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Abstract : A cytotoxic alkaloid, lepadiformine 1, with a new heterocyclic skeleton, has been isolated
from the ascidian Clavelina lepadiformis. The structure of 1 was established on the basis of chemical
properties and by spectroscopic means : it inciudes a unique zwitterionic-like moiety.

Ascidians are a rich source of nitrogen compounds with a wide range of biological activities3:. Recently,
alkaloids with unusual structures have been recovered from the Clavelinidae family: clavepictines A and B>
(cytotoxic quinolizidines), pictamineS (a quinolizidine), piclavines? (antimicrobial indolizidines) from Clavelina
picta, lepadin A8 (decahydroquinoline) from Clavelina lepadiformis, wakayin® (a cytotoxic pyrrolo-
iminoquinone) from Clavelina sp.

During our ongoing program to isolate novel cytotoxic and nitrogenous

marine natural products, we have found that extracts from the tunicate Clavelina : 1
lepadiformis Miiller (Chordata, Aplousobranchia, Clavelinidae) contains a TLC-
Dragendorff-positive product that exhibits moderate in vitro activity against KB cells G“

(ICs0 = 16.8 ug/mL). Clavelina lepadiformis was collected during summer near
Tabarka (North-West of Tunisia) using SCUBA at a depth between 15-25 m. It was identified by Dr. F.
Monniot at the Muséum d'Histoire Naturelle, Paris. The fresh tunicate (1500 g) was exhaustively extracted by
95% ethanol. The crude extract was treated by solvent partition (dichloromethane vs water). The
dichloromethane-soluble fraction was suspended in aqueous N HCI and the suspension was filtered. The filtrate
was washed by diethyl ether and extracted by dichloromethane. The crude alkaloid was purified by elution
through a Sephadex LH-20 column. The main fractions contain two minor, but inseparable, by-products in
addition to lepadiformine. They convert into lepadiformine on evaporation of an acidic solution
(methanol:aqueous N HCI ; 99:1) of the mixture, affording lepadiformine 1 as a colorless oil (5.3.10-2% of
ascidian dry weight).

Structural elucidation : The molecular formula was determined by FAB-MS (M*+1 : 294, 100 %)
and high resolution EI-MS (m/z 293.271850) corresponding to C;gH3sNO (calc. 293,271848, A 2.05 mmu).
As the 'H NMR spectrum does not display any signal at low field, due to olefinic protons, such a molecular
formula requires the presence of three rings. The base peak (EI-MS, m/z 262.2530, A 0.46 mmu) at M*-31
suggests the presence of either -OCH3 or -CH20H as a substituant. Actually, the J-modulated 13C spectrum?0,
shows the signal of an oxygenated methylene (8 59.96) but no methoxyl group. In addition to this, the:
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13C NMR spectrum shows the signals for one quaternary, three methine, thirteen methylene and one methyl
carbons.

Since the high field region (8 2.10 - 0.80) of the 1H NMR spectrum exhibits 28 out of the 35 proton
signals in spite the use of a 500 MHz spectrometer to record it, this region was so crowded that the conventional
2D heteronuclear experiments (HMQC!1, HMBC!12) could not lead to the total elucidation of the structure.
However, the 13C NMR INADEQUATE!3 unambiguously gave us the complete carbon skeleton of the
molecule as shown in Figure 1 (no overlapping signals). Thus, the assignment of the correct chemical shift to
every H atom could be easily made by the HMQC and the HMBC (J = 7.2 Hz) spectra in which all the 13C
signals were unequivocally known (Table 1).

C stom| 13¢ |[HMQC/IH H atom | COSY I HMBC
1 $9.96 356(d, J=13.4Hz) |1 4.10 2430, 63.54
4.10 (d, J=13.4Hz) 3.56, 3.61 2430, 63.54
2 6354 36l 2 1.95, 2.32, 4.10 -
3 24.30 1.95 3 1.75, 2.32, 3.61 76.58
232 1.75, 1.95, 3.61 -
4 26.42 1.75 4 1.95, 2.00, 2.32 2430, 33.77, 76.58
2.00 1.75 2430, 33.77, 76.58
5 76.58 -
6 33.77 2.10 6(2H) | 1.25-1.35, 163, 1.75 23.19, 24.85, 26.28, 36.19, 76.58
7 23.19 1.25-1.35 7 1.75, 2.10 24.85, 33.66
1.75 1.25-1.35, 1.63, 2.10 24.85, 30.66, 33.66, 76.58
8 24.85 1.25-1.35 8 1.00, 1.63 30.66, 36.19
1.63 1.00, 1.25-1.35 23.19, 30.66
9 30.66 1.00 9 1.25-1.35, 1.63, 2.00 36.19
1.63 1.00, 1.25-1.35, 2.00 23.19, 76.58
10 36.19 2.00 10 1.00, 1.30-1.40, 1.63, 1.75  22.49, 26.28, 30.66, 76.58
11 22.49 1.30-1.40 11 1.48, 1.75, 2.10 19.17, 30.66, 36.19, 58.71
1.75 1.30-1.40, 1.48, 1.89, 2.00  19.17, 30.66, 36.19, 76.58
12 19.17 1.48 12 1.30-1.40, 1.75, 1.89, 3.61 -
1.89 1.48, 1.75 22.49, 36.19
13 58.71 3.61 13 1.20-1.30, 10.00 -
14 29.83 1.20-1.30 14 2.42, 3.61 19.17, 26.28, 58.71
242 1.20-1.30, 1.25-1.35 26.28, 58.71
15 26.28 1.25-135 15QH) | 242 28.89, 29.83
16 28.89 1.30-1.40 16 (2H) | - 22.32, 31.51
17 31.51 1.20-130 17¢H) | - 22.32, 28.89
18 22.32 1.20-1.30 18 (2H) | 0.82 13.82, 31.51
19 13.82  0.82(t, J=6.5Hz) 19 (3H) | 1.20-1.30 22.32, 31.51
10.0 (broad) NH 3.61

Table 1 : 'H and 13C NMR Data of Lepadiformine 1 (CDCl3, 500 MHz)

Clearly, from these spectra, the position of heteroatoms (O and N) are those indicated on the planar
structure of lepadiformine in figure 2.

7N

Fig. 1 Fig. 2 Fig. 3

However, an important choice had to be made between the apparently more classical neutral form (tertiary
amine and primary alcohol) and the zwiterionic one as depicted here. The latter structure was finally proposed as
a result of further spectroscopic evidences and also of chemical properties that could be summarized as follows :

* The rather low chemical shifts of the carbons (C-2, C-5 and C-13) directly bonded to the nitrogen
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and also the important shielding of C3 and C12 (both at a B-position with respect to nitrogen) are better
explained by the protonated ammonium structure!4 .

* The "acidic" proton appears, as a broad singlet, in the 'H NMR spectrum at a much too low field
(8 = 10 ppm) to be the one of either an aliphatic alcohol or of an alternative secondary amine. Even though the

signal for this proton was quite broad (w% = 18 Hz) and because the solubility in CDCl3 was very high (250

mg in 0.5 mL), we could run an heteronuclear !H-15N HMQC NMR experiment at the natural isotopic
abundance. The optimized signal was acquired without decoupling for J = 75 Hz. The only intense correlation at
the 15N frequency (8 -302 ppm, CH3!5NO3 as an external reference at 5 0 ppm), made of a doublet (J = 75.3
Hz) centered on the H frequency of this proton, was the best proof for such a predominant form, even though
we cannot totally exclude its equilibrium with the neutral one (not seen in the spectra !).

» Thus, the numerous sharp bands observed between 2350 and 2700 cm-! in the FT-IR spectrum

* In order to chemically prove the presence of these elements in lepadiformine 1, we have tried many
reaction conditions in which they should have been acylated or alkylated (THF/NaH or nBulLi, then Ac20 or
(CF3CO); or CH3l), but only starting material was recovered in any attempt. However, the N-H proton was
proved by NMR to be slowly exchangeable in D2O. Thus, either the strong base has no access to abstract
hydrogen or the only acceptable electrophile in size is proton itself.

These behaviours taken all together speak in favor of a "cage-like" structure, with in its core the polar part
of it (a proton) hidden in lipophilic surroundings. A molecular model!3 of it is presented (figure 3)16 that takes
into account the correct relative configuration!” according to NOESY!8 correlations (mainly H1-H6, NH-H6)
and strong shielding of some carbon atoms (C-12) by a y-effect with the protonated nitrogen lone pair).

Biological activities : Lepadiformine has a moderate cytotoxic activity : ICsg : KB 9.20 pg/mL, HT29

0.75 pg/mL, P388 3.10 pug/mL, P388 doxorubicin-resistant 6.30 pg/mL, NSCLC-N6 (non-small-cell lung
carcinoma!?) 6.10 ug/mi..

(72h)

w——a 8 oZ

Gt

DNA

Figure 4 : Histogram of the DNA amount of NSCLC-N6 Cells Cultured for 72 h in the Presence of Various
Concentrations of Lepadiformine 1.

In vitro study of the effects on the NSCLC-NG6 cells according to concentration shows that 1 has cycle-
dependent and phase-dependent properties (Figure 4 and Table 2). A partial, dose-dependent, G1 phase
blockade of the cells was noted after 72h of growth in a continuous drug exposure experiment. Simultaneously,
the percentage of S phase cells decreased and cellular debris appeared. This appearance of debris could be
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related to mortality of the first cells blocked in G1 phase.

Lepadiformine
Phase Control 10 pg/mL S pg/mL 1 pg/mL
Gl 62.8 842 70.7 62.6
S 311 1.0 25.3 325
G2 6.1 4.0 4.1 4.9

Table 2 : Percentage of NSCLC-N6 cells in G1, S and G2 phases of the cell cycle in the presence of various

concentrations of lepadiformine 1 (control : untreated cells)

Conclusion : To the best of our knowledge, this is the first example of a decahydro-1H pyrrolo-

[2,1-/] quinoline as a natural compound. The carbon skeleton of 1, unique in Nature, is partially related to those
of other alkaloids of Clavelina genus, like the already cited clavepictines and pictamine. Therefore, this genus
continues to be a fruitful source of structurally new alkaloids. Due to its moderate cytotoxicity and effects on cell
cycle, lepadiformine seems to be of little interest as regards in antitumoral activity. However, the special
zwiterionic structure may be of strong interest in terms of biological "proton-transfer mechanisms” since it
seems to be a natural example of models recently described (“cis-decalin amino acid" derivatives20) having such
important properties. ' '

15,

16,
17,

18,
19,

20,

References and Notes

S.M.A.B. Research Group (Substances Marines 2 activité Biologique) "Jeune équipe D.R.E.D. JE 257".
G.E.S.N.LT. (Groupe d'Etude des Substances Naturelles & Intérét Thérapeutique, "JE D.R.E.D. 095". With the
financial support of I'Etablissement Public Régional d'Aquitaine which is gratefully acknowledged.
Ireland, C.M.; Roll, D.M.; Molinski, T.F.; Mc Kee, T.C.; Zabriskie,T.; Swerney, 1.C. Biomedical
Importance of Marine Organisms, California Acad. of Sciences, D.G. Fautin Ed. 1988, 13, 41-57.
Ireland, C.M.; Molinski, T.F.; Roll, D.M.; Zabriskie, T.; McKee, T.C.; Swerney, J.C.; Foster, M.P.
Bioorg. Mar. Chem. 1989, 3, 1-46.

Raub, M.F.; Cardellina, J.H.; Choudhary, M.1.; Chao Zhou, J.; Clardy, J.; Alley, M.C. J. Am. Chem.
Soc. 1991, 113, 3178-3180.

Kong, F.; Faulkner, D.J. Tetrahedron Lett. 1991, 32, 3667-3668,

Raub, M.F.; Cardellina, J.H.; Spande T.F. Tetrahedron Lett. 1992, 33, 2257-2260.

Steffan, B. Tetrahedron 1991, 47, 8729-8732.

Copp, B.R.; Ireland, C.M.; Barrows L.R. J. Org. Chem. 1991, 56, 4596-4597.

Le Coq, C.; Lallemand, J.Y. J. Chem. Soc., Chem. Commun. 1981, 4, 150-152.

Bax, A.; Subramanian S. J. Magn. Reson. 1986, 67, 565-569.

A. Bax, M.F. Summers J. Am. Chem. Soc. 1986, 108, 2093-2094.

Bax, A.; Freeman, R.; Kempsell, S.P. J. Am. Chem. Soc. 1980, 102, 4849-4851.

Breitmaier, E.; Voelter, W. Amines in Carbon-13 NMR Spectroscopy; VCH Publishers: Weinheim,
1987; pp. 236-238.

Molecular modeling and energy minimization calculations were carried out using the "Chem Office"
Software package, CSC Inc., Cambridge, Massachusetts, USA.

All the hydrogen atoms but the one on the nitrogen are hidden for more clarity.

Even though the measured specific rotation is zero (C=1, CHCl3), it does not mean that lepadiformine is
racemic.

Jeener, I.; Meier, B.H.; Bachmann, P.; Emnst, R.R. J. Chem. Phys. 1979, 71, 4546-4553.

Roussakis, C.; Gratas, C.; Audouin, AF.; Le Boterff, J.; Dabouis, C.; Andre, M.J.; Moyon, E.; Vo,
N.H.; Verbist, J.F. Anticancer Res. 1991, 11, 2197-2205.

Beeson, C.; Dix, T.A. J. Am. Chem. Soc. 1993, 115, 10275-10281.

(Received in France 11 February 1994; accepted 21 February 1994)



