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SUMMARY 

IA a f i r s t  step, dl-trans-octen0&-3-~~C acid was prepred by 
und I-homo-pentune, followed 

14 
a Grignard reaction w i t h  
by rzduotion of the obtaindd hezanoic-l-14C acid co hmra l -1 -  
uia the n - h ~ n o Z - l - ~ ~ C .  The pro&ced h e ~ a n a l - l - ~ ~ C ,  by condens- 
ing cdith mlon ic  aoid gives the reoltest al- t~rm~-ootenoic-3-~~C 
ac id .  In a second step, o l i ve t0 l i c -6 -~~C acid, ethyl ester uas 
prepzrsd by condensing the 3l-trans-octenoi~-3-~*C acid, methyl 
ester with ethyl acetmcetute followed by brominnt?:on and 
catalyt ic  hydrogenation. 

C 

D i s c u s s i o n  

I n  1946 Todd sugges ted  t h a t  t h e  cannabinoids  may be formed 
i n i t i a l l y  i n  Cannabis  S a t i v a  by condensa t ion  o f  m e n t h a t r i e n e  
w i t h  o l i v e t o l .  L a t e r  on,  S c h u l t z  and Hoffner  ( 2 )  examined nume- 
r o u s  f r e s h  c a n n a b i s  p l a n t s  and r e p o r t e d  t h a t  c a n n a b i d i o l i c  a c i d  
is by f a r  m3re Dredomlnant t h a n  c a n n a b i d i o l .  They assumed t h a t  
o l i v e t o l i c  Bcid. and n o t  o l i v e t o l ,  i s  t h e  a romat ic  s p e c i e s  in- 
volved i n  t h e  pr imary  condensa t ion .  Tne i s o l a t i o n  o f  numerous 
new cannabinoids .  i n  p a r t i c u l a r  cannabigero l  and c a n n a b i g e r o l i c  
a c i d .  h a s  msde p o s s i b l e  a more d e t a i l e d  formul .a t ion o f  t h e  b io-  
g e n e t i c  p r o c e s s ,  p r e s e n t e d  by MechouJam i n  1970. That sche-  
me. which r e l a t e s  mainly t o  t h e  n e u t r a l  cannabinoids ,  i m p l i e s  
t h e  o l i v e t o l i c  a c i d  as i n i t i a l  a r o m a t i c  p r e c u r s o r  of t h e  sequen- 
ce .  I n  o u r  i n v e s t i g a t i o n  o f  t h e  cannabinoids  b i o g e n e s i s ,  it was 
n e c e s s a r y  t s  f i n d  an easy  way t o  s g n t h e t i z e  both  o l i v e t o l i c  
a c i d  and o l i v e t o l .  and no t h e  s i n g l e  o l i v e t o l  as  d e s c r i b e d  i n  
a n o t h e r  i n t e n t i o n  by Liebman e t  a l .  
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A f t e r  s e v e r a l  t r i a l s ,  o n l y  one scheme ( f i g .  1). i n v o l v i n g  conden- 
s a t i o n  o f  e t h y l  a c e t o a c e t a t e  and A l - t r a n s - o c t e n o i c  a c i d ,  methyl  

e s t e r  1 4 C  l a b e l l e d ,  ( 5 )  was r e t a i n e d  f o r  i t s  r e l a t i v e  easiness 
and i t s  y i e l d s .  C a r b o x y l i c  l a b e l l e d  h e x a n o i c  a c i d  ( I )  w a s  o b t a i -  
ned by a c l a s s i c  Gr igna rd  r e a c t i o n  w i t h  1-bromo-pentane and 
r a d i o a c t i v e  I 4 C O 2 .  (6) Although t h e  Rosenmund r e a c t i o n  ( 7 )  and 
i t s  v a r i a n t s ,  c a n  g i v e  h e x a n a l  i n  one s t e p ,  t h e  e x p e r i e n c e  h a s  

g i v e n  b e t t e r  y i e l d s  i n  a two s t e p s  way, t h e  f i r s t  as a r e d u c t i o n  
t o  t h e  c o r r e s p o n d i n g  a l c o h o l  w i t h  l i t h i u m  aluminium h y d r i d e ,  and 

t h e  second as a n  o x y d a t i o n  w i t h  a chromium t r i o x i d e  p y r i d i n e  
complex (8) t o  t h e  desired h e x a n a l  (111). A c o n d e n s a t i o n  w i t h  
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malonic  a c i d  ('I g i v e s  t h e  A l - t r a n s - o c t e n o i c  a c i d  (IV), 3-14C 
l a b e l l e d .  The methyl  e s t e r  (V) of  t h i s  l a t t e r  was condensed 
w i t h  e t h y l  a c e t o a c e t a t e  t o  e t h y l  dihydro-olivetolcarboxylate (VI) 
w i t h  a y i e l d  o f  more t h a n  70 $. 

F i n a l l y  a s u c c e s s i o n  o f  t w o  s t e p s  g i v e s  s u c c e s s i v e l y  e t h y l  
dibromo-olivetolcarboxylate (VII) and e t h y l  o l i v e t o l c a r b o x y -  
l a t e  ( V I I I ) .  On t h e  o t h e r  hand, Anker and Cook ( 5 )  i n  t h e  
u s u a l  way, have hydrolysed and decarboxyla ted  t h e  o b t a i n e d  
e s t e r  (IX), t o  o l i v e t o l i c  a c i d  and o l i v e t o l  w i t h  a y i e l d  o f  
92 %. 

Experimental  - 

H e ~ a n o i c - l - ~ ~ C  a c i d .  ( I )  
In a vacuum a p p a r a t u s ,  1.9652 g (9.98 mmole) o f  i n a c t i v e  barium 
c a r b o n a t e  were added t o  1 . 6  mg o f  a c t i v e  c a r b o n a t e  ( s p e c i f i c  
a c t i v i t y  .281 mC/mg) and l a t e r  t r e a t e d  by 15 ml o f  p e r c h l o r i c  
a c i d ,  as d e s c r i b e d  by J . D .  Cox e t  a l .  ( l o )  Then t h e  g e n e r a t e d  
l a b e l l e d  carbon d i o x i d e  was f r o z e n  a t  -196QC and p u r i f i e d  by 
s t a t i c  vacuum d i s t i l l a t i o n  mm) th rough a 4 molecular  
s i e v e .  The d r i e d  carbon d i o x i d e  w a s  l e d ,  always i n  vacuum, i n  
c o n t a c t  t o  a m a g n e t i c a l l y  s t i r r i n g  s o l u t i o n  o f  1-bromo-pentane 
Gr ignard  r e a g e n t  ( 1 2 . 1  mmole and 9.9 mmole Mg) i n  e t h e r  a t  -35%. 
A f t e r  30 min, t h e  system was opened t o  a tmospher ic  p r e s s u r e ,  
hydrolysed w i t h  a s o l u t i o n  o f  1 5  ml(5 N)H2S04 and e x t r a c t e d  w i t h  
e t h e r .  The o r g a n i c  l a y e r  w a s  t h e n  d r i e d  over  anhydrous Na2S04 
and t h e  e t h e r  evapora ted  i n  vscuo. 0.9 g (7.76 mmole) 3f l a b e l -  
l e d  hexanoic  a c i d  were i s o l a t e d .  Y i e l d  78 $. 
S p e c i f i c  a c t i v i t y  10 .1  lo7 DPM/mmole. 

1 4  1 -Hexanol-1- C .  (11) 
Under n i t r o g e n  atmosphere,  t o  1 . 9  g (5 mmole) o f  L i A 1 H 4  i n  d r i e d  
e t h e r ,  were s l o w l y  added 7.76 mmole o f  t h e  previously s y n t h e t i z e d  
hexanoic  a c i d .  During t h e  a d d i t i o n ,  t h e  s o l u t i o n  was maintained 
a t  0QC w i t h  a n  i c e  b a t h  and m a g n e t i c a l l y  s t i r r e d  f o r  30 min. 
The excess  o f  L i A l H  was t h e n  decomposed w i t h  m o i s t  e t h e r ,  t h e  
s o l u t i o n  n e u t r a l i z e d  w i t h  d i l u t e  s u l f u r i c  a c i d  and t h e  a l c o h o l  
e x t r a c t e d  w i t h  e t h e r .  A f t e r  d r y i n g  t h e  s o l u t i o n  o v e r  anhydrous 
Na2S04, t h e  e t h e r  was evapora ted  and 0.581 g (5 .7  mmole) isola- 
t e d .  Yie ld  73 $. S p e c i f i c  a c t i v i t y  7.8 l o 7  DPM/mmole. 
I n  a n o t h e r  l a b e l l e d  s y n t h e s i s ,  a y i e l d  o f  92 $ w a s  o b t a i n e d .  

4 
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Hexanal-l-I4C. ( 111 ) 
A round-bottomed f l a s k  w i t h  t h r e e  necks was f i t t e d  w i t h  a 
d r y i n g  C a C 1 2  t u b e  and two bent t u b e s ,  c o n t a i n i n g  r e s p e c t i -  

v e l y  7 g (70  mmole) o f  chromium t r i o x i d e  and 0.5818 g (5.7 
mmole) o f  1 .abe l led  hexanol i n  3. m l  o f  p y r i d i n e .  To t h e  magneti- 
c a l l y  s t i r r e d  so lu t i .on  (11 m l )  o f  anhydrous p y r i d i n e  i n  150 m l  
o f  methylene c h l o r i d e .  w a s  s l o w l y  added t h e  chromium t r i o x i d e .  
A f t e r  s t i r r i n g  t h e  s o l u t i o n  i n  an i c e  b a t h  d u r i n g  15 min, t h e  
s o l u t i o n  o f  l a b e l l e d  hexanol  was t h e n  q u i c k l y  added. A f t e r  
s t i r r i n g  another 1 5  min a t  room t e m p e r a t u r e ,  t h e  s o l u t i o n  was 
decanted  and f i l t e r e d .  and t h e  f i l t r a t e  washed w i t h  e t h e r .  
2 .165  g ( 2 1 . 7  mmole) o f  i n a c t i v e  hoxanal were added as i s o t o -  
p i c  d i l u t i o n .  The combined o r s a n i c  l a y e r s  were washed with a 
1C % aqueous NAOH s o l u t i o n .  a 10 % aqueous h y d r o c h l o r i c  a c i d  
s o l u t i o n .  t h r e e  t i m e s  wi th  w a t e r .  and f i n a l l y  d r i e d  over  anhy- 
d r o u s  Na-SO Y i e l d  75 %. S p e c i f i c  a c t i v i t y  a f t e r  i s o t o p i c  
d i l u t i o n  2 .  107 DPMimmole. 
Anhydrous p y r i d i n e  was prepared  by d r y i n g  wi th  K O H  an4 d i s t i l -  
l a t i o n .  Methylene c h l o r i d e  was d r i e d  over calcium c h l o r i d e  
and d i s t i l - l a t e d .  Chromium t r i o x i d e  was d r i e d  i n  a v6cuum d e s i c -  
c a t o r  d u r i n g  4 d a y s ,  a t  R O S C .  

c 4. 

1 - t r a n s - o c t e n o i c  d c i d .  ( I V )  
2 . 5  g (25 mmole) o f  n-hexarial, 1.3 g (14.4 mmole of malonlc  
a c i a .  and 10  m l  o f  Dyr id lne  were hea ted  a t  70 OC dur ing  20  h. 
0 .865  g (1 m l )  o f  i n a c t i v e  A l - t r a n a - o c t e n o l c  a c i  was t h r n  
added and t h e  cooled s o l u t i o n  t r e a t e d  w i t h  5 m l  o f  jG '% ( v o l )  
s u l f u r i c  a c i d .  e x t r a c t e d  wi th  e t h e r  and t h e  o b t a l n e d  A l - t r a n s -  
o c t e n o i c  a c i d  d i s t i l l e d  a t  142OC under 3'1 mm Hp. 7.29 g 
(23  mmo?e) o f  a c i d  was c o l l e c t e d .  Ylel i l  16 %. SDeclfLc a c t i v i -  
t y  1 . 2 1 6  l C 1 7  nPM/mmole. 

O l i ~ e t o l i c - C - ~ ~ C  a c i d ,  e t h y l  e s t e r .  (VIII) 
4.03 g ( 2 8  mmole) of t h e  a c i d  (If), s ~ e c i f i c  a c t i v i t y  G.19 10 7 

DPM/mmole, was conver ted  I n t o  ~ t s  methyl  e s t e r  by diazomethane 
i n  e t h e r .  Yie ld  90 3. 
A b o i l i n g  s o l u t i o n  o f  e t h y l a c e t o a c e t a t e  (4 m l )  i n  e t h a n o l  
( 7 . 7  m l )  i n  which sodium 10.7 g \  had been d i s s o l v e d ,  was t r e a -  
t e d  dropwise w i t h  4.0779 g ( 2 L . 6  mmole) o f  A l - t r a n s - o c t e n o i c  
a c i a  methvl t 3 4 t C r  a n d  t h e  whale r a f l u x e d  during 10 hours .  The 
c o l d  s o l u t i o n  was f i l t r a t e d .  t h e  o r e c i n i t a t e  d i s s o l t e d  i n  d i l u -  
t e  hydrochlor ic  a r i d ,  e x t r a c t e d  w ~ t h  e t h s r .  d r i e d  over  anhydrous 
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Na2S04 and 4.6792 g (18.4 mmole) c o l l e c t e d  a f t e r  removing t h e  
e t h e r .  Y ie ld  72 $. 
The c r u d e  e s t e r  i n  a c e t i c  a c i d  (10 m l )  was s l o w l y  t r e a t e d  w i t h  
s t i r r i n g  a t  r o o m  t e m p e r a t u r e ,  w i t h  2 . 5  m l  o f  bromine i n  a c e t i c  
a c i d  (10 m l ) ,  and t h e  s o l u t i o n  h e a t e d  o v e r n i g h t  a t  600C. The 
c o o l e d  s o l u t i o n  gave  e t h y l  -d 1 brorno-ol i v e t o l  c a r  ooxyl a t  e by 
e v a p o r a t i n g  t h e  f i l t r a t e .  The c r u d e  dibrcmo compound i n  N sodium 
hydroxyde aqueous  s o l u t i o n  ( 8 . 5  m l i  w a s  hydrogena ted  a t  room 
t e m p e r a t u r e  and 1 a tmospnere ,  over 10 % p a l l a d i u m l c a r o o n  (46  mg) 
as f a r  as t h e  t h e o r e t i c a l  q u a n t i t y  of' hyarogen w a s  a m o r b e d .  
O l i v e t o l i c  a c i d ,  e t h y l  e s t e r  and t n e  c a t a l y s t  were t h e n  s a l t e d  
o u t  from t h e  a c i d i f i e d  s o l u t l o n ,  and t h e  e s t e r '  e x r r a c t e d  w i t h  
e t h e r .  C o l l e c t e d  2.73 g ( 1 0 . 9  mmole). Y i e l d  $ 9  $ on A l - t r a n s -  
o c t e n o i c  a c i d .  S p e c i f i c  a c t i v i t y  0.0919 lo7 DPM/mmole. 
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