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Abstract—Four alkalods, ligularizine, senkirkine and senecionine N-oxide, were 1solated from S gallicus Apart from
florosenine, a new alkaloid was 1solated from §. adonidyolius and 1dentified as 12,13,19-trihydroxy-15,20-epoxy-135,20-

dihydro{125,15R,20R) senecionan-11,16-dione.

Two dimensional spectroscopic correlation experiments ('H—'H and '3C 'H) were performed, permitting the
unequivocal assignation of the "H and !'*C NMR spectra of the alkaloids and enabling us to correct some of the data

appearing m the hiterature.

INTRODUCTION

In recent years considerable attention has been directed
towards the study of pyrrolizidine alkalowds [1] mainly m
view of their hepatotoxicity and to losses in liverstock
numbers owing to the ingestion of plants containing such
alkaloids Certain earlier studies relating to S. gallicus
mvolved the study of flavonods [2], alkaloids [3], aceto-
phenones and terpenoids [4] The present work reports
on the isolation and 1dentification of four pyrrohzidine
alkalowds. Concerning S adomdifoius, a previous study
[5] examined polyphenols and another [6] reported on
alkaloxds Here, we describe the 1solation and dentific-
ation of two pyrrolizidine alkaloids, one of which 1s
described for the first time.

RESULTS AND DISCUSSION

The aerial part of S. gallicus was extracted with ethanol
at room temperature and chromatography of the alkal-
oid fraction afforded 1-4.

The TH NMR spectrum of 1 (Table 1) showed signals
that were characteristic of a pyrrohzidine alkaloid with a
senectonane skeleton. The complete assignment of the
signals appearing 1n its *H NMR spectrum was conduc-
ted by 'H-~'H homonuclear two-dimenstonal correlation
experiments. The physical and spectroscopic properties
of the compound comncide with those described 1n the
literature [7] for senectonine. We also petformed '3*C - 'H
heteronuclear 1wo-dimensional correlation experiments
which allowed us to assign inequivocally the signals of
the '*C NMR spectrum.

The alkaloid 2 had a "HNMR (Table 1) showing
signals at 6 21 (¢, J=146 Hz, H-2), 5.10(t, J=29 Hz, H-
7), 5.26 (d, J = 11.2 Hz, H-9a), 4 29 (d, J =11.2 Hz, H-9b),
simular to those of 1 though the signal corresponding to
H-8 did not appear However, there was a signal at §2.01
(s, 3H) of a N-Me grouping, which suggested the presence
of seco-seneclonane skeleton. There were also signals of a
proton geminal to an oxyranic ring at §3.02(1H, g, J
=54 Hz, H-20), 1.10{3H, 4, J =6.3 Hz, Me-18), 1 48(3H,

d, J=54Hz, Me-21), 1 38(3H, 5, Me-19) and 2.03 (3H, s,
acetoxyl).

Assignment of the signals was performed by 'H-'H
homonuclear correlatton experiments. The shift of Me-21
and H-20 m the *H NMR spectrum allowed us to assign
a fi-stereochemistry to the epoxide [8]. Furthermore, the
shift of Me-18 was 1n agreement with a (125)-
stereochemistry [ 8], and hence 2 was 1dentified as hgular-
1Z1n¢e.

Compound 3 was also an alkalord with a seco-sene-
cionane skeleton. The physical and spectroscopic pro-
perties of 3 coincided with those reported for senkirkine
[9] However, homonuclear and heteronuclear (normal
and long-range) two dimenstonal experiments were con-
ducted and these permitted the complete and unequivo-
cal assignation of the signals of the 'H and "*CNMR
spectra (Tables 1 and 2) and allowed us to correct data m
the literature for this compound [9].

The more polar compound 4 had a "H NMR spectrum
very similar to that corresponding to 1 except 1n the shift
of H-8 (1 64.27 and 4 §4.83) and C-8 (1 67767 and 4
497 15). This suggested that 4 was the N-oxide of senecio-
nine. Oxidation of ¥ with m-chloroperbenzoic acid af-
fords 4.

Two alkalowds 5§ and 6 were 1solated from the ethanol
extract of § adomdifolius Compound 5 had a 4,8-seco-
senectonane skeleton as may be deduced from 1ts *H and
{3IC NMR spectra. There were also signals that are char-
acteristic of an oxyramic ring at C-15, C-20, at 2.95 (1H,
g, J=54Hz, H-20), L.17(3H, 4, J =54 Hz, Me-21) and
acetoxylic group 20 (3H, s).

According to the shifts of H-20 and Me-21, an «
stercochemistry was nferred for the epoxide [8] and
from the shift of Me-18 a (12R)-slereochemistry was
deduced [8] such that compound 5 was wdentified as
florosenine [10]

Assignment of the signals 1n the 'H and '*CNMR
spectra was performed by two dimensional experiments.
These allowed an unequivocal assignment and correciton
of the data in the literature {11) Compound 6 was
purified by crystallization i acetone; 1s '"HNMR and

1507



1508 J G URONES et af
Table 1| '"HNMR data of pyrrohizidine alkaloids
H t 2 3 4 5 6
2 619 brs 621 ¢ 607 ¢ &22 brs 6111¢ 611 m
{1 46) (24) (244)
3a 394 ddd 33 brd 3239 dd 462 d 337 4 3974
(1563, 439, 244) (19 04) (18 35.19) 0 2) {180y i156)
3b 340 ddd 33 brd 317 ddd 452 dd 3234 322m
(156.64,10) (1904} (18851929 {62 24) (18 0y
Sa 3261 290 m 281 ddd 392 ddd 287 m 33im
(8 31) {29,586.122) (107,73 19)
5h 233 m 290 m 268 ddd 304 m 256 m 261 dd
(391,122, 122) (64.93, 16)
ba 237 dd 265m 245 m 296 m 260 m 212m
(141,58
&b 213 m 205 m 245 m 245 m 210 dd 212 m
(107,24)
? 502 dd 5101 491 S45 m 492 m 55821t
(5834 (293) 2y (342}
8 427 m 4 83d 425 m
{(49)
9a 550 d 526 d 335d 549 d 5224d 529d
{117 (1123 (112 {122 (120 (1172)
b 404 d 425 d 428 d 114 d 4314 425d
(1107 (1123 (112) 1122) (11 23) (11 72)
14a 216 m 220 b d 233 m 214 d 239 4 212 m
132) {132) {14 06)
14b [ 79 m 082 dd 200 m 178 m 121 m 212 m
(1572, 1308)
Me-18 132y P38 1275 130 163 156
Me-19 0834 110 d 084 d 088 d 110 *
64 (6 35) iv37) (6360 6 35)
20 572 dg 302 g 579 dy 581 g 295 ¢ 3474
720.132) (537) (15 73 (7 32 {537) (635
Me-21 | 84 dd 148 d 184 dd 184 ddd 117 d 136 d
(72,16) (537 17,73 (72.41 (537 (6 35)
Me-C=0 2015 200
Me-4 210s 202 5 201 s

6 shows H-19a 373, dd (J/=1220 and 1 46 Hz) H-19b 371, d (J=1221 Hz)

'3C NMR spectra (Tables 1 and 2) showed signals char-
acteristic of an alkalowd of the retrocenine type

Apart from the signals corresponding to the retroce-
nine ring. 1ts ‘11T NMR spectrum showed signals of the
following a proton centred at 6347 (g, J =635 Hz) that
was coupled to a methyl doublet at 136 (J =635 Hz),
suggesting an epoxide grouping at C-15,C-20, 1 methyl
geminal to an oxygenated function (81 56, 3H, s) and a
CH,OH group {AB system. 63.75, dd, J=1221 and
146 Hz and 371.d. J=1221 Hz)

The remaming signals of s **C NMR spectrum cor-
responded to five gualernary carbons (two carbonylic
and three bound to an oxygenated function). one meth-
yne (873 70). two methylenes (one of them at 63 17 bound
to a hydroxy! group) and two methyl groups Compart-
son of the shifts of H-20 ('H NMR} and of Me-21 (*H and
3C NMR) with the values found for 5 and with the data
appearing in the iiterature [8] showed that the stereo-
chemistry of the epoxide was ff Also by comparison with
the '"H and "*CNMR data for Me-18 with those ap-
pearmg in the hiterature [8] and with those correspon-
ding to compound 1, 1t was possible to conclude that the
stereochermustry at C-12 15 § The hydroxymethylene

group 1s located at C-13 according to the data found {or
'H- '"H homonuclear two-dimensional correlations cat-
rted out for 6 1n which 1t was scen that one of the H-19
protons was correlated with H-14a and H-14b

The data of the '*C NMR spectrum were assigned by
3¢ 'H heteronuclear two-dimensional correlanon ex-
periments With these data it was possible to assign to
compound 6 the structure 12,13,19-trithydroxy-15.20-
epoxy-15,20-dthydro (125.15R,20R}-senectonan-11, 16-
dione, though the stereochemistry at C-13 remams un-
known

EXPERIMENTAL

Mps uncorr, "HNMR 200 MHz, CDCl,; TMS as int stan-
dard, *CNMR 503 MHz

Lxtraction and solation of the alkelowds Dry and ground
portuions of the plant were ummersed i EtOH for 4 weeks. they
were then filtered and EtOH evapd off The ethanolic extract
was divided mto 2 parts. one of them was {ractionated without
reduction and the other was reduced with Zn powder

() Fractionution of the non-reduced extract The hexane-sol-
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uble part was removed from the EtOH extract and suspended n
I M H,S50, The acid soln was extracted with CHCl, and the
remamng H,50,-soluble part was made alkaline with NH,OH
to pH 9, 1t was then extracted with CHCI,, thus obtaimng the
free bases

(n) Fractionation of the reduced extract The hexane-soluble
part was removed from the EtOH extract and sugpended in 1 M
H,S0,. This acid soln was stirred for 12 hr with an excess of Zn
powder Following this it was filtered, made alkaline to pH 9
with NH,OH and extracted with CHCI;. The CHCl; extract
was dried and evapd, thus obtaining a mixture of alkaloids (free
bases plus reduced N-oxides)

Senecto gallicus was collected at Valparaiso (Zamora, Spam),
and was extracted with EtOH at room temp. (14% extract with
respect to the weight of the plant) The extract was fractionated,
to solate the alkaloids, using the above method to obtain the
following frec bases 1 73% (with respect to the weight of the
EtOH extract) and 2 70% of the reduction product (with respect
to the weight of the EtOH extract)

The free-base fraction was chromatographed on sihca gel,
obtaiming 1 (10%) (CHCl,-MeOH, 19 1 and crystallization 1n
Me,CO), 2 (4mg) {(CHCI,-MeOH, 191), 3 (70%)
{CHC1,-MeOH, 9.1 and crystalhzation in Me,CO) and 4 (10%)
(CHC1,-MeOH, 4 1) The product of reduction with Zn was
chromatographed on sihica gel, obtammg 1 (311%
CHCl,-MeOH, 19 1) and 3 (67, 1%, CHCl,-MeOH, 2 1)
showing that 1 1s found frec and in the form of N-oxide 4

§ adomdifelius was collected at Puerto de Villatoro close to
the mumicipality of Villanveva del Campillo (Avila, Spain). It
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Table 2 !3CNMR data of pyrrolizodine alkalowds

C 1 3 4 5 6
| 13328 13439 12923 13379 13129
2 13655 13737 13684 13798 13597
3 6289 5852 7907 5915 6055
4 40 51 40.35
5 5304 5318 6945 5318 5374
6 3484 3629 3318 3685 3520
7 7500 7811 7353 7895 7792
8 7767 19241 9715 18978 78.80
9 6068 6445 6023 6432 6735
11 17818 17797 17798 17091 16991
12 1672 7779 7686 8372 7406
13 3842 3860 3864 4016 6539
14 3837 3774 3820 3511 4084
15 131.66 13194 13187 6377 6157
16 16750 16641 16658 16784 16748
18 2501 2459 2498 2130 1544
19 1114 1015 1102 1293 6317
20 13395 13699 13187 5590 7370
21 1496 1523 1516 1353 1449
C-Me 169 69
2130

was allowed to dry 1n air and was extracted with EtOH at room
temp. The EtOH extract (7 03%) was fractionated by the above
procedure, obtaining a fraction of free bases (0 56% with respect
1o the ethanolic extract) and the product of reduction with Zn
{060% with respect to the EtOH extract)

The free-base fraction was chromatographed on silica gel,
obtaiming 5 (10 4%) (CHCL,-MeOH, 19 | and later chromato-
graphy on ncutral alumina of act I), and 6 (520%)
(CHC1;~MeOH, 9 1 and crystallization m Me,CO) The pro-
duct of reduction with Zn was chromatographed on silica gel,
1solating § and & in approximately the same proportions as
the free-base fraction, from this 1t 15 inferred that they are not
found 1n the form of the N-oxide

Oxidanon of 1 with meta-chlioroperbenzoic acid. A soln of
0029 g of m-chloroperbenzoic acid 11 1 ml of CHCI; was slowly
added to 564 mg of 1 1n 5 ml of CHCl,, cooled with ice The
muxture was strred for 3 hr, during which 1t warmed (o room
temp Following this, 1t was passed through a column of basic
alumma (20 fold the weight of the product) and eluted with a
muxture of CHCl,-MeOH (9°1), thus providing a mixture of 1
and 4 which was separated by chromatography on silica gel,
obtaining 30 mg of 4 (CHC1,-MeOH, 4 1)

12,13,19- Trihydroxy-15,20-2paxy-15,20-dthydro, (128,15R,20R)
senectongn-11,16-dione (6) Mp=200° [, = +84 74° (MeOH, ¢
0 78%) IRvEE cm ™' 1750, 1260, 1140, 1005, 990, 962, 836 and
820 '"HNMR and '*CNMR (Tables 1 and 2) (Found C, 56,37,
H, 643; N, 358, C,gH,NQ,, requires C, 5639, H, 653, N,
365%)
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