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Two new conjugates of norsecoiridoid and secoiridoid glucoside, rigenolides B (1) and C (2), were isolated
from a Chinese herbal medicine Gentiana rigescens Franch. Their structures were established by compre-
hensive spectroscopic analysis. The absolute configurations of 1 and 2 were elucidated by comparison of
the ECD spectra with TDDFT calculated spectra.

� 2017 Elsevier Ltd. All rights reserved.
The genus Gentiana, the largest member of Gentianaceae,
consists of about 400 species. Various Gentiana plants have been
included in herbal remedies for poor appetite and digestive prob-
lems worldwide.1 A number of iridoids, secoiridoids, and their
glycosides have been isolated from Gentiana plants to date.
Gentiana rigescens Franch. is a perennial herb, whose roots are used
to treat hepatitis and cholecystis by the Yi ethnic minority group
living in Yunnan province, China. As part of our study for tradi-
tional herbal medicines used by ethnic minority groups in Yunnan
province,2 aimed at searching for new drug leads, we have investi-
gated the extract from the aerial parts of G. rigescens and reported
the isolation of secoiridoids and norsecoiridoids.3 Among others,
rigenolide A3 is a structurally unique secoiridoid glucoside possess-
ing a cyclobutane moiety. Further investigation of the extract
resulted in the isolation of two new conjugates of norsecoiridoid
and secoiridoid glucoside, rigenolides B (1) and C (2). In this paper,
we describe the isolation and structure elucidation of 1 and 2.

The MeOH extract from the aerial parts of G. rigescens (1.9 kg,
dry) was partitioned with EtOAc and H2O. Chromatographic sepa-
ration of the H2O-soluble materials using Diaion HP-20 column,
ODS column, silica gel column, and reversed phase HPLC afforded
rigenolides B (1, 3 mg) and C (2, 1 mg) (Chart 1).

Rigenolide B (1)4 was obtained as an optically active white

amorphous powder f½a�20D � 72:0ðc 0:31; MeOHÞg. The molecular
formula of C25H30O12 was established by the HRESIMS (m/z
545.1617 [M+Na]+, D � 1.8 mmu). Comparison of the 1H and 13C
NMR spectra (Table 1) with the literature data for known secoiri-
doids indicated that 1 had a secoiridoid glucoside moiety (unit A,
C-1–C-11 and C-10–C-60) and unit B (C-300–C-1100). Unit A of 1 was
deduced to be gentiopicroside5 by resemblance of their NMR data.
In contrast, the 1D NMR spectra suggested that unit B was com-
prised of nine carbons including one a,b-unsaturated carboxy moi-
ety, one acetal carbon, one oxygenated sp3 methine, three sp3

methylenes, including one oxygenated, and one secondary methyl
(Table 1). 1H-1H COSY cross-peaks of oxygenated sp3 methylene
(H2-700) with H2-600 and HMBC correlations for H2-700 with C-500

and C-1100 and for H2-600 with C-400 revealed the presence of an a,
b-unsaturated-d-lactone moiety (C-400–C-700 and C-1100) (Fig. 1).
The 1H-1H COSY spectrum also suggested the presence of a 2-oxy-
genated propyl group (C-800–C-1000), while HMBC cross-peaks of
H-900/C-400, H-900/C-500, and H-300/C-400 indicated the connectivity of
C-500 to C-900 and of C-400 to the acetal carbon (C-300). The ether link-
age between C-300 and C-800 was disclosed by an HMBC correlation
for H-300 with C-800. The syn relationship for H-300 and H-800 was
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Chart 1. The structures of rigenolides B (1) and C (2).
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Fig. 1. Key 2D NMR correlations of rigenolides B (1) and C (2).
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indicated by a NOESY correlation between these protons. The
structure of unit B, thus assigned (Fig. 1), corresponds to epi-
swercinctolide B,3 previously isolated from the same plant origin
by our group. These units were shown to be linked through an
ether linkage between C-300 (unit B) and C-60 (unit A) by an HMBC
cross-peak of H-300 to C-60. Therefore, the gross structure of rigeno-
lide B (1) was assigned as shown in Fig. 1.

Rigenolide C (2)6 was isolated as an optically active white amor-

phous powder f½a�20D � 96:6ðc 0:10; MeOHÞg, and its molecular for-
mula, C25H30O12, determined by the HRESIMS (m/z 545.1653 [M
+Na]+, D + 1.8 mmu) was identical to that of 1. Though the 1H
and 13C NMR spectra of 2 and 1 were almost superimposable
(Table 1), subtle differences were found for the chemical shifts of
C-50 and C-300. These observations suggested their diastereomeric
relationship, whereas the H-300/H-800-syn relationship for 2 was
revealed by a NOESY correlation for H-300/H-800 (Fig. 1).

The stereochemistry of rigenolides B (1) and C (2) were assigned
as follows. Acid hydrolysis7 of 1 gave a sugar moiety, which was
treated successively with L-cysteine methyl ester hydrochloride
and phenylisothiocyanate.8,9 HPLC analysis of the reaction mixture
revealed the sugar moiety of 1 to be D-glucose.10 Similarly, the
sugar moiety of 2 was assigned as D-glucose. The H-1/H-9-anti
Table 1
1H and 13C NMR data for rigenolides B (1) and C (2) in CD3OD.

Position 1

dH (J in Hz) dC

1 5.62 (1H, d, 3.1) 98.8
3 7.44 (1H, d, 1.1) 150.7
4 – 104.9
5 – 127.1
6 5.60 (1H, m) 117.2
7 5.06 (1H, dd, 17.7, 1.3) 70.9

4.98 (1H, dd, 17.7, 3.5)
8 5.74 (1H, ddd, 17.2, 10.2, 6.9) 135.0
9 3.28 (1H, m) 46.7
10 5.20 (1H, ddd, 17.2, 1.3, 1.3) 118.5

5.18 (1H, ddd, 10.2, 1.3, 1.3)
11 – 166.3
10 4.63 (1H, d, 8.0) 100.5
20 3.14 (1H, dd, 9.0, 8.0) 74.5
30 3.34 (1H, dd, 9.0, 9.0) 77.9
40 3.27 (1H, m) 71.5
50 3.48 (ddd, 9.0, 6.5, 1.7) 77.7
60 4.05 (1H, dd, 11.7, 1.7) 68.6

3.77 (1H, dd, 11.7, 6.5)
300 5.39 (1H, s) 95.0
400 – 123.7
500 – 157.1
600 2.59 (1H, ddd, 18.0, 9.7, 6.0) 29.3

2.39 (1H, ddd, 18.0, 4.8, 4.8)
700 4.38 (2H, m) 67.0
800 4.20 (1H, m) 63.0
900 2.29 (1H, dd, 19.0, 3.9) 37.5

2.21 (1H, dd, 19.0, 10.6)
1000 1.27 (d, 6.3) 21.0
1100 – 165.0
relationships for 1 and 2 were indicated by resemblance of their
3JH-1/H-9 values (Table 1) with the literature value (J = 3.0 Hz).5

Therefore, taking the H-300/H-800-syn relationships in 1 and 2
assigned by NOESY analysis into account, the ECD spectra of their
four possible diastereomers (3a: 1S,9R,300R,800R; 3b: 1S,9R,300S,800S;
3c: 1R,9S,300R,800R; 3d: 1R,9S,300S,800S) were calculated11 to compare
with those experimental spectra of 1 and 2. The experimental ECD
spectrum of gentiopicroside was also compared with the calcu-
lated spectra (Fig. 2). In the calculated ECD spectra of 1S,9R isomers
(3a and 3b), negative Cotton effects were found around 270 nm,
whereas 1R,9S isomers (3c and 3d) showed positive Cotton effects
around 270 nm. These observations suggested that the sign of Cot-
ton effect around 270 nm reflects the absolute configuration at C-1
and C-9. A negative Cotton effect at 277 nm observed in gentiopi-
croside possessing the 1S,9R configuration was well consistent
with the observation described above. Rigenolides B (1) and C (2)
also showed negative Cotton effects at 278 and 273 nm, respec-
tively (Fig. 3), suggesting the 1S,9R configurations of 1 and 2.
In contrast, the 300R,800R configurations of 1 and the 300S,800S
configuration of 2 were concluded by resemblance of the
2

dH (J in Hz) dC

5.60 (1H, d, 3.1) 98.9
7.45 (1H, d, 1.1) 150.9
– 104.8
– 127.2
5.59 (1H, m) 117.0
5.06 (1H, dd, 17.7, 1.3) 70.9
4.98 (1H, dd, 17.7, 3.5)
5.71 (1H, ddd, 17.4, 10.4, 6.9) 135.0
3.28 (1H, m) 46.7
5.22 (1H, ddd, 17.4, 1.3, 1.3) 118.6
5.19 (1H, ddd, 10.4, 1.3, 1.3)
– 166.3
4.63 (1H, d, 8.0) 100.6
3.17 (1H, dd, 9.0, 8.0) 74.5
3.35 (1H, dd, 9.0, 9.0) 78.2
3.24 (1H, dd, 9.0, 9.0) 71.9
3.54 (1H, ddd, 9.0, 6.8, 1.9) 76.6
4.01 (1H, dd, 11.5, 1.9) 68.6
3.81 (1H, dd, 11.5, 6.8)
5.36 (1H, s) 93.9
– 123.7
– 156.8
2.60 (1H, ddd, 17.0, 10.0, 6.0) 29.3
2.36 (1H, ddd, 17.0, 4.6, 4.6)
4.38 (2H, m) 66.9
4.21 (1H, m) 63.2
2.27 (1H, dd, 18.9, 4.1) 37.5
2.21 (1H, dd, 18.9, 10.3)
1.26 (1H, d, 6.3) 21.0
– 165.0



Fig. 2. Experimental ECD spectrum of gentiopicroside and calculated spectra of
possible diastereomers (3a–3d) of rigenolides B (1) and C (2).

Fig. 3. Experimental ECD spectra of rigenolides B (1) and C (2) and calculated
spectra of their possible diastereomers (3a–3d).
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experimental ECD spectra of 1 and 2 with those calculated spectra
of 3a and 3b, respectively (Fig. 3). Consequently, the absolute
stereochemistry of rigenolides B (1) and C (2) were assigned as
shown in Chart 1.

The investigation of the aerial parts of Gentiana rigescens
resulted in the isolation of two new conjugates of norsecoiridoid
and secoiridoid glucoside, regenolides B (1) and C (2). Although
some conjugates structurally similar to 1 and 2 have been reported
to date,14 their absolute stereochemistry remains to be assigned. In
this study, the structures of rigenolides B (1) and C (2) including
the absolute stereochemistry were elucidated on the basis spectro-
scopic analysis, chemical conversion, and TDDFT ECD calculation.
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