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Abetract-In this paper, we describe the isolation and structural determination of 2,7dihydroxyapogeioschizine, a 
new alkaloid from the root bark of Strychnos gossweileri. Elucidation of its structure is based mainly on 1D and 
2DNMR studies; its conformation was optimized by energy minimization. According to a preliminary test, this 
substance shows low toxicity to B16 melanoma cells, but not for non-cancer 3T3 fibroblasts cultured in oitro. 

INTRODUCTION 

The root bark of S~ychnos gossweileri Exell. contains 
numerous tertiary and quatemary alkaloids [l-8]. In 
this paper, we report on the isolation and structural 
determination of a new one, which we have named 57- 
dihydroxyapogeissoschizine, from a cytotoxic fraction of 
this plant. We also analysed the effects of this alkaloid on 
cancer and non-cancer cell lines. 

RESULTS AND DISCUSSION 

2,7-Dihydroxyapogeisoschixine is a non-fluorescent 
alkaloid giving a pale violet colouration with 1% ceric 
sulphate in 10% sulphuric acid, becoming yellow after 
heating. Its UV spectrum, showing maxima at 211, 288 
and 323 nm, resembles that of an indolinic alkaloid of the 
akuammicine-type [9] shifted by ca 20 nm for the first 
band. This spectrum is slightly modified under basic or 
acidic conditions (see Experimental). The IR spectrum 
exhibited a band at 1692 cm-‘, assignable to an a-/I 
unsaturated ester, and an indoline band (1595 cm- ‘) 
[lo]. Besides the peak at m/r 369 [M + l]‘, in accord- 
ance with C21H24N20b, which is also the base peak, the 
important features in the FAB mass spectrum are the loss 
of H,O and COOMe as evidenced by peaks at m/z 351 
[M-H20+1]+ and 309 [M-COOMe]+, the peak at 
m/z 185 and the ‘indole’ peaks at m/z 144, 143 and 130 

Cl 11. 
Examination of the ‘H NMR spectmm (Table 1) shows, 

in addition to the expected quartet of resonances from the 

*Author to whom correspondence should be addressed. 

aromatic nucleus, the presence of a methoxy group 
(singlet of three protons at 3.76 ppm) and an ethylidene 
side chain (quartet of one proton at 5.37 ppm and doublet 
of three protons at 1.8 ppm). Furthermore, we cannot 
detect any NH proton, but a deshielded singlet of one 
proton at 8.05 ppm. 

The “C NMR spectrum (Table 1) in the aromatic 
region indicates the presence of one carbonyl signal at 
169.6 ppm, six protonated and four non-protonated car- 
bon atoms. This does not agree with an akuammicine- 
type skeleton. The aliphatic region contains two meth- 
ines, four methylenes, two methyl (OMe and Me) and two 
deshielded non-protonated carbons (79.3 and 90.7 ppm). 
This last chemical shift is characteristic of an indoline C-2 
with an oxygen substituent [ 10,121, while the other could 
correspond to an indoline C-7 bearing an oxygen atom. 

A better understanding of the structure of the molecule 
was gained by examination of the ZD-COSY spectrum of 
2,7dihydroxyapogeisschixine (Table 2) where we can 
assemble three mutually non-interacting spin systems. 
The first one is a -CH,-CH,- unit related to the four 
protons at 1.9,2.02,2.7 and 3.35 ppm. The chemical shifts 
of these two last protons show that this methylene must 
be bonded to a nitrogen atom. This fragment probably 
arises from the tryptamine moiety of the molecule and 
should correspond to N-C,H,-C,H,-. The second frag- 
ment is related to the ethylidene side chain. The vicirtal 
and homallylic connectivities provide the means of 
assembling the substructure -CH,-GCH-Me. The 
chemical shifts of the two protons of the methylene (3.68 
and 2.7 ppm) are in accordance with a linkage to a 
nitrogen atom; this fragment must thus correspond to 
N-CH,-C=CH-Me. Comparison of the chemical shifta 
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Table 1. ‘H and ‘“CNMR data of 2 in CDCI, 

Correlations* Correlations* 

H 6 (carbons) C 6 (protons) 

3 3.44 3, 14 

5A 2.1 5, 21 

SB 3.35 3, 5, 21 

6A 1.9 2, 6, 7 
6B 2.02 2 6, 7 
9 7.37 9. 13 

10 7.06 10 
11 7.27 11 

12 7.05 12 

14A 2.04 14.20 

14B 2.43 2, 14, 16 
15 4.28 15, 16, 17 
17 8.05 2, 15, 17, 22 

18 1.8 18 

19 5.37 19 

21A 2.1 21 

21B 3.68 3, 5, 21 
OMe 3.76 22, OMe 

2 90.7 

3 53.9 

5 48.0 

6 31.7 

7 79.3 

8 135.0 

9 123.5 

10 123.3 

11 129.3 

12 109.7 

13 142.3 

14 27.8 

15 31.4 

16 109.2 

17 135.4 

18 13.1 

19 120.4 

20 137.2 

21 52.1 

22 169.6 

OMe 52.0 

6A. 6B, 14B, 17 

3, SB, 21B 

5A, 5B, 21B 

6A, 68 

5B, 6A, 6B 

9 

10 

I1 

12 

9 
3, 14A, 14B 

15, 17 

14B, I5 

15,22 

18 

19 

14A 

5B, 21A, 21B 
17. OMe 
OMe 

*Correlations observed by means of X-H CORR and COLOC experiments. 

Table 2. Observed ‘H-‘H connectivities for 2 in the 

2D-COSY spectrum 

H-3/H-14A H-3/H-14B H-5A/H-5B 

H-5A/HdA H-5A/H-6B H-5B/H-6A 

H-5B/H-6B H-6A/H-6B H-9/H-10 

H-9/H-l 1 H-10/H-l 1 H-l l/H-12 

H-12/H-17 H-14A/H-14B H-14A/H-I5 
H-14B/H-15 H-15/H-17 H,-18/H-19 
H,-18/H-21A H-19/H-21A H-21A/H-21B 

of the protons and carbons of the last spin system shows 
that they correspond to a CH-CH,-CH-N unit. The 
COSY spectrum also indicates that the proton (H-15) at 
4.28 ppm is weakly coupled with the proton at 
68.05 ppm. Furthermore, this deshielded proton is also 
coupled with H-12. The structure was finally refined by 
the COLOC-8 Hz map (Table 1) indicating coupling 
between the 8.05 proton and carbons resonating at 31.4, 
90.7 and 169.6 ppm. On the basis of these considerations, 
structure 2 is proposed for 2,7-dihydroxyapogeissoschi- 
zine. All the chemical shifts and couplings in the *H and 
I%, ZD-COSY, X-HCORR and COLOC spectra fully 
support this structure. 

This type of skeleton is biogenetically closely related to 
geissoschizine (1) but with the notable difference that the 
1 and 17 positions are joined giving an additional fused 
ring. Such a seven-membered ring has, to our knowledge, 
only been observed in apogeissoschizine, obtained after 
treatment of geissospermine with concentrated hydro- 
chloric acid Cl33 or by treatment of geissoschizine with 
trifluoroacetic acid [14]. In mavacurine- and pleiocar- 

pamine-type alkaloids, the additional ring has one car- 
bon less. 2,7-Dihydroxyapogeissoschizine is, therefore, 
the first natural product possessing this skeleton. The 
presence of two hydroxyl functions on C-2 and C-7 has 
already been mentioned in C-alkaloid Y isolated from a 
calabash curare [15]. 

The stereochemistry remains to be considered. The 
chemical shift of C-15 is in accordance with a 15-S 
configuration as compared with alkaloids of the dihydro- 
pleiocarpamine-type [lo, 163. This configuration also 
agrees with the biogenetical hypothesis [17J 

In order to analyse the constrained conformational 
space of this molecule, 17 different arrangements have 
been built depending on the C-2, C-3, C-7 S or R 
configuration, the hybridization character of N4, the Z,E 
conformation of the C-19 chain and the rotation of the 
acetoxy fragment. For each conformation, all the 147 
degrees of freedom describing the geometry have been 
fully optimized by energy minimization at the quantum 
chemistry AM1 level [18]. For all these optimized struc- 
tures, the coupling constants measured in the NMR 
spectra were compared with the coupling constants cal- 
culated from the dihedral angles using the Karplus 
equations [19]. The best fit was observed for the 
2&3S,7S,trans-quinolizidine stereochemistry. The pro- 
posed conformation (Fig. 1) was the most energetically 
favourable with this configuration and, furthermore, had 
one of the lowest absolute energies of all the configura- 
tions tested. 

The stereochemistry proposed for C-2 and C-7 is also 
in agreement with previous observations on mavacurine- 
type alkaloids. The authors explained that, because this 
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Cytotoxicity tests. These tests were made in NUNC 96- 
well plates as already described [63 in mouse 816 melan- 
oma cells (5000 cells per well) or mouse 3T3 fibroblasts 
(15 000 cells per well). Eight wells were used for each 
experimental condition. 
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