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Abstract

Four bisindole alkaloids, viz., 19'(S)-hydroxyconodurine, conodurinine, 19'(S)-hydroxyconoduramine, and 19'(S)-hydroxyerva-
hanine A, in addition to conodurine and ervahanine A, were obtained from the leaf and stem-bark extracts of Tabernaemontana
corymbosa. The structures of the new alkaloids were determined using NMR and MS analysis.

© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The genus Tabernaemontana (Apocynaceae) has a wide
distribution (Leeuwenberg, 1991) and plants belonging to
this genus are known to provide indole alkaloids of unu-
sual structures, as well as novel bioactivity (Van Beek et
al., 1984; Danieli et al., 1986; Kam, 1999). We have pre-
viously reported the structures of several new indole and
bisindole alkaloids possessing novel carbon skeletons
from the Malayan species, T. corymbosa Roxb. Ex Wall
(Kam et al., 1998, 1999, 2000, 2001, 2003; Kam and Sim,
2001, 2002), including conodiparine A (1), a new voba-
sine-iboga bisindole which was found to reverse multi-
drug-resistance (MDR) in vincristine-resistant KB cells
(Kam et al., 1998), and vobatricine (2), representing the
first example of a bisindole of the vobasine-strychnan type
(Kam et al., 2003). We now wish to report the structures
of additional new bisindoles related to conodurine, con-
oduramine, and ervahanine, from the leaf and stem-bark
extracts of this species.

2. Results and discussion

The stem-bark extract of 7. corymbosa provided in
addition to the known bisindoles, conodurine (3) and
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ervahanine A (7), the new derivatives, 19(S)-hydroxy-
conodurine (4) and 19'(S)-hydroxyervahanine A (8),
while the leaf extract provided the new bisindoles, con-
odurinine (5) and 19/(S)-hydroxyconoduramine (6). All
six alkaloids showed UV spectra characteristic of an
indole chromophore (see Experimental section, e.g.,
19'(S)-hydroxyconodurine, Ay 223, 286, 293 nm).
Alkaloid 4 was obtained as a light yellowish oil, [a]p
—69° (¢ 0.12, CHCIy). The IR spectrum showed bands
due to NH (3376 cm™!), OH (3228 cm™'), and ester
(1727 cm™") functions. The FABMS of 4 showed an
MH™ ion at m/z 721, 16 mass units higher than that of
conodurine (3). HRFABMS gave the formula
C43H5pN4Og, suggesting the replacement of H with an
OH, compared with 3. In addition a peak due to the loss
of H,O was observed at mi/z 703, indicating the presence
of a hydroxyl group. The 'H NMR spectrum of 4
(Table 1) was assigned using COSY, HMQC and
HMBC techniques, and showed a close similarity with
that of conodurine (3), revealing the presence of two
indole NH, an unsubstituted indole ring (vobasinyl),
another indole ring substituted at C(11’) and C(12')
(iboga), one aromatic methoxy group (iboga), two ester
carbomethoxy groups, an N-methyl (vobasinyl), an eth-
ylidene (vobasinyl), and a hydroxyethyl group (iboga).
The ester methyl associated with the vobasinyl unit is
unusually shielded (8 2.53), which is in agreement with
the configuration of C(16) which places the ester func-
tion in the shielding zone of the aromatic ring. The
observation of the aromatic H(9) and H(10") of the
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3 R'=Me R’=H

4 R'=Me R?*=OH
5 R'=H,R?°=OH

iboga unit as a pair of AB doublets at § 7.25 H(9) and
6.84 H(10") indicates substitution at C(11’) and C(12) of
the iboga moiety. Comparison of the NMR spectral
data with those of conodurine and its derivatives
(Takayama et al., 1994), indicated a similar pattern of
substitution, with the attachment of the methoxy group
at C(11") and the vobasinyl unit at C(12"). Since only
one H(3) is observed, the bisindole is therefore branched
from C(3) of the vobasinyl unit to C(12") of the iboga
unit, which is also confirmed by the observed corre-
lation from C(12’) to H(3) in the HMBC spectrum of 4.
The 'H NMR spectrum of 4 is very similar to that of 3,
except for the presence of a C(20") hydroxyethyl side
chain (8 4.05, ¢qd, J=6.3, 1.6 Hz, H(19"); 1.00, d, J=6.3
Hz, CH;-18) in place of the C(20") ethyl side chain in 3.
The presence of the hydroxyethyl group is further con-
firmed by the carbon resonances of C(19’) and C(18') at §
71.3 and 20.2, respectively. The configuration of C(19")
was readily deduced to be S from the chemical shift ana-
logy of C(15) and C(21') with those of heyneanine
(Wenkert et al., 1976). Alkaloid 4 is therefore 19'(S)-

hydroxyconodurine. The 19'(R)-epimer was recently
isolated from 7. subglobosa (Takayama et al., 1994).
Conodurinine (5) was obtained as a light yellowish
oil, [a]p —55° (¢ 0.47, CHCIl3). The IR spectrum showed
bands at 3379 and 1727 cm~! due to NH/OH and ester
functions, respectively. The FABMS of 5 showed an
MH™ at m/z 707, differing from 4 by 14 mass units.
HRFABMS gave the formula C4Hs50N4Og, suggesting
the replacement of a methyl group with H, compared
with 4. The 'H and '3C NMR spectral data of 5 showed
a general similarity with those of 4, indicating similar
constitution from union of vobasinyl and iboga moi-
eties, similar 11’-OMe substitution, and C(3) to C(12')
connection of the monomeric units, and the presence of
a common hydroxyethyl side chain at C(20") of the
iboga unit. A prominent difference was the absence of
the signals due to the N-methyl group in the NMR
spectra of 5 when compared to 4. The absence of the
N-methyl substituent has caused the resonances of C(5)
and C(21) to be shifted upfield from § 59.5 and 52.0,
respectively, in 4, to § 53.3 and 44.1, respectively, in 5, a
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Table 1
'"H NMR spectral data for 4-6, and 8 (400 MHz, CDCl;)*
H 4 5 6 8
3 5.31dd (13, 3) 5.33dd (13, 3) 5.14 br d (13) 4.62 dd (13, 3)
5 4.10 td (9.5, 3) 4.25 ddd (10, 8, 3) 4.05 ddd (10, 8, 3) 4.03 ddd (10, 8, 3)
6 344 m 3.49 dd (15, 8) 327 m 3.25dd (14.5, 8)
344 m 3.60 dd (15, 10) 3.51 dd (14, 10) 3.49 dd (14.5, 10)
9 7.68 br d (7) 7.70 br d (7.8) 7.54 br d (7) 7.54 dd (8, 1.5)
10 7.131td (7, 1) 7.14 td (7.8, 1) 7.05m 7.04 m
11 7.08 td (7, 1) 7.08 td (7.8, 1) 7.05m 7.04 m
12 7.02 brd 7.03 dd (7.8, 1) 7.05m 7.04 m
14 1.93 ddd (15, 7, 3) 1.98 ddd (15, 7, 3) 1.98 m 1.93 ddd (15, 7, 3)
2.66 m 2.74 m 2.54 m 2.65m
15 3.83m 3.92m 3.76 m 3.74 m
16 2.76 t (3) 2.59t(3) 2.72t (3) 2.72t (3)
18 1.67 dd (6.9, 1.7) 1.66 dd (6.8, 1.4) 1.66 d (6.5) 1.63 dd (6.5, 1.5)
19 5.32 ¢ (6.9) 5.27 q (6.8) 5.32 ¢ (6.5) 5.31 ¢ (6.5)
21 291d(13) 3.12d (15) 2.93d(13.5) 2.90 d (14)
3.63 br d (13) 3.94 br d (15) 3.76 m 3.72 br d (14)
NH 7.70 br s 7.81 brs 7.66 br s 7.46 br s
CO,Me 2535 2.54 s 244 s 244 s
NMe 2.62 s - 2.61s 2.58 s
3 2.73 m 2.44 br d (9) 2.78 m 2. 71 m
2.45 br d (9) 2.74 m 2.99 m 2.92 m
5 3.00 m 2.95m 2.99 m 3.06 m
322 m 3.30 m 327 m 3.40 m
6 2.94 m 2.95m 2.78 m 3.06 m
2.94 m 295m 2.99 m 3.06 m
9 7.25d (8.7) 7.25d (8.8) 691 s 7.35d ()
10/ 6.84 d (8.7) 6.84 d (8.8) - 6.97 dd (8, 1)
12 - - 6.80 s 6.99 br s
14 1.58 m 1.56 m 1.98 m 1.96 m
15 1.31m 1.31m 1.51m 1.50 m
1.68 m 1.67 m 1.88 m 1.86 m
17 0.72 ddd (14, 4, 2) 0.70 ddd (14, 4, 2) 1.88 m 1.86 m
1.74 dt (14, 2) 1.71 dt (14, 2) 2.62 m 2.51 br d (13.5)
18 1.00 d (6.3) 0.99 d (6.3) 1.07 d (6) 1.06 d (6.3)
19 4.05 ¢qd (6.3, 1.6) 4.04 qd (6.3, 1) 4.09 br q (6) 4.12 qd (6.3, 1.5)
20/ 1.26 m 1.25m 1.40 m 1.41m
21 3.65 br s 3.64 br s 3.74 br s 3.80 br s
NH’ 7.56 br s 7.52 br s 7.74 br s 7.72 br s
11'-OMe 398 s 398 s 397s -
CO,M¢’ 372s 371s 3.68 s 3.69 s
19-OH - 6.35 br s 6.38 br s -

4 Assignments based on COSY and HMQC.

behaviour that has been previously noted in the related
alkaloids conodiparines E and F (Kam et al., 2003). The
C(3) to C(12) connection of the bisindole was sup-
ported by the observed C(12') to H(3) correlation in the
HMBC spectrum of 5, while the configuration of the
oxymethine C(19’) was also (S), from the observed car-
bon shifts of C(15") and C(21’) (vide supra) (Wenkert et
al., 1976).

Alkaloid 6 was obtained as a light yellowish oil, [o]p
—43° (¢ 0.63, CHCIy). The IR spectrum showed bands
at 3391, 3253, and 1724 cm~! due to NH, OH, and ester
functions, respectively. The FABMS of 6 showed an
MH™ ion at m/z 721, and HRFABMS gave the formula
C43H5>N,4Og. The 'H NMR spectrum of 6 differs from
that of the previous alkaloids in that the aromatic

hydrogens of the iboga unit are observed as two singlets
at § 6.91 and 6.80, indicating a change in the attachment
of the vobasinyl unit, which in 6 is from C(3) to C(10’).
The attachment of the methoxy substituent is still at
C(11"), from the characteristic upfield shift observed for
H(12'), indicative of adjacent C(11’) oxygenation
(Takayama et al., 1994). These conclusions were sup-
ported by the observed long range correlations from
C(9) to H(3) in the HMBC spectrum of 6. The 'H
NMR and '3C NMR spectral data of 6 in fact showed a
general similarity when compared with those of 19(R)-
hydroxyconoduramine (Takayama et al., 1994). The
chemical shifts of both alkaloids were very similar,
except for H(19') in the '"H NMR spectrum, and C(15)
and C(21") in the 3C NMR spectrum, suggesting that
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the two alkaloids are C(19')-epimers. The observed
shifts of C(15") and C(21’) at § 22.9 and 59.6, respec-
tively, allowed the assignment of the C(19) configur-
ation as S (Wenkert et al., 1976). Alkaloid 6 is therefore
19'(S)-hydroxyconoduramine. The parent alkaloid,
conoduramine, was however not obtained.

Alkaloid 8 was obtained as a light yellowish oil, [o]p
—105° (¢ 0.16, CHCI3). The IR spectrum showed bands
at 3365 and 1724 cm~! due to NH/OH, and ester func-
tions, respectively. The FABMS of 8 showed an MH™
ion at m/z 691, which is 16 mass units higher than that
of ervahanine A (7). HRFABMS gave the formula
C4HsoN4Os, indicating that 8 differs from ervahanine
A (7), by replacement of H with OH. The presence of an
OH function was also indicated by the observation of
the M—H,O fragment (m/z 673) in the mass spectrum of
8. The '"H NMR spectrum of 8 showed another depar-
ture in the pattern of the aromatic resonances when
compared to that of the previous alkaloids. The aro-
matic resonances of the iboga unit in 8 indicated the
presence of three aromatic hydrogens, and comparison
of the spectrum with the spectra of the tabernamines
(Perera et al., 1985) and ervahanines (Feng et al., 1981),
indicated attachment of the vobasinyl unit at C(11’),
which is also consistent with the observed C(3) to
H(10), H(12"), and C(11’) to H(3) correlations in the
HMBC spectrum of 8. Comparison of the 'H spectrum
of 8 with that of ervahanine A (7), which was also
obtained, showed in fact that the spectra were generally
similar, except for the presence of a hydroxyethyl side
chain at the iboga C(20’) in 8, in place of an ethyl side
chain in the case of 7. The presence of the hydroxyethyl
group was further confirmed by the carbon resonances
of C(19) and C(18') at § 71.3 and 20.3, respectively. The
chemical shifts of C(15) and C(21") at § 22.9 and 59.5,
respectively, allowed assignment of the C(19’) configur-
ation as S (Wenkert et al., 1976). Alkaloid 8 is therefore
19(S)-hydroxyervahanine A.

In all the six alkaloids (3-8), the signal of H(3) was
observed as a doublet of doublet with /=13, and 3 Hz
(or a broad doublet with J=13 Hz in the case of 6),
requiring H(3) and one of the H(14) to be trans-dia-
xial. This observation, coupled with the observed
NOE interaction between H(3) and NH, confirmed
the o attachment of the iboga unit at C(3) in these
alkaloids.

3. Experimental
3.1. Plant material

Plant material was collected in Perak, Malaysia (May,
1996) and were identified by Dr. A.J.M. Leeuwenberg,

Laboratory of Plant Taxonomy and Plant Geography,
Agricultural University, Wageningen, The Netherlands.

Herbarium voucher specimens (GK 604) are deposited
at the Herbarium of the Department of Chemistry,
University of Malaya, Malaysia, and at Wageningen.

3.2. Extraction and isolation

Extraction of the ground material was carried out in
the usual manner by partitioning the concentrated
EtOH extract with dilute acid as has been described in
detail elsewhere (Kam and Tan, 1990). The alkaloids
were isolated by initial column chromatography on
silica gel using CHCI; with increasing proportions of
MeOH followed by rechromatography of appropriate
partially resolved fractions using centrifugal TLC. Col-
umn chromatography of the basic fraction from the
stem-bark gave essentially 11 fractions. Further
fractionation of fractions 4 and 6 by centrifugal TLC
gave 7 and 3, respectively, while 4 and 8 were isolated
from rechromatography of fraction 5. Column chro-
matography of the basic fraction from the leaves gave
essentially seven fractions. Further fractionation of
fractions 4 and 5 by centrifugal TLC gave 6 and 7,
respectively. Solvent systems used for centrifugal TLC
were FEt,O, CHCIl; (NH;-saturated), Et,O/MeOH
(20:1), EtOAc/cyclohexane (1:1; NHjs-saturated). The
yields (g kg=!) of the alkaloids from the stem-bark
were as follows: 3 (0.0013), 4 (0.0021), 7 (0.0060), and 8
(0.0011). The yields from the leaves are: 5 (0.0081) and
6 (0.0131).

3.2.1. 19'(S)-Hydroxyconodurine (4)

Light yellowish oil, [a]p —69° (CHCI;, ¢ 0.12). UV
(EtOH) Anax (log €) 223 (4.84), 286 (4.28), 293 (4.27)
nm; IR (dry film) vy, 3376, 3228, 1727 cm™!; 'H and
13C NMR data, see Tables 1 and 2; FABMS m/z 721
[MH]" (65), 703 (9), 661 (5), 337 (5), 194 (8), 182 (8),
180 (30), 136 (100), 122 (18); HRFABMS m/z 721.3970
(calc. for C43H35N4O6+H, 721.3965).

3.2.2. Conodurinine (5)

Light yellowish oil, [a]p —55° (CHCI;, ¢ 0.47). UV
(EtOH) Anax (log €) 224 (4.14), 286 (3.55), 293 (3.54)
nm; IR (dry film) vmax 3379, 1727 em~!; 'H and 3C
NMR data, see Tables 1 and 2; FABMS m/z 707
[MH]™ (100), 689 (27), 180 (45), 168 (57), 136 (69), 122
(29); HRFABMS m/z 707.3979  (calc. for
C4HsoN4Og+H, 709.3914).

3.2.3. 19'(S)-Hydroxyconoduramine (6)

Light yellowish oil, [a]p —43° (CHCl;, ¢ 0.63). UV
(EtOH) Anax (log &) 227 (4.22), 288 (3.62), 295 (3.64)
nm; IR (dry film) vma, 3391, 3253, 1724 ecm~!; 'H and
13C NMR data, see Tables 1 and 2; FABMS m/z 721
[MH]* (94), 703 (10), 661 (5), 337 (9), 194 (15), 182
(15), 180 (70), 136 (100), 122 (48); HRFABMS m/z
721.3961 (calc. for C43H5,N4Og+ H, 721.3965).
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Table 2
13C NMR spectral data for 3-8 (100 MHz, CDCl3)?

C 3 4 5 6 7 8

2 136.1 136.0 1359 137.8 137.3 137.2
3 35.2 35.1 35.4 36.6 453 452
5 59.6 59.5 53.3 59.9 59.8 59.8
6 19.5 19.6 25.0 19.5 19.4 19.4
7 109.1 108.6 110.6 109.7 110.3 110.3
8 129.5 129.4 129.3 129.9 129.8 129.7

9 118.0 118.0 118.1 117.4 117.6 117.6
10 119.4 119.5 119.5 118.6 119.1 119.0
11 122.1 122.2 122.2 121.5 121.7 121.7
12 109.8 109.8 109.7 109.8 109.8 109.8
13 136.8 136.8 136.7 135.8 136.0 135.9
14 33.8 33.8 33.9 36.9 39.0 38.9
15 335 335 34.2 33.6 33.6 33.6
16 473 47.0 50.2 47.0 47.0 46.9
18 12.3 12.3 12.1 12.2 12.2 12.3
19 118.8 118.9 117.5 118.7 118.9 118.8
20 137.6 137.4 140.0 137.0 137.5 137.5
21 52.9 52.0 44.1 52.4 52.4 523
CO,Me 50.0 50.1 50.0 49.8 49.9 49.9
CO,Me 171.7 171.7 171.5 171.3 171.8 171.8
NMe 42.4 42.4 - 423 423 423
2 136.0 135.2 135.2 134.4 136.8 135.9
3 51.2 51.0 51.0 S1.1 51.8 51.4
5 52.4 523 51.9 52.1 53.0 52.1
6 22.0 21.4 21.3 21.4 22.1 21.5
7 110.0 110.0 108.5 109.7 110.2 109.7
g 124.5 124.1 124.0 122.2 127.5 127.2
9 117.1 117.1 117.0 117.8 118.7 118.7
10’ 105.0 105.2 105.1 127.6 119.4 119.7
1 152.0 152.2 152.2 153.1 139.9 140.3
12 114.4 114.4 114.4 93.1 109.3 109.4
13 135.1 135.1 135.1 134.9 135.7 135.8
14/ 27.0 26.5 26.5 26.7 273 26.7
15 31.8 22.7 22.6 22.9 32.0 229
16/ 54.6 53.5 53.4 53.9 55.0 54.0
17 34.7 35.2 35.1 36.9 36.4 36.9
18’ 11.6 20.2 20.2 20.3 11.6 20.3
19 26.5 71.3 71.3 71.3 26.7 71.3
20 389 39.2 39.1 39.5 39.1 39.5
21 57.6 59.6 59.5 59.6 57.2 59.5
CO,Me 523 52.7 52.7 52.8 52.5 52.9

CO,Me’ 174.9 174.1 173.8 175.0 175.4 174.6
11'-OMe 56.9 56.8 56.7 55.9 - -

4 Assignments based on HMQC and HMBC.

3.24. 19'(S)-Hydroxyervahanine A (8)

Light yellowish oil, [a]p —105° (CHCI;, ¢ 0.16). UV
(EtOH) Anax (log &) 228 (4.75), 287 (4.22), 294 (4.19)
nm; IR (dry film) vy 3365, 1724 cm~!; 'H and 3C
NMR data, see Tables 1 and 2; FABMS m/z 691
[MH]" (50), 673 (8), 479 (12), 329 (90), 326 (32), 307
(25), 289 (20), 199 (35), 195 (12), 181 (30), 177 (76), 176
(100), 154 (90), 137 (68); HRFABMS m/z 691.3881
(calc. for C4oH5oN4O5+H, 691.3781).
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