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Abstract—The roots of Senecio auricula var. major yielded, in addition to known compounds, four new
eremophilane derivatives: the furanoeremophilanes 68-(2-methylbutyryloxy)-10aH-furanoeremophilan-1-one,
6p-isobutyryloxysenberginone, 6-(2-methylbutyryloxy)-senberginone and the bakkenolide 11f,12-epoxy-64-
(2-methylbutyryloxy)-A'®9-7-epidihydrobakkenolide A (senauricolide). Alkaline hydrolysis of senberginone
esters gave, apart from the expected alcohols, the isomeric new 1f-hydroxy-10fH-furanoremophilan-6-one.
The aerial parts contained a-tocopherol, fatty esters of f-amyrin, fatty esters of 20(29)-lupene-38,16f-diol and
sitosterol. © 1997 Elsevier Science Ltd

INTRODUCTION and 4. Saponification of the mixture of esters 1(a+b)
with methanolic potassium hydroxide gave the known
alcohol 1c¢ [14] and 1d. The structure of 1d was
deduced from the 'H and '*C NMR spectral data
(Tables 1 and 2) quite similar to those of 1a—1¢ {7, 8
and 14]. A singlet at § 3.19 (3H) in the 'H NMR
spectrum and the absence of signals assigned to an
ester group, clearly indicate the presence of one meth-
oxyl group at C-6 in 1d. The x-orientation of the
methoxyl group can explain the observed shielding of
H-14 in 'H NMR as well as the deshielding of C-15
in *C NMR (y-gauche effect). This compound should
arise from nucleophilic displacement of the ester
group by the solvent. Similarly the furan-
oeremophilane 2¢, described as a natural produce else-

In continuation of our studies on members of the
large genus Senecio [1-3], we have investigated the
constituents of Senecio auricula Bourg. var. major
WK., an endemic plant of Alicante, Spain [4].

Senecio species, some of which have been used in
folk medicine, usually contain metabolites different
from those present in other species of Compositae:
the main components of Senecio sp. are usually pyr-
rolizidine alkaloids and sesquiterpenoids with the
furanoeremophilane skeleton [5].

The only article we have found on the metabolites
of Senecio auricula reports the isolation of two alka-
loids [6]. This paper describes our isolation and struc-
tural identification of the known furan- } .
oeremophilanes 1a 7], 1h [8], 2a [9, 10, 2b [11], 2¢ [10, whefe {10, .12], could be an artefact produced during
12] and 3a [13], as well as three new natural furan- the extraction process. .

. . Compounds 3a-3d could not be isolated as pure
oeremophilanes, 3b, 3¢ and 3d, and a new bakkenolide . .
A derivative, 4, for which the name senauricolide is compounds. A sample enriched in 3? was analysed by
proposed ’ GC/MS and showed an [M]* ion at m/z 332
) (C,0H240,), a base peak ion at m/z 125 and identical
fragments to those of 3a [14]. The identification of the
RESULTS AND DISCUSSION ester group in 3b as 2-methylbutyrate was deduced
from the '*C NMR data (Table 2) and confirmed by
the presence of a fragment ion at m/z 85 in the mass
spectrum.

Compound 3d, showed a parent ion at m/z 332
(CxH2s0,) and 'H NMR and *C NMR signals quite
similar to those of the 6f-acetoxysenberginone [7].
* Authors to whom correspondence should be addressed. ~ The only significant difference observed were the sig-

The hexane-diethyl ether extract of the air dried
roots of the plant afforded after silica gel chro-
matography compounds 1(a+b), 2(a+b), 2¢, 3(a—d)
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nals of the ester group, which was identified as 2-
methylbutyrate (Table 2).

The minor component 3¢ was detected by GC-mass
spectrometry. This substance showed an [M]* ion at
m/z 318 (C,sHy60,), a base peak ion at m/z 146 and
identical mass spectral fragments to those given by 3d.

These spectral data for 3¢ suggest the structure of 6§-
isobutyryloxysenberginone.

Alkaline hydrolysis of the ester mixture 3a-3d gave
the new alcohols 3e, 3f and 3g. Compound 3e showed
amolecular ion [M]™ at m/z 248 in agreement with the
molecular formula C,sH,,0;. The 'H NMR spectrum
was quite similar to those of compounds 3a and 3b
(Table 1), but the H-6 signal was shielded in this case
at 6 4.75 (br s), characteristic of an allylic proton
geminal to a hydroxyl group. These data allowed
us to identify 3e as 6f-hydroxy-10«H-furan-
oeremophilan-1-one.

The mass spectrum of compound 3f showed a
molecular ion [M]* at m/z 248 (C,sH,,O;) and its 'H
NMR and °C NMR spectra (Tables 1 and 2) were
quite similar to those of 3d, except for the H-6 'H
NMR signal which absorbed in this case at § 4.55 (br
5). These data support the structure of 6f-hydroxy-
108 H-furanoeremophilan-1-one for 3f.

Compound 3g ([M]* at m/z 248, C,sH,,0,), dis-
played in the '"H NMR spectrum typical signals of a
furanoeremophilane: one methyl group and one pro-
ton on a furan ring [6 2.19 (3H, br s) and 6 7.08 (1H,
br 5)], one quaternary methyl group [§ 1.13 (s)] and a
secondary methyl group [6 1.00 (3H, 4, J = 7.4 Hz)]
coupled with one proton [é 2.58 (m)] (see Table 1).
The IR spectrum indicated the presence of a hydroxyl
(3300 cm™') and conjugated carbonyl groups (1655
cm ™). Its UV spectrum showed absorptions at AESH
270 and 224.5 nm characteristic of a 6-oxof-
uranoeremophilane [15]. These data allowed us to pro-
pose for 3g the structure of 18-hydroxy-108H-furan-
oeremophilan-6-one. This structure is also in agree-
ment with the *C NMR data (Table 2) and with the
mass spectral fragmentation pattern.

The formation of enone 3g during the hydrolysis
can be explained by a transannular hydride shift from
C-6 to C-1 in compounds 3c and 3d.These substances

Table 1. '"H NMR spectral data for compounds 1d, 3a-3g and 4 (300 MHz, CDCl,, coupling constants (Hz) were given in

parenthesis)
H 1d 3a-3b 3c-3d 3e 3f 3g 4*
1 5.68 brd 3.41 ddd S5.51brs
(5.1,9.7, 10.5)
2 240 m 1.69 m a2 l8m
2.50 m B2.05brd(16)
3 1.48 m 1.50 m
4 2.58 m 1.72m
6 4.10s 6.16 br s 6.02 brs 4.72brs 4.55brs 534 s
9 2.64dd(6.1,169) « 3.35d(18.3) o 2.38 br d (15)
291dd(6.1,169) B 290dd(5.2,18.3) p2.89dqg(15,3)
10 2.821(6.1) 2.10dd (5.2, 10.5)
12 7.07 brs 7.03 brs 7.07 brs 7.05brs 7.08 br s 7.08 brs 531s
13 2035 1.80 brs 1.80 br s 2.06 br s 2.03d4(0.7) 219 brs 1.64s
14 0.76 s 0.86 s 0.97 5 0.73 s 1.03 s 1.13 s 1.07 s
15 0.994d(6.7) 098d(7.5) 0.98d(7.5) 125d(6.8) 1.05d(7.6) 1.00 4 (7.4) 0.86 d (6.5)
OMe 3.19s

*OMeBu: 2.42 m; 1.81 ddg; 1.22 d,0.96 .
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Table 2. *C NMR spectral data for compounds 1a—1d, 2b/2c, 3a/3b, 3d-3g and 4 (75 MHz, CDCl,)
C 1a 1b ic 1d 2b 2¢ 3a 3b 3d 3e 3f 3g 4
1 1243 1241 1238 1259 322 29.9 2090 2090 2090 208.0 2084 69.3 1219
2 213 21.1 22.1 25.9*  20.7 20.6 39.8 41.0 36.0 412 36.2 29.6 26.1*
3 31.3* 313 3122 2777 250 25.1 314 314 29.8 313 30.0 27.7 27.0*
4 319 31.6 33.2 317 42.5 50.0 41.2 420 30.3 428 30.2 30.4 41.2
5 42.5 42.6 43.1 431 50.0 47.2 45.2 45.3 4.1 45.7 45.1 50.2 46.7
6 72.1 71.8 73.3 75.6 75.3 75.2 74.7 74.5 67.9 75.0 673 1992 82.8
7 119.7 1197 1204 1206 1343 1356 1158 1160 1160 1185 1189 118.0 61.5
8 151.3 1514 1504 1521 1450 1475 150.7 150.8 149.8 1497 1489 1638 1743
9 26.3* 26.1*  269*° 295 186.7 1884 20.3 20.3 223 20.2 21.8 21.5 379
10 1353 1353  136.7 1363 55.1 57.3 55.3 554 S1.1 554 50.3 456 139.8
11 1174 1174 1197 1179 1209 1215 1192 1193 1194 1199 119.6 119.6 55.7
12 1382 1382 1383 1376 1450 1440 1384 1386 1384 1386 1387 1395 81.2
13 8.7 8.8 9.2 8.4 7.7 8.5 8.4 8.5 8.2 7.1 8.4 9.1 11.6
14 16.6° 17.2° 15.0° 15.7* 18.1 14.8 15.7 15.8 17.8* 17.3 16.5 13.7 14.5
15 15.1*  149° 158> 18.1° 8.9 13.1 9.2 94 14.8 9.1 14.6 23.1 16.4
OMe 55.0 34.8
OR 177.0  176.6 175.9 176.2 176.0 176.6 178.3
344 41.6 41.3 34.7 41.3 41.2 38.4
19.4 26.2 25.8 18.7 25.8 26.4 25.3
18.7 16.8 15.9 18.5 16.6 17.0¢ 16.4
11.9 12.0 11.7 11.7 14.0

2 Signals may be interchanged within the same column.

Scheme |

with a cis-A/B ring junction can adopt a ‘steroid-like’
conformation in which H-6« and the = orbitals of the
carbonyl group at C-1 are close spatially. Thus, once
the base attacks the carbonyl ester group, the leaving
alcoholate can rearrange to 3g as shown in Scheme
1. Transannular hydride shifts have been reported
previously, mainly in medium ring systems [16].
Compound 4 was suspected to be a furan-
oeremophilane derivative, as deduced from initial
examination of the spectral data. However, the IR
spectrum suggested that a y-lactone ring (1790 cm™')
is present instead of the furan ring. The IR also reveals
the absence of free hydroxyl groups and also shows
absorption bands of an ester group (1735 cm™'), a
carbon—carbon double bond (1660 ¢cm™') and an
epoxide (880 cm™'). The molecular ion of 4, [M]* at
m/jz 348, and the PC NMR data gave the molecular
formula C,H,;0Os whose unsaturation number
(un = 7) fits in with the presence of a bicyclic system,
apart from the lactone and epoxide rings, the ester
group and the C=—C double bond detected by IR.
The '"H NMR spectrum of 4 (Table 1) displayed
three methyl group signals (6 0.86, d, J = 6.5 Hz; 1.05,
s and 1.64, s), one of them deshielded by a geminal
oxygenated function, as well as the characteristic sig-

nals for a methylbutyrate ester geminal to a singlet
proton (8 5.34, 5). The *C NMR spectrum (Table 2)
confirmed the presence of the methylbutyric ester, and
also showed signals of three methyl groups, three
methylene groups, three methynes (two geminal to
oxygen), three saturated quaternary carbon atoms
(two deshielded by oxygen function) and three C;,,
corresponding to one trisubstituted carbon-carbon
double bond and to the lactone carbonyl group. These
data, as well as the isolation of the previous
compounds, initially suggested the structure of an ere-
mophilanolide.

The arrangement of the functional groups and the
full structure could be deduced from the 2D COSY
and ROESY spectra. Apart from the geminal coup-
lings of the methylene groups, the following dy,4 cor-
relations were observed (Scheme 2): H-1 (5.68) with
H-2a (2.18), H-2b (2.05), H-9a (2.38) and H-9b (2.89);
H-2a and H-2b with H-3 (1.50); H-3 with H-4 (1.72)
and H-4 with Me-15 (0.86). These correlations and
the observed NOE effects of H-6 with H-4 and Me-15
determine the partial structure shown for the rings A
and B.

The remaining tertiary C-H signals (6¢ 81.2; dy 5.31,
s5) could be assigned to C-8 in an eremophilanolide
skeleton. However, the multiplicity of this proton (a
singlet not coupled with the two contiguous H-9 pro-
tons) and the observed NOE correlation of this proton
with those of Me-13 led to the conclusion that lactone
4 was a bakkenolide.

The configuration of the lactone moiety was
deduced from the ROESY spectrum. A configuration
with the lactone carbonyl group f-oriented should
bring Me-13 close either to H-92 or to H-6 but no
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Scheme 2

additional NOE was observed between these proton
atoms and Me-13. The opposite configuration, with
the lactone carbonyl group x-oriented, brings Me-13
close either to H-98 or to the methylbutyryl ester. As
the only weak correlation peaks observed for Me-13
in the ROESY spectrum were with H-98 and H-12,
we assigned the f-configuration for the epoxide ring
as shown in structure 4. The only three 11,12-epoxy-
bakkenolides previously reported are spiro-
senbergiolide and its 7-epimer from Senecio bergii [7]
and palmosalide C from Coelogorgia palmosa [17, 18].
Because of the plant origin of the new bakkenolide,
we propose for lactone 4 the name senauricolide.

a-Tocopherol [19, 20] and sitosterol [21] were iso-
lated from the aerial parts of S. auricula. Also, two
chromatographic fractions each of which seemed to
be homogeneous on TLC, were in fact fatty esters
mixtures which gave on saponification the triterpene
alcohols -amyrin (5) [22] and 20(29)-lupene-38,164-
diol (6) [23, 24], both of which were identified by
comparison with authentic samples.

The fatty acids attached to the C-3 hydroxyl group
of 5 were identified by GC of the methyl esters as
myristic, palmitic, stearic and linoleic (main com-
ponent) acids and those esterifying 6 were identified
as lauric, myristic, palmitic (main component) and
stearic acids.

EXPERIMENTAL

General. Mp: uncorr. UV spectra were recorded in
96% EtOH. 'H and "“C NMR: 300 and 75 MHz,

respectively, with TMS as int. standard, § in ppm.
EIMS was carried out at 70 eV.

Material, extraction and isolation. Plant material
was collected from La Mata (Alicante, Spain) during
March 1991. A voucher specimen is deposited at the
Herbarium of Department of Botany of the University
of Salamanca (SALA 49010). The air-dried plant
material was extracted with Me,CO, the crude extract
was suspended in H,O-MeOH and then extracted
with hexane-Et,O (2:1). The resulting extract was
defatted (MeOH, —30°) and chromatographed on sil-
ica gel (Merck, 7734) with a hexane-Et,0 gradient (0—
100% Et,0). Known compounds were identified by
comparing the 'H NMR spectra with those of auth-
entic material.

The roots (266 g) afforded la/b (3.2 g), 2a/b (25
mg), 2¢ (10 mg), 3a-3d (265 mg), 4 (30 mg), while
the aerial parts (1725 g) gave a-tocopherol (15 mg),
sitosterol (25 mg), fatty esters of § (B-amyrin, 450 mg)
and fatty esters of 6 (20(29)-lupene-38,168-diol, 425
mg).

Saponification of the triterpene ester mixts with 5%
KOH-MeOH gave the alcohols 5 (60 mg) and 6 (40
mg), respectively. The fatty acids linked to 5 were
esterified with CH,N,~Et,0 and the main components
were identified by GC-MS as methyl myristate (20%),
methyl palmitate (24%), methyl linoleate (40%) and
methyl stearate (10%). The fatty acids bonded to 6
were likewise identified (GC-MS of methyl esters), as
lauric (7%), myristic (40%), palmitic (45%) and ste-
aric acids (8%).

60- Methoxyeuryopsin (1d). Saponification of 1a+b
[d]p = +10.2° (¢, 1, CHCL) with KOH-MeOH gave
a colourless oil. IR vi'™ cm~': 1610, 1440, 1350, 1190,
1080, 960, 945, 875, 740; 'H NMR: see Table 1; *C
NMR: see Table 2; EIMS (GC) 70 eV, m/z (rel. int.):
246 [M]™ (14), 214 (68), 199 (88), 172 (24), 159 (20),
145 (100), 128 (20), 125 (47), 123 (21), 115 (19), 90
(23), 77 (138).

6B-(2-Methylbutyryloxy)-furanoeremophilan-1-one
(3b). Colourless oil. IR viim cm™": 1710, 1630, 1450,
1370, 1180, 1140, 1090, 1010, 950, 740; 'H NMR: see
Table 1; °C NMR: see Table 2; EIMS (GC) 70 eV,
m/z (rel. int.): 332 [M]* (9), 248 (15), 230 (22), 215
(54), 208 (25), 188 (20), 173 (10), 145 (10), 125 (100),
124 (55), 123 (13), 91 (12), 85 (74), 57 (63), 55 (13), 41
(22).

6p-1sobutyryloxysenberginone (3c). Colourless oil.
IR vk em™': 1710, 1630, 1450, 1370, 1180, 1140,
1090, 1010, 950, 740; '"H NMR: see Table 1; EIMS
(GC) 70 eV, m/z (rel. int.): 318 [M]* (3), 248 (3), 233
(2), 230 (30), 215 (10), 188 (11), 146 (100), 125 (49),
91 (11), 85 (6), 71 (28), 43 (29), 41 (12).

6-(2-Methylbutyryloxy)-senberginone (3d).
Colourless oil. IR v cm~": 1710, 1630, 1450, 1370,
1180, 1140, 1090, 1010, 950, 740; '"H NMR: see Table
1; *C NMR: see Table 2; EIMS (GC) 70 eV, m/z (rel.
int.): 332 [M]" (3), 248 (6), 233 (2), 230 (40), 215 (13),
188 (14), 146 (100), 125 (46), 91 (10), 85 (31), 57 (40),
55 (10), 41 (15).
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Alkaline hydrolysis of 3a-3d. A methanolic soln of
compounds 3a-3d (200 mg) were hydrolysed with 5%
methanolic KOH for 6 hr at 80°, to give, after chro-
matography on silicagel (hexane-Et,O 4:1-7: 3), the
pure alcohols 3e (25 mg), 3f (15 mg) and 3g (20 mg).

6B-Hydroxy-10aH-furanoeremophilan-1-one  (3e).
Colourless crystals. UVESH nm: 281.5 sh, 227.9; 'H
NMR: see Table 1; *C NMR: see Table 2; EIMS
(GC) 70 eV, m/z (rel. int.): 248 [M]* (18), 215(2), 175
(2), 161 (2), 159 (2), 128 (13), 125 (100), 124 (79), 123
(36), 91 (7), 79 (9), 41 (9).

6f-Hydroxy-10fH-furanoeremophilan-1-one  (3f).
Oil. UVEOH nm: 278 sh, 227.9; IR vE" cm~'; 3440,
1370, 1040, 920, 750; '"H NMR: see Table 1; *C NMR:
see Table 2; EIMS (GC) 70 eV, m/z (rel. int.): 248
[M]* (10), 215 (2), 162 (3), 159 (2), 146 (3), 125 (100),
124 (73), 123 (29), 91 (6), 41 (7).

1 B-Hydroxy-10fH-furanoeremophilan-6-one  (3g).
Colourless crystals; mp 136-137° (hexane); UVEQH
nm: 270, 224.5; IR v<&* cm™": 3300, 1655, 1610, 15535,
1460, 1445, 1425, 1060, 1035, 1005, 950, 775, 740; 'H
NMR: see Table 1; *C NMR: see Table 2; EIMS
(GC) 70 eV, m/z (rel. int.): 248 [M]* (25), 233 (8), 230
(26), 215 (10), 197 (5), 175 (5), 163 (43), 162 (24), 161
(14), 148 (12), 135 (5), 122 (100), 109 (13), 94 (24), 91
(10), 65 (11).

118,12B-Epoxy-68 - (2 - methylbutyryloxy) - A'""-7-epi-
dihydrobakkenolide A (senauricolide) (4). Oil. UV
AEOH nm: 295.7; IR v em ' 2960, 2920, 2860, 1785,
1725, 1660, 1615, 1445, 1375, 1290, 1140, 1065, 1040,
990, 880; 'H NMR: see Table 1; *C NMR: sece Table
2; EIMS (GC) 70 eV, m/z (rel. int.): 348 [M]* (3), 291
(1), 246 (28), 218 (6), 190 (15), 189 (29), 187 (9), 175
(12), 174 (26), 173 (13), 121 (9), 120 (6), 119 (9), 107
(11), 105(17), 93 (10), 92 (24), 85 (38), 79 (13), 77 (14),
57 (100), 55 (17), 43 (31), 41 (395).
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