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hmcr.-Bioactivity-guided fractionation of the lipid extract of Crithmum muritimrtm 
using the brine shrimp lethality assay led to the isolation of three bioactive compounds. Two of 
these are known C,, polyacetylenic metabolites, falcarinol {I] and falcarindiol (21, previously 
isolated from several species of the Umbelliferae and Araliaceae. The third active principle was 
identified as 0-geranylvanillin [33, an aromatic ether described in the literature as a synthetic 
compound but unknown as a natural product. Cytotoxic activity of the pure compounds was 
significant for 1 and 2, much less intense for 3. 

Crithmum muritimum L. (Umbelli- 
ferae), popularly known as marine fennel, 
is a shrub which grows on maritime 
rocks, piers, and breakwaters, more rarely 
on sandy beaches along the European 
coasts (1,2). The whole plant is eaten raw 
for its tonic and depurative qualities, 
while an infusion of leaves reputedly aids 
digestive and diuretic activities (3). Ow- 
ing to the antiscorbutic property, in times 
past sailors used to consume food prepa- 
rations based on leaves of C. maritimum to 
prevent scuny(4). For its particular taste, 
marine fennel is also used locally as a 
substitute for capers ( 5 ) .  Since present 
phytochemical knowledge of this plant is 
scant (GlO), in the course of a program 
aimed at the identification of bioactive 
constituents of plants of the Sicilian flora 
we have examined the lipid extract of C. 
maritimum and here we report the results 
of this investigation. 

Si gel chromatography of the CH2C12 
extract of the freeze-dried leaves of C. 
muritimum gave several fractions active in 
the Artemia salina assay, which is known 
to give information on cytotoxic and in- 
secticidal properties. Further purification 
by preparative layer chromatography (plc) 
of the main bioactive fractions yielded 
three pure compounds, 1-3. 

Two of these were easily identified as 
falcarinol117 (also known as panaxynol) 

OH 
1 R=H 
2 R=OH 

and falcarindiol 127, originally isolated, 
respectively, from Panax ginseng C.A. 
Meyer (1 1) and Falcaria vulgaris Bernh. 
(1 2 ) ,  and subsequently identified in many 
species of the Umbelliferae (13,14) and 
Araliaceae (1 5 ) .  The third bioactive me- 
tabolite was an optically inactive oil, 
C18H2403 (hreims). Its ir spectrum con- 
tained an intense carbonyl absorption, 
while the uv spectrum showed bands 
indicative of an aromatic chromophore. 
The 'H-nmr spectrum displayed reso- 
nances for three aromatic protons whose 
coupling allowed us to deduce the substi- 
tution pattern on the benzene ring, as 
well as a formyl and a methoxyl group. 
The third substituent was identified as a 
linear monoterpene chain bound to the 
aromatic nucleus through an oxygen atom. 
Assignments and couplings were deduced 
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from a ’H-’H COSY spectrum. The 13C- 
nmr spectrum exhibited signals for a 
trisubstituted benzene ring, a carbonyl 
group, a methoxyl, two unconjugated 
olefin groups, three methylenes, and three 
methyls. On the basis of these data, the 
metabolite was identified as 4-[(3,7-di- 
methy1-2,6-octadienyl)oxy}- 3 -methoxy - 
benzaldehyde (0-geranylvanillin), a com- 
pound reported in the literature as a 
synthetic product (16) but never found 
before in nature. Its identity was defi- 
nitely confirmed by comparison with a 
synthetic sample obtained by alkylation 
of vanillin with geranyl chloride. 

Falcarinol and falcarindiol showed a 
significant cytotoxic activity against A. 
salina (LC,, 0.67 and 3.3 2 pg/ml , respec- 
tively), while the aromatic ether 3 was 
much less active (LC,, 85.82 pg/ml). 

The occurrence of bioactive 
polyacetylenic compounds and aromatic 
ethers in members of the Umbelliferae is 
very common. Falcarinol and falcarindiol, 
for instance, are recognized as toxic, aller- 
genic, and antifungal (17-20), whereas a 
hallucinogenic activity is attributed to 
the aromatic ethers (2 1). 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.- 

Eims was determined at 70 eV on a Kratos MS-50s 
instrument. Uv and ir spectra were recorded on 
Perkin-Elmer model 330 and 684 spectropho- 
tometers, respectively. Nmr spectra were mea- 
sured on a Bruker AC-250 instrument, operating 
at 250 and 62.9 MHz for ‘H and 13C, respectively. 
Multiplicities of ”C-nmr resonances were deter- 
mined by DEFT experiments. 2D nmr experi- 
ments were performed using standard Bruker mi- 
croprograms. Optical rotations were determined 
with a Perkin-Elmer 141 polarimeter. PIC was 
carried out on a Jobin-Yvon LC Miniprep 
(LiChroprep Si 60, 25-40 as the stationary 
phase). 

PLANT MATERIAL.<. rmrritimrtm was col- 
lected along the Ionian coast ofbicily, near Catania, 
in September 1990. A voucher specimen was 
deposited at the Herbarium of the Department of 
Botany, Catania, Italy. 

EXTRACTION AND PLRIFICATION.Chade- 
dried and ground plant material (800 g )  was 
extracted three times with CH,CI, at m m  tem- 

perature with continuous stirring. The extracts 
were pooled and evaporated to give a dark green oil 
(20 g), which was applied to an open column 
(4.5 X 100 cm) ofSi gel using eluents ofincreasing 
polarity from hexane to Et,O. Fractions of 200 ml 
were collected, and those exhibiting similar tlc 
profiles were combined. Fraction 7 was subjected 
to plc [Si gel; hexane-MeCOEt (9:1)7 to yield 
falcarinol 111. Fraction 8 was evaporated to give a 
viscous residue which was purified by plc [Si gel; 
hexane-Et,O (9:1)] to give 0-geranylvanillin 137. 
Fractions 16-17 were pooled and subjected to plc 
[Si gel; CH,CI,-Et,O (97:3)1 to yield falcarindiol 
127. 

Fulcarinol [l].--Oily (40 mg, 0.05% dry 
wt). Spectroscopic properties in accordance with 
published data. 

0-Gerunyluunillin [3l.-Oily (1 5 mg, 
0.018% dry wt): ir Y max (CHCIS cm-’ 1681, 
1587;uvAmax(C6H,,)300nm(~=16850), 264 
( ~ = 1 8 5 0 0 ) ,  230 (e=19000); hreims [MI’ 
288.1721 (calcdforC,,H,,O,, 288.1725); m s d z  
(%)288(10),245 (5),219(8),203(11), 191 (111, 
153 (55), 152 (94), 151 (18), 135 (16), 136 (60), 
121 (12), 107 (7), 95 (18),93 (68),92 (50), 82 (7), 
81 (75),80(20),70(11),69(100),68(10),55(8), 
43(4),41 (10);’Hnmr(CDC13)8 1.58(3H,s,H- 

(4H, m, H-4’ and H-5’),3.92 (3H, s, OMe), 4.71 
(2H,d,J=6Ht,H-l’), 5.20(1H,m,H-6’), 5.50 

9’), 1.65 (3H, S, H-8’), 1.74(3H, S, H-lo’), 2.08 

( lH,  tJ=6 Hz, H-2’), 6.95 ( lH,  d,J=6 Hz, H- 
6),7.40(1H,~,H-2),7.49(1H,d,]=6H~,H-5), 
9.70 ( lH,  s,CHO); ‘3Cnmr(CDC13)8 141.6(s, C- 
l), 126.7 (d, C-2), 149.8 (s, C-3), 153.8 (5, C-4), 
108.9 (d, C-5), 111.4 (d, C-6), 66.6 (t, C-1’), 
118.5 (d, C-2‘), 131.8 (s, C-3’), 39.4 (t, C-4’), 
26.1 (t, C-5’), 123.4 (d, C -6’), 129.8 (s, C-7’), 
25.6(q,C-8’),17.6(q,C-9’),16.7(q,C-10r),55.6 
(q, OMe), 190.7 (d, CHO). 

Fulcurindiol [Z].-Oily (250 mg, 0.3% dry 
wt). Spectroscopic properties in accordance with 
published data. 

REACTION OF V A ”  WITH GERANYL CHLO- 
RIDE TOOBTAIN 3.-Toasolutionofvanillin(100 
mg) in EtOH (5 ml), geranyl chloride (150 mg) 
and K,C03 (90 mg) were added. The suspension 
was kept at room temperature for 24 h with 
continuous stirring. The reaction mixture was 
filtered and the filtrate evaporated to dryness. The 
residue was subjected to plc [Si gel; hexane-Et,O 
(88:12)] to give 106 mg (56%) of 3. 

BIOLCGICAL EvALuAmONs.-For the brine 
shrimp (A. JuZinu) lethality assay, chromatographic 
fractions and pure compounds were dissolved in 
DMSO and experiments performed in triplicate 
using 10 animals for each test, suspended in arci- 
ficial sea water, as previously described (22). Sur- 
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vivor shrimp were counted after 24 h, and the data 
were statistically analyzed using the probit analy- 
sis method described by Finney (23), to yield LC,, 
values with 95% confidence levels. 

ACKNOWLEDGMENTS 

This work was financially supported by the 
Consiglio Nationale delle Ricerche, Rome. The 
authors thank Prof. C. Barbagallo for identifica- 
tion of the plant material, and Dr. P. Cianci for 
conducting the bioassays. Thanks are also due to 
Mr. Agatino Renda for skillful technical assis- 
tance. 

1 .  

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

LITERATURE CITED 

T.G. Turin, in: “Flora Europaea.” Ed. by 
T.G. Tutin,V.H. Heywood, N.A. Burger, 
D.H. Valentine, S.M. Walrers, and D.A. 
Webb, Cambridge University Pms, UK, 
1968, Vol. 2, p. 333. 
S. Pignatti, “Flora dItalia,” Edagricole, 
Bologna, Italy, 1982, Vol. 2, p. 194. 
L. Palma, “PianteMedicinalidItaLa,” S.E.I., 
Torino, Italy, 1964. 
C. Bonalberti, A. Peroni, and G. Peroni, 
“Erboresteria Domani,” LugliolAgosto 
1991, Vol. 33. 
T. Tanaka, “Tanaka’s Cyclopedia of Edible 
Plants of the World,” Keigaku Publishing 
Co., Tokyo, Japan, 1976, p. 223. 
L. Bonsignore, G. Loy, A. Marchioni Loy, 
and E. Bocchieri, R d  Smk Fa. Sci 
Uniu. Cagliari, 5 5 8 3  (1983). 
J.B. Harbome, V.H. Heywood, and C.A. 
Williams, Pbytochktry, 8, 1729 (1969). 
G. Ruberto, D. Biondi, and M. Piattelli, 
Fkamnr Fragrann J., 6,121 (1991). 

9. 

10. 

11. 

12. 

13. 

14. 

15.  

16. 

17. 

18. 
19. 

20. 

21. 

22. 

23. 

J.G.Barroso,L.G.Pedro,M.S.M.Pais,and 
J.J.C. Scheffer, J.  Essmt. Oil  Res., 3, 313 
(1 99 1). 
J.G. Barroso, L.G. Pedro, A.C. Figuereido, 
M.S.M. Pais, and J.J.C. Scheffer, Fkawnr 
Fragrance J., 7, 147 (1992). 
M. Taiahashi and M. Yashikura, J.  Pham. 
Sac. Jpn, 84,757 (1964). 
F. Bohlmann, U. Niedballa, and K.M. Rode, 
Cbem. Ber., 99, 3552 (1966). 
F. Bohlmann, F. Burkhatdt, and C. Zdero, 
“Naturally Occurring Acetylenes,” Aca- 
demic Press, London, 1973. 
S .  Nitz, M.H. Spraul, and F. Drawert, J. 
A& FOodCh., 38, 1445 (1990), and 
references cited therein. 
L. Hansen and P.M. Boll, Phytochemistry, 
25,285 (1986). 
A.A. Svishchuk, V.I. Sheiko, and I.N. 
Oleshchenko, Fiziol. A h .  Vesbrhtua, 9,37 
(1977); Cbem. Abstr., 88, 6473. 
D.G. Crosby and N .  Aharenson, Tetrabe- 
d m ,  23,465 (1967). 
M.S.Kemp,Pbytacm, 17,1002(1978). 
B. Garrod, B.G. Lewis, and D.T. Coxon, 
Physiol. Pkant Pathol.. 13. 241 (1978). 
L. Hansen and P.M: 611, Phytdchen;istry, 
25, 529 (1986). 
I.. W. Wulf, C. W. Nagel, and A.L. Branen, 
J.  Chromutogr., 161,271 (1978). 
B.N. Meyer, N.R. Ferrigni, J.E. Putnam, 
L.B. Jacobsen, D.E. Nichols, and J.L. 
McLaughlin, Pkanta M e d ,  45, 31 (1982). 
DJ. Finney, “Probit Analysis,’’ Cambridge 
University Press, Cambridge, 3rded., 1971, 


