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A NON-EXCHANGE SYNTHESIS OF TRITIUM-LABELLED TETRAHYDROCANNABINOLS I 

E. W .  G i l l  a n d  G a r e t h  Jones. 
U n i v e r s i t y  D e p a r t m e n t  o f  P h a r m a c o l o g y ,  
S o u t h  P a r k s  R o a d ,  O x f o r d ,  
E n g l a n d .  

R e c e i v e d  o n  O c t o b e r  5 , 1 9 7 1 .  

SUMMARY 

T r i t i u m - l a b e l l e d  ( - ) -A1(6*and  I-)-A'- te trahy?rocan-  
n a b i n o l s  a t  a s p e c i f i c  a c t i v i t y  o f  607 mCi/mmole 
were s y n t h e s i a e d  by a non-exchange method. The t r i -  
t i u m  was i n t r o d u c e d  by t h e  c a t a l y t i c  r e d u c t i o n  w i t h  
t r i t i u m  gas of an unsa tura ted  p r e c u r s o r  o f  d i m e t h y l  
o l i v e t o l  i n  hexa f luorobenzene  a s  a non-exchanging 
s o l v e n t .  S p e c i f i c a l l y  l abe  l l e d  o t i v e t o l  was subse-  
q u e n t l y  used i n  t h e  s y n t h e s i s  of ( - ) -A ' - t e t rahydro -  
cannabinol  by an e s t a b l i s h e d  method. The rad ioche -  
mica1 p u r i t y  of t h e  produc t  was shown t o  be g r e a t e r  
than 9 8 %  by T L C ,  CLC, l i q u i d  s c i n t i l l a t i o n  coun t ing  
and b ioassay .  

"he recent  increased  interest  i n  t h e  chemistry and pharmacology o f  

the  cannabinoids") has  r e s u l t e d  in s e v e r a l  methob (2)-(7) for t h e  

prepara t ion  of 3H- and 14C-labelled te t rahydrocannabinols  (THC'S). 

In  t h e  course of  work on cannabis  i n  t h i s  l a b o r a t o r y  the  s y n t h e t i c  

sequence shown in Fi8. 1 was used f o r  t h e  prepara t ion  of 'H-(-)- A'THC 

of high s p e c i f i c  a c t i v i t y .  
1 1  3 , 5 -Dimethoxyvalerophenone ( 1 )  was reduced with sodium borohydride 

t o  t h e  a lcohol  (2) which w a s  subsequent ly  dehydrated t o  1-(3,5-dimethoxy- 

pheny1)pent-I-ene (3) with  fused sodium bisu lpha te .  

s t y r e n e  i n  hexafluorobenzene w a 6  hydrogenated with tritium gas  t o  g ive  

The subst l t u t e d  

5-pentyl  r e s o r c i n o l  dimethyl e t h e r  (dimethyl o l i v e t o l )  wrich w a s  

s p e c i f i c a l l y  l a b e l l e d  i n  t h e  s i d e  chain.  Hexafluorobenzene w a 6  chosen a s  

the  so lvent  for t h e  c a t a l y t i c  hydrogenation s i n c e  i t  contained no protons 
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and tritium-exchange with solvent was thus impossible. 

The tritium used in the reduction w a s  diluted with hydrogen, the 

spec i f ic  ac t iv i ty  of the product being determined by the extent of t h i s  

d i lu t ion .  

is obtainable by this method but radiochemical decomposition would 

presumably impose a lower limit on the ac t iv i ty  a t ta inable .  

Theoretically, a maximum spec i f ic  ac t iv i ty  of 58 Cl/mmole 

( 8 )  The labelled dimethyl o l ive to l  w a s  demethylated with boron tribromide 

i n  dichloromethane a t  room temperature and the resu l t ing  o l ive to l  was 

condensed with (-)-verben01 ( 6 )  t o  give (-)- A '(6)THC!9) After 

pur i f ica t ion  by column chromatography on F l o r i s i l ,  the labelled A 1(6)THc 

w a s  isomerised to  A THC by the method of Petrzilka e t  d"'. 
I \  1 

After fur ther  column chromatography,the purity of the f i n a l  product 

w a s  demonstrated by Tu: on silica ge l ;  

Fast Blue B; 

and A'THC. 

w a s  ident ica l  w i U h  that of an authentic sample o f A  THC. The 

radiochemical purity and spec i f ic  ac t iv i ty  were determined by 

chromatography on silica-gel-impregnated paper and l iqu id  sc in t i l l a t i on  

counting. 

607 mCi/mmole and a radiochemical purity of greater than 98%. 

by its colour reaction with 

and'by GLC on an XE 60 column ('I) which resolved A'(6)THC 

In these t e s t s  the behaviour of the labelled product 

1 

The 3H- A'THC w a s  obtained with a spec i f ic  ac t iv i ty  of 

A spec i f ic  ac t iv i ty  of 745 mCi/mmole had been expected and the 

observed radiochemical yield of 81% w a s  ascribed t o  inadequate mixing of 

the t r i t ium and hydrogen i n  the hydrogenation apparatus. 

Using the mouse catalepsy bioassay procedure(12) a t  an intravenous 

dose leve l  of 2 mg/kg, the product was equipotent with a sample of na tura l  

(-1- A'THC i so la ted  from Tincture of Cannabis B.F.C.(13)' 

The 'E- A'THC has been stored a t  a concentration of 250 pg/ml in 

benzene i n  brown bot t les  i n  the dark a t  20' fo r  twelve months without 

any marked chemical decomposition or l o s s  of pharmacological ac t iv i ty .  
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Contrary to  the report  of Suter and Weston,(14) we have found tha t  

3,5-dimethoxyphenyl a lkyl  ketones are rap id ly  and completely hydrogenated 

i n  oxygenated solvents t o  give the corresponding 5-1 resorcinol dimethyl 

e thers  (13) 

l abe l led  dimethyl o l ive to l  by the hydrogenation of 3',5'-dimethoxyvaler- 

phenone with t r i t ium gas over 1096 pallad.ium on charcoal i n  dried e thyl  

acetate.  Under these conditions, however, exchange of t r i t ium with 

solvent protons occurred to  such an extent that the route was rendered 

impracticable. Hydrogenation of  the ketone i n  non-oxygenated solvents 

such as benzene or carbon tetrachloride proceeded extremely slowly and 

w a s  not useful for l abe l l ing  purposes. 

We attempted to  use t h i s  reaction fo r  the preparation of 

The method of choice fo r  the preparation of spec i f ica l ly  labelled 

3H-olivetol thus appears t o  be v ia  the subs t i tu ted  styrene, but the 

ca t a ly t i c  hydrogenation of 3',5'-dimethoqvalerophenone and subsequent 

denethylationwithrefluxing hydriodic acid or with boron tribmmide 

provides the more convenient route f o r  the bulk synthesis of unlabelled 

o l ive to l  . 
E X P E R I M E N T A L  

T r i t i u m  gas w a s  obtained from the Radiochemical Centre, Amersham. 

The chloroform used a s  a solvent fo r  TLC was B.D.H. reagent grade 

containing about 2% v/v ethanol as a preservative. 

b.p. 60-80' was r e d i s t i l l e d  before use. Dichloromethane w a s  washed 

with concentrated suluhuric acid,  water and 2N sodium carbonate, dried by 

refluxing with calcium hydride and d i s t i l l e d  through a Vigreux column. 

TLC was car r ied  out on MerckKieselgel PFZ5,+. 

b e  Argon G a s  Chromatograph; 

washed) 80-100 mesh (B.D.H.) at a temperature of ZOO0 with an argon 

flow rate of I20 ml/minute. 1.r. spectra were recorded on a Perkin 

Elmer l37B Infracord; n.m.r. spec t ra  were recorded in  carbon te t rachlor ide  

Petroleum s p i r i t  

GLC w a s  carried out using a 

the column w a s  4% XE 60 on Supasorb (acid 
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at 100 MHz on a Perkin Elmer R14 spectrometer. 

counting w a 6  carried out on a Bechan LS-mB instrument using a dioxan- 

based s c i n t i l l a t o r  containing Butyl PBD and naphthalene a t  concentrations 

of 7 and 50 g/l respectively.  

nitrogen. 

N.N-Diethsl-3,Edimethoxybnza1rdde. 

Liquid s c i n t i l l a t i o n  

Solvents were removed i n  vacuo under 

This compound WBB obtained from 3,5-dimethoxybensoic acid v i a  the 

acid chloride i n  the usual way. 

m.p.78-7g0,b.p. 158-160°/0.13 d g . y m a x  in CHCl . 2980, 1640, 1610, 1465, 

1425. 1160 cm". 

j1.5'-Dimetholtyva1erophenone. 

The amide w a s  a very pale yellow so l id  

3 

Sodium-dried e ther  (300 ml)m run i n to  a 2 L flanged f lask  f i t t e d  

with a s t i r r e r ,  thermometer, gas i n l e t  and pressure-equilibrating dropping 

funnel. The f lask  w a s  flushed with nitrogen and a l l  subsequent procedures 

up t o  the hydrolysis stage were carried out under a s l i g h t  posit ive pressure 

of the gas. 

small pieces to the e ther  and the mixture was s t i r r ed .  A c rys t a l  of iodine 

was added to  the f lask  and 30 drops of a solution of n-butyl bromide (90 g,  

0.65 moles) i n  dry ether (1% ml) were run in a t  room temperature to  i n i t i a t e  

the reaction. 

wise with s t i r r i n g  at -10' (dry ice / t r i l ene  bath) over 4 hr. 

w a s  then s t i r r e d  a t  0' (ice-bath) fo r  2 hrs. 

benzamide (118.5 g, 0.5 moles) i n  dry e ther  (150 m l )  w a s  added dropwise with 

s t i r r i n g  over 15 minutes a t  -25'. 

-10' and fo r  5 hrs at 0'. 

temperature and s t i r r i n g  w a s  continued over a fur ther  t o t a l  period of 11 hrs. 

The mixture was cooled to -25' and saturated ammonium chloride solution 

(350 m l )  was added cautiously, maintainin8 the temperature a t  below -20'. 

After completion of the addition, water (100 ml) :nd e ther  (250 ml) were 

Freshly-cut lithium metal (8.7 g, 1.25 g atoms) was added i n  

The rest of the solution of n-butyl bromide was then added drop- 

The mixture 

N,N-Diethyl-3,5-dimethoxy- 

The mixture w a s  s t i r r e d  fo r  2 hrs a t  

The mixture was then allowed t o  resch room 
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added with vigorous s t i r r i n g ;  

t o  reach room temperature and transfe-red t o  a separating funnel. 

fur ther  d i lu t ion  w i t n  water (250 m l ) ,  the layers were separated and the 

aqueous layer  was re-extracted with e ther  (2 x 100 ml). 

ext rac ts  were washed with 2N hydrochloric acid,  d i s t i l l e d  water and 

saturated brine (250 m l  of each); 

w a s  evaporated i n  vacuo. 

No c lear  fractionation between the ketone and unreacted amide was observed, 

but the main f rac t ion  (82.7 g) of the d i s t i l l a t e  boiling between 140-170° 

at 0.13-0.20 armHg consisted mainly of Ketone. 

yellow 

recrys ta l l i sed  from ethanol/water a t  .Wo with rapid cooling i n  dry ice/ 

t r i l ene .  Yield 67.0 g (60.4%). After a fur ther  mcrys t a l l i s a t ion ,  the 

product melted a t  58-39' (Lit.( '4) 42.5'). Further quant i t ies  of the 

ketone of lower pur i ty  were obtainabie by the  d i s t i l l a t i o n  in vacuo 

of the final f rac t ion  (22.8 g) from the f i r s t  d i s t i l l a t i o n  and from 

the mother liquors from the recrys ta l l i sa t ion .  

1610, 1465, 1430. 1355, 1298, 1212, 1160, 1070, 1032 an-'. 

1-(3.5-Dimethoxyphenyl)pentan-l-01. 

the contents of the f lask  were then allowed 

After 

The combined 

dried (&SO4), and f i l t e r e d  and the e ther  

'be residual yellow o i l  w a s  d i s t i l l e d  i n  vacua. 

This f rac t ion  was a pale 

o i l  which c rys ta l l i sed  t o  a waxy so l id  on standing. It w a s  

Imax i n  CC14: 2950, 1705, 

To 3' .  5'-Dimethoxyvalerophenolk:(22.2 g, 0.1 mole) i n  methanol (100 ml) 

was added sodium borohydride (2 g,0.053 moledin methanol (50 ml) made 

alkaline w i t h  a few drops  of caustic soda. The mixture was refluxed for  

2 hrs  on a water-bath, cooled, poured in to  2" hydrochloric acid (100 ml) 

diluted w i t h  water ( X K )  ml) and extracted with ethyl acetate (2  x 100 m l ) .  

The combined ex t rac ts  were washed with IN sodium bicarbonate solution 

(50 m l )  and saturated brine (50 ml); dried (&SO,+), f i l t e r e d  and the 

solvent w a s  evauorated i n  vacuo. The residue was d i s t i l l e d  i n  vacuo 

t o  give a colourless. f a i r l y  viscous o i l  (20.0g, & . a ) ,  b.p. 130-148° at 

0.08 mmHg; 43.5 = 1.5192; Found: C 69.%, H b.8pl. C13Ha03 requires 
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1-(3.5-Dimethoxyvhenul)uent-l-ene. 

In  the boiling f lask  of a semi-micro vacuum d i s t i l l a t i o n  apparatus 

equipped with a dropping funnel and nitrogen bleed were placed powdered 

potassium bisulphate (2  g) and a few szall c rys t a l s  of p - e b u t y l  catechol. 

The f l a sk  va8 f i l l e d  with nitrogen, heated to 235O on an oil-bath and 

evacuated to 15 mmHg. 

dropwise over 10 minutes and the crude product w a s  collected as a c l ea r  

d i s t i l l a t e  (1.5 g). 

with &SO4. 

was purified by column chromatography on F l o r i s i l  (40 g), e lu t ing  with 

1% v/v e ther  i n  petroleum s p i r i t  (b.p. 60-80’). 

pent-1-ene w a s  obtained a6 a colourless,  mobile o i l ,  

28.3%). y- i n  CC14: 

965 cm”. 

1-(3,5-Din1ethoxyphenyl)pentan-l-o1 (5  g) w a s  added 

It w a s  dissolved in sodium-dried e ther  and dried 

After f i l t r a t i o n ,  and evaporation of solvent,  the  product 

l-(J15-dimethoxyphenyl) 

= 1.930 (1.3 g, 

no hydrowl, 3950, 1600, 1465, 1425, 1210, 1155, 1067, 

Found C 76.a. B 8.8%. C13H1802 requires C 75.69, H 8.80%. 

9.04 ( t ,  J = 7 Hz, terminal methyl), 8.51 (sexte t ,  J = 7 Hz, methylene 

adjacent t o  methyl), 7.84 (quar te t ,  J = 6 Hz, methylene adjacent t o  

v inyl ic  proton), 6.26 ( 6 .  C 

t o  methylene), 3.80 (d,  J = 6 He, vinylic proton adjacent to  ring), 3.78(d, 

J = 2 Hz, s ing le  aromatic proton), 3.63 (d, J = 2 Hz, two aromatic protons). 

0 1, 3.88 (d, J = 6 Hz, v inyl ic  proton adjacent ‘4-  

3H-Dimethyl Olivetol 

1-(3,5-Dimethoxy-phenyl)pent -1-ene (1 .03  g, 5 mmoles) i n  hexafluro- 

benzene (4  m l )  w a s  hydrogenated with magnetic s t i r r i n g  over 1 s  palladium 

on charcoal (100 tug) using a mixture of t r i t ium ( 5  C i ,  i n  a break-seal 

ampoule) and hydrogen (1% m l )  i n  a gas bure t te  containing dibutyl phthalate. 
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Hydrogen uptake was rapid and 137 m l  (22% excess) w a s  absorbed i n  

15 minutes, when the reaction vessel was i so la ted  from the hydrogenation 

apparatus. Excess tritium w a s  removed by flushing with hydrogen (2 x 103 m l )  

and ca t a ly t i ca l ly  reducing cyclohexene contained i n  a second reaction ve6sel. 

The solution of the hydrogenated product w a s  centrifuged t o  remove the 

ca t a lys t  and the  supernatant w a s  evaporated i n  vacuo a t  40'. 

was taken up i n  r e d i s t i l l e d  methanol ( 3  x 25 m l )  with intermediate 

evaporation in vacuo a t  40' to remove any t races  of exchangeable tritium 

and i t  was then dissolved in purified dichloromethane (,?5 ml) and cooled t o  0'. 

The residue 

31i-Olive t o l .  

To the cooled solution of 3A-dimethyl o l ive to l  i n  dichloromethane w a s  

added boron tribromide (2 ml) in  dichloromethane (25 ml) at  0'. 

reaction vessel w a s  quickly f i t t e d  w i t - ,  a CaCl 

stand a t  room temperature fo r  

a mixture of sodium sulphite (1 g) ,  mter  (50 ml) and crushed ice  (50 g)  i n  a 

503 m l  separating funnel. 

lower organic 1ay.r w a s  seuarated. 

e thyl  acetate (50 m l ,  upper layer).  

IN sodium bicarbonate(2 x 20 ml), and 6aturated brine (2 x 25 ml) and the 

solvent was evaporated i n  vacuo a t  40'. 

heated i n  vacuo a t  80' f o r  2 hr  to decomoose any brominated uroducts and w a s  

then redissolved i n  e thy l  acetate (25 m l ) .  

5% w/v sodium sulphite solution (1 x 10 m l )  1N sodium bicarbonate (1 x 10 m l ) ,  

and saturated brine (2 x 10 ml) and then dried (&SO4). 

a.d evaporation of solvent i n  vacuo at 40' the residue w a s  taken up i n  e thy l  

acetate ( 3  ml), applied t o  a column of F l o r i s i l  (40 g) and rapidly eluted 

w i t h  e thy l  acetate to  separate o l ive to l  from immobile by-products. The 

f i r s t  150 ml of eluate were collected and evaporated i n  vacuo at 40' to 

yield an almost colourless o i l  which w a s  inmediately redissolved in 

The 

tube and w a s  allowed t o  2 
hr. The contents were then pipetted in to  

Ethyl ace ta te  (50 m l )  w a s  added and a f t e r  shaking. thv 

The aqueous layer was re-extracted with 

The combined ex t rac ts  were washed with 

The reddish o i l y  residue was 

The solution was washed with 

After f i l t r a t i o n ,  
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dichloromethane (lo0 m l )  and .stored in the dark a't -10'. 

product appeared (L8 a single r e d  s p o t  

streaming ( s f l i c a  gel; e thyl  acetate;  reagent: aaisaldehyde (0.5 ml) 

i n  g l ac i a l  acetic acid (10 m l ) ,  methanol (85 m l )  and concentrated 

sulphuric acid (5 m l ) ;  

On TI& ths 

% = 0.60,vith s l i g h t  upward 

spray and heat at  100' f o r  10 minutes.) 

3E-(-) A1(6), 

To the 3H-olivetol i n  dichloromethane (100 ml) wre added a mixture 

of cis- and traas-(-) ~ e r b e n o l s ( ~ ~ )  (1 g) in dichloromethane (50 m l )  

and boron t r i f l uo r ide  e thera te  (1 m l )  in dichloromethane(50 ml). 

stoppered mixture w a 6  allowed t o  stand fo r  3 hrs at room temperature 

and w a s  then washed with 1N sodium bicarbonate (2  x 50 m l ) ,  distilled 

water (1 x 3 m l ) ,  and saturntad brine (2 x 2.5 m l ) .  

f i l t r a t i o n ,  and evaporation of solvent in  vacko, the product w a e  pur i f ied  

by column chromatography on F l o r i s i l  (330 g), e lu t ing  with 2% v/r ether 

i n  petroleum s p i r i t  (b.p. 60-80°) 

fo r  cannabinoids by spot t ing  on f i l t e r  paper and spraying with 0.1% W/T 

aqueous Fast Blue B. The f rac t ions  which gave a posit ive reaction were 

analysed by TLC ( s i l i c a  gel, Z% v/v methanol i n  chloroform) using an 

authentic sample of A 1 ( 6 ) ~ ~  as a marbr. 

off  the  column had % - 0.70 and gave a red-brown spot with Fast Blue B. 

3H-A1(6)!l'EC WBS the second component, + P 0.60 and gave a red-purple 

oolour reaction. After evaporation of solvent i n  vacuo, the res idua l  

oil was redissolved in dry benzene (100 ml) and stored in the dark under 

nitrogen a t  room temperature. 

!!&a 

After drying (ngsO,+), 

*actions of e lua te  were monitored 

The f i r s t ,  minor, component 

3H-(-)- A'THC 

After evaporation of the benee- in vacuo at  40'. the 'E- A1(6)!l'EC 

w a 6  dis~o1ved i n  dichloromethane (10 ml) and zinc chloride (150 mg) w M  

added. Eydrogen chloride was bubbled into the m i x t u r e  a t  Oo, with 

245 
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occasional shaking, f o r  20 minutes, a fur ther  5 ml of dichloromethane 

being added a f t e r  10 minutes t o  replace losses  by evaporation. 

f lask  was then t i gh t ly  stoppered and the mixture was s t i r r e d  magnetically 

for  20 hours. The yellow-brown solution was diluted with ether (100 m l ) ,  

shaken with ice-water (20 m l )  and washed with I N  sodium bicarbonate (2 x 

20 ml) and saturated brine ( 2  x 10 m l ) .  

and evaporation of solvent i n  vacuo, the res idua l  3H-l-chlorohexahydr- 

cannabinol was taken up in sodium-dried benzene ( 5  ml). Potassium metal 

(250 mg) was dissolved, with warming, i n  t-amyl alcohol (8 m l )  which had 

been  d r i e d  by r e f l u x i n g  with calcium hydride. The excess alcohol 

was evaporated i n  vacuo at 50' and the res idua l  potassium t-amylate w a s  

dissolved in  dry benzene (5  m l )  and cooled to  0'. The apparatus wa6 

flushed with argon and the solution of 3H-l-chlorohexahydrocannabinol 

The 

After drying (&SO4), f i l t r a t i o n ,  

in benzene w a s  added dropwise over 12 minutes. 

warmed a t  65' d i th  ag i ta t ion  by a stream of argon for  15 mhUbs.  

Carbon dioxide was then passed through the mixture a t  0' fo r  30 minutes. 

The mixture w a s  then 

The resu l t ing  yellow solution w a s  diluted with benzene (90 m l )  and 

washed with IN sodium bicarbonate ( 2  x 20 m l ) ,  d i s t i l l e d  water (1 x 20 ml), 

and saturated brine ( 2  x 20 ml). After drying (MgS04), f i l t r a t i o n ,  and 

evaporation of solvent i n  vacuo at 40'. the  residue wa6 chromatographed 

on F l o r i s i l  (80 8) .  with 2% v/v e ther  i n  petroleum s p i r i t  (b.p. 60-80') 

as eluent. 

and by TLC. 

obtained as a purplish o i l  (30 mg, 14.6% based on 1-(3,5-dimethoxyphenyl) 

pent-I-ene), which gave a red-purple spot,  % = 0.60, with East Blue B. 

The gas chromatogram of the product showed tha t  i t  consisted of more 

than 98% A'THC ( re ten t ion  time 17.5 minutes), the only detectable impurity 

being A1(6)THC (retention time 14.75 minutes). 

a t  room temperature i n  brown bo t t l e s  in the dark in 1 1 of dry benzene. 

Fractiona were again monitored by spot t ing  on f i l t e r  paper 

'I%- A'THC w a s  the f i r s t  component off the column and w a s  

The product w a s  stored 
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Radiochemistry 

The radiochemical pur i ty  w a s  demonstrated by TLC anaiysis of the  

1 product on silica gel  with e ther  as solvent (% of A THC ca. 0.73). 

s t r i p s  of ge l  were scraped in to  tubes and extracted with dioxan. 

centrifugation, aliquot6 of supernatant were counted by l iqu id  s c i n t i l l a t i o n  

counting. 

gel impregnated paper using I$ v/v methanol i n  chloroform as solvent 

(% of A'THC ca. 0.65). The chromatogram w a s  cu t  into 1 cm wide s t r i p s  

which were then extracted by the s c i n t i l l a t o r  solution d i r ec t ly  i n  the 

counting vials.  

ac t iv i ty  w a s  concentrated a t  the %va lue  of authentic A THC. The spec i f ic  

rad ioac t iv i ty  of the product w a s  obtained by d i lu t ion  of the stock solution 

and l iqu id  sc in t i l l a t i on  counting. 

1.5 cm 

After 

The product was a lso  chromatographed on Whatman SG 81 s i l i ca -  

Both methods showed that more than 98% of the radio- 

1 

It was found t o  be 607 mCi/molee 
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