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INTRODUCTION

Ferula communis L. is a circum-Mediterranean plant
whose systematic is controversial [1, 2]. Several var-
ieties seem to exist, but their relationship and charac-
terisation are neither clear nor universally accepted [1,
2]. The most thoroughly investigated population of F.
communis is that from Sardinia, where a toxic variety
of the plant has long been known to exist [3]. Poison-
ing from F. communis causes a heamorrhagic syn-
drome known as ferulosys [4]. The economical rel-
evance of ferulosys in livestock has spurred inves-
tigations aimed at identifying the toxic constituents of
F. communis. In the course of these studies, it was
discovered that two chemotypes of this plant grow in
Sardinia, one containing heamorrhagic prenylated 4-
hydroxycoumarins, and the other non-toxic daucane
esters [5-8].

In this context, the recent identification of a new
species of Ferula from Sardinia, F. arrigonii Bocchieri,
raised considerable interest [9]. This plant is closely
related to F. communis, and, though first observed in
the island of Serpentara, it turned out to be wide-
spread also in the southern part of Sardinia and in
other small islands off its coast [9). F. arrigonii was
reported to contain as the major constituent 7,11-
dehydrogrilactone (1) {10], a sesquiterpene lactone of
the guaiane type whose total synthesis was recently
achieved [11]. Guaianolides are common constituents
of certain Ferular from Central Asia [12], but had
never found in Mediterranean species of this genus.
In the hope of finding more examples of taxonomically
unique metabolites, we have now investigated samples
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of F. arrigonii from two islands off the coast of Sar-
dinia (Serpentara, Isola dei Cavoli). Surprisingly,
none of the compounds previously reported from this
species could be detected. Both collections afforded
instead a mixture of daucane esters and sesquiterpene-
umbelliferone ethers. whose characterisation is the
subject of this report.

RESULTS AND DISCUSSION

The roots of the two samples contained the same
compounds, and only differed for the relative con-
centration of some daucane esters. The major con-
stituent was the drimane-coumarin ester colladonin
(2a) {13] (ca 0.90% on dry plant material). Several
related compounds were also present which were
identified as colladin (2b) [13], badrakemone (2¢) [14],
umbelliprenin (3a) [15], kataravicinol (3b) [16] and
isosamarkandin angelate (4) [17. 18], as well as a mix-
ture of daucane esters. The latter included, beside
ferutidin (5a) [19] and lapiferin (6) [20], two new com-
pounds (5b and S5¢). Compound 5b was the major
daucane ester from both collection (ca 0.60%), but
the concentration of Sa and 6 in the sample from
Serpentara was about five times higher than that
detected in the other sample.

The mass spectrum of 5b showed a MW of 388,
corresponding to the molecular formula C,;H;,0s.
Compound 5b displayed diagnostic IR absorptions at
3557-3459 (hydroxyls), 1690 (aromatic ester car-
bonyl) and 1609, 1584, 1512 (aromatic ring) cm~'.
The 'H NMR spectrum showed the signals of an ani-
soyl group (6 7.95 and 0 6.91 AA’BB’-system; J 3.83,
s,—OMe) and of an oxygenated sesquiterpene moiety.
Assignments of the proton signals via COSY experi-
ments showed that Sb was a C-2 hydroxylated deriva-
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tive of ferutidin. NOE-experiments established an x-
orientation for the secondary hydroxyl (NOE’s H-
2/H-14 and H-2/H-3f: no NOE H-2/H-5). Com-
parison of '"H NMR spectra of 5b and its 2-epimer
[21], showed a different coupling pattern for H-2 (d,
J=26.0 Hz in 5b, dd, J=9 and 10 Hz in the C-2
epimer), as well as a diagnostic downfield shift of
H-5 (Ad+0.51) in 5b, due to a 1,3-cis-relationship
between H-5 and the C-2 hydroxyl. Compound 5S¢
(C,3H3¢0Os5, MS) was the 2-dehydroderivative of 5b, as
shown by the appearance of an extra carbonyl band
in the IR spectrum (1727 cm ', cyclopentanone), the
disappearance of the signal of H-2 in the 'H NMR
spectrum, and the replacement of the C-2 oxymethine
with a carbonyl absorption at 6 219.0 in the *C NMR
spectrum. The detection of a W-coupling between H-
3x and the hydroxyl at C-4 ruled out an alternative
structure with the keto group at C-3.

Coumarin derivatives were absent in the fruits of F.
arrigonii, as already observed for the poisonous var-
lety of F. communis [8]. The major constituent of the
fruits were the daucane esters lapiferin (6) and feru-
tidin (5a). Jaeskeanadiol veratrate (5d) [22], webbiol
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angelate (7) [23], 10a-hydroxyferutidin (Se) [24] and
the new ester 5f were also isolated. Compound 5f was
obtained as an oil. Its "H NMR spectrum was similar
to that of the bis-angelate pallinin (5g) [25], but only
one angeloyl group was present, and H-10 resonated
at higher fields (J 3.80 in 5f; 4.85 in 5g [25]), showing
that the 10-hydroxyl was free. Thus, compound 5f is
10-deangeloylpallinin. The daucane ester siol anisate,
a constituent of the fruits of the poisonous chemotypes
of F. communis [8}, could not be detected in the fruits
of F. arrigonii, though it was isolated from the col-
lection of F. arrigonii that afforded the guaianolide 1
[10]. The phenylpropanes laserin [26] and crocatone
( =latifolone) [26] were also isolated from the fruits
and the roots of F. arrigonii, respectively.

F. arrigonii has been reported to have a stronger
and more pleasant smell than F. communis [9]. Indeed,
large amounts of linalyl acetate (ca 0.20% on dry
plant material) were obtained from steam distillation
of the least polar fractions of our extracts. Small
amounts of allohedycariol (8) [5. 27] were also
obtained. This enf-germacrane alcohol is the major
constituent of the oil from the non-toxic chemotype
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Table 1. 'H NMR spectral data of compounds 5b, 5¢ and 5f (400 MHz, CHCl,, J in Hz)

H 5b S¢ 5f
20 — - 1.74 br ddd (12.0, 11.0, 10.0)
28 3.76 d (6.0) — 1.32 ddd (12.0, 8.5, 2.0)
3 1.80 br d (16.0) 2.30 dd (19.5, 2.0) 1.89 ddd (14.0, 10.0, 2.0)
3p 1.97 dd (16.0, 6.0) 2.42 d (19.5) 1.54 ddd (14.0, 11.0, 8.5)
S 2.50d(11.0) 2.44 d (10.5) 2.69d(11.0)
6 5.28 ddd (11.0, 10.0. 3.0) 5.50 ddd (10.5, 9.0, 3.5) 5.24 ddd (11.0, 11.0, 3.5)
Ta 2.55 br dd (14.0, 10.0) 2.56 br dd (15.0, 9.0) 2.70 br ddd (15.0, 11.0, 2.5)
i 2.21dd (14.0. 3.0 2.43 dd (15.0, 3.5) 2.15dd (15.0, 3.5)
9 5.53 br dd (8.1, 4.0) 5.57 br d (6.0) 5.70 br d (7.0)

10 2.29 br dd (14.5, 4.0) 2.00 br dd (14.0, 6.0) —

108 1.92 dd (14.5, 8.0) 2.35 br dd (14.0, 6.0) 3.80d(7.0)

11 1.72m 1.76 m 1.87 m

12 0.96 d (7.0) 0.93d(7.0) 0.90 g (6.5)

13 0.80d(7.0) 0.84d(7.0) 0.88 ¢ (6.5)

14 1.01s 1.27 s 1.06 s

15 1.79 br s 1.86 br s 1.78 br s

RCO- 7.95d (8.0) 7.99 4 (8.0) 6.08 9q (7.0, 1.5)

691 d(8.0) 6.95d(8.0) 1.97 dg (7.0, 1.5)
383s 388 s 1.85dg (1.5, 1.5)

4-OH 2.50d(2.0)

of F. communis [5], whereas the oil of the poisonous
chemotype is made up by ent-aristolane hydrocarbons
[28].

F. communis is a prolific producer of secondary
metabolites of the sesquiterpene type, which can be
further elaborated by esterification with aromatic or
hemiterpenoid acids (daucanes) [5, 8], etherification
with umbelliferone (drimanes) [29], or prenylation
with 4-hydroxycoumarin (farnesanes) [5-7]. The first
two pathways have also been detected in F. arrigonii,
though the co-occurrence of daucane esters and ses-
quiterpene-coumarin ethers is unprecedented in F.
communis, and many daucane esters isolated from
F. arrigonii have not been detected in F. communis.
Further studies on larger populations are, however,
necessary to assess the taxonomical value of these
phytochemical differences, since both plants show an
exceptional infraspecific variation in their secondary
metabolism.

EXPERIMENTAL

CC: silica gel 70-230 mesh; HPLC: microporasil
column (0.8 x 30 cm).

Plant material. F. arrigonii was collected at Ser-
pentara (July 1996, sample A) and at Isola dei Cavoli
(October 1996, sample B). Sample A consisted of roots
and fruits of one single plant. Samples B of roots only.
The plant material was identified by M.B. (University
of Cagliari). Voucher specimens of both samples are
kept at the laboratory of Torino.

Isolation of the constituents. (A) Roots (sample A
as representative): the dried, powdered roots (228 g)
were extracted with Me,CO at room temp. (3x ca |
1). Removal of the solvent left 27.0 g of a dark gum,

Table 2. *C NMR spectral data of compounds 3b, Sc¢, 5f and
7 (75 MHz, CDCl,, assignments confirmed by
HMQC/HMBC experiments)

C 5b Sc¢ 5f 7*
1 482 s 50.7 s 4765 41.2s
2 80.34 219.0 s 36.0¢ 48.8 ¢
3 41.61¢ 44.1¢ 309¢ 20535
4 856 80.3 s 8625 14405
S 546d 55.5d 492d 17465
6 70.5d 69.9d 70.7 d 211t
7 40.6 ¢ 413 ¢ 40.2 ¢ 40.4 ¢
8 133.6 5 133.6 5 136.1 855s
9 124.6 4 123.3d 127.1d 20725
10 3500 35.6¢ 72.8d 4281
11 37.0d 36.5d 37.1d 253d
12 18.2 ¢ 18.7 ¢ 1844 20.1 ¢
13 17.7 q 17.8 ¢ 1744 20.5¢
14 20.1 ¢ 193¢ 20.7 ¢4 30.1¢
15 2584 269 ¢ 2754 2144
RCO- 166.6 5 167.2 % 16825 167.65
1226 5 1223 % 1277s 12705
113.7d 113.9d 13904 1403 d
131.6d 131.8 d 157 ¢ 159 ¢
163.5s 1639 s 20.5¢q 2054

5534 56.3 ¢

*3C NMR data on this known compound were not avail-
able in the literature [23].

which was chromatographed on a silica gel column
(45 g) eluted with a hexane-EtOAc gradient (9:1 —
5:5). Eleven major frs were collected. Frs 1 and II
were steam-distilled and then chromatographed (silica
gel, hexane-EtOAc 95:5) to give linalyl acetate (500
mg, 0.22%) and 8 (49 mg, 0.021%). Fr. III was crys-
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tallised from Et,0 to give 592 mg (0.26%) 5a. Fr. IV
was crystallised by petrol to give 32 mg stigmasterol;
the mother liquors were further chromatographed (5
g silica gel, CHCl;-hexane as eluant) to give 3a (49
mg, 0.021%) and latifolone (12 mg, 0.0053%). Fr. V
and VI were crystallised from Et,O to give 5¢ (80 mg,
0.035%) and 6 (652 mg, 0.28%) respectively. Fr. VII
was further purified by HPLC (hexane-EtOAc, 6:4)
to give (228 mg, 0.10%). Fr. VIII was crystallised
from Et,0 to give 5b (1.39 g. 0.61%). Fr. IX was
further purified by CC (20 g silica gel, hexane-EtOAc,
8:2 as eluant) to give 13 mg (0.0057%) 2¢. Fr. X was
crystallised from Et,0 to give 2.1 g (0.92%) 2a. CC of
the mother liquors (hexane-EtOAc, 7:3) gave 4 (38
mg, 0.017%). Fr. XI was crystallised from Et,O-
Me,CO to afford 228 mg (0.10%) 3b. (B) Fruits: pow-
dered fruits (228 g) were extracted with Me,CO (2 x |
1) at room temp. Removal of the solvent left 16.0 g of
a brown oil, which was chromatographed on a silica
gel column (40 g) eluted with a hexane-EtOAc gradi-
ent (95:5 — 7:3). Two major frs were collected. Fr. I
was crystallised from Et,O to give 504 mg (0.22%) 5a.
The mother liquors were further purified by CC (10 g
silica gel, hexane-EtOAc, 9:1 as eluant) to give 106
mg laserin (0.046%). Fr. 11 was crystallised from Et,O
to give 476 mg (0.21%) 6. The mother liquors were
further purified by HPLC (hexane-EtOAc, 9:1) to
give 21 mg (0.0092%) 7, 16 mg (0.0070%) 5e, 32 mg
(0.0014%) 5d and 40 mg 5f (0.017%).
2a-Hydroxyferutidin (5b). Crystals (Et,0), mp 83—

85 ; IR vEBrcm™': 3357, 3459 (OH), 1690 (ester CO),
1609, 1584, 1512 (aromatic), 1279, 1167, 1101, 1026,
768. CI-MS (isobutane) ws1/z (rel. int.): 389

[C33H3205]*[M+H]* 0). 371 (100).
2-Oxoferutidin (5¢). Crystals (Et,O), mp 123-125";
IR\ﬁf,fcm ': 3445 (OH), 1726 (cyclopentanone), 1701
(ester CO), 1607, 1580, 1614 (aromatic), 1275, 1169,
1117, 1097, 773. CI-MS (isobutane) m/z (rel. int.): 387

[C23H;3004] " [M+H]™ (65). 369 (100).
10-Deangeloyipallinin (5f). Oil; IR vhaudfim cm—':
3460 (OH), 1710 (ester CO), 1250, 1189, 1107, 1060,
750. CI-MS (isobutane) mi/z (rel. int.): 337

[CaoH3:0,] " [M +H]™" (40). 319 (100).

Acknowledgements- This work was supported by
M.U.R.S.T. (Fondi 60%). S.A. is grateful to Indena
(Milano, Italy) for a fellowship. We are grateful to T.
Favaro for his help throughout this work.

REFERENCES

1. Korovin, E. P.. lllustrated Monography of the
Genus Ferula. Editio Academia Scientarum
USSR, Tashkent, 1947.

2. Pignatti, S., Flora d’Italia, Vol. 11. Edagricole,
Bologna, 1982, p. 229.

3. Crovetti, A., Studi Sassaresi, Sect. 111, X1, 1963,
651.

4. Altara, 1., La Nuova Veterinaria 3, 1925, 29.

G. APPENDINO et al.

5. Valle, M. G., Appendino, G., Nano, G. M. and
Picci, V., Phytochemistry, 1987, 26, 253.

6. Appendino, G., Tagliapietra, S., Nano, G. M.
and Picci, V., Phytochemistry, 1988, 27, 944.

7. Appendino, G., Tagliapietra, S., Gariboldi, P.,
Nano, G. M. and Picci, V., Phytochemistry, 1988,
27, 3619.

8. Appendino, G., Tagliapietra, S., Paglino, L.,
Nano, G. M., Monti, D. and Picci, V., Phyto-
chemistry, 1990, 29, 1481.

9. Bocchieri, E., Bollettino della Societa Sarda di
Scienze Naturali, 1989, 26, 305.

10. Casinovi, C. G., Tomassini, L. and Nicoletti, M.,
Gazzeta Chimica Italia, 1989, 119, 563.

11. Delair. P., Kann, N. and Greene, A. E., Journal
of the Chemical Society, Perkin Transactions 1,
1994, 1651.

12. Gonzalez, A. G. and Bermejo Barrera, J., Pro-
gress in the Chemistry of Organic Natural Prod-
ucts, Vol. 64, ed. W. Herz, G. W. Kirby, R. E.
Moore, W. Steglich and Ch. Tamm. Springer,
Vienna, 1995, pp. 1.

13. Ban’kovskii, A. ., Ermativ, N. E., Perel’son, M.
E., Bubeva-Ivanova, L. and Pavlova, N. S., Khi-
miya Prirodnvkh Soedinenii, 1970, 6, 173. Chemi-
cal Abstracts, 1970, 73, 76988.

14. Bagirov, V. Y., and Kir’yalov, N. P.. Khimiya
Prirodnykh Soedinenii, 1970, 6, 465. Chemical
Abstracts, 1971, 74, 1044.

15. Spéth, E. and Vierhapper. F., Bericht Deusche
Chemische Gesellschaft, 1938, T1B, 1667.

16. Kir'yalov. N. P. and Baagirov, V. Y., Khimiya
Prirodnykh Soedinenii, 1969, S, 225. Chemical
Abstracts, 1970. 72, 55164.

17. Kir'yalov, N. P. and Bukreeva, T. V., Kiimiya
Prirodnykh Soedinenii, 1972, 8, 643. Chemical
Abstracts, 1973, 78, 108210.

18. Nasirov, S. M., Saidkhodzhaev, A. 1., Khassanov,
T. K., Yagudaev, M. R. and Malikov, V. M.,
Khimiva Prirodnykh Soedinii, 1985, 184. Chemical
Abstracts, 1985, 103, 68269.

19. Miski, M., Ulubelen, A. and Mabry, T. J.,
Phytochemistry. 1983, 22, 2231.
20. Golovina, L. A.. Saidkhodzhaev, A. 1., Abdul-

laev. N. D.. Malikov, V. M. and Yagudaev, M.
R., Khimiya Prirodnykh Soedinenii, 1983, 3, 296.
Chemical Abstracts, 1983, 99, 102266.

21. Ahmed, A. A., Phytochemistry, 1991, 30, 1207.

22. Lamnaouer, D., Martin, M.-T., Molho, D. and
Bodo, B., Phytochemistry, 1989, 28, 2711.

23. Diaz, J. C., Fraga, B. M., Gonzalez, A. G., Her-
nandez, M. G. and Perales, A., Phytochemistry,
1986, 25, 1161.

24, Miski, M. and Mabry, T. J.,
1985, 24, 1735.

25. Kushmuradov, A. Y., Saidkhodzhaev, A. 1. and
Malikov, V. M., Khimiva Prirodnykh Soedinenii,
1986. 53. Chemical Abstracts, 1986, 105, 75874.

26. Holub. M., de Groote, R., Herout, V. and Sorm,

Phytochemistry,



Daucanes from Ferula arrigonii 1643

F., Collections of Czechoslovakian Chemical Com-  28. Carboni, S., Da Settimo, A., Malaguzzi, V.,

munications, 1968, 33, 2911. Massili, A. and Pacini, P. L., Tetrahedron Letters,
27. Zhabinskii, V. N., Minnaard, A. J., Wijnberg, J. 1965, 3017.

B. P. A. and de Groot, A., Journal of Organic  29. Miski, M. and Jakupovic, J., Phytochemistry,

Chemistry, 1996, 61, 4022. 1990, 29, 1995.



