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Two new iridoid glycosides, named lagotisoside D (1) and E (2), were isolated from Logatis yun-
nanensis. The structures of the two compounds were established as 6-O-α-L-(4′′-O-E-3′′′,4′′′-di-
methoxycinnamoyl)rhamnopyranosylcatalpol (1) and 6-O-α-L-(4′′-O-Z-3′′′,4′′′-dimethoxycinnamo-
yl)rhamnopyranosylcatalpol (2) on the basis of spectral analysis.
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Introduction

The genus Lagotis (Scrophulariaceae) is represented
with 17 species in China, mostly growing in the
southwestern part of the country on mountains of
3000 m height above sea level or higher [1]. Sev-
eral species such as L. yunnanesis, L. glauca, L. in-
tegra, and L. brachystachya have long been used in
Tibetan folkloric medicine for the treatment of fever,
high blood pressure, and acute and chronic hepati-
tis [2, 3]. In the literature, the chemical composi-
tions of two species of Lagotis have been studied.
Flavonoids were isolated from L. brachystachya [4],
while phenylpropanoid glycosides and iridoid glyco-
sides were found in L. stolonifera [5]. As part of our
studies of medicinal plants growing on the Yunnan-
Tibet Plateau, L. yunnanesis has been examined. In
previous papers [6 – 9], we reported several glycosides
from L. yunnanensis. A continuation of our studies on
the same plant led to the isolation of iridoid glycosides.
Here we report on the isolation and structural elucida-
tion of two new iridoid glycosides 1 and 2 (Fig. 1) from
this plant.

Results and Discussion

Lagotisoside D (1) was isolated as a white amor-
phous powder, [α]24

D = −168.50 (c = 0.345, MeOH).
Its molecular formula was determined as C32H42O17
by HR-FAB-MS (found 698.2449, calcd. 698.2422).
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Fig. 1. The structures of compounds 1 – 3.

The IR spectrum showed characteristic absorptions for
OH (3375 cm−1, br), α,β -unsaturated ester groups
(1710 and 1635 cm−1), and aromatic rings (1598
and 1508 cm−1). The UV absorptions at 222 (4.20),
303 (4.42) and 312 (4.56) nm also confirmed the exis-
tence of these unsaturated functional groups.

The 1H NMR spectrum (Table 1) of 1 indicated a
catalpol unit (H-1, H-3 to H-10, H-1′ to H-6′) com-
bined with a rhamnose unit (H-1′′ to H-6′′) and a 3, 4-
disubstituted-(E)-cinnamoyl moiety (H-2′′′, H-5′′′, H-
6′′′, H-7′′′ and H-8′′′). The two olefinic protons of the
cinnamoyl moiety at δ = 6.49 (d, J = 15.9 Hz, H-8′′′)
and δ = 7.71 (d, J = 15.9 Hz, H-7′′′) with a cou-
pling constant of 15.9 Hz indicated a trans config-
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Position 1 2 3
1(CH) 5.08 (d, J = 8.9 Hz) 5.07 (d, J = 8.9 Hz) 5.07 (d, J = 8.9 Hz)
3(CH) 6.38 (dd, J = 6.0, 1.8 Hz) 6.38 (dd, J = 6.0, 1.8 Hz) 6.35 (dd, J = 6.0, 1.8 Hz)
4(CH) 5.06 (dd, J = 6.0, 5.0 Hz) 5.04 (dd, J = 6.0, 5.0 Hz) 5.05 (dd, J = 6.0, 5.0 Hz)
5(CH) 2.43 (m) 2.43 (m) 2.40 (m)
6(CH) 4.03 (dd, J = 8.0, 2.0 Hz) 4.01 (dd, J = 8.0, 2.0 Hz) 3.99 (dd, J = 8.0, 2.0 Hz)
7(CH) 3.62 (d, J = 2.0 Hz) 3.62 (d, J = 2.0 Hz) 3.62 (d, J = 2.0 Hz)
9(CH) 2.56 (dd, J = 9.2, 8.0 Hz) 2.55 (dd, J = 9.2, 8.0 Hz) 2.54 (dd, J = 9.2, 8.0 Hz)
10 (CH2) 3.81 (d, J = 13.2 Hz) 3.81 (d, J = 13.2 Hz) 3.81 (d, J = 13.0 Hz)

4.15 (d, J = 13.2 Hz) 4.15 (d, J = 13.2 Hz) 4.13 (d, J = 13.0 Hz)
1′ (CH) 4.78 (d, J = 7.8 Hz) 4.79 (d, J = 7.8 Hz) 4.77 (d, J = 8.0 Hz)
2′ (CH) 3.26 (dd, J = 9.1, 7.8 Hz) 3.26 (dd, J = 9.1, 7.8 Hz) 3.25 (dd, J = 9.0, 8.0 Hz)
3′ (CH) 3.41 (dd, J = 9.1, 8.0 Hz) 3.41 (dd, J = 9.1, 8.0 Hz) 3.40 (dd, J = 9.0, 8.0 Hz)
4′ (CH) 3.25 (dd, J = 10.0, 8.0 Hz) 3.25 (dd, J = 10.0, 8.0 Hz) 3.24 (dd, J = 10.0, 8.0 Hz)
5′ (CH) 3.31 (m) 3.31 (m) 3.30 (m)
6′ (CH2) 3.61 (dd, J = 12.0, 6.0 Hz) 3.60 (dd, J = 12.0, 6.0 Hz) 3.61 (dd, J = 12.0, 6.0 Hz)

3.90 (dd, J = 12.0, 2.0 Hz) 3.93 (dd, J = 12.0, 2.0 Hz) 3.91 (dd, J = 12.0, 2.0 Hz)
1′′ (CH) 4.98 (d, J = 2.0 Hz) 4.96 (d, J = 2.0 Hz) 4.92 (d, J = 2.0 Hz)
2′′ (CH) 3.85 (dd, J = 3.0, 2.0 Hz) 3.85 (dd, J = 3.0, 2.0 Hz) 3.84 (dd, J = 3.0, 2.0 Hz)
3′′ (CH) 3.70 (dd, J = 9.0, 3.0 Hz) 3.70 (dd, J = 9.0, 3.0 Hz) 3.67 (dd, J = 9.0, 3.0 Hz)
4′′ (CH) 5.12 (t, J = 10.0 Hz) 5.12 (t, J = 10.0 Hz) 3.38 (t, J = 10.0 Hz)
5′′ (CH) 3.66 (m) 3.66 (m) 3.63 (m)
6′′ (CH3) 1.31 (d, J = 6.3 Hz) 1.32 (d, J = 6.3 Hz) 1.30 (d, J = 6.3 Hz)
2′′′ (CH) 7.22 (d, J = 1.9 Hz) 7.79 (d, J = 1.9 Hz)
5′′′ (CH) 7.18 (dd, J = 8.4, 1.9 Hz) 6.96 (dd, J = 8.4, 1.9 Hz)
6′′′ (CH) 6.48 (d, J = 8.4 Hz) 7.18 (d, J = 8.4 Hz)
7′′′ (CH) 7.71 (d, J = 15.9 Hz) 6.94 (d, J = 12.9 Hz)
8′′′ (CH) 6.48 (d, J = 15.9 Hz) 5.96 (d, J = 12.9 Hz)
3′′′ (MeO) 3.85 (s) 3.83 (s)
4′′′ (MeO) 3.86 (s) 3.84 (s)

Table 1. 1H NMR data
(500 MHz, CDCl3) for 1 – 3.

Fig. 2. The key correlations in the HMBC and NOESY spec-
tra of lagotisoside D (1).

uration of the double bond. An anomeric proton at
δ = 4.94 (d, J = 2.0 Hz, H-1′′) and a methyl group
at δ = 1.31 (d, J = 6.3 Hz, H-6′′) in the 1H-NMR
spectrum, as well as13C NMR signals at δ = 100.7
(C-1′′) and 18.5 (C-6′′) suggested the presence of a
rhamnose moiety. Based on the coupling constant of
the anomeric proton (J = 2.0 Hz), an α-rhamnose
was confirmed. In the case of a β -rhamnose, the
coupling constant normally appears at approximately

4.2 Hz [10]. The position of the 3, 4-disubstituted-(E)-
cinnamoyl moiety was determined by comparison of
the 1H and 13C NMR spectra with those of unsubsti-
tuted 6-O-α-L-rhamnopyranosylcatalpol (3) [11] (Ta-
bles 1 and 2). The H-4′′ signal of 3 was shifted down-
field by 1.74 ppm; the C-4′′ signal was also shifted
downfield by 1.9 ppm, whereas the signals of C-3′′
and C-5′′ were shifted upfield by 1.6 and 1.2 ppm, re-
spectively. These features were only compatible with
the attachment of the acyl group to the C-4 of rham-
nose. This assignment was confirmed by an HMBC
spectrum.

In the HMBC spectrum (Fig. 2), the correlations of
δH = 5.12 (H-4′′) to δC = 169.08 (C-9′′′) confirmed that
the 3, 4-disubstituted-(E)-cinnamoyl moiety was sub-
stituted at the C-4′′ position of rhamnose. The correla-
tions of δH = 4.78 (H-1′) to δC = 95.63 (C-1) suggested
that β -D-glucose was substituted at C-1 position, while
that of δH = 4.98 (H-1′′) to δC = 63.36 (C-6) indicated
that α-L-rhamnose was substituted at C-6 position. The
correlations between δH = 3.85 (OCH3) to δC = 142.66
(C-3′′′) and δH = 3.86 (OCH3) to δC = 153.23 (C-4′′′)
suggested that the cinnamoyl is 3, 4-dimethoxy-(E)-
cinnamoyl. NOESY experiments were also conducted,
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and the key correlations are indicated in Fig. 2. The
correlations between H-1 and H-6, H-1 and H-7, H-6
and H-7 as well as between H-5 and H-9 suggested that
the relative configuration of C-1, C-6, C-7, C-5 and C-9
in compound 1 are similar to that of catalpol [12].

Therefore, the structure of compound 1 was
elucidated as 6-O-α-L-(4′′-O-E-3′′′,4′′′-dimethoxycin-
namoyl)rhamnopyranosylcatalpol.

Lagotisoside E (2) was isolated as a white amor-
phous powder, [α]24

D = −172.32 (c = 0.204, MeOH).
Its molecular formula was found to be the same deter-
mined by HR-FAB-MS as that of 1 (found 698.2445,
calcd. 698.2422 for C32H42O17). The other spectro-
scopic data were also similar to those of 1, except for
the coupling constants of two olefinic protons, δH =
5.96 (d, J = 12.9 Hz, H-8′′′) and 6.91 (d, J = 12.9 Hz,
H-7′′′), from which a cis-form of the double bond in the
acyl moiety was assumed. Therefore, the structure of
2 was elucidated as 6-O-α-L-(4′′-O-Z-3′′′,4′′′-dimeth-
oxycinnamoyl)rhamnopyranosylcatalpol.

Experimental Section
General

Melting points (uncorrected): XT-4 melting point appara-
tus; [α]D values: JASCO 20C digital polarimeter; UV spec-
tra: UV-210A spectrometer; λmax in nm; IR spectra: Bio-Red
FTS-135 spectrometer; 1D and 2D NMR spectra: DRX-500
instrument; SiMe4 as internal reference, δ in ppm, J in Hz;
EI-MS: VG Autospec-3000 mass spectrometer.

Plant material

L. yunnanesis was collected in Deqin Country, Yunnan
Province, P.R. China, in September 2001. The plant was
identified by Prof. Zhi-Hao Hu, School of Life Science, Yun-
nan University. A voucher specimen (No. 01-Y001) was de-
posited in Key Laboratory of Medicinal Chemistry for Natu-
ral Resources, Ministry of Education, Yunnan, P.R. China.

Extraction and isolation

The dried whole plants (8 kg) were extracted four times
with 95 % EtOH (4×20 L) at r. t. for 9 d, and the combined
extracts were concentrated in vacuo. The residue was sus-
pended in H2O, and then partitioned with CHCl3 (4×1.5 L)
and n-BuOH (6 × 1.5 L), successively. The n-BuOH ex-
tract (897 g) was subjected to chromatography over silica
gel, eluting with CHCl3/MeOH/H2O (8 : 1 : 0.1, 6 : 1 : 0.1,
4 : 1 : 0.15, 2 : 1 : 0.2, 1 : 1 : 0.4 and 0 : 1 : 0), to afford seven-
teen fractions (A – Q).

Fraction G (30 g) was purified by silica gel chromatog-
raphy eluted with CHCl3/MeOH (60 : 0→ 0 : 1) to give five

Table 2. 13C NMR data (125 MHz, CDCl3) for 1–3.

Position 1 2 3
C(1) 95.6 (d) 95.6 (d) 95.2 (d)
C(3) 142.7 (d) 142.7 (d) 142.2 (d)
C(4) 104.0 (d) 104.0 (d) 103.6 (d)
C(5) 37.7 (d) 37.7 (d) 37.4 (d)
C(6) 84.2 (d) 84.2 (d) 83.7 (d)
C(7) 59.8 (d) 59.8 (d) 59.4 (d)
C(8) 67.0 (s) 67.0 (s) 67.0 (s)
C(9) 43.7 (d) 43.7 (d) 43.4 (d)

C(10) 64.9 (t) 64.9 (t) 61.5 (t)
C(1′) 100.1 (d) 100.1 (d) 99.8 (d)
C(2′) 75.2 (d) 75.2 (d) 74.9 (d)
C(3′) 78.1 (d) 78.1 (d) 77.8 (d)
C(4′) 71.8 (d) 71.8 (d) 71.8 (d)
C(5′) 79.0 (d) 79.0 (d) 78.7 (d)
C(6′) 63.4 (t) 63.4 (t) 63.0 (t)
C(1′′) 100.7 (d) 100.7 (d) 100.4 (d)
C(2′′) 72.2 (d) 72.2 (d) 72.3 (d)
C(3′′) 70.8 (d) 70.8 (d) 72.4 (d)
C(4′′) 75.8 (d) 75.8 (d) 73.9 (d)
C(5′′) 70.7 (d) 70.7 (d) 71.9 (d)
C(6′′) 18.5 (q) 18.5 (q) 17.9 (q)
C(1′′′) 129.3 (s) 128.7 (s)
C(2′′′) 111.7 (d) 111.6 (d)
C(3′′′) 151.1 (s) 149.7 (s)
C(4′′′) 153.2 (s) 151.7 (s)
C(5′′′) 124.4 (d) 124.0 (d)
C(6′′′) 117.1 (d) 117.7 (d)
C(7′′′) 147.1 (d) 147.0 (d)
C(8′′′) 113.1 (d) 115.2 (d)
C(9′′′) 169.1 (s) 168.5 (s)

MeO (3′′′) 57.0 (q) 56.5 (q)
MeO (4′′′) 56.9 (q) 56.5 (q)

fractions (1 – 5). Fr. 4 was repeatedly chromatographed
over a silica gel column eluting with CHCl3/MeOH
(40 : 0→ 0 : 1), then purified by RP-18 column chromatogra-
phy eluting with MeOH/H2O (8 : 2→ 1 : 1), and finally puri-
fied by HPLC (MeOH/H2O 35 : 65, 8 m min−1, UV detector,
320 nm) to yield 2 (tRbetween 340 ∼ 355 mL, 5 mg) and 1
(tR between 370 ∼ 400 mL, 10 mg).

Lagotisoside D (1). White amorphous powder. [α]24
D =

−168.50 (c = 0.345, MeOH). – UV (MeOH): λmax
(lgεmax) = 222 (4.20), 303 (4.42), 312 (4.56). – IR (KBr):
ν = 3375, 2974, 1710, 1655, 1635, 1598, 1508, 1365, 1220,
1150, 1040, 830. – MS (EI, 70 eV): m/z (%) = 698 [M]+

(2.0), 683 (2.5), 638 [M–2×OCH3]+ (10.5), 325 (4.8),
207 [C6H3(OMe)2CH=CH–COOH–1]+ (8.8), 147 (100),
80 (3.4). – HR-FABMS: m/z = 698.2449 (calcd. 698.2422
for C32H42O17, [M]+). – 1H and 13C NMR (CDCl3) see Ta-
bles 1 and 2.

Lagotisoside E (2). White amorphous powder. [α]24
D =

−172.32 (c = 0.204, MeOH). – UV (MeOH): λmax
(lgεmax) = 227 (4.22), 300 (4.39), 312 (4.58). – IR (KBr):
ν = 3375, 2974, 1713, 1654, 1633, 1600, 1559, 1510, 1367,
1220, 1152, 1040, 832. – MS (EI, 70 eV): m/z (%) = 698 (2.0)
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[M]+, 683 (2.5), 638 (10.5) [M–2×OCH3]+, 325 (4.8),
207 (8.8) [C6H3(OMe)2CH=CH–COOH–1]+, 147 (100),
80 (3.4). – HR-FABMS: m/z = 698.2445 (calcd. 698.2422 for
C32H42O17 [M]+). – 1H and 13C NMR (CDCl3) see Tables 1
and 2.
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