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The new macrolactams cebulactams A1 and A2 were isolated from an extract of the first obligate marine
strain of the genus Saccharopolyspora. Their constitutionally identical structures, each bearing a six-mem-
bered cyclic ether as part of the macrocycle, and their relative configurations were elucidated by MS
methods and by 1D and 2D NMR techniques.
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Terrestrial actinomycetes have proven to be a highly productive
source of novel secondary metabolites.! However, due to the
exhaustive scientific interest in these bacteria, the isolation of
new chemical structures from actinomycetes has become a diffi-
cult task.2 Diverse strategies to overcome this problem have been
pursued, leading to the development of effective methods for dere-
plication and online structure elucidation by combining modern
chromatographic and spectroscopic methods®>® as well as to
improvements of culturing techniques for unusual microbes.®!°
In recent years, marine actinomycetes have emerged as a particu-
larly rich source of new secondary metabolites,!''? as demon-
strated by the isolation of highly bioactive molecules derived
from obligate marine bacteria, such as salinosporamide A (1)!3
and sporolide A (2).14

We have recently described the isolation and phylogenetic
identification of a new species, Saccharopolyspora cebuensis type
strain SPE 10-1, derived from the sponge Haliclona sp. collected
by scuba diving offshore Cebu, Philippines.'® This strain was found
to require at least 25% artificial seawater for growth, showing that
it is the first obligate marine strain of the genus Saccharopolys-
pora.'> We herein describe the isolation and structural elucidation
of two novel, constitutionally identical macrolactams, cebulactams
A1 (3) and A2 (4), from this marine bacterium (Fig. 1).
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Figure 1. Structures of natural products isolated from obligate marine bacteria:
salinosporamide A (1), sporolide A (2), and the herein described cebulactams Al (3)
and A2 (4).

HPLC-UV analysis of the extract of a culture filtrate of SPE 10-
showed two prominent peaks in the polar region of the chro-
matogram. The UV spectra of these metabolites were almost iden-
tical, both exhibiting a strong maximum at 215 nm. In addition, the
faster eluting metabolite, 3, had an absorption maximum at
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291 nm, which was bathochromically shifted to 303 nm in the case
of compound 4. HPLC-ESI-MS analysis revealed the molecular
masses of 3 and 4 to be identical (m/z 346.3 for [M+H]"), suggesting
the two compounds to be structurally highly similar to each other.
These assumptions were further corroborated by HR-ESIMS (TOF)
measurements, using the pure compounds as obtained by prepara-
tive HPLC,!” which clearly showed an identical molecular formula
of C19H»3NNaOs (m/z 368.1478 for [M+Na]*, calcd 368.1468) for 3
and 4.

The 'H NMR spectrum of 3 revealed the presence of 13 signals:
besides three doublets of aliphatic methyl groups (sy 1.00, 1.19,
and 1.21) and a singlet of a methyl group attached to a double bond
(ou 1.86), the signals of five aliphatic CH functions (5y 1.82, 3.19,
3.43, 4.27, and 4.38), three hydrogens attached to sp-hybridized
carbon atoms (dy 4.98, 6.65, and 7.02), and of a broad, hetero-atom
bound proton (8, 7.88) were visible. In the '>*C NMR spectrum of 3,
all expected 19 signals were detectable. Besides the respective res-
onances for the proton-bearing carbon atoms, which were assigned
by analysis of the HMQC NMR spectrum of 3 (Table 1), three sp? (¢
111.1, 114.0, and 124.7) and two oxygen-substituted sp? carbons
(6c 142.7 and 154.4), as well as the resonances of a carboxy or car-
bamide function (5c 173.9) and a keto group (5c 207.1), were
observed.

Analysis of COSY («+) and HMBC (- ) correlations facilitated the
elucidation of three partial structures 3a-c (Fig. 2). The assembly of
these molecular parts to give 3d was possible using HMBC interac-
tions from H-3 to C-4 and Me-4, from Me-4 to C-3 and C-7, from H-
5 to C-3 and C-7, from H-6 to Me-6 and C-7, and from H-8 to Me-8,
C-7, and C-9.

The aromatic protons H-13 (6 7.02) and H-15 (dy 6.65) showed
a coupling constant of 2.8 Hz, suggesting these two atoms being lo-
cated in meta-positions to each other. HMBC interactions from H-
13 to C-11, C-14, and C-15, and from H-15 to C-10, C-11, C-13,
and C-14 led to partial structure 3e (Fig. 3). Further HMBC correla-
tions from H-13 to C-1 in 3d and from H-1 to C-11, C-12, and C-13
in 3e allowed the connection of these two molecular portions. A
strong HMBC cross peak between H-3 and C-11 as well as the
chemical shifts of C-3 (6c 87.4) and C-11 (6¢c 142.7) clearly evi-
denced an additional connection of 3d and 3e via a cyclic ether.
Comparison of the calculated molecular mass of the resulting
working structure with the experimentally observed MS data for
3 indicated that a nitrogen atom and three protons were still miss-
ing. Partial structure 3f thus bears hydroxy groups, both at C-1 and

Table 1
NMR spectroscopic data of cebulactam A1 (3) in acetone-dg ('H: 400 MHz; '3C:
100 MHz)

Position  dc dy, mult  COSY (J in Hz) HMBC NOESY
1 709 438d 2 (10.1) 2, Me-2,3,11,12,13  Me-2
2 424 1.82 m Me-2, 1, 3 1, Me-2, 3, 12 5
Me-2 16.7 1.19d 2 (6.6) 1,2,3 1,3

3 874 427d 2 (8.5) 2, Me-2, 4, Me-4,5,11 Me-2
4 140.5

Me-4 193 1.86s 5 3,4, 5, Me-6, 7 6

5 1247 4.98d Me-4,6(9.8) 3,Me-4,6,7 2, Me-6, 8
6 462 3.19m  Me-6,5 4, 5, Me-6, 7 Me-4
Me-6 178 1.00d 6 (6.3) 56,7 5,8

7 207.1

8 482 343¢q Me-8 (6.8) 7, Me-8, 9 5, Me-6
Me-8 16.6 1.21d 8 (6.8) 7,.8,9

9 173.9

10 131.0

11 142.7

12 140.9

13 111.1  7.02d (2.8) 1,11, 14,15

14 154.4

15 1140 6.65d (2.8) 10,11, 13, 14

NH 7.88 br

S. M. Pimentel-Elardo et al./Tetrahedron Letters 49 (2008) 6889-6892

T 3a 3b T 3a 3b
O 1 A ~ (O g ~
owln T K \wPh T kW
U o) §787CH, Hgf;o STRICH,

et BT
~ ~ Ay
~  CH, ~ CH3
4T 8 AL
HSC ~ 5

T
O_1 3d
H2 gg
H,C CH3f3ﬁ
ﬁ\w"a \"/8_"'
3L L SHI' =_CH,
H (¢}

Figure 2. Assembly of partial structures 3a-c to give 3d using COSY («—) and
HMBC (—>) interactions.

Me

Figure 3. Connection of the molecular portions 3d and 3e using HMBC correlations
(—>) to give the extended partial structure 3f.

at C-14, and a nitrogen function at C-10 forming an amide bond
with the carbonyl C-9 (Fig. 3).

The configuration at the double bond between C-4 and C-5 and
the relative configurations at the stereocenters at C-1, C-2, C-3, C-6,
and C-8 in 3 were investigated by NOESY-NMR spectroscopy. Me-4
and H-5 did not exhibit any cross coupling, thus indicating the
geometry of the respective double bond to be trans. Strong cou-
plings between H-1~Me-2+H-3 clearly evidenced their spatial
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Figure 4. Double bond and relative configurations in cebulactam A1 (3) and A2 (4) as elucidated by NOESY interactions (<« ).

arrangement on the same side of the macrocycle. Correlations be-
tween H-2-H-5 and H-5+~Me-6-H-8~H-5 on the one hand, and
Me-4—H-6 on the other defined the relative position of these
groups in the molecule, leading to the overall relative stereostruc-
ture 3 for cebulactam A1 (Fig. 4). The observed large coupling con-
stants between H-1 and H-2 (10.1 Hz), H-2 and H-3 (8.5 Hz), and
between H-5 and H-6 (9.8 Hz) fully supported this conclusion.

The NMR spectra of the slower-eluting peak 4 (Table 2) were
closely related to those recorded for cebulactam A1 (3), the deci-
sive difference between these compounds being found in the
NOESY data. This time, the substituents located at the double bond,
Me-4 and H-5, exhibited a strong cross peak, evidencing the double
bond to be cis-configured in cebulactam A2 (4, Fig. 4), all other de-
tails, including the full relative configuration, being identical for 4
and 3.18

Cebulactams A1 (3) and A2 (4) thus represent constitutionally
identical marine derived macrolactams with a unique cyclic ether
connecting the aromatic ring system to the highly functionalized,
polyketide-derived carbon chain. The only structurally related sec-
ondary metabolites known so far are compounds isolated from
Pseudonocardia Q-1047.1%-2! These natural products, however, are
all lacking the cyclic ether structural motif. Instead, they bear
either a para dihydroxylated aromatic ring system, or the respec-

Table 2
NMR spectroscopic data of cebulactam A2 (4) in acetone-dg ('H: 400 MHz; '3C:
100 MHz)

Position d¢ oy, mult COSY (J in Hz) HMBC NOESY

1 708 436d 2(10.1) 2, Me-2,3,11,12,13 2, Me-2,3

2 462 151m Me-2,1,3 1, Me-2, 3, 12 1, Me-2

Me-2 150 1.15d 2(6.6) 1,2,3 1, Me-2, Me-4, 5

3 86.2 424d 2(10.0) 2, Me-2, 4, Me-4, 5, 11 Me-2
145.4

Me-4 198 202s 5 3,4,5 3,5

5 125.1 5.07d Me-4, 6 (10.5) 3, Me-4, 6, 7 Me-2, 3, Me-4, 6,

Me-6, 8

6 483 334m Me-6,5 4,5, Me-6, 7 5, Me-6, 8

Me-6 169 099d 6(6.8) 5,6,7 56

7 205.2

8 556 397q Me-8(6.7) 7, Me-8, 9 5,6

Me-8 151 127d 8(6.7) 7,8,9

9 1733

10 1304

11 139.5

12 138.1

13 1073 6.76 d  (2.8) 1,11, 14, 15

14 153.4

15 1109 6.83d (2.8) 10, 11,13, 14

NH 8.61 br

tive oxidized benzoquinone, and additionally are in part further
functionalized by O-glycosidation at the C-1 hydroxy function.
Interestingly, the compounds isolated from Q-1047 display
remarkable antioxidant activities.'®-2! The evaluation of the bio-
logical potential of cebulactams A1 (3) and A2 (4) is in progress.
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