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Abatmcc: A cytotoxic pigment. makaluvamine G (5). biogenetically derivable from tryptamiae aad tyramine 
and structurally dated to the discorhabdins. was isolated from a sponge of the genus Histodcnnella collected in 
Indone&. The compound displays significant in vitro cytotoxicity to several tmtmr cell lines and is B mo&rate 
inhibitor of topoisomezase.-I. DNA, RNA, and protein synthesis. 

Tbe discorhabdins,l as e. g. discorhabdin D (l), are. a series of potent cytotoxic compounds isolated from 

two sponges of the genera Latrunculia2 and Priatws .3 The carbon skeleton is biogenetically derivable from 

tryptamine, which forms the pyrroloiminoquinone-containing portion, and tyramine. More recently, related 

sponge metabolites, the damirones (e. g., damirone A (2)),4 and the highly functional&d batzellines (e. g., 

batzellme A (3)),5 and isobatzellines (e. g.. isobatzelline A (4)),6 all derivable fIom a single tryptamine unit, 

have been qorted. The discorhabdins and isobatzellines, both of which contain pyrroloiminoquinone moieties, 

display potent in vitro cytotoxicity to the P388 murine leukemia cell line. No activity was reported for the 

batzellines or damirones, which lack an iminquinone moiety, a possible function responsible for cytotoxicity. 

1 6 2 R=CH3 3 4 x’=qs, x2=cl 
8 R=H 9 X1=H.X2=H 

A recent collection of marine invertebrates from Indonesia included a sponge whose extract was highly 

cytotoxic to several cell lines. Partitioning of the CH2Clfl-propanol (1:l) extract and Sephadex LH-u) 

chromatography with different solvent systems yielded makaluvamine G (5) as the major cytotoxic compound 

Makaluvamines A (6). and C (7), whose stntctures were published while the present work was in progress.7 

and damirones A (2) and B (8)4 were also isolated from the sponge. Makaluvamine E.7 which is 18- 

demethylmakaluvamine G, was absent. 
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5 6 R1=CHs, R*=H 

7 R’=H, R*=CHs 

A molecular fmmula of C!dgoN3@ was established for 5 by HRRABMS, indicating 12.5 degrees of 

unsaturation. DFPT and HMQC NMR experiments revealed 18 protons attached to the 20 carbons observed in 

the t3C NMR spectrum; two exchangeable protons in the tH NMR spectrum at 6 10.70 (bs, N-H) and 9.80 (s, 

G-H) accounted for the remaining pmtons. The mass spectral and NMR data indicated that 5 is a discothabdi.n- 

like compound with two additional carbons which could be accommodated by two N-methyls (8 3.92,3 H, s; 

35.9 (q), CH3N-13, and 3.48.3 I-I, s; 39.6 (q). CH3N-18). 

The tryptamiae-derived portion of 5 was suggested by comparison of NMR data with those for 9, a 

derivative prepared for the structure elucidation of the isobatzellines; it was supported by extensive HMBC 

correlations. One methyl group showed HMBC correlations to carbons at 6 122.7 (C-12) and 130.8 (C-14). A 

proton resonating at 6 7.31, attached to C-14, showed correlations to CH3N-13 and to signals at 8 116.9 (C-15) 

and 123.0 (C-21). The other methyl group was correlated in the HMBC experiment to a methylene carbon at 6 

52.6 (C-17) and a quaternary carbon at 154.0 (C-19). The 13C chemical shift of C-17 was consistent with a 

tertiary imiium nitrogen at position 18.2h The protons attached to C-17 (390.2 H. t, J =7.6 Hz) were coupled 

to Hz-16 (2.93, 2 H, t, J =7.6 I-Ix) and exhibited HMBC correlations to C-16, C-15, and C-19. HMBC 

conelations between a proton at 8 6.30 (H-20). attached to a carbon at 6 85.7, and signals at 146.7 (C-10) and 

167.8 (C-l 1). and also to C-19 and C-21 established the structure of the tryptamine-derived portion of 5. 

That 5 contained a paru substituted phenol was suggested by two mutually coupled two-pmton doublets at 

6 7.43 (2 H, d, J = 8.2 Hz, H-l and H-5) and 6.78 (2 H. d, 8.2 Hz. H-2 and H-4). each attached to carbons 

resonating at 6 128.4 and 115.6, respectively. Both aromatic proton signals displayed correlations to C-3 (8 

158.0); H-2 and H-4 correlated to a signal at 8 126.2 (C-6). 

Two olefinic methine carbons (8 124.3. C-7; 121.8, C-8) remained to be placed. The coupling constants 

of the attached protons (8 7.05. 1 H, d, J =13.8 I-Ix, H-7; 7.44, 1 I-I, d, 13.8 Hz, H-8) indicated a trans double 

bond.8 The C-8 proton signal changed to a broad triplet upon addition of a drop of TFA to the NMR sample 

solution, demonstrating that N-H was adjacent to this proton. HMBC correlations of H-l, H-5 to C-7, and H-8 

to C-6 linked the olefm to the aromatic ring. An HMBC correlation of H-8 to C-10 connected the tryptophan- 

and tyramine-derived portions, thus securing the structure of malcaluvamine G (5). 

In common with other pyrroloiminoquinone-containing compounds, 5 was moderately cytotoxic to 

several tumor cell lines, with an ICm value of 0.50 clg/mL against R388 (murine leukemia), A549 (human non- 

small cell lung cancer), I-IT-29 (human colon cancer), and MCF-7 (human breast cancer), and 0.35 Rg/mL 

against KB (human oral epidermoid carcinoma). Compound S was not antifungal to Aspergiflus ovzac. 

Candida albicans, Penicillium notatum, Saccharomyces cerevisiae and Trichophyton mentagrophytes, or 

antiviral to Herpes simplex 1 and 2 and polio viruses, but it displayed moderate immunomodulatory activity in 
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the mixed lymphocyte reaction (B&J = 0.28 pg/mL) with only mild cytotoxicity to resting lymphocytes (KS = 

24.4 pg/mL). The compound was not active, however, in the graft-vs.-host in vivo immunomodulatory assay 

and was surprisingly not toxic to mice at the highest dose tested (210 mg/kg total dose). In vivo anthumor 

assays arc in progress. 

In contrast to the topoisomerase-II inhibition reported for makaluvamines A, C, E, and F,7 5 was found to 

be a moderate inhibitor of topoisomerase-I (ICsc = 3.0 pM); it did not significantly inhibit topoisomerase-II. 

Compound 5 also moderately inhibited RNA (R&o = 15 PM), DNA (15 PM). and protein (21 pM) synthesis. 

Table 1. NMR Data for 5 @MS&&) 
m. 1% ‘H HMBC 

1 128.4 (d)’ 7.43 (1 H, d, J = 8.2 Hz) H-5, H-7 
: 115.6 (d) 6.78 (1 H, d. 8.2 Hz) HA, O-H 

158.0 (s) H-l, H-2. H-4. H-5 
4 

: 

; 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

115.6 ii) 6.78 (1 H, d. 8.2 Hz) -H-2; CLH. 
128.4 (d) 7.43 (1 H, d. 8.2 Hz) H-l, H-7 
126.2 (s) H-2, HA, H-8 
124.3 (d) 7.05 (1 H, d. 13.8 Hz) H-l, H-S 
121.8 (a) 7.44 (1 H, d, 13.8 Hz) H-7 

10.70 (1 H, bs) 
146.7 (s) H-8, H-20 
167.8 (s) 
122.7 (s) 

130.8 (d) 7.31 (1 H. s) 
116.9 (s) 

c&N-13 
18.8 (1) 2.93 (2 H, t, 7.6 Hz) H-14, H,l6, H2-17 

52.6 (t) 3.90 (2 H, t, 7.6 Hz) Hz-17 
Hz-16 

154.0 (s) 
85.7 (d) 6.30 (1 H. s) 

&N-13 
123.0 (s) 
35.9 (q) 3.92 (3 H, s) 

CH3N-I& 39.6 (4) 3.48 (3 H, s) 
O-H 9.80 (1 H. s) 

%4ultiplicities were de- by DEFT and HMQC NMR spectra. 

Hz-17. H-20. C&N-l8 

H-14. Hz-16, H-20 
H-14 

EXPERIMENTAL SECTION 

Sponge Collection and Taxonomy. The sponge, collected in Manado Bay, Sulawesi. Indonesia, on 

October 2, 1992, from depths between 20 and 120 ft., is an undescribed species of Histodetmcllu (Porifera, 

Demospongiae, Poecilosclerida, Coelosphaeridae). A voucher specimen has been deposited at the Harbor 

Branch Oceanographic Museum, Fort Pierce, Florida (Catalog No. 003:00879). 

Isolation. The freeze-dried sponge (340.8 g) was extracted overnight with 3 L of 2-propanol/CH~Cl2 

(1: 1). The black residue (6.072 g) was partitioned between 600 mL of hexanes/MeOH (2: 1), and the msultlng 

lower layer residue (3.532 g) was partitioned between 180 mL of EtGAc/heptane/MeOH/H~O (7:4:4:3). The 

lower phase was concentrated in vacua, yielding 1.412 g. of which a 516 mg portion was chmmatographed on 

Sephadex LH-20 (120 mL void volume, 18 mL fractions), eluting with CH~Cl2/MeoH (1:l). Fraction 6 was 

rechmmatographed on LH-20, eluting with MeGH, to give 31.4 mg of 5. 

Makaluvamine G (5): green-black powder, mp > 250 OC, FABMS m/z 334 (I@); HRFABMS 

334.1563, &I-I2oN3@ (A -0.7 mmu); IR (neat) 3600-2640.1600,1575, 1505.1430, 1410,1235,1160 cm-l; 
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W-vis (MeOH) Xmax 280 (log E 4.2), 346 (4.1). 450 (3.9). 624 (4.0) nm; W-vis (MeOH, NaGH) &a~ 286 

(4.1), 332 (sh), 612 (4.1) mn, with decomposition; 1H and %! NMR @MS&.@, see Table 1; 1H NMR 

(CD3OD) 6 3.00 (2 H, t, J =7.7 Hz, Hz-16). 3.50 (3 H. s, CHsN-18). 3.95 (2 H, t, J = 7.7 Hz, Hz-17), 3.98 (3 

H, s, CH3N-13), 6.18 (1 H, s,H-20). 6.78 (2H, d.J=8.6Hx. H-2, H-4). 6.88 (1 H.d.J= 13.6Hx,H-7),7.11 

(1 H, s), 7.43 (2 H. d, J = 8.6 Hz, H-l, H-5), 7.49 (1 H, d, J = 13.6 Hz, H-8); 13C NMR (WOD) 6 20.4 (c- 

16). 36.5 (CH3N-13), 39.9 (CH3N-18). 54.3 (C-17). 86.2 (C-20). 116.5 (C-2, C-4). 118.9 (C-15). 122.0 (C-8). 

124.7 (C-12), 124.9 (C-21), 126.1 (C-7), 128.2 (C-6). 129.5 (C-l. C-5), 131.6 (C-14). 148.6 (C-lo), 156.6 (C- 

19). 159.6 (C-3). 169.0 (C-11). 

ACKNOWLEDGMENTS 

We thank Toshio Ichiba, Mark Hamann, and Mike Sevems for collecting the sponge; Drs. Kenneth 

Rinehart and Ryuichi Sakai, University of Illinois, for invaluable MS data; Wesley Yoshida for NMR and MS 

assistance and helpful discussions; Faith Caplan and Linda Kay Larsen for bioassays conducted at the University 

of Hawaii; and Glynn Faircloth, PharmaMsr, Cambridge, MA, for immunomodulatory assays. We am grateful 

to the National Science Foundation, the Sea Grant College Program, and PharmaMar. S. A., for financial and 

technical support 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

REFERENCES AND NOTES 

See references 2a and 3a for discussions of the structure revisions of the prianosins to the discorhabdins. 

(a) Blunt, J. W.; Munro, M. H. G.; Battershill, C. N.; Copp. B. R.; McCombs, J. D.; Perry, N. B.; 

Prinsep, M.; Thompson, A. M. iVewJ. Chcm. 1990,24,761-775. (b) Perry, N. B.; Blunt, J. W.; 

MUNV, M. H. G.; Higa, T.; Sakai, R. J. Org. Chem. 1988,53,41274128; discorhabdin D was also 

isolated Finn Prianos sp. in this work. (c) Perry, N. B.; Blunt, J. W.; Mumo, M. H. G. Tetrahedron 

1988,44,1727-1734. (d) Perry, N. B.; Blunt, I. W.; McCombs, J. D.; Munro, M. H. G. J. Org. 

Chem. 1986,51,5478-5480. 

(a) Kobayashi, J.; Cheng. J.-f.; Yamamura, S.; Ishibashi, M. TetruhedronMt. 1991,32, 1227-1228. 

(b) Cheng, J.-f.; Ohizmni, Y.; Walchli, M. R.; Nakamura. H.; Hiram, Y.; Sasaki, T.; Kobayashi. J. J. 

Org. Gem. 1988.53.4621-4624. (c) Kobayashi, J.; Cheng. J.-f.; Ishibashi, M.; Nakamura, H.; 

Ohixumi, Y.; Hiram, Y.; Sasaki, T.; Lu. H.; Clardy. J. Terruhedronksr. 1987.28.4939-4942. 

Stierle,D. B.; Faulkner, D. J. J. Nut. Prod. 1991.54, 1131-1133. 

Sakemi, S.; Sun, H. H.; Jeff& C. W.; Bemanlinelli, G. TetrahedronLen. 19tI9.30,2517-2520. 

Sun, H. H.; .Sakemi. S; Burres, N.; McCarthy, P. J. Org. Chem. 1990,55,4%4-4966. 

Radisky, D. C.; Radisky, E. S.; Barrows, L. R.; Copp, B. R.; Kramer, R. A.; Ireland, C. M. J. Am. 

Chem. Sot. 1993,115, 1632-1638. 

The coupling constants for the olefmic protons of a cisp-hydroxystyrylamine unit me 7.5-9.0 Hz: 

Tschesche, R.; Kaussman, E. U. In The Alkzloidr; Manske. R. H. F., Ed.; Academic Ptess: New York, 

1975; Vol. 15, p 190. Truns olefinic styrylamine protons typically have coupling constants of 14-15 Hz 

(a) Andersen, R. J. Terruhedron L.etr. 1978,2541-2544. (b) Stonard, R. J.; Andersen, R. J. J. Org. 

Chem. 19ttO.45, 3687-3691. 


