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Abshct-( -)-Sprengelianin, ( -~prantschimgin and other minor coumarins were isolated from the roots and/or the 
umbels of Cachrys siculu. The roots also afforded the monoterpene hydroxyaldehyde ferulol ester&d to angelic, tight 
and senecioic acids. The (-_tenantiomer of sprengelianin (2’S) had not been reported previously. The coumarins 
saxalin and pabulenol and the aromatic aldehyde 2&Wimethylbenxaldehyde were also identified but these substances 
are presumably artefacts. 

INTRODUCTION 

Cachrys sicuh L. (= Hippomarathrum pteroclaenum (DC) 
Boiss.) is a plant endemic to the South-western 
Mediterranean region [l] which causes skin irritation and 
blistering as some of us could verify after collecting the 
plant material Coumarins are commonly abundant 
within the species of the tribe Smymieae [2] and pre 
sumably these substances are responsible for the injurious 
action of the plant. Apart from the fungicide, antibiotic 
and other biological actions [3], some coumarins and 
psoralens in particular, can act as skin irritants for which 
contact of the coumarin with the humid (sweaty) skin and 
irradiation with UV light are essential. The contact 
photodermatitis produced has been attributed to the 
photocycloaddition between a molecule of furocoumarin 
and one or two pyrimidine bases of epidermal DNA [4]. 

In previous studies on the chemical constituents of 
C. sicula the isolation of N,H’-o-toluylethylenediamine 
[S], bergapten, isoimperatorin and isopimpineihn [6] has 
been reported. 

RESULTS AND DISCUS!SION 

The benzene extract from the umbels of C. sic&a (9% 
dry wt) was firstly chromatographed on a dry silica gel 
column and pure components were isolated after re- 
crystallization or chromatography. The following 
coumarins were identified by spectroscopic means 
(‘HNMR, IR, UV and EI mass spectrometry) and 
by comparison of their physical constants with those 
described in the literature: isoimperatorin (1) [7], 
imperatorin (2) [7], bergapten (3) [7], xanthotoxin 
(4) [8], isopimpinelhn (5) [8], tert-O-methylheraclenol 
(6) [9], (-~prantschimgin (10) [7], (-bsprengelianin 
(11) and ulopterol (13) [lo]. 

The benzene extracts from the roots (5% dry wt) 
afforded after chromatography, the furocoumarins 
imperatorin (2). saxalin (7) [9], pabulenol (8) 
[ll], oxypeucedanin (9) [7], (-~pranschimgin (10) 
and ( -)-sprengelianin (11). 

Only the racemic sprengehanin was previously dc- 
scribed 1123. Alkaline hydrolysis of the laevorotatory 

sprengehanin isolated from C. sic&~ gave ( + )marmeain 
(12)forwhichtheabaolutecon6gurationwasknown[13] 
and consequently, we assigned the absolute 2’S conligur- 
ation to the natural (-)-sprengehanin. The most abun- 
dant coumarins in both umbels and the roots are (-b 
prant&imgin and (-~sprengehanin. 

Earlier fractions of the main chromatography of the 
root extract afforded an aromatic aldehyde which was 
identified as 2,3,4-trimethylbehyde (15) according 
to IR and ‘H NMR data [ 143. As the crude extract showed 
an aldehyde signal at 69.55 clearly different from that 
shown by 15 (alO.25), it was concluded that a chemical 
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transformation during the purilication process must have 
happened. Careful examination of some slightly more 
polar fractions of the main chromatography, however, 
allowed us to detect and isolate the original aldehyde 
identified as a mixture of the senecioate, angelate and 
tiglate esters of ferulol (14) in a 9:7:4 ratio as deduced 
from ‘H NMR. The spectral data for 14 agree with those 
reported for other ferulol esters [lS, 161. 

It has been reported that acid treatment, and even 
distillation 1163, can induce the rearrangement of ferulol 
esters into trimethylbenzaldehyde. In our case the con- 
ditions of the first chromatography (dichloromethane, 
silica gel and traces of water or HCl) could be strong 
enough to promote the rearrangement shown in 
Scheme 1. 

Ferulol esters, firstly isolated from Ferula hispanica 
[ 143, have only been found in species of the Umbelliferae 
and specikally in the tribes Saniculae, Scandiceae, 
Smymieae, Ammineae and Peucedaneae-Feruhneae 
[15-261. 

The observed rearrangement of the ferulol esters 
suggested to us that the minor coumarins saxaline and 
pabulenol could be rearranged products and not genuine 
metabolites of C. sicula. A reexamination of a fresh 
benzene extract from a single root allowed to confirm this 
hypothesis. TLC of the extract did not show any yellow 
fluorescent spot with R, value corresponding to 7 or lI, 
but a new spot appeared at higher R,. The substance was 
purikd by chromatography on silica gel and was ident- 
died as oxypeucedanin (9) by *H NMR. The epoxide ring 

JfCHO L JpHO 
14 I5 

I) - *nq, sell, Tgl 

Scheme 1. 

of 9 can be opened in the presence of HCI to give after 
substitution or elimination, 7 and g respectively. The 
chlorocoumarin saxahn, reported as a natural product 
from other sources, could be, in some cases, also an 
artefact. 

Triacylglycerols were also isolated from both benzene 
extracts. After hydrolysis and esterikation with diaxo- 
methane the fatty acid methyl esters were analysed by GC. 
Oleic acid (umbels, 71%; roots, 44%) was the most 
abundant component. 

EXPERIMENTAL 

General. Mpsare uncorr. ‘H NMR were. measured at 60 MHz 
in CDCI, using TMS as int. standard. MS were measured on a 
quadrupole mass spectrometer, 7OeV. direct inlet probe. 
Analytical TEC separations were carried out using Merck silica 
gel-60 plates, 0.25 mm. Fluoresccnct, HISO.-MeOH (1: 3) or 
5% EtOH-phosphomolyWicacid with heating for 5 min at I20 
were used for spot visualization. Fluorescence of coumarins was 
observed under 350 nm UV light. Prep. TLC separations were 
carried out on Merck silica gel 60 PFII, plates, 20 x 2Ocm, 
0.75 mm, UV-visualization and EtOAc as extraction solvent. CC 
was performed on Merck silica gel-60,0.063-0.2 mm. 

Plant material was collected in July near Torrevieja, Alicantc; 
and identled by Dr. A. Escarr6, Department of Biology, 
University of Abcante. 

E~trastion ad isolation. (a) Aerial parts. Airdried and pow- 
dered immature umhcls, collected after flowering (17108) were 
extracted with CIH, (Soxhkt). The extmct was concd in uacuo 
giving 164 g, (9.4%) of dried plant. Crude extract (7.98 g) was 
chromatographed on a dry silica gel column (120 cm, 259 g) using 
C&-EtOAc (9:l) as eluent. Tbe column was cut into 20 
fractions Fractions 67 of this chromatography (1.54 g) 
crystallized from Et,0 to give pure l(420 mg). The mother liquor 
was coned to dryness (1.12g) and subjected to CC on silica gel 
(20 g) using C,H,-EtOAc (7: 3) as eluent to give triacylglycerols 
(0.73 g) which were saponified and esteriBzd with CHIN,. The 
Me esters were analysed by GC (20% DEGSchromosorb W 
AW-DMCS80-100,2mx2moq190”)Themaineomponents 
were identi!kd as the Me esters of oleic (71%). linoleic (23%) 
pahnitic(6.5%)andmyristicacids(O.1%).Fractions8-10(0.45 g) 
afforded after crystallization from EtOAc-MeOH pure 2 
(162 mg). Reerystallizations of fraction 1 I (0.76g) from 
hexane-EtOAc gave pure 3 (70 mg), and fractions 12-14 (2.66 g) 
from CIHs-Et,0 gave pure 4 (I 50 mg) The mother liquor of this 
last fraction was coned IO dryness and recrystallized from 
hexantEtOAc allowing the isolation of pure 5 (70mg). 
Fractions IS18 (1.03 g) consisted mainly of a 1: 1 mixture of 10 
and 11. identitkd in the extract from the roots. Fractions 19200f 
the main chromatography (0.74 g)after washing with 4% NaOH, 
left a residue (0.27 g) which was fractionated by silica gel CC 
(IO g) using mixtures of C,He-EtOAc as eluent. Prep. TLC 
allowed the. isolation of 6 (7 mg) and 13 (6 mg). 

(b) Roots. Air-dried and cut roots (320g) were extracted with 
CdHI at room temp. The extract was coned in uucw giving I5 g 
(4.7% ). The crude extract, crystallized from CdHd. gave 4 g of a 
mixture containing mainly 10 and 11 in a 11:9 ratio as deduced 
from ‘H NMR. The mother liquor coned to dryness (1 I g) was 
chromatographed on a dry silica gel column (96 cm, 120 g) using 
CH2C12 as eluent (300 ml). The column was cut into I7 fractions. 
Fraction 3 (0.269 g) of the main chromatography was washed 
with 5% NaHCO, and the neutral part (0.153 g) subjected to CC 
on silica gel (20 g) using mixtures of hexane_EtOAc as eluent to 
give 15 (78 mg). Fractions 4-5 (1.113 g) crystallized from Et,0 
gave 2 (400 mg). The mother liquor coned to dryness (0.39 g) was 



chromatographed on silica gel (20 g) with hexane-EtOAc mix- 
tures as eluent. Prep. TLC of fractions 4-5 of the chromate 
graphy (O.l24g), eluted with CbHh-Et10 (19:1X gave 14 
(100 mg). Fractions 6-8 (4.02 g) contained two main compounds 
showing a blue tluorrscence, 10 and Il. From these fractions, by 
re+xystaUization (MeOH), pure 16 was obtained. The mother 
liquor of I@ coned to dryness (0.39 g), was ~~o~to~aph~ on 
silica gel (ZOg), using mixtures of hexane-EtOAc as eluent. 
Coumarin 11 was isolated and further puri6ed by crystalJization 
from hesane. Fractions 12-13 (0.91 g) were washed with 5% 
NaOH. Liquid centrifuge chromatography (LCC) of the neutral 
part (0.42 g) on sifica gel H (lOOg, disc: d, Mcm, 5 mm), 
heaane-Et20 (6:4) as eluent (20 ml/mitt) yielded 20 fractions. 
Prep. TLC of fraction 7 (57 mg), C.Hs-Et10 as eluent. 8ave 7 
(5Omg). Prep. TLC of fraction 6 (77 mg) from LCC, 
hexane-Et20 (3: 7) as eluent, gave 8 (70 mg). TJte acidic fraction 
of 12 and 13 was estenified with CHzN1 and analyzed by GC as 
above. The most abundant Me esters were those of okic (44% ), 
palm@ (27% ), palmitoleic (17% ) and Jinokic (9%) acids. 

(-)-SprengeJiunin (11). Blue ffuorescence. Mpllls-113” 
(hcxanef; [afb’ -33”; {@I,,6 -45” (CHCJ,; c Jk ~~~Hnrn 
(1ogs~M5(232),216(226),248(1.62~255(1.58),297(1.76)332 
(212kIRvg cm- ‘: J710,1620,1570,1260, JJ20,970,820,730, 
720, ‘HNMR (60 MHz, CDCII\): 67.62 (lH,d,J = JOHz, H-4), 
7.25 (lH, 6r s, H-5), 6.72 (JH, br s, H-8), 6.53 (IH, dq, J = 7 and 
J.SHz, -HC=C), 6.18 (IH, d, J = lOHz, H-3), 5.05 (1H. I, J 
P~HZ,H-~X~.~~(ZH,~,J=SHZ,~H-~~),I.~~(J~H,~~S,~ 
Me); EIMS m/z (probe) 70 eV (ref. int.): 328 (2), 228 (I), 213 (90), 
187 (S), 185 (S), 119 (28X 83 (JOO), 51 (41). 

Hydrolysis. ( -bl I (60 mg) was refluxed in S% KOH-MeGH 
(5 ml) for 3 hr. Work-up as usual gave (+)-mat-main (12). Mp 
189-19O+‘(MeOH),[a]~ +26.0”(CHCl,;c J.l);IRu~“~cm-‘: 
3600-3400,2990,1730, 1635, 1580, 1490, J400,1270, J130,9J0, 
820; ‘HNMR (60MHIcacl,ka?.56(JH,RJ = 9.5 Hz, H-4), 
7.J6(JH,s,H-5),6.56(JH,s,H-8),6.14(JH,d,J=9.5Hz,H-3~ 
4.71 (IH. t, J = 9 Hz, H-2’), 3.20 (ZH, d, J = 9 Hg 2H-3’), 2.20 
(IH, &r s, OH), 1.35 (3H, s, Me-u), J.22 (3H, s, Me-a’). 

Ferulof esters (14). Oil; lzH nm (Jogs): 223 (1.46k 
IRv$$xn-‘: 2170, 1695, 1645, 1380, 1355, JZSO, J220, 1125, 
1070,940,845,74G, ‘HNMR (6OMHz, CDC.lltE: 69.55 (IH, s, 
CHO),6.95(1H,qq,TigJ),6.68(lH,d.J =4Hz,H-6),6.05(JH, 
qq, Ang), 5.98 (lH, br d, J = 4 Hz, H-S), 5.75 (JH, m, Sen), 5.50 
(lH,br s,H-3),2.2S--1.95 (9H+3-Me), 1.75 (3H,s, Me-4), 1.30(3H, 
s, Me-2), 1.24 (3H, s, Me-2’). 

~,~T~hy~a~~ (1% air; IJV1$$?‘nm (Jog e): 210 
(2.17),237 (1.99),285(sh);IRv~cm-‘: 1680, J590,1570,1240, 
1220,812,77~,‘HNMR(60M~CDC1,):610.25(1H,s,CH0), 
7.55(JH,d,J -8Hz,H-2),7.15(JH,d.J =8&H-3),260(3H, 
s, Me), 2.45 (3H, s, Me), 2.25 (3H, s, Me). 
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