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Abstract- A simple and efficient new synthesis of 9- 

nor-9-hydroxyhexahydrocannabinol is achieved, through 

the intramolecular [ 4 + 2 1  cycloaddition of an o- 

quinonemethide which is generated from 2-(1-hydroxy-3- 

methoxymethoxy-7-methyl-6-octenyl)-1,3-bis(0-methoxy- 

methy1)olivetol (12b), which in turn is prepared by 

reaction of the lithiated olivetol bis (methoxy- 

methyllether with 3-methoxymethoxy-7-methyl-6-octenal 

( 9 ) .  

Natural and unnatural cannabinoids have been the focus of recent synthetic 

attention because of their therapeutic usage1 and for application in 

pharmacological  investigation^.^ It has been reported3 that 9-nor-9- 

hydroxyhexahydrocannabinol (1) shows strong analgesic property similar to 

tetrahydrocannabinol ( 3 ) ,  one of psycoactive components from marihuana. 

Compound (1) does not occur in nature and was ~ r e ~ a r e d ~ - ~  by reduction of 9- 

nor-9-oxohexahydrocannabinol (2).= The analgesic properties of 1 and 

related unnatural cannabinoids have been thoroughly studied by Wilson et 

a1.3 
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~ietze' reported a synthesis of (+) and (-)-Hexahydrcannabinol via the 

intramolecular Diels-Alder reaction of 0-quinonemethides prepared from 5-n- 

pentyl-l,3-cyclohexanedione and (+ )  and ( - )  -citronellal, respectively. We 

have established an improved method of ortho alkylation of phenols using an 

alkyl sulfide, sulfuryl chloride, and triethylamine via l2 ,31 sigmatropic 

rearrangement of a phenoxysulfonium  lid,^ and applied the method to the 

selective synthesis of trans-A8-tetrahydrocannabinol and cis-A9-tetrahydro- 

AcO & 
L31 A- + 

R OH 35% R OH 

Scheme 1 
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cannabinol from olivetol monoacetate and isopentenyl isopropyl sulfide.') 

More recentlylO~'l we explored a facile generation of o-quinonemethides, 

versatile reactive intermediates for organic synthesis, and achieved a 

synthesis of hexahydrocannabinol ( 4 )  from olivetol monoacetate and 

dicitronellyl sulfide in short steps as shown in Scheme l.ll 

We here wish to report an efficient synthesis of 1 from olivetol and a 

readily available aliphatic couterpart based on the intramolecular [ 4+21  

cycloaddition of o-quinonemethide with an olefinic moiety. 

O r t h o  alkylation of phenols by 12,31 sigmatropic rearrangement suffers from 

the formation of regioisomers, i. e. 2-alkyl- and 6-alkylphenols, when 

unsymmetrically subsitituted phenols are used. Therefore we chose to use 

the reaction of regioselectively generated lithio derivatives of resorcinol 

and olivetol bismethoxymethyl ether with an aldehyde to yield 2- (a -  

hydroxyalky1)resorcinol derivatives. Retrosynthetic analysis can be 

depicted as Scheme 2. 

R = H, n-C5Hll (X = protective group) 

MOM0 OH OX MOM0 

R OMOM OMOM 

Scheme 2 

We chose 6-methyl-5-hepten-2-one ( 5 )  as a starting meterial for the 

preparation of B-methoxymethoxyaldehyde (9). Treating of 5 with sodium 

hydride and dimethyl carbonate gave methyl 7-methyl-3-0x0-6-octenoate ( 6 )  in 
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91% yield.12 Reduction of 6 with sodium borohydride in dry methanol at -5'C 

produced P-hydroxy ester ( 7 )  in 89% yield, which, after protection of the P- 

hydroxyl group as methoxymethyl ether by the published method13 in 70% yield, 

was converted to the corresponding aldehyde ( 9 )  in 87% yield by the DIBAL 

reduction in dry hexane (Scheme 3). 

Scheme 3 

As a preliminary experiment, resorcinol was used as a dihydric phenol for 

the alkylation and subsequent cyclization. Regiospecific ortho-metalation 

of 1.3-bis (0-methoxymethyl) resorcinol (10a) with n-butyllithium followed by 

condensation with aldehyde (9) gave 1Za in 45% yield after chromatography 

on silica gel (scheme 4). 

OMOM MOM0 OH OMOM 

R OMOM OMOM OMOM 

10 11 1 2  

a; R = H, b; R = n-C,H,, 

Scheme 4 

The structure of 1Za was based on the 270-MHz proton nmr analysis; the 

allylic methyls were observed at 6 1.60 (s) and 1.68 (s), and the 

methoxymethoxyl groups of the benzene ring showed singlets at 6 3.49 (6H) 
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and 5 . 2 2  ( 4 H ) .  The methoxymethoxyl group  i n  t h e  a l i p h a t i c  c h a i n  showed 

s i g n a l s  a t  6 3 .40  (3H) and  4.17 (2H) . The benzy l  p r o t o n  was obse rved  a s  a 

doub le t  a t  6 5 . 3 9  ( 1 H .  J = 6 . 3  Hz) . The v i n y l  p r o t o n  was obse rved  a t  6 5 .14  

( 1 H .  J = 9.7 Hz) a s  a  t r i p l e t .  

The a c i d - c a t a l y z e d  r e a c t i o n  o f  12a  was a t t emp ted  u s i n g  0 . 1  - 0 .4  e q u i v .  o f  

p - t o l u e n e s u l f o n i c  a c i d  ( 1 . 4  - 5 .6  x M )  i n  r e f l u x i n g  d r y  methanol  f o r  3  

h .  Al though t h e  s t a r t i n g  m a t e r i a l  had  r u n  o u t  a f t e r  1 h ,  t h e  d e s i r e d  

c y c l o a d d i t i o n  p r o d u c t s  ( 1 4 a )  a n d / o r  (15a )  were n o t  o b t a i n e d .  The p roduc t  

was a  m i x t u r e  o f  s e v e r a l  components which e x h i b i t e d  p r e s e n c e  o f  hydroxy 

g roups  b u t  a b s e n c e  of  methoxymethyl  e t h e r  g r o u p s ,  i n d i c a t i n g  t h a t  t h e  

r e a c t i o n  s t o p p e d  a t  t h e  d e p r o t e c t i o n  s t e p  under  t h e  r e a c t i o n  c o n d i t i o n s .  

F i n a l l y ,  we succeeded  i n  p r e p a r i n g  t h e  c y c l o a d d i t i o n  p r o d u c t s  (14a  and  1 5 a )  

by t r e a t i n g  1 2 a  w i t h  0 .5  - 0.8  equ iv .  of p - t o l u e n e s u l f o n i c  a c i d  ( 0 . 7  - 1.1 x 

M )  i n  methanol  a t  r e f l u x  f o r  3  h .  Gas chromatographic  and  nmr a n a l y s i s  

of  t h e  p r o d u c t s  i n d i c a t e d  t h e  r a t i o  o f  a x i a l  hydroxy compound ( 1 4 a )  t o  

e q u a t o r i a l  hydroxy compound (15a)  was abou t  65:35 (Scheme 5 ) .  

13 1 4  

a; R = H, b; R = n-C5Hll 

Scheme 5 

The s t e r e o c h e m i s t r y  of t h e  hydroxyl  g roup  and  C-lOa was a s s i g n e d  on t h e  

b a s i s  o f  t h e  C-9 and C-lOa p r o t o n  s i g n a l s  i n  t h e  270 MHz s p e c t r a .  The C-9 

p r o t o n  ( 6 4 . 2 9 )  of  1 4 a  appeared  a s  a  b roade r  s i g n a l ,  b u t  t h e  C-9 p ro ton  (6  

3 .89  ppm) of 1 5 a  appeared  a s  a  s e p t e t  s i g n a l ,  i n d i c a t i v e  of  an  a x i a l  p r o t o n  

i n  1 5 a .  The peaks  o f  C-lOa p r o t o n  of  14a  and 1 5 a  a p p e a r e d  a t  8 2.98  a n d  

2 .51 ,  r e s p e c t i v e l y ,  as t r i p l e t s ,  i n d i c a t i v e  of  t h e  t r ans -6a , lOa  s t r u c t u r e  o f  

t h e  bo th  compounds. 
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Next the same reaction sequence was applied to make cannabinoids (I) (14b 

and 15b) starting from olivetol bis(methoxymethy1) ether (lob). The acid 

treatment of 1Zb in methanol at reflux resulted in the formation of 14b and 

15b in a ratio of 65:35 in 76% yield, which were separated by column 

chromatography and recrystallized to give pure crystalline compounds. The 

structures were confirmed by the comparison of the nmr spectra with the 

reported ones.3 

The predominant formation of the axial hydroxy compounds (l4a) and (14b) 

needs some comments. The previous synthesis of hexahydrocannabinol via 

intramolecular cycloaddition reaction by usll and  other^',^^,^^ produced 

equatorial 9-methyl compounds exclusively irrespective of structures of the 

precursors of equinonemethides and reaction conditions. These selectivity 

may be accounted for in terms of the preferred conformation in the 6- 

membered transition state, i.e. equatorial methyl conformation in preference 

to equatorial one. In contrast, axial hydroxy conformation may be a 

preferred one in case of 14. It is very likely that intramolecular 

hydrogen bonding plays an important role in determining the conformation in 

the transition state. 

EXPERIMENTAL 

Melting points were determined on a Buchi 535 apparatus and uncorrected. Ir 

spectra were measured on a Hitachi 260-10 spectrometer. l~-Nmr and l 3 ~  

spectra were recorded on JEOL-EX 270 (270 MHz) spectrometer with 

tetramethylsilane as an internal standard. Gas chromatographic determination 

was performed on a Shimadzu GC-14A. Column chromatography was carried out 

with Fujidavison silica gel BW-127 ZH (Fuji Davison Chemical Industries). 

Elemental analyses were carried out by Perkin-Elmer 2400. 

Methyl 3-oxo-7-methyl-Goctenoate ( 6 ) .  A mixture of dimethyl carbonate 

(13.5 g, 150 mmol) and sodium hydride (10.5 g, 240 mmol, 55% dispersion in 

mineral oil) in dry dioxane (100 ml) was stirred and heated under reflux in 

N2 atmosphere. And to this suspension was added dropwise a solution of 6- 
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methyl-5-hepten-2-one ( 5 )  (7  g ,  55 mmol) i n  d r y  d ioxane  (24 m l )  ove r  1 . 5  h .  

The m i x t u r e  was r e f l u x e d  f o r  a d d i t i o n a l  1 h .  The r e a c t i o n  m i x t u r e  was 

quenched and n e u t r a l i z e d  w i t h  a q .  4N H C 1  wh i l e  i n  c o o l i n g  i n  a n  i c e -ba th ,  

and  e x t r a c t e d  w i t h  e t h e r  f o r  s e v e r a l  t i m e s .  The o r g a n i c  l a y e r  was washed 

w i t h  b r i n e ,  d r i e d  (MgSOq), and c o n c e n t r a t e d .  The r e s i d u e  w a s  chromatographed 

o v e r  s i l i c a  g e l  deve lop ing  w i t h  a  m ix tu r e  of  hexane-e thy l  a c e t a t e  (90:lO) t o  

gave  9 . 3  g ( 9 1 % )  of  6 as a c o l o r l e s s  l i q u i d .  Ir (neat)v,,,: 2930, 1740 and 

1710 c m - l ;  IH nmr ( ~ ~ ~ 1 3 ) s :  1 . 6 1  (3H, S ) ,  1 . 67  (3H, s ) ,  2 . 28  (2H, dd,  J = 

5 . 7  and  7 . 3  Hz) ,  2 .57 (2H, t ,  J = 7 . 3  Hz) ,  3 .45  (2H, s ) ,  3 .74  (3H, s ) ,  5.07 

( l H ,  t ,  J = 5 . 7  H z ) .  

Methyl 3-hydroxy-7-methyl-6-octenoate ( 7 )  . To a  s o l u t i o n  of 6 ( 8 . 3 7  

g,  45 .4  mmol) i n  80 m l  of  anhydrous  methanol  was added sodium borohydr ide  

( 2 . 0 6  g,  5 4 . 5  mmol) a t  -60°C. The mix tu r e  was a l l owed  t o  w a r m  t o  -5'C, and 

s t i r r e d  f o r  a n  a d d i t i o n a l  10 min a t  -5°C. And t h e n  40 m l  o f  wa t e r  were 

added,  and  t h e  s o l u t i o n  w a s  s a t u r a t e d  w i t h  sodium c h l o r i d e .  The r e a c t i o n  

m i x t u r e  was e x t r a c t e d  wi th  e t h y l  a c e t a t e .  The o r g a n i c  l a y e r  was washed w i th  

b r i n e ,  d r i e d  (MgSOq), f i l t e r e d  and  c o n c e n t r a t e d .  The c r u d e  p roduc t  was 

p u r i f i e d  by column ch lomatography  u s i n g  hexane -e thy l  a c e t a t e  (75:25) a s  

e l u e n t  t o  g i v e  7.52 g  (89%)  of  7  a s  a  c o l o r l e s s  l i q u i d .  I r  (neat)v,,,: 3550, 

2950, 1740 and 1440 cm-l; IH nmr ( C D C l 3 ) 8 :  1 . 3 0  - 1 .90  (2H, m ) ,  1 .62  (3H, 

s ) ,  1 . 6 9  (3H, s ) ,  2 . 1 1  (2H, q ,  J = 7 . 3  Hz ) ,  2 .20 ( l H ,  b r  s ) ,  2 . 48  (2H, m ) ,  

3 . 7 1  (3H, s ) ,  4 .01  ( l H ,  m ) ,  5 . 1 1  ( l H ,  t ,  J = 6.6  Hz ) ;  l3C nmr ( c D c ~ ~ ) ~ :  17.4,  

23.9,  25.4,  36 .4 ,  41 .9 ,  51.4,  67.4, 123.5,  132.0,  173 .1 .  

Methyl 3-methoxymethoxy-7-methyl-6-octenoate ( 8 ) .  T o  a s t i r r e d  

s o l u t i o n  of 7  ( 2  g ,  10 .7  mmol) i n  ch lo ro fo rm  (20 m l ,  d r i e d  o v e r  phosphorus 

p e n t o x i d e )  were added m e t h y l a l  (65  m l ,  730 mmol) and phosphorus  pen tox ide  

(15 .2  g, 100 mmol) a t  O°C. The r e a c t i o n  mix tu r e  was a l lowed t o  warm t o  room 

t e m p e r a t u r e  o v e r  a  30 min p e r i o d  and was f u r t h e r  s t i r r e d  f o r  30 min.  The 

m i x t u r e  was pou red  i n t o  a n  i c e - c o o l e d  s a t u r a t e d  sodium c a r b o n a t e  aqueous 

s o l u t i o n .  The remain ing  o i l  i n  t h e  r e a c t i o n  f l a s k  was washed w i t h  e t h e r  f o r  

s e v e r a l  times and  t h e  combined m i x t u r e  was e x t r a c t e d  w i t h  e t h e r .  The 
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o r g a n i c  l a y e r s  w e r e  washed w i t h  b r i n e ,  d r i e d  (MgSOq), and  e v a p o r a t e d .  The 

r e s i d u e  was p u r i f i e d  by column chromatography on d e v e l o p i n g  w i t h  a  m i x t u r e  

of  hexane -e thy l  a c e t a t e  ( 80 :20 )  t o  g i v e  1 . 6  g  ( 70%)  o f  8 a s  a c o l o r l e s s  

l i q u i d .  I r  (neat)%',,,: 2910 a n d  1740 c m - l ;  IH nmr (cDC13)&: 1 . 3 0  - 1 . 9 0  ( Z H ,  

m ) ,  1 . 6 0  (3H, s ) ,  1 .69  (3H, s ) ,  2 .05  (2H, m ) ,  2 . 53  ( Z H ,  m ) ,  3 . 36  (3H, s ) ,  

3 .69  (3H, s ) ,  3 .98  ( l H ,  m ) ,  4.67 (2H, s ) ,  5.10 ( l H ,  t ,  J = 6 .6  H z ) .  

3-Methoxymethoxy-7-methyl-6-octenal ( 9 ) .  To a  s o l u t i o n  o f  1 . 4 8  g  ( 6 . 9  

mmol) of  e s t e r  ( 8 )  i n  a  m i x t u r e  of  29 m l  o f  d r y  glyme and  29 m l  of  d r y  

hexane were added  dropwise  5 . 6  m l  ( 8 . 3  mmol) of  DIBAL ( d i i s o b u t y l a l u m i n i u m  

h y d r i d e )  (25% i n  t o l u e n e ,  1 . 5  M) w i t h  s y r i n g e  o v e r  1 5  min under  Nz a t  -65'C. 

A f t e r  s t i r r i n g  f o r  15  min a t  -65"C, 10  m l  o f  me thano l  were  added .  The 

m i x t u r e  was poured  i n t o  a  m i x t u r e  of e t h e r  and  wa t e r ,  t h e  p r e c i p i t a t e  of  

aluminium s a l t  was s e p a r a t e d  by  f i l t r a t i o n  t h rough  ce l i t e .  The aqueous l a y e r  

was e x t r a c t e d  w i t h  e t h e r ,  and  t h e  combined o r g a n i c  l a y e r  was washed w i t h  

wate r ,  and  d r i e d  (MgSOq), and e v a p o r a t e d .  The r e s i d u e  was chromatographed 

on a  s i l i c a  g e l  column u s i n g  hexane-e thy l  a c e t a t e  (85:15)  a s  a n  e l u e n t  t o  

g i v e  1.11 g  (87%)  of  9 .  Ir (neatlv,,: 2910, and  1730 cm-l; IH nmr ( C D C ~ ~ ) ~ :  

1 . 5 0  - 1 . 9 0  (2H, m ) ,  1 . 6 1  (3H, s ) ,  1 . 6 9  (3H, s ) ,  2 .05  (2H, q ,  J = 7 . 5  Hz) ,  

2 . 61  (28, m ) ,  3 . 3 6  (38,  s ) ,  4.08 ( l H ,  q u i n t ,  J = 5 . 6  Hz) ,  4.67 ( Z H ,  s ) ,  5 .09  

( l H ,  t, J = 7 . 5  Hz) ,  9.80 ( l H ,  t , J = 2 .2  Hz);  13c nmr ( C D C 1 3 ) 6 :  17 .6 ,  23.7,  

25.6,  34 .9 ,  48.7,  55 .5 ,  72 .9 ,  95.9, 13 .3 ,  132 .2 ,  201 .3 .  

2-(l-Eydroxy-3-methoxymethoxy-7-methyl-6-octenyl)-l,3-bis(O- 

methoxymethy1)resorcinol ( 1 2 a ) .  To t o  s t i r r e d  s o l u t i o n  o f  n -  

b u t h y l l i t h i u m  i n  hexane ( 1 . 4  m l ,  2 . 5  M, 3 . 35  mmol) and  0 .7  m l  o f  TMEDA (4 .52  

mmol) i n  1 0  m l  o f  a n h y d r o u s  e t h e r  was a d d e d  1 , 3 - b i s ( 0 -  

methoxymethyl)resorcinol ( 0 . 4 5  g ,  2 . 2 6  mmol) a t  -lO°C. A f t e r  r e a c t i o n  

mix tu r e  was a l l owed  t o  warm t o  room t e m p e r a t u r e  and  s t i r r e d  f o r  a d d i t i o n a l  6  

h,  a  s o l u t i o n  of  9 ( 0 . 5  g ,  2 . 7  mmol) i n  1 m l  o f  hexane was added,  and t h e  

m i x t u r e  was s t i r r e d  f o r  2  h  unde r  N2. The s o l u t i o n  w a s  quenched by t h e  

a d d i t i o n  of  s u t u r a t e d  ammonium c h l o r i d e ,  s e p a r a t e d ,  and t h e  e t h e r e a l  phase  

was washed w i th  b r i n e ,  d r i e d  (MqS04), f i l t e r e d ,  and c o n c e n t r a t e d .  The c rude  



HETEROCYCLES. V o l  34. No. 6, 1992 1115 

oil was purified by column chromatography using hexane - ethyl acetate 

(65:35) as eluent to give 0.39 g (45%) of oil 12a. Ir (neat)v,,,, 3550, 

2940, 1600, 1470 and 1040 cm-l; IH nmr ( ~ ~ ~ 1 3 ) 6 :  1.60 (3H, s), 1,68 (3H, s), 

1.40 - 1.95 (4H, m), 2.05 (2H, m), 3.39 (3H, s), 3.44 (lH, s ) ,  3.49 (6H, s), 

3.85 (lH, m), 4.72 (2H, m), 5.14 (lH, t, J = 7.3 Hz), 5.22 (4H, s), 5.39 

(lH, d, J = 6.3 Hz), 6.80 (2H, d, J = 8.6 Hz), 7.13 (lH, t, J = 8.6 Hz); 13c 

nmr (CDCl3)6: 17.6, 23.8, 25.6, 35.4, 42.4, 55.5, 56.2, 64.5, 75.5, 94.6, 

96.2, 108,3. 121.2, 124.2, 128.4, 131.5, 155.5. 

2-(l-Hydroxy-3-methoxymethoxy-7-methy1-6-octenyl)-5-pentyl-l,3- 

bis(0-methoxymethyl)olivetol (12b). The desired (12b) was synthesized 

in 40% yield according to the above mentioned ptocedure for the preparation 

of 12a, from 0.3 g (1.11 mmol) of 1,3-bis(0-methoxymethyl)olivetol and 

aldehyde 9 of 0.25 g (1.33 mmol) instead of 1,3-bis(0-methoxymethy1)- 

resorcinol. Ir (neat)v,,,: 3550, 2950, 1590, 1620 and 1040 cm-l; IH nmr 

( c D c ~ ~ ) ~ :  0.89 (3H, t, J = 6.6 Hz), 1.31 (6H, m), 1.40 - 1.80 (4H, m), 1.59 

(3H, s), 1.68 (3H, s), 2.05 (2H, m), 2.53 (2H, t, J = 7.8 Hz), 3.39 (3H, s), 

3.43 (lH, s), 3.49 (6H, s), 3.79 (lH, m), 4.71 (2H, m), 5.14 (lH, t, J = 7.3 

Hz), 5.20 (4H, s), 5.26 (lH, dd, J = 3.6 and 9.9 Hz), 6.62 (2H, s) . 
1,9-Dihydroxy-6,6-dimethyl-6a,7,8,9,10,1Oa-hexahydro-6E-dibenzo- 

[b,d]pyran (14a) and (15a). A solution of 82 mg (0.21 mmol) of 12a and 32 

mg (0.17 mmol) of p-toluenesulfonic acid in 15 ml of anhydrous methanol was 

refluxed for 3 h under N2. The reaction mixture was concentrated by a 

rotary evaporator. The residue was poured into a mixture of ether and water, 

and the aqueous layer was extracted with ether. The combined organic layers 

were washed successively with saturated sodium hydrogen carbonate, brine, 

dried (MgS04), filtered and concentrated. The residue was chromatographed 

on a silica gel column using acetone-petroleum (30:70) as an eluent to give 

initially 18.5 mg of 14a, followed by a mixture of 3.6 mg 14a and 15a, and 

then 14.8 mg of 15a in 71% combined yield. Crystallization from acetone- 

pentroleum ether gave 14a and 15a as a white crystals, respectively. Gas 

chromatographic analysis of the products (14a and 15a) indicate that axial 

and equatorial hydroxy compounds were obtained in a ratio of about 65:35. 
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14a mp: 194.7 - 195.3'C. 15a mp: 209.7 - 213.7"C. 14a Ir (KBr)v,,,: 3500, 

3400, 3170, 2950, 1620, 1580, and 1460 cm-l; IH nmr(cDC13)8: 1.06 (3H, s), 

1.38 (3H, s), 1.15 - 1.80 (6H, m), 1.96 (lH, d, J = 12.5 Hz), 2.98 (lH, t, J 

= 9.2 Hz), 3.25 (lH, dd, J = 3.0 and 13.9 Hz), 4.29 (lH, br s), 6.31 (lH, d, 

J = 7.9 Hz), 6.39 (lH, d, J = 7.9 Hz), 6.45 (lH, br s), 6.93 (lH, t, J = 7.9 

Hz); l3C nmr (CDC13) : 18.7, 22.6, 27.3, 29.0, 29.1, 32.9, 36.1, 49.2, 67.0, 

107.8, 109.9, 112.5, 127.3, 155.0, 155.2. Anal. Calcd for C15H2003, C, 

72.55, H, 8.12; Found, C, 71.72, H, 8.06. 15a Ir (KBr)vmax: 3500, 3200, 

2950, 1620, 1590 and 1460 cm-l; IH nmr (cDCl3)8: 1.06 (3H, s), 1.39 (3H, s), 

1.10 - 2.35 (7H, m), 2.51 (lH, t, J = 10.4 Hz), 3.53 (lH, d, J = 12.4 Hz), 

3.89 (lH, sep, J = 4.3 Hz), 6.10 - 6.50 (lH, m), 6.23 (lH, d, J = 8.1 Hz), 

6.37 (lH, d, J = 8.1 Hz), 6.9 (lH, t, J = 8.1 Hz), Anal. Calcd for C15H2003, 

C, 72.55, H, 8.12. Found, C, 72.13, H, 8.17. 

9-nor-9-Eydroxyhexahydrocannabinol (14b) and (15b). The desired 

compounds (14b and 15b) were synthesized in 76% combined yield according to 

the above mentioned method for the preparation of 14a and 15a, from 150 mg 

of 12b instead of 12a. Gas chromatographic analysis of the products 

indicate that ratio axial (14b) and equatorial hydroxy compound (15b) were 

obtained in a ratio of about 65:35. Crystallization from acetone-petroleum 

ether gave 14b and 15b as white crystalline, respectively. (14b) mp: 135.6 

- 136.7"C (lit.,3 mp 138 - 140°C). Ir (KBr)Vm,: 3300, 2950, 1630, 1590 and 

1450 cm-l; IH nmr (CDC13)8: 0.88 (3H, t ,  J = 6.1 Hz), 1.06 (3H, s), 1.37 

(3H, s), 1.15 - 1.85 (llH, m), 1.96 (lH, d, J = 12.9 Hz); 2.43 (3H, t, J = 

7.8 Hz), 2.95 (lH, t, J = 9.4 Hz), 3.21 (lH, d, J = 15.2 Hz), 4.28 (lH, br 

s), 6.09, .(lH, br s), 6.15 (lH, s), 6.25 (lH, s); l3C nmr (CDC13)8: 14.0, 

18.8, 22.5, 22.6, 27.4 28.8, 30.6, 30.9, 31.5, 33.0, 35.4, 36.2, 49.3, 67.1, 

108.3, 109.7, 109.8, 142.7, 154.5, 154.9. Anal. Calcd for C20H3003, C, 

75.42, H, 9.51. Found, C, 75.00, H, 9.65. 15b mp: 182.4 - 184.0°C (lit.,3 

178 - 17g0c). (~&)Vma~: 3440, 3150, 2950, 1630, 1590 and 1430 cm-l; IH 

nmr ( c D c ~ ~ ) ~ :  0.88 (3H, t, J = 5.9 Hz), 1.05 (3H, s), 1.37 (3H, s), 1.10 - 

2.20 (13H, m), 2.41 (3H, m), 3.52 (lH, d, J = 12.2 Hz), 3.89 (lH, quint, J = 

4.3 Hz), 6.08 (lH, s), 6.23 (lH, s), 6.29 (lH, br s) . 
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