ^ ! o  1

HO . C CH* C —

CHa 

Cedro I .

HjOH

C e d r e n o l .

HO. .OH

Cedrene
G l y c o l .

Cedrone .

0 : COOH

Cedrene  
K e t o - A c i d .

Th e s e  f o r m u l a e  a r e ,  o f  c o u r s e ,  o n l y  t e n t a t i v e ,  b u t  even on t h e  

g r o u n d s  d i s c u s s e d  above t h e r e  i s  no need t o  d i s p u t e  them as 

t h e r e  i s  s t i l l  ample room i n  t h e  r e s t  of  t h e  mo l e c u l e  f o r  t he  

e x p l a n a t i o n  of  i s o m e r s .  I t  i s  a s t r i k i n g  f a c t  t h a t  no a l c o h o l  

has y e t  been  p r e p a r e d  by t h e  o x i d a t i o n  of  C e d r e n e .  The re  i s ,  

however ,  an u n p u b l i s h e d  r e s u l t  which i s  o f  n o t e  i n  t h i s  

c o n n e c t i o n . ;  When i n v e s t i g a t i n g  t h e  a c t i o n  of  p e r h y d r o l  on 

Ce dr e ne  i n  t h i s  l a b o r a t o r y  S . T . R . S . M i t c h a l 1 found t h a t  in  

a d d i t i o n  t o  a s m a l l  y i e l d  o f  t h e  g l y c o l  o b t a i n e d  by Semmler 

by t h e  a c t i o n  of  p e r m a n g a n a t e  on C e d r e n e ,  he o b t a i n e d  a con-= 

s i d e r a b l e  y i e l d  of  a n e u t r a l  p r o d u c t ,  b . p . ,  1 5 4 r l 5 6 °  /  12mmij

d * ° , 1*0007 ; n* 0 ,1  * 5009 ; [ * ] * • __* - 7 8 - 0 0 ° ; .  As i t  r e a c t e d

r e a d i l y  w i t h  sodium t o  g i v e  a s o l i d  d e r i v a t i v e  i t  was t h o u g h t
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t o  be an a l c o h o l ,  b u t  on an a n a l y s i s  t h e r e  was  found C,81*9 

H, 11*3 t ,  a g r e e i n g  more c l o s e l y  w i t h  t he  o x id e  tCi  

t h a n  w i t h  t h e  a l c o h o l  Clg H2g0 . I f  an a l c o h o l ,  i t  i s  the  

f i r s t  wh ich  has a c t u a l l y  been  p r e p a r e d  from C e d r e n e ,  I t  

would be a new a l c o h o l  as  i t s  c o n s t a n t s  do not  a g r e e  w i t h  

any c f  t he  n a t u r a l  a l c o h o l s  r e f e r r e d  to  a b o v e .  The sodium 

compound r e a c t e d  w i t h  methyl  i o d i d e  p r e c i p i t a t i n g  sodium 

i o d i d e ,  w i t h  t he  f o r m a t i o n  of  an o i l  which  was  t h o u g h t  t o  

be t h e  methyl  e t h e r .  I t  b o i l e d  be tween  140* and 145° /10mm. 

i . e .  20° above Cedr ene  and 15° below t he  a l c o h o l .

C i r c u m s t a n c e s  p r e v e n t e d  him c o n t i n u i n g  t h i s  work and t he  

w r i t e r  t ook  i t  up a t  t h i s  p o i n t .  As t he  y i e l d  of  t h e  s upposed  

e t h e r  was s m a l l ,  d i m e t h y l  s u l p h a t e  was u«ed i n  p l a c e  of  

me t hy l  i o d i d e .  S e v e r a l  v a r i a t i o n s  of  t h e  method were  u s e d .

[ Tambor,  He r .  1 910 , 43,  1882 ; M e j d c l a ,  1 910 ,

26,  P . 232 } K a r r e r  and Lang,  He l .  Chera. A c t . ,  1921 ,  4,  249 ] .

The p r o d u c t  i n  ea ch  c a s e  was d i s t i l l e d  u nde r  r ed uced  p r e s s u r e

ovSr  ba r iu m h y d r o x i d e .  A f t e r  s e v e r a l  d i s t i l l a t i o n s  two 

f r a c t i o n s  were s e p a r a t e d ,  t h e  lower  b o i l i n g  a t  141° /  lOmm.,  

t h e  h i g h e r  and much t h e  l a r g e r  f r a c t i o n  a t  143° /  10 mm.

3 o t h  f r a c t i o n s  were c o l o u r l e s s  and w i t h o u t  c h a r a c t e r i s t i c

s m e l l .  T h e i r  c o n s t a n t s  and a n a l y s e s  werer as  f o l l o w s ; -
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P r a o t  i o n . A n t l y i A i , D e n s i t y . R * f r a o t i T A  I n d  a x . .

1 4 1 ° / 1 0 « b
C= 8 2 *  4 %

H  1 1 *  3 t  
*

I f *
Cl i  4 0 . 9 9 1 3 n g ® « 1 . 5 0  6 7

1 4 3 ° / i o « »
O  8 0 - 7 0 *  

f t -  10 *  9 0 *

i  i •« 
d t 7 . 4 0 . 9 9 5 9 1 . 5  0  6 7

( • )  n ®*5 *v '  D f o r  C « d r «  ne  ■ 1 . 5 0 6 7

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

c o m p o s i t i o n  o f  s u b s t a n c e s  w i t h  w h i c h  t h e  p r o d u c t s  j u s t
»

d e s c r i b e d  a r e  c o m p a r e d .

S ub s  t  i  no * • F o r m u l a . * c . * e  .

Hydrocarbon C 1 s HJ * 8 8  • 1 4 1 1 • 8 4

Al c o h o l  ( Ce d r e n e ) C i s  H2 3 .OH 8 1  • 0 0 1 1 * 7 9

Oxi de C i , H , 4 0 8 1 • 7 5 1 0 - 9 8

Met hy l  E t h e r C 1 . H a 3 O. CH3 8 1 - 2 8 1 1 * 9 4

M e t h y l a t e d  p r o d u c t C » | H „ 0 8 0  • 7 4 1 0 * 0  6

Co r r e s p o n d i n g  A l c o h o l C i * H i * 0 H 8 0 *  3 5 1 0 - 7 1

A C o m p a r i s o n  o f  t h e  r e s u l t s  w i t h  t h e s e  t h e o r e t i c a l  v a l u e s

s h o w s  t h a t  t h e  o x i d a t i o n  p r o d u c t  a g r e e s  w i t h  C i « H 24. 0 i n  c a r b o n  

a n d  w i t h  C i 5 9 * 6 0 i n  h y d r o g e n .  B o t h  a r e  p o s s i b l e  p r o d u c t s ,  f o r  i t  

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

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

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

a l c o h o l .
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The a n a l y s e s  o f  t h e  m e t h y l a t i o n  p r o d u c t ,  howevwr,  do no t  

a g r e e  w i t h  any C18 s u b s t a n c e ,  b u t  t h e y  a g r e e  c l o s e l y  w i t h  

t h e  f o r m u l a  Ci sH210 . The a n a l y s e s  o f  t h e  lower  f r a c t i o n  

show i t  t o  c o n t a i n  c a r b o n  and hydrogen  c o n s i d e r a b l y  in  e x c e s s  

even  of  C i 8 . The o n l y  e x p l a n a t i o n  of  t h i s  i s  t h a t  t h e  l ower  

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

t h e h i g h e r  f r a c t i o n ,  a h y d r o c a r b o n  which may e i t h e r  be Cedr ene  

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

The q u a n t i t y  of  t h i s  f r a c t i o n  d i d  n o t  p e r m i t  o f  f u r t h e r  f r a c t i o n ­

a t i o n ,  b u t  i t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e  m i x t u r e  of j 0 i 3 ^ 9 i 0 

and h y d r o c a r b o n  r e q u i r e d  by a n a l y s i s  i s  of  t h e  o H e r  4 : 1 .

I t  s ho u ld  be n o t e d  t h a t  t h e  f o r m a t i o n  of  sodium i o d i d e  i n  t h e  

t r e a t m e n t  w i t h  me thy l  i o d i d e  i s  no g u a r a n t e e  t h a t  t h e  p r o c e s s  

o f  m e t h y l a t i o n  has  p r o c e e d e d  a lo n g  o r t h o d o x  l i n e s .  Ewan and Cohen 

f 1889 , 55, T . 3 8 ?  ] d e s c r i b e  an i n s t a n c e  i n  which a

k e t o n e  wa3 p r odu ced  by s u b m i t t i n g  a g l y c o l  t o  m e t h y l a t i o n .  

A c e n a p h t h e n e  g l y c o l  was t r e a t e d  w i t h  sodium and methy l  i o d i d e .  

Sodium i o d i d e  was p r e c i p i t a t e d ; -  b u t  i n s t e a d  of  t h e  e t h e r

t h e  p r o c e s s  p a r t  of  t h e  Cedr ene  m o l e c u l e  has  been s p l i t  o f f

a t  a>ll .  I t  i s  r e m a r k a b l e  t h a t  t h e  f o r m u l a  o f  t h i s  s u b s t a n c e  

s h o u l d  be of  e x a c t l y  t h e  same d i m e n s i o n s  as  t h a t  o b t a i n e d  

by t h e  a c t i o n  o f  ch r omyl  c h l o r i d e ,  ( see  d . 4 4 ) .  There  i s

, a k e t o n e  was formed f o r  which t h e y  s u g g d s t
CH . I t  would a p p e a r  t h e r e f o r e  t h a t  i nt h e  f o r m u l a

g i v i n g  r i s e  t c  a p r o d u c t  which may n o t  be a m e t h y l a t e d  compound
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n o t h i n g  i n  t h e  a p p e a r a n c e  of  t h e  two p r o d u c t s  t o  s u g g e s t  t h a t  

t hdy  a r e  i d e n t i c a l ,  b u t  t h e  c o i n c i d e n c e  of  t h e i r  f o r mu l a e  

would i n d i c a t e  t h a t  i n  t h e  Ce dr e ne  s t r u c t u r e  two of t h e  

c a r b o n  atoms a r e  combi ned  i n  such a way as  t o  be p e c u l i a r l y  

l i a b l e  t o  s u f f e r  s e p a r a t i o n  f rom t h e  m o l e c u l e .  I f ,  on t h e  

o t h e r  hand t h e  p r o d u c t  were t h e  e t h e r  of  an a l c o h o l  Ci*H190 

i t  would r e c a l l  t h e  a c i d  whi ch Ro u s s e t  o o t a i n e d  by t h e  o x i d l  

a t i o n  o f  Ce dr e ne  w i t h  c h r omi c  a c i d ,  C**P_i80 s , [ B u l l .  Soc .  

Ch i m . , 1 8 9 7 ,  17,  ( 3 ) ,  485 ] .



P a r t  I .

i 2 )  The I n t e r p r e t a t i o n  o f  t he  A c t i o n  of  Chr omyl  C h l o r i d e

on t he  Te r p e n e s .
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The I n t e  r p r e t a t  i on  of  t h e  Ac t i on  of  Chromyl  C h l o r i d e

on t h e  T e r o e n e s .

The a c t i o n  o f  c h r omyl  c h l o r i d e  on s u o s t a n c e ^  of  t he
out

b e nz e n e  c l a s s  has  been  wor kedAwi t h  c o n s i d e r a b l e  d e t a i l , a n d  

t h e  mechani sm s u f f i c i e n t l y  w e l l  d e f i n e d  t o  e n a b l e  t h e  

i n v e s t i g a t o r  t o  p r e d i c t  t he  p r o d u c t s  of  a new r e a c t i o n  wi t h  

some d e g r e e  of  c e r t a i n t y .  The p r o g r e s s  o f  t h e  r e a c t i o n  when 

d e a l i n g  w i t h  t h e  much more c o m p l i c a t e d  s t r u c t u r e  o f  t h e  t e r p e n e s  

has  no t  y e t  oe e n ,  by any means ,  so t h o r o u g h l y  i n v e s t i g a t e d .

As f a r  as  t h e s e  i n v e s t i g a t i o n s  have gone ,  t h e y  habe shown 

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

compound formed t h e  a c t i o n  o f  chromyl  c h l o r i d e  on t h e s e  

s u b s t a n c e s  a r e  k e t o n e s ,  a l d e h y d e s ,  and u s u a l l y  c h l o r o -  

compounds .  These  may be (1)  d i r e c t  o x i d a t i o n  p r o d u c t s  of  t h e  

h y d r o c a r b o n ,  c o n t a i n i n g  t h e  same number  of  c a r b o n  atoms i n  a 

m o l e c u l e  of  t h e  same c o n f i g u r a t i o n ;  t 2 )  i s o m e r s  of  t h e s e  i n  

which t h e  p o s i t i o n s  o f  t h e  doubl e  bonds  have been  changed  or  

t h e  rid^ge* b r o k e n : (3)  a s u b s t a n c e  c o n t a i n i n g  f ewer  c a r b o n  

a t oms  i n  t h e  mo l e c u l e  may be pe o d u c e d .  As i t  i s  o b v i o u s  t h a t  

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

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

f o l l o w s  t h a t  t h e  p r o d u c t s  of  t h e  r e a c t i o n  a r e  of  i n t e r e s t ,  no t  

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

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

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

t h e  a c t i o n  of  t h i s  r ma gen t  on t he  s e s q u i t e r p e n e s  t he  f i e l d  i s  

a b s o l u t e l y  u n e x p l o r e d .

T&e He c han i s m^ o f  t h e  Ghromy I C h l o r i d e   ̂e ac£^i£r!_ f  f  

i n t e r p r e t e d  by S t a r d L

The u n f o r t u n a t e  e x p e r i e n c e  of  Wa l t e r  i n  1837,  which 

c r i p p l e d  him f o r  l i f e  and a l mo s t  d e p r i v e d  him o f  s i g h t ,  a p p a r e n t l y  

s c i r e d  i n v e s t i g a t o r s  f o r  more t h a n  t h r e e  d e c a d e s ;  f o r  i t  was 

no t  u n t i l  1870 t h a t  t h e  c h e m i s t r y  o f  ch r omyl  c h l o r i d e  was 

r e l o p e n e d  by C a r s t a n j e n .  In 1877 H a l l e r  f ound t h a t  wi t h  

ant hi ?cene he o b t a i n e d  a n t h r a q u i n o n e  [ Oomp. Rend . ,  1877,  84,  5-59 ] 

I t  was t h e n  t h a t  E t a r d  t ook  up t h e  s u b j e c t  and in  s p i t e  of  a 

few i n a c c u r a c i e s ,  which wi . l l  be r e f e r r e d  t o  l a t e r ,  b u i l t  up 

a v e r y  s a t i s f a c t o r y  b a s i s  f o r  f u t u r e  wo r k .  As f a r  as  t h e  

s i mp l e  compounds of  b e n z e n e  a r e  c o n c e r n e d  h i s  work was t h o r o u g h  

and e x h a u s t i v e ; ,  when he a r r i v e d  a t  cymene t he  d i f f i c u l t i e s  

were much g r e a t e r ,  and h i s  r e s u l t s  have been  shown t o  have 

been  i n a c c u r a t e  [ E r r e r a ,  Gazz.  1891,  21,  76;  M i l l e r  and Rohde,  

H e r . ,  189C,  23,  1070;  1891,  2 4 t 1366 1.  3y r e a s o n  of  t h e

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

i t  would e e a c t  bo t h  as  a c h l o r i n a t i n g  a g e n t  and as  an o x i d i s i n g  

a g e n t ,  and was s u r p r i s e d  t o  f i n d  t h a t  o n l y  o x i d a t i o n  t ook  p l a c e .  

His e x p e c t a t i o n s  were f u l l y  j u s t i f i e d  when t h e  t e r p e n e s  were



examined .

B e g i n n i n g  wi t h  t o l u e n e  E t a r d  found t h a t  t h e  s i i e  c h a i n  

met hyl  group was a t t a c k e d ,  and t h a t  he o b t a i n e d  a g cod y i e l d  

o f  h e n z a l d e h y d e . To p r o t e c t  t h e  me t hyl  h y d r o g e n s  he i n t r o d u c e d  

a c h l o r i n e  atom,  i . e .  he used b e n z y l  c h l o r i d e ,  and f o u n d  t h a t

t he  r e a c t i o n  was much r e t a r d e d ;  f u r t h e r ,  t h a t  o n l y  one mo l e cu l e  

o f  chromyl  c h l o r i d e  was added ,  i n d i c a t i n g  t h a t  one of  t he  

me t hy l  h y d r o g e n s  was a c t u a l l y  d i s p l a c e d  i n  t h e  a d d i t i o n .  On 

decompos i ng  t h e  compound,  he a g a i n  o b t a i n e d  b e n z a l d e h y d e . He 

t h e n  t u r n e d  h i s  a t t e n t i o n  t o  s u b s t a n c e s  whi ch c o n t a i n e d  one 

or  more s u b s t i t u t e d  g r o u p s  i n  t he  n u c l e u s .  Th e s e ,  hd f ound ,  

o n l y  r e t a r d e d  t he  r a t e  of  t h e  r e a c t i o n ;  t h e  met hyl  group* was 

a t t a c k e d  in e v e r y  c a s e .  Thus ,  bromot fc luene gavd b r o m o - b e n z a l -  

dehyde ,  b u t  t h e  para«»,  m e t a - ,  and o r t h o - ,  i s o me r s  c o u l d  be 

s e p a r a t e d  by t h e  d i f f e r e n c e  i n  t h e  r a t e s  of  r e a c t i o n .  The t h r e e  

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

a g a i n  r e a c t i n g  in t h e  o r d e r  a l r e a d y  named.  In no c a s e  d i d  he 

f i n d  t h a t  t he  s econd  met hyl  g r oup  had r e a c t e d .  E t a r d ,  however ,  

does  not  a p p e a r  t o  have t r i e d  t h e  r e a g e n t  on one of  t h e  t o l u i c  

a l d e h y d e s :  i t  would seem p o s s i b l e  t h a t  a compound would be 

formed CH3 .C«H4 .CHO.2CrO#Cl* ; f o r ,  w h i l e  t h e  i n t r o d u c t i o n  of  

two m o l e c u l e s  of  chr omyl  c h l o r i d e  i n t o  t h e  mo l e c u l e  mi ght  

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

t o  p r e v e n t  t h e  i n t r o d u c t i o n  of  more chr omyl  c h l o r i d e ,  t h e



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

a c c o r d i n g  t o  E t a r d ' s  own r e s u l t s .  I t  i s  t h e r e f o r e  p r o b a b l e  t h a t  

a r e p e t i t i o n  of  t h e  t r e a t m e n t  would have a t t a c k e d  t he  s econd 

me t h y l  g r oup  and g i v e n  a d i - a l d e h y d e .

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

Wi t h  b e n z e n e ,  he s t a t e s ,  t h a t  he o b t a i n e d  q u i n o n e ,  w i t h  n i t r o ­

ben z e n e  n i t r o q u i n o n e , and w i t h  n i t r o t o l u e n e  n i t r o t o l u q u i n o n e  .

Th i s  l a s t  r e s u l t  would a p p e a r  t o  be an e x c e p t i o n  t o  h i s  g e n e r a l  

r u l e  t h a t  ’’ t he  me t h y l  g r oup  i s  a t t a c k e d  whi ch  i s  a t t a c h e d  t o  t he  

c a r b o n  w i t h  roost h y d r o g e n s " ,  f o r  he r e  t he  me t h y l  g r oup  i s  not  

a t t a c k e d  a t  a l l .  These  r e s u l t s  were  c o n t r a d i c t e d  by R i c h t e r  [ S e r . ,  

1886,  19,  1060 1 , who r e p e a t e d  t he  work on n i t r o t o l u e n e ,  b u t  

o b t a i n e d ,  no t  n i t r o t o l u q  u i none  b u t  n i t r o b e n z o i c  a c i d ,  and a g a i n  

by C a r s t a n j e n  [ J .  pr  . Chem. ,  1870,  1 1 9 . ( F. 2 ) ,  51 ] ,  who 

r e p e a t e d  t h e  work on n i t r o b e n z e n e  and o b t a i n e d ,  not  n i t r o q u i n o n e  

b u t  a v a r i e t y  of  v o l a t i l e  p r o d u c t s  whi ch  c o u l d  no t  be i d e n t i f i e d .  

The r e s u l t s  of  t h e s e  two i n v e s t i g a t o r s  were  c o n f i r m e d  by

Hende r s on  and C a mp b e l l ,  [ J . C . S . ,  1890,  253 ] ,  who r e p e a t e d

t h e  r e a c t i o n  many t i me s  unde r  d i f f e r e n t  c o n d i t i o n s  w i t h o u t  on 

any  o c c a s i o n  o b t a i n i n g  any q u i n o n e .  I t  m i s t  t h e r e f o r e  be c o n c l u d e d  

t h a t  he r e  E t a r d  was i n  e r r o r ,  as  he was a l s o  proved t o  be i n  t h e  

r e s u l t s  of  h i s  i n v e s t i g a t i o n s  on cymene ,  a s u b s t a n c e  a t  t h a t  t i me  

o n l y  i m p e r f e c t l y  known.

His s t a t e m e n t  t h a t  t he  a d d i t i v e  compound c a n  be r e a d i l y  

decomposed w i t h  e t h e r  w i t h  f o r m a t i o n  of e t h y l  c h l o r i d e  has be e n  

p r oved by t h e  w r i t e r  t o  be q u i t e  u n f o u n d e d .  The t o l u e n e  a d d i t i v e  

compound was p r e p a r e d  e x a c t l y  as  E t a r d  d e s c r i b e d ,  [ Ann.- c h i m .  phys . 

[ 5 1 1881,  22.  218  ] . I t  was s us p e n d e d  i n  d r y  e t h e r  f o r  s e v e r a l  

days  and was f ound t o  r e ma i n  unchanged as  l ong as  i t  was p r o t e c t e d  

f rom t he  mo i d t u r e  of  t h e  a i r .  I t  i s  w e l l  known,  however ,  t h a t
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p e r f e c t l y  d r y  e t h e r  i s  h y g r o s c o p i c ,  and i f  t he  s u s p e n s i o n  has 

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

was a t  no t i me  any s u g g e s t i o n  of  t he  v i g o r o u s  e f f e r v e s c e n c e  

of  e t h y l  c h l o r i d e  d e s c r i b e d  by E t a r d .  I t  i s  p o s s i b l e  t h a t  t he  

e t h e r  whi ch  he used c o n t a i n e d  b o t h  a l c o h o l  and w a t e r ,  f o r  

a l t h o u g h  he s t a t e s  t h a t  t h e  e t h e r  was c a r e f u l l y  d r i e d ,  he does  

no t  s ay  how t h i s  was d o n e .

His e x p l a n a t i o n  of  t h e  mechani sm of  t he  r e a c t i o n  r e ma i n s  

u n c h a l l e n g e d .  I t  i s  as  f o l l o w s .  The s o l i d  a d d i t i v e  compound 

whi ch  s e p a r a t e s  on t h e  a d d i t i o n  of  c h r o my l  c h l o r i d e  t o  a h y d r o ­

c a r b o n  C H . has  t he  i n v a r i a b l e  c o n s t i t u t i o n  C H , 2Cr 02C l 2 . S i n c e* n i d

t h e  i n t r o d u c t i o n  df  one- Cl  atom i n t o  t he  m o l e c u l e  p r e v e n t s  t he  

i n t r o d u c t i o n  of  one mo l e c u l e  of  ch r omyl  c h l o r i d e ,  he s u g g e s t e d  

t h e  f o r mu l a  &) f o r  t he  a d d i t i v e  compound of  t h e  h y d r o c a r b o n  

CjuHn.CHa. These  compounds g i ve  o f f  two mo l e c u l e s  of  HC1 on 

h e a t i n g ,  g i v i n g  s u b s t a n c e s  of  t he  f o r mu l a  ( I I ) .

On t r e a t m e n t  w i t h  w a t e r /  t h e  conpound c r e a k s  up w i t h  t he  f o r m a t i o n  

of CrC 13 , H2C r 0 4 , and t he  o x i d a t i o n  p r o d u c t .  The t h i r d  h y d r o g e n  i s  

not  a t t a c k e d .  He does  no t  a t t e m p t  t o  e x p l a i n  t h e  " q u i n o n e  r e a c t i o n " .

HQ 01

0
( I ) ( I I )

When a p p l i e d  t o  t he  t e r p e n e s ,  t h e  r e a c t i o n  a p p e a r e d  t o



f o l l o w  v e r y  s i m i l a r  l i n e s .  S o l i d  a d d i t i v e  cpmoounds were o o t a i n e d  

of  a n a l e g o u s  c a m p o s i t i o n  Cx oHx , . 2 C r 0 2C l 2 t f rom which two 

m o l e c u l e s  of  HC1 c o u l d  be removed by h e a t i n g .  Decomposed by 

w a t e r  t h e s e  compounds y i e l d e d  k e t o n e s ,  a l d e h y d e s ,  and c h l o r ^  

i n a t e d  compounds .  Tha t  t h e  c h l o r i n a t i o n  t a k e s  p l a c e  as  t he  

r e s u l t  of  t h e  c h l o r i n a t i n g  power  o f  t h e  r e a g e n t  has been 

assumed b u t  not  d e f i n i t e l y  a s c e r t a i n e d .  I t  c o u l d  be due t o  

t h e  a d d i t i o n  of  HC1 d u r i n g  t h e  f o r m a t i o n  of  t h e  A d d i t i v e  

compound as h e a t  i s  u s u a l l y  g e n e r a t e d  and HCJ i s  r e a d i l y  

s p l i t  o f f  f rom t h e  compound.  I t  mi ght  be e x p l a i n e d ,  a t  l e a s t  

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

i n  t h e  r e a g e n t .  The a c t i o n  of  t he  r e a g e n t  on e t h y l e n i c  l i n k a g e s  

has  not  been i n v e s t i g a t e d  s i n c e  E t a r d ' s  f i r s t  e x p e r i m e n t s .

Vl  c h l o r i d e  Be  a c t  i o n  i n  t h e

I  ® •

I t  has  been s t a t e d  above t h a t  t h e  r e a c t i o n  a p o e a r e d  t o  

f o l l o w  s i m i l a r  l i n e s  w h e t h e r  a p p l i e d  t o  members of  t h e  t e r p e n e  

c l a s s  o r  t o  members o f  t h e  benzene  c l a s s  o f  h y d r o c a r b o n s . The 

p r o d u c t s  of  t h e  r e a c t i o n ,  however ,  would i n d i c a t e  t h a t  t h e  

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

E t a r d ’ s e x p l a n a t i o n  i s  q u i t e  i n s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  

p r o d u c t s  o b t a i n e d  f rom t h e  t e r p e n e s .  The w r i t e r  t h e r e f o r e  

s u b mi t s  t h e  f o l l o w i n g  t h e s i s .

From E t a r d ’ s c o n c l u s i o n s  Limonene would be e x p e c t e d  t o



y i e l d  a t  l e a s t  two a l d e h y d e s

h*cn  ^ ch*
c

.CH
H*0 CHS

HgC.A / CH CH

CHO

L i m o n e n e A l d e h y d e  I A l d e h y d e  I I

I t  a p p e a r e d  t h a t  one of  t h e s e  a l d e h y d e s  had a c t u a l l y  been 

o b t a i n e d  [ He nde r s on ,  Munro,  and Ca mp b e l l ,  J . C . S . ,  1 9 0 7 ,  91,

T.  1 8 7 1  ] ,  t o g e t h e r  w i t h  a k e t o n e  C»Hi*0 ; b u t  on s t u d y i n g  t h e  

r e a c t i o n  wi t h  t e r p i n e n e  [ He nde r s on  and Cameron,  1909,  95,  969 ] 

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

whi ch showed t h a t  t h e  a l d e h y d e  was Ci . H**0  , and none o t h e r  

t h a n  p . t o l y l - p r o p a l d e h y d e ;  t h e  k e t o n e  was l i k e w i s e  f ound t o  

be , p . t o l y l - m e t h y l - k e t o n e . Thus Li monene ,  T e r p i n e n e ,  and 

Cymene a l l  gave t h e  same p r o d u c t s  as  u n d e r .

H.C .CH, 
CH
*

H.C /CH* 
CHAHC NCH

h3c H.C 7 CH0 
CH

HC CH

a . T e r p i n e n e C y m e n e .  ■ . p . T o l y l -  a . p . T o l f l -
m e t h y l - k e t c n e .  p r o p y l d e h y d e f



Of the  t h r e e  p r o d u c t s  f rom S a b i n e n e  none would have been 

p r e d i e t e d  f rom E t a r d ' s  r u l e .  In t h e  c a s e  o f  t he  a l d e h y d e

Cl o H1#0 not  t h e  me t hyl  g r oup  bu t  t he  me t h y l e n e  gr oup was 

a t t a c k e d .  In t h e  s econd  p r o d u c t  t h e  " b r i d g e "  was b r oken  and 

r e p l a c e d  by an o r d i n a r y  do u b l e  bond t o  g i v e  an i s ome r  o f  

4 . i s o p r o p y l . A 3c y c l o h e x a n o n e ,  wh i l e  t h e  t h i r d  was pr oved t o  

be once more p , To l . y l ^me t hy  1 - k e t c n e . [ He n d e r s o n ,  Brown,  and 

Ro b e e t s o n ,  J . C . 3 . ,  1922,  121,  T . 2 7 1 7 :  R o b e r t s o n ,  J . C . S . ,  1924,  

125,  7 6 5 ] .

H,C £H,  H,C JCH, H.C / CH,
\ h Cfl x ch

H . c y  CH, %t\j *' HC CH,'

H<!/ CH,  HC i f l , '  H , 1  /CH, 'v  x°h ?
CH,' CHO 0

S a b i n e n e j  A l d e h y d e ,  K e t o n e ,

CioHt  «0 . C1 0 H1 4 O

The p r o d u c t s  f rom t h e  o t h e r  b i c y c l i c  t e r p e n e s  were  as  

f o l l o w s

C a m p h e n e Campheni  1 analdeh.yde C i 0 Hl g O, and C a mp h e n i l a n i c  

a c i d  [ S r e d t  and J a g i l k i ,  Ann*,  1900,  310,  112 ] .

H o r n y l e n e The same a l d e h y d e  as  Campheme and a l a r g e  y i e l d  

p f  a c h l o r o k e t o n e  C10Ht a OCl [ Hender son and H e i l b r o n ,  J . C . S . ,  

1911,  99,  T . 1 8 8 7  ] .

& , P t n e n e z - An a l d e h y d e  C t OH i , 0  and a k e t o n e  C l 0Hl # 0 , and a



k e t o n e  C1o Hi 40 o r  C 9 H140,  as  we l l  as  a ch l oroke t onecompi ound 

Ct oHi gOCl .  [ Hende r son  and Smi t h ,  J , C . S . ,  1889,  55,  T. 45 : 

Hender son  and Gray J . C . S . ,  1903,  83,  T . 1299  : Hender son and 

H e i l b r o n ,  1908,  93,  T . 2 8 8  3.

R . P i n e n e : -  a k e t o n e  C»Hi40 , and P i n o l  g l y c o l ,  a l s o  

s ma l l  amount s  of  u n c h a r a c t e r i s e d  a l d e h y d e s  and k e t o n e s .

[ Hender son  and Ch i s h o l m,  J . C . S . ,  1924,  121,  T. 2717  ] .

From t h e s e  r e s u l t s  i t  would apipear  t h a t  t h e  p e c u l i a r  

s t r u c t u r e  of  t h e  t e r p e n e s  r e n d e r s  t h e  me t hy l  g r o u p s  l e s s  

l i a b l e  t o  a t t a c k  t h a n  o t h e r  p a r t s  of  t h e  m o l e c u l e ,  wh i l e  

t h e  p e r s i s t e n t  a p p e a r a n c e  of  t h e  cymene s t r u c t u r e  i n  t h e  

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

much t o  do w i t h  t h e  d i r e c t i o n  of  t h e  r e a c t i o n .  The r e a r r a n g e  

ment  of  t h e  d o u b l e  bonds  accompani ed  in  s e v e r a l  c a d e s  by 

d e h y d r o g e n a t i o n , a r e  new f e a t u r e s  which have no t  so f a r  been  

e x p l a i n e d  i n  any way w h a t e v e r ,  The a d d i t i v e  compound a l o n e  

would a p p e a r  t o  be of  t h e  same t y p e  a s  i n  t h e  s i m p l e r  hy d r o ­

c a r b o n s ,  and u n l e s s  i t  can  be b u i l t  up on a s ys t em of  e l e c t r o  

or  r e s i d u a l  v a l e n c y ,  i t  would a p p e a r  t h a t  E t a r d ' s  c o n c e p t i o n  

o f  i t s  g e n e r a l  s t r u c t u r e  must  s t a n d  t r u e ;  beyond t h a t  t h e r e  

would a p p e a r  t o  be l i t t l e  s i m i l a r i t y .

C o n s i d e r i n g  t h e  c a s e  of  Limonene f i r s t ,  a s  a t e r p e n e  

w i t h  no " b r i d g e "  s t r u c t u r e ,  t h e  f o r m a t i o n  of  p . T o l y l - m f t t h y l ~  

k e t o n e  and a . p . . T o l y l - p r o p a l d e h y d e ,  show t h a t  t h e  r e a c t i o n
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has  t a k e n  p l a c e  a t  t h e  d o u b l e  bond,  f o r  had t h e  a d d i t i o n  

t a k e n  p l a c e  a t  t h e  me t h y l e n e  gr oup w i t h  r e p l a c e m e n t  o f  b o t h  

hydr ogen  a toms a k e t o n e  and not  an a l d e h y d e  would have r e s u l t e d .  

The p r o d u c t s  show t h a t  n e i t h e r  of  t h e  me t h y l  g r o u p s  has  been 

t h e  p o i n t  o f  a t t a c k .  F u r t h e r  t h e  a s s u m p t i o n  t h a t  t h e  a i i i t i o n  

t a k e s  p l a c e  a t  t h e  d o u b l e  bond e x p l a i n s  t h e  f o r m a t i o n  of  b o t h  

t h a  a l d e h y d e  and k e t o n e  a c t u a l l y  f ound ,  f o r  t h e  f o r m a t i o n  of  

one or  o t h e r  de pe nds  on which c a r b o n  atom r e t a i n s  t he  l i n k i n g  

oxygen and which p a r t s  w i t h  i t  t o  t he  chromium a g a i n .  I f  ” 10" 

c a r b o n  atom i s  o x i d i s e d  t h e  p r o d u c t  w i l l  be a . p . T o l y l - p r o p -  

a l d e h y d e ;  i f  "8" c a r b o n  atom i s  o x i d i s e d  t h e  p r o d u c t  w i l l  be 

p . T c l y l - m e t h y l ^ k e t o n e . In a s sumi ng  t h a t  t h e  a d d i t i o n  t a k e s  p l a c e  

a t  t h e  d o u b l e  bond,  t h e  f o r m a t i o n  of  t h e  a d d i t i v e  compound 

r e q u i r e s  two hydr ogen  a toms which must  be s u p p l i e d  f rom some 

o t h e r  p a r t  o f  t h e  m o l e c u l e .  Th i s  i s  p r e c i s e l y  what  must  t a k e  

p l a c e  t o  p r oduc e  a d e r i v a t i v e  of  cymene.  The a s s u m p t i o n  t h a t  

t h e  t h i r d  d o u b l e  bond i s  p r oduc ed  b,y t h e  r emova l  of  two 

hyd r o g e n s  by a p r o c e s s  of  o x i d a t i o n  i s  a v e r y  n a t u r a l  one 

i n d e e d .  In  t h e  f o r m a t i o n  of  a . p * T o l y 1 - p r o p a l d e h y d e  f rom 

Limonene i t  i s  e v i d e n t  t h a t  a more c o m p l i c a t e d  r e a c t i o n  i s  

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

f o r  i iL t o t o  i t  amount s  t o  t h i s :  one of  t he  hyd r o g e n s  of  t h e  

e t h y l e n e  g r oup  has  been o x i d i s e d  a n d a  hyd r o g e n  atom has  been 

added t o  ”8 " . . A1though i t  need no t  be s u ppos e d  t h a t  t h e



same atom mhicjj  l e a v e s  t h e  me t h y l e n e  gr oup a t t a c h e s  i t s e l f  

t o  t h e  a d j a c e n t  c a r b o n ,  i t  may be s a i d  f o r  c o n v e n i e n c e  t h a t  

t h i s  hydr ogen atom " w a n d e r s " ,  as  t h e  p r o c e s s  i s  common t o  

s e v e r a l  of  t h e  t e r p e n e s .

The r e a c t i o n  f o r  Limonene would t h u s  be r e p r e s e n t e d  

as  f o l l o w s : -

H*C CH

H
" r — O. CrCl*

O. CrCl*
OH

H.C .CH

CH* Ox id i ■ w d aw*y)\  ♦
1-0

* - p ? t e l y l  p r o p a l d e h y d e .

HC'  XJR

I 1HC* ,CH

CH.

p - t o l y l  me t hy l  k e t o n e ,

fhm f o r m a t i o n  of  a .p . T o l y l - p r o p a l d e h y d e  f rom cymene c o u l d  

be e x p l a i n e d  i n  a c c o r d a n c e  wi t h  E t a r d ' s  r u l e ,  b u t  t h e  s i m u l t a n ­

e ous  f o r m a t i o n  of  p.Tifcly 1-me t hy l - ^ke t one  i s  l e f t  w i t h o u t  e x p l a n ­

a t i o n .  I f ,  however ,  t h e  t h e o r y  p r o p o s e d  f o r  Limonene i s  Correct



t h e  i n t r o d u c t i o n  o f  t h e  s econd mo l e c u l e  of  chromj i l  c h l o r i d e  

shoj i ld t a k e  p l a c e  a t  " 8 ” c a r b o n  and not  a t  ” 10" , The a d d i t i v e  

compound would t h e n  be

g i v i ng ,  on d e c o mp o s i t i o n ,  bo t h  t he  p r o d u c t s  me n t i o n e d .

In S . T e r p i n e n e  t h e  two r e a c t i o n s  a r e ,  t o  an e x t e n t , c o m ­

b i n e d ;  t h e  r e a c t i o n  t a k i n g  p l a c e  as  in t h e  c a s e  of  cymene ,  and 

two a d j a c e n t  h y d r o g e n s  b e i n g  o x i d i s e d  o f f  as  i n  t h e  c a s e  of  

Limonene to  g i v e  t h e  t h i r d  doub l e  bond t h u s : -

P

The k e t o n e  i s ,  o f  cour se^ formed as b e f o r e .

L i t t l e  can  be s a i d  wi t h  c e r t a i n t y  r e g a r d i n g  t h e  b i c y c l i c

\ c /

e r p i n e n e * A d d i t i v e noMDQund



t e r p e n e s  as  t h e  p r o d u c t s  t h e ms e I v e s  have a t  most  been d d s c i b e d  

o n l y  e m p i r i c a l l y ,  t a d  f r e q u e n t l y  much l e s s  d e f i n i t e l y . . Wi th 

t h e  i n t r o d u c t i o n  of  t he  b r i d g e  s t r u c t u r e  d i f f e r e n c e s  i n  t he  

mechani sm of  t h e  r e a c t i o n  would be e x o e c t e d .  Thi s  i s  f u l l y  

b o r n e  ou t  by t he  r e s u l t s  q u o t e d  p.  29,  The f o r m a t i o n  of  

a . p . T o l . y l - p r o p a l  i e h y d e  f rom Sa b i n e n e  must  f o l l o w  t h e  l i n e s  

o f  t he  cymene r e a c t i o n ,  i . e .  t he  a d d i t i o n  t a k e s  p l a c e  a t  "8"  

and " 1 0 ” c a r b o n s  and no t  a t  "1" and " 7 " .  In t h e  d e c o m p o s i t i o n  

t h e  d i r e c t i n g  f o r c e  would a p p e a r  t o  be t he  s t a b i l i t y  of  t h e  

cymene n u c l e u s , a n d  i n  t h e  r emova l  of  t h e  two a d j a c e n t  a toms 

of  hydr ogen  i t  would a p p e a r  t h a t  t he  s t a b i l i t y  of  t h e  " b r i d g e "  

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

bonds  t o  g i v e  t he  cymene s t r u c t u r e ,  t h u s : -

Al t hough  not  r e c o r d e d  i t  i s  h i g h l y  p r o b a b l e  t h a t  t h e  accompany-
K e t o n e

i ng^was  a l s o  p r e s e n t  i n  t he  p r o d u c t s ;  The f o r m a t i o n  of  t h e  

a l d e h y d e  C t o H n O  would seem i m p o s s i b l e  on t h e  p r e c e d i n g  

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

OH



a t  t h e  d o u b l e  bond s i n c e  no hydr ogen has  been removed by 

o x i d a t i o n  o r  o t h e r w i s * ,  and as  t he  a d d i t i o n  a t  a i o u b l e  bond 

n e c e s s i t a t e s  t h e  r emova l  o f  two hydr ogens ,  as  e x p l a i n e d , t h e  

a l d e h y d e  e x p e c t e d  would be Ck >H140 wi t h  t h e  accompanyi ng 

k e t o n e  C*Hi»0 shown below

Whi l e  t h e  number  of  i n s t a n c e s  i n  which t h e  c o n c l u s i o n s  r e ­

g a r d i n g  f o r mu l a e  have had t o  be r e v i s e d  i s  p r o o f  of  t h e  v e r y  

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

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

The u n i f o r m i t y  w i t h  whi ch chromyl  c h l o r i d e  r e a c t s  i n  d o u b l e  

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

t h e  m o l e c u l e s  t h i n  Et a r d  i ma g i ne d :  t h e  w r i t e r  t h e r e f o r e  makes 

t he  f u r t h e r  s u g g e s t i o n ,  t h a t  E t a r d ’ s f o r mu l a  o n l y  r e p r e s e n t s  a 

form of  t h e  r e a c t i o n  p e c u l i a r  t o  t he  c l a s s  of  h y d r o c a r b o n s  

w i t h  whi ch he worked,  and t h a t  t h e  o t h e r  compound i s  t o  be

CH, CH3

ii
CHO 0
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The new addi  t i v e  compound f o r  S a b i n e n e  now becomes

CHs'-O— C r ^
Cl ,

whi ch S i v e s  on d e c o m p o s i t i o n  wi t h  w a t e r  t h e  a l d e h y d e  and k e t o n e

In t he  same way one would e x p e c t  t he  p r o d u c t s  f rom Camphene 

t o  be t h e  a l d e h y d e  Ci oHi . O and t h e  ke t o n e  CfH140 as  shown, on

p . 3 0 .

In  a . P i n e n e  a n o t h e r  new f e a t u r e  i s  met  w i t h .  U n l i k e  t h e  

two b i c y c l i c  t e r p e n e s  j u s t  me n t i o n e d ,  i t  has  no d o u b l e  bond

CH 
C HO 0

A l d e h y d e K e t o n e  .
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o u t s i d e  t h e  r i n g .  I t  i s  t h e r e f o r e  d o u b t f u l  a t  which p o i n t  

t h e  a d d i t i o n  wi £1 t a k e  p l a c e .  Of t he  t h r e e  me t hy l  g r o u p s  

t h e  one a d j a c e n t  t o  t he  doub l e  bond would be e x p e c t e d  to 

o f f e r  the< l e a s t  r e s i s t a n c e ,  Th i s  i s  c o n f i r m e d  by t h e  a b s e n c e  

of  a . p . T o l y l - p r o p a l d e h y d e  among t h e  o x i d a t i o n  p r o d u c t s  r e c o r d e d ;  

f o r  had e i t h e r  of  t he  o t h e r  met hyl  g r o u p s  keen  a t t a c k e d ,  i t  i s  

a l m o s t  c e r t a i n  t h a t  t h e  " b r i d g e ” would have been  r u p t u r e d ,  

and as  i n  t h e  p r e v i o u s  i n s t a n c e s  t h i s  would u n d o u b t e d l y  have l e d  

t o  t h e  f o r m a t i o n  of  t he  a l d e h y d e  m e n t i o n e d .  I f  t h e  f i r s t  

me n t i oned  met hy l  were  a t t a c k e d  t h e  p r e v i o u s  r e s u l t s  would 

i n d i c a t e  t h a t  d e c o m p o s i t i o n  of  t he  a d d i t i v e  compound would 

l e a d  t o  a b r e a k i n g  of  t h e  "bridge" and t h e  o x i d a t i o n  o f  two 

h y d r o g e n s  wi t h  t he  u l t i m a t e  f o r m a t i o n  of  p . i s o p r c p y l - b e n z -  

a l d e h y d e .  The a l d e h y d e  r e s u l t i n g  f rom t h e  s i m p l e s t  form of  

t h e  r e a c t i o n  would be CioH140 . The f o r m a t i o n  of  t h e  c o r r e s ­

pondi ng  k e t o n e s  would i n v o l v e  a c o mp l e t e  b r e a k  i n  t he  n u c l e u s .  

The o n l y  a l d e h y d e  r e c o r d e d  i s  Ci oHi . O . The f o r m a t i o n  of  t h i s  

a l d e h y d e  demands t h a t  b o t h  a d d i t i o n  and o x i d a t i o n  t a k e  p l a c e  

a t  t h e  d o u b l e  bond,  and i t  would seem i m p o s s i b l e  t o  o b t a i n  a 

s i m p l e  a l d e h y d e  i n  t h i s  manner^ The p r o d u c t s  which would be 

p r e d i c t e d  on t h e  s u g g e s t e d  h y p o t h e s i s  a r e  shown on p . 38 These  

w i l l  be found t o  a g r e e  wi t h  t h e  k e t o n e  3 t OHl g 0 a c t u a l l y  foudd 

and w i t h  t h e  r e v i s e d  form of  t h e  o t h e r  k e t o n e  a l s o  f ound 

C#Hl4;0.  The t h i r d  f i g u r e  p.  3$ shows t h e  o n l y  a l d e h y d e  o f  t h e



3 ^

gr o u p  (VoHi ' ,  p o s s i b l e .

The p r o d u c t s  which would be p r e d i c t e d  on t h e  p r e c e d i n g  t h e o r y

from a . P i n e n e  by t h e  a d d i t i o n  of  Cr O. Cl ,  a t  t h e  douBl e  bond 

a r e  as  f o l l o w s : -

CH

CH

0

CHa-C^-CHs

n 2 ̂ !H,

K e t o n e  

Cio Hi . 0

CH

K e t o n e

C. Hi . O

CH

0  *

H»C. !H»

K e t o -  A l d e h y d e  

i i oHt . O,

The (.ast  comDOund woul i  not  he e x o e c t e d  b u t  i s  shown as  t h e  

o n l y  C10Hi .  p o s s i b l e .

The f o l l o w i n g  r e p r e s e n t  t h e  p r o d u c t s  i f  t h e  me t hy l  g r oup  

was t h e  p o i n t  of  a d d i t i o n : -

Ts o

h C

H*C

CH

n / H

CH

u n CH
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The s t r u c t u r e  of  P . P i n e n e  p r e s e n t s  no new f e a t u r e ,  b u t  

combi ne s  t h o s e  a l r e a d y  me n t i o n e d .  F o l l o w i n g  t h e  same p r i n c i p l e  

two p r o d u c t s  would be p r e d i c t e d  an a l d e h y d e  OioHtgO and a 

k e t o n e  CfHl 4 Q . Again t h e  h y p o t h e s i s  i s  j u s t i f i e d  : The k e t o n e  

C»H140 was a c t u a l l y  r e c o r d e d ,  and a sma>il q u a n t i t y  of  an 

a l d e h y d e  which was not  c h a r a c t e r i s e d .  We a r e  t h e r e f o r e  now i n  t h e  

t h e  p o s i t i o n  of  b e i n g  a b l e  t o  s u g g e s t  t h e  c o n s t i t u t i o n  of  t h e  

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

b o t h  t h e  e m p i r i c a l  and s t r u c t u r a l  f o r mu l a  o f  t h e  a l d e h y d e .

They a r e  as  f o l l o w s : -

!H0

CH

P . P t n e n e . Al dehyde .

Ct oHt . O

HfC-

t

H

c , h14o

^CHO

H.C

H.C ,C*0 .CH,

G a m p h e n e  A l d e h y d e •

Cl
G a m p h e n e  K e t o n e .



P a r t  I

(S)  The A c t i o n  o f  Chromyl  C h l o r i d e  on t he  S e s q u i t e r p e n e

C e d r e n e ,



The A c t i o n  p f  Ch r o my l  C h l o r i d e  on t h e  S e s q u i t e r p e n e  C e d r e n e .

As w i t h  t h e  T e r p e n e s ,  t he  a c t i o n  o f  chromyl  c h l o r i d e  

oh Cedr ene  i s  v i o l e n t  and must  be mo de r a t ed  by c o n s i d e r a b l e  

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

was r e p l a c e d  by c a r b o n Aas  t h e  l a t t e r  i s  more s t a b l e  t o wa r d s  

chr omyl  c h l o r i d e  and i s  more e a s i l y  p u r i f i e d .  The r e a c t i o n  

seemed t o  f o l l o w  o r t h o d o x  l i n e s  and gave a brown a d d i t i v e  

compound,  whi ch behaved  i n  much t he  same way as  t h o s e  a l r e a d y  

d e s c r i b e d .  When t h i s  compound was a n a l y s e d ,  however ,  i t  was 

found t h a t  t h e  chromium c o n t e n t  v a r i e d  c o n s i d e r a b l y ,  and w h i l e  

t he  r e s u l t s  f e l l  be t ween  l i m i t s  whi ch r e D r e s e n t e d  2 and 3 mol s .  

of  CrO#Cl* t o  1 mol .  Ci 5H24 , i t  was i m p o s s i b l e  t o  d e c i d e  what  

a d d i t i o n  had t a k e n  p l a c e .  Ot h e r  i n v e s t i g a t o r s  i n  t h i s  l a b o r a t o r y  

e x p e r i e n c e d  t h e  same d i f f i c u l y  wi t h  Ca d i n e n e  and C a r y o p h y l l e n e .

J . M . R o b e r t s o n  found t he  f o r a e r  t o  u n i t e  w i t h  s o me t h i n g  l e s s  

t h a n  £ m o l s . ,  w h i l e  D. T . C i b s o n  found t h e  l a t t e r  t o  u n i t e  w i t h  

a b o u t  2 j  mol s .  F i n a l l y  u s i n g  low t e m p e r a t u r e s  ( - 5 °  t o  - 1 0 °  ) 

t h e  w r i t e r  f ound t h a t  Ce dr ene  combined wi t h  2 mol s .

Th i s  v a r i a t i o n  r e c a l l s  E t a r d ' w  wprk on x y l e n e ,  In*

x y l e n e  t h e r e  were two me t hy l  g r o u p s  which s h o u l d  have been 

e q u a l l y  l i a b l e  t o  a t t a c k  and y e t  o n l y  one r e a c t e d .  In no c a s e  

y e t  r e c o r d ®!  has  a h y d r o c a r b o n  t a k e n  up more t h a n  two m o l e c u l e s .  

Th i s  must  be due t o  a l a c k  of  s p i ’ce i n  t he  m o l e c u l e .  I t  seemed 

p o s s i b l e  t h a t  w i t h  t h e  l a r g e r  s e s q u i t e r p e n e  mo l e c u l e  t h e r e
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mi ght  be room f o r  a n o t h e r  mo l e c u l e  of  chromyl  c h l o r i d e .  The 

v a r i a t i o n s  mi ght  t h e r e f o r e  have been due t o  t h e  amount  o f  t h i s  

t h i r d  mo l e c u l e  which c o u l d  be f o r c e d  i n  a t  d i f f e r e n t  t e mp e r a ^  

t u r e s .  I f ,  on t he  o t h e r  hand,  t he  compound were a c t u a l l y

Ct s H>4 Cr O*Cl f , i t  would seem t h a t  t h e r e  was . j us t  s u f f i c i e n t

room t o  a l l o w  1 mol .  CrO#Cl* to  be s h a r e d  be t ween  2 mo l s .  Ci 8 H24 

I f  so ,  t h e  e x p l a h a t i o n  would f a l l  o u t s i d e  t h e  mechani sm s u g g e s t e d  

i n  t he  p r e c e d i n g  p a g e s .  I t  might  he s u p p o s e d ,  f o r  exampl e ,  t h a t  

t h e  c h l o r i n e  a t oms ,  w i t h  t h e i r  e<xtra v a l e n c i e s ,  s e r v e d  as  l i n k s  

be t wee n  t he  t h i r d  CrO*Cl 2 mo l e c u l e  and t h e  two m o l e c u l e s  of  

Cu Hj 4 , g i v i n g  a compound

= Ca ,H*a -  C l . C r O* . C l  -  Cl s H, i  =
^ C l s 2

On decompos i ng  such  a compound t h e  end m o l e c u l e s  of  CrO,Cl* 

would a c t  i n  t he  u s u a l  way,  wh i l e  t h o s e  c o n n e c t e d  t h r o u g h  t h e  

Cl atoms would be e x p e c t e d  t o  c h l o r i n a t e  t h e  h y d r o c a r b o n .  

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

t he  w r i t e r  as  a p r o b a b l e  t heory;} a more p r o b a b l e  e x p l a n a t i o n  

Bras found i n  o t h e r  c o n s i d e r a t i o n s .

In view of  t he  f a c t  t h a t  two m o l e c u l e s  of  HC1 can  be 

l i b e r a t e d  w i t h  c o m p a r a t i v e  e a s e  from t h «  a d d i t i v e  compound on 

t he  a p p l i c a t i o n  of  moder a t e  h e a t ,  i t  seemed more t h a n  l i k e l y  

t h a t  t h e  h e a t  of  t h e  r e a c t i o n  i t s e l f  mi ght  c a u s e  a p a r t i a l  

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

t he  r e a g e n t .  I f  t h i s  were so,  t he  s o l i d  c o m p o u n d  would be a
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m i x t u r e  of  C15H24 . 2 Cr 0 2C l 2 and Cl 5 H2 » , 2 Cr 0 2Cl  , i n  which c a s e  

an e s t i m a t i o n  of  chromium a l o n e  would be m i s l e a d i n g  in c a l c u ­

l a t i n g  t h e  f o r m u l a ,  as  t he  p e r c e n t a g e  of  chromium i s  now h i g h e r .  

E s t i m a t i o n s  of  01 v a r i e d  a l s o ,  b u t  i n  t he  e x p e r i m e n t  c o n d u c t e d  

a t  - 5?  t o  - 1 0 °  i t  a g a i n  a g r e e d  wi t h  2 C r 0 2C l 2 . U n t i l  e v i d e n c e  

i s  produced  t o  t he  c o n t r a r y  t he  compound must  be c o n s i d e r e d  

as C i 8 H2 4 , ? Cr 0 2v l 2 .

On decompos i ng  t he  brown a d d i t i v e  ccraoound w i t h  i c e  wa t e r  

c o n t a i n i n g  3C2 , t o  remove H2Cr 04 , a y e l l o w o i l  was s e p a r a t e d  

c o n t a i n i n g  3 - 5 1  C l .  The o i l  was f r e e d  f rom r e s i n o u s  m a t t e r  

by d i s t i l l a t i o n  i n  s t e a m,  i n  whi ch i t  i s  s l i g h t l y  v o l a t i l e .

The c h l o r i n e  was removed by p r o l o n g e d  t r e a t m e n t  wi t h  z i n c  

i n  a l c o h o l i c  s o l u t i o n ,  a f t e r  which t h e  oi l :  was f r a c t i o n a t e d .

Th i s  y i e l d e d  a c l e a r  y e l l o w i s h  o i l  w i t h  a somewhat  heavy 

smal l :  b ; p ;  120° /  0*8mm.,, o r  93° /  0*15mm.;  n}j*#5B 1*5462,

I t  g a v «  bo compound w i t h  s o d i um b i s u l p h i t e ,  b u t  on e x h a u s t i v e
a s o l i d  w a s  o b t a i n e d

t r e a t m e n t  w i t h  s e m i c a r b a z i d e  a c e t a t e A w h i c h  p r o v e d  t o  be r 

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

The whol e  of  t h e  o i l  was a t t a c k e d  by t h e  s e m i c a r b a z i d e  as  

none c o u l d  be r e c o v e r e d  bjr d i s t i l l a t i o n  i n  s t e a m.  I t  was r e ­

c o v e r e d ,  however ,  on decompos i ng  t h e  eemi ear bazoi ke  w i t h  o x a l i c
is

a c i d .  The k e t o n e Ap r o b a b l y  C i i H 140 .  T h i s  s t a t e m e n t  i s  made wi t h  

r e s e r v e  foie t h e  f o l l o w i n g  r e a s o n s .

Even when t h e  d e r i v a t i v e s  were c r y s t a l l i n e  i t  has  p r oved



4d

unwi se  t o  s t a t e  t he  f o r mu l a  o f  t h e s e  p r o d u c t s  w i t h  c e r t a i n t y ,

f o r  w i t h  s u b s t a n c e s  c a p a b l e  of  e x i s t i n g  i n  so many i s o m e r i c  

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

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

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

r e g a r d i n g  whose c o n s t i t u t i o n  t he  r e s u l t s  of  a n a l y s i s  a l o n e  

may l e a d  t o  q u i t e  e r r o n e o u s  c o n c l u s i o n s . The r e  i s  t he  f u r t h e r  

d i f f i c u l t y  t h a t  even  i f  o n l y  a s ma i l  amount  o f  i m p u r i t y  i s  

p r e s e n t  t he  d i f f e r e n c e  i n  t h e  p e r c e n t a g e  of  c a r b o n  c a u s e d  by 

t h e  r emova l  of  a me t hy l ene  gr oup ,  f o r  example, ,  i s  not  more 

and p o s s i b l y  l e s s  t h a n  t h a t  c a us e d  by t he  p r e s e n c e  of  an 

i m p u r i t y .  The same s e t  of  c i r c u m s t a n c e s  a r o s e  i n  t h i s  work 

as  was e n c o u n t e r e d  i n  t he  s i m p l e r  t e r p e n e s  d u r i n g  t h e  s t u d y  

of  t h e  a c t i o n  of  chromyl  c h l o r i d e  on p i n e n e  { Hender son  and 

3 r a y  e t c ,  J . C . 3 . ,  1003,  83,  T. 1299 : 1908,  93,  T . 288  Here 

t h e  a u t h o r s  o b t a i n e d  an o i l ,  t h e  a n a l y s i s  of  whi ch pr oved  i t  

t o  be a k e t o n e  C i e H t 40.  L a t e r  work,  however ,  a r g u e d  t h a t  i t s  

f o r mu l a  was C»Hi40,  t h e  d i f f e r e n c e  b e i n g  c a u s e d  by i m p u r i t i e s ,  

y e t  i t  gave a c r y s t a l l i n e  s e m i c a r b a z o n e ,  whi ch  even  a f t e r  

c a r e f u l  p u r i f i c a t i o i ^ g a v e  a v a l u e  f o r  n i t r o g e n  1 % below t h e  

t h e o r e t i c a l  v a l u e .  O t h e r  i n s t a n c e s  of  a s i m i l a r  n a t u r e  have 

been  me n t i one d  i n  t h e s e  p a g e s .

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

page  i s  as  f o l l o w s .  The c o m p l e t e n e s s  of  t he  s e m i c a r b a z i d e



r e a c t i o n ,  t h e  r e c o v e r y  of  t h e  k e t o n e ,  and t h e  n i t r o g e n  

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

o f  a s e mi c a r b a z o n e  or  s e m i c a r b a z o n e s ,  The c a r b o n  and 

hydr ogen  a n a l y s e s  i n d i c a t e  t h a t  i t  i s  t he  s e mi c a r b a z o n e  of  

t h e  k e t o n e  Cl s H*40 ; C i t HS7N30 r e q u i r e s

C, 69*26 ;  H, 6*82 ;  N, 15*15:

The r e s u l t s  found were

0,  70*73;  H, 9*82;  N, 14*49:  ( 1 s t .  p r e p i .

C, 70*46;  K, 10*65;  N, 14*49:  ( p u r i f i e d  )

The a n a l y s e s  o f  t h e  k e t o n e  i t s e l f  a g r e e  c l o s e l y  w i t h  C i 3 H#10,  

which r e q u i r e s

0,  80* 74;  H, 10*96:

The r e s u l t s  f ound were

0 ,  8 0 * 9 7 ;  H, 10*60:

The k e t o n e  C i 5H#40 r e q u i r e s

C, 81*75;  H, 10*99 .

As t h e  o i l  c o u l d  o n l y  be p u r i f i e d  by a ver j r  l i m i t e d  f r a c t i o n  

a t i o n  a t  a low p r e s s u r e ,  t h e  a g r e e me n t  w i t h  t h e  f o r mul a  C i 3 H*t 0 

must  be waved in  f a v o u r  of  t he  o t h e r  , as  t he  a n a l y s e s  o f  t he  

s e m i c a r b a z o n e  do n o t  admi t  o f  i t s  c o n s i d e r a t i o n :  01 ; h*4 n8o 

would r e q u i r e

C, 67*16;  H, 9*67;  N, 16*79.
/

The d e t e r m i n a t i o n  o f  t he  mfclecular  we i gh t ,  224,  a l s o  con^  

f i r me d  t he  f o r mu l a  Ci s H»40 which r e q u i r e s  220 .

Whi le t h i s  c o n c l u s i o n  i s  t h e  o n l y  one whi ch  t h e  r e s u l t s



w i l l  a l l o w ,  t he  s t r a n g e  a g r eement  be t ween  t h e  f o r mu l a  f rom 

t h e  a n a l y s i s  o f  t h i s  k e t o n e  and t h a t  o b t a i n e d  on s u b m i t t i n g  

t h e  p r o d u c t  from t h e  o x i d a t i o n  wi t h  p e r h y d r o l  t o  m e t h y l a t i o n  

would s u g g e s t  s ome t h i ng  morej than c o i n c i d e n c e .  Much more work 

w i l l  be n e c e s s a r y  b e f o r e  a n y t h i n g  more d e f i n i t e  can be s t a t e d .

An a t t e m p t  t o  p r e p a r e  a c r y s t a l l i n e  s emi f ^ t a i mf one  • , 

k i n d l y  u n d e r t a k e n  by P r o f .  F . J . W i l s o n ,  d i d  not  p r ove  s u c c e s s f u l .

The o i l  r e a c t e d  w i t h  sodium t o  g i n e  a r ed  s o l i d ,  which 

was decomposed by w a t e r ,  f rom which an o i l  was r e p r e c i p i t a t e d  

on a d d i t i o n  o f  a m i n e r a l  a c i d .

I t  d i d  not  r e a c t  witjh d i l u t e  n i t r i c  a c i d ,  b u t  was decom­

posed  by 30% a c i d  g i v i n g  a r e s i n o u s  p r o d u c t .

The chloro*=c#mpound was not  i s o l a t e d .



P a r t  I .

% t o e r  i m e n t i l .



EXPERIMENTAL,.

P r e p a r a t i o n  and E x a m i n a t i o n  o f  t h e  H y d r o c a r b o n .

To p r e p a r e  p u r e  Cedr ene  Ro u s s e t  recommended t h a t  i t  

be d i s t i l l e d  ove r  s od i um.  In t h e  e x p e r i e n c e  of  t h e  w r i t e r ,  t h i s  

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

a b l e  r e s i n i f i c a t i o n ,  and t h e  f o r m a t i o n  of  d i h y d r o c e d r e n e  whi ch 

b o i l s  a t  a t e m p e r a t u r e  j u s t  below Ce d r e n e ,  i s  more l i k e l y  t o  

c a u s e  t r o u b l e  t h a n  t h e  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  whi ch  b o i l  

s u f f i c i e n t l y  above Cedr ene  t o  a l l o w  of  t h e i r  s e p a r a t i o n  by 

o r d i n a r y  f r a c t i o n a t i o n .

D i s t i l l a t i o n  was c a r r i e d  o u t  unde r  r e d u c e d  p r e s s u r e  by means 

of  a S e i s s l e i f  pump, t he  p r e s s u r e  b e i n g  measured  by a s i mp l e  

col umn of  me r cur y  open t #  t he  a i r .  A manomet er  wav used  i n  t h e  

f i r s t  e x p e r i m e n t s ,  b u t  owing t o  t he  d i f f i c u l t y  of  e x c l u d i n g  a l l  

t r a c e  of  a i r  f rom t h e  c l o s e d  l i mb ,  t h i s  was a b a n d o n e d .  A s e r i e s  

o f  o b s e r v a t i o n s  we r a  made t o  o b s e r v e  t he  b o i l i n g  p o i n t s  u n d e r  

s t i l l  l ower  p r e s s u r e s ,  u s i n g  a mer cur y  pump r e i n f o r c e d  by a 

w a t e r  pump.  These  o b s e r v a t i o n s  showed t h a t  v a r y i n g  c o n d i t i o n s  

had t o o  g r e a t  an e f f e c t  on t h e  b o i l i n g  p o i n t  f o r  such low p r e s s ­

u r e s  t o  be used f o r  p u r p o s e s  of  s e p a r a t i o n  or  c o m p a r i s o n .  The 

r e a d i n g s  made a t  1 mm. a r e  shown o r  P«4*7

These  f i g u r e s  show t h a t  a g i v e n  t e m p e r a t u r e  and p r e s s u r e  

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



The r e a s o n  f o r  t h i s  i s  t h a t  q u i t e  a c o n s i d e r a b l e  amount  of

d i s t i l l a t e  c o u l d  be c o l l e c t e d  al though t h e  l i q u i d  i n  t h e

f l a s k  was not  b o i l i n g ,  bu t  e v a p o r a t i n g  w i t h o u t  e b u l l i t i o n .

The r e s u l t  i s ,  t h a t  what  a t  o r d i n a r y  p r e s s u r e s  would c a u s e  

a d i f f e r e n c e  i n  b o i l i n g  p o i n t  of  a b o u t  §° ,  a t  l ew p r e s s u r e s  

c a u s e s  a d i f f e r e n c e  of  5°  t c l O 0 . Such a r i s e  and f a l l  was 

o b t a i n e d  by d o u b l i n g  t he  r a t e  of  d i s t i l l a t i o n  and r e d u c i n g  

i t  by h a l f .  The f a l l  of  t he  t h e r mo me t e r  i n  t h e  mi ddl e  of  t he  

o b s e r v a t i o n s  shows t h a t  t h e  r i s e  i n  t e m p e r a t u r e  was not  due

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

R A t d i n g i w i t h T a m p a r a t u r *  R i s i n g Ra a d i  ng  s w i t h T a n p a r a t u r a  P a l l i n g

R a t  a
0 f

D i s t i l l a t i o n
1 n

D r o p s  p a r  Wi n

B o i l i n g

P o i n t

B a t h  

T a * p .

R a t a
o f

D i s t i l l a t i o n ,  
i  n

Drof p s p a r  Mi n

B o i l i n g

P o i n t

B a t h  

. T a a p .

2 7 . 3 7 8  * 1 2 0 ° 1 2 . 0 7 3  0 1 1 6 *

2 6 . 9 7 7 ° 1 1 8 ° 1 5  . 7 7 4 ° 1 2 0 ®

2 6 . 9 7 7 * 1 1 6 ° 3 3 . 3 7 8 ° 1 3  0®

2 5  . 0 7 6 ° 1 15 0 3 1 . 5 7 9 ° 1 8 0 ®

2 1 . 4 7 6 ° 1 1 4 ° 4 0 . 0 8 1 ° 1 3 4  ®

2 0  . 0 7 5  * 1 1 2 ° 4 0 . 0 8 1 ° 1 4 0 ®

** CD • to 7 4 . 5 ® 1 1 0 ° 4 0 . 0 e s # 1 4 0 ®

1 7 . 6 7 4  0 1 0 9 °

8 .  0 7 3  * 1 0 4  °

100 c c .  of  Ce d r e n e ,  s u p p l i e d  by Me s s r s  W. J . Su s h  and CA, 

wer e  r e f l u x e d  w i t h  sodium f o r  one hour  and d i s t i l l e d  unde r
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r e d u c e d  p r e s s u r e ;  t he  f r a c t i o n  b o i l i n g  120^130°  was r e d i s t i l l e d  

and t h e  c o n s t a n t s  of  t he  f o l l o w i n g  f r a c t i o n s  o b s e r v e d .  ( I )  1 2 0 ° ,

( 2)  1219 , ( 3 )  122° , ( 4)  123*125° ,  ( 5 )  125° - 130°  . a l l  a t  *2mm.

Al l  t h e  f r a c t i o n s  were o f  abou t  t h e  same vo l ume ,  wi t h  t h e  e x c e p ­

t i o n  of  ( 5 )  which was a b o u t  h a l f  t h e  o t h e r s .

QL—QQ.~Q~1>2.!1 • " ( O b a a r y w d  a t  1 8 . 5 *  ; l i g h t  l u p p l  i n d  f  r o i

b u B M n  f l u *  w i t h  a o i i t t a  s a l t ;  o b i a r v a t  i o n a  t a d *  i n  5 o a .  t u b a  

y » r i f i » d  f o r  a i g n  i n  l O o a . ) ___________________________________________________

F r a c t i o n R e a d i n g s • ( * ]
D

Z * r o 1 8 0 . 8 2 * 0 ? 8 8 *

1 2 0 * At  . 1 4 9 . 8 4 *
- 3 i . o e *

3 8 # . 8 7 *  
- 8 1 . 0 1 * - • * . ! *

18 1* A» . 1 4 9 .  6 5 *  

- 3 1 . 2 7 *

3 2 9 . 4 8 *

- 3 1 . 4 0 * - 6 2 . 6 7 *

1 8 2 * A y . 1 5 8 . 2 6 * 3 3 2 . 3 0 *

—-
" 2 8 . 6 6 * - 2 8 . 5 8 * - 5 7 . 2 4 *

1 8 8 - 1 2 5  * Ay . 1 5 3 .  65 * 

' 2  7 . 2 7 *

8 8 3  . 65 * 

- 2 7 . 2 3 * - 5 4 * 5 0 *

1 2 5 - 1 8 0 * A y . 1 6 1 . 0 8 *  

- 1 9 ; 8 5  *

3 4 1 . I t *  

- 1 9 . 7 7 * - 3  9 .  62  *

R e f r a c t i v e ^ I n d e x * -  ( O b a « r » « i  a t  1 3 ? 5 * ;  l i g h t  a u p p l i n d  f r o a  

b o b i m  f  l a a «  w i t h  s o d i a a  w a l t p a t  1 8 * ,  w w i  ag  P w l f r i e h  9 * f  r  a a t o a * t » r  

p r i a i  U = — 1 .  62  )
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F r a c t i o n R e a d i n g .
•

n 1 9*8 c
D D

( C o r r A o t A d  u s i n g  
t h n  f o l l o w i n g  t s b l w )

1 2 0 ° . 8 7 * 4 8 . 5 '  . 1 . 5 0 8 5 9 1 . 5 0 2 8 9

1 2 1 ° . 3 7 * 4 2 . 5 '  . 1 . 5 0 8 6 9 1 . 5  8 2 9 9

1 2 2 * • CO • CO . o . 1 . 5 0 4 2 1 1 . 5 0 3 5  1

12 3  * - 1 2 5  * i 8 7 * 1 4 . 0 *  . 1 . 5 0  68 5 1 . 5 0 5  65

1 2 5 * - 1 3 0 ® , 3 6 * 5 5  . 9 » 1 . 5 0 8 0 8 1 . 5 0 7 8 3

Whi le t he  s p e c i f i c  r e f r a c t i v i t y  i s  a c o n s t a n t  f o r  a l l  t e m p e r /  

a t u r e d  t h e  r e f r a c t i v e  i ndex v a r i e s  c o n s i d e r a b l y ,  As i t  se ldom

happens  t h a t  two e x p e r i m e n t e r s  r e c o r d  t h e i r  r e s u l t s  a t  t h e  same 

t e m p e r a t u r e ,  t h e  o b s e r v a t i o n s  a r ^ b f  l i t t l e  us e  f o r  c o mp a r i s o n  

p u r p o s e s .  The f o l l o w i n g  o b s e r v a t i o n s  were  made w i t h  a vi ew 

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

a t  d i f f e r e a t  t e m p e r a t u r e s  t o  a common b a s i s *  ( see p . 50 .  ) .

As t he  p r e s s u r e  o b t a i n a b l e  a t  anji t i me  d e p e n d s  on t h e  

p r e v a i l i n g  a t m o s p h e r i c  c o n d i t i o n s ,  b o i l i n g  p o i n t s  a r e  se ldom 

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

were  made, t h a t  t h e  d a t a  of  o t h e r  w o r k e r s  mi ght  be b r o u g h t



t o  a common b a s i s ,  and hence o f  v a l u e  f o r  c o m p a r i s o n .

p i f f f r e n c e s r in r e f r a c t i v e  i n d e x  due to d i f f e r e n c e s  in t e m p e r a t u r e .
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For  c o n v e n i e n c e ,  t h e s e  v a l u e s  have been p l o t t e d ,  t h e  g r aph  

b e i n g  shown on p . 4 . .  A c o n s i d e r a t i o n  of  t h e  v a l u e s  shows

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

per  i|mm. change  d e c r e a s e s ,  as  would be e x p e c t e d :  be t ween

1 1 mm, and 14mm t h e r e  i s  a f a l l  o f  a b o u t  2° /  Ibid; a t  1 Vmno

t h e  f a l l  i s  on l y  a b o u t  1 ° /  1 mno .

4bout  600 cc , of  Cedrene  ( Wi J . Bush  and CA. ) were 

d i s t i l l e d  w i t h o u t  t r e a t m e n t  wi t h  sodium and s e p a r a t e d  i n t o  

t he  f r a c t i o n s  as  shown be l ow,  a l o n g  wi t h  t h e i r  p h y s i c a l  

c o n s t a n t s .

F r i e t i o n D «  n »  i t  y  .
R  a  f  r  » o  t  i r  a

I  n d  *  x  .
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The d e n s i t i e s  and r e f r a c t i v e  i n d i c e s  were o b s e r v e d  l a t e r  a t  

15° and r e c o r d e d  f o r  c o mp a r i s o n .  The r e f a c t i v e  i n d i c e s  were  

c o r r e c t e d  f rom t h e  t a b l e  p . 5 0 ;  t h e  r e s u l t s  a r e  t a b u l a t e d  

a l o n g s i d e  i n  t he  t a b l e  on t he  f o l l o w i n g  p a g e .
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From t h e  f i r s t  saroole of  Ce d r e n e ,  t h e  f r a c t i o n  b o i l i n g  a t

1 2 1 ° /  1 0 mm* a n i  feom t he  second t h e  f r a c t i o n  b o i l i n g  a t  

129- 131°  /  17mm, were used f o r  t h e  o x i d a t i o n  e x p e r i m e n t s .
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L ! l& - A c l i 2 ! l - 2 [ .^2 !±!1 0 ® k L -2 !iL2 ! l i d e _ o n _ C e d r e r i e , __

In p r e p a r i n g  t he  r a a g e n t  t he  o r i g i n a l  method of  Thorpe 

[ J . C . S . ,  1878,  21,  514]  utas a t  f i r s t  empl oyed : l atefc on 

t he  more e c o n o mi c a l  method of  Moi s san [ J . C . S . ,  1884,  46,

1267 ] u s i ng  HC1 and Cr 0 3 wa8 a d o p t e d .  F i n a l l y  t he  r e a g e n t  

was o b t a i n e d  f rom Mess r s  5oo t s  and C°,  L t d .

l h * - l L 2R2!12i i 2! l-2L - i! l2- A i d i t i v e _ C o f i i p o u n d _ a n d _ i t 8_Con8 t t t  u t t o n .  

F o l l o wi n g  t h e  example  of  g t a r d ,  o t h e r  wor ker*  have 

used c a r b o n  d i s u l p h i d e  as  s o l v e n t  and d i l u a n t :  i t  has  t he  

a d v a n t a g e  t h a t  i t s  low b6 i l i n g  p o i n t  p r e v e n t s  e x c e s s i v e  

r i s e  of  t e m p e r a t u r e  i f  o r d i n a r y  c a r e  be o b s e r v e d .  On t h e  

o t h e r  hand i t  has  t h e  d i s a d v a n t a g e s  o f  p a r t i c u l a r l y  h i gh  

i n f l a m m a b i l i t y ,  an o b n o x i o u s  smel l ,  and p o i s o n o u s  n a t u r e  

which i s  a c c e n t u a t e d  by t he  f o r m a t i o n  o f  t h e  v e r y  p o i s o n o u s  

phos gene  gas  as  a r e s u ' l t  of  t he  a c t i o n  of  chr omyl  c h l o r i d e  

on i t .  For  t h e s e  r e a s o n s  c a r b o n  t e t r a c h l o r i d e  was uaed i n  

i t s  p l a c e ,  f o r  chr omyl  c h l o r i d e  has p r a c t i c a l l y  no a c t i o n  

on i t ;  i t  i s  n o n - i n f l a mma b l e  a l t h o u g h  a l s o  h i g h l y  p o i s o n o u s .

I t  i s  e a s i l y  p u r i f i e i  and i s  a l t o g e t h e r  a much more con* 

v e n i e n t  s o l v e n t .

The r e a c t i o n  be t ween  chromyl  c h l o r i d e  and Ce dr ene  i s  

v i o l e n t .  Even when t he  r e a c t i n g  s u b s t a n c e s  a r e  d i l u t e d ,  t h e r e  

i s  a p e r c e p t i b l e  c r a c k  when t he  two meet  u n l e s s  t he  d i l u t i o n
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i s  v e r y  g r e a t .  The f o l l o w i n g  d i l u t i o n s  were us ed’: 90 c c .

C e d r e n e ,  129° - 131°  /  l?mm. ( 122° - 123°  /  12pm ) were d i l u t e d  

t o  1000 c c . ,  2 0 0  gms.  Cr O| Cl f  were l i k e w i s e  d i l u t e d  t o  1 0 0 0  

c c . ,  and t h e s e  were added a l t e r n a t e l y  i n  s ma l l  q u a n t i t i e s  t o  

a n o t h e r  1000 c c ,  of  t h e  s o l v e n t ,  CC14 . No e x t e r n a l  c o o l i n g  

a p p e a r e d  n e c e s s a r y ,  as  wi t h  t h i s  d i l u t i o n  t h e r e  was no g r e a t  

t e n d e n c y  t o  h e a t  up .  To a s c e r t a i n  when t h e  r e a c t i o n  was com­

p l e t e ,  a sample  of  t he  s o l u t i o n  was f i A e r e d  r a p i d l y  a t  t h e  

pump, a f t e r  s t a n d i n g  f o r  some t i me  t o  a l l o w  t h e  a c t i o n  t o  

c o mp l e t e  i t s e l f ; * a n  e x c e s s  of  chr omyl  c h l o r i d e  was shown by 

t he  r e d d i s h  c o l o u r  of  t h e  f i l t r a t e .  An e s t i m a t i o n  of  t he  

chromium i n  t h e  f i l t r a t e  on one o c c a s i o n  showed i t  t o  c o n t a i n  

3*468 gms.  CrO*Cl§ pe r  l i t r e .  When h a l f  t h e  r e a c t i n g  s u b s t a n c e s  

had been added ,  t he  m i x t u r e  was a l l o we d  t o  s t a n d  f o r  2 - 3  days  

and t he  brown a d d i t i v e  compound f i l t e r e d  o f f  and washed w i t h  

CC14 . The f i l t r a t e  was t h e n  used f o r  t h e  s econd  p o r t i o n .  No 

a t t e m p t . w a s  made t o  a b s t r a c t  t h e  l a s t  t r a c e s  of  s o l v e n t  f rom 

t he  p r e c i p i t a t e  as  t h e  compound r e * d i l y  decomposes  i n  c o n t a c t  

w i t h  a i r .  When r e q u i r e d  dr y  f o r  a n a l y s i s  , t h i s  was done i n  

a vacuum d e s i c c a t o r  o v e r  s u l p h u r i c  a c i d .  I t  was f ound advi sab l e^  

t o  " d r y"  t he  s l u d g e  i n  a l l  c a s e s ,  as t he  powder  c o u l d  be 

decomposed more e f f i c i e n t l y .

In a l l  t h e  r e a c t i o n s  h i t h e r t o  r e p o r t e d  i n  whi ch chr omyl  

c h l o r i d e  a t t a c k e d  a h y d r o c a r b o n ,  t he  a d d i t i v e  compound has



been found t o  c o n t a i n  2 CrO*Cl# u n i t e d  t o  1 a i l  of  h y d r o ­

c a r b o n .  I t  was t h e r e f o r e  c o n s i d e r e d  s u f f i c i e n t  t o  e s t i m a t e  

t he  chromium cbnt fcnt  of  t h e  compound o b t a i n e d : .  Th i s  was 

done a s  f o l l o w s : *  A wei ghed q u a n t i t y  of  t h e  a d d i t i v e  compound 

was p l a c e d  i n  a n i c k e l  c r u c i b l e  and decomposed by g e n t l e  h e a t i n g .  

When a l l  t h e  HC1 had been  d r i v e n  o f f  t he  t e m p e r a t u r e  was 

g r a d u a l l y  r a i s e d .  Th i s  had t o  be done w i t h  c a r e  owing t o  

t he  d a n g e r  o f  sudden d e f l a g r a t i o n .  A f t e r  b u r n i n g  o f f  t he  

c a r b o n  t he  r e s i d u e  was/foixed wi t h  sodium p e r o x i d e  and f u s e d ,  

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

a c i d i f i e d ,  and hydr ogen  p e r o x i d e  decomposed by b o i l i n g .  The 

ch r o ma t e  was r e duc ed  by a known volume of  s t a n d a r d  f e r r o u s  

ammonium s u l p h a t e ,  t h e  erxcess  b e i n g  t i t r a t e d  w i t h  d i c h r o m a t e .

I t .  o f  C o m p o u n d .  < C r .

0 .  74 68 g . 2 1 . 5 5

O . 2 9 0 2  g » s . 2 1 . 1 8

0 . 1 8 2 4  g . 2 2 . 4 1

0 .  1 5 7 3  g n .  2 3 . 4 7

The d i f f e r e n c e s  be t ween  t h e s e  r e s u l t s  showed t he  p r e s e n c e  of  

s o me t h i ng  u n e x p e c t e d .  They i n d i c a t e d  t h a t  t h e r e  had been  an 

a d d i t i o n  o f  2 - 3  mo l s .  o f  C r O , C l s t o  1 mol .  o f  h y d r o c a r b o n .

The s i m i l a r  e x p e r i e n c e s  of  o t h e r  wo r k e r s  have been me n t i o n e d  

on p , 4 0 .

These  e s t i m a t i o n !  had been made on t h e  a s s u m p t i o n  t h a t  

t h e  compound was one of  s i mp l e  a i d i t i o n .  I f ,  however ,  f o r
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any r e a s o n  t h e  compound l o s t  1 mol .  of  HOI , t he  s o l i d  would 

become a m i x t u r e  of  s u b s t a n c e s  w i t h  v a r y i n g  a n a l y s e s  a c c o r d ­

i ng  t o  t h e  c o n d i t i o n s  o f  e x p e r i m e n t .  I t  was t h e r e f o r e  a p p a r e n t  

t h a t  t h i s  p a r t  of  t h e  work was no l o n g e r  one of  c o n f i r m a t i o n  

b u t  one of  i n v e s t i g a t i o n .  E s t i m a t i o n s  o f  c h l o r i n e  i n  two 

d i f f e r e n t  s ampl es  a t  hand gave t h e  f o l l o w i n g  r e s u l t s

Wt . o f  c o m p o u n d .  Wt o f  A g C l .  < C l .

0 . 1 4 6 2  g a a .  0 . 1 6 2 6  g a .  2 7 . 5

0 1 2 6 9 7  g a .  9* 1 9 6 8  g a .  1 8 * 2

I f  t h e s e  f i g u f e s  a r e  compared w i t h  t h e  t a b l e s  below i t  w i l l  

be s een  t h a t  a l t h o u g h  t h o s e  f o r  Or f a l l  be t ween  2and 3 mo l s .  

Cr O, Cl * ,  t hdy  a l s o  f a l l  be t ween  2 mo l s .  CrO*Cl* and 2 mol s .  

CrO*Cl ,  and t h a t  t h e  v a l u e s  f o r  Cl a l r o  f a l l  be t ween  t h e  

l a s t  two v a l u e s .  The r e  was c e r t a i n l y  a s u g g e s t i o n  o f  H61 

fumes d u r i n g  t h e  r e a c t i o n ,  b u t  as  t h e  p r e s e n c e  of  C r 0 2Cl* 

fumes would a c c o u n t  f o r  t h i s c ,  i t  s i g n i f i e d  n o t h i n g .

C2 § d2 4 . C r O j C l f C1 5 H, 4 . ? C r O , C l , ^ t s H p 4 • ^Cr0 2s^l2

* C r 14*54 2 0 * 2 2 23*32

« Cl 19*81 27*57 31>78

C i i i * * . 2 C r O * C l $ Ci i Ht 4 . SCrOfCl* 
h i . H , t . 2CrO, Cl

1 Ci $H*4 . 2CrO*CU
(2 f Ci j H*,  , .2CrOfCl]

#Cr 23*58 21*78 3 2*36

i c i ie<*i7 2 2 * 30 20*34



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

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

d i r e c t i n g  p r i n c i p l e  now: b e i n g  t o  p r e v e n t  t h e  l o s s  o f  HC1 

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

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

t e m p e r a t u r e  o f  - 5 °  t o  - 1 0 ° .

45 c c . ( 42: gms . )  Cedr ene  b . p .  1 2 9 ° - 1 3 1 °  /  17mm. were  

d i s s o l v e d  i n  500 c c .  CC14' 100 gms.  0 r 0*Cl *  were d i s s o l v e d

i n  1000 c c . of  CCL4 and c o o l e d  t o  - 5 ° .  Sma l l  q u a n t i t i e s  

of  t h e  Ce d r e n e  s o l u t i o n  were now added t o  1500 c c . of  t he  

s o l v e n t  c o o l e d  t o  - 1 0 ° .  The c o o l e d  Cr0*Cl*'  was r u n  i n  

a l t e r n a t e l y  t h r o u g h  a v e r y  f i n e  d r o p p i n g  n o z z l e .  The f l a s k  

b e i n g  kep t  a l l  t h e  t i me  in a f r e e z i n g  m i x t u r e .  The r e a c t i o n  

• c c u p i e i  f rom 4 t o  5 h o u r s ,  flhen c o m p l e t e  t j ie mi x t u r e  was 

a l l o we d  t o  s t a n d  i n  a w e l l  s f roppersd f l a s k  f o r  2 d a y s .  The 

s o l u t i o n  r emai ned  d a r k  r ed w i t h  t h e  e x c e s s  of 0* 0 * 0 1 * .  The 

a d d i t i v e - c o m p o u n d  wa3 f i l t e r e d  o f f  a t  t h e  pump, vashed w i t h  

f r e s h  s o l v e n t ,  and removed a t  once t o  a vacuum d e s i c c a t o r 1, 

where  t h e  r e ma i n d e r  of  t he  s o l v e n t  was removed o v e r  s u l p h u r i  

a c i d .  The l a s t  t r a c e s  of  s o l v e n t  a r e  removed wi t h  d i f f i c u l t y  

and f rom 10 t o  14 days  a r e  r e q u i r e d  f o r  t h i s  j i a r t  of  t h e  

work .  A f t e r  a b o u t  3 days  d r y i n g  t he  l ump3 r e q u i r e  b r e a k i n g  

up .  Advan t age  was t a k e n  of  t h i s  t o  p r e o a r e  a s ampl e  f o r  

a n a l y s i s .  The o u t s i d e  of  t h e  lumps: b e i n g  s l i g h t l y  decomposed
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were removed and on l y  t h e  i n s i d e  p o r t i o n s  ke p t  f o r  a n a l y s i s .  

The chromium i n  t h i s  c a s e  was e s t i m a t e d  as  C r 2 0 3 on i g n i t i o n  

of  t he  compound,  and s u b s e q u e n t  t r e a t m e n t  w i t h  n i t r i c  a c i d  

f o l l o w e d  by r e - i g n i t i o n .  The f o l l o w i n g  a r e  t h e  r e s u l t s .

Wt. o f  C o a p o u n d .  w t ,  o f  C r j O a  % Cr.

0 . 3 2 6 6  g n, 0 . 0  95 9 g a. 2 0 . 0 2

0 . 5 5 7 0  " 0 .  1 6 5 0  "« 2 0 . 0 4

0 . 4 9 2 4  ■ 0 . 1 4 6 2  ■ 2 0 . 0 3

B i v e c t  e s t i m a t i o n s  of  c h l o r i n e  i n  t h e  a d d i t i v e  compound gave

r e s u l t s  whi ch were v a r i a b l e  b u t  a l ways  h i g h e r  t h a n  t h e  p o s s i b l e  

v a l u e .  On t he  o t h e r  hand,  e s t i m a t i o n s  of  Cl  made a f t e r  decompos ­

i t i o n  of t he  compound were a l ways  l ower  t h a n  t h e  v a l u e  r e q u i r e d  

t o  s a t i s f y  t h e  chromium c o n t e n t .

A f t e r  a l l  t he  amount  of t h e  r e a g e n t  a c t u a l l y  a b s o r b e d  i n  t h e  

r e a c t i o n  i s  s u f f i c i e n t  p r o o f  of  t h e  g e n e r a l  c o n s t i t u t i o n  of  t he  

a d d i t i v e  compound.  T h i s  was found t o  a g r e e  a l m o s t  e x a c t l y  w i t h  

t he  amount  r e q u i r e d  t o  g i v e  C i BHf4 . 2CrOaC l 8 .

lOgms . Cedf ene  a b s o r b e d  15* 4g:. Cr 02C 12 l e a v i n g  3 ' 0  g °  i n  t h e  

s o l v e n t .  lOgms.  Ci»H*<4 r e q u i r e  1 5 t o g i v e  Ct f Hfi4 . 2Cr 0 2C 12 .
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Decompos i t i on ,  o f  t he  A d d i t i u e  Compound , and E x a m i n a t i o n  

o ^ t h e ^ O x i d a t i o n  t Pnoduc t .

The s l u d g e ,  c o n s i s t i n g  of  addi t i ve  compound and 

s o l v e n t ,  can  be decomposed d i r e c t l y ,  b u t  owing t o  t he  

f o r m a t i o n  of  c l o t s  ( by r e a s o n  of  t h e  i m m i s c i o l e  n a t u r e  

of C014 and w i t e r  ) ,  w i t h  t h e  c o n s e q u e n t  uneven d i s t r i b ­

u t i o n  of  t he  compound,  i t  was f ound i n a d v i s a b l e  on a c c o u n t  

of  t h e  l o c a l  h e a t i n g  whi ch r e s u l t e d .  The compound was t h e r e *1 

f o r e  ” d r i e d " i n  a vacuum d e s i c c a t o r  o ve r  s u l p h u r i c  a c i d  

u n t i l  i t  c o u l d  be powdered?  i t  was t h e n  added g r a d u a l l y  

t o  a l a r g e  b u l k  of  i c e - w a t e r ,  t h r o u g h  whi ch a c u r r e n t  of 

s u l p h u r  d i o x i d e  was p a s s e d  a t  such a r a t e  as  t o  m a i n t a i n  

a s l i g h t  s me l l  of  t h e  g a s .  9y t h i s  means c h r o mi c  a c i d  was 

r e duc e d  as  f a e t  as i t  was f o r m e d .  A f t e r  s t a n d i n g  f o r  2 days  

t h e  o x i d a t i o n  p r o d u c t  was e x t r a c t e d  w i t h  e t h e r .  Ch l o r o f o r m,  

p e t r o l e u m  e t h e r  and c a r b o n  t e t r a c h l o r i d e  were a l s o  used 

bu t  no a d v a n t a g e  was o b t a i n e d .

On r emovi ng  t he  e t h e r  a v i s c o u s ,  y e l l o w o i l  was o b t a i n e d  

whi ch was d i s t i l l e d  i n  s t e a m,  y i e l d i n g  a c l e a r  yel lows o i l ,  

and l e a v i n g  a t h i c k  t « r y  r e s i d u e  c o n t a i n i n g  some chromium.
m

The a i l ,  however ,  d i s t i l s  v e r y  s l o w l y  i n  s t e a m,  so s l o w l y ,  

i n  f a c t ,  t h a t  even  when s a l t  i s  added t o  r a i s e  t h e  b o i l i n g  

p o i n t  and t he  d i s t i l l i n g  f l a s k  k e p t  a t  b o i l i n g  p o i n t  i n  an 

o i l  b a t h ,  t h e  d i s t i l l a t i o n  r e q u i r e d  a b o u t  24 h o u r s .  Th i s
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n a t u r a l l y  e n t a i l s  a c o n s i d e r a b l e  l o s s ,  as  much of  t h e  p r o d u c t

r e s i n i f i e s  i n  t h e  p r o c e s s .  D i s t i l l a t i o n  a t  a pg f l c s s ur e  o f  

1 - 2  mm. d i d  n o t  p r o v e  a n y  mo r e  s a t i s f a c t o r y .  Thee o i l  had a 

h ®a v y  s m e l l  s u g g e s t i v e  o f ’ a n  a l d e h y d e  o r  k e t o n e ,  b u t  t r e a t ­

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

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

a n a l y s i s  o f  t h e  o i l  g a v e  t h e  f o l l o w i n g  r e s u l t s  : -

fft  o f  o i l  _  5 4  g »

Wt o f  Hg<0 ______________0 . 1 82 9 « -  75 . 9 0 *  r*

Wt • o f  CO* _______________ 0 . s T t «  *  -  1 4 . 1 4 *  H.

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

wt *  o f  O i l  0 . 3 4 4 1  g B .

Wt . o f  Ag C ® " * 3 *8 8< 2 1 .

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

Wt .  o f  O i l ( 1 3 6 - 1 4 5 * ^  1 ■ ■ • )  0 . 4 5 0 0  ? ■ .

Wt_. o f  Age  1__     —  0 . 0 5 7 2  " -  4 . 1 8 *  2 1 .

At t e mpt s  t o  make a s e mi c a r b a z o n e  a t  t h i s  s t a g e  were q u i t e  

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

An e f f o r t  wa s  now made  t o  r e mo v w t h e  c h l o r i n e  f r o m  t h e  c o m ­

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

a p u r e  p r o d u c t  c o u l d  b e  d i s t i l l e d .  I f  H21 ha d  b e e n  a d d e d  a t  

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

e x p e c t e d  f r o m  t h e  c h l o r i n a t e d  p o r t i o n .  The  o i l  wa s  t r e a t e d



w i t h  z i n c  d u s t  i n  a l c o h o l i c  s o l u t i o n  f o r  6 - 8  weeks .  Dur i ng  

t h i s  p e r i o d  t h e  s o l i d  ( z i n c  and z i n c  c h l o r i d e )  was f i l t e r e d  

o f f  f rom t i me  t o  t i me ,  f r e s h  z i n c  added t o  t he  a l c o h o l i c

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

on 1 0 0  gms.  o x i d a t i o n  p r o d u c t  t h e  e x t r a c t i o n  p r o c e e d e d  as 

f  o l l o w s : -

Af t f t r  t r a a t m w n t  w i t h  s i  no f o r  1 d a y  « x t r a o t « d  . 7g  a

" " a f u r t h e r  4 d a y *  « 1 . 4

" ■ " 6 "  " 1 . 7
<*)

* ■ * 1 4  " « . 3

■ " " 7 w * * ks  " .  l
/  /  /  •

4 • 2 g a . C 1

£ ( * )  a l l o w e d  t o  s t a n d  p » » r  r a o a t i o n  1

An e s t i m a t i o n  of  c h l o r i n e  i n  t h e  o i l  r e c o v e r e d  f rom t he  above  

t r e a t m e n t  gave  t h e  f o l l o w i n g : -

Wt . o f  O i l ______ 0 . 8 8 9 6  g a .

wt  . o f  A g C l ______ 0 . 0 0 9 3  g a .  -  •

f h #  o i l  f rom t h e  z i n c - a l c o h o l  t r e a t m e n t  was d i s t i l l e d  unde r  

r e d u c e d  p r e s s u r e ,  the< l a r g e s t  f r a c t i o n  d i s t i l l i n g  a b o u t  1 2 0 ° /  

0*8 mm..  I t  was a c l e a r ,  p a l e  y e l l o w o i l .

P r e s s u r e !  o f  o t h e r  work i n t e r r u p t e d  t h i s  work,  and when i t  

was resumed t he  o i l  had da r ke ned  a l i t t l e .  For  t he  p u r p o s e  of  

r emovi ng  any r e s i n o u s  a c i d  whi ch  mi ght  have bee n  p r oduce d  i n



t h e  i n t e r v a l ,  t h e  o i l  was t r e a t e d  wi$h a d i l u t e  s o l u t i i o n  

of  p o t a s h  i n  me t hy l  a l c o h o l .  Th i s  t r e a t m e n t  c a u s e d  c on ­

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

i n  s t e a m and t h e n  in  v a c u o .  A f t e r  s e v e r a l  d i s t i l l a t i o n s  

t h e  main f r a c t i o n  b o i l e d  a t  93° /  0*15 mm., n*®° « 1*546?; .  

The r e s u l t s  of  a n a l y s i s  were as  f o l l o w s : -

( i )
w t . o f o i l 9 . 2 5  9 6 2 >.

w t . o f H? 0 0 .  2 4  72 g * * ____ « 1 0 . 6 5 * H

w t . o f CO*< 0 . 7 7 0 4 g * • _____ -  8 0 .  9 8 * r»̂ #

Wt . of o i l ^ __ , . 0 . 2 4 4 9 g

w t . o f H j 'O _____ 0 . 2 8 1 8 g ■ . ____<_ -  1 0 . 5  6* H.

wt . o f CO} _____ 0 .  72  7 6 g • __ ___  -  8 1 . © 2 * C.

Mean of  R e s u l t s   ft = 10*60 i

C = 80*97 i*

P r e p a r a t  i o n _ q f _ S e m ± c a r b a z g n e .

2 t o  5 f ms .  of  t h e  o i l  were added t o  an a l c o h o l i c  s o l u t i o n  

of  s e m i c a r b a z i d e  a c e t a t e  ( 2 m o l s . )  p r e p a r e d  as  f o l l o w s  

s e m i c a r b a z i d e  h y d r o c h l o r i d e  was: d i s s o l v e d  i n  t h e  minimum of  

w a t e r ,  and t o  i t  added an a l c o h o l i c  s o l u t i o n  of  p o t a s s i u m  

a c e t a f e  i n  s l i g h t  e x c e s s .  The p o t a s s i u m  c h l o r i d e  whi ch 

s e p a r a t e d ,  was f i l t e r e d :  o f f  and t h e  f i l t r a t e  used f o r  ■



f o r  p r e p a r i n g  t h e  s e m i c a r b a z o n e .  As r e p e a t e d  a t t e m p t s

f a i l e d  t o  g i v e  any e v i d e n c e  of  a c r y s t a l l i n e  p r oduc t ,  t he  

s o l u t i o n  was a l l o we d  t c  s t a n d  f o r  3 t o  4 we e k s .  Dur i ng  

t h i s  t i me  a s o l i d  s e p a r a t e d  o u t .  Al c oho l  was renewed as  

i t  e v a p o r a t e d .  The s o l i d  was f i l t e r e d  o f f  and t h o r o u g h l y  

t r e a t e d  w i t h  a l c o h o l  i n  which i t  was i n s o l u b l e .  I t  c r y s t a l l ­

i s e d  f rom hot  w a t e r  i n  f l a k e s  and i n  c u b e s ,  a c c o r d i n g  t o  

c o n d i t i o n s ,  m. p .  26 0 * .  A n a l y s i s  gave

Wt . o f  s o l i d  . . , . 1 . .  . 0 . 0 4 1 3  g * •

V o l .  o f  n i t r o g e n  * t  1 5 . 5 ° ,  7 5 1 . 7  ■ ■ .  ■ 1 7 . 5  o o .

* 4 9 . 5 5  * N.

T h i s  s o l i d  i s  s  p r o d u o f r  o f  p o 1 j b a  r i  s s  t  i  o n o f  s o * i o  s  r b s  s  i d  *  •

Al l  e f f o r t s  t o  o b t a i n  a c r y s t a l l i n e  s u b s t a n c e  f rom t h e  

a l c o h o l i c  s o l u t i o n  f a i l e d .  The o i l  whi ch  i t  c o n t a i n e d  was 

d i s t i l l e d  i n  s t e a m bu t  y i e l d e d  no d i s t i l l a t e .  As t h e  o r i g i n a l  

o i l  was d - i s t i l l a b l e  i n  s t ea m,  i t  f o l l o w s  t h a t  i t  has  u n d e r l  

gone some c o mp l e t e  c h a n g e .  The r e s i d u e  i n  t h e  d i s t i l l i n g  

f l a s k ,  a l t h o u g h  o i l y  d u r i n g  t he  d i s t i l l a t i o n  s o l i d i f i e d  t o  

a y e l l o w mass when c o l d .  I t  was v e r y  r e r a d i l y  s o l u b l e  i n  

a l l  s o l v e n t s  e x c e p t  w a t e r .  As b e f o r e ,  a l l  a t t e m p t s  t o  c r y s t a l l ­

i s e  i t  f a i l e d !  An e s t i m a t i o n  shewed t h a t  t h e  c r u d e  m a t e r i a l  

c o n t a i n e d  13 * N. T h i s  was s t r o n g l y  s u g g e s t i v e  of  a s emi ­

c a r b a z o n e ,  and as  c r y s t a l l i s a t i o n  had f a i l e d  i t  was p u r i f i e d
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by p r o j e c t i n g  t he  a l c o h o l i c  s o l u t i o n  i n t o  d i s t i l l e d  wa t e r  

w i t h  c o n s t a n t  a g i t a t i o n .  By t h i s  method t h e  compound was 

p r e c i p i t a t e d  as a w h i t e  f l a k y  powder ;  any  r e e i n  c o a g u l a t e d  

a t  t he  s u r f a c e  as  a s t i c k y  l a y e r  and a d h e r e d  t o  t he  s i d e s  of  

t h e  ver sse l ;  any  s e m i c a r b a z i d e  r ema i ned  i n  s o l u t i o n .  The 

p r o c e s s  was r e p e a t e d  u n t i l  no r e s i n o u s  scum s e p a r a t e d .

Ob t a i n e d  i n  t h i s  way t h e  compound was a w h i t e  amorphous  

s o l i d  which c o u l d  be d r i e d  i n  a vacuum d e s i c c a t o r .  I f  p l a c e d  

i n  a s t eam oven i t  me l t e d  a t  a t e m p e r a t u r e  below 1 0 0 ° t c  a 

c l e a r  mobi l e  l i q u i d ,  b u t  a t  1 0 0 ° i t  soon  began  t o  d a r k e n  i n  

c o l o u r .  On c o o l i n g  i t  s e t  t o  a hard v i t r e o u s  s o l i d .

As s e m i c a r b a z o n e s  may combi ne w i t h  a l c o h o l ,  whi ch  can  

he removed a t  100°  [ J . C . S . ,  1909,  95,  T . 9 6 9  ] ,  a we i ghed  

q u a n t i t y  was d r i e d  a t  1 0 0 ° f o r  2 h o u r s .

Wt . o f  o o n p o u n d .  . .  . .  . 0 .  1 6 4 6  £ | .

Wt .  » f t « r  d r j r i n g  f o r  2 h o u r *  a t  1 0 0 °  . . . . 0 . 1 6 2 1  g i ,

L o s s  i n  wt  . 0 . 0 0 2 5  g n .  . . . *  1 . 8  £

The l o s s  mi ght  be e n t i r e l y  e x p l a i n e d  by t h e  d e c o m p o s i t i o n  wh i c h  

t o o k  p l a c e  d u r i n g  h e a t i n g .

A n a l y s t s  g a v e  t h e  f o l l o w i n g  r e s u l t s : -

( l )  1 a t  • P r e p a r a t i o n .

Wt • o f  o o n p  o u n d  . . . . . .  0 .  1 8  6 6  g a .

V o l .  Of n i t r o g e n  a t  2 1 ° ,  7 4 8 .  9 am.  . 1 7 . 3  o o .

* 1 4 . 4 9  % N.



( 2 )  P u r i f i e d .
Wt . o f  o o a p o u n d   0 . 3 1 8 1  g a .

V o l ;  o f  n i t r o g e n  a t  2 2 °  , 7 6 4 . 1 5  a a . »  3 9 . 5  o o .

-  1 4 . 4 0 * .

( § )  l o t .  P r e p a r a t i o n
Wt . o f  o o a p o u n d  . . . . .  0 . 1 9 1 4  g a .

Wt . o f  H * 0 ..................... . . . . . L .  0 . 1 6 8 0  g a ................................................ « 9 . 8 2  * H

Wt .  o f  C 0 S . 4 9 4 8  g a ................................................ - 7 0 .  7 3  * £

( 4 )  P u r i f i e d .

Wt . o f  o o n p o u n d . . . . . .  , 0 . 0 7 7 2  g a .

Wt o f  H2 0 ". V. . ..................j_.3~ & . 0 7 3 # g a ................................................ » 1 0 . 6 5  *H

Wt . o f  C 0 2 . .  ................... j . 1 9 9 4  g a ..................................... « 7 0 . 4  6

Mean r e s u l t s  C,  70*59 * ,  H, 10*23 *,  N, 14*44 *.  

f h t  g e l i d  was decomposed w i t h  o x a l i c  a c i d ,  and d i s t i l l e d  in 

s t e a m.  I t  y i e l d e d  an o i l  whi ch  on a n a l y s i s  gave t h e  f o l l o w i n g  

r e s u l t s

Wt . o f  o i l   .................. 0 . 1 6 0 2  g a .

Wt . o f  H2 0................................... 0 .  1 5 5  7 g a ..................................... -  1 0 . 8 7 *  H.

Wt . o f  C 0 2 ............................. 0 . 4  6 9 5  g a .   ............ ..  - - 7 9 .  9 5 *  C.

With h y d r o x ^ l a mi n e  an o i l  was o b t a i n e d  whi ch  b o i l e d  140° - 15O°  

0 * 2  mra.

D i l u t e  n i t r i c  a c i d  had no r e a c t i o n  on t he  o x i d a t i o n  p r o d u c t .

SB * a c i d  gave a p r o d u c t  , whi ch a f t e r  t r e a t m e n t  w i t h  ammonia,  

gave a f l o c c u l e n t  s i l v e r  s a l t . . A n a l y s i s  showed t h i s  t o  be t h e
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s a l t  o f  a r e s i n  a c i d . .

The a c t i o n  of  b r omi ne  i s  somewhat  s i m i l a r  t o  i t s  a c t i o n  

on C e d r e n e .  The r e  i s  e v i d e n c e  of  u n s a t u r a t i o n  bu t  t h e  r e ­

a c t i o n  s lows  down t o  s uch  an e x t e n t  t h a t  i t  i s  i m p o s s i b l e  t o  

j u d g e  t he  end p o i n t .  The r e t a r d a t i o n  b e g i n s  a f t e r  t he  f i r s t  

cc . fias been  a d d e d .  ( ab o u t  30 c c . b e i n g  r e q u i r e d  f o r  one 

u n s a t u r a t i o n  ) .

The m o l e c u l a r  w e i g h t  of  t he  o x i d a t i o n  p r o d u c t  was f o u n d .

Wt . o f  b n n B o n o  ................ 2 2 . 9 5  g m.

Wt . o f  c o m p o u n d  . . . . .  0 . 1 5 6 4  g m.

D ^ p r A i i i o n  i n  f r A A z i n g  p o i n t  * 0 . 1 5 5 ? .

W t . o f  b A n s o n e  • • • • • 2 2 . 6 6  g m.

Wt . o f  c o m p o u n d  . . . .  0 .  2 8 6 8  g m.

D « p r » i a  i o n  i n  f r e e z i n g  p o i n t  . . .  0 .  2 9 0 ° .

In c a l c u l a t i n g  t h e  m o l e c u l a r  we i g h t  f rom t h e  f o r mu l a  Mt ^ * w
d x w

t he  v a l u e  of  k must  be d e t e r m i n r d  f o r  a s u i t a b l e  s u b s t a n c e .

The most  s u i t a b l e  s u b s t a n c e  i n  t h i s  c a s e  was Ce d r e n e .

Wt . o f  b A n » A n A _ __________________ 8 1 . 4 1  g m.  _________ 8 1 . 2 8  g m.

Wt .  o f  C a  d r a  n a ___________. 14 8 8 g m.  _____  . 8 5  64 g m.

L ow a  r i  mg o f  f t a a *  i n g  P o i n t . » 0 . 1 1 5 °  _________ 0 . 2 8 5  °

k * 5 1 2 9  k » 5 1 0 7



Using t h e  mean v a l u e  f o r  k,  5118,  t h e  v a l u e s  f o r  t he  

m o l e c u l a r  we i g h t  arec.

225,  and M = 2 23*5 .

A mi c r o  e s t i m a t i o n  i n  camphor  by J .WoodDurn i n  t h i s  l a b o r a t o r y  

gave t h e  v a l u e  2 2 3 .

$ h e r e  i s  t h e r e f o r e  no d o u b t  t h a t  t he  s u b s t a n c e  has a f o r mu l a  

o f  t h e  o r d e r  C i 5 H*40 .



( 4 )  The A c t i G n  of  o t h e r  Re a g e n t s  on Ce d r e ne



Lift

I n v e s t  i j a t  i on o f  a Pr o d u c t  o b t a i ned in t h e  OxicLat i on  o£

Ced r ene  w i t h  Per  h y d r o I .____

O x i d a t i o n  of  Cedr ene  w i t h  p e e h y d r o l  gave ,  i n  a d d i t i o n

t o  a s m a l l  y i e l d  of  g l y c o l , a  n e u t r a l  p r o d u c t  ( s ee  p, 17. ) . 

M e t h y l a t i o n  of  t h i s  p r o d u c t  w i t h  d i m e t h y l  s u l p h a t e  was 

c a r r i e d  ou t  as  f o l l o w s :  [ Tambor ,  3 e r , , 1 9 1 0 ,  43,  1882 ;

Me l d o l a ,  J . C . 3 . ,  1910,  26 * P . 232 ; K a r r e r  and Lang,  He l .

Chera. A c t . ,  1921,  4 , 249] .

(1 ) g gms . of  t h e  n e u t r a l  p r o d u c t  were  d i s s o l v e d  i n  35 gms.  

o f  benz ene  and r e f l u x e d  wi t h  sodium u n t i l  t h e  r e a c t i o n  was 

c o m p l e t e .  Exces s  o f  d i m e t h y l  s u l p h a t e  was «dded a l o n g  w i t h  

sodium b i c a r b o n a t e  ( t o  n e u t r a l i s e  any  s u l p h u r i c  a c i d  formed 

i n  t h e  c o u r s e  of  t h e  r e a c t i o n  ) .  When t h e  r e a c t i o n  was c o m p l e t e  

t h e  e x c e s s  of  d i m e t h y l  s u l p h a t e  vas  d r i v e n  o f f ,  t he  p r o d u c t  

e x t r a c t e d  w i t h  e t h e r ,  d r i e d  and d i s t i l l e d  i n  va cuo  over  8 a ( 0 fi) 2 

Th i s  l a s t  i s  n e c e s s a r y  as  a l i t t l e  d i m e t h y l  s u l p h a t e  r e ma i n s  

i n  t h e  p r o d u c t  , and decompos i ng  as  d i s t i l l a t i o n  p r o c e e d s  

g i v e s  r i s e  t o  f r e e  s u l p h u r i c  a c i d .  3y r e a s o n  of  t h i s  t h e  

p r o d u c t  f i r s t  becomes  d a r k  p u r p l e  and f i n a l l y  c h a r s  c o m p l e t e l y .  

Wi t h  t h e  a l k a l i  p r e s e n t  t h e r e  i s  not  even  d a r k e n i n g  i n  c o l o u r .  

D i s t i l l a t i o n  gavd an o i l  b . p .  1 2 0 ° - 1 5 0 °  /  10mm. A f t e r  s e v e r a l  

d i s t i l l a t i o n s  o v e r  two d i s t i n c t  f r a c t i o n s  wer *  s e p a r ­

a t e d ,  b o i l i n g  a t  141° /10mm.  and 143° / l 0mm.  r e s p e c t i v e l y .



( 2 )  10 gras,  of  t h e  n e u t r a l  p r o d u c t  were  d i s s o l v e d  in  me t hy l

a l c o h o l  c o n t a i n i n g  50 gms.  sodium h y d r o x i d e .  To t h i s  was added 

20 gras,  d i m e t h y l  s u l p h a t e  : a t r a g  of  a l k a l i  was used t o  

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

a i r .  When t h e  r e a c t i o n  had s u b s i d e d  t he  t e m p e r a t u r e  of  t he  

b a t h  was r a i s e d  t o  a b o u t  6 0 ° .  More d i m e t h y l  s u l p h a t e  wed 

a l k a l i  were  added  o c c a s i o n a l l y ; ,  and t he  whole  f i n a l l y  hea t e d  

f o r  s e v e r a l  days  on an a l mo s t  b o i l i n g  w a t e r  b a t h  t o  e n s u r e  

t h e  d e c o m p o s i t i o n  of  t h e  e x c e s s  of  d i m e t h y l  s u l p h a t e .  Water  

was a i d e d  and t h e  o i l  e x t r a c t e d  wi t h  e t h e r  and d i s t i l l e d  as  

a b o v e .  Th i s  method gave a good y i e l d .

141•  F r a c t io n .
<Wt . o f  O i l  0 . 2 1 2 5  g® 3

W t  1 o f  HfiO 0 . 2 1 7 1  g m c ____________________ i ' l l . 4 3  t  H

Wt . o f  COj  0 . 6 4 4 3  g m. __________________ -  8 2 .  6 9  * C

W t . o f  O i l  0 . 2 2 1 3  g ® .

Wt . o f  H2 0 0 .  2 2 3 1  g « . ___ __________________ ■ 1 1 . 2 8  < H

Wt o f  CO 0 .  6 6 7 0  g ® .  _  _ 8 2  . 2 0  < C2 —  —  —  —  “

Mean R e s u l t s  H * 11*3 0 {

C = 82*4 * |



' i u

143^ f r a c t i o n .

( 1 )
W t . o f  O i l  0 . 2 2 6 9  g » .

■ t .  o f  « • «  0 . 8 1 9 8  a m .  ____________ 1 0 . 8 9  „ H

W t .  o f  CO,'  0 . 8 6 7 4  a m . ------------------   80>S7 f  0

( 2 )
Wt . o f  O i l  0 . 2 2 4  6 g m ,

W t .  o f  H, 0  0 . 8 1 9 3  g . . ---------------------------------------  1 0 > M  t  H

Wt .  o f  0 0 ,  0 .  6 6 5 9  a m .  i     80. es * <,

Mean R e s u l t s  H =• 10*90 * .

C * 80*70 * .



Mo t i o n  o f  S u l p h u r i c  A c i d on C e d r e n e .

Fo l l o wi n g  B e r t r a m ’s method ( Wa l l a c h ,  Ann. ,  1892,  2?1,  288 )

\ *  •  r  T i 3 < s  °20 gms.  Ce dr e ne  b . p .  120°  /  10 mm, np 1 . 5923 ; [a J D

were d i s s o l v e d  i n  800 gms.  of  g l a c i a l  a c e t i e  a c i d  t o  whi ch

wer e  added 16 gms.  H2S04 i n  32 gms.  H20 ,  Th i s  mi x t u r e  was h e a t e d

on a t a t e r  h a t h  f o r  t h r e e  da ys  w i t h  r e f l u x  c o n d e n s e r .  On

t h e  a d d i t i o n  of  t h e  s u l p h u r i c  a c i d  t h e  s o l u t i o n  soon became

p i n k ,  g r a d u a l l y  d a r k e n i n g  t o  p u r p l e  and f i n a l l y  becoming

a l mo s t  b l a c k .

A f t e r  t h e  t i me  s t a t d d  18 gms.  Na2C03 were added t o  n e u t ­

r a l i s e  t he  solphj &r i c  a c i d ,  and t h e  b u l k  of  t h e  a c e t i c  a c i d  

d i s t i l l e d  o f f  a t  20°  unde r  r e d u c e d  p r e s s u r e .  The r e s i d u e  

was n e u t r a l i s e d  w i t h  Na2C0j, and d i s t i l l e d  i n  s t e a m .  On r e ­

d i s t i l l i n g  t he  o i l y  p r o d u c t ,  i t  was found t o  d i s t i l  e n t i r e l y  

below 120°  /  10mm. A b l a c k  r e s i n o u s  r e s i d u e  was l e f t  i n  t he  

f l a s k .  No h y d r a t i o n  had t a k e n  p l a c e .

Fo l l o wi n g  t h e  method of  h y d r a t i o n  d e s c r i b e d  by As a h i n a  

and Tsukamot o [ J .  Pharm,  3oc . J a p a n  1922 ,  463 ] r 20 cc .

Cedr ene  b . p .  1 2 0 ° /  10mm.. were  d i s s o l v e d  i n  16 c c .  e t h e r ,  

c o o l e d  i n  a f r e e z i n g  mi x t u r e  and 6 c c . H2S04 .H20 added s l o w l y .  

The m i x t u r e  was l e f t  f o r  3 days  a t  room t e m p e r a t u r e ,  and 

t r e a t e d  as  b e f o r e .  About  50 # y i e l d  of  an o i l  was o b t a i n e d  

b . p .  1 1 0 ° - 1 2 0 °  /  10 mm. More d i s t i l l e d  b e t wee n  1 1 0 ° - 1 1 5 °  

t h a n  i n  t he  p r e v i o u s  e x p e r i m e n t .
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The p o s s i b i l i t y  of  a p r o d u c t  b e i n g  v o l a t i l e  i n  a c e t i c  a c i d  

was r e a l i s e d ,  b u t  on n e u t r a l i s i n g  t he  a c e t i c  a c i d  d i s t i l l a t e  

and e x t r a c t i n g  w i t h  e h h e r  o n l y  t he  M e r e s t  t r a c e  of  o i l  was 

o b t a i n e d .

A f r e s h  sampl e  of  Cedr ene  was p r e p a r e d  b . p .  122' °-123* /  10mm. 

The m i x t u r e  o f  g l a c i a l  a c e t i c  a c i d  and s u l p h u r i c  a c i d  was 

made up as  d e s c r i b e d  i n  t h e  f i r s t  e x p e r i m e n t ,  b u t  as  much 

Ce dr ene  w:as added as  t h e  m i x t u r e  would d i s s o l v e  ( 40 c c . ) .

T h i s  was ke p t  a t  5 0 ° - 6 0 °  f o r  3 weeks ,  a f t e r  whi ch  t h e  o i l  was 

wa t e r e d  o u t .  On d i s t i l l a t i o n  t h i s  o i l  gave a b o u t  30 c c .  of  

an a l m o s t  c o l o u r l e s s  o i l  b , p ,  1 2 0 ° - 1 2 5 0/  10 mm. The a c e t i c  

a c i d  l a y e r  was n e u t r a l i s e d  and s t ea m d i s t i l l e d  b u t  y i e l d e d  

o n l y  ab o u t  1 / 2  c c . o f  an o i l  b . p .  a b c u t  122° / l 0mro.  The r e ­

ma i nde r  d i composed  above 4 6 0 ° .

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

a c i d ,  t h e  same c h a n g e s  of  c o l o u r  e t c .  were o b s e r v e d  as  b e f o r e .

Ano t he r  e x p e r i m e n t  was c a r r i e d  w i t h  a much s t r o n g e r  

s o l u t i o n  of  s u l p h u r i c  a c i d .  50 c c . Ce d r e n e  , b . p .  129° - 13 . 10/
,  2  3 * €  .  I S  2  S * S  1 610mm. ; d 15o . 9322  ; a 15o.  939i  ; nD 1 . 4 9 9 5  ; nD 1 . 5 0 4 2

1 '9*4
[a]  - 6 0 . 3 4 ° , were  d i s s o l v e d  i n  250 c.c.. g l a c i a l  a c e t i c

a c i d  and t o  t h i ® added  50 c c .  H2S04 .H*0.  The a d d i t i o n  of  

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

no f u r t h e r  h e a t i n g  was empl oyed .  The m i x t u r e  t u r n e d  a d a r k  

p u r p l e  a l m o s t  a t  o nce ,  and a q u a n t i t y  o f  Cedr e ne  was t h rown 

ou t  of  golut iotV* §he  mi x t u r e  was s h a ke n  m e c h a n i c a l l y  ^ or



6 h o u r s ,  t h e  o i l y  l a y e r  s e p a r a t e d  ( 2 0 c c . )  and d i s t i l l e d .
i •

I t  had no smedil of  Cedr ene  b . p .  130°  /  17 rum. d 15 0 . 9 5 4 3

n * *  1 . 5 0 0 0  ;  n £ 5  1  . 5 9 2 6  ;  0 ] H g * « 8 . 8 °

ffrS s i g n i f i c a n c e  ©f t h e s e  r e s u l t s  has been  d e a l t  w i t h  

i n  an e a r l i e r  s e c t i o n  of  t h e  t h e s i s .

The p u r p l e  c o l o u r  o f  t he  a c e t i c  a c i d  s o l u t i o n  i s  

i m m e d i a t e l y  d e s t r o y e d  by w a t e r ,  b u t  not  by e t h e r ,  i n  whi ch 

t he  compound i s  i n s o l u b l e .  I n c i d e n t a l l y  i t  may be no t ed  t h a t  

t h e r e  i s  p r a c t i c a l l y  no r e a c t i o n  be t we en  a n h y d r o u s  a c e t i c  

a c i d  and c a u s t i c  a l k a l i ,  f o r  ha v i ng  n e u t r a l i s e d  t h e  s u l p h u r i c  

a c i d ,  t h e  c a u s t i c  a l k a l i  r e ma i n s  a t  t he  bo t t o m of  t h e  f l a s k  

u n a t t a c k e d ,  e x c e p t  as  t h e  s o l u t i o n  a b s o r b s  m o i s t u r e  f rom t he



P a r t  I I

The A c t i o n  of  Hydr ogen P e r o x i d e  on L i mo n e n e.
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The A ct io n  of  Hjrdrogen Peroxide  on Limonene.

T&e Hydr o c a r b on^ d -Li monene  i s  one of  t h e  most  wi d e l y

d i s t r i b u t e d  h y d r o c a r b o n s  of  t he  Te r pene  g r o u p ,  and was e a r l y  

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

known as t he  e s s e n t i a l  o i l s .  As e a r l y  as  1891,  Wa l l a c h  r e p o r t e d  

i t s  p r e s e n c e  i n  t h e  o i l s  o b t a i n e d  f rom c e r t a i n  members of  t he  

AUrent ac  iae , i n  t he  o i i s  of  or ange  p e e l ,  l emon,  b e r g a mo t ,  cummin,  

d i l l ,  f i r  n e e d l e s  and E r i i e r o n  c a n a d e n s e .  S i n c e  t h e n  i t  has a l s o  

been  found i n  t he  o i l s  of  ma n d a r i n ,  n e r o l i ,  p e t i t g r a i n ,  g i n g e r -  

g r a s s ,  buchu l e a v e s ,  c a r a w a y ,  c e l e r y ,  and f rom t h e  o i l s  f rom 

Mani la e l e m i ,  Macedonian f e n n e l , G a l l i t r i s  f l a u a a , Mondara p u n c t a t a ,  

and i n  t he  f r u i t s  of  P i t t o s p o r u m  u n d u l a t u m .

Like many of i t s  a s s o c i a t e s ,  i t  was r e -named on s e v e r a l  

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

demanded.  So i t  happens  t h a t  i n f o r m a t i o n  on t he  c h e m i s t r y  of  

Limonene has f i r s t  t o  be s o u g h t  as a member of  t h e  O i t r e n e  g r o u p ,  

t he  e a r l i e s t  r e f e r e n c e  b e i n g  male by Say Lus s ac  and L a r i v i e r e ,

Comp.  Rend.  1841,  12 , 185)  and by H l a s e w e i t z  ( Z e i t .  f ,  Chera [ 2 1 ,

4,  380 ) .  ?y o t h e r s  t he  name Oarvene  was us ed ,  showi ng i t s  c o n n e c t i o n  

w i t h  Oleum Ca r u i ,  and t he  name s t i l l  p e r s i s t s  f o r  c e r t a i n  impure 

v a r i e t i e s ,  ( S c h w e i z e r ,  J o u r .  f .  p r a k t .  Chem.  1 841,  24,  257 ) .

As t he  f e l a t i o n s h i p  of  l i monene  t o  t e r p i n e c l  and d i p e n t e n e  came 

t o  be u n d e r s t o o d  i t  r e c e i v e d  such  names as  T£ r - p i l e n e  and T e r p e n ^ l e n e  

b u t  t h e s e  v e r y  soon  gave p l a c e  t o  t he  names wh i c h  t he  e l u c i d a t i o n
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of  t h e s e  r e l a t i o n s h i p s  have now p e r m a n e n t l y  f i x e d .

Always c l o s e l y  a s s o c i a t e d  w i t h  t he  l i mo n e n e s  was t he  h ydr o ­

c a r b o n  wh i c h  B o u c h a r a t  c a l l e d  D i p e n t i n e  ( Comp.  R e n d . ,  1878 ,  5 7 , 8 5 4  : 

1880 , 89,  381 ) f rom t h e  f a c t  t h a t ,  on h e a t i n g  v a r i o u s  e s s e n t i a l  

o i l s ,  he o b t a i n e d  a p e n t a n e  i d e n t i c a l  w i t h  i s o p r e n e .  He f u r t h e r  

f ound t h a t  t h e  change  c o u l d  be r e v e r s e d ,  and t h a t ,  by t he  a p p l i c a t i o n  

of  h e a t ,  two mo l e c u l e s  of  i s o p r e n e  u n i t e d  t o  g i v e  a h y d r o c a r b o n  

C i o H i , whi ch  he t h e r e f o r e  c a l l e d  D i - p e n t i n e .  Fo l l owi ng  up t h i s  

work ,  T i l d e n  showed ( Chem.  News,  1882,  45,  121 : J . C . 3 . , 1 8 8 4 ,  45,

4 1 7  ) t h a t  t h i s  d i p e n t i n e  was i d e n t i c a l  w i t h  t h e  o p t i c a l l y  i n a c t i v e  

t e r p i l e n e  i n t o  whi ch  s e v e r a l  of  t he  t e r p e n e s  and c i t r e n e s  were 

c o n v e r t i b l e  .

Dur i ng  t he  ne x t  d e c a d e  p r o g r e s s  was a m a z i n g l y  r a p i d .  In 1886 

Wa l l a c h  p u b l i s h e d  h i s  t h i r d  p a p e r  *Bur K e n n t n i s s  d e r  Te r pene  und 

d e r  a t h e r s c h e n  Q e l e ”( Ann . ,  1885,  230,  2 2 5 ) ,  wh i ch  d e f i n e d  t he  

T e r p e n e s  a s  a g r oup  whose i n d i v i d u a l  members wer e  a l r e a d y  p a r t l y  

r e c o g n i s e d ,  and t h e r e a f t e r  e v e r y  y e a r  added new l i g h t  on t h e  

r e l a t i o n s h i p s  be t we en  t he  d i f f e r e n t  h y d r o c a r b o n s  and t h e i r  d e r i v ­

a t i v e s .  From t he  p o i n t  of  bi ew of  t h e  p r e s e n t  work t h e  above  p a p e r  

i s  i n t e r e s t i n g  f o r  i t s  e x p l a n a t i o n  of  t he  r e l a t i o n s h i p  b e t we e n  t h e  

i n a c t i v e  d i p e n t e n e  and t h e  a l r e a d y  w e l l  known t e r p i n e o l ,  and f o r  

t h e  c h a r a c t e r i s a t i o n  of  t e r p i n  h y d r a t e  and i t s  r e l a t i o n s h i p  t o  

t h e s e  two s u b s t a n c e s  —  t h e  t h r e e  s u b s i a n c e s  b e i n g  i n t e r c o n v e r t i b l e  

by t h e  use  of  s u i t a b l e  h y d r a t i n g  and d e h y d r a t i n g  a g e n t s .  I n  t h e  

same pa pe r  t h e  p r e p a r a t i o n  of  d i p e n t e n e  t e t r a b r o m i d e  i s  a l s o  d e ­



t a i l e d .  S i n c “ t h a t  t i me  d i p e n t e n e  has be e n  s y n t h e s i s e d  i n  s e v e r a l

ways ,  and t he  r e l a t i o n s h i p  be t we en  i t  and numerous  t e r p e n e s  

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

l i mo n e n e s  and t h e  i n a c t i v e  d i p e n t e n e  r e ma i n s  i n  much t h e  same 

p o s i t i o n  a s  Wa l l a c h  l e f t  i t  a f t e r  t h e  p u b l i c a t i o n  of  h i s  two 

monument a l  p a p e r s  " Uber Ter pene  und Campher , ” ( B e r . ,  1891 , 24,

1525)  , a n d " "  Zur  der  Ter pe ne  und de r  a t h e r i s c h e n  O e l e . I .  I s o m e r - 

i e o e r h a l t n o i s e  i n n e r h a l b  d e r  Limonene R e i h e ” ( Ann . ,  1892,  2*70, 171 ) 

C h e m i c a l l y  t h e  d -  and 1-  forms  cf  l i t t onene  a r e  i d e n t i c a l ,  y i e l d i n g  

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

t h e y  d e f l e c t  a beam of  p o l a r i s e d  l i g h t .  When mixed i n  e q u i v a l e n t  

p r o p o r t i o n s  t h e y  g i v e  d i p e n t e n e  acc ompa n i ed  by t h e  e v o l u t i o n  of  

h e a t .  The same r e s u l t ;  c a n  be pr oduced by t h e  a c t i o n  of  h e a t  or  

by a c i d s  o n p  i t  h e r  form of  l i m o n e n e .  I t  must  be o b s e r v e d ,  however ,  

t h a t  w h i l e  d i p e n t e n e  g i b e s  d e r i v a t i v e s  whi ch  c o r r e s p o n d  w i t h  t h o s e  

of  t h e  l i mo n e n e s ,  t h e s e  a s  a r u l e  d i f f e r  i n  m e l t i n g  p o i n t .  Wa l l a c h  

f ound t h a t  even  t h e  b o i l i n g  p o i n t  of  d i p e n t e n e  was h i g h e r  t h a n  t h a t  

of  l i monene  by 3*,  b u t  i t  was shown ( T i l d e n ,  J . C . S . , 1 8 9 3 ,  63,  T 292 ) 

t h a t  t he  p r e p a r a t i o n  of  d i p e n t e n e  f rom i t s  d i h y d r o c h l o r i i e  d i d  not  

y i e l d  a pur e  p r o d u c t ,  b u t  c o n t a i n e d  t e r p i n e n e  and t e r p i n o l e n e ,  and 

t h i s  was v e r i f i e d  l a t e r  by Wa l l a c h  h i m s e l f  ( B e r . ,  1 9 0 7 , 40 , 600)  

f rom a c o n s i d e r a t i o n  of t he  y i e l d s  of  t e t r a b r o m i d e  f rom d i p e n t e n e  

p h £ p a r e $  fnri>m t h e  h y d r o c h l o r i d e  and f rom an e q u a l  amount  of  l i monene . .  

I t  would a p p e a r  t h a t  t h e  por e  d i p e n t e n e  b o i l s  a t  t he  same t e m p e r a t u r e  

a s  l i monene  1 7 5 - 1 7 8 ° .  In a l m o s t  e v e r y  c a s e  t h e  d i p e n t e n e  d e r i v a t i v e



c a n  be  o b t a i n e d  b y  m i x i n g  e q u i v a l e n t  q u a n t i t i e s  o f  t h e  d -  a n d  1 -  

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

L i * o n « n *  D i p A n t * n *

D* r !▼ a t  * D« r  i T » t  i f  a

M . P . M. P.
T e t r a b r o m i d e  ............... [ ........................................................1 0 4 - 1 0 5 0 . . . .  1 2 4 - 1 2 5 0

a . B e n z o y l - l i m o n e n e - n i t r o s o - c  n l o r i d e .................' 1 0 9 - n o * . . . .  90®

a . n i t r o s o - l i m o n e n e - n i t r o l a n i l i d e  . . 1 . . .  . . . .  1 1 2 - 1 1 3 0 . . . .  1 4 7 °
fc* . n i t r o s o - l i m o n e n e - n i t r o l a n i l i d e  . l . o , ................* 1 3 6 °  . . . .  1 2 0 °

l i m o n e n e - n i t r o l b e n z y l a r a i n e  h y d r o c h l o r i d e .  i 0 3 - i 0 4 # . . . .  i s o °  

l i m o n e n e - n i t r o l a n i l i d e  h y d r o c h l o r i d e . . .  . . i i 7 - i i e # . . . f l 3 9 - i 4 0  °

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

a d d i n g  o t h e r s  o f  a s i m i l a r  n a t u r e ,  I t^woul d  a p p e a r  i m p o s s i b l e  t o  

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

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

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

o n e n e .  I t  a p p e a r s  t o  t h e  w r i t e r ^ a  s i m p l e r  e x p l a n a t i o n  i s  t o  b e  

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

t w o  l i m o n e n e s  a r e  m i x e d .  The  e v o l u t i o n  o f  h e a t  i n  t h i s  p r o c e s s  

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

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

Tfcf  C o n s t i t u t i o n  o f  Li r nqne n e .  T h e  r e s u l t s  w h i c h  l d d  t o  t h e

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

may b e  s u m m a r i s e d  b r i e f l y  a s  f o l l o w s .  Fr o m p h y s i c a l  c o n s i d e r a t i o n s : ,

K a n n o n i k o f f  ( J . R u s s .  P h y s . C h e m .  S e e . ,  1 8 8 3 ,  1 5 ,  4 7 2  ) s u g g e s t e d  

, t , ha t  t e r p i n e . p l  * a s  a  d e r i v a t i v e  o f  c y m e n e ,  a n d  a s s i g n e d  t o  i t  a



f f i r mul a j ^  r e m a r k a b l y  n e a r  t h e  t r u t h  when i t  i s  r emembered t h a t  t he  

c h e m i s t r y  of  s u c h  compounds  p a r t i a  l l y  u n s a t u r a t e d  c l o s e d  c h a i n s  —  

was no t  a t  a l l  u n d e r s t o o d  ‘ c f  . R e y c h l e r ' s  h i g h l y  t h e o r e t i c a l

d i s c u s s i o n  on t h e  c o n s t i t u t i o n  of  c a r v e n e  ( l i r o o n e n e l ,  ( B u l l .  Soc . 

Ch i m. ,  [8]  36 ) i n  wh i c h  a l l  t he  numerous f o rmul as  s u g g e s t e d

f a l l  wide of  t h e  mar k .  Wa l l a c h  ( Ann.?,  1893,  2 ? >7, 105 ) s u g g e s t e d  

a s l i g h t l y  mo d i f i e d  f o r m u l a  [ I I ] ,  w h i l e  i n  t he  same ye a r  Baeyer  

( B e r . ,  1893,  26 ,  2558 ) s u g g e s t e d  a f o r mu l a  f o r  t e r p i n  h y d r a t e  [ I I I ]

I3c. /CH, H,C /CH, H,c y CH,
\ C H  Cfl YH

i . n u  yC-OH yC-O’H

h c '  "c h ,  h, c -c h ,  h»y ? h 'I 1 f 1 I 'H 5 . H C xCH* H2C ^ C H ,

' OH C-OH
1 1 . IC Hg CKS OH3

[ I I  [ I I ]  [ I I I ]

T e r p i n e o l  T e r p i n e o l  t e r p i n  Hydr a t e
( K a n o n  n i  k o f  f  ) ( W a l l a o h )  j B a ^ y a r )

None of  t h e s e  f o r m u l a e ,  however ,  e x p l a i n e d  t he  o p t i c a l  a c t i v i t y

of  t h e  l i monene s  whi ch  were r i g h t l y  b e l i e v e d  t o  be i d e n t i c a l  i n  

s t r u c t u r e  w i t h  d i p e n t e n e .  B a e y e r ’s s u g g e s t i o n  t h a t  t he  a s ymmet r y  

was due t o  t he  mo l e c u l e  a s  a whole and not  t o  an a s y mme t r i c  c a r b o n  

atom was n o t  a c c e p t e d  ( B e r . ,  1894,  2?,  n 454 ) ,  and i t  f e l l  t o  

Wagner  t o  s o l v e  t h e  p r o b l e m.  In h i s  h i s t o r i c  p a p e r  " Zur  O x i d a t i o n  

c y o l i s c h e r  Ve r b i n d u n g e n  ” ( B e r . ,  1 894,  2*7, 1636 ) he s u g g e s t e d

formul ae  f o r  T e r p e n y l i c  Ac i d ,  P i n o l ,  P i n o l  H y d r a t e ,  P i n e n e ,  T e r p i n e o l
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and Li monene,  whi ch  have s t o o d  t he  t e s t  of  s u b s e q u e n t  r e s e a r c h .  

His formul ae  f o r  t h e  l a s t  two a r e  t h e  now f a m i l i a r

In t h e  f o l l o w i n g  y e a r  Wa l l a c h  c o n f i r me d  t h e  f o r mu l a  f o r  t e r p i n e o l , .  

( B e r . ,  1895,  JB8 ,  1776 ) by showi ng t h a t  when t e r p i n e o l  was o x i d i s e d  

i t  gave f i r s t l y  T r i h y d r o x y - h e x a h y d r o - c y m e n e , t h e n  a k e t o - l a c  t o n e ,  

and f i n a l l y  T e r p e n j l i c  Ac i d .  Ab s o l u t e  p r o o f  was l a c k i n g ,  however ,  

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

s y n t h e s i s e d .  Be r t r a m  and J u i  l d e m e i s t e r  had p r e p a r e d  t e r p i n e o l  and 

d i p e n t e n e  f rom g e r a n i o l  as  e a r l y  as  1894(  J o u r .  f .  p r a k t .  Ohero.

1894,  IIv,  49,  1 95 ) by t h e  a c t i o n  of  f o r mi c  a c i d ,  bufi a t r u l y  

f u n d a m e n t a l  s y n t h e s i s  was no t  a c c o m p l i s h e d  u n t i l  19C4,  when P e r k i n  

s u c c e e d e d  i n  p r e p a r i n g  t d r p i n e o l  i n  t he  f o l l o w i n g  b r i l l i a n t  way.

[ J . C . S . ,  1904,  65, T. 654 1

T e r p i n e o l
( W  a « n » r )

l i m o n e n e

( Wag n* r )

$ A l s o  T i f i a t n n  a n d  S * m l « r  ( B a r , ,  1 8 9 5  , £ § ,  2 1 4 1 )
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E t h y l  .P . i o d o p r o p i o n a  t e  and E t h y l ,  d i s o d i c . c y a n o .  a c e t a t e  

2(CH,  .1 .CH* .COOCsH,1) + C ( CN.Na,  ) . €000 ,  H,

gave

E t h y l  .Y . c y a n o ,  p e n t a n e  .a . y . e . t r i c a r b o x y l i c  Acid 

( CH* .CH.SCOCC.Hb) ,  .C.CN.C00C*Hs

wh i c h ,  on h y d r o l y s i s  w i t h  h y d r o c h l o r i c  a c i d  gave

P e n t a n e  . a r;y .e . t r i c a r b o x y l i c  Acid 

HOOC .CH* .CH* .CK(COOH) .CH*CH* .COOH

On d i g e s t i n g  t h i s  w i t h  a c e t i c  a n h y d r i d e  and d i s t i l l i n g ,  t he  r i n g  

was c l o s e d  by r emova l  of  H*0 and CO* g i v i n g

6 .Ket o. l s£xi hydr©- . feenz6i c  Acid
^CH* C H jf

OC,^ CH-COOH
. CH*—  CH*

The e s t e r  of  t h i s  a c i d  was found t o  r e a c t  r e a d i l y  w i t h  magnesiuro 

me t hy l  i o d i d e ,  g i v i n g  on h y d r o l y s i s  

6 . H y d r o x y . h e x a h y d r o . p . t c l u i c  Acid

/ C H *  CH*
H,C —/CtT CH-COOH

^ O H , —  OK- ' "12

On t r e a t m e n t  w i t h  fumi ng H?r f o l l o we d  by weak a l k a l i  t h e r e  were  

formed

& . ° r o m o . h e x a h y d r o . p , t o l u i c  Acid and Ai~Te t r a  h yd r o  .p . t o l u i c  Acid

/OH,---- CH,^ ,CH —
H,C3?C:\  > h.cooh HIC-C^ X CH.CC0K

X CH;---- CH I CH,—OH,



The l a s #  s t e p  i n  t he  s y n t h e s i s  was t o  c o n v e r t  t h e  d s t e r  o f  t h i s  

a c i d  i n t o  t e r p i n e o l  by means  o f  magnes i um me t h y l  i o d i d e  t h u s

T h i s  a g r e e d  i n  e v e r y  t e s t  w i t h  pure  t e r p i n e o l ,  and on h e a t i n g  t h i s

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

by t h e  e l i m i n a t i o n  o f  w a t e r ,  and Wa g n e r ’s f o r mu l a  f o r  l i mo ne ne  

f i n a l l y  proved c o r r e c t .

mi l d  a c t i o n  o f  Hydrogen P e r o x i d e  woul d a v o i d  t h e  p e r p l e x i n g  i n t r a ­

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

a c c o u n t  o f  t h e  v e r y  l a r g e  number of  c l o s e l y  r e l a t e d  i s o m e r s  w h i c h  

o c c u r  i n  t h i s  c l a s s  of  c o mp o u n d s .  I f  t h i s  hope m a t e r i a l i s e d ,  t he  

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

whos e  c o n s t i t u t i o n  was d e f i n i t e l y  e s t a b l i s h e d ,  mi ght  pr o v e  o f  v a l u e  

i n  t he  e l u c i d a t i o n  of  t h e  much more p r o b l e m a t i c a l  s e s q u i t e r p e n e s .

As an o x i d i s i n g  r e a g e n t  Hydrogen P e r o x i d e  woul d  a p p e a r  t o  be  

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

and i n  no c a s e  r e c o r d e d  t o  be v i o l e n t ,  and w i t h a l  e x t r e m e l y  c o n ­

v e n i e n t  t o  h a n d l e .  I t  i s  t r u e  t h a t  i t s  c o n s t i t u t i o n  has  not  y e t  

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

C H . C O O C j K

Lh^Q.^ldls±n£_Rea£ent I t  was hoped t h a t  t h e  c o m p a r a t i v e l y



a t  l e a s t  t h r e e  d i s t i n c t  formulae  (1 ) K-O-C-H , 12)  H-Q-H and
. - K - ,  0

(3)  0 = - * ;:=0 , [ W i l l s t a t e r  and H a u e n s t e i n ,  B e r .  , 1 9 0 9 ,  42,\3?>9,\
' ' '  H' '

A . Rui s  y Mi ro,  H e l .  Chem . A c t . ,  1920,  3 , 34*7, e t c .  ] . Yet ,  however  

t he  a f f i n i t i e s  a r e  a r r a n g e d ,  and however  t h e  p a r t i c h l a r  a r r a n g e m e n t  

mi ght  a f f e c t  t h e  r e a c t i o n ,  t h a t  r e a c t i o n  would be e x p e c t e d  t o  be 

c o n s t a n t .  U n f o r t u n a t e l y  i t  has  b e en  found,  i n  most  c a s e s ,  t h a t  t h e  

c o n d i t i o n s  of  t h e  e x p e r i m e n t  p l a y e d  s uc h  an  i m p o r t a n t  p a r t  i n  t he  

r e a c t i o n  t h a t  a wide v a r i e t y  of  p r o d u c t s  war e  p o s s i b l e ,  and t he  

r e a c t i o n  se l dom p r o c e e d e d  i n  any one s p e c i f i c  d i r e c t i o n .  C e r t a i n l y  

such  a f a u l t  mi ght  p r ove  an a d v a n t a g e ,  a s  i t  i n d i c a t e d  t h a t  a 

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

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

no t  s u r p r i s i n g  t h a t  a s u r v e y  of  t h e  l i t e r a t u r e  d d a l i n g  w i t h  s u c h  

a r e a g e n t  f a i l s  t o  r e v e a l  any r u l e  whi ch would e n a b l e  one t o  p r e d i c t  

t he  c o u r s e  of  t he  r e a c t i o n  in  any  p a r t i c u l a r  c a s e .

W o l f f e n s t e i n  was one of  t he  f i r s t  t o  be a t t r a c t e d  by t he  

r e a g e n t .  Us ing a c e t o n e  as  a s o l v e n t  he found t h a t  an a c e t o n e  p e r ­

ox i d e  was formed t o  whi ch  he a s c r i b e d  t h e  f o r mu l a

( ch , ) , . ct ?
\

0*0*c1, (CR3 ) 8

He i n v e s t i g a t e d  t h e  a c t i o n  of  Hydrogen p e r o x i d e  t h r o u g h  t h e  mediom 

of  t h i s  a c e t o n e  p e r o x i d e ,  on r i n g  s t r u c t u r e s  wh i ch  c o n t a i n e d  a 

n i t r o g e n  a t om,  and found  t h a t  t h e  r i n g  b r oke  a t  t h e  n i t r o g e n  and
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gave amido a l d e h y d e s  ( B e r . ,  1893,  2 8 ,  2991 : 1895,  28 ,  1459 ) .*

and i n  some c a s e s  a c i d s .  Thus

P i p e r i d i n e  gave a m i x t u r e  of  f o r m i c ,  b u t y r i c  and g l u t a r i c  a c i d s ,  

C o p e l l i d i n e  y i e l d e d  6 . a m i d o . 6 . met hyl  a . e t h y l . v a l e r a l d e h y d e

Co n i i n e

a . P i p e c c l i n e

P . Pi pec  o l i n e

On t h e  o t h e r  hand wi £h r o e s i t y l  ox i de  a c o n d e n s a t i o n  t o o k  p l ace ,  

and a f t e r  a c o n s i d e r a b l e  t i me  he o b t a i n e d  a compound t o  whi ch  he 

gave t h e  f o r mu l a  HO-C (CH3 ) ? -C (CO .CH3 ) .OH . C(CO.CH3 ) .OH .C (CH3 ) 20H 

P e r k i n  a l s o  found t h i s  t e n d e n c y  t o  r u p t u r e  t h e  mo l e c u l e  in 

a p p l y i n g  t h e  r e a g e n t  t o  t h e  O x i d a t i o n  pf  a , * . k e t o n e s  ( J .C .S . ,  1 90?*

. Thus

B e n z i l  C, H8 .CO-CO.C,H,  y i e l d e d  b e n z o i c  a c i d
r»o-co

P h e n a n t h r a q u i n o n e  C , H r ^  ^C,H* gave d i o h e n i c  a c i i  a n i  an

u n i d e n t i f i e d  l i q u i d
(  n  o  qi j

. . v * 4 ‘ ^^>C:C-H4 : 0  gave p . h y d r o x y - b e n z o i c  a c i d  and
" r  ( C. H. . OH K

b e n z o q u i n o n e  ( t h r o u g h  q u i n o l )

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

NH,<CH,} . CH*OH**CH,»CH(C»H,)*CHO.

5 . a m i d o . & . p r p p y l . v a l e r a l d e h y d e .  

NHS (C3 H7 ) .  CH-CH,CHsjCH,-CHO.

ami do c a p r o a l d e h y d e .

SH, (CH, )  .CH-CH,-CHt -CH*- OHO

6 . a m i d o . t . n ) e t h y l . v a  l e r a l d e h y d e .

NH„ .CH»*CH**CH(CHa ) ’ C'H,CHO
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p h e n o l i c  g r o u p i n g s  t h e  a u t h o r  found t h a t  t h e  o x i d a t i o n  c o u l d  be

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

r a d i c l e  by m e t h y l a t i o n .  He employed a c e t i c  a c i d  a s  s o l v e n t ,  b u t  

w h i l e  b e n e f i c i a l ,  d i d  no t  c o n s i d e r  i t  e s s e n t i a l  t c  t he  r e a c t i o n .

As t he  r e s u l t  of  t h ^ i r ^ o r  k on a . 8 . k e t o n e s  Wei t z  and S c h e f f e r

[ H e r . ,  1 923,  5 ^ , # ,  2337 ] ,  s u g g e s t  t he  mechani sm

> 3 = 6 - 3 -  > 3 - 3 = 3 -  >3 -  6 = 3 -  - *  >3 -  C -  3 -II 1 I 1 t \  / II
0 OH HOC 0  0 N0 / 0

- 0  -  3 -  - >  —3 = 3 -  - 3 —  ■ 3 : -*• - 3  - 0 -  3 -j  1 > 4 u  n
‘ “ ■ 0  0 0 0 00 & 6*  OH f i O - i

Thusj in Wolf  f e n s  t e  i n ' s  work t h e  r e a g e n t  r e a c t e d  s i mp l y  as  an

o x i d i s e r ,  b r e a k i n g  t he  r i n g  f o r m a t i o n  and g i v i n g  an a l d e h y d e .  In

t he  c a s e  of  m e s i t y l  o x i de  two h y d r o x y l s  were  added  a t  t h e  d o u b l e

bond,  wh i l e  two h y d r oge ns  were  removed or  o x i d i s e d  away c a u s i n g

t h e  c o n d e n s a t i o n  of two m o l e c u l e s .  In P e r k i n ' s  work t he  a c t i o n

was a l s o  one of  nor ma l  o x i d a t i o n ,  d i k e t c n e s  b e i n g  c o n v e r t e d  i n t o

ow) n V o r Wd ■■ >4 n d i c a r b o x y l i c  a c i d s  w i t h  a r u p t u r e  of  t he  bonds

j o i n i n g  t h e  two k e t one  r a d i c l e s .  Ano t he r  t y p e  of  o x i d a t i o n  was
$

shown t o  t a k e  p l a c e  by " f i e l a n d ,  who c o n v e r t e d  a c e t i c  a c i d  i n t o  

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

In t he  c o u r s e  of  a v e r y  e x t e n s i v e  i n v e s t i g a t i o n  of  t h e  

b e h a v i o u r  of t h i s  r e a g e n t  ( J .3 . S . ,  1910,  97,  T . 1 6 5 9  ) He nde r s on

and Boyd have r e c o r d e d  t h e  p r o d u c t s  of  a l a r g e  number  of  p h e n o l s  

as  f o l l o w s

[ W i *  l a  nd , A n n .  , 1 9 2 4 ,  ± 2 « , 2 2 9 .  J
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HO.  

HO .

d h
y \  . OH

\ j  ‘ 0 H

Pr .  p

Ta t  r a h yd r ox y -

o y na na

CH3
/ \

OHv •

Pr . H 

T h y m o l .

H3
o :

: o

Pr.  H 

T h y i o - q u  i  n o na

0 HHO

0 HHO

Pr. p

T a t r a h y d r o x y - o  y ® a na

c h 3 

/ \  -O"

s /
Pr.  p 

C a r v a o r o l

C H3

0 :

i 0

V
Pr . [j

T h y m o - q u i n o n a

C? h5
A

HO . . C 2 H 5

C 2 H5 

: 0

0 : 1  J , C 2 H5

D i  a t  h y 1 -  p ha n o l D i a t h y l .  p . b a n t i q  u i n o n n

OH

. 0 H

OH OH

OH

0 
• *

P ha n o l Q u i n o l p. B a n z o q u i n o n a

C H.

. OH

HO .

C H. 

/ \ . OH

C H,

0 :

/ S  j 0

o . C r a s  o l T o l u q u i n o l T o l u q u i n o n a
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C H.

. OH

d . G t a s o l

C H

h o .  / \

. OH

T o l u q u i n o l

C H.

HO .

/ \

\ /
Or o i  n o 1

. OH

C H,

0 :

: 0

T o l u q f i n o n A

C H,

j / \k/ 1
OH

C H.

. OH 

OH

H o m o o a t f t o  h o ip . C r * b o l

SeBzebe ,  To l u e n e ,  1 :3 .d i e  t h y l b e n z e n e , and cymene d i d  no t  r e a c t ,  b u t

Na p h t h a l e n e  gave P h t h a l i c  Aci d ,  An t h r a c e n e  gave A n t  hraq u i n o n e , and 

P h e n a n t h r e n e  gave P h e n a n t h r e s j e i n c n e  .

As a r e s i l t  of  t h e s e  e x p e r i m e n t s  t h e  a u t h o r s  c o n c l u d e d  t h a t  t he  

c h a r a c t e r  of t he  o x i d a t i o n  p r o d u c t s  depended  i n  t h e  f i r s t  p l a c e  on 

t he  c o n s t i t u t i o n  c f  t h e  p h e n o l  t c  be o x i d i s e d  and i n  t he  s econd  

p l a c e  on t h e  c o n d i t i o n s  of t h e  e x p e r i m e n t  v i z : -  t h e  p r o p o r t i o n s  of  

H*02 u s e d ,  t he  c o n c e n t r a t i o n  of  t he  a c e t i c  a c i d  s o l u t i o n ,  on t he  

t e m p e r a t u r e  and on t h e  t i me  a l l o v . r i .

The D o s i t i o n  of  t he  s i d e  c h a i n s  w i t h  r e f e r e n c e  t o  t he  

h y d r o x y l  a f f e c t e d  b o t h  t h e  v i g o u r  of  t h e  r e a c t i o n  and t h e  p r o d u c t s .  

Thus, a r a d i c l e  or  s i d e  c h a i n  i n  t he  p a r a  p o s i t i o n  t o  t h e  h y d r o x y l



c a u s e d  t he  r e a c t i o n  t o  p r oceed  w i t h  g t r e a t e r  d i f f i c ul  fcy, and gave 

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

o r t h o  p o s i t i o n  t o  t he  f i r s t .  I f  t h e  s i d e  c h a i n  o c c u p i e d  a p o s i t i o n  

o t h e r  t h a n  t he  p a r a ,  t h e  r e a c t i o n  went  more e a s i l y  and t h e  p r o d u c t s  

were ma i n l y  a q u i n o n e  and a p » Ai h y d r i c  p h e n o l .

t h n  a c t i o n  o f
Appl i ed  t o  t he  t e r p e n e s , Ah y l r o g e n  p e r o x i i e  has be en  found 

t o  be so much r e g u l a t e d  by t he  s t r u c t u r e  of t he  s u b s t a n c e  u n d e r g o i n g  

o x i d a t i o n ,  and by t he  c o n d i t i o n s  of t he  e x p e r i m e n t  t h a t  t he  p r o d u c t s  

a r e  of  an e x t r e m e l y  comol ex  n a t u r e ,  o f t e n  d i f f i c u l t  t o  i s o l a t e ,  

and o f t e n  showi ng t h a t  i n t e r m o l e c u l a r  c h a n g e s  have t a k e n  p l a c e  

much more e x t e n s i v e l y  t h a n  t h e  mi ld n a t u r e  of  t h e  r e a c t i o n  would 

l ead  one t  o ex pec t  .

Thus ,  among t he  numerous  p r o d u c t s  f rom Gamphene t h e r e  were 

f ound i n  a d d i t i o n  t o  t h e  main p r o d u c t s  G*Hi5 .C00H ( Camphgl i c  a c i d )  

and C»Ht 4 0 (Ca mphen i l o n e  ) ,  C*Ht5 .CH0 ( I s o c a m p h e n i l a  l dehyde  ) ,  a 

s u b s t a n c e  G«Hl # 0 2 , ! a n d  C10H i , ( OH) 2 (Gamphene g l y c o l )  and o t h e r  

s u b s t a n c e s  whi ch  were  no t  i d e n t i f i e d  ( He nde r s on  and S u t h e r l a n d ,  

• J . C. S . ,  1 9 1 1 ,  99,  T . 1539 ) .

a . P i n e n e  gave a . T e r p i n e o l ,  B o r n e o l ,  D i p e n t e n e ,  Me nt  he ne .1 :4 : 8 . 

t r i o l ,  and a t r a c e  of  an a l d e h y d e  ( Hende r son  and S u t h e r l a n d ,  J . G . S . ,  

1912,  101, T . 2288 )

P . P i n e n e ,  on t h e  o t h e r  hand,  gave on l y  P o r n e o l  and F e n c h y l  

a l c o h o l , a n d  o t h e r  s u b s t a n c e s  no t  i d e n t i f i e d .

I t  would be e x p e c t e d  t h a t  i f  h y d r o g e n  p e r o x i d e  were  c o r r e c t l y  

r e p r e s e n t e d  by t he  f o r mu l a  , t h a t  i t  ough t  t o  have p r oved
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a v a l u a b l e  r e a g e n t  f o r  t h e  l o c a t i o n  of  d o u b l e  b o n i s ,  s i n c e  i t  

would be e x p e c t e d  under  nor ma l  c o n d i t i o n s  t o  y i e l d  a g l y c o l .

In t h e  numerous  e x a mp l e s  c i t e d  , however ,  t h i s  i s  not  s u p p o r t e d .  

Mor eove r ,  o n l y  one mo l e c u l e  of t he  r e a g e n t  would be r e q u i r e d  f o r  

e v e r y  atom of oxygen i n t r o d u c e d ;  whe r eas  i n  e v e r y  c a s e  a t  l e a s t  

two mo l e c u l e s  were r e q u i r e d ! .  Tha t  t he  a d d i t i o n  of a s econd  m o l e c u l e  

d i d  not  s i mp l y  c o n t i n u e  t he  o x i d a t i o n  a n o t h e r  s t a g e  was shown by 

t he  f a c t  t h a t  t h e  use of  l e s s  t h a n  two m o l e c u l e s  l e f t  some of  t h e  

o r i g i n a l  s u b s t a n c e  u n a t t a c k e d ,  and t he  . ' p r o d u c t s  were  of  t h e  same 

na t  u r e ,

In t h i s  c o n n e c t i o n  t he  work of  Pr i  l e s c  h a a e f  f  ( B e r .  , 1 9 0 9 ,

42,  4811 ) i s  cf g r e a t  i n t e r e s t .  In p l a c e  of  h y d r o g e n  p e r o x i d e  

he used benzoy  1 - h y d r o p e r o x  i de  C *KS .GO* 0* OH, t o  o x i d i s e  h y d r o c a r b o n s  etc., 

and o b t a i n e d  a s e r i e s  of  o x i d e s  and d i ox ide s, whic h,  on h y d r a t i o n ,  

y i e l d e d  d i - h y d r o x y  and t e t r a - h y d r o x y  d e r i v a t i v e s  as  shown i n  t h e  

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

T •  r p* ne

De r a n i  cl
C i o H 1 8 0

L i n a l o o l  
Cl 0 Hi e G

Limonene

Pi ne  ne 
Ci oHx.

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

O x i d a t i o n  H y d r a t i o n
P r o d u o t  D » r  i v » t  i ? »  •

D e r a n i o l  Oxide
D e r a n i c l  D i o x i d e ! ............... T r i o l - o x i d e

Li na l <bol / Or t i i e  • .  ............... A Ide hyde
L i n a l o o l  D i o x i d e ..................T r i c l - c x i i e

Limonene O x i d e .......................D l y c o l  ( * . p .  e e - e ? 0)
Limonene D i o x i d e ..................S r y t h r i t o l  ( b ; p ;  o i r . 2 2 0 # )

Pi n e n e  O x i d e ............................S o b r e r o l  (m.p.  i so®)
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c a n n o t  be assumed t o  p r o c e e d  i n  a manner  e x a c t l y  a n a l o g o u s  t o  

t h a t  of  h ydr ogen  p e r o x i d e  -  on a c c o u n t  of  t h e  u n s y m m e t r i c a 1 

c o n s t i t u t i o n  of t h e  f o r me r  compared w i t h  t h e  l a t t e r -  , t h e  f a c t  

t h a t  t he  r e s o l t s  q u o t e d  above  i n d i c a t e  t h a t  t he  r e a c t i o n  i s  r e a l l y  

one i n  whi ch  an ox y -  and no t  a h y d r o x y -  compound i s  t he  f i r s t  

p r o d u c t  c a n n o t  be d i s r e g a r d e d ,  and i t s  b e a r i n g  on t h e  p r e s e n t  

work on Limonene w i l l  be d i s c u s s e d  l a t e r  ( p . 9 5  ) .

The a c t i o n  6f  c e r t a i n  o t h e r  o x i d i s i n g  a g e n t s  a r e  a l s o  of  

i n t e r e s t  and i t  w i l l  be c o n v e n i e n t  t o  me n t i o n  t h e s e  b e f o r e  

p r o c e e d i n g  t o  a d e t a i l e d  a c c o u n t  of  t h e  a c t i o n  of  Hydrogen 

P e r o x i d e  on Li monene .

P o t a s s i u m  p e r ma n g a n a t e  has been  e x t e n s i v e l y  empl oyed t o  

g i v e  an  o x i d a t i o n  s e r i e s  w i t h  v e r y  c o n s i d e r a b l e  s u c c e s s .  Us i ng 

4 \% a l k a l i n e  s o l u t i o n ,  Wagner  s u c c e e d e d  i n  p r e p a r i n g  a t e t r a -  

h y d r i c  a l c o h o l ,  m. p .  191* 5 - 1 9 2 °  ( B e r . ,  1890,  23,  2315 L a t e r  

j i n z b e r g / * l * o r k i n g  on t he  o x i d a t i o n  of  S o b r e r o l  w i t h  t h i s  r e a g e n t ,  

p r e p a r e d  a g l y c o l  f rom t r i h y d r o x y - m e n t h e n e  whi ch  he found t o  be 

( 9) ment hene  .1 :2 d i o l  m. p .  6 3 - 64°  ; on ox i d i s i o g ♦t h i s , s u b s t a n c e  

w i t h  KMn04 he o b t a i n e d  a t e t r a h t | d r i c  a l c o h o l  whi ch  me l t e d  a t  1 6 9 ° .  

One would have e x p e c t e d  t h i *  t o  have been  i d e n t i c a l  w i t h  t h a t  

o b t a i n e d  by Wagner ,  w h i l e  t he  g l y c o l  i s  u n d o u b t e d l y  t h a t  d e s c r i b e d  

i n  t h e  p r e s e n t  r e s e a r c h  m. p .  c ^ - S 0 . S t r o n g e r  s o l u t i o n s  of  t h e  

r e a g e n t  were  f ound t o  b r e a k  t he  r i n g  g i v i n g  a c i d s  e t c .

The a c t i o n  of  chroroyl  c h l o r i d e  i s  d e a l t  w i t h  e l s e w h e r e  i n  

_ t _ h _ _ t i ) e j _ i _ s _ 3 i ^ _ 3__no_j_pec_ia_l_ b e a r i j i J  eon__the__P?eje_nt_ w_ork . 
(*)  G i m b « r g ,  B * r ,  , 1 8 9 6 ,  £ $ ,  1 2 0 0 .
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On e x p o s u r e  t o  l i g h t  and mo i s t  a i r  f o r  a p r o l o n g e d  p e r i o d  ( a

p r o c e s s  d e s c r i b e d  i n  t he  l i t e r a t u r e  as  a u t o - o x i d a t i o n  ) Blumann

and Z e i t s c h e l  ( B e r . ,  1914,  4 2623 ) o b t a i n e d  c a r v o n e ,  c a r v e o l ,

and a w h i t e  s o l i d  whi ch  me l t e d  a b o u t  c 0 ° .  There  i s  l i t t l e  d o u b t

t h a t  t h i s  l a s t  was an i mpure  spec i men of  t h e  g l y c o l  o b t a i n e d  i n

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

Very r e c e n t l y  a s u b s t a n c e  was i s o l a t e d  f rom t h e  o i l  of  lemon 

by Romeo ( A n n a l i  Chim . , A p p l . ,  1 925,  15,  305 ) whi ch  would a p p e a r

be t he  o p t i c a l l y  a c t i v e  i s ome r  of  t h i s  g l y c o l .
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The  A c t i o n  o f  Hy d r o g e n  P e r o x i d e  on L i mo n e n e .

The d - l i m o n e n e  used i n  t h i s  i n v e s t i g a t i o n  was o b t a i n e d  by

t he  f r a c t i o n a l  d i s t i l l a t i o n  of  Oi l  o f  B i t t e r  Orange  wh i ch  had 

b e e n  p u r i f i e d  by was h i ng  w i t h  a l k a l i  and s u b s e q u e n t  d i s t i l l a t i o n  

i n  s t e a m .  In t h e  s e l e c t i o n  of  t h e  p a r t i c u l a r  f r a c t i o n ,  use was 

made of  a g r aph  ( p l i s )  i n  whi ch  t h e  o p t i c a l  r o t a t i o n  of f r a c t i o n s  

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

n a t u r e  of  t h i s  g r a p h  be t we e n  t he  t e m p e r a t u r e * ’ 176*5°  and 177*5° 

shows t h a t  a t  t h i s  p o i n t  a d e f i n i t e  c o n s t i t u e n t  i s  t o  be f ound 

( c f .  A s i m i l a r  g r a p h  f o r  Cedrene  p .  6 ) The p h y s i c a l  c o n s t a n t s  of  

t h e  p u r i f e d  h y d r o c a r b o n  were  9 . P.  1 7 5 * 5 - 1 76*5°C ( o o r r * o t * d )  /  7 5 9 *».
16 o ©

♦ 9 6 ' 8 8 °  i  d j g  o 0 * 8 4 5 8 ; n D 1 * 4 7 5 9 .

The hydr oge n  p e r o x i d e  used was Me r c k ' s  30% P e r h y d r o l .

P r e v i o u s  work showed t h a t  t he  r e a c t i o n  b e t we e n  t h i s  r e a g e n t  and 

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

v i g o u r ,  and i n  c o n s e q u e n c e  of  t h i s  i t  has been  c u s t o m a r y  t o  c a r r y  

i t  o u t  a t  a s l i g h t l y  e l e v a t e d  t e m p e r a t u r e  ( a b o u t  60° ) ,  u s i n g  an 

e x c e s s  o f  r e a g e n t s .  T h i s  p r o c e d u r e  was r e p e a t e d  as  d e s c r i b e d  on 

p *103, two m o l e c u l a r  p r o p o r t i o n s  of  p e r h y d r o l  b e i n g  used i n  an e x c e s s  

of  g l a c i a l  a c e t i c  a c i d  i n  t h e  hope t h a t  e a c h  mo l e c u l e  of  p e r o x i d e  

woul d  a t t a c h  i t s e l f  t o  a d o u b l e  bond and g i v e  a t e t r a h y d r i c  a l c o h o l .  

The r e a c t i o n ,  however ,  f o l l o w e d  an e n t i r e l y  d i f f e r e n t  c o u r s e .  The 

main p r o d u c t  c o n s i s t e d  of  a v a r i e t y  of  s u b s t a n c e s ,  f rom whi ch ,  a f t e r  

h y d r o l y s i s ,  a c r y s t a l l i n e  g l y c o l  was f i n a l l y  i s o l a t e d .  Only a s m a l l



y i e l d  of  t h i s  s u b s t a n c e  was o b t a i n e d ,  b u t  i n  an  e n d e a v o u r  t o  o b t a i n  

a more s a t i s f a c t o r y  y i e l d ,  t he  c o n d i t i o n s  c o n t r o l l i n g  t he  r e a c t i o n  

were i n v e s t i g a t e d ,  and an improved method e v o l v e d  whi ch  y i e l d e d  

a b o u t  40% of  t h e  g l y c c l .  Th i s  method has been  a p p l i e d  by o t h e r  w o r k e r s  

i n  t h i s  l a b o r a t o r y  w i t h  much s u c c e s s .

I n v e s t i g a t i o n  o f  t he  C o n d i t i o n s  g o v e r n i n g  t he  R e a c t i o n , and t he  

R e d u c t i o n s  f rom t he R e s u l t s .

Whi l e  l i monene  i s  c o m p l e t e l y  m i s c i b l e  w i t h  g l a c i a l  a c e t i c  

a c i d ,  i t s  s o l u b i l i t y  d e c r e a s e s  a s  t h e  a c i d  i s  d i l u t e d :  t h e  o x i ­

d a t i o n  p r o d u c t s ,  on t he  o t h e r  hand,  a r e  s o l u b l e  i n  t h e  m o d e r a t e l y  

d i l u t e  a c i d .  These  f a c t s  gave an o b v i o u s  and c o n v e n i e n t  method of  

o b s e r v i n g  t h e  p r o g r e s s  of  t he  o x i d a t i o n .

Iff££t_£.£_ti}£_ar£a_£l_££uia£l_£i3_iii£-i:sis_£.f_;y}£_r£a£ii£n_.
Th a t  p h y s i c a l  c o n d i t i o n s  e x e r c i s e  a marked e f f e c t  on t h e  r d a c t i o n

was shown w h i l e  c a r r y i n g  ou t  s e v e r a l  t r i a l  ex pe r  iment s* '  e . g .  an 

e x p e r i m e n t  u s i n g  lOgms.  o f Mi m o n e n e  was c o m p l e t e  i n  a b o u t  40 hour s  

w h i l e  a r e p e a t  u s i n g  50gms . was no t  c o mp l e t e  i n  3 wee ks .  As t h e  

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

i t  was c o n c l u d e d  t h a t  t h e  d i f f e r e n c e  i n  t h e  r a t e  o f  r e a c t i o n  had 

been  l a r g e l y  due t o  t he  d i f f e r e n c e  i n  s u r f a c e  c o n t a c t .  T h i s  was 

c o n f i r m e d  i n  two c o n t r o l s  ( p . 104) i n  whi ch  t h e  r a t e  of  r e a c t i o n  

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

t w i c e  t h a t  of  t h e  l a t t e r .  The i n c r e a s e  i n  t he  r a t e  of  t he  r e a c t i o n  

c a u s e d  by r a i s i n g  t he  t e m p e r a t u r e  was due not  o n l y  t o  t h e  r e s u l t i n g



i n c r e a s e  i n  v i g o u r ,  b u t  a l s o  t o  t he  i n c r e a s e  i n  t h e  s o l u b i l i t y  

of  t h e  h y d r o c a r b o n  i n  t h e  a c e t i c  a c i d - p e r h y d r o l  l a y e r .

I t  was o b s e r v e d  t h a t  t h e  s o l u b i l i t y  of  l i monene  i n  a c e t i c  

a c i d  d i l u t e d  w i t h  p e r h y d r o l  was no t  a l i n e a r  f u n c t i o n  of  t h e  

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

a b o u t  one t h i r d  of  t he  volume of  a c e t i c  a c i d  had been  a d d e d .  I t  

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

i n  o r d e r  t h a t  as  much of  t h e  h y d r o c a r b o n  mi ght  be Kept i n  s o l u t i o n  

a s  p o s s i b l e .  Thi s  was f ound t o  be h i g h l y  s a t i s f a c t o r y ,  as  t he  

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

and i n  c o n s e q u e n c e  t h e  r e a c t i o n  on l y  became s l u g g i s h  a f t e r  a b o u t  

one m o l e c u l a r  p r o p o r t i o n  of  p e r h y d r o l  had bee n  a d d e d .  The g a i n  i n  

t i me  was c o n s i d e r a b l e  and t h e  s o l u t i o n  d i d  not  d a r k e n  i n  c o l o u r  

on h e a t i n ^ e v e n  t o  80%0,as  i t  d i d  when a l l  t h e  p e r h y d r o l  had been 

added a l l  a t  o n c e .

In t he  t r a d i t i o n a l  method i t  was assumed t h a t  t he  a c e t i c  a c i d  

a c t e d  as  a s o l v e n t  o n l y ,  e x c e s s  b e i n g  used t o  k°ec  t h e  h y d r o c a r b o n  

i n  s o l u t i o n  ( Hende r son  and 3oyd,  - J . C. S. ,  19T0,  9 7 , T . l c 5 9  ) ,  and 

w h i l e  b e n e f i c i a l  was not  e s s e n t i a l  t o  t he  r e a c t i o n  ( P e r k i n ,  J . C . S ,  

1907,  23, P . l o o  ) .  Whi le  a c e t i c  a c i d ,  as  s u c h ,  i s  p r o b a b l y  not  

e s s e n t i a l ,  t he  r e s u l t s  of  t he  f o l l o w i n g  i n v e s t i g a t i o n  would a p r e a r  

t o  p r ove  t h a t  i t  does  p l a y  a mere e s s e n t i a l  r o l e  t h a n  t h a t  of  s o l v e n t .
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' I f  t he  a c e t i c  a c i d  were mer e l y  a s o l v e n t ,  t h e  f i r s t  p a r t  of

t he  r e a c t i o n  s h o u l d  p r oc ee d  w i t h  a s ma l l  q u a n t i t y  of s o l v e n t  

p r o v i d e d  t h e  p e r h y d r o l  were added i n  v e r y  s ma l l  q u a n t i t i e s ,  f o r  

t h e  h u l k  of  t he  h y d r o c a r b o n  i s  t h e n  s t i l l  i n  s o l u t i o n .  I t  was 

f o u n d ,  however ,  t h a t  u s i n g  30cc . of a c e t i c  a c i d  f o r  lOOgms.  of 

l i monene  no o x i d a t i o n  had t a k e n  p l a c e  a t  t he  end of  a f o r t n i g h t ,  

nor  d i d  t h e  f u r t h e r  a d d i t i o n  of  40cc . a c e t i c  a c i d  improve  t he  

r e a c t i o n .

The c o n t r o l s  used i n  t he  i n v e s t i g a t i o n  of  t h e  e f f e c t  of  s u r f a c e  

c o n t a c t  were  a g a i n  b r o u g h t  i n t o  r e q u i s i t i o n .  The c o n t r o l  w i t h  t h e  

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

i t  no t  o n l y  made u d  what  i t  had l o s t  bp t  g a i n e d  on t h e  c o n t r o l  

w i t h  t h e  a d v a n t a g e  of  a l a r g e r  c o n t a c t  s u r f a c e .  On u n i t i n g  t h e  two 

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

i n  s o l u t i o n  t he  r e a c t i o n  c o mp l e t e d  i t s e l f  i n  24 h o u r s .

Us i ng lOOgros . of l i monene  and a d d i n g  t h e  a c e t i c  a c i d  and t h e  

p e r h y d r o l  g r a d u a l l y ,  t h e  c r o g r e s s  of  t he  r edac t i on  was o b s e r v e d ,  

when i t  was found t h a t  p r a c t i c a l l y  no o x i d a t i o n  t o o k  p l a c e  u n t i l  

a b o u t  2 30cc . of  a c e t i c  a c i d  had been  a d d e d .  D e t a i l s  of  t h i s  e x p e r ­

i men t  w i l l  be found on p.  106.

I f  t he  a c e t i c  a c i d  were i ndee d  a c a t a l y s t ,  t h e  a d d i t i o n "  of  c o r e  

a c e t i c  $ c i d  s h o u l d  a c c e l e r a t e  t h e  r e a c t i o n  s t i l l  f u r t h e r .  Th i s  was
t o  b*  in o r *  t h a n  h a l f -

a c t u a l l y  f ound t o  be t he  c a s e ,  and t he  r e a c t i o n   ̂ - compl e t e d  : i n  

18 h o u r s ,  ( s e e  p . 1 0 6 ) .  A s t i l l  g r e a t e r  e x c e s s  a l l o w e d  t he  r e a c t i o n  

t o  be a l m o s t  c o mp l e t e d  i n  IP hour s  ( s e e  p . 1 0 7 ) .  These  e x p e r i m e n t s



• e r e  a l l  c a r r i e d  ou t  be t ween  60° and 70 ° .

From t h e s e  r e s u l t s  t he  c o n c l u s i o n  would a p p e a r  i n e v i t a b l e  

t h a t  hydr ogen  p e r o x i d e  has i t s e l f  l i t t l e  or  no a c t i o n  on t he  

h y d r o c a r b o n ,  bu t  r e a c t s  t h r o u g h  t he  medium of  a compound whi ch  

i s  decomposed by w a t e r  b u t  more s t a b l e  i n  an e x c e s s  of  a c e t i c  a c i d .  

The compound i s  most  p r o b a b l y  ace  t o - h y d r  o-  per  ox i de  . Hence,  when 

s o l v e n t s  suoh as  e t h e r  or  d i l u t e  a c e t i c  a c i d  a r e  employed t h e r e  i s  

no r e a c t i o n .  Ot he r  s u b s t a n c e s  c o u l d  be s u b s t i t u t e d  p r o v i d e d  t h e y  

c o u l d  p l a y  t h e  p a r t  of  c a t a l y s t .  Th i s  would e x p l a i n  why W o l f f e n s t e i n  

( s u p r a )  f ound a c e t o n e  s a t i s f a c t o r y ,  s i n c e  i t  gave a c e t o n e  p e r o x i d e .  

I r o n  s a l t s  were used s u c c e s s f u l l y  as  c a t a l y s t s ( H o p k i n s  and C o l e ,

Proc . Roy.  S o c . ,  19C1, 6£ ,  21 }, Neube r g ,  S i oche m.  Z e i t s c h .  1914,

71 and 127 : , J' .S .C . 1 . ,  1913,  32,  889 ] ,

a l t h o u g h  t he  r e a c t i o n  was found t o  p r oce e d  i n  a c e t i c  a c i d  s o l u t i o n  

e v e n ^ t h e  a b s e n c e  of  i r o n  s a l t s .  Agai n P r i l e s c h a a e f f  c o n d u c t e d  h i s  

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

he e mpl oyed ,  not  hydr ogen  p e r o x i d e ,  b u t  i t s  d e r i v a t i v e  b e n z o y l -  

h y d r o p e r o x i d e ,  which,  h a v i ng  i t s e l f  t h e  c h a r a c t e r i s t i c s  of  t he  

p r e v i o u s  i n t e r m e d i a r y  compounds,  r e q u i r e d  no a c t i v a t i n g  s o l u t i o n .

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

were  r e q u i r e d ,  and t h a t  no e v i d e n c e  of  a t e t r a h y d r i c  a l c o h o l  wa* 

o b t a i n e d ,  showed t h a t  t h e  r e a c t i o n  was not  one of  s i mp l e  a d d i t i o n  

o f  t h e  r u p t u r e d  mo l e c u l e  of  hydr ogen  pe r o x i d e . .  I t  mi ght  be s u g g e s t e d  

t h a t  t he  e x c e s s  mo l e c u l e  of  p e r o x i d e  i s  r e q u i r e d  t o  e s t a b l i s h  

#he e q u i l i b r i u m  n e c e s s a r y  f o r  t he  r e a c t i o n ,  f o r  t h e r e  i s  no i n d i e -
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a t i o n  of  f r e e  oxygen b e i n g  l i b e r a t e d  u n t i l  mote t h a n  one mo l e c u l e  

of  p e r h y d r o l  has  bee n  added, ,  b u t  n e i t h e r  of  t he  a r g u me n t s  a r e  

s pec  i f  i c  .

As t he  r e s u l t  of  t h e s e  i n v e s t i g a t i o n s  i t  was d e c i d e d  t o  

c o n d u c t  an  o x i d a t i o n  a t  room t e m p e r a t u r e  u s i n g  a q u a n t i t y  of  

g l a c i a l  a c e t i c  a c i d  somewhat  i n  e x c e s s  of  t h a t  r e q u i r e d  t o  e n s u r e  

t he  c o m p l e t i o n  of  t he  r e a c t i o n ,  i n  a r e a s o n a b l e  t i g j e .  To do t h i s  

e f f i c i e n t  m e c h a n i c a l  a g i t a t i o n  was n e c e s s a r y .  Th i s  p r oved  v e r y  

s a t i s f a c t o r y .  As t  he y i e  11 : of  * g l £c o 1 was much i mproved by t h i s  

me t hod ,  i t  was t h o u g h t  t h a t  a f u r t h e r  a d d i t i o n  r f  p e r h y d r o l  would 

would g i v e  t h e  t e t r a h y d r c x y  d e r i v a t i v e .  No a g i t a t i o n  was r e q u i r e d

as  t h e  a d d i t i o n  of  two mo l e c u l e s  of  p e r h y d r o l  r e s u l t s  i n  p r o d u c t s
are

w h i c h ^ c c m p l e t e l y  s o l u b l e  i n  t h e  a c e t i c  a c i d  p r e s e n t .  The e x p e r i m e n t ,  

however ,  was q u i t e  u n s u c c e s s f u l ,  r e s u l £ i n g  i n  a p r o d u c t ,  whi ch  

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



P r o d u c t s  o f  t h e  R e a c t i o n .

On o c c a s i o n  a s m a l l  q u a n t i t y  of t s r p i n  h y d r a t e  was o b t a i n e d  

i n  t h e  c o u r s e  of  o x i d a t i o n .  Thi s  c c u l i  be c r y s t a l l i s e d  f rom t h e  

e t h e r e a l  s o l u t i o n  of  t h e  o x i d a t i o n  p r o d u c t s .  The main p r o d u c t  

c o n s i s t e d  of an o i l  whi ch  c o n t a i n e d  a number of  d e r i v a t i v e s .

P a r t  a p p e a r e d  t o  be s o l u b l e  i n  w a t e r ,  bu t  on a t t e m p t i n g  t o  s e p a r a t e  

t h e  s o l u b l e  f rom t h e  i n s o l u b l e  p o r t i o n ,  t h e  o i l  e m u l s i f i e d  and 

r e n d e r e d  t h i s  method of  s e p a r a t i o n  u s e l e s s  . E x h a u s t i v e  t r e a t m e n t s  

w i t h  sodium b i s u l p h i t e  and w i t h  s e m i c a r b a z i d e  h y d r o c h l o r i d e  gave 

o n l y  a t r a c e  of  ke t one  ( or  a l d e h y d e  ) r t o o  s m a l l  t o  be i d e n t i f i e d  

Wi th t h e  l a t t e r  r e a g e n t  a ye l l ow amorphous  s u b s t a n c e  s e p a r a t e d .

Th i s  c r y s t a l l i s e d  f rom w a t e r  i n  w e l l  d e f i n e d  y e l l o w c u bes  and i n  

i r r e g u l a r  f l a k e s  a c c o r d i n g  t o  c o n d i t i o n s .  I t  was found t o  be 

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

s e m i c a r b a z i d e . D i s t i l l a t i o n  i n  s t e a m,  b e f o r e  and a f t e r  h y d r o l y s i s  

w i t h  a l c o h o l i c  p o t a s h ,  s ave  no s a t i s f a c t o r y  r e s u l t ,  as t he  o i l s  

o b t a i n e d  were as  compl ex as  t h e  o r i g i n a l  p r o d u c t ,  t he  p r o c e s s  of 

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

d i s t i l l a b l e  i n  s t e a m .  I t  was u n s a t u r a t e d  and gave on a n a l y s i s  

^ 5 7 1 . 9 9  f  H -  9 . 8 S  < .

When t h e  p r o d u c t s ,  a f t e r  h y d r o l y s i s ,  were d i s t i l l e d  a t  r e -  ' 

duced p r e s s u r e  more d e f i n i t e  r e s u l t s  were o b t a i n e d  ( d e t a i l s  on 

P. HM12) .  In a d d i t i o n  t o  v e r y  s ma l l  q u a n t i t i e s  of  low b o i l i n g  o i l s ,  

s m e l l i n g  of  e u c a l y p t u s  and p e p p e r mi n t  e t c . ,  t h r e e  f r a c t i o n s ,  d i f f e r  

i ng  w i d e l y  i n  v i s c o s i t y ,  were s e p a r a t e d ,  b u t  r e p e a t e d  f r a c t i o n a t i o n
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f a i l e d  t o  2 i ve  i ’ny w e l l  d e f i n e d  f r a c t i o n  and c a u s e d  c o n s i d e r a b l e  

r e s i n i f i c a t i o n . The t h r e e  f r a c t i o n s  were r o u ? h l y  as  f o l l o w s : -

( 1 )  A o l f t » r ,  p a l *  y e l l o w ,  1 0 b 11 a  l i q u i d  B . P .  1 1 0 - 1 1 2 °  C /  1 0 a * .

( 2 )  A e l » i r  t  i t o o u i  l i q u i d  B . P .  1 4 0 - 1 4 3  # C / l O m m .

( 3 )  A t i t r *  o u i  i n  l i  s o l i d .  B . P .  15  0 - 1 5  3 * C /  1 0 m m .

In a d d i t i o n  t o  t h e s e ,  a s m a l l  q u a n t i t y  of  a s o l i d  c o n d e n s e d  on t he  end 

of  t h e  c o n d e n s e r  i n  t h e  form of  a wh i t e  snow.  I t  d i s t i l l e d  ove r  

a b o u t  1 8 0 ° /  lCmm. d u s t  b e f o r e  d e c o m p o s i t i o n  besfan and l i q u i f i e d  

i m m e d i a t e l y  t he  vacuum was b r o k e n .

Al l  t h r e e  f r a c t i o n s  3 ave  sodium d e r i v a t i v e s ,  whi ch on a n a l y s i s  

Save r e s u l t s  whi ch  c o r r e s p o n d e d  t o  one and two h y d r o x y l  Groups  i n  

t h e  m o l e c u l e .  They were a l l  u n s a t u r a t e i ,  t h e  u n s a t u r a t i d n  d e c r e a s i n g  

as  t h e  b o i l i n g  p o i n t  of  t he  f r a c t i o n  i n c r e a s e d .

F r a o t  i o n
i  N  a  i n  

S o d i u m  D* r  i ? » t  i r »

% Na 

r * q u i r * d  f o r

1 1 0 - 1 1 2 * 0 /  1 0 m * .  

1 4  0 - 1 4 3  * 0 /  1 0 m m.  

1 5 0 - 1 5 3 * 0 /  1 0 mm.

9 . 5  

2 2  . 7 

1 6 . 1

^ i o H i . ( O N 4 ) ,  = 2 1 . 3 4

? t o H i 7 ; 0 N a  = 1 3 . o <

F r e e  t h e s e  r e s u l t s  i t  would a p p e a r  t h a t  t he  mi dd l e  f r a c t i o n  i s

a l m o s t  e n t i r e l y  composed of  a d i h y d r o x y  d e r i v a t i v e .  Tha t  t he  

r e s u l t  i s  hisfh i s  not  s u r p r i s i n g ,  f o r  i t  i s  i m p o s s i b l e  t o  e x c l u i e  

w a t e r  c o m p l e t e l y  i n  t he  p r e p a r a t i o n  of t h e s e  h i g h l y  h y s r c s c o o i e  

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

r e s u l t  f o r  Na i n  t he  sodium d e r i v a t i v e .  I t  would f u r t h e r  a p p e a r  

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

p r o d u c t s  w i t h o u t  a h y d r o x y l  s r o u p ,  and t h a t  t h e  h i g h e s t  f r a c t i o n
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i s  ma i n l y  a h y i r a t e i  compound,  i . e .  i t  has been  formed by t he  

a d d i t i o n  of H*0  and has t h e  f o r mu l a  3 i OHi 7 . 0 H. ,  b u t  c o n t a i n s  a 

c e r t a i n  q u a n t i t y  of  t h e  d i h y d r o x y  compound of  t he  m i i d l e  f r a c t i o n .

From t h e  mi ddl e  f r a c t i o n  A8 (10,p .ment  hen .1 : 2 d i o l  was 

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

i s a t i o n ,  a l l  c o n c e i v a b l e  s o l v e n t s  had been u s e d ,  b o t h  i n  t h e  an h y ­

d r o u s  c o n d i t i o n  and when s u i t a b l y  d i l u t e d  w i t h  w a t e r ;  even  l i q u i d  

a i r  had been  used w i t h o u t  r e s u l t .  On t r e a t m e n t  of  t he  o i l  r e c o v e r e d  

f rom t he  p r e p a r a t i o n  of  t he  sodium ccmpcunds  w i t h  a c e t i c  a c i l ,  s m a l l  

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

d e s i c c a t o r .  Th i s  was t h o u g h t  t o  be due t c  t he  l o s s  of  w a t e r  of  

c r y . s t a d j l i s a t i o n ,  and s o  i t  proved t o  be ,  f o r  on r u b b i n g  t he  v i s c o u s  

l i q u i d  w i t h  a r ed  mo i s t e n e d  wi t h  wa t e r  c r y s t a l s  were  a g a i n  f o r me d .  

T h e r e a f t e r  t h e y  were r e a d i l y  o b t a i n e d  f rom aqe ous  s o l u t i o n ,  

e s p e c i a l l y  i f  a l i t t l e  b e nze ne  were added t o  f l o a t  o f f  a d h e r i n g  

o i l y  p r o d u c t s .

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

i n  t h e  h i g h e s t  f r a c t i o n ?was o n l y  p a r t l y  s u c c e s s f u l .  R3r was p a s s e d  

i n t o  an e t h e r e a l  s o l u t i o n  of t he  o i l  whi ch r e ma i ned  a f t e r  t h e  

g l y c o l  had been r emoved .  A c r y s t a l l i n e  d e r i v a t i v e  was o b t a i n e d  

and p u r i f i e d  f rom e t h y l  a l c o h o l  ( me t hy l  a l c o h o l  h y d r o l y s e s  i t ) .

I t  was somewhat  u n s t a b l e  and on l y  two - r e c r y s t a  l l i s a t i o n s  were  

p o s s i b l e .  I t  me l t ed  a t  4 4 - 4 5 pd . and c o n t a i n e d  53-5< ? r . ( C1 0 H i f 9 r 2 

r e q u i r e s  53*64* ? r . ) I t  was e x p e c t e d  t h a t  d i p e n t e n e  d i h y d r o b r o m i d e  

would be formed,  bu t  t he  compound c o u l d  not  be found i n  t he  l i t e r a t u r e .
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As t h e  s u b s t a n c e  f rom whi ch t h i s  compound was p r e p a r e d  was 

u n s a t u r a t e d ,  and p r e s u ma b l y  n e t  a h y d r o c a r b o n ,  i t  must  be cosn-

c l u d e d  t h a t  t h e  o r i g i n a l  s u b s t a n c e  had t he  f o r mu l a  Cl o H t 7 . 0 H,

C i o $ i .  and C i OH i 8 ( 0 H) 2 b e i n g  r u l e d  out  f o r  t h e  two r e a s o n s  g i v e n ) .

Re p e a t e d  a t t e m p t s  t o  p r e p a r e  a p h e n y l u r e t h a n e  on l y  gave 

d i p h e n y l - u r e a  m . p . 2S6...5 ® . N ?• 13 . 40*  , • ( C, HS .NH) 2 .C :0 

r e q u i r e s  N = 1 3 . 3 1 * .

At t empt s  t o  p r e p a r e  a n i t r o b e n z o a t e  were  a l m o s t  as  un­

s u c c e s s f u l .  Only on one o c c a s i o n  was a s m a l l  y i e l d  o b t a i n e d .

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

s i l v e r y  l u s t r e .  I t  me l t e d  a t  7 9 ° .

T e r p i n Hudr a t e . Th i s  s u b s t a n c e  i s  w e l l  known,  b u t  t he  

f o l l o w i n g  p r o p e r t i e s  do no t  a p p e a r  t o  have been  p r e v i o u s l y  m e n t i o n e d .  

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

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

c o t t o n  wool ,  l ong n e e d l e s  of  t e r p i n  h y d r a t e  s u s p e n d  t h e m s e l v e s  

f rom t h e  c o t t o n  w o o l .  D i s t i l l a t i o n  of  an a l c o h o l i c  s o l u t i o n  i s  

t h * s  an obv i ous  and c o u v e n i e n t  way of  p u r i f y i n g  t he  s u b s t a n c e .

Owing t o  i t s  t e n d e n c y  t o  s u b l i m e ,  t he  m e l t i n g  p o i n t  i s  no t  e a s i l y

o b s e r v e d  and must  be done i n  a s e a l e d  t u b e .

The Gl y c o l , A n a l y s i s  of  t h i s  s u b s t a n c e  gave C = 7 0 . 6 2  ;

H -  1 0 . 5 1 * , Cl o Hl 80 2 r e q u i r e s  C = 7 0 . 5 7 ,  H = 1 0 . 6 8 * . I t  i s  un­

s a t u r a t e d  and when t h o r o u g h l y  d e h y d r a t e d  m e l t s  a t  67*5 0C.  I t  i s  

c l e a r l y  t h e  p r o d u c t  of  P r i  l e s c h a a e f  f  ( p . 881  . I t  i s  a l m o s t



c e r t a i n l y  t h e " s o l i i M o b t a i n s !  by 31umaan a n i  Z e i t s c h e l  ( 3 e r . ,  

1914,  4?,  5633 ) ,  an !  l i k e w i s e  t he  g l y c o l  d e s c r i b e d  by D i n z b e r g ,

( 3 e r . ,  1896,  29,  1300 ) .  I t  i s  t h e r e f o r e  -,Aft (l 0) p .Menthen .1 :3 d i o l .  

I t  c r y s t a l l i s e s  f rom w a t $ r , i n  whi ch i t  i s  s o l u b l e  t o  a b o u t  1 0 ^ , 

i n  p e a r l y  f l a k e s ,  whi ch  e f f l o r e s c e  i n  a i r  a n i  c o n t a i n s  3 H? 0 i n  

t h e  c r y s t a l l i n e  f o r m;  t h e s e  c a n  be c o m p l e t e l y  r emove!  i n  t h e  c o u r s e  

of  s e v e r a l  l a y s  i n  a vacuum d e s i c c a t o r  o v e r  s u l D h u r i c  a c i d .  The 

s u b s t a n c e  me l t s  t o  a c l e a r  l i q u i d  whi ch i s  a p p r e c i a b l y  v o l a t i l e  

a t  1 0 0 ° ,  a t  whi ch t e m o e r a t u r e  i t  i s  s l i g h t l y  v o l a t i l e  and soon,  

becomes  d i s c o l o u r e d .  I t  i s  even  s l i g h t l y  v o l a t i l e  i n  a vac^uura 

d e s i c c a t o r ,  a s  shown by t h e  c o n t i n u e d  d i s c o l o u r a t i o n  of  t he  

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

whi ch  a c c o mp a n i e s  c o n t i n u e d  d e s i c c a t i o n  . ( s e e  p . 114).  I t s  s o l u t i o n  

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

f rom what  i s  a l m o s t  c e r t a i n l y  t h e  o p t i c a l l y  a c t i v e  form of  t he  

g l y c o l  d e s c r i b e d  by Romeo ( p . 9 0 ) .



Part  I I .



EXPERIMENTAL.

P r e p a r a t i o n  o f  t he Hy d r o c a r bon.

Oi l  of  B i t t e r  Orange  was washed f o u r  t i me s  w i t h  a d i l u t e  

s o l u t i o n  of  NaOH t o  remove a c i d s ,  a n i  t h e n  w i t h  w a t e r  -  a l a r g e  

e x c e s s  p r e v e n t e d  e m u l s i f i c a t i o n  -  u n t i l  a l l  t r a c e  of  a l k a l i  

was r emoved.  The r e s u l t i n g  o i l  was f r e e d  f rom r e s i n o u s  m a t e r i a l  

by d i s t i l l a t i o n  in s t e a m.  Th i s  gave a c l e a r  c o l o u r l e s s  o i l ,  

whi ch  was d r i e d  ove r  OaCl 2 and d i s t i l l e d  w i t h  f r a c t i o n a t i n g  

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

" below 170° ” a n d " 1 70° - 185°  " . These  wer e  r e d i s t i l l e d  i n  

f r a c t i o n s ,  1 7 0 ° - 1 7 5 ° ,  l ’J’SPLr ’J’S0 , 178®-130* , On r e i i s t i l l a t i o n ,  

f r a c t i o n s  were t a k e n  a t  e a c h  s t a r t i n g  a t  175° /  759 rcm.

The O p t i c a l  R o t a t i o n s  of  t he  f r a c t i o n s  were  as  f o l l o w s .

F r i o t  i o m
M* a n V a l u e s

[ a ] 18
JD

1 7 6 ° ♦ CD 4k . 00 00 •

1 7 6 . 5  ° ♦ 9 4 . 6 9 ®

1 7 7 ® ♦ 9 6 . 6 0 ®

1 7 7 . 5  0 * 9 7 .  5 7®

178® ♦ 9 8 . 3  4®

The g r a p h  of  t h e s e  r e s u l t s  ( p l l 6 ) shows t h a t  t h e  Limonene 

i s  t o  oe foj ind i n  t h e  f r a c t i o n s  be t ween  176*5°  and 177*5« .

In  t h e  f i n a l  d i s t i l l a t i o n ,  t h e s e  f r a c t i o n s  o n l y  were  r e t a i n e d
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The t h e r mo me t e r  was n o t  t o t a l l y  i mmer s ed .  The c o r r e c t e d  r e a d l  

i ng would be 175 * 5 ° - 1 7 6 * 5 °  . The r o t a t i o n  o f  t h e  r e d i s t i l l e d  

s ampl e  was + 96*89° ( mean of  s i x  r e a d i n g s )  The o t h e r  c o n s t a n t s
X 5 ^  o

were d 15 • 0*8453,  n j 5° ' i  • 4 7 5 9  #

O x i d a t i o n  o f  L imo n e n e .

In t h e  o x i d a t i o n s  g l a c i a l  a c e t i c  a c i d  was used a s  s o l v e n t  

and hydr ogen  p e r o x i d e  was added i n  two m o l e c u l a r  p r o p o r t i o n s ,  

and t h e  whole  a l l o w e d  t c  r e a c t  a t  a t e m p e r a t u r e  a b o u t  6 0 ° ,  

u n t i l  t h e  l a y e r  of  h y d f o ^ a r b o n  had e nfcirO|>y d i s a p p e a r e d . The 

t i me  t a k e n  f o r  t h i s  r e a c t i o j i  v a r i e d  w i t h i n  a wi de  r a n g e ,  and 

e x p e r i m e n t s  were c a r r i e d  o u t  t o  d i s c o v e r  t h e  c a u s e .

A t r i a l  e x p e r i m e n t  w i t h  10 gms . Limonene was c o m p l e t e  i n  •*;

40 h o u r s .  A r e p e a t  w i t h  50 gras of  t he  h y d r o c a r b o n  had not

c o m p l e t e l y  r e a c t e d  a f t e r  3 wee ks .  The a d d i t i o n  of  more p e r h y d r o l

d i d  no t  e f f e c t  t h e  o x i d a t i o n  d e s i r e d .  Tne o n l y  c o n c l u s i o n

whi ch  c o u l d  be drawn f rom t h e s e  r e s u l t s  was t h a t  t h e  h y d r o c a r b o n  

was t h r own ou t  of  s o l u t i o n  by t h e  a d d i t i o n  of  t h e  p e r h y d r o l ,  

and t h a t  t h e  r e a c t i o n  t h e r e a f t e r  was e x t r e m e l y  s l ow,  b e i n g  

d e p e n d e n t  on s u r f a c e  c o n t a c t .  In/the t r i a l  e x p e r i m e n t  t h i s  would 

be v e r y  much g r e a t e r :

I f  was t h o u g h t  t h a t  t h e  g r a d u a l  a d d i t i o n  of  t he  p e r h y d r o l  

would overcome t h i s  d i f f i c u l t y ,  as t he  h y d r o c a r b o n  wojd be r e ­

t a i n e d  i n  s o l u t i o n  u n t i l  t h e  r e a c t i o n  was w e l l  a d v a n c e d .  I t s  

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

m o l e c u l a r  p r o p o r t i o n  of  p e r h y d r a l  had oeen  addedl  The g a i n  

i n  t i me  i a s  c o n s i d e r a b l e  and t he  s c i u t i # n  d i d  no t  d a r k e n  even  

on h e a t i n g  t o  80° and over ,  as  i t  d i d  when t h e  p e r h y d r o l  was 

a i d e d  a l l  a t  onc e .

As t he  g r a d u a l  a d d i t i o n  of  t he  p e r h y d r o l  had been s u c c e s s f u l  

i n  r e d u c i n g  t h e  t i me  of  t h e  r e a c t i o n  i t  was t h o u g h t  t h a t  i t  mi ght  

be used t o  r e d u c e  t h e  e x c e s s i v e  amount  of  a c e t i c  a c i d  r e q u i r e d  

f o r  t h e  r e a c t i o n .  The p r o p o r t i o n s  used were C1 0 Hi«,  100 grns. ,

CHa .C00H,  240 c c . ,  H20 2 , 160 cc . To t e s t  t h i s  100 grns. of

Limonene were d i s s o l v e d  i n  30 c c .  g l a c i a l  a c e t i c  a c i d  and 20 cc.  

p e r h y d r o l  added g r a d u a l l y  d u r i n g  t he  c o u r s e  of  a f o r t n i g h t .

P r a c t i c a l l y  no o x i d a t i o n  t o o k  p l a c e .  The f u r t h e r  a d d i t i o n  of  

40 c c . a c e t i c  a c i d  and € 0  c c . p e r h y d r o l  d i d  n o t  p r o d u c e  any 

a p p r e c i a b l e  r e s u l t .

The i n f l u e n c e  of  t h e  a r e a  of  s u r f a c e  c o n t a c t  on t he  

r a t e  of  r e a c t i o n  was now i n v e s t i g a t e d .  The above  mi x t u r e  

was d i v i d e d  i n t o  two p o r t i o n s ;  one of  whi ch  was p l a c e d  i n  

a 1 l i t r e  f l a s k ,  and t h e  o t h e r  i n  a J l i t r e ,  and ke p t  unde r  

s i m i l a r  c o n d i t i o n s .  The vol umes  of  t h e  l a y e r s  were measured  

a t  i n t e r v a l s .  The r e s u l t s  show t h a t  t he  r e a c t i o n ,  a l t h o u g h  s l ow,  

i s  a p p r e c i a b l y  a f f e c t e d  by t he  e x t e n t  of  t h e  c o n t a c t  s u r f a c e .

The amount  of  s o l v e n t  was now i n c r e a s e d  i n  t h e  s m a l l e r  f l a s k  

w i t h  t h e  r e s u l t  t h a t  i t  made up i n  a n i g h t  what  i t  had l o s t  

i n  a week and a c t u a l l y  ga i ne d  on t he  o t h e r .  Th i s  shows c o n *
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c l u s i v e l y  t h a t  t h e  r a t e  of  t he  r e a c t i o n  i s  d e p e n d e n t  on t he  

i n t i m a c y  of  c o n t a c t .

S f  f  n o t  of  C o n t a c t  o n  t  hn R a t a  o f  R a a o t i o n .

I n  1 L i t r a  F l a s k I n  £ L i t r a F l a s k .

T i m a  b a t w a a n  

Ob l a r r a t  i o n s  .
T a mp .

V o l u n a g  

o f  L a ya r s

V o l .  o f  

L i  mo na na 

ox  i i i s n d

V o l u n a g  

o f  L a ya r s

V o l .  o f  

L i  m o n a  na 

o x  i d  i s a d

4 Oo o . 4 0 o o .
7 8 o «  . 7 8o 8 .

5 0 °
4 d a y s 2 0® 3 2 o o .  

8 5 o  « .
8o  o . 3 4 o o .  

8 4 o o .
6o o .

A d d a d  4 0 o o .  H? 0 a t o  a ao h.

3 3 c  o . 3 4 o o .
1 2 4  00 . 1 2 2 o 8  .

5 0 °
3 d a y s 2 0 ° 2 4o o . 

1 3 2 o  « .
9 o o . 2 9 o o .  

12 6o 6 .
8 o o .

A d d a d  l O o o .  CJj]3 .COOH t o  ̂ L i t r a  F l a s  k?

2 4 o o 2 9o o .

5 3 ®
1 3 2 o c . 13 60  0 '

1 d a y 2 0 ° 2 3 0:0 . 
1 3 3 8 0  .

l o o . 2 l o o .  
1 4 4oio .

8 o o .

On e x o e r i m e n t i t  was found t h a t whidie t h e h y d r o c a r b o n  can  be

d i s s o l v e d  i n  a c e t i c  a c i d  and t h rown ou t  w i t h  w a t e r ,  t h e  p r o ­

duc t s :  of  o x i d a t i o n  r e ma i n  i n  s o l u t i o n ,  b e i n g  s o l u b l e  i n  a c e t i c  

acdd d i l u t e d  t o  a c o n s i d e r a b l e  e x t e n t  w i t h  w a t e r .  The volume 

of  t he  h y d r o c a r b o n  l a y e r  i s  t h e r e f o r e  an e x c e l l e n t  measure  of  

p r o g r e s s  o f  o x i d a t i o n .

The above e x p e r i m e n t s  were  a g a i n  u n i t e d  and s u f f i c i e n t
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a c e t i c  a c i d  added t o  keeo  t he  h y d r o c a r b o n  i n  s o l u t i o n  ( a t c t a l  

of  2 7 0 0 0 . )  A f t e r  24 h o ur s  o x i d a t i o n  was f ound t o  be c o m p l e t e .

A c o n f i r m a t o r y  e x p e r i m e n t  was c a r r i e d  o u t ,  a d d i n g  the.  

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

T i l *  b e t w e e n  
O b s e r v a t i o n s

V o 1
CHg .

o f
C 0 0 H

T o t  ft 1
V o l

h 2 0

o f

2
T o t a l

3 0 o o . 3 0 o o 2 0 o o 2 0 o o

1 d a y 3 0 n 5 ff 2 5 ff

2 d a ^ s 1 0 tf 4 0 i t 1 0 If 35 ff

5 d a y * 1 0 t r 5 0 N 1 0 f t ♦5 « <

6 d a y s 3 0 i t 8 0 tf 2 0 If 65 tl
8 d a y s 5 0 i t 1 3 0 tf - 65 N

3 d a y s 5 0 t t 1 8 0 N - 65 f t

2 d a y s 5 0 99 2 3 0 •f 3 0 VI 95 .  ( * )

1 0  d a y s 2 0 f t 2 5 0 If 2 0 ff 1 1 5 m

( * )  Th«  r e a c t i o n ,  up t o  t h i s  p o i n t  r e  r y  i  l o w ,  b A g « n t o  

i n o r w t t A  r a p i d l y .

There  was now no d o ub t  t h a t  t h e  a c e t i c  a c i d  was more t h a n  a 

s o l v e n t ,  and i f  s o ,  s o me t h i n g  more t h a n  t h a t  r e q u i r e d  t o  l l l o w  

t he  r e a c t i o n  t o  p r o c e e d  s h o u l d  i n c r e a s e  t h e  r a t e  of  t he  

r e a c t i o n  s t i l l  f u r t h e r .  T h i s  was found t o  be t he  c a s e  as  shown 

be low
T i n *

V o l u m e  o f  

L i m o n e n e  L a y e r .

1 8  h o u r s  
3 d a y s  
1 d a y  
1 d a y  
1 d a y

6 0 o  o .
3 5  ■
18  *
1 3  ** ( a d d e d  

5 o o .
5 o o .

'a'V
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F u r t h e r  e v i d e n c e  o f  t h e  e s s e n t i a l  r 6 l e  wh i c h  t h e  a c e t i c  

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

use  e t h e r  as  s o l v e n t ,  lOcc of  Limonene were t r e a t e d  w i t h  

5 cc . CH3 .COOH and l O c c .  H2 0 2' i n  3 0 c c .  e t h e r  ( t he  CH3 .COOH 

was a i d e d  as  a c a t a l y s t  ) .  I t  was hoped t h a t  as e t h e r  i s  

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

c a r b o n  i n  t he  p e r h y d r o l  l a y e r ,  and t h u s  remove t h e  n e c e s s i t y  

of  t he  e x c e s s  o f  a c e t i c  a c i d .  The e x p e r i m e n t  was e n t i r e l y  

u n s a t i s f a c t o r y ,  f rom t h a t  p o i n t  cf  v i e w .

On t h e  o t h e r  hand a s t i l l  more l i b e r a l  e x c e s s  of  a c e t i c  a c i d  

a l l o we d  t he  r e a c t i o n  t o  be c o mp l e t e d  i n  l e s s  t h a n  two d a y s .

50gms.  CxoHig , 50cc  . H2 0 2 ( i n s t e a d  c f  8 0 c c . )  and 160cc .

CHs-.COOH ( i n s t e a d  of  1 2 5 c c . )  wre a l l o we d  t o  r e a c t  a t  60*

T i l * V o 1 u i k  o f

A o f t t i o  Ao i d  
L* y*  r

V o 1 u o f

L i a o n n n A
L a y « r

1 9 5  o o . 5 3 o o .

6 h o u r  s 2 1 7  " 3 1 »

1 9  ■ 2 3  9 ■ 5 "

2 2  ■ 2 4 4  ■ 0  *

4 7  "

In a l l  t h e s e  e x p e r i m e n t s  t h e  t r a d i t i o n a l  t e m p e r a t u r e , , 6 0 ° ,  was 

u s e d .  The y i e l d s ,  however ,  were  poo r ,  and i t  was found much 

more s a t i s f a c t o r y  t o  c a r r y  ou t  t h e  e x p e r i m e n t  a t  room t e m p e r a t u r e .  

For  t h i s  t o  be s u c c e s s f u l  me c h a n i c a l  -i ' t-atilon was e s s e n t i a l
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and as  t he  h y d r o c a r b o n  i s  l e s s  s o l u b l e  i n  t he  s l i g h t l y  d i l u t e d  

a c e t i c  a c i d  a t  room t e m p e r a t u r e  t h a n  a t  60° more a c e t i c  a c i d  was 

r e q u i r e d .  The f o l l o w i n g  i s  an exampl e  of  a " c o l d "  o x i d a t i o n .

100 cc  . Limonene were  d i s s o l v e d  i n  375 cc . g l a c i a l  a c e t i c  a c i d ,  

and p e r h y d r a l  adde d ,  i n  2 0  cc l o t s  a$ i n t e r v a l s ,  t p  a t o t a l  of  

180 cc . I n  \%\ h o u r s  t h e  r e a c t i o n  had j u s t  begun;  a t  t h e  end 

of  a week a b o u t  | §  % o f  t h e  Limonene had been o x i d i s e d ,  i n  1 0  

days  o n l y  a b o u t  5 bo 10 cc r e ma i n e d  u n a t t a c k e d ,  whi ch r e q u i r e d  

f rom 4 t o  8 days  t o  o x i d i s e s  The whole  o x i d a t i o n  t h e r e f o r e  

o c c u p i e d  f rom 14 t o  18 d a y s ,  i n s t e a d  of  2 da y s  i n  t he  o x i d a t i o n  

a t  6 0 ° ;  on t h e  o t h e r  hand t h e  y i e d d  of  d e f i n i t e  p r o d u c t  was 

i n c r e a s e d  f rom 4 t o  4$ i  .

From h a l f  of  t h e  above t h e  p r o d u c t s  of  o x i d a t i o n  were 

e x t r a c t e d  as  w i l l  be d e s c r i b e d  l a t e r .  The d t h e r  h a l f  was + 

t r e a t e d  w i t h  more a c e t i c  a c i d  and an e x c e s s  of  p e r o x i d e  i n  

t h e  hope t h a t  a t e t r a h y d r i t e  or  e r y t h r i t o l  would be p r o d u c e d .

As t he  a dd - l t i o n  of  p e r h y d r o l  no l o n g e r  c a b l e d  t h e  f o r m a t i o n  

of  a d o u b l e  l a y e r ,  no a g i t a t i o n  was n e c e s s a r y .  The s o l u t i o n  

was a l l o we d  t o  s t a n d  f o r  a f o r t n i g h t .  The r e  was s t i l l  an e x c e s s  

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

oxygen i n  t he  f l a s k .  As t he  r e s u l t  of  a b o u t  40 e x t r a c t i o n s  

an o i l  was c o l l e c t e d  ( a b o u t  0 0  £ of  t he  p o s s i b l e  y i e l d  ) .

Fven c o l d  aqeous  SaK'OH)* r e s i n i f i e d  t h i s  o i l  c o m p l e t e l y .
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E x t r a c t i o n  o f  t h e  O x i d a t i o n  P r o d u c t s .

To t he  s o l u t i o n  i n  a c e t i c  a c i d ,  c o n t a i n e d  i n  a f l a s k  of two 

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

a wash b o t t l e  c o n t a i n i n g  Na8 C0 3 , t h e r e  was added a s t r o n g  s o l u t i o n  

of  Na2 'C0 3 u n t i l  t he  a c i d  was . jus t  n e u t r a l i s e d .  The s o l u t i o n  was 

used i n s t e a d  of t he  c r y s t a l s  as  t he  l a t t e r  c a u s e s  t he  f o r m a t i o n  

of  s o l i d  sodium a c e t a t e ,  and i s  a l s o  l i a b l e  t o  c a u s e  v i o l e n t  

f r o t h i n g  t owar ds  t he  end of  t he  n e u t r a l i s a t i o n .  The s o l u t i o n  

c o u l d  be c o n t r o l l e i  much more e a s i l y .  When c o l d  t h e  n e u t r a l  s o l u t i o n  

was t h o r o u g h l y  e x t r a s t e d  w i t h  e t h e r .  As a r u l e  f rom 8 t o  10 e x ­

t r a c t i o n s  were n e c e s s a r y  b u t  s u f f i c i e n t ;  on one o c c a s i o n  as  many 

a s  40 e x t r a c t i o n s  were  e e q u i r e d ,  but  t he  o r o d u c t s  i n  t h i s  i n s t a n c e  

were r e s i n o u s .  The e t h e r e a l  s o l u t i o n  was d r i e d  over  sodium s u l p h a t e .

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

s e p a r a t e d  on one o c c a s i o n .  The m e l t i n g  p o i n t  of  t h i s  s u b s t a n c e
t hf t  f  a o t  t h a t

i s  d i f f i c u l t  t o  o b t a i n  owing s u b l i m e s .  Us i ng an o r d i n a r y

m e l t i n g  p o i n t  t ube  i t  was f o u n l  t h a t  t he  m e l t i n g  p o i n t  v a r i e d  

f rom 1 0 2 ° t o  1 1 2 ° ,  and r e p e a t e d  c r y s t a l l i s a t i o n s  d i d  no t  r a i s e  i t .

In a s e a l e d  t u b e  i t  me l t e d  a t  l l c - l l ? 0 . On a n a l y s i s  i t  gave

0 = 62. 84* H = 1 1 . 83*  : OioWis(OH)* r e q u i r e s  0 * 6 3 . to* :

H -  1 1 . 6 6 * .

Compl e t e  r emova l  c f  t he  s o l v e n t  l e f t  a y e l l o w ,  v i s c o u s  o i l  

hav i n g  a s wee t  s me l l  s u g g e s t i v e  of  an e s t e r .  I t  wi:s t r e a t e d  e x ­

h a u s t i v e l y  w i t h  NaUS03 ( made by p a s s i n g  S0 8 i n t o  Na*CQs s o l u t i o n
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u n t i l  s u o e r s a t u r a t e i , a l l o w i n g  t o  c o o l  a n i  u s i n g  t h e  s u p e r n a t a n t ! .

The mi x t u r e  was a l l o we d  t o  s t a n d  f o r  s e v e r a l  weeks  w i t h  o c c a s i o n a l  

s h a k i n g .  C r y s t a l s  were  d e p o s i t e d .  These  we r e  washed ,  w i t h  a l c o h a l  j 

and e t h e r ,  decomposed wi t h  sodium c a r b o n a t e  and d i s t i l l e d  i n  s t e a m .

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

T r e a t me n t  w i t h  s e m i c a r b a z  i'fce a c e t a t e  ( made by mi xi ng  a 

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

of  t he  e q u i v a l e n t  a t i ount  of  p o t a s s i u m  a c e t a t e  i n  a l c o h o l  and 

r emovi ng  t he  p r e c i p i t a t e d  KC1.)  gave i n d i c a t i o n s  of  a s o l i d  d e r i v ­

a t i v e , a n d  a t h o r o u g h  t r i a l  was made.  As t h e  r emova l  of  t h e  a l c o h o l  

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

of  d i s t i l l a t i o n  i n  s t e a m as  a method of  s e p a r a t i n g  t h e  p r o d u c t s .

The n e u t r a l  p r o d u c t  was t r e a t e d  w i t h  an e x c e s s  of  s e m i c a r b a z i d e  

a c e t a t e  and a l l o w e d  t o  s t a n d  f o r  a b o u t  t h r e e  wee ks ,  a t  a b o u t  6 0 ° .

At t h e  end of  t h a t  t i me  some sodium a c e t a t e  and p o t a s s i u m  c h l o r i d e  j

had s e p a r a t e d  ou t  a l o n g  w i t h  a q u a n t i t y  of a y e l l o w s o l i d .  T h i s  

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

i n  w a t e r ,  f rom whi ch  i t  c o u l d  be c r y s t a l l i s e d  i n  r e g u l a r  c u b e s  

a n i  f i n e  f l a k e s .  I t  me l t e d  a t  2 4 5 - 2 4 6 ° .  Found N . a v a l u e  1

whi ch  do4 s not  a g r e e  w i t h  t h e  s e m i c a r b a z o d e  of  a mono- ke t one  or  

w i t h  t h a t  of  a d i - k e t o n e  whi ch r e q u i r e  r e s p e c t i v e l y  N = 2 1 *1 , and !

N * 31- 1*  . I t  i s  c l e a r l y  a p r o d u c t  of  p o l y m e r i s a t i o n  of  s e m i c a r -  

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

s t e a m t o  remove t h e  s o l v e n t :  a s ma l l  q u a n t i t y  of  o i l  was a l s o  

c a r r i e d  o v e r .  The r e m a i n i n g  o i l  hed s e p a r a t e d  i n t o  two l a y e r s ,  a
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p a r t  b e i n g  s o l u b l e  a n i  a Dar t  i n s o l u b l e  i n  w a t e r .  These were 

i i s t i l l e i  i n s t e a m,  a n i  t he  r e s u l t i n g  o i l s  h y i r o l ^ j e i .  In e v e r y  

c a s e ,  t h e r e  was o b t a i n e i  a n e u t r a l  p r o i u c t ,  a brown r e s i n o u s  

v i s c o u s  a c i i ,  a n i  a t h i c k  r e s i n .  The y i e l i s  were v e r y  poor  a n i  t h e  

p r o i u c t s  no more e a s i l y  i s o l a t e !  t h a n  t he  o r i g i n a l  o i l s .

The amount  of  a l i e h y i e  or  ke t one  b e i n g  neg l i g i b i e , t h e s e  

t r e a t m e n t s  were not  r e p e a t e i .

The n e u t r a l  p r o i u c t  f rom t h e  h y d r o l y s i s  of  t he  o i l  was 

i i s t i l l e i .  A i r o p  of  c l e a r  o i l  i i s t i l l e i  a t  9 8 ° 2 /  759 ^m. a n i  

s me l t  of  e u c a l y p t u s .  The i i s t i l l a t i o n  was t h e n  c o n i u c t e i  a t  r e i u c e i  

p r e s s u r e  g i v i n g  a t  18mm. t h e  f o l l o w i n g  f r a c t i o n s ,

B o i l i n g  P o i n t  D a s o r i p t i o n

1 8 « b ,

6 0 °  A r a  r j  « o b  i l «  o i l  ( s n a i l  q u a n t i t y )

8 0 / 1 6 0 °  * ■

ieO-f-80® & v i s c o u s ,  b u t  o l a  a r  a n d  o o l o u r l a s s  o i l

1 8 0 -  2 0 0 °  A o l * a r  b u t  s a a i - s o l i d  p r o d  u o t  ,

2 8 0 *  A w h i t a  s n o w  w h i o h  l i q u i f  i a i  o n  b r a a k i n g

t  ha r a o u f i .  ( a d r o p  )

T h a r a  wa s  no  s t a t i o n a r y  b o i l i n g  p o i n t  d u r i n g  t  ha d i s t i l l a t i o n .

Th a t  a r ough  s e p a r a t i o n  h a i  been a c h i e v e !  was shown by t h e  i i f f e r -  

e n c e  i n  v i s c o s i t y ,  a n i  t h e  met hoi  was a p p l i e i  t o  a f r e s h  q u a n t i t y  

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

po$asbu

About  50* of  t he  o x i i a t i o n  p r o i u c t  r e s i n i f i e i  i n  t he  p r o c e s s  

of  h y i r o l y s i s :  of  t h e  r e m a i n i n g  50%,  a b o u t  1 i i s t i l l e i  below 1 2 9 / 1 Omm



a n o t h e r  J be t ween  120- 160°  /  1 0 mm.,. a n i  i  b e t wee n  160- 200°  /  1 0 mm.

The l a s t  f r a c t i o n  showed a c l e a v a g e  l i k e  a r e s i n ,  which d i s a p p e a r e d  

on s t a n d i n g .  On d i s t i l l i n g  t h e s e  f r a c t i o n s  s e v e r a l  t i mes  under  

r e d u c e d  p r e s s u r e ,  c o n s i d e r a b l e  r e s i n i f i c a t i o n  t o o k  p l a c e  and t he  

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

became a t  1 0 mm.

B o i l i n g  P o i n t  D f t a o r i p t i o n .

7 0 - 8 0 °  A d r o p  o f  a o l n a r  l i q u i d

9 0  — 1 1 0 °  A o 1^ a r  a o b i l f t  l i q d i d  ( s n a i l  q u a n t i t y )

1 1 0 - 1 3 5 °  " ■

1 3 5 - 1 4 5 ° (  1 4 2 ° )  A o l n a r  v i a o d u s  l i q u i d .

1 4 5 - 1 7 0 ° )  1 5 2 ° )  A nor f t  v i s o  o u t  o i l

1 7 0 ® -  A r f t s i n .

In t h e  hope of  o b t a i n i n g  a c r y s t a l l i n e  s u b s t a n c e  f rom a t  l e a s t  

one of  t h e s e  f r a c t i o n s  a l l  k i nds  of  s o l v e n t s  were used i n c l u d i n g  

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

a l c o h o l s ,  e t h y l  a c e t a t e ,  a c e t i c  a c i d .  The s o l v e n t s  were a l l o we d  

t o  e v a p o r a t e  s l o w l y .  They were d i l u t e d ,  l e f t  f o r  p e r i o d s  in a f r e e z ­

i ng  m i x t u r e ,  and i n  an i c e  c h e s t .  Even l i q u i d  a i r  was t r i e d  as  a 

means of  i n i u c i n g  c r y s t a l l i s a t i o n ,  bu t  w i t h o u t  r e s u l t .

As men t i oned  i n  a p r e v i o u s  s e c t i o n  t h e  p r o c e s s  of  f r a c t i o n a l  

d i s t i l l a t i o n  unde r  r e d u c e d  p r e s s u r e  f a i l e d  t o  s e p a r a t e  t he  c o n ­

s t i t u e n t s  of  t h e  o i l  a f t e r  h y d r o l y s i s ,  b u t  i t  a t  l e a s t  showed t h a t  

t h e r e  were t h r e e  c o n s t i t u e n t s  p r e s e n t  -  a t sob i l e  o i l  3 . P.  a b o u t  

1 1 0 ° /  10mm. ; a v i s c o u s  l i q u i d  B . P .  a b o u t  1IG# /  10mm. and a
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s e mi - v  i t r e 6 us s o l i d  b . p .  a b o u t  1-50° /  lCmm. Wi th t he  o b j e c t  of

a s c e r t a i n i n g  t he  number  of  h y d r o x y l  Groups i n  t h e s e  f r a c t i o n s  

t h e y  were  t r e a t e d  w i t h  m e t a l l i c  sodium i n dry b e n z e n e .  3 o l i d  

sodium d e r i v a t i v e s  were  o b t a i n e d  i n  a l l  t h r e e  i n s t a n c e s .  These  

were f i l t e r e d  o f f  and washed w i t h  d r y  e t h e r  as q u i c k l y  as  p o s s i b l e  

and wei ghed a f t e r  d r y i n g  i n  a vacuum d e s i c c a t o r .  The compounds  were 

decomposed w i t h  s u l p h u r i c  a c i d  and t he  sodium wei ghed as  Na23 0 4 .

The r e s u l t s  were

F r a o t  i o n
WT . o f  

Na d o r i v a t i v *
Wt . o f  N a 2 S O4 * Na .

1 1 0 - 1 1 2 ° 0 . 1  62  4 g  m. 0 . 0 4  7 8 * ■ . 9 . 5 *

1 4 0 - 1 4 2 ° 0 . 1 6  9 Og ■ . 0 • 1 1 8  f i g■ • 2 2 .

15 0 - 1 5 3 ° 0 . 2 5 3 5 g n . 0 . 1 2 8 5 g « . 1 6 . 1 <

3i  oHi « . (OHa ) 2 r e q u i r e s  2 1 . 3 * ; 3 l o H1 7 .0Na r e q u i r e s  i 3 . o £ .

The s i g n i f i c a n c e  of  t h e s e  r e s u l t s  has been  d e a l t  w i t h  e l s e ­

wh e r e .

From t he  mi ddl e  f r a c t i o n  t h e r e  was e v e n t u a l l y  o b t a i n e d  t h e

c r y s t a l l i n e  g l y c o l  i n  a way d e s c r i b e d  on p.  99 . As o x i d a t i o n  i n  

t he  t r a d i t i o n a l  method had g i v e n  o n l y  a s ma l l  y i e l d  of  t h i s

i n t e r e s t i n g  s u b s t a n c e  t h e  method d e s c r i b e d  on p . / 0 8 wa s  a p p l i e d ,  

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

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

f l a k e s ,  whi ch e f f l o r e s c e d  i n  a i r .  I f  p r e s s e d  on po r ous  pot  a n i  

p l a c e d  i n  a vacuum d e s i c c a t o r ,  t h e s e  became l i q u i d  and t h e n



1 1 4

i i j c o u r 3« of  t i m e ,  s o l i i i f i e i  t o  a h a r d ,  v i t r e o u s  s o l i d .  I f  d r i e d

s l o w l y ,  however ,  i t  e f f l o r e s c e d  t o  a wh i t e  amorphous  powder .  I t  

has  no d e f i n i t e  m e l t i n g  p o i n t  i n  t he  c r y s t a l l i n e  c o n d i t i o n ,  

b e g i n n i n g  t o  me l t  a t  -50° and c o n t i n u i n g  t o  5 c ° ,  bu t  i f  t h o r o u g h l y  

d e h y d r a t e d  i t  me l t s  a t  6 7 * 5 ° .  4n a t t e m p t  was made t o  e s t i m a t e  tfte 

w a t e r  of  c r y s t a l l i s a t i o n  b . i ' d r y i n g  a t "  ICO0 , bu t  t h e  s u b s t a n c e  i s  

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

o r d i n a r y  t e m p e r a t u r e  i t  b e g i n s  t o  r e s i n i f y  a l m o s t  i mme d i a t e l y  a t  

100° .  4n a p p r o x i m a t i o n  was o b t a i n e d  by a b s t r a c t i n g  t he  wa t e r  of  

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

f o l l o w i n g  a r e  t h e  r e s u l t s
L o s s  i n  Wt .

Wt .  o f  c r y s t a l l i n e  g l y c o l  . . . . • . <3. 5 7 8 9 g » .

we i f t « r  5 d a y s  i n  r a o u u a i  d e s i c c a t o r  . . 0 . 4 4 0 0 "  .  1 3 8 9 g a .

" 6 "  " " . . 9 . 4 8 t f "  . 0 0 8 4 "

" 8 "  " " . . 0 .  4 3  1 2 "  . 0 0 0 4 "

" 9 " " " . . Q . 4 3 0 8 "  . 0 0 0 4 "

The d i s c o l o u r a t i o n  of  t he  s u l p h u r i c  a c i d  showed t h a t  t he  s u b s t a n c e  
was s u b l i m i n g  s l i g h t l y ;  i n  c o n s e q u e n c e , t h e  l o s s  of we i g h t  due t o

a b s t r a c t i o n  of wa t e r  a l o n e  can  on l y  be a p p r o x i m a t e l y  e s t i m a t e ! .

Ta k i ng  t h e  l o s s  due t o  w a t e r  as  *144gm..  i . e .  24*8^ t h e r e  would

a p p e a r  t o  be 3R? 0 i n  t h e  c r y s t a l l i n e  mo l e c u l e  g i v i n g  24*1* .

A n a l y s i s  of  t he  h y d r a t e d  s u b s t a n c e  gave 0= 7 0 * r 2 .  H -10*51 ;

c o r r e s p o n d i n g  t o  0 i e H1 8 0* whi ch r e q u i r e s  0 = 70*57 , H = 10*68 *.

k s e l u t i e n  of  t he  s u b s t a n c e  in a l c o h o l  was o p t i c a l l y  i n a c t i v e .

I t  i s  u n s a t u r a t e d  and c an  be no o t h e r  t h a n  4 8 (1 p . Vent  hen . 1 : 2  d i p l

b e i n g  r e p r e s e n t e d  in i t s  c r y s t a l l i n e  c o n d i t i o n  by Ot 0 E i • . ( OH) * , 3H*0 .



Re p e a t e d  a t t e m p t s  t o  p r e p a r e  i t s  n i t r o b e n z o a t e  were u n s u c c e s s f u l

0 n p a s s i n g  dr y  HBr 2 as t h r o u g h  an e t h e r e a l  s o l u t i o n  of  t h e  

o i l  f rom whi ch  t he  g l y c o l  had been r emoved,  k e e p i n g  t h e  t e m p e r a t u r e  

low by s u r r o u n d i n g  t h e  s o l u t i o n  in  a f r eea i ngf  m i x t u r e ,  c r y s t a l s  

s e p a r a t e d .  These  were u n s t a b l e  b u t  enough was o b t a i n e d  t o  a l l o w 

of  t h r e e  c r y s t a l l i s a t i o n s  f rom e t h y l  a l c o h o l  ( t h e  s u b s t a b c e  i s  

q u i t e  u n s t a b l e  in me t hy l  a l c o h o l  ) The p u r i f i e d  compound,  which 

c r y s t a l l i s e d  i n  p e a r l y  f l a k e s  me l t e d  a t  4 4 - 4 5 ° .  An e s t i m a t i o n  of  

Br by C a r i u s '  method ?ave  53*5* 8 r* C1 0 Hl 8Br 2 r e q u i r e s  53*o4tf B r .



, 1'1*>
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o f  Oi l  o f  B i t t e r  Orange ( L i nonene  F r a c t i o n ) .

^  >7 <v.

SotL.lt*C Pot tiro or TnAC'rtOHO. fe*tconnt.cT£t>j.


