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SYNTHESIS OF NONA-DEUTERO OLIVETOL AND NONA-DEUTERO CANNABINOIDS 

Herber t  H. Seltzman, Mosamnat K. Begum and Chr is topher  D. Wyrick 
Organic and Medicinal Chemistry, Research T r iang le  I n s t i t u t e ,  
Research T r iang le  Park, N. C. 27709 

SUMMARY 

Copper (I) cata lyzed Grignard cross coupl ing o f  a l k y l  
bromides prov ided a f a c i l e  synthes is  o f  dg -o l i ve to l  [5-(2,2,3, 
3,4,4,5,5,5-2Hg)pentyl-l , 3-benzenediol] w i t h  h igh  dg incorpora-  
t i o n  l e v e l s  and no detectable l e v e l s  o f  do t o  d7 ions. The 
outcome o f  the coupl ing i s  dependent on which bromide i s  used as 
the Grignard reagent. 
THC s u i t a b l e  f o r  G U M S  analys is  were prepared from the  o l i v e t o l .  

dg-A9-THC and racemic dg-11-hydroxy-A9- 
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INTRODUCTION 

Deuterium s u b s t i t u t e d  89-THC and 11-hydroxy-A9-THC were requ i red  as mass 

spec t ra l  i n t e r n a l  standards f o r  q u a n t i t a t i o n  o f  the corresponding marihuana 

c o n s t i t u t e n t  and i t s  metabol i te .  I n  these studies, the analy tes were the  

unsubsti  t u t e d  cannabinoid and metaboli  t e  and t h e i r  t r i - d e u t e r o  analogs (1) 

which were administered t o  humans. The deuterated i n t e r n a l  standards should 

have an i nco rpo ra t i on  o f  s i x  o r  more deuterium atoms t o  preclude in te r fe rence  

o f  t he  M-1 and M-2 ions o f  the standard w i t h  the  M+ i o n  o f  t he  d3-analytes. 

Also, the absence o f  l esse r  deuterated components i s  des i red as they would 

c o n t r i b u t e  i n t e r f e r i n g  ions. 

The s i t e s  o f  i nco rpo ra t i on  could no t  be a t  mass s p e c t r a l l y  unstable pos i -  

t i ons .  

two deuterium atoms i n  the 11-posit ion, would no t  a f f o r d  a v i a b l e  standard 

s ince the l oss  o f  t he  11-carbon i s  the major fragmentation pathway i n  the  mass 

spectrum (MS) o f  the alcohol. 

s ide  chain o f  the cannabinoids was chosen as the  s i t e  o f  i nco rpo ra t i on  o f  t he  

requi  red deu te r i  um atoms. 

For example, preparat ion o f  a deutero-11-hydroxy-A9-THC t h a t  inc ludes 

Therefore, the mass s p e c t r a l l y  s t a b l e  pen ty l  
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The penty l  s ide chain der ives from o l i v e t o l  which i s  a precursor  o f  most 

chemical syntheses o f  cannabinoids (2) .  

qu i red deuterium subs t i t u ted  o l i v e t o l  w i t h  h igh l e v e l s  o f  the h ighest  mass i o n  

and n e g l i g i b l e  amounts o f  the unsubst i tu ted,  t r i - d e u t e r o  and o the r  low mass 

ions which would i n t e r f e r e  w i t h  the analyses. A d 7 - o l i v e t o l  d e r i v a t i v e  has 

been repor ted (3) from a synthesis t h a t  employed c a t a l y t i c  hydrogenation t o  

in t roduce f o u r  o f  the seven deuterium atoms. This ma te r ia l  had s i g n i f i c a n t  

propor t ions o f  a l l  l e v e l s  o f  deuterium inco rpo ra t i on  from d7 t o  do ranging 

from 66% t o  1% respec t i ve l y .  

hydrogenation i n  achiev ing a h igh l e v e l  i nco rpo ra t i on  and because o f  i t s  

p o t e n t i a l  i n  causing scrambling, we employed an approach t h a t  d i d  no t  requ i re  

c a t a l y t i c  hydrogenation a t  e i t h e r  the i nco rpo ra t i on  o r  subsequent steps. 

Thus, we sought t o  prepare the re -  

Because o f  t h i s  d i f f i c u l t y  w i t h  c a t a l y t i c  

RESULTS AND DISCUSSION 

The approach we examined was the copper(1) cata lyzed Grignard cross 

coup1 i n g  of commercially ava i l ab le  nona-deutero-I-bromobutane (3) w i t h  3,5- 

dimethoxybenzyl bromide (2) (F igure 1). 

developed f o r  a l k y l  bromides (4) and has been app l i ed  i n  a synthes is  o f  a d3- 

o l i v e t o l  (5) and dehydrool iveto l  (6) .  The benzyl bromide 2 (7 )  was prepared 

from commercially a v a i l a b l e  3,5-dimethoxybenzyl a lcohol  (1) v i a  bromination 

w i t h  t r i m e t h y l s i l y l  bromide ( 8 ) .  

the Grignard component. The f i r s t  choice employed the  Grignard reagent from 

the benzyl d e r i v a t i v e  so as t o  minimize the number o f  t ransformat ions on the 

The method o f  cross coupl ing was 

Formally, e i t h e r  bromide might be chosen as 

OMe OH 

5 6 

'Labeled positions 

Figure 1. Synthesis of Nona-deuteroolivetol(6) 
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c o s t l y  2. 
examined w i t h  unsubst i tu ted 3 (GC). The major product (72%) was i d e n t i f i e d  as 

the  homo coupl ing product 4 by 1H NMR and MS analyses. A minor product (7.5%) 

was i d e n t i f i e d  as dimethoxytoluene. 

of the benzyl Grignard o f  2 a lso  generated 4. 

The reac t i on  af forded none o f  the sought d imethoxyol iveto l  5 when 

A r e p o r t  (6) o f  a s i m i l a r  cross coupl ing 

The reverse coupl ing scheme was more successful.  Treatment o f  unsubst i -  

t u t e d  2 w i t h  1.5 equiva lents  o f  magnesium a f fo rded  the  corresponding Grignard 

reagent i n  78% y i e l d  as determined by t i t r a t i o n  (9). 

was t r e a t e d  w i t h  2 and a c a t a l y t i c  amount o f  LiqCuClq t o  g i v e  5 (66%) and the 

homo coupl ing product 2 (28%) a f t e r  chromatography. 

coupl ing o f  2 w i t h  n - b u t y l l i t h i u m  gave s i m i l a r  r e s u l t s  (7) .  

procedure was repeated on deuterium subs t i t u ted  2 t o  a f f o r d  5 which was con- 

ver ted i n  95% y i e l d  t o  deuterium subs t i t u ted  o l i v e t o l  6 by treatment w i t h  661-3 

(1). 

was used t o  determine t h a t  the deuterium inco rpo ra t i on  on the  molecular i o n  

c l u s t e r  o f  6 was 93% dg, 7 %  df3 and 0% o f  o the r  ions. 

The Grlgnard s o l u t i o n  

The copper ( I )  promoted 

The Grignard 

Products 5 and 6 were i d e n t i f i e d  by 1H NMR and MS analyses. The l a t t e r  

The subs t i t u ted  o l i v e t o l  was employed f o r  the synthes is  o f  the corre-  

sponding nona-deutero-A9-THC (8, Figure 2). 

2,8-dien-l-o1 ( I )  were condensed and cyc l i zed  w i t h  6F-j-Et20 f o l l o w i n g  the 

Razdan method (10). 

A9-THC by TLC and GC. 

A9-THC b u t  w i t h  the  absence o f  resonances f o r  the p,7 ,6  and E protons and the 

co l lapse o f  the a-CH2 t r i p l e t ,  seen i n  the  un labe l l ed  compound, t o  a s i n g l e t .  

The 1% NMR spectrum agreed w i t h  the  l i t e r a t u r e  (11) with the  no tab le  

d i f f e r e n c e  t h a t  t he  resonances f o r  t he  deuterated carbons were completely 

absent due t o  the  much less  e f f e c t i v e  r e l a x a t l o n  o f  carbon by deuterium than 

Thus, dg-ol i v e t o l  and p-mentha- 

The r e s u l t i n g  pure, pa le  r e s i n  was i d e n t i c a l  t o  au then t i c  

The 1H NMR was cons is ten t  w i t h  t h a t  o f  un labe l l ed  

MgSO4 (y + 

BF,-EtP_ 
. *  HO 

a p U  S E 
6 

A 6 

7 
labeled positions 

Figure 2. Synthesis of Nona-deutero-A’-THC (8) 
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by proton (12). The mass spectrum demonstrated a fragmentation p a t t e r n  

consis tent  w i t h  a nona-deuterated s ide chain. The deuterium inco rpo ra t i on  was 

determined from the m/z 323 c l u s t e r  t o  be 93% d9, 7% d8 and 0% o f  o the r  ions. 

Racemic dg-ll-hydroxy-A9-THC (13) was synthesized f o l l o w i n g  a recen t l y  

repor ted method f o r  unsubst i tu ted ll-hydroxy-A9-THC (13) t h a t  a l lows inco r -  

po ra t i on  o f  t he  d g - o l i v e t o l  l a t e  i n  the synthesis. 

terpene 9 and i t s  condensation w i t h  o l i v e t o l  were repor ted w i thou t  d e t a i l s .  

The d ias te r iomer i c  9 was prepared from racemic p e r i l l a l d e h y d e  i n  f o u r  steps 

(13 ) .  

which we r e p o r t  here w i t h  experimental d e t a i l s  (Figure 3). The terpene and 

The synthes is  o f  the 

We observed d i f f i c u l t i e s  w i t h  r e g i o s p e c i f i c i t y  i n  the condensation step 

VoAc 

1 2  

+ 

13 

&* 10 H H 

11 

KOH 

1 

/OH 

OH 

1 4  

“H or‘H sites 
Figure 3. Preparation of Racernic D,-11-Hydroxy-A’-THC (13) 
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unsubstituted olivetol 3 were treated with BF3-Et20 under standard Razdan 
conditions (10). 

treated with BF3.Et20 afforded (u), an isomer of the sought 11-hydroxy-A9-THC 
acetate (12). 
tion to a material that was not 11-hydroxy-A9-THC (TLC) (14). 

recognition of the structure 14 was the upfield shifts in the 1H NMR spectrum 
for the C-10 vinyl hydrogen and the C-lOa hydrogen versus those for GI which 
likely results from the steric influence of the nearby a-CH2 (10). 

cannabidfol stage (lo), the MS exhibited a base ion of m/z 244 which i s  

explicable as deriving from 10 via a retro-Diels-Alder reaction followed by 
cyclization which eliminates acetic acid as shown in Figure 4. 

The product of this reaction was (10) which when further 

These compounds were identified by 1H NMR, MS and saponifica- 

Key to the 

At the 

Retro Diels-Alder 

H H 

(mlz 372) 

10 

M 

( m / Z  304) 

(mlz 244) 

Figure 4. Mass Spectral Fragmentation of the Acetoxy Cannabkiiol Isomer (10) 

Modification of the reaction conditions (absence o f  MgS04, 1.5 eq 

BF3.Et20, CH2C12, 2 h, OOC) afforded approximately equal amounts of the 11- 

hydroxy-A9-THC acetate isomers 12 and ll, which were readily separated by 
chromatography. 

- 11 in 17% and 21% yields, respectively. 

resulting material was chromatographed to give 13 in 48% yield (8% overall 

from olivetol). 

by GC (silylated sample) and TLC. 

undeuterated (-)-u with the expected differences of the absence of resonances 

The reaction was repeated with dg-olivetol to afford 2 and 
The acetate 12 was saponified and the 

This material was identical to authentic, undeuterated (-)-z 
1H NMR spectrum agreed with that of 
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f o r  the /J,7,6 and E protons and the co l lapse o f  t he  a-CH2 t r i p l e t  t o  a 

s i n g l e t .  

i nco rpo ra t i on  o f  84% dg, 14% dg, 1% d7 and 1% d l l  on the  M-CH20SiMe3 i o n  

c l u s t e r ;  s i m i l a r  r e s u l t s  were obtained on the u n s i l y l a t e d  ma te r ia l  f o r  the M- 

CH20H i o n  c l u s t e r .  

The mass spectrum o f  a s i l y l a t e d  sample i nd i ca ted  a deuterium 

The above work prov ides a f a c i l e  synthes is  o f  deuterium s u b s t i t u t e d  

o l i v e t o l  and cannabinoid standards w i t h  h igh  l e v e l s  o f  the dg standard peak, 

bu t  w i thou t  i nco rpo ra t i on  o f  lower mass components t h a t  would i n t e r f e r e  w i t h  

mass spect ra l  analyses. 

EXPERIMENTAL 

1 H  NMR spect ra were obtained on a Varian EM390 o r  Bruker AM 250 

spectrometer and the p o s i t i v e  i o n  e lec t ron  impact mass spect ra were run on an 

A E I  MS902 o r  GC HP 5890/MS HP 5988A mass spectrometer. Deuterium subs t i t u ted  

n-buty l  bromide was obtained from MSD Isotopes. TLC was performedo n Whatman 

s i l i c a  ge l  60A K6F p la tes .  

i o n i z a t i o n  detect ion.  

3,5-Dimethoxybenzyl bromide (2) ( 7 )  

GC invo lved a 2% OV-17 column w i t h  flame 

3,5-Dimethoxybenzyl a lcohol  (I) (10.0 g, 59.5 mmol) was d i sso l ved  i n  

125 mL o f  CH2C12 i n  a d ry  th ree  necked round bottom f l a s k .  

c l e a r  s o l u t i o n  was added TMSBr (36.4 g, 238 mmol) dropwise a t  room 

temperature. 

temperature f o r  16 h. GC and TLC showed the reac t i on  t o  be complete. 

s o l u t i o n  was quenched w i t h  saturated aqueous NaHC03; NaHS03 was added and the 

s o l u t i o n  was ex t rac ted  w i t h  CH2C12 (5 x 100 mL). 

was washed w i t h  saturated NaCl. 

SiO2, concentrat ion and d ry ing  i n  vacuo gave wh i te  s o l i d ,  13.3 g (97%), GC (2% 

O V - 1 7 ,  150 OC), rt. ( r e t e n t i o n  t ime) (% o f  t o t a l  peak area), 8.0 min (99.6%). 

1H NMR-90 MHz (CDC13) 6 3.82 ( s ,  6H, OMe), 4.43 (s ,  2H, CHzBr) ,  6.42 (d, l H ,  J 

= 3 Hz, para-ArH), 6.55 (d, 2H, J = 3 Hz, ortho-ArH2). 

229.9942, Found: 229.9940. 

To the r e s u l t i n g  

The r e s u l t i n g  l i g h t  p ink  s o l u t i o n  was s t i r r e d  a t  room 

The 

The combined organic  e x t r a c t  

F i l t r a t i o n  o f  t he  CH2C12 e x t r a c t  through 

HRMS: m/z Calcd: 
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-- do- and dg-Dimethoxyol ivetol,  [1,3-dimethoxy-5-pentylbenzene] (5) 

Unlabel led n-buty l  bromide (3) (0.75 g, 5.5 mmol) was added dropwise t o  

Mg (0.20 g, 8.2 mmol, d r i e d  i n  oven f o r  3 h) and d r y  THF (2 mL) a t  ambient 

temperature. The reac t i on  f l ask  became hot  as the Grignard r e a c t i o n  

proceeded. When the  f l a s k  cooled t o  room temperature, 3.5 mL THF was added 

and the  reac t i on  mixture was heated a t  r e f l u x  f o r  30 min. T i t r a t i o n  (9) o f  

the Grignard reagent w i t h  2-propanol i n  presence o f  1 , 10-phenanthrol i n e  showed 

i t  t o  be 0.8 M. 

v i a  cannula w i t h  12 mL of THF. 

as a THF s o l u t i o n  (2 x 6 mL) a t  room temperature. 

i c e  bath temperature and d i l i t h i u m  te t rach lo rocupra te  (0.15 mL, 0.015 mnol) 

was added. 

showed the  complete consumption o f  benzyl bromide. 

quenched w i t h  2% H2SO4. 

a c i d  s o l u t i o n  was ex t rac ted  w i t h  CH2C12 u n t i l  t he  e x t r a c t  showed no product by 

GC and TLC. 

d r i e d  over MgS04, f i l t e r e d ,  concentrated and d r i e d  i n  vacuo t o  g i v e  0.90 g 

(98%) o f  t he  crude product. 

gave 0.61 g (66%) o f  the des i red product s l i g h t l y  contaminated w i t h  3,5- 

dimethoxytoluene. GC (2% OV-17, 100-250°C, 10°/min, then 5 min a t  25OoC), rt. 

(% o f  t o t a l  peak area), 8.5 min (94%), 1H NMR-90 MHz (CDC13) 

6 1.03 (t, 3H, J = 6.4 Hz, c - C H ~ ) ,  1.3 (m, 4H, 7 and 6-CH2), 1.5 (m, 2H, 

p-CHz), 2.62 (t, 2H, J = 8 Hz, a-CHz), 3.82 ( 5 ,  6H, OCH3). 6.35 (m, 3H, ArH3). 

The product (C4) o f  homocoupl i n g  o f  3,5-dirnethoxybenzyl bromide was a l so  

obtained: 0.18 g (28%); 1H NMR-90 MHz (CDC13) 6 2.91 ( 5 ,  4H, (CH2)2Ar), 3.81 

( s ,  12H, OCH3), 6.40 (s ,  6H, ArH6). HRMS: m/z Calc.: 302.1519, Found: 

302.1519. 

When cooled, the Grignard was t r a n s f e r r e d  t o  a Schlenk f l a s k  

Benzyl bromide (2) (1.0 g, 4.4 ml) was added 

The s o l u t i o n  was cooled t o  

The r e s u l t i n g  mixture was s t i r r e d  a t  O°C f o r  3 h. GC and TLC 

The r e a c t i o n  m ix tu re  was 

THF was removed on r o t a r y  evaporator and the aqueous 

The combined organic e x t r a c t  was washed w i t h  saturated NaC1, 

Chromatography on s i l i c a  us ing 10% CH2Clplhexane 

4.4 min (4.1%). 

When run w i t h  deuterium subs t i t u ted  n-buty l  bromide (1) (4.81 g; 32.9 

mmol), a y i e l d  o f  3 g (54%) o f  d imethoxyol iveto l  was obtained; GC (2% OV-17, 

100-250°, 10°/min, then 5 min a t  250°), rt. (% o f  t o t a l  peak area) 8.4 min, 

(98.6%). 

6.33 (m, 3H, ArH3). 

1H NMR-90 MHz (CDC13) 6 2.55 (s ,  2H, u - C H ~ ) ,  3.78 ( 5 ,  6H, OCH3), 

MS: m / z  217 (dg, 92%), 216 (d8, 8%). 
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- dg-01 i veto1 , [5- (2,2,3,3,4,4,5,5,5-2Hg)pentyl-l, 3-benzenediol I (6) 

dg-3,5-Dimethoxyolivetol (5 )  (3.0 g, 14 ml) was d i sso l ved  i n  80 mL o f  

d ry  CH2C12. 

t r i b romide  (7.0 g, 28 ml) i n  40 mL o f  CH2C12 added dropwise over a pe r iod  o f  

1 h. 

and the s o l u t i o n  was s t i r r e d  f o r  3 h. The r e s u l t i n g  r e a c t i o n  m ix tu re  was l e f t  

a t  room temperature over the  weekend. 

10% NaHS03 con ta in ing  i c e  and s t i r r e d .  

CH2C12 (3 x 200 mL) and e the r  (2 x 200 mL). 

washed w i t h  aqueous NaHC03 and b r ine .  

f i l t e r e d  and concentrated t o  d r y  i n  vacuo t o  g i v e  2.9 g o f  crude product. 

Chromatography on s i l i c a  ge l  us ing 5% acetone/toluene prov ided 2.5 g (95%) o f  

pure product: GC (2% OV-17, 180OC) rt. 5.1 min, 99.8%. 1H NMR-90 MHz (CDC13) 

6 2.5 ( s ,  2H, a-CHz), 5.1 ( b r  s ,  2H, OH), 6.18 (d, l H ,  J=1.5 Hz, C2-H), 6.24 

(d, 2H, J=1.5 Hz, C4-H, C6-H). MS: m/z 189 (dg, 93%), 188 (d8, 7%).  

The c l e a r  s o l u t i o n  was cooled t o  -78OC and t r e a t e d  w i t h  boron 

A f t e r  an add i t i ona l  15 min, the f l a s k  was warmed t o  O°C i n  an i c e  bath 

The s o l u t i o n  was poured i n t o  300 mL o f  

The aqueous l a y e r  was ex t rac ted  w i t h  

The combined organic e x t r a c t  was 

The organic l a y e r  was d r i e d  over MgS04, 

- dg-A9-THC (8) 

l H  NMR-250 mHz (CDC13) 6 1.09 ( s ,  3H, 6a-Me), 1.41 ( s ,  4H, 6p-Me, 7-H), 1.68 

(b r  s & d t ,  4H, J = 2.2 Hz, 13 Hz, 9-Me & 6a-H), 1.90 (m, l H ,  7 - H ' ) ,  2.17 (m, 

2H, 8-H2), 2.41 (s, 2H, a-CHz), 3.20 ( b r  d, l H ,  J = 11.0 Hz, 10a-H), 4.70 (s, 

l H ,  OH), 6.14 (d, lH ,  J = 1.6 Hz, C2-H), 6.26 (d, l H ,  J = 1.6 Hz, C4-H), 6.30 

(br s ,  l H ,  10-H). 13C NMR (CDC13) 1 sec r e l a x a t i o n  t i m e ,  blcarbon: 154.6 ( C l ) ,  

107.4 ( C Z ) ,  142.4 (C3), 109.8 (C4), 154.1 (C4a), 108.9 (ClOb), 77.1 (C6), 45.7 

(C6a), 24.9 ( C 7 ) ,  31.0 (C8), 134.2 (C9), 123.6 ( C l O ) ,  33.4 (ClOa), 19.1 (6a- 

Me), 27.4 (6p-Me), 23.2 (9-Me), 35.1 (aC), no t  observed (pC, 7C, 6C, EC) .  

MS: m/z 323 (base peak), 308, 280, 259, 243; 323 (dg, 93%), 322 (dg, 7%) .  

Racemic dg-11-Hydroxy-A9-THC (13) 

A s o l u t i o n  o f  d g - o l i v e t o l  (5) (500 mg, 2.65 ml) and p-mentha-7-acetoxy- 

ZI8-dien-1-ol (13) (9) (559 mg, 2.65 m m l )  i n  30 mL CH2C12 was t r e a t e d  w i t h  

BF3sEt20 (565 mg, 3.98 nunol) a t  O°C w i t h  s t i r r i n g  under n i t rogen.  

completion ( 2  h) (TLC: 50% Et20/ CH2C12 and GC: 150 - 25OoC, 5O/min) the 

reac t i on  was quenched w i t h  s o l i d  NaHC03 and s t i r r e d  a t  room temperature 

overn ight .  

Upon 

F i l t r a t i o n  and evaporation o f  so lvent  a f fo rded  the product  mix ture 
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which was chromatographed on s i l i c a  ge l  (Merck Lobar) e l u t i n g  w i t h  CHiC12 t o  

y i e l d  174 mg (17%) of racemic dg-11-acetoxy-A9-THC (12): TLC (5% EtZO/CH2C12) 

Rf  = 0.5, l H  NMR (90 mHz, CDC13) 6 1.14 ( 5 ,  3H, 6a-Me), 1.44 ( s ,  6p-Me), 2.09 

( s ,  OAc), 2.41 ( b r  s, Q - C H ~ ) ,  3.28 (bd, l H ,  9 Hz, 10a-H), 4.49 ( b r  s, 2H, 9- 

CHzO-), 5.74 ( s ,  l H ,  D20 exchangeable, phenol OH), 6.14 ( b r  s, l H ,  ArH) ,  6.24 

(b r  s, lH ,  A r H ' ) ,  6.82 ( b r  s, lH ,  10-H), MS m/z 381. Fu r the r  e l u t i o n  w i t h  5% 

EtZO/CH2C12 produced 209 mg (21%) o f  the dg-11-acetoxy-A9-THC isomer (11): R f  

= 0.4, 1H NMR-90 mHz (CDC13) 6 1.06 ( 5 ,  3H, 6-Me), 1.39 ( s ,  3H, 6-Me'), 2.06 

(s, 3H, OAc), 2.57 ( 5 ,  2H, Q - C H ~ ) ,  3.19 ( b r  d, lH ,  J = 9 Hz, 10a-H), 4.47 (s ,  

2H, 9-CH20), 6.06, 6.10 (b r  over lapping s, 2H, 10-HI OH), 6.14 (d, lH ,  J = 3 

Hz, A rH) ,  6.32 (d, l H ,  J = 2 Hz, ArH'). 

To a degassed s o l u t i o n  o f  dg-11-acetoxy-A9-THC (l2) (170 mg, 0.446 mmol) 

i n  22 mL methanol was added aqueous KOH (2.1 mL, 1:2 w:v so lu t i on )  under N2 a t  

ambient temperature. A t  15 h the v o l a t i l e  organics were removed i n  vacuo, the  

remained a c i d i f i e d  t o  pH 5 w i t h  1N HC1 and p a r t i t i o n e d  between e t h e r  and 

water. 

o f  so l ven t  i n  vacuo was chromatographed on s i l i c a  ge l  e l u t i n g  w i t h  7.5% 

acetone/toluene t o  a f f o r d  73 mg o f  the t i t l e  compound (13) (48%) as a so l i d .  

TLC: 25% acetone/toluene, Rf  = 0.46; 1H NMR-250 mHz (CDC13) 6 1.11 (s ,  3H, 

6a-Me), 1.4 (m, over lap,  7-H), 1.42 (s, 3H, 6p-Me), 1.71 (dt, l H ,  J = 2.1 Hz, 

11.7 Hz, 6a-H), 2.00 (m, l H ,  7 - H ' ) ,  2.29 (m, 2H, 8-H2), 2.41 ( s ,  ZH, a-CHz), 

3.26 (bd, l H ,  II = 10.8 Hz, 10a-H), 4.03 (b r  s, 2H, 9-CH20), 4.96 ( b r  s, l H ,  

D20 exchangeable, phenol OH), 6.12 (d, l H ,  J = 1.6 Hz, A r H ) ,  6.27 (d, l H ,  

The organic  l a y e r  was d r i e d  over Na2S04 and the  res idue upon removal 

J = 1.6 HZ,  A r H ' ) ,  6.68 (d, l H ,  J = 1.5 HZ, 10-H); UV (€283 = 1560 L/mole-cm, 

abs. EtOH) ;  MS (bis-TMS der i va t i ve ,  m/z 380, M+. - CH20SiMe3), 382 ( d i l l  1%), 

380 (dg, 84%), 379 (d8, 14%), 378 (d7, 1%). MS (uns i l y l a ted ,  m/z 308, Mt- - 

CHzOH), 309 (d10, 1%), 308 (dg, 83%), 307 (d8, 14%), 306 (d7, 2%). 

S i m i l a r  s a p o n i f i c a t i o n  o f  (u) a f fo rded  the  dg-11-hydroxy-A9-THC isomer 

(14): 1H NMR-250 MHz (CDC13) 6 1.06 ( 5 ,  3H, 6-Me), 1.40 ( s ,  3H, 6-Me'), 1.70 

(t, J = 12 Hz, 6a-H), 1.97 (b r  s, l H ,  7-H), 2.30 (m, 2H, 8-CH2), 2.59.(s, 2H, 

a-CHz), 3.16 (b r  d, l H ,  J = 9.7 Hz, 10a-H), 4.02 (s, 2H, 9-CH20), 6.02 (s, l H ,  

10-H), 6.14 (d, l H ,  J = 2.6 Hz, A r H ) ,  6.31 (d, l H ,  J = 2.6 Hz, A r H ' ) .  
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