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A new nitrogenous bromophenol, colensolide A, is isolated from the New Zealand red alga Osmundaria
colensoi together with the known bromophenol lanosol and four of its derivatives. In this study, a novel
technique is employed to identify potentially new compounds in semi-purified mixtures containing a
plethora of structurally similar, known metabolites, using NMR spectroscopy. The structure and relative
configuration of colensolide A is determined using standard spectroscopic techniques. Several of the
known bromophenols exhibit antibacterial activity and one shows moderate cytotoxicity.

� 2009 Elsevier Ltd. All rights reserved.
Bromophenols are common marine secondary metabolites, aris-
ing largely from the propensity of the phenol moiety to undergo
electrophilic bromination.1 Bromophenols have been isolated from
taxonomically diverse marine algae, for example, the brown algae
Fucus vesiculosus2 and Leathesia nana,3–5 and the red algae Lenor-
mandia prolifera,6 Odonthalia corymbifera,7 Polysiphonia lanosa,8

and Rhodomela larix.9

Over the last decade, rapid and efficient dereplication of known
secondary metabolites in extracts of marine organisms has become
increasingly important. Accordingly, we used extracts of over 30
New Zealand marine algal species to develop a novel ‘stacked
HSQC mask’ dereplication strategy to target successfully sources
of potentially new marine natural products in algal extracts. To
construct the mask, the HSQC data is exported and added together
to generate a digital mask. Through adding the NMR data sets to-
gether, the generated mask displays common correlations as
strong peaks while the less common correlations are weak. The
mask is then subtracted from each individual organism’s HSQC
spectrum to enhance the unique signals present.

One of the extracts recognized as containing potentially inter-
esting metabolites was obtained from the New Zealand marine
red alga Osmundaria colensoi. Although the natural product chem-
istry of O. colensoi has not been reported before, a variety of
compounds, predominantly bromophenols, have been reported
from other species of Osmundaria and Vidalia (now considered a
synonym of Osmundaria).10,11
ll rights reserved.
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orthcote).
O. colensoi was collected using SCUBA from various sites around
Northland, New Zealand, over a three year period between Decem-
ber 2003 and November 2006.12 All of the specimens were frozen
immediately after collection. A MeOH extract of approximately
500 g (wet wt) of O. colensoi was subjected to two steps of
bench-top polymeric reversed-phase chromatography (PSDVB)
and four fractions of varying polarity thus obtained were examined
by 1H, COSY, HSQC, and HMBC NMR experiments. Analysis of the
NMR spectra revealed deshielded aromatic non-protonated car-
bons and shielded aromatic singlet protons, suggestive of highly-
substituted bromophenols often isolated from red algae.13–16
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Figure 1. Key COSY and HMBCs and NOE enhancements observed for colensolide
A (1).

W. L. Popplewell, P. T. Northcote / Tetrahedron Letters 50 (2009) 6814–6817 6815
Further purification of the four semi-purified fractions using re-
versed-phase (C18) semi-preparative HPLC (MeOH/0.2 M HCOOH)
led to the isolation of a new bromophenol, colensolide A (1,
3.5 mg),17 the common bromophenol lanosol (2, 46.3 mg), the
methyl ether of lanosol (3, 1.5 mg), aldehyde (4, 1.4 mg), and bute-
none (5, 5.3 mg) derivatives of lanosol and rhodomelol (6, 1.8 mg).
Only compounds 2 and 3 have been previously reported from spe-
cies of Vidalia and Osmundaria, respectively, while 4 has only been
reported from other genera of red algae.18,19 Both 5 and 6 have
been reported once each from P. lanosa and Rhodomela confervoides,
respectively.20,21 The only NMR assignment of rhodomelol (6) was
reported on semi-synthetic derivatives and therefore a full NMR
assignment is reported here in CD3OD.22

The molecular formula of colensolide A (1), isolated as a yellow
oil, was established as C13H15N3O4Br2 from HRESIMS data
(435.9496 [M+H]+, D 1.5 ppm). The 13C NMR spectrum revealed 13
distinct resonances while the multiplicity-edited HSQC spectrum
in CD3OD accounted for 11 of the 15 protons thus suggesting the
presence of four exchangeable protons, which were partially con-
firmed by the observation of 13 of the 15 expected protons when
the 1H NMR spectrum was acquired in DMSO-d6. Identifiable fea-
tures in the CD3OD NMR spectra included one carbonyl resonance
(dC 163.9), two strongly deshielded aromatic resonances (dC 145.2
and 146.5), three non-protonated aromatic resonances (dC 114.4,
116.2 and 130.9), one protonated aromatic resonance (dC 116.4, dH

6.98), a strongly deshielded methine (dC 77.7, dH 4.74), two slightly
deshielded methylenes [(dC 55.1, dH 3.86 and 3.68) and (dC 49.0, dH

2.79 and 2.67)], an aliphatic methylene (dC 38.6, dH 2.12 and 2.00)
and, finally, an oxymethyl group (dC 51.0, dH 3.28).

Strong HMBCs from both proton resonances of a deshielded dia-
stereotopic methylene (C-7: dC 55.1, dH 3.86 and 3.68) to two aro-
matic non-protonated carbons (C-1: dC 130.9, C-2: dC 116.2) and
the aromatic methine (C-6: dC 116.4, dH 6.98) indicated direct con-
nectivity to an aromatic ring. The relatively shielded chemical shift
of C-2 suggests bromine attachment at this carbon, indicating di-
rect attachment of C-7 to the aromatic ring through C-1. HMBCs
from H-6 to C-1, C-2 and a further three aromatic non-protonated
carbons (C-3: dC 114.4, C-4: dC 146.5 and C-5: dC 145.2) established
a 2,3-dibromo-4,5-dihydroxybenzyl substructure. The strongly
deshielded chemical shifts of C-4 and C-5 are consistent with oxy-
gen attachment at both these carbons. Once more, the shielded
chemical shift of C-3 suggested bromine attachment, in accordance
with the requirements of the molecular formula. Finally, the 13C
chemical shifts of the aromatic functionality in 1 compared favor-
ably with the analogous compounds 2–6,9,18,20,21,23 and helped
confirm the substitution pattern around the aromatic ring. In total,
these observations accounted for four of the seven double-bond
equivalents required by the molecular formula.

COSY correlations from the proton resonances of a slightly
deshielded methylene (C-14: dC 38.6, dH 2.12 and 2.00) to those
of a more strongly deshielded methylene (C-15: dC 49.0, dH 2.79
and 2.67) indicated an isolated spin system. One-bond carbon–pro-
ton coupling constants, which range from 110 to 320 Hz, are
dependent on a variety of factors, including increasing with angu-
lar distortion and substitution of electron-withdrawing groups.24

This precedence suggested the attachment of nitrogen, an electro-
negative atom, to C-15, resulting in the high 1JCH values (H-15a:
143 Hz, H-15b: 133 Hz; aminomethane: 133 Hz)25 and the
deshielded chemical shift (Fig. 1). This was confirmed by the obser-
vation of a downfield shift of the carbon and proton resonances
and significant increases in the 1JCH values when colensolide A
(1) was acidified with TFA (H-15a: 151 Hz, H-15b: 148 Hz; methy-
lammonium ion: 145 Hz).25,26

The deshielded nature of the carbon and proton resonances of
the C-7 methylene and the relatively large 1JCH values of H-7a
and H-7b (136 and 135 Hz, respectively) again were similarly
indicative of nitrogen attachment at this position. Once more, the
NMR spectrum of the acidified derivative of 1 showed a downfield
shift of the carbon and proton resonances and a significant increase
in the 1JCH value (H2-7: 147 Hz). HMBCs from H-15a to a nitrogen
(N-8: dN �319.3),27 from H-15b to C-7, and from both proton res-
onances of CH2-7 to C-15 indicated that C-7 and C-15 were con-
nected through the same nitrogen. Selective excitation of the
methylene protons H-7a and H-7b showed NOE enhancements to
H-15a and H-15b, confirming this connectivity.

HMBCs from both proton resonances of CH2-7 to a strongly
deshielded methine (C-9: dC 77.7, dH 4.74) completed the substitu-
tion around the tertiary amine. This was confirmed by a significant
increase in the 1JCH value for C-9 in the NMR spectrum of the acid-
ified derivative of 1 (164 Hz increased to 175 Hz), and HMBCs from
H-9 to C-7, N-8 and C-15. The strongly deshielded nature of C-9
along with the very large 1JCH value indicated connectivity to an-
other heteroatom. A HMBC from H-9 to a second nitrogen (N-10:
dN �291.1), along with a COSY correlation between H-9 and H-10
when the spectrum was recorded in DMSO-d6, supported this ami-
nal assignment. HMBCs from both proton resonances of CH2-15 to
a strongly deshielded non-protonated carbon (C-13: dC 99.7) posi-
tioned this carbon next to the C-14 methylene. A HMBC from the
oxymethyl (C-16: dC 51.0, dH 3.28) to C-13 and HMBCs from both
proton resonances of CH2-14 to a third nitrogen (N-12: dN

�280.5) accounted for the strongly deshielded nature of the
hemi-aminal ether carbon, C-13.

A further HMBC from H-9 to a shielded carbonyl (C-11: dC

163.9) suggested an amide moiety through N-10. The 15N HSQC
spectra recorded in DMSO-d6 showed that both N-10 and N-12
were secondary amides [(N-10: dN �290.6, dH 7.12) and (N-12:
dN �279.6, dH 7.32)]. HMBCs observed from H-10 to C-9 and C-11
and from H-12 to C-11 and C-13 suggested a urea moiety connect-
ing N-10 and N-12 through the C-11 carbonyl. This assignment was
supported by the observed chemical shifts of both N-10 and N-12
being consistent with amides, which generally occur in the range -
210 to -300 ppm; urea occurs at -302.8 ppm.28 A HMBC between
H-9 and C-13 completed the connectivity of these two centers
and created the bicyclic substructure containing an imidazolone
moiety. Finally, the 1H chemical shifts of the bicyclic substructure
in 1 compared favorably with the analogous synthetic compound
9, reported in 2006.29

All detected carbon and nitrogen resonances were now ac-
counted for. The observed chemical shift of N-8 dN �319.3) is con-
sistent with an alkylamine which generally occur in the range of
�310 to �380 ppm,28 while the acidified counterpart (dH �298.9)
is consistent with an ammonium ion (�290 to �360 ppm).30 The
presence of the benzene ring and the bicyclic system accounted
for six double-bond equivalents and the seventh was accounted
for by the presence of the carbonyl carbon of the imidazolone moi-
ety. The final two unaccounted protons from the molecular for-
mula were satisfied by assigning positions C-4 and C-5 as
hydroxyl groups, identifying the ring as an orthohydroquinone.



Table 1
15N (60 MHz), 13C (150 MHz) and 1H (600 MHz) NMR data for colensolide A (1) and the TFA acidified derivative of 1

Pos 1, CD3OD 1, DMSO-d6 Acidified 1, CD3OD

dC or dN dH J (mult, Hz) 1JCH (Hz) COSY HMBC dC or dN dH
1JCH (Hz) dC or dN dH

1JCH (Hz)

1 130.9 129.7 122.5
2 116.2 114.1 118.7
3 114.4 113.3 115.2
4 146.5 145.1 148.1
5 145.2 143.4 147.1
6 116.4 6.98 s 161 7a,7b 1,2,3,4,5,7 115.4 6.98 162 118.6 7.07 162
7a 55.1 3.86 d (14.2), 1H 136 6,7b 1,2,3,5,6,9,15 53.5 3.72 135 56.7 4.50 146
7b 3.68 d (14.4), 1H 135 6,7a 1,2,6,9,15 3.52 136
8 �319.3 �319.6 �298.9
9 77.7 4.74 s 164 8,10,11,13,14,15 75.8 4.54 162 81.4 5.39 175
10 �291.1 �290.6 7.12 94 a

11 163.9 160.6 161.4
12 �280.5 �279.6 7.32 94 �280.4
13 99.7 97.5 97.4
14a 38.6 2.12 ddd (12.2,10.1,6.8), 1H 130 14b,15a,15b 8,12,13,15 37.3 1.99 132 67.7 2.45 133
14b 2.00 ddd (12.2,5.2,2.1), 1H 131 14a,15a,15b 8,9,12,13 1.93 135 2.36 137
15a 49.0 2.79 ddd (9.1,6.6,2.2), 1H 143 14a,14b,15b 8,9,13,14 48.6 2.66 145 50.9 3.48 151
15b 2.67 td (9.8,5.1), 1H 133 14a,14b,15a 7,9,13,14 2.51 135 3.40 148
16 51.0 3.28 s 141 13 49.9 3.14 142 51.3 3.32 143

a Not observed.
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The relative configuration of colensolide A (1) was assigned on
the basis of observed NOE enhancements. Selective excitation of
the methine proton H-9 showed NOE enhancements to H-14a, H-
15a, and H3-16. Selective excitation of H-14a showed NOE
enhancements to its geminal partner H-14b, H-9, H-15a, and H3-
16, while selective excitation of H-14b showed NOE enhancements
to its geminal partner H-14a and H-15b. This series of NOE
enhancements determined the cis-fused bicyclic ring system with
H-9, H-14a, H-15a, and H3-16 on the same face of the five-mem-
bered ring (Fig. 1).

Selective excitation of the methyl protons H3-16 showed ex-
pected NOE enhancements to H-9 and H-14a, and interestingly,
weakly to H-14b. This is not unreasonable due to the free rotation
of the C-13-OMe bond and the relative angles of the two methy-
lene protons in the five-membered ring. Optical rotation measure-
ments were negligible {½a�25

D �2 to �6 (c 0.35, MeOH)}, which may
imply a racemic mixture of two enantiomers. NMR data for 1 is
presented in both CD3OD and DMSO-d6 (Table 1).

The exchangeable phenolic protons of colensolide A (1) were
not observed when the 1H NMR spectrum was acquired in
DMSO-d6. Accordingly, a two step methylation was accomplished
to confirm the proposed structure. Treatment of 1 with TMSCHN2

resulted in a regiospecific mono-methylation to form 5-O-meth-
ylcolensolide A (7).31 Further methylation was achieved when 7
was treated with MeI to form 4,5-di-O-methylcolensolide A (8),32

confirming the orthohydroquinone substructure of 1.
Compounds 1–6 and 8 were evaluated for cytotoxicity against

the human leukemia cell line HL-60 to 10 lM and for antibacterial
activity against the MC2155 strain of Mycobacterium smegmatis to
100 lM. Lanosol butenone (5) exhibited moderate activity against
human leukemia cells (IC50 8.0 lM)33 while lanosol methyl ether
(3), lanosol butenone (5) and rhodomelol (6) all exhibited antibac-
terial activity (IC50 7.8, 26.2, and 28.1 lM, respectively).34

The presence of nitrogen-containing side chains in bromophe-
nols is not unprecedented, with ten nitrogenous bromophenols
unrelated to 1 reported recently from an extract of the red alga
Rhodomela confervoides.35–37 The nitrogen-containing moiety of
colensolide A (1) may have its biosynthetic origins from oxygen-
ated histidine. Agon et al. were able to prepare 9 via a singlet oxy-
gen-mediated photo-oxidation of histidine.29 Decarboxylation of
the bicyclic product prepared by Agon et al. would afford the de-
sired bicyclic moiety observed in colensolide A (1). The biosyn-
thetic incorporation of the bromophenol ring could occur before
or after the histidine oxidation. An alternative biogenesis could in-
volve oxidation and cyclization of histamine, removing the need
for decarboxylation.
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