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2.8 mmu]. Initial inspection of the 'H and 13C NMR spectra 
indicated the peptide nature of the compound. Present were 
signals resonating at 4—5 ppm indicative of cc-hydrogens 
associated with a-amino acid residues. Amino acid analysis 
following acid hydrolysis (6 N HCl, 110 0C) of 1 indicated that 
1 contains 1 mol each of Ala and Leu and 2 mol of Phe. The 
upfield region included three doublet methyl signals (<5 1.39, 
0.96, and 0.93) that were eventually assigned to the Ala and 
Leu residues on the basis of HMBC and COSY data. 
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/3-Carbolines, biogenetically readily derivable from tryp
tophan, are a familiar structural feature of marine alkaloids.3 

Conversely, a-carbolines, also derivable from tryptophan, are 
rare. The grossularines, isolated from a tunicate, constitute the 
only previous example.4 We now report the structure of a cyclic 
hexapeptide with a tryptophan-derived a-carboline which is part 
of a fused tetracyclic system that also includes phenylalanine-
derived (Phe-2) imidazolone. Moreover, another tryptophan 
(Trp-1) is linked by its indole nitrogen atom to a ring juncture 
of the a-carboline and forms a peptide bond with a second 
phenylalanine (Phe-1) which bears a free amino group. Because 
of this non-peptide feature, a C-N bond to an indole nitrogen, 
we have called this compound kapakahine.5 

Kapakahine B (1) was isolated from a sponge, Cribrochalina 
olemda,6-7 collected at Pohnpei, Federated States of Micronesia, 
in April 1992 and re-collected in August 1993. The ethanolic 
extract of the frozen sponge (840 g, wet weight) was partitioned 
between ethyl acetate and water. The organic layer was 
subjected to the Kupchan separation scheme." The methylene 
chloride fraction was chromatographed on Sephadex LH-20 
(MeOH). The peptide-containing fractions (monitored by TLC) 
were separated by ODS HPLC (COSMOSIL 5Ci8-AR; H2O/ 
MeCN, 58:42, 0.05% TFA) and yielded two peptides, kapaka
hine A (5.8 mg) and an impure kapakahine B, which was further 
purified by HPLC on an amino column (MICROSORB NH2 
80-799-C5; CHCl3MeOH, 98:2) furnishing 0.3 mg of pure 
compound. This report deals with the smaller of the two 
peptides, kapakahine B (I).'2 

The molecular formula of kapakahine B (1) was determined 
as C49H52N8O6 by HR-FABMS [m/z 849.4116 (M + H)+, A 

(1) Present adress: Department of Zoology. The Natural History 
Museum, Cromwell Road, London SW7 5BD, U.K. 

(2) HBOI Contribution No. 1103. 
(3) Baker, B. J. In Alkaloids: Chemical and Biological Perspectives; 
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The downfield region of the 1H NMR spectrum, 6—8 ppm, 
displayed signals that were indicative of aromatic amino acids. 
There were signals for two monosubstituted benzene rings [<5 
7.05 (IH), 7.13 (2H), 7.21 (2H), 7.23 (2H), 7.28 (IH), and 7.31 
(2H)], which are compatible with two Phe residues. 

The remaining signals could be assigned to two Trp moieties 
on account of the characteristic signals for an ortho-substituted 
benzene ring. These included two triplets, 6 6.79 (H-18, J = 
7.9) and 6 6.99 (H-17, J = 7.5), two doublets, d 6.24 (H-19, J 

(12) A total of 2.0 mg of kapakahine B was obtained from the 
re-collection (4 kg) by the same procedure. Kapakahine B (1): white 
amorphous solid; [ a p D -70° (c 0.3, MeOH); UV (MeOH) 214 nm (e 
21 000), 250 (8400), 280 (5600), 294 (4000); IR (CHCIi) 3450. 2920. 2810, 
1665, 1565. 1325 cm"1; 1H NMR [CDiCN/CD,OH (2:l)+AcOH] Phe-1 d 
4.00 (bt, 7.0; H-2), 3.13 (dd, 5.5, 14.0; H-3), 2.98 (dd, 8.4, 13.9; H-3'), 
7.21 (d. 7.3; H-5, 9). 7.31 (t, 7.0; H-6, 8), 7.28 (t, 7.0; H-7); Trp-1 b 7.83 
(bd. 7.0; NH). 4.58 (bt, 7.6: H-Il), 3.37 (dd, 7.9. 15.3: H-12), 2.97 (d, 
15.3: H-12'), 7.22 (s; H-13). 7.42 (d, 7.9; H-16), 6.99 (t, 7.5: H-17), 6.79 
(t, 7.9; H-18), 6.24 (d, 8.5: H-19); Ala 6 7.72 (d, 7.0; NH), 4.32 (quintet, 
7.3; H-22), 1.39 (d, 7.3: H-23); Leu 6 7.34 (d, 8.2; NH), 4.33 (q, 7.5: H-25). 
1.60 (dd. 7.3, 6.1: H-26). 1.63 (nonuplet, 6.1; H-27). 0.93 (d, 6.1; H-28), 
0.96 (d, 6.1; H-29): Trp-2 6 8.10 (d. 8.2; NH), 4.69 (dd. 8.2. 11.6; H-31). 
2.92 (dd, 0.9, 14.3; H-32), 2.58 (dd, 12.8, 14.4; H-32'), 5.55 (s; H-33), 
6.80 (d. 7.9; H-36), 6.95 (dt. 0.6, 8.2; H-37). 7.32 (t, 7.6; H-38). 7.58 (d, 
7.9; H-39); Phe-2 d 4.96 (t, 5.3; H-42), 3.22 (dd. 4.6, 14.0; H-43), 3.12 
(dd, 5.8. 14.0: H-43'), 7.23 (d, 7.9; H-45, 49). 7.13 (t, 7.5; H-46, 48), 7.05 
(t, 7.3; H-47); 13C NMR [CD,CN/CD,OH (2:1) + AcOH] Phe-1 b 169.2 
(C-I), 55.8 (C- 2), 38.4 (C-3), 135.6 (C-4), 130.7 (C-5, 9), 130.3 (C-6, 8). 

129.1 (C-7); Trp-1 b 172.4 (C- 10), 55.4 (C-U). 27.7 (C-12), 126.4 (C-
13), 111.9 (C-14), 132.2(C-IS), 120.0 (C-16), 121.1 (C-17). 123.0 (C-18). 
112.2 (C-19). 135.4 (C-20); Ala b 175.1 (C-21). 52.5 (C-22). 17.7 (C-23); 
Leu b 175.4 (C-24), 53.8 (C-25), 40.8 (C-26), 26.1 (C-27), 22.7 (C-28). 
23.3 (C-29); Trp-2 6 169.5 (C-30), 49.4 (C-31), 38.9 (C-32). 83.4 (C-33). 
69.3 (C-34), 135.5 (C-35), 125.2 (C-36), 127.1 (C-37). 131.6 (C-38). 115.9 
(C-39). 140.6 (C-40); Phe-2 d 173.1 (C-41), 65.8 (C-42). 37.6 (C-43). 137.3 
(C-441. 130.9 fC-45. 491. 129.7 rC-46. 481. 128.6 fC-471, 
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Figure 1. Important HMBC correlations of the a-carboline moiety. 

= 8.5) and 6 7.42 (H-16, J = 7.9), and a singlet at 6 7.22 (H-
13, s), which were shown to be connected to each other and 
were assigned to Trp-1 by COSY and HMBC experiments. 

The remaining aromatic signals were initially assigned to a 
second Tip moiety; it was clear that an indole was present, but 
it lacked signals for aromatic carbons at C-33 and C-34. These 
carbons were replaced by a methine (CH-33; <5c 83.4, (5H 5.55) 
and a quaternary carbon (C-34, 6 69.3). The HMBC data 
pointed to a complex ring system, which somehow incorporated 
one Phe moiety. Critical long-range correlations were observed 
between H-31/C-30, H-31/C-32, H-31/C-34, H2-32/C-30, H2-
32/C-31, H-32/C-33, H-32/C-34, H-327C-35, H-33/C-30, H-33/ 
C-34, H-33/C-40, H-36/C-34, H-42/C-30, and H-42/C-33, all 
of which indicated the presence of an a-carboline ring system, 
which also incorporated the amino nitrogen of Phe-2. The 
nitrogen atom linked to C-31, which becomes part of a 
/3-carboline in the manzamines,'3 is now exo to the piperidone 
and forms an amide with the carboxyl of Leu (Figure 1). 

The sequence of amino acid residues was determined by 
spectral measurements (HMBC and ROESY) and Edman 
degradation. HMBC correlations from amide protons to 
neighboring carbonyl carbons were observed between Ala/Trp-
1, Leu/Ala, and Trp-2/Leu. ROESY correlations from H-13 to 
H-31 and H-32' suggested that a C - N bond was formed 
between the indole nitrogen atom of Trp-1 and C-34 to form a 
16-membered ring.14 This was supported by the chemical shift 
of C-34 ((5 69.3), which is compatible with related carbon shifts 
in flustramine E (<5 57.3)15 and urochordamine A (<5 60.9).I6 

An important HMBC correlation was seen between H-ll /C-1, 

(13) Sakai, R.; Higa, T.; Jefford, C. W.; Bernardinelli, G. J. Am. Chem. 
Soc. 1986, 108, 6404-6405. 

(14) Kapakahine A shares the same substructure, where we observed an 
unambiguous C-H three-bond correlation between the singlet proton signal 
of Trp-1 (corresponding to H-13 of kapakahine B) and the quartenary carbon 
of Trp-2 (corresponding to C-34) in the selective INEPT experiment. This 
unambiguously connects Trp-1 and -2 through a C-N bond. 

connecting Phe-1 to Trp-1. Edman degradation (Applied 
Biosystems 477A protein sequencer) showed a Phe residue only 
in the first cycle, which confirmed an N-terminal position for 
Phe-1 with free amine.17 This experiment also proved that Phe-1 
is the only residue exocyclic to the 16-membered ring. Adding 
the molecular weights of all residues resulted in a formula of 
C49H54N8O7, which is larger by 1 mol of water than the 
molecular weight measured by HR-FABMS. Hence, there 
should be one more amide bond, which is only possible between 
the indole nitrogen of Trp-2 and carbonyl of Phe-2 forming an 
imidazolone ring. This completes the planar structure of 1. 

Although the bioactivity of kapakahine B (1) was moderate 
(IC50 of 5.0 ,wg/mL; against P388 murine leukemia cells), the 
structure is unique and of biogenetic interest. The absolute 
stereochemistry was determined for Ala and Leu by Marfey's 
method18 as L. Further work is in progress.19 
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