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CHAPTER I

INTRODUCTION i

Limonene and  c^ -p in en e  a r e  w id e ly  d i s t r i b u t e d  i n  

n a t u r e  and a r e  p ro d u ce d  e c o n o m ic a l ly  i n  com m erc ia l  quan­

t i t i e s .  The e p o x i d a t i o n  o f  th e s e  oompounds may be c a r r i e d  I 

o u t  by s e v e r a l  m e th od s ,  the  p e r a c e t i c  a c i d  e p o x i d a t i o n  

p r o c e s s  b e in g  th e  com m erc ia l  method o f  c h o i c e .

! The e p o x id e s  o f  l im o n en e ,  oarvomenthene  and o ( -p in ene  j
i  ;]
I have found  u s e s  a s  o r g a n i c  i n t e r m e d i a t e s  on a  v e ry  l i m i t e d  :

s c a l e .  C o n s e q u e n t ly ,  the  s t e r e o c h e m i s t r y  o f  t h e s e  e p o x id e s j  
:  j
: and t h e i r  r e a c t i o n  p r o d u c t s  has  been  g e n e r a l l y  i g n o r e d  i
I |

i

! u n t i l  r e c e n t l y .  Prom the  s t e r e o c h e m i s t r y  o f  the  r e a c t i o n  j 

; p r o d u c t s  o f  s u b s t i t u t e d  c y c lo h exene  e p o x i d e s ,  i t  i s  p o s s i -  | 

b l e  to  show t h a t  s u b s t i t u e n t s  may f i x  the  c o n fo r m a t io n  o f  j 

; the  c y c lo h ex an e  r i n g ,  thus  d e t e r m i n i n g  whioh c a rbo n -o x yg en  !

! bond w i l l  be b ro k e n  i n  the  open ing  o f  t h e  e p o x i d e . t

I n  t h i s  work a  s t u d y  o f  the  a o i d  o a t a l y z e d  h y d r a t i o n  

I and r e a r r a n g e m e n t s  o f  d - l im onene  monoxide i n  a s u l f u r i c  

a o i d  -  w a te r  sy s tem  was o a r r i e d  o u t .  S i m i l a r  p r e l i m i n a r y  j

I
work was a l s o  done ori <*!-pinene ox ide  i n  a n  a t t e m p t  to

i  i

f i n d  an  e c o n o m ic a l  r o u t e  to  p i n o l .  The s t e r e o c h e m i s t r y  o f  | 

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

1
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2

e p o x id e s  o f  d - l im o n e n e ,  d -ca rvom en thene  and d l - o C - p in e n e  ! 

was i n v e s t i g a t e d .  The p y r o l y s i s  o f  the  r e s u l t a n t  hy d ro x y -  | 

a o e t a t e s  and the  s t e r e o c h e m i s t r y  o f  th e  p ro d u o t s  o b t a i n e d  

was a l s o  i n v e s t i g a t e d .
i

Limonene monoxide p r e p a r e d  by p e r a c i d  e p o x i d a t i o n  was : 

shown to  be a m ix tu re  o f  two i s o m e r s .  Both a  c h e m ic a l  and  ' 

p h y s i c a l  method f o r  the  d e t e r m i n a t i o n  o f  th e  r e l a t i v e  

amounts o f  the  two isom ers  p r e s e n t  have been  p r e s e n t e d .

The s t e r e o s p e c i f i c  s y n t h e s i s  o f  each  o f  the  two i so m ers  o f  

limonene monoxide was c a r r i e d  o u t .
i

| The r e a c t i o n s  o f  l imonene monoxide w i th  l i t h i u m  alumi-j

1 num h y d r i d e  and w i th  powdered sodium were r e i n v e s t i g a t e d .

C i s -  and t r a n s - c a r v e o l ,  and t r a n s - i s o c a r  v e o l ,  were |

; p r e p a r e d  s t e r e o s p e c i f i c a l l y . H y d ro g e n a t io n  o f  each  o f
: ■ i
-  i

I th e s e  m a t e r i a l s  gave r e s u l t s  i n c o m p a t i b l e  w i th  the  s t r u c -  

| t u r a l  a s s ig n m e n t s  o f  the  c a rv o m en th o ls  o f  Bose ( 1 ) .  On j! i
, the  b a s i s  o f  t h i s  and  o t h e r  e v i d e n c e ,  th e  o a rv o m en tho ls  

. were a s s i g n e d  t h e i r  p r o p e r  s t e r e o c h e m i s t r y .  The c o n f o r -  |

i  m a t i o n a l  a s s ig n m e n t s  o f  the  c a rv o m e n th o ls  were shown to  be
;  j

i n  com ple te  a c c o r d  w i th  a l l  o f  the  a v a i l a b l e  e x p e r i m e n t a l  j

! e v i d e n c e .  |

The s y n t h e s i s  o f  s e v e r a l  s u b s t i t u t e d  6 - o x a - b i c y c l o -  |
r  I[ 3 . 2 . 1 ] - o o t - 3 - e n e s  was u n d e r t a k e n  i n  an  a t t e m p t  t o  shed  j

> some l i g h t  on the  i n t e r n a l  e t h e r  -  a r o m a t i c i t y  c o m p e t i t i o n

d u r in g  the  f o r m a t i o n  o f  p i n o l  ty p e  s y s t e m s .  A c o r r e c t i o n
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o f  a p ro p o se d  mechanism f o r  the  f o r m a t i o n  o f  p i n o l  from 

oC -  t e r p i n e o l  d ib rom ide  was shown.

I n  the  c o u rs e  o f  the  s y n t h e t i c  s t e p s  l e a d i n g  to  the  

s u b s t i t u t e d  6 - o x a - b i o y c l o - [ 3 . 2 . l ] - o c t - 3 - e n e s ,  s e v e r a l  

d ien e  s y n t h e s e s  o f  i n t e r e s t  were c a r r i e d  o u t .  Diene sy n ­

t h e s e s  were a l s o  a t t e m p t e d  on s u b s t i t u t e d  e n o l  a c e t a t e s .  

D e h y d ro a c e t i c  a c i d  was i s o - l a t e d  from an  a t t e m p t e d  a d d i t i o n  

o f  th e  e n o l  a c e t a t e  o f  e t h y l  a c e t o a c e t a t e  to  c y c l o p e n t a -  

d i e n e . This  a c i d  and i t s  m ethy l  and e t h y l  e s t e r s  ( e n o l  

e t h e r s )  were s t u d i e d  i n  o r d e r  to  a s c e r t a i n  the  s t r u c t u r e  

! o f  t h e s e  compounds.

I
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CHAPTER I I

!

HISTORICAL

The s t r u c t u r e s  o f  l imonene  ( I )  and o^-p inene  ( I I )  

were a s c e r t a i n e d  a round  the  t u r n  o f  th e  c e n t u r y .  While i t  

i s  i m p o s s i b l e  t o  a d e q u a t e l y  summarize h e r e  t h e  p ro l o n g e d  

i n v e s t i g a t i o n s  c a r r i e d  o u t  on t h e s e  h y d r o c a rb o n s  d u r in g  

i  the  e a r l y  y e a r s  o f  t e r p e n e  o h e m i s t r y ,  i t  i s  s u f f i c i e n t  to  

say  t h a t  th e  e l u c i d a t i o n  o f  the  s t r u c t u r e s  o f  t h e s e  com- 

| pounds were two o f  the  m ajor  p roblems upon which much o f  

the c h e m i s t r y  o f  c y c l i c  t e r p e n e s  r e s t e d .

( I )  ( I I )

The I m p o r t a n t  e v id e n c e  which a l lo w e d  th e  e l u c i d a t i o n  

| o f  the  s t r u o t u r e  o f  the  o p t i c a l l y  a c t i v e  l imonene ( th e  

r acem ic  form i s  commonly known a s  d i p e n t e n e )  was i t s  r e l a ­

t i o n s h i p  to  c a rvo n e  ( I I I )  and  oC- t e r p i n e o l  ( I V ) .  Limonene 

r e a d i l y  form ed a c r y s t a l l i n e  n i t r o s o c h l o r i d e  (2) w hich ,  

when t r e a t e d  w i t h  b a s e ,  was c o n v e r t e d  i n t o  c a rv o n e  o x im e•

4
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The p re s e n o e  o f  an  i s o p r o p e n y l  g roup  I n  d lh y d ro c a rv o n e  (V),  

p r e p a r e d  by the  sodium -  a l c o h o l  r e d u c t i o n  o f  c a rv o n e ,  was 

e s t a b l i s h e d  by I t s  o x i d a t i v e  d e g r a d a t i o n  ( 3 , 4 ) .  F u r t h e r -
i

m ore,  o £ - t e r p i n e o l  was shown to  g iv e  l imonene on d e h y d ra -

( I I I )  (IV) (V)

t i o n  ( 5 ) •  These e x p e r im e n t s  formed the  b a s i s  o f  the  s t r u c - j  

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

c o n f i rm e d  th e  s t r u c t u r a l  a s s ig n m e n t  ( 6 , 7 ) .  !
;  i

Limonene i s  a b u n d a n t  i n  n a t u r e ,  b e in g  th e  main con-  

: s t i t u e n t  o f  the  t e r p e n e  f r a c t i o n  o f  a number o f  o i l s ,  among 

: them, the  o i l s  o f  b e rg a m o t ,  o r a n g e ,  lemon, d i l l  and c a r a -

i way ( 8 , 9 ) .  |
;  i
| No t e r p e n e  o c c u r s  more w id e ly  d i s t r i b u t e d  i n  n a t u r e  I

t h a n  c < -p in e n e .  I t  i s  the  main c o n s t i t u e n t  o f  t u r p e n t i n e
i
!

and i s  fou nd  i n  most  o f  the  e s s e n t i a l  o i l s  o f  th e  ConA-" 1 ■ ■ -
S f e r a e .  The te rm  " p in e n e "  was g iv e n  by W al la ch  (10) to  the  

h y d r o c a r b o n  f r a o t i o n  o f  th e  o i l  t u r p e n t i n e ,  b . p .  155 -6 5° ,

; b u t  the  name <*-pinene  i s  now r e s e r v e d  f o r  a  s i n g l e  t e r ­

pene h y d r o c a r b o n .  i

As t h e  a u t h o r  h a s  r e v ie w e d  the  s t r u c t u r e  p r o o f  o f  -
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p in en e  i n  an  e a r l i e r  work ( 1 1 ) ,  t h i s  s h a l l  n o t  he r e p e a t e d  

h e r e .  S e v e r a l  r e v ie w s  a re  a v a i l a b l e  d e a l i n g  w i th  the  

s t r u o t u r e  p r o o f s  and g e n e r a l  r e a c t i o n s  o f  l imonene ( 1 2 ,1 3 ,  I 

14) and  c<-pinene  ( 1 5 , 1 6 , 1 7 ) .  The n a t u r a l  s o u r c e s  and i
g e n e r a l  p r o p e r t i e s  have a l s o  been  c o n v e n i e n t l y  t a b u l a t e d  

( 1 8 ) .

The a u t o x i d a t l o n  o f  l imonene  h a s  been  th o r o u g h ly  

s t u d i e d  u n d e r  v a r y i n g  c o n d i t i o n s .  Blumann and Z e i t s c h e l  

(19) have shown t h a t  the  a u t o x i d a t l o n  o f  d ip e n to n e  i n  

m o is t  a i r  g i v e s  d l - c a r v e o l  (VI) and d l~ ca rv on e  ( I I I )  ( 2 0 ) .  j  

Horne (21) h as  p o i n t e d  o u t  t h a t  t h e  l i t e r a t u r e  on th e  j
;  i
i a u t o x i d a t l o n  o f  l imonene m igh t  m i s l e a d  one to  b e l i e v e  t h a t  ! 

i  c a r v e o l  and  ca rv on e  a r e  formed i n  good y i e l d s ,  w h i le  i n  

: a o t u a l i t y  t h i s  i s  n o t  the  c a s e .

O H

(VI)

OH
OH

j F o r  many y e a r s  the  p r e s u m p t io n  was t h a t  th e  p r im a r y
i
; p r o d u c t s  o f  the  a u t o x i d a t l o n  o f  l imonene  was the  g l y c o l

( V I I ) ,  f rom whloh c a r v e o l  was o b t a i n e d  upon d e h y d r a t i o n  o f  

| the t e r t i a r y  h y d r o x y l  group ( 2 3 ) .  However, i n  l i g h t  o f  the  

i s t u d i e s  on th e  a u t o x i d a t l o n  o f  o y c lo h e x e n e ,  the  m e thy l
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c y c lo h e x e n e s  and o t h e r  c y c l i c  o l e f i n s  ( 2 3 , 2 4 , 2 5 ) ,  i t  would j
I

he more r e a s o n a b l e  to  p i c t u r e  the  r e a c t i o n  a s  p r o c e e d in g  i 

t h ro u g h  the  h y d r o p e r o x id e  i n t e r m e d i a t e . J a p a n e s e  w orke rs

have r e p o r t e d  t h a t  the  a i r  a u t o x i d a t l o n  o f  l imonene |
i

a f f o r d e d  l e s s  th a n  a 20% c o n c e n t r a t i o n  o f  t h e  h y d r o p e r ­

o x ide  (2 6 ) •  The r a t e  o f  f o r m a t i o n  o f  t h e  h y d r o p e r o x id e
i

was enhanced by b e n z o y l  p e ro x id e  o r  h eav y  m e t a l  s a l t s ,  b u t  ; 

t h i s  had  no e f f e o t  on t h e  p e r c e n t  o f  h y d r o p e r o x id e  fo rm a­

t i o n .

The most com ple te  a n a l y s i s  o f  the  p r o d u c t  m ix tu r e  ob-  ; 

j t a i n e d  from the  a u t o x i d a t l o n  o f  l imonene was r e p o r t e d  i n  a  ; 

i  s e r i e s  o f  p a t e n t s  to  the  G l id den  Co, ( 2 7 , 2 8 ) ,  The h y d ro ­

p e r o x i d e s  formed i n  t h e  a u t o x i d a t l o n  were r e d u c e d  un d e r
I

: a l k a l i n e  c o n d i t i o n s  and the  v o l a t i l e  o r g a n i c  m a t e r i a l  su b -  j 

j e c t e d  to  f r a c t i o n a l  d i s t i l l a t i o n .  Limonene ( I ) ,  l im onene-

1 , 2 - o x id e  ( V I I I ) ,  l im o n e n e - 8 ,9 - o x i d e  ( I X ) ,  o l s -  and t r a n s -

( V I I I )  (IX) (X) (XI)

2 , 8 - £ - m e n t h a d i e n - l - o l ,  o l s -  and j b r a n s - c a r v e o l  (V I ) ,  o a r v o n e ’j 

( I I I )  and an u n i d e n t i f i e d  f r a c t i o n . w e r e  i s o l a t e d .  Prom the  

aqueous a l k a l i n e  s o l u t i o n  a m ix tu r e  o f  o r g a n i c  a d d s  was
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r e c o v e r e d .  I n  the  a u t o x i d a t l o n  o f  carvom enthene  (XI) and  

o < - t e r p i n e o l  (IV), the  c o r r e s p o n d i n g  a n a lo g u e s  o f  t h e  com­

pounds i s o l a t e d  f rom  the  a u t o x i d a t l o n  o f  l imonene were ob-
i

t a i n e d  ( 2 7 , 2 8 ) .  Schm idt  has  c o n f i rm e d  the  f o r m a t i o n  o f  d l - 1
jl

ca rvone  and  d l - c a r v e o l  and has  a l s o  i s o l a t e d  a  c r y s t a l l i n e  1

l i m o n e n e - 1 , 2 - d i o l  ( 8 - p - m e n t h e n e - l , 2 - d i o l )  (VII)  (29) a s

w e l l  a s  l im onene  monoxide ( 3 0 ) .  This  g l y c o l  was i d e n t i c a l  ,

to  t h a t  o b t a i n e d  f rom h y d r a t i o n  o f  l imonene m on o x id e . The

l imonene monoxide and l i m o n e n e - 1 , 2 - d i o l  were o p t i c a l l y

a c t i v e .  Schenk ,  E g g e r t  and Denk (25) have shown t h a t  l im -  I

onene h y d r o p e r o x id e  I s  p h o t o s e n s i t i v e  and  a p p a r e n t l y  goes ;

I t h r o u g h  an  a l l y l i c  r a d i c a l  r e a r r a n g e m e n t  to  g iv e  r a c e m i z a -  !

: t i o n .  T h is  l e a d s  to  the  c o n c l u s i o n  t h a t  the  f o r m a t i o n  o f  j

! d l - c a r v e o l  and  d l - c a r v o n e  f rom  l im onene  p ro c e e d s  th r o u g h

I the  a l l y l i c  h y d r o p e r o x id e  i n t e r m e d i a t e  w h i le  th e  f o r m a t i o n  J  
i !

o f  th e  o t h e r ,  o p t i c a l l y  a c t i v e ,  p r o d u c t s  p resu m ab ly  !
!

| f o l l o w s  a c o u r s e  which i n v o l v e s  d i r e c t  a d d i t i o n  o f  a c t i v e  

! oxygen to  t h e  o l e f i n i c  l i n k a g e .  The l i m o n e n e - 1 , 2 - g l y c o l  :

: was c o n s i d e r e d  to  be a  t r a n s - d i o l  s i n c e  the  o p e n in g  o f  th e  j
i| i

; ox ide  r i n g  would be e x p e o te d  w i t h  an  i n v e r s i o n  o f  con -
]
| f i g u r a t i o n .  T h is  c o n c l u s i o n  c o r r e c t e d  S c h m id t ’s e a r l i e r
! I
i e r r o n e o u s  o i s  a s s ig n m e n t  ( 2 1 , 2 9 - 3 1 ) .  j

The r e c e n t  l i t e r a t u r e  c o n t a i n s  s e v e r a l  r e p o r t s  o f  j 

: k i n e t i c  s t u d i e s  o f  the  a u t o x i d a t l o n  o f  l imonene u n d e r  

v a r y i n g  c o n d i t i o n s  ( 2 1 , 2 6 , 3 3 , 3 4 ) .
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Carvomenthene (XI) which may c o n v e n i e n t l y  be p r e p a r e d  j
|

by the  p a r t i a l  h y d r o g e n a t i o n  o f  l imonene (35-41)  has  been  j 

shown to  y i e l d  p i p e r i t o l  (XII)  on a u t o x i d a t l o n  i n  the  p r e s - j
i
j

ence  o f  c a t a l y s t s ,  b u t  g iv e s  c a r v o t a n a c e t o l  (X I I I )  I n  the  

absenoe  o f  c a t a l y s t s  (42) . As was p r e v i o u s l y  m e n t io n e d ,

x v y
( X I I I )  (XIV) (XV)

i
! carvom enthene  o x id e  (XIV) and o l s -  and t r a n s - 2 - p - m e n th e n -  

l - o l  (XV) have a l s o  been  o b t a i n e d  ( 2 7 , 2 8 ) .  j
1

The o x i d a t i o n  o f  b o t h  l imonene and carvom enthene  by I

| o t h e r  r e a g e n t s  h a s  p ro v e n  to  be o f  c o n s i d e r a b l e  i n t e r e s t .
i

j The a c t i o n  o f  m e r c u r i c  a c e t a t e ,  Hg(OAo)3 , on l imonene and
I

i

| ca rvom enthene  i n  benzene has  been  t h o r o u g h ly  I n v e s t i g a t e d  

I ( 4 3 - 4 5 ) ,  the  p r o d u c t s  formed b e in g  c a r v e y l  a c e t a t e  and
j |
I c a r v o t a n a c e t o l  a c e t a t e  r e s p e c t i v e l y .  I t  I s  I n t e r e s t i n g  to  j
| ' !
: n o t e  t h a t  the  mechanism o f  th e  r e a c t i o n  o f  b o t h  m e r c u r ic  j

i  |

i  a c e t a t e  and  l e a d  t e t r a a c e t a t e  w i th  carvomenthene  must  j

| r e q u i r e  a s t e p  whioh w i l l  oause  r a c e m i z a t i o n  i n  the  r e ­

s u l t a n t  m o le c u le s  as  the  o p t i c a l l y  a o t l v e  o l e f i n  gave a

i  raoem ic  p r o d u c t  ( 4 5 ) .  The r a c e m i z a t i o n  c o u ld  q u i t e  con-
i

o e i v a b l y  be s i m i l a r  to  t h a t  f o r  the  h y d ro p e ro x id e  o f  l im -  |
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onene ( 2 5 , 3 0 ) ,  p resu m ab ly  by p a s s i n g  th ro u g h  an a l l y l i o

commonly o c c u r r i n g  phenomena and has  been u se d  to  advantage!  

i n  a number o f  c a s e s  (46) . Whether th e  r e a r r a n g e m e n t  i s  

r a d i c a l  i n  n a t u r e  o r  i o n i c  has n o t  been  a s c e r t a i n e d .

! The a c t i o n  o f  m e r c u r ic  a c e t a t e  on carvomenthene  i n  i
i !

! -  i! aqueous media  h as  been  shown to  y i e l d  t r a n s - p - m e n t h a n - l - o l  !

! (XVI) upon r e d u o t i o n  o f  the  m e r c u r i a l  ( 4 7 ) .  !

While m e r c u r ic  a c e t a t e  gave c a r v e y l  a c e t a t e  from l i m -  j

; onene,  the  a c t i o n  o f  l e a d  t e t r a a c e t a t e  showed a t t a c k  a t

; the  i s o p r o p e n y l  o l e f i n  ( 4 8 ) .  F i r s t  i n v e s t i g a t e d  by Ward j 
: |

! ( 4 9 ) ,  the  p r o d u o t s  rem a ined  u n i d e n t i f i e d  u n t i l  A r a t a n i  (48) i

!r e i n v e s t i g a t e d  t h i s  r e a c t i o n .  The main p r o d u c t s  i d e n t i f i e d

were the  d i a c e t a t e s  o f  l - j a - m e n t h e n - 8 , 9 - d i o l  and l , 8 ( 1 0 )-]3-

: m e n t h a d i e n - 9 - o l .  Thus l e a d  t e t r a a c e t a t e  p r e f e r e n t i a l l y  j

a t t a c k e d  th e  double  bond o u t s i d e  th e  r i n g  r a t h e r  t h a n  the

r e a r r a n g e m e n t .  The a l l y l i c  r e a r r a n g e m e n t  o f  a c e t a t e s  i s  a

L.OH
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e n d o c y c l i c  o l e f i n .  i

CHo !
i

>aH !

c= o '
I

c h 3

i

(XVII) !

The o z o n i z a t i o n  o f  l imonene l e d  t o  the  e x p e c te d  d i -  

k e t c n i c  a c i d  (XVII) which was i d e n t i o a l  to  an a c i d  p r e v i ­

o u s l y  o b t a i n e d  by Tiemann and Semmler ( 5 0 ) .  More r e c e n t l y  j

! the  o x i d a t i v e  d e g r a d a t i o n  o f  th e  mono- and d io z o n id e  o f  |

i l im o n e n e ,  as  w e l l  a s  t h a t  o f  oarvomenthene  o z o n ld e ,  have 

!b een  s t u d i e d  ( 5 1 ) .  j

The a c t i o n  o f  chromyl c h l o r i d e  has  been  r e p o r t e d  (52,  

53) to  form an a d d i t i o n  compound, G|o H|fa* 2CrO^Cl^. On d e -  

j  c o m p o s i t i o n  w i t h  w a te r  a m ix tu re  o f  o (- ]D-to ly l  p ro p a ld e h y d e
I I
land  j c - t o l y l  m e th y l  k e to ne  were fo rm ed .

; The o x i d a t i o n  o f  l imonene w i t h  p o t a s s iu m  perm angana te

s o l u t i o n s  has been  s t u d i e d  by a number o f  workers  ( 5 0 ,5 4 -  

,56) and a p p a r e n t l y  p ro c e e d s  by the  scheme o u t l i n e d  on the  

;f o l l o w i n g  p a g e .

The a c t i o n  o f  d i l u t e  pe rm angana te  on carvomenthene  

‘gave a  o i s - l - h y d r o x y - c a r v o m e n t h o l  (c i s - p - m e n t h a n e - 1 . 2 -  

' d i o l  (XVIII) ( 3 0 ) .  More v ig o r o u s  o x i d a t i o n  r e s u l t s  i n  

o x i d a t i o n  to  the  k e to  a c i d  (XIX).
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C°x* 
CÔ H

CoxH

OH
OH

OH
OH

COxW

C O x H

C HxOH

C.H,

.y y v
o — L O

CH,

CO%H 

■ CH,
■COa.H
-CH,

CH,

The e l e c t r o l y t i c  o x i d a t i o n  o f  d i p e n t e n e  has  been
i

! s t u d i e d  by G la s s to n e  and S t a n l e y  ( 5 8 ) .

OH
OH

CO,H
■>

(XVIII) (XIX)

S e v e r a l  o o n f l i o i t i n g  r e s u l t s  w i t h  r e g a r d  to  th e  o x id a ­

t i o n  p r o d u o t s  o f  l imonene w i t h  s e l e n iu m  d i o x id e  have been  

r e p o r t e d .  Schm idt  (59) r e p o r t e d  the  s o l e  p r o d u c t  t h a t  

was I s o l a t e d  to  be p e r i l l y l  a l c o h o l  (XX), w h i l e  Sebe (60) 

has  fo u n d  £-cymene a lo n g  w i t h  o t h e r  o x i d a t i o n  p r o d u c t s .
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(XX) (XXI) (XXII) (XXIII)

P e r i l l y l  a l c o h o l  was r u l e d  o u t  as  one o f  the  o x i d a t i o n  

p r o d u c t s  by Zaoharew icz  ( 6 1 ) .  However, the  chromic a c i d  

o x i d a t i o n  p r o d u c t  o f  h i s  p r im a r y  a l c o h o l  gave a  s e m ic a r b a -  j 

z o n e ,  m .p .  1 9 9 ° .  The o x i d a t i o n  p r o d u c t  o f  p e r i l l y l  a lc o h o l!
j  |

; i s  d ih y d ro o u m in ic  a ld e h y d e ,  s e m ic a r b a z o n e ,  m .p .  1 9 8 -1 9 8 .5 °  j
| t
I (62) . C a r v o ta n a c e t o n e  (XXI) was r e p o r t e d  a s  th e  p r o d u c t  j
i  .  j

I o f  th e  s e le n iu m  d i o x i d e  o x i d a t i o n  o f  carvom enthene  ( 6 3 , 6 4 ) .j

I n  o o n n e o t io n  w i t h  t h e  s e le n iu m  d i o x id e  o x i d a t i o n  o f  o l e -

| f i n s  o f  t h i s  type  i t  was i n t e r e s t i n g  to  n o t e  t h a t  o < - t e r -

| p i n y l  a c e t a t e  (XXII) gave t r a n s - s o b r e r o l  d i a c e t a t e  (XXIII)

! when r u n  i n  an  a c e t i c  a c i d  -  a c e t i c  a n h y d r id e  s o l v e n t  ( 6 5 ) .j 
i  '  |

| Prom the  p u b l i s h e d  r e s u l t s  i t  was a p p a r e n t  t h a t  t h i s  o x i d a -
I
| t i o n  can  y i e l d  a v a r i e t y  o f  p r o d u c t s  u n d e r  d i f f e r i n g  con-  

| d i t i o n s .  The r e p o r t e d  r e s u l t s  w ere ,  i n  many c ase s ,  s u b -  

. j e c t  to  doub t  and s h o u l d  be r e i n v e s t i g a t e d .

The o x i d a t i o n  w i t h  Bookman*s chromic a c i d  m ix tu re  

: y i e l d e d  h o m o te r p in y l  m e thy l  k e to n e  (XXIV) ( 6 6 ) .  The f i r s t  

| p r o d u c t  o f  th e  r e a c t i o n  was oi - t e r p i n e o l  which  was th e n  

; o x i d i z e d  t o  th e  k e t o l a c t o n e  by way o f  t h e  t r i o l  (IVa)
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i n t e r m e d i a t e .  More r e c e n t l y  the  o x i d a t i o n  o f  li raonene and

(IVa) (XXIV) (XXV) (XXVI)

carvomenthene  has  heen  c a r r i e d  o u t  w i t h  _ t -b u ty l  c h ro m a te .  I 

Limonene y i e l d e d  21$ oarvone a lo n g  w i t h  h o m o te r p in y l  m e th y l  

k e to n e ,  p i p e r i t e n o n e  (XXV) and i s o p i p e r I t e n o n e  (XXVI) (67)*  

F u j i t a  and M atsuura  (68) have r e p o r t e d  a 57$ y i e l d  o f
i

I c a r v o t a n a c e to n e  as  the  s o l e  p r o d u c t  o f  th e  t - b u t y l  chroma tej 

! o x i d a t i o n  o f  oa rvom en thene , w h i l e  Dupont ,  Dulon and Mondou 

: (69) r e p o r t e d  a m ix tu re  o f  p i p e r i t o n e  (31$) and c a r v o t a n -  

! a c e to n e  (14$) a s  the  p ro d u c t s *

The o x i d a t i o n  o f  l imonene and carvomenthene  w i t h  

j r e a g e n t s  whioh cause  e p o x i d a t i o n  and h y d r o x y l a t i o n  were o f  

| s p e c i a l  i n t e r e s t  i n  t h i s  work*

E p o x i d a t i o n  may be d e f i n e d  a s  the  r e a c t i o n  i n  which
!
' o l e f i n i c  u n s a t u r a t i o n  I s  d i r e c t l y  c o n v e r t e d  I n t o  a t h r e e  

| membered o y c l i c  e t h e r .  G e n e r a l l y  t h i s  t r a n s f o r m a t i o n  I s  

; a c h i e v e d  by use  o f  an o r g a n i c  p e r a c i d  ( 7 0 , 7 1 ) .  A g r e a t  

I d e a l  o f  l i t e r a t u r e  on e p o x id e s  and t h e i r  f o r m a t io n  h a s  been
i
| made a v a i l a b l e  d u r in g  the  p a s t  f i f t e e n  y e a r s  due to  the  

g r e a t  i n d u s t r i a l  e f f o r t  to  f i n d  c h e m ic a l  i n t e r m e d i a t e s  f o r
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polymer s y s n t h e s e s  ( 7 2 , 7 3 ) .  No a t t e m p t  w i l l  be made to  

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

have been  a d e q u a t e l y  r e v ie w ed  e l s e w h e r e  ( 7 4 ) .  j

The e p o x i d a t i o n  o f  l imonene was s t u d i e d  by P r i l e -  

s c h a e v  (75) u s i n g  p e rb e n z o io  a c i d  a s  th e  e p o x l d i z i n g  a g e n t . !
I

P r i l e s c h a e v  i s o l a t e d  b o th  the  monoxide (V I I I )  and the  d i ­

ox ide  (XXVII). Meerwein,  O g a i t ,  P ran g  and S e r i n i  ( 5 7 ) ,  who| 

p e r fo rm ed  k i n e t i c  s t u d i e s  on the  e p o x i d a t i o n  o f  a  number of:

( V I I I )  (XXVII)

1 t e r p e n e s  i n c l u d i n g  l im on en e ,  showed t h a t  the  i n i t i a l  p r o d -  j 

; u c t  formed was l imonene  monoxide ( l im onene- 1 , 2 - o x l d e ) .  i 

i Arbuzow and Mikhailow (76) o b t a i n e d  l imonene  monoxide i n  | 

S 63$ y i e l d  w i t h  b o t h  p e rb e n z o io  and p e r a c e t i c  a d d s  i n  

| e t h e r e a l  s o l u t i o n .  The e p o x i d a t i o n  o f  d - l im onene  has  b e en  i
I
! done p r e v i o u s l y  i n  t h i s  l a b o r a t o r y  by Horne (21) and by
I
! H a r r e l l  (77,7  8) u s i n g  m o n o p e rp h th a l io  a c i d .  R e o e n t ly  

! Goryaev, T o l s t i k o v ,  and E l ' c h i b e k o v a  (79) have m o d i f i e d  

; the  p ro o ed u re  f o r  the  p r e p a r a t i o n  o f  m o n o p e rp h th a l io  a c i d
i

I d ev e lo p ed  by R oya ls  and H a r r e l l  ( 7 8 ) ,  s h o r t e n i n g  the  time 

i  r e q u i r e d  f o r  i t s  p r e p a r a t i o n .  More r e c e n t l y  th e  e p o x id a -
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t i o n  o f  l imonene has  been  r e p o r t e d  by Schm idt  ( 2 9 ) ,  j

G reenspan  and  L in d e r  ( 8 0 ) ,  P i g u l e v s k i  and Khokhryakov (8 1 ) ,  

K uczynski  and P i a tk o w s k i  (82) and Kergomard and Geniex | 

( 8 3 ) •  Blum r e p o r t e d  the  p r e p a r a t i o n  o f  l im onene  monoxide
|

i n  50$ y i e l d  u s i n g  s u c c i n y l  p e ro x id e  ( 8 4 ) •  Com m erc ia l ly  

l imonene  monoxide has  been p r e p a r e d  by p e r a c e t i c  a c i d  |

o x i d a t i o n  I n  y i e l d s  up to  90$ ( 8 5 , 8 6 ) .  The f u r t h e r  e p o x i -  S 

d a t i o n  o f  l imonene  monoxide y i e l d s  the  d i o x i d e  ( 5 7 , 7 5 ) .

As was p r e v i o u s l y  m e n t io n e d ,  l imonene  monoxide has  

been  i s o l a t e d  as  an a u t o x i d a t i o n  p r o d u c t  o f  l im onene  (27, 

2 8 , 3 0 ) .  I t  h a s  a l s o  be en  i s o l a t e d  by d i s t i l l a t i o n  from 

! th e  e s s e n t i a l  o i l s  o f  C.  d e n s i f l o r u s  ( 8 7 ) .i — * -  ■
I Carvomenthene o x id e  (XIV) has  been  c o n v e n i e n t l y  p r e -

l p a re d  by the  c a t a l y t i c  h y d r o g e n a t i o n  o f  l im onene  monoxide

(XIV)
i

| u s i n g  Raney n i o k e l  o r  p l a t i n u m  o x id e  a s  the  o a t a l y s t  (80,

I 88 ,89 )  o r  by th e  a c t i o n  o f  e p o x i d i z i n g  a g e n t s  on c a r v o ­

menthene ( 9 0 , 9 1 ) .

; U n t i l  r e c e n t l y  th e  o n l y  s t u d i e s  on l im onene  monoxide
]

S  were th o s e  i n v o l v i n g  f u r t h e r  e p o x i d a t i o n  ( 7 5 ,7 6 ,9 2 )  and
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t h o se  i n  which  th e  e p o x ide  has  been  h y d r a t e d  to  p roduce  j 

l i m o n e n e - l , 2 - d i o l  ( 2 1 , 2 9 , 3 0 , 5 7 , 7 5 ) .  I
j

The p r e p a r a t i o n  o f  l i m o n e n e - l , 2 - d i o l  (8- jo-menthene- j

1 , 2 - d i o l )  was f i r s t  a c c o m p l i sh e d  by G in sb e rg  ( 9 3 ) .  o ( . - t e r -  ; 

p i n e o l  was o x i d i z e d  to  j o - m e n th a n e - 1 ,2 ,8 - t r i o  1 w i t h  d i l u t e  

p o ta s s iu m  p e rm angana te  as  d e s c r i b e d  by W al lach  (94) and 

the  c o r r e s p o n d i n g  t r i a c e t a t e  fo rm ed .  The p y r o l y s i s  o f  

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

a o e t a t e  which  on s a p o n i f i c a t i o n  gave a  d i o l  i s o m e r i c  w i t h  

s o b r e r o l ,  m e l t i n g  a t  6 3 - 6 4 ° .  This  g l y c o l  gave a jD-men- 

t h a n e - l , 2 , 8 , 9 - t e t r o l  on d i l u t e  pe rm angana te  o x i d a t i o n  th u s  j 

| i n d i c a t i n g  t h a t  the  g l y c o l  was a n  8 - £ - m e n t h e n e - l , 2 - d i o l .  ;

| The a c i d  c a t a l y z e d  h y d r a t i o n  o f  l im onene  monoxide gave a  

! d i f f e r e n t  g l y c o l  t h a n  t h a t  o b t a i n e d  by G insb e rg  ( 2 9 , 7 5 ) .
I

j The s t e r e o c h e m i s t r y  o f  th e  two g l y c o l s  was d e te rm in e d  by
! i
i  Blumann and Wood (95) and  e l a b o r a t e d  by Schmidt  ( 3 0 ) .  The j

i  i! I
; h y d r o x y l a t i o n  o f  o l e f i n s  w i t h  d i l u t e  pe rm angana te  g iv e s  

: c i s - g l y c o l s  (96) whereas  the  h y d r a t i o n  o f  a e l s - e p o x id e

j  g e n e r a l l y  g i v e s  a  t r a n s - g l y o o l  ( 9 7 ) .  This  b e in g  the  c a s e ,  *
i
i by fo rm ing  th e  d i a c e t a t e  o f  the  two l i m o n e n e - l , 2 - d i o l s  and 

i  p r e f e r e n t i a l l y  p y r o l y z i n g  the  t e r t i a r y  a c e t a t e ,  the  o a r v e y l  

; a c e t a t e s  were o b t a i n e d .  A f r a c t i o n  c o r r e s p o n d i n g  to  o l s -  

; o a r v e y l  a c e t a t e  was the  p y r o l y s i s  p r o d u c t  o b t a i n e d  from the
i
| g l y c o l  (V i l a )  p r e p a r e d  by perm angana te  e p o x i d a t i o n .  T r a n s -  

I o a r v e y l  a c e t a t e  was the  p r o d u c t  from th e  g l y c o l  (V l lb )  p r e -
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p a re d  by h y d r a t i o n  o f  l im onene  o x i d e .  The o a r v e y l  a c e ­

t a t e s  were i d e n t i f i e d  by s a p o n i f i c a t i o n  to  t h e i r  r e s p e c t  

t i v e  o i s -  (Via) and t r a n s -  (VIb) c a r v e o l s .  Sword (98) has  j

OH

( V i l a )

#..0h . O H

H

H**

(V l lb )

X  

(VIb)

r e p o r t e d  th e  p r e p a r a t i o n  o f  what  was u n d o u b te d ly  th e  

| t r a n s - l i m o n e n e - 1 , 2 - d l o l  (V l lb )  by t r e a t i n g  d - l im o n ene  w i th  

i  a h ydrogen  p e ro x id e  -  a c e t i c  a c i d  m ix tu re  and s a p o n i f i c a -
! • i
| t i o n  o f  th e  r e s u l t a n t  p r o d u c t .  The h y d r o x y l a t i o n  o f  l im -  i 

: onene to  the  t r a n s - l i m o n e n e - 1 , 2 - d i o l  (V l lb )  has  more 

: r e c e n t l y  been c a r r i e d  o u t  by R oya ls  and H a r r e l l  (78) and 

! by Newhal l  (99) u s i n g  t u n g s t e n  t r i o x i d e  and p e r f o r m ic  a c i d  

r e s p e c t i v e l y .

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

a c t i v e  m o d i f i c a t i o n s  f o r  th e  l i m o n e n e - l , 2 - d i o l s ,  o n ly  

t h r e e  a c t i v e  and two i n a c t i v e  forms o f  (V i l a )  and  (V l lb )
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a r e  known ( 3 0 ) •

(V i l a )  (V l lb )  ( V I I c ) (V l ld )

The c o r r e s p o n d i n g  ] D - m e n th a n e - l , 2 - d io l s  (1 -h y d rox y -  

c a r v o m e n t h o l s ) (XVIII) have been  more t h r o u g h l y  i n v e s t i ­

g a t e d  and the  s t e r e o c h e m i s t r y  c o r r e c t l y  a s s i g n e d  ( 3 0 ,1 0 0 -  

102)© However, the  n o m e n c la t u r e ,  b a s e d  on the  i n c o r r e c t

..OHO H
OH..O HOH

(XVIIIa) (XVIIIb) (X V II Io ) (XVIIId)
!  j
; s t r u c t u r a l  a s s ig n m e n t s  o f  two o f  the  c a rv o m e n th o ls  i s  i n  j

i
e r r o r  ( 1 0 0 ) .  I n  the  d i s c u s s i o n ,  e v id e n c e  w i l l  be p r e s e n t e d i

!
! which w i l l  c l a r i f y  t h i s  s i t u a t i o n  and  b r i n g  a l l  o f  the  |

? t e r p e n e s  whose n o m e n c la tu re  i s  b a sed  on  the  ca rv o m en th o ls

| u n d e r  the  p r o p e r  h e a d i n g .

j Neol i m o n e n e - 1 , 2 - d l o l  ( 1 - h y d r o x y - n e o d lh y d r o o a r v e o l )  

(V l lb )  was f i r s t  c o n v e r t e d  i n t o  neome n t h a n e - 1 , 2 - d l o l  (1 -  

hydr  oxy-neocarvom en tho1) (XVIIIb)  by h y d r o g e n a t i o n  ( 5 7 ) .
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I t  ha s  a l s o  been  o b t a i n e d  by the  h y d r a t i o n  o f  ca rvom enthene  

ox ide  ( 3 0 , 1 0 0 ) .  A second  t r a n s - d l o l ,  neo isom e n t h a n e - 1 , 2 -  

d i o l  ( 1 -h y d r  oxy-n e  o1s oc arvomen t h o 1) (XVIIId)  was i s o l a t e d  

i n  s m a l l  amounts f rom the  m o t h e r - l i q u o r  o f  s u c h  a n  ox ide  

h y d r a t i o n  by J e f f e r i e s  and  M i l l i g a n  ( 1 0 0 ) .  The d i r e c t  

h y d r o x y l a t i o n  o f  oa rvom enthene  w i t h  p e r f o r m i c  a c i d  has  

been  r e p o r t e d  to  g ive  th e  two t r a n s - d i o l s  ( 9 9 , 1 0 2 ) .  Hy­

droxy  l a  t i o n  (30 ,10 2 )  w i t h  d i l u t e  pe rm angana te  gave men- 

t h a n e - l , 2 - d i o l  (1 -h y d r o x y - c a r v o m e n th o l )  ( X V I I I a ) . This  

isom er  was a l s o  o b t a i n e d  by J e f f e r i e s  and M i l l i g a n  (100) 

by t r e a t m e n t  o f  carvom enthene  w i th  i o d i n e  -  s i l v e r  a o e t a t e  

-  w a t e r ;  by t r e a t m e n t  w i t h  _ t - b u ty l  h y d r o p e r o x i d e ,  and by 

I n v e r s i o n  o f  the  b rom ohydr lns  d e r i v e d  from carvom enthene  

o x i d e .  These t h r e e  methods a l s o  y i e l d e d  the  f o u r t h  i s o m e r ,  

l s o m e n t h a n e - 1 . 2 - d i o l  ( 1 - hydr  oxy-jLso c a r  vomen tho  1) (XVIIIc)  

i n  th e  r e a c t i o n  m i x t u r e s .  H y d r o x y l a t i o n  o f  carvom en thene  

w i t h  osmium t e t r o x i d e  and e s t e r i f i c a t i o n  gave i s o m en thane-

1 , 2 - d i o l  a s  the  d i - j o - n i t r o b e n z o a t e  • The s t e r e o c h e m i s t r y  o f  

the  £ - m e n t h a n e - l , 2 - d i o l s  was u n e q u i v o c a l l y  d e te r m in e d  by 

c h e m ic a l  and  i n f r a r e d  e v id e n c e  ( 3 0 , 1 0 0 , 1 0 1 ) .

O H
o h OH

(XXVIII)
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D e h y d ra t io n  o f  th e  f o u r  £ - m e n t h a n e - l , 2 - d i o l s  w i t h  |

s u l f u r i c  a c i d  gave carvom enthone  (XXVIII) a s  the  o n ly  !

i d e n t i f i a b l e  p r o d u c t  i n  e a c h  case  ( 5 7 , 1 0 0 ) .  D e h y d r a t io n  o f  

the  l im o n e n e - 1 , 2 - d i o l s  ( 2 1 ,2 8 ,7  8) gave ca rvenone  (XXIX) andl 

jc-cymene (XXX) • The ca rvenone  was p re su m ab ly  formed

th r o u g h  the  d ih y d ro c a rv o n e  (XXXI) I n t e r m e d i a t e .

Mild  o x i d a t i o n  o f  n e o l i m o n e n e - l , 2 - d i o l ,  and o f  the  

c o r r e s p o n d i n g  s a t u r a t e d  g l y c o l ,  have been  r e p o r t e d  to  

y i e l d  the  e x p e c te d  k e to  a c i d s .

(XXXI) (XXIX)

0

(XXX)
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The r e a c t i o n s  o f  l imonene  monoxide sh o u ld  combine the 

r e a c t i v i t y  o f  an  epox ide  m o i ty  w i t h  t h a t  o f  a doub le  b o nd .  

However, o n ly  r e l a t i v e l y  few r e a c t i o n s  o f  l imonene monoxide
|

have been  r e p o r t e d .  I n  many o f  th e  r e p o r t e d  c a s e s ,  th e  S 

epox ide  p r o v i d e d  a m ix tu re  o f  i s o m e r s ,  the  I d e n t i f i c a t i o n  j

i
of  which was i n c o m p l e t e .  T h is ,  c o u p le d  w i th  the  m i s i n t e r -  i 

p r e t a t i o n  o f  r e s u l t s ,  h a s  l e d  to  a number o f  I n c o r r e o t  con-j  

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

u c t s .  P a r t  o f  th e  d i f f i c u t l y  I n  t h i s  f i e l d  was t h a t  i n ­

s u f f i c i e n t  e v id e n c e  was a v a i l a b l e  f rom  which to  draw 

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

; oyc lohexene  e p o x id e s  and the  s t e r e o c h e m i s t r y  o f  the  

; r e s u l t a n t  p r o d u c t s .

Before  t a k i n g  up the  g e n e r a l  r e a c t i o n s  o f  the  e p o x id e s  I 

I o f  l im o n e n e ,  carvomenthene  and oC-p inene ,  i t  i s  n e c e s s a r y
i

j  to  d i g r e s s  f rom the  l i t e r a t u r e  o f  th e s e  hy d ro oa rb on s  and 
!  i

I t h e i r  e p o x id e s  t o  t h a t  o f  e p o x id e s  i n  g e n e r a l  ( 9 7 )  « I n  j
; l: i
; the  m a j o r i t y  o f  c a s e s ,  a t t a c k  o f  the  e po x ide  w i t h  n u c l e o -  j

! p h i l i e  r e a g e n t s  I s  c o n s i d e r e d  to  be a n  SN2 p r o c e s s .  Prom i
I

the  p o i n t  o f  v iew o f  mechanism the s t e r e o c h e m i c a l  e v id e n c e  

I i s  q u i t e  r e v e a l i n g .  I n  SNg r e a c t i o n s ,  i n v e r s i o n  o c c u r s  be ­

cause  o f  th e  a p p ro a c h  o f  th e  r e a g e n t  on the  s i d e  o p p o s i t e  

the  l e a v i n g  g ro u p .  T h e re fo re  I n v e r s i o n  o f  c o n f i g u r a t i o n
i

i s  th e  e x p e c t e d  r e s u l t  o f  an  SNg meohanism, b u t  i s  incom-
1 i
p a t i b l e  f o r  an  SN^ mechanism. ( I n  a c i d  c a t a l y z e d  r e a c t i o n s !
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th e  epox ide  oxygen i s  i n i t i a l l y  p r o t o n a t e d ,  t u t  the  p r o c e s s  

i s  o th e r w i s e  the  sa m e ) .  There a r e ,  o f  c o u r s e ,  a few e x ­

amples o f  r i n g  op en ing  r e a c t i o n s  which g iv e  r e t e n t i o n  o f  

c o n f i g u r a t i o n .  These a re  u s u a l l y  foun d  i n  c a se s  where 

n e i g h b o r i n g  g roup  e f f e c t s  p l a y  an  i m p o r t a n t  r o l a .

The o r i e n t a t i o n a l  r e s u l t s  w i th  a l k y l  and c y c l o a l k y l

in o r m a l l y  a t t a c k s  the  l e a s t  s u b s t i t u t e d  p o s i t i o n  ( p r im a ry
1 i I
! s t e r i o  e f f e c t )  u n l e s s  t h e r e  a re  marked p o l a r  o r  c o n j u g a t i v e !  

e f f e c t s .  While e x c e p t i o n s  to  t h i s  have a p p e a re d  i n  the  

work o f  Mousseron (102-111)  on the e p o x id e s  o f  the  c y c l o -  

; hexane and c y c lo p e n ta n e  s e r i e s ,  a s p e c t s  o f  t h i s  work were j

! d i s p u t e d  by t h r e e  groups  o f  l a t e r  i n v e s t i g a t o r s  (112-114)  j
i  i
i  i

| a n d  f u r t h e r  s u b s t a n t i a t i o n  has  been c o n s i d e r e d  n e c e s s a r y .

|N o ta b le  i n  t h i s  work was the  l a c k ,  i n  many o a s e s ,  o f  the

d e t e r m i n a t i o n  o f  th e  s t e r e o c h e m i s t r y  o f  th e  r e a c t i o n
: i
produc t s • j

The r e a c t i o n s  s t u d i e d  so f a r  have in v o lv e d  a t t a c k  on j
i
j

an  ep ox ide  oa rbon  atom by an e x t e r n a l  n u c l e o p h i l i c  r e a g e n t ,  j

Y

.C

s u b s t i t u t e d  e p o x id e s  have shown t h a t  th e  incoming r e a g e n t  j
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I f  s u c h  a  r e a g e n t  i s  n o t  a v a i l a b l e ,  i t s  p l a c e  may be t a k e n  

by a s u b s t i t u e n t  i n  th e  e p o x id e  m o l e c u l e .  This  m i g r a t i o n  i 

u s u a l l y  g i v e s  r i s e  to  a  o a r b o n y l  g roup i n  the  r e s u l t a n t
II

m o l e c u l e .  I n  some c a s e s  r i n g  e x p a n s io n  o r  c o n t r a c t i o n  may j 

aocompany the  r e a r r a n g e m e n t .

R ear ran gem en ts  o f  e p o x id e  m o le o u le s  a r e  u s u a l l y  j

c a t a l y z e d  by  Lewis a c i d s ,  b u t  a l s o  may be b r o u g h t  a b o u t  by j
I
t

h e a t  a l o n e .  As the  r e a c t i o n s  a re  n o r m a l ly  c a t a l y z e d  by a  

Lewis a c i d  ( e . g . ,  BP - e t h e r a t e ) , the  e n t i t y  t h a t  u n d e rg o e s  j 

r e a r r a n g e m e n t  i s  n o t  th e  e p o x id e ,  b u t  r a t h e r  i t s  complex .

m i g r a t o r y  a p t i t u d e  o f  th e  s u b s t i t u e n t  g r o u p s .  E l e c t r o n

ioxygen  bond to  whioh t h e y  a r e  a t t a c h e d ,  o f t e n  d e t e r m i n i n g  

the  d i r e c t i o n  o f  th e  r i n g  o p e n in g .  Once the  d i r e c t i o n  o f  

| r i n g  o p e n in g  has  been  d e c i d e d ,  t h e r e  r e m a in s  a  oh o ice  

be tween  m i g r a t i o n  o f  th e  two s u b s t i t u e n t s ,  above, R3 o r  R^.. 

This  i s  d e c i d e d  by the  r e l a t i v e  m i g r a t o r y  a p t i t u d e s  o f  the

j  The c o u rs e  o f  the  r e a r r a n g e m e n t  i s  g ov e rn e d  by two
i

I f a c t o r s *  the  d i r e c t i o n  o f  r i n g  open in g  and th e  r e l a t i v e

r e l e a s i n g  groups f a c i l i t a t e  th e  b r e a k i n g  o f  t h e  c a rb o n  -
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g r o u p s .  This  o r d e r  i s  g e n e r a l l y  a r y l >  a c y l >  f f ] >  e t h y l  > j

me t h y l • j
j

Some e p o x id e s  r e a r r a n g e  to  c a r b o n y l  compounds u n d e r  j
i

the  i n f l u e n c e  o f  b a s i c  c a t a l y s t s .  I n  t h e s e  o a ses  th e  prod-j 

u c t s  may be d i f f e r e n t  from t h o s e  o b t a i n e d  u n d e r  a c i d  oon-  i

o  C ^  ? ?
R3'«.C' ^ L > C .-*R, — * \  =  c — R,

R ^ '  N rt V  ®  R /  J

f? . •* '  P  A  o
h -  c — 2- r3-c = = c  R><;Ce-c-R ,

\ h > X Ra h

d i t i o n s .  Two r e l a t e d  mechanisms,  e i t h e r  o f  which may be

| f o l lo w e d  i n  a  p a r t i c u l a r  c a s e ,  have  been  p u t  f o r t h .

| I n  s y s te m s ,  su c h  as the  s t e r o i d  e p o x i d e s ,  where the

; r i n g  sy s tem  i s  c o n f o r m a t i o n a l l y  homogeneous,  the  s t e r e o -
I
! c h e m ic a l  r e s u l t s  o f  the  epox id e  r e a c t i o n s  a r e  r e a d i l y  d i s -

I o e r n i b l e  ( 1 1 5 ) .  The d i r e c t i o n  o f  the  e p ox id e  r i n g  open ing  

i s  suoh  t h a t  t h e y  i n v a r i a b l y  g iv e  d i a x i a l  p r o d u o t s .  This  

r u l e  ha s  been  s t a t e d  f o r  the  s t e r o i d s  by F u r s t  and P l a t t n e r
j

; (116) and e x te n d e d  to  c e r t a i n  s u g a r  e p o x id e s  by M i l l s  

( 1 1 7 ) .  This  r u l e  i s :  " E i t h e r  e l e c t r o p h i l i c  o r  n u o l e o p h i l i c
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o p e n ing  o f  e p o x id e s  a f f o r d s  m a in ly  the  d i a x i a l  p r o d u c t ” .

The r e a c t i o n s  o f  3 /S ,4 /9-epoxycholes tane  (118) a r e  t y p i c a l  

(F ig u re  1 ) .

I t  I s  n o t  im m e d ia te ly  o b v io u s  why d i a x i a l  r a t h e r  t h a n  

d i e q u a t o r i a l  r i n g  o p e n in g  o c c u r s .  E i t h e r  method would g ive  

I n v e r s i o n  o f  c o n f i g u r a t i o n  a t  t h e  p o i n t  o f  a t t a c k .  The 

f a c t  t h a t  i n v e r s i o n  does o c cu r  I n d i c a t e s  t h a t  th e  o p e n in g  

p ro ce ed s  by an  SNg m echanism. Assuming t h a t  the  s t r u c t u r e  

o f  c y c lo h ex en e  ox ide  (v id e  i n f r a ) I s  unchanged when i t  b e ­

comes p a r t  o f  a s t e r o i d  e p o x id e ,  schemes may be w r i t t e n  f o r  

the  a c t i o n  o f  o - t o l u e n e s u l f o n i c  a c i d  w i t h  2°(-3<*-epoxy- 

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

(F ig u re  2 ) .  ” l t  ha s  been  assumed t h a t  the  s t a b l e  c h a i r  

c o n f o r m a t io n  o f  the  c y c lo h ex a n e  r i n g  i s  p a r t l y  r e e s t a b l i s h ­

ed i n  the  t r a n s i t i o n  s t a t e s .  The f a c t  t h a t  o n ly  th e  d i ­

a x i a l  p r o d u c t  i s  o b t a i n e d  must  mean t h a t  the  d i a x i a l  t r a n s ­

i t i o n  s t a t e  i s  more s t a b l e  t h a n  the  d i e q u a t o r i a l  o n e .  That  

t h i s  i s  so  can  p r o b a b l y  be a t t r i b u t e d  to  the  more n e a r l y  

l i n e a r  n a t u r e  o f  the  p a r t i a l  bonds i n  the  d i a x i a l  t r a n s ­

i t i o n  s t a t e ,  and a l s o  to  th e  f a c t  t h a t  the  r e a g e n t  i s  i n  

the  same p la n e  as  the  e p o x id e  r i n g  i n  the  d i a x i a l  t r a n s ­

i t i o n  s t a t e  ( s i n c e  p a r t i a l  r e e s t a b l i s h m e n t  o f  t h e  o h a i r  

c o n fo r m a t io n  o f  t h e  s i x  membered r i n g  must  mean t h a t  the  

p a r t i a l  bonds o f  t h i s  t r a n s i t i o n  s t a t e  have a c h i e v e d  some 

e q u a t o r i a l  c h a r a c t e r ) ” ( 9 7 ) .
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While o o o a s i o n a l l y  d i e q u a t o r i a l  p r o d u c t s  a r e  fo rm ed ,  

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

by th e  p r e s e n c e  o f  f a c t o r s  o a u s i n g  d e s t a b i l i z a t i o n  o f  the  

d i a x i a l  t r a n s i t i o n  s t a t e .

T h is  b r i n g s  to  d e b a te  t h e  c a se  o f  s u b s t i t u t e d  o y c lo -  

hexene e p o x id e s  such  as  the  l im onene  and oarvomenthene  

o x i d e s .  I s  the  r i n g  o p en in g  d e te r m in e d  by the  conform a­

t i o n a l  i n f l u e n c e s  o f  the  s u b s t i t u e n t s  o r  by the  p r im a r y  

s t e r i c  e f f e c t ?  This  p rob lem  i s  c o m p l i c a t e d  by th e  f a c t  

t h a t  th e  e p o x id e s  form ed by th e  p e r a c i d  e p o x i d a t i o n  

p r o c e d u r e s  c o u ld  c o n c e i v a b l y  b e ,  and o f t e n  a r e ,  m ix t u r e s  

o f  th e  two p o s s i b l e  e p o x id e s  ( 8 2 , 1 1 9 - 1 2 1 ) .  A f u r t h e r  com­

p l i c a t i o n  a r i s e s  i n  a c a se  where th e  s u b s t i t u t e d  o y c l o -

R

hexene e p o x id e  may i n t e r c o n v e r t  be tween the  two c h a i r  con­

f o r m a t i o n s .  An example o f  t h i s  l a s t  c o m p l i c a t i o n  i s  the  

a n h y d r o i n o s i t o l s . 1 , 2 - a n h y d r o a l l o i n o s i t o l  (XXXII) t h e o ­

r e t i c a l l y  may tak e  up e i t h e r  o f  th e  two o h a i r  co n fo rm a-  

; t i o n s  and i f  th e  F u r s t  -  P l a t t n e r  r u l e  h o l d s ,  the  two 

I p o s s i b l e  p r o d u c t s ,  neo-  (XXXIII) and  ( L ) - i n o s i t o l  (XXXIV)

; sh o u ld  be fo rm ed .  I t  was foun d  by A ngyal  (1 22 ,123)  t h a t  

! t h e s e  two p r o d u c t s  were formed i n  n e a r l y  e q u a l  am ounts ,
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I n d i c a t i n g  I n t e r c o n v e r s i o n  o f  th e  c o n f o r m a t i o n s .  Angyal 

t h e r e f o r e  o o n ten ded  t h a t  the  a p p a r e n t  e x c e p t i o n s  from the  

F u r s t  -  P l a t t n e r  r u l e  i n  m onocyc l ic  oompounds were n o t  

due to  “ e q u a t o r i a l  o p en ing 11, h u t  to  the  r e a c t i o n  o f  the  

e po x ide  i n  i t s  o t h e r  p o s s i b l e  c o n f o r m a t i o n .

OH

OH

OH OH
O H

O H

OH
OHOH

OH

(XXXII)

OH

HO OH
HO OH

i

(XXXIV)
OH
(XXXIII)

O H

H O
OH

OH

OH
OH

HO
OH

OHOH

Angyal  warned,  however ,  t h a t  p r e d i c t i o n s  a b o u t  the  

d i r e c t i o n  o f  r i n g  open ing  m ig h t  n o t  a lw ays  be r e l i a b l e  

: b e ca u se  i t  would be d i f f i c u l t  to  p re s u p p o se  the  conform a­

t i o n  i n  whioh the  epoxide  would r e a o t .
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While a  number o f  s u b s t i t u t e d  c y c lo h ex e n e  e p o x id e s  !

have been p r e p a r e d  and t h e i r  r e a c t i o n s  i n v e s t i g a t e d ,  th e  |
i

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

i g n o r e d  ( 9 7 ) .  However, s e v e r a l  n o t a b l e  exam ples  a re  

a v a i l a b l e • ;

Lemieux, K u l l n ig  and Molr (124) have r e p o r t e d  a  s t u d y  ;

o f  o l s -  and t r a n s -  i so m e rs  o f  3-me.th 'oxy-cyclohexene 

o x i d e ,  (XXXV) and (XXXVT) r e s p e c t i v e l y .

(XXXVI)

OCH,

OC H.

OH

O H

OCH OCH
OH" ---- >■ HO

(XXXV) OH

+

OCH

HO

OH

OCH

OH

O H
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From th e  r e p o r t e d  r e s u l t s  i t  was a p p a r e n t  t h a t ,  a t  , 

l e a s t  i n  th e  case  o f  the  t r a n s -  i so m e r  (XXXVI), c o n v en t io n - j  

a l  c o n f o r m a t i o n a l  e f f e c t s  p l a y e d  a  n e g l i g i b l e  r o l e .  How- j 

e v e r ,  t h i s  was a sy s tem  i n  whioh th e  m e th ox y l  s u b s t i t u e n t ,  : 

b e in g  r e l a t i v e l y  s m a l l ,  was q u i t e  l i k e l y  a f f e c t e d  to  a n  

e x t e n t  by b e in g  a l p h a  to  the  e p o x id e  r i n g ,  and v io e  -  

v e r s a .  The e p o x id e  r i n g  t e n d s  to  " f l a t t e n  o u t"  the  c y c l o -  | 

hexane r i n g  i n  the  same way a s  an  o l e f i n i c  l i n k a g e ,  c a u s ­

in g  th e  r i n g  to  occupy a  " h a l f  -  c h a i r "  c o n f o r m a t i o n  (125) .i

i  T h e r e f o r e ,  th e  s u b s t i t u e n t s  on th e  c a rb o n s  a l p h a  to  an
j  "

j

; o l e f i n i c  o r  epoxy  l i n k a g e  a r e  i m p e r f e c t l y  s t a g g e r e d  and  do 

! n o t  occupy the  n o rm a l  e q u a t o r i a l  and a x i a l  p o s i t i o n s ;  t h e s e
I!
! s u b s t i t u e n t s  a r e  s a i d  to  be " q u a s l e q u a t o r l a l "  o r  " q u a s i -
I
I a x i a l " • While  s u b s t i t u e n t s  i n  th e  " q u a s i e q u a t o r i a l "

| p o s i t i o n  a r e  more s t a b l e  t h a n  t h o s e  i n  the  " q u a s i a x i a l "  

j p o s i t i o n  (115) t h e y  do n o t  c o n t r i b u t e  as  much to  th e  oon-  

f o r m a t i o n a l  s t a b i l i t y  a s  do s u b s t i t u e n t s  f u r t h e r  removed.

1 I t  i s  q u i t e  f e a s i b l e  t h a t  t h i s  and the  r e l a t i v e l y  s m a l l
i

i s i z e  o f  the  s u b s t i t u e n t  a l l o w s  the  e l e c t r o n i c  e f f e c t  o f  

i the  e l e c t r o n e g a t i v e  m ethoxy l  g roup  to  domi n a t e  the  o r l e n t a -
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t i o n  of  th e  r i n g  o p e n in g .  I n  the  case  o f  the  c i s -  isom er

(XXXV), the  c o n f o r m a t i o n a l  and e l e c t r o n i c  e f f e c t s  c o m p l i ­

ment e ac h  o t h e r . I
i

I n  the  c a s e  o f  th e  l i t h i u m  aluminum h y d r i d e  (IAAIH4 ) 

r e d u c t i o n  o f  th e  c i s -  (XXXVII) and t r a n s -  (XXXVIII) 

e p o x id e s  o f  3 - h y d r o x y - c y c lo h e x e n e ,  c o n f o r m a t i o n a l  f a c t o r s  

a p p e a r  to  p l a y  th e  d e c i s i v e  r o l e  ( 1 2 6 ,1 2 7 )*  The f o r m a t i o n  

o f  the  ep ox ide  by p e r a o i d  e p o x i d a t i o n  o f  3 - h y d r o x y - c y c lo -  

hexane gave the  c i s -  e p o x i d e .  R e d u c t io n  w i t h  l i t h i u m  

aluminum h y d r i d e  p r o c e e d e d  by d i a x i a l  o p e h in g ,  th e  c o n f o r -  | 

m a t io n  b e in g  " f i x e d "  by the  h y d r o x y l  g r o u p .  |

O H O H

(XXXVII)

O A c

(XXXVIII)

The a l l y l i c  a c e t a t e  gave p r e d o m i n a t e l y  the  t r a n s -
i

ep ox ide  whioh was c o n v e r t e d  to  th e  epoxy a l c o h o l  (XXXVIII) j 

and r e d u c e d  as  b e f o r e .  A ga in  c o n f o r m a t i o n a l  e f f e c t s  d e t e r - j
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rained th e  p r o d u c t .  The a b i l i t y  o f  the  '’ s m a l l ” h y d r o x y l  

group to  an ch o r  the  c o n fo r m a t io n  may w e l l  be due to  the  

complex which the  h y d ro x y l  c a n  form w i th  the  aluminum 

h y d r i d e .  Such a complex can  a l s o  l e a d ,  i n  some c a s e s ,  to  

anomalous r e s u l t s .  A ca se  i n  p o i n t  was the  r e d u c t i o n  of  

the  t r a n s -  epox ide  o f  4 -h y d ro x y -c y c lo h e x e n e  (XXXIX) which 

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

e f f e c t s  d e te rm in e d  the  p r o d u c t  o f  the  o l s -  e pox ide  (XL).

OH

OH
—>

(XXXIX)

.'H

O H

OH
OH

OH

(XL) OH
OH

j R e o e n t ly  the  e p o x i d a t i o n  o f  4 - t - b u t y l - o y c l o h e x e n e

| w i t h  p e rb e n z o io  a c i d  has  been r e p o r t e d  to  y i e l d  a  m ix tu re  

; o f  the  o l s -  (XLI) and t r a n s -  (XLII) e p o x id e s  ( 1 2 8 ) .  When 

h e a t e d  w i t h  ammonia, a  m ix tu r e  o f  amino a l c o h o l s  was ob-  

: t a i n e d .  The i n f r a r e d  speo t rum  o f  the  p r o d u o t  o o n t a i n e d  

o n ly  a s i n g l e  peak  i n  the  h y d ro x y l  s t r e t o h i n g  r e g i o n ,  a t
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3626 cm"* , c o r r e s p o n d i n g  to  a f r e e  ( a x i a l )  h y d r o x y l  g ro up  j 

( 1 2 9 ,1 3 0 ) .  This  p rov ed  the  absen ce  of  any  b u t  the  d i a x i a l  j 

i s o m e r s ,  (XLIII )  and (XLIV), showing t h a t  a t t a c k  had  t a k e n  j 

p l a c e  s t e r e o s p e c l f i c a l l y ,  i n  th e  sen se  o f  th e  r u l e  o f  d i ­

a x i a l  o p e n in g .  The 2 -a m in o -4 - j f c -b u ty l - c y c lo h e x a n o l  was ;

.-O

A

O H

H

(XLI)

4
OH

(XLII)

4
.NHj . O H

(XLIII)  (XLIV)

; s e p a r a t e d  by d e r i v i t i z a t i o n  and r e g e n e r a t e d .  C o n v e r s io n  to
i

the  pure  o l s -  e p o x ide  was a c c o m p l i sh e d  by p y r o l y s i s  o f  the  

q u a t e r n a r y  t r i m e t h y l  ammonium b a s e .  R e d u c t io n  o f  the  pure  

c i s -  epox ide  w i t h  l i t h i u m  aluminum h y d r i d e  gave the  c l s - 4 -
i

j t - b u t y l c y c l o h e x a n o l ,  e x p e c t e d  on the  b a s i s  o f  c o n f o r m a t io n ­

a l  a n a l y s i s  •

The r e a o t i o n  o f  l imonene monoxide,  [oC]+ 65 ° ,  w i th  

i ammonia was r e p o r t e d  by P i g u l e v s k i  and  Kohkryakov (81) to  

g iv e  a hydroxy  amino d e r i v a t i v e  which was t e n t a t i v e l y
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ass ig ned ,  th e  s t r u c t u r e  o f  2 - a m i n o - l - h y d r o x y - 8 -]D-menthene• |
I

However, s i n c e  l imonene o x i d e ,  p r e p a r e d  f rom  p e r a c i d  e p o x -  J  

i d a t i o n ,  h a s  "been fo un d  to  be a m ix tu r e  o f  t h e  two p o s s i b l e  

i s o m e r s ,  i t  i s  a lm o s t  a  c e r t a i n t y  t h a t  t h i s  was a m ix tu r e
i

o f  th e  two amino a l c o h o l s ,  (XLV) and (XLVI)•

(XLV) (XLVI) (XLVIII) (XLIX) (XLVII)

E v id e n ce  f o r  the  f o r m a t i o n  o f  two amino a l c o h o l s  has 

i  been  f u r n i s h e d  by Newhall  (91) who found  t h a t  the  a c t i o n  o f
I
i

| ammonia (o r  amines)  on a m ix tu r e  o f  o l s -  and t r a n s - o a r v o -
i
j menthene o x id e  gave a  m ix t u r e  o f  t r a n s -  amino a l c o h o l s .
j

| The c o n f i g u r a t i o n  o f  the  t r a n s -2 -a m in o -1 -h y d ro x y -£ -m e n th a n e
i

( 1 - h y d r o x y - n e o o a rv o m e n th y la m ln e ) (XLVII) was e s t a b l i s h e d  by
1
i  a n  I n d e p e n d e n t  s y n t h e s i s .  The s t r u c t u r e  o f  the  second

1 amino a l c o h o l  was a s s i g n e d  a s  (XLVIII) on the  a s s u m p t io n
1I
I t h a t  the  e p o x id e  r i n g  o l e a v a g e  p ro c e e d e d  e x c l u s i v e l y  I n  one 

j d i r e o t i o n  (p r im a r y  s t e r i o  e f f e o t ) .  However, t r a n s - 1 - a m i n o -
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2 -h y d ro x y -£ -m en than e  (1 -am in o -n eo c a rv o m en th o l )  (XLIX) would 

he the  e x p e c t e d  p r o d u c t  i f  c o n f o r m a t i o n a l  r e q u i r e m e n t s
|

were the  d e t e r m i n i n g  f a c t o r .  The b a s i s  o f  Newhall*s  |

a s su m p t io n  was a  p r e l i m i n a r y  r e p o r t  (131) t h a t  th e  c leavage ,  

o f  the  carvom enthene  o x id e s  by e t h y l  a l c o h o l  w i th  a  b a s i o
I

c a t a l y s t  y i e l d e d  e x c l u s i v e l y  2 - e th o x y - l - h y d r o x y - jD - m e n th a n e • 

I t  has  s i n c e  b e en  shown (132 ,133)  t h a t  th e  a c t i o n  o f  

e t h y l  a l c o h o l  -  sodium e th o x i d e  on the  l imonene monoxides 

g iv e s  b o t h  2 - e t h o x y - l - h y d r o x y - ,  a n d  the  l - e t h o x y - 2 -h y d ro x y -  

8 - g - m e n th e n e • A c e t y l a t i o n  and p y r o l y s i s  o f  th e  c o r r e sp o n d - ,  

ing  a c e t a t e  m ix tu r e  c o n f i rm ed  th e  p o s i t i o n  a s s i g n m e n t s .

Due to  th e  a m b ig u i ty  o f  the  a b s t r a c t  (132 ,133)  i t  was 

im p o s s ib l e  t o  a s c e r t a i n  w h e the r  th e  carvom enthene  o x i d e s  ;

i gave a  s i m i l a r  m i x t u r e .  I t  i s  p l a u s i b l e  to  assume t h a t  j
i

| t h ey  d i d .  This  b e in g  the  c a s e ,  i t  would a p p e a r  t h a t  con-
i  j

f o r m a t i o n a l  e f f e c t s  ou tw e ig h  any p r i m a r y  s t e r i c  e f f e c t s ,  j
I I
! thus  c a u s i n g  d i a x i a l  o p en in g  o f  th e  ep o x id e  r i n g .  T h ere -  !
i i
| f o r e ,  Newhall*s  seco n d  amino a l c o h o l  was more l i k e l y  (XLIX)i

: th a n  (X L V II I ) .  ;
I I

That  the  l imonene monoxides open s t e r e o s p e c i f i c a l l y  |

was shown by th e  e l e g a n t  work o f  P i g u l e v s k i  (135) and o f  j
Kuczynski  and P ia to k o w s k i  (8 2 ,1 1 9 )  w i t h  th e  l i t h i u m  

I aluminum h y d r id e  r e d u c t i o n  o f  the  two l imonene m o n o x id es .  !

■ More r e c e n t l y  th e  a o t i o n  o f  sodium powder on th e  l imonene j
i

monoxides has been  shown to  be s t e r e o s p e c i f i c  ( 1 3 5 ) .  These
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two r e a c t i o n s  have been  r e i n v e s t i g a t e d  and w i l l  be d e a l t  

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

I t  was n e o e s s a r y  t o  b r i n g  to  the  f o r e  some o f  the  

most r e o e n t  work on th e  l imonene and oarvom enthene  o x i d e s ,  :

as  w e l l  a s  the  o t h e r  e p o x id e s  m en t io n ed ,  i n  o r d e r  to  b e -  !

come a c q u a i n t e d  w i th  the  b a s i c  o o no ep ts  which g o v e rn  the  

r e a c t i o n s  o f  s u b s t i t u t e d  c yc loh ex en e  e p o x i d e s .

The i n i t i a l  work on th e  r e a c t i o n s  o f  l im onene  monoxide; 

w i t h  a o i d i c  r e a g e n t s  was c a r r i e d  o u t  by R oyals  and  H a r r e l l  ; 

( 7 7 , 7 8 ) .  These workers  showed t h a t  u n d e r  a c i d  c o n d i t i o n s  j
i

( e . g . ,  s u l f u r i o  a c i d )  l imonene monoxide i s o m e r i z e d  to  

• d ih y d r o c a r v o n e  and c a r v e n o n e .  The t r e a t m e n t  o f  l imonene ' 

monoxide w i th  g l a c i a l  a o e t i o  a c i d  -  sodium a c e t a t e  l e d  to  |
|  i

; the  f o r m a t i o n  o f  th e  m o n o ac e ta te  o f  8 - £ - m e n t h e n e - l , 2 - d i o l  | 

i i n  82$ y i e l d .  That  t h i s  p r o d u c t  c o n t a i n e d  a t  l e a s t  some
I

o f  the  2 - a c e t o x y - 1 - h y d r o x y - 8 - 2 -menthene was shown by b o r i c  

; a c i d  d e h y d r a t i o n  to  g iv e  o a r v e y l  a o e t a t e ,  a lo n g  w i th  

i jo-oymene and d i h y d r o c a r v o n e .  D e h y d ra t io n  o f  the  mono- 

; a c e t a t e  w i t h  £ - to lu e n e  s u l f o n i c  a o i d  monohydrate  i n  benzene
i
I gave o n l y  oarvenone  and p -cym ene . Limonene o x id e  gave 36$

| d ih y d ro c a rv o n e  when r e f l u x e d  i n  benzene w i t h  f r e s h l y  f u s e d  

z ino  c h l o r i d e .  By p a s s i n g  l imonene monoxide o v e r  a lu m in a  

a t  310-325°  a m ix tu r e  o f  d ih y d ro o a rv o n e  and oarvenone  was 

! o b t a i n e d .  An a t t e m p t e d  h e a t  i s o m e r i z a t i o n  y i e l d e d  no 

i s o l a b l e  p r o d u c t  o t h e r  th a n  u n r e a o t e d  l im onene  m o n o x id e .a t
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4 1 5 - 4 3 0 ° .

L in d e r  and Greenspan  ( 8 6 ) were a b l e  to  e f f e c t  the  

s y n t h e s i s  o f  ca rvone  from l imonene  monoxide i n  an o v e r a l l  

y i e l d  o f  1% by the  method o u t l i n e d  be low t

■>  >   >

->  *

(L) (Vic)
The carvone  o b t a i n e d  was o f f  o d o r .  Th is  was u n d o u b t -  j

i
e d l y  due to  the  f a c t  t h a t  n o t  o n ly  c a r v e y l  a c e t a t e  b u t  

a l s o  i s o o a r v e y l  a c e t a t e  (L) (136) would be e x p e c t e d  from
I

the  p y r o l y s i s  o f  l , 2 - d i a o e t o x y - 8 - £ - m e n t h e n e  ( L I ) .  On 

h y d r o l y s i s  i s o b a r v e o l  (Vic)  would a l s o  be p r e s e n t  a lo n g  j 

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

the  i s o o a r v e o l  would y i e l d  p e r i l l y l  a ld e h y d e  (87) as  the  

c o n ta m in a n t  i n  the  c a r v o n e .  This  would e x p l a i n  the  o f f  

o d o r .

N e a r l y  s im u l t a n e o u s  l y ; Kergoraard and Geniex (83) r e -  |
\

p o r t e d  t h e  p r e p a r a t i o n  and p y r o l y s i s  o f  th e  d i a c e t a t e .  The
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r e p o r t e d  p r o d u c t s  were d ih y d ro o a rv o n e  and o l s - o a r v e y l
I

a c e t a t e .  An e l a b o r a t e  e x p l a n a t i o n  was o f f e r e d  to  e x p l a i n  

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

c a r v e y l  a o e t a t e )  to  th e  e q u a t o r i a l  a c e t a t e  ( c l s - o a r v e y l
i

a o e t a t e ) .  I t  a p p e a rs ,  howeve^ t h a t  t h e y  were c o n fu s e d  i n  

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

p roved  t h a t  th e  p r o d u c t  o b t a i n e d  was the  t r a n s - c a r v e y l  

a c e t a t e  (by way o f  the  d i n i t r o b e n z o a t e  o f  the  c a r v e o l ) • i
I

Kergomard and Geniex ( 8 6 ) have  a l s o  r e p o r t e d  the  j

t r e a t m e n t  o f  l im onene  monoxide w i t h  a lu m in a  u n d e r  s l i g h t l y  

d i f f e r e n t  c o n d i t i o n s  t h a n  th o se  d e s c r i b e d  by Royals  and
I :
i  H a r r e l l  ( 7 8 ) .  They o b t a i n e d  d ih y d r o o a r v o n e ,  c a r v e o l  and !

| polymer;,  f rom carvoraenthene o x i d e ,  carvomenthone and  !
i  !

! c a r v o t a n a c e t o l  were o b t a i n e d .  j

Booth (137) has  r e o e n t l y  r e p o r t e d  th e  p y r o l y s i s  o f

: l imonene monoxide i n  the  t e m p e r a t u r e  r an g e  2 0 0 - 5 5 0 ° .  For

| exam ple ;  d - l i raonene  monoxide p y r o l y z e d  a t  260-265°  f o r
j

| 35 h o u r s .  The p y r o l y s i s  p r o d u c t  was f r a c t i o n a l l y  d i s -

! t i l l e d  to  y i e l d  5-7$  d ih y d r o o a r v o n e ,  3 -5$  1 - c a r v o n e ,  2 -4 $

j 1 - o a r v e o l  and 11-13$ d - o i s - l s o o a r v e o l .

| The c a t a l y t i c  h y d r o g e n a t io n  o f  l imonene monoxide i s

; r e p o r t e d  to  i n i t i a l l y  g ive  carvom enthene  o x ide  ( 8 3 , 1 3 1 ) .  

Furakawa (138) found  t h a t  a c a rv o m e n th o l  was formed 

w i t h  a b s o r b t i o n  o f  two moles o f  hydrogen  to  one mole o f  

: l imonene o x i d e .  Kergomard and Geniex (139 ,140)  have
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r e p o r t e d  the  oa rv om en th o l  to  be n e a r l y  a l l  i s o oa rvom entho l . l  

However the  sample o b t a i n e d  was impure and no a l c o h o l  

d e r i v a t i v e s  were fo rm ed .  They r e p o r t e d  the  o x i d a t i o n  

p r o d u c t  t o  be i s o oa rv o m en th o ne . An e x p l a n a t i o n  was o f f e r e d  

to  r a t i o n a l i z e  the  e x c l u s i v e  f o r m a t io n  o f  i s o oarvomentho1 .

This e x p l a n a t i o n  c a n n o t  be c o n s i d e r e d  v a l i d  s i n c e  i t  (a) I
|

assumes t h a t  l imonene monoxide i s  one i so m er  and (b) a s -  j
i

sumes the  i n c o r r e c t  s t r u c t u r e s  f o r  i s o -  and n e o l s o o a rv o -  j

m e n th o l .  P i g u l e v s k i  and Kozhira (90) h y d r o g e n a te d  c a r v o -  

menthene ox ide  u s i n g  p a l l a d i u m  h y d ro x id e  i n  a c e t i c  a c i d .
|

They r e c o v e r e d  a complex m ix tu re  which c o n t a i n e d  d - neo-  

I o a rv o m e n th o l ,  1 - c a r v o m e n t h o l ,  £ - m e n t h a n - l - o l ,  t r a n s - p -  

j  m enthane ,  d -carvom enthone  and  d - i s o oarvomenthone a s  w e l l  j
! i

j  i

j  as  th e  h i g h  b o i l i n g  m o n o ac e ta te  o f  jc-men t h a n e - 1 , 2 - d i o l .  |

I  i

| I t  was shown t h a t  the  a c t i o n  o f  the  p a l l a d i u m  hydrox ide
i

j i n  a c e t i c  a c i d  cau se d  the  i s o m e r i z a t i o n  to  ca rv o m en th o n e . 

The h y d r o x y a o e t a t e  was formed by the  a d d i t i o n  o f  a c e t i c  

a c i d  to  th e  e p o x id e .
I

The s y n t h e s i s  o f  1 - a c e t y l - 4 - l s o p r o p y l - l - o y c l o p e n t e n e  

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

! (14 1 )  o f  the  n a t u r a l  ke to n e  o b t a i n e d  f rom  S p a n i s h  E u c a ly p -  

j t u s  G lobu lus  (1 42 )•

The o x i d a t i o n  o f  - p in e n e  has  been  t h o r o u g h ly  r e -
i

!viewed by Simonsen and  Owen (15) th ro u g h  1947 .  S e v e r a l
i

I o u t s t a n d i n g  c o n t r i b u t i o n s  have been  made s i n c e  t h i s  r e v i e w ,
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n o t a b l y  the  work o f  the  G l id d e n  group on the  a u t o x i d a t i o n  

o f  c*-p inene  (27) and t h a t  o f  Whitman (46) on th e  mechan­

ism o f  the l e a d  t e t r a a c e t a t e  o x i d a t i o n  o f  c^-p inene*

The e p o x i d a t i o n  o f  o i - p i n e n e ,  f i r s t  done by P r i l e -  

sch ae v  ( 7 5 ) ,  have been  i n v e s t i g a t e d  by a  number o f  

workers  (77 ,7  8 , 1 3 9 , 1 4 3 - 1 4 5 ) .  The s t e r e o c h e m i c a l  c o u rs e
;  i

o f  the  e p o x i d a t i o n  o f  <^-pinene w i t h  p e r a c i d s  u n d o u b t e d l y  

; g iv e s  o n ly  o i s -o^ - p l n e n e  ox ide  ( L I I ) ,  a s  h a s  b e en  o b s e r v e d  !
i  Jl I
I i n  th e  a n a lo g o u s  p i n o l  sy s tem  ( 1 4 7 ) ,  b e cau se  o f  s t e r i c
i

h i n d r a n c e ,

j Nametkin  and  J a c e v a  (147) p o s t u l a t e d  t h a t  the  p r im a r y

I h y d r a t i o n  p r o d u c t  was p i n o l ,  s i n c e  when <xl-plnene o x ide  

' was h e a t e d  w i t h  w a te r  a t  1 1 5 -1 2 0 ° ,  p i n o l  ( L I I I )  was ob-

(L I I )

OH

( L I I I ) (LIV)
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t a i n e d  a lo n g  w i t h  s o b r e r o l  (L IV ) . T h is  may o r  may n o t  be 

t h e  case*  H y d r a t i o n  w i t h  d i l u t e  a c i d  y i e l d e d  t r a n s -  

s o b r e r o l  i n  n e a r l y  q u a n t i t a t i v e  y i e l d s  ( 1 4 3 ,1 4 4 ,1 4 8 ) *  

L ik e w is e ,  t r a n s - s o b r e r o l  was fo rm ed i n  b a s i c  aqueous media  

( 1 4 9 ) .

CH-O

(LVII)

ch3
CH-OH

(LV)

(LVIII)

CH-OH

(LVI)

o £ -p inen e  o x id e  gave a s u b s t i t u t e d  cam ph o len o l  (LV) 

w i t h  G r ig n a rd  r e a g e n t s  (150 ,1 51 )  an d  i n  t h e  R e fo rm a tsk y  

r e a c t i o n  (LVI) (152) • S i m i l a r l y  oc.-pin.ene ox id e  was 

i s o m e r i z e d  to  cam pho len ic  a ld eh yd e  (LVII) by  z in c  bromide 

| (152 ,1 53 )  and to  th e  d i m e th y l  a c e t a l  (L V II I )  by a  s u l f u r i c  

S a c i d  -  m e th an o l  s o l u t i o n  ( 1 5 4 ) .  Arbuzow and Mikhailow 

| (144) have r e p o r t e d  the  f o r m a t i o n  o f  a g l y c o l  m o n o ac e ta te  

; on t r e a t m e n t  o f  - p i n e n e  w i th  p e r a c e t i c  a c i d  i n  c h l o r o -
i

I fo rm ,  and t h a t  a  s i m i l a r  p r o d u c t  was o b t a i n e d  by  the
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t r e a t m e n t  o f  o ( -p in en e  ox ide  w i t h  a c e t i c  a c i d .  R oya ls  and 

H a r r e l l  (7 8 ) fo u n d  t h a t  w i t h  g l a c i a l  a c e t i c  a c i d ,  c< -  

p inene  o x id e  was p r i n c i p a l l y  i s o m e r i z e d  to  oampholenic  

a l d e h y d e .  A h i g h  b o i l i n g ,  o rude  h y d r o x y a c e t a t e  was a l s o  I 

a  p r o d u c t  o f  t h i s  r e a c t i o n ,  d - p i n e n e  o x id e  when r e ­

f l u x e d  w i th  a c e t i o  a n h y d r id e  has  been found  to  g iv e  cam-
i
i

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

a c e t a t e  and s e v e r a l  o t h e r  u n i d e n t i f i e d  compounds ( 1 5 5 , 1 5 6 ) .

The p y r o l y s i s  o f  c<-pinene  o x ide  ha s  b e en  r e p o r t e d  i
j

to  g ive  pinocamphone (LIX) and c a r v e o l  ( 1 5 7 ) .  j

R e c e n t l y  McCullagh (158) has  shown t h a t  t r a n s - p i n o -  j

| camphone and oampholenic  a ld e h y d e  were the  p r o d u c t s  o f  the  j

; (ix)
b o ro n  t r i f l u o r i d e  -  e t h e r a t e  i s o m e r i z a t i o n  o f  o<-pinene
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ox ide  i n  "benzene •

Powdered sodium i n  benzene gave m a in ly  od-pinene w i t h  

some t r a n s - p i n o o a r v e o l  (LX) and t r a n s -plnocamphone (1 5 9 ) •

The h y d r o g e n a t i o n  o f  oL- p i n e n e  o x id e  w i t h  Raney n i c k e l  

c a t a l y s t  has  been  i n v e s t i g a t e d  by I s a e v a  and Arbuzow (160) 

and Kergomard and Geniex ( 1 3 9 ) .  The main p r o d u c t  o f  the  j

r e d u c t i o n  was i s o p inooampheol  (LXI) ( 1 3 9 ) ,  a l t h o u g h  a  !
i

second  a l c o h o l  and some pinocamphone (160) were d e t e c t e d .  I
i
!

Kergomard and Geniex p o s t u l a t e d  a l c o h o l i o  e p i m e r i z a t i o n  to  jj
i

e x p l a i n  the  s t e r e o c h e m i s t r y  o f  t h e  i s o pinooampheol  ob-  j

i
t a i n e d .  This  p o s t u l a t i o n  was n o t  n e c e s s a r y  s i n c e  B ose’ s

i  j

| a s s ig n m e n ts  f o r  i s o -  and n eo iso p ln o o a m p h e o l  were i n c o r r e c t  !

| (161) by h i s  own a d m i s s io n  ( 1 6 2 ) .  j

( IXI)
i
!

| 6-OXA-BICYCLO- [3 ,2 ,  l ]  -0CT-3-ENES
i
| The p r e p a r a t i o n  o f  s u b s t i t u t e d  6 - o x a - M o y o l o -  [ 3 . 2 . l ] -  

! o c t - 3 - e n e s  has  been  l i m i t e d  f o r  n e a r l y  75  y e a r s  to  t h a t  o f  

I p i n o l  ( 1 1 ) ,  a l t h o u g h  a  m en t io n  was made o f  homopinol  by 

| W al lach  ( 1 6 3 ) .  The l i t e r a t u r e  on p i n o l  h a s  be en  th o r o u g h ly
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r e v ie w ed  by t h i s  a u t h o r  i n  a p r e v i o u s  work ( 1 1 ) .  I t  i s  

p e r t i n e n t ,  however ,  to  m e n t io n  a t  t h i s  p o i n t  t h e  work o f  

P l a tk o w s k i  and Kuczynski  (164 ,165)  w i t h  r e g a r d  to  t h e i r  

s t u d i e s  o f  the  s t e r e o c h e m i c a l  c o u rs e  of  e p o x i d a t i o n s . I t  

was found  t h a t  th e  e p o x i d a t i o n  o f  o ^ - t e r p i n e o l  y i e l d e d  two 

p r o d u c t s ,  t r a n s - 1 , 2 - a p o x y - p - m e n th a n - 8 - o 1 (LXII) and t r a n s -  

1 - h y d r o x y - d i h y d r o p i n o l  (L X III )  ( 1 6 4 ) .

Oi-I

..H

H’ *

*

O H

(LXII)

p -

:^OH 
. .H

\
H  • '

(LXIII)

. . O H

(LXIV) (LXV)

The e p o x i d a t i o n  o f  p i n o l  y i e l d e d  o n ly  c l s - l , 2 - e p o x y -
I
| d i h y d r o p i n o l  (LXIV) ( 1 4 7 ) .  L i th iu m  aluminum h y d r i d e  r e -
j

! d u c t l o n  o f  t h i s  epox ide  gave e l s - 1 - h y d r o x y - d i h y d r o p i n o l  

! (LXV).
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DEHYDROACETIC ACID

Dehydroace t i c  a c i d  may he formed by the  a c t i o n  o f  

d e h y d r a t i n g  a g e n t s  on a c e t o a c e t i c  e s t e r  o r  by a c e t i c  a n ­

h y d r i d e  on a c e to n e  d i c a r b o x y l i c  a c i d .  I t  has been con ­

v e r t e d  i n t o  a l a r g e  v a r i e t y  o f  compounds su c h  as  d i a o e t y l -  

a c e t o n e ,  p y r i d i n e s ,  e t c .  B e s id es  i t s  i n t e r e s t i n g  c h e m i s t r y  

the  sodium s a l t  has  found  wide u se  as  a food  a d d i t i v e .

The s t r u c t u r e  o f  dehydroace  t i c  a c i d  was d e m o n s t r a t e d  

by the  o b s e r v a t i o n  t h a t  i s o m e r i z a t i o n  to  2 , 6 - d i m e t h y l - 4 -  

p y r o n e - 3 - c a r b o x y l i c  a c i d  (LXVI) w i t h  h o t ,  85$ s u l f u r i c  

a c i d  was e a s i l y  e x p l a i n e d  i n  t e rm s  o f  th e  F e i s t  (165 ,1 6 6 )  

s t r u c t u r e  (LXVII) .

o o^ ch.
H H

(LXVII) (LXVI)

A r e c e n t  r e e x a m i n a t i o n  o f  s t r u c t u r e  (LXVII) by B e rso n  

(167) has  c o n f i rm e d  th e  s t r u c t u r e  o f  the  c a rb o n  s k e l e t o n  

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

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

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

ev id en oe  t h a t  d e h y d r o a c e t i c  a o i d  was c o m p l e t e ly  e n o l i z e d
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I n  s o l u t i o n .  The b a th o c h ro m ic  s h i f t s  o f  th e  maxima i n  the  

s p e c t r a  o f  d e h y d ro a c e t ic  a c i d  (A m ax 310 bja) and th e  d e -

(LXVIII)

(LXVII) (LXVIIa) (LXVIIb) (LXVIIo)

h y d r o a c e t a t e  io n ,  r e l a t i v e  to  the  maxima f o r  t r i a c e t i o  

l a c to n e  (LXVIII) ( )m a x  283 m/t) and th e  t r i a c e  t i c  l a c t o n a t e  

i o n  ( Amax 278 m/0, a r e  c o n s i s t e n t  w i th  t h a t  e x p e c te d  f o r  

th e  a d d i t i o n  o f  the  e h ro m o p h o r ic a l ly  a c t i v e  a c e t y l  group 

i n  th e  e n o l  v a r i a n t s  o f  th e  F e i s t  s t r u c t u r e  (LX V II).

I t  was n o te d  t h a t  th e  maximal a b s o r b t i o n  f o r  the  de ­

h y d r o a c e t a t e  and t r i a c e t i c  l a c t o n a t e  Io n s  o c c u r r e d  a t  

s h o r t e r  wave l e n g t h s  th a n  f o r  th e  c o r r e s p o n d in g  u n - i o n iz e d  

a d d s .  T his  was i n  c o n t r a s t  to  th e  o b se rv e d  b a th och rom ic  

e f f e c t  o f  i o n i z a t i o n  o f  s im p le  ^ - d i c a r b o n y l  sy s tem s  (1 6 8 ) .  

On th e  b a s i s  o f  th e  a b s o r b t i o n  d a t a ,  B erson  i n d i c a t e d  t h a t
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the  c o n v e r s io n  o f  d e h y d ro a c e t ic  a c i d  to  i t s  e t h y l  e s t e r  

o c c u r r e d  w i th  a  m in im al s t r u c t u r a l  chang e , i * e . ,  w i th  

s im p le  r e p la c e m e n t  o f  th e  hydrogen  w i th  an  e t h y l  g ro u p .

The o b s e r v a t i o n s  t h a t  the  e s t e r  d id  n o t  oonsume a l k a l i  

upon t i t r a t i o n ,  n o r  g iv e  a p o s i t i v e  f e r r i o  c h lo r i d e  t e s t ,  

and e x h i b i t e d  no change i n  i t s  u l t r a v i o l e t  s p e c t r a l  

c h a r a c t e r i s t i c s  l e d  B erson  to  f a v o r  th e  e n o l  v a r i a n t s  

(LXVIIb) and  (LXVIIc) on the  b a s i s  t h a t  (LXVIIa) m ig h t  

o o n c ie v a b ly  show a c i d i c  p r o p e r t i e s  s in c e  the  m e th y l  group  

would be c o n ju g a te d  w i th  b o th  th e  l a c to n e  and th e  s id e  

c h a in  c a r b o n y l  g ro u p s*  A c h o ic e  be tw een  th e  t h r e e  e n o ls  

was n o t  made, how ever, b ecau se  o f  a l a c k  o f  f u r t h e r  e v i -  

; d en o e .I
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CHAPTER I I I  

DISCUSSION OF RESULTS

!

!

Limonene m onoxide , carvom enthene  o x id e  and oC-p in e n e  

ox ide  a re  oompounds w hich o f f e r  g r e a t  p rom ise  as  i n t e r ­

m e d ia te s  i n  th e  s y n t h e s i s  o f  o t h e r  o x y g e n a te d  t e r p e n e s .

Both lim onene monoxide and  o( -p in e n e  o x id e  a re  a v a i l a b l e  ;
j

c o m m erc ia l ly  o r  th e y  may be c o n v e n ie n t ly  p r e p a r e d  i n  th e  j 

l a b o r a t o r y .  Carvom enthene ox id e  i s  e a s i l y  p r e p a r e d  by the
i

p a r t i a l  h y d ro g e n a t io n  o f  lim onene m onoxide .
i

| These e p o x id e s  o f f e r e d  the  o p p o r t u n i t y  to  s tu d y  the

j r i n g  o p en ing  o f  u n s y m m e tr ic a l  e p o x id e s  s i t u a t e d  on su b -  j
i

i s t i t u t e d  cy c lo h ex an e  r i n g s .  T h is  s i t u a t i o n  a f f o r d e d  a 

I s e v e re  t e s t  f o r  th e  F u r s t - P l a t t n e r  r u l e  i n  the  c ase  o f  

| m onooyclio  s y s te m s .  S eo o n d ly , w h ile  many o f  the  r e a c t i o n s  

; i n v e s t i g a t e d  have p r e v i o u s l y  b een  r e p o r t e d ,  the  i d e n t i -

! f i c a t i o n  o f  some o f  the  r e a c t i o n  p r o d u c t s ,  and i n  p a r t i c u -  |
1
j l a r  the  s t e r e o c h e m i s t r y  o f  th e  p r o d u c t s ,  has  been  l a c k i n g .

I I t  has  been  th e  a t t e m p t  o f  t h i s  r e s e a r c h  to  f i l l  th e s e
i
| g a p s .

LIMONENE MONOXIDE AND CARVOMENTHENE OXIDE
|

A com m erc ia l g rad e  o f  d - l im o n en e  m onoxide was p u r i f i e d  

j by f r a c t i o n a l  d i s t i l l a t i o n  to  remove th e  d - l im o n en e  im-

50
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p u r i t y .  As the  d - l im o n en e  o b ta in e d  had an  [cxQp+llO0 (o r  

b e t t e r ) ,  th e  d -l irao nene  monoxide p r e p a r e d  from  I t  was
"  i

c o n s id e r e d  to  be n e a r l y  o p t i c a l l y  p u r e .  The f r a c t i o n ,  j  

b . p .  9 2 -9 4 ° /2 0  nun., <**+59.20°, 1 .4 6 5 4 ,  was p u re  d - l i m -  j

onene monoxide a s  i n d i c a t e d  by gas -  l i q u i d  phase  chrom a- ’ 

to g ra p h y  ( GLPC) •  j
i

The lim onene  monoxide** p r e p a r e d  by n e r a c i d  e p o x id a t i o n 1
i

i

p r o c e d u r e s ,  a s  was t h a t  ab o v e ,  h a s  b een  shown to  be a  m ix - J
|

t u r e  o f  th e  c i s -  ( V i l l a )  and  t r a n s -  (VTIlb) i so m e rs  by
I

K uczynsk i and P ia tk o w s k i  ( 8 2 ,1 1 9 ) .  T h e r e f o r e ,  th e  d - l i m -  !

0-.

+

%

( V i l l a )  ( V l l l b )  !

onene m onoxide was f r a c t i o n a l l y  d i s t i l l e d  a t  a tm o sp h e r io  j
j

p r e s s u r e  (u n d er  n i t r o g e n )  I n  an  a t t e m p t  to  s e p a r a t e  th e  two^ 

I s o m e rs .  S in c e  b o th  iso m ers  showed a s  a  s i n g l e  peak  on 

GLPC, th e  d i s t i l l a t i o n  was fo l lo w e d  by th e  o b se rv e d  o p t i c a l  

r o t a t i o n  and  r e f r a c t i v e  in d e x  o f  e ac h  c u t .  The f r a c t i o n ,
zs

b . p .  19Vu , °<p+50.8 0 ° ,  n ^  1 .4640  ( c u t  #10) and b . p .  1 98 ° ,

■^The a b s o l u t e  c o n f i g u r a t i o n s  o f  th e  t e r p e n e s  a r e  i l l u s t r a -  
t e d  th ro u g h o u t  th e  d i s c u s s i o n  on  th e  b a s i s  o f  t h e i r  r e l a ­
t i o n s h i p  to  d - l im o n e n e ,  whose a b s o l u t e  c o n f i g u r a t i o n  h as  
b een  e s t a b l i s h e d  ( 1 6 9 ) .
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o ^ 7 5 . 3 4 0 , n^f 1 .466 5  ( c u t  # 3 5 ) ,  were a s  n e a r  to  p u r i t y  a s  I 

c o u ld  be o b t a i n e d .  The c u t  #35 was e s s e n t i a l l y  pu re  d -  I 

t r a n s - l im o n e n e  m onox ide . The low er b o i l i n g  f r a c t i o n ,  how- I
j

e v e r ,  was s u b s e q u e n t ly  shown to  be q u i t e  im p u re .  ■

I n  t e s t i n g  th e  P u r s t - P l a t t n e r  r u l e ,  the  r e a c t i o n s  o f  

a n  i s o m e r ic  m ix tu re  o f  e p o x id e s  was c o n s id e r e d  to  be mean- | 

i n g f u l  o n ly  i f  th e  d i s t i n c t i o n  c o u ld  be made among th e  ■ 

r e a c t i o n  p r o d u c t s  a s  to  w hich  p r o d u c t ( s )  oame from e ac h  o f  |
i

th e  two I s o m e rs .  T h e r e fo r e ,  i t  was a d v an tag e o u s  to  u n d e r -  I 

ta k e  th e  s t e r e o s p e c i f i c  s y n t h e s i s  o f  p u re  o l s -  and p u re  j
! t r a n s - l im o n e n e  m onoxide .; __l
1 The s y n t h e s i s  o f  d - t r a n s - l im o n e n e  monoxide was c a r r i e d

o u t  a c c o rd in g  to  th e  m ethod o f  K ucznysk i and P ia tk o w sk i  

( 8 2 ,1 1 9 ) .  The f i r s t  s t a g e  o f  t h i s  s y n t h e s i s  a f f o r d e d  the  j 

i n i t i a l  e v id e n c e  t h a t  c o n fo r m a t io n a l  i n f l u e n c e s  d i r e c t  the

| o pen in g  o f  the  ep o x id e  r i n g  i n  th e  l im onene  m on ox id es .
I as n
| The m ix tu re  o f  d - l im o n en e  m onox ides , o<fD+59 ,20  , was
!  “ "  i
i  i *  ;

j  h y d r a te d  w i th  a  1% s u l f u r i c  a c i d  -  w a te r  s o l u t i o n  to  g iv e  ! 
! ' 
j a  s i n g l e  g l y o o l  I so m e r ,  n e o l i m o n e n e - l , 2 - d l o l  d i h y d r a t e .  i
i
I T his g l y c o l  d ih y d r a t e  was r e c r y s t a l l i z e d  from c h lo ro fo rm ,

I from whioh the  w a te r  o f  h y d r a t i o n  was e a s i l y  s e p a r a t e d .
| _ ~.zs

The n e o l i r a o n e n e - l , 2 - d i o l ,  m .p .  7 0 - 7 1 ° ,  L^ij+SS ( a c e t o n e ) ,

: was th e n  s u b j e c t e d  to  j o - to l u e n e s u l f o n y l  o h lo r id e  i n

j p y r i d in e  to  form  th e  m o n o to s y la te  (LXIX) ( l - h y d r o x y - 2 -
i . r t  * y i i

I t o s y l - 8 - £ - m e n th e n e ) ,  <^3)+51.05 , 1 .4 9 4 4 .  R e f lu x in g  the
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m o n o to sy la te  i n  m e th a n o l ic  -  p o ta s s iu m  h y d ro x id e  y i e l d e d  

92$ d - t r a n s - l im o n e n e  m onoxide, b . p ,  7 8 , 5 - 8 0 • 5 ° / l 0  ram,, 

*3>+83.22°, 1 ,4 6 5 7 .

The r e a c t i o n  o f  d - t r a n s - lim onene monoxide w i th  a 

g l a c i a l  a c e t i c  a c id  -  sodium  a c e t a t e  s o l u t i o n  gave a  m ix­

tu r e  o f  h y d r o x y a c e t a t e s , The h y d ro x y a c e ta te  m ix tu re  was 

i n d i r e c t l y  i d e n t i f i e d  by GLPC to  be a 9 ; 1 r a t i o  o f  two 

i s o m e r s .  These iso m ers  were s u b s e q u e n t ly  shown to  be 90$ 

o f  a t r a n s - 2 - a o e to x y - l - h y d ro x y - 8 -p - m e n th e n e  (1 -h y d ro x y -  

n e o d ih y d ro c a r v e y l  a c e t a t e )  (LXX) and  10$ o f  a t r a n s - 1 -  

ace to xy -2 -hydroxy-8 -]D -m en thene  ( 1 -ace  to x y - n e o l s o d lh y d r o -  

j o a rv e o l )  (LXXI), by a n a l y s i s  o f  th e  p y r o l y s i s  p r o d u o t s ,

; The two iso m ers  a r i s e  from the  two p o s s ib l e  c o n fo rm a tio n s  

| t h a t  t r a n s - l im o n en e  monoxide can  assume i n  the  t r a n s i t i o n  

j s t a t e  d u r in g  th e  o x i ra n e  o p e n in g  and p ro v id e s  c o n f i r m a t io n

,.OAc
HO

(LXX) (LXXI)
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t h a t  the P u r s t - P l a t t n e r  r u l e  h o ld s  f o r  t r a n s -l im o n en e  

m onoxide . The s u g g e s t i o n  o f  Angyal (122) e x p la in s  th e  

fo rm a t io n  o f  th e  s m a l l  amount o f  t e r t i a r y  a c e t a t e  form ed, 

i n  t h a t  the f o rm a t io n  o f  the  d i e q u a t o r i a l  p ro d u c t  a ro s e  

from an i n i t i a l  d i a x i a l  o x i ra n e  r i n g  o p e n in g  w i th  su b ­

s e q u e n t  i n v e r s i o n  o f  the  l e s s  s t a b l e  c o n fo rm a t io n  to  th e  j 

more s t a b l e .  That the c o n fo rm a tio n  w i th  the  m e th y l and !
i

i s o p r o p e n y l  group e q u a t o r i a l  a f f o r d e d  the  more s t a b l e  co n -  !
j

fo rm a t io n  i n  the  t r a n s i t i o n  s t a t e  was i n d i c a t e d  by the  

v e ry  h ig h  p e rc e n ta g e  o f  1 -h y d ro x y -n e o d ih y d r o c a r v e y l  a c e ­

t a t e  o b t a i n e d .  j
iI

| The p r e p a r a t i o n  o f  d - o l s - l im o n e n e  monoxide ( V i l l a )  j
i  i

| gave somewhat more d i f f i c u l t y .  S e v e r a l  a t t e m p ts  to  p rep a re !
]

the  t o s y l a t e  o f  1 - h y d ro x y -n e o d ih y d ro c a rv e y l  a c e t a t e  f a i l e d .  

Methane s u l f o n y l  c h l o r i d e  i n  p y r i d i n e ,  how ever, c o n v e r te d  

t h i s  h y d ro x y a c e ta te  i n t o  impure 1 -m e s y l -n e o d ih y d r o c a rv e y l  

a c e t a t e  (LX X II), The impure m e s y la te  was th en  r e f l u x e d  

w i th  m e th a n o l ic  -  p o ta s s iu m  h y d r o x id e .  Pour p ro d u c ts  were 

o b ta in e d ;  d -n e o l im o n e n e - 1 ,2 - d l o l  (1 8 $ ) ,  t r a n s - c a r v e o l  and 

t r a n s - l s o c a r v e o l  (38$) and d - c i s - l im o n e n e  monoxide (2 9 $ )•  

The d - n e o l im o n e n e - 1 ,2 - d l o l  was form ed from h y d r o l y s i s  o f  

u n re a c te d  1 -h y d ro x y -n e o d ih y d ro c a rv e y l  a c e t a t e  p r e s e n t  i n  

j the  m e s y la te  as  an  i m p u r i t y .  The o b se rv e d  c a r v e o l s  were 

n o t  u n e x p e c te d  b y - p ro d u c ts  o f  the  r e a c t i o n  s in c e  the  a c t i o n  

o f  s t r o n g  b a se s  o f t e n  c a u se s  e l i m i n a t i o n  r e a c t i o n s  o f
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m e s y la te s  and t o s y l a t e s  to  o c c u r .  S in ce  su ch  e l i m i n a t i o n s  

a r e  g e n e r a l l y  " t r a n s ” , no d ih y d ro o a rv o n e  was fo rm ed . The 

r e a c t i o n  o f  i n t e r e s t  was th e  f o r m a t io n  o f  d - o i s - l im o n en e  !
3,3 . 5’

monoxide w hich had  b . p .  9 6 -9 8 ° /2 6  mm., ^ + 3 6 . 0 0 ° ,  n ^  1*4683, 

I n  the  f o r m a t io n  o f  th e  t r a n s -  e p o x id e ,  th e  a n io n  o f  I 

the  a lp h a ,  t r a n s  h y d ro x y l  group d i s p l a c e d  th e  n e ig h b o r in g  j 

t o s y l a t e  group to  form  the  o x l ra n e  r i n g .  The same p ro c e s s  

o c c u r re d  f o r  the  f o r m a t io n  o f  the  o l s -  e p o x id e ,  b u t  i n  t h i s  

case  a c e t a t e  h y d r o l y s i s  and a n io n  f o r m a t io n  had to  ocour 

p r i o r  to  th e  e p o x id e  d o s i n g .  That su ch  a  two s ta g e  j

r e a c t i o n  m ust ooour u n d o u b te d ly  enhanced  th e  p red o m in an t  j 

; f o r m a t io n  o f  the  c a r v e o l s .

i The h y d r a t i o n  o f  th e  d - o l s - llm onene  monoxide to  d -n e o -

l i m o n e n e - l , 2 - d i o l  co m p le ted  the  c y c le  (F ig u re  4 ) .  Con­

v e r s i o n s  o f  one i s o m e r ic  epox ide  i n t o  a n o th e r ,  a s  was i l -  

j l u s t r a t e d  by t h i s  c y o le ,h a v e  been  done p r e v i o u s l y  i n  the  

s t e r o i d  s e r i e s  (118) and more r e c e n t l y  i n  a m onocycllo
|
I sy s tem  (170) .

I The r e a c t i o n  o f  d - o l s - llm onene monoxide w i th  a g l a o i a l

! a c e t i c  a c i d  -  .sodium a c e t a t e  s o l u t i o n  a p p e a re d  to  g ive
j

| t r a n s - l - a o e to x y -2 - h y d r o x y -8 - p -m e n th e n e  ( 1 - a c e to x y - n e o d i -  

: h y d ro o a rv e o l)  (LXXIII) i n  a t  l e a s t  95$ p u r i t y .  T his was 

i one o f  the  m ost d ra m a t ic  o a se s  o f  c o n fo r m a t io n a l  e f f e c t s  

d e te rm in in g  the  d i r e c t i o n  o f  the  e p o x id e  o p e n in g .  I f  the  

p r im a ry  s t e r i c  e f f e c t  were th e  d e te rm in in g  f a o t o r ,  the  e x -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



57

p e o te d  p ro d u c t  would have been  a t r a n s - 2 - a c e to x y - 1 -h y d r o x y -  

8 -£ -m en thene  ( s p e c i f i c a l l y  1 -h y d ro x y -neo i  s o d l  hy dr o o a r  ve y 1
i

a c e t a t e )  (LXXIV). None o f  t h i s  isom er was f o u n d .  This j 

isom er c o u ld  have a l s o  fo rm ed  from the t r a n s i t i o n  con­

f o rm a t io n s  i n  w hich the  i s o p r o p e n y l  group  would be a x a i l .  

This c o n fo rm a t io n  was the  l e a s t  th e rm o d y n am ica lly  s t a b l e  \ 

one and t h e r e f o r e  i t  was n o t  to o  s u r p r i s i n g  t h a t  none (o r  

l i t t l e )  o f  th e  p ro d u c t  a r i s i n g  from  t h i s  c o n fo rm a t io n  was 

fo rm ed . ;

S in ce  the  e p o x id e s  a p p e a re d  to  open s t e r e o s p e c i f i c a l l y j
i  I

! t h e r e  was l i t t l e  q u e s t i o n  as  to  th e  s t e r e o c h e m is t r y  o f  th e  I

L oflc .OH
f l c O

(DCXIII) (LXXIV) j

p r o d u c t s .  T hat th e  s t e r e o c h e m ic a l  a s s ig n m e n ts  f o r  th e  i
I

h y d ro x y a c e ta te s  o b t a in e d  from  the  lim onene m onoxides were j
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c o r r e c t  was b o rn  o u t  by the  o b se rv e d  s t e r e o c h e m i s t r y  o f  

th e  p y r o l y s i s  p ro d u o ts  o f  th e s e  oompounds.

The a n a l y s i s  o f  a sample o f  d - l im o n en e  monoxide f o r
I

th e  p e rc e n ta g e  o f  eac h  isom er was now p o s s i b l e  by p o l a r -  j

i
im e t r y .  Having assum ed th e  d e n s i t y  d i f f e r e n c e s  to  be 

n e g l i g i b l e  i n  t h i s  c a l c u l a t i o n ,  the  p e r c e n ta g e s  were fo u n d  j

from  the  e q u a t io n s

(x) 3 6 .0  +  (y) 8 3 .2  = o b se rv e d  o p t i c a l  r o t a t i o n

100x = % d - o i s - l im o n en e  m onoxide , ^  + 3 6 .0 °  

j lOOy = % d -  t r a n s - l im o n en e  m o n o x i d e , + 8 3 .2 °

The com m erc ia l  sam ple o b ta in e d  from  p e r a c i d  e p o x id a -  

; t i o n ,  06^+59*2°, was th u s  a  m ix tu re  o f  5 0 .5 $  o l a -  and  4 9 .5 $  j  

I t r a n s - l im o n en e  m onox ide . A seco n d  p h y s i c a l  m ethod was 

i n i t i a l l y  employed f o r  a n a l y s i s  w hich  would be s a t i s f a c t o r y  

i f o r  racem ic  o r  p a r t i a l l y  racem ic  s a m p le s ,  a l s o .  O b se rv a -  j

i ;
| t i o n s  o f  th e  n u c l e a r  m a g n e tic  re so n a n o e  sp e c tru m  o f  th e  j

! n e a t  l i q u i d  o f  th e  lim onene monoxide m ix tu re  showed a r a t i o  

| o f  5 0 .5  : 4 9 .5  o f  th e  s i n g l e  m e th y l  peaks  o f  th e  two 

iso m ers  a t  -7 0  ops (-1.16 ppm) from TMS ( i n t e r n a l  s t a n d a r d )  .

|The r a t i o  was o b ta in e d  by m easurem ent o f  th e  a r e a  u n d e r  the  

m e th y l  p e a k s .

| A s l i g h t l y  l e s s  e x a o t  m ethod o f  a n a l y s i s  in v o lv e d  

i r e a c t i n g  th e  ep o x id e  m ix tu re  w i th  g l a c i a l  a c e t i o  a c i d  -  

isodium  a c e t a t e  to  form  the  h y d r o x y a o e t a t e s . The hydroxy-
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a c e t a t e  m ix tu re  th u s  o b ta in e d  was h y d ro g e n a te d  an d  th e  ]

r e s u l t a n t  s a t u r a t e d  h y d r o x y a c e ta te  m ix tu re  s u b j e c t e d  to  j

GLPC• The r a t i o  o f  th e  h y d r o x y a c e ta te s  from  th e  two 

; iso m ers  was 52 i 4 8 .

The h y d r o x y a c e ta te  m ix tu r e  o b t a in e d  from  p e r a c i d  d -  ;

lim onene monoxide was s u b j e c t e d  to  vapor phase  p y r o l y s i s  

| a t  v a ry in g  t e m p e r a t u r e s .  These r e s u l t s  a r e  t a b u l a t e d  i n  

Table I .  I t  was foun d  t h a t  be tw een  370° and  3 9 6° , u n d e r  |

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

t r  ans - 1 -  ao e to x y - 2 - h y d ro x y -8 - p -m en thenes  o c c u r r e d  and  the
i

t r a n s - 2 - a o e t o x y - I -h y  d r  o x y -  8 - p-m enthene  was r e c o v e r e d  j

: u n c h an g e d . The unchanged  h y d r o x y a c e ta te  was e a s i l y  s e p a -  

: r a t e d  from  th e  n e u t r a l i z e d  p r y o l y s a t e  by d i s t i l l a t i o n .  |

i The p y r o l y s a t e  c o n ta in e d  a t  l e a s t  f i v e  com ponents a s  i n -  j

; d i c a t e d  by GLPC. F r a c t i o n a l  d i s t i l l a t i o n  y i e l d e d  th e  

: f i r s t  two com ponents , i s o d lh y d ro c a rv o n e  and  d ih y d ro o a rv o n e

■ (XXXI), a s  one , b . p .  8 5 - 8 7 ° /8  a m . ,  0^+  2 1 .8 0 ° ,  n** 1 .4 7 1 4 ,  !
|

a l th o u g h  I t  was p o s s i b l e  to  see  th e  two Iso m ers  on GLPC.

] These were i d e n t i f i e d  by p r e p a r a t i o n  o f  th e  2 , 4 - d i n l t r o -
!

; p h e n y lh y d ra z o n e ,  m .p .  1 4 7 -1 4 9 ° ,  and th e  s e m ic a rb a z o n e ,
|
I m .p .  1 8 9 ° .  The i n f r a r e d  sp e c tru m  was i d e n t i c a l  to  t h a t  o f  

I an  a u t h e n t i o  s a m p le •
2 5  j

The t h i r d  com ponent, b . p .  102 /1 0  mm., <̂ J)+ 8 2 .0 0 o ,
! 2SS 0

n j  1 .492 5  gave a  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  6 9 - 6 9 .5  . The 
j  i
| p h y s i c a l  c o n s t a n t s  o f  t h i s  a lo o h o l  and i t s  d e r i v a t i v e s  i n -  I
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TABLE I  •

RATIO OF PYROLYSIS PRODUCTS OF TRANS-  1-ACETOXY-2-KYDROXY-8-p-MSNTHENBS

T e m p e ra tu re  D ih y d ro o a rv o n e 8, T ra n s - I s o -  T r a n s -  C l s -
o a rv e o l .  c a r v e o l  c a r v e o l

3 4 2 °  b - - - -

i
|

3 7 0 ° 1 6 . 7 $ 4 0  . 7 $ 3 8 . 8 $ 3 . 8 $ i

3 9 6 ° 2 0 . 4 $ 4 1 . 4 $ 3 5 . 2 $ 3 . 0 $ !  o

■ t o

4 3 6 °  0 2 6 . 6 $ 3 5 . 7 $ 3 4 . 6 $ 3 . 1 $

4 5 0 °  d 2 6 . 8 $ 2 2 . 1 $ 1 6  . 7 $ 2 . 4 $

8 T h ls  v a lu e  i s  th e  com bined  t o t a l  o f  d ih y d r o o a r v o n e  and  l s o d i h y d r o c a r v o n e » 
“N e g l i g i b l e  p y r o l y s i s  o c c u r r e d .
“ N e g l e c t i n g  p y r o l y s i s  o f  2 - a o e  t  o x y - 1 - h y d r  oxy -8 -jo -m en thene  .
a 31% o f  m ixed  h y d ro c a r b o n s  and  o t h e r  low b o i l i n g  d e c o m p o s i t i o n  p r o d u c t s  p r e s e n t .
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d i o a t e d  t h a t  I t  was th e  same a s  the  c l s - 1 ( 7 ) 8 , —p-m entha~  

d i e n - 2 - o l  i s o l a t e d  by Naves and C-rampoloff (87) from th e  

e s s e n t i a l  o i l s  o f  Cymbopogon d e n s i f l o r u s . T h is  was f u r t h e r

(XXXI)

HO.

“f~

(Vic) (VIb)

A cO ,
OH OH

W

H O HO
- OAc

W

(Xa) (Via)

oo n firm ed  by the  i n f r a r e d  sp e c tru m  w hich  was i d e n t i c a l  to  

I t h a t  r e p o r t e d .  The a s s ig n m e n t  o f  t h i s  a l c o h o l ,  h e r e a f t e r
i

j r e f e r r e d  to  a s  an i s o c a r v e o l ,  a s  the  e l s -  i so m e r ,  how ever,

| was i n  e r r o r .  The i n c o r r e c t  a s s ig n m e n t  was b a sed  on th e  

I i s o l a t i o n  o f  i s o c a rv o m e n th o l  as  a  h y d ro g e n a t io n  p r o d u c t ,

■ A lth o u g h  no r e f e r e n c e  f o r  th e  oarvom en tho l a s s ig n m e n ts  

i u se d  was n o te d ,  the  a s s ig n m e n ts  were th o se  f i r s t  p o s t u l a t e d  

by Bose (1) i n  which th e  a s s ig n m e n ts  f o r  i s o -  and n e o ls o -  

: o a rvom en tho l were r e v e r s e d  on th e  b a s i s  o f  v e ry  tenuous 

e v id e n c e .  The i s o o a rv o m e n th o l .  i n  t r u t h ,  i n d i c a t e d  t h a t  

j th e  iso m er  was t r a n s .  F u r th e rm o re ,  s in c e  the  1 - a c e to x y -
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n eo d lh y d r o o a r v e o l  was form ed s t e r e o s p e c i f i c a l l y  from  th e  

o l s - l lm o n en e  m onoxide, th e  s t e r e o c h e m i s t r y  was e x p e c te d  to
i

have th e  se c o n d a ry  h y d ro x y l  group  t r a n s  to  the  i s o p r o p e n y l  ! 

g ro u p .  F u r t h e r  c o n f i r m a t io n  o f  th e  s t e r e o c h e m is t r y  f o r  j  

the  t r a n s - i s o o a r v e o l  (VIo) was f u r n i s h e d  hy the  i d e n t i -  i 

f i c a t i o n  o f  the  1 - t r a n s - c a r v e o l  (VIb) f r a c t i o n ,  b . p .

1 0 6 ° / l0  m m . , -1 8 1 * 8 0 ° ,  n ^  1 .4 9 3 4 ,  w hich oom prised  th e  

o th e r  m a jo r  com ponent. The 1 - t r a n s - c a r v e o l  f u r n i s h e d  a

3 ,5 - d i n i t r o b e n z o a t e ,  m .p .  1110 . The t r a n s - i s o o a r v e o l  and j
!

t r a n s - o a r v e o l  f r a c t i o n s  e ac h  gave a m ix tu re  o f  i s o -  and  j

n e o o a rv o m en th o l  on h y d r o g e n a t io n .  C l s - o a r v e o l  (VTa), b . p .  
j  j

j 1 0 8 ° / l0  mm., was foun d  i n  a v e ry  s m a l l  y i e l d ,  due to  th e  I

; s m a l l  p e r c e n ta g e  o f  1 - a c e to x y - n e o i s o d ih y d r o c a r v e o l  fo rm ed '■

i from th e  o t h e r ,  l e s s  s t a b l e ,  c o n fo rm a t io n  o f  th e  t r a n s -  j
!    j
I lim onene m onox ide . T his c a r v e o l  was i d e n t i f i e d  by GLPC j! ii i
j and by i t s  i n f r a r e d  sp e c tru m  compared to  an  a u t h e n t i c  !I I
j  j

; sam p le , p r e p a r e d  from th e  l i t h i u m  aluminum h y d r id e  r e -
i

d u c t io n  o f  ^ - c a rv o n e  a c c o rd in g  to  R e itsem a  ( 1 7 1 ) .

| The 1- t r a n s - o a r v e o l  o b ta in e d  from  p y r o l y s i s  o f  1 -  j

a o e to x y -n e o d lh y d r o c a r v e o l  was o x id iz e d  i n  79$ y i e l d  to

c a rv o n e ,  i d e n t i f i e d  by GLPC, i t s  i n f r a r e d  and u l t r a v i o l e t
o

: s p e c t r a  and  i t s  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e ,  m .p .  186 . I t  

| was n o t i c e d  t h a t  u n d e r  th e  a c i d  c o n d i t i o n s  o f  o x i d a t i o n  

| some o f  th e  u n r e a c t e d  t r a n s - o a r v e o l  was i s o m e r iz e d  to  o l s -  

; c a r v e o l .
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The f i r s t  r e p o r t e d  i s o l a t i o n  o f  an  i s o c a r v e o l  was t h a t |

o f  Blumann and Wood (95) who p y ro ly z e d  the  d i a o e t a t e  o f  j
|

n e o l i m o n e n e - l ,2 - d i o l  and  o b ta in e d  the  i s o o a r v e y l  a o e t a t e  j

w hich gave an impure I s o c a r v e o l  upon s a p o n i f i c a t i o n .  T h is  j
i

was p r o b a b ly  the  same i s o m e r ,  t r a n s - i s o o a r v e o l ,  as  was ob­

t a i n e d  h e r e .  The m e l t in g  p o i n t  o f  t h e i r  3 , 5 - d i n i t r o b e n -  

z o a t e ,  how ever, was c u r i o u s l y  h ig h .

The 1 -h y d ro x y -n e o d ih y d ro c a rv e y l  a c e t a t e  form ed from  ! 

th e  t r a n s - lim onene monoxide was p y r o ly z e d  a t  455° u n d e r  th e | 

p r e s c r i b e d  c o n d i t i o n s  to  g iv e  t r a n s - 2 , 8 - p - m e n t h a d i e n - l - o l  :

i  (X a) ,  b . p .  8 1 -8 3 ° /7  mm., <*'3 + 4 6 .7 0 ° ,  1 .4 8 2 6 ,  a s  th e  o n ly  i
I i
: o b se rv e d  p r o d u c t .  The p h y s i c a l  c o n s t a n t s  and i n f r a r e d  i

; sp e c tru m  compare to  th o s e  r e p o r t e d .  On h y d r o g e n a t io n

! pure  t r a n s - p - m e n t h a n - l - o l  (XVI) was o b ta in e d  a s  i n d i c a t e d
...........j 1

by GLPC and i t s  3 , 5 - d i n i t r o b e n z o a t e ,  m .p . 8 2 - 8 3 ° .

K uczynski and Zabza (172) have r e c e n t l y  o b t a in e d  j

i  i

I i d e n t i c a l  r e s u l t s  by p y r o l y s i s  o f  th e  N -oxide  o f  th e  2 -  |

| (N ,N -d im e th y l~ a m in o ) - l -h y d ro x y -8 -jD-menthene form ed from

■ d - t r a n s - l im o n en e  m onoxide . They o b ta in e d  d - t r a n s - 2 , 8 - p —
!
| m e n t h a d i e n - l - o l  o f  a somewhat h ig h e r  o p t i c a l  p u r i t y  th a n  

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

a l c o h o l  were a s  f o l l o w s :  b . p .  6 9 - 7 0 ° /2 .5  mm., d ^ O .9 4 2 9 ,
zo  _ nxo 0

i n ^  1 .4 9 0 0 ,  10^+68.9  •

The l i q u i d  phase  p y r o l y s i s  o f  th e  h y d ro x y a c e ta te  ob-

1 t a i n e d  from  th e  p e r a o id  lim onene m onoxides d i f f e r e d  m ark-
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e.dly from  t h a t  o c c u r r i n g  i n  th e  vapor p h a s e .  The t e r t i a r y  

a c e t a t e s  gave m a in ly  d ih y d ro o a rv o n e  and v e ry  l i t t l e  o f  the 

c a r v e o l s .  The s e c o n d a ry  a o e t a t e ,  how ever, gave 2 ,8 - jc -  

r a e n t h a d i e n - l - o l  as  b e f o r e .

The a c t i o n  o f  a c e t i c  a c i d  -  sodium a c e t a t e  on th e  

! carvom enthene  o x id e s  gave r e s u l t s  a n a lo g o u s  to  th o se  f o r  

; the  l im onene  m o nox ides .

The oarvom enthene o x id e s  employed i n  t h i s  work were

I p r e p a r e d  by h y d r o g e n a t io n  o f  th e  lim onene monoxides i n
!

! e t h y l  a c e t a t e  u s in g  p la t in u m  ox ide  as  o a t a l y s t .  The p e r -I
j

! a c i d  l im onene  m onoxides gave a  carvom enthene  o x id e s  f r a c -  

j t i o n ,  b . p .  1 3 3 -1 3 5 ° /7  mm., r i ^  1 .4 6 2 9 ,  °<p+56.8 0 ° •  T h is  

' epo x ide  m ix tu re  a f f o r d e d  e s s e n t i a l l y  the  same r a t i o  o f  

: h y d r o x y a c e ta te s  a s  d id  th e  lim onene m onox ides . I t  was
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. OAcO H
HO.

(LXXVII) (LXXVI)

O-J

H ' H

(LXXV)

t h e r e f o r e  p o s s i b l e  to  o b t a i n  the  same h y d ro x y a o e ta te  m ix- 

; t u r e  by h y d ro g e n a t io n  o f  the  lim onene h y d r o x y a c e t a t e s .

The p y r o l y s i s  o f  the  s a t u r a t e d  h y d ro x y a c e ta te  m ix tu re  

was n o t  as s e l e c t i v e  a s  i n  th e  case  o f  th e  lim onene hydroxy- 

: a c e t a t e s  i n  t h a t  a t  th e  t e m p e ra tu re s  r e q u i r e d  to  c o m p le te ly  

| p y ro ly z e  the  t e r t i a r y  a c e t a t e  a s m a l l  p e r c e n ta g e  o f  the  

i s e c o n d a ry  a c e t a t e  was a l s o  p y r o ly z e d .  The r a t i o s  o f  the  

i p y r o l y s i s  p ro d u c ts  o f  the  t r a n s - l - a o e to x y -2 -h y d ro x y -p -  

; m enthanes (91$ 1 -aoe  to x y -n e o c a rv o m en th o l  (LXXV) and 9$
i
| 1 - a o e t o x y - n e o l s o oa rv o m en th o l (LXXVI) ) a r e  t a b u l a t e d  in  

Table I I .

The p y r o l y s i s  p ro d u c ts  were s e p a r a t e d  by f r a c t i o n a l  

d i s t i l l a t i o n .  The f r a c t i o n ,  b . p .  7 2 ° /4  mm., ri^3 1 .4 5 9 6 , 

so^jj+14.60 , c o r re sp o n d e d  to  a m ix tu re  o f  d -carvom enthone  and
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d- l s o oarvom enthone (X X V III), se m ic a rb a zo n e  m .p .  176-177® . |

The seoond f r a o t i o n  was i d e n t i f i e d  a s  th e  p r e v i o u s l y  u n -  |
i

r e p o r t e d  d - t r a n s - l s o o a r v o t a n a o e to l  ( X I I I c ) ,  b . p .  9 8 -1 0 0 ° '/

10 ram., 1 .47 65 , °(^ + 62 .9 1 ° ,  w hich  a f f o r d e d  a  3 , 5 - d i n i t r o - j  

b e n z o a te ,  m .p .  8 0 .5 - 8 1 .5 ° .  The i n f r a r e d  spec tru m  in d ic a te d !  

a  t e r m in a l  m ethy len e  g ro u p .  H y d ro g e n a t io n  gave th e  same 

m ix tu r e ,  i s o carv o m en th o l  and n e o o a rv o m en th o l ,  a s  was ob­

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

101-102° / l 0  mm., n * 51.477 2 ,  ^ ' 5- 1 6 4 .8 0 ° ,  was 1 - t r a n s -  

c a r v o t a n a c e t o l  ( X l l l a ) . W hile no c la im  was made to  the

o p t i c a l  p u r i t y  o f  t h i s  f r a c t i o n ,  i t  o e r t a i n l y  had  a h ig h e r  j

I o p t i c a l  r o t a t i o n  th a n  any sam ple p r e v i o u s l y  r e p o r t e d ,  a s  

' f a r  as c o u ld  be a s c e r t a i n e d .  The 1 - t r a n s - c a r v o t a n a o e t o l  

; a f f o r d e d  a 3 , 5 - d i n i t r o b e n z o a t e  m .p .  1 1 5 ° .  H y d ro g e n a t io n  

; gave a m ix tu re  o f  i s o -  and n e o o a rv o m e n th o l ,  s i m i l a r  to  j
j  j

: t h a t  o b t a in e d  from t r a n s - c a r v e o l .  A s m a l l  amount o f  what j

, was assum ed to  be c l s - c a r v o t a n a c e t o l  ( X l l lb )  was o b s e rv e d
! |
I  on GLPC o f  th e  c rude  p y r o l y s a t e ,  b u t  t h i s  component was j

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

! P y r o l y s i s  o f  th e  2 -a c e to x y - l -h y d ro x y - jo -m e n  th an e  (1 -
!

Ih y d ro x y -neo o a rv o m e n th y l  a c e t a t e )  (LXXVII) a f f o r d e d  o n ly  

t r a n s - 2 - p - m e n t h e n - l - o l  (XVa), n ^  1 .4 6 7 4 ,  < * £ -1 3 .0 2 °•  T his  

a l c o h o l  gave t r a n s -p -m e n th a n -1 - o 1 on h y d r o g e n a t io n .

! The l i t h i u m  aluminum h y d r id e  r e d u c t i o n  o f  o l s -  and

I t r a n s - l lm o n en e  monoxide has been  r e p o r t e d  to  g iv e  t r a n s -yg -
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a o - - X h

H'

(XXVIII)

h o - . A
+

H''

H ' '

J .O H
HO

(X II Ic ) ( X l l l a )

„ OAc
HO

*
H'

(XVa) (X H Ib )

| t e r p i n e o l  (XVd) (from  th e  t r a n s -  iso m er)  and n e o d ih y d ro -  

; c a r v e o l  (XVo) (from  th e  o l s -  iso m er)  a s  th e  m ajo r  p ro d u c ts , ;  

i as  w e l l  a s  a  s m a l l  amount o f  o i s -  y g - t e r p i n e o l  (XVe) (82 , j
i  i

1 1 9 ,1 3 5 ) .  T h is  r e a o t i o n  was c a r r i e d  o u t  i n  o r d e r  to  ob-

i  t a i n  an  a u t h e n t i c  sample o f  n e o d ih y d r o c a r v e o l  f o r  com- j

; p a r i s o n  i n  s u b s e q u e n t  e x p e r im e n t s .  The m ix tu re  o b ta in e d  

; was a n a ly z e d  by GLPC and th e  p r o d u c ts  i d e n t i f i e d  by 

; f r a c t i o n a l  d i s t i l l a t i o n  and  i s o l a t i o n .  The p r o d u c t  m ix tu re  

; (74$ r e c o v e r y )  c o n ta in e d  9$ lim onene monoxide (m a in ly  o l s -  

i s o m e r ) ,  48$ j f c r a n s - ^ # - t e r p in e o l ,  5$ o l s - y f f - t e r p i n e o l .  29$ 

n e o d ih y d r o c a r v e o l  and 9$ o f  two o th e r  u n i d e n t i f i e d  p ro d ­

u c t s .  T h is  p ro d u o t  r a t i o  was q u i t e  s i m i l a r  to  t h a t  p r e ­

v i o u s l y  r e p o r t e d .  I t  was i n t e r e s t i n g  to  n o te  t h a t  th e
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t r a n s - l im o n en e  monoxide r e a c t e d  f a s t e r  and  more s t e r e o -  

s p e o i f i c a l l y  th a n  th e  e l s -  i s o m e r .

° v

H '

(XVd)

>

X
(XVe) (XVc)

The r e a c t i o n  c o n d i t i o n s  f o r  th e  l i t h i u m  aluminum 

h y d r id e  r e d u c t i o n  o f  th e  lim onene m onoxides were q u i t e

j d i f f e r e n t  from t h a t  o f  th e  g l a c i a l  a c e t i c  a c i d  -  sodium
i

| a c e t a t e  s o l u t i o n  u s e d  i n  th e  p re v io u s  r i n g  o p e n in g  s t u d y .
I
! I t  i s  a p p a r e n t ,  how ever, t h a t  i n  b o th  c a s e s  th e  conform a­

t i o n a l  e f f e c t s  o f  th e  s u b s t i t u e n t s  on the  m onocyclic  

cyo lohexene  epo x ide  a r e  th e  p red om in a te  i n f l u e n c e  on the  

d i r e c t i o n  o f  th e  e p o x id e  r i n g  o p e n in g .  I t  would a p p e a r  

t h a t  the  F u r s t - P l a t t n e r  r u l e  o f  d i a x i a l  o p e n in g  a p p l i e s  to

; m onocyc lic  sys tem s a s  w e l l  a s  th o se  I n  w hich  th e  r i n g  con-
1
■ f o rm a t io n  i s  f i x e d  by f u s i o n  to  o th e r  r i n g s .  The exam ples 

p r e s e n t e d  i n  t h i s  r e s e a r c h  a re  the  s e v e r e s t  t e s t s  to  d a te
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o f  t h i s  p r i n c i p l e  i n  a m on ocyc lic  sys tem  inasm uch  a s  the  

sys tem s s t u d i e d  p r e s e n t  a d i r e c t  c o m p e t i t io n  be tw een  th e  I
i

p r im a ry  s t e r i c  e f f e c t  and the  c o n fo rm a t io n a l  e f f e c t s *  |

The r e a c t i o n  o f  sodium powder on th e  lim onene monox- j

i

i d e s  e x e m p l i f i e d  the  f a c t  t h a t  th e  s o l v e n t  u se d  can  have a ; 

l a r g e  e f f e c t  on the  c o u rse  o f  ep ox id e  r e a c t i o n s .  A m ix tu re  

o f  lim onene m onoxides was a l lo w e d  to  r e a c t  w i th  sodium 

powder i n  d i e t h y l  e t h e r .  The two m ain r e a c t i o n  p r o d u c t s ,
i

{ b e s id e s  p o ly m er ,  were d ih y d ro c a rv o n e  and t r a n s - & - t e r p i n e o l  

i n  a  r a t i o  o f  7 : 3 .  A v e ry  s m a l l  amount o f  d i h y d r o c a r v e o l : 

(XVb), a l s o ,  was d e t e c t e d  by GLPC as w e l l  as  a s m a l l  h y d ro -  

: c a rb o n  f r a c t i o n .  This r e s u l t  was i n  s h a rp  c o n t r a s t  to  the  ! 

r e s u l t s  o f  C habudzynsk i (135) u s in g  benzene a s  th e  s o l v e n t . j  

| R e i n v e s t i g a t i o n  o f  t h i s  r e a o t l o n  w i th  benzene as  the  

s o l v e n t  p ro v ed  f r u i t f u l  i n  t h a t  the  i s o l a t i o n  o f  the  Hc i s -  :

i i s o o a r v e o l” form ed was d i s t i n c t l y  d i f f e r e n t  from  the
; i
: m a t e r i a l  i s o l a t e d  by Naves and G ram poloff ( 8 7 ) ,  c o n t r a r y  to :
; j

I what was r e p o r t e d  by C h a b u d zy n sk i.

The i s o l a t e d  m a t e r i a l  was 30$ polym er and 70$ v o l a t i l e 1
j  i

: o i l s .  The v o l a t i l e  oomponent o o n ta in e d  th r e e  m ain  p r o d -  I

i u o t s j  t r a n s - -  t e r p i n e o l .  d ih y d ro c a rv o n e  (o l s  and t r a n s ) ,  j

and t>o i s - i s o o a r v e o l tl . Minor components in c lu d e d  lim onene j
!

: m onoxide, l im o n en e ,  n e o d ih y d r o o a r v e o l ,  t r a n s - l s o o a r v e o l  (?) , | 

S o i s - c a r v e o l  and s e v e r a l  o t h e r  u n i d e n t i f i e d  s u b s t a n o e s .  I t  j
j :
' was p o s s i b l e  to  i s o l a t e  the  t h r e e  m ajo r components a s  w e l l  :
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O-J
HO.
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HO

+

OH

+ +

H'
N
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+

*

+
H'

X

as th e  j o i s - c a r v e o l  i n  a  f a i r  s t a t e  o f  p u r i t y .  The ’b i s - i s o -

c a r v e o l ” o b t a i n e d  had  a b . p .  9 8 ° / l 0  mm., 1 .4 7 7 5 ,
ZS

: - 1 6 .3 5  • This f r a c t i o n  a p p e a re d  to  o o n ta in  a p p ro x im a te - :

ly  10$ im p u r i ty  and i t  i s  q u i t e  l i k e l y  t h a t  th e  o p t i c a l  

| r o t a t i o n  would be o f  a  m ag n itu de  o f  -3 5 °  were the
:  i

; sample c o m p le te ly  p u r e .  T his  11 i s o c a r v e o l ” had  a  s i m i l a r ,
: i
| b u t  d i f f e r e n t ,  i n f r a r e d  sp e c tru m  th a n  t h a t  r e p o r t e d  f o r  the!

i t r a n s -  isom er ( 8 7 ) .  The 3 , 5 - d i n i t r o b e n z o a t e  had  a  m .p .
|

1 2 2 -1 2 2 ,5 °  com pared to  th e  6 9 -6 9 .5 °  r e p o r t e d  f o r  th e  o t h e r  

i i s o m e r .  H y d ro g e n a t io n  d id  n o t  g iv e  i s o c a rv o m en th o l  a s  

{r e p o r t e d  (135) b u t  r a t h e r  o n ly  c a rv o m e n th o l .  From th e  

in f o r m a t io n  a v a i l a b l e  i t  would a p p e a r  t h a t  th e  component 

i d e n t i f i e d  a s  o i s - l s o c a r v e o l  was r e a l l y  1 - d ih y d r o c a rv e o l ,  

which C habudzynski r e p o r t e d  was n o t  p r e s e n t  i n  th e  r e a c t i o n
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m ix t u r e .  W hile a  t r a c e  ( a p p ro x im a te ly  2 -3 $ )  o f  what m igh t j 

have been  t r a n s - i s o c a r v e o l  was p r e s e n t  i n  the  r e a o t i o n  o f  j

th e  m ixed lim onene m onoxides, I t  was a b s e n t  i n  the  r e a c t i o n j
|

o f  pu re  t r a n s - l im o n en e  m onoxide .

There was no d o u b t  t h a t  the  o l s -  Isom er r e p o r t e d  by j 

C habudzynsk i (135) was n o t  the  same as  t h a t  r e p o r t e d  by 

Naves and G ram poloff ( 8 7 ) .  The e v id en ce  p r e s e n te d  i n  t h i s  

r e s e a r c h  i n d i c a t e d  t h a t  the  isom er o f  Naves and G ram poloff ;

' was th e  t r a n s -  isom er and  t h a t  o f  C habudzynski was 1 - d i -  

h y d r o c a r v e o l  (XVb)•

| The r e s u l t  o f  sodium  powder on pure  t r a n s - l im onene

i monoxide was a n a ly z e d  by GLPC and was a s  r e p o r t e d  (1 3 5 ^

e x c e p t  t h a t  c l s - o a r v e o l  was a l s o  p r e s e n t  among the  r e a c t i o n j
: !

p ro d u o ts  and th e  p r o d u c t  i d e n t i f i e d  as  o l s - l s o o a rv e o l  was 

1 - d i h y d r o c a r v e o l .  I

The h y d r a t i o n  o f  th e  lim onene monoxides to  n e o l im -  

o n e n e - l , 2 - d i o l  w i th  1$ s u l f u r i c  a c i d  was one o f  th e  f i r s t  

r e a c t i o n s  o b se rv e d  w i th  t h i s  oompound. The f a c t  t h a t  the  

p e r a c i d  lim onene monoxide i s  a  m ix tu re  o f  o l s -  and t r a n s -
!

i s o m e rs ,  and  t h a t  o n ly  one h y d r a t i o n  p ro d u c t  i s  o b t a in e d ,  j
i  |

j s h o u ld  have been  th e  f i r s t  i n d i c a t i o n  t h a t  th e  op en in g  o f

1 the  e p o x id e  r i n g  p ro c e e d e d  by  the F u r s t - P l a t t n e r  r u l e .  j
!

: I

U n f o r t u n a t e ly ,  I t  was o n ly  r e c e n t l y  r e a l i z e d  t h a t  lim onene j

: monoxide e x i s t e d  a s  two i s o m e r s .  I t  has a l s o  been  found  j
I

; t h a t  th e  a c t i o n  o f  s u l f u r i c  a c i d  u n d e r  more v ig o ro u s  con- j
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d l t i o n s  a f f o r d s  d ih y d ro c a rv o n e  and carv en one  ( 7 7 ,7 8 ) .  The ;
|

a c t i o n  o f  a c i d  h y d r a t i o n  and i s o m e r i z a t i o n  o f  lim onene i

monoxide has had o n ly  c u r s o r y  e x a m in a t io n ,  how ever. I t  wasj

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

J  c o n d i t io n s  lim onene monoxide m igh t be made to  form p i n o l
j

by the r o u te  shown. T h e r e f o r e ,  a  s tu d y  o f  th e  h y d r a t io n

and a c id  i s o m e r i z a t i o n  o f  lim onene monoxide was u n d e r t a k e n .■

; A p p rox im ate ly  f o r t y  e x p e r im e n ts  were c a r r i e d  o u t  u n d e r  

v a ry in g  c o n d i t i o n s .  I n  most c a s e s  th e  r e s u l t s  were q u i t e  

s i m i l a r .  I t  was found  t h a t  i n  h o t ,  r e f l u x i n g  20$ s u l f u r i c  j 

; a o id  the  p e r a c i d  lim onene m onoxides gave 39$ carvenone  and i 

i 39$ £ -oym ene . As i t  was w ished  to  a v o id  the  fo r m a t io n  o f  

th e se  two compounds, the  i n i t i a l  a d d i t i o n  o f  the  lim onene 

| monoxides was co n d u c ted  a t  i c e  b a th  t e m p e ra tu re ,  i n  the
i  !

! m a j o r i t y  o f  e x p e r im e n ts ;  t h e r e a f t e r ,  th e  te m p e ra tu re  was i 

; r a i s e d  as d e s i r e d .  W ith 15-35$ s u l f u r i c  a c id  and r a i s i n g  

the  te m p e ra tu re  to  a p p ro x im a te ly  27° f o r  a r e a c t i o n  tim e o f j  

e i g h t  to  s i x t y - f o u r  h o u r s ,  two f r a c t i o n s  were o b ta in e d ;  ,
: I

(a) an  o rg a n io  l a y e r  w hich c o n ta in e d  d ih y d ro ca rv o n e  and  j 

carvenone a s  the  m ajo r components w i th  p i n o l  and jD-cymene |
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a s  m inor oom ponents, and  (b) a w a te r  s o l u b l e  f r a c t i o n  j

w hich c o n s i s t e d  o f  an a l c o h o l  i d e n t i f i e d  as  1 ,8 - d ih y d r o x y -  !
j

| n eo o arv o m en th o l ( IV b ) ,  th e  h y d r a t i o n  p r o d u c t  o f  n e o l im -

| o n e n e - l , 2 - d i o l .  W ith  i n c r e a s i n g  r e a o t i o n  tim e th e  p r o p o r -  ;

| t i o n  o f  oarvenone i n o r e a s e d  w h ile  t h a t  o f  d ih y d ro o a rv o n e

j d e c r e a s e d .  A t h i g h e r  a c i d  c o n c e n t r a t i o n s ,  40 -65 $  s u l f u r i c  i 
i !

a c i d ,  the  e x p e r im e n ts  gave p r o g r e s s i v e l y  more carvenone

and l e s s  d ih y d ro o a rv o n e  i n  th e  v o l a t i l e  o r g a n ic  l a y e r .  I n  ;

the  aqueous phase  t h r e e  d i s t i n c t l y  d i f f e r e n t  a l c o h o l s  were ,
j

now d e t e c t e d ,  one o p t i c a l l y  a o t i v e  and  two o p t i c a l l y  i n -  j
t

j a c t i v e .  I t  was fo und  t h a t  w i th  an i n c r e a s e  i n  the  r e a c t io n !  

tim e the  amount o f  th e s e  two l a t t e r  a l c o h o l s  i n c r e a s e d  

w h ile  t h a t  o f  th e  o p t i c a l l y  a o t i v e  a l c o h o l  d e c r e a s e d .  The I 

y i e l d s ,  b a sed  on lim onene  m onoxide, v a r i e d  w id e ly .  I t  was '

; found  t h a t  the  a l c o h o l  y i e l d s  were g e n e r a l l y  i n  th e  ran g e  

o f  20-40$  w i th  y i e l d s  o f  th e  v o l a t i l e  components r a n g in g

from  2 0 -5 0 $ .  The o p t i c a l l y  a c t i v e  a l c o h o l ,  m .p . 136°,
i  z5
; [< % 5 5 °  ( a c e t o n e ) ,  was i d e n t i f i e d  as  d - 1 , 8 - d ih y d ro x y -n e o -  

c a rv o rae n th o l;  th e  same iso m er found  by Schm idt (30) on 

h y d r a t i o n  o f  n e o l i m o n e n e - l , 2 - d i o l .  The i s o m e r s ,  m .p .  1 1 4 .5 j
O o !

i - 1 1 5 .5  and 154-156 , were o p t i c a l l y  i n a c t i v e  and  gave d i s - j

t i n o t l y  d i f f e r e n t  i n f r a r e d  s p e o t r a .  D i lu te  p o ta s s iu m  p e r -  j
!

m anganate o x i d a t i o n  o f  d l - o ( - t e r p i n e o l  a f f o r d e d  th e  d l - 1 , 8 -  j 

d ih y d ro x y -c a rv o m e n th o l  ( IV a ) ,  m .p . 1 2 2 ° , which gave an  i n -  I 

f r a r e d  speo trum  d i f f e r e n t  from th e  t h r e e  a lo o h o l s  above* I
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Formic a c i d  -  h y d ro g en  p e ro x id e  o x i d a t i o n  o f  d l - c < - t e r -  j
i

p i n e o l  a f f o r d e d  a s m a l l  amount o f  im pure d l - 1 , 8 - d i  h y d ro x y -  i 

n e o o a rv o m e n th o l ,  m .p .  1 1 0 -1 1 1 ° ,  i d e n t i f i e d  by i t s  i n f r a r e d  ! 

sp e c t ru m . C h a r a c t e r i z a t i o n  o f  the  d - 1 ,8 - d i h y d r o x y - neo-  

ca rv o m en th o l wa3 f u r t h e r  a f f o r d e d  by i t s  o x i d a t i o n  to  homo- 

t e r p i n y l  me t h y l  ke t o n e .

v

H O

O H OH O H

From the  l i m i t e d  i n f o r m a t i o n  a v a i l a b l e ,  i t  would 

a p p e a r  t h a t  th e  i s o m e r s ,  m .p .  1 1 4 .5 -1 1 5 * 5 °  and  1 5 4 -1 5 6 ° ,  

were d l - l , 8 - d l h y d r o x y - l s o o a rv o m e n th o l  (IVc) and  d l - 1 , 8 -  

d ih y d ro x y -n e o is o c a rv o m e n th o l  ( IV d ) ,  a l th o u g h  a t  th e  p r e s e n t  

tim e i t  i s  im p o s s ib le  to  d e s ig n a t e  w i th  c e r t a i n t y  whioh

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



76

s t r u o t u r e  b e lo n g s  to  w hich  i s o m e r .  The f o r m a t io n  o f  th e s e

compounds p resum ab ly  o c c u rs  by way o f  the  i n te r m e d i a t e  |
i

carbon ium  io n s  w i th  su b s e q u e n t  r e f o r m a t i o n  o f  th e  a l c o h o l s . !

• OH
H O ^ HO.

H' \ ^ o H H' L̂ OH

HO
,OH

H OH

(IVa) (IVb) (IVc ) (IVd)

The r e a c t i o n  o f  p e r a c i d  lim onene monoxide w i th  bo ron  

t r i f l u o r i d e  -  e t h e r a t e  i n  benzene  was fo u n d  to  y i e l d  

ca rvenon e  i n  4 5 .5 $  y i e l d ;  how ever, w i th  d im e th y l  s u l f o x i d e

: a s  th e  s o l v e n t  a  50$ y i e l d  o f  d ih y d ro c a rv o n e  was form ed
|
j w i th  no a p p r e c i a b l e  c a rv e n o n e .

P y r o l y s i s  o f  lim onene monoxide a t  546° gave d ih y d ro ­

carvone  a s  the m ain  p r o d u c t  w i th  a s m a l l  amount o f  m ixed 

a l c o h o l s •

N eo lim o n en e -1 , 2 - d i o l ,  fo rm ed  by h y d r a t i o n  o f  the

|o x i r a n e  l in k a g e  o f  the  lim onene m onoxides, gave 1 -h y d ro x y -
i
|n e o o a rv o m en th o l  upon h y d r o g e n a t io n .  The l i t e r a t u r e  on th e
!
|1 -h y d ro x y -c a rv o m e n th o ls  h as  been  co n fu sed  by th e  u se  o f  

B ose’ s o a rv o m en th o l a s s ig n m e n ts  (1) i n  t h a t  th e  nomen­

c l a t u r e  som etim es b e l i e s  the  a s s ig n e d  s t r u c t u r e .  This 

c o n fu s io n  a l s o  l e d  Naves and G ram poloff (87) to  a s s i g n

: the  o l s  c o n fo rm a t io n  to  t r a n s - I s o c a r v e o l .  A lth o u g h  an
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overw helm ing amount o f  ev ideno e  i s  a v a i l a b l e  whioh oon- j

t r a d i c t s  two o f  th e s e  a s s ig n m e n ts ,  th e y  do n o t  ap p ea r  to  j

have been  c h a l l e n g e d .  The l i t e r a t u r e ,  i n  f a c t ,  i s  a  mass j 

o f  c o n fu s io n  because  the  a s s ig n m e n ts  o f  Bose a re  u se d  by 

some i n v e s t i g a t o r s  w h ile  o th e r s  u se  the  a s s ig n m e n ts  g iv e n  

by Sim onsen and Owen (1 7 3 ) .  For t h i s  r e a s o n ,  i t  was 

deemed e s s e n t i a l  to  c l a r i f y ,  once and f o r  a l l ,  the  s t e r e o ­

c h e m is t ry  o f  th e  c a rv o m e n th o ls .

ON THE STRUCTURE OF THE CARVOMENTHOLS

The c o n f i g u r a t i o n s  o f  th e  c a rv o m en th o ls  have been  th e  '

| s u b j e o t  o f  d is a g re e m e n t  f o r  a  number o f  y e a r s  ( 1 ,1 7 3 ) .  1

| Theory p r e d i c t s  the  e x i s te n o e  o f  f o u r  racem ic  ca rvom en tho ls :
i

and e i g h t  o p t i c a l l y  a c t i v e  fo rm s .  C h a r a c t e r i z a t i o n  o f  fo u r  

s t e r e o i s o m e r i c  c a rv o m e n th o ls ,  i n  a s t a t e  o f  p u r i t y ,  was !
i

! acco m p lish ed  by J o h n s to n  and Read ( 1 7 4 ) .  Simonsen and
i

i Owen a s s ig n e d  th e  s t r u c t u r e s  o f  th e  ca rv o m en th o ls  on th e  j

b a s i s  o f  the  known r e l a t i o n s h i p  betw een  th e  c a r v e o l s  and j

! oarvom enthones w i th  the  c a rv o m e n th o ls .  S ubseq uen t work by
i
| Schm idt has e x te n d e d  t h i s  r e l a t i o n s h i p  to  the  f o u r  d ih y d ro -
! i
| o a rv e o ls  and th e  s o b r e r o l s  (1 7 5 -1 7 7 ) .  A lth o u g h  the  Auwers- 

S k i t a  r u l e s  m ust be a p p l i e d  w i th  c a u t i o n  to  1 , 3 - d i s u b s t i -  

t u t e d  cyo lohexane  d e r i v a t i v e s ,  n e a r l y  a l l  the  ev id en o e  f o r

! the  s t r u c t u r e s  o f  o l s -  and t r a n s - o a r v e o l  concur w i th  the  j

s t r u c t u r e s  a s s ig n e d  on t h i s  b a s i s .  I
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The e v id e n c e  o f  Bose f o r  th e  s t r u c t u r e s  o f  th e  c a r v o ­

m en th o ls  was b a se d  upon th e  r e a c t i o n s  o f  the  t h r e e  known 

ca rv o m en th y lam ines  w i t h  n i t r o u s  a o i d .  M i l l s  (17 8) and 

Bose (17 9) i n d e p e n d e n t l y  have  shown t h a t  e q u a t o r i a l  amines 

r e a c t  c l e a n l y  w i t h  n i t r o u s  a c i d  to  g ive  e q u a t o r i a l  a l c o h o l s  

w i th  v e r y  l i t t l e  o l e f i n  f o r m a t i o n .  A x i a l  amines give  

m a in ly  o l e f i n  and some mixed a l c o h o l s .  On the  b a s i s  o f  

c o n f o r m a t i o n a l  a n a l y s i s ,  a s  w e l l  a s  the  A u w e r s - S k i t a  r u l e ,  

carvomenthone was c o n s i d e r e d  to  have the  m e th y l  and i s o ­

p r o p y l  g roups  t r a n s  and i n  the  e q u a t o r i a l  p o s i t i o n s .  

F o r m a t io n  o f  carvomenthone  oxime and the  s u b s e q u e n t  r e ­

d u c t i o n  w i t h  sodium i n  a l c o h o l  a f f o r d e d  95$ c a r v o m e n t h y l -  

amine and  5$ neocarvom enthy la ra ine  ( 1 8 0 ) .  As the  method o f  

r e d u c t i o n  g e n e r a l l y  p r o v i d e d  th e  more s t a b l e  i so m e r ,  Bose 

c o n s i d e r e d  the  ca rvom en thy lam ine  t o  have a l l  o f  th e  sub ­

s t i t u e n t s  e q u a t o r i a l .  T h is  was c o n f i rm ed  by the  a c t i o n  o f  

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

c a r  vomen th y  l a m in e ,  w i t h  t h e  i s o p r o p y l  and m e th y l  g roups  

e q u a t o r i a l ,  must  t h e r e f o r e  have th e  amino g roup  a x i a l .  This  

was b o rn  o u t  by p r e d o m in a n t  o l e f i n  f o r m a t i o n  on r e a c t i o n  

w i t h  n i t r o u s  a c i d .  The oxime o f  i jsocarvom enthone ,  where 

the  m e th y l  and l s o p r o p y l  groups a r e  e l s , g iv e s  o n l y  i s o -  

c a r v o m e n th y la m in e . Bose assumed t h a t  the  i s o p r o p y l  group 

f i x e d  the  c o n fo r m a t io n  o f  th e  cy o lohexane  r i n g . a n d  was i n  

the  e q u a t o r i a l  p o s i t i o n .  T h is  would r e q u i r e  th e  m e th y l
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group to  be a x i a l .  S ince  the  a c t i o n  o f  n i t r o u s  a c i d  on 

1 s o oarvornenthylamine gave m a in ly  i s o c a rv o m en th o l  w i t h  v e r y  

l i t t l e  o l e f i n ,  the  c o n fo r m a t io n  was c o n s i d e r e d  to  have the 

amino group e q u a t o r i a l .  Thus Bose a s s i g n e d  the  s t r u c t u r e s  

to  the  c a r v o m e n th y la m in e s ,  and by a n a lo g y  to  the  c a r v o ­

m e n th o l s ,  a s  f o l l o w s :  carvornenthy lam ine  (LXXVIII) and  

c a rv o m e n th o l  (LXXIX), n eoca rvom en thy lam ine  (LXXX) and  n e o -  

c a rv o m e n th o l  (LXXXI), i s o oarvornenthylamine  (LXXXII) and  

i s o c a rv o m e n th o l  (LXXXIII) , and  n e o i s o ca rv o rn e n th y la m in e  

(LXXXIV) and  n e o i s o c a r v o m e n th o l  (LXXXV). U n f o r t u n a t e l y

(LXXVIII, R=NHp) 
(LXXIX, R-OH)

(LXXX, R=NH2 ) 
(LXXXL, R--OH)

R

(LXXXII, R--NH2 ) 
(LXXXIII, R=OH)

R'.

(LXXXIV, R=NHo) 
(LXXXV, R=OH)

n eo iso ca rv o rn e n th y la m in e  was n o t  a v a i l a b l e  f o r  r e a c t i o n  w i t h  

n i t r o u s  a c i d  f o r  c o m p a r i s o n .  The c o n f i g u r a t i o n s  o f  o a r v o -  

m e n th y la m in e , c a rv o m e n th o l ,  n eo ca rv o m en th y lam in e  and  n e o -
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ca rv o m e n th o l  were I d e n t i c a l  to  th o se  deduced by McNiven 

and  Read ( 1 8 1 ) .  Bose s t a t e d  t h a t  s i n c e  _ lsocarvom enthol  I 

was e s t e r i f i e d  a t  a  f a s t e r  r a t e  th a n  was n e o o a rv o m en tho l .  

t h i s  was ev id e n o e  f o r  the  c o r r e c t n e s s  o f  th e  c o n fo r m a t io n  !
iI

a s s i g n e d  to  i s o c a rv o m e n th o l .
i

The e r r o r  I n  B o s e ' s  a rgum ent  was t h a t  th e  p r e s e n c e  o f  ; 

an  i s o p r o p y l  g roup  on  a  cyc lo hex an e  r i n g  does n o t  n e c e s s a r - ;  

l l y  f i x  the  c o n fo r m a t io n ,  as has so o f t e n  been  assum ed.  

R e c e n t l y  the  i s o p r o p y l  g roup h as  been  shown to  have the  j 

same m agni tude  as  t h e  m e th y l  o r  e t h y l  g roup I n  a f f e c t i n g  i

the  r i n g  c o n fo r m a t io n  ( 1 8 2 . 1 8 4 ) .  I t  I s  i n  q u i t e  a  d i f f e r -  j
! ! 
; e n t  c l a s s  from the _b-buty l  g r o u p .  Thus, w h i le  c o n t r i b u t i n g !

OH
CH

HO

I to  the  r i n g  c o n f o r m a t io n ,  the  i s o p r o p y l  g roup  can  n o t  be
j
; c o n s i d e r e d  b u lk y  enough to  c a n c e l  the  e f f e c t s  o f  th e  o t h e r

: s u b s t i t u e n t s • T h e r e f o r e ,  the  s t r u c t u r e  whioh Bose a s s i g n e d
i
;as  n e o l s o c a rv o m en th o l  may tak e  up the  a l t e r n a t i v e  conforma­

t i o n  i n  whioh th e  i s o p r o p y l  group i s  a x i a l  and  the  m e th y l  

|an d  h y d ro x y l  g roups  a r e  e q u a t o r i a l .  Were t h i s  the  oase with
I
| t h e  c o r r e s p o n d i n g  amine,  t h e n  t h i s  c o n f o r m a t io n  c o u ld  a l s o
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p r e d o m in a te ly  g ive  the  c o r r e s p o n d i n g  a l c o h o l  on r e a c t i o n  | 

w i t h  n i t r o u s  a c i d .  C o n s i d e r in g  t h i s ,  i t  i s  i m p o s s i b l e  to  J  

conclude  which a s s ig n m e n t  i s  i s o -  and  which i s  n e o l s o oarvo - l  

m en tho l  s o l e l y  on th e  b a s i s  o f  the  a c t i o n  o f  n i t r o u s  a c i d  j 

on i s o c a r v o r n e n th y la m in e . The a rgum en t  t h a t  the  r e l a t i v e  

r a t e s  o f  e s t e r i f i c a t i o n  o f  n e o o arv o m en th o l  and i s o c a r v o ­

m entho l  s u p p o r t  the  s t r u c t u r e s  o f  Bose was r e f u t e d  by the  

same a rgum ents  t h a t  E l i e l  (185) a p p l i e d  to  the  i s o m e r i c  

m e n t h o l s •

The i n c o n s i s t e n c i e s  o f  t h e s e  ca rvo m en th o l  a s s i g n m e n t s , !  

which a r i s e  from h y d r o g e n a t io n  s t u d i e s  on the  c a r v e o l s ,  

f a l l  i n t o  p l a c e  i f  the  a s s ig n m e n t s  o f  Bose f o r  i s o c a r v o ­

m entho l  and n e o i s o c a r v o m e n th o l  a r e  r e v e r s e d .  There a r e  ;

! t h r e e  m ajor  p i e c e s  o f  e v id e n c e  which s u p p o r t  the  r e v e r s a l

i o f  a s s i g n m e n t s ;  (1), The r e l a t i o n s h i p  be tween the  s o b r e r o l s ,
i

I d i h y d r o c a r v e o l  h y d r a t e s ,  d i h y d r o c a r v e o l s  and c a rv o m e n th o l s  ii :
: shown by S c h m id t .  This i n c l u d e s  the  r e l a t i v e  h y d r o l y s i s
j
r a t e s  o f  r e l a t e d  s t r u c t u r e s  which s u p p o r t  such  a r e v e r s a l  

! o f  a s s i g n m e n t s .  (2). The m o le c u la r  r o t a t i o n  v a lu e s  o f  the
i  i

! ca rv o m en th o ls  which a r e  as  p r e d i c t e d  f o r  c a rv o m e n th o l ,  i

j neo o a rvom en tho l  and n e o i s o c a r v o m e n th o l  ( u s i n g  the  s t e r e o ­

c h e m is t r y  which Bose a s s i g n e d  as  . i so c a rv o m e n th o l )  . However,

, the  va lue  f o r  i s o ca rv o m en th o l  i n d i o a t e s  t h a t  i t  e x i s t s  i n
!
: n e a r l y  e q u a l  amounts o f  the  two p o s s i b l e  c o n fo rm a t io n s

(186) (as  was p r e d i c t e d  above from p u r e l y  o o n f o r m a t io n a l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



82

a r g u m e n t s ) .  (3) H y d ro g e n a t io n  s t u d i e s  o f  the  c a r v e o l s ,  j

o r i g i n a l l y  done by J o h n s to n  and Read, u s i n g  p a l l a d i u m  on j
|

j c h a r c o a l  as  a c a t a l y s t ,  a l s o  o o n t r a d l c t s  B o s e ' s  a s s ig n m e n t s  i 

o f  I s o -  and n e o l s o c a r v o m e n th o l .  A  more com ple te  s t u d y  was j
i

c a r r i e d  o u t  i n  t h i s  l a b o r a t o r y .  The h y d r o g e n a t io n s  o f  e l s - ;  

and t r a n s - c a r v e o l ,  t r a n s - l s o o a r v e o l ,  t r a n s - c a r v o t a n a c e t o 1 j

and t r  a n s - i  s oc a rvo  t a n a c  e t o 1 were s t u d i e d .  That  t h e s e  com- | 

pounds were as  p o s t u l a t e d  was b ased  on the  methods o f  

p r e p a r a t i o n ,  d e r i v a t i z a t i o n  and c o m p ar iso n  w i t h  a u t h e n t i c  

samples  whenever p o s s i b l e .  The s o l v e n t  u se d  was e t h y l  :

a c e t a t e  w i t h  p l a t i n u m  ox ide  as  the  c a t a l y s t .  I n  o r d e r  to  

i a s c e r t a i n  w h e the r  th e  s o l v e n t  o r  c a t a l y s t  c a u se d  i s o m e r i z a - i  

| t i o n  o f  e i t h e r  the  s t a r t i n g  m a t e r i a l s  o r  th e  s a t u r a t e d
;  i

i a l o o h o l s  p rodu ced ,  the  f o l l o w i n g  t e s t s  were made: ( 1 ) .  The j

| u n s a t u r a t e d  a l c o h o l s  were shaken  w i th  the  s o l v e n t  and ;
i  j
i c a t a l y s t  f o r  a p p r o x i m a t e ly  twe lve  h o u se .  ( 2 ) .  The I n d i v i d -  I

: u a l  c a rv o m en th o ls  were sh ak en  i n  a s i m i l a r  m anner .  No
j

j i s o m e r i z a t i o n  o c c u r r e d  i n  e i t h e r  c a s e .  The h y d r o g e n a t i o n
i
j r e s u l t s  were a n a ly z e d  by GLPC and the  p e r c e n t a g e s  c a l c u l a t - j
;  i

! ed  i n  Table  I I I .  This  e v id e n o e  i n d i c a t e d  t h a t  l s o o a rv o -  j

! m en th o l  has  s t r u c t u r e  (LXXXV) and n e o I s o c a r v o m e n th o l  has  !
i  j
s t r u c t u r e  (LXXXIII) . j

The c o n s i d e r a t i o n  t h a t  th e  s t r u c t u r e s  o f  t h e s e  two J
: j
j c a r v o m e n th o l s ,  i s o -  and  n e o l s o - ,  were s t i l l  q u e s t i o n a b l e  j

has  o f t e n  been  o v e r lo o k e d  i n  t h e  c o u rse  o f  s t r u c t u r e  p r o o f s
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TABLE IV

HYDROGENATION OP LIMONENE MONOXIDESa

C a t a l y s t

Tem pera ture  
P r e s s u r e  60

pto2

30°
p . s  .1 •

Raney N io k e l  
W-7 
100°

2000 p . s . i .

Raney N io k e l  
W-5 
100°

2000 p . s . i .

Carvomenthene ox ide 100# -

N eooarvom enthol - 3 .8 # 6 .1 #

C arvom enthol > 4 9 .4 # 4 8 .8 #
Isooarvornen t h o 1

N eo iso o a rv o m e n th o l - 27 .3# 2 5 .7 #

£ - m e n t h a n - l - o 1 - 1 9 .5# 1 9 .4#

^50-50  m ix tu r e  o f  e l s -  and  t r a n s -  I som ers  from p e r a o l d  
e p o x i d a t i o n .

I

I

84
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( 8 7 ,1 3 9 ,1 4 0 ) ,  a l t h o u g h  the I n c o n s i s t e n c i e s  o f  B o s e ' s  i
|

a s s ig n m e n ts  were e a r l y  r e c o g n i z e d  (180) . The h y d ro g en a t io n )  

w i th  Raney n i c k e l  c a t a l y s t  o f  th e  l imonene  monoxides ,  and 

t h e r e f o r e  a l s o  the  carvomenthene  o x i d e s ,  was r e p o r t e d  to  

g ive  o n ly  i s o c a rv o m en th o l  by Kergomard and Geniex (139,

140)•  R e i n v e s t i g a t i o n  w i th  b o th  W-5 and  W-7 Raney n i c k e l  

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

t o r y .  The r e s u l t s  a r e  t a b u l a t e d  i n  Table  IV*

The n o m e n c la tu r e  u se d  th r o u g h o u t  t h i s  work was based  

on the  ca rv o m en th o l  a s s ig n m e n t s  g iv e n  a bove .

o( -PINENE OXIDE

S o b r e r o l  e x i s t s  i n  the  e l s  and t r a n s  fo rm s ,  g i v in g  

r i s e  t o  f o u r  o p t i c a l l y  a c t i v e  and two racem ic  m o d i f i c a ­

t i o n s  . oL - p i n e n e  ox ide  forms o n ly  the  t r a n s  m o d i f i c a t i o n  

upon h y d r a t i o n .  Even though  t h e r e  i s  some r e a r r a n g e m e n t

d u r in g  t h i s  t r a n s i t i o n ,  i t  i s  obv ious  t h a t  the  o r i g i n a l  

o x i r a n e  oxygen had to  be i n  a p o s i t i o n  t r a n s  to  the  gem- 

d im e th y l  g r o u p in g  o f  the c y c lo b u ta n e  r i n g .  For c o n s i s t e n t  

n o m en c la tu re  t h e  ox ide  sh o u ld  t h e r e f o r e  be c a l l e d  c i s - ° ( -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



86

p in en e  o x i d e ,  c i s  r e f e r r i n g  to  the  m e thy l  a t  the  2 - p o s i t i o n !

and the  gem -d im ethy l  s i d e  o f  the  c y o lo b u ta n e  r i n g .  !
!

While t r a n s - s o b r e r o l  i s  more r e l u o t a n t  to  form p i n o l  i 

th an  i s  the  c i s  m o d i f i c a t i o n ,  i t  may s t i l l  be p ro d u c e d .  

T h e r e f o r e ,  r e a c t i o n s  o f  o ( -p in e n e  ox ide  i n  a c i d  media were i  

i n v e s t i g a t e d .  I t  was found  t h a t  s t r o n g  a c i d  media  formed 

a  complex m ix tu re  o f  what a p p ea re d  to  be m a in ly  campholenic;  

a ld e h y d e ,  some pinocamphone and a s m a l l  amount o f  p i n o l ,  

a lo n g  w i th  a c o n s i d e r a b l e  amount o f  r e s i n o u s  m a t e r i a l .

When d l - o < - p i n e n e  ox ide  was h y d r a t e d  w i th  d i l u t e  a c i d  to  

d l - t r a n s - s o b r e r o l ,  m .p .  1 3 1 -1 3 2° ,  and the  a c i d  c o n c e n t r a -  ; 

i t i o n  r a i s e d  a f t e r  the  s o b r e r o l  f o r m a t i o n ,  p i n o l  was formed i 

i n  65$ y i e l d  a lo n g  w i t h  a s m a l l  amount o f  £ - c y m e n e .

Royals  and H a r r e l l  (77 ,7  8) r e p o r t e d  t h a t  o( - p in e n e  

i  ox ide  w i th  g l a c i a l  a c e t i c  a c i d  -  sodium a c e t a t e  formed
i

i cam pholen ic  a ld eh y de  a lo n g  w i t h  an u n i d e n t i f i e d ,  im pure ,  !

, h y d r o x y a c e t a t e  which has  been  assumed to  be 6 - a c e t o x y - 8 -  j
j

I hydroxy-1-jD-menthene ( 1 8 7 ) .  R e i n v e s t i g a t i o n  o f  t h i s  j

i  r e a c t i o n  a f f o r d e d  39$ cam pholen ic  a ld e h y d e ,  b . p .  8 0 ° / l 0  m m . , j  

; njp 1 .4 6 3 0 ;  1 7 .1 $  t r a n s - c a r v e o l ,  b . p .  7 6 ° / 4  mm., n ^  1 .4 9 4 9 ;  

l a n d  2 0 .5 $  o f  a  h y d r o x y a c e t a t e ,  b . p .  1 2 7 -1 3 3 ° /4  mm.,
; 25
n ^  1 .4 8 1 3 .  The a lde h y d e  was c h a r a c t e r i z e d  by i t s  2 , 4 - d i -  

! n i t r o p h e n y l h y d r a z o n e , - m . p .  110 -11 1 ° ,  and i t s  s e m ic a r b a z o n e ,I 7
m .p .  1 3 8 .5 - 1 4 0 ° .  The d l - t r a n s - c a r v e o l  a f f o r d e d  a  3 , 5 - d i -  j  

n i t r o b e n z o a t e ,  m .p .  1 1 8 - 1 1 8 . 5 ° .  H y d r o l y s i s  o f  the  hydroxy—;
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a c e t a t e  gave d l - t r a n s - s o b r e r o l ,  m .p .  128-129° ,  which

showed no d e p r e s s i o n  on a d m ix tu re  w i th  an  a u t h e n t i c  s a m p le J
iI

From mechanism c o n s i d e r a t i o n s  the  h y d r o x y a c e t a t e  would he j
i

e x p e c te d  to  he t r  a n s - 8 - ao e t o x y - 6 - hydr  o x y -1 - p-me n th en e  

(LXXXVI) i n s t e a d  o f  t h a t  which had  p r e v i o u s l y  heen  assumed :

( 1 8 7 ) .  This  was c o n f i rm ed  by p y r o l y s i s  o f  the  hydroxy­

a c e t a t e  to  g iv e  d l - t r a n s - c a r v e o l ,  i d e n t i f i e d  by GLPC, i t s  

i n f r a r e d  sp e c t ru m  and the  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  1 1 9 ° .

( LXXXVI)

I t  was c o n s i d e r e d  f e a s i b l e ,  a l t h o u g h  u n l i k e l y ,  t h a t  j
I

the  h y d r o x y a c e t a t e  m igh t  have a r i s e n  i f  the  o x id e  o p e n ing  !
j

had o o c u r r e d  by the  b r e a k i n g  o f  the  a x i a l  C-0 l i n k a g e .  j

This  would have a f f o r d e d  the  m o n o a c e ta te  o f  c<-p inene  

g l y c o l  (LXXXVII). A n t i c i p a t i n g  t h i s  p o s s i b i l i t y ,  the  o<- 

p in en e  g l y c o l  was p r e p a r e d  by th e  method o f  Schmidt  ( 1 8 8 ) ,  j

OH
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which  c o n s i s t e d  o f  the  perm angana te  o x i d a t i o n  o f  c<-pinene  i
i

i
to  th e  o1s - 1 -hydroxy-p inocam phone  and r e d u c t i o n  w i th  I

l i t h i u m  aluminum h y d r i d e .  As i t  t u r n e d  o u t ,  t h i s  was n o t
I  ;

i  n e c e s s a r y  s i n c e  none o f  the  m on o ac e ta te  o f  th e  o ( - p in e n e  

g l y c o l  was fo rm ed .

.OH .OH
OHOAc

. O
.  »

(LXXXVII)

I t  a p p e a re d  t h a t  the  e q u a t o r i a l  bond i n  c jL s-o ( -p inene  i  

' o x id e  p r e f e r e n t i a l l y  opened the  o x i r a n e  r i n g ,  a f t e r  which 

th e  o b se rv e d  r e a r r a n g e m e n t s  o c c u r r e d .  I t  was q u e s t i o n ­

a b l e ,  however ,  as  to  w h e the r  c o n f o r m a t i o n a l  i n f l u e n c e  was 

I  the  c o n t r i b u t i n g  f a c t o r .  I t  was q u i t e  p o s s i b l e  t h a t  the  j  

I d r i v i n g  f o r c e  i n  t h i s  r e a c t i o n  was the  carbon ium  i o n  forma-j
i  I

t i o n .  N e v e r t h e l e s s ,  t h i s  o x id e  un d e rw en t  t h e  same oleavagej  

; o f  the  e q u a t o r i a l  C-0 l i n k a g e  as  had been  o b s e r v e d  i n  most  ;

I o f  the  cyo lohexene  o x id e  s e r i e s ,  c o r r e s p o n d i n g  to  the  j

; F u r s t - P l a t t n e r  r u l e  o f  d i a x i a l  o p e n in g .  T h i s ,  however ,  I

; was c o n s i d e r e d  t o  be a s p e o i a l  o a s e .  The c o n fo r m a t io n  of

c i l s - o( . -p inene  o x id e  was c o n s i d e r e d  to  be f i x e d  due to  the  

u n f a v o r a b l e  s t e r i o  i n t e r a c t i o n s  t h a t  would oocur  i n  the  |

a l t e r n a t e  c o n f o r m a t i o n .  I
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SUBSTITUTED 6-OXA-BICYCID- [3 .2  . l ]-0CT-3-ENES
I

I n  a  p r e v i o u s  work t h i s  a u th o r  s t u d i e d  the r e a c t i o n s
I

o f  l ,2 -d ib ro rao-8-hydroxy- jD -m enthane  w i th  v a r i o u s  b a s e s .  I t |  

was found  t h a t  s t r o n g  b a s i c  r e a g e n t s  gave p i n o l  ( 4 , 7 , 7 - t r i - ;  

m e t h y l - 6 - o x a - b i c y c l o -  [ 3 . 2 . l ] - o c t - 3 - e n e )  w h i le  weaker b a s e s  ' 

a f f o r d e d  £-cymene as the  p r o d u c t .  I t  was e r r o n e o u s l y  p o s ­

t u l a t e d  t h a t  the  e t h e r  f o r m a t io n  p re o e d ed  the  t e r t i a r y  

bromide e l i m i n a t i o n  i n  the  p i n o l  f o r m a t i o n .  A r e i n v e s t i ­

g a t i o n  o f  th e  a c t i o n  o f  b a s i c  r e a g e n t s  on 6 -b rom o-8-  

| hydroxy- l - jc -m en thene  has  r e f u t e d  t h i s  c l a i m .  The p r e v i o u s  I 

e r r o r  was u n d o u b te d ly  due to  the  i n s t a b i l i t y  o f  th e  a l l y l i e • 

b rom ide ,  w hich  r a p i d l y  decomposes to  p-cymene a t  room !

j t e m p e r a t u r e .  The r e s u l t s  o f  t h i s  r e i n v e s t i g a t i o n  a r e  !

t a b u l a t e d  i n  Table  V. |
j |

The e f f e c t  o f  the  a l k y l  s u b s t i t u e n t s  on the  b a s i c i t y  j
j

o f  the  h y d ro x y l  group was o f  i n t e r e s t .  T h e r e f o r e ,  p r e p a r a ­

t i o n  o f  a  s e r i e s  o f  s u b s t i t u t e d  6 - o x a - b i c y c l o -  [3 .2  . l ] - o c t -  ,

| 3 -enes  by th e  d ibrom ide  i n t e r m e d i a t e s  was u n d e r t a k e n .  By j
i
{

s t u d y i n g  t h i s  r e a c t i o n  w i t h  v a r i o u s  b a s e s ,  i t  was p o s s i b l e
l
! to  obse rve  th e  I n t e r n a l  e t h e r  -  a r o m a t i c i t y  c o m p e t i t i o n .

I n  o r d e r  to  o b t a i n  the  d ib rom ide  p r e c u r s o r s  o f  the  

p i n o l  a n a l o g s ,  I t  was n e c e s s a r y  to  s y n t h e s i z e  the  d e s i r e d
i i
; o( - t e r p l n e o l  a n a lo g s  (LXXXVIII, LXXXIX, XC and XCI) . '
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TABLE V

REACTION OP BASES ON oC -TERPINEOL MONOBROMIDE 
(6-  BROMO- 8 -HYDROXY- l-j>-MEN THENE)

Basic  Reagent S o l v e n t 8- P r o d u c t  r a t i o
p i n o l  % : jc-cymene %

jSodium e th o x i d e e t h y l  a l o o h o l 13 98 2
1
|Sodium h y d ro x id e e t h y l  a l c o h o l 13 95 5
|
Sodium methoxide m e th y l  a l c o h o l 13 72 28

| P y r i d i n e b enzene13 0 100
I
! 2/b sodium b i c a r b o n a t e  s o l u t i o n 0 mm

I ® A i r  s o l v e n t s  were anhydrous  e x c e p t  the  b i c a r b o n a t e  
s o l u t i o n .

^ R e a c t i o n  t e m p e r a t u r e :  6 5 - 7 5 ° .
°The p r o d u c t  o b t a i n e d  was d l - t r a n s - s o b r e r o l ,  m .p .  128° ;  

j r e a o t i o n  t e m p e r a tu r e  was 2 5 ° .

!

90
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The p r e p a r a t i o n  o f  d l n o r -  c< - t e r p l n e o l  (LXXXVIII) was 

a p p ro a c h e d  by a t t e m p t i n g  a D i e l s - A l d e r  d ien e  s y n t h e s i s ,  

employ ing  i s o p r e n e  a s  the  d ie n e  and a l l y l  a l c o h o l  a s  the 

d i e n o p h i l e .  A number o f  r u n s  were made a t  i n c r e a s i n g  

t e m p e r a t u r e s ,  b u t  n o t h i n g  o t h e r  th a n  s t a r t i n g  m a t e r i a l  was 

o b t a i n e d .  U s ing  a c r y l o n i t r i l e  as  the  d i e n o p h i l e ,  4 -o y an o -

1 - m e t h y l - c y c l o h e x - l - e n e  was o b t a i n e d ,  b . p .  8 5 - 9 3 ° /2 0 mm•»
xo

n _  1 .4 7 2 3 ,  i n  a n  83# y i e l d .  S ince  the  a d d i t i o n  o f  a c r o le in

CH
>1
O

CHS

(XGII)

■C H -O -CH;

( X C I I I )

OH
CH,oH

( LXXXVIII) (XC) ( LXXXIX) (XCI)
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was c o n s i d e r e d  to  be a more d i r e c t  a p p ro a c h ,  t h i s  was the  |
i

d i e n o p h i l e  which  was f i n a l l y  employed.  I s o p r e n e  and a o r o -  j  

l e i n  formed the  a d d u c t  l - m e t h y l - 4 - f o r m y l - c y c l o h e x - l - e n e

I (XCII) i n  84$ y i e l d .  This a d d u c t ,  b . p .  6 4 ° / l 0  mm., i
2.3 ;

r i j  1 .47 1 1 ,  was c h a r a c t e r i z e d  by th e  p r e p a r a t i o n  o f  i t s

se m ic a rb a z o n e ,  m .p .  1 4 2 .5 -1 4 4 °  and i t s  2 , 4 - d i n i t r o p h e n y l -

h y d ra z o n e ,  m .p .  1 6 5 . 5 - 1 6 6 . 5 ° .  L i th iu m  aluminum h y d r id e

f u r n i s h e d  a 96$ y i e l d  o f  two m a t e r i a l s ;  87$ o f  d i n o r - o ( -

t e r p i n e o l  (LXXXVIII), b . p .  9 0 ° / l 0  mm., n ^ f 1 .4 810 ,  3 , 5 - d i -

n i t r o b e n z o a t e  m .p .  111 -1 12 ° ,  and 9$ o f  a n  u n i d e n t i f i e d

m a t e r i a l ,  b . p .  8 9 ° / l 0  mm., which was p u r i f i e d  by GLPC to  
z s

i g ive  nj, 1 .4 6 0 3 .  This  l a t t e r  m a t e r i a l  had a c a r b o n y l  group

which showed a t  5 , 7 1  m iorons  i n  the  i n f r a r e d .  Prom the  i
i  J
; GLPG t h i s  second  f r a c t i o n  was th o u g h t  to  be two d i f f e r e n t  j

: compounds which were n o t  s e p a r a t e d .  No f u r t h e r  work was j

i I
; done on t h i s • !
j :

A ld e r  and Vogt (189) p r e p a r e d  n o r - <K- t e r p i n e o l
! I
: (LXXXIX) by a d d i t i o n  o f  m e th y l  magnesium h a l i d e  to  1 -m eth-  !

; y l - 4 - f o r m y l - c y c l o h e x - l - e n e .  For c o n v e n ie n c e ,  the  problem

was app roached  f rom  a n o t h e r  r o u t e  i n  t h i s  l a b o r a t o r y .  The 
: ]
; D i e l s - A l d e r  a d d i t i o n  o f  i s o p r e n e  and  m e th y l  v i n y l  ke tone

a f f o r d e d  l - m e t h y l - 4 - a c e t y l - c y c l o h e x - l - e n e  (XCIII)  i n  b e t t e r

; t h a n  90$ y i e l d .  I t  was found  by GLPC t h a t  l e s s  t h a n  3$ j

| l - m e t h y l - 5 - a c e t y l - c y c l o h e x - l - e n e  was fo rm ed .  The 1 - m e th y l -

4 - a o e t y l - c y o l o h e x - l - e n e ,  b . p .  7 9 - 8 0 ° / l 0  mm., n * ' 5 1 .47 0 3 ,
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was c h a r a c t e r i z e d  by the  p r e p a r a t i o n  o f  i t s  s e m ic a r b a z o n e , 

m .p .  1 4 8 .0 - 1 4 8 .5 °  and t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e , m .p .  

1 16 ° .  L i th iu m  aluminum h y d r i d e  r e d u c t i o n  gave n o r -  o ( - t e r -  

p i n e o l ,  b . p .  9 3 ° /9  mm., n*£ 1.47 92, i n  90$ y i e l d .  This  

a l o o h o l  gave a  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  9 5 - 9 6 ° .

The a p p ro a c h  u sed  i n  th e  s y n t h e s i s  o f  i s o -  and homo-  

o i - t e r p l n e o l ,  (XC) and (XGI) r e s p e c t i v e l y ,  i n v o lv e d  a d d i ­

t i o n  o f  th e  c o r r e s p o n d i n g  a ld e h y d e  and k e to n e ,  p r e v i o u s l y  

p roduced  i n  the  D i e l s - A l d e r  s y n t h e s e s  to  e t h y l  magnesium 

b rom ide .  This  gave i s o - o ( - t e r p l n e o l  ( 1-me t h y l -  [4- o£ -  

j h y d r o x y - p r o p y l ] - c y o l o h e x - l - e n e ) , b . p .  8 2 - 8 5 ° / 3  mm., 

n ^  1 .4 8 0 8 ,  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  111 -1 13 ° ,  i n  8 1 .5 $

| y i e l d  and homo-  -  t e r p l n e o l  (1 - m e th y l -  [4-<< -h y d r o x y -  d  -  

me th y  1 - p r o p y l ] - e y e  l o h e x - l - e n e ) ,  b . p .  8 9 - 9 2 % 3  mm.,

1 .4 8 3 6 ,  3 , 5 - d i n i t r o b e n z o a t e  -  o i l ,  i n  8 7 .5 $  y i e l d .

B ro m in a t io n  o f  d i n o r - o C - t e r p l n e o l  w i th  p y r i d in i u m  

: bromide pe rb rom ide  i n  a c e t i c  a c i d  a c c o r d i n g  to  th e  method 

o f  Lombard and Heywang (190) gave what was a p p a r e n t l y  the  

l - a o e to x y - 2 - b r o m o  d e r i v a t i v e  (XCIV). This  oompound gave

c h . o h

O A c

(XCIV) (XGV)
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d l n o r p i n o l  ( 4 - m e t h y l - 6 - o x a - b i e y c l o -  jj3.2 . l ]  - o c t - 3 - e n e )  (XGV) 

w i t h  s t r o n g  b a s e s ,  b u t  went unohanged when r e a c t e d  w i th
|

p y r i d i n e .  Due to  t h i s  u n d e s i r a b l e  a c e t y l a t i o n  d u r i n g  the  

b r o m in a t i o n ,  t h i s  method was d i s c a r d e d .  More s a t i s f a c t o r y  

r e s u l t s  were o b t a i n e d  w i t h  the  t e r p l n e o l  a n a lo g s  by a d d i ­

t i o n  o f  a bromine -  c a rb o n  t e t r a c h l o r i d e  s o l u t i o n  to  a 

c a rb o n  t e t r a c h l o r i d e  s o l u t i o n  o f  the  o l e f i n i c  a l c o h o l ,  a t  

i c e  b a t h  t e m p e r a t u r e s .  This  p ro c e d u re  gave v e ry  c l e a n  

! p r o d u c t s .  The c a rb o n  t e t r a c h l o r i d e  was removed u n d e r  vacuol
j  !
; p r i o r  to  use  o f  the  d i b r o m l d e •
i  !

; The r e a c t i o n s  o f  th e s e  d ib ro m ides  w i t h  s t r o n g  b a se s

gave the c o r r e s p o n d i n g  p i n o l  a n a l o g s .  Weak b a s e s  were I

r e l u c t a n t  to  c au se  a r o m a t l z a t i o n  and d i d  n o t  form the  p ino l!

: a n a l o g s ,  b u t  gave th e  a l l y l i c  b rom ides  i n s t e a d .  As w i t h  i
|

- t e r p l n e o l  d ib ro m id e  o t h e r  h i g h  b o i l i n g  p r o d u c t s  were j
I j

! p r o d u c e d .  I n  t h e s e  c a s e s ,  however ,  the  p r o d u c t s  were

" c l e a n e r ” and were i d e n t i f i e d  as  h i g h  b o i l i n g  a l c o h o l s .  j
: I
i  t

! The r e s u l t s  o f  the  s t u d i e s  r e g a r d i n g  th e  a r o m a t i z a t i o n -  

i n t e r n a l  e t h e r  f o r m a t i o n  a r e  t a b u l a t e d  f o r  d i n o r - o t - t e r -  

p i n e o l  d ib rom ide  i n  Table  VI and f o r  n o r - d  - t e r p l n e o l  d i -  

I bromide i n  Table  V I I .  The i s o -  and homo-  o( -  t e r p l n e o l  d i ­

bromides  were o o n v e r t e d  i n t o  the  c o r r e s p o n d i n g  p i n o l  

a n a lo g s  by s t r o n g  b a s e s .  The p h y s i c a l  p r o p e r t i e s  o f  the
I
| 6 - o x a - b i c y c l o - [ 3 . 2 . i ] - o c t - 3 - e n e s  p ro d u c e d  i n  t h i s  s t u d y  

a r e  t a b u l a t e d  i n  Table  V T I I •
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T A B L E  V I

REACTION OP BASES WITH DINOR-o(-TERPINEOL DIBROMIBEa

B a s i c  R e a g e n t S o l v e n t P r o d u c t  r a t i o

x
d i n o r - p i n o l  $  : p - x y l e n e  $

Sodium e t h o x i d e 100$ e t h y l  a l c o h o l 100 0

Sodium m e th o x id e 100$ m e t h y l  a l c o h o l 9 8-100 0-2

Sodium h y d r o x i d e 85$ m e th y l  a l c o h o l 83 17

P y r i d i n e 100$ m e t h y l  a l c o h o l 0 100

a The r e a c t i o n  t e m p e r a t u r e s  were b e tw e e n  68°  an d  7 5 °  •
'-’W hile  j c - x y l e n e  was f o r m e d ,  the  m a in  p r o d u c t  was t h e  a l l y l i o  b r o m i d e .

I
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TABLE VII

REACTION OP BASES WITH NOR- o(. -TERPINEOL DIBROMIDE£

B as io  R e a g e n t S o l v e n t P r o d u o t  r a t i o  
n o r p i n o l  $  : 4 - e t h y l - t o l u e n e  $

Sodium e t h o x i d e 100$ e t h y l  a l o o h o l 98 -100  0 - 2

Sodium m e th o x id e 100$ m e t h y l  a l o o h o l 95 5

Sodium h y d r o x i d e 85$ m e t h y l  a l o o h o l 90 10

P y r i d i n e 13 100$ m e t h y l  a l o o h o l

4--- _  „  4-,- _______ ___ _____ __ ~  T__ J-------- C . 0 (5 WcU ■ ■ ■■■ ■ ■■■ .................
j . u . o  x’o t t u  u x u i a  u o m p o r a  o u r o a  w o r e  u o  u w o m i  u o  e t i i u  .

^The o n l y  p r o d u c t  fo rm ed  was th e  a l l y l i o  b rom ide

• (O 
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TABLE V II I

PROPERTIES OP PINOLS 
(SUBSTITUTED 6-0XA-BICYCL0- [3.2 . l] -0CT-3-ENES)

Compound B .P . XS
n r

l - p i n o l a 6 4 - 6 5 ° / l l  mm. 1 .4698

d l - p i n o l b 6 1 - 6 2 ° / l 0  mm. 1.47 25

d l - d i n o r p i n o l  (XCV) 5 5 - 5 6 ° / l 0  mm. 1.4777

d l - n o r p i n o l  (XCVI) 6 0 - 6 1 . 5 ° / l 2  mm. 1.47 08

d l - i s o p l n o l  (XCVII) 8 5 - 8 8 ° / l 4  mm. 1.4690

d l -h o m o p in o l  (XCVIII) 7 0 ° / l 0  mm. 1.4725

a d^°0 .9 4 2 3 ,  < * -6 7 .5 ° ,  in d e x  o f  r e f r a c t i o n  a t  20° ( 1 9 0 ) .  
0 .9 4 2 0 .

i
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I t  was a p p a r e n t  from the  s t u d i e s  o f  t h e  dibromo- 

a l o o h o l s ,  t h a t  th e  base  s t r e n g t h  p l a y e d  an  i m p o r t a n t  r o l e
i

i n  th e  e t h e r  f o r m a t i o n .  This  was i n d i o a t e d  d r a m a t i c a l l y  

i n  p r e v i o u s  work (11) and s t i l l  h e l d  I n  the  c a s e s  s t u d i e d  j 

h e r e .  While th e  a ro m a t ic  compounds were r e l u c t a n t  to  f  orm > 

w i t h  the  d i n o r -  o r  n o r - o ( . - t e r p l n e o l  d ib ro m id es  ( e x c e p t  i n  : 

a c i d  media or  when h e a t e d ) ,  i t  a p p e a re d  t h a t  f o r m a t i o n  o f  

the  a l l y l i o  d ib rom ide  was an i n t e r m e d i a t e  s t e p  i n  the  

f o r m a t i o n  o f  the  i n t e r n a l  e t h e r s .
i

The f o r m a t i o n  o f  the  two p o s s i b l e  s t e r e o i s o m e r i c  

r a c e m a te s  o c c u r r e d  w i t h  n o r p i n o l  (XCVI). No a t t e m p t  was j
i

| made to  s e p a r a t e  the  two i s o m e r s .  I t  was n o t e d  t h a t  th e  1

' two iso m ers  were n o t  formed i n  e q u a l  am ou n ts .  This  would

| be due to  th e  u n f a v o r a b l e  s t e r i c  i n t e r a c t i o n s  i n  the  !
! ’ !
i t r a n s i t i o n  s t a t e  o f  the  isom er  which was formed to  a
I
: l e s s e r  e x t e n t .  This  would a l s o  e x p l a i n  the  p r e s e n c e  o f  

| the  n e a r l y  e q u a l  amount o f  h i g h  b o i l i n g  a l c o h o l s  formed i n  

the  r e a c t i o n s  p r o d u c in g  the  i s o -  and homopi n o l s .  (XCVII) j

! and (XCVIII) r e s p e c t i v e l y .  I
i

| S ince  th e  s t a r t i n g  m a t e r i a l s  f o r  n o r - ,  i s o - ,  and

| homopinol  a r e  r a o e m ic ,  t h i s  would mean t h a t  o n ly  50$ o f
; j

t h e  s t a r t i n g  m a t e r i a l  would be s t e r i c a l l y  f a v o r e d  to  form
i
! the  p i n o l  a n a l o g s  (due to  the  asymmetry a b o u t  th e  hyd rox y  1-
j
| c a r b o n ) .  Prom a s t u d y  o f  m o le c u l a r  m o d e ls ,  i t  seemed 

‘ l i k e l y  t h a t  th e  p i n o l  i som ers  whose f o r m a t i o n s  were
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s t e r i c a l l y  f a v o r e d  would "be the  Isom ers  which  have the  

l a r g e s t  s u b s t i t u e n t  i n  the  exo p o s i t i o n .

Each  o f  the  p i n o l s  formed a complex w i t h  f e r r i c y a n i c

a c i d .

X -
R,

OH

R.

OH

H\8cs«. N. 
 * H ' '

H h o

C H

R.
k

w

H

■Bv
H'

C H;

(XCV); R,= R^=H

(XCVI); R,= CH3, Rx=H and R, = H, RA=CH3

(XCVII) ;  R,rCAH^, RX = H (and R Z=CX R S ,  R,:H?)

(XCVIII) ;  RjSC^Hg, RZ =GKS  (and Ra*Cx Hs , R,sCH3?)

DEHYDROACETIC ACID

I n  the  c o u rs e  o f  t h e  r e s e a r c h  d e a l i n g  w i t h  the  D ie ls -  

A ld e r  s y n t h e s i s ,  a  number o f  u n s u c c e s s f u l  a t t e m p t s  were 

made to  add e n o l  a c e t a t e s  to  c y o l o p e n t a d i e n e s
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The p r e p a r a t i o n  o f  the  e n o l  a c e t a t e s  o f  2 , 4 - p e n t a n -  

d io n e ,  e t h y l  a c e t o a c e t a t e  and m e th y l  a c e t o a c e t a t e  were 

c a r r i e d  ou t*  I t  was found  t h a t  the  e s t e r s  o f  a c e t o a c e t l c  j
II

a c i d  formed o n l y  a s i n g l e  i s o m e r ,  p r o b a b l y  the  o i s  e n o l  j
i

a c e t a t e s ,  whereas  2 , 4 - p e n t a n d i o n e  a f f o r d e d  the  two i

p o s s i b l e ,  c i s  and t r a n s ,  i som ers*  The p r o p e r t i e s  o f  t h e s e j  

e n o l  a c e t a t e s  a r e  t a b u l a t e d  i n  Table  IX .  This  a p p e a re d  

to  be th e  f i r s t  r e p o r t  o f  th e  two i s o m e r ic  e n o l  a c e t a t e s  

2 , 4 - p e n t a n d i o n e  ( 2 - a c e t o x y - 2 - p e n t e n - 4 - o n e s ) . The o ( -

c \  /
C u r e

.  /  \AcO C = 0
/

R - o

( c i s )  ( c i s )  ( t r a n s )
!

i som er  a p p e a r e d  to  be the  p re d o m in a n t  o n e .  S ince  the  |

k e to  -  e n o l  e q u i l i b r i a  o f  the  a c e t o a c e t l c  e s t e r s  have been i
I

shown to  have the  e n o l  c o m p le t e ly  i n  the  c i s  c o n f i g u r a t i o n , !  

whereas a c e t y l a c e t o n e  can  e x i s t  i n  b o t h  the  o i s  and t r a n s  

c o n f i g u r a t i o n s  i n  the  e n o l  form, t h i s  m ig h t  i n d i c a t e  t h a t  

the  c o n f i g u r a t i o n s  o f  the  e n o l  a c e t a t e s  formed f o l l o w s  

t h a t  o f  th e  e n o l  i t s e l f .

The NMR s p e c t ru m  o f  the  oC -  i som er  showed a s p l i t t i n g  

( 1 ^ 0 . 7  cp s )  o f  the  v i n y l  m e th y l  group by the  v i n y l  

p r o t o n ,  w h i l e  t h i s  was n o t  o b s e r v e d  f o r  the  p -  i s o m e r .

ch3 H CH3
CU3
\ C-O

\ / \ /
c _ __ C C —— c

/ \  ^ / V
Ac 0 C -0

/
ch3

Ac O
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A lso ,  the  v i n y l  m e th y l  group was a p p r o x i m a t e ly  7 op3 f u r -  j
i

t h e r  d o w n f ie ld  i n  the  oi -  compound t h a n  i n  the  f3  -  i s o m e r .  I
i

This  was a n a log o us  to  the  dehydroace  t i c  a c i d  sy s te m ,  whichj

showed a  s p l i t t i n g  where  the  v i n y l  p r o t o n  and  v i n y l  m e th y l |
|

were c i s .  U n f o r t u n a t e l y ,  the  NMR s p e c t r a  f o r  the  e n o l  

a c e t a t e s  o f  m e th y l  and  e t h y l  a c e t o a c e t a t e  were o f  such  

poor  q u a l i t y  t h a t  no w o r th w h i le  d a t a  was o b t a i n e d .  A lso ,  

a n a l o g i e s  o f  v i n y l  compounds w i t h  c y c l i c  sy s tem s  m ust  be 

c o n s i d e r e d  as  ” d a n g e r o u s ” i n  such  a s t r u c t u r e  p r o o f .  Be- ! 

c ause  o f  t h i s ,  and th e  a b sence  o f  f u r t h e r  p h y s i c a l  d a t a ,
i I
I the  a s s ig n m e n ts  o f  the  e n o l  a c e t a t e s  as  o i s  o r  t r a n s  m ust  |
i
I be c o n s i d e r e d  a s  pu re  c o n j e c t u r e  u n t i l  f u r t h e r  p r o o f  i s  

a v a i l a b l e .
j

I n  th e  cou rse  o f  th e  a t t e m p t e d  a d d i t i o n  o f  the  e n o l  jI
a c e t a t e  o f  e t h y l  a c e t o a c e t a t e  to  c y c l o p e n t a d i e n e ,  a  s o l i d ,  | 

m .p .  110° ,  i d e n t i f i e d  as  d e h y d r o a c e t i c  a c i d  was i s o l a t e d ,  j 

No D i e l s - A l d e r  a d d u c t  was fo rm ed .  Under the  v ig o r o u s  '
i

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

; un d e rw en t  s e l f - c o n d e n s a t i o n  to  give  e t h y l  a c e t a t e  and j

: d e h y d r o a c e t i c  a o i d .
j

| The oa rb o n  s k e l t o n  o f  d e h y d r o a c e t i c  a c i d  has  been
[

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

: the  a c i d  e x i s t s  ( a t  l e a s t  i n  s o l u t i o n )  i n  the  e n o l  form 

1 ( 1 6 7 ) .  The q u e s t i o n  which rem a ined  unansw ered  was which 

e n o l  form the  a c i d  and i t s  e n o l  e t h e r s  p o s s e s s e d .
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TABLE IX 

PROPERTIES OP ENOL ACETATES
i
!

Compound B .P . 25
n i> Amax ( n y O a

3 - a c e to x y - m e  t h y l - c r o t o n a t e 8 6 ° / l 0  ram. 1 .4 4 2 8 210

3 -ao  e t o x y - e  t h y 1 - c r o  t o n a  te 8 3 ° / 5  mm. 1 .4 4 2 3 209

o i - 2 - a c e t o x y - 2 - p e n t e n - 4 - o n e 8 5 - 8 6 ° / l 0  mm. 1 .4 5 0 0 2 3 2 .5

/8 - 2 - a c e t o x y - 2 - p e n t e n - 4 - o n e 8 7 ° / l 0  mm. 1 .4 4 9 3 226

a S p e o t r a  t a k e n  I n  95$ e t h a n o l j  mean d e v i a t i o n  ± 1 . 0  m
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The p ro b lem  was a p p ro a c h e d  by a  s t u d y  o f  th e  s p e c t r a l  ! 

p r o p e r t i e s  o f  d e h y d r o a o e t i c  a c i d  and i t s  d e r i v a t i v e s .  

B e r s o n r s (167) a s s u m p t i o n ,  deduoed from the  s i m i l a r  u l t r a - :  

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

t h a t  the  s t r u c t u r e  o f  t h e  e t h e r  and a c i d  was th e  same (
i

I e x c e p t  f o r  th e  r e p l a c e m e n t  o f  th e  a c i d  p r o t o n  w i t h  a n  

’ a l k y l  group  was o o n a i d e r e d  to  be v a l i d  i n  th e  a b se n c e  o f  ,
I

I any c o n t r a d i c t o r y  e v i d e n c e .  j

H 'v -

O R  
1  0

H

O

A°H3 S j
0  O R

%
v c > °

CH3 ''o '
Jl

CH3

■
io/

(LXVIIa) (LXVTIb) (LXVIIc)

D e h y d r o a c e t i c  a c i d  was p r e p a r e d  a c c o r d i n g  to  the  

method o f  A rn d t  (191) and  the  sodium and s i l v e r  s a l t s  were 

p r e p a r e d .  The a o t i o n  o f  m e th y l  or  e t h y l  i o d i d e  on the  d ry
j

s i l v e r  s a l t  r e a d i l y  fo rm ed  th e  r e s p e c t i v e  e s t e r s  ( e n o l  j 

e t h e r s ) .  The u l t r a v i o l e t  s p e c t r a  o f  t h e s e  a r e  t a b u l a t e d
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TABLE) X

ULTRAVIOLET SPECTRAL DATA OP DEHYDROACETIC ACID 
AND ITS DERIVATIVES*1

Compound A max (m/*)13 Log €

D e h y d ro a c e t i c  Acid 222 .5 3 .9 9

311 .0 4 .0 5

Sodium D e h y d r o a c e ta te 230 .0 4 .22

295 .5 3 .92

S i l v e r  D e h y d ro a c e ta te 2 2 9 .0 4 .2 1

297 .0 3 .92

Methyl  D e h y d r o a c e t a t e 224 .5 3 .9 8

314 .5 3 .9 4

E t h y l  De hydro  a c e t a t e 2 25 .5 3 .96

313 .5 3 .9 1

dS p e c t r a  t a k e n  i n  95$ e t h a n o l ,  
^ e a n  d e v i a t i o n  ± 1*0 n y t

I

I
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TABLE XI

INFRARED SPECTRAL DATA OF DEHYDROACETIC ACID

! . . .  
j Compound
1

X max ( m ic r o n s )

D e h y d r o a c e t i c  a c i d 5 . 7 0 ( s ) ,  5 . 7 5 ( m ) a , 6 . 0 6 ( s ) ,  6 . 1 6 ( m ) ,  6 . 4 0 ( s ) ,  (CC14 ) . 
5 • 8 2 ( s ) ,  6 . 0 6 ( s ) ,  6 . 1 6 (m ) , 6 . 4 2 ( s ) ,  ( N u j o l ) .
5 . 7 8 ( a ) ,  6 . 0 5 ( a ) ,  6 . 1 7 ( m ) ,  6 . 4 0 ( s ) ,  ( K B r ) •

Sodium D e h y d r o a c e t a t e 5 . 9 3 ( a ) ,  6 . 0 2 ( s ) ,  6 . 2 5 a , 6 . 3 4 ( a ) ,  6 . 5 1 ( m s ) ,  (K B r) .  
5 . 9 3 ( a ) ,  6 . 0 2 ( a ) ,  6 . 3 1 ( m ) ,  6 . 3 4 ( s ) ,  6 . 5 1 ( m s ) ,  ( N u j o l ) .

S i l v e r  D e h y d r o a c e t a t e 5 . 9 5 ( a ) ,  6 . 0 8 ( a ) ,  6 . 4 1 ( a ) ,  ( N u j o l ) .  
5 . 9 3 ( a ) ,  6 . 0 3 ( s ) ,  6 . 3 5 ( a ) ,  6 . 5 2 ( m ) ,  (K B r) .

M e th y l  De h y d r o a c e  t a t e 5 . 7 8 ( a ) ,  5 . 8 3 ( s ) a , 5 . 8 9 ( a ) a , 6 . 0 8 ( m ) ,  6 . 5 6 ( m ) ,  ( C C 1 . ) .
5 . 7 8 (m s )a , 5 . 8 6 ( a ) ,  5 . 9 8 ( a ) ,  6 . 0 9 ( m ) ,  6 . 6 6 ( a ) ,  ( N u j o l ) .  
5 . 7 6 ( ma) a , 5 . 8 3 ( a ) ,  5 . 9 5 ( a ) ,  6 . 0 6 ( m ) ,  6 . 6 4 ( a ) ,  (K B r ) .

E t h y l  D e h y d r o a o e t a t e 5 . 7 9 ( a ) .  5 .87  ( a ) a , 6 .0 7  (m),  6 . 5 3 ( m a ) ,  (C C l . )  .
5 . 8 3 ( a ) ,  5 . 8 9 ( a ) ,  6 . 0 9 ( m ) ,  6 . 5 4 ( a ) ,  ( N u j o l ) .  
5 . 6 9 ( m ) ,  5 . 8 3 ( a ) ,  5 . 8 9 ( s ) a , 6 . 0 7 (m ) , 6 . 5 4 ( a ) ,  (K B r) .

a S h o u l d e r

( 3 ) s t r o n g ,  (m) medium i n t e n s i t y .
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i n  Table  IX and  the  I n f r a r e d  s p e c t r a  i n  the  o a r b o n y l  -  o l e ­

f i n  r e g i o n  a r e  t a b u l a t e d  i n  Table  X. The i n f r a r e d  and 

u l t r a v i o l e t  s p e c t r a  would t e n d  to  r u l e  o u t  s t r u c t u r e  

(LXVIIb) on th e  b a s i s  o f  c o m p a r is o n  w i t h  o t h e r  d e r i v a t i v e s  

o f  2 , 4 - p y r a n d i o n e s  ( 1 9 2 , 1 9 3 ) .  A t a b u l a t i o n  o f  su c h  d e r i v a ­

t i v e s  i s  i n c l u d e d  i n  the  Appendix  f o r  c o m p a r i s o n .  This  d id  

now, however ,  r u l e  o u t  s t r u c t u r e  (LXVIIc),  a l t h o u g h  the  

s t r i k i n g  s i m i l a r i t i e s  o f  the  s p e c t r a l  p r o p e r t i e s  o f  

(LXVIIa) to  known compounds f a v o r e d  t h i s  s t r u c t u r e .

The p rob lem  was u n e q u i v o c a l l y  s o l v e d  by a n a l y s i s  o f  

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

a c i d  and i t s  d e r i v a t i v e s .  D e h y d r o a c e t i c  a c i d  gave a NMR 

s p e c t ru m  w i t h  p eaks  a t  -135  cps ( - 2 . 2 5  ppm), which  c o r r e s ­

ponded to  th e  m e th y l  group a t  the  6 - p o s i t i o n .  T h is  was 

s p l i t  ( J =  0 . 8 1  cps)  by the  o l e f i n i c  p r o t o n .  The pe ak  a t  

-154  cps ( - 2 .5 7  ppm) was a  s h a r p  s i n g l e t  c o r r e s p o n d i n g  to  

the  a c e t y l  m e th y l  g ro u p ,  The q u a r t e t  a t  -347 ops ( - 5 . 7  8 

ppm) c o r r e s p o n d i n g  to  one p r o t o n  was the  v i n y l i c  p r o t o n  

s p l i t  by th e  m e th y l  group a t  t h e  6 - p o s i t i o n .  When d e h y d ro ­

a c e t i c  a c i d  was d i s s o l v e d  i n  d e u te r iu m  ox ide  and t h e  

s o l u t i o n  made b a s i c  by sodium d e u t e r o x l d e ,  the  peak  a t  -154  

cps ( - 2 .5 7  ppm) d i s a p p e a r e d  due to  the  r a p i d  exchange  o f  

th e  a c e t y l  m e th y l  hydrogens  w i t h  d e u t e r i u m .  T h i s ,  however ,  

p ro v ed  l i t t l e ,  f o r  i f  s t r u c t u r e  (LXVIIc) were the  c o r r e c t  

one ,  u n d e r  the  c o n d i t i o n s  u s e d ,  exchange  would u n d o u b t e d l y
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have a l s o  t a k e n  p l a c e .  When e t h y l  d e h y d r o a o e t a t e  was 

sh a k en  w i th  d e u te r iu m  ox ide  and sodium d e u t e r o x i d e , . 

exchange  o f  the  r e p l a c e a b l e  h y d ro g en s  o f  th e  a c e t y l  m e th y l  

group was o b s e r v e d .  This  would t e n d  to  r u l e  o u t  s t r u c t u r e  

(LXVIIc) as  a p o s s i b i l i t y .  I t  would th u s  ap p ea r  t h a t  

(LXVIIa) was th e  e n o l  s t r u c t u r e  f o r  th e  e n o l  e t h e r s ,  i f  n o t  

d e h y d r o a c e t i c  a c i d  i t s e l f .  This  e v id e n c e  s t i l l  l e f t  t h e  

o u t s i d e  p o s s i b i l i t y  t h a t  (LXVIIb) (which  was r u l e d  o u t  on 

the  b a s i s  o f  i n f r a r e d  e v id e n c e )  c o u ld  f e a s i b l y  be the  

s t r u c t u r e  i f  the  a c e t y l  group c a u s e d  a n  abnorm al  s h i f t  i n  

the  o b s e r v e d  i n f r a r e d  s p e c t r u m .  T h e r e f o r e ,  e t h y l  d e h y d ro ­

ace t a t e  was h y d r o g e n a t e d  i n  e t h y l  a l c o h o l  u s i n g  5% p a l l a ­

dium on c h a r o o a l  a s  th e  o a t a l y s t .  This  y i e l d e d  a d a r k ,  

v i s c o u s  o i l  w hich  gave an u l t r a v i o l e t  A max 2 6 4 .5  m and 

i n f r a r e d  a b s o r b t i o n s  a t  5 .8 1 ( m ) ,  6 . 0 4 ( s ) ,  6 . 1 9 ( s )  and 

8 . 0 0 ( s )  m i c r o n s .  This  m a t e r i a l  gave a s t r o n g  p o s i t i v e  

f e r r i o  o h l o r i d e  t e s t .  The NMR s p e c t r u m  showed the. a b sen c e  

o f  th e  0 - e t h y l  g r o u p in g  i n d i c a t i n g  t h a t  the  e n o l  e t h e r  was 

c l e a v e d  d u r i n g  th e  h y d r o g e n a t i o n .  The 6 -m e th y l  g roup was 

now p r e s e n t  a s  a  d o u b l e t  a t  -82 cps ( - 1 .3 7  ppm), w h i le  the  

a o e t y l  m e t h y l  showed a s  a  s i n g l e t  a t  -1 1 6  cps ( - 1 . 9 3  ppm) 

whloh r e a d i l y  ex chang ed  d e u te r iu m  w i t h  d e u te r iu m  o x id e  i n  

the  p r e s e n c e  o f  sodium d e u t e r o x i d e .  A s i n g l e  p r o t o n  showed 

up a t  -248  cps  ( - 4 . 1 3  ppm) as  a  m u l t i p l e t ,  c o r r e s p o n d i n g  to 

the  6 - p o s i t i o n  h y d r o g e n .  The r e m a in i n g  hydrogens  a p p e a re d
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a s  n o n - r e s o l v a b l e  m u l t i p l e t s .  The absence  o f  two e x t r a  

p r o t o n s  i n  the  r e g i o n  o c c u p ie d  by the  s i n g l e  p r o t o n  on the  

C-0 c a r b o n  r u l e s  o u t  (LXVIIb)• The s p e c t r a l  d a t a  p r e s e n t e d  

c o n s t i t u t e s  a p r o o f  o f  the  e n o l  s t r u c t u r e  o f  e t h y l  dehydro ­

a c e t a t e ,  and i f  the a s s u m p t io n  o f  the  d i r e c t  r e l a t i o n s h i p  

o f  the  e t h e r  and a c i d  i s  v a l i d ,  o f  d e h y d r o a c e t i c  a c i d  

(L X V IIa ) .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



   " "  "     'CHAPTER IV.....

EXPERIMENTAL

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

O p t i c a l  r o t a t i o n s  were measured on a J o s e f  and Jan  F r i o  

p o l a r i m e t e r  u s i n g  a 1 dm. t u b e .  R e f r a c t i v e  I n d i c e s  were 

measured on a Bausch and Lomb, Abbe-3L, r e f r a c t o m e  t e r . 

A na ly ses  by gas -  l i q u i d  phase chrom otography  (GLPC) were 

done by u s i n g  a W ilk in s  A ereo g rap h  M as te r  Model A-100 

I I n s t r u m e n t  e q u ip p e d  w i t h  a 1 0 - f t . ,  i n . ,  column packed
i

| w i t h  a Carbowax -  20M s u b s t r a t e  on f i r e b r i c k .  I n f r a r e d
j

; a n a l y s e s  were c a r r i e d  o u t  u s i n g  a P e rk in -E lm e r  Model 21 

| and Model 137 s p e c t r o p h o t o m e t e r .  U l t r a v o i l e t  s p e c t r a  were
i|
j o b t a i n e d  on a Beckman Model DB s p e c t r o p h o t o m e t e r .  N u c le a r  

! m agne t ic  r e s o n a n c e  s p e c t r a  were o b t a i n e d  w i t h  a V a r ia n
I
! Model A-60 s p e o t r o m e t e r . Chemical  s h i f t s  a r e  r e p o r t e d  i n  

| b o th  c y c l e s  p e r  second  (cps )  and p a r t s  pe r  m i l l i o n  (ppm) 

i d o w n f ie ld  from t e t r a m e t h y l s i l a n e  u s i n g  d e u t e r a t e d  c h l o r o -  

| form as s o l v e n t ,  u n l e s s  o th e r w i s e  n o t e d .
I
| The p y r o l y s i s  a p p a r a t u s  c o n s i s t e d  o f  a p y rex  tu b e ,

| 1 - i n . ,  O .D.,  mounted v e r t i c a l l y  i n  a 1 - f t .  Hoskins e l e c t r i c|
j f u r n a c e .  The oolumn was packed w i t h  6 mm. g l a s s  beads to
I
j a h e i g h t  o f  -g - in .  and w i th  l / 8 - i n .  Py rex  h e l i c e s  to a

109
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h e i g h t  o f  1 7 - i n .  The bo t tom  o f  th e  column was c o n n e c te d  to  

a 30 cm. West c o n d en se r  which  was f i t t e d  w i t h  a 250 m l .  

f l a s k  w i t h  a s i d e  arm, c o o le d  i n  a d ry  i c e  -  a c e to n e  b a t h .  

To t h i s  s i d e  arm was a t t a c h e d  a t r a p  and a  b u b b l e r .  At the  

to p  o f  the  column, a n i t r o g e n  i n l e t  and an  a d d i t i o n  f u n n e l  

were p l a c e d .  The a d d i t i o n  f u n n e l  was a l s o  e q u ip p e d  w i t h  a 

n i t r o g e n  i n l e t .  The e s t e r  f lo w  r a t e  was a d j u s t e d  by a 

s t a i n l e s s  s t e e l  n e e d l e  v a l v e .  The t e m p e r a t u r e  was m easu red  

by a therm om eter  I n s e r t e d  to  a  d e p t h  o f  a p p r o x i m a t e l y  1 0 - i n .  

i n  the  g l a s s  h e l i c e s .

D e r i v a t i v e s  were p r e p a r e d  by the  methods p r e s e n t e d  by 

Vogel (194) w i t h  the  f o l l o w i n g  m o d i f i c a t i o n ;  a l l  d e r i v a ­

t i v e s  were r e c r y s t a l l i z e d  from e t h a n o l  o r  e t h a n o l  -  w a te r  

s o l u t i o n s  a t  l e a s t  t w i c e .  M e l t i n g  p o i n t s  were t a k e n  i n  

c a p i l l a r y  tu b es  on a  Mel-Temp m e l t i n g  p o i n t  a p p a r a t u s .

A n a ly se s  were done by D r .  G. W e i le r  and D r .  P .  B. 

S t r a u s s ,  M i o r o a n a l y t i c a l  L a b o r a t o r y ,  164 Banbury Road, 

O x fo rd ,  E n g la n d .

P u r i f i c a t i o n  o f  d - l lm o n en e  monoxide ( V I I I ) • 1 .5 0  Kg.

o f  com m erc ia l  grade  d - l im o n e n e  monoxide o b t a i n e d  from Pood
10 2.7

M ach ine ry  and C hem ica l  C o r p o r a t i o n ,  n p 1 .4 6 9 7 ,

( n e a t )  ( p r e p a r e d  by p e r a c i d  o x i d a t i o n ) ,  was f r a c t i o n a l l y

d i s t i l l e d  over  a 3 - f t .  s p i n n i n g  band oolumn to  remove th e

s m a l l  p e r c e n t a g e  o f  d - l im o n en e  p r e s e n t .  Two f r a c t i o n s  were
<L$

o b t a i n e d ;  ( 1 ) .  d - l im o n e n e ,  b . p .  7 0 ° / 2 0  mm., <̂ 3)+ 9 9 .0 6 o ( n e a t )
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and ( 2 ) .  d - l im on en e  monoxide ,  b . p .  9 2 -9 4 ° /2 0  mm., 0 ^ + 5 9 .2 0 °
/ , xs( n e a t ) ,  n 5 1 .4 6 5 4 .  The d i s t i l l a t i o n  was f o l lo w e d  by GLPC 

a n a l y s i s  and the  f r a c t i o n s  r e p o r t e d  were p u r e .  150 g .  o f  

the  pu re  d - l im o n en e  monoxide was s u b j e c t e d  to  f r a c t i o n a t i o n  

o ve r  a 3 - f t . ,  m e t a l  h e l i c e  pack e d ,  Todd column e q u ip u e d  

w i t h  an a u to m a t i c  f r a c t i o n  c u t t i n g  d i s t i l l i n g  head,  a t  a tmos­

p h e r i c  p r e s s u r e  u n d e r  n i t r o g e n .  T h i r t y - f i v e  c u t s  were 

a r b i t r a r i l y  t a k e n .  The d i s t i l l a t i o n  was f o l lo w e d  by the

o b s e r v e d  o p t i c a l  r o t a t i o n  and r e f r a c t i v e  i n d e x  o f  e a c h  c u t .
z s  x5

Cut #1 0 ,  b . p .  197° ,  °^jj+5 0 .8 0 °  ( n e a t ) ,  n ^  1 .4 6 4 0 ,  was impure
_ i s  n

d - o i s - l im o n en e  m onox ide .  Cut  # 3 5 ,  b . p .  198 , c*p+75.34  
zs

( n e a t ) ,  n D 1 .4 6 6 5 ,  was e s s e n t i a l l y  p u re  d - t r a n s - l lm o n en e
2mQ

monoxide ( L i t .  ( 1 1 9 ) :  b . p .  6 6 ° /3 » 5  mm., M ^ + 8 3 . 7 0 0 ,
Z.0 ZO

n-p 1 .4 6 6 8 ,  d^. 0 . 9 3 0 3 ) .  110 g .  d i s t i l l e d  ove r  the  ran g e

1 9 6 -1 9 8 ° .  40 g .  was l e f t  i n  the d i s t i l l a t i o n  p o t  a s  a

d a rk  r e s i n o u s  mass which had the  d l s t i n o t  s p e a r m i n t  odor  

o h a r a c t e r i s t l o  o f  o a r v o n e .  There was no s e p a r a t i o n  o f  the  

two i so m ers  when a n a l y z e d  by GLPC over  a  number o f  d i f f e r e n t  

s u b s t r a t e s .

d - n e o l lm o n e n e - 1 . 2 - d l o l  ( V l l b ) . 500 g .  o f  com m erc ia l

g rade  l lmonene m onoxide ,  n^0 1 .4 6 9 7 ,  °<p+63.33°,  was mixed 

w i t h  2500 m l .  o f  6% s u l f u r i c  a c i d  a t  i c e  b a t h  t e m p e r a t u r e  

and s t i r r e d  f o r  5 h o u r s .  The s o l u t i o n  was f i l t e r e d  to  

remove the  c rude  n e o l i m o n e n e - l , 2 - d i o l  d i h y d r a t e .  A f t e r  

w ash ing  w i t h  i c e  w a t e r ,  the  g l y o o l  was t a k e n  up i n  1200 m l .
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o f  h o t  c h lo r o f o r m  from which  the  w a te r  o f  h y d r a t i o n  r e a d i l y  

s e p a r a t e d .  The h o t  c h lo r o f o r m  was s e p a r a t e d  from the  w a te r  

and the  n e o l i m o n e n e - l , 2 - d i o l  c r y s t a l l i z e d  to  g ive  37 5 g .  

(67%) o f  m a t e r i a l ,  m .p .  7 0 . 0 - 7 0 . 5 ° ,  [ * ] d+550 ( a o e t o n e ) ,

( L i t .  ( 3 0 ) :  m .p .  7 2 - 7 3 ° ,  [<*]+48°) . A n a l . C a l c u l a t e d  f o r  

C,o Hi 8 0 : C, 7 0 . 5 5 %; H, 1 0 .6 6 # .  Pound:  C, 70.13#,* H,

10.7 5 # .

d - 1- hydroxy-2  -  to  3y 1- 8 -p -m en thene  (LXIX) • d - n a o - l l m o -  

n e n e - l , 2 - d i o l  ( 4 1 .3  g . )  was added  to  a s o l u t i o n  o f  4 9 .8  g.  

j o - t o l u e n e s u l f o n y l  c h l o r i d e  i n  100 m l .  o f  d ry  p y r i d i n e .  The 

f l a s k  was s e a l e d  and the  s o l u t i o n  s t i r r e d  a t  25° f o r  48 

h o u r s .  The r e a c t i o n  was worked up by p o u r i n g  into" a  

c ra c k e d  i c e  -  h y d r o c h l o r i c  a c i d  s o l u t i o n  and e x t r a c t e d  w i th  

f o u r  75  m l .  p o r t i o n s  o f  e t h e r .  The e t h e r e a l  s o l u t i o n  was 

washed w i t h  50 m l .  p o r t i o n s  o f  d i l u t e  h y d r o c h l o r i c  a c i d ,  

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

r e a l  p o r t i o n  was d r i e d  over  anhydrous  sodium s u l f a t e .  The 

e t h e r  was removed u nd e r  vacuo l e a v i n g  4 3 .0  g .  (58#) o f  

c rude  l - h y d r o x y - 2 -  to sy l -8 - jD -m e n th e n e .  A s m a l l  p o r t i o n  

( 8 .0  g . )  was p u r i f i e d  by d i s t i l l a t i o n  ove r  a m o d i f i e d  

Hickman s t i l l  to  y i e l d  7 . 0  g . ,  n-j, 1 .4 9 4 4 ,  oCp+51.05 ( n e a t ) .

d-  t r a n s - l l m o n e n e  monoxide ( V U I b ) • To a  s o l u t i o n  o f

13 .5  g .  o f  p o t a s s iu m  h y d ro x id e  i n  100 m l .  o f  m e th a n o l  was 

added 3 5 .0  g .  o f  the  c rude  d - l - h y d r o x y - 2 - to sy l -8 - jc -m e n th e n e .  

The r e a c t i o n  im m e d ia te ly  became m i lk y  i n  a p p e a r a n c e .  The
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r e a c t i o n  was s t i r r e d  f o r  30 m in u te s  a t  room t e m p e r a t u r e .

The r e a c t i o n  m ix t u r e  was poured  i n t o  w a te r  and e x t r a c t e d  

f i v e  t im es  w i t h  50 m l .  p o r t i o n s  o f  e t h e r .  The e t h e r e a l  

s o l u t i o n  was washed w i t h  a  50 m l .  p o r t i o n  o f  w a te r  and 

d r i e d  ov e r  anhydrous  sodium s u l f a t e .  The s o l v e n t  was r e ­

moved un d e r  r e d u c e d  p r e s s u r e  and th e  m a t e r i a l  d i s t i l l e d  to  

y i e l d  16 .6  g .  (96$) d - t r a n s - l imonene monoxide ,  b . p .  7 8 . 5 -  

8 0 . 5 ° / l 0  mm., n B 1 .4 6 5 7 ,  o(D +83 .22°  ( n e a t ) .  A n a l . C a lc u ­

l a t e d  f o r  C( o H,6 0 :  C, 7 8 .8 9 $ ;  H, 1 0 .5 9 $ .  Found; C, 7 8 . 9 1 $ ;

H, 1 0 .5 0 $ .

R e a c t i o n  o f  d - t r a n s - l i m o n e n e  monoxide w i t h  g l a c i a l

a c e t i c  a c i d  -  sodium a c e t a t e . 500 mg. o f  d - t r a n s - l im o n en e
Z S  2 . 5  O

monoxide,  n ^  1 .4 6 6 5 ,  0(^*7 5 .3 4  , was added  to  a s o l u t i o n  o f

I . 5 0  g .  sodium a c e t a t e  i n  10 m l .  o f  g l a c i a l  a c e t i c  a c i d .

The r e a c t i o n  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  48 h o u r s .  

The r e a c t i o n  was worked up by p o u r i n g  i n t o  300 m l .  o f  w a te r  

and n e u t r a l i z i n g  th e  s o l u t i o n  w i t h  sodium b i c a r b o n a t e .  The 

aqueous s o l u t i o n  was then  e x t r a c t e d  se v e n  t im es  w i th  30 m l .  

p o r t i o n s  o f  e t h y l  a c e t a t e .  This  was washed w i t h  a 50 m l .  

p o r t i o n  o f  w a te r  and d r i e d  o ve r  sodium s u l f a t e .  The e t h y l  

a c e t a t e  s o l u t i o n  was h y d ro g e n a te d  a t  60 p . s . i .  on the  P a a r  

h y d r o g e n a t io n  a p p a r a t u s  u s i n g  0 . 3  g .  o f  p l a t i n u m  ox ide  a s  

the  o a t a l y s t .  This  was done i n  o r d e r  to  o b t a i n  the  c a r v o -  

menthene h y d r o x y a o e t a t e s  f o r  GLPC a n a l y s i s  s i n c e  the  l im o ­

nene h y d r o x y a c e t a t e s  were h e ld  on th e  s u b s t r a t e .  The
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carvom enthene  h y d r o x y a c e t a t e s  were o b t a i n e d  by rem o v ing

th e  c a t a l y s t  by f i l t r a t i o n  and e v a p o r a t i n g  th e  s o l v e n t

und e r  r e d u c e d  p r e s s u r e .  The carvom enthene  h y d r o x y a o e t a t e s  
ZS

(400 m g . ) ,  n^, 1 .4 5 9 6 ,  were a n a l y z e d  by GLPG. A n a l y s i s  i n ­

d i c a t e d  the  h y d r o x y a c e t a t e s  to  be 90$ 2 - a c e t o x y - l - h y d r o x y -  

jc-menthane ( 1 -h y d ro x y -n e o c a rv o m e n th y l  a c e t a t e )  and 10$

1 - a c e t o x y - 2 - h y droxy-jo-menthane ( 1 - a c e t o x y - n e o i s o c a r v o m e n -  

t h o l ) • An a u t h e n t i c  sample o f  1 - h y d r o x y - n e o c a r v o m e n th y l  

a c e t a t e  was u s e d  as a n  i n t e r n a l  s t a n d a r d .  T h is  i n d i c a t e d  

t h a t  the  h y d r o x y a c e t a t e s  i n i t i a l l y  formed were 90$ 1 -h y -  

d r o x y - n e o d i h y d r o c a r v e y l  a c e t a t e  (LXX) and 10$ 1 - a c e t o x y -  

n e o i s o d i h y d r o c a r v e o l  (LXXI)•

R e a c t i o n  o f  p e r a o l d  d - l im o nene  monoxide w i t h  g l a c i a l

a c e t i c  a c i d  -  sodium a c e t a t e . 7 6 . 0  g .  o f  p e r a c i d  d - l im o -
z s  %s

nene m onoxide ,  n_p 1 .4 6 5 4 ,  ° \ d+5 9 . 20' , was added to  a s o l u ­

t i o n  o f  4 1 . 0  g .  sodium a c e t a t e  i n  500 g. g l a c i a l  a c e t i o  

a c i d ,  w i t h  s t i r r i n g .  The t e m p e r a tu re  r o s e  to  a p p r o x i m a t e l y  

37° b u t  was c o o le d  to  27° and th e  r e a c t i o n  m ix t u r e  was 

s t i r r e d  a t  t h i s  t e m p e r a t u r e  f o r  a p e r i o d  o f  68 h o u r s .  The 

r e a c t i o n  m ix tu r e  was p o u red  i n t o  a p p r o x i m a t e l y  2000 m l .  o f  

w a te r  and e x t r a c t e d  s e v e n  t im e s  w i t h  7 5 m l .  p o r t i o n s  o f  

e t h e r .  The e t h e r e a l  s o l u t i o n  was n e u t r a l i z e d  w i t h  a s a t u ­

r a t e d  sodium b i c a r b o n a t e  s o l u t i o n ,  washed w i t h  75  m l .  o f  

w a te r  and d r i e d  over  a nhydrous  sodium s u l f a t e .  The s o l v e n t  

was removed u n d e r  r e d u c e d  p r e s s u r e  and th e  l im onene
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h y d r o x y a o e t a t e s  d i s t i l l e d  over  a r a n g e  1 32-138° /7  mm. to

g ive  9 6 .0  g .  ( 9 0 .5 $ )  o f  m a t e r i a l ,  1 .47  42 ,  °<d^ -5 3 .60°

( n e a t ) .  H y d ro g e n a t io n  o f  a  s m a l l  p o r t i o n  i n  e t h y l  a c e t a t e ,

a s  d e s c r i b e d  p r e v i o u s l y ,  and a n a l y s i s  by GLPC i n d i c a t e d

t h a t  th e  o r i g i n a l  h y d r o x y a o e t a t e  c o n s i s t e d  o f  4 6 .4 $  1 - h y -

d r o x y - n e o d i h y d r o c a r v e y l  a c e t a t e  (LXX), 5 .1 $  1 - a o e t o x y - n e o -

i s o d i h y d r o c a r v e o l  (LXXI) and 4 8 .5 $  o f  1 - a c e t o x y - n e o d i h y d r o -

c a r v e o l  (L X X II I ) .

P y r o l y s i s  o f  mixed l imonene h y d r o x y a c e t a t e s . 9 0 .0  g .

o f  mixed l im onene  h y d r o x y a c e t a t e s ,  b . p .  1 1 4 ° /3  mm.,
Z S  Z S

n^, 1.47 50,  5 6 .8 0 °  ( n e a t ) ,  p r e p a r e d  as  above from p e r a c i d

l imonene monoxide ,  was p y r o l y z e d  a t  3 7 0 ° .  The e s t e r  was 

dropped on the  p y r o l y s i s  column a t  a  r a t e  o f  1 d ro p /2 7  s e o -  

o n d s .  The p y r o l y s a t e  was t a k e n  up i n  e t h e r  and washed w i t h  

a  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  u n t i l  n e u t r a l i z e d  

and th e n  washed once w i t h  a  50 m l .  p o r t i o n  o f  w a t e r .  The 

s o l v e n t  was removed u n d e r  r e d u c e d  p r e s s u r e  and th e  p y r o l y ­

s a t e  d i s t i l l e d  o v e r  a  s im p le  c o l d  f i n g e r  d i s t i l l i n g  head  

u n de r  r e d u c e d  p r e s s u r e .  Two main f r a c t i o n s  were c o l l e c t e d ;  

( 1 ) .  b . p .  8 5 - 1 2 6 ° / 6 - 8  mm. (32 g . )  and ( 2 ) .  1 2 6 -1 3 0 ° /6  mm. 

(35 g . ) .  A n a l y s i s  o f  the  f i r s t  f r a c t i o n  by GLPC i n d i c a t e d  

t h a t  t h e r e  were f i v e  components ( s e e  Table  I ) . F r a c t i o n a ­

t i o n  o f  th e  f i r s t  c u t  o v e r  a  3 - f t .  s p i n n i n g  band column

y i e l d e d  the  f i r s t  two components as  a s i n g l e  f r a c t i o n ,
Z S  Z 5

b . p .  8 5 - 8 7 ° / 8  mm., n^, 1 .4 7 1 4 ,  °^,+ 2 1 . 80° ( n e a t ) ,  i d e n t i f i e d
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as  a m ix tu re  o f  l s o d ih y d ro c a rv o n e  and d ih y d ro c a rv o n e  (XXXI) 

by I t s  s e m ic a rb a z o n e ,  m .p .  189° and i t s  2 , 4 - d i n i t r o p h e n y l -  

h y d ra z o n e ,  m .p .  147-149°  ( L i t .  ( 1 9 5 ) :  n^° 1 .4 7 1 7 ,  ^ - 1 7 . 7 5 ° ,  

d 0 .9 2 8 ,  s e m ica rbazon e  m .p .  189-191° ,  f o r  1 - i s o m e r s ) .  The 

i n f r a r e d  spec t rum  and GLPC r e t e n t i o n  t im es  were i d e n t i c a l  

to  t h a t  o f  an  a u t h e n t i c  sam p le .  A n a l . C a l c u l a t e d  f o r  

C,o H|6 0:  C, 7 8 .8 9 $ ;  H, 1 0 .5 9 # .  Pound: C, 7 8 .7 7 # ;  H, 10 .92# .  

The t h i r d  component,  b . p .  1 0 2 ° / l 0  mm., r i j S1 .4 9 2 5 ,  8 2 .0 0 °

( n e a t ) ,  gave a 3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  6 9 - 6 9 . 5 ° .  The 

p h y s i c a l  c o n s t a n t s  and i n f r a r e d  sp e c t ru m  i n d i c a t e d  t h a t  

t h i s  was i d e n t i c a l  w i t h  the  Tle l s ” -1 (7  ) , 8 - p - m e n t h a d i e n e - 2 - o l

i s o l a t e d  by Naves and Grampoloff  ( L i t .  ( 8 7 ) :  b . p .  7 1 - 7 2 ° / 3
Zo 2.0 r  i

mm., d„j. 0 .9 4 5 7 ,  n a 1 .4 9 5 5 ,  L0̂ J.JJ+ 94• 3 ° ,  3 , 5 - d i n i t r o b e n z o a t e

m .p .  6 9 - 6 9 . 5 ° ) .  A n a l . C a l c u l a t e d  f o r  C| o H,fa0 :  C, 7 8 .8 9 # ;

H, 1 0 .5 9 # .  Pound:  C, 78 .67#; :  H, 1 0 .8 6 # .  H y d ro g e n a t io n  o f

a  1 .0  g .  p o r t i o n  o f  t h i s  a l c o h o l  i n  25 m l .  o f  e t h y l  a c e t a t e

w i t h  0 . 1  g .  p l a t i n u m  o x id e  o a t a l y s t  a t  60 p . s . i .  on the

P a a r  h y d r o g e n a t i o n  s h a k e r  gave a 1 .0  g .  m ix t u r e  o f  2 4 .5 #

n e o o a rvom en tho l  and  7 5 .5 #  l s o c a rv o m en th o l  a s  a n a l y z e d  by

GLPC u s i n g  a u t h e n t i c  sam ples  a s  i n t e r n a l  s t a n d a r d s .  The

h y d r o g e n a t io n  p r o d u c t  was d i s t i l l e d  over  a m o d i f i e d  Hickman
Z S  z s

s t i l l  to  y i e l d  a c a rv o m e n th o l  sam ple ,  n ^  1 .4 6 3 0 ,  0^ + 2 1 . 0 6 ° .  

P r e p a r a t i o n  o f  th e  3 , 5 - d i n i t r o b e n z o a t e  by means o f  the  a o i d  

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

111°, c o r r e s p o n d i n g  to  t h a t  o f  i s o o a r v o m e n th o l .  ( L i t .  ( 1 9 6 ) :
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m .p .  1110 ) .  The p y r o l y s i s  p r o d u c t  was th u s  i d e n t i f i e d  as

d - t r a n s - 1 ( 7 ) , 8 - p - m s n t h a d i e n e - 2 - o l  ( d - t r a n s - l s o o a r v e o l )
z$

( V i c ) .  The f o u r t h  component,  b . p .  1 0 6 ° / l 0  mm., n-p 1 .4 9 3 4 ,  
IS

<*£-181.80 ( n e a t )  was i d e n t i f i e d  as  1 - t r a n s - c a r v e o l  (VIb) 

( L i t .  ( 1 9 5 ) :  b . p .  1 0 2 .2 - 1 0 2 . 4 ° / l 0  mm., n *  1 .4 9 4 2 ,

M :I)+ 21306 f o r  d - l s o m e r ) .  A n a l . C a l c u l a t e d  f o r  C,o H,fo0 :

C, 7 8 .8 9 $ ;  H, 1 0 .5 9 $ .  Found:  C, 7 8 .9 6 $ ;  H, 1 0 .8 0 $ .  This  

a l c o h o l  gave a  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  111° ( L i t .  (1 9 5 ) :  

m .p .  1 1 1 . 5 ° ) .  The 1 - t r a n s - c a r v e o l  gave 63$ n e o o a rv o m en th o l  

and 37$ I s o c a rv o m en th o l  on h y d r o g e n a t io n  I n  e t h y l  a c e t a t e  

as  d e s c r i b e d  f o r  t r a n s - l s o o a r v e o l .  A n a l y s i s  was done by 

GLPC u s i n g  a u t h e n t i c  samples  a s  i n t e r n a l  s t a n d a r d s .  The 

f i f t h  component,  b . p .  108°/ l O  mm. was i d e n t i f i e d  by GLPC 

and i t s  i n f r a r e d  sp e c t ru m  a s  impure o i s - o a r v e o l  (Via)  by 

c o m p a r iso n  w i t h  an a u t h e n t i c  sa m p le .  P y r o l y s e s  a t  342° ,  

396° ,  436° and 450° were c a r r i e d  o u t  i n  a s i m i l a r  m an n e r .  

The r e s u l t s  a r e  t a b u l a t e d  I n  Table  I .

The s e co n d  f r a c t i o n  from the  orude d i s t i l l a t i o n  was 

t r a n s - 2 - a c e to x y - 1 - h y d r o x y - 8 - p - m e n th e n e  ( 1 - h y d r o x y - n e o d ih y -  

d r o c a r v e y l  a c e t a t e )  (LXX). R e d l s t i l l a t l o n  gave a  pure  

f r a c t i o n ,  b . p .  1 4 3 ° / l 0  mm., 1 .47  2 8, <*£+7 3 .5 0 °  ( n e a t ) .

This  h y d r o x y a c e t a t e  formed a 3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  161- 

1 62 ° .  A n a l .  C a l c u l a t e d  f o r  C ^ H ^ C )3 : C, 67 .  89$;  H, 9 . 5 0 $ .  

Found:  C, 6 7 .6 3 $ ;  H, 9 .5 6 $ .

L iq u i d  phase  p y r o l y s i s  o f  mixed l imonene h yd ro x y -
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a c e t a t e s . 25 g .  o f  a m ix tu r e  o f  l imonene h y d r o x y a o e t a t e s

was d i s t i l l e d  over  a 3 - f t .  s p i n n i n g  band column u nd e r  

n i t r o g e n  a t  a tm o s p h e r i c  p r e s s u r e .  The c rude  p y r o l y s a t e ,  

b . p .  7 0 -2 2 0 ° ,  was a n a l y z e d  by GLPC and  n e g l e c t i n g  t h e  a c e ­

t i c  a c i d  fo rm ed ,  the  r e a c t i o n  m ix t u r e  c o n s i s t e d  o f  40$ d i -  

h y d ro c a rv o n e ,  40$ 2 , 8 - p - m e n t h a d i e n - l - o l  and 20$ c a r v e o l s .  

The h y d r o x y a c e t a t e  p y r o l y z e d  was n o t  a n a l y z e d  p r i o r  to  i t s  

p y r o l y s i s  and th u s  the  c o m p o s i t i o n  was n o t  n e c e s s a r i l y  the  

same as  r e p o r t e d  f o r  th e  l imonene h y d r o x y a c e t a t e s  p r e v i ­

o u s l y  d e s c r i b e d .

P r e p a r a t i o n  o f  l - c i s - o a r v e o l  ( V ia ) . 4 5 .0  g .  JL-carvone,
I s  , z s  «  ,n-j, 1 .4 9 6 7 ,  o(d- 5 8 .4 7 °  ( n e a t ) ,  was r e d u o e d  w i t h  l i t h i u m

aluminum h y d r id e  a c o o r d i n g  to  the  p ro c e d u re  o f  R e i t sem a

(171) to  give  4 0 .5  g .  (89$) c rude  1 - c a r v e o l ,  1 .4 9 4 0 ,
1 5

o£jj- 3 2 .4 0 0 ( n e a t )  which  was d i s t i l l e d  to  g ive  39 .9  g .  1-
15 2.5

c a r v e o l ,  n ^  1 .4 9 5 5 ,  <^^,-32.74° ( n e a t )  which  was shown by 

GLPC a n a l y s i s  to  be 9 4 .4 $  1 - o l s - c a r v e o l  and 5 .6 $  1 - t r a n s -  

c a r v e o l .

P y r o l y s i s  o f  d - l - h y d r o x y - n e o d l h y d r o o a r v e y l  a c e t a t e  

( LXX) . P y r o l y s i s  o f  d - 1 - h y d r o x y - n e o d i h y d r o c a r v e y l  a c e t a t e  

( 3 4 .0  g . )  a t  4 5 5 ° ,  the  e s t e r  d ro p p in g  on the  p y r o l y s i s  

column a t  a  r a t e  o f  1 d ro p /3 0  s e c o n d s ,  y i e l d e d  a c rud e  

p y r o l y s a t e  whioh was t a k e n  up i n  200 m l .  e t h e r  and n e u t r a l ­

i z e d  w i t h  a  s a t u r a t e d  sodium b i o a r b o n a t e  s o l u t i o n .  The 

e t h e r e a l  s o l u t i o n  was t h e n  washed w i t h  50 m l .  o f  w a te r  and
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d r i e d  o ve r  anhydrous  sodium s u l f a t e .  The s o l v e n t  was r e ­

moved Tinder r e d u c e d  p r e s s u r e  and the  p y r o l y s a t e  d i s t i l l e d  

to  g ive  21 g .  (8 6 .5 $ )  o f  c rude  d - t r a n s - 2 , 8 - p - m e n t h a d l e n - l -  

o l  (Xa) ,  b . p .  9 0 - 1 0 1 ° / l 0  mm., n^f 1 .4 8 3 8 ,  <>4+41.62° ( n e a t ) .  

F r a c t i o n a t i o n  o v e r  a 3 - f t .  s p i n n i n g  hand column y i e l d e d  a 

c u t ,  b . p .  8 1 -8 3 ° /7  mm., n*^ 1 .4 8 2 6 ,  o l^  + 46 .7 0°  ( n e a t )  ( L i t .  

(8 7 ,1 7 2 ) : :  b . p .  6 8 - 6 9 ° / 3  mm., d ^ ° 0 .9 4 2 9 ,  n^0 1 .4 9 0 0 ,  

W * + 6 8 . 9 ° ) .  A n a l . C a l c u l a t e d  f o r  Clo H,fa0 :  C, 7 8 , 8 9 $ ;  H, 

1 0 .5 9 $ .  Found:  C, 7 9 .0 6 $ ;  H, 1 0 . 7 5 $ .  The i n f r a r e d  s p e c ­

trum c o r r e s p o n d e d  to  t h a t  r e p o r t e d  ( 8 7 ) .  H y d r o g e n a t io n  by 

the  p r o c e d u r e  p r e v i o u s l y  d e s c r i b e d  f o r  t r a n s - l s o o a r v e o l ,

gave t r a n s - p - m e n t h a n - l - o l ,  w hich  was p u r i f i e d  by d i s t i l l a -
2 4t i o n  o v e r  a m o d i f i e d  Hickman s t i l l  to  g ive  2 . 3  g . ,  n ^  1.4564 

* * + 0 .8 3 °  ( n e a t )  ( L i t .  ( 8 7 ) :  b . p .  6 7 - 6 8 ° / 3  mm., n * °  1 .4 6 0 0 ,
ZO n  .oCjj+O.020 ) . The t r  a n s -  p-men t h a n - 1-  o 1 gave a  3 , 5 - d i n i t r o -  

b a n z o a t e ,  m .p .  82 -83°  ( L i t .  ( 8 7 ) :  m .p .  8 3 - 8 3 . 5 ° ) .  The 

i n f r a r e d  sp e c t ru m  o f  the  t r a n s - p - m e n t h a n - 1 - o 1 was i d e n t i c a l  

to  t h a t  r e p o r t e d  ( 8 7 ) .  A n a l y s i s  by GLPC showed t h i s  a l c o ­

h o l  to  be b e t t e r  th a n  95$ p u r e .

O x i d a t i o n  o f  1 - t r a n s - c a r v e o l . 3 .0 0  g .  o f  1 - t r a n s - o a r -  

v e o l ,  from th e  p y r o l y s i s  o f  1 - a c e t o x y - n e o d i h y d r o c a r v e o l ,  

was s l o w l y  d ropped  i n t o  a  s o l u t i o n  o f  4 .0 0  g .  ohromio a n ­

h y d r id e  i n  a s o l u t i o n  o f  10 m l .  a o e t o n e ,  25 m l .  w a te r  and 

5 m l .  e t h e r  which had been  p r e o o o l e d  to  1 0 ° .  The a d d i t i o n  

r a t e  was su c h  t h a t  the  t e m p e r a t u r e  n e v e r  r o s e  above 1 5 ° .
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The r e a c t i o n  was t h e n  s t i r r e d ,  a t  15° ,  f o r  a  p e r i o d  o f  10 

h o u r s .  The e t h e r  l a y e r  was s e p a r a t e d  and the  aqueous 

phase  e x t r a c t e d  t h r e e  t im es  w i t h  25 m l .  e t h e r .  The e t h e ­

r e a l  l a y e r s  were combined and washed w i t h  25 m l .  p o r t i o n s  

o f  w a t e r ,  sodium b i c a r b o n a t e  and w a t e r  a g a i n .  The e t h e r e a l  

l a y e r  was d r i e d  over  anhydrous  sodium s u l f a t e .  The s o l v e n t  

was removed u n d e r  r e d u c e d  p r e s s u r e  to  y i e l d  2 .6 0  g. o f  a 

y e l lo w  o i l  whioh was shown by GLPC a n a l y s i s  to  be a m ix t u r e  

o f  61$ c a rv o n e ,  32$ t r a n s - c a r v e o l  and 7$  c l s - o a r v e o l .  The 

carvone  had an  u l t r a v i o l e t  Xmax a t  235 y c a n d  gave a  2 , 4 -  

d i n i t r o p h e n y l h y d r a z o n e , m .p .  186° ( L i t .  ( 1 9 5 ) :  m .p .  1 8 9 ° ) .  

The y i e l d  o f  ca rvone  (1 .57  g . ) ,  b a se d  on the  p e r c e n t  c a r -  

v e o l  r e a c t e d ,  was 7 9 $ .

d - c l s - l i m o n e n e  monoxide ( V i l l a ) . 2 1 .2  g .  o f  1-hydroxy-

n e o d ih y d r o o a r v e y l  a c e t a t e  was added to  a s o l u t i o n  o f  1 2 .0  g, 

menthane s u l f o n y l  o h l o r i d e  i n  45 m l .  o f  d ry  p y r i d i n e  a t  15° 

and the  r e a c t i o n  v e s s e l  s e a l e d .  The t e m p e r a tu re  was 

a l l o w e d  to  r i s e  to  25° and th e  r e a c t i o n  s t i r r e d  f o r  58 

h o u r s .  The r e a o t i o n  m ix tu r e  was t h e n  p ou red  i n t o  a c r a o k e d  

i c e  -  h y d r o o h l o r l c  a c i d  s o l u t i o n  and e x t r a c t e d  t h r e e  t im es  

w i t h  50 m l .  p o r t i o n s  o f  e t h e r .  The e t h e r e a l  l a y e r  was th e n  

washed once w i t h  50 m l .  o f  a s a t u r a t e d  sodium b i o a r b o n a t e  

s o l u t i o n  and one t ime w i t h  a 50 m l .  p o r t i o n  o f  w a t e r .  The 

e t h e r e a l  l a y e r  was d r i e d  o v e r  anhydrous  sodium s u l f a t e .

The s o l v e n t  was removed un d e r  r e d u c e d  p r e s s u r e  to  y i e l d
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2 4 .5  g .  o f  c rude  t r a n s - l - m e s y l - 2 - a c e t o x y - 8 - p - m e n t h e n e  

(LXXII),  n ^ 31.47 87, * * - 7  .38°  ( n e a t ) .  2 0 .0  g .  o f  th e  c rude  

m e s y la te  was added to  a s o l u t i o n  o f  1 2 .0  g .  p o s t a s s i u m  

h y d ro x id e  i n  100 m l .  o f  7 5$ m e th a n o l .  The r e a c t i o n  was 

s t i r r e d  f o r  48 h o u rs  a t  room t e m p e r a t u r e .  The r e a c t i o n  

m ix tu r e  was th e n  poured  i n t o  700 m l .  o f  w a te r  and e x t r a c t e d  

f o u r  t im e s  w i t h  50 m l .  p o r t i o n s  o f  e t h e r .  The e t h e r e a l  

p o r t i o n s  were washed tw ice  w i th  50 m l .  p o r t i o n s  o f  w a te r  

and d r i e d  ove r  anhydrous  sodium s u l f a t e .  The s o l v e n t  was 

removed u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  a  l i q u i d  which  

o o n t a i n e d  c r y s t a l l i n e  m a t e r i a l .  50 m l .  o f  p e n ta n e  was 

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

c r y s t a l s  were f i l t e r e d  and the  p en tane  removed from the 

l i q u i d  p o r t i o n  un d e r  r e d u c e d  p r e s s u r e .  The c r y s t a l s ,

(2 .1 0  g . ) ,  m .p .  5 5 -5 7 ° ,  were r e c r y s t a l l i z e d  from a benzene -  

p e n ta n e  s o l u t i o n  to  g ive  n e o l i m o n e n e - l , 2 - d i o l  (1 8 $ ) ,  m .p .  

6 8 -6 9 ° ,  i d e n t i c a l  w i t h  a n  a u t h e n t i c  s a m p le .  No m e l t i n g  

p o i n t  d e p r e s s i o n  o c c u r r e d  on a d m ix tu re  and th e  i n f r a r e d  

s p e c t r a  were i d e n t i c a l .  D i s t i l l a t i o n  o f  the  l i q u i d  on a 

m icroware  d i s t i l l a t i o n  head  e q u ip p e d  w i th  a 5 - i n .  v i g r e a u x  

oolumn gave 3 .10  g .  d - c l s - l im o n en e  monoxide ( 2 9 $ ) ,  b . p .  96-
n  / 2 3 .5  2.3.5 ri

98 /2 6  mm., n^  1 .46 8 3 ,  ’ + 36 .00  ( n e a t ) ,  and  4 .0 0  g .  o f

mixed t r a n s - c a r v e o l  and t r a n s - l s o c a r v e o l  (3 8 $ ) ,  b . p .  96- 

1 1 5 ° / l 0  mm., n^p’5 1 .4 8 9 4 ,  +11 9 .0 0 °  ( n e a t ) .  The l imonene

monoxide and o a r v e o l s  were i d e n t i f i e d  by GLPC and t h e i r
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i n f r a r e d  s p e c t r a  compared to  p e r a c i d  l imonene  monoxide and

a u t h e n t i c  sam ples  o f  the  c a r v e o l s .  1 .0  g .  o f  d - c l s - l l m o -

nene monoxide was h y d r a t e d  i n  10 m l .  o f  1% s u l f u r i c  a c i d

to  y i e l d  n e o l im o n e n e - 1 . 2 - d l o l  d i h y d r a t e  w hich  upon l o s s  o f

the  w a te r  o f  h y d r a t i o n  and r e c r y s t a l l i z a t i o n  from benzene -
o  r  Op e n ta n e  gave d - n e o l i m o n e n e - l , 2 - d i o l ,  m .p .  7 0 -7 1  , [<*J^+53 

( a c e t o n e ) .

R e a c t i o n  o f  d - c i s - l i m o n e n e  monoxide w i t h  g l a c i a l  

a c e t i c  a c i d  -  sodium a c e t a t e . 600 mg. o f  d - c l s - l lm o n en e  

monoxide was mixed w i t h  10 m l .  o f  g l a c i a l  a c e t i c  a c i d  and 

1 .0  g .  sodium a c e t a t e  and the  r e a c t i o n  m ix t u r e  was a l l o w e d  

to  s t i r  f o r  48 h o u r s .  The r e a c t i o n  m ix t u r e  was th en  p o u red  

i n t o  50 m l .  o f  w a te r  and e x t r a c t e d  s e v e n  t im es  w i t h  10 m l .  

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

washed w i th  a s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  u n t i l  

n e u t r a l  and t h e n  w i t h  a 40 m l .  p o r t i o n  o f  w a t e r .  The e t h y l  

a c e t a t e  l a y e r  was d r i e d  o v e r  anhydrous  sodium s u l f a t e .  

H y d ro g e n a t io n ,  a s  was d e s c r i b e d  f o r  the  h y d r o x y a c e t a t e s  

formed from t r a n s - l im o n e n e  monoxide ,  y i e l d e d  a hydroxy­

aoe t a t e  t h a t  was shown to  be a t  l e a s t  95$ p u re  by GLPC and 

was i d e n t i f i e d  as  th e  1 -a c e to x y - 2 - h y d r o x y - £ - m e n th a n e  (1 -  

a c e t o x y - n e o oarvom entho1) i n d i c a t i n g  t h e  l imonene  hydroxy­

a c e t a t e  to  be 1 - a c e t o x y - n e o d i h y d r o c a r v e o l  (L X X II I ) . I d e n ­

t i f i c a t i o n  was made by use  o f  i n t e r n a l  s t a n d a r d s  which had  

been  i d e n t i f i e d  by t h e i r  p y r o l y s i s  p r o d u c t s .  An a t t e m p t  to
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p r e p a r e  th e  3 , 5 - d i n i t r o b e n z o a t e  of- the  1 - a c e t o x y - n e o o a r v o -  

m en th o l  was u n s u c c e s s f u l .

Carvomenthene  o x id e s  (XIV). 1 5 ,2  g .  (0 .1 0  mole) o f
*25

p e r a c i d  l imonene monoxide ,  b . p .  9 2 -9 4 ° ,  n ^  1 .4 6 5 4 ,
XS  0

O<a)+ 5 9 .2 0  ( n e a t )  was p l a c e d  i n  250 m l .  o f  e t h y l  a c e t a t e  

w i t h  0 . 5  g .  o f  p l a t i n u m  o x id e  and  h y d r o g e n a te d  a t  60 p . s . i .  

on th e  P a a r  h y d r o g e n a t io n  a p p a r a t u s .  When an 8 p . s . i .  

p r e s s u r e  drop  had o c c u r r e d  ( c o r r e s p o n d i n g  to  a  0 .1 0  mole 

a b s o r b t i o n  o f  h y d r o g e n ) ,  th e  h y d r o g e n a t io n  was s t o p p e d .

The c a t a l y s t  was removed by f i l t r a t i o n  and th e  s o l v e n t  

e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f  the  

ca rvom enthene  o x id e s  p r o d u c e d ,  gave a  n e a r l y  q u a n t i t a t i v e  

y i e l d  o f  e p o x id e ,  b . p .  7 2 - 7 5 ° / l 0  mm., n^5 1 .5 4 0 4 ,  5 1 .4 6 °

( n e a t )  . This  c o r r e s p o n d e d  to  an  a p p r o x i m a t e ly  1 : 1 r a t i o  

o f  o l s -  and t r a n s -ca rv o m en th en e  o x i d e ,  s i n c e  the  r a t i o  o f  

th e  l im onene  monoxides was known.

R e a c t i o n  o f  the  ca rvom enthene  o x id e s  w i th  g l a c i a l  

a c e t i c  a c i d  -  sodium a c e t a t e . 7 7 . 0  g .  o f  p e r a c i d  c a r v o ­

menthene o x i d e ,  from th e  h y d r o g e n a t i o n  o f  p e r a c i d  l im onene  

monoxide a b o v e ,  was added to  a  s o l u t i o n  o f  4 1 .0  g .  sodium 

a c e t a t e  i n  350 m l .  g l a c i a l  a c e t i c  a c i d  and th e  r e s u l t a n t  

s o l u t i o n  s t i r r e d  f o r  a  p e r i o d  o f  68 h o u r s  a t  room tem p era ­

t u r e .  The r e a c t i o n  m ix t u r e  was pou red  i n t o  1500 m l .  o f  

w a te r  and e x t r a c t e d  se v e n  t im e s  w i t h  50-75 m l .  p o r t i o n s  o f  

e t h e r .  The e t h e r e a l  l a y e r s  were combined and n e u t r a l i z e d
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w i t h  a s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n .  The n e u t r a l ­

i z e d  e t h e r e a l  l a y e r  was washed tw ice  w i t h  100 m l .  p o r t i o n s  

o f  w a te r  and d r i e d  o v e r  anhydrous  sodium s u l f a t e .  The 

e t h e r  was removed u n d e r  vacuo and th e  c rude  h y d r o x y a c e t a t e s  

d i s t i l l e d  over  a s im p le  c o l d  f i n g e r  s t i l l  to  g ive  91 .2  g .  

(86$) o f  mixed h y d r o x y a c e t a t e s ,  b . p .  120-136° /7  mm. (m a in ly  

133-135° /7  mm.), n ^  1 . 4 6 2 9 , ^  + 5 6 .8 0 °  ( n e a t ) .  A n a l y s i s  by 

GLPC showed the  h y d r o x y a c e t a t e  m ix tu r e  to  c o n s i s t  o f  4 6 .5 $  

1 - h y d ro x y -n eo c a rv o m e n th y l  a c e t a t e  (LXXVII), 5 .3 $  1 - a c e t o x y -  

n e o l s o c a rv o m en th o l  (LXXVI) and 4 8 .2 $  o f  1 - a c e t o x y - n e o c a r v o -  

m en th o l  (LXXV). As t h i s  was e s s e n t i a l l y  the  same r a t i o  a s  

was o b t a i n e d  upon h y d r o g e n a t io n  o f  th e  mixed l imonene 

h y d r o x y a c e t a t e s ,  a  second  method o f  p r e p a r a t i o n  was 

a f f o r d e d .

P y r o l y s i s  o f  mixed carvomenthene  h y d r o x y a c e t a t e s .

240 g .  o f  a mixed carvom enthene  h y d r o x y a c e t a t e  f r a c t i o n ,
-13 -13

b . p .  1 4 0 - 1 4 1 ° / l0  mm., n-j 1 . 4 6 1 6 , +  57 .80°  ( n e a t ) ,  p r e p a r e d  

by h y d r o g e n a t i o n  o f  the  l imonene h y d r o x y a c e t a t e s ,  was 

p y r o ly z e d  a t  3 9 2 ° .  The e s t e r  was d ropped  on the  p y r o l y s i s  

column a t  a r a t e  o f  1 d rop /27  s e c o n d s .  The p y r o l y s a t e  was 

t a k e n  up i n  e t h e r  and n e u t r a l i z e d  w i t h  a s a t u r a t e d  sodium 

b i c a r b o n a t e  s o l u t i o n .  The e t h e r  l a y e r  was th e n  washed w i t h  

two 50 m l .  p o r t i o n s  o f  w a te r  and d r i e d  o v e r  anhydrous  

sodium s u l f a t e .  The e t h e r  was removed u n d e r  r e d u c e d  p r e s ­

s u r e  and the  p y r o l y s a t e  d i s t i l l e d  o v e r  a s im p le  c o ld  f i n g e r
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d i s t i l l i n g  head to  g ive  two f r a c t i o n s ;  ( 1 ) .  b . p .  8 7 - 1 3 0 ° /6 -  

7 mm. (86 g . )  and ( 2 ) .  b . p .  13 2 -1 3 5 ° /8  mm (98 g . ) .  A na ly ­

s i s  o f  the  f i r s t  c u t  by GLPC i n d i c a t e d  the  p r e s e n c e  o f  a t  

l e a s t  s i x  c o n s t i t u e n t s  ( se e  Table  I I ) .  F r a c t i o n a l  d i s t i l ­

l a t i o n  o f  the  f i r s t  c u t  o v e r  a 3 - f t .  s p i n n i n g  band column 

i n i t i a l l y  y i e l d e d  a f r a c t i o n ,  b . p .  57 - 7 0 ° / 4  mm. which was 

s u b s e q u e n t l y  shown to  be Impure 2 - jD -m e n th e n - l -o l  by GLPC 

u s i n g  an a u t h e n t i c  sample as  an i n t e r n a l  s t a n d a r d .  The
O /  Of i r s t  m ajo r  component,  b . p .  72 / 4  mm., n ^  1 . 4 5 9 6 , + 1 4 . 6 0  

( n e a t )  c o r r e s p o n d e d  to  a m ix tu r e  o f  d - l s o carvomenthone  and 

d -carvom enthone  (XXVIII) .  A n a l . C a l c u l a t e d  f o r  C| 0 HlgO:

C, 77 . 87$; H, 1 1 .7 6 $ .  Found:  C, 7 7 .2 9 $ ;  H, 1 1 .5 6 $ .  This  

component was i d e n t i f i e d  by GLPC and i t s  i n f r a r e d  sp e c t ru m  

compared to  an  a u t h e n t i c  s a m p le .  The ke tone  formed a sem i-
30 30

c a r b a z o n e ,  m .p .  17 6 - 1 7 7 ° ,  ( L i t .  ( 1 9 5 ) :  n v  1 .4 5 3 1 ,  d 3o0 .900 ,  
o

j j - 9 .3 3  , f o r  the  JL-isomer) . The t h i r d  component,  b . p .  

9 8 - 1 0 0 ° / l0  mm., njj 1 .47 65 ,  °<3)+ 62 .910 ( n e a t )  was i d e n t i f i e d  

as  the  p r e v i o u s l y  u n r e p o r t e d  d - t r a n s - l ( 7 ) -p -m en t h e n - 2 - o l  

(d - t r a n s - i s o o a r v o t a n a c e t o l )  ( X I I I c ) .  The a l c o h o l  gave a

3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  8 0 . 5 - 8 1 . 5 ° .  The i n f r a r e d  s p e c ­

trum w i t h  a b s o r b t i o n s  a t  3 .2 5  and 6 .0 3  m ic ro n s  was i n d i c a ­

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

C , 0 h i 8  0 :  C, 77 . 87$; H, 11.7  6$ .  Found: C, 7 7 . 2 2 $ ;  H, 11 .94$ .  

H y d ro g e n a t io n ,  a s  d e s c r i b e d  f o r  t r a n s - l s o o a r v e o l ,  gave 25$ 

neoc a rv o m en th o l  and 75$ l s o c a rv o m e n th o l .  a s  i n d i c a t e d  by
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GLPC a n a l y s i s  u s i n g  a u t h e n t i c  sam ples  as  i n t e r n a l  s t a n d a r d s .

The f o u r t h  component,  b . p .  1 0 1 - 1 0 2 ° / l 0  mm., n ^ ’ 1 .4 7 7 2 ,
23 JS q

^ 3, - 1 6 4 .8 0  ( n e a t ) ,  c o r r e s p o n d e d  to  1-  t r  ans -  c a r  vo t  anac e to  1 

( X l l l a )  and formed a  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  115° ,  ( L i t .  

( 1 9 6 ) :  b . p .  1 0 1 ° /1 3  mm., n ^  1 .4 8 0 0 ,  [c<]^+100.5°;  ( 1 9 7 ) :

3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  1 0 9 - 1 1 0 ° ) .  A n a l . C a l c u l a t e d  f o r  

C (oH |9 0 :  C, 7 7 . 8 7 $ ;  H, 1 1 .7 6 $ .  Po un d :  C, 7 7 . 8 6 $ ;  H, 11.98$. 

H y d r o g e n a t io n ,  as  d e s c r i b e d  p r e v i o u s l y  f o r  t r a n s - l s o o a r -  

v e o l ,  gave 64$ n e o c a rv o m e n th o l  and 36$ i s o c a r v o m e n th o l .  

A n a ly s i s  was done by GLPC u s i n g  a u t h e n t i c  samples as  I n ­

t e r n a l  s t a n d a r d s .  The l a s t  component o f  th e  p y r o l y s a t e  was 

assumed to  be o i s - c a r v o t a n a c e t o l  ( X U I b ) ,  by a n a lo g y  w i t h  

the  p y r o l y s i s  o f  the  l imonene h y d r o x y a c e t a t e s ,  a l t h o u g h  i t  

was n o t  i s o l a t e d .  S i m i l a r  p y r o l y s e s  o f  the  1 - a c e t o x y -  

c a rv o m en th o ls  a t  37 5° and 400° a r e  t a b u l a t e d  i n  T ab le  I I .  

The se co n d  c u t  from the  c ru d e  d i s t i l l a t i o n  o f  the
a  » %,S 2.5 a

p y r o l y s a t e ,  b . p .  132-135 / 8  mm., n ^  1 . 4 6 0 6 , ^ + 7 0 . 9 0  

( n e a t )  c o r r e s p o n d e d  to  1 - h y d ro x y -n e o c a rv o m e n th y l  a c e t a t e  

(LXXVII). T h is  h y d r o x y a c e t a t e  a p p e a r e d  to  be homogeneous 

by GLPC a n a l y s i s .  The h y d r o x y a c e t a t e  formed a 3 , 5 - d i n i t r o ­

b e n z o a te ,  m .p .  1 5 5 - 1 5 5 .5 ° .  I t  was n o t e d  t h a t  f o r  b o t h  the  

l imonene h y d r o x y a c e t a t e s  and the  carvom enthene  hydroxy­

a c e t a t e s ,  t h a t  when the  i n f r a r e d  s p e c t r a  were t a k e n  n e a t ,  

two c a r b o n y l  bands a p p e a re d  a t  5 .7 4  and 5 .7  9 m ic r o n s ,  

whereas  i n  c a r b o n  t e t r a c h l o r i d e  s o l u t i o n  o n ly  a s i n g l e  band
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a t  5 .7 5  m ic rons  o c c u r r e d .  1

d - 1 - h y d r o x y - n e o c a r v o m e n th y l  a c e t a t e  (XXVIII) . 2 . 0  g .

o f  1 - h y d r o x y - n e o d i h y d r o o a r v e y l  a o e t a t e ,  b . p .  1 4 3 ° / l 0  mm., 

r i £  1 .4 7 5 0 ,  o ^ + 7 3 . 5 0 O ( n e a t )  was p l a c e d  i n  100 m l .  e t h y l  

a c e t a t e  w i t h  0 . 5  g .  p l a t i n u m  ox ide  c a t a l y s t  and h y d ro gen ­

a t e d  a t  60 p . s . i .  on the  P a a r  h y d r o g e n a t i o n  a p p a r a t u s .  The 

c a t a l y s t  was removed by f i l t r a t i o n  and the  s o l v e n t  removed 

u n d e r  r e d u c e d  p r e s s u r e .  The c ru d e  h y d r o x y a c e t a t e  was d i s ­

t i l l e d  o v e r  a m o d i f i e d  Hickman s t i l l  t o  y i e l d  2 .0  g .  o f
Zb l b  o

1 - h y d r o x y - neo oarvom enthy  1 a c e t a t e ,  n p  1 .4 5 8 3 ,  ^ ^  + 81 .0 0  

( n e a t ) .  A n a l . C a l c u l a t e d  f o r  C ^ H ^ O ^ :  C, 6 7 .2 5 $ ;  H, 

1 0 .3 5 $ .  Pound:  C, 6 7 .7 2 $ ;  H, 1 0 .4 8 $ .

P y r o l y s i s  o f  1 -h y d ro x y -n e o o a rv o m e n th y l  a c e t a t e .  1 9 .0  

g .  o f  1 - h y d r o x y - n e o o a rv o m e n th y l  a c e t a t e  was p y r o l y z e d  a t  

4 5 0 ° ,  u n d e r  th e  p r e s c r i b e d  p y r o l y s i s  c o n d i t i o n s .  The e s t e r  

was d ro pp ed  on the  p y r o l y s i s  column a t  a r a t e  o f  1 d rop /27  

s e c o n d s .  The c ru d e  p y r o l y s a t e  was t a k e n  up i n  e t h e r  and 

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

The e t h e r e a l  l a y e r  was th e n  washed w i t h  a 50 m l .  p o r t i o n  o f  

w a te r  and  d r i e d  ov e r  anhydrous  sodium s u l f a t e .  The s o l v e n t  

was removed u n d e r  r e d u c e d  p r e s s u r e ,  l e a v i n g  1 1 .3  g .  (84$) 

o f  c ru d e  1 - t r a n s - 2 - p-men t h e n - l - o 1 (XVa). D i s t i l l a t i o n  o v e r  

a  m o d i f i e d  Hickman, s t i l l  gave 8 .7  g .  o f  m a t e r i a l ,  npS 1.4674,  

o<^-13 .02°  ( n e a t )  ( L i t .  ( 2 7 , 2 8 ) :  b . p .  8 5 ° / l 0  mm., n2p l . 4 6 9 8 „  

M p - 1 7 . 2 ° ,  d 0 .9 1 5 ,  f . p .  6 - 8 ° ) .  A n a l . C a l c u l a t e d  f o r
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"c ^ h "4 8 0 s C ,  77 .87$;  ~H, 1 1 . 7  6 $  I Pound :  C ,  78.01$"; H, 1 1 . 6 C $ i  

H y d ro g e n a t io n  o f  2 . 5  g.  1 - t r a n s - 2 - p - m e n t h e n - l - o l ,  "by the  

p ro o ed u re  d e s c r i b e d  f o r  t r a n s - l s o o a r v e o l ,  gave 2 .2  g .  o f  

m a t e r i a l  a f t e r  d i s t i l l a t i o n  over  a m o d i f i e d  Hickman s t i l l ,  

1 .4 5 5 5 ,  o<̂ 3+ 2 .30°  . A n a l y s i s  by GLPC i n d i c a t e d  th e  sample 

c o n t a i n e d  a p p r o x i m a t e ly  5$ i m p u r i t y .  This  t r  a n s -p-m en t h a n -  

l - o l  gave a  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  83° ( L i t .  ( 8 7 ) :  m .p .  

8 3 - 8 3 . 5 ° ) .

L i th iu m  aluminum h y d r id e  r e d u c t i o n  o f  p e r a c i d  l imonene
I Sm onoxide .  4 7 .0  g .  o f  p e r a c i d  l imonene monoxide, n ^  1 .4 6 5 4 ,  

as
°'j)+5 9 .2 0 o ( n e a t )  was dropped i n t o  a s l u r r y  o f  3 .1 0  g .  o f  

l i t h i u m  aluminum h y d r id e  i n  130 g .  o f  d r i e d  d i e t h y l  e t h e r  

w i t h  s t i r r i n g .  The r e a c t i o n  was r e f l u x e d  f o r  36 h o u r s .  

A f t e r  o o o l i n g  to  room t e m p e r a t u r e ,  w a te r  was added d ropw ise  

u n t i l  a  f l o c c u l e n t  p r e c i p i t a t e  fo rm ed .  The p r e c i p i t a t e  was 

f i l t e r e d  and washed w i t h  50 m l .  o f  e t h e r .  The s o l v e n t  was 

removed from the  f i l t r a t e  u n d e r  r e d u c e d  p r e s s u r e  and the  

r e s u l t a n t  p r o d u c t  d i s t i l l e d  ove r  a 3 - f t .  s p i n n i n g  band 

column. A n a l y s i s  o f  the  c rude  p r o d u c t  by GLPC p r i o r  to  

d i s t i l l a t i o n  i n d i o a t e d  two m ajor  components and f o u r  m inor  

com ponen ts .  The p e r c e n t a g e  c o m p o s i t i o n  was d e te rm in e d  to  

be 9$ cL s - l im o n e n e  monoxide, 48$ t r a n s - /g  - t e r p i n e o l .  5$ 

o l s -  ^ - t e r p l n e o l ,  29$ neo d i  hydro c a r  v e o l  and 9$ o f  two u n ­

i d e n t i f i e d  p r o d u c t s .  The p r o d u c t s  were i d e n t i f i e d  by d i s ­

t i l l a t i o n  and I s o l a t i o n .  The f i r s t  component,  b . p .  85-
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9 0 ° / lO  mm., n^3 1 .4 6 5 0 ,  <**i38.50° ( n e a t )  c o r r e s p o n d e d  to  

d - o I s - l im o n en e  m onoxide .  This  was i n d i c a t e d  by GLPC and 

i t s  i n f r a r e d  sp ec t ru m  compared to  a n  a u t h e n t i c  sa m p le .  The
2 3  .jL3seco nd  component,  b . p .  1 0 0 ° / l 0  mm., n ^  1 .4 7 4 0 ,  q ^ + 0 . 0 2 0 

( n e a t ,  s u p e r c o o l e d ) ,  m .p .  31° ,  was t r a n s - / f - t e r p l n e o l  (XVd) 

( L i t .  ( 8 2 ) :  b . p .  9 7 ° / l 7  mm., 1 .4 74 7 ,  d*° 0 .9 1 9 7 ,  m .p .  

3 2 ° ) .  A n a l . C a l c u l a t e d  f o r  C |o H l80 :  C, 7 7 . 8 7 # ;  H, 1 1 .7 6 # .  

Found:  C, 77 .57#;  H, 1 2 .0 9 # .  The t h i r d  component  was 

t e n t a t i v e l y  a s s i g n e d  as  e l s -  j 8 ~ t e r p l n e o l  (XVe), b . p .

1 0 4 , 5 ° / l 0  mm., 1 .47 6 3 ( L i t .  ( 8 2 ) :  b . p .  7 8 ° / l . 5  mm.,
-20 lo  n ,

n ^  1 .47 93, d-^ 0 .9 25 8 )  . The f o u r t h  component,  b . p .  107 / 8
13  13 0

mm., n ^  1 .47 84, ^ j j + 2 9 .6 0  ( n e a t ) ,  was d- n e o d l h y d r o o a r v e o l

(XVc) ( L i t .  ( 1 7 5 ) :  b . p .  96-  9 7 ° /9  mm., d ' 5 0 . 9 3 0 ,  n 4̂  1 .4 8 0 2 ,  

M i - 3 2 .5 °  f o r  th e  1 - i s o m e r ) .  H y d ro g e n a t io n  o f  d - n e o d i -  

h y d r o c a r v e o l ,  as  d e s c r i b e d  f o r  t r a n s - l s o o a r v e o l ,  gave neo -  

ca rv o m en th o l  as  the  o n ly  p r o d u c t .  A n a ly s i s  was by GLPC 

u s i n g  an  a u t h e n t i c  sample  as  an  i n t e r n a l  s t a n d a r d .  S e v e r a l  

o t h e r  u n i d e n t i f i e d  p r o d u c t s  were p r e s e n t  i n  the  f r a c t i o n ,  

b . p .  1 0 8 - l l l ° / 9  mm. 3 6 .3  g .  (74#) o f  d i s t i l l a t e  was ob­

t a i n e d .

R e a c t i o n  o f  p e r a c i d  l imonene monoxide w i t h  sodium

powder i n  b e n z e n e . 152 g .  o f  p e r a c i d  l imonene monoxide,
n /  1 5  , t s  nb . p .  92-94  / 2 0  mm., n p  1 .4 6 4 1 ,  ^ p + 6 0 . 7 5  ( n e a t )  was s lo w ly

added  t o  a  s l u r r y  o f  92 g .  o f  50# sodium powder d i s p e r s i o n

i n  500 m l .  o f  d ry  b e n z e n e .  The r e a c t i o n  became q u i t e  h o t
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and r a n  o u t  o f  c o n t r o l ,  w i t h  t h e  s u b s e q u e n t  l o s s  o f  some 

o f  the  r e a c t i o n  m i x t u r e .  The r e a c t i o n  was t h e n  r e f l u x e d  

f o r  10 h o u r s .  A f t e r  c o o l i n g ,  the  e x c e s s  sodium was r e a o t e d  

w i t h  m e t h a n o l .  The r e a c t i o n  m ix t u r e  was p ou red  i n t o  1000 

m l .  o f  w a te r  and  the  o rg a n ic  phase  s e p a r a t e d .  The aqueous 

phase was e x t r a c t e d  s e v e n  t im e s  w i t h  7 5 m l .  p o r t i o n s  o f  

e t h e r  which  were combined w i t h  the  o r g a n i c  l a y e r .  The 

e t h e r e a l  s o l u t i o n  was then  washed w i t h  150 m l .  p o r t i o n s  o f  

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

w a t e r .  The o r g a n i c  phase  was d r i e d  o v e r  anhydrous  sodium 

s u l f a t e .  The s o l v e n t  was removed u n d e r  r e d u c e d  p r e s s u r e  

and the  r e s u l t a n t  p r o d u c t  d i s t i l l e d .  6 8 .0  g .  o f  d i s t i l l a t e ,  

b . p .  8 4 - 1 2 5 ° /8  mm. and  2 8 .0  g .  o f  p o t  r e s i d u e  were o b t a in e d .  

This  c o r r e s p o n d e d  to  2 9 .5 $  polymer  and m i n e r a l  o i l  and 

7 0 .5 $  d i s t i l l a t e  o f  the  o r g a n i c  m a t e r i a l  r e c o v e r e d .  The 

c rude  d i s t i l l a t e  was th e n  f r a c t i o n a t e d  o v e r  a  3 - f t .  s p i n ­

n i n g  band co lum n.  P r i o r  to  f r a c t i o n a t i o n  the  d i s t i l l a t e  

was a n a l y z e d  by GLPC, t h e  p r o d u c t s  e a c h  b e in g  i n d i v i d u a l l y  

i d e n t i f i e d  by u s e  o f  an  a u t h e n t i c  sample as  an  i n t e r n a l  

s t a n d a r d ,  when a v a i l a b l e .  The a n a l y s i s  showed 7 . 1 $  l im o -  

nene ,  1 .7 $  u n i d e n t i f i e d  h y d r o c a r b o n ,  3 .0 $  l imonene monoxide,  

2 1 .0 $  t r a n s - y f ? - t e r p l n e o l ,  2 3 .0 $  d i h y d r o c a r v o n e ,  4 . 5 $  n e o -  

d i h y d r o c a r v e o l  ( ? ) ,  2 3 .6 $  d i h y d r o c a r v e o l ,  3 .2 $  t r a n s - l s o -  

o a r v e o l  ( ? ) ,  7 . 6 $  u n i d e n t i f i e d  a l c o h o l s  and  5 .3 $  o l s -  

o a r v e o l .  F r a o t i o n a t i o n  a l l o w e d  the  i s o l a t i o n  i n  a r e l a -
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t l v e l y  pure  s t a t e  o f  t r a n s -  / 3 - t e r p l n e o l ,  b . p .  9 9 - 1 0 0 ° / l 0  

mm., 1 .47  36, o '**  0 .0 8 °  ( n e a t ,  s u p e r c o o l e d ) ,  m .p .  30 ° ,

I d e n t i f i e d  by GLPC and i t s  i n f r a r e d  sp e c t ru m  compared to  

the  a u t h e n t i c  sample p r e p a r e d  from th e  l i t h i u m  aluminum

h y d r id e  r e d u c t i o n .  The second  m a jo r  component,  b . p .  1 0 4 ° /
25 2*5

10 mm., n j  1 .4 7 0 0 ,  ^ + 16 .35°  ( n e a t ) ,  was i d e n t i f i e d  by

GLPC and i t s  i n f r a r e d  sp e c t ru m  to  be d - l s o d l h y d r o c a r v o n e

and d - d i h y d r o o a r v o n e . The t h i r d  oomponent ,  b . p .  1 0 8 ° / l 0
2.S

mm., n ^  1 .4 7 7 5 ,  0(3 - 1 6 .35°  ( n e a t )  c o n t a i n e d  a b o u t  10$ o f  an  

i m p u r i t y .  This  m a t e r i a l  gave a  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  

1 2 2 - 1 2 2 . 5 ° .  H y d ro g e n a t io n  o f  a  sample gave n e a r l y  p u re

; c a r v o m e n th o l ,  a s  i d e n t i f i e d  by GLPC and  i t s  i n f r a r e d  s p e c -
j
| trum compared to  a n  a u t h e n t i c  s a m p le .  A n a l . C a l c u l a t e d  

j  f o r  C,o H|9 0 ;  C, 77 .8 7 $ ;  H, 1 1 .7 6 $ .  Pound:  C, 7 8 . 1 3 $ ;  H,

; 1 2 .2 5 $ .  T h is  c o r r e s p o n d e d  to  a  s l i g h t l y  impure sample  o f  

l - d i h y d r o c a r v e o l  (XVb) ( L i t .  ( 1 7 5 ) :  b . p .  9 9 - 1 0 2 ° /9  mm.,

; d 150 .9 2 4 ,  n 3° 1 .4 7 7 8 ,  <*3+31°, 3 , 5 - d i n i t r o b e n z o a t e ,  m . p .  122-
|

i 123°, f o r  the  d - i s o m e r )  . The to p  f r a c t i o n ,  b . p .  1 1 0 - 1 1 4 ° /

| 10  mm., was r e g a r d e d  as  a s l i g h t l y  impure sample  o f  c l s -  

I o a r v e o l  on th e  b a s i s  o f  GLPC and i t s  i n f r a r e d  sp e c t ru m  

! compared to  an  a u t h e n t i c  s a m p le .  T h is  f r a c t i o n  gave an  

impure 3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  8 6 - 8 8 ° ( L i t .  ( 1 9 5 ) :  m . p .

; 92 . 0 - 9 2 . 5 ° )  •

| R e a c t i o n  o f  d - t r a n s - l i m o n e n e  monoxide w i th  sodium
1

powder and b e n z e n e . 2 . 0  g .  o f  pu re  d - t r a n s - l i m o n e n e  monox-
I
i
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i d e  was added to  1*0 g .  o f  50$ sodium d i s p e r s i o n  i n  20 m l .

o f  d ry  b e n z e n e .  The r e a c t i o n  m ix tu re  was h e a t e d  to  r e f l u x

f o r  a p e r i o d  o f  30 m i n u t e s .  The r e a c t i o n  was o o o le d  and 

an  e x c e s s  o f  e t h a n o l  added as  r a p i d l y  as  p o s s i b l e .  The

r e a c t i o n  was th e n  poured  i n t o  500 m l .  o f  w a t e r .  The r e a c ­

t i o n  m ix tu r e  was e x t r a c t e d  w i t h  f o u r  50 m l .  p o r t i o n s  o f  

e t h e r .  The e t h e r e a l  l a y e r  was washed w i th  50 m l .  p o r t i o n s  

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

s o l u t i o n  and w a t e r ;  i t  was th e n  d r i e d  ov e r  anhydrous  sodium 

s u l f a t e .  The s o l v e n t  was removed u n d e r  vacuo and the  c rude  

o i l  s u b j e c t e d  to  a n a l y s i s  by GLPC u s i n g  i n t e r n a l  s t a n d a r d s  

i f o r  i d e n t i f i c a t i o n .  The f o l l o w i n g  components were p r e s e n t ;
i
; l im onene ,  a  t r a c e  of  a second  h y d r o c a r b o n ,  l imonene monox-
j
j i d e ,  t r a n s -  # - t e r p i n e o i  (major  com ponen t) ,  d i h y d r o c a r v e o l ,  

j  and o l s - o a r v e o l .

j R e a c t i o n  o f  p e r a c i d  l imonene monoxide w i t h  sodium

; powder i n  d i e t h y l  e t h e r . 16 .2  g .  o f  p e r a c i d  l imonene 

, monoxide was added  to  a  s o l u t i o n  o f  9 .2  g .  o f  50$ sodium 

| powder s l u r r y  i n  100 m l .  o f  d ry  e t h e r .  The r e a c t i o n  

; m ix tu re  was r e f l u x e d  f o r  24 h o u r s .  A f t e r  o o o l i n g ,  the  

I e x o e s s  sodium was r e a c t e d  w i t h  m e t h a n o l .  The r e a o t i o n  

; m ix tu re  was p ou red  i n t o  w a te r  and the  aqueous phase  e x -  

: t r a c t e d  t h r e e  t im es  w i th  7 5 m l .  p o r t i o n s  o f  e t h e r .  The 

I e t h e r e a l  e x t r a c t s  were washed w i t h  75 m l .  p o r t i o n s  o f  d i -  

j l u t e  h y d r o o h l o r i c  a c i d ,  a  5$ sodium b i c a r b o n a t e  s o l u t i o n
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s o l u t i o n  and w a t e r .  The e t h e r e a l  s o l u t i o n  was removed 

u n d e r  vacuo and the  r e s i d u e  d i s t i l l e d  to  g iv e  16 .0  g .  o f  

d i s t i l l a t e ,  6 8 -1 1 0 ° /7  mm. A n a l y s i s  o f  the  d i s t i l l a t e  by 

GLPC i n d i c a t e d  61$ d i h y d r o c a r v o n e , 25$ t r a n s - f t - t e r p l n e o l ,  

5$ c l s - o a r v e o l ,  4$ d i h y d r o c a r v e o l ,  and 10$ h y d ro c a rb o n s  

(m a in ly  l i m o n e n e ) •

R e a c t i o n  o f  p e r a c i d  l imonene monoxide w i th  r e f l u x i n g  

20$ s u l f u r i c  a c i d . 2 4 , 0  g .  o f  p e r a c i d  l imonene monoxide 

was r a p i d l y  d ropped  i n t o  150 m l .  o f  v i g o r o u s l y  r e f l u x i n g  

20$ s u l f u r i c  a c i d .  The r e a c t i o n  was r e f l u x e d  f o r  4 h o u r s ,
i|
| c o o le d  and poured  i n t o  500 m l .  o f  w a t e r .  The o i l  l a y e r  was 

s e p a r a t e d  and the  aqueous  phase  e x t r a c t e d  f i v e  t im es  w i th  

: 50 m l .  o f  e t h e r .  The o r g a n i c  p h a se s  were combined and
iI
| n e u t r a l i z e d  w i t h  a sodium c a r b o n a t e  s o l u t i o n .  The e t h e r e a l  

| phase  was th e n  washed w i t h  50 m l .  o f  w a te r  and  d r i e d  ove r  

j anhydrous  sodium s u l f a t e .  The s o l v e n t  was removed under  

i r e d u c e d  p r e s s u r e  l e a v i n g  a  c rude  o i l  which  y i e l d e d  2 0 .9  g .
I
i o f  d i s t i l l a t e ,  b . p .  4 5 - 9 8 ° / 5  mm. GLPC a n a l y s i s  i n d i c a t e d  

j t h a t  the  d i s t i l l a t e  c o n s i s t e d  o f  4 3 .5 $  jD-cymene and 5 6 .5 $

S o a rv e n o n e .  F r a c t i o n a t i o n  ove r  a  3 - f t .  s p i n n i n g  band column 

| gave a  f r a c t i o n  (8 .2  g . ) ,  b . p .  5 3 - 6 0 ° / l 0  mm., 1 .4 9 3 5 ,

| which c o r r e s p o n d e d  to  a  39$ y i e l d  o f  £ - c y m e n e .  A f r a c t i o n  

| ( 9 . 4  g . ) ,  b . p .  8 7 - 9 5 ° / l 0  mm., n * / 1 .4 8 1 8 ,  ^ 4 - 1 . 2 0 °  ( n e a t )  

c o r r e s p o n d i n g  to  a  39$ y i e l d  o f  c a rv e n o n e ,  was o b t a i n e d .  

These p r o d u c t s  were i d e n t i f i e d  by GLPC and t h e i r  i n f r a r e d
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s p e c t r a  compared to  a u t h e n t i c  s a m p le s .  The ca rv en on e  gave 

a  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e ,  m .p .  1 6 3 -1 6 5 ° .

H y d r a t io n  and a c i d  I s o m e r i z a t i o n  o f  p e r a c i d  l im onene  

m onoxide .  P r o c e d u r e s  and r e s u l t s  a r e  g iv en  f o r  t y p i c a l  

r u n s .  The s u l f u r i c  a c i d  c o n c e n t r a t i o n  was v a r i e d  i n  5$ 

in c r e m e n ts  f rom 2 0 - 5 5 $ .

T y p ic a l  p r o c e d u r e . 7 6 . 0  g .  o f  p e r a c i d  l imonene monox­

id e  was s lo w ly  dropped  i n t o  a  s o l u t i o n  o f  s u l f u r i c  a c i d  a t  

0 - 5 °  over  a  2-§- hour  p e r i o d .  The r e a c t i o n  was t h e n  a l lo w e d  

to  s t i r  f o r  a p e r i o d  o f  8-72 h o u r s  a f t e r  a d d i t i o n .  The 

r e a c t i o n  t e m p e r a t u r e  was a l lo w e d  to  r i s e  to  room te m p e ra -  

| t u r e  a p p r o x i m a t e l y  6 h o u rs  a f t e r  a d d i t i o n .  The r e a c t i o n  

m ix tu r e  was p o u red  i n t o  c r a c k e d  i c e  and n e u t r a l i z e d  w i t h
i
j s o l i d  p o t a s s iu m  c a r b o n a t e .  The p o t a s s iu m  s u l f a t e  fo rm ed  

was f i l t e r e d  and washed w i t h  a b s o l u t e  e t h a n o l .  The aqueous
j

phase  was e x t r a c t e d  t h r e e  t im es  w i t h  100 m l .  o f  e t h e r ,  the  

e t h e r  l a y e r  washed w i t h  50 m l .  o f  w a te r  and d r i e d  ove r
I
; anhydrous sodium s u l f a t e .  The e t h a n o l  wash ings  were com- 

| b in e d  w i t h  th e  aqueous phase  and  e v a p o r a t e d .  The aqueous  

; phase  g e n e r a l l y  y i e l d e d  a heavy  v i s c o u s  o i l  c o n t a i n i n g  

I a l c o h o l s  and  r e s i d u a l  w a t e r .  The aqueous o i l  was s u b j e c t e d  

: to  c o n t in u o u s  c h lo r o f o r m  e x t r a c t i o n  f o r  48 h o u r s .  Any 

! s o l i d  a l c o h o l s  were t h e n  c r y s t a l l i z e d  from the  c h lo r o f o r m  

! and r e c r y s t a l l i z e d  from e t h y l  a c e t a t e .  The e t h e r e a l  s o l u -  

j t i o n  was d i s t i l l e d ,  a f t e r  r em o va l  o f  s o l v e n t ,  u n d e r  r e d u o e d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with

155

p r e s s u r e .

T y p i c a l  r e s u l t s . A 50$ a c e t i c  a c i d  -  15$ s u l f u r i c  

a c i d  s o l u t i o n ,  r e a c t e d  f o r  48 h o u r s ,  y i e l d e d  6 g .  d l h y d r o -  

c a r v o n e ,  15 g .  1 , 8 - d i h y d r o x y - n e o c a r v o m e n t h o l ,  m .p .  136° ,  

and 20 g .  of  an a l c o h o l ,  m .p .  302° ,  which  a f t e r  6 months

m e l t e d  a t  1 4 7 - 1 4 9 ° .  R e c r y s t a l l i z a t i o n  o f  t h i s  f r a c t i o n

y i e l d e d  an  a l c o h o l ,  m .p .  1 5 5 -1 5 6 ° .

A 20$ s u l f u r i c  a c i d  s o l u t i o n ,  r e a c t e d  f o r  24 h o u r s ,

y i e l d e d  7 g .  o f  l i q u i d  o r g a n ic  m a t e r i a l  which  c o n s i s t e d  o f  

d i h y d r o c a r v o n e >  ca rv en o n e  y  p i n o l >  jc-cyraene . The a l c o h o l i c  

| f r a c t i o n  y i e l d e d  37 g .  o f  c rude  1 , 8 - d i h y d r o x y - n e o carvomen- 

. t h o l ,  m .p .  1 2 6 - 1 2 8 ° .

1 A 35$ s u l f u r i c  a c i d  s o l u t i o n ,  r e a c t e d  f o r  a p e r i o d  o f

: 8 h o u r s ,  gave 2 0 .5  g .  o f  l i q u i d  o r g a n i c  m a t e r i a l  which 

| a n a l y s i s  by GLPC showed to  be m a in ly  d ih y d r o c a r v o n e  y  

; c a r v e n o n e > jc-cymene and p i n o l ,  a l o n g  w i t h  t r a c e  amounts o f  

, s e v e r a l  low b o i l i n g  u n i d e n t i f i e d  m a t e r i a l s . The w a te r
i i
' s o l u b l e  f r a c t i o n  y i e l d e d  25 g .  o f  c ru d e  t r i o l ,  m .p .  118- I
■ 120° ,  which a f t e r  f o u r  r e c r y s t a l l i z a t i o n s  m e l t e d  a t  135- 

I 1 3 6 ° .

; A 50$ s u l f u r i c  a c i d  s o l u t i o n ,  r e a c t e d  f o r  18 h o u r s ,

| y i e l d e d  40 g .  o f  l i q u i d  which o o n s i s t e d  o f  35$ c a rv e n o n e ,

| 25$ d i h y d r o c a r v o n e ,  25$ p i n o l  and 10$ £-oymene as w e l l  a s  

| 5$ u n i d e n t i f i e d  m a t e r i a l .  A n a l y s i s  was done by GLPC u s i n g  

i a u t h e n t i c  sam ples  a s  i n t e r n a l  s t a n d a r d s .  The aqueous phase
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was l o s t  on t h i s  r u n .

A 50% s u l f u r i c  a c i d  s o l u t i o n ,  s t i r r e d ,  a t  a p p r o x i m a t e ly  

5° f o r  18 h o u r s ,  gave 29 g .  o f  l i q u i d  m a t e r i a l  c o n s i s t i n g  

o f  d ih y d ro c a rv o n e  > ca rvenone  )> p in o l '>  jo-cymene. This  e x ­

p e r i m e n t  gave 15 g .  o f  a l c o h o l s  which y i e l d e d  t h r e e  c ro p s  

on r e c r y s t a l l i z a t i o n ;  ( 1 ) .  m .p .  9 0 -9 5 ° ,  ( 2 ) .  m .p .  115 -1 2 2° ,  

( 3 ) .  m .p .  1 4 6 -1 4 8 ° .  Chrom atography  o ve r  b a s i c  a lum in a  

(pH 8) u s i n g  c h lo r o f o r m  a s  the  e l u t a n t  o f  c ro p s  (1), and  (2). 

y i e l d e d  a l c o h o l s  m e l t i n g  a t  1 1 4 .5 - 1 1 5 .5 °  and  136° r e s p e c -

j  t i v e l y .  R e c r y s t a l l i z a t i o n  o f  (3). from e t h y l  a c e t a t e
I oj y i e l d e d  an  a l c o h o l ,  m .p .  155-156 .
|

I d e n t i f i c a t i o n  o f  p r o d u c t s . C om bina t ion  o f  th e  l i q u i d
|
| o r g a n ic  m a t e r i a l  from s e v e r a l  ru n s  gave enough m a t e r i a l  to

1 c o n v e n i e n t l y  f r a c t i o n a t e  th e  r e a c t i o n  p r o d u c t s  o v e r  a  3 - f t .

! s p i n n i n g  band column. The f r a c t i o n ,  b . p .  6 8 - 6 9 . 5 ° /2 0  mm., 
z s

n-p 1 .4 9 3 8 ,  c o r r e s p o n d e d  t o jo - c y m e n e .  The se co n d  component,  

b . p .  6 9 - 7 2 ° /2 0  mm., n ,̂5 1.47 39, was p i n o l  ( c o n ta m in a te d  w i th

some £ - c y m e n e ) .  The t h i r d  component,  b . p .  9 7 -1 0 5 ° /2 0  mm.,
i s  z . s  o .

; n j ,  1 .4 7 0 1 ,  12 .43 ( n e a t ) ,  was d i h y d r o c a r v o n e .  This

i f r a c t i o n  on r e d i s t i l l a t i o n  gave m a t e r i a l ,  b . p .  9 2 ° / 9  mm.,
2.0 ZO

; n^j 1 .4 7 0 9 ,  °^I)+15 .7 50 ( n e a t )  . The f o u r t h  oomponent ,  b . p .

• 11 0 -1 1 5 ° /2 0  mm., was ca rvenone  whioh on r e d i s t i l l a t i o n  gave
n  / 2 0  20! m a t e r i a l ,  b . p .  8 1 ° /5  mm., n-j, 1 .4 8 2 5 ,  <^j ,+l .14 ( n e a t ) .  The 

| d ih y d ro c a rv o n e  f r a c t i o n  gave a 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e ,  

m .p .  1 4 8 -1 4 9 ° .  The ca rvenone  f r a c t i o n  gave a  2 , 4 - d i n i t r o -
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p h e n y lh y d r a z o n e , m .p .  1 6 5 ° .  A l l  samples  were i d e n t i f i e d  

by GLPC and t h e i r  i n f r a r e d  s p e c t r a  compared to  a u t h e n t i c  

s a m p le s .  The a l c o h o l  d e r i v a t i v e ,  m .p .  136° ,  [o^J^+550 ( a c e ­

t o n e ) ,  c o r r e s p o n d e d  to  the  1 , 8 -d ih y d r o x y -n e o c a r v o m e n th o l  

(IVb) ( L i t .  ( 3 0 ) :  m .p .  136° ,  [*]*+54° ( a c e t o n e )  ) .  A n a l . 

C a l c u l a t e d  f o r  C|OH,j003 : C, 6 3 .8 0 # ;  H, 1 0 .7 1 # .  Pound:  C, 

6 3 .8 9 # ;  H, 1 0 .8 0 # .  The a l c o h o l ,  m .p .  1 1 4 . 5 - 1 1 5 . 5 ° ,  (VJ^lO0 , 

gave a n  i n f r a r e d  sp e c t ru m  d i f f e r e n t  from t h a t  o f  the  o t h e r  

1 , 8 - d i h y d r o x y - c a r v o m e n t h o l s . A n a l y s i s  i n d i c a t e d  t h i s  to  

be a  h y d r a t e .  A n a l . C a l c u l a t e d  f o r  C,0 E 2 0 O3 ’ aH^O: C, 

6 0 .8 8 # ;  H, 1 0 .7 3 # .  Pound:  C, 6 0 .7 9 # ;  H, 1 0 .9 3 # .  The a lo o -  

h o l ,  m .p .  1 5 5 - 1 5 6 ° , [ ^ ] j - 0 ° ,  gave a n  i n f r a r e d  spec t rum  

| d i f f e r e n t  f rom the o t h e r  1 , 8 - d ih y d r o x y - c a r v o m e n th o l s  (jc- 

! menthane t r i o l s ) .  A n a l .  C a l c u l a t e d  f o r  C ^ H ^ O ^ :  V ,  

j  6 3 .8 0 # ;  H, 1 0 .7 1 # .  Pound:  C, 6 3 .3 3 # ;  H, 1 0 .7 5 # .

O x i d a t i o n  o f  1 ,8 - d lh y d r o x y - n e o o a r v o m e n th o l  ( IVb) •

1 .8 8  g .  o f  1 , 8 -d ih y d r o x y -n e o c a r v o m e n th o l  was d i s s o l v e d  i n

i  a 20 m l .  s o l u t i o n  o f  1 : 2 e t h e r - a c e t o n e  and a s o l u t i o n  o f

| 2 .0 0  g .  chromic a n h y d r id e  i n  2 2 .5  m l .  o f  10# s u l f u r i c  a c i d

I was d ropped  i n  o v e r  a 15 m in u te  p e r i o d .  The t e m p e r a t u r e

; was c o n t r o l l e d  a t  2 5 -30 °  by means o f  a o o ld  w a te r  b a t h .

| The r e a c t i o n  was t h e n  s t i r r e d  a t  room t e m p e r a t u r e  f o r  6 

i  h o u r s .  The e t h e r  l a y e r  was s e p a r a t e d  from th e  aqueous
I

p h a s e .  The aqueous phase  was e x t r a o t e d  tw ice  w i th  20 m l .  

o f  e t h e r .  The e t h e r e a l  l a y e r s  were oombined, n e u t r a l i z e d
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w i t h  a  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n ,  washed w i t h  

20 m l .  o f  w a te r  and d r i e d  o v e r  anh y d rou s  sodium s u l f a t e .

The e t h e r  was e v a p o r a t e d  to  y i e l d  1 .20  g .  o f  c ru d e  1-homo- 

t e r p i n y l  m e t h y l  k e to n e  (XXIV), m .p .  4 0 . 5 ° ,  40° ( a o e -

t o n e ) .  The l a c t o n e  m e l t e d  a t  4 5 °  upon r e c r y s t a l l i z a t i o n  

( L i t .  ( 2 9 ) :  m . p .  4 7 ° ,  j ^ j ^ - 4 2 0  ( a o e to n e )  ) .  The i n f r a r e d  

sp ec t ru m  showed bands a t  5 . 6 1  and  5 .8 1  m ic r o n s >i n d i c a t i v e  

o f  a k e t o - l a c t o n e .

d l - 1 , 8 - d i h y d r o x y - c a r v o m e n t h o l  ( I V a ) . 7 3 . 0  g .  o f  d l -

o L - t e r p i n e o l ,  b . p .  9 8 - 9 9 ° / l 0  mm., n ^  1 .4 8 3 0 ,  was added  i n  

f i v e  15 g .  p o r t i o n s  to  a s o l u t i o n  o f  75 g .  p o t a s s i u m  p e r -  

| m anganate  i n  2500 m l .  o f  w a t e r ,  c o o le d  to  5 ° .  The t e m p e ra -

| t u r e  was m a i n t a i n e d  a t  5 -8 °  d u r i n g  th e  4 hour  r e a c t i o n
i  ■

t im e .  The p u r p l e  pe rm angana te  c o l o r  changed to  brown a sI
| the  manganese d i o x i d e  was p ro d u o e d .  The manganese d i o x i d e  

i was f i l t e r e d  and  the  aqueous s o l u t i o n . e v a p o r a t e d  a f t e r

; e x t r a c t i n g  once w i t h  100 m l .  o f  e t h e r  to  remove any  u n -
|

! r e a o t e d  o (.- t e r p i n e o l .  When th e  volume was r e d u c e d  t o  

! a p p r o x i m a t e ly  700 m l . ,  the  aqueous  phase  was s u b j e c t e d  t o  

: c o n t in u o u s  e x t r a c t i o n  w i t h  c h lo r o f o r m  f o r  a  48 h ou r  p e r i o d .
( f
; The a l o o h o l  was c r y s t a l l i z e d  from the  c h lo r o f o r m  and  r e ­

c r y s t a l l i z e d  f rom e t h y l  a c e t a t e  to  g iv e  pu re  d l - 1 , 8 - d l -  

I h y d r o x y - c a r v o m e n th o l ,  m .p .  122° ( L i t .  ( 1 9 6 ) :  m .p .  121-122°) .  

| This  a l c o h o l  gave a  d i f f e r e n t  i n f r a r e d  sp e c t ru m  from the  

t h r e e  1 , 8 - d i h y d r o x y - c a r v o m e n th o l s  d e s c r i b e d  a b o v e .
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O x i d a t i o n  o f  & l~ oC - t e r p i n e o l  w i t h  fo rm ic  a c i d  -  h y d ro ­

gen p e r o x i d e . To a m ix t u r e  o f  77 go d l - o i - t e r p i n e o l  and 

500 m l .  89$ fo rm ic  a c i d  was added 60 g .  o f  30$ hydrogen  

p e r o x i d e  o v e r  a 15 m in u te  p e r i o d .  The r e a c t i o n  was s t i r r e d  

f o r  12 h ou rs  a t  3 0 ° .  The r e a c t i o n  was t h e n  h e a t e d  to  55-  

60° and the  fo rm ic  a o i d  removed u n d e r  v a c u o .  When m ost  o f  

t h e  fo rm ic  a c i d  had been  removed, the  f l a s k  was c h a rg ed  

w i t h  80 m l .  o f  20$ sodium h y d ro x id e  and g e n t l y  r e f l u x e d  

f o r  20 m i n u t e s .  The r e a c t i o n  was th e n  c o o le d  and n e u t r a l -  

; i z e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  The l i q u i d  was th e nfii
! e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  and the  r e s i d u e  e x t r a c t e d  

I f o u r  t im e s  w i t h  150 m l .  o f  e t h e r .  The e x t r a c t s  were d r i e d

; o v e r  a nhydrous  sodium s u l f a t e .  The s o l v e n t  was removed

; u n d e r  vacuo and th e  r e s i d u e  d i s t i l l e d  to  g ive  53 g .  o f  

! m a t e r i a l ,  b . p .  1 1 0 -1 6 5 ° /5  mm., which  was a r b i t r a r i l y  c u t  

: i n t o  t h r e e  f r a c t i o n s .  The low b o i l i n g  f r a c t i o n ,  b . p .  110-

; 140° / 5  mm., c o n t a i n e d  c a r b o n y l  compounds as  i n d i c a t e d  by

the  i n f r a r e d  s p e c t r u m .  The h i g h  b o i l i n g  f r a c t i o n ,  160- 

| 165°/ 5  mm., s e t  up to  a h a r d ,  r e s i n o u s  s u b s t a n c e  o f  amber 

; l i k e  a p p e a r a n c e .  Prom t h i s  f r a c t i o n ,  0 . 4  g .  o f  t r i o l ,  m .p .  

i 94° ,  was o r y s t a l l i z e d  from e t h y l  a c e t a t e .  This m a t e r i a l  

; gave an  i n f r a r e d  sp e c t ru m  i d e n t i c a l  to  t h a t  o f  d - l , 8 - d i -  

| h y d ro x y -n e o oarvom en tho1 .  A c rude  s u b l i m a t i o n  gave the  

| a l c o h o l  i n  what was s t i l l  p r o b a b l y  a  s l i g h t l y  impure s t a t e ,  

i  m .p .  1110 . No a t t e m p t  was made to  f u r t h e r  p u r i f y  t h i s  su b -
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s t a n c e  o r  Improve the  o x i d a t i o n  p r o c e d u r e .

H y d ro g e n a t io n  o f  d - n e o l l m o n e n e - l , 2 - d l o l • Hydrogena- 

t i o n  o f  2 . 5  g .  o f  d - n e o l i m o n e n e - l , 2 - d l o l  hy the  p ro c e d u re  

d e s c r i b e d  f o r  t r a n s - i s o c a r v e o l ,  gave 2 . 5  g .  o f  c rude  d - 1 -  

h yd ro x y -n e o oarvom entho1 .  On r e c r y s t a l l i z a t i o n  from the

benzene -  p e t r o le u m  e t h e r ,  t h e  a l c o h o l  m e l t e d  a t  88° ,
Z.S
+48° ( a c e t o n e )  ( L i t .  ( 3 0 ) :  m .p .  88° ,  [oiO:D+ 440 ) .

I s o m e r i z a t i o n  o f  p e r a o i d  l lmonene monoxide w i t h  boron 

t r i f l u o r i d e  -  e t h e r a t e  i n  b e n z e n e . 100 g .  o f  p e r a c i d  l im o -  

nene monoxide was added to  400 g .  o f  d ry  benzene c o n t a i n i n g

3 .0  g .  o f  p r e d i s t i l l e d  bo ron  t r i f l u o r i d e  -  e t h e r a t e  and 

; g e n t l y  r e f l u x e d  f o r  24 h o u r s .  A f t e r  8 h o u rs  a n o t h e r  3 .0  g.

o f  b o ro n  t r i f l u o r i d e  -  e t h e r a t e  was a d d ed .  The r e a c t i o n  

| t u r n e d  b l a c k  a f t e r  a b o u t  3-| h o u r s .  A f t e r  c o o l i n g ,  the  ben-  

• zene s o l u t i o n  was r e p e a t e d l y  washed w i t h  100 m l .  p o r t i o n s  

o f  s a t u r a t e d  sodium b i c a r b o n a t e  and w a t e r .  The o r g a n ic
i
; phase  was d r i e d  o ve r  anh y d rou s  sodium s u l f a t e ,  the  s o l v e n t

i removed u n d e r  r e d u c e d  p r e s s u r e  and th e  r e s u l t a n t  p r o d u c t

i d i s t i l l e d .  50 g .  o f  m a t e r i a l ,  b . p .  9 4 -9 8 ° /7  mm., was ob-

j t a i n e d  whioh on r e d i s t i l l a t i o n  gave,  n e a r l y  q u a n t i t a t i v e l y ,
15  IS

: a m a t e r i a l ,  b . p .  94° /7  mm., n j  1 .4 8 0 5 ,  +-1.86° ( n e a t ) .
t
; A n a l . C a l c u l a t e d  f o r  C |0 H|b O: C, 7 8 .8 9 $ ;  H, 1 0 .5 9 $ .

t Pound:  C, 7 8 .3 4 $ ;  H, 1 0 . 5 3 $ .  This  c o r r e s p o n d e d  t o  a 4 5 .5 $
1
; y i e l d  o f  pure  carvenone  a s  a n a l y z e d  by GLPC. 11 g .  o f  h ig h

b o i l i n g  a l c o h o l s  were o b t a i n e d  and 45 g .  o f  r e s i n o u s  m a te -
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r i a l  rem ained  as  p o t  r e s i d u e .

I s o m e r i z a t i o n  o f  p e r a c l d  l lmonene monoxide w i t h  bo ron  

t r l f l u o r l d e  -  e t h e r a t e  I n  d im e th y l  s u l f o x i d e . P e r a c l d  l lm ­

onene monoxide,  6 1 .0  g . ,  was added to  a s o l u t i o n  o f  0 . 4  m l .  

o f  boron  t r i f l u o r i d e  -  e t h e r a t e  i n  160 m l .  o f  p r e d i s t i l l e d
j

d im e th y l  s u l f o x i d e .  The r e a c t i o n  was s t i r r e d  f o r  48 h o u r s ,  

w i t h  the  r e a c t i o n  t e m p e r a tu r e  b e in g  m a i n t a i n e d  a t  a p p r o x i ­

m a t e l y  8 5 ° .  E v e ry  12 h o u r s  an a d d i t i o n a l  0 .2  m l .  o f  b o ro n  

t r i f l u o r i d e  -  e t h e r a t e  was added .  The r e a c t i o n  was c o o le d ,  

p ou red  i n t o  w a te r  and the  o r g a n ic  l a y e r  s e p a r a t e d .  The 

aqueous phase  was e x t r a c t e d  s e v e r a l  t im es  w i t h  e t h e r  and 

the  o r g a n ic  phases  combined,  washed w i t h  w a t e r ,  s a t u r a t e d  

sodium b i c a r b o n a t e  s o l u t i o n  and w a te r  a g a i n .  The e t h e r e a l  

phase  was d r i e d  ove r  anhydrous  sodium s u l f a t e ,  the  s o l v e n t

removed u nder  vacuo and the  p r o d u c t  d i s t i l l e d  to  y i e l d  30 .6
5*

g .  (50$) o f  d ih y d r o c a r v o n e ,  b . p .  9 5 - 9 8 . 5 ° / l 0  mm., nj,' 1.47 6$ 
.25.5 0

+-15.70 ( n e a t ) .  R e d i s t i l l a t i o n  gave a f r a c t i o n ,  b . p .  

6 9 - 7 0 ° /5  mm», n^p 1 .46 9 5 ,  ta d + -18 .00°  ( n e a t ) .  The r e s i d u e  

c o n s i s t e d  o f  h i g h  b o i l i n g  (p o ly m e r ic ? )  a l c o h o l s .  The d i -  

h yd roca rvone  was i d e n t i f i e d  by GLPC and I t s  i n f r a r e d  

speo trum  compared to  an  a u t h e n t i c  s a m p le .

P y r o l y s i s  o f  p e r a c i d  l lmonene m onox id e . S e v e r a l  pyro l-  

y se s  were c a r r i e d  o u t  from 5 0 0 -5 5 0 ° .  Below 500° l i t t l e  

p y r o l y s i s  o c c u r r e d .  A t y p i c a l  r u n  i s  d e s c r i b e d .  25 g .  o f  

p e r a c i d  l lmonene monoxide was dropped  on th e  p y r o l y s i s  c o l -
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umn (540^) a t  a r a t e  o f  1 d r o p /4 0  s e c o n d s .  The p y r o l y s a t e  

c o n s i s t e d  o f  10 g .  o f  low b o i l i n g  p r o d u c t s  (among them, 

i s o p r e n e  and w a te r )  which  c o l l e c t e d  i n  the  d ry  i c e  -  a o e -  

tone  t r a p .  The l e s s  v o l a t i l e  components were d i s t i l l e d  to  

y i e l d  11 .0  g .  o f  n e a r l y  pu re  d ih y d r o o a r v o n e , b . p .  8 0 - 8 7 ° /5  

mm., 1 .47 8 4 ,  <^^+19.6° ( n e a t )  and 1 . 5  g .  o f  mixed c a r -  

v e o l s .  No l lmonene monoxide was p r e s e n t .  At lower  t em per­

a t u r e s ,  p y r o l y s i s  was o f t e n  i n c o m p l e t e .

H y d ro g e n a t io n  o f  p e r a c l d  l lmonene monoxide w i t h  Raney 

n i c k e l . 30 .0  g .  o f  l lmonene monoxide was p l a c e d  i n  a g l a s s  

l i n e r  w i t h  100 m l .  o f  a b s o l u t e  e t h a n o l  and a p p r o x i m a t e l y  

4 g .  o f  Raney n i c k e l .  The g l a s s  l i n e r  was p l a o e d  i n  a h i g h  

p r e s s u r e  h y d r o g e n a t io n  a p p a r a t u s  u n d e r  2000 p . s . i .  o f

| h yd ro g en  and h e a t e d  to  1 0 0 ° .  The a p p a r a t u s  was sh a k en  f o r!i
! 36 h o u r s ,  o o o le d  and the  l i n e r  removed.  The Raney n i c k e l

: was removed by f i l t r a t i o n  and the  a l o o h o l s  p o u red  i n t o  700 

m l .  o f  w a t e r .  The aqueous  phase  was e x t r a c t e d  f i v e  t im es

j  w i t h  7 5 m l .  o f  e t h e r .  The e t h e r  phase  was washed once w i t h

I 75 m l .  o f  w a te r  and d r i e d  o v e r  anhydrous  sodium s u l f a t e .

I The s o l v e n t  was removed u n d e r  vacuo and the  a l c o h o l  m ix tu r e
I '

i s u b j e o t e d  to  a n a l y s i s  by GLPC. The l s o o a rv o m e n th o l  and the  

c a rv o m e n th o l  i s o m e r s ,  w h i l e  r e a d i l y  d i s t i n q u i s h a b l e  on the  

ohromatograms,  o v e r l a p p e d  and t h e i r  p e r c e n t a g e s  a r e  r e p o r t -
i
i ed  t o g e t h e r .  I n  b o t h  c a s e s ,  l s o o a rv o m en th o l  was the  p r e ­

dom inan t  i s o m e r .  The r e s u l t s  a r e  t a b u l a t e d  i n  Table  IV .
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H y d ro g e n a t io n  o f  u n s a t u r a t e d  a l c o h o l s . The p r o c e d u r e  

u s e d  f o r  t r a n s - l s o o a r v e o l  was th e  one employed.  The u n ­

s a t u r a t e d  a l c o h o l s  were a l s o  sh ak en  i n  the  p re sen o e  o f  th e  

c a t a l y s t  (no hydrogen)  f o r  12 h o u rs  and th e n  a n a l y z e d  hy 

GLPC. S i m i l a r l y ,  the  s a t u r a t e d  a l c o h o l s  were i n d i v i d u a l l y  

sh aken  f o r  12 h o u r s  i n  the  p r e s e n c e  o f  th e  c a t a l y s t  (h y d ro ­

gen) and th e n  a n a l y z e d  hy GLPC. No i s o m e r i z a t i o n  o c c u r r e d  

i n  e i t h e r  c a s e .  The p e r c e n t a g e s  o f  the  r e s u l t a n t  c a r v o -  

m en tho ls  a r e  t a b u l a t e d  i n  Table  I I I .

C o n v e r s io n  o f  d l - o i s -  oL - p l n e n e  ox id e  i n t o  p l n o l  ( 4 . 7 ,  

7 - t r lm e  t h y l - 6 - o x a - b l o y o l o - [ 3 . 2  . l )  - o c t - 3 - e n e ) .  To 720 g .  o f

i  w a te r  and 160 m l .  e t h a n o l ,  p r e o o o l e d  to  5 ° ,  was added p r e -
!
I c o o le d  d l - o i s -  o ( -p ln e n e  o x id e  (304 g . ) .  The s o l u t i o n  was
I
! v i g o r o u s l y  s t i r r e d ,  m a i n t a i n i n g  the  t e m p e r a tu re  be tw een  5°
i

| and  1 0 ° .  720 g .  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  was s lo w ly

| added ove r  an 8 h o u r  p e r i o d ,  the  r e a c t i o n  t e m p e r a t u r e  b e i n g
i

: m a i n t a i n e d  by means o f  a n  i c e  -  s a l t  b a t h .  The r e a c t i o n  

| was t h e n  s t i r r e d  f o r  24 h o u rs  be tw een  5° and  1 0 ° .  The 

| t e m p e r a t u r e  was a l lo w e d  to  r i s e  to  27° and the  r e a c t i o n  

| s t i r r e d  f o r  12 h o u r s  more.  The o r g a n i c  l a y e r  was s e p a r a t e d  

and the  aqueous  p hase  d i l u t e d  w i t h  i c e  w a te r  and e x t r a o t e d  

j f i v e  t im e s  w i t h  1 5 0 .m l .  o f  e t h e r .  The o r g a n ic  ph a ses  were

I combined and  n e u t r a l i z e d  w i th  a sodium o a rb o n a te  s o l u t i o n .
j
| The o r g a n ic  phase  was washed w i t h  w a te r  and  d r i e d  o ve r  a n ­

hydrous  sodium s u l f a t e .  The s o l v e n t  was removed u n d e r  r e -
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duced p r e s s u r e  and the  r e a c t i o n  d i s t i l l e d ,  y i e l d i n g  249 g .

o f  d i s t i l l a t e ,  b . p .  6 0 - 1 1 0 ° / l 5  mm. R e d i s t i l l a t i o n  gave

203 g .  (66 .5$ )  o f  n e a r l y  pure  p i n o l ,  b . p .  6 0 - 6 3 ° / l 0  mm.,
15

n-j) 1 .4 7 1 8 .  A n a l y s i s  by GLPC o f  the  c rude  d i s t i l l a t e  i n d i ­

c a t e d  the  p r e s e n c e  o f  a  v e r y  s m a l l  amount o f  jc-cymene and 

some h ig h  b o i l i n g  m a t e r i a l s  ( p o s s i b l y  c a r v e o l s ) .  (Note :  

i n  the  r e a c t i o n  d e s c r i b e d ,  a f t e r  the  a d d i t i o n  o f  a b o u t  10 g. 

o f  a c i d ,  the  a p p e a ra n c e  o f  s o b r e r o l  was i n  e v i d e n c e .  Re­

moval o f  a s m a l l  a l i q u o t  gave c r y s t a l s  o f  d l - t r a n s - s o b r e r o l  

which m e l t e d  a t  131-132°  a f t e r  s e v e r a l  r e c r y s t a l l i z a t i o n s  

from e t h y l  a o e t a t e ) .  P r o d u c t  i d e r i t i f i o a t i o n  was e f f e c t e d  

j by GLPC and the  i n f r a r e d  spec t rum  compared to  an a u t h e n t i c

i  s a m p le .  The i n v e r s e  a d d i t i o n  was c a r r i e d  o u t ,  b u t  gave
i
| campholenic  a ldehyde  and  pinocamphone a s  w e l l  a s  p i n o l  and

| a  c o n s i d e r a b l e  amount o f  r e s i n o u s  m a t e r i a l .

R e a c t i o n  o f  d l - o l s - o d - p l n e n e  ox ide  w i t h  g l a c i a l  a c e t i c

| a c i d  -  sodium a c e t a t e . 136 .0  g. o f  d i s t i l l e d  d l - c l s -o l  -
I 2, S
\ p in en e  o x i d e ,  b . p .  6 3 - 6 5 ° / l 0  mm., 1 .4 6 7 0 ,  was s lo w ly

; d ropped  i n t o  a s l u r r y  o f  123 g .  o f  sodium a c e t a t e  i n  600 g .
I
! o f  g l a c i a l  a c e t i c  a o i d  o v e r  a  2-§- hour p e r i o d .  The tem p era -

| t u r e  r o s e  to  a p p r o x i m a t e ly  40° d u r i n g  t h i s  t im e .  The r e a o -
!

| t i o n  was s t i r r e d  f o r  72 h o u r s ,  d u r in g  which  t ime the tem- 

I p e r a t u r e  d ropped to  2 7 ° .  The r e a c t i o n  m ix t u r e  was poured
i
| i n t o  1000 m l .  o f  w a t e r ,  the  o i l  l a y e r  s e p a r a t e d  and the
i
j aqueous phase  e x t r a o t e d  t h r e e  t im es  w i th  100 m l .  o f  e t h e r .
I
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The o r g a n i c  p h a se s  were n e u t r a l i z e d  w i t h  a  s a t u r a t e d  sodium 

M o a r h o n a t e  s o l u t i o n  and t h r i o e  washed w i t h  75 m l .  p o r t i o n s  

o f  w a t e r .  The e t h e r e a l  p h a se s  were d r i e d  ove r  anhydrous  

sodium s u l f a t e .  The s o l v e n t  was removed u n d e r  r e d u c e d  

p r e s s u r e  and th e  p ro d u o t  d i s t i l l e d  ove r  a 3 - f t .  s p i n n i n g  

hand column to  g ive  5 3 .0  g .  o f  campholenio  a ld e h y d e  (3 9 $ ) ,  

b . p .  8 0 ° / l 0  mm., r i j  1 .4 63 0 ,  whioh gave a y e l lo w  2 , 4 - d i -  

n i t r o p h e n y l h y d r a z o n e ,  m .p .  110-111°  and a s e m ic a r b a z o n e ,  

m .p .  1 3 8 .5 -1 4 0 °  ( L i t .  ( 7 8 ) :  n 5 1 .4 6 0 7 ,  s e m ic a r b a z o n e ,  m .p .

1 3 9 .5 - 1 4 0 .5 ° )  . A n a l . C a l c u l a t e d  f o r  C,0 H|feO: C, 7 8 .8 9 $ ;

j  H, 1 0 .5 9 $ .  Found:  C, 7 8 .6 1 $ ;  H, 1 0 .6 3 $ .  The secon d  oom-
!
i p onen t  ( 2 6 .0  g . ) ,  b . p .  7 6 ° / 4  mm., nij> 1 .4 9 4 9 ,  was i d e n t i f i e d
i

! a s  d l - j b r a n s - o a r v e o l  ( 1 7 . 1 $ ) .  This  a l c o h o l  gave a  3 , 5 - d i -  

j n i t r o b e n z o a t e , m .p .  1 1 8 -1 1 8 .5 °  ( L i t .  ( 1 9 5 ) :  n ^  1 .4 9 5 6 ,

| 3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  1 1 9 ° ) .  A n a l . C a l c u l a t e d  f o r  

: C,0 HlbO: C, 7 8 .8 9 $ ;  H, 1 0 .5 9 $ .  Found: C, 7 8 .4 8 $ ;  H, 10.55$.

| I t  a f f o r d e d  GLPC e v id e n c e  and a n  i n f r a r e d  sp e c t ru m  i d e n t i -  

| o a l  to  an  a u t h e n t i c  sample o f  d - t r a n s - o a r v e o l .  The t h i r d  

; ooraponent (4 3 .5  g . ) ,  b . p .  1 2 7 -1 3 3 ° /4  mm., n ^ l . 4 8 1 3 ,  was 

: th e  m o n o ac e ta te  o f  s o b r e r o l  (8 -ac e to x y -6 -h y d ro x y - l - ]D -m e n -  

j th en e )  (LXXXVI) (20 .5 $ )  which  gave a 3 , 5 - d i n i t r o b e n z o a t e ,

! m .p .  1 3 0 . 5 - 1 3 2 ° .  H y d r o l y s i s  o f  0 . 4  g .  w i t h  4 m l .  o f  50$

: p o ta s s iu m  h y d ro x id e  i n  10 m l .  o f  a 20$ e t h a n o l  s o l u t i o n
|
| a f f o r d e d  d l - t r a n s - s o b r e r o l ,  m .p .  128-129° which  was u n -
j
| d e p r e s s e d  on a d m ix tu re  w i th  an a u t h e n t i c  sa m p le .  A n a l .

t  ___________________________________________________________________________________
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C a lG u la te d  f o r  C, ̂ Kz o 03 Y C , ~ 6 7 . Pound:  C,

6 8 .2 4 $ ;  H, 9 ,7 2 % ,

P y r o l y s i s  o f  8 - a o e t o x y - 6 - h y d r o x y - l - p - m e n t h e n e  (LXXXVI).

6 .0 0  g .  o f  the  s o b r e r o l  m onoaoe ta te ,  p roduoed  ab ov e ,  was

dropped  a t  a r a t e  o f  1 d ro p /2 5  seconds  on th e  p y r o l y s i s

column ( 3 7 0 ° ) .  The p y r o l y s i s  p ro d u o t  was t a k e n  up i n  e th e r ,

n e u t r a l i z e d  w i t h  a  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n ,

washed w i t h  w a te r  and d r i e d  o v e r  anhydrous  sodium s u l f a t e .

A f t e r  rem ova l  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  the

c ru d e  p r o d u c t  (4 .2 4  g . ) ,  i d e n t i f i e d  by GLPC a s  t r a n s - c a r -

! v e o l ,  was d i s t i l l e d  on  a  m o d i f i e d  Hickman s t i l l  to  g ive
Z5

3 .7 8  g .  o f  d l - t r a n s - c a r v e o 1, n-p 1 .4 9 5 9 ,  3 , 5 - d i n i t r o b e n z o a t e
i

i  m .p .  1 1 9 ° .  This  gave a n  i n f r a r e d  s p e c t r u m  i d e n t i c a l  w i th  

I an a u t h e n t i c  sa m p le .  GLPC a n a l y s i s  i n d i c a t e d  the  c rude  

; p y r o l y s a t e  to  be b e t t e r  t h a n  90$ t r a n s - c a r v e o l .

H y d r o x y l a t l o n  o f  d - o < - p l n e n e . 68 g .  o f  d-£< - p l n e n e ,
! 3.5 zs  o  ,

n-p 1 .4 6 3 5 ,  oc-p + 1 6 .6 5  ( n e a t ) ,  was added i n  f o u r  a l i q u o t s  t o

I a s o l u t i o n  o f  7 9 g .  o f  p o t a s s iu m  pe rm angana te  i n  2000 m l .

: o f  water ,  be tw een  0° and  5 ° .  The r e a c t i o n  was s t i r r e d  f o r
I
; 8 ho u rs  a t  t h i s  t e m p e r a t u r e .  The manganese d i o x id e  formed 

| was f i l t e r e d  and th e  aqueous  phase  r e d u c e d  to  200 m l .  by 

e v a p o r a t i o n .  The aqueous  phase  was s u b j e c t e d  to  a  c o n t i n u -  

I ous c h lo r o f o r m  e x t r a c t i o n  f o r  36 h o u r s .  The c h lo r o f o r m  

l a y e r  y i e l d e d  an  o i l ,  t a n  i n  c o l o r ,  ( 5 .7 0  g . )  which  was 

s u b j e o t e d  to  d i s t i l l a t i o n  o v e r  th e  m o d i f i e d  Hickman s t i l l
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to  y i e l d  a  o d o r l e s s  o i l ,  r i ^  1 . 4 8 8 2 , 1 4 . 2 °  ( a c e t o n e )  

which was i n d i o a t e d  to  he e l s - 1 - hydr  oxy-pinooamphone (188) 

hy i t s  i n f r a r e d  sp e o t r u m .

L i th iu m  aluminum h y d r i d e  r e d u c t i o n  o f  c i s - 1 - h y d r o x y ” 

p lnooam phone . 250 mg. o f  th e  h y d ro x y -k e to n e  was d i s s o l v e d

i n  200 m l .  o f  d r y  e t h e r  ( i n  a  h e a k e r )  and  a p p r o x i m a t e l y  

200 mg. o f  l i t h i u m  aluminum h y d r id e  a d d e d .  The e t h e r  was 

f i l t e r e d  to  remove any s o l i d ,  a l i t t l e  w a te r  was added  and 

the s o l u t i o n  d r i e d  ov e r  anhydrous  sodium s u l f a t e .  E v a p o ra ­

t i o n  o f  th e  e t h e r  y i e l d e d  210 mg. o f  a l o o h o l ,  o f  which  

! a b o u t  80 mg. was an  o i l .  The s o l i d  gave a m .p .  1 40 -1 4 3°•
i

: I n f r a r e d  s p e c t r a l  e v id e n c e  i n d i c a t e d  b o t h  m a t e r i a l s  were
|
| a l c o h o l i c  (no c a r b o n y l  b a n d s ) . The s o l i d  was i d e n t i f i e d
i
| as  impure o ^ -p in e n e  g l y c o l  (LXXVII) ( 1 8 8 ) .

4 - o y a n o - 1-m ethy1 - c y c l o h e x - 1 - e n e . 15 .0  g .  o f  i s o p r e n e ,

1 16 .0  g .  o f  a c r y l o n i t r i l e ,  40 m l .  o f  t o lu e n e  and 0 .1 0  g .  o f  

; hydroqu inone  were p l a o e d  i n  a  g l a s s  l i n e r  i n  a  s t e e l ,  h i g h  

p r e s s u r e ,  a p p a r a t u s  and h e a t e d  to  135° un d e r  2000 p . s . i .  o f  

an  i n e r t  gas (hydrogen)  f o r  18 h o u r s .  The a p p a r a t u s  was 

| c o o le d  and the  p r o d u c t s  d i s t i l l e d .  D i s t i l l a t i o n  gave 2 1 . 1  

j g . 4 - c y a n o - l - m e t h y l - c y o l o h e x - l - e n e  ( 8 2 $ ) ,  b . p .  8 5 - 9 3 ° /2 0  

■ mm., r i ^ l . 4 7 2 3 .

1 - m e t h y 1 - 4 - f o r m y l - o y o l o h e x - l - e n e  (X CII) . 7 3 . 0  g .  o f

j i s o p r e n e  and 5 9 .0  g .  o f  p r e d i s t i l l e d  a c r o l e i n  were p l a o e d  

| i n  th e  g l a s s  l i n e r  w i t h  0 .1 0  g .  h y d r o q u in o n e .  This  was
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p l a o e d  i n  the  h i g h  p r e s s u r e  bomb u n d e r  2000 p . s . i .  (h y d ro ­

gen) and h e a t e d  to  125° f o r  7 h o u r s .  D i s t i l l a t i o n  o f  t h i s  

p r o d u c t  a f f o r d e d  110 g .  of  m a t e r i a l ,  b . p .  4 5 - 4 7 ° / 5  mm., 

(8 4 .4 $ )  i d e n t i f i e d  a s  1 - m e t h y 1 - 4 - f o r m y l - c y o l o h e x - 1 - e n e . 

R e d i s t i l l a t i o n  gave b . p .  6 4 ° / l 0  mm., 1 .4711  ( L i t .  ( 1 8 9 ) :  

b . p .  7 0 - 7 1 ° / l 4  mm.) .  The a ld eh y de  gave a  s e m ic a rb a zo n e ,  

m .p .  1 4 2 .5 -1 4 4 °  ( L i t .  ( 1 8 9 ) :  m .p .  1 4 4 ° ) ,  and  a 2 , 4 - d i n i t r o -  

p h e n y lh y d ra z o n e ,  m .p .  1 6 5 . 5 - 1 6 6 . 5 ° .

D l n o r - o ( - t e r p i n e o l  (LXXXYIII) . To 2 2 .8  g .  o f  l i t h i u m  

aluminum h y d r i d e ,  s l u r r i e d  i n  2000 m l .  o f  anhydrous  e t h e r ,  

was added 248 g .  o f  1 - m e th y 1 - 4 - f o r m y l - c y o lo h e x - 1 - e n e  so a s  

to  keep the  r e a c t i o n  r e f l u x i n g  g e n t l y .  The r e a c t i o n  was 

: r e f l u x e d  f o r  2 h o u r s  a f t e r  a d d i t i o n  was c o m p le t e .  Water 

■ was t h e n  added d ropw ise  u n t i l  a w h i t e ,  f l o c c u l e n t  p r e c i p i ­

t a t e  fo rm ed .  The p r e c i p i t a t e  was f i l t e r e d  by means o f  a
i

i buohner  f u n n e l .  The e t h e r e a l  s o l u t i o n  was s t r i p p e d  o f  

: s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e .  The c o l o r l e s s  o i l  was 

c r u d e l y  d i s t i l l e d  y i e l d i n g  242 g .  (96$) o f  a l c o h o l .  GLPC 

I a n a l y s i s  showed two components i n  a b o u t  a 91 : 9 r a t i o .

; D i s t i l l a t i o n  a f f o r d e d  the  main oomponent,  d l n o r - o d - t e r -  

: p i n e o l ,  b . p .  9 0 ° / l 0  mm., n ^  1 .4 8 1 0 .  This  a l c o h o l  gave a

3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  1 1 1 -1 1 2° .  The second  oomponent, 

b . p .  8 9 ° / l 0  mm., n ^  1 .4 6 0 3 ,  was I s o l a t e d  by GLPC. The 

| i n f r a r e d  speo trum  o f  th e  unknown compound had  a c a rb o n y l  

j band a t  5 .7 1  m i c r o n s .  GLPC a n a l y s i s  showed t h a t  t h i s  may
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have been  two p r o d u c t s ,  a l t h o u g h  i t  was i m p o s s i b l e  to  con­

f i r m  t h i s  w i t h  th e  d a t a  a v a i l a b l e .

1 - m e t h y 1 - 4 - a c e t y l - o y o l o h e x - l - e n e  (X C II I ) . 3 0 .0  g .  o f

m e th y l  v i n y l  k e to n e  and 3 5 .0  g .  o f  i s o p r e n e  w i t h  0 .1 0  g .  

hydroqu inone  were p l a c e d  i n  a h ig h  p r e s s u r e  bomb un d e r  

2000 p . s . i .  o f  hydrogen  and h e a t e d  to  175° f o r  18 h o u r s .  

D i s t i l l a t i o n  o f  th e  p ro d u o t  o b t a i n e d  gave 59 g .  o f  orude  

1-met h y l - 4 - a c e t y l - c y c l o h e x - l - e n e  (9 3 $ ) ,  b . p .  6 3 - 6 8 ° / 5  mm. 

R e d i s t i l l a t i o n  gave m a t e r i a l ,  b . p .  7 9 - 8 0 ° / l 0  mm.,

1.47 03,  which  formed a s e m ic a r b a z o n e ,  m .p .  1 4 8 -1 4 8 .5 °  

( L i t .  (1 8 9 ) :  m .p .  149°) and a  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e ,  

i m .p .  1 1 6 ° .  A n a l y s i s  o f  th e  c ru d e  d i s t i l l a t e  by GLPC i n d i -  

! c a t e d  l e s s  th a n  3$ o f  1 - m e t h y 1 - 5 - a o e t y l - c y o l o h e x - 1 - e n e .

Nor-  o ( - t e r p i n e o l  (LXXXIX) . 2 7 6 .0  g .  o f  1-me th y  1 - 4 -

ace t y l - c y c l o h e x - l - e n e  was added  to  a  s l u r r y  o f  2 2 . 8  g .  o f
I

l i t h i u m  aluminum h y d r id e  i n  2000 m l .  o f  anhydrous  e t h e r  a t  

such  a r a t e  a s  to  m a i n t a i n  g e n t l e  r e f l u x .  The r e a c t i o n  

was r e f l u x e d  f o r  1 hour  a f t e r  c o m p le t io n  o f  k e ton e  a d d i t i o n .  

: The r e a c t i o n  was t h e n  c o o led  and w a te r  added d ropwise  u n t i l  

; a w h i t e ,  f l o c c u l e n t  p r e o i p i t a t e  fo rm ed .  The p r e c i p i t a t e  

was f i l t e r e d  o f f ,  the  s o l v e n t  removed un d e r  r e d u c e d  p r e s -  

: su re  and th e  p r o d u c t  d i s t i l l e d .  D i s t i l l a t i o n  gave 250 g .

(89 .5$)  o f  n o r - o L - t e r p i n e o l ,  b . p .  90 -9 5 ° / 9  mm., 1 ,4 7 8 8 ,

| which on r e d i s t i l l a t i o n  gave a  b . p .  9 3 ° /9  mm., n ^ l . 4 7 9 2 .  

This  a l c o h o l  gave a  3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  9 5 - 9 6 ° .
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A n a l .  C a l c u l a t e d  f o r  CqH|b o’: C, 77 .09$ ;  h7"’n . ^ 0 " ^ r ~ “Pound:"

C, 7 7 .2 6 $ ;  H, 1 1 .5 7 $ .

I s o - o( - t e r p i n e o l  (XC) . A s o l u t i o n  o f  6 0 .0  g .  e t h y l  

bromide i n  7 0 . 0  g .  d ry  e t h e r  was s lo w ly  added o v e r  a 2 hour  

p e r i o d  to  14 .60  g .  o f  p r e d r i e d  magnesium t u r n i n g s  (un d er  

n i t r o g e n )  a t  a r a t e  suoh  t h a t  g e n t l e  r e f l u x  was m a i n t a i n e d .  

A f t e r  a d d i t i o n  was c o m p le te ,  the  r e a c t i o n  was s t i r r e d  f o r  

30 m in u te s  w h i le  the  t e m p e r a t u r e  was lo w ered  to  5° be means 

o f  a n  i c e  -  s a l t  b a t h .  1 -m ethy1 - 4 - f o r m y l - c y c l o h e x - 1 - e n e  

(6 2 .0  g . )  i n  75 m l .  o f  e t h e r  was th e n  added o v e r  an  80 m in­

u t e  p e r i o d ,  m a i n t a i n i n g  the  t e m p e r a t u r e  be tw een  5° and 1 5 ° .  

i The r e a c t i o n  was s t i r r e d  f o r  30 m in u te s  a f t e r  a d d i t i o n  was
l
i c o m p l e t e .  The r e a c t i o n  was t h e n  po u red  i n t o  an i c e  -  10$
i

; s u l f u r i c  a c i d  s o l u t i o n .  The o i l  l a y e r  t h a t  formed was 

; s e p a r a t e d  and the  aqueous phase  was e x t r a c t e d  f o u r  t im es  

; w i t h  125 m l .  o f  e t h e r .  The e x t r a c t i o n s  were washed w i t h  

two 125 m l .  p o r t i o n s  o f  w a te r  and d r i e d  o v e r  anhydrous  

: p o t a s s iu m  c a r b o n a t e .  The s o l v e n t  was removed u n d e r  r e d u c e d  

' p r e s s u r e  and the  p r o d u c t  d i s t i l l e d ,  b . p .  8 2 - 8 5 ° / 3  mm.,

; n-p 1 .4 8 0 8 ,  to  y i e l d  63 g .  (8 1 .5 $ )  o f  i s o - c j - t e r p i n e o l  (1-  

m e t h y l -  [4-<* - h y d r o x y - p r o p y l ]  - e y e l o h e x - 1 - e n e )  . The a l c o h o l  

gave a 3 , 5 - d i n i t r o b e n z o a t e ,  m .p .  1 1 1 -1 1 3 ° .  A n a l . C a lc u -

| l a  t e d  f o r  C |OHlg0 :  C, 7 7 . 8 7 $ ;  H, 1 1 .7 6 $ .  Found: C, 7 7 . 8 0 $ ;

| H, 1 1 .7 4 $ .

Homo-o i - t e r p i n e o l  (XCI) . A s o l u t i o n  o f  127 g .  o f
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e t h y l  bromide and 200 m l .  o f  d ry  e t h e r  was s lo w ly  added to  

3 0 .5  g .  o f  p r e d r i e d  magnesium t u r n i n g s  so as  to  m a i n t a i n  a 

g e n t l e  r e f l u x ,  o o o l i n g  when n e o e s s a r y  w i t h  an  i c e  h a t h .

When a d d i t i o n  was c o m p le te ,  the  r e a o t i o n  was s t i r r e d  f o r  

35 m in u te s  and th e n  a  m ix tu r e  o f  138 g .  o f  l - m e t h y l - 4 -  

a o e t y l - c y c l o h e x - l - e n e  i n  300 m l .  o f  d ry  e t h e r  was added  a t  

a  r a t e  s u c h  t h a t  g e n t l e  r e f l u x  was m a i n t a i n e d .  The r e a o ­

t i o n  was h e a t e d  a t  r e f l u x  f o r  1 hour  a f t e r  a d d i t i o n  was 

c o m p le te d .  A f t e r  the  r e a c t i o n  was c o o le d ,  the  r e a c t i o n  

was worked up as  f o r  i s o - c L ~ t e r p i n e o l .  163 g .  o f  orude 

m a t e r i a l  was r e c o v e r e d  b e f o r e  d i s t i l l a t i o n .  D i s t i l l a t i o n  

; a f f o r d e d  147 g .  (8 7 .5 $ )  homo- o C - t e r p i n e o l ,  b . p .  8 9 - 9 2 ° / 3
i  "
I £5
! mm., njj  1 .4 8 3 6 .  The a l c o h o l  f a i l e d  to  g ive  a  c r y s t a l l i n e  

: 3 , 5 - d i n i t r o b e n z o a t e .  A n a l . C a l c u l a t e d  f o r  C(l E l o 0 :  C,

I 7 8 .5 1 $ ;  H, 1 1 .9 8 $ .  Pound: C, 7 8 . 5 8 $ ;  H, 1 1 .8 8 $ .

! B r o m ln a t lo n  o f  d l n o r - cL- t e r p i n e o l  (LXXXVIII) w i t h

p y r ld ln lu m  bromide p e r  bromide . To 138 g .  o f  d i n o r -  oL - t e r -  

; p i n e o l  i n  665 m l .  o f  g l a c i a l  a c e t i c  a c i d  was a d d ed ,  s c o o p -

j  w ise ,  386 g .  o f  p y r id in iu m  bromide p e rb ro m id e ,  p r e p a r e d
I
I a c c o r d i n g  to  th e  method o f  P i e s e r  (1 9 8 ) ,  over  a 40 m in u te

; p e r i o d  a t  room t e m p e r a t u r e .  The s o l u t i o n  to o k  on a y e l lo w -
i

j o range  c o l o r .  The r e a c t i o n  was t h e n  p o u red  i n t o  1500 m l .

| o f  w a te r  and  th e  o i l  l a y e r  t h a t  formed was s e p a r a t e d .  The 

; aqueous p hase  was e x t r a c t e d  tw ic e  w i t h  150 m l .  o f  e t h e r .

The o i l  was th e n  t a k e n  up i n  e t h e r  and r e p e a t e d l y  washed
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w i t h  w a te r  and a d i l u t e  sodium b i c a r b o n a t e  s o l u t i o n .  The 

n e u t r a l i z e d  e t h e r  l a y e r  was d r i e d  ove r  anhydrous  sodium 

s u l f a t e  and s t o r e d  i n  th e  r e f r i g e r a t o r .  A f t e r  the  s o l v e n t  

was removed, the  i n f r a r e d  sp ec t ru m  showed a  s t r o n g  c a r b o n y l  

a b s o r b t i o n  a t  5 .7 3  m ic r o n s .  R e a c t in g  what was th u s  assumed 

to  be a  b ro m o a c e ta te  (24 g . )  i n  p y r i d i n e  (68 g . )  a t  35° f o r  

24 ho u rs  gave the  b ro m o ac e ta te  back  u n c h an g e d .  This  m a te ­

r i a l  d i s t i l l e d  w i t h  n e g l i g i b l e  d e c o m p o s i t io n  a t  b . p .  150- 

153 / 6  mm., n p 1 .5 2 3 2 .  S i m i l a r  r e s u l t s  were o b t a i n e d  i n  

r e f l u x i n g  m e th an o l  -  p i p e r i d i n e .  A n a l y s i s  would i n d i c a t e
I
j t h a t  t h i s  was Impure b r o m o a c e t a t e .  A n a l . C a l c u l a t e d  f o r
j
; C,o H/7 0 Br:  C, 4 5 .2 9 $ ;  H, 6 .4 6 $ .  Pound:  C, 39 .11$ ;  H,
i

j 5 . 4 4 $ ,  When 128 g .  o f  t h i s  ” b r o m o a c e t a t e ” was added to  a 

: r e f l u x i n g  sodium e t h o x i d e  (3 2 .2  g . )  -  a b s o l u t e  e t h a n o l  

; (475 m l . )  s o l u t i o n ,  39 g .  o f  d l n o r p l n o l  ( 4 - m e th y l - 6 - o x a -  

I b i c y c l o -  [ 3 . 2 . l ] - o o t - 3 - e n e )  (XCV) was o b t a i n e d ,  b . p .  5 6 - 6 7 ° /  

10 mm., n p 1 .4 7 7 2 .  The r em a in d e r  was l e f t  i n  the  p o t  as  

h i g h  b o i l i n g  r e s i d u e  on d i s t i l l a t i o n .  Because o f  th e  un-  

| d e s i r a b l e  a c e t y l a t i o n  d u r i n g  b r o m i n a t i o n ,  t h i s  b r o m in a t io n
1

i p ro o ed u re  was n o t  u se d  f u r t h e r .

B ro m in a t io n  p ro c e d u re  f o r  t e r p i n e o l  a n a l o g s . The o l e -  

; f i n s  were mixed i n  a  1 : 10 r a t i o ,  by volume,  w i th  ca rb o n  

i  t e t r a c h l o r i d e .  The s o l u t i o n  was t h e n  c o o le d  to a b o u t  5°

| and  a  1 : 1 bromine -  c a r b o n  t e t r a c h l o r i d e  s o l u t i o n  was 

added dropwise  (1 mole o f  bromine f o r  1 mole o f  o l e f i n ) .
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The b rom ides  were s t o r e d  i n  s o l u t i o n ,  u n d e r  r e f r i g e r a t i o n ,  

u n t i l  j u s t  p r i o r  to  u s e .  The c a rb o n  t e t r a c h l o r i d e  was 

s t r i p p e d  o f f  un d e r  vaouo and th e  d ib ro m id e s  were u se d  i n  

t h e i r  c ru de  f o r m s .  The r e s u l t s  were v e ry  c l e a n  i n  e v e ry  

case  •

R e a c t i o n s  o f  d lb r o m o - a lo o h o l s  w i t h  b a s i c  r e a g e n t s . The 

p r o c e d u re  f o r  the  r e a c t i o n  o f  the  d i b r o m o - a l c o h o l s  w i t h  

b a se s  was as  f o l l o w s .  The r a t i o  o f  e q u i v a l e n t s  o f  base  to  

the  bromine e q u i v a l e n t  was a  2 : 1 e x c e s s  o f  b a s e .  The 

j base  was i n  a 0 .5 0  m o la r  c o n c e n t r a t i o n  i n  th e  r e s p e c t i v e  

j  s o l v e n t s .  The d lb ro ra ide  was d ropped  i n t o  th e  base  s o l u t i o n  

a t  the  p r e s c r i b e d  t e m p e r a t u r e s  and s t i r r e d  f o r  a  p e r i o d  o f  

8 h o u r s .  The r e a c t i o n  was c o o le d  and poured  i n t o  w a t e r ,  

e x t r a c t e d  w i t h  e t h e r ,  washed w i t h  w a t e r ,  d r i e d  o v e r  anhy­

drous  sodium s u l f a t e ,  th e  s o l v e n t  removed and th e  r e s u l t s  

a n a l y z e d  by GLPC, While o n ly  th e  a ro m a t i c  and p i n o l  com­

pounds were r e p o r t e d  i n  the  p r o d u c t  r a t i o ,  t h i s  was n o t  to 

imply  t h a t  the  r e p o r t e d  r a t i o s  were a c t u a l  y i e l d s .  I n  the  

case  o f  weak b a se s  the  a l l y l i c  bromide was the  p r i m a r y  

; p r o d u c t .  Large s c a l e  r u n s  were c a r r i e d  o u t  o n l y  to  i s o l a t e  

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

; d ib ro m id es  were h e a t e d  o r  r e a c t e d  w i t h  a c i d s ,  th e  a ro m a t ic  

! p r o d u c t  was o b s e r v e d .  A u t h e n t i c  sam ples  o f  the  p u r i f i e d  

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

a r o m a t i c s ,  o b t a i n e d  c o m m e r c ia l ly ,  were u s e d  i n  the  GLPC
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a n a l y s e s  as  I n t e r n a l  s t a n d a r d s .

6 -b ro m o -8 - h y d r o x y - l - £ - m e n th e n e  was p r e p a r e d  as  d e s ­

c r i b e d  p r e v i o u s l y  (11) and u se d  i m m e d ia te ly  a f t e r  p r e p a r a ­

t i o n .  The r e s u l t s  a r e  t a b u l a t e d  i n  Tab le  V. The r e s u l t s  

f o r  d i n o r -od - t e r p i n e o l  d ibroraide  a r e  i n  Table  VI and f o r  

n o r -  o d - t e r p l n e o l  d ib ro m id e  i n  Table V I I .

D i n o r p i n o l  ( 4 - m e t h y l - 6 - o x a - b i o y o l o -  [ 3 . 2 . l ] - o o t - 5 - e n e ) 

(XCV) • 17 .25 g .  o f  sodium was d i s s o l v e d  I n  280 g .  o f  p r e ­

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

to  65° and 6 4 .5  g .  o f  d i n o r - - t e r p i n e o l  d ib rom ide  was 

| s l o w l y  d ropped  i n  o v e r  a  3 hour  p e r i o d .  The r e a c t i o n  was 

| s t i r r e d  f o r  2 h o u rs  a f t e r  a d d i t i o n  and  t h e n  c o o l e d .  The 

! r e a c t i o n  m ix tu r e  was p o u re d  i n t o  700 m l .  o f  w a te r  and e x ­

t r a c t e d  s e v e n  t im es  w i t h  75 m l .  o f  e t h e r .  The e t h e r e a l  

s o l u t i o n  was washed f o u r  t im es  w i th  100 m l .  o f  w a te r  and  

i  th e n  d r i e d  o v e r  anh y d rou s  sodium s u l f a t e .  D i s t i l l a t i o n

; gave 1 7 .8  g .  (6 4 .5$ )  d i n o r p i n o l ,  b . p .  5 5 - 5 6 ° / l 0  mm.,
Z5

nj, 1 .4 7 7 7 .  T h is  was i d e n t i c a l  to  th e  m a t e r i a l  p r e v i o u s l y  

o b t a i n e d  from the  " b r o m o a c e t a t e ” • The d i n o r p i n o l  formed 

| a  c r y s t a l l i n e  complex w i t h  f e r r i c y a n i c  a c i d ,  and a c rude  

i  dib rom ide  m e l t e d  a t  4 6 - 4 8 ° .

N o r p l n o l  ( 4 . 7 -d im e  th y  1 - 6 - o x a - b i o y c l o -  [3 .2  . l ]  -oo t - 3 - e n e )  

(XOVI) . 335 g .  o f  n o r -  oi - t e r p i n e o l  d ib ro m id e  was s lo w ly

i added to  s o l u t i o n  o f  237 g .  o f  sodium m e th o x id e  i n  600 m l .  

j o f  a b s o l u t e  e t h a n o l ,  r e f l u x i n g  g e n t l y .  The r e a c t i o n  t ime
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was 8 h o u r s .  The r e a c t i o n  was worked up as  f o r  d i n o r p i n o l .  

D i s t i l l a t i o n  gave 95 g. o f  c rude  n o r p i n o l ,  b . p .  5 0 - 1 1 5 ° / l2  

mm. F r a c t i o n a t i o n  gave 65 g .  o f  n o r p i n o l ,  b . p .  6 0 - 6 1 . 5 ° / l 2  

mm., n ^ l . 4 7 0 8 ,  c o r r e s p o n d i n g  to  a 43$ y i e l d .  The r e m a in ­

i n g  m a t e r i a l s  were h ig h  b o i l i n g  a l c o h o l s  ( v i a  i n f r a r e d ) .

The GLPC a n a l y s i s  i n d i c a t e d  t h a t  the  two p o s s i b l e  i s o m e r i c  

n o r p i n o l s  were p r e s e n t  i n  a b o u t  a 3 : 2 r a t i o .  The mixed 

n o r p i n o l s  gave a c r y s t a l l i n e  complex w i t h  f e r r i c y a n i c  a c i d .

I s o p l n o l  ( 4 - m e t h y l - 7 - e  t h y l - 6 - o x a - b l o y c l o -  [5 .2  . l ]  -oo  t -  

3 -en e )  (XGVII) . 5 5 .0  g .  o f  i s o - oL- t e r p i n e o l  d ib rom ide  was

j  d ropped  i n t o  a  r e f l u x i n g  s o l u t i o n  o f  36 g .  sodium e th o x i d e  

: i n  250 m l .  o f  a b s o l u t e  e t h a n o l  and r e f l u x e d  f o r  8 h o u r s .

! The r e a c t i o n  was worked up as  d e s c r i b e d  f o r  d i n o r p i n o l .

i  D i s t i l l a t i o n  a f f o r d e d  13 g .  (48$) o f  i s o p l n o l ,  b . p .  85-  
*2.5

8 8 ° / l 4  mm., 1 .4690* A se co n d  f r a c t i o n  ( 7 . 5  g . )  c o n s i s t -  

: i n g  o f  h i g h  b o i l i n g  a l c o h o l ( s ) ,  b . p .  9 7 - 1 3 8 ° / l 4  mm., was 

o b t a i n e d .  A n a l y s i s  o f  the  I s o p l n o l  f r a c t i o n  showed o n l y  a 

s i n g l e  peak  on  GLPC, b u t  t h i s  does n o t  r u l e  o u t  the  p o s s i ­

b i l i t y  o f  th e  two p o s s i b l e  i so m e rs  b e in g  p r e s e n t .  The l s o -  

; p i n o l ( s )  formed a c r y s t a l l i n e  complex w i t h  f e r r i c y a n i c  

| a c i d .

Homopinol ( 4 , 7 - d l m e t h y l - 7 - e t h y l - 6 - o x a - b l c y o l o -  f 3 . 2 . l ] -  

o o t - 3 - e n e )  (XCVIII) . 174 g.  o f  homo-o( - t e r p i n e o l  d ib rom ide

was d ro pp ed  i n t o  a r e f l u x i n g  s o l u t i o n  o f  95 g .  sodium m eth -  

ox id e  i n  730 m l .  o f  a b s o l u t e  e t h a n o l .  The r e a c t i o n  was r e -
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f l u x e d  f o r  8 h o u r s .  The r e a c t i o n  was worked up as f o r  d i ­

n o r p i n o l .  D i s t i l l a t i o n  gave 4 0 .5  g .  o f  homopinol  (46 $ ) ,  

b . p .  7 7 - 9 6 ° / l 5  mm., and 44 g. o f  h i g h  b o i l i n g  a l c o h o l s ,  

b . p .  9 6 - 1 3 5 ° / l 0  mm. R e d i s t i l l a t i o n  o f  the  f i r s t  f r a c t i o n  

gave homo p i n o l ,  b . p .  7 0 ° / l 0  mm., n-p 1 .4 7 2 5 .  Homo p i n o l  

formed a c r y s t a l l i n e  d e r i v a t i v e  w i t h  f e r r i c y a n i c  a c i d .

5 - a o e t o x y - m e t h y l - c r o t o n a t e  ( e n o l  a c e t a t e  o f  m e th y l  

a c e t o a o e t a t e ) •  348 g .  o f  m e th y l  a c e t o a c e t a t e  and 360 g .  o f

i s o p r o p e n y l  a c e t a t e  were mixed t o g e t h e r  and 3 m l .  o f  con -  

| c e n t r a t e d  s u l f u r i c  a c i d  added d ropw ise  w i t h  s t i r r i n g .  The 

r e a c t i o n  m ix tu re  was th en  r e f l u x e d ,  and the  ace to n e  formed 

: was d i s t i l l e d  o f f .  The r e a c t i o n  became b l a c k  i n  c o l o r .

; A f t e r  2-|- h o u r s ,  th e  r e a c t i o n  m ix tu r e  was d i s t i l l e d  from the  

; p o t  u n d e r  r e d u c e d  p r e s s u r e .  389 g .  o f  c o l o r l e s s  l i q u i d  was 

, o b t a i n e d  which  was t h e n  f r a c t i o n a t e d  on a 3 - f t .  s p i n n i n g  

band column. This  gave 52 g.  o f  m e th y l  a c e t o a c e t a t e ,  b . p .  

4 2 - 8 4 ° / l 0  mm. and 306 g .  o f  3 - a c e t o x y - m e t h y 1 - c r o t o n a t e ,
_  £i>

b . p .  86 / l O  mm., n j  1 .4 4 2 8 .  This  c o r r e s p o n d s  to  a 7 8 .5 $  

y i e l d  based  on the  m e th y l  a c e t o a c e t a t e  r e a c t e d .  The i n -  

; f r a r e d  sp ec t ru m  and u l t r a v i o l e t  sp e c t ru m  ( A max 210 m/()

: were r e o o r d e d .  A n a l . C a l c u l a t e d  f o r  C7H)o0^.: C, 5 3 .1 6 $ ;

| H, 6 . 3 7 $ .  Pound: 0 ,  5 3 .6 0 $ ;  H, 6 . 5 9 $ .

3 - a o e t o x y - e t h y l ~ o r o t o n a t e  ( e n o l  a c e t a t e  o f  e t h y l  

| a c e t o a c e t a t e ) • 396 g .  o f  e t h y l  a c e t o a c e t a t e  and 347 g .  o f

| i s o p r o p e n y l  a o e t a t e  were mixed and 3 m l .  o f  c o n c e n t r a t e d
|

i
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s u l f u r i c  a c i d  added d r o p w is e .  The r e a c t i o n  was t h e n  c a r ­

r i e d  o u t  as  f o r  3 - a c e t o x y - m e t h y 1 - c r o t o n a t e • 590 g .  o f

crude  d i s t i l l a t e  gave 149 g .  o f  e t h y l  a c e t o a c e t a t e  and 

404 g .  o f  e n o l  a c e t a t e  on f r a c t i o n a t i o n ,  c o r r e s p o n d i n g  to  a 

97$ y i e l d  b a se d  on the  e t h y l  a c e t o a c e t a t e  r e a c t e d .  The 

e n o l  a c e t a t e ,  b . p .  8 3 ° /5  mm., n-p 1 .4423  ( L i t .  ( 1 9 9 ) :  b . p .  

8 9 - 9 0 ° / l 0  mm., n 3̂  1 ,4675)  gave a n  u l t r a v i o l e t  Xmax a t  

209 m/<• A n a l . C a l c u l a t e d  f o r  CgH^O^: C, 5 5 .8 0 $ ,  H,

7 . 0 3 $ .  Pound:  C, 5 6 .1 2 $ ;  H, 7 . 1 6 $ .

C l s -  and t r a n s - 2 - a o e t o x y - 2 - p e n t e n - 4 - o n e  ( e n o l  a c e t a t e  

o f  a c e t y l a c e t o n e ) .  350 g .  o f  i s o p r o p e n y l  a c e t a t e  and 300
1

g .  o f  2 , 4 - p e n t a n d l o n e  ( a c e t y l a c e t o n e ) were mixed t o g e t h e r

| and 3 m l .  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  added d r o p w is e .
i

The r e a c t i o n  was c a r r i e d  o u t  a s  f o r  3 - a c e t o x y - m e t h y l - c r o -  

t o n a t e .  416 g .  o f  c rude  m a t e r i a l  was o b t a i n e d  which was 

f r a c t i o n a t e d  to  g ive  a c e t y l a c e t o n e  and the  e n o l  a c e t a t e  o f  

■ 2 , 4 - p e n t a n d i o n e . GLPC a n a l y s i s  i n d i c a t e d  the  e n o l  a c e t a t e  

to  be a  67 : 33 r a t i o  o f  two i s o m e r s .  These i so m ers  were 

s e p a r a t e d  by f r a c t i o n a t i o n  to  g ive  c < - 2 - a c e t o x y - 2 - p e n t e n -

4 -o n e ,  b . p .  8 5 - 8 6 ° / l 0  mm., n-p 1 .4 5 0 0 ,  u l t r a v i o l e t  X max

: a t  232 .5  m/t and / ^ - 2 - a o e t o x y - 2 - p e n t e n - 4 - o n e ,  b . p .  8 7 ° / l 0
i  z s  v

mm., n j  1 .4 4 9 3 ,  u l t r a v i o l e t  Xmax a t  226 ryu . A n a l . C a lou -

; l a t e d  f o r  Q7 E / o 03 i C, 5 9 .1 4 $ ;  H, 7 . 0 9 $ .  Pound:  C, 5 9 .2 7 $ ;

' H, 7 . 2 5 $ .

j H y d ro g e n a t io n  o f  3 - a o e t o x y - m e t h y 1 - o r o t o n a t e . 25 g .
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o f  the  e n o l  a c e t a t e  was p l a c e d  i n  a g l a s s  l i n e r  w i t h  200 

m l .  o f  e t h y l  a c e t a t e  and 0 .7  g .  p l a t i n u m  o x id e  and shaken  

u n d e r  60 p . s . i .  o f  h y d ro g e n .  The r e a c t i o n  a b so rb e d  22 

p . s . i .  o f  hydrogen  ( 0 .2 9  m o le ) .  The c a t a l y s t  was removed 

by f i l t r a t i o n  and the  m a t e r i a l  d i s t i l l e d  a t  a tm o sp h e r ic  

p r e s s u r e .  Three f r a c t i o n s  were o b t a i n e d :  ( 1 ) .  e t h y l  a c e ­

t a t e ,  ( 2 ) .  m e t h y l - n - b u t y r a t e ,  b . p .  102°, and  ( 3 ) .  a c e t i c  

a c i d ,  b . p .  118° .  The m e t h y l - n - b u t y r a t e  was i d e n t i f i e d  by 

GLPC and i t s  i n f r a r e d  s p e c t r a  compared to  an a u t h e n t i c  

sample  •
j
| A t tem p ted  d len e  s y n t h e s i s  o f  c y c l o p e n t a d i e n e  and

j 3 - a c e t o x y - e t h y 1 - c r o t o n a t e  ( e n o l  a c e t a t e  o f  e t h y l  a c e t o -  

i a c e t a t e .  61 .2  g .  o f  the  e n o l  a c e t a t e  was mixed w i th  1 9 .8j     —  —■ ^

: g . o f  f r e s h l y  d i s t i l l e d  c y c l o p e n t a d i e n e  and  0 .2  g .  h y d r o ­

q u i n o n e .  The r e a c t i o n  m ix tu re  was p l a c e d  i n  a h ig h  p r e s -  

. s u r e  bomb, i n  a g l a s s  l i n e r ,  and h e a t e d  to  190° f o r  20^- 

h o u rs  u nd e r  2000 p . s . i .  o f  h y d ro gen .  Upon rem o va l  from the 

bomb, 4 g .  o f  polymer was f i l t e r e d  o f f  and the  l i q u i d  was 

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

t i o n .  The h ig h  b o i l i n g  m a t e r i a l  was f r a c t i o n a t e d  to  g ive  

; 35 g .  o f  u n r e a c t e d  e n o l  a c e t a t e  and 6 . 3  g .  o f  w h i te  c r y s -  

: t a l l i n e  m a t e r i a l ,  b . p .  126° /7  mm., m .p .  9 9 - 1 0 0 ° .  The s o l i d  

m e l t e d  a t  108° a f t e r  s e v e r a l  r e c r y s t a l l i z a t i o n s  from oarbon  

t e t r a c h l o r i d e .  The s o l i d  was i d e n t i f i e d  a s  d e h y d r o a c e t io  

: a c i d ,  g i v i n g  no m e l t i n g  p o i n t  d e p r e s s i o n  on a d m ix tu re  w i t hI
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an a u t h e n t i c  s a m p le .  The a u t h e n t i c  sample was p r e p a r e d  hy 

the  method o f  A rn d t  ( 1 9 1 ) .

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

the  sodium s a l t  was e f f e c t e d  hy  the  g r a d u a l  a d d i t i o n  o f  

s l i g h t l y  more th a n  one e q u i v a l e n t  o f  a sodium h y d ro x id e  

s o l u t i o n  to  one e q u i v a l e n t  o f  dehydroace  t i c  a c i d  i n  a  s a t ­

u r a t e d  w a te r  s o l u t i o n .  Im m e d ia te ly  upon a d d i t i o n  o f  the  

b a s e ,  s a l t  f o r m a t i o n  o c c u r r e d .  A l i t t l e  e t h a n o l  was added 

and the  s a l t  was f i l t e r e d ,  washed w i th  e t h a n o l ,  and  r e ­

c r y s t a l l i z e d  from a w a te r  -  e t h a n o l  s o l u t i o n .  For  the 

j  e s t e r  s y n t h e s e s ,  comm erc ia l  sodium d e h y d r o a c e t a t e ,  o b t a i n e d  

; from Aceto  C hem ica l  C o . ,  was em ployed .

S i l v e r  s a l t  o f  d e h y d r o a c e t l c  a c i d . An aqueous s o l u -  

j t i o n  o f  p u r i f i e d  sodium d e h y d r o a c e t a t e  was added to  a  con-  

: c e n t r a t e d  s i l v e r  n i t r a t e  s o l u t i o n ,  i n  e x o e s s ,  w i t h  s t i r -  

r i n g .  The s i l v e r  s a l t  was f i l t e r e d  and washed w i t h  i c e  

; w a t e r ,  f i l t e r e d  and d r i e d .  The s a l t  t u r n e d  d a rk  on d r y i n g .

D e h y d ro a o e t io  a c i d  e s t e r s  ( e n o l  e t h e r s ) . The d ry  

; s i l v e r  s a l t  o f  d e h y d r o a c e t l c  a c i d  was r e f l u x e d  f o r  s e v e r a l  

; hours  i n  an  e x o e s s  o f  t h e  a l k y l  i o d i d e  o f  the  d e s i r e d  

; e s t e r .  The e x c e s s  a l k y l  i o d i d e  was d i s t i l l e d  o f f  and the  

r e s i d u e  t a k e n  up i n  h o t  c a r b o n  t e t r a c h l o r i d e  from which the  

e s t e r s  were o r y s t a l l i z e d .  The m e th y l  d e h y d r o a c e t a t e  m e l t e d  

! a t  91 -92°  ( L i t .  ( 2 0 0 ) :  m .p .  9 3 -9 5 ° )  a f t e r  s e v e r a l  r e c r y s -  

! t a l l l z a t i o n s . The e t h y l  e t h e r  ( e s t e r )  m e l t e d  a t  90 -91°
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( L i t .  (2 0 1 ) :  m .p .  93 -94° )  . The u l t r a v i o l e t  s p e c t r a  o f  the  

a c i d  and i t s  d e r i v a t i v e s  a g re e  w e l l  w i t h  the  l i t e r a t u r e  

(187) ( see  Table  X ) .  The i n f r a r e d  s p e c t r a  i n  th e  c a r b o n y l -
i

o l e f i n  r e g i o n  a r e  t a b u l a t e d  i n  Table  X I .  The n u c l e a r  mag­

n e t i c  r e s o n a n c e  s p e c t r a  a r e  g iv en  i n  the  Append ix .  The 

s o l v e n t  u s e d  f o r  the  NMR s p e c t r a  was d e u t e r a t e d  c h lo r o f o r m ,  

w i t h  the  e x c e p t i o n  o f  t h a t  o f  the  sodium s a l t  which was 

t a k e n  i n  d e u te r iu m  o x i d e .  The d e u te r iu m  exchange e x p e r i ­

ments  were c a r r i e d  o u t  by p l a c i n g  th e  sam ples  i n  a d e u t e r ­

ium ox ide  -  sodium d e u t e r o x i d e  s o l u t i o n  and s h a k in g  f o r  10- 

I 15 m in u te s  p r i o r  to  t a k i n g  th e  s p e c t r a .  I t  was n o te d  t h a t  

i n  the  case  o f  e t h y l  d e h y d r o a c e t a t e ,  a  s e c o n d a ry  r e a c t i o n

; to o k  p l a c e  a t  t h e  same t im e t h a t  exchange o f  the  a c e t y l
I
; m e th y l  was o c c u r r i n g .  However, i t  was e a s y  to  d i f f e r e n t i ­

a t e  the  two compounds i n  th e  s p e c t r a .

H y d r o g e n a t io n  o f  e t h y l  d e h y d r o a c e t a t e . 2 . 5  g .  o f

e t h y l  d e h y d r o a c e t a t e  was h y d r o g e n a t e d  a t  60 p . s . i .  on the  

| P a a r  h y d r o g e n a t i o n  s h a k e r  u s i n g  0 .5  g .  o f  p a l l a d iu m  on 

c h a r c o a l  as  c a t a l y s t  i n  35 m l .  o f  a b s o l u t e  e t h a n o l .  The 

: c a t a l y s t  was removed by f i l t r a t i o n  and th e  u l t r a v i o l e t  

, spec t rum  of  t h e  e t h a n o l  s o l u t i o n  gave a Xmax a t  2 6 4 .5  m/t.

; Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  a 

: d a r k  o i l  which gave a s t r o n g ,  p o s i t i v e  f e r r i c  c h l o r i d e  t e s t  

j i n  b o t h  w a te r  and a l c o h o l .  The i n f r a r e d  spec t rum  gave
i

| Xmax 5 .8 1 (w -m ) , 6 . 0 4 ( s ) ,  6 . 1 9 ( s ) ,  8 . 0 0 ( s )  m ic ron s  i n  c a r -
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bon t e t r a c h l o r i d e  s o l u t i o n .  The f i r s t  c a r b o n y l  a b s o r b t i o n  

was s h i f t e d  when the  o i l  was r u n  n e a t ;  Xmax 5 . 7 5  m ic ro n s  

and i n t e n s e .  The NMR sp e c t ru m  was t a k e n  i n  b o t h  d e u t e r a t e d  

c h lo r o f o r m  and d e u te r iu m  o x i d e .  A d e u t e r a t i o n  e x p e r im e n t  

was c a r r i e d  o u t .  The NMR s p e c t r a  a r e  g iv e n  i n  the  Appendix. 

The a b sence  o f  the  e t h y l  group was obv ious  i n  t h e  NMR 

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

d i s c u s s e d  i n  C h a p te r  I I I .
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CHAPTER V 

SUMMARY

1 .  The s t e r e o s p e c i f i c  p r e p a r a t i o n  o f  d - c l s -  and d -  

t r a n s - l lm o nene  monoxide was c a r r i e d  o u t .  The s t e r e o c h e m ­

i s t r y  o f  the  h y d r o x y a c e t a t e s  formed from the  l imonene mon­

o x id e s  and carvom enthene  o x id e s  was d e te r m in e d  hy p y r o l y s i s  

o f  the  r e s p e c t i v e  h y d r o x y a c e t a t e s .  The p y r o l y s i s  o f  the  

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

| o n da ry  a c e t a t e s  formed from the  e p o x i d e s .  The F u r s t -  

| P l a t t n e r  r u l e  was fo u nd  to  he v a l i d  f o r  s u b s t i t u t e d  mcno- 

; c y c l i c  oyc lohexene  e p o x i d e s .  The s t e r e o c h e m i s t r y  o f  the  

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

c a t e d  t h a t  th e  ttc l s >l- l ( 7 ) , 8 - p - m e n t h a d l e n - 2 - o l  r e p o r t e d  hy 

Naves and Grampoloff  (87) had the  t r a n s  c o n f i g u r a t i o n .

; The l i t h i u m  aluminum h y d r id e  and sodium powder r e d u c t i o n s  

; o f  the  limonene monoxides were r e i n v e s t i g a t e d .  The s e l e c ­

t i v e  and t o t a l  h y d r o g e n a t io n s  o f  th e  p e r a c i d  l imonene mon- 

; o x id e s  were e f f e c t e d .  The a c i d  h y d r a t i o n  and i s o m e r i z a t i o n  

p r o d u c t s  o f  the  p e r a c i d  l imonene monoxides were i d e n t i f i e d  

i a s  o a rv e n o n e ,  d - d i h y d r o o a r v o n e ,  jc-cymene,  p i n o l ,  d - l , 8 - d i -  

h yd rox y -n eo o a rv o m e n th o l  and two o p t i c a l l y  i n a o t i v e  a l o o h o l s ,  

t e n t a t i v e l y  a s s i g n e d  as  d l - l , 8 - d l h y d r o x y - l s o c a rv o m en th o l

162
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and d l - 1 , 8 - d l h y d r o x y - n e o l s o o a r v o m e n t h o l .

2 .  A s t u d y  o f  th e  h y d r o g e n a t io n  p r o d u c t s  o f  the  c a r -  

v e o l s ,  c o u p le d  w i t h  the known r e l a t i o n s h i p s  o f  the  o a rv o -  

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

n e o i s o - c a r v o m e n t h o l ,  a s s i g n e d  by Bose ( 1 ) ,  s h o u ld  be r e ­

v e r s e d .

3 .  P i n o l  was p r e p a r e d  i n  65$ y i e l d  from c / - p i n e n e  

o x i d e .  The p r o d u c t s ,  and th e  s t e r e o c h e m i s t r y  t h e r e o f ,  ob­

t a i n e d  from the  a c t i o n  o f  a c e t i c  a c i d  -  sodium a c e t a t e  on 

o ( - p i n e n e  ox ide  were i d e n t i f i e d  as  cam pholen ic  a ld e h y d e ,  

t r a n s - c a r v e o l  and t r a n s - 8 - a c e t o x y - 6 - h y d r o x y - 1 - p - m e n th e n e .
t

4 .  A s e r i e s  o f  oi -  t e r p i n e o l  a n a lo g s  were s y n t h e s i z e d ;  

t h e i r  d ib ro m ides  were p r e p a r e d  and s u b j e c t e d  to  r e a c t i o n

; w i t h  v a r i o u s  b a s e s .  The i n t e r n a l  e t h e r  -  a r o m a t i c i t y  com- 

; p e t i t i o n  was s t u d i e d .  The r e i n v e s t i g a t i o n  o f  th e  a c t i o n  o f  

b a s e s  on 6 -b rom o-8-hydroxy-1- jo -m enthene  r e f u t e d  the  mechan­

ism o f  p i n o l  f o r m a t i o n  p r e v i o u s l y  p o s t u l a t e d  ( 1 1 ) .  A 

i S e r i e s  o f  p i n o l  a n a lo g s  ( s u b s t i t u t e d  6 - o x a - b i c y c l o -  [3 .2  . i ]  -  

o c t - 3 - e n e s )  were s y n t h e s i z e d .

5 .  A s t u d y  o f  the  s p e c t r a  o f  e t h y l  d e h y d r o a c e t a t e , 

and i t s  h y d r o g e n a t io n  p r o d u c t ,  u nam biguous ly  d e te rm in e d  the
I
i s t r u c t u r e  o f  th e  p a r e n t  e n o l  e t h e r .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I

I

APPENDIX

i

i

I

164

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX

SPECTRAL PROPERTIES OP 2 , 4-PYRANDIONE DERIVATIVES

Compound I n f r a r e d  
, \max ( m ic r o n s )

U l t r a v i o l e t  
X max (m/0

R e f e r e n c e

5 . 5 8 ,  5 . 9 1 ,  6 . 1 6  (CH^Cl*) 250 (7 ,4 0 0 ) 192

C H

OH

5 . 5 8 ,  5 . 9 9 ,  6 . 1 5  (CH^Cl^)

5 . 6 1 ,  5 . 9 8 ,  6 . 1 5  (CH,C1,)

282 ( 7 ,0 5 0 )

293 (6 ,7 0 0 )

5 . 8 3 ,  6 . 0 2 ,  6 . 1 5 ,  6 . 3 0 ,  6 . 5 1  (KBr) 283  (6 ,0 0 0 )

5 . 6 1 ,  5 . 7 5 ,  6 . 0 6 ,  6 . 3 5  (CH^Cl^)

( c o n t  i n u e  d )

294 ( 6 ,8 9 0 )
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APPENDIX ( c o n t i n u e d )

Compound I n f r a r e d U l t r a v i o l e t R e f e r e n c e
X  max ( m ic r o n s ) ,Xmax (m/ / )

OCH

oc”3

5 . 8 4 a , 5 . 8 8 ,  6 . 0 9 ,  6 . 4 1  (CH*C1X) 280 ( 6 ,3 0 0 )

5 . 9 8 ,  6 . 1 5 ,  6 . 2 8  (GH^Cl^)

CH
6 . 0 3  , 6 . 3 9  (KBr)

CH:
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i
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APPENDIX

EXPERIMENTAL INFRARED SPECTRAL DATA

The f o l l o w i n g  s p e c t r a  were o b t a i n e d  i n  N u jo l  on a 

P e r k i n - E l m e r , Model 137 s p e c t r o p h o t o m e t e r  f i t t e d  w i t h  

sodium c h l o r i d e  o p t i o s  and c e l l s .
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APPENDIX

EXPERIMENTAL NUCLEAR MAGNETIC RESONANCE SPECTRAL DATA

The f o l l o w i n g  s p e c t r a  were o b t a i n e d  on a V a r ia n  

Model A-60 n u c l e a r  m ag n e t ic  r e s o n a n o e  s p e c t r o m e t e r .

T e t r a m e t h y l s i l a n e  was u se d  as  an i n t e r n a l  r e f e r e n c e  e x c e p t  

f o r  s p e c t r a  ru n  i n  d e u te r iu m  ox ide  s o l v e n t .
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John C h a r l e s  L e f f i n g w e l l  was b o rn  i n  E v a n s to n ,  Cook 

County ,  I l l i n o i s ,  on F e b r u a r y  16,  1938, the  son  o f  W il l iam  

Bowman L e f f i n g w e l l  and H e len  L ou ise  L e f f i n g w e l l .  He j

a t t e n d e d  grammar sc h o o l s  i n  P r i n c e t o n ,  I l l i n o i s ;  S p r i n g ­

f i e l d ,  M i s s o u r i  and W ic h i t a ,  Kansas and was g r a d u a te d  from !
i i

i Kankakee High S ch o o l ,  Kankakee, I l l i n o i s ,  i n  1956.  '

He a t t e n d e d  R o l l i n s  C o l l e g e ,  W in te r  P a rk ,  F l o r i d a
I ;
: from 1956-1960 where he was g r a d u a t e d  w i th  a B. S .  deg ree  
! ~

i n  C h e m is t r y .  He r e c e i v e d  h i s  M. S .  d eg ree  i n  Organic  

C h e m is t ry  from Emory U n i v e r s i t y  i n  1962.

; He was m a r r i e d  to  Doro thy  Lee E n g l e h a r d t  on May 2 8 ,  |

■ 1960.  A d a u g h t e r ,  D iane ,  was b o rn  on December 15, 1961 .  !

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


