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Abstract : A cytntoxic alkaloid, lqadiforminc 1. with a new hctcracyclic skeletoa, has been isolated 
from the ascidiaa Ckavelha lepodiformis. The stmctum of 1 was cstablisbed on the basii of chemical 
Propcrriesandby spectn#rcopic means : it includes a unique zwittcxionic-like moiety. 

Ascidians are a rich source of nitrogen compounds with a wide range of biological activities3~4. Recently, 
alkaloids with unusual structures have been mcoveted from the Cluv&ddae family: clavepictines A and Bs 
(cytotoxic quinolixidines), pi&mine6 (a quinolixidine), pi&wines7 (antimicrobial indolixidines) from Clavelina 
pictu. lepadin A* (decahydroquinoline) from Cluvelina lepudifurmis. wakayinc (a cytotoxic pyrrolo- 
iminoquinone) from Cktvelina sp. 

During our ongoing program to isolate novel cytotoxic and nitrogenous 
marine natural products, we have found that extracts from the tuuicate Clavelina 1 
lepadifrmis Mtlller (Chordatu, Aplousobranchia. Clavelinidae) contains a TLC- 
Dragendorff-positive product that exhibits moderate in vitro activity against KF3 cells 
(IC5o = 16.8 @mL). @welima lepadgomais was collected during summer near 
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Tabarka (North-West of Tunisia).using SCUBA at a depth between 15-25 m. It was identified by Dr. F. 
Motmiot at the Museum 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 
dichl~thane-soluble traction was suspended in aqueous N HCl and the suspension was filtered. The filtrate 
was washed by diethyl ether and extracted by dichloromethane. The crude alkaloid wss 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 HCl ; 99: 1) of the mixture. affording lepadiformine 1 as a colorless oil (53.~~2% of 
ascidian dry weight). 

Structural duddation : The molecular formula was determined by FAB-MS (M++l : 294,100 %) 
and high resolution HI-MS (m/z 293.271850) corresponding to C19H35NO (talc. 293.271848, A 2.05 mmu). 
As the lH NMR spectrum does not display any signal at low field. due to olefinic protons, such a molecular 
formula requires the presence of thme rings. The base peak (HI-MS, m/x 262.2530, A 0.46 mmu) at M+-31 
suggests the presence of either -0cH3 or C&OH as a substituant. Actually, the J-mod&&d t3c spectruml~, 
shows the signal of au oxygenated methylene (6 59.96) but no methoxyl group. in addition to this, the 
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W! NhtR spectrum shows the signals for one quaternary. three methine, thirteen methylene and one methyl 
carbons. 

Since the high field region (6 2.10 - 0.80) of the 1H NMR spectrum exhibits 28 out of the 35 proton 
signalsinspitetheuseofa500MHzspecaometatorecordit,thisregioawassocrowdedthpttheconventional 
2D heteronuclear experiments (HMQCl1. HMBCl*) could not lead to the total elucidation of the structure. 
However, the 13C Nh4R INADEQUATE13 unambiguously gave us the complete carbon skeleton of the 
molecule as shown ia Figure 1 (no overlapping signals). lYms, the assignment of the correct chemical shift to 
everytHatomcouklbeeasilymadebytheHMQCandtheHMBC(J=7.2Hz)spectrainwhichallthe*3C 
signals were unequivocally known (Table 1). 

C atom 13C 1 HMQCJ’H H ato- COSY IEMBC 
1 59.% 3.56 (d, J=13.4Hz) 1 4.10 24.30,63.54 

4.10 (d, kl3.4Hz) 3.56, 3.61 24.30, 63.54 

: 63.54 24.30 3.61 1.95 3 1.75. 1.95. 2.32, 2.32, 4.10 3.61 76.58 
2.32 1.75. 1.95. 3.61 

4 26.42 1.75 4 1.95, 2.00. 2.32 24.30.33.77.76.58 
2.00 1.75 24.30. 33.77, 76.58 

i 76.58 33.77 2.10 6m 1.25-1.35. 1.63. 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 
a 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. 1.3&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 1.3tSl.40. 1.48. 1.89, 2.00 19.17, 30.66. 36.19. 76.58 
12 19.17 1.48 12 1.3Gl.40. 1.75. 1.89. 3.61 - 

1.89 1.48. 1.75 22.49, 36.19 
13 58.71 3.61 13 1.2@1.30. 10.00 
14 29.83 1.20-1.30 14 2.42. 3.61 19.17, 26.28, 58.71 

2.42 1.20-1.30, 1.25-1.3s 26.28, 58.71 
15 26.28 1.25-1.3s 15 (2&f) 2.42 28.89, 29.83 
16 28.89 1.30-1.40 160 - 22.32, 31.51 
17 31.51 1.2&1.30 17m-o - 22.32, 28.89 
18 22.32 1.2Cbl.30 18(2H) 0.82 13.82, 31.51 
19 13.82 0.82 (t. M.5Hz) 19 (3I.I) 1.20-1.30 22.32, 31.51 

10.0 @Iwad) NH 3.61 

Table 1: tH aad 1* NMR Data of Lepadiformine 1 (CDCl3,500 MHz) 

Clearly. from these spectra, the position of heteroatoms (0 and N) are those indicated on the planar 
struchue of Iepadiformine in figure 2. 
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However, an @ortaM choice had to be made between the appatently l~lore classical neutral form (terdaty 
amioeaadprimaryalcohd)andthezwitaioniconeasdepictedhere.Thelatterstructurewasfinallypsopoecdas 
aresultoffufihers pectroscopicevidglcu,aadalsoofchemicalpmpatieathatcouldbesummarizedasfollows: 

l 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 Cl2 (both at a B-position with respect to nitrogen) are better 
explainedbythepmtonaMammoniumstruct&~. 

l The “acidic” proton appears, as a broad singlet, in the *H NMR spectrum at a much too low field 
(6 = 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 solubiity in CDC13 was very high (250 

mg in 0.5 mL). we could run an heteronuclear H- 1 lsN HMQC NMR experiment at the natural isotopic 
abundance. The optimixed signal was acquired without decoupling for J = 75 Hz. The only intense correlation at 
the t5N frequency (6 -302 ppm, CH3t5NoZ as an extemal reference at 6 0 ppm), made of a doublet (J = 75.3 
Hz) centered on the Q-I fquency of this proton. was the best proof for such a predominant form, even though 
wecaawttosallyexcludeitsequilibriumwiththeawtralom(wtseeninthe~!). 

. Thus, the numerous sharp bands observed between 2350 and 2700 cm-t in the FT-IR spectrum 
originatefromthisfunck. 

l In order to chemically prove the presence of these. elements in lepadifonnine 1, we have tried many 
reaction conditions in which they should have been acylated or alkylated (THF/NaH or nBuLi, then A& or 
(CF3CO)z or CH$), but only starting material was recovered in any attempt. However, the N-H proton was 
proved by NMR to be slowly exchangeable in &O. Thus, either the strong base has no access to abstract 
hydrogen or the only acceptable electqhile in size is proton itself. 

ThesebehaviourstaLenalltogetherspealcinfavorofa”cagclike”structure,withinitscorethcpolarpart 
of it (a proton) hidden in liihilic surroundings. A molecular modells of it is presented (figure 3)16 that takes 
into account the correct relative con&ration ‘7 accordiig to NOESYt8 ccmelations (mainly Hl-H6. NH-H6) 
aad strong shielding of some carboo atoms (C-12) by a ycffect with the pmkmakd nitrogen lone pair). 

Biukgkal &lvitk : Lepadiformine has a moderate cytotoxic activity : I& : KE 9.20 pg/mL, HT29 
0.75 pg/mL, P388 3.10 pg/mL, P388 doxorubicin-resistant 6.30 @IL, NSCLC-N6 (non-small-cell lung 
carcinomatg) 6.10 pg/mL. 

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

In vitro study of the effects on the NSCLC-N6 cells according to concentration shows that 1 has cycle- 
dependent and phase-dependent properties (Figure 4 and Table 2). A partial, dose-dependent, Gl 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 



Table 2 : Percentage of NSCLC-N6 cells in Gl, S and G2 phases of the cell cycle in the presence of various 
concentratious of lepadiformine 1 (control : unrrcated cells) 

Conclusion : To the best of our knowledge, this is the first example of a decahydro-1H pyrrolo- 
[2,14 quiuoline 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. Themfore, this genus 
continuestobeafruitfulofstruchuallynewallraloids.DuetoitsmoderatecytoSoxicityaadeffectsoncell 
cycle, lepadiformine seems to be of little interest as regards in antitumoral activity. $Iowever, the special 
zwiterionic structure may be of strong interest in terms of biological “proton-transfer mechanisms” since it 
seems to he a natural example of models recently described (“c&decalm amino acid” derivativesao) having such 
important properties. 
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