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ABSTRACT: Two structurally unique dimeric bromopyrrole alkaloids,
agelamadins A (1) and B (2), were isolated from a marine sponge Agelas
sp. Agelamadins A (1) and B (2) have a structure consisting of an
agelastatin-like tetracyclic moiety and an oroidin-like linear moiety in
common. The structures of 1 and 2 were elucidated on the basis of
spectroscopic analysis. The antimicrobial activity and cytotoxicity of Br

agelamadins A (1) and B (2) were evaluated.

B romopyrrole alkaloids are one of the most common

metabolites contained in marine sponges. Various
bromopyrrole alkaloids possessing monomeric, dimeric, and
tetrameric structures have been reported.' Agelastatins, a
member of monomeric bromopyrrole alkaloids, possess a
unique 5/5/6/5 tetracyclic ring system. Six agelastatin
congeners, agelastatins A—F,” have been isolated from marine
sponges Agelas sp. and Cymbastela sp. Among them, agelastatin
A™ has attracted widespread interest due to its potent
cytotoxicity against various cancer cell lines and has been
regarded as a challenging target for total synthesis.’ In our
continuing search for structurally unique metabolites from
marine organisms, we have isolated several bromopyrrole
alkaloids from the extract of an Okinawan marine sponge Agelas
sp. (SS-162).* Further investigation of the extract has resulted
in the isolation of two structurally unique dimeric bromo-
pyrrole alkaloids, agelamadins A (1) and B (2), which have an
agelastatin-like tetracyclic moiety. In this Letter, we describe the
isolation and structure elucidation of 1 and 2.

The sponge Agelas sp. (SS-162) collected off Kerama Islands,
Okinawa, was extracted with MeOH. The extract was
partitioned with n-hexane and 90% MeOH aq. The 90%
MeOH agq.-soluble materials were partitioned with #n-BuOH
and water. The n-BuOH-soluble materials were subjected to
passage over silica gel and ODS to give fractions containing
bromopyrrole alkaloids. The fractions were purified using ODS
HPLC to afford agelamadins A (1, 0.000039%, wet weight) and
B (2, 0.000041%).

Agelamadin A (1)° was obtained as a colorless amorphous
solid. The ESIMS displayed pseudomolecular ion peaks at m/z
80S, 807, 809, 811, and 813 (1:4:6:4:1), suggesting the
presence of four bromine atoms in 1. The molecular formula of
1, C,3HyN;(O;Br,, was revealed by the HRESIMS (m/z
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804.88553 [M—H]*, A+1.62 mmu). The IR and UV spectra
showed typical absorptions of a pyrrole amide moiety, a
common unit on bromopyrrole alkaloids {v,,,, 1685 cm™ (IR);
Amax 277 nm (UV)}. These observations suggested 1 to be a
dimeric bromopyrrole alkaloid. Analysis of the NMR spectra
(Table 1), including the "H—"H COSY, HMBC, and ROESY
spectra, implied that 1 consisted of two partial structures (units
A and B), which were presumed to be structurally related to
oroidin® and agelastatins,” respectively. The gross structures of
units A and B were elucidated as follows.

In unit A (N-1'=C-15’), the proton resonances of two sp’
methylenes (CH,-9’ and CH,-10") were observed in place of
the signals of a 1,2-disubstituted olefin in oroidin, suggesting
unit A to be 9,10-dihydrooroidin. This was confirmed by
"H-"H COSY cross-peaks of H,-8'/H,-9’ and H,-9'/H,-10’
and an HMBC correlation for H,-9’ with C-11’ (Figure 1).

In unit B (N-1—C-15), the existence of a dibromopyrrole
amide moiety (N-1-N-7) was deduced by the 'H and “C
NMR data {3;; 821 (brs) and 6.90 (s); 8¢ 156.1, 124.2, 115.5,
106.1, and 100.6}, while four D,0-exchangeable proton signals
at 8y 9.50, 9.14, and 8.37 (2H) and a carbon signal at §¢ 158.1
implied the presence of a guanidino moiety (N-12, C-13, and
N-14). Analysis of the 'H—'H COSY and HMBC spectra
(Figure 1) revealed the existence of a 5/5/6/$ tetracyclic ring
system including dihydro-2-aminoimidazole, cyclopentane,
piperazine-2-one, and 2,3-dibromopyrrole rings as well as the
presence of a methoxy group at C-11. Unit B is structurally
related to agelastatin F,*° whereas agelastatin F has a 2-
imidazolidinone moiety in place of a dihydro-2-aminoimidazole
moiety in unit B. The connectivity between units A and B
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Table 1. 'H and *C NMR Data for Agelamadins A (1) and B
(2) in DMSO-d,

1 2
position BC 'H Bc 'H
2 106.1 — 1064 —
3 100.6 — 1004 -
4 1155 690 (1H, s) 1153 6.89 (1H, s)
S 1242 - 1242 -
6 1561 - 156.1 —
7 - 8.21 (1H, brs) - 8.29 (1H, brs)
8 574 443 (1H, d, 575 436 (1H, 4,
J=5.1Hz) J=51)
9 s61 506 (1H dd, J=115, 563 494 (1H, dd,
5.1 Hz) 7=115,5.1)
10 491 358 (1H, d, 494 353 (1H, 4,
J = 11.5 Hz) J=1L5)
11 1000 - 95.6 -
11-OMe 504  3.14 (3H, s)
11-OH 7.34 (1H, brs)
12 - 9.50 (1H, brs) - 9.21 (1H, brs)
13 158.1 — 1877 -
13-NH, 8.37 (2H, brs) 8.13 (2H, brs)
14 - 9.14 (1H, brs) - 9.02 (1H, brs)
15 62.5 441 (1H, brs) 68.7  4.16 (1H, brs)
Iy - 12.59 (1H, brs) - 12.59 (1H, brs)
2/ 1043 - 1042 -
3 97.7 - 97.6 -
& 1125 687 (1H,d, J=20) 1124 687 (1H, 4,
J=19)
s’ 1282 — 1281 -
6’ 1588 — 158.6 —
7’ - 802 (1H, brt, J = 56) — 8.02 (1H, brt,
] =5.6)
8 374 284 (2H, m) 373 2.87,2.80
(1H each, m)
9 29.0 1.35, 1.26 28.9 1.32, 1.23
(1H each, m) (1H each, m)
10' 204 2.16 (2H, m) 202 216 (2H, 4, ] =72)
11’ 126.5 - 1262 —
12/ - 12.40 (1H, brs) - 12.39 (1H, brs)
13’ 1473 - 1472
13-NH, 7.56 (2H, brs) 7.53 (2H, brs)
14/ - 12.70 (1H, brs) - 12.64 (1H, brs)
15’ 1133 - 113.5 -

= 1H-1H COSY
—»  HMBC
ROESY

- -

Figure 1. Selected 2D NMR correlations for two partial structures
(units A and B) of agelamadin A (1).

through a C—C bond (C-15'—C-10) was revealed by HMBC
cross-peaks of H-10 to C-11" and C-15’ and of H-9 to C-15’
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(Figure 2). Therefore, the gross structure of agelamadin A (1)
was concluded as shown in Figure 2.

Figure 2. Gross structure of agelamadin A (1).

Agelamadin B (2)7 was isolated as a colorless amorphous
solid, and the molecular formula of 2, C,,H,,N,,O;Br,, was
elucidated by the HRESIMS (m/z 790.86975 [M—H]*, A+1.49
mmu) being smaller by 14 mass units as compared with that of
1. The 'H and "*C NMR spectra of 2 were similar to those of 1,
and the resonance of a D,0-exchangeable proton in 2 {5y 7.34
(1H, brs)} was discerned in place of the signal due to a
methoxy group at C-10 in 1 (Table 1). Therefore, agelamadin
B (2) was deduced to be a demethyl derivative of 1.

The relative stereochemistry of agelamadins A (1) and B (2)
was assigned as follows. In the ROESY spectrum of 2,
correlations for H-9/H-14', H-9/H-8, and H-8/H-14 were
observed, implying that these protons were present on the same
a-side (Figure 3). This was underpinned by ROESY cross-

- --» ROESY

Figure 3. Selected ROESY correlations and the relative stereo-
chemsitry for agelamadin B (2).

peaks observed among protons on the S-side in the molecule.
Therefore, the relative stereochemistry of 2 was deduced as
shown in Figure 3. The resemblance of 3] values for H-9/H-10,
H-8/H-9, and H-8/H-15 in 2 with those corresponding
positions in agelastatin A,** whose stereochemistry was
confirmed by total synthesis,® supported this assignment. The
coupling constants of H-8, H-9, H-10, and H-1S in agelamadin
A (1) were similar to those in 2, suggesting that 1 had the same
relative stereochemistry as that of 2.

Since agelamadins A (1) and B (2) were optically incative
and showed no Cotton effects in the CD spectra, the optical
resolutions on chiral HPLC were carried out.” The analyses
showed the separation of enantiomers, indicating that 1 and 2
were both racemates.

Agelamadins A (1) and B (2) are structurally unique dimeric
bromopyrrole alkaloids consisting of an agelastatin-like
tetracyclic moiety and an oroidin-like linear moiety in common.
A possible biogenetic pathway for 1 and 2 is shown in Scheme
1. Condensation of two molecules of oroidin would give a
plausible biosynthetic precursor X, and subsequent intra-
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Scheme 1. Possible Biogenetic Pathway of Agelamadins A
(1) and B (2)

agelamadin A (1) R=OMe
agelamadin B (2) R=OH

molecular cyclization of X yields racemic Y. Agelamadins A (1)
and B (2) might be derived by intramolecular cyclization and
oxidation of Y. Alternatively, 1 and 2 also could be derived by
intramolecular cyclization of nagelamide J,'° a dimeric
bromopyrrole alkaloid isolated from a sponge Agelas sp.

Agelamadins A (1) and B (2) exhibited antimicrobial activity
against Bacillus subtilis (MIC, 16 ug/mL, each), Micrococcus
luteus (MIC, 4.0 and 8.0 ug/mL, respectively), and Cryptococcus
neoformans (IFM 62681, ICs, 8.0 and 4.0 ug/mL, respectively).
While 1 and 2 did not show cytotoxicity (ICs, >10 pg/mL)
against murine lymphoma L1210 cells and human epidermoid
carcinoma KB cells in vitro.

B ASSOCIATED CONTENT

© Supporting Information

Experimental section, 1D and 2D NMR spectra, CD spectra,
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