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C o n v e r s i o n  of p - H y d r o x y p h e n y l p y r u v i c  Acid  into  H o m o g e n t i s i c  Acid: P o s s i b l e  Par t i c ipa t ion  
of p -  Quino l  I n t e r m e d i a t e s  

In  the  enzymat i c  degrada t ion  of tyros ine  in the  l iver 
to  yield ace toace ta te ,  the  convers ion  of p - h y d r o x y p h e n y l -  
pyruv ic  acid 1 in to  homogent i s ic  acid 2 is a fasc inat ing  
b u t  still  open  biochemical  problem.  Numerous  proposals  
have  been made  for the  mechan i sm of th is  unusual  
r e a r r angemen t  1-3, including the  possible pa r t i c ipa t ion  
of the  two p-quinols  3 and 63, 3 as in termedia tes .  The 

1. Also the  occurrence of the  i n t e rmed ia t e  5 in th is  react ion 
was d e m o n s t r a t e d  by  ind i rec t  means .  The par t i c ipa t ion  
of s inglet  oxygen in the  chemical  react ion led the  au thors  
to  conclude t h a t  d i rect  ex t r apo la t ion  to the  mechan i sm 
of the  enzymat ica l ly  ca ta lyzed  react ion is ques t ionable  s, e 

The p-quinol  6 was i n d ep en d en t l y  synthes ized  as 
po tas s ium salt  using a modif ied  R e f o r m a t z k y  reactionT, 
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react ion is ca ta lyzed  by the  enzyme p - h y d r o x y p h e n y l -  
p y r u v a t e  hydroxylase ,  and a tmospher ic  oxygen  is 
incorpora ted  into bo th  the  newly  formed hyd roxy l  group 
and  the  carbonyl  group of the  side chain 1. LINDBLAD 
et al. 1 claim to have  shown t h a t  the  react ion takes  place 
according to a mechan i sm previous ly  proposed by  W]T- 
KOP 4 (Scheme 1). 

Recent ly ,  SAITO et  al. 5 were able to d e m o n s t r a t e  the  
chemical  feasibil i ty of th is  scheme by isolation of the  
p-quinol  6 from the  dye-sensi t ized pho tooxygena t ion  of 

67% yield;  mp  187-188~ UV F~ EtOH 225 nm, 8max 

107501; I R  [v1670, 1636, 1600, 2940 cm-l~. In  an experi-  
m e n t  to de te rmine  the  possible i n t e rmed iacy  of 6 in the  
convers ion of 1 to 2, 1- [3-14C] w a s  i ncuba ted  wi th  pig 
l iver homogena te .  At  d i f ferent  t inle  intervals ,  as an 
unlabel led carrier,  6 was added  in suff icient  amo u n t s  8 and 
reisolated quan t i t a t i ve ly  f rom the  incuba t ion  mix tu re  as 
the  cor responding  2 ,4 -d in i t rophenylazo-der iva t ive  using 
the  wel l -known quan t i t a t i ve  reac t ion  of p-quinols  wi th  
2 ,4 -d in i t ropheny l -hydraz ine  ( D N P H  react ion)".  No 
label was de tec ted  in 6. I t  would,  therefore ,  seem highly  
improbable  t h a t  6 occurs as a free in t e rmed ia te  of t he  
enzymat i c  react ion 1-2.  

As an a l t e rna t ive  carrier,  the  free p-quinol  3 m a y  be 
used in similar enzymat i c  expe r imen t s  if avai lable by  
syn the t i c  means.  For  d i rect  syn theses  of free p-quinols  
f rom p-cresol, es t radiol  (17fi) and es t rone  1~ the  use of 
P b - I V - p h o s p h a t e  in water / i sopropanole  p roved  to be 
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of a d v a n t a g e  as c o m p a r e d  to t he  use of P b - I V - a c e t a t e  9. 
However ,  in  t h e  ox ida t ion  of 7 a n d  8, no  p -qu ino id  
subs t ances  were de tec ted .  The  m a i n  p r o d u c t  of the  reac-  
t i on  was t he  c leavage  p r o d u c t  13 (70 -80% yield). 

Therefore,  a n u m b e r  of ind i rec t  a p p r o a c h e s  to o b t a i n  
3 or t h e  co r re spond ing  lac tone  22 were t r i ed  : Ox ida t i on  of 
9 yie lded t he  p -qu ino l  14 a n d  i ts  p rev ious ly  k n o w n  lac- 
tone  1511,5. Since t he  isola t ion of 14  was a c c o m p a n i e d  b y  
cons iderab le  loss of mate r ia l ,  i t  was  t r a n s f o r m e d  in to  t he  
more  s tab i le  15 b y  gent le  h e a t i n g  in glacial  acet ic  acid/  
HC1 10:0 .5 ;  27% yield;  m p  100-102~ MS ~M + 164~; 
U V  M~OH [)~m~x 225, 343 nm,  emaz 15800,23~ ; I R  Iv 1785, 1675, 
1637, 1611 cm-1] ;  N M R  (acetone-de),  [6 7,15 a n d  6,26 
p p m  (4H, A A ' B B ' - s y s t e m ,  J = 10,4 Hz) 3.04-2.31 p p m  
(4H, m)l .  ]Excessive h e a t i n g  yields t h e  c o u m a r i n e  16, 
t he  f o r m a t i o n  of w h i c h  is in  a g r e e m e n t  w i t h  the  rules  for 
acid ca ta lyzed  r e a r r a n g e m e n t s  of free p -qu ino l s  1~. The  
o x i d a t i o n  of I0  yields 17 and  t he  co r re spond ing  l ac tone  
18 ; as descr ibed  above ,  also 17 m a y  be  t r a n s f o r m e d  in to  
18, 17% yie ld ;  m p  115-116~ MS EM + 2223; U V  [xMeOH 
225, 301 rim, emax 12852,25]; I R  Iv 1799, 1740, 1668, 1631, 
1607 cm 1] ; N M R  (CDC13) [6 6.93 and  6.40 p p m  (4H,AA'  
B B ' - s y s t e m ,  J = 10, 8 Hz) 2.74-2.42 p p m  (3H, o, J a n  - 
15 Hz),  2.19 p p m  (3H, s). In  t he  ox ida t i on  of 11 no free 
p -qu ino l  was ob ta ined .  Ins t ead ,  besides  t h e  lac tone  20, 
9 %  yie ld ;  m p  96 97~ MS [M+ 180]; U V  �9 IV!eOH [)Cm~ 226,290, 
em~z 15450,23~; I R  Iv 3470, 1774, 1669, 1633, 1611 cm-l~;  
N M R  (CDCls) [d 6.94 and  6.37 p p m  (4H, A A ' B B ' -  
sys tem,  J = 10, 5 Hz) 2,93-2,23 p p m  (3H, A]3X-sys tem,  
JAB = 14, 1 Hz) 2.90 p p m  (1H,  s, OH-group)~,  t he  
s tab i le  c o m p o u n d  19 was fo rmed  b y  nucleophi l ic  a t t a c k  
of t he  side cha in  h y d r o x y l  g roup  a t  t he  f l -carbon of t he  

~. MeOH qu ino id  sys tem,  30% yie ld ;  oil;  MS [M§ 212]; U V  Z ~ x  
210, (284), (290), 324 nm,  emax 8630, (150) (140), 30?; 
I R  Iv 3680, 3590, 3440, 1730, 1745, 1682, 1610 cm 11; 
N M R  (CDCla) [~ 6.75-6,  12 p p m  (2H,  AB2system,  j = 
9.75 Hz) 3.10-2.15 and  4.88-4.40 p p m  (6H,  A B X -  

system),  3.76 p p m  (3H, s) 3.92 p p m  (1H, s, OH-group)] .  
Similar ly ,  ox ida t i on  of 12 resu l t s  in  the  f o r m a t i o n  of 21 
in 54% yield. A t e n d e n c y  to  i n t r a m o l e c u l a r  add i t i on  ha s  
also been  obse rved  wi th  o t h e r  s imi la r  p-quinolsa ,  5,L 19 
m a y  be  t r a n s f o r m e d  b a c k  to  20 b y  h e a t i n g  in glacial  
acet ic  acid/HC1. U p o n  r e d u c t i o n  w i t h  Zn/glac ia l  acet ic  
acid a n d  t r e a t m e n t  w i t h  d i a z o m e t h a n  19 yie lded t he  
s t a r t i n g  m a t e r i a l  I I  in  94% yield.  

I n  n u m e r o u s  tr ials ,  us ing  a series of d i f fe rent  ox ida t ion  
reac t ions  and  condi t ions ,  conve r s ion  of 20 in to  t he  desi red 
l ac tone  22 was n o t  successful.  No azo-de r iva t ive  corre- 
spond ing  to  22  could  be de t ec t ed  us ing  t he  sens i t ive  D N P H  
reac t ion .  I n  a d i f fe ren t  approach ,  however ,  t he  s tab i le  
e n o l - l a c t o n - m e t h y l e t h e r  of 22 was ob ta ined .  1~ 

Summary. A proposed  i n t e r m e d i a t e  in t he  me tabo l i c  
t r a n s f o r m a t i o n  of p - h y d r o x y p h e n y l p y r u v i c  acid in to  
homogen t i s i c  acid has  been  syn the t i zed .  In  a n  e x p e r i m e n t  
w i t h  r ad ioac t ive  m a t e r i a l  in  pig l iver  h o m o g e n a t e  i t  
could be  shown  t h a t  th i s  c o m p o u n d  does n o t  occur  as a 
free i n t e r m e d i a t e .  
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Cannabidiol  and its Pharmacok ine t i c  Interact ion wi th  A1-Tetrahydrocannabinol  

f l l - T e t r a h y d r o c a n n a b i n o l  (fl l-THC) a n d  cannab id io l  
(CBD) are  m a j o r  c o n s t i t u e n t s  of m a r i h u a n a .  A l t h o u g h  
A1-THC is t h o u g h t  to  be  m a i n l y  respons ib le  for t he  
biological  a c t i v i t y  of m a r i h u a n a  1-3, i n t e r e s t  ha s  also 
cen t r ed  on  CBD because  of i t s  ab i l i ty  to  p o t e n t i a t e  t he  
d e p r e s s a n t  effects  of c en t r a l l y  ac t ive  drugs  such  as t he  
ba rb i t u r a t e s4 ,  5 a n d  f l l -THC 6,7. T he  l a t t e r  modi f i ca t ion  
was  of p a r t i c u l a r  i n t e r e s t  to  us since i t  impl ies  t h a t  CBD 
has  a role in i n tox i ca t i on  b y  m a r i h u a n a  a n d  hash i sh .  

CBD h a s  been  found  to  be  a p o t e n t  i n h i b i t o r  of hepa t i c  
d r u g  m e t a b o l i s m  8-1~ a n d  i t  h a s  been  sugges ted  t h a t  i t  is 
b y  t h i s  m e c h a n i s m  t h a t  pha rmaco log ica l  i n t e r ac t i ons  
could t a k e  place  s' 7,11. JoNEs and  PERTWEE 11 n o t e d  t h a t  
p r e t r e a t m e n t  of mice w i t h  large a m o u n t s  of CBD causes  
h ighe r  levels of f l l -THC a n d  7 - h y d r o x y - J 1 - T H C  (1.4 and  
2 t i m e s  respect . )  t h a n  is n o r m a l l y  found  in t he  b r a i n s  of 
mice a f t e r  a d m i n i s t r a t i o n  of pure  A 1-THC. T he  cond i t ions  
of t h i s  e x p e r i m e n t  are no t  para l le l  to  those  where  t he  
in f luence  of CBD on t h e  effects of J12THC h a d  been  
observed ,  b u t  t h e  inference  t h a t  t h e  i n t e r ac t i ons  are t he  
r e su l t  of e leva ted  b ra in  levels  of A 1-THC and  i ts  me tabo l i t e s  
a r iz ing  f rom i n h i b i t i o n  of t he  Subsequen t  m e t a b o l i s m  of 
these  compounds ,  seems a reasonab le  one. 

I t  appea r s  t h a t  i t  is A1-THC ( r a t h e r  t h a n  its h y d r o x y l -  
a t e d  me tabo l i t e )  in t h e  b r a i n  w h i c h  is respons ib le  for 

m o s t  of t he  ' c a n n a b i s  effect  '12,1a. Assuming  the re  is 
l i t t le  or no  b lood -b ra in  ba r r i e r  14,15 to  th i s  compound ,  
b lood  levels of A1-THC are p r o b a b l y  t h e  mos t  easi ly  
m e a s u r e d  i n d i c a t o r  of A1-THC i n t o x i c a t i o n  a n d  i t  would  
be  expec ted  t h a t  c o - a d m i n i s t r a t i o n  of CBD and  A1-THC 
would  resu l t  in  e l eva ted  A 1-THC blood levels. 

P ropy lene  glycol so lu t ions  of A1-THC (1 rag;  ca. 0 .1% 
cannab ino l )  a n d  CBD (1 mg) were a d m i n i s t e r e d  i.v. 
b o t h  s e p a r a t e l y  a n d  as a mix tu re ,  to  male  r a t s  (ca. 145 g). 
The  d i s a p p e a r a n c e  of these  c a n n a b i n o i d s  f rom t h e  b lood  
was followed for  10 m i n  b y  GLC accord ing  to  t he  proce-  
dures  r epo r t ed  e lsewhere  is, 1~. One r a t  was  used for each  
ana lys i s  and,  as in our  p rev ious  workla ,  17, these  resu l t s  
were found  to  be  h igh ly  r ep roduc ib le  p rov ided  r a t s  of 
s imi lar  we igh t s  were used. I t  was  found  t h a t  t he  d isap-  
p e a r a n c e  ra t e s  for CBD a n d  zP-THC in t he  mix tu re ,  were  
iden t ica l  to  those  d e t e r m i n e d  w h e n  t h e y  were a d m i n i s t e r e d  
sepa ra t e ly  (see Figures) .  The  b lood  level  curves  are  
b iphas ic  b u t  no  work  ha s  been  u n d e r t a k e n  to  cha rac te r i ze  
t h e m  fur ther .  

The  rou te  of a d m i n i s t r a t i o n  of t he  c a n n a b i u o i d s  is of 
p a r t i c u l a r  i m p o r t a n c e  to  t h e  onse t  a n d  d u r a t i o n  ls-~~ 
of t h e  biological  effects  be ing  s tudied .  W e  h a v e  r epo r t ed  
t h a t  a f t e r  i.v. a d m i n i s t r a t i o n ,  t h e  m e t a b o l i s m  of d 1- 
T H C  to  c a n n a b i n o l  (CBN) in t he  r a t  is e x t r e m e l y  rap id  - 


