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Abstract

Two new oxindole alkaloids, rankiniridine (1) and humanteniridine (2), having a nitrogen–carbon linkage between a humantenine-
type monoterpenoid indole alkaloid and a monoterpene unit with an iridoid skeleton, were isolated from Gelsemium rankinii and
Gelsemium elegans, respectively.
� 2008 Elsevier Ltd. All rights reserved.
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The genus Gelsemium, which belongs to Loganiaceae,
comprises three species: Gelsemium elegans Benth., Gelsemi-

um rankinii Small, and Gelsemium sempervirens Ait. Among
them, G. elegans, which is widely distributed in Southeast
Asia, is known as a toxic plant and has been used in tradi-
tional Chinese medicine. Our previous study has proved
that the origin of ‘Yakatsu’, one of the ancient medicines
stored in the Shosoin repository in Japan, is G. elegans.1

Presently, more than seventy Gelsemium alkaloids are
known and they are classified into six types on the basis
of their chemical structures, that is, sarpagine, koumine,
humantenine, gelsedine, gelsemine, and yohimbane.2,3

Recently, our research revealed that among the structurally
diverse Gelsemium alkaloids, some gelsedine-type alkaloids
showed potent cytotoxic effects against A431 epidermoid
carcinoma cells.4 In our continuing chemical studies on
Gelsemium alkaloids,5 two new oxindole alkaloids that
are composed of a humantenine-type monoterpenoid
indole alkaloid and an iridoid were isolated. In this Letter,
we describe the structure elucidation of these novel alka-
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doi:10.1016/j.tetlet.2008.03.148

* Corresponding author. Tel./fax: +81 43 290 2901.
E-mail address: htakayam@p.chiba-u.ac.jp (H. Takayama).
loids, named rankiniridine (1) and humanteniridine (2)
(Fig. 1).

The leaves and stems of G. rankinii6 (1144 g, dry weight)
were extracted with MeOH to give the crude extract
(232.6 g), which was dissolved in H2O containing a small
amount of MeOH and then extracted successively with n-
hexane, AcOEt, 5% MeOH–CHCl3, and n-BuOH. The
5% MeOH–CHCl3 extract (8.92 g) was separated by SiO2

flash column chromatography to afford rankiniridine (1,
R =H, R =OH : rankiniridine (1)
R1=OMe, R2=H : humanteniridine (2)

Fig. 1. Structures of new alkaloids (1 and 2).
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Table 1
1H and 13C NMR data of 1–3 and 5

Position Rankiniridine (1)a Rankinidine (3)b Humanteniridine (2)b Humantenirine (5)b

dH (600 MHz)c dC (150 MHz)d dH (500 MHz)d dC (125 MHz)d dH (600 MHz)c dC (150 MHz)c dH (500 MHz)d dC (125 MHz)d

2 173.8 174.1 173.3 174.6
3 3.71 (d, 6.3) 71.9 3.55 (d, 8.5) 73.8 3.65 (d, 6.6) 72.2 3.52 (d, 8.2) 74.1
5 3.39 (overlapped) 64.1 3.72 (m) 54.4 3.98 (m) 64.6 3.69 (m) 56.4
6 2.47 (dd, 15.5, 4.4) 33.2 2.45 (dd, 15.9, 3.4) 34.1 2.44 (dd, 10.0, 4.8) 33.1 2.29 (dd, 15.7, 5.7) 34.3

1.81 (dd, 15.5, 7.4) 2.19 (dd, 15.9, 4.3) 1.78 (overlapped) 2.18 (dd, 15.7, 3.7)
7 54.5 56.9 54.2 54.4
8 127.0 131.3 118.9 123.0
9 7.30 (d, 7.6) 125.9 7.43 (d, 7.6) 125.2 7.17 (d, 8.2) 126.8 7.31 (d, 8.2) 126.0
10 7.18 (dd, 7.6, 7.6) 123.1 7.14 (dd, 7.6, 7.6) 123.5 6.63 (dd, 8.2, 2.2) 107.7 6.63 (dd, 8.2, 2.4) 108.0
11 7.40 (dd, 7.6, 7.6) 128.3 7.31 (dd, 7.6, 7.6) 128.1 160.3 160.2
12 7.06 (d, 7.6) 107.3 6.98 (d, 7.6) 107.2 6.61 (d, 2.2) 95.0 6.56 (d, 2.4) 94.6
13 138.3 138.3 140.0 140.2
14 2.45 (2H, overlapped) 30.1 2.45 (dd, 15.2, 7.6) 30.0 2.53 (ddd, 15.1, 11.8, 6.6) 30.3 2.42 (dd, 15.2, 7.6) 30.0

2.31 (m) 2.39 (dd, 15.1, 5.8) 2.31 (m)
15 2.91 (m) 31.5 2.62 (m) 34.2 2.86 (m) 31.8 2.60 (ddd, 11.5, 7.6, 3.8) 34.3
16 2.59 (m) 37.0 2.24 (m) 34.6 2.34 (m) 37.6 2.21 (m) 34.8
17 4.20 (d, 11.2) 65.2 4.33 (d, 10.8) 67.1 4.15 (d, 11.3) 65.9 4.29 (d, 10.4) 67.1

4.08 (dd, 11.2, 3.8) 4.05 (dd, 10.8, 4.6) 4.05 (dd, 11.3, 4.1) 4.03 (dd, 10.4, 4.6)
18 1.76 (3H, d, 6.8) 12.7 1.61 (3H, d, 6.8) 12.6 1.74 (3H, d, 6.9) 13.7 1.59 (3H, d, 6.8) 12.6
19 5.68 (q, 6.8) 122.9 5.24 (q, 6.8) 117.4 5.60 (m) 123.4 5.23 (q, 6.8) 117.5
20 134.9 140.3 134.6 139.4
21 4.63 (d, 16.1) 42.2 3.89 (d, 16.8) 41.3 4.64 (d, 16.4) 42.0 3.88 (d, 16.7) 41.1

4.31 (d, 16.1) 3.32 (d, 16.8) 4.24 (d, 16.4) 3.32 (d, 16.7)

Na-OMe 3.99 (3H, s) 63.5 4.00 (3H, s) 63.4 3.96 (3H, s) 63.8 3.98 (3H, s) 63.4
11-OMe 3.85 (3H, s) 55.9 3.83 (3H, s) 55.6
10 3.39 (2H, overlapped) 66.0 3.46 (2H, m) 67.5
30 7.23 (s) 146.0 7.21 (s) 145.7
40 88.0 89.8
50 3.63 (d, 6.0) 51.3 3.71 (d, 6.3) 54.6
60 4.73 (dd, 6.0, 4.2) 82.0 4.82 (br dd, 6.3, 4.7) 82.1
70 3.87 (dd, 11.5, 4.2) 76.7 2.13 (br dd, 14.0, 6.8) 38.1

1.78 (overlapped)
80 1.70 (m) 43.5 2.01 (m) 39.4
90 80.5 82.9
100 1.10 (3H, d, 6.9) 9.9 1.04 (3H, d, 6.8) 13.5
110 176.1 175.8

a In CDCl3/CD3OD = 19:1.
b In CDCl3.
c Measured at �20 �C.
d Measured at rt.

N
.

K
o

g
u

re
et

a
l./T

etra
h

ed
ro

n
L

etters
4

9
(

2
0

0
8

)
3

6
3

8
–

3
6

4
2

3639



3640 N. Kogure et al. / Tetrahedron Letters 49 (2008) 3638–3642
7.0 mg). Humanteniridine (2, 5.7 mg) was isolated from the
leaves of G. elegans7 using the same extraction and isola-
tion procedure as above.

The molecular formula of rankiniridine (1)8 was estab-
lished as C30H36N2O8 from HR-FAB-MS [m/z 553.2556
(MH+)]. Compound 1 possesses 10 carbons more than
common Gelsemium alkaloids.5d,9 The 1H NMR spectrum
(�20 �C) showed signals that were readily assignable to
the alkaloid moiety and the iridoid moiety. Signals
assigned to four aromatic protons [d 7.40 (dd, H-11), d
7.30 (d, H-9), d 7.18 (dd, H-10), d 7.06 (d, H-12)], an Na-
methoxy group [d 3.99 (3H, s)], oxymethylene protons [d
4.20 and 4.08 (H2-17)], and ethylidene protons [d 5.68 (q,
H-19), d 1.76 (3H, d, H3-18)] are characteristic of humant-
enine-type alkaloids having an oxindole skeleton derived
from sarpagine-type indole alkaloid.3 The 1H and 13C
NMR signals of the oxindole moiety in 1 are very similar
(Table 1) to those of rankinidine (3),10 a known humante-
nine-type Gelsemium alkaloid, except for the chemical shift
of the carbons around the nitrogen atom (N-4). On the
other hand, signals assigned to methyl protons [d 1.10
(3H, d, H3-100)], oxymethylene protons [d 3.39 (2H, br s,
H2-10)], and a low-field methine proton attached to ester
oxygen [d 4.73 (dd, H-60)] are characteristic of an iridoid
moiety. Further, the signals at dH 7.23 (H-30), dH 4.73
(H-60), dC 146.0 (C-30), dC 88.0 (C-40), dC 176.1 (C-110),
and dC 82.0 (C-60) indicate the existence of an a, b-unsatu-
rated lactone with a hetero atom (N or O) at the b position
in the iridoid moiety. The UV spectrum supports the pres-
1H-1H-COSY
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Scheme 1. Condensation of rank
ence of this function (296.0 nm). The gross structure of the
iridoid moiety was assigned on the basis of 1H–1H COSY
and HMBC correlations (Fig. 2), particularly from H-30

to C-50 and C-110, and from H-60 and H3-100 to C-90.
Finally, HMBC correlations from H-30 to C-5 and C-21
indicate that the monoterpene unit is attached to Nb group
at the C-30 position.

The geometry of the ethylidene group at C-19–C-20 and
the double bond at C-30–C-40 was elucidated by NOE exper-
iments, as shown in Figure 2. The relative stereochemistry
of sequential chiral centers (C-50–C-80) in the iridoid moiety
was deduced from NOE correlations among H-50, 60, 70, and
100. In addition, the stereochemistry of C-90 was determined
from the NOE correlation from H-30 to H-10.

From a biogenetic point of view, 1 would originate in
rankinidine (3) and gelsemide (4),11 a coexisting iridoid in
this plant, via the Michael-type addition, followed by ring
opening of the dihydropyran moiety (Scheme 1). Based on
this idea, the condensation of rankinidine (3) and gelsemide
(4) was attempted. A mixture of rankinidine (3) and gel-
semide (4) in THF was heated at 100–150 �C in a sealed
tube for 26 h to give 1 in 19% yield. All the spectroscopic
data including CD spectrum of semi-synthetic 1 were iden-
tical with those of natural 1 and therefore, the structure
including the absolute configuration of rankiniridine (1)
was established. Rankiniridine (1) is a new type of oxindole
alkaloid having a nitrogen–carbon linkage between a
humantenine-type monoterpenoid indole alkaloid and a
monoterpene unit having an iridoid skeleton.
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Fig. 3. 2D NMR and NOE of humanteniridine (2) and structure of humantenirine (5).
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The HR-FAB-MS spectrum of humanteniridine (2)12

gave a protonated molecular ion peak at m/z 567.2722
(MH+) that corresponded to the molecular formula
C31H39N2O8 (m/z 567.2706). The UV spectrum as well as
the 1H and 13C NMR (�20 �C) spectra is very similar to
those of 1 (Table 1). However, signals in the aromatic
region indicate that 2 has an ABX system [d 7.17 (d, H-
9), d 6.63 (dd, H-10), d 6.61 (d, H-12)] and a methoxy
group [d 3.85 (3H, s)] on the benzene ring, suggesting that
2 has a methoxy group on C-11 position of humantenine-
type alkaloid. This was supported by comparison of the
NMR data of humanteniridine (2) with those of humante-
nirine (5)13 (Table 1) and NOE experiments, as shown in
Figure 3. Taking the molecular formula into consideration
at this stage, 2 should have one less oxygen than 1 in the
iridoid moiety. Comparison of the 1H and 13C NMR
(�20 �C) data of the iridoid moiety with those of 1 (Table
1), particularly of the chemical shift at C-70, suggested that
2 is the 70-dehydroxy derivative of 1. 1H–1H COSY and
HMQC analyses revealed the presence of a five sp3 carbon
chain (–CHCHCH2CHCH3, C-50, 60, 70, 80, 100) in the irid-
oid moiety (Fig. 3).

Both the geometry of the ethylidene group at C-19–C-20
and the double bond at C-30–C-40 were deduced to have the
Z-configuration from NOE experiments (Fig. 3). In addi-
tion, the relative stereochemistry of the iridoid moiety
was analyzed by performing NOE experiments (Fig. 3).
The stereochemistry of the quaternary carbon (C-90) was
elucidated from the NOE correlation from H-80 to H-10.
From these spectroscopic analyses, 2 was deduced to be
an 70-dehydroxy-11-methoxy derivative of 1. Biogeneti-
cally, 2 was considered to originate in humantenirine (5)
and 7-deoxygelsemide.14
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