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Abstract-Investigation of Senecio Zinifolius gave, in addition to known compounds, four new furanoeremophilane 
sesquiterpenes whose structures were elucidated by spectroscopic methods. 

INTRODUCTION 

Previously, we reported the presence of several new 
cacalohastin derivatives in the hexane fraction of the 
acetone extract of the aerial parts of Senecio linifolius [l]. 
A further study of the constituents of the same plant has 
resulted in the isolation of four new rearranged furano- 
eremophilanes. 

RESULTS AND DISCUSSION 

The chloroform fraction obtained from the acetone 
extract of S. linifolius afforded maturinone [2], angelic 
acid [3] and the new furanoeremophilanes l-4. 

The ‘H NMR spectrum of 1 showed the typical signals 
of a dehydrocacalohastine [l, 4, 51: three-contiguous 
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aromatic protons as well as coupled signals of one methyl 
and one proton in a furan ring. However, the absence of 
signals that could be assigned to any proton at C-14 and 
the presence of a singlet of an aromatic proton at 67.70 
(lH), let us propose for this compound the structure of 
‘14~nor-dehydrocacalohastine (9-methoxy-3,5-dimethyl- 
naphtho[2,3-hlfurane). The structure proposed for 1 was 
also in agreement with the mass spectral fragmentation 
pattern. 

The mass spectrum of compound 2 showed a [M]’ at 
m/z 272 (C,,H,,O,). The IR spectrum showed absorp- 
tion bands of benzene and furan rings, hydroxyl groups 
and a conjugated carbonyl (1635 cm-‘). The ‘HNMR 
spectrum showed the signal of the hydroxyl group 
bonded intramolecularly with the carbonyl group 
[S 13.07 (lH, s)], signals of a methyl and a proton on a 
furane ring C2.18 (3H, d, J= 1 Hz) and 67.52 (IH, br s)] 
and signals of a methoxyl, an aromatic methyl and an 
aliphatic methyl [S 1.37 (3H, d, J = 7 Hz)] coupled with a 
deshielded proton CS4.15 (lH, q, J= 7 Hz)]. All the above 
spectral data are nearly the same than those described for 
compound 5a, previously isolated from S. inaequidens [6] 
but the mp of 2 (129”) was slightly higher than that 
described for 5a (124”). 

An alternative structure also\ consistent with the ob- 
served spectral data was one in which the aromatic and 
aliphatic six-membered rings were inverted, that is, a 
tetrahydronaphtofuran-9-one instead of a tetrahydrona- 
phthofuran&one skeleton assigned to Sa. To discern 
between these two structures, differential NOE experi- 
ments were performed. The NOED traces showed that 
the irradiation on the furan methyl group produced a 
NOE on the aliphatic methyl doublet and on the proton 
quartet but not on the aromatic methyl. Similarly, ir- 
radiation on the aromatic methyl group caused NOE on 
the same methyl and aliphatic protons as before, but no 
effect was observed on the furane methyl group. We 
concluded that the correct structure is 8-hydroxy-6- 
methoxy-3,4,5-trimethylnaphtho[2,3&] furan-9(4H)-one 
(2). 

Compound 3 showed a [M]’ at m/z 288 (C,,H,,O,). 
The IR spectrum indicated the presence of a conjugated 
carbonyl group (1640 cm-‘). The ‘H NMR spectrum 
was similar to that of the compound 2 (Table 1). However, 
compound 3 showed a deshielded singlet at 1.83 ppm 
(3H) that could be assigned to a methyl group geminal to a 
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Table I. ‘H NMR spectra1 data of compounds 2-4 160 MHz (2. 3 and 3r at 
200 MHz). CDCI,. TMS as internal standard] 

2 3 3a 3b 3c 3d 4 

H-2 7.52 hr s 7.46 hr s 7.37 m 7.38 m 7.54 hr \ 7.38 ,?I 7.48 ,I, 

H-7 6.89 s 6.80 v 6.95 5 6.92 5 6.94 ,$ 7.00 .s 6.17 \ 

Me-3 2.18 tl 2.30 d 2.30 hr v 2.13 tl 2.34 d 7.27 hr 5 7.33 tl 

Me-5 2.41 \ 2.70 \ 2.80 c 2.60 s 2.65 \ 2 76 > 2.70 \ 

OMe 3.90 \ 3.84 \ 3.80 5 3.x3 .s 3.95 ., 3x3 i 3 95 s 

R 13.07 s 13.08 s 2.42 5 2.43 \ 13.07 ., 2.43 \ lil7.X _ 
R’ 1.37 d 1.83 s 1.83 6.13 s .$ 1.88 \ 

6.00 5 \ 
RZ 4.14 2.33 q hr > 2.10 s 

.I (Hz): Compound 2: 4, Me-4=7: 2. Me-3 = 1: compounds 3. 3b. 3c. and 4: 2. 

Me-3= I. 

hydroxy group. This signal was not observed in the 
spectrum of 2 which in contrast showed a doublet at 
6 1.37 (3H). Furthermore. a broad singlet at 62.33 (1 H) in 
the ‘H NMR spectrum of 3 was removed by addition of 
D,O. Treatment of 3 with acetic anhydride-pyridine 
afforded the monoacetate 3a, the diacetate 3b and the 
elimination products 3c and 3d. The spectral data shown 
by the natural product 3 and those of the products of 
acetylation. supported for the natural product either the 
structure of 4-hydroxy-Smethoxy-I-oxo-2,3-dehydro- 
cacalol (Sb) or the isomeric 6-hydroxy-3-methoxy-9-oxo 
derivative. 

Comparison of the above data with those described for 
related substances such as 5c isolated from S. inuryuidens 
[7] or 3e from Cacolia delphiniifolia [X], does not clarify 
the identification because both substances shown com- 
parable spectral data. 

The correct structure was deduced from the differential 
NOE that let us assign the constitution shown in 3 for our 
compound. In fact, when the furan methyl group of 3 was 
irradiated, we could observe a NOE on the furan proton, 
on the free hydroxyl proton and on the quaternary 
methyl group but not on the aromatic methyl group. 
Irradiation on this last methyl does not affect the furan 
methyl group but a NOE was observed on the hydroxyl 
and on the grrninal methyl group. 

The proposed structure was also confirmed in the 
elimination product 3c. Irradiation on the vinyl proton at 
6.26 ppm induced a NOE on the gc~inctl proton and on 
the furan methyl doublet, and irradiation on the vinyl 
proton at 6.14 ppm induced a NOE on the gemirzul 
proton and on the aromatic methyl group. 

Compound 4. red needles with intense red fluorescence 
under UV light, showed in its IR spectrum a band at 
1630 cm ’ of a highly conjugated ketone that suggested a 
quinone structure for this substance. The ‘H NMR spec- 
trum was quite similar to those of compounds 2 and 3 
(Table 1). but the signals assigned for the Me-4 protons 
were absent in compound 4. All the above data and the 
[M] r displayed in the mass spectrum at m/z 272 
(C,5H,205), supports for 4 the structure of X-hydroxy-h- 
methoxy-3,5_dimethylnaphtho [2,3-h] furan-4,9-dione. 

Perhaps, the structures assigned to the compounds 
isolated from S. inuequirhs [6,7] should be changed to 2 
and 3f, respectively. 

Genrrctl. Mp: uncorr. LV spectra bvere recorded in 96% EtOH 
or CHCI,. ‘H NMR spectra i+cre measured a1 60 or 100 MHz 
with TMS as int. std. 3 in ppm MS was carried out at 70 CV 

MufuIo/. eulrutiotr mtl iwlutiwt. Plant material was collected 
from the Harranco de la O\qas (Alicante. Spain) during 
November 1985 and identified at the Department of Hotan! of 
the University of Alicante. Dried and ground aerial parts of S. 

linifbli~ L. (3 18X g) were estractcd in a Soxhlet uith MczCO 
and the crude extract (212 g. h.?“,,, dry wt) aaq fractionated as 

previously dcscribcd [I]. 
The CHCI, fr (49 g. 13.2”/0) was chromatographed on silica gel 

(Merck. 7734) with a hexanc -EtOAc gradient (0+50% EtOAc) 
yielding angelic acid (716 mg) identified as its 4-phenylphenacyl 
ester, maturinonc (45 me). 1 (45 mg). 2 166 mg). 3 (253 mg) and 4 

(22 mg). 
14-nor-Drll!,dr~)c,r~~u/[)/~u~li/f~ (1). Colourless oil. UV ?.t,‘,i:” nm 

(log l:): 264 (4.7). 329 (3.9), 344 (3.8). IR r:y; cm-‘: 1620. 1595, 
1490. 1320, 1205. 1085. 830, 7X5. 740 ‘H NMR (60 MHz. 
CDCI,): rS8.22 (IH. ,,I. H-2). 7.7OilH. \. H-61. 7.43 (1H.m. H-12) 
7.X (?H,,,I. H-l and H-3).4.33 (it-l. \, OMe-Y). 7.73 (3H. \, H-15). 
2.27 (3H. ~1. .I= I.5 Hr. H-I?). EIMS (GC) 7OeV. 1)) r (rcl. int.): 

226LM]‘(65),‘ll [“Ll ~~hlc]’ ((00). lX3[lll C’O]‘ (2). 154 
(5). 153 (I?). 139 (6). 

X-JI~~rlro.\-~~-6-r~rcrlro~~~-3.4.5-rrr~~~~~r/~~~/~~up/~rl~~~ [2.3-h] furtrm 

9(4H)-ow (2). Orange cryst,ll\. mp 129 (hcwnc EtOAc). 
Lrlo + 53 (CHCI,; c 0.2). I:V ii:J:” nm (log x): 232 (4.‘7), 156 (3.9). 
270 (3.9). 27Y (3.9). 370 (4.31. 384 (3.71. IR vi’,‘: cm I: 3480. 1635. 

1575. 1455, 1240. 1700. 985. 860. X00. EIMS (probe) 70 eV. I~I,‘L. 
(rel. int.): 272 [M] _ (6ij. 757 [M - Me]’ (100). 231 [M --OMc] ’ 

12). 229 [257 ~(-(I]’ 1551. 214 [279 -Me] + (3X). 113 [24l 
-CO]‘ (5). 

4,X-/AAylroij -h-JJi(,tltr,ul,-3.4,5-I~iiiicl/7~ /r~~r~hr/w [_7.3-h] /urtu- 

9(4H)-onr (3). Yellow crysrnls. mp 20X (hewne -EtOAc). 
[r],,i- 17 (CH(‘l,. <’ 0.5). (;V;;,::;” nm (logi.). 232 (-1.1). Xl 
(3.8). 284 (3.7), 335 (4.1 I. 395 (3.6). IR 1,:;:; cm ‘: 3480, 1640. 1570. 

1450. 1435, 1350, 11140. 1070. 1000. 960. 830. 800. EIMS (probe) 
70 eV, )?I;- (rcl. 1nl.1: X8 LM] (351. 273 LM Me]- (100). 257 

[M OMc] * (41. 245 L273 ~- CO ] - (IO). 243 [773 (‘HO] ’ (3). 
22’) L257 ---CO] ’ 13). 

Aw~yhior~ of 3. A pvridine (3 ml) boln of 3 (710 mg) was 
added to Ac,O (3 ml) and left IO \~antl for 3 tlnqs (115 1. Work-up 

as usual gave, after crystallization from Me2C0, compound 3b 
(X3 mg). The residue I\ as chromatr,graphed on AgNO, Glica gel 
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(1:9) with a hexane-EtOAc gradient (0+30% EtOAc) to afford 
3a (8 mg), 3c (20 mg). and 3d (27 mg). 

Monoacetate (3a). Yellow crystals, mp 222” (EtOAc). [a&,: 
+ 12” (CHCl,; ~0.6). UV A::” nm (log E): 224 (4.7),259 (4.2), 318 
(4.4). IR v$[ cm-‘: 3420, 3100, 1750, 1640, 1585, 1355, 1190, 
1070, 1005,960,905,805, EIMS (probe) 70 eV, m/z (rel. int.): 287 
[M-COMe]+ (4), 272 [287-Me]+ (69), 270 [287-OH]’ (15), 
257 [272-Me]+ (lOO), 255 [270-Me]+ (5), 229 [257-CO]+ 
(16), 228 [257-CHO]+ (5). 

Diacetate (3b). Yellow crystals, mp 198” (Me,CO). [rlo: + 11” 
(CHCl,; ~0.5). UV i::” nm (log E): 225 (3.8), 316 (3.7) IR vkf; 
cm-‘: 3100,1750,1730,1655,1590, 1355,1230, 1195, 1055,970, 
915, 865, 815. EIMS (probe) m/z 70 eV, (rel. int.): 312 [M 
-AcOH]+ (9), 270 [312-MeCHO]+ (100). 255 [270-Me]+ 
(34), 241 [270-CHO]+ (43), 227 [255-CO]+ (16), 198 [227 
-CHO] + (6). 

Dehydroalcohol (k). Red crystals, mp 190” (EtOAc). UV 1::” 
nm (log E): 221 (4.1), 303 (3.9), 312 (3.9), 374 (3.6), 448 (3.3). IR vk!; 
cm-‘: 3400,3110,1620,1590,1450,1435,1300,1230,1110,1085, 
965,845,800. EIMS (probe) m/z 70 eV, (rel. int.): 270 [M] + (lOO), 
255 [M-Me]‘(32),242[M-CO]+ (8),241 [M-CHO]+ (47), 
227 [255-CO]’ (24), 198 [227-CHO]+ (8). 

Dehydroacetate (3d). Orange crystals, mp 200” (hexane- 
EtOAc). UV i::” nm (log E): 232 (4.1), 269 (4.1), 294 (4.0), 359 
(4.0). IR v:f: cm-l: 3120, 1745, 1635, 1585, 1470, 1355, 1205, 
1180, 1100,960,915,860,795. EIMS (probe) m/z 70 eV, (rel. int.): 
312 [M]’ (4), 269 [M-COMe]+ (lOO), 254 [269-Me]+ (42), 
241 [269-CO]+ (18),226[254-CO]+ (21),225 [254-CHO]+ 
(9), 211 [226-Me]+ (10). 

8-Hydroxy-6-methoxy-3$dimethylnaphtho [2,3-b] ,firan-4.9- 
dione (4). Red needles,mp 260” (Me,CO). UV j.zy:‘3 nm (logs): 

245 (4.2), 252 (4.2), 267 (4.1), 312 (3.8), 323 (3.8). IR vzf: cm-‘: 
3400,3110, 1630, 1580,1455, 1405, 1310, 1245, 1220, 1105,1070, 
990,785. EIMS (probe) m/z 70 eV, (rel. int.): 272 [M] + (lOO), 257 
[M-Me]+ (21), 244 [M-CO]’ (9), 243 [M -CHO)+ (48), 242 
[271-CHO]+ (S), 241 [M-OMe]+ (5), 229 [257-CO]’ (13), 
215 [244-CHO]+ (3), 201 [229-CO]+ (13). 
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