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- The title compounds were synthesized From A'-THC in yields of 65% and 63% 

respectively. The structure of 3 as a 1.2-dime was supported by NOE data. A 

structural re-assignment of a previously isolated quinonoid-THC a is proposed. 

As part of an on-going program in our laboratories on the chemistry of ~ a n n ~ b i n o i d s , ~  ue 

3 
examined the effect of copper-cata~ysed activated m ~ e c u l a r  oxygen an be-tetrahydrocannabinol 

ITHC). We were led to these studies because of our interest in copper caralysed reactions4 and 

the recently published reports on the use of cuprous chloride with oxygen in aprotic solvents far 

the oxidation of phenols to carechols and the latter to 1,2-ben~oquinones.~'~  his was of 

considerable interest to us since this could provide an entry into a novel class of THC'. and lead 

to new information regarding structure-activity relationships in cannabinoids. 2 

We have found that treatment of AB-THC in CH CN in the presence of cu2c12 with molecular 
3 

oxygen forms the catechol derivative 2 which then undergoes further oxidation to furnish the 

1.2-dione 3. This oxidation of AB-THC mst likely proceeds via a copper 111) catecholate 

intermediate such as 1 (Scheme 1). Precedent for this reaction is seen in the reported oxidation 

of phenols to catechols and the latter to q ~ i n o n e s . ~ ' ~  ~t was also found that the reaction 

proceeded similarly with no yield advantage when metallic copper (paxler16 was added in addition 

to the Cu2C12. TO obtain the intermediate catechol2, it was found more advantageous to 

isolate the 1.2-dime 3 first and then reduce it to 2. This nearly quantitative reduction was 

achieved by treatment with sodium hydrosulfite solution. As expected, the catechol 2 was prone to 

oxidation and even careful colmn chromatography resulted in contamination of 2 with 3. The 

diacetate OF war however quite stable and easy to handle. 

  he initial NIIR, IR and other physical data clearly pointed to a quinone structure Far compound 

3. In addition, our synthetic procedure suggested a 1.2- rather than a 1.4-quinone structure. - 
I 

However ~uclear Overhauser ~nhancement (110~) data derived from the H homonuclear double 

resonance experiinenta eupported the position of the qvinone as artho, i.e. as shown in structure 

3. Irradiation of 4-H clearly shoved a NOE effect 1624%) on the benrylic protons OF the side - 
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7 c h a i n  11'-HZ) and t h e  128-methyl group of  t h e  py ran  r ing.  Converse ly ,  i r r a d i a t i o n  of t h e  120 

-methyl group shoved a clear NOE e f f e c t  (6+4%) on t h e  4-H. I n  a d d i t i o n ,  t h e  c o i n c i d e n t a l  

enhancement (6+4%1 of  t h e  1'-H2 p r o t o n s  was observed presumably s i n c e  t h e  2'-H2 or  3'-H 
2 

p r o t o n s  r e s o n a t e  a t  t h e  sane f requency as t h e  12e-methyl group 11.45 ppm). Upon i r r a d i a t i o n  o f  

t h e  120-methyl group no NOE e f f e c t  was observed on t h e  4-H. These  NOE r e s u l t s  f u r t h e r  s u g g e s t  

t h a t  t h e  pyran r i n g  i n  1 preferentially e x i s t s  i n  a quas i -boar  form r a t h e r  t h a n  a quas i - cha i r  

form.   his is suppor t ed  by an examinat ion of  t h e  Dre id ing  models which shows t h a t  i n  t h e  former 

conformat ion t h e  d i s t a n c e  between t h e  1 2 e m e t h y l  group and t h e  4-H p r o t o n  i s  approximate ly  3.1A0 

whereae i n  t h e  quas i - cha i r  conformat ion,  t h i s  d i s t a n c e  is  -4.5h0. 

The above NOE s p e c t r a l  s t u d i e s  suppor t  compound 2 t o  have a 1 ,2 -d ime  and no t  a 1 .4 -d ime  (4)  

s t r u c t u r e .  I n  1968, Mechoulan. Ben-zvi and ~ a o n i '  c a r r i e d  o u t  t h e  rn-chloroperbenroic a c i d  

o x i d a t i o n  of  n8-THC and r epo r t ed  t h e  i s o l a t i o n  of  two produc t s .  They proposed structure 2 f o r  t h e  

minor p roduc t  and 4 f a r  t h e  major produc t  and a se igned  t h e  structures mainly  on t h e  b a s i s  of  w 

s p e c t r a .  "owever, t h e  In,  NMR and w s p e c t r a  of  our compound 2 co r r e sponds  c l o s e l y  to t h a t  of 

~ e c h o u l a m  e t  a l a s  major p roduc t  4 and hence, a re-examination of  t h e i r  s t r u c t u r e  ass ignments  is 

suggested .  we have been informed r e c e n t l y  by P ro fe s so r  Mechoulam t h a t  on t h e  b a s i s  of  f u r t h e r  

work i n  t h e i r  l a b o r a t o r i e s ,  t hey  have i ndependen t ly  a r r i v e d  a t  s i m i l a r  conc lus ions .  

EXPERIMENTRL 

A'-THC-1.2-dime 12). To a s o l u r i o n  of  104mg (0.33 m o l )  of  n8-THC i n  0.9 n l  o f  CH Cn, 5.5 mg 
3 

1.028 m o l l  of  f r e s h l y  prepared Cu2C12 was added. A t h i n  c u r r e n t  o f  a i r  was bubbled 

through t h e  mix tu re  f o r  1.5 h a f t e r  which 50 m1 of  e t h e r  was added. The r e a c t i o n  mix tu re  was 

washed w i t h  H 0 ,  d r i e d  and concen t r a t ed .  A ye l lowi sh  o i l  was ob ta ined  which was p u r i f i e d  by 2 

f l a s h  c h r ~ m a t a g r a p h y ~ ~  us ing  5% e t h y l  aceta te-hexane s o l u t i o n .  The d i m e  2 was ob ta ined  as a 

reddish-yel low gun: 70 mg ( 6 5 % ) ;  NHR (300 MR.; CDCl3I 6 0.86 ( t .  3H. 5'-CH ) ,  1.12 (s ,  3". 13a  3 

-M I .  1.2-1.413Hl; 1.45 I S .  3H. 12B-CH I ,  1.45-1.55 (2RI; 1.65 ( b r  8 .  3H. 9-CH I ,  1.65-1.85 3 3 3 

13Hl; 2.06-2.12 (m, Z H ,  10-H I. 2.35 l d t ,  ZH, 1'-H2). 2.47 lm,  lH, 6a-HI. 2.95 ldd, 18, 
2 

10a-HI. 5.36 (m, 1H. 8-HI, 6.35 I t ,  J=1.46 Hz. 1H. 4-El; I R  (CC1 I 1600, 1645, 1665 (quinone)  
4 

cm-'; A max L E ~ O H I  269 m [ l o g  E ,  4.06).  362 (2.851, 400 (2.991; [ l i t . '  269 (4 .12) .  362 

(2.841, 400 (2.911; mass spect rum,  m/z ( r e l a t i v e  i n t e n s i t y )  328 (M+, 1 0 0 ) .  313 IM+-15. 2 9 ) .  

272 IM+-56, 641. 229 (211, 204 130) .  Anal.  Calcd f o r  C21H2803: C, 76.79; H ,  8.59. 

Pound:C,76.60; H, 8.63. 

A l i q u o t s  taken from r e a c t i o n  mix tu re  and worked up as desc r ibed  above gave mix tu re s  of t h e  d i m e  2 

and t h e  ca t echo1  2 as  s h w n  by NUR, IR and TIC. s i m i l a r  r e s u l t s  were o b t a i n e d  when ~ 8 - m ~  (3.6 

-11 was ox id i zed  i n  t h e  p re sence  of  c u  povder 15.5 -11 and cu2c12 (0 .23 -1) fo l lowed by 

s i m i l a r  work-up. 

2-H~droxv-A~-mc ill. TO a S o l u t i o n  of 315 ng (0.96 -1) of t h e  ~ ' -mc- l , 2 -d ione  (3) i n  6 ml of  

e t h e r .  a s o l u t i o n  of 334 mg (1.92 -1) of  sodium h y d r o s u l f i t e  i n  6 rnl o f  H 2 0  was added. The 



mixture was stirred at 40-45Oc for 3 h after which 50 ml of ether was added and the organic 

layer was separated. It was filtered, dried and concentrated to give 2 as a yellow gum; 302 mg 

(97%); NMR (CC14L 6 0.88 (t, 3H. 5'-CH31, 1.07, 1.40 (26, 6H. geminal 12.i3-CH3). 1.66 (br 

s ,  3H. 9-CH I, 3.0-3.42 (br m. 1H. 10a-H), 5.0-5.2 In, 2H. OH which disappears on acetyiation), 
3 

5.33 (br 5 .  in, 8-HI. 5.88 ibr 5 ,  In. 4-HI; IR (CC141; 3625. 3510 (OH). 3470. 2980, 2950 

-i 
cn . Anal. Calcd. for C H 0 .1/4 H20: C, 75.29; H ,  9.02. Found: C, 75.61; H, 8.83. 

21 30 3 

The diacetate of 2 was formed by treatment of 2 with AC20 in pyridine and usual work-up which, 

after chromatography (15% ethyl acetate-hexanel, gave a gum in 708 yield; NMR (CCl ) 6 2.23 (s, 
4 

6". 2CH COI; IR (CC1 1 1770 (c=ol &I. Anal. Calcd. for C H 0 . C. 72.44; H .  
3 4 25 34 5' 

8.27. Found: C, 72.35; H, 8.29. 

ACKNOWLEOGEM3WS 

This vork was carried out with the support of NIDA Grant No. 011-00574. we are grateful to m. R. 

Crouch of Burroughs Wellcome Company for carrying out NOE studies, to ~ r s .  H. Sard, P. Melrzer and 

J. Gilaan for helpful suggestions and to wr. c. ~ e e  for determining the ultraviolet spectrum. 

REFERENCES 

1. paper 36 in the ~ashish series.  or parts 35 and 34, see H.  sard, R.P. ~uffiey. I.R. 

Robertson, and R.R. Razdan, Synthesis 1984, 506; and V.S. Jorapur, R.P. Duffley, and 

R.K. Rardan, Syn. Comun., 1984. 14, 655 respectively. "", 
2. Far a general chemical review see R.K. ~aadan, in T h e  ~ o t a l  synthesis of ~atvral 

Products", Vol. $. J. ApSimon. Ed., Wiley. New York, 1981, pp. 185-262. 

3. For a general discussion, inciuding a discussion of the "activation" of molecular 

oxygen, see: 0. Hayaishi, "Holecuiar Mechanisms of Oxygen Activation", 0. Hayaishi. 

Ed., Academic Press, New York, 1974; Chapter 1 and references cited therein. 

4. G.L. Lanbert. R.P. Duffley. H.C. ~alzell, and R.K. Razdan. J. Org. Chem., 1982, 47. 
rn 

3350. 

5. T.R. Demnin, M.D. Sverdloff, and M.H. Rcqic, J. Am. Chem. Srr.. 1981. 103. 5795 and 
%rn 

references cited therein. 

6. P. Capdevielle, and n. Haumy, Tetrahedron Lett.. 1982, 23. 1577 and references cited 
rn 

therein. 

7. The NMR assignments for 128- and 13o-methyl groups are consistent with those reported 

for and n9-THC's; see R.A. Archer, D.B. Boyd, P.V. Dernarco. I.J. Tyminski, and N.L. 

Allinger, J. Am. Chea. Sm., 1970, z, 5200. 
8. R. Hechoulan, 2 .  Sen-zvi, and Y. Gaoni, Tetrahedron. 1968. 24, 5615. 

rn 

9. C.S. Marvel and S.M. McElvain, Org. Syn. Coll. Vol., 1932, 1, 170. -. 
10. w.C. Still, M. Kahn, and A. Hitra, 3. Org. Chem.. 1978. 43, 2923. rn 

Received, 17th March, 1986 


