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Abstract—A new bisindole alkaloid, tetradehydrolongicaudatine Y, has been isolated from the stem bark of
Strychnos usambarensis collected from the Ivory Coast. Elucidation of its structure is based mainly on spec-
troscopic studies and places it among the relatively small collection of zwitterionic indoloquinolizine alkaloids.
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INTRODUCTION

In the course of our investigations on the alkaloids of
Strychnos species, we further analysed the stem bark
content of S. usambarensis collected from the Ivory
Coast (liana form) [1]. The arborescent form of this
species, whose roots are the main ingredient of an
African arrow poison, contains several indole alka-
loids [2, 3], among which are strychnopentamine and
usambarensine-derivatives. These alkaloids also pos-
sess interesting anticancer and antiprotozoal proper-
ties [3-5]. The present paper describes the isolation
and the structural elucidation of a new alkaloid,
named 3',4',5,6” tetradehydrolongicaudatine Y (1).

RESULTS AND DISCUSSION

Tetradehydrolongicaudatine Y (1) is present not
only in organic fractions containing tertiary alkaloids
but also in the precipitate observed during extractions
at the interface between organic and aqueous layers.
It gives a blue colouration with cerium sulphate or
iron chloride reagents, as do bis-indole compounds of
the longicaudatine or toxiferine types [6]. The asym-
metrical bis-indole structure was confirmed by the
FAB mass spectrum which showed a [M]* at mj/z
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567, corresponding with the elemental composition
C33H3N,O. Besides the indole peaks at m/z 130 and
144, fragmentions were observed at m/z 551 [M-16]*
and 550 [M-17]*, indicative of an hydroxyl group,
mjz247,233,219,206 and 115, suggesting the presence
of a corynanium-type part [7], and m/z 122, consistent
with an ethylidenic piperidine ring arising from a stry-
chnan part [8]. The UV spectra, showing maxima at
204, 255, 308 and 367 nm in acidic or neutral solutions,
suggested a f-carbolinium chromophore. A batho-
chromic shift, corresponding to the zwitterionic form
(pH-dependent) anhydronium base [9], was observed
in alkaline solutions, as in melinonine F, for example
[7]. The IR spectrum showed NH and/ or OH
vibrations at 3405cm ™', but no CO absorptions were
detectable.

The '"H NMR spectrum showed the presence in the
aromatic region, of two ethylidene side-chains (6 5.7
q and 6.05 g, one proton each, § 1.78 d and 1.61, d
three protons each), two coupled pyridinic protons (6
8.46 d and 8.39 d, J =6.5Hz), eight benzenic protons,
corresponding to two unsubstituted indole nuclei, and
a one-proton singlet at é 6.05, in accordance with
the enaminic H-17" [6] shift of a longicaudatine-like
skeleton. In the aliphatic region, beside the two methyl
doublets of the ethylidene side-chains at & 1.78 and
1.61, we noted the presence of two deshielded inter-
acting doublets at 6 5.30 and 5.24, which were assigned
as H-21"A and H-21'B, because they were connected,
in the COSY spectrum, with the protons of one of the
ethylidene side-chains (4 6.05 and 1.61, assigned as H-
19 and H,-18’, respectively). All these protons are
also connected (COSY spectrum) with a one-proton
peak at 0 4.10, assigned as H-15", which was related
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(1)

(3) lIsoretuline

to the two protons of a methylene group at 6 3.67 and
3.84, assigned as H-14" A and B. This H-15"-proton is
also weakly connected with a one proton doublet at §
4.02, a chemical shift in agreement with a linkage with
an oxygen atom, assigned as H-17. Starting from this
proton, the connectivities provide the means of
assembling the multispin substructure related to the
hydrogens bonded to C,;-C ¢-(C,)-C,5-C,4-C; of a stry-
chnan-type skeleton. Another non-interacting spin
system was observed in the COSY spectrum, con-
stituting a CH,-CH, unit associated with the protons
at 6 1.60, 1.78, 2.60 and 3.12. This fragment probably
arises from the tryptamine part of this moiety; the
chemical shifts are in agreement with the fragment. N-

34,56, tetradehydrolongicaudatine Y .

(2) Longicaudatine Y

(4) Guianensine

C(5)H,-C(6)H,-. The protons of the other ethylidenic
side-chain (8 1.78 and 5.7, assigned as H;-18 and H-
19, respectively) were connected with the doublets
located at 6 2.92 and 3.6 (H-21 A and B).

The "*C NMR spectra (total decoupling and DEPT)
showed the presence, in the aliphatic region, of two
methyl groups (ethylidene side-chains 6 13.5and 15.0),
six methylenes, six methines and one quaternary car-
bon atom, whose chemical shift was indicative of a C-
7 from a strychnan skeleton (6 51.3). In the aromatic
region, we observed the presence of 13 methines and
ten quaternary carbon atoms. Quaternary carbon
atoms were identified by comparison between total
decoupling and DEPT spectra.
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All the chemical shifts of the protons and carbons
are in agreement with the structure (1), as compared
with the values described for alkaloids possessing
similar sub-structures [6,-8, 10-13], Nevertheless, we
did not find any reference compounds to compare with
the chemical shifts of the two H-21". These deshielded
values could be explained by the proximity of the
quaternary ammonium and that of the ethylidene side-
chain. The deshielded chemical shifts of the two H-
14’ are in agreement with the values attributed to H-
14 of melinonine E [13].

The structure proposed explains the instability of
the molecule, which easily loses two protons (probably
H-15 and one H-14") and rearranges into a fully aro-
matized compound. This hypothesis is corroborated
by the formation of an orange-coloured compound
(ES/MS: m/z 565) after staying a few minutes on TLC.

The stereochemistry still has to be considered. The
similarity between the chemical shifts of C-3, C-7 and
C-15 in strychnine [6] and tetradehydrolongicaudatine
Y, suggest the same configuration for these carbons
in the two alkaloids. The proposed relative con-
figurations of C-15 and C-15" are those commonly
accepted from the biogenetical hypothesis: 15« and
15’« [14, 15]. Examination of molecular stereomodels
shows that the 2f-, 78- and 3wa-configurations are
strictly dependent on the configuration 150. In addi-
tion, the proposed stereochemistry is in agreement
with the positive Cotton effect in the 250 nm region of
the CD spectrum [15]. The large coupling constant
observed between H-16 and H-2 (11.6Hz) and the
chemical shifts of C-6, C-14, C-16 and C-21 are con-
sistent with the configuration 16« as in isoretuline (3)
[10], but opposite of that proposed, on the basis of
only '"H NMR data, for afrocurarine [12]. The value
of *J6.17 (10.3Hz) could indicate an antiperiplanar
configuration, so H-17 must be f, as in guianensine
(4) [11]. The orientations of the side-chains are pro-
posed to be E, because of the absence of connection
in the NOESY spectrum between, respectively, H,-18
and H-21A and H-21B, and H;-18" and H,-21".

Treatment of (1) with NaBH, in MeOH for one
hour at room temperature gave longicaudatine Y (2)
[16]. The identity of the resulting compound was con-
firmed by the UV spectrum, as well as by diode-array
LC and TLC comparisons with an authentic sample.

Tetradehydrolongicaudatine Y could be in an inter-
mediate biosynthetic state between longicaudatine-
type and guianensine-type products.

EXPERIMENTAL

Plant material

Bark of S. usambarensis Gilg. was collected from
the Ivory Coast by Prof. F. Sandberg (Uppsala) and
identified by Dr A. J. M. Leeuwenberg. Reference
specimens (voucher No. 7916) have been deposited at
Wageningen (The Netherlands).
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Extraction and isolation

Powdered bark was macerated during 24 hr with
MeOH-HOAc (99:1) and percolated with the same
solvent. After concn of the extract under red. pres.
and filtration, the soln was washed with CHCI;. Dur-
ing this operation, a ppt. containing (1) was obtained.
Na,CO, was then added to pH 8 and the aq. soln
extracted with CHCIl;. The remaining aq. soln was
then acidified to pH 4 and quaternary alkaloids ppted
by a satd soln of picric acid. (1) was also present in
both CHCI, frs (in minor quantities) and in the picrate
fr. It was purified from the ppt. obtained after extrac-
tion with CHCl,. This ppt. was dispersed in H,O-
HOACc (99 : 1) and filtered. The aq. soln was basified to

Table 1. 'H and *C NMR data of compound 1 (CD;0D)

H 1) Correlations* C é
2 2.81(d: 11.6Hz) 16 2 71.6
3 3.74 (br. s5) 14AB, 15 3 62.9
5A 3.12 (m) 5B, 6AB 5 538
5B 2.60 (m) SA, 6AB 6 412
6A 1.78 (m) SAB, 6B 7 51.3
6B 1.60 (m) 5AB, 6A 8 132.3
9 7.03(d- 7.3Hz) 10, 11 9 123.8
10 6.68 (1) 9,11,12 10 121.4
11 6.99 (1) 10, 12 11 1299
12 6.45(d: 79Hz) 10,11 12 109.8
14A 2.00 (dr) 3,14B, 15 13 147.4
14B 1.65 (m) 3, 14A, 15 14 29.2
15 3.12 (m) 14AB, 16, 19 15 27.5
16 1.67 (m) 2,15, 17 16 48.9
17 4.02 (d: 10.3Hz) 16 17 69.2
18 178 (d) 19, 21AB 18 135
19 5.70 (¢: 6.7Hz) 15,18, 21B 19 126.6
2IA 3.60 (br. d) 18,21B 20 133.6"
21B 292 (br.d) 18, 19, 21A 21 57.9
5 8.46 (d: 6.5Hz) ¢ 2 1424
6 839(d:6.5Hz) 5 ¥ 145.3
9 8.28 (d: 7.9Hz) 11,10’ 5 133.1
10 7.38 () 911,12 6 116.8
11 7.70 (d) 10°,12,9" 7 131.7
12 7.70 (d) 107,117 8’ 123.7
14A 3.84 (m) 14'B,15° 9 124.2
14'B 3.67 (m) 14'A,15 10 123.2
15 4.13 (br. s) 17,17, 18, 11 133.1
19, 21’ AB,
14°AB
17 6.08 (s) 15 12 114.0
18 1.61(d: 6.8Hz) 15,19, 2I'AB 13 135.9
19’ 6.05 (¢: 6.8Hz) 15,18 21'A-B 14 30.6
2I'A 53(d:14.5Hz) 15,1% 15 35.5
21'B 5.24 (d: 14.5Hz) 15,18’ 16 121.5
17 125.8
18’ 15.0
19 128.5
207 131.8°
21 61.9

* Observed by means of 2D-COSY spectrum.
* These values may be interchanged.
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pHB8 (Na,CO,) and extracted with CHCL,. The organic
layer was evapd and the residue fractionated firstly by
High Speed Counter Current Chromatography
(HSCCC) in a multilayer-coil separator-extractor fit-
ted with 2.6 mm i.d. coiled tubing and CHCl;-MeOH-
H,0 (9:15:9) as solvent. The lower CHCI; phase was
used as stationary phase and the upper aq. phase was
pumped from the tail of the column to the head. Frs
containing (1) were then purified on a Fractogel TSK
HW 40S column with EtOH and finally by prep. TLC
on silica gel (2mm) in EtOAc-isoPrOH-NH,OH
4.25% (12:25:13).

Tetradehydrolongicaudatine Y

White powder when freshly isolated. Easily oxi-
dizable to orange product. Blue colour with cerium
sulphate and iron (III) chloride reagents on TLC. UV
(MeOH) A, nm (log ¢): 204 (4.56), 255 (4.27), 308
(4.15), 367 (3.5); (MeONa) i,,,, nm (log €): 212 (4.89),
283 (4.43), 318 (3.93); 422 (3.32). CD (MeOH) A¢ nm:
Absgy: —19.8; Aase: +5.67; Aeyry: — 1.AT; Aeyypr +4.2;
A€y —0.68; Aesan: +1.6; Acqgt — 1113, Acyye: +0.28.
FAB—MS m/z (rel. int.): 567 (100), 551 (2.4), 550
(1.9), 549 (3), 385 (7.5), 333 (5), 325 (5.3). 301 (6), 284
(7.7), 273 (14), 271 (15.2), 257 (15.3), 247 (85.6), 233
(39.2), 219 (31.4), 206 (25.6), 195 (17), 193 (16.8), 182
(60.2), 168 (24.6), 154 (21), 144 (35.3), 130 (25), 122
(17), 115 (29), 108 (13). IR (KBr) v,,,cm™': 3405,
2924, 1640, 1482, 1460, 1336, 1250, 1045, 758, 579. 'H
and "»C NMR in Table 1. The NMR spectra were
recorded on a Bruker 400 MHz spectrometer. Tetra-
dehydrolongicaudatine Y must be stored in a cool
place, protected from light and oxygen.
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