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Abstract -From the latex of Ferula communis. two Qhydroxycoumarin derivatives were isolated beating a famcsylic 
and a 1Zhydroxyfarnc~ylic residue, respectively, at C-3. Prcnylatcd coumarins, which represent toxic principks of the 
plant, were absent in other samples, which gave. besides known compounds, a gcrmacr ane alcohol (hallohcdycariol) and 
a daucane ester (siol ghydroxybcnxoate). 

Ih-lRoDCCCION 

Fenda commuti L. is a latex-containing plant widespread 
in all of the Mediterranean area The plant is reported to 
be toxic to livestock [ 11. causing an often lethal haanor- 
rhagtc disease known as ‘ferulosis’ or ‘mal di Ferula’ [I]. 
Fcrulosis shows symptoms similar to those of poisoning 
from fcrmcntcd sweet-clover [I], and it was suggcstcd 
that F. communir contains anti-thrombinic coumarin 
derivatives [ 13. 

3-Mcthyl4hydroxycoumarin (1) was first isolated 
from this plant [Z, 33. but this compound was in fact 
shown to display a mild vitamin K activity [4]. An 
antithrombinic activity could be demonstrated only at 
very high doses, unlikely to be obtained in cattk upon 
ingestion of the plant 141. Further studies showed that 1 
was most probably an artefact, formed during the drastic 
conditions of isolation (dry distillation of a plant extract) 
from a C-3 prenylatcd Qhydroxycoumarin (ferulcnol), to 
which structure 2, with stereochemistry at the double 
bonds unscttlai, was assigned [S. 61. 

Poisoning from F. cornmunis is frequent in Sardinia, 
where it causes damage ofconsiderable economic import- 
ance. It was notiad that the toxicity of F. communis 
growing in Sardinia depends on the placcofcolkction and 
on the basis of biological tests a toxic and a non-toxtc 
variety weredistinguished [7.8]. Particularly toxicappear 
to be the plants from the north of Sardinia and Asinam 
Island, which gave most of the material used for these 
studies. 

As a part of an investigation of Sardinian plants, we 
have studied the constituents of two colkctions of 
F. communis from the north of this island. 

REXJLTS AND DlSCXJSSlOFi 

The chloroform-solubk fraction of the latex from the 
first colkction of F. cmunis examined was made up 
mostly of Qhydroxycoumarin derivatives bearing a scs- 
quiterpcnc residue at C-3. The major constituents were 
ferulcnol (2) 163. and the more oxygenated compound 3. 

differing from 2 only in the scsquitcrpene moiety, in 
which an allylic methyl is replaad by a hydroxymethyl 
group. 

The stereochemistry of the famaylic residue of 
fcruknol(2) was established by analysis of its “C NMR 
spaarum (Table l), which showed three allylic methyls 
(C-13’, C-14 and C-15’) shielded by ~-gauche interactions. 
In okfinic systems this interaction would be better 
referred to as y-cir, since allylic groups are peri-planar, and 

Tabk I. “CNMR~&crforcompouadr1,3,8aod I1 
(67.80 Ml& CDCl,. TMS as refcrena) 

2 3 g I1 

c-2 
c-3 
C-4 
C-S 
Cd 
c-7 
c-g 
c-9 
c-10 
C-l’ 
C-Y 
C-3 
C4 
C-S 
C-6 
c-r 
C-8 
C-V 
C-10. 
C-11’ 
C-IT 
c-13 
c-14 
c-1s 

160.93 J 160.83 s 
103.41 s 103.22 s 
163.85 s 163.59 J 
122.726. 122.71 d* 

123.01 do 123.5s d* 
131.406 131.4gd 
116.21 d 116.34d 
15217s 152.37 s 
lIS.94~ 116.03s 
23.95 r 23.12 I 

ll9.32d 120.166 
141.26s 141.60s 
39.53 1 39.10r 
2S.95 I 2S.74 I 

123.70dt 123.7061 
135.88 s 135.S2 s 
39.s3 I 39.10 I 
26.49 I 2S.74 I 

124.12dt 125.82dt 
131.11s 134.46s 
25.S3 q 68.82 I 

15.95 q: 16.00 q$ 
16.27 q: 16.31 q: 
17.s2 q 13.69q 

C-l 75.98 d 127.08 d 

c-2 119.43 d 22.741 
c-3 146.41s 41.01 I 
C4 37.17 I 40.400 
c-5 29.01 I 143.87 d 

C-6 82.27 I 130.24 d 
C-7 6O.lSr X04 d 

C-8 219.87 s 35.60 I 
c-9 u1.26 I 28.40 I 
C-IO Sl.446 131.48 s 
C-11 26.24 d 7 1.49 s 
c-12 21.01 q 22.62 q 
c-13 26.08 q 26.68 q 
c-14 18.14 q 16.85 q 
c-15 24.82 q 26.56 q 
C-l’ 164.79 s 
C-Y 122.56s 
C-3’ 133.56d 
C4 131.256 
c-s 163.#1 s 
OMC 55.37 q 

l ,t.$Sigrylr with Ibe same symbds in the same line are 
inIcrchangablc. 
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deviations from this geometry are found only in special 
cases, such as when bulky groups are prcscnl. or in fran.s- 
doubk bonds located in medium-sized rings (cf. the X-ray 
data on germacranolidcs). The alkyl groups resonated 
between IS and 17 ppm. and one allylic methyl lacking 
interactions of this type resonated at 25.53 ppm [9]. This 
established the stereochemistry of the famaybc residue as 
215.6~5. In 3. one of the shielded allylic methyls was shifted 
upfield (6 13.69). whereas the methyl rcsonaIlcc at 625.53 
was rtplaad by a tripkt at 68.82 suggesting mat a 
hydroxyl group had been introduced at C- 12’. 

This was further confirmed by the oxidation of 3 to the 
n&unsaturatcd aldchyde (4), in which the chemical shift 
of the aldchydic proton showed the prcscnct of a peri-like 
interaction with a j3olcfinic proton [lo]. This unambigu- 
ously located the hydroxyl group at C-12’. 

In the chloroform-soluble fraction of the latex of the 
other sarnpks examined, coumarin derivatives were vir- 
tually absent. Cyclic scsquiterpcnc derivatives were iso- 
lated instead. The most abundant compound was the 
O(S~phydroxybcnzoatc of jaakcanadiol (5) [ 111, ac- 
companied by minor amounts of its methyl derivative (6) 

LlZ] and the ketone (7). The latter could be thoroughly 
purified only after conversion to its methyl derivative (8). 
Except for the presence of the signals of digcrcnt ester 
moieties, the NMR spectrum of 8 was very similar to those 
of the siol esters 9 and 10 [ 133. 

The presence of a common scsquitcrpenc moiety in 
8 10 was further confirmed by the similarity of the 
peculiar acyhtion shafts observed upon in siru carbamoy- 
Won with ttichloroacetylisocyanate (TAI) [l4] (down- 
field shifts for H-14 and H-12; uflild shifts for H-I and 
H-2 [I)]). 

The absolute configuration of 8 was cstabhshed by 
application of the allylic anysatc rule [IS]. which showed 
that this chromophore had a negative absolute confor- 
mation. Since the relative configuration and conformation 
of siol ester are known [ 133. the absolute configuration of 
the ester from F. communis is that represented by formula 
7. 

A positive Cotton elTcct around 290 nm was asstgncd to 
the cyclopentanone chromophore. Since this Cotton 
effect is also positive in compounds 9 and 10 [ 133, the 
absoluteconfiguration is the same in all thesecompounds. 



Prenyhtted coumarim and suqtuterpenoids from Fcrulo commufus 255 

The major constituent of the volatile fraction from the 
roots was the alcohol I I. whose mokcular formula was 
established as C, ,HzbO by mass spectrometry. 

Since the “CNMR spectrum (Tabk 1) showed the 
presence of two double bonds (a trisubstitutcd and a 
disubstitutcd one) compound I1 is monocyclic. A promi- 
nent peak at m.:z 59 in the mass spectrum showed the 
prcscncc of a dimcthykarbtnyl sidechain, further con- 
firmed by the additron of TAI to a solution of I1 in 
CDCI,, which resulted in a marked downfield shift of two 
methyl singkts. Multiplicity considerations showed that 
at least one of the two unconjugatcd double bonds had to 
be in a cyclic system. Smce both doubk bonds were ttans- 
substituted. a m&urn-sized rmg was present. This was 
further confirmed by the presence of an anomalous UV 
absorption at 22Onm, which is quote typical of homo- 
conjugated double bonds in medium-sired rings [ 161. 

A gcrmacranc structure (11) was thus assigned to this 
compound. wtth stereochemistry at C-4 and C-7 unset- 
tled. A compound with the same constitution as 11 had 
already been obtained as a side-product in the course of a 
total synthesis of hcdycariol (12) [ 171. On account of the 
similarity of II and 12, we propose the name allo- 
haiycar~ol for 11 (cf. the pairs of terpencs ocimcnc and 
alloocimcnc. diRering only in the location of the double 
bonds). 

Daucane esters are widespread and almost ubiqurtous 
in plants from the genus Ferulu. In contrast, prcnylated 
4hydroxycoumarins are rare in nature. 5-Methyl4 
hydroxycoumarins prcnylatcd at C-3 (C,,+oumarins)* 
have been reported from some genera of the Compositae 
[lg], but to the best of our knowkdgc the only 4 
hydroxycoumarins are 2 and 3 from Ferulo communis and 
ammoresinolt ( 13) from ammoniacum. an oko gum resin 
from Doremu ammoniucm D. Don., an Asian umbcllifcr- 
ous plant [19]. 

F. communis has been unambiguously rccognired as the 
causative agent of severe hacmorrhagic disease, which is 
widespread in the Mediterranean area and partrcularly in 
Sardinia since 1925 [7]. Feruknol (2) displays hacmor- 
rhagk actrvity. and presumably represents the toxic 
principle of the plant. Our finding of two diRerent 
chcmotypcs of F. communrs. only one of which contained 
prenylatcd 4-hydroxycoumarins, confirms the early ob- 
servation, based on biological tests, of the presence of two 
distinct varieties of this plant [7. g]. A recent study of a 
Turkish collection of F. commms revcakd a chemical 
pattern ditTercnt from that of the plants we examined 
[20]. suggesting that several chcmotypcs of I;. communis 
might be present in the Mediterranean area. accounting 
for the contrasting data on the toxicity of this plant 
reported in the htcraturc [7]. 

EXPCRIMCWAL 

Sdica gel 60 (70 230 mesh) was used for CC. 

P/W muterto/. Fprulo communlr L. was colkcted near Agro dt 

Macomer (NU) (sampk A) and Agro dt Ohcna (NU) (sampk B) 

Wwiag to the pmsence of the extra methyl at C-S. these 

compounds are probably of acetate and not of shikimate or&n. 

t The stereochemistry of the famayhc residue ofammomsinol 

has been atabhsbed as 2E,6E (G. Appendino and M. G. Valk. 

unpubhshcd results). 

m May and June. when an abundant production of hex takes 

p&e, and was tdetttifkd by V.P. 

Isooloriott o/ prenylateri cownarim. About IOml of Latex (ob- 

tained by spontaneous drtpping from a cm stem) from sampk A 

was dtluted wtth NaCl soln and extracted with CHCl, to ywld a 

gum (2-l g) TM tatter was scpara~ed by CC (silica gel) using a 

mtxture of petrol (bp 5&7(r) and EtOAc as eluant. Fracttons 

cluted with petrol.EtOAc (5: I) gave 530 mg 2 fracttons eluted 

wtth petrol-EtOAc (3: I) gave 210 mg 3 

Fflulcnol (2) Amorphous white powder. mp 61”: 

IRvkcm-‘: 3200 (br. OH), 1675, 1610 (commatin). 1570. 1210. 

760UV.i~~“nm:310.286,276;ElMS70cV(seeSct~meI),m:r 

(re1:mt.r 366 [Ml’ (C,.H,,O,) (1.2). 297 [A]’ (I 8L 229 [El. 

(3). l7S[C7’ (8~ l47[D]’ (6). 137[E]’ (7.5). 129(3OL I21 [F]- 

(IS), I09 (ICQ, 69 [G]’ (85); FAB-MS: 368 [M +2]’ (SOL 69 

(100); ‘HNMR (CDCl,. 270 MHz ‘TMS as reference): 

67.7b 7.22 (at, H-S. H-6, H-7. H-8). 5.46 (br r. J, ,2 - 8. I Hr. H- 

2’L 5.07 (hrs. H-6’+ H-IQ 3.43 (d, J, .2 = 8.1 Hz H-l’), I.84 

(brs H-12’), 1.66. 1.61. I.56 (brs. H-13’. H-14’. H-IS’). 

l2’-HjdroxJ~erubnol (3). Yellowish gum; IR YE~’ cm ‘. 

3200 (br. OH). 1690. 1630 (coumarmL 1580. ISOO, 1460. 1280. 

1220 I I IO UViz” nm: 310.286.276; EIMS m;; (ml. int.): no 

mokcukr Ln, 297 [A]’ (22L 229 [B]’ (38L 187 (40). I75 [Cl’ 

(100). I35 (22). I21 [F]’ (63L 81 (4OL 69 [G]’ (91); ‘HNMR 

(200 MHz_CDCI,.TMSasreferena):67.82 7.19(H-5,H-6.H-7. 

H-81 5.40 (&km, H-2 + H-IO’). 5.07 (br s. H-6’). 3.98 (brs. H-12’). 

3.38 (d.J, ,J - 8.1 Hz H-I’. 18O(brs. H-IS’). 1.61, I.58 (brs. H- 

13’. H-14’). 

Oxldoticn of l2’-hJdroxy~er&nol. A SO mg sampk of 3 was 

dissolved m dry CH#& and treated wtth 42 mg pyrtdmmm 

chlorochrotnate (PCC; cu I.5 M bquivaknt) After 5 min the 

reactton mtxture was dtluted with dry Et#and filtered through a 

short column of FloriL Further purihcat~n by CC (5 g silica 

gel, petrol EtOAc. 4: I) gave I5 mg 4 as an unstabk colourkss 

oil. IR v‘z*) cm I: 3300 (br. OHA 1810 (c ownarm). 1785 (z.& 

unsaturatedakkhydcJ, 1640. IXIO. 1280,9I&UV1~” ~1: 310. 

286.276.ElMSm;r(reLm1.~3W)[M]’ (C~,H,.O.)(l7).362[.M, 

-HzO]’ (28,.297[A]’ (57).229[B]- (57J,213(100). 187(50), 

I75 [Cl- (71). I47 [D]’ (299). I35 (4% I21 [FJ’ (881 IO7 (57L 69 

(G]- (45k’HNMR(CDCl,.270MHr.TMSarrcferenx):69.36 

(J. H-IYA 7.76-7.21 (H-5, H-6, H-7, H-8). 6.45 (brs. H-I(Y). 5.39 

(brr. I, .I = 8.1 Hr_ H-2’). 5.10 (brs. H-6’), 3.41 (d. I, .* 
= 8.1 Hq H-l’). 1.83. 1.71. 1.63 (brs. H-13’. H-14’. H-IS’). 

/solotton o/ tlu const~ruerus o/ samph B. One fresh sampk of 

roots was chopped. causmg dripping of the h~ex. After treating 

the latex and roots with CHCI,. evaporation of the organic phase 

gave IO g of a thick oil. The Latter was chromatograpbed on a 

column of ,XKI g siltca gel. Fracttons eluted wtth petrol CHCI, 

(3: I gave I.5 g 11; those eluted wtth CHCl, gave 200 mg 6, and 

fractmns &ted wtth CHCl, MclCO (4: 1) gave 2.5 g 5 and 2OOmg 

of a mrxturc of 5 and 7. whtch were separated after conversion to 

thetr corrapondmg methyl dertvattves wtth CHjN;, (6 and g 

rapecttvely). After chromatography on Sg s~lrca gel. eluant 

petrol EtOAc (3. I ). 70 mg 8 was obtamed. Known compounds 

were tdentifii by compartson of thctr physKal and spectral data 

wtth those reported in (be hterature [2l. 221. 

Al/dudp~ol(ll).Colourkuo~L[~]~ + 181” (CHCl,;c 1.5); 

IRrrticm I: 3400 (br. OHA 1670. 1660 (~a); weak doubk 

bonds). 1375.980.8W).UVi.~” (logc)nm:218(3.3)(homocon- 

jugated doubk bonds); EIMS 7OeV. m!r (rel int.): 222 [Ml’ 

(C,,H,.O) (8), 204 [M-H1O]’ (8). 189 [M-H,O-Me]’ 

(IZL 82 [C,H,,]’ (IO01 59 [C,H-01’ (44k ‘HNMR 
(270MHr. CDCt,. TMS as reference): 64.9~520 (brm. H-l 

+ H-S + H-6), I.53 (brs. H-14). I.15 (s. H-12), 1.07 (s. H-13).0.90 

(d.l, ,, - 6.7HzH-tSkATAI(CDCl,rH-I2 +0.34ppm.H- 

13: + 0.34 ppfn. 
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SctmK 1. 

Siol p-m&oxybenzwrc (8). Colourkss nadks from hcxane. 

mp 127”, [a]; - 21P (CHCI,; c 1.23; IR vzcm I: 3520 (OH), 

1730 (S-mcmbcrcd ring ketone), 1710, 1610 (pOMe bcnzorIc), 

1670 (doubk bond), 1170. 1100, IOOO. 850. 775; UVi.Lq” 

(loge) run: 2% (4.3). 210 (4.4); CD (MeOHb Ac,,,, + 1.2. Acz,h 
-3.~ElMS70eV.m~r(rcLinr.):386[M]’(C,,H,,O1)(34).2S1 

[M-ArCOJ’ (97). 233 [hi-ArCO-HzO]’ (27h 135 

LArCO]’ (100). 107 [Ar]’ (46). ‘HNMR (2OOMHz. CDCl,, 

TMS as referen& 67.88 (d). 6.90 (dh 3.85 (s. anisate), S.72 @rd. 
I ,.l = 7.8Hz.H-2).5.SO(d.J,.~ - 7.8HzH-I). 1.74+5,H-IS). 

1.12 (d. Jllll - 7.2 Hr. H-12), 1.09 (s, H-14), I.00 (d. J ,,.I, 
- 7.2 Hz_ H-13). ATAI (CDCl,): H-l: -0.18; H-2: -0.04; H-12: 

+0.08; H-14: +O.IZ. 
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