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Summary: 4"-Carboxylated-cannabidiol,-A1 -and-A1h-tetrahydrocannabinols 

and- cannabinol are synthesised. Condensation between aromatic 

aldehydes and ethylidenemalonic ester gives a 2E,4E-half ester 

stereospecifically, a reaction which can be used to make 2E,4E- or - 
22,4E_pentadienoates. 

w-Oxidation occurs in microbial transformation of the cannabinoids,l and 

is implicated in their mammalian metabolism.2 4"-Carboxylated cannabinoids 

are also of interest for spin-labelling purposes and as haptens for radio- 

immunoassay.3 With this mn mind we have undertaken the synthesis of 4"- 

carboxylated-cannabidiol, Al-and-A'fi-tetrahydrocannabinols, and-cannabinol. 

In order to load the side-chain with four atoms of tritiuunzor deuterium the 

synthesis was planned via a suitably substituted 5-arylpenta-2,4-dienoate, 

a convenient approach being condensation between ethylidenemalonic ester and 

an aromatic aldehyde:4 the reaction was found to have useful stereochemical 

features. 

Condensation between 3,5-dimethoxybenzaldehyde(1) and diethyl ethyli- 

dinemalonate(3) gave the diacid(6) (66%), m.p.223 - 224" when catalysed with 

methanolic KOH, but if methanolic benzyltrimethylammonium hydroxide was used 

the 2E,4E-half methyl ester(l), m.p.155-157', was produced stereospecifically 

(66%). This is doubtless due to the operation of a Stobbe-type mechanism,5 

involving opening of lactonic intermediate(7a) as in (9,R=COzMe). A related 

base catalysed opening of hex-2-eno-6-lactone has been studied.6 Direct 

decarboxylation of (4) by heating with pyridine (48h) led to the 2E,4E-ester 

(lOa), (52%), identical with a specimen made by treating E-methyl 3-formyl- 

propenoate with the Wittig reagent from 3,5-dimethoxybenzyltriphenylphosphontmm 

bromide:the 2E,4E-acid had m.p.157 -158". On the other hand, when the diacid 

(6) was heated in quinoline, the 22,4E-acid(13a), m.p.143-144", was formed - 
stereospecifically in 74% yield. Apparently the lactonic acid (8a, or By-form), 

equilibrating with the diacid (6), is decarboxylated more rapidly than the 

latter, re-equilibration giving (13a). W-irradiation of the ZZ,rlE-acid (13a) 
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(I) R%e 
(2) R,cH$h (5)R.CH,Ph, R’,MQ (6) R=M~, R’=H 

(benzene, trace of iodine) gives the ZE,IE-acid (lla). These reactions are 

(M)R,H, R’ nH 

QS)R, Me, R’ a H 

46) R, Me, R’ 3 CO&H 

generally useful in the stereospecific synthesis of 2E-4E-and 2E,IE-stereomers 

of 5-arylpenta-2,4-dienoates.7 

Although the dfmethoxypentanoate (15a), obtained by hydrogenating (lOa) 

or (12a), can be demethylated by refluxing HI, yields of (14b) are poor, and 

demethylation with BBr3 at 20' gave mainly the cyclised product, 7,9-dihydroxy- 

benzsuberone. For 4"-carboxylated cannabinoid synthesis, the best approach 

was condensation of the dibenzylated aldehyde (2s with diethyl ethylidene- 

malonate (3) in methanolic benzyltrimethylammonium hydroxide to give (5) (68%), 

hydrogenated and hydrogenolysed to the half-ester (16b) (95%). The latter was 

decarboxylated in hot pyridine to give methyl 5-(3,5-dihydroxyphenyl)-pentan- 

oate (15b) (94%). 

Condensation of (15b) (0.31 mm011 with (+I-pmenthadienol (PMDj8 (0.36 mmol), 

catalysed by toluene-p-sulphonic acid (PTSA) (0.06 mm011 in benzene/ether for 

2#h at 24" gave, after plc, 4"-carbomethoxylated o-(18,R=Me) (34%),[a]2$(CHC13) 

-75.40, and p-(17,R=Me)(27%), [alT(CHCls)-75.5', cannabidiol types. A 

similar reaction using (14b) gave acid (17,R=H) (27%), [a]2~(CDC13)-58.20, also 

obtained by hydrolysis of (17,R=Me). Under stronger acid conditions (PTSA 
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0.028 mmol, benzene, 3h, 60-70"), PMD(O.10 mm011 and ester (15b) (0.08 mmol) 

gave the A1r6-THC relative (19,R=Me) (35%), [aJ2~(~~~13)-1560, (M+-15)/M+ < 0.1; 

a similar preparation has been reported by Lots et a1.g 

Whilst (17,R=Me) and (19,R=Me) are readily formed and separated, conditions 

for the important A1 -THC type (20,R=Me) are more exacting. The following is 

typical of a number of experiments. Ester (15b) (3.7 mm011 was stirred in 

CH2C12(21 ml) with PMD(4.5 mm011 and PTSA(1.8 mm011 for 6h at 19", t1c 

monitoring showing reaction had proceeded to the cannabidiol stage. Further 

PTSA(1.8 mm011 was added and the mixture heated to 40" (2 h) : reaction was 

stopped whilst some cannabidiol still remained. Plc (40 x 40 cm plates, 

silica G HF254), eluting with methylene chloride (97)/n-hexane (2.85)/methanol 

(0.15%), gave the A1 -THC-type (20,R=Me) (10%. range 8-15%), almost pure as a 

single band. An adjacent mixed band (22%, range 14 -22%) kontaining (17) (19) 

and (201, all R=Me], was separated by hplc using a Cla-reversed phase Corasil 

column @lutant:methanol (2)/water (111 to give a further 5% of (20,R=Me). 

The latter had [~.]~~(CHC1~)-125", M+ 358.2163, (M+-15)/M+ 0.50, v 
max (film) 

1725 cm-l, Amax (EtOH)ZlO(a 30,400), 2301(9.700), 278.5(1,950) and 285(1,95O)nm 

and the corresponding acid (20,R=H) had [a]2:(CHC13)-97.80, (M+-lS)h+ 0.60. 

On dehydrogenation (S/190'/45 min), a mixed fraction containing (17),(19) and 

(20), all R=Me, gave the 4"- carbomethoxylated cannabinol type (21) (21%), 

hydrolysed to the corresponding acid.1° 

We thank the M.R.C. for support and the S.R.C. for spectroscopic equipment. 
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