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A Palauan collection of the marine cyanobacterium Lyngbya sp., which had already afforded diverse
peptide-based cytotoxins, also yielded a new glycoside macrolide exhibiting slight cytotoxicity. The
compound was termed lyngbyaloside B (1) due to its structural analogy to the previously isolated
lyngbyaloside (2). Lyngbyaloside B (1) appears to be only the third glycoside macrolide and second
brominated compound of its kind from a marine cyanobacterium. Its gross structure was determined by
a combination of NMR spectroscopy and mass spectrometric techniques. The relative stereochemistry
for the 12 stereocenters is proposed on the basis of proton-proton spin-coupling constants and ROESY
data.

Cyanobacteria have drawn attention for their ability to
produce an immense number and variety of bioactive
secondary metabolites, ranging from notorious toxins2 to
potential therapeutic agents.3 Most of the compounds
isolated are nitrogenous,4 which might be linked to the
diazotrophic property of many cyanobacteria.5 In our search
for novel antitumor compounds from marine cyanobacterial
sources, we have encountered a particularly prolific pro-
ducer of secondary metabolites, closely resembling Lyngbya
bouillonii Hoffmann et Demoulin (Oscillatoriaceae) mor-
phologically as well as in its general habitat.6 Chemical
investigations of populations of this extraordinary organ-
ism collected at Guam and Palau yielded diverse cytotoxins
and other metabolites, all of which are alkaloids, viz.,
peptides, depsipeptides, and thiazole-containing mac-
rolides.7 One extract from Palau (Ulong Channel) afforded
a weak cytotoxin, compound 1, belonging to a different
structural class than all the other metabolites isolated so
far from this intriguing cyanobacterium. Compound 1 is a
non-nitrogenous, brominated glycoside macrolide and has
been termed lyngbyaloside B since it closely resembles a
known cyanobacterial metabolite, lyngbyaloside (2).8 Lyn-
gbyaloside B (1) is also a structural analogue of the more
recently reported lyngbouilloside (3).9 The isolation and
structure determination of lyngbyaloside B (1) is described
in the present report.

Solvent partitioning of the lipophilic extract of the
lyophilized cyanobacterial collection followed by silica gel
chromatography and reversed-phase HPLC afforded com-
pound 1 (see Experimental Section). Accurate mass mea-
surements (ESI) for 1 of m/z 666.2804, corresponding to
[M + NH4]+, and an isotope pattern typical for a bromi-
nated compound indicated a molecular formula of C30H49-
BrO10. The molecular formula together with 1H and 13C
NMR spectra in CDCl3 revealed that compound 1 was not
a peptide, in contrast to all previously identified secondary
metabolites from this extract.7c,d The NMR spectra lacked
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the typical peptide resonances. The 13C NMR spectrum
displayed only one carbonyl carbon signal (C-1, δ 172.5)
and disclosed that 1 was highly oxygenated. DEPT and
HSQC spectra enabled one to infer the multiplicity of the
carbons. The only other two quaternary carbons (δC-3 96.1,
δC-13 86.4) were both oxygenated. One of them (C-3)
belonged to a hemiketal function, supported by the low-
field 13C NMR chemical shift and an HMBC correlation to
an exchangeable proton (δ 4.67). Eight of the 14 methines
were oxygenated, one of which was apparently part of an
acetal function (δC-1′ 101.1). Four other methines were
olefinic. The structure also incorporated seven methylenes
and six methyls, two of the latter being oxygenated as well.
These data already suggested a mixed glycoside-polyketide
structure.

1H-1H COSY and HMBC data revealed the hexopyra-
noside structure for 1 and that the two oxygenated methyl
groups were located at C-3′ and C-4′ (Table 1). Although
there was no direct evidence of an OH group at C-2′ by 1H
NMR, C-2′ was clearly oxygenated (δ 67.9) and expectedly
shifted upfield, compared with the other oxygenated car-
bons in the sugar moiety, due to the absence of an alkyl
group at the C-2′ oxygen. Furthermore, the 13C NMR
spectrum taken in a MeOH-d3/d4 solvent mixture (1:1)
displayed a split C-2′ carbon signal, proving the presence
of a hydroxyl group. The 9.3 Hz triplet at δ 3.05 for H-4′
established that H-3′, H-4′, and H-5′ are in axial positions
and hence ascertained the relative stereochemistry of those
hydrogens. H-2′ had to be equatorial since it coupled only
weakly (J ≈ 1 Hz) to both vicinal methine protons. ROESY

data (Table 1) clarified that the relative stereochemistry
was as indicated and that 1 was a rhamnopyranoside
existing in the R-form (Figure 1). The anomeric proton at
δ 4.88 (H-1′) did not show NOEs arising from 1,3-diaxial
interactions in the sugar moiety and therefore had to be
in equatorial orientation. This partial structure is identical
with the glycoside portion of 2, except that 2 bore a
methoxy group at C-2′ instead of the OH.

HMBC and 1D TOCSY/1H-1H COSY analysis permitted
the elucidation of the polyketide part of 1. The planar
assembly of C-1 to C-7 and the attachment of a methyl
group (C-20) at C-6 were straightforward using 2D NMR
data (Table 1). The connection to the glycoside portion of
the molecule via C-5 was made due to HMBC correlations
between H-5 and C-1′ as well as H-1′ and C-5. Although
there was no HMBC correlation of H-7 with the hemiketal
carbon, the linkage of C-7 to C-3 via an oxygen atom was
evident from the coupling constants and ROESY data in

Table 1. NMR Spectral Data for Lyngbyaloside B (1) at 500 MHz (1H) and 125 MHz (13C) in CDCl3

C/H no.a δH (J in Hz) δC
b HMBCc ROESYd

1 172.5, s H2-2
2a 2.39, d (-12.4) 46.8, t 3-OH, H-4b
2b 2.50, d (-12.4) H-4a
3 96.1, s H2-2, 3-OH, H-4b
3-OH 4.67, d (2.4) H-2a, H-7
4a 1.42, ddd (-12.0, 12.0, 2.4) 42.1, t 3-OH H-2b
4b 2.21, dd (-12.0, 4.8) H-2a, H-5
5 3.61, td (12.0, 4.8) 79.1, d H-4b, H3-20, H-1′ H-4b, H-7, H3-20, H-1′
6 1.30, m 41.5, d H-4b H3-20
7 3.45, ddd (10, 8, 2) 75.6, d H3-20 3-OH, H-5, H3-20
8a 1.51, m 28.1, t
8b 1.73, dq (-14.6, ∼2) H3-20
9a 1.28, m 32.8, t H3-21 H3-21
9b 1.49, m
10 1.49, m 36.9, d H-12b, H3-21 H3-21
11 4.26, br m 65.7, d H-12a, H3-21 H-12b, H-14a, H-14b
11-OH not observed
12a 1.45, dd (-15.5, 6.0) 44.1, t H3-22
12b 2.78, d (-15.5) H-11, H3-21, H3-22
13 86.4, s H-12b, H-14b, H3-22
14a 1.64, m 38.6, t H-12b, H2-15, H3-22 H-11
14b 1.98, m H-11, H-15, H3-22
15 2.18, m 26.7, t H-14b, H-16, H3-22
16 5.76, dt (15.2, 6.8) 135.6, d H2-15 H-15
17 6.01, dd (15.2, 10.7) 127.7, d H2-15, H-19
18 6.67, dd (13.5, 10.7) 137.5, d H-16, H-19
19 6.19, d (13.5) 106.5, d
20 0.93, d (6.4) 13.6, q H-5, H-6, H-7, H-8b,

H-1′, H-2′
21 0.81, d (5.9) 13.6, q H-9a, H-10, H-12b
22 1.52, s 23.4, q H-12b, H-14b, H-15
1′ 4.88, d (1.4) 101.1, d H-5 H-5, H3-20, H-2′
2′ 4.03, br t (∼1) 67.9, d H3-20, H-1′, H-3′,

3′-O-CH3
2′-OH not observed
3′ 3.41, dd (9.3, 3.3) 81.2, d H-1′, 3′-O-CH3, H-4′ H-2′, H-5′
3′-O-CH3 3.49, s 57.4, q H-3′ H-2′
4′ 3.05, t (9.3) 81.8, d 4′-O-CH3, H3-6′ H-6′
4′-O-CH3 3.54, s 61.0, q H-4′
5′ 3.64, (9.3, 6.2) 67.4, d H-1′, H-4′, H3-6′ H-3′, H-6′
6′ 1.26, d (6.2) 17.6, q H-4′ H-4′, H-5′

a Numbering system for lyngbyaloside (2) adopted.8 b Multiplicity deduced from DEPT and HSQC experiments. c Protons showing
long-range correlation with indicated carbon. d Selected correlations listed.

Figure 1. Proposed stereostructure of lyngbyaloside B (1) in CDCl3
and selected ROESY correlations.
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that system. The data (Table 1) suggested the presence of
a rigid, chairlike six-membered ring and enabled the
assignment of the relative stereochemistry. The hemiketal
OH showed a NOE to H-7, indicating their 1,3-diaxial
positioning. H-5 possessed two large vicinal coupling
constants (12.0 Hz) to H-4a and H-6. Therefore, H-5 was
axial as well, and the methyl substituent (C-20) at C-6 had
to be equatorial. Other ROESY data support the relative
stereochemistry in that moiety (Figure 1). In addition, the
large 4J coupling (J ) 2.4 Hz) from H-4a (axial) to 3-OH is
noteworthy. This long-range coupling is likely on account
of a fixed W-arrangement, presumably assisted by the
carbonyl oxygen in â-position (C-1) that permits hydrogen
bonding and keeps the exchangeable proton in place. The
same postulate had been made for compounds 2 and 3.8,9

HMBC analysis unambiguously established the sequence
of C-9 to C-19 and the location of methyl substituents at
C-10 and C-13 (Table 1). Although C-8 lacked any HMBC
correlation, the placement of a methylene group between
C-7 and C-9 was supported by 1D TOCSY analysis, which
then accounted for all observed signals in the 1H and 13C
NMR spectra. No direct evidence arose from HMBC experi-
ments to determine whether C-1 was an ester carbonyl
carbon and was then linked to either C-11 or C-13. Of these
two oxygenated carbons in that portion of the molecule,
the methine carbon (C-11) bore a hydroxyl group. Even
though the OH proton was not observed in the 1H NMR
spectrum, the characteristic chemical shift (δH-11 4.26) and
the broadness of the H-11 signal suggested that assignment
and discounted the possibility of its being an acyloxy
methine. This conclusion was supported by a TOCSY corre-
lation of H-11 with the H2O signal in CDCl3 and by the
sharpening of the H-11 signal after deuterium exchange.
Since C-13 was quaternary, the ester linkage to C-1 could
not be deduced from an HMBC experiment or predicted
by 1H NMR shifts. However, the fact that the 13C NMR
signal for C-13 did not double in a mixture of MeOH-d3/d4

(1:1) was suggestive of an acyloxy group at C-13 and overall
consistent with the macrolide structure 1.

The 13C NMR chemical shift for C-19 (δ 106.5) was
consistent with the presence of bromine as established by
MS and by comparison with literature data.8,10 The 3JH,H

coupling constants for H-16/H-17 (15.2 Hz) and H-18/H-
19 (13.5 Hz) were consistent with the E configuration of a
bromine-containing conjugated diene, all of which are
features of compound 2 as well. A fragment ion observed
in the HRESIM spectrum of 1 at m/z 439.1445 (C22H32

79-
BrO4) and in the CIDM spectra of m/z 666 along with an
isotope peak of equal intensity at m/z 441 is consistent with
the molecular formula for the aglycone moiety of lyngby-
aloside B (1). For comparison, ions at m/z 437/439 were
recorded in the positive ion FABM spectrum of lyngbyalo-
side (2), whose aglycone’s elementary composition is 2 H
less.8 Furthermore, an ion at m/z 177.14 in the CIDM
spectrum (high-energy collision) is consistent with the
molecular formula of the glycone, while the ion at m/z
239.13 could be attributable to the ion 4 shown.

Compound 1 contains two carbons less than 2 in its
macrocyclic structure, and thus less conformational flex-
ibility was expected for 1. The macrolide size including the
substitution pattern corresponds to that of lyngbouilloside

(3), a compound that, however, does not contain bromine.
Predominantly ROESY data allowed us to tentatively
assign the relative stereochemistry of C-10, C-11, and C-13
in relation to the six-membered hemiketal portion. Out of
the eight possible diastereomers, we have found one isomer
that fits the experimental NMR data best. The conforma-
tion depicted in Figure 1 accounts for observed ROESY
correlations, is in agreement with the approximate mag-
nitude of 3JH,H coupling constants, constitutes the preferred
orientation adapted by esters, allows hydrogen bonding of
the hemiketal OH and the carbonyl oxygen discussed
above, and is also consistent with our molecular modeling
studies. Key ROESY correlations between both H2-14
protons and H-11 could be rationalized by a pseudoaxial
arrangement of the diene-containing substituent and H-11.
ROESY correlations between H-12b (lowfield) and H3-22,
and between H-12b and H3-21, hinted at their position on
the same side of the macrocycle. The lack of NOE contact
between H3-21 and H-11 combined with the weak coupling
of H-10 and H-11 suggested an approximate anti relation-
ship of the methyl substituent at C-10 (CH3-21) and H-11,
corresponding to a threo configuration in our model (Figure
1). CH3-21 shows a weak ROESY correlation to H-9a,
placing them on the same side. The cross-peak in the
ROESY spectrum between H-7 (δ 3.45) and a signal at δ
1.49 cannot be attributed unambiguously to H-9b or H-10
due to their identical chemical shift, but likely to H-9b
according to our model. Therefore, we tentatively propose
a 3S*,5S*,6S*,7S*,10R*,11R*,13R* stereochemistry for the
polyketide portion of 1.11 Lack of sufficient material,
however, precluded the measurements of carbon-proton
coupling constants and, therefore, a J-based configuration
analysis for that portion.12

Similar to what has been described for 2,8 the glycoside
portion of 1 could be related to the hemiketal portion on
the basis of ROESY data (Figure 1), in particular due to
correlations H3-20/H-1′, H3-20/H-2′, and H-5/H-1′. Estab-
lishment of the absolute stereochemistry by Mosher’s
analysis failed due to problems in identifying and isolating
a suitable MTPA derivative, starting with only minute
amounts of material that were available. However, struc-
ture 1 depicts the more likely absolute stereochemistry
based on the configuration of the commonly occurring
L-rhamnose, also present in related glycoside macrolides,
aurisides A and B.13

Lyngbyaloside B (1) was weakly cytotoxic against KB
cells with an IC50 value of 4.3 µM and exhibited a consider-
ably smaller effect on LoVo cells (IC50 ≈ 15 µM). Following
the isolation of lyngbyaloside (2)8 and lyngbouilloside (3),9
compound 1 appears to be the third glycoside macrolide
from a marine cyanobacterium. As mentioned above,
compounds 1-3 structurally closely resemble aurisides A
and B, cytotoxins isolated from the sea hare Dolabella
auricularia.13 However, most certainly those sea hare
isolates are of cyanobacterial, dietary origin, as is the case
for the dolastatins.14 Other structurally related compounds
are callipeltosides A-C, isolated from a marine lithistid
sponge and postulated to be of microbial origin.15 These
compounds were also weakly cytotoxic, and studies on their
mode of action have been initiated.15a Other marine gly-
coside macrolides are polycavernoside A and a number of
congeners from the red alga Polycavernosa tsudai, which
were responsible for fatal human intoxication resulting
from ingestion of the red alga.16

Experimental Section

General Experimental Procedures. All NMR experi-
ments were run on a Varian Unity Inova 500 spectrometer.
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1H and 13C NMR spectra were recorded at 500 and 125 MHz,
respectively, using residual solvent signals as internal refer-
ences. The HSQC experiment was optimized for 1JCH ) 140
Hz, and the HMBC experiment for nJCH ) 7 Hz. HRESIMS
data were acquired in positive ion mode on a Mariner elec-
trospray time-of-flight biospectrometry workstation (PerSep-
tive Biosystems). The sample was dissolved in a 10 mM
methanolic NH4OAc solution and analyzed in flow injection
mode. The mobile phase was MeOH-H2O-MeCN (1:1:1) at
50 µL/min. Spectra were recorded over the m/z range 100-
1000 at a scanning rate of 3 s. Lock mass calibration was at
m/z 609 (reserpine). MS/MS was performed using electrospray
ionization in positive ion mode on an Ultima QTOF spectrom-
eter (Micromass). The sample, dissolved in a 10 mM metha-
nolic NH4OAc solution, was infused at 0.4 µL/min by a Harvard
syringe pump. Fragmentation of the parent ion was recorded
at a collision energy of 0 V (fragmentation by ionization alone)
and at a collision energy of 10 V (fragmentation by applying
an acceleration voltage of 10 V to the ions to push them
through the high-pressure region).

Biological Material. The cyanobacterium Lyngbya sp.
NIH309 was collected on April 18, 2000, at Ulong Channel,
Palau. The organism is consistent with the description of L.
bouillonii.6 In addition to the known compounds lyngbyabellin
A17 and apratoxins A7a and C,7b the collection has already
afforded the novel metabolites ulongamides B-F7c and lyng-
byapeptins B and C.7d A specimen is deposited at the Univer-
sity of Hawaii at Manoa.

Extraction and Isolation. Extraction of the organism and
fractionation of the lipophilic extract has been described
previously.7c After solvent partition and silica gel chromatog-
raphy, the fraction eluting with 5% i-PrOH in CH2Cl2 con-
tained compound 1, ulongamide F, and lyngbyapeptins B and
C. The concentrated fraction was subjected to semipreparative
reversed-phase HPLC (Ultracarb, 5 ODS 30, 250 × 10 mm,
3.0 mL/min, 65% aqueous MeCN; UV detection at 220 nm),
accomplishing the separation of these compounds and their
final purification. Compound 1 eluted at tR 33.0 min (0.6 mg).

Lyngbyaloside B (1): colorless, amorphous solid; [R]25
D

-20° (c 0.10, CHCl3); UV (MeOH) λmax (log ε) 233 (3.66), 240
(3.66), 246 (sh) (3.55) nm; 1H NMR, 13C NMR, HMBC, and
ROESY data, see Table 1; HRESIMS m/z [M + NH4]+ 666.2804
(calcd for C30H49

79BrO10 + NH4, 666.2847), m/z [M + Na]+

671.2375 (calcd for C30H49
79BrO10 + Na, 671.2407), m/z 439.1445

(6) (calcd for C22H32
79BrO4, 439.1484); CIDMS with collision

energy ) 0 V on m/z 666, m/z 666/668 (100), 648/650 (7), 439/
441 (68), 239 (5); CIDMS with collision energy ) 10 V on m/z
666, m/z 439/441 (25), 421/423 (12), 359 (4), 341 (5), 323 (4),
230 (100), 221 (20), 195 (15), 177 (8).

Acknowledgment. Funding was provided by NCNPDDG
grant CA53001 and R01 grant CA12623 from the National

Cancer Institute. The upgrade of the 500 MHz NMR
spectrometer used in this research was funded by grants from
the CRIF Program of the National Science Foundation
(CHE9974921) and the Elsa U. Pardee Foundation. We thank
the Division of Marine Resources of the Republic of Palau and
the Koror State Government for marine research permits. S.
Belliveau, J. Biggs, and Drs. I. Kuffner, R. Thacker, and E.
Cruz-Rivera assisted with the collection. Cytotoxicity assays
were performed by Georgia Tien, Department of Chemistry,
University of Hawaii at Manoa.

Supporting Information Available: Spectra of 1. This material
is available free of charge via the Internet at http://pubs.acs.org.

References and Notes
(1) Taken in part from: Luesch, H. Ph.D. Thesis, University of Hawaii,

2002.
(2) Moore, R. E.; Ohtani, I.; Moore, B. S.; de Koning, C. B.; Yoshida, W.

Y.; Runnegar, M. T. C.; Carmichael, W. W. Gazz. Chim. Ital. 1993,
123, 329-336.

(3) Moore, R. E.; Corbett, T. H.; Patterson, G. M. L.; Valeriote, F. A. Curr.
Pharm. Des. 1996, 2, 317-330.

(4) Gerwick, W. H.; Tan, L. T.; Sitachitta, N. In The Alkaloids; Cordell,
G. A., Ed.; Academic Press: San Diego, CA, 2001; Vol. 57, pp 75-
184.

(5) Pennings, S. C.; Weiss, A. M.; Paul, V. J. Mar. Biol. 1996, 126, 735-
743.

(6) Hoffmann, L.; Demoulin, V. Belg. J. Bot. 1991, 124, 82-88.
(7) (a) Luesch, H.; Yoshida, W. Y.; Moore, R. E.; Paul, V. J.; Corbett, T.

H. J. Am. Chem. Soc. 2001, 123, 5418-5423. (b) Luesch, H.; Yoshida,
W. Y.; Moore, R. E.; Paul, V. J. Bioorg. Med. Chem. 2002, 10, 1973-
1978. (c) Luesch, H.; Williams, P. G.; Yoshida, W. Y.; Moore, R. E.;
Paul, V. J. J. Nat. Prod. 2002, 65, 996-1000. (d) Luesch, H.; Yoshida,
W. Y.; Moore, R. E.; Paul, V. J. Tetrahedron 2002, 58, 7959-7966.

(8) Klein, D.; Braekman, J. C.; Daloze, D.; Hoffmann, L.; Demoulin, V.
J. Nat. Prod. 1997, 60, 1057-1059.

(9) Tan, L. T.; Márquez, B. L.; Gerwick, W. H. J. Nat. Prod. 2002, 65,
925-928.

(10) Fusetani, N.; Li, H.; Tamura, K.; Matsunaga, S. Tetrahedron 1993,
49, 1203-1210.

(11) Chemical shift data and ROESY data for 1 and 3 suggest that the
relative stereochemistry of both compounds at C-10, C-11, and C-13
is likely the same. The authors of 3, however, arrived at a different
conclusion than we did regarding the configuration.9

(12) Matsumori, N.; Kaneno, D.; Murata, M.; Nakamura, H.; Tachibana,
K. J. Org. Chem. 1999, 64, 866-876.

(13) Sone, H.; Kigoshi, H.; Yamada, K. J. Org. Chem. 1996, 61, 8956-
8960.

(14) Luesch, H.; Moore, R. E.; Paul, V. J.; Mooberry, S. L.; Corbett, T. H.
J. Nat. Prod. 2001, 64, 907-910.

(15) (a) Zampella, A.; D’Auria, M. V.; Minale, L.; Debitus, C.; Roussakis,
C. J. Am. Chem. Soc. 1996, 110, 11085-11088. (b) Zampella, A.;
D’Auria, M. V.; Minale, L.; Debitus, C. Tetrahedron 1997, 53, 3243-
3248.

(16) (a) Yotsu-Yamashita, M.; Haddock, R. L.; Yasumoto, T. J. Am. Chem.
Soc. 1993, 115, 1147-1148. (b) Yotsu-Yamashita, M.; Seki, T.; Paul,
V. J.; Naoki, H.; Yasumoto, T. Tetrahedron Lett. 1995, 36, 5563-
5566.

(17) Luesch, H.; Yoshida, W. Y.; Moore, R. E.; Paul, V. J.; Mooberry, S. L.
J. Nat. Prod. 2000, 63, 611-615.

NP0202879

1948 Journal of Natural Products, 2002, Vol. 65, No. 12 Notes


