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SYNTHESIS OF C5,6-13C2. 1-14C]OLIVETOLIC ACID, 
RTHn [1'-13C]OLIVETOLATE All) [5,6-13$, 1-14C]CAlmrreIsERolIC ACID 
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P o t e n t i a l  advanced i n t e r m e d i a t e s  i n  t h e  b iosynthes is  of n 9 -  
tetrahydrocannabinol have been synthesized labeled with two contiguous 1 3 C  atoms 
a n d  1 4 C .  Methyl [5,6-13C2, l -14C]ol ive to la te  was prepared from l i t h i u m  
[13C21acetylide and dimethyl [2-14C]malonate. Reaction with geranyl bromide 
afforded methyl [5,6-13C2, l-14C]cannabigerolate, and  hydrolysis o f  these methyl 
e s t e r s  with lithium propyl mercaptide yielded the corresponding labeled acids. 
The 13C-13C couplings observable in the 13C NMR spectra of these 13C-enriched 
compounds and t h e i r  s y n t h e t i c  p r e c u r s o r s  a r e  r eco rded .  Methyl E l ' -  
1 4 C l o l i v e t o l a t e  was prepared from 13C02 t o  confirm assignments o f  t he  I3C 
chemical s h i f t s  i n  the pentyl side chain o f  these compounds. 
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INTROOUCTION 

Very  l i t t l e  d e f i n i t i v e  w o r k  (1-3) has  been c a r r i e d  o u t  on  t h e  

b i o s y n t h e s i s  o f  A9 - te t rahyd rocannab ino l  ( 4 ) ,  t h e  ma jo r  psychoac t i ve  p r i n c i p l e  o f  

mar i j uana  (Cannabis s a t i v a ) .  F i g u r e  1 i s  an a b b r e v i a t e d  v e r s i o n  o f  t h e  v a r i o u s  

b i o g e n e t i c  schemes w h i c h  h a v e  been s u g g e s t e d  ( 4 - 7 )  f o r  t h e  o r i g i n  o f  4. The 
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FIGURE 1. B iogenes is  o f  A'-Tetrahydrocannabinol. 

p r i m a r y  p r e c u r s o r s  of  t h e  c a n n a b i n o i d s  a r e  c o n s i d e r e d  t o  b e  g e r a n i o l  (1) a n d  

o l i v e t o l i c  a c i d  (21, t h e  l a t t e r  b e i n g  a p o l y k e t i d e  d e r i v e d  f r o m  s i x  a c e t a t e  

u n i t s .  A p l a u s i b l e  condensat ion  between g e r a n i o l  pyrophosphate and 2 a f f o r d s  

c a n n a b i g e r o l i c  a c i d  (3) .  A c y c l i z a t i o n ,  v i a  unknown i n t e r m e d i a t e s ,  a f f o r d s  A '- 
t e t r a h y d r o c a n n a b i n o l i c  a c i d  A (5 )  wh ich  then  underoges d e c a r b o x y l a t i o n  t o  y i e l d  

4. I t  h a s  a l s o  been p r o p o s e d  ( 3 )  t h a t  4 c o u l d  be  f o r m e d  by a more  d i r e c t  r o u t e  

i n v o l v i n g  g e r a n i o l  a n d  o l i v e t o l  ( 2 ,  l a c k i n g  t h e  COOH) .  To i n v e s t i g a t e  t h i s  

b i o g e n e t i c  h y p o t h e s i s  o u r  p l a n  i s  t o  a d m i n i s t e r  t o  C a n n a b i s  t h e s e  p o t e n t i a l  
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p r e c u r s o r s  o f  4, l a b e l e d  w i t h  t w o  c o n t i g u o u s  I 3 C  atoms, so t h a t  t h e i r  d i r e c t  

i n c o r p o r a t i o n  can be moni tored by I 3 C  NMR spectroscopy (8-10). Carbon-14 was 

a l so  in t roduced i n t o  these molecules so t h a t  t h e  degree o f  i n c o r p o r a t i o n  can be 

read i  l y  determined by r a d i o a c t i v e  assay. 

RESULTS AND DISCUSSION 

F i g u r e  2 i l l u s t r a t e s  t h e  synthes is  o f  2 and 3 u s i n g  a combinat ion of  

v a r i o u s  l i t e r a t u r e  p r o c e d u r e s  m o d i f i e d  so t h a t  t h e  d e s i r e d  i s o t o p e s  c o u l d  be 

i n c o r p o r a t e d  i n  h i g h  y i e l d .  The s t a b l e  e t h y l e n e  d i a m i n e  complex o f  l i t h i u m  
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FIGURE 2. Synthesis of [5,6-l3C2. l -14C]01iveto l ic  and Cannabigero l ic  Acids ( 

0 13c ,* 14c 1. 
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[ 13 C2 lace ty l i de  reac ted  w i t h  1-bromopentane i n  d imethy l  s u l f o x i d e  t o  y i e l d  [1,2- 

13C2]-l-heptyne 6 (11). Reaction o f  t h i s  a lkyne w i t h  catechol borane a f fo rded  a 

d i o x a b o r o l e  w h i c h  was c o n v e r t e d  t o  [1,2-13C2]-(E)-l-hepteny1mercuric chlor ide,  

8, by t r e a t m e n t  w i t h  m e r c u r i c  a c e t a t e  f o l l o w e d  by sodium c h l o r i d e  (12,131. 

R e a c t i o n  o f  t h i s  m e r c u r i c  compotind w i t h  a c e t y l  c h l o r i d e  i n  t h e  presence o f  

a luminum c h l o r i d e  y i e l d e d  (E)-3-nonen-2-one, 7 (14).  R e a c t i o n  o f  t h i s  k e t o n e  

w i t h  d imethy l  [2-14Clmalonate i n  t h e  presence o f  sodium methoxide a f fo rded  the  

cyc lohexenone 9 w h i c h  on b r o m i n a t i o n  y i e l d e d  m e t h y l  [5,6-13C2, 1-14C1-3,5- 

d i  bromo-2,4-di hydroxy-6-pentylbenzoate, 10 (15.16). Debromination was c a r r i e d  

o u t  w i t h  Raney n i c k e l  a l l o y  d i s s o l v i n g  i n  aqueous sod ium h y d r o x i d e  (17) t o  

a f f o r d  m e t h y l  [5,6-13C2, l - 1 4 C l o l i  v c t o l a t e ,  12. T h i s  e s t e r  was c l e a v e d  w i t h  

l i t h i u m  propy l  mercaptide (18, 19) t o  a f f o r d  [5,6-13C2, l - 1 4 C l o l i v e t o l i c  acid, 

2. Reaction o f  t he  methyl o l i v e t o l a t e  wi th  b u t y l  l i t h i u m  f o l l o w e d  by geranyl 

b r o m i d e  y i e l d e d  m e t h y l  [5.6-13C2, l -14C]cannabi  g e r o l a t e  11, (201, w h i c h  was 

hydro lysed as before t o  t h e  f r e e  a c i d  3. 

The 1 3 C  N M R  s p e c t r a  o f  t h e s e  compounds a r e  r e c o r d e d  i n  T a b l e  I .  

Because o f  t h e  presence of t he  two h i g h l y  enr iched p o s i t i o n s  ( >  99% 1 3 C 1  s h o r t  

and l o n g  range  1 3 C - 1 3 C  c o u p l i n g  were  r e a d i l y  obse rved  and  a r e  a l s o  recorded.  

Several papers have appeared on t h e  1 3 C  NMR spect ra o f  t he  cannabinoids (21-25). 

One problem i s  the  assignment o f  C-2' and C-3' o f  t he  p e n t y l  s ide  chains. These 

ca rbons  have c h e m i c a l  s h i f t s  w h i c h  a r e  v e r y  c l o s e  t o g e t h e r  ( o n l y  0.3 ppm 

d i f f e r e n t  i n  pentylbenzene). Assignments were made (231 i n  t h i s  compound by the  

p r e p a r a t i o n  o f  [ 2 ' -2H21pen ty l  benzene and C-2' was a s s i  gned u p f i e l d  o f  C-3'. 

However i n  an e a r l i e r  study (21) on 1.3-di methoxy-5-pentylbenzene t h e  assignment 

o f  these equ iva len t  carbons was reversed. I n  order  t o  unequivocal ly  ass ign the  

s igna ls  f o r  C-2 '  and C-3', methyl o l i v e t o l a t e  was prepared i n  which t h e  b e n t y l i c  

carbon was enr iched w i t h  13C. In t h i s  compound, and i t s  s y n t h e t i c  precursors 

which con ta in  a pen ty l  s ide  chain, t he  methylene group a t  C-2' ad jacent  t o  t h e  

h i g h l y  e n r i c h e d  C - 1 '  p o s i t i o n  w i l l  be obse rved  as a d o u b l e t  i n  i t s  1 3 C  NMR 

spectrum, these s igna ls  be ing due t o  sp in -sp in  coup l i ng  o f  t he  contiguous 13C 

atoms, t y p i c a l l y  33-34 Hz f o r  t w o  sp3 carbons. The 1 3 C  NMR s p e c t r a  o f  t h e s e  
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compounds a r e  r e c o r d e d  i n  T a b l e  I 1  and i t  i s  obse rved  t h a t  C-2' i s  a l w a y s  

u p f i e l d  o f  C-3', thus c o n f i r m i n g  the  prev ious assignments i n  the  cannabinoids 

(23). The synthes is  o f  these o l i v e t o l  d e r i v a t i v e s  i s  i l l u s t r a t e d  i n  F i g u r e  3. 

Me0 COOH M e 0  
hleO 

13 14 15 

17 12 
16 

FIWRE 3. Synthesis o f  Methyl[1'-13C101ivetolate ( 0  1 3 C ) .  

The a r y l  l i t h i u m  formed f rom 3,5-dimethoxyiodobenzene 13 by r e a c t i o n  w i t h  t e r t -  

b u t y l  1 i t h i u m  was c a r b o x y l a t e d  w i t h  13C02 t o  y i e l d  C c a r b o ~ y - ' ~ C 1 - 3 , 5 -  

d ime thoybenzo ic  a c i d  14. Reaction o f  t h i s  a c i d  w i t h  two equiva lents  o f  n -bu ty l  

l i t h i u m  a f fo rded  3,5-dimethoxyphenyl-l-pentanone 15. Reduction o f  t h i s  ketone 

w i t h  hydrogen i n  t h e  presence o f  pa l l ad ium on charcoal y i e l d e d  1,3-dimethoxy-5- 

pentylbenzene 16 (26). Ref lux ing  w i th  48% hydrobromic a c i d  y i e l d e d  o l i v e t o l  17 

w h i c h  was c a r b o x y l a t e d  w i t h  m e t h y l  magnesium carbonate i n  dimethylformamide 

(18). T r e a t m e n t  o f  t h e  r e s u l t a n t  o l i v e t o l i c  a c i d  w i t h  d iazomethane y i e l d e d  

methyl [1'-13C]ol ivetolate 12. 

- 
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Table 11. Carbon S h i f t s  of Methyl [1'-13C101ivetolate and  Related Compounds 

Compound 15a 16 17 12 

Carbon t 

1 161.5 160.8 156.3 104.9 
( 3 ~ 1 , 1 1  5 .5)  ( 3 ~ 1 , 1 0  5.3) 

2 105.2 97.2 100.6 164.9 

3 161.2 160.8 156.3 101.5 

(3J3,11 5.5) (3J3,1 '  5.3) ( 3 J 1 ~ , 3  5.3) 

4 106.1 106.6 108.6 160.9 
('J11,d 1 . 7 )  (3J1 ' ,4  4.3) 

5 139.4 145.4 146.7 111.2 
( l J11 ,5  62.1) ( 1 J 1 ' y 5  42.7) ( l J 1 ' , 5  42.8) 

6 106.1 106.6 108.6 149.2 

( 2 J 1 ' , 6  1.7) ( ' J1 ' ,6  42.4) 

7 172.2 

1' 200.2 36.3 35.9 36.8 

2 '  38.6 30.9 30.7 31.5 

('J1*,21 41.7) ( ' J l i , 2 1  34.3) ( ' J I I , ~ ~  33.3) ( ' J i I ,21 33.4) 

3' 26.8 31.4 31.7 32.1 

5 '  14.1 14.0 14.1 14 .O 
OMe 55.7 52 .O 

(55, I 2.3) 

Spectra a r e  recorded i n  ppm, downfield from Me4S1, i n  CDC13. Coupling 
constants ( J )  a r e  recorded ( i n  Hz) below the  s igna ls  where they were 
observed. a T h i s  compound (15) i s  numbered i n  t h i s  unconventional way t o  
f a c i l i t a t e  comparison w i t h  the o ther  compounds in  this Table. 
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EXPERIENTAL 

Me1 ti ng p o i n t s  a re  uncorrected. Elemental analyses were determined by 

M-H-W Laboratories, Phoenix, Arizona. High performance l i q u i d  chromatography 

(HPLC) was c a r r i e d  o u t  i n  a Wate rs  A s s o c i a t e s  i n s t r u m e n t ,  Model  ALC-GPL-244 

under  i s o c r a t i c  c o n d i t i o n s .  The 1 3 C  NMR s p e c t r a  were d e t e r m i n e d  on a V a r i a n  

XL-100-15 s p e c t r o m t e r  ope ra t i ng  a t  25.2 MHz i n  t h e  F o u r i e r  t rans fo rm mode. 

[1,2-13C21,1-Hepxe (6 ) .  The e t h y l e n e  d i a m i n e  complex o f  l i t h i u m  

[13C21acetylide (2.00 g, 93% pure, 99.3% 13C2 19.8 mmol) was s t i r r e d  i n  d imethy l  

s u l f o x i d e  ( 1 1  mL) i n  a n  a rgon  atmosphere a t  0°C. 1-Bromopentane (3.0 g, 19.9 

mmol) was s l o w l y  added w i t h  a sy r inge  du r ing  one hr, and t h e  s t i r r i n g  cont inued 

f o r  an a d d i t i o n a l  2 hr. Water  ( 5  mL) was t h e n  added and t h e  r e a c t i o n  m i x t u r e  

d i s t i l l e d  a t  105°C i n t o  a Dean-Stark t r a p .  The t r a p  was washed o u t  w i t h  

pentane. Subsequent f r a c t i o n a l  d i s t i l  l a t i o n  a f f o r d e d  1-heptyne,  bp 100°C 

(1.42 g, 73%). 

- [1,2-13C21-(E)-1-Heptenylmercuric ---- C h l o r i d e  ( 8 ) .  F r e s h l y  d i s t i l l e d  

c a t e c h o l  bo rane  (1.93 mL) was added w i t h  a s y r i n g e  t o  t h e  1 -hep tyne  (1.41 g, 

14.4 mmol) i n  an a r g o n  atmosphere a t  2OOC. The r e a c t i o n  m i x t u r e  was t h e n  

s t i r r e d  a t  70°C f o r  1.5 hr. D i s t i l l a t i o n  (lOO°C, 0.1 m m )  a f fo rded  4.5-benzo-2- 

heptenyl-1,3.2-dioxaborole (1.81 9). M e r c u r i c  a c e t a t e  (2.63 g, 8.26 mmol)  was 

added t o  a s o l u t i o n  o f  t h i s  d i o x a b o r o l e  (1.81 g, 8.30 mmol) i n  THF (8.5 mL) a t  

0°C. A f t e r  10 m i n  a l l  t h e  m e r c u r t c  a c e t a t e  had  d i s s o l v e d  and t h e  r e a c t i o n  

m i x t u r e  was added t o  a s o l u t i o n  o f  NaCl (486 mg, 8.31 mmol) i n  wa te r  (25 mL) a t  

0°C. The aqueous l a y e r  was 

e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 3  x 25 m L ) .  The combined o r g a n i c  l a y e r s  were  

e v a p o r a t e d  u n d e r  reduced  p r e s s u r e  and  t h e  r e s i d u e  s u b j e c t e d  t o  co lumn 

ch romatog raphy  on s i l i c a  g e l  (100 9). E l u t i o n  w i t h  a m i x t u r e  o f  hexane and 

e t h y l  a c e t a t e  (19 : 1) a f f o r d e d  8 (2.61 g. 54%). An a n a l y t i c a l  sample was 

f u r t h e r  p u r i f i e d  by c r y s t a l l i z a t i o n  f rom 95% EtOH, a f f o r d i n g  c o l o r l e s s  p la tes,  

mp 113-114OC. Anal. Calcd. f o r  C7H13ClHg (unenr i ched) :  C, 25.23; H, 3.93; C 1 ,  

10.64. Found: C, 25.13; H, 3.99; C1, 10.43%. 

A f t e r  10 m i n  t h e  o r g a n i c  l a y e r  was separated.  
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[3,4-13C2]-(E)-3-Nonene-2-one - -  ( 7 ) .  A c e t y l  c h l o r i d e  ( 5 7 0  m g ,  

7.26 mmol) was added t o  a s t i r r e d  s u s p e n s i o n  of aluminum c h l o r i d e  (1.0 g ,  

7.50 mmol) i n  methylene  c h l o r i d e  ( 5 0  m L )  a t  20°C. T h e  heptenyl  m e r c u r i c  

ch lor ide  (2.40 g, 7.16 mmol) i n  methylene ch lor ide  (5 m L )  was added a l l  a t  once 

t o  the  react ion mixture w h e n  a white  p r e c i p i t a t e  separated. After  10 min the  

m i x t u r e  was added t o  w a t e r  (50  mL). The w a t e r  l a y e r  was e x t r a c t e d  w i t h  

methylene ch lor ide  ( 2  x 60 mL). The combined organic  l a y e r s  were concentrated 

t o  50 mL and washed w i t h  5% NaHC03, and 3M sodium t h i o s u l f a t e .  The r e s i d u e  

o b t a i n e d  on e v a p o r a t i o n  of the d r i e d  (Na2SO4) e x t r a c t  was d i s t i l  l e d  (80°C, 

0.1 mm) t o  a f ford  7 a s  a c o l o r l e s s  l i q u i d  (896 mg,  88%). 

Methyl [5,6-13C2, 1-I4C]-3 .5-Di bromo-2,4-di hydroxy-6-pentylbenzene 

(10). D i e t h y l  [2-14C]malonate  (9 .3 mg, nominal a c t i v i t y  0.25 mCi) was mixed 

w i t h  d imethyl  m a l o n a t e  (1.20 g )  and atided t o  a s o l u t i o n  o f  sodium (183 mg, 8.0 

mg-atom) i n  methanol ( 8  mL). A f t e r  s t i r r i n g  a t  50°C f o r  1 hr ,  t h e  3-nonen-2- 

one,  7 (896 mg,  6.30 mmol) was added s l o w l y  d u r i n g  0.5 hr, and t h e  r e a c t i o n  

m i x t u r e  t h e n  r e f l u x e d  f o r  5 hr. The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  of  the 

methanol s o l u t i o n  was d i s s o l v e d  i n  1 N NaOH (30  mL) which was washed w i t h  

c h l o r o f o r m  ( 3  x 30 mL). The aqueous l a y e r  w a s  a d j u s t e d  t o  pH 4 w i t h  HC1 and 

e x t r a c t e d  w i t h  c h l o r o f o r m  ( 3  x 30 mL). The d r i e d  (Na2S04) e x t r a c t  was 

e v a p o r a t e d  t o  a f f o r d  t he  cyc lohexenone  9 (1.35 9). Bromine (2.78 g) i n  a c e t i c  

a c i d  ( 3  mL) was  added s l o w l y  t o  a s o l u t i o n  of the ketone 9 (1.35 g )  i n  a , c e t i c  

ac id  (4.5 m L )  a t  20°C stirred i n  a ni t rogen atmosphere. Af te r  3 hr t h e  reac t ion  

mixture was added t o  w a t e r  ( 5 0  m L )  a t  0°C. The m i x t u r e  was e x t r a c t e d  w i t h  

d i e t h y l  e t h e r ,  which was then  d r i e d  (MgS04) and e v a p o r a t e d  t o  y i e l d  c r u d e  10 

(2.36 9). A sample c r y s t a l l i z e d  from benzene-hexane had mp 61-62"C, l i t  (17) mp 

63-64°C. 

Methyl C5,6-I3C2, l-14C]01ivetolate (12). Raney nickel a1 loy (2.2 g )  

was added i n  s m a l l  p o r t i o n s  d u r i n g  30 m i n  t o  a s t i r r e d  s o l u t i o n  of  the c r u d e  

dibromo compound 10 (2.35 g)  i n  2 N NaOH (48  m L )  c o o l e d  t o  0°C. A f t e r  s t i r r i n g  

f o r  an a d d i t i o n a l  30 min t h e  s o l u t i o n  was added t o  N HC1 (100  mL) and the 

m i x t u r e  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (3  x 150 m L ) .  The r e s i d u e  o b t a i n e d  on 
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evaporation of t h e  d r i e d  (MgS04) e x t r a c t  was subjected t o  column chromatography 

on s i l i c a  ge l .  E l u t i o n  w i t h  d i e t h y l  e the r -hexane  ( 1  : 2 )  y i e l d e d  12 w h i c h  

c r y s t a l l i z e d  f r o m  e t h y l  a c e t a t e  a s  c o l o r l e s s  p r i s m s  (1.11 g, 78%) mp 77-78'C, 

l i t  (27)  mp 78"C, h a v i n g  a s p e c i f i c  a c t i v i t y  o f  7.92 x l o 7  dpm/mmol. T h i s  

a c t i v i t y  i s  h i g h e r  t h a n  t h e  t h e o r e t i c a l  (6.04 x l o 7 )  p resumab ly  due t o  t h e  

generos i ty  o f  t he  s u p p l i e r  o f  t h e  [2-14Clmalonate (Amersham). 

C5,6-13C2, l -14C]01iveto l ic  Ac id (2). The labe led  methyl o l i v e t o l a t e  

(502 mg, 2.1 mmol) was added t o  a s o l u t i o n  o f  l i t h i u m  p r o p y l  m e r c a p t i d e  (19) 

(6 mL o f  a 0.5 M s o l u t i o n  i n  hexamethylphosphoramide) and the  m i x t u r e  s t i r r e d  a t  

20°C f o r  2.5 h r  under an argon atmosphere. The r e a c t i o n  m i x t u r e  was then  added 

t o  N H C l  (300 mL) and t h e  s o l u t i o n  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 3  x 200 mL). 

The e t h e r  e x t r a c t  was c o n c e n t r a t e d  t o  50 mL and e x t r a c t e d  w i t h  2 N NaOH 

( 3  x 50 mL). T h i s  s o l u t i o n  was t h e n  a d j u s t e d  t o  pH 2 w i t h  HC1 and e x t r a c t e d  

w i t h  d i e t h y l  e t h e r  ( 3  x 100 mL). The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  o f  t h e  

d r i e d  (Na2S04) e x t r a c t  was c r y s t a l l i z e d  f rom benzene a f f o r d i n g  c o l o r l e s s  needles 

o f  2, mp 141-142"C, l i t  (27)  mp 142"C, h a v i n g  a s p e c i f i c  a c t i v i t y  o f  7.88 x l o 7  

dpm/mmol. The mother l i q u o r  f rom t h e  i n i t i a l  c r y s t a l l i z a t i o n  was subjected t o  

p r e p a r a t i v e  TLC on s i l i c a  g e l  PF-254 (Merck )  d e v e l o p i n g  w i t h  a m i x t u r e  of 

hexane, d i e t h y l  e t h e r ,  a c e t i c  a c i d  (66 : 33 : 1). The a c i d  2 had  an R f  o f  0.5 

and was ex t rac ted  f rom t h e  s i l i c a  gel w i t h  d i e t h y l  ether. The combined y i e l d  

was 402 mg (85%). 

M e t h y l  [5,6-13C2, l - 1 4 C l C a n n a b i g e r o l a t e  (11). -- n B u t y l  l i t h i u m  

(1.04 mL o f  a 2.05 M s o l u t i o n  i n  hexane, 2.13 mmol) was added t o  a s t i r r e d  

s o l u t i o n  o f  t h e  l a b e l e d  m e t h y l  o l i v e t o l a t e  (500 mg, 2.08 mmol) i n  benzene (25 

mL) a t  20°C i n  an argon atmosphere. A f t e r  one h r  a s o l u t i o n  o f  geranyl bromide 

(28)  (506 mg, 2.33 mmol) i n  benzene ( 2  m L )  was added and t h e  m i x t u r e  r e f l u x e d  

f o r  4 hr. Water (30 m L )  was added t o  t h e  cooled r e a c t i o n  m i x t u r e  and t h e  pH o f  

t h e  aqueous l a y e r  a d j u s t e d  t o  pH 4 w i t h  HC1. The m i x t u r e  was e x t r a c t e d  w i t h  

d i e t h y l  e t h e r  ( 3  x 25 mL). The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  o f  t h e  d r i e d  

(Na2S04) e x t r a c t  was s u b j e c t e d  t o  co lumn chromatography on s i l i c a  ge l .  The 

e s t e r  11 (340 mg, 43%) was e l u t e d  w i t h  a m i x t u r e  o f  hexane and d i e t h y l  e t h e r  

( 1 9  : 1). 
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[5,6-13C3, - l - 1 4 C ] C a n n a b i g e r o l i c  A c i d  (3) .  The m e t h y l  e s t e r  11 

(337 mg) was h y d r o l y s e d  w i t h  l i t 9 i u m  p r o p y l  m e r c p a t i d e  as d e s c r i b e d  f o r  

o l i v e t o l i c  ac id .  F i n a l  p u r i f i c a t i o n  was c a r r i e d  o u t  by HPLC on s i l i c a  g e l  

e l u t i n g  w i t h  a m i x t u r e  o f  hexane, THF, and a c e t i c  a c i d  (92 : 7 : 1). I t  was 

obtained as a c r y s t a l l i n e  so l i d ,  (94.3 mg, 26%) mp 108-110°C. This  compognd was 

p rev ious l y  descr ibed as an o i l  (29). 

[ ~ a r b o x y - ~ ~ C ] - 3 , 5 - D i m e t h o x y b e n z o i c  A c i d  ( 1 4 )  s - B u t y l  l i t h i u m  

(13.9 m l ,  1.4 M i n  pentane,  19.5 mmol) was added t o  a s o l u t i o n  o f  3,s- 

d imethoxy iodobenzene (30 )  (2.55 g, 9.65 mmol) i n  THF (50 mL)  a t  -70°C i n  an 

a rgon  atmosphere. The r e a c t i o n  m i x t u r e  was t h e n  f r o z e n  i n  a b a t h  o f  l i q u i d  

n i t r o g e n  and [13C lca rbon  d i o x i d e ,  g e n e r a t e d  by t h e  a c t i o n  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  (60  mL) on b a r i u m  [13C]ca rbona te  (2.25 g, 91.7% 1 3 C ,  11.3 mmol), 

passed i n t o  the  r e a c t i o n  vessel which was then a l l owed  t o  warm t o  -75°C. A f t e r  

s t i r r i n g  f o r  1 hr, water  (40 mL) was added t o  the  r e a c t i o n  mixture. The organic  

l a y e r  was ex t rac ted  w i t h  5% NaHC03 (3 x 40 mL) and the combined aqueous laye rs  

a c i d i f i e d  w i t h  HC1 y i e l d i n g  the  [ c a r b 0 x y l - ~ ~ C ] - 3 , 5 - d i m e t h o x y b e n z o i c  a c i d  as a 

w h i t e  s o l i d  (0.97 g 55%) mp 180-182"C, l i t  (31) mp 182-184°C. 

3,5-Dimetho~yphenyl- [ l ' -~~C1-l -pentanone ( 1 5 )  E-Btrtyl 11 t h i u m  (4.86 

m L  o f  a 2.4 M s o l u t i o n  i n  hexane, 11.7 mmo l l  was added d u r i n g  45 m i n  t o  a 

s o l u t i o n  o f  t h e  1 3 C - l a b e l e d  14 (0.97 g, 5.32 mmol) i n  THF (15  mL) a t  0°C i n  an 

a rgon  atmosphere. A f t e r  s t i r r i n g  f o r  an a d d i t i o n a l  30 min, w a t e r  (25 mL) and 

d i e t h y l  e the r  (50 mL) were added. The organic  l a y e r  was washed w i t h  saturated 

aqueous NaCl and d r i e d  over MgS04. Evaporation o f  the so l ven t  a f fo rded  crude 15 

(1.17 g, 98%) some o f  which was c r y s t a l l i z e d  f rom 95% EtOH a f f o r d i n g  c o l o r l e s s  

needles, mp 39-4loC, l i t  (32) mp 42-43OC. 

~ l ' -13C] -1 ,3 -D imethoxy-5 -penty lbenzene  (16). The ketone 15 (1.06 g, 

4.76 mmol) d i sso l ved  i n  methanol (40 mL) was hydrogenated i n  the presence o f  20% 

pa l l ad ium on charcoal (124 mg) a t  3 atmospheres pressure f o r  3 hr. Evaporation 

o f  t h e  f i l t e r e d  r e a c t i o n  m i x t u r e  a f f o r d e d  16 as a c o l o r l e s s  o i l ,  w h i c h  was 

p u r i f i e d  by column chromatography on s i l i c a  gel, developing w i t h  a m ix tu re  o f  

d i e t h y l  e the r  and hexane (424 mg, 43%). 



Synthesis of Olivetolic Acid, Methyl Olivetolate and Cannabigerolic Acid 269 

[ l ' - 1 3 C ] - l , 3 - D i  h y d r o x y - 5 - p e n t y l  benzene, [ l ' - 1 3 C ~ O l i v e t o l  ( 1 7 ) .  

D i m e t h y l o l i v e t o l  (16) (409 mg, 1.95 mmol) was r e f l u x e d  w i t h  48% HBr (10 mL) i n  

an argon atmosphere f o r  6 hr. A f t e r  d i l u t i n g  w i t h  water  (20 mL) t h e  m i x t u r e  was 

e x t r a c t e d  wi th  methylene ch lor ide.  The res idue obta ined on evaporat ion o f  t he  

d r i e d  (Na2S04) e x t r a c t  was s u b j e c t e d  t o  TLC on s i l i c a  g e l  PF-254, d e v e l o p i n g  

w i t h  a m i x t u r e  o f  d i e t h y l  e t h e r  and hexane ( 1  : 2). E t h e r  e x t r a c t i o n  o f  t h e  

zone (Rf 0.1) y i e l d e d  o l i v e t o l ,  p u r i f i e d  by d i s t i l l a t i o n  (155"C, 0.1 mm) (334 

mg, 94%). 

M e t h y l  [ l ' - 1 3 C ] O l i v e t o l a t e  (12). O l i v e t o l  ( 1 7 )  (330 mg, 1.82 mmol) 

was added t o  a s o l u t i o n  o f  methyl magnesium carbonate (33)  (1.23 g, 9.4 mmol) i n  

d i m i e t h y l f o r m a m i d e  ( 4  mL) and t h e  m i x t u r e  s t i r r e d  a t  118°C i n  an a rgon  

atmosphere f o r  3 hr. 3 N H C l  (20 mL) was added t o  the  cooled r e a c t i o n  mixture, 

which was then ex t rac ted  w i t h  d i e t h y l  e the r  ( 3  x 20 mL). The res idue obta ined 

on evaporat ion o f  t h i s  e x t r a c t  was d i sso l ved  i n  5% NaHC03 which was washed w i t h  

me thy lene  c h l o r i d e .  The aqueous s o l u t i o n  was a d j u s t e d  t o  pH 2 w i t h  H C l  and 

e x t r a c t e d  w i t h  d i e t h y l  e t h e r .  An e t h e r  s o l u t i o n  o f  d ia tomethane  was added 

u n t i  1 a p e r s i s t e n t  ye1 low c o l o r  remai ned. The res idue obta ined on evaporation 

o f  t h i s  e t h e r  s o l u t i o n  was s u b j e c t e d  t o  TLC on s i l i c a  g e l  PF-254, d e v e l o p i n g  

w i t h  a m i x t u r e  o f  d i e t h y l  e t h e r  and hexane (1 : 2 ) .  An e t h e r  e x t r a c t  o f  t h e  

zone Rf  = 0.5 a f fo rded  methyl o l i v e t o l a t e  as c o l o r l e s s  needles ( f rom hexane) mp 

77-70"C. l it (27) np 78°C. 

Acknorledgement. T h i s  r e s e a r c h  was s u p p o r t e d  by a r e s e a r c h  g r a n t  

GM-13246 f r o m  t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h ,  U.S. P u b l i c  H e a l t h  S e r v i c e .  

We thank  t h e  S t a b l e  I s o t o p e  Resource Center ,  Los Alamos f o r  t h e  l i t h i u m  

[13C2]acetyli de and bar ium [13karbonate. 13C NMR spect ra were determf ned by 

D r .  Stephen 6. P h i l s o n  and h i s  a s s o c i a t e s  a t  t h e  U n i v e r s i t y  o f  Minnesota.  Ue 

thank Professor  Gary Gray f o r  t he  use o f  h i s  HPLC equipment. 



2 70 J .  P .  Porwoll and E .  Leete 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6 .  

7 .  

8.  

9. 

10 * 

11. 

12.  

13. 

14. 

15. 

16. 

17.  

18'. 

19. 

20. 

21. 

22. 

Shoyama Y., Yagi M., Nishioka I. and Yamauchi T. - Phytochemistry 3 2189 

( 1975) 

Itokama H., Takkeya K. and Mihsshi S. - Chem. Pharm. Bu l l .  - 25: 1941 (1977) 

Kaj ima M. and P i raux  M. - Phytochemistry 21: 
Crombie L. and Cromb ie  W.M.L. - J. Chem. SOC.  P e r k i n  Trans. 1 

Crombie L. and Crombie W.M.L. - Cannabis  and H e a l t h ,  Ed. Graham, J.D.P. 

Academic Press, London, 1976 

T u r n e r  C.E., E l s o h l y  M.A. and Boeren E.C. - J. Nat. Prod. 42: 
Mechoulam R. - Mari juana, Ed. Mechoulam, R. Academic Press, 1973, pp 29-31 

SGquin U. and Sco t t  A.I.  - Heterocycles 2: 525 (1976) 

S e t 0  H., S a t 0  H. and Yonehara, H. - J. Am. Chem. SOC. - 95: 8461  (1973)  

L e e t e  E. - Rev. La t i noampr .  Quim. 13_: 16 (1980)  

Smith W.N. and Benmel O.F. - Synthesis 441 (1974) 

Brown H.C. and Gupta S.K. - J. Am. Chem. SOC. - 94: 4370 (1972)  

La rock  R.C., Gupta S.K. and Brown H.C. - J. Am. Chem. SOC. - 94: 4371  (1972)  

Larock R.C. and Bernhardt J.C. - Tetrahedron Le t t .  3097 (1976) 

L iebman A.A., M a l a r e k  D.H., Do rsky  A.M. and  Kaegi  H.H. - J. L a b e l l e d  Compds 

- 7 :  241  (1971)  

F o r c e l l a  A., T e i t e l  S. and B r o s s i  A. - J.  Org. Chem. - 42: 3456 (1977)  

D j u r a  P. and S a r g e n t  M.V. - A u s t a l .  

Crombie L., Crombie W.M.L., Forbes R. and W h i t a k e r  A. - J .  Chem. Res. (M I  

1301 (1977)  

B a r t l e t t  P.A. and Johnson W.S. - Tetrahedron Le t t .  4459 (1970) 

C o r d i l l o  R., C r i c c h i o  R. and M e r l i n i  L. - Tetrahedron - 24: 4825 (1968) 

Wenkert E., Cochran D.W., S c h e l l  F.M., A r c h e r  R.A. and Matsumoto K. - 
Exper ien t i a  E: 250 (1972) 

Hawkins B.L. and R o b e r t s  J.D. - Proc. N a t l .  Acad. Sc i .  U.S.A. - 70: 1027 

( 1973) 

67 (1982) 

1455 (1982)  

169 (1980)  

J. Chem. - 29 1069 (1976)  



Synthesis of Olivetolic Acid, Methyl Olivetolate and Cannabigerolic Acid 2 71 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

A r c h e r  R.A., Johnson D.W., Hagaman E.W., Moreno L.N., and Wenker t  E. - J. 

Org. Chem 42: 490 (19771 

Wehrl i  F.W. and Nish ida T. - Fortschr. Chem. Org. N a t u r s t o f f e  3 1 (1979) 

Kane V.V., M a r t i n  A.R., P e t e r s  J.A., and Crews P. - J. Org. Chem. 2: 1793 

( 1984) 

B a e c k s t r h  P. and Sundstrom G. - Acta Chem. Scand. 24: 716 (19701 

Asahina Y. and F u t i k a w a  F. - Chem. Ber. - 68: 634 (1935)  

G r e i n e r  A.C., S p y c k e r e l l e  P., A l b r e c h t  P. and O u r i s s o n  G. - J .  Chem. Res. 

(M) 3829 (1977)  

Mechoulam R. and Gaoni Y. - Tetrahedron 21: 1223 (19651 

Benkeser  R.A., H i c k n e r  R.A., Hoke D.L. and Thomas O.H. - J .  Am. Chem. SOC. 

- 80: 5289 (1958)  

A r t h u r  H.R. and  Ng Y.L. - J. Chem. SOC. 3094 (1959)  

Asahina Y. and  Nogami H. - Chem. Ber. - 68: 1500 (1935)  

Balasubrahanyam S.N. and Ba lusubraman ian  M. - Org. Syn. C o l l .  Vol. V:  439 

(1973) 




