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Abstract-Discorhabdins A, B and C have been isolated as the major cytotoxic pigments 
of three different L.atruncufia spot@ species from New Zealand.. The lH- and laC!-I&R 
spectra of ihe mious%y reported discorhabdin C 1 have been assigned. The strracture6 of 
discorhabdins A 2 and B 3 have been established by spe+a.l comparisons (especiaIly 
NMR) ‘with 1. The discorhabdins are strongly cytotoxic (P388 EDsa’s 0.03-0.1 pg/ml) 
and antimicrobial. 

Inlroducrion In a search for antiviral and antitumour compounds from New Zealand’s marine 

invertebr&s, some of the most cytotoxic extracts found have been from heavily pigmented green and 

brown sponges of the genus tanunculia du Bocage (family Lammculiidae, order Hadromerida). There 

have already been several reports of met&&es from Lufrunculiu species. L. brevis Ridley and Dendy, 

collected in New Zealand, was included ‘in chemotaxonomic surveys of sponges for their sterol and fatty 

acid contents.1~2 A Red Sea sponge, L. magnijka Keller, was the source of the latrunculins, toxic 

macrolides bearing a 2-tliiazolidinone function. 3 Latnmcufin A has since been reported from a Fijian 

sponge, Spohgia mycofijiensis !3ahs4 L. magnifica also yielded the cis- and trans- N,N-dimethyl 

hydroxyproline betaine.s3 Most recently, two Australian coIlections, one an undescribed Ldrunculia 

species and the other L. brevis, have been reported to contain norditerpene and norsestertqene peroxides 

with antimicrobial a~tivity.~*~ 

Initial work on one New Zealand Lafrunculia extract showed that the cytotoxicity was due to a polar 

pigment. HPLC analyses of all the extracts of the three distinct Latrunculia species in our collection 

showed that each contained one of three major pigments. These were named discorhabdins A, B and C 

after the discorhabd microscleres mat are characteristic of the genus7 Bioassay-directed analyses of bulk 

extracts led to the isolation of these compounds as the major cytotoxic components of the source 

sponges. 

The structure of discorhabdin C 1, which contains the new pyrrolo[ 1.7]phenanthroline ring system, was 

established by a single crystal X-ray diffraction study.* We now report the structures of the other major 

pigments, discorhabdin A 2 and discorhabdin B 3,9 based on spectral comparisons with discorhabdin C 

1, whose ‘H- and l3C-NMR spectra are assigned below. Discoihabdin A 2 has also been isolated from a 

sponge of the genus Prianos (family Hymeniacidonidae, order Halichondrida) collected off Okinawa, 

JapanlO Most recently (after this paper was submitted) the structure of prianosin A, from an Okinawan 
1727 
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marine sponge Prianos melanos, has been published. *l. This structure is the same as that proposed below 

for discorhabdin A 2 and comparison of the spectroscopic and biological data confirmed that these 

compounds were identical.12 

NMR Assignmenfs for Discorhabdin C I The hydrochloride salt of discorhabdin C 1 in CDsOD gave a 

‘H-NMR spectrum of stark simp licity (Table 1). A sharp two proton singlet at 7.73 ppm, due to Hl and 

H5, showed that the two enantiomeric conformations found in the solid state exchange rapidly in 

so1ution.s The indolic proton H14 was weakly coupled to the two proton triplet of H16, coupled in turn 

to H17. The protons H7 and H8 gave another pair of coupled triplets. The lH-NMR spectrum of 

discorhabdin C 1 in (CDs)2S0 retained the NH signals with detectable couplings to the vicinal protons, 

so that thcsc could also bc assigned (Table 1). 

The 13C-NMR spectrum was recorded in (CD&SO because of the higher concentrations possible in this 

solvent (Table 2). All the protonated carbon signals except Cl4 were assigned from a two-dimensional 

hctcronuclear correlation (HETCOR) experiment. A proton-coupled spectrum showed a ‘J, value of 192 

Hz for C14, a normal value for such a position, l3 but outside the optimum range for the observation of 

correlations in the standard HETCOR expeziment. l4 A long-range (LJar and 3Jcxr ) HETCOR experiment 

assisted with the assignment of the eleven non-protonated carbon signals.‘5 The sharp singlet of Hl and 

H5 was correlated with signals assigned to C3 (lowest field), C2 and C4 (equivalent), C20, and C6 

(highest field). The signal at 165.52 ppm weakly correlated with NH9 could be due to either Cl0 or 

Cl 1. This signal was assigned to carbonyl Cl1 because of its chemical shift and because specific 

decoupling of NH9 gave a sharp singlet. The signal at 153.39 ppm was correlated with a signal at cu 

3.7 ppm due to either H8 or H17 (the resolution in the proton dimension was too low to distinguish 

these). However, the X-ray structure of discorhabdin C 1 had shown the N9ClO and N18C19 bonds to 

have similar double bond characters so the signals at 153.39 and 151.98 ppm WOE assigned to Cl0 and 

Cl9 without further discrimination. These assignments for ClO, Cl1 and Cl9 are supported by ‘%Z- 

NMR assignments for a similar aminoiminoquinone substructure in the chromophore of actinomycin 

D.16 The signal at 123.35 ppm was correlated with H14 and kadiation at NH13 gave a sharp doublet, J 

= 8 Hz, so it was assigned to C12. The two remaining signals at 123.74 ppm (correlated with H16) and 

at 120.00 ppm had to be due to either Cl5 or C21. The 13C-NMR assignments are given in Table 2. 

along with the ‘JQ~ values. 
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Further analysis of the COSY and HEXOR results revealed the substrucurre NH-CH-CH&CH-CH&. 

~gtbattbcremsinderofthemolecularframeworkwasalsoIhesameasindi~C1,this 

substructure was asigned as N9 to C3 in structure 2. The *%MMR spectrum of disohMh A showed 

that two double bonds had still to be located, a carbonyl group (186;67 ppm) and a carbon-carbon double 

bond (quarternary carbon signal at 125.78 ppm and methine carbon signal at 147.96 ppm). These were 

assigned to C3. (32 and Cl in structure 2, after comparison with the corresponding shifts (182.17, 

119.32 and 145.77 ppm) in another 2-bromo-spire cyclohex-2-enone.20 This left only the sulphur atom 

to be located, bridging C5 and C8. This proposed structure of discorhabdin A 2 contained three cbiral 

centres. The configuration at C8 (arbitrarily shown as S ) governs the configuration of C6 because of 

the thiolane substructure. Examination of a Dreiding model showed that either configuration at C5 was 

feasible, but only that shown for 2 put H5 and one H7 in a “w” conformation to give the observed 4Jm.t 

coupling of ca 1 Hz21 

The proposed structural features of discorhabdin 

A 2 were supported by all the spectroscopic data. 

The NMR results, which included chemical shifts 

(s, and &), coupling constants (Jcu and Jm.,) and 

NOE enhancements, reflected a variety of 

molecular properties and had to be considered 

separately. The usual method for judging S, and 

6rr values is by comparisons with model 

compounds, but the combination of unusual 

structural features proposed in 2 is unique. 

However, the 6c values of C4 to C8 all fell 

within expectation ranges based on a- 

substituents.22 As lJCH values are largely 

govcmcd by the hybridization of the CH bond,‘j 

model compounds for these values did not need to 

11 

Figure 1. Enhancements observed in 
difierence NOE spectra of discorfiabdin A 2. 

be so close in overall structure. The observed values (Table 2) agreed well with published dan~.~ The 

2JmI value of 12.5 Hz for the protons at C7 was the same as in methane and cyclohexane.21 The 2Jm.t 

value of 17.0 Hz for the C4 protons showed the influence of the adjacent carbonyl group, with a torsion 

angle of about 600 between H7a and the n-orbital. 21 3Jnn values were calculated using a modified 

Karplus equation (which takes into account substituent electronegativities)~ and torsion angles measured 

on a Dreiding model. These calculated values were in acceptable agreement with those observed 

(coupling constants in Hz, observed values in parentheses): H4a-H5, 12.2 (12.0); H4/3-H5, 3.7 (6.5); 

H7a-H8, 1.2 (1 .O); H7P-H8.5.2 (4.0). The most graphic evidence of the three-dimensional structure of 

discorhabdin A 2 was provided by difference NOE spectra. The observed enhancements, shown in Figure 

1, were in complete agreement with the proposed structure 2. 

Discorhabdin B 3 The third Lutrunculia species studied was a green-brown sponge, as yet undescribed. 

Discorhabdin B 3, the major pigment of the sponge and the major cytotoxin in the extract, was 

characterised as its hydrochloride, an optically-active green solid High-resolution mass measurements 

corresponded to the molecular formula C1sH12BrN302S, just two hydrogens less than in discababdin A 
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Discvrhabdin A 2 This cytotoxic compound was the major pigment of a dark-green sponge, L. hvis 

Ridley and Dendy, a Lafrunculia species different from that which yielded discorbabdin C 1. 

Discorhabdin A 2 was isolated by bioassay-directed analysis of the sponge extract, using methods similar 

to those described for 1.17 Amher new compound, 1,3,7-trimethylguanine, was also obtained from this 

sponge, but it showed no biological activity. l* The major sterol was identified as 24-mathylene- 

cholesterol by its lsCNMR spectrum .19 No sesuateqena peroxides were detected, despite carrying out an 

extraction by the method used to isolate these compounds from an Australian collection of L. brevk6 

Discorhabdin A 2 was characterised as its hydrochloride, an optically-active dark-green solid (1 was not 

optically-active). Various mass spectroscopic methods showed the pro&mated molecular ion as a 1:l 

doublet at 416/418 daltons, so only one bromine atom was present in the molecule, Ions at 383/385 

daltons suggested the loss’of a sulphur atom from the parent ion. Bromine and sulphur were confIrmed 

by X-ray fluorescence spectroscopy and by high-resolution mass measurements, which gave the 

molecular formula CisHi4BrNsO$ (1 was CisHi&N&). 

The UV spectrum of discorhabdin A 2 was very similar to that of discorhabdin C 1. so the same major 

chromophore i.e. NH9 to C21 in 1, was probably present in both molecules. This was confirmed by the 

iH- and W-NMR spectra of 2. Homonuclear correlation (COW), HETCOR and specific decoupling 

experiments showed the substructure C-NH-CH=C-CHa-CHa-NH-C with shifts very similar to the 

protons from NH13 to NH18 in discorhabdin C 1 (Table I). The S, values assigned above to Cl0 to 

C21 of 1 were closely matched in the spectrum of 2 (Table 2). Only the signals assigned to Cl0 and 

C20 did not have corresponding signals within one ppm. 

Table 1 
‘H-NMR data for 1,2 and 3’ 

H 1 2 3 
7.73,s 7.58,s 7.87,s 1 

4 - 6.24,s 

5 

7 

7.73,s 

2.88&l 
65,17 
307&l 
12 ,I7 
4.53,dd 
65,12 
260,dt 
1 ,l ,125 
3.00&l 
4 ,125 
5.38&l 
1 ,4 
10.5,s 
13.4,s 
7.19.t 
0.5,O.J 
2.97.m 

- 

2.12,t 

8 

9 
13 
14 

3.73,t 
6 
10.3,s 
13.4,s 
7.22,s 

2.54&I 6 
35,115 
2.81,d 
115 
5.72.d 
3.5 
10.8,s 
13.5,s 
7.21,s 

16 

17 

2.90,t 

37.79.t 
7 

3.80,dt 
10,10,14.5 
3.94.dt 
6,6,145 

2.92&l 
6.5,9 
3.83,dt 
9 ,9 ,14 
3.94,dt 
65,6.5,14.5 

18 8.3,s 9.8,s 8.7,s 
*Measured at 300 MHz in CDqOD. exceot for 
NH9, NH13 and NH18 measured-in (CD&O; S, 
values in ppm, followed by multiplicity; JlrH 
values in Hz. 

Table 2 
13C-NMR data for 1.2 and 3’ 

C 1 2 3 
1 151.41 147.96 146.00 

2 
3 
4 

166 
122.78 
171.52 
122.78 

5 

173 
128.21 
174.14 
119.32 
168 
169.99 

6 
7 

151.41 
166 
44.87 
33.83 
138 
38.46 
144 
151.9gb 
165.52 
123.35 
127.86 
192 
12O.W 
18.22 
133 
43.87 
142 
153.39b 
91.89 

169 
125.78 
186.67 
44.43 
127,135 
53.76 
149 
49.50 
40.4 

8 

10 
11 
12 
14 

15 
16 

17 

19 
20 

7 

.58.72 
168 
150.16b 
165.83 
123.25c 
127.28 
191 
119.76” 
18.04 
132 
43.84 
143 
153.5gb 
103.74 

51.44 
42.49 
? 
61.30 
167 
15OSb 
165.16 
123.51c 
127.42 
190 
120.53c 
18.06 
7 
45.15 
? 
154.22b 
97.17 

21 123.74” 123.13c 123.22” 
aMcasured at 75 MHz in (CD&SO, S, values in 

! 
pm; lJcH values in Hz. 
JIntcrchangeable within columns. 
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‘Ihe UV, ‘H- (Table 1) and 13C-NMR (Table 2) spectra 

showed that the same major chromophore was present in 

discorhabdin B 3 as in both discorhabdins C 1 and A 2. 

The NMR data also established the CH27 -C H8 

substructure, as in discorbabdin A 2. However, the 

remainder of the molecule, Cl to C6, had one more tri- 

substituted carbon-carbon double bond than in 2. Thus 

discorhabdin B 3 had a spire cyclohexadienone system 

as in discorhabdin C 1 but with only one a-bromine. 

The signal at 169.99 ppm was ascribed to C5, 

deshielded relative to C5 in discorhabdin C 1 by the 

sulphur substituent. The CH4 signals (8, 6.24 ppm 

and & 119.32 ppm) were appropriate for the a-position 

of an a$-unsaturated ketone. 

The proposed structure of discorhabdin B 3 was supported by the following NOE enhancements: 

H7P(H7a) (38%),H8(H7a) (5%),Hl(H7a) (9%),H7d{H7P) (31%),HS(H7~) (ll%),Hl(H7P) (1%) 

and H4 (H7j3) (1 W). The electron-impact mass-spectrum of discorhabdin B 3 differed considerably from 

that of discorhabdin A 2. The first major fragment was a doublet at 228L!30 daltons, corresponding to 

loss of the chromophore by cleavage of the CS-N9 and C6C20 bonds. The absolute configuration of 

discorhabdin B 3 has not been determined. 

Biological Activities Discorhabdins C 1, A 2 and B 3 were isolated because of their strong 

cytotoxicities in in vifro antiviral assays. u Further testing showed that these compounds were highly 

active in in vitro P388 assays, with respective EDso’s of 0.03, 0.05 and 0.1 pg/ml. However, in viw 

testing in the P388 leukemia system in mice showed no incmase in lifespan with either discorhabdin C 1 

or discorhabdin A 2. These two compounds were toxic to mice at about 2 mg per kg of body weight. 

Discorhabdin B 3 did show some antitumour effect, with a T/C of 117% at a dose of 0.25 mg/kg, but 

this did not reach the significance level of 120%.z 

The discorhabdins also showed antimicrobial activity. In a disk assay, with 3O’l@isk, discorhabdins C 

1 and A 2 were active against Escherichia coli, Bacillus subiilis and Candida dbicans, but not against 

Pseudomonas aeruginosa. Discorhabdin B 3 was active against E. coli and B. subtiiis, but not against 

P. aeruginosa or C. albicans. 

Discussion The discorhabdins, with their pentacyclic carbon-nitrogen framework, are a new type of 

nitrogenous pigment.% Other fused pentacyclic aromatic alkaloids have been reported from three phyla of 

marine animals: a sponge,n an ascidian28 and a sea anemone.29 Strangely, all three of these compounds 

have Ci8N3 frameworks, as do the discorhabdins. The structure of amphimedine 4, from a sponge of the 

genus Amphimedon (family Haliclonidae, order Haplosclerida), was based on extensive long-range 

HETCOR and carbon-carbon correlation experiments. n Amphimedine 4 was active against P388 cells 

in virro (ED50 2.8 pg/ml) but was inactive in vivo. 25 2-Bromoleptoclinidone 5 (in vitro P388 EDsO 0.4 

clg/ml) was isolated from an ascidian and its structure determined by long-range HETCOR experiments.28 

Two alternative structures have been proposed for calliactine (6 or 7) a pigment from a sea anemone.29 

It may be that the discorhabdins and these other compounds are produced by related microorganisms, 

which are either part of the diets of these filter fee&xx or are present as symbionts.30 
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NH 

HO 

The 2,6-dibromocyclohexadienone portion of 

discorhabdin C 1 is echoed in compound 8, a product 

of tyrosine metabolism in the sponge Apiysina 
jisruluris (family Aplysinidae, order Verongida).31 This 

compound 8 is cytotoxic and antimicrobial.32 

Consideration of the biological properties of the 

discorhabdins and their relatively high levels in the 

Lutruncuiiu sponges (~1% of dry weight) suggests that 

they may have defensive roles. Sponges containing 

antimicrobial substances are rarely overgrown33 and 

underwater observations of these Lalrunculiu species 

showed no evidence of predation or of epibionts. 

7 

Br 

0 

8 
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