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Three bislactones belonging to the eremophilane type were
isolated from Ligularia przewalskii (Asteraceae): an epoxy-
lactone (eremopetasitenin By) identical to the previously isolated
lactone, whose structure was revised in this work; a new enol-
lactone (eremofarfugin F); and its diastereoisomer at C-11
(eremofarfugin G). This was identical to the reported lactone,
whose stereochemistry was left undetermined. The stereo-
chemistry along with the NMR data of this diastereoisomer
was assigned in this study.

Plants belonging to the genus Ligularia (Asteraceae) are
widely distributed in the Yunnan and Sichuan Province of
China.! We have been involved in the investigation of the
chemical constituents as well as DNA sequences of these plants
and have published the results,”® including a review.” We
collected some samples of Ligularia przewalskii (Maxim.) Diels
in August 2010. There are some reports on the chemistry of this
plant, regarding isolation of eremophilane sesquiterpenoids and
other aromatic compounds.®!! This paper reports the structure of
three eremophilane-type bislactones 1-3 found in the extract of
L. przewalskii (Figure 1).'> Lactones bearing an epoxide ring at
C-7 and C-8 or enol-lactones with a double bond at C-7 and C-8
have been isolated from Asteraceae plants.”%!3-1® The config-
uration at C-11 or the epoxide ring has been a difficult point
for structure elucidation, because sometimes detection of NOE
signals relating these partial structures is not easy. Therefore,
the configurations at C-11 of some compounds have been left
undetermined.'”'® There are papers investigating the photo-
oxidation reactions of furanoeremophilanes to isolate such
compounds.'>?* We have previously proposed plausible biosyn-
thetic pathways from furans to epoxy- or enol-lactones, isolated
from Ligularia plants.'>® Bakkanes and other related sesquiter-
penoids can also be explained by similar discussions.?®?!

In this study, we obtained three bislactones 1-3 from
L. przewalskii and determined their structures. Compound 1
was identical to the lactone isolated from Ligularia intermedia
in 1997, which was assigned the wrong structure.'® Here,
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Figure 1. Compounds 1-3 isolated in this work.

we provide evidence to revise the proposed structure to 1
(Figure 1).?> Compound 2?* is a new enol-lactone and com-
pound 3 was previously reported by Chen et al. in 1997;
however, the stereochemistry at C-11 was not assigned.'® We
concluded that this compound has structure 3.4

Compound 1 exhibited a quasi-molecular ion peak at m/z
279 and the molecular formula was determined to be C;5H;gO5
by HRMS-CI. The IR spectrum showed the presence of an enol-
or epoxy-lactone (1817 cm™")?*3>% and a y-lactone (1784 cm™"),
which were supported by '3CNMR (CDCls) signals (§ 174.84
and 174.76). The 3CNMR spectrum indicated the presence of
two methyl, four methylene, four methine, and five quaternary
carbon atoms (Table 1). The HMBC spectrum indicated that the
singlet methyl group correlated to a quaternary carbon (& 39.8)
and three methines, one of which was an oxymethine (§ 77.7).
The doublet methyl had correlations to a carbonyl (& 174.76), an
oxygenated quaternary carbon (8 61.5), and a methine (§ 38.5).
COSY (C¢Dg) correlations were also detected as shown in
Figure 2 and this compound was deduced to have an eremo-
philane skeleton. Further long-range correlations between H-6
and C-8 and C-15, and between H,-9 and C-1, C-7, and C-8
were detected and the planar structure was assigned to 7,8-
epoxyeremophilane-(12,8;15,6)-diolide.

The stereochemistry was determined by NOESY. The A/B
cis relationship was shown by the NOE between Hj3-14 and

Table 1. NMR data of compound 1

1 (in C¢Dg) 1 (in CDCl3) 1’ (lit%; in CDCl3)
No. 13C IH ]3C IH 13C IH
1 238 a0.53-0.57 (m) 241 —b 241 o1.83
— P 1.05-1.09 (m) — — P14
2 196 «0.67-0.73 (m) 199 —° 19.8 «1.76
— B 1.00-1.05 (m) — b — B 145
3 191 a1.50-1.55 (m) 189 — 189 o 1.46
— B 0.97-1.03 (m) — b — B19
4 390 1.19-1.22 (m) 397 221 395 220
5 392 — 398 — 39.8 —
6 772 3.70 (s) 777 434 777 433
7 616 — 615 — 61.5 —
8 870 — 87.1 — 87.1 —
9 219 «l46(dd,J=15.1,11.0Hz) 222 230 221 a2.40
— B 1.65(dd, J=15.1, 6.4Hz) — 246 — B229
10 32,6 1.22-1.25 (m) 327 — 327 1.96
11 388 2.61(q,J=72Hz) 385 3.01 385 3.02
12 1746 — 174.84 — 1749 —
13103 123 (d,J=7.2Hz) 102 142 102 1.40
14199 0.50 (s) 204 1.19 203 1.19
15 173.8 — 17476 — 1749 —

2ref 18. "Signals not assigned.
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Figure 2. Selected 2D correlations and X-ray structure of 1.

H-10. The NOE correlations of H3-14 with H-1B and H-38
indicated that this compound had a steroidal conformation, as
shown in Figure 2. Therefore, H-6 should be pseudo B-axial, and
the NOE between H3-13 and H-6 clearly indicated that the
methyl group at C-11 was located in the p-orientation. Accord-
ing to our proposal regarding the biosynthesis of epoxy-lactones
(vide infra), the epoxide oxygen and the methyl group at C-11
should be oriented on the same side. Thus, the structure of
compound 1 was proposed, as depicted in Figure 1 and it was
named eremopetasitenin By.

In 1997, Chen et al. reported the structure of a bislactone
isolated from L. intermedia as the 70,80-epoxy diastereoisomer
of compound 1 (=1').'® However, the 'H and '*CNMR data in
CDCIl; were identical to ours (Table 1). Fortunately, compound
1 crystallized and X-ray analysis was carried out to demonstrate
the stereochemistry unambiguously.?> The results are shown in
Figure 2. Apparently, the epoxide oxygen and the methyl group
at C-11 are on the upper side of the molecule. Therefore, our
proposal for the biosynthesis of these compounds (vide infra) is
more likely applied to this compound. The structure of this
lactone reported by Chen et al. should therefore be revised.'®

Compound 2 showed a quasi-molecular ion peak at m/z 263
and the molecular formula was determined to be CsH;30,4 by
HRMS. The IR spectrum indicated the presence of either an
enol-lactone or an epoxy-lactone (1798cm™')?*336 and a y-
lactone (1778 cm™"') group. '*CNMR indicated the presence of
two methyl, four methylene, four methine, and five quaternary
carbon atoms (including two carbonyl and two alkene carbons)
(Table 2). COSY and HMBC correlations suggested the planar
structure to be eremophilanediolide, as shown in Figure 3. As in
the case of compound 1, NOESY indicated the stereochemistry
to have the A/B cis ring system, because the NOE between Hs-
14 and H-10 was observed. The y-lactone has 4a-H and 6f3-H,
because the NOE between H-40 and H-9a was observed. The
stereochemistry at C-11 was established to be 11a-H, because
the NOE between H3-13 and H-6 was observed. This compound
was established as 11aH-eremophil-7-ene-(12,8;15,6a)-diolide
and was named eremofarfugin F.

The molecular formula of compound 3 was the same as that
of compound 2. The IR and NMR spectra were similar to those
of compound 2, and 2DNMR indicated that it had the same
planar structure as compound 2 (Figure 4). Because the NOE
between H-11 and H-6 was detected, the configuration at C-11
was determined to have 11B-H, establishing that compound 3
was the diastereoisomer of compound 2 at C-11. As the NMR
data (in (CDj3),CO) seem to be the same as those described in
the literature,'® compound 3 was concluded to be identical to
Chen’s lactone reported in 1997 (Tables 2 and 3).'® However,
the stereochemistry at C-11 was not assigned in their report.
Thus, this compound was established as 11BH-eremophil-7-ene-
(12,8;15,60)-diolide and was named eremofarfugin G.

Table 2. NMR data of compound 2

2 (in C¢Dy) 2 (in (CD3),CO)
No. C 4 BC 0
1 246 a0.67 (m) 254 o 1.46 (m)
— B 115 (m) — B 191 (m)
2 203 ¢0.79 (m) 21.1 1.62 (m)
— B 1.14 (m) — 1.72 (m)
3 18.9 a 1.60 (m) 19.7 a 1.77 (m)
— B 112 (m) — B 151 (qd, J=12.2, 42Hz)
4 409 144 (dd,J=124,33Hz) 41.5 2.52(dd, J=12.2, 3.2Hz)
5 403 — 41.6 —
6 788 4.07 (s) 80.2 4.80 (br s)
7 1122 — 1132 —
8 150.5 — 151.8 —
9 222 1.59 (m) 22.8 2.35 (m)
— 1.59 (m) — 249 (m)
10 35.5 1.27 (m) 36.3 2.31 (m)
11 383 2.83 (m) 38.9 3.33 (m)
12 1779 — 179.2 —
13 136 1.01 (d, J=7.5Hz) 140 1.33 (d, J= 7.6 Hz)
14 194 0.63 (s) 19.5 121 (s)
15 1746 — 176.1 —
20 cosy
| o]
HMBC
(6] 13 VRN
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Figure 4. Selected 2D correlations of compound 3.

Plausible biosynthetic pathways to compound 1 are shown
in Scheme 1. Endoperoxides 5 and 6, derived from furanoer-
emophilane 4, rearrange to 7 and 8, respectively. One of the two
epoxides opens and rearranges to ketone 1 and 9. Therefore,
both the epoxide oxygen and the methyl group at C-11 should
always be oriented in the same direction. Compounds 1 and
9 are diastereoisomers concerning the stereochemistry at C-11
and the epoxide. Compound 9 has an a-methyl group at C-11,
which has not been isolated yet. Compounds 2 and 3 may be
formed by oxidation at C-11 and C-12 of 4, followed by
rearrangement.

In conclusion, we have isolated three bislactones from
Ligularia przewalskii collected from the Sichuan Province of
China. Compound 1 was previously assigned as an a-epoxide;'®
however, we have revised it to a f-epoxide on the basis of NMR
and X-ray data and by considering the biosynthetic pathways
(Scheme 1). A detailed study on the chemistry and diversity of
L. przewalskii will be published in due course.
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Table 3. NMR data of compound 3

3 (in CoDg) 3 (in (CD2,CO) 3 (lit; in (CD3),CO)
No. BC 4 BC 4 Beb 1
1 2470069 (m) 254 a 147 (m) 254 1.202.60 (m)
— B 1.18 (m) — B 1.92 (m) — 1.20-2.60 (m)
2 2020079 (m) 210 1.66 (m) 21.0 1.20-2.60 (m)
— B 115 (m) — 172 (m) — 1.20-2.60 (m)
3 189159 (m) 197 a 1.7 (m) 19.8 1.20-2.60 (m)
— B 1.14 (m) B 1.50 B
(qd, J= 12.2, 4.1 Hz)
4 409 1.51 (m) 417 2.57 41.6 1.20-2.60 (m)
d, J=122, 3.2Hz)
5 40.7 — 419 — 41.6 —
6 81.13.88 (s) 82.6 4.84 (br s) 82.6 4.85
@, J=12Hz)
7 111.7 — 112.8 — 112.6 —
8 151.2 — 152.6 — 1524 —
9 22.1 1.59 (m) 22.8 232 (m) 22.8 1.20-2.60 (m)
— 159 (m) — B 2.56 (m) — 1.20-2.60 (m)
10 357 1.27 (m) 36.8 231 (m) 36.7 1.20-2.60 (m)
11 40.0 2.59 (m) 40.5 3.43 (m) 40.5 3.45 (m)
12 1777 — 179.1 — 1789 —
13 155 1.25 15.7 1.29 15.7 1.30
(d, J=7.6Hz) (d, J=7.6Hz) (d, J=7.2H7)
14 193 0.63 (s) 19.6 1.19 (s) 19.6 1.20 (s)
15 1744 — 176.0 — 1759 —

%ref 18. POriginal assignment incorrect and reassigned in this study.

Scheme 1.

Plausible biosynthetic pathways to compound 1 and its

diastereoisomer 9.
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