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Abstract-Biosynthesis of propyl cannabinoid acid has been determined by in vitro incubation with a crude enzyme 
solution from three strains of Cannabis sativa using “C-labelled cannabinoid acid. Biosynthetic relationships between 
methyl, propyl and pentyl cannabinoid acids have been demonstrated. 

INTRODUCTION 

A number of neutral propyl cannabinoids have been 
isolated [l-6] and other methyl cannabinoids have been 
detected [7]. Four new propyl cannabinoid acids have 
been isolated recently: tetrahydrocannabivarinic acid (l), 
cannabidivarinic acid (2), cannabichromevarinic acid (3) 
and cannabigerovarmic acid (4); also pentyl cannabinoid 
acid has been obtained from the Thai cannabis, ‘Meao 
strain’ and biogenetic pathways have been proposed [S]. 
The biosynthetic pathway to propyl cannabinoid acid, 
and the biosynthetic relationships between propyl-, 
pentyl- and methyl cannabinoid acids are described in this 
paper. 

RESULTS AND DISCUSSION 

Cannabis sativa straw 

For this investigation, three strains of Cannabis sativa 
were employed: the Mexican strain, the Meao variant-l 
and Meao variant-2. The Mexican strain contains tetra- 
hydrocannabinolic acid (5) as the major and cannabi- 
chromenic acid (6) as a mmor cannabinoid acid. 
Compound 6 has previously been described as the only 
cannabinold acid present in the 7-day-old seedlings [9]. 
The variant-l strain of C. sativa (l-month-old) contains 1 
as the major acid, 3 as a second major acid and trace 
amounts of 5 and 6 [S]. The variant-2 strain (6-month- 
old) contains 2 and cannabidiohc acid (7) as major acids 
and 3 and 6 as minor acids; variant-2 strain lacks 1 and 5 

CQ 

Preparation of the crude enzyme solution and determination 
of radiochemical purrty 

Previous investigations based on in vwo feeding pro- 
duced little incorporation of labelled precursors into the 

l Thts forms part 16 of “Cannabls”. For part 15 see Shoyama, 
Y., Monmoto, S. and Nishioka, I. (1983) J Nat Prod. 46, 633. 
Part of this work was presented at the 97th Annual Meeting of 
the Pharmaceuttcal Society of Japan, 1977 

corresponding cannabinoid acid [lo], due to the fact that 
cannabinoid acids are very sensitive to high temperature 
[ll], light changes [12] and an acidic medium [ 133. 
Therefore, in this investigation a facile and more con- 
venient in vitro procedure was employed; fresh leaves from 
different variants of C. sativa were utilized and the 
products were isolated as described in Experimental. 

Since almost all cannabinoid acids are non-crystalline, 
the determination of radiochemical purity of the canna- 
binoid acids obtained in in vitro incubation was confirmed 
by repeated TLC with different solvents (see 
Experimental) and by methylation with diazomethane 
which caused no decrease in activity. The position of 
labelling in the individual cannabinoid acids was de- 
termined by decarboxylation which indicated the intact 
incorporation of precursor. 

Although artificial transformation of labelled precursor 
during the incubation was feared, the non-enzymatic 
transformation of cannabigerolic acid-carboxyl-“C (g- 
carboxyl-14C) [14] to 6 is negligible in the presence of 
boiled enzyme. The conversion of 8-carboxyl-‘4C to 6 
using the enzyme solution from the Mexican strain was 
complete within 24 hr at 25” (Fig. 1) and thus 24 hr 
incubation was used routinely. 

Biosynthesis of propyl cannabinoid acid 

When 4-carboxyl- 14C [14] was incubated with the 
variant-l enzyme solution, a high incorporation of 14C 
into 1 was observed as well as into 3 (Exp. 1, Table 1). The 
incubation of 4-carboxyl-14C with the variant-2 enzyme 
solution was tested. Its transformation into 2 and 3 was 
sought, but none of the radioactivity was incorporated 
into the pentyl cannabinoid acids. This agrees with the 
finding of Kajima and Piranx [lS] who found that propyl 
cannabinoids are not formed from pentyl cannabinolds 
by a shortening of the side chain. 

2-carboxyl-14C [14] was incubated with the variant-l 
enzyme solution, resulting in 14C incorporation into 1 and 
none into 3 (Exp. 3). When 2-carboxyl-‘4C was incubated 
with the variant-2 enzyme solution (Exp. 4) no 14C- 
labelled cannabinoid acid resulted, suggesting that the 
variant-2 does not possess an enzyme which transforms 2 
to 3. Thus 4 is a key intermediate for propyl cannabinold 
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Fig 1. Time course for the conversion of cannablgerohc- 
carboxyl-‘4C acid to cannablchromenic acid by in u~tro 

incubation. 

acids just as 8 is for pentyl cannabinoid acids [lo]. 
Thus, in the biosynthesis of cannabinoid acids (Fig. 2) 

the major pathway is that of 4 to 1 via 2: conversion of 4 to 
2 is dominant over conversion of 4 to 3. The fact that the 
cannabis plant of the variant-2 strain does not have the 
ability to change 2 to 1 could be due to the lack of 
transferase activity. 

The relationship of propyl-, pentyl- and methyl cannabinoid 
acids 

The biosynthetic relationship of pentyl-, propyl- and 
methyl cannabinoid acid remains unclear (Fig. 2). The 
variation in cannabinoid components displayed in the 
various cannabis strains may be due to: (a) the lack of a 
chain elongation enzyme which causes the build-up of 
polyketide (C-10) and C-2 units; (b) the enzyme which 
condenses the polyketide and C-10 unit (geraniol or nerol) 
is specific for the chain length of the polyketide; or (c) the 
enzymes which transform each type of cannabinoid acid 
are specific for the alkyl side chains. The first two 
possibilities can be rejected: (a) Spiro compounds bio- 
synthesized from a C-14 polyketide [16-183 have been 
found in all cannabis plants [16] together with the 
corresponding cannabinoid acids; (b) the second possi- 
bility appears implausible due to the difficulty of syn- 

thesizing the appropriate polyketides. Thus, the remain- 
ing possibility (c) was investigated. 

In order to determine whether there is a single enzyme 
or multiple enzyme systems responsible for pentyl-, 
propyl- and methyl cannabinold acid transformations, the 
crude enzyme fraction from seedlings of the Mexican strain 
were used. Compounds 6, 3 and cannabichromeorcmic 
acid (9) were used as standards. Individual radioactive 
precursors shown in Table 2 (0.02 pmole) were incubated 
and a radiochromatograph was produced in each case. 
The first radiochromatogram indicated that the conver- 
sion rate of &carboxyl-‘4C to 6 is 25 %. When 4-carboxyl- 
14C was used 3 was labelled indicating that the mcorpor- 
ation ratio is almost the same as 8carboxyl-14C to 6. The 
incubation of cannabigerorcinic acid-carboxyl-14C (lo- 
carboxyl- 14C) resulted in the conversion to two products. 
Though the peak near the origin has not been identified, 
the incorporation of lO-carboxyl-14C into 9 is 2.5% 
(Table 2). 

In spite of the different transformation ratios of pentyl-, 
propyl- and methyl cannabinoid acids, it is clear that the 
seedlings of the Mexican strain possess the enzymes 
necessary for the transformation of methyl and propyl 
cannabinold acids. Thus, possibility (c) must be rejected. 
In other words, the variation in cannabinoid acid content 
found in different strams of cannabis is a function of the 
enzyme specificity of the particular strain at the level of 
condensation of polyketlde with geraniol or nerol. 

EXPERIMENTAL 

General. All mps are uncorr UV: MeOH, IR: CHCI,, 
‘H NMR: 100 MHz, CDClo, TMS as mt. standard, EIMS: 70 eV 
and elevated temp. TLC (silica gel F2s4, Merck) were developed 
in hexane-EtOAc (1.2), CHCl,-MeOH-Hz0 (30: 10.1) and 
CsH,-MeOH-AcOH (45:8.4) (for cannabmoid aclds), CsH, 
(for neutral cannabinolds) and hexaneXHCl,-EtOAc (40: 2: 1) 
(for cannabmcnd acid methyl esters). Radmchromatography was 
detected by using a TLC scanner (Aloka Model TRM-1B) 
Radioactivity was measured on a liquid scmtdlatlon spectrometer 
(Packard-TRI-Carb Model 3375) using the scmtlllator nuxture 
(POP4g,diethyl POPOPO.l g, EtOH 50mland toluene 950ml). 

Synthesis ofcannablchromeorclnIc acid (9). Compound 10 [ 141 
(197 mg) in 12 ml dloxane containing 402 mg DDQ was stirred at 
30” for 3 hr m the dark. The solvent was evaporated in uacuo and 
the residue was redissolved m CHCl,-MeOH (2: 1) (10 ml) After 
washing by a modification of Folch’s method [19], which 
produced a colourless CHCl, layer, the crude product was punfied 

Table 1. Tracer experiments with various strains of Cannahs saha 

Expt. no. Strain 
Precursor fed Cannabmold Incorporation 
(x 10’dpm) acid isolated (%) 

1 

2 

Vanant- 4-carboxyl-14C 
(2.79) 

Variant-2 4-carboxyl-L4C 
(2.79) 

3 

4 

Vanant- 2-carboxyl-‘4C 

(3.40) 
Vanant- 2-carboxyl-‘4C 

(3.40) 

1 704 
3 091 
2 088 
3 0.12 
I 0 
6 0 
1 3 53 
3 0 
1 0 
3 0 
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Determination of incorporation by decarboxylation Individual 
pure cannabinoid actds obtained by in vitro mcubation were 
decarboxylated by heatmg. The liberated neutral cannabmoids 
were purified by prep. TLC in C,Hs. The corresponding zone was 
scraped off, extracted and counted. 
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