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Besarhanamides A (1) and B (2) are fatty acid amides purified from the marine cyanobacterium, Lyngbya
majuscula, collected from Pulau Hantu, Singapore. The structure determination of these secondary metab-
olites was carried out using extensive 2D NMR spectral data as well as chemical manipulations including
the Marfey’s method. In addition, besarhanamide A exhibited moderate toxicity with LDsq at 13 uM in the
brine shrimp toxicity bioassay.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The prokaryotic marine cyanobacteria are a prolific source of
structurally unique bioactive secondary metabolites. For instance,
more than 300 nitrogen-containing compounds belonging to either
the polypeptide or hybrid polyketide-polypeptide structural class
have been reported in the literature (Gerwick et al., 2001;
Ramaswamy et al., 2006; Tan, 2007). In addition, a number of these
compounds, such as curacin A and dolastatins, have served as
structural templates for the generation of synthetic analogues cur-
rently in either preclinical/clinical testing as anticancer agents
(Simmons et al., 2005). In spite of the chemical richness of these
microorganisms, no research was conducted on the chemistry of
marine cyanobacteria from Singapore. As part of a research pro-
gram on drug discovery from marine organisms, samples of the
marine cyanobacterium Lyngbya majuscula Agardh ex Gomont, col-
lected from Pulau Hantu Besar, Singapore, were investigated for its
production of bioactive secondary metabolites. Bioassay-guided
fractionation of its organic extract resulted in the isolation of two
new fatty acid amides, besarhanamides A (1) and B (2). These com-
pounds belong to the growing class of acyl amide-type natural
products which are distinct marine cyanobacterial natural prod-
ucts consisting of unique fatty acids coupled through amide bond
to a variety of amines. The discovery of these molecules in this pa-
per adds to the growing number of this class of natural products
unique to marine cyanobacterial secondary metabolism.
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2. Results and discussion

Samples of the marine cyanobacterium, L. majuscula, collected
from Pulau Hantu Besar, were extracted repeatedly in chloroform
and methanol. The toxic organic extract obtained from solvent par-
titioning was subjected to vacuum flash chromatography using a
combination of hexanes, EtOAc, methanol in increasing polarity.
This is followed by semi-preparative RP-HPLC to yield compounds
1 and 2 (Fig. 1).

The isolation of besarhanamide A (1), an amorphous compound,
was achieved using a combination of SEP-PAK RP-18 and semi-pre-
parative HPLC on fraction 4 which was obtained from VFC of the or-
ganic extract of L. majuscula. Besarhanamide A showed an [M+H]|*
peak at m/z 382.3305 for a molecular formula of C;3H44NO3 by
HR-ESI accounting for three degrees of unsaturation. The planar
structure of besarhanamide A was determined mainly from de-
tailed analysis of 1D ('H and '3C) and 2D NMR spectra (COSY, HSQC,
and HMBC). The 'H NMR spectrum was indicative of a fatty acid
amide-type compound due to the tell-tale presence of proton sig-
nals attributable to a long aliphatic chain in the § 1.20 to § 1.40 win-
dow, a terminal methyl triplet at § 0.90 as well as a broad amide
doublet at 6 6.24 (Table 1). The three degrees of unsaturation were
accounted for by an olefinic bond (6 128.3 and § 132.5), an amide
carbonyl carbon resonance (6 169.6), and an epoxide functional
group. The presence of an epoxide ring was deduced from two mid-
field signals at 6 55.7 and & 59.8 in the '*C NMR spectrum and COSY
data.

An alaninol moiety in besarhanamide A was deduced from
COSY and HMBC data. For instance, H-1’ (6 4.04) showed correla-
tions with the amide proton at § 6.24, methylene protons at
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Fig. 1. Chemical structures of besarhanamides A (1) and B (2).

Table 1
'H and '*C NMR assignments for besarhanamide A (1) (400 MHz, CDCl5)
Position oy (J in Hz) d¢ HMBC
1 169.6
2 327 d (2.1) 55.7 c1
3 2.98 dt (6.6, 4.5, 2.1) 59.8
4 1.78 m 323 C-2,C-3,C-5,C-6
1.61m
5 218 m 29.0 C-3, C-4, C-6, C-7
6 5.43 dt (15.2, 6.4) 128.3 C-5
7 5.48 dt (15.2, 6.5) 132.5 C-8
8 2.00 m 329 C-6, C-7, C-9
9-17 128 m 30.1-29.6
18 128 m 32.1
19 128 m 23.1
20 0.90 t (6.7) 145 C-18,C-19
1 4.04 m 47.8
2! 3.69 dd (11.0, 3.6) 67.3
3.58 dd (11.0, 6.0)
3 1.17 d (6.8) 17.3 C-1, C-2'
NH 6.24 d (4.0)

H,-2' (6 3.69 and 3.58) as well as the methyl protons at Hs3-3' (6
1.17) in the COSY spectral data. In addition, Hs-3’ gave correlations
with C-1" and C-2’ in the HMBC spectrum. The hydroxyl group was
placed on C-2’ due to the carbon chemical signal of 6 67.3. The rel-
ative positions of the olefinic and epoxide groups in the fatty acid
acyl chain moiety were determined from COSY and HMBC spectral
data. The doublet proton signal at § 3.27 (H-2) showed correlations
with H-3 (6 2.98) and H-3 in turn showed correlations with Hy-4 (§
1.78 and 6 1.61) and H,-5 (6 2.18) protons in the COSY spectrum.
Presence of a correlation between H-2 (§ 3.27) and C-1 (6 169.6)
in the HMBC spectrum placed the epoxide ring system adjacent
to the carbonyl carbon. The placement of the olefinic group to
the epoxide ring via two methylene carbons was indicated by 2D
NMR spectral data. For instance, the methylene protons at 6 2.18
(H,-5) gave correlation with C-3 (6 59.8), C-4 (6 32.3), C-6 (¢
128.3), and C-7 (¢ 132.5) in the HMBC spectrum. The geometry
of the olefin at C-6 was assigned as trans due to the coupling con-
stant of 15.2 Hz measured for 3]H,6/H,7. In spite of a number of 1D
and 2D NOE spectral measurements (with various mixing times)
made on besarhanamide A, no correlations were observed between
H-2 and H-3 on the epoxide ring. This led to speculation of a trans
configuration of H-2 and H-3, with the relative stereochemistry at
C-2 and C-3 as either 2S°, 3R" or 2R’, 3S". Although there are no
HMBC correlations between the alaninol moiety and the fatty acid
derived chain, the linkage through amide bond is the only option
left to complete the structure of besarhanamide A. A p-configura-
tion for the alaninol moiety was determined by Marfey’s method
using RP-18 HPLC in comparison with the retention time of
the derivatized 1/p-alaninol standards. Moderate toxicity was
observed for this molecule when tested in the BSL assay with
LDsg at 13 HM

Table 2
'H and 'C NMR assignments for besarhanamide B (2) (400 MHz, CDCls)
Position Sy (J in Hz) dc HMBC
1 173.5
2 2.14 brt (7.0) 37.2 C-1,C-3,C-4
3 1.58 m 26.0 C-1
4-11 1.20-1.30 29.6-30.9
12 1.26 m 323
13 1.25m 23.1
14 0.88 t (6.8) 14.5 C-12,C-13
1 433 ddq (7.7, 7.4, 5.2) 491 c-2
b 402 dd (11,5, 5.2) 65.0 c-3'
420 dd (115, 5.2) C-1
3 3.04 dd (14.2,5.2) 30.1 Cc-1, C-2/, C-4
3.13 dd (142, 8.1) C-1/, C-2, C-4
4 196.7
5/ 236s 30.1 c-4'
OAc 171.3
2.09s 21.2 C(0)CH;
NH 5.80 d (8.0) c-1

Besarhanamide B (2) gave an [M+H]" peak at 370.2962 m/z for a
molecular formula of C;;H39NO4 by HR-ESI accounting for three
degrees of unsaturation. The '"H NMR spectrum of 2 was similar
to 1 by having a fatty acid moiety due to long chain CH, proton sig-
nals from § 1.20 to 6 1.30, a terminal methyl triplet at 6 0.88 as well
as a broad amide doublet at § 5.80 (Table 2). The three degrees of
unsaturation were accounted by the presence of two carbonyl car-
bon at 171.3 ppm and 173.5 ppm and a ketone functional group at
196.7 ppm.

A 2-amino-4-oxo-pentanol moiety in compound 2 was deduced
from 2D NMR spectra, including COSY, HSQC, and HMBC. From the
HMBC data, the proton signal at § 4.33 m (H-1") showed correlation
with C-2’ (§ 65.0) while the methylene protons at H,-2' (5 4.02 dd
and 6 4.20 dd) showed correlation with C-1’ (§ 49.1) and C-3' (5
30.1). In addition, the methylene 'H signals at 6 3.04 dd (H-3)
and 6 3.13 dd (H-3’) both showed correlations with C-1" (6 49.1),
C-2’ (6 65.0), and C-4’ (5 196.7) while the methyl protons at §
2.36 s (Hs-5’) correlated with the carbonyl carbon at C-4' (6
196.7). The placement of the acetate group at C-2’ was the only po-
sition possible in compound 2. The above moiety is linked through
amide bond to a C-14 carboxylic acid derivative as shown by the
correlation of a NH proton at § 5.80 d and H,-2 protons at ¢
2.14 m to carbonyl carbon at § 173.5 (C-1) establishing the com-
plete structure of besarhanamide B (2). Several attempts were car-
ried out to determine the absolute stereochemistry at C-1' of
besarhanamide B using acid hydrolysis and subsequent analysis
of hydrolysate based on the advanced Marfey’s method. However,
these chemical manipulations were deemed unsuccessful and this
could possibly be due to the labile nature of the freed moiety upon
acid hydrolysis. Besarhanamide B was inactive in the brine shrimp
toxicity assay when tested at 100 ppm. Both besarhanamides A (1)
and B (2) are structurally related to the recently reported series of
fatty acid amides, the semiplenamides, isolated from a Papua New
Guinea strain of L. majuscula (Han et al., 2003). The alaninol moiety
in compound 1 is also present in semiplenamides C and F. How-
ever, the 2-amino-4-oxo-pentanol moiety in compound 2 has
never been reported from marine cyanobacterial acyl-amide-type
compounds. It could be speculated that the biosynthetic origin of
C-4' and C-5' in 2 could be derived from an acetate unit attaching
to an alaninol-derived unit.

3. Conclusions

Two new secondary metabolites, besarhanamides A and B, were
isolated from the marine cyanobacterium, L. majuscula, collected
from Pulau Hantu Besar, Singapore. Besarhanamide A (1) exhibited
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moderate toxicity with LDsg of 13 uM in the brine shrimp toxicity
assay. The present report represents the first of such studies on the
isolation of natural products from local strain of marine
cyanobacterium.

4. Experimental
4.1. General experimental procedures

Specific optical rotation of besarhanamides A and B were mea-
sured on a Perkin-Elmer Model 341 Polarimeter. IR and UV spectra
were recorded on a Perkin-Elmer Spectrum One FT-IR and Shima-
dzu UV1601 spectrometers, respectively. NMR spectra were re-
corded on a 400 MHz Bruker NMR spectrometer with the solvent
CDCl; used as an internal standard (Jy at 7.26). High and low mass
spectra were recorded on an Agilent LCMS-TOF 1200. HPLC isola-
tion of besarhanamides A and B were conducted on a Shimadzu
LC-8A Preparative LC and Shimadzu SPD-M10A VP diode array
detector while an Agilent 1100 HPLC system was used for the
detection of the Marfey-derivatized L/p-alaninol standards and
the alaninol moiety from besarhanamide A.

4.2. Marine cyanobacterial specimen

About 1.0 L of the marine cyanobacterium, L. majuscula, was col-
lected from the west lagoon of Pulau Hantu Besar during low tides
on June 29, 2005 and stored in 70% aqueous ethanol at —20 °C be-
fore extraction workup. The cyanobacterial filaments were exam-
ined under light microscope and found to be 54.3 to 74.1 um
wide with a hyaline, lamellated sheath. The trichomes were blue-
green, cylindrical, non-constricted, and formed by homogeneous,
disc-shaped cells. The cells were 3.7-4.9 um long and 34.9-
46.9 um wide and had no granules at the septa when observed un-
der the light microscope. The apical cells were rounded, non-capi-
tate, and had no calyptra. A voucher specimen of this microalga is
maintained at NIE under the code TLT/PHB/002.

4.3. Extraction and isolation

The extraction of L. majuscula from Pulau Hantu Besar were car-
ried out repeatedly using CHCI;/MeOH (1:1) to produce about 1.5 g
of crude organic extract. The extract was then subjected through
vacuum flash chromatography (VFC) on normal phase Si using a
combination of hexanes, EtOAc, and MeOH of increasing polarity.
Eight fractions were obtained and solvents were removed in vacuo
using a rotary evaporator before storage in 4 dram vials in CH,Cl,.
All fractions were assayed at 1 and 10 ppm in the brine shrimp
lethality assay.

Fraction 4 obtained from VFC of the organic extract of L. majus-
cula was subjected to fractionation on a SEP-PAK RP-18 cartridge
using a combination of MeOH and water into four sub-fractions.
The brine shrimp active sub-fraction eluted with 10% H,0 in MeOH
was subjected to further purification by preparative HPLC [Phe-
nomenex Sphereclone 5pum ODS, 250 x 10.00 mm, 9:1 MeOH/
H,0, detection at 215 nm) to give besarhanamides A (1, 1.5 mg)
and B (2, 6.0 mg).

4.4. Absolute stereochemical determination of the alaninol moiety in
besarhanamide A (1)

Hydrolysis of besarhanamide A (0.2 mg) was carried out in 6N
HCI at 105 °C for 18 h. The hydrolysate was evaporated to dryness
under a stream of N, and resuspended in 100 pL of H,0. A 0.1% 1-
fluoro-2,4-dinitrophenyl-5-.-alaninamide solution in acetone

(L-Marfey’s reagent, 25 uL) and 1N NaHCOs3 (15 pL) were added to
the resuspended hydrolysate and heated at 40°C for 40 min. The
solution was cooled to room temperature, neutralized with 2 N
HCl (15 pL) and evaporated to dryness and resuspended in 1.0 mL
CH5CN for analysis by reversed-phase HPLC on a Phenomenex Luna
5p C-18 (150 x 2.0 mm) column with a linear gradient of
CH3CN:H,0 (0.1% formic acid), 30:70 to 90:10 in 20 min at
0.2 mL/min (UV detection at 4 340 nm). The derivatized alaninol
from besarhanamide A and the derivatized p-alaninol standard
both eluted at 9.27 min while the derivatized L-alaninol standard
eluted at 6.69 min.

4.5. Besarhanamide A (1)

White amorphous solid; [«2° +12.5° (¢ 0.16, CHCl5); UV
(MeOH) Anay 205 nm (& 5000): IR (neat) 3295, 2919, 2849, 1657,
1559, 1465, 1047 cm™'; 'H and '>C NMR data see Table 1;
HRFABMS m/z [M+H]" 382.3305 (Calcd. for C3H44NO3, 382.3315).

4.6. Besarhanamide B (2)

White amorphous solid; MzDe +3° (c 0.68, CHCl3); UV (MeOH)
*max 205 nm (¢ 5500); IR (neat) 3290, 2915, 2849, 1696, 1650,
1551, 1223, 1047cm™'; 'H and '>C NMR data see Table 2;
HRFABMS my/z [M+H]" 370.2962 (Calcd. for C;;H4NO4, 370.2951).

4.7. Bioassay

The brine shrimp (Artemia salina) toxicity assay is a slight mod-
ification of the original bioassay for measuring toxicity described
by Meyer et al. (1982). About 16 newly hatched brine shrimp in
about 0.5 mL seawater were added to each well containing various
concentrations of test samples in 4 dram glass vials and samples
and controls were performed in duplicate. After incubation for
24 h at 29 °C, the brine shrimp larvae were counted using a dissect-
ing microscope and the percentage of live vs total brine shrimp
was calculated to determine LDsg levels.
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