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Absrmcf: Kemmaphidin B (1). u novel cytotoxic alkaloid possessing P I,4-e&u1+ 2.7decuhydmmphthylidine 

cm with two m8cmcyclic rings ham bem isolated from an Okinawa mmine sponge Amphimedon sp., and the 

sbuchne was ekidakd by extensive 2D NhfR inveetigatic-n M well as a single crystal X-ray analysis. 

Kemmaphidin B (1) might he a plausible biogenetic precumx of mamamine alkaloids md fi very imporhmt key 

mmpound to clarify the biogez&ic path. 

The manzaminest’5 are some of the most intricate fl-carboline alkaloids from marine sources. This is 

especially true for manzamine At.2, owing to the unprecedented structure containing a 

decahydropyrrolo[2,3-i]isoquinoline core as well as biological activities, is of interest to synthetic chemists 

as one of the most challenging targets for total synthesis6~7. Manzamine-related alkaloids, ircinals A and 

Ba, which we isolated previously from an Okinawan marine sponge Ininia sp., are considexd to be 

precursors to generate the manzamines through coupling with tryptamine in the biosynthetic path. 

However, origin of the complicated ring system consisting of a decahytipyrrolo[2,3-ilisoquinoline core 

and two macrocycles of the ircinals has remained unknown. Further investigation of biogenetic precursors 

of the ircinals resulted in the isolation of keramaphidin B (1 ), a novel pentacyclic alkaloid possessing a 1,4- 

etheno-2,7decahydronaphthylidine core with two macrocyclic rings, from an Okinawan marine sponge 

Amphimedon sp. This alkaloid might be a plausible biogenetic precursor of the ircinals and a very important 

key axnpound in clarifying the biogenetic path of the mannmincs. Here we describe the isolation and 

structure elucidation of 1. The relative stereochemistry of 1 was established by a single crystal X-ray 

analysis. KeramaphidinB (1)exhibitedcytotoxicity~stblmorcellsinvit~o. 

The sponge Amphimedon sp. was wlIected off the Kerama Islands, Okinawa, and kept frozen until 

used. The methanolic extract of this sponge was partitioned between ethyl acetate and water. The ethyl 

acetate soluble material was subjected to silica gel chromatography using CHCl~eQH (955) and then 

hexan~ac&one&t2NH (80:2@2) to afford keramaphidin B (1.0.003 k wet weight of tbe sponge) together 
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with known alkaloids ircinals A8 (0.001 96) and B8 (0.0004 46) and manxamines A1*2 (0.03 %), B3 

(0.007 %), G9 (0.002 %), and H8 (0.008 %). 

The molecular formula, CzeHaN2, of keramaphidin B (l)t” was established by HREIMS (m/z 

380.3199, M+, A +0.8 mmu). The *H and t3C NMR (Table 1) spectra of 1 showed three (two di- and one 

trisubstituted) doublebonds& 5.81, 5.69, 5.64, 5.36, and 5.24; i5c 141.8, 132.0, 131.5, 131.2, 130.9, 

and 122.6), suggesting that 1 possessed five rings including two nitrogen atoms since three of eight 

unsaturations in the molecule were accounted for. The 13C NMR data including DEPT experiments 

disclosed three S$ methines, sixteen S$ methylenes, and one S# quaternary carbon. Detailed analyses of 

lH-*H CQSY, HOHAHA, HMQC, and HMQC-HOHAHAtt spectra of 1 allowed assignments of four 

segments Hz-3 to Hz-6, H-4 to H- 10, Hz- 11 to Hz- 18, and Hz-19 to HZ-26. The 13C chemical shifts at C- 

l (SC 64.3), C-3 (&c 53.6), C-6 (6c 47.4). C-8 (& 50.8) , C-11 (bc 54.1), and C-19 (&c 56.2) indicated 

that each carbon was attached to a nitrogen atom. A methine proton at C-l showed ally1 couplings to H- 10 

and HZ-26, indicating the presence of connections between C-l, C-10, and C-26. Interpreting the 

HMBC12 data allowed to assign connectivities of for segments via two nitrogens and two quatemary 

carbons. Detailed analysis of the NOISY spectrum (mixing time; 800 ms) of 1 allowed assignments of 

relative stereochemistry of the 1,4-etheno-2,7-dezahydmnaphthyhdine ring (a). Two disubstituted Als(*@ 

and A23(W double bonds were assigned as both Z-cmfigwations by NOESY correlations obsaved for H- 

14/H- 18 and &-22/I&-25 as well as the chemical shifts of allylic methylene carbons at C- 14, C- 17, C-22, 

and C-25 (l5c 22.9, 21.0, 25.0, and 25.6, respectively). Thus the structure of keramaphidin B including 

the relative stemochemistry was concluded to be 1. To verify the proposed structure, X-ray difraction 

analysis was undertaken using a suitable crystal of 1 grown in acetonitrile. The relative stereostructure 

established by the X-ray analysis (Figure 1)13 was the same as that elucidated on the basis of NMR data 

Interestingly, the X-ray study revealed that 1 is racemic though it possesses four asymmetric centers. 
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Fig. 1. A Camputer Generated Perspective Drawing of the 
Final X-ray Model for Keramaphidin B (1) 

The manzamin~related compound, kemmaphidin B (1)) is a unique alkaloid possessing a 1 &ctheno- 

2,7_decahydronaphthylidine core with & macrocyclic rings. hknzamine alkaloids may be biogenetically 

derived from condensation between byptamine and ircinals A or B isolated from the Z&u sponges. 

Keramaphidin B (1) might be a plausible biogenetic precursor of the ircinals, which may be, generated by 

hydrolysis of N2/C3 bond of 2,3-imino form of 1 14. On the other hand, xcstocyclamine AIs isolated 

recently from a sponge Xcstospngia sp. seems to be an alkaloid parallel to 1 in the biosynthesis of 

manzamines. Keramapbidin B was cytotoxic against P388 murine leukemia and KB human epidermoid 

carcinoma cells (IC, 0.28 and 0.3 pg/mL, respectively). 
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