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ABSTRACT: A mixture of nazumazoles A−C (1−3) was purified from the
extract of the marine sponge Theonella swinhoei. The mixture was eluted as
an extraordinarily broad peak in the reversed-phase HPLC. The structures of
nazumazoles were determined by interpretation of the NMR data and
chemical degradations. Nazumazoles contain one residue each of alanine-
derived oxazole and α-keto-β-amino acid residue. Nazumazoles exhibited
cytotoxicity against P388 cells.

Marine sponges of the genus Theonella have been shown to
be a rich source of structurally unique and biologically

active secondary metabolites.1,2 From T. swinhoei with a yellow
interior (T. swinhoei Y) collected at Hachijo Island we have
isolated more than 40 bioactive polyketides and modified
peptides such as onnamides,3 polytheonamides,4 aurantosides,5

and orbiculamides.6 Recently, a symbiotic filamentous bacte-
rium, Candidatus Entotheonella sp., was identified as the sole
producer of a variety of natural products from this sponge.7 We
have analyzed the extracts of marine invertebrates by LCMS and
found that the extract of T. swinhoei Y contained unidentified
metabolites, among which was an extraordinarily broad peak in
ODS-HPLC (Figure 1, Figure S1, Supporting Information). We

successfully purified the peak, which exhibited cytotoxicity
against P388 murine leukemia cells. We describe the isolation,

structure elucidation, and biological activity of the constituents of
the peak, nazumazoles A−C (1−3).
The MeOH extract of the sponge was partitioned between

H2O and Et2O, and the organic layer was further partitioned
between 90% MeOH and n-hexane. The H2O and 90% MeOH
fractions were combined and fractionated by ODS flash chro-
matography, gel permeation chromatography, gel permeation
HPLC, and ODS-HPLC to afford nazumazoles A−C (1−3) as
an inseparable mixture.
The HRESIMS of the mixture of nazumazoles A−C showed

the molecular formulas of nazumazoles A, B, and C to be
C50H68N14O16S2, C51H70N14O16S2, and C52H72N14O16S2, respec-
tively. Interestingly, 1−3 gave different molecular ion peaks in
the ESIMS when the solvent of the sample and carrier liquid was
altered from MeCN to MeOH or EtOH. For example, the
protonated ion peaks of nazumazole C (3) were observed atm/z
1213, 1277, and 1305, respectively, when using MeCN, MeOH,
and EtOH, indicating that two molecules of MeOH or EtOH
were incorporated into the molecular ion, reminiscent of the
FABMS data of cyclotheonamide A, in which alcohol adducts
were formed at the α-keto-β-amino acid residue.9

1H and 13C NMR data (Table 1) suggested the peptidic nature
of the molecules with several amide 1H signals and carbonyl 13C
signals. Interpretation of the COSY, HSQC, and TOCSY spectra
revealed the presence of Cys, 2,3-diaminopropionic acid (Dpr)
and 4-methylproline (MePro) residues. The α-amino group of
the Dpr residue was formylated as indicated by the HMBC
correlations between H-14 (δ 4.76) and the formyl 13C signals
(δ 160.7) and between the formyl 1H (δ 7.99) and C-14 (δ 50.5)
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Figure 1. LCMS charts of the crude fractionof T. swinhoei Y: (a) UV
chromatogram (integration of 210−400 nm) with assignments of some
known compounds3,5,6,8 and (b) MS chromatogram of a sum of the
responses of the ions at m/z 1185, 1199, and 1213.
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signals (Figure 2). There were 1HNMR spin systems attributable
to leucine and norvaline (Nva) residues, whose nitrogen
substituted methine 1H signals were correlated to a 13C signal at
δ 197.3 (197.2), suggesting the presence of α-ketoleucine (Kle)
and α-ketonorvaline (Knv) residues.10 The presence of a
disubstituted oxazole ring was deduced from the HMBC
data, in which a singlet aromatic 1H signal (δ 8.54) directly
coupled to a 13C signal at δ 142.4 by 213Hz was correlated to 13C
signals at δ 134.5 and δ163.5.9 Further HMBC correlations from
the H-23 (δ 5.01) and H-24 (δ 1.54) signals to the C-22
(δ 163.4) signal suggested that the oxazole ring was a part of an
alanine-derived oxazole (AlaOx). At this moment, two amide
carbonyl 13C (δ 159.6 and 163.5) signals were left unassigned,
one of which was in the α-keto-β-amino acid residue and the
other attached to the AlaOx residue as inferred from a process of
elimination.
The amino acid sequences of 1−3were determined by HMBC

and NOESY data (Figure 2). HMBC correlations between
3-NH/C-7, H-11α/C-13, H-14/C-13, H-15β/C-16, H-18β/
C-16, and H-17/C-19 suggested the sequence of -Knv (Kle)-
MePro-isoDpr-Cys-. The amide 1H signal of the Cys residue was
correlated to a 13C signal at δ 159.6, and the nitrogen-substituted
methine 1H signal of the AlaOx residue was correlated to a 13C
signal at δ 163.5 in the HMBC spectrum. Therefore, the Cys
residue was shown to be connected to the AlaOx residue via
a carbonyl carbon and the AlaOx residue was linked to the
Knv/Kle residue.
Because the sizes of the resulting pentapeptide fragments were

about half of the molecular weights of nazumazoles A−C, we
considered that these peptides were either cyclic decapeptides or
cyclic pentapeptides dimerized through a disulfide bond. In order
to clarify this issue, themixture of 1−3was reduced consecutively
with NaBH4 and DTT and subjected to alkylation with
4-vinylpyridine to afford a mixture of 4a and 4b and that of 5a
and 5b, whose HRESIMS suggested that they were reduced
cyclic pentapeptides with an S-pyridylethyl group.11 In 4a and 4b,
the α-carbon of Knv residue was reduced to a secondary alcohol
(rKnv residue), whereas in 5a and 5b the pertinent residue was
replaced by the reduced Kle (rKle) residue. Even though the
structures of 4a, 4b, 5a, and 5b were confirmed by the 2D NMR
data, each pair of diastereomers was inseparable by HPLC.
Therefore, 1−3 were cyclic pentapeptides dimerized through a
disulfide bond.
We then examined the mode of dimerization by analyzing the

NaBH4 reduction products of the mixture of nazumazoles A−C,
which gave three sharp HPLC peaks (Figure S3, Supporting
Information, 6−8). The ESIMS and 2D NMR data demon-
strated that the smallest congener (peak A, Figure S3) contained

Table 1. 1H and 13C NMR Data for the Mixture of
Nazumazoles A (1)−C (3) in DMSO-d6

residue position δC
a, type δH

a (J, Hz)

Knv 1 163.5,b C
2 197.2, C
3 54.6, CH 4.82, m
4 31.4, CH2 1.94, m

1.56, m
5 19.1, CH2 1.48, m

1.40, m
6 13.3, CH3 0.90, m
3-NH 8.59, d (6.0)

Kle 1 163.5, C
2 197.3, C
3 53.3, CH 4.87, m
4 38.0, CH2 1.76, m

1.46, m
5 24.8, CH 1.78, m
6 21.0, CH3 0.90, m
5-Me 22.9, CH3 0.93, m
3-NH 8.56, m

MePro 7 172.4, C
8 59.5, CH 4.44, m
9 37.1, CH2 2.42, m

1.29, m
10 33.2, CH 2.21, m
11 53.9, CH2 3.90, m

2.94, m
12 15.8, CH3 0.99, d(6.4)

Dpr 13 167.0, C
14 50.5, CH 4.76, m
15 38.7, CH3 3.68, m

3.45, m
14-NH 7.98, m
15-NH 7.48, m
CHO 160.7, CH 7.99, s

Cys 16 170.6, C
17 52.7, CH 4.58, m
18 39.1, CH2 3.14, m

2.71, m
17-NH 7.81, m

AlaOx 19 159.6, C
20 134.5, C
21 142.4, CH 8.54, s
22 163.5,b C
23 43.7, CH 5.01, m
24 15.7, CH3 1.54, d(6.9)
23-NH 8.95, m

aRecorded at 150 MHz for 13C and 600 MHz for 1H at 40 °C.
bChemical shifts of C-1 and C-22 overlapped each other.

Figure 2. Key COSY, TOCSY, HMBC, andNOESY correlations in 1−3.
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two rKnv residues, the second congener (peak B, Figure S3)
contained one each of rKnv and rKle residue, and the largest
congener (peak C, Figure S3) contained two rKle residues.12

The absolute configurations of the amino acid residues in
1−3 were determined by Marfey’s method.13 Ala, Cys, Dpr, and
MePro were liberated by standard acid hydrolysis. Knv and Kle
residues were analyzed as Nva and Leu residues, respectively, by
oxidation with H2O2. Two diastereomers of 4-methylproline
were synthesized from trans-4-hydroxy-L-proline as described in
the literature and used as standards.14 Marfey’s analysis with
detection by ESIMS revealed the presence of L-Ala, D-Cys, L-Dpr,
cis-4-methyl-L-proline, L-Leu, and L-Nva (Figures S30−S32,
Supporting Information).
The mixture of nazumazoles A (1)−C (3) exhibited

cytotoxicity against P388 murine leukemia cells with an IC50
value of 0.83 μM. The cytotoxicity was diminished when the
ketone in 1−3 was reduced, whereas the cytotoxicity was lost by
further reduction and alkylation of the thiol group (Table S8,
Supporting Information).
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