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Abstract-A survey of the mam components of different populations of Bellardla tnxago shows a dramatlc varlatlon m 
its diterpenoid constituents The presence m the same plant of acychc, monocyclic and bicychc skeletons reinforces the 
hypothesis that cychzatlon of geranylgeramol to the labdane skeleton follows a pathway with a monocychc 
intermediate 

INTRODUCTION 

In order to continue our research on the chemical reac- 
tivity of trixagol (1) [l], we were obhged to have at our 
disposal large amounts of this dlterpene alcohol de- 
scribed as the major component m preceding studies on 
Bellardm trzxago L collected in Castllla-Lebn (NW 
Spain) [2]. For this purpose, we extracted flowers from 
different populations of this plant, collected m Andalucla 
(SE Spam), the presence m it of Important amounts of 
dlterpene compounds not described m the preceding 
paper nor m other species of the Scrophularlaceae, made 
a re-exammatlon of its composition destrable 

RESULTSAND DISCUSSION 

The successive chromatographlc separations of the 
defatted hexane extract of flowers from a mixture of 
plants collected m different areas of Andaluaa, allowed us 
to identify a total of 16 components, of which trlxagol (I), 
3,4-dihydro-y-lonona (Z), r-ambrmol (3), dmortrlxagona 
(4), lsotrlxagol (5), 5-hydroxyauranetm (6), fl-sltosterol 
and dltrlxagoyl malonate (7) had been already described 
m B. trlxqyo [3] Identlficatlon of such compounds was 
made by comparison of their physical and spectroscopic 
properties with those of authentic samples, while the 
presence of longlfolene (8) [4], /!-carlophyllene (9) [S], 
benzolc acid, calycopterme (IO) [6], geranylgeramol (11) 
[7], labda-7,13E-dlen-15-01 (12) [S] and the new natural 
substances trlxagoyl malonate (13), labda-7,13E-dlen-15- 
yl malonate (14) and geranylgeranyl malonate (15) was 
not reported m the preceding paper The last three 
substances were Isolated by extractlon with an aqueous 
solution of sodmm bicarbonate and were characterized as 
their methyl esters (1618) Compound 17 was a colour- 
less 011 with IR absorptlons at 1747, 1737, 1632 and 
1400 cm- ‘, characterlstlcs of a doubly esterlfied malon- 
ate [9J Its ‘HNMR spectrum showed signals corre- 
sponding to labda-7,13E,dlen-15-01 with a shift of the C- 
15 methylene from 4.15 to 4 65 ppm for 17 This 1s higher 
than that observed when it 1s esterlfied with mono- 
carboxyhc acids and agrees with the shift resulting when 

similar compounds are esterlfied with malomc acid [3] 
Moreover, two singlets at 3.72 and 3 37 ppm (correspond- 
mg to methoxycarbonyl and methylene between two 
carbonyl groups, respectively) are observed Sapomfic- 
atlon of 17 ylelded 12. Compound 18 showed IR and 
‘H NMR spectroscopic data that were also m agreement 
with the proposed structure and, hkewlse, when sapom- 
fied gave the correspondmg dlterpene alcohol 11 Finally, 
16 was ldentlfied by comparing Its properties with those 
of an authentic sample [3] 

We have found that there exist important differences. 
both qualitative and quantitative, in the chemical compo- 
sition of B trrxago collected m different areas of the 
region of Andalucla as compared with that collected m 
CastlIla-Le6n On the other hand, when samples from 
different areas were extracted separately, sapomfied and 
their dlterpene alcohol composltlon analysed by 
‘H NMR spectroscopy, we obtamed the results shown m 
Table 1 It can be observed that their composltlon cha- 
nges dramatically dependmg on the place where they 
were collected Thus, m some areas only the acychc 
dlterpene was found, whereas m other areas one of the 
cychcs or the acyclic, together with one of the cychc 
dlterpenes, were found It is important to note that the 

Table 1 Relative composltlon m maJor dlterpene alcohols m 
saponified hexane extracts of plants of Bellardtu trtxuyo L 

accordmg to place of collectlon 

Content m 
Place of collectlon 1 11 12 
- ____--- 

La Malaha (Andalucla) 0 25 75 
Albufiol 
Alfacar I:;’ 

0 100 0 
66 34 0 

Cuhlllas (,,) 0 100 0 
Jakn ($3 0 0 100 
GolpeJas (Castllla-Le6n) 100 0 0 
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mono and brcyclic Isomers are not found together m the 
same botanic population 

Studies on the biosynthesrs of diterpenes have estab- 
lished that geranylgeranyl pyrophosphate IS the substrate 
from which the majortty of the dtterpene skeletons are 
derrved by a process of cychzatton. If tt IS mduced by 
protonatlon of the double bond at C-14, it ~111 lead to the 
direct formation of the brcychc labdane skeleton as the 
first step m the syntheses of cychc drterpene, which later 
wtll develop mto more complicated skeletons (Scheme 1) 

Durmg the last decade [2, lo] two exceptions to this 
general mechamsm have been reported : two substances, 1 
and caulerpol (19) wrth a retmane skeleton, have been 
Isolated from dtfferent botanic species; these products are 
closely related to retmol, whtch IS not found m htgher 
plants The rsolatton of these compounds opens the door 
to the possibrhty that the formatton of the labdane is 
preceded by a monocyclic skeleton where the biogenesis 
may or may not stop In thts sense, these results parallel 
those of btomtmettc synthesis. For example, the cychz- 
atton of geranylgeranyl derrvattves with dtfferent chemr- 
cal reagents normally leads to btcyclic or trtcyclic skele- 
tons [ll], but under certain conditrons [ll, 123 the 
cychzatron can be interrupted also forming monocychc 
products along with the former ones Moreover, m some 
prtmitive ammal organisms, such as the marme sponges, 
monocyclic drterpenes have been found, of whrch the 
brosynthetrc precursor 1s the correspondmg acyclic de- 
rtvattve [13, 141 The presence of the three dtterpene 
skeletons m B. trrxago can provide the evidence that, m 
plants as well, the first step m the biogenetrc cychzatron of 
dtterpene does not give a labdane rmg, but a monocyclic 
one If, under certain conditions an mhibtting agent of the 
enzymtc system catalysing these reactrons was Involved, 
mono or acychc products would appear 

EXPERIMENTAL 

The plants were collected durmg May-June(l985) at GoipeJas 

(Casttlla-Leon, NW Spam), Jaen, La Malaha, AlbuBol, Alfacar, 

Cubillas (Andalucia, SE Spain) and authenticated by Professor 

F Valle (Departamento de Botamca de la Umverstdad de 

Granada) A voucher spectmen of each IS available for mspectton 

at the herbarium of the Faculty of Sciences of the University of 

Granada 

Hexane extract of a mrxrure of different plant populatrons 
Dried flowers procedmg from three different populattons of 

B trlxago (La Malaha, Jaen and Alfacar) (1 55 kg), were extra- 

cted wtth hexane m a Soxhlet device and defatted as usual 

(116 g) 18 65 g of this extract were chromatographed on a 

conventional silica gel column and eluted wtth mtxtures of 

hexane-Et,0 of mcreasmg polarity Each of the resultmg frac- 
tions was rechromatographed on a sihca-AgNO, (20% AgNO,) 

column with the same solvents, the followmg substances were 

isolated 8 (53 mg), 9 (11 mg), 2 (120 mg), 3 (30 mg), 7 (130 mg), 4 

(60 mg), 6 (161 mg), benzoic acid (60 mg), B-sttosterol(lO3 mg), 5 

(9 mg), 12 (14 mg), 1 (11 mg) and 11 (14 mg) Then spectroscoprc 
properties were compared with reported data The fractrons of 
higher polarrty (9 5 g) eluted with Et,O-MeOH were dtssolved 

m Et,0 and extracted with a NaHCO, soln On actdificatton 
with 2 M HCI and Et,0 extraction, a mixture (1 65 g) of 13, 14 
and 15 was obtained which, after estertficatton with dtazometh- 

ane and column chromatography on sihca-AgNO, eluted with 

hexane-Et,0 mtxtures, was separated into its components 

These substances, when sapomfied, gave the correspondmg 

alcohols (1, 11 and 12) The Et,0 soln resultmg from the 

extraction with NaHCO, soln was extracted with d 4% NaOH 

soln which, on acidification and subsequent extraction with 

Et,O, gave a mixture from which IO (10 mg) wds isolated by 

column chromatography 
Methyl labda-7,13E-dten-15-g/ malonate (17) VISCOUS hquid 

IRv~~~cm~’ 1747, 1737. 1660, 1400, 1271, 114X,1021.981,798, 

‘H NMR (80 MHz. CDCI,) rS0 75 (3H, 7. Me-20) 0 85 (3H, s, 

Me-18),087(3H,s,Me-19) 170(6H. 5. Me-16dnd Me-17) 337 

(2H, s, -OCOCH, -COOMe). 3 72 (3H, 5 OMe). 4 65 (?H, d, 
J=7 Hz, CH,OCO-), 5 35 (ZH. ni, H-7 and H-14) 

Methyl gera~tylqeran)~lrnal~~~~~~t~~ (18) VISCOUS hquid, 

IR vz:T cm-’ 1747, 1737. 1663, 1400. 1264. 1149, 1022, 800, 
‘HNMR (80 MHz, CDCl,) 61 60 (9H. \. MC-~, Me-l I and 

Me-15), 1 70 (6H, >. Me-3 dnd Mc-lh). 3 37 (2H. Y. 

-OCOCH,COOMe), 3 75 (311. \ -OMe), 465 (ZH, d, J 
=7 Hz, H-l) 5 IO (3H, m, H-6), S 35 (1H. J-7 Hz H-2) 

MaJor component5 oj the hrvane e~rac’t of each of the popu- 
latrons of B trixago collected rn Andulutra 45 g of plants collec- 

ted m La Malaha were extracted by retluxmg with hevane (I hr) 

and after filtration and solvent evapn. the residue (1 8 g) was 

analysed (‘HNMR monitormg) showmg the presence of a 

mixture of malonates of 1 and 11 The extract wds sapomfied, 

affordmg the free alcohol\ m a 1 3 ratio A simtlar work-up with 
samples from different areas was carried out, with the followmg 

results Albuiiol 50 07 g of sample, 1 68 g of extract, contains 11. 

Alfacar 9 80,O 24, 1 and 11 (2 I). Cubillas 8 97. 0 086. 11, Jaen 
4190, 140. 12 
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