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Two new pyrrolizidine alkaloids revealing strong hepatotoxic activity were

isolated from Petasites japonicus Maxim., and their structures were deduced to

be (3) and (4), respectively based on chemical and spectral evidence.

Previously, one of the authors (I.H.) reported the carcinogenic activity of Petasites
japonicus Maxim. (Fukinotoh in Japanese).1 In connection with the carcinogenic activity, we
have investigated the chemical constituents of this plant.

We herein describe the isolation of two new pyrrolizidine alkaloids showing strong hepatotoxic

activity from Petasites japonicus Maxim. and their structural elucidation. The alkaloidal

fraction obtained from the ethanol extract of the dried powdered plant was chromatographed first
on silicic acid with methanol and subsequently on aluminum oxide with chloroform, affording

two alkaloids: petasitenine (3),2 mp 129 - 130° (benzene - n-hexane), C19H2707N, [u]D19 + 44°
(c 1.08, EtOH), ir(CHClS) 3500, 1740(shoulder), 1730, 1660, 1610 cm-l; mass 381 (M%), 366, 353,
337, 322, 310, 309, 294, 266; nmr (Table): neopetasitenine (4),2 amorphous powder [HC1 salt,2
mp 212°(dec); picrate,’ mp 223 - 225°], C..H_ _O.N, [a]ég + 49° (c 1.19, EtOH), ir(CHC,) 1755

2172978
(shoulder), 1740, 1660, 1610 cm_l; mass 423 (M%), 408, 380, 379, 364, 336, 319, 304, 264; nmr
(Table). It was suggested that neopetasitenine was the O-acetate of petasitenine by the

spectral data: indeed, petasitenine was converted to neopetasitenine by acetylation (Acy0 - Et3zN -
4-dimethylaminopyridine, room temp.).

Comparison of the ir, nmr, and mass spectra of petasitenine with those3 of various
pyrrolizidine alkaloids suggests that petasitenine is a macrocyclic diester of otonecine type
amino alcohol. The molecular formula of petasitenine (3) is identical with that of otosenine
(1),4’5 one of the representative macrocyclic diester pyrrolizidine alkaloids of otonecine type.
Although the thin layer chromatographic behavior of petasitenine (3) differs from that of
otosenine (1), the spectral properties of both alkaloids are quite similar. The characteristic
signals in the nmr spectrum of petasitenine (3) correspond well to those of otosenine (1) as
shown in the table, and further, the mass spectrum of petasitenine (3) is indistinguishable from
that of otosenine (1). The close resemblance of these spectral properties strongly suggests
that petasitenine (3) is a diastereomer of otosenine (1). In order to confirm this inference,
the following degradation experiments were performed.

Acid hydrolysis of petasitenine (3) (10% HC1l, reflux, 45 hr) afforded an amino alcohol,

which was isolated as the hydrochloride (gum). The nmr spectrum of the amino alcohol
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Table. NMR Spectral Data (6§ in ppm, 100 MHz, CDC1z)

compound  H-2 H-3 H-7 H-9 N-CHz H-11 H-14 H-18 H-19
1 6.14 3.40 5.12 5.48, 4.37 2.12 1.35 1.16 2.98 1.25

m br.s m AB q 11.0 s s d6.0 q5.5 d5.5

3 6.16 3.58, 3.30 5.19 5.48, 4.34 2.08 1.35 1.07 3.04 1.46
m AB q 18.0 m AB q 12.0 s s d 6.5 q5.0 d5.0

4a) 6.19 3.52, 3.28 5.08 5.31, 4.36  2.08 1.71 1.09 3.04 1.47

t 2.0 AB q 17.0 m AB q 11.0 S s d 6.5 q5.0 d5.5

a) AcO : 2.08 (3H, s)

hydrochloride was superimposable with that6 of otonecine (5) hydrochloride.
Hydrogenation of petasitenine (3) (H /PtOz, HC1 - EtOH room temp.) followed by hydrolysis

(10% NaOH, room temp.) gave dihydrodeoxyotonecine (6), a derivative known to be suitable for
identification of otonecine, by spectral comparison and optical rotation. From these results
the necine part of petasitenine (3) was shown to be otonecine (5).

Alkaline hydrolysis of petasitenine (3) [10% Ba(OH)z, reflux, 1 hr] yielded a dicarboxylic
acid, petasitenecic acid (10),2 C10H1606’ mp 178 - 180°, which contains all of carbon, hydrogen,
and oxygen of the necic acid moiety of the alkaloid, assuming that simple hydrolysis of the
diester part of the alkaloid took place. It was shown by direct comparison (mixed mp and ir
spectra) that petasitenecic acid (10) was not identical with jaconecic acid (7) 9 (C10 16 6)
obtained by alkaline hydrolysis of pyrrolizidine alkaloids such as otosenine
(1)4a—c,10 and jacobine (17).83’—f The dimethyl ester (11)2’11
petasitenecic acid (10) by ethereal diazomethane was converted to a diester acetate (12)

prepared by methylation of
2,12

by acetylation (Ac20 - py, room temp.). Oxidation of the dimethyl ester (11) (CrO - PY,

room temp.) afforded a keto diester (13),2 13 which was shown to be different from dlmethyl

jaconecate ketone (9)20 obtained by oxidation of dimethyl jaconecate (8).8b From the nmr
spectral datall’lz’l3 of (11), (12), and (13), the presence of the following groups, I, II, III,

IV, and V in (10) was indicated.

CH_-CH- -CH,,-CH- CH_-C- -COOH -COOH
3 2 31
OH CHz
(I (11) (I11) (Iv) )]

Although there remained one carbon and one oxygen to be characterized in petasitenecic acid (10),
they were assigned to a quaternary carbon and a cyclic ethereal oxygen, respectively, considering
the molecular formula. Definitive information on the carbon skeleton of petasitenecic acid
(10) was secured by the oxidation of the acid (10) itself (CrO - py, room temp.) to give

14 This product was found to be identical w1th the y-lactone (14)86’8f’15

a y-lactone (14).
obtained by the ox1dation16 of jaconecic acid (7) by spectral and thin layer chromatographic
comparison together with optical rotation. Based on the partial structures (I - V) and

the formation of the y-lactone (14), the planar structure of petasitenecic acid (10) was proved
to be the same as that of jaconecic acid (7). Further, it is evident that stereochemistry

at C-12 and C-13 in petasitenecic acid (10) is identical with that in jaconecic acid (7).

Since petasitenecic acid (10) is not identical with jaconecic acid (7), and the keto diester (13)

differs from dimethyl jaconecate ketone (9) (vide ante), it is concluded that petasitenecic acid
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(10) is diastereomeric with jaconecic acid (7) at least at C-16.1 Considering the mode18 of

formation of petasitenecic acid (10) from petasitenine (3), the structure of the necic acid in
petasitenine is represented by (16).

Thus the structures of the necine and the necic acid in petasitenine were clarified.

Mass spectra provided valuable evidence on the mode of two ester linkages in petasitenine (3).
The characteristic fragmentation patterns of otosenine (1) and the related alkaloids were
analyzed and correlated with their structures including the allylic ester moiety.3’19
Since the mass spectra of petasitenine (3) and neopetasitenine (4) were indistinguishable from

19b respectively, the mode of

those of otosenine (1) and florosenine (otosenine O-acetate) (2),
two dster linkages in petasitenine (3) was deduced to be the same as that in otosenine (1).
Therefore, the structures of petasitenine and neopetasitenine are represented by (3) and (4),
respectively.
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