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1age wird immer wieder die genaue Kenntnis der 
molekularen Geometrie u n d  der Bindungsverh~ltnisse 
angestrebt. Diese l~isst sich heutzutage mittel8 Kon- 
formationsanalyse,<(Valence ForceField ~>-Kalkulationen 
und insbesondere auch R6ntgenanalyse in konsistenter 
Weise gewinnen. Bei der weiteren Diskussion der 
(photo)chemischen Prozesse zeigen sieh 3 Faktoren 
zum Verst~indnis und zur Voraussicht des Ablaufs 
wichtig, Es ist die schon liingst bekannte sterische 
Hinderung und zwei weitere, beim Studium der 
Reaktionen im Vitamin-D-Gebiet zuerst formulierte 
Faktoren: der Einfluss der Orbitalsymmetrie und (fiir 

Photoreaktionen) die Lage des  Konformationsgleich- 
gewichtes im Grundzustand. Insbesondere das letzt- 
genannte Prinzip hat sich bei der Auffindung yon 
bisher unbekannten Photoprodukten des Vitamins D 
als sehr wichtig erwiesen. 

Auch in der Zukunft werden die vonder  Natur sorg- 
f~ltig selektionierten Molekiile yon Vitamin D und 
dessen Isomeren ein anregendes Beispiel und Unter- 
suchungsobjekt beim Studium der detaillierten Mecha- 
nismen von Photoisomerisierungen und bei der 
Konformationsanalyse yon Molekfilen in aktiviertem 
Zustand darbieten. 

S P E C I A L I A  
Les auteurs  sont  seuls responsables des opinions exprim6es dans ces br6ves communicat ions .  - Ftir  die Kurzmi t te i lungen  
ist  aiasschliesslich der Au to r  verantwor t l ich .  - Per  le brevi  comunicazioni  ~ responsabile solo l 'autore .  - The  editors 
do not  hold themselves  responsible for the  opinions expressed in the  authors '  brief reports .  - OT~eTCTBeHH0CTb 3a 

KOpOTKHe coo6me~ma HeC'~T ,C~nmqHTeabH0 aBT0p. - E1 responsable de los informes reducidos, estA el autor.  

A~-Tetrahydrocannabinol-7-oic Acid, a Urinary 
Synthesis 

The metabo l i sm of d l - t e t r ahydrocannab ino l  (A1-THC) 
(I) and A6-THC (IIa) has been inves t iga ted  by  numerous  
groups in recent  years1, ". The major  p r ima ry  metabol ic  
process is considered to be mono-oxygenat ion ,  most ly  on 
the  C-7 posi t ion to give, in the  case of A~-THC, the  
biologically act ive  7-hydroxy-A1-THC (III).  Recen t ly  
BURSTEIN et al. 3 repor ted  the  isolation f rom rabbi t  urine 
of 2 ma jo r  acidic metabol i tes  of A1-THC. They  were 
shown to  possess s t ructures  IVa  and IVb. The  isolat ion of 
these acids poses two i m p o r t a n t  quest ions:  Are they  
formed f rom 7-hydroxy-A1-THC (III) ?; Are these acids, 
and/or  their  possible a ldehydic  precursors, also biologically 
ac t ive  ? Hence, i t  seemed of considerable impor tance  and 
interes t  to synthesize  and tes t  the  biological ac t iv i ty  of 
these acids and the  respect ive 7-aldehydo cannabinoids  
and to inves t iga te  the  metabo l i sm of 7-hydroxy-A1-TtIC. 
However ,  pract ical  methods  for the  prepara t ion  of A 1-THC 
der iva t ives  oxygena ted  a t  C-7 have  not  ye t  been develop- 
ed. As an a l ternat ive ,  we decided to synthesize the  
corresponding A6-THC derivat ives .  Since the  biological 
propert ies  and usual ly also the  chromatographic  behaviour  
in the  A ~ and A6-THC series are closely parallel4, 5, we 
assume t h a t  results  obta ined  in one of the  series will  also 
apply  to the  other.  Concurrent ly  we inves t iga ted  the  
ur inary  metabol i tes  of 7-hydroxy-A6-THC (V), a major  
physiological ly ac t ive  metabol i te  of A6-THC, for the  
possible presence of A6-THC-7-oic acid ( V i a ) .  

Synthesis. A6-THC aceta te  ( I Ib)  was oxidized wi th  
selenium dioxide in e thanol  for 24 h. On ch roma tog raphy  
yields of 2 7 - 3 3 %  of A6-THC-7-al ace ta te  (VII) were 
obtained.  This oily compound,  [e~D (in ethanol)-271 ~ was 
identif ied on the  basis of its IR - spec t rum (peaks at  1690 
and 1775 cm -~ for the  a ldehydic  and aceta te  groups 
respect ively) ;  i ts UV-spec t rum (peaks a t  281 rim, e, 
2680; 274 nm, e, 2620; shoulder at  220 rim, e, 15200), and 
its NMR-spec t rum (5, in CDC13, 0.90, 1.20, 1.42, me thy l  
groups;  2.26, s, ace ta te  me thy l  group;  6.46, 6.55, d, 
a romat ic  pro tons ;  6.80, m, v inyl ic  p ro ton ;  10.22, s, 
a ldehydic  proton).  

A~-THC Metabolite: Isolation and 

The aldehyde VII ,  was oxidized in a 59-63% yield to 
A6-THC-oic acid me thy l  ester (VIb) b y  react ion wi th  
manganese dioxide and sodium cyanide in me thano l  for 
12 h6, L The oily VIb ,  E~D (in ethanol) --302 ~ was 
ident i f ied by  its IR - spec t rum (peak at  1695 cm =1 of the  
ca rbomethoxy l  group), and its NMR-spec t rum (#, in 
CDCla, 0.88, 1.10 and 1.38, me thy l  groups;  3.7.3, s, 
ca rbomethoxy l  group;  6.15 and 6.20, a romat ic  protons;  
7.02, m, olefinic proton).  On hydrolysis,  zl6-THC-7-oic 
acid (Via)  was obtained,  held (in ethanol)  --287~ 
IR-spec t rum,  peak  at  1690 c m - 1 ,  and typica l  wide 
carboxyl ic  acid band in the  3000 cm -1 region; UV- 
spectrum, peaks at  274 rim, e, 1454; 281 rim, e, 1454 and 
shoulder at  230 nm, e, 10530; molecular  weight  (mass 
spectrum) 344; NMR-spec t rum,  d (in CC14), 0.95, 1.25 and 
1.30 (methyl  groups);  3.65 (C-2 proton) ;  5.90, 6.07 
(aromatic  protons), 7.05 (olefinic proton).  The me thy l  
ester ace ta te  of A6-THC-7-oic acid (VIc) was prepared by 
ace ty la t ion  of VI  b. 

Biological tests. The free acid (Via),  i ts me thy l  ester 
aceta te  (VIc), and the  a ldehyde  (VII) were tested in 
rhesus monkeys  as described before 4. Ne i the r  V i a ,  nor  
V i e  showed any  ac t iv i ty  in doses up to 10 mg/kg.  These 
observat ions  contras t  sharply  wi th  the  ac t iv i ty  recorded 
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in the same, or other, tests for A6-THC (IIa) 7-hydroxy- 
zI1-THC (III) and 7-hydroxy-A6-THC (V) at 20-200 times 
lower doses 4,5. The aldehyde VII  showed activity 
(drowsiness, decreased motor activity, occasional partial 
ptosis, occasional head drop) at 1 mg/kg. The synthesis 
and biological testing of AG-THC-7-oic acid were first 
reported by us at a symposium .held at the Ciba Founda- 
tion in London 1. Recently a further synthesis of this 
compound was pub!ishedS. 

Isolation. 7-Hydroxy-A~-THC (V) was tritiated by acid 
catMyzed proton exchange 9 (23.1 mCi/mmol) and 
administered i.v. to rabbits (0.2-0.4 mg/kg). Approxi- 
mately 45% of the administered compound was eliminated 
as metabolites in the urine during the first 24 h. Less than 
10/0 of the eliminated radioactivity consisted of unchanged 
7-hydroxy-A~-THC. After prior purification on an 
Amberlite XAD-2 column, 50-70% of the excreted radio- 
activity was extracted with diethyl ether at pH 3.0. This 
fraction was found not to contain any detectable (0.1%) 
amount of compound Via.  The aqueous phase after 
removal of the extractable acids was hydrolyzed with 
fi-glucoronidase. The liberated acids were extracted and 
the acid fraction was further purified by reextraction 
into 5% aqueous sodium bicarbonate and after acidifica- 
tion again extracted into diethyl etherL Acids were 
converted to their methyl esters with diazomethane and 
separated by column chromatography on Sephadex 
LH-201~ The fraction corresponding to the elution 
volume of A6-THC-7-oic acid methyl ester (VIb) was 
collected. The purified fraction was compared by TLC 
with the reference compound VI b on silica gel G plates 
using ether-light petroleum (1: 1) as solvent. About 22% 

of the radioactivity coincided with VIb.  The isolated 
material was also compared with the reference V I b  on 
alumina plates (developed 3 times with 3% methanol in 
chloroform). The fraction isolated from Sephadex LH-20 
was further compared by GLC with V I b  and found to 
contain, among a number of not completely resolved 
peaks, a compound with identical retention time. 

The identity of A6-THC-7-oic acid isolated from hydro- 
lyzed rabbit  urine and synthetic VIa  was verified by gas 
chromatography-mass spectrometry of the methyl esters 
using the mass spectrometer as a specific ion detector 11. 
The spectrometer was adjusted to record exclusively the 
intensity of 3 fragments, m/e 358 (M+), 326 and 302 in the 
mass spectrum of VI b. A compound with the same reten- 
tion time (8.6 min, 3% OV-17/GasChromQ, 250 ~ and 
having the same 3 fragments in a similar ratio as in the 
reference compound was present in the purified extract 
from hydrolyzed rabbit  urine. Based on this evidence, we 
conclude that  d~-THC-7-oic acid in conjugated form is 
excreted as a metabolite of 7-hydroxy-A6-THC - and hence 
also of A~-THC - in the urine of the rabbit. The bound 
acid V I a  constituted only a minor part  (0.4%) of the 
excreted metabolites. 
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The  p r e sen t  resu l t s  are i'n a g r e e m e n t  w i t h  p rev ious  
f ind ings  where  no  d e t e c t a b l e  a m o u n t s  of free A1-TI-IC-7 - 
oic acids could  be  found  a f t e r  a d m i n i s t r a t i o n  of zP-THCL 
To  be  e l imina ted ,  i~c appea r s  t h a t  t he  free acids need  f u r t h e r  
h y d r o x y l a t i o n  (IVa, b) a n d / o r  con juga t ion .  

The  resul t s  p r e sen t ed  in th i s  p a p e r  in  c o n j u n c t i o n  w i t h  
those  in  t he  l i t e ra tu re ,  p a r t i c u l a r l y  t he  r ecen t  observa-  
t ions  b y  BURSTEIX et  al. a, m a k e  possible  a t e n t a t i v e  
p a r t i a l  de l inea t ion  of t he  overa l l  T H C  m e t abo l i s m .  In  
t he  case of A 1-THIC, t h e  in i t ia l  conve r s ion  1, 2 is o x y g e n a -  
t ion,  m a i n l y  a t  C-7, b u t  also a t  C-6, and  as a n  epoxide  1~, ~* 
on  C-1, C-2. W i t h  A*-THC, o x y g e n a t i o n  t akes  place  on  
C-7, on  C-5 ~, ~ a n d  on  t he  side cha in  (1"  a n d  3 " - h y d r o x y -  
A~-THC). Some of t h e  mono  o x y g e n a t e d  T H C ' s  are  
b io logica l ly  ac t ive  a n d  m a y  r ep re sen t  t he  ac tua l  ac t ive  
species in  t he  b o d y  1,~,1~. Others ,  such  as l " h y d r o x y -  
A~-THC and  6-keto-Al~THIC, show no a c t i v i t y  (rhesus 
monkey) .  I t  shou ld  be  p o i n t e d  ou t  t h a t  t he  va r ious  
m e t a b o l i t e s  h a v e  been  i so la ted  in s tud ies  w i t h  d i f fe ren t  
a n i m a l  species or a n i m a l  o rgan  h o m o g e n a t e s  a n d  m a y  
n o t  all be r e l e v a n t  to  h u m a n  m e t abo l i s m .  However ,  
7-OH-A1-THC, 6~ an d  6~-hydroxy-A~-THC h a v e  b e e n  
iden t i f i ed  as m e t a b o l i t e s  of A~-THIC in  m a n ~ ,  1~. The  
THC-7-oic  acids,  on  t he  bas is  of the  p re sen t  repor t ,  are  
fo rmed  b y  f u r t h e r  m e t a b o l i s m  of t he  r e spec t ive  7 -hydroxy-  
THC's .  The  7-a ldehydo  c o m p o u n d s  are poss ible  in ter -  
med ia t e s  lL The  acids are excre ted  m a i n l y  as wa te r -  
so luble  ' con juga tes ' ,  t h e  n a t u r e  of wh ich  is as ye t  u n k n o w n .  
All  t h e  T H C  7-oic acids, i nc lud ing  those  h y d r o x y l a t e d  on  
t h e  side chain,  on  the  bas is  of t he  p r e s en t  repor t ,  are 
p r o b a b l y  i n a c t i v e  and  r ep re sen t  the  final,  or one oi  t he  
final,  de tox i f i ca t ion  stages.  Ve ry  l i t t le ,  if any,  u n c h a n g e d  
THC's ,  or m o n o  o x y g e n a t e d  T H C ' s  are  excre ted  as such  ~. 

Zusammen/assung. 7 - H y d r o x y - d  ~ - t e t r a h y d r o c a n n a b i n o l  
(7 -hydroxy-zl*-THC),  ein p s y c h o t o m i m e t i s c h  ak t i ve r  Meta-  
bo l i t  des A~-THC, wird  v o n  K a n i n c h e n  in  i n a k t i v e  ~ -  
THC-7  S~ure metaboHsier t .  Die S y n t h e s e  dieser  S~ure 
wird  beschr ieben .  
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A Facile Approach to Dihydrojasmone 

Our  c o n t i n u e d  in t e r e s t  ~ in  t h e  f r a g r a n t  c o m p o n e n t s  of 
Jasminum grandi/oh*m a n d  re l a t ed  species has  led to t h e  
d e v e l o p m e n t  of a s imple  syn thes i s  of d i h y d r o j a s m o n e  (1). 
The  p r e s e n t  a p p r o a c h  involves ,  as in  our  p~evious  
syn theses  a n d  a n u m b e r  of o thers ,  undecan-2 ,  5-dione (2) 
as  t he  p e n u l t i m a t e  precursor .  
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The HAIJSER m e t h o d  ~ is a c o n v e n i e n t  p rocedure  for t he  
syn thes i s  of m e t h y l  a lky l  ketones .  However ,  i ts  ex t ens ion  
to  bu i ld ing  up  t h e  y-keto l  s y s t e m  via  a l k y l a t i o n  of a n  
ox i rane  or a d e r i v a t i v e  t he reo f  was  h i t h e r t o  unexplored .  
An  ana lys i s  of va r ious  s y n t h e t i c  poss ib i l i t ies  t o w a r d  
d i h y d r o j a s m o n e  p r o m p t e d  us to  i n v e s t i g a t e  such  a 
reac t ion ,  s ince u p o n  p r o c u r e m e n t  of 5 - h y d r o x y u n d e c a n -  
2-one (3) b y  a s imple  a lky la t ion ,  one is assured  of a 
t h r ee - s t ep  syn thes i s  of t he  t a r g e t  molecule  f rom read i ly  
accessible  a n d  i nexpens i ve  mate r ia l s .  

A lky la t i on  of p e n t a n - 2 , 4 - d i o n e  w i t h  1, 2 -epoxyoc tane  
in re f lux ing  abso lu t e  e t h a n o l  in  t he  p resence  of s o d i u m  
iodide  a n d  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  for 20 h 
fol lowed b y  d i s t i l l a t ion  off m o s t  of t h e  solvent ,  d i s so lu t ion  
of t he  res idue in w a t e r  a n d  e x t r a c t i o n  in to  e the r  and  f ina l  
i sola t ion by  Gi ra rd  T s e p a r a t i o n  s, fu rn i shed  in 28% yield.  
(Bp. 81 ~ (oven temp. ) /0 .75  Tor r ;  Anal .  F o u n d :  C, 71.11; 
t-I, 11.84; v (CHIC12) 3605, 1710 cm=l).  J u d g i n g  f rom the  

spec t ra l  charac ter i s t ics ,  especia l ly  t he  m e t h y l  ke tone  
a b s o r p t i o n  region in t he  P M R - s p e e t r u m ,  th i s  a lky l a t i on  
p r o d u c t  exis ts  in  a d y n a m i c  equ i l ib r ium be tween  t he  
ke to l  3 a n d  t h e  h e m i a c e t a l  4 forms.  

JoNEs 4 o x i d a t i o n w a s  t h e n  carr ied ou t  by  dropwise  
i n t r o d u c t i o n  of ch romic  acid to a s t i r red  ace tone  so lu t ion  
of t h e  3, 4 m i x t u r e  u n t i t  an  o r a n g e - b r o w n  t inge  pers is ted .  
W a t e r  was added  a n d  t h e  diketoffe 2 was o b t a i n e d  by  
e the r  e x t r a c t i o n  and  d i s t i l l a t ion  (74% yield). 

Since 2 has  been  p rev ious ly  c o n v e r t e d  to  d ihydro -  
j asmone ,  o u r  syn thes i s  is comple ted .  The  success of 
p roduc ing  3 ind ica tes  a r ap id  and  genera l  way  for t h e  
syn thes i s  of y-ketols .  

Rdsumd. La  d i h y d r o j a s m o n e  a 6 t6  syn th6 t i s6e  en t rois  
* tapes  ~ p a r t i r  du  pen taned ione-2 ,  4. 

TsE-LoK I7Io and  C. M. WONG 

Department o/Chemistry, University of Manitoba, 
Winnipeg, Manitoba (Canada), R 3 T  2N2, 

6 February 1973, 

1 H.C. Ho, T. L. Ho and C. M. WONO, Can. J. Chem. 50, 2718 (1972); 
T. h Ho, H. C. Ho and C. M; WoNo, Can. J. Chem. 57, 153 (1973): 

2 S. BOATI~fAN, T. M. HARRIS and C. ?R. HADSER, J. org. Chem. 50, 
3321 (1965). 

3 A. I. VooE~, A Textbook of Practical Organic Chemistry, 3rd edn, 
(Longman-Green, London 1962), p. 976. 

4 K. BOWDEN, I. M. H~ILBRON, E. R. H. JONES and B. C. L. WEEDON, 
J. chem. Soe., 39 (1946). 

s This research was supported by NRCC, Ottawa. 


