
1108 CHEMICAL COMMUNICATIONS, 1971 

Biosynthesis of Allylphenols in Ocymum basilicum L. 
By L. CANONICA,* P. MANITTO, D. MONTI, and M. SANCHEZ A. 

(Istituto di Chimica Organica della Facoltd d i  Scienze dell ‘Universitd di  Milano, Via Saldini 50, 20133 Milano, Italy) 

Summary Eugenol is synthesized in 0. basilicum from 
L-phenylalanine via ferulic acid, whose side chain is con- 
verted into an allyl group with loss of the carboxy-group 
and incorporation of an ‘extra’ carbon atom (afforded, 
probably, by L-methionine) . 

IT is generally assumed112 that allyl and propenyl groups 
attached to phenolic nuclei in many plants constituents, 
e.g., anethole (3), chavicol (4), estragole (5), eugenol (6), 
etc., originate from the cinnamic acid side chain through 
the reductive steps in the Scheme. 

Rigorous proof for this hypothesis is still lacking; in fact, 
the only available precursor-incorporation data, from a 
study of the biosynthesis of anethole (3) in Foeniculum 
vulgare, do not appear concl~sive.~ We now emphasize that 
the foregoing assumption must be rejected, at least in the 
case of eugenol (6),  chavicol (4), and estragole (5), because 
of the following evidence. SCHEME 

TABLE 1 

Tracer experiments on Ocymum basilicum L. ‘Genovese’ 

Expt. 
1 
2 
3 
4 
5 
6 
7 
8 

Precursors 
L- [ U-l*C] Phenylalanine 

$Y Y, 

92 >Y 

$Y 9 9  

[3-l*C]Cinnamic acid (1) 

[SHIFerulic acid (2) 
L- [ U-14C]Tyrosine 

9 )  >Y 

Total 
activity 
(in pCi) 

20 
20 
20 
20 
20 
20 

5 
20 

Specific 
activity 

(mCi/mM) 
400 
400 
400 
400 

5 
5 
0.05 

400 

Duration of 
expt. (in h) 

0.5 
1 
3 

24 
0.5 
1 
1 

0.5, 1, 24 

% Incorp. into 
eugenol (6) 

0.41 
0.12 
0.054 
0.034 
0.04 
0.1 1 
0.06 

< 10-4 
a The method of Krotkov and Barker5 was chosen for administering all the labelled precursors. 

(35 g )  used; at various times, these rapidly cut into small pieces and steam distilled. 
preparative t.1.c. (Merck Silica Gel G ;  0.5 mm; CHC1,) and its identity and purity were checked by g.1.c. 

Single sections of 0. busilicum 
Eugenol was then isolated from the basil oil by 
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Preliminary tracer experiments on Ocymuvn baszlzcuwz L 3H. 14C ratios from the precursor to eugenol (6), estragole 
‘Genokese 7 showed that uniformly [14C]labelled L-phenyl- (5) ,  and chavicol (4) in expts 3 and 4 suggests the loss of 
alanine (but not L-tyrosine), [3-14C]cinnamic acid (1) and C-1 during the conversion of L-phenylalanine into allyl- 
non-specifically tritiated ferulic acid (2)t were incorporated phenols, which is likely to occur in the last stages of their 
into eugenol (6) (Table 1) This showed that the pathway biosynthesis 
L-phenylalanine -+ cinnamic acid -+ ferulic acid -+ eugenol To investigate the origin of the ‘extra’ carbon atom 
occurred in this plant However, the finding that L- required for the allyl side chain, we tested the incorporation 

TABLE 2 

Incovporatzon of DL Phenylalanzne znto allylphenols 

SH I4C ratiosb 
f 

Expt Labelling pattern8 Precursor Eugenol (6) Estragole (5 )  Chavicol (4j 
1 [3 14C3H]C 10 3 7 90 

3 [1J4C 3H]C 9 05 200 
4 [1-14C,3H]d 9 05 213 194 

2 [2 14C3H]C 10 4 7 71 

a Non-specifically tritiated L-phenylalanine was used as internal reference b See note (a) of Table 1 for administration and isola- 
tion of allylphenols Activities of eugenol were checked vza its a naphthylurethane C 0 baszlzcum ‘Genovese’ d 0 baszlzcum 
‘Napole tan0 

tyrosine is not incorporated into eugenol is in agreement 
with the lack of L-tyrosine ammonia-lyase in dicotyledonous 
plants 4 It is also noteworthy that maximum incorporation 
of L-phenylalanine into eugenol was observed after 0 5 h, 
thus indicating a very rapid rate of turnover for this 
substance 

To study the transformation of the L-phenylalanine (or 
cinnamic acid) side chain into the allyl group in allyl- 
phenols, 0 baszlzcum (‘Genovese’ and ‘Napoletano’) was 
administered to DL-phenylalanines carrying a single 
l4C-label at the three positions in the side chain All 
these ~~-[~~C]phenylalanines were each mixed with non- 
specifically tritiated L-phenylalanine to provide doubly 
labelled specimens As shown in Table 2, the large rise in 

of [14C]methyl of L-methionine into chavicol (4), which 
contains no methoxy-groups Thus, an incorporation of 
ca 0 02% was observed after 1 h Introduction of the one- 
carbon atom unit into the side chain of cinnamic acid 
could, a przorz, occur with or without rearrangement of the 
carbon skeleton and before, after, or simultaneously with 
the loss of the carboxy-group \$ark is in progress to 
elucidate the mechanisms in\ olved 

We are indebted to Dr E Pesce (Inverni e Della Beffa, 
SPA, Milan) for identification and supply of plant material, 
and the Consiglio Nazionale delle Ricerche for financial 
support 

(Recezved, June  21st, 1971, Cowz 1022 ) 

p 0 ba,zlzcttm L (Labiatae) cultivated in Liguria, and named ‘Genovese’, was found to  contain ca 0 08% of eugenol (15--20% 
By contrast, 0 baszlzcztm cultivated in Campania and named ‘Napole- relative to the steam-volatile oil) and 0 05 % of ferulic acid 

tano’, shovr ed estragole (0 1 %) and chavicol (0 02 %) as the only aromatic constituents of its essential oil (g 1 c -m.s ) 

$ Labelled ferulic acid used in these experiments was isolated by preparative t 1 c (Merck Silica Gel G 1 mm, AcOEt-HC0,H 6 4) 
from 0 baszlicum ‘Genovese’ to  which non specifically tritiated L-phenylalanine R as fed (1 2 % incorp ) after addition of unlabelled 
ferulic acid this product was crystallized to constant specific activity 

1 J D Bu Lock ‘The Biosynthesis of Natural Products McGrau-Hill, London 1965 pp 83-84 
T A Geissman and D H G Crout, ‘Organic Chemistry of Secondary Plant Metabolism ’ Freeman Cooper, San Francisco 1969, 

K Ilaneko Chem and Pharm Bull (Japan),  1960,8, 611, 875, 1961, 9, 108 
pp 150-152 
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5 G Ilrotkov and H A Barker, Amer J Botany, 1948,35 12, H J Nicholas J Bzol Chem , 1962, 237, 1485 




