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Abstrsct -Five new carotane scsquiterpcncs have been isolated from Feruh Ii&. These were the Eangclate of felikiol, 
a&ate- and epoxyangelate of wcbiol, lisovaleratc of ferutriol and veratrate of lancerotol. and the already known 
phydroxybcnzoate- and pmcthoxybcruoate of lanccrotol. The structures of the 3-angclate of felikiol and 
epoxyangelatc of wcbiol were determined by X-ray analysis. 

WTRODUCnON 

The genus Fe&x is chemically characterized by its 
content in coumarins and scsquitcrpcncs [I]. From 
Ferulu linkii Webb, a spccics endemic to the Canary 
Islands, we isolated two dicnic tritcrpa~~ of the okananc 
type [2] and several carotanc scsquitcrpcncs [3.43. In this 
paper WC now describe the isolation and structural 
determination of further new carotane scsquitcrpcncs 
obtain4 from this plant. 

RESULTS AND DlSCUSSION 

The least polar new compound isolated was the 3- 
angclatc of fclikiol to which the structure 1 was assigned 

on the basis of the following considerations. High rcs- 
olution mass spcctrornctry of compound 1 was in accor- 
dance with the formula Cs,,H,cO.. Its IR spectrum 
showed bands of hydroxyl, carbonyl and ester groups. In 
the ‘H NMR spectrum could bc obsctvcd the signals of 
an angclatc, an isopropyl group, an anguhu methyl and a 
methyl group attached to a carbon with an oxygen 
function. The molecular ion at m/s 386 and fragments 
formed by losses of water and angelic acid wcrc present in 
its mass spectrum 

Hydrolysis of 1 gave the alcohol 2, C,sHs,,O,. Of the 
three oxygcns of this molccuk, one must bc a carbonyl 
group(l7CKlcm-‘)andthcothcrsmustformpartoftwo 
tertiary hydroxyl groups (3590 cm- I), because no gcminal 
protons to an oxygen function arc observed in its 
‘HNMR spectrum. The methyl group at C-3 must be 
gcminal to the ester group in 1. because with respect to 2 a 
difkrenct in the chemical shift of this methyl can bc 
observed (6 I.25 and 1.55 for 1 and 2 rcspcctivcly). The 
position of the other hydroxyl group at C-6, and not at C- 
10. was deduced from the “CNMR spectrum of 1 
(Table I). 

Reduction of compound 2 with sodium borohydridc 
afforded the IWO cpimcric alcohols 3 and 4. One of these 
(4) formed an aatonide 5. but the other (3) did not. The 
formation of this acctonide 5 indicated that the new 
akohd. formal by reduction of the ketone, was at C-2 C4 
or C-S. As thiscompound 1 must bc biogcnctically derived 
from carotol (6) [S. 61. WC think that the carbonyl group 

was at C-2 The two trials formal in the reduction of 2 are 
different from linkitriol (7) [3] and 8; the latter was 
obtained by pcrmanganatc oxidation of car0101 (6) [6]. 
The structures of the two triols wcrc given as 3 and 4. Of 
these two compounds the /I-configuration at the hydroxyl 
group at C-2 was assigned to 4. which forms the acttonidc 
5, because in this case the two hydroxyl groups at C-2 and 
C-3 arc on the same face of the molccuk. 

To confirm the structure of the Eangclate of felikiol we 
submitted a crystal to an X-ray analysis. In this way the 
structure 1 (Fig I) was obtained. 

WC also isolated two new compounds (9 and IO) with 
the same skeleton. the only diffcrcncc bctwan them being 
in the nature of the acid that was cstcritlcd to a tertiary 
hydroxyl group present in the molecule. These acids wcrc 
identified by their ‘HNMR spactra as angelic and 
cxpoxyangclic acids. Hydrolysis of the two esters of 9 and 
10 gave the same alcohol 11, with a molecular formula of 
C,,HssO, and to which WC have named wcbiol Its IR 
spectrum showed absorptions of hydroxyl and carbonyl 
groups and its UV spectrum showed a band of an a& 
unsaturated ketone (239 nm). The ‘HNMR spectrum 
showed signals of four methyls and two mcthyknc 
groups. the latter allylic to two different carbonyl groups. 
These two mcthylcnc groups arc also allylic to tctrasub- 
stitutcd carbons and their resonances arc two pairs of 
doubkts, the first central at 62.53 and 2.83 and the second 
at 2.21 and 2.34. No vinylic protons are observed in this 
spectrum, therefore the double bond of the a$- 
unsaturated ketone must bc tctrasubstitutcd. In a 
carotane skeleton the only possible place for this double 
bond must k between C-6 and C-IO. The carbonyl group 
must bc at C-9 and not at C-S, because its IR absorption at 
1690 cm- ’ is loo high for a conjugated ketone in a seven 
membered ring. WC locatal the second carbonyl group at 
C-2 on the basis of biogenetic considerations. The tertiary 
alcohol group was assigned at C-3, but its stcrcochcmistry 
was undctcnnincd. In order to know this stcrcochcmistry 
and IO confinn the C-2 carbonyl group position the 
cpoxiangclatc of webiol was submittal to an X-ray 
analysis. In this way the structure 10 (Fig. 2) was dc- 
tcrmincd for this product. Thus the new compounds 
isolated from the plant were the angclatc of wcbiol(9) and 
the cpoxiangclatc of wcbiol (10). 
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Table I. “CNMR &IS (50.32 MHz) 

C 1 3 4 7 8 10 II 13 14 

1 47.9 39.5. 42.2. 38.3 43.w 43.5 51.2. 134.2 41.1. 
2 MS.8 76.2 74.3 75. I 73.2 207.0 212.9 140.9 61.3 
3 85.1 74.6 76. I 75.3 72.9 87.4 79.0 71.3 56.8 
4 37.4 40.4. 44.8* 41.3 45.9. 40.3 37.5 50.8 47.3 
5 328. 37.0 35.6. 35.3 3271 21.3 22.3 67.6 67.4 
6 83.5 82.6 82.6 83.4 83.4 174.0 176.0 55.8 63.4 
I 47.2 478 46.6 47.3 46.5 41.4 423 44.7 43.4 
n 324 33.0 34.4 33.9 33.31 49.1 48.7. 32.0 32.2 
9 25.2 26.7 25.8 26.3 25.6 204.5 206.3 41.4 41.3. 
10 53.8 57.8 58.9 56.3 58.2 174.0 176.6 86.3 86.5 
II 27.4 29.4 28.2 28.6 27.6 25.5 24.9 38.0 37.9 
12 21.41 2i.61 21.6t 21.5. 21.6.j 20.39 M6t 17.3. 17.1+ 
I3 22.9 23.49 23.1 t 23.3. 23.5: 20.79 20.7t 18.5. 18.31 
14 23.4s 25.7$ 23.q 23.9 24.2 21.6 25.9$ 21.8 19.2 
I5 24.3: 26.2$ 19.4: 25.9 29.1 30.1 27.Q 32.0 24.5 

l +$Tk assignments for these signals may be reversed. 

t R = Aq 3 R-o.Ott 7 R =B-OH 
2 R=tt 4 R = B. Ott 8 R = a. 011 

gy p of3K 
5 6 9 K = Aq 

10 K = l~pvx Anp 

11 K = ti 

12 R q VJI 

13 K = ti 

14 15 R = ti 

16 R = -CO-_(:,ti,Oti 

17 R q -CO--(‘.H,OMt 

18 K = --CO--(‘,ti,(OMct, 
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(e.&lH,d.l= 12Hz.H-lkEtMSm/r(nl.int.2;2Y[M]‘(%). 
236 (1). 226 (3), 211 (q 193 (4th 183 (15), 175 (12). 

Reduction of capowd 2. Compound 2 (74 mg) in MeGH 
(5 ml)wastratalwithsodiumborohydride(l5 mg)at tYfor4 hr. 
Urual work up afforded a mixture of two products, which were 
separated by chromatognphy. Elution with petrol--EtOAc 
(80~~)~~3(30mglfN]‘atm/x2~XMl.C,,Hx~O, requires 
256.2039. ‘H NMR (90 MHz): 60.88 and 0.98 (each 3H. d. J 
-6HL,H-12andH-l3L l.OSand 122(each3H,s,H-l4andH- 
l5),3.62(lH,d.J -9KzkEfMSm/t(rdint~2%[M]’ (2k238 
(4),223(3).209{4),205(2), 195(10), 18S(lOL 16?(11).Further 
&ion afforded 4 (4Om8L mp 32-w. [M]’ at m/r 256.2061. 
C,,Hx.O, requires256.2039. ‘HNMR (9OMHz):0.%(6H.r.I 
=6~H-l2andH-l3Ll.lOandl.22(ach3H,s,H-I4andH- 
t5), 3.72 (I H. dd, i - 9 and 4 Hzk EIMS m/z (rel int.f 2% [M] l 

(2).238(3),223(7),213(2).209(1).205(3),194(15),185(35).l72 
(57). 167 (261 159 (2) 

~caottidt of ampound 4. Compound 4 (40 ato), dry Me&O 
(3 ml) and C&G. (I 59 mg) were stirred at room temp. for 24 hr. 
The mixture was chromatographed, duting with petrol-EtOAc 
(103,) to afford the aoetonidc S (3OomSr, mp 92-94” 
(petrol.CHCl~k ‘H NMR (60 MHrf 60.96 (6H, f, J * 6 Kz, H- 
12andH.13). 1.03,1.l8,1.3?and 1.43(each3H,~~3.%(IH.dd.l 
= lOand 4 Ht. H-2k EIMS m/z (rd. int.): 296 [M] l (4), UII (8). 
263 (3). 238 (41 221 (M), 203 (2lL 195 (8) 

H$rdys* of c-3 9 dnd 10. Compound 9 (90 ms) in 
C&H,, (0.5 tnl)saponifieduabovefor l.Tberaction tiwin this 
ease wps I hr. Usual work up gave 11 (70 mgf mp 6c66” (from 
petrol Me&O), [Ml’ at m/t 250.1562 C,,HI~OJ r~Iui= 
250.lM8;lRv_ cm-‘:US0,3000,29~.0,29M2860,159~.1690, 
1620.1450.99@ UVI, nm: 239. ‘HNMR @Xl MHz): rll.10, 
1.13, 1.16 and 1.26 (each 3H, sL 2.21 and 2.34 (each IH. d, 1 
= 11 Hr_H-9k256and283(e.a& lH,d,l= II Hz.H-IkEEMS 
m/:(reLintf.25O[M]‘ (21).232(8).206(100),193(111189(14). 
When 10 was treated in the same way as 9, the same alcohol 11 
was obtamal. 

Hydrolysis of compowd 12. Compound 12 @Oak& in C& 
(0. IS ml) was saponified as above for 1. Tbc reaction time in this 
arrew~3&~.USualworkupPffontcld13(~~)rsagum,[M 
-C,H,]’ at m/z 211.1323. C,2H,POJ requires 2lI.l3W; 
IRv,Cm -3: 35% 34% 3009 2960, 2920, zsti l46a, 1374 
t~lt6a,lOM,9?0,920,8?0;‘HNMR(60MHr):~8SmdO.9S 
(each3H.d.I -4Hr.H-l2andH-13),1.24and1.45(ench3H,s, 
H-l4andH-15),5.4land5.?2(~hIH.d,J- 12Ht.H-IandH- 
2k EIMS m/z (rd. int.) 236 [M -HtO]’ (2), 211 (46X I93 WA 
I75 (66). 

X-Roy d&a f0r compou& t end 10. Table 2 gives the aylUl 
data for both compounds. The data were measured on a four- 

circle diffractometer with monochromatod CuKa radiation 
(2 = 1.5418 A). the w/26 scan technique and a speed of l/t&n 
were used No crystal decomposition was obsmcd during the 
data collection proccu& No absorption corraztions were l p 
plied. Sattering f&ton for neutral atoms and anomalou3 
dispersion corrections for oxygen and carbon atoms were taken 
from the literature (9). 

The two crystal structures were solved using the program 
MULTAN [IO]. Most of the remaining cakubtions were 
performed with the X-Ray 70 System [I I]. The structures were 
hrst r&nod anisotropiolly with units weights. Not all the H- 
atoms were Loated at difference mapr some ofthem, the methyl 
8roups C- I2 and C- I3 in both compounds, were Bxed at &alixed 
positions (C-H = I.00 A, H-C-H - 104”) and were indudal in 
the r&ement as fixed isotropic contributors. Roth compounds 
present large temp. factors for thecarbon atoms C-I28nd C-t 3, 
and these are spczially large for compound 81 During the last 
cyclesof refinement the positional end thermal ftiors for C-l I, 
C-l 2 and C-13 of compound 10 were kept fixed. A convenient 
weighting scheme was chosen to obtain Bat dqmdenoe of 
<wA*F) vs (Fo) and vs (sinB/i) [l2]. Several cycles of 
weighted anisotropic refinement gave the following we@tal and 
unweigbted d&epancy indias: R - 0.05 and R, = 0.046 for 
compound 1. and R - 0.061 and R, - 0.076 for compound 10. 
The absolute configuration [l-1] of both compounds was de- 
termined by comparing the 73 (AFc 0.06 for compound 1)and 60 
(AFe 0.07 for compound 10) more relevant Bijvoet pairs giving 
the following average Bijvoet differtnca: Q223 for the right 
enantiomer MO.268 for the wrong on: far compound 1;0.569 for 
the right enantiomer vs 0.593 for the wrong one for compound 
10. 

The Crcmcr’s parmeters [ IJ] for the five membered ring are: 
Q=O.l?Aand# - -22”forcompound 1,andQ = 0.42Aand 
d = -98” for compound IO. The dominant symmetry of the 
rings JyJtem [IS] is a mirror symmetry. 

Final atom coordinatea, list of taapetature facton. hydrogen 
atom positions. and final structure factors have been deposited 81 
the Cambridge Crystallographic Data Centn. 
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