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Abstract

Three new macrocyclic peptides, diazonamides C–E (1–3), were isolated together with the previously reported diazonamides A (4) and
B (5) from samples of the marine ascidian Diazona sp. collected in Indonesia. Their structures were assigned on the basis of detailed
analysis of the 1D and 2D NMR and mass spectral data as well as Marfey’s analysis of the aminoacid residues. All the new compounds
isolated displayed moderate cytotoxicity against a panel of three human tumor cell lines.
� 2008 Elsevier Ltd. All rights reserved.
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The diazonamides are a family of novel macrocyclic
peptides with potent cytotoxic activity isolated from the
ascidian Diazona angulata (originally misidentified as Dia-
zona chinensis) by Fenical and co-workers.1 The first struc-
tural proposal by the Fenical’s group was later revised and
the final structures of the diazonamides A and B were
established after reinterpretation of the NMR and X-ray
data and total synthesis of diazonamide A (4).2–4 Strong
cytotoxic activity has been reported for 4 with IC50 values
in the nanomolar range.1,5 The unique structural features
and potent biological activity against cancer cells of diazo-
namide A rendered this compound the ideal target for syn-
thetic studies.

As part of our continuing research into the discovery of
new antitumor drugs from marine organisms, diazona-
mides A and B together with three structurally related com-
pounds, designated as diazonamides C–E (1–3), were
isolated by bioassay-guided fractionation of extracts of a
tunicate of the genus Diazona collected in Indonesia.6

Herein, we describe the isolation, structural characteri-
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zation, and cytotoxic properties of these three new
members of the diazonamide structural class.

Two different samples of Diazona sp. were extracted
with a 1:1 mixture of CH2Cl2–MeOH. After reversed-phase
VLC on RP-18 silica gel and semipreparative reversed-
phase HPLC (RP18, CH3CN–H2O + 0.1% TFA gradient,
UV detection) of the first of these samples (38 g, wet
weight), the new diazonamides C (1, 1.0 mg)7 and D (2,
1.1 mg)8 together with the known compound diazonamide
B (5) (1.0 mg) were obtained. A similar treatment of a sec-
ond sample of the tunicate (137 g, wet weight) yielded di-
azonamides D (2, 1.9 mg), E (3, 2.6 mg),9 and A (4) (1.3 mg).

The 1H and 13C NMR spectra of diazonamide C (1)
(Table 1) were very similar to those of diazonamide A, indi-
cating an identical polycyclic nucleus for both compounds.
The major differences were found in the chemical shifts for
the methine group C-37 (dH/dC 3.66/59.6 ppm in 1 versus
3.88/76.9 ppm in 4) suggesting the replacement of the
hydroxyvaline unit of diazonamide A for a valine residue
in 1. A difference of one mass unit in the MS of both com-
pounds corroborated this proposal. Acid hydrolysis of 1,
derivatization with Marfey’s reagent,10 HPLC–MS analysis
of the FDAA derivatives, and comparison with authentic
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Table 1
NMR data in CD3OD of diazonamides C–E (1–3)a

Position 1 2 3

dC dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz)

1 174.4 s 171.0 s 171.2 s
2 57.7 d 4.59 dd (11.9, 3.5) 56.9 d 3.94 dd (12.0, 3.5) 57.0 d 3.93 dd (11.6, 3.6)
3 38.2 t 3.43 dd (12.7, 11.9) 37.4 t 3.45 dd (12.0, 12.0) 37.6 t 3.45 dd (12.8, 11.6)

2.78 dd (12.7, 3.5) 2.99 dd (12.0, 3.5) 2.99 dd (12.8, 3.6)
4 129.8 s 127.7 s 127.7 s
5 131.1 d 7.19 dd (8.0, 1.0) 131.2 d 7.21 dd (8.0, 2.0) 130.9 d 7.20 dd (8.1, 2.0)
6 111.3 d 6.79 d (8.0) 111.6 d 6.83 d (8.0) 110.6 d 6.82 d (8.1)
7 159.8 s 160.2 s 160.2 s
8 129.7 s 129.5 s 130.2 s
9 131.2 d 7.35 d (1.0) 131.4 d 7.30 d (2.0) 131.5 d 7.30 d (2.0)

10 62.3 s 62.0 s 62.2 s
11 106.1 d 6.35 s 106.3 d 6.37 s 106.2 d 6.36 s
12 127.8 s 129.2 s 127.4 s
13 123.8 d 7.01 dd (7.5, 1.0) 123.9 d 7.03 d (2.0) 123.8 d 6.99 dd (7.5, 1.0)
14 120.9 d 6.69 dd (7.5, 7.5) 125.1 s 120.9 d 6.67 dd (7.5, 7.5)
15 131.2 d 6.87 dd (7.5, 1.0) 130.9 d 6.85 d (2.0) 131.3 d 6.87 dd (7.5, 1.0)
16 123.6 s 124.2 s 123.2 s
17 151.0 s 150.2 s 151.0 s
18 131.6 s 130.1 s 131.3 s
19 122.7 d 7.17 dd (7.2, 1.0) 122.6 d 7.19 dd (7.2, 2.0) 122.7 d 7.20 dd (7.2, 1.8)
20 124.2 d 7.36 dd (8.2, 7.2) 124.3 d 7.38 dd (8.0, 7.2) 124.2 d 7.37 dd (8.2, 7.2)
21 112.2 d 7.47 dd (8.2, 1.0) 112.7 d 7.48 dd (8.0, 2.0) 112.2 d 7.46 dd (8.2, 1.8)
22 136.9 s 136.9 s 136.9 s
23 127.5 s 127.2 s 127.4 s
24 97.9 s 99.1 s 98.1 s
25 141.7 s 141.8 s 141.9 s
26 130.9 s 130.5 s 130.0 s
27 129.2 s 129.5 s 129.3 s
28 155.1 s 155.0 s 155.0 s
29 128.4 s 128.7 s 128.4 s
30 155.3 s 154.6 s 155.3 s
31 163.1 s 162.7 s 162.6 s
32 56.6 d 4.83 Under solvent 55.6 d 5.10 d (5.5) 55.5 d 5.09 d (5.4)
33 31.5 d 2.19 m 38.6 d 1.98 m 38.6 d 1.98 m
34 18.9 q 1.08 d (6.8) 15.9 q 1.01 d (6.8) 15.9 q 1.01 d (6.8)
35 18.7 q 0.95 d (6.8) 26.5 t 1.51 m, 1.36 m 26.5 t 1.51 m, 1.36 m
36 168.0 s 11.9 q 0.91 t (7.4) 11.9 q 0.91 t (7.4)
37 59.6 d 3.66 d (6.0)
38 31.9 d 2.16 m
39 18.1 q 1.03 d (6.8)
40 18.3 q 1.03 d (6.8)

a Data recorded on a Varian Unity 500 spectrometer.

2 R1=CH3, R2=H, R3=Cl
3 R1=CH3, R2=R3=H
5 R1=H, R2=Br, R3=H

NH

Cl
N

O

N
O

NHO

HN

O
H2N Cl

R1

R3

1

4
9

10
12

17

18
22

25

26
28

30

32

33
36 3435

NH

Cl
N

O

N
O

NHO

HN

O

H
N

O
R

Cl

R2

1 R=NH2
4 R=OH

36

38

4
9

10
12

17
18

22

25

26
28

30

32

33

1

3435

6

8

11

13
15

20

24

27

29

31

3

2284 R. Fernández et al. / Tetrahedron Letters 49 (2008) 2283–2285
samples revealed both valine residues to have an S config-
uration. The configuration for the rest of the chiral centers
of the molecule was assumed to be the same as in Diazona-
mide A due to the close similarity in the chemical shifts of
the NMR spectra of both compounds.

Diazonamide D (2) showed a pseudomolecular ion at
m/z 713.1229 in the mass spectrum with an isotopic cluster
for three chlorine atoms, accounting for a molecular
formula of C36H27Cl3N6O4 for the compound. Its 1H
NMR spectrum (Table 1) confirmed the absence of one
of the aminoacid residues present in 1. The methyl signals
at d 0.91 (t) and 1.01 (d) ppm observed in the 1H NMR and
the analysis of correlations observed in the COSY and
HMBC spectra suggested the presence of an isoleucine unit
in the molecule rather than the valine found in the rest of
the compounds of the series. Marfey’s analysis of the
hydrolized compound revealed an S configuration for this
aminoacid unit. The rest of the chiral centers of the mole-
cule was assumed to have the same relative configuration as
in 1 due to the similarity in the 1H and 13C chemical shifts
of both compounds. The upfield shift of proton H-2 in



Table 2
GI50 values (lM) for compounds 1–4

Compound Cell lines

A549 HT29 MDA-MB-231

1 2.2 1.8 2.2
2 2.9 2.9 3.1
3 8.0 5.2 9.0
4 0.029 0.006 0.007
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diazonamide D with respect to 1 was explained by the
absence of the valine residue at C-2 in 2. Two of the chlo-
rine atoms were located at C-25 and C-27 by analogy of the
chemical shifts of these carbons with the other compounds
of the family. The location of the third chlorine atom at the
C-14 position in 2 was confirmed by the analysis of the 1H,
13C, COSY, and HMBC spectra. Indeed, signals for three
hydrogen-bearing aromatic systems were observed in the
1H and COSY spectra. The location and substitution pat-
tern of two of these systems at the C-4 to C-9 and C-18
to C-23 positions was evident from the similarity of the
1H and 13C NMR data for these parts of the molecule in
1 and 2 (see Table 1). The third aromatic ring contained
two protons with a m-coupling as deduced from a J value
of 2.0 Hz. HMBC correlations from H-13 to C14, C-15,
and C-17 and from H-15 to C-13, C-14, and C-17, and a
downfield shift of C-14 by 4.2 ppm with respect to 1

corroborated the placement of a chlorine atom at C-14.
The high field region of the 1H NMR spectrum of diazo-

namide E (3) was very similar to that of 2 (Table 1), indicat-
ing the presence of an isoleucine residue in the molecule.
The major changes in the 1H NMR spectrum of both com-
pounds were found in the aromatic region. Signals for three
proton-bearing aromatic rings, two of them 1,2,3-trisubsti-
tuted, were observed in the spectrum of 3, confirming the
absence in this molecule of the chlorine atom at C-14
present in 2. MS measurements, with a pseudomolecular
ion at m/z 679.1615 accounting for a molecular formula
of C36H28Cl2N6O4 and the presence of two chlorine atoms
in the molecule, corroborated this proposal. Marfey’s anal-
ysis of the acid hydrolysate of the molecule confirmed an S

configuration for the isoleucine residue.
The cytotoxic activity of the new compounds and diazo-

namide A was evaluated against a panel of three human
tumor cell lines, including lung (A549), colon (HT29),
and breast (MDA-MB-231), following a described proce-
dure11 (Table 2). Moderate cytotoxicity with GI50 values
in the micromolar range was found for the new com-
pounds, whereas the potent activity previously reported
for diazonamide A1,5 was confirmed with values in the
low nanomolar range. The differences found in the activity
of 1 compared to 4 clearly suggested that the hydroxyl
group at C-37 must play a key role in the cytotoxicity of
the latter compound.

In conclusion, three new members of the diazonamide
family of alkaloids, all with cytotoxic properties, have been
isolated from the tunicate Diazona sp. The great difference
observed between the cytotoxic activity of these new com-
pounds and that of the previously reported diazonamide A
allows to establish some conclusions about structure–activ-
ity relationship (SAR) in this structural class, with the
hydroxyl group present at C-37 in 4 being essential for its
nanomolar cytotoxicity. In addition, these results are
further evidence that many marine organisms produce
structurally novel chemical entities that may be lethal to
cancer cells and are therefore potential new drugs for the
treatment of this disease.
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