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N&act-Incorporation of f’4C]-phenylalanine and [ 14CEmethionine into cinnamon cuttings suggests that synthesis 
of eugenol from phenyialanine involves exchange of the terminal carbon in the side chain with that from a donor 
molecule such as methionine whereas synthesis of cinnamic aldehyde incorporates phenylalanine in toto. 

INTRODUCXION 

~i~~~~~~e~~icu~ Nees(Cinnamon) producesvari- 
ous oils that are of considerable commercial importance. 
The major constituent of oil derived from the leaf is 
eugenol while the major component of stem bark oil is 
cinnamic aldehyde [l]. The biosynthesis of eugenol and 
cinnamic aIdehyde in cinnamon has not been reported 
in the literature. Studies on other plant tissues [2-6] have 
shown phenylalanine to be a precursor of eugend and 
cinnamic aidehyde but the reaction sequence involved in 
the syntheses varies in different tissues. This paper 
describes the feeding of [“Cl-phenylalanine and [ 14C]- 
methionine to cinnamon cuttings and the determination 
of the activity incorporated into eugenol and cinnamic 
aldehyde. 

Table 1. hCOrpOrath Of (“c] phenyl8l8nine and methionine 
into cinnamon leaf oil, cinnamic aldehyde and eugenol after 

5 hr feeding through the cut ends of cinnamon cuttings 

Incorporation (%) 

Precursor Leaf oil Cinnamic aldehyde Eugenoi 

Dt.-Phenyl-[1-“Cl- 
alanine 0.015 0.009 o.OO3 

oL-Phenyl-[2-“CJ- 
alanine 0.69 0.010 0.047 

rn-Phenyl-[3-‘*C]- 
alanine 0.86 0.009 0.098 

L-fMethyCs4Cf- 
methionine 0.70 0.016 0.092 

DL-Phenyl-[3-‘“C)- 
alanine + t..- 
[Methyl-‘*CE 
methionine 1.36 0.017 0.12 

Values are me8n.s Of two experiments 

RESULlS AND DlSCUSSION 

Tabie 1 shows that the incorporation of label from 
phenyl-[2-‘*Cl-alanine and phenyl-[3-‘4C]-aianine into 
eugenol was much greater than that from phenyl-[ 1-‘4C]- 
alanine; and that relatively substantial incorporation 
occurred from [methyl-‘4C]-methionine. This suggests 
that the terminal carbon of phenylalanine is removed 
during its conversion to eugenol and replaced with a 
-Me from a donor molecule. Degradation of eugenol 
derived from incubation with (methyl-14C]-methionine 
to methyleugenol and oxidation to homoveratric acid 
cleaves the terminal carbon in the ally1 group. Homo- 
veratric acid retained very little activity and confirmed 
that [methyi-‘4C]-methionine onty contributed to the 
terminal carbon in the ally1 chain (Table 2). It was possible 
that methioninecould have alsodonated the methyl group 
for OMe on Carbon-3 in the aromatic ring, but ifthis had 
occurred toanyextent then homoveratricacid would have 
retained more activity. A relatively small loss in specific 
activity occurred in methyleugenol relative to eugenol 
which was probably due to uncontrolIed oxidation of the 
side chain during the reaction and extraction steps. Table 
1 shows that the activity incorporated into cinnamic alde- 
hyde was similar for all forms of phenylalanine, indicating 
that the whole phenylalanine structure was incorporated 
into cinnamic aldehyde. The biosynthetic pathway pro- 

Ta bie 2. Radioactivity of eugenol, lab&led by methionine. during 
degradation to methyleu~~ol and homoveratric acid 

Compound Yieki Total radioactivity Specific activity 
(mg) (dpm) (dpmlmg) 

Eugenol 225 38 85O 173 
Methyleugenol. 200 24 450 122 
Homoveratric acid 45 I35 3 
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posed for eugenol and ~nnamica~dchyde is similar to that 
suggested by Ma&to et al. [Z-4] for Ocimum basilicurn. 

EXPERIMENTAL 

Mcterials ed methods Fresh cinnamon cuttings were obtained 
from Royal Botanic Gardens, Sydney. They were divided into 
5 lots each of 25 rt 2 g The stems of the selected cuttings (cc 
15-20 cm long), each with 5-S attached leaves were then recut. 
The cut ends were immediately immersed in glass vials con- 
taining the solns with labelled substrate. The substrate solns 
were 10 pCi of DL-phenyl-[ l- 14Cl-alanin5 or_-phenyl-[3-r4C]- 
alanine, 5 pCi of DL-phenyl-[2-l C]-alanme, 10 pCi of L-[“C- 
Me]-methionine and IO pCi of t-[“C-Me]-mcthionine with 
7 pCi ~L-phenyl-[3-14C]-al~~e, each lot with 4 mmol and I mg 
glucose. The total vol. dsoln in each vial was 0.I ml. The cuttings 
were held in the glass house under normal daylight condition, 
at a constant temp. (25 f 1”). Most of the substrate solns were 
adsorbed in about 30 min; after which the cuttings were main- 
tained on H,O. 

Extraction and isolation procedure. After 5hr each lot was 
removed, cut into small pieces and steam distilled immediately. 
The radioactivity cf the distilled oil was determined using totuene 
based scintillation soln and a scintillation counter. 

Isolation ofeugenol and cinnamic akfehyde. These two com- 
pounds were isolated by preparative GLC on a (3 x 6.4 m o.d.) 
glass column of 20% Carbowax 20 M on Gaschrom Q (SO-100 
mesh). The operating conditions were: column temp. 75-235” 
at 2”/min;injector2l0”;detector235”;carriagasN, 45 ml/min; 
stream splitter I : 10; sample size 30 ~1. The eluant samples were 
collected in a glass tube (7 x 0.25 id.) packed with Si gel 50-200 
mesh with either end plugged with glass wool The relative abun- 
dance of each compound was calculated by peak areas. The 
radioactivity in eugenol and cinnamic aldehyde was measured 
using toluene based scintillation soln (10 ml) containing 40% 
Cab-o-sil. 

lsoiation and degradation of Melled eugenol. Eugenol was 
isolated from the distilled leaf oil by method of ref. [l]. Labelled 
cinnamon leaf oil (460 p1) was dissolved in Et,0 (5 ml) and 

extracted by shaking with 10% KOH (3 x 5 ml). Et~ad WBS 
regenerated by acidifyins with excess H,SO, extracted with 
Et,0 and coned under a gentle stream of Ns, when its radio- 
activity was determined. GLC showed only one peak corm+ 
pondiag to eugenol Eugenol labelled with L-[14C-Mc]-methio- 
nine was subjected to degradation to homoveratric acid by a 
modilicationofthe method described in ref. 133. Labelled eugenol 
(225 pi) mixed with inactive eugenol(25 pl) and methyiated by 
refluxing for 5 hr with Me,SO, (0.7 ml) and 10% KOH (0.7 ml) 
in dioxanc (12Sml). The metbyleugenol was extracted with 
ether, dried and coned over a gentle stream of N,. Methyleugenol 
was degraded to homoveratric acid (3.4dimethoxyphenylacetic 
acid) as follows. A soln of methylkugenol (IO0 ;;I). KMnO, 
(2.5 a) and K,CO. (0.8 a) in 100 ml H-0 was refluxed for 3 hr. 
cool% and faltered Hom<veratric acid was extracted with CHCI; ’ 
(25 ml x 2) and Et,0 (25 ml). The combined solo was evapd and 
the homoveratric acid was recrystallized from hot H,O to 
constant mp (81.5-82.5”). Its radioactivity was determined using 
toluene based scintillation solution. 
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INTRODUCTION 

Ruta pinnata L.fi endemic to the Canary Islands, is 
extremely rich in coumarins, of which we have alre?dy 

*Part 34 in the series ‘New Sources of Natural Coumarins’. 
For part 33, see : Gonxalez, A. G., Cardona, R. J., Diaz Chico, E., 
Dorta, H. L. and Rodriguez Luis, F. (1977) An&s Quim. in press. 

PHYTO 16/ 1 Z-L 

isolated more than forty, nine being reported for the 
first time [l-4]. We have already reported on the couma- 
rins from the leaves of this plant [4-6] ; this paper deals 
with secondary coumarins from the same source. 

RESULTS AND DI!SCUSSlON 

From the alcohol extract of the leaves of Ruta pinnata, 


