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HAMACANTHINS A AND B, NEW ANT1FUNGA.L BIS INDOLE 

SPONGE, HAMACANTHA SP. 
ALKALOIDS FROM THE DEEP-WATER MARINE 

SARATH P. GUNASEKERA,* PETER J. MCCARTHY, and MICHELLE KELLY-BORGES' 

Harbor Branch Oceunographic Institution, Inc., 
5600 U.S. I ,  North, Fort Pierce, Florida 34946 

ABSTRACT.-Hamacanthin A [l] and hamacanthin B 121 are two bioactive 
dihydropyrazinonediyIbis(indo1e) alkaloids isolated from a new species of deep-water marine 
sponge, Hamacantha sp. The hamacanthins are growth inhibitors of Candida albicans and 
Cryptococcus neofmns. Isolation and structure elucidation of 1 and 2 by nmr spectroscopy are 
described. 

Several interesting biologically ac- 
tive bis indole alkaloids have been re- 
ported from marine organisms over the 
past few years. The examples reported 
from sponges include the antitumor and 
antiviral active topsentins from Topsentia 
genitrix (l), Spongosorites spp. (2,3), and 
Hexadella sp. (4), which have a ketone and 
imidazole moiety between the two indole 
rings; the cytotoxic dragmacidins reported 
from both Dragmacidon sp. (5) and 
Hexaddla sp. (4) which have a piperazine 
moiety; the cytotoxic and antifungal 
nortopsentins reported from Spongosorites 
ruetzleri (6) which lack the ketone ob- 
served in the topsentins; the biologically 
activedragmacidin-d, which hasa 2( 1H)- 
pyrazinone moiety, reported from a 

H 

I 

Spongosorites sp. (7), and a fully aroma- 
tized antimicrobial pigment, fascaplysin, 
reported from Fasraplysinopsis sp. (8). Bis 
indole alkaloids have also been reported 
from the ascidians Dendroaha grossularia 
(9) and Didetnnum candidum (10). In this 
paper, we report the isolation and struc- 
ture elucidation of two new isomeric bis 
indole alkaloids which we have named 
hamacanthins A E l ]  and B 127 from a 
deep-water sponge of the genus 
Hamacantha. Hamacanthins A and B both 
inhibited the growth of the opportunis- 
tic fungal pathogens Candida albicans 
and Cryptococcus neofMmans. 

In our search for biologically active 
substances from marine organisms, an 
EtOH extract from a deep-water marine 

sponge Hamacantha sp. was found to in- 
hibit the growth of c. albicans. This new 
species of Hamacantha was collected by a 

'Current address: Department of Zoology, 
ne ~~d ~i~~~~ M=-, cromwe1l Road, 
London SW7 5BD, UK. 
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manned submersible vessel off the south- 
eastcoastofMadeiraatadepthof548 m. 
An EtOH extract of the frozen sponge 
yielded an extract that was partitioned 
between EtOAc and H,O. The EtOAc- 
soluble fraction on bioassay-guided cc 

over Si gel followed by hplc furnished the 
two new antifungal constituents, 
hamacanthin A E l ]  and hamacanthin B 
127. The hamacanthins are related in struc- 
ture to the reported dragmacidins (5) and 
nortopsentins (6). The structural charac- 

Position 

1 . . . . . .  
2 . . . . . .  
3 . . . . . .  
5 . . . . . .  

6 . . . . . .  

1'. . . . . .  
2'. . . . . .  
3'. . . . . .  
3a'. . . . .  
4'. . . . . .  
5' .  . . . . .  
6'. . . . . .  
7'. . . . . .  
7a' . . . . .  
1". . . . . .  
2". . . . . .  
3". . . . . .  
3a". . . . .  
4". . . . . .  
5". . . . . .  
6". . . . . .  
7". . . . . .  
7a". . . . .  

ULE 1. 13C- and 'H-Nmr Data' for Hamacanthins P 

1 

157Ad s 
157.6 s 
53.4 t 

46.1 d 

132.6 d 
111.0s 
125.0 s 
124.1 d 
123.2 d 
114.7 s 
114.2 d 
137.0 s 

124.5 d 
113.1 s 
124.6 s 
120.7 d 
121.5 d 
114.7 s 
114.2 d 
137.2 s 

8.78 (d, 1.0) 

4.05 (dd, 16.2, 5.1) 
4.10 (dd, 16.2,8.5) 
4.98(ddd,8.5,5.1, 1.0) 

11.59 (d, 2.7) 
8.41 (d, 2.7) 

8.29 (d, 8.5) 
7.20 (dd, 8.5, 2.0) 

7.62 (d, 2.0) 

11.15 (d, 2.3) 
7.30 (d, 2.3) 

7.66 (d, 8.5) 
7.13 (dd, 8.5, 2.0) 

7.56 (d, 2.0) 

HMBC ('H) 

H- 1 
H-5, H-2' 
H-1, H-6 

H-1, H-5, H-2" 

H-1', H-2' 
H-2', H-S', H-7' 

H-7' 
H-4' 
H-5' 
H-2', H-4' 

H-6 
H-5, H-6, H-1" 
H-2", H-5". H-7" 

H-7" 
H-4" 
H-5" 
H-1", H-2" 

17 and B 127 in DMSO-d,. 

2 

I3c 

157.2 s 
157.0 s 
53.6 d 

43.2 t 

11.62 s 
132.7 d 
111.0s 
125.0 s 
124.1 d 
123.3 d 
114.8 s 
114.1 d 
136.9 s 

123.6 d 
114.8 s 
125.0 s 
120.8 d 
121.4 d 
113.9s 
114.2 d 
137.2 s 

" 

8.49 (t, 1.5) 

5.25 (dd, 9.5,4.8) 

3.47 (ddd, 12.9.9.5, 1.0) 
3.61 (ddd, 12.9,4.8, 1.5) 

8.41 (s) 

8.30 (d, 8.7) 
7.17 (dd, 8.7, 1.6) 

7.63 (d, 1.6) 

11.12 (s) 
7.28 (s) 

7.65 (d, 8.6) 
7.13 (dd, 8.6, 

7.59 (d, 1.6) 

'Table entries are chemical shift, ppm from solvent (multiplicity,] in Hz). 
bAssignments based on APT, DEFT, and HMQC experiments. 
'Assignments based on COSY and TOCSY experiments. 
dAssignment based on SINEFT experiments. 
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teristics of the hamacanthins are the sub- 
stitution of a 5,6-dihydro-l(2H)- 
pyrazinone moiety in place of an imida- 
zole moiety between the two bromoindole 
rings of the related topsentins and 
nortopsentins. The structures of the two 
hamacanthins differ from each other in 
the position of attachment of the second 
bromoindole moiety to the 5,6-dihydro- 
1(2H)-pyrazinone ring system. 

A molecular formula of 
C,,HI4Br2N40 was established for 
hamacanthin A 117 by high-resolution 
fabms. The I3C-nmr data(Tab1e 1) showed 
that the molecule contained 17 unsatur- 
ated carbons, a conjugated amide carbon 
at 6 157.4, a nitrogen-bearing methylene 
carbon at 6 53.4, and another nitrogen- 
bearing methine carbon at 6 46.1. The 
presence of two independent 6- 
bromoindoyl-3-yl moieties was evident 
from analysis of ‘H- and I3C-nmr data 
(Table 1) including ‘H-’H COSY, 
TOCSY, DEFT, HMQC, and HMBC, 
and from the comparison of chemical 
shift values with those of known 
bromoindoles (2,6). The remaining sub- 
unit C4H4N20 as required by the mo- 
lecular formula had to accommodate the 
remaining tetrasubstituted olefinic car- 
bon at 6 157.6, the conjugated amide 
group, and the two nitrogen-bearing ali- 
phatic groups described earlier. The par- 
tial structure of 3,6-disubstituted-5,16- 
dihydro- l(2H)-pyrazinone was estab- 
lished by interpretation of ‘H- and I3C- 
nmr data (Table l), including ‘H-’H 
COSY and TOCSY spectral data, and was 
confirmed by long-range C-H correla- 
tions. In the COSY spectrum of 1, the 
N H  proton observed at 6 8.78 (d,J=l 
Ht )  revealed coupling to the methine 
proton observed at 6 4.98, which in turn 
was coupled to the methylene group ob- 
served at 6 4.10 and 4.05. The absence of 
any other ‘H-’H couplings combined 
with the chemical shift value of the me- 
thylene carbon at 6 53.4 suggested that 
the methylene group was attached to the 
remaining nitrogen atom. The long-range 
C-H correlations (Table 1) observed from 

H-1 (NH, 68.78) toC-2 (C=O,6 157.4), 
and from H-5 ( 6  4.05) to C-3 (C=N-, 6 
157.6), unambiguously established the 
presence of the disubstituted dihy- 
dropyrazinone moiety in the molecule. 
Furthermore, long-range correlations 
were also observed from H-1 and H-5 to 
C-3” (6 113.1), from H-6 (6 4.98) to C- 
3”and C-2”(6 124.5), and from H-2’ (6 
8.41) to C-3 (6 157.4), thereby connect- 
ing the dihydropyrazinone ring with two 
6-bromoindol-3-yl moieties at C-3 and 
C-6 to yield the structure of hamacanthin 
Aas 1. 

The high-resolution fab mass mea- 
surements established the formula 
C,,HI4Br2N40 for hamacanthin B 121. 
Based on nmr comparison (Table 1) this 
compound appeared to have the same 
dihydropyrazinonediylbis(indo1e) unit as 
in 1. However, significant differences 
were observed in the ‘H-nmr chemical 
shift values and the coupling patterns of 
H-5 and H-6. In the COSY spectrum of 
2 the N H  (H-1) proton observed at 6 
8.49 (t,J=1.5 Hz) indicated couplings 
to the methylene protons observed at 6 
3.47 and 3.6 1, which in turn were coupled 
to the methine proton observed at 6 5.25 
(ddJz9 .5  and 4.8 Hz). A set ofselective 
INEPT nmr experiments (1 1) conducted 
in CDCl,/lO% CD,OD as the solvent 
gave useful results. Irradiation of the 
methine H-5 (6 5.27) produced enhance- 
ment in the signals of the carbons (6 
157.01,123.18, and 124.79, correspond- 
ing to C-3, C-2” and C-3a”, respectively. 
Similarly, irradiation of one of the meth- 
yleneprotons (6 3.7 1)produced enhance- 
ment in the signals of the carbons (6 
158.55 and 114.65),corresponding toC- 
2 and C-3”, respectively. These observa- 
tions confirmed the presence of the 
dihydropyrazinone ring system, and that 
the second bromoindolegroup is attached 
toc-5 togive thestructure ofhamacanthin 
B as 2. The absolute stereochemistries at 
C-6 in 1 and C-5 in 2 were not deter- 
mined. 

Both hamacanthins A and B showed 
significant antimicrobial activity against 
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C.  albicanr, C.  neoformans, and Bacillus 
subtifis. A number of 2( lH)-pyrazinones 
have been reported from microbial sources 
but the substitution of the second indole 
at C-5 in 2 is fairly unusual (1 2). 

EXPERIMENTAL 

GENERAL EXPERMENTAL PROCEDURES.-uV 
spectra were taken with a Perkin-Elmer Lambda 3 
B uv/visible spectrophotometer. Ir spectra were 
obtained onaMidac Ft-ir M 1200 spectrophotom- 
eter. I3C-Nmr spectra were measured on a Bruker 
AM-360 instrument. 'H- and all 2D nmr spectra 
were measured on a Bruker AMX-500 instru- 
ment. All nmr spectra were measured in DMSO- 
d6. Chemical shifts were referenced to solvent 
DMSO-d6signalat 2.49pprnfor1Hand39.5ppm 
for I3C. All 2D spectrawere run non-spinning. We 
used 5 Hz as YcH in the selective INEPT experi- 
ments. The high-resolution mass spectra were 
obtained on a Kratos MS-80RFA mass spectrom- 
eter at the Chemical Instrumentation Center, Yale 
University. Optical rotations were measured with 
a Jasco DIP 360 digital polarimeter. 

ANIMAL MATERIAL-The sponge is a new 
species of Hamacantba (phylum Porifera, class 
Demospongiae, order Poecilosclerida, family 
Biemnidae) which was collected by the Johnson- 
&-Link I manned submersible vessel from a sand 
slope at a depth of 548 m off the southeast coast of 
Madeira (latitude 32'42.41' N ,  longitude 
60O40.25' W). In life, the sponge was amorphous 
and yellow-white in color. It is most closely related 
to H a w n t b a  I.u&ki described by Vacelet (1 3), 
but differs in spicule complement. There are no 
sigmas present and there are two distinct size 
categories of oxeas. A taxomonic voucher speci- 
men is deposited in the Harbor Branch Oceano- 
graphic Museum (catalog no. 003:00920, DBMR 
no. 27-V-91-3-003). 

EXTRACTION AND ISOLATION.-The thawed 
sponge (223 g, wet wt) was extracted three times 
with EtOH (400 ml). The concentrated extract 
was thenpartitionedbetweenEtOAc(200ml)and 
H20(100ml).TheEtOAc-solublefraction(l.2g) 
showed activity against C. albicans (MIC 3.1 pg/ 
ml; RPMI-1640 growth medium). This active 
fraction was chromatographed on Si gel (Kieselgel 
60 H,  25 g)  using a CH,Cl,/MeOH step gradient. 
The antifungal active fraction (C. albicam MIC 1.6 
pg/ml; RPM-1640) that eluted with 2% MeOH/ 
CH,C12 (70 mg) on further purification by hplc (Si 
gel, 5 pm, 250x10 mm) with 2.5% MeOH/ 
CH,CI, gave hamacanthin A [l] and hamacanthin 
B 121 as the active components. 

Hamacanthin A [l).-Pale yellow powder 
(22 mg, 0.011% from frozen sponge); [(rIz4D 84" 
(c=O.l, MeOH); ir v max (neat) 3225 br, 2925, 

1672,1585,1437 cm-'; uv hmax(MeOH) 2 1 9 ( ~  
76500), 280 (20600), 325 (13300) nm; 'H- and 
"C-nmrspectra, seeTable 1; hrfabms (nitrobenzyl 
alcohol) m / z  486.9605, A 1.2 mmu for 
C,JIH,,79Br8'BrN40 (M+H); lrfabms (nitrobenzyl 
alcohol)m/z 48% 18),487 (36),485 (2 l), 460( 1 l), 
307 (loo), 289 (55), 245 (98). 

Hamacantbin B [27.-Pale yellow powder 
(27 mg, 0.014%); D 172" (c=O.l, MeOH); 
ir v max(neat) 3250 br, 2925,1672,1585,1437 
cm-'; uv A max (MeOH) 219 (E 76500), 280 
(20600), 325 (13300) nm; 'H- and 'k-nmr spec- 
tra, see Table 1; 'H nmr (CDCl,/lO% CD,OD) 6 
3.53 (lH,ddJ=l3.0and9.5 Hz, H-6), 3.71 ( lH ,  
dd,]=13.0 and 4.8 Hz, H-6), 5.27 ( lH ,  dd, 
J=9.5 and4.8 Hz, H-5), 7.13 (1H,ddJ=8.6and 
1.6Hz,H-5"),7.14(1H,s,H-2"),7.16(1H,dd, 

]=8.6and 1.6Hz,H-5'),7.49(1H,d,J=8.6Hz, 
H-4"),7.50(2H,m,H-7'andH-7"),8.28(1H,s, 
H-2'), 8.31 ( lH ,  d,]=8.6 Hz, H-4'); "C nmr 
(CDC13/10% CD30D) 6 44.03 (t. C-6), 54.08 (d, 

(d, C-7"), 114.65 (s, C-3"), 115.22 (s, C-6"), 
116.00 (s, C-6'), 120.00 (d, C-4"), 122.29 (d, C- 
5"), 123.18(d,C-2"), 123.95 (d,C-5'), 124.22(d, 
C-4'), 124.73 (s,C-3af'), 124.98(s,C-3a'), 132.17 
(d, C-2'), 137.17 (s, C-7a'), 137.54 (s, C-7a"), 
157.01 (s, C-3), 158.55 (s, C-2); hrfabms 
(nitrobenzyl alcohol) m/z  486.9606, A 1.3 mmu 
for C,,H,,79Br81BrN40 (M+H);  lrfabms 
(nitrobenzyl alcohol) m/z  489 (40), 487 (88), 485 
(43), 460 (13), 429 (17), 307 (loo), 289 (601,245 
(60). 

ANTIMICROBIAL ASSAYS.-Minimum in- 
hibitory concentrations (MICs) were deter- 
mined by standard microdilution broth tech- 
niques (14) in a total volume of 50 pl.  Growth 
media used were as follows: C. albicans (ATCC 
44506), RPMI-1640; C. neofomans (ATCC 
32045), Emmon's modification of Sabouraud 
dextrose broth; B .  subtdis (ATCC 6633), 
Mueller-Hinton broth supplemented with Ca2+ 
and Mgzi. Plates were incubated at 37" for 
either 24 h (C. albicans and bacteria) or 48  h (C. 
neofomans). RPMI- 1640 plates were incubated 
in a humidified atmosphere of 5% (v/v) CO,. 
The MIC was determined as the lowest concen- 
tration of the drug which completely inhibited 
growth. 

against C. albicam RPMI (pg/ml): 1 ,  1.6; 2,6.2. 
MIC against C. mfnmans (pg/ml): 1,3.1; 2,6.2. 
MIC against B. subtilis (pg/ml): 1 ,  3.1; 2, 1.6. 
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