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This review covers the literature published in 2012 for marine natural products, with 1035 citations (673 for
the period January to December 2012) referring to compounds isolated from marine microorganisms and
phytoplankton, green, brown and red algae, sponges, cnidarians, bryozoans, molluscs, tunicates,
echinoderms, mangroves and other intertidal plants and microorganisms. The emphasis is on new
compounds (1241 for 2012), together with the relevant biological activities, source organisms and
country of origin. Biosynthetic studies, first syntheses, and syntheses that lead to the revision of
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structures or stereochemistries, have been included.

1 Introduction

This review is of the marine natural product (MNP) literature for
2012 and describes 1241 new MNPs from 382 articles, an 8%
increase in the number of compounds reported for 2011." As in
previous reviews, the structures are shown only for new
compounds, or for previously reported compounds where there
has been a structural revision or a newly established stereo-
chemistry. Previously reported compounds for which first
syntheses or new bioactivities are described are referenced, but
separate structures are generally not shown. Where the absolute
configuration has been determined for all stereocentres in a
compound, the identifying diagram number is distinguished by
addition of the { symbol.

2 Reviews

A selection of the many reviews on various aspects of MNP
studies is listed here. A comprehensive review of MNPs reported
in 2010 has appeared,” as well as the highlights of compounds
reported in 2011.° The two volume ‘Handbook of Marine Natural
Products’ has been published.* The continuing series on ‘Marine
Pharmaceuticals: The Preclinical Pipeline’ is now accessible from a
web site.>® A survey of new drugs derived from all natural prod-
ucts over the past 30 years has been presented.” Many classes or
specific examples of marine-sourced compounds have been
reviewed to varying extents, including conopeptides,*® didem-
nins,' largazole," peptides,”>™ prenylated quinones and hydro-
quinones,'® arsenolipids,'® bryostatins,'” multisulfide-containing
metabolites,”® fascaplysin,” tunichromes,” glycosides from
sponges,” sea anemone toxins,”> mycalamides and related
compounds,®?** and polyhydroxysterols.”® There were three
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reviews of general classes of compounds that included reference
to marine compounds - sesquiterpenoids,”® cembrane diter-
> and diketopiperazines.”® Reviews of natural products

various marine sources include those from

penes,
from
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cyanobacteria,**° microalgae,*** actinomycetes,*® gorgonians,**
ascidians,**® sea cucumbers,* sponges,**™° seaweeds** and their
endophytic fungi,”” the marine flora and fauna of Fiji,*® the
sponges Aplysina aerophoba** and Stylissa massa,” and from the
soft coral Nephthea.*>*” Particular types of bioactivity have been
reviewed in papers on marine anticancer drugs,*® indoleamine
2,3-dioxygenase inhibitors,* kinase inhibitors,* protein tyrosine
phosphatase inhibitors,” compounds with reversal effects on
cancer multidrug resistance,* steroid nuclear receptor ligands
from sponges,” mammalian DNA polymerisation inhibitors
from microorganisms* and marine bioactives against inflam-
matory diseases.” Topics in chemical ecology of cyanobacteria®
and sponges® have been covered, while marine bioprospecting
has been reviewed.**** The eighth in a companion series
providing an overview of synthetic aspects of MNPs has appeared
with coverage of publications from 2010.% There have been a
number of papers which, while not necessarily being reviews, are
useful to include here as they describe advances in techniques or
approaches to discovery that are relevant to MNP studies. These
include papers on configurational assignments,**> marine pro-
teomics,*”® guiding principles for natural product drug
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discovery,** mass spectometry-based metabolomics,* techniques
for bioactives discovery from marine fungi®® and a commentary
on past and future aspects of MNP drug discovery.*”

3 Marine microorganisms and
phytoplankton

As a rich source of novel and bioactive marine microorganisms
continue to be a major focus of many natural products research
efforts, with a 10% increase in the number of compounds
reported from the previous year following a 30% increase from
2010 to 2011. Unless otherwise stated, compounds described in
this section were obtained from cultures of the named
microorganisms.

3.1 Marine-sourced bacteria (excluding from mangroves)

Actinoalloteichus sp. (sediment, Usa Bay, Kochi Prefecture,
Japan) was the source of neomaclafungins A-I 1-9, 26-
membered macrolides of the oligomycin subfamily, which all
displayed significant activity against Trichophyton menta-
grophytes (T. mentagrophytes).®® Glycolipopeptides eodogluco-
mide A 10 and B 11 were obtained from Bacillus licheniformis
(sediment, Ieodo Reef, S. Korea) and are broad spectrum,
moderately active antimicrobial agents, with ieodoglucomide B
also cytotoxic to lung and stomach cancer cells.®

1 R1 Me, Rz = CH2CH20H

2 R; = Me, Ry = CH,CH(OH)Me
3 R; = Et, R, = CH,CH,OH

4 R; = Et, R, = CH,CH(OH)Me
5R;{=Ry;=Me

6 Ry =Me, R, = Et

7R{=Me, Ry, = nPr
8R;{=Ry=Et

9R{=Me, R,=nBu

T10R=Me
M1R=H

Bacillus mojavensis (pearl oyster Pinctada martensii, Weizhou
Is., South China Sea) provided the antifungal iturinic lipopeptide
mojavensin A 12, while the amicoumacin analogues lipo-
amicoumacin A-D 13-16 and a bacilosarcin analogue, bacisarcin
C 17, were isolated from Bacillus subtilis (B. subtilis) (sediment,
Red Sea) together with several known amicoumacins. Bacilosarcin
B and amicoumacin A7 were cytotoxic to HeLa cells and are
strongly antibacterial.”
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H3n=mR=H H 8
14n=1,R=Me

15n=2,R=H

16n=2 R=Me

The known synthetic toluhydroquinone derivatives, 5-bromo-
toluhydroquinone™ and 4-O-methyltoluhydroquinone”™ were
obtained for the first time from a natural source from Dothideo-
mycete sp. (red alga Chondria crassicualis, Yokiji Is., S. Korea). Both
compounds were moderate 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavengers.”” Of the erythrolic acids A-E 18-22, mer-
oterpenoids with a modified terpene sidechain isolated from
Erythrobacter sp. (sediment, Trinity Bay, Galveston, Texas), only
erythrolic acid D exhibited modest activity towards non-small cell
lung cancer cells.”

OH

118 X =—=OH,H T20
M9Xx=0
OH
¥
Hooc
COOH 21
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The cholic acid derivatives 23 and 24 were obtained from
endophytic Hasllibacter halocynthiae (ascidian Halocynthia roretzi,
Kyung-Po Beach, S. Korea)® and Marinactinospora thermotolerans
(deep sea sediment, South China Sea) was the source of the
sequential tristhiazole-thiazoline-containing cyclic peptide mar-
thiapeptide A 25, active against a panel of Gram-positive bacteria
and strongly cytotoxic towards a panel of human tumour cell lines
(HTCLs),” while from M. rosaria (sediment, South China Sea)
three additional fluostatins I-K 26-28 were isolated.

f23Xx=0
t24 X=HH

sBuCOO
27
OOQO
OH
(0]
28

The antibiotic A201A, previously isolated from terrestrial

Streptomyces capreolus,*® was obtained from the marine environ-
ment for the first time from M. thermotolerans (deep sea sediment,
South China Sea), and the gene cluster responsible for biosyn-
thesis identified.** The known metabolites of terrestrial Strepto-
myces species, fluostatins C-F,**** and phenanthroviridone,*
also obtained (first time from the marine environment).** The
anthracyclinones 29-32 were obtained from a Micromonospora sp.
(tunicate Eudistoma vannamei, Taiba Beach, Ceara, Brazil) - 29 and
32 were moderately cytotoxic to HCT-8 cells.*

29

OH

31 32

were

This journal is © The Royal Society of Chemistry 2014
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Peptidolipins B-F 33-37 are lipopeptides obtained from
Nocardia sp. (ascidian Trididemnum orbiculatum, Florida Keys),
but the location of the cyclopropyl group in the sidechain of
peptidolipin F was not determined. Peptidolipins B and E
exhibited moderate activity against methicillin-resistant Staph-
ylococcus aureus (MRSA) and methicillin-sensitive Staphylo-
coccus aureus (MSSA).*

133 R = nCyHyy
34 R = nCysHs4
135 R = nCy7Hgs
t36 R = §

37R=% 13 7

m n
m+n=21

Upon assignment of the structure of the new lucentamycin
analogue lucentamycin E 38 (Nocardiopsis lucentensis, sediment,
Little San Salvador, Bahamas), the olefin geometries of the 3-
methyl-4-ethylideneproline residues of lucentamycins A-D
39-42, other tripeptides isolated from the same organism,®®
were reinvestigated and revised to (2S,3R,E)-3-methyl-4-ethyl-
ideneproline.*® Total synthesis of lucentamycin A was accom-
plished via a novel strategy from Garner's aldehyde and
corroborated the revised configurations.”® Synthesis of the
(E)-isomer of the proposed structure of lucentamycin A, via a
stereoselective rhodium-catalysed reductive cyclisation process,
and comparison of NMR data of synthetic with natural lucen-
tamycin A indicated the need for the configurational revision.**
Phaeobacter sp. (pulp mill effluent, coastal Southern USA)
produces the known bacterial blue pigment indigoidine®* which
inhibited growth of Vibrio fischeri and was isolated from the
“marine” environment for the first time.”

w ﬂ “
R@ 1(

39 R=Ph
138 R = CH=CMe,

140 R = CH,CHMe,
142 R = CH,CHMe, 141 R = CH=CMe,

2

RCONH RCONH

Pseudoalteromones A 43 and B 44 were obtained from Pseu-
doalteromonas sp. (cultured-type octocoral Lobophytum crassum,
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Taiwan).*** The ubiquinone derivative pseudoalteromone A
possessed a 9C nor-monoterpenoid moiety, was cytotoxic to
MOLT-4 (human acute lymphoblastic leukaemia) cells and
inhibited release of elastase by human neutrophils.

0]

2-Methyl-3-butyl-prodiginine has previously been identified
as a metabolite of the marine bacteria Hahella chejuensis®® and
Pseudoalteromonas rubra® (by mass spectrometry) and now has
been fully characterised as a metabolite of Pseudoalteromonas
sp. (seawater, Cape Muroto, Japan).®® Investigation of Salinis-
pora pacifica (USDA Agricultural Research Service) resulted in
the isolation of the complex metabolites (—)-lomaiviticin C-E
45-47 as growth inhibitors of several cancer cell lines. Lomai-
viticin C was directly converted to the known (—)-lomaiviticin
A,*” allowing the absolute configuration of (—)-lomaiviticin A to
be established as 48.'

T45R1=R2=H
T46 Ry =Me, R, =Hand Ry = H, R, = Me
47 Ri =R, = Me
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The peptide 49 was obtained from Streptomyces bacillaris
(sediment, Galveston Bay, Texas).'** The polycyclic citreamicins
A 50 and B 51, citreaglycon A 52 and dehydrocitreaglycon A 53
were isolated from S. caelestis (seawater, Red Sea, Jeddah, Saudi
Arabia). All displayed broad spectrum antibacterial activity.
Citreamicins A and B and citreaglycon A also inhibited MRSA
while citreamicins A and B were also significantly cytotoxic to
HeLa cells.'**

OH O

50 R =—=Me
51 R="1Me

S. fradiae (sediment, source unspecified) yielded several
capoamycin-type antibiotics, fradimycin A 54 and B 55 and
fradic acid A 56 and B 57, of which fradimycins A and B
inhibited Staphylococcus aureus (S. aureus) growth and both, as
well as the known anthraquinone MK844-mF10,'* significantly
inhibited growth of several cancer cell lines.***

HOOC_ O

Ts6 R=H
57 R = Me

Fradcarbazoles A-C 58-60, indolocarbazoles isolated from
Streptomyces fradiae (sediment, Jiaozhou Bay, Shandong,
China), possessed significant cytotoxicity against several
HTCLs, in addition to inhibition of the kinase PKC-a.'*®

This journal is © The Royal Society of Chemistry 2014
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159 R = CSNH,
58 t60 R=CN

Culture of S. hygroscopicus (fish Halichoeres bleekeri*®®) led to
the isolation of macrolides halichoblelide B 61 and C 62,"*” both
significantly cytotoxic to a panel of HTCLs.'® The C-glycoside
angucyclines grincamycin B-F 63-67 were obtained from
Streptomyces lusitanus (deep sea sediment, South China Sea). Of
these, grincamycins B-E were moderately cytotoxic to several
HTCLs and to B16 cells.'®

S. spinoverrucosus (sediment, Trinity Bay, Galveston, Texas)

produced the anthraquinones galvaquinone A-C 68-70.
OH
HO,
o}
o OH COOH

This journal is © The Royal Society of Chemistry 2014
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Galvaquinone B possessed epigenetic modulatory activity and
moderate cytotoxicity against non-small-cell lung cancer (NSCLC)
cells Calu-3 and H2887."*° S-Methyl-2,4-dihydroxy-6-isopropyl-3,5-
dimethylbenzothioate 71 was isolated from Streptomyces sp.
(unidentified tunicate, Lyttelton Harbour, New Zealand) through
use of an HPLC bioactivity profiling/microtitre plate technique in
conjunction with microprobe NMR spectroscopy and was cyto-
toxic to P388 cells."™*

(¢} R
10 0 on
OH O OH O
68R=H
69 R=0H OH
OH OH O
(e}
COSMe
70
HO
71
OMe
O OH COOH o OH COOH

te4 Tes

Nat. Prod. Rep., 2014, 31, 160-258 | 165


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c3np70117d

Open Access Article. Published on 03 January 2014. Downloaded on 9/29/2025 1:13:05 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

NPR

JBIR-109-111 72-74 are trichostatin analogues isolated from a
Streptomyces strain (unidentified sponge, Takara Is., Kagoshima,
Japan).'*?

0 O  COOH
NN N
H
Me,N R HoOC
0 72 0]
NN N
SO,H
MeoN
COOH

MeN W

The phenazine derivatives 75 and 76 and lavanducyanin
were isolated from a marine-derived Streptomyces sp. (source
unspecified). All three compounds inhibited TNF-a-induced
NF«kB activity and LPS-induced nitric oxide (NO) production."**

sesgseey
PO

A Streptomyces strain (sponge Dysidea tupha, Rovinj, Croatia)
produced the lipopeptides cyclodysidin A-D 77-80"*° while another
Streptomyces sp. (sediment, Heron Is., Queensland, Australia)
yielded heronamycin A 81, a benzothiazine ansamycin."®

\—OH

113

H2NOC

Lodec oM
soten

CONH,

HO H,NOC

*77n 8
t78n=9
t79n=10
tgon=12
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Noteworthy in the totopotensamide A 82 and the aglycone
totopotensamide B 83 structures [Streptomyces sp. (gastropod
mollusk Lienardia totopotens, Mactan Is., Cebu, Philippines)] are
the previously undescribed 2,3-diaminobutyric acid-containing
macrolactam and 4-chloro-5,7-dihydroxy-6-methylphenylglycine
components."” Bahamaolide A 84, a strong inhibitor of Candida
albicans isocitrate lyase, and bahamaolide B 85 are macrocyclic
lactones from a Streptomyces sp. (sediment, North Cat Cay,
Bahamas)."*®

OH OH OH OH OH OH OH

184 (12E)
185 (122)

Spiroindimicins A-D 86-89 are spiro-bisindole alkaloids
from a Streptomyces sp. (sediment, Bay of Bengal) obtained via a
PCR-based screening approach. Spiroindimicins B-D displayed
moderate cytotoxicity to a number of cancer cell lines."™ The
phenazine geranylphenazinediol 90 isolated from a Strepto-
myces sp. (sediment, Kiel Fjord, Baltic Sea) was an inhibitor of
acetylcholinesterase,” while an angucyclinone derivative kia-
mycin 91 originating from a Streptomyces sp. (sediment, Qing-
dao, China) was an inhibitor of several HTCLs."*!

187 Ry =Me, R, =H
88 R;=R,=H
89 Ry = Me, R, = COOMe

OH

OH
20 91
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A Streptomyces sp. (sediment, Oceanside, California) was the
source of the mixed polyketide-terpenoids merochlorin A-D 92—
95. Merochlorins A and B'® were both potent inhibitors of
MRSA. In vivo studies determined the genetic basis for biosyn-
thesis of the merochlorins and implicated the involvement of
rare bacterial vanadium-dependent haloperoxidase genes."*>***

The antibacterial indolosesquiterpenes dixiamycin A 96 and
B 97, oxiamycin 98 and chloroxiamycin 99 were isolated from a
Streptomyces sp. (sediment, South China Sea) along with the
previously isolated xiamycin A."** Dixiamycins A and B are the
first examples of naturally occurring N-N-coupled atropo-dia-
stereomers.”® The putative biosynthetic gene cluster for xia-
mycin A and oxiamycin was identified by a partial genome
sequencing approach. Eighteen genes were proposed to be
involved in the biosynthesis and indosespene was identified as
a common precursor for the biosynthesis, which included an
unusual oxidative cyclisation strategy."**

197 (as)

A histone deacetylase (HDAC)-based yeast assay employing a
URAS3 reporter gene was utilised in the isolation of streptosetin A
100 from a Streptomyces sp. (sediment, San Francisco Bay).*”” The
C-glycosylated benz[a]anthraquinone derivatives, urdamycinone

This journal is © The Royal Society of Chemistry 2014
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129

E,”® urdamycinone G 101 and dehydroxyaquayamycin'*® were

obtained from a Streptomyces sp. (sponge Xestospongia sp.,
Sichang Is., Chonburi, Thailand) and along with urdamycin E***
were potent inhibitors of the P. falciparum K1 strain and inhibitors
of Mycobacterium tuberculosis.*** Urdamycinone E* and dehy-
droxyaquayamycin
products.

22 were obtained for the first time as natural

130

100 OH

Streptomyces variabilis (sediment, Sweetings Cay, Bahamas)
was the source of ammosamide D 102 (modest cytotoxicity to
the MIA PaCa-2 pancreatic cancer cell line)."* The cytotoxic
linear polyketide pterocidin was originally obtained from
endophytic S. hygroscopicus associated with the bracken Pteri-
dium aquilinum but due to a lack of material the absolute
configuration could not be determined.'”* The same authors
have now isolated pterocidin from a marine Streptomyces strain
(sediment, Otsuchi Bay, Japan) in sufficient quantities to
determine the absolute configuration as 103."** The absolute
configuration of a threonine derivative obtained from Strepto-
myces xiamenensis (mangrove sediment, Fujian, China) as an
inhibitor of the proliferation of Wi26 (human lung fibroblast)
cells was determined as 104."** This threonine derivative had
previously been reported in a Japanese patent as an inhibitor of
asthma and rheumatoid arthritis."*®

NH,
cl N_ _CONH,
~
=
0
O CONHMe
102

JOH

0]

104
The hydroxyethylamine chromene derivatives ammonificin
C 105 and D 106 were obtained from Thermovibrio ammonificans

(hydrothermal vent, East Pacific Rise) and induced apoptosis in
a cell-based screen.'*®
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NH, OH

O
e

OH]
Br

R
t105 R = OH
106 R=Br

Vibrio nigripulchritudo (global marine Galathea 3 expedi-
tion)"” produced the siderophore nigribactin 107, a modulator
of S. aureus virulence gene expression,™* while another Vibrio
species (Gulf of Mexico) was the source of the amphiphilic
siderophores ochrobactin-OH A-C, but only ochrobactin-OH B
108 was fully characterised.” A third Vibrio sp. (source
unspecified, Okinawa, Japan) provided the cyclic acyldep-
sipeptide kailuin F 109, as well as the known analogues kailuins
B"® and E™* of which kailuin B displayed strong activity against
the dinoflagellate Prorocentrum micans.***

HO
H H
N.y Ny o N
HO 5
OH
HoOC
HOOC OH O coo|-|

4
NH)LNH

OH
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3.2 Bacteria from mangroves

Of the two antimycins, B1 110 and B2 111 from Streptomyces
lusitanus (mangrove sediment, Avicennia mariana, Fujian,
China), only antimycin B2 had moderate activity against S.
aureus and Laribacter hongkongensis.**® The indolocarbazoles
streptocarbazole A 112 and B 113 were obtained from Strepto-
myces sp. (mangrove soil, species unspecified, Sanya, Hainan,
China), but only streptocarbazole A was cytotoxic to HTCLs and
arrested the cell cycle of HeLa cells at the G2/M phase.™**
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The eudesmene-type sesquiterpenes kandenol A-E 114-118
were isolated from an endophytic Streptomyces sp. (mangrove
stem Kandelia candel, Xiamen, Fujian, China) as weak to moderate
inhibitors of B. subtilis and Mycobacterium vaccae growth.'**

t114R;=OH,Ry=H
115 Ry =R, = OH

1116 R, = OH, R, = OOH
117 Ry =H, R, = OOH

3.3 Marine-sourced fungi (excluding from mangroves)

Cordyheptapeptides C-E 119-121 were isolated from Acre-
monium persicinum (sediment, South China Sea) with cytotox-
icity against HTCLs noted for cordyheptapeptides C and E.™¢
Acremolin was isolated from Acremonium strictum (unidentified
Choristida sponge, S. Korea) with the original structure incor-
porating a 1H-aziridine moiety."*” It was subsequently shown

This journal is © The Royal Society of Chemistry 2014
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that the reported NMR spectroscopic data were incompatible
with the proposed antiaromatic heterocycle, which would have
been an extremely unstable compound. A plausible alternative
structure, an isomeric substituted N2,3-ethenoguanine 122 has
been suggested, which is consistent with all spectroscopic
data."®

figes

t119R, =R, =H
1120 R, =H, R, =OH
121 Ry = Me, R, = OH

Indole diketopiperazines luteoalbusin A 123 and B 124, iso-
lated from Acrostalagmus luteoalbus (deep sea sediment, South
China Sea), were potent cytotoxins against several HTCLs."*
Porric acid D 125, a dibenzofuran derivative from Alternaria sp.
(Bohai Sea, Tianjin, China), was weakly inhibitory to S.

150

aureus.

OMe

0 COOH

125

The hydroanthraquinone-derived tetrahydroaltersolanols C-
F 126-129 and dihydroaltersolanol A 130, in addition to the
alterporriol-type anthranoid dimers alterporriols N-R 131-135,
were obtained from Alternaria sp. (soft coral Sarcophyton sp.,
Weizhou coral reef, South China Sea). Tetrahydroaltersolanol C
and alterporriol Q were active against the porcine reproductive
and respiratory syndrome virus while alterporriol P was cyto-
toxic to HTCLs.**

H
O R
MeO MeO
“OH
R
Ry s
OH O
126 R1 =.uH, R2 =‘HY R3 =..u0QH
127 Ry =—=H, Ry =-"'"H, R3 =-10OH 130
128 R4 =H, Ry =—=H, R; = —=QOH
1129 Ry =11H, Ry ===H, Rz = OAC
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Aspergillus carneus (brown alga Laminaria sachalinensis, Kuna-
chir Is., Russia) was the source of the prenylated indole alkaloids
carneamide A-C 136-138, the quinazolinone derivatives carne-
quinazoline B 139 and C 140, the aryl C-glycoside carnemycin A
141 and a drimane sesquiterpenoid 142. New to the marine area
was a synthetic compound*? (isolated as carnequinazoline A) and
a known derivative of 153154 (jsolated as
carnemycin B).

stromemycin
155
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R N

1139 R, =H, R, =OH

1140 R, =R, = OH 141

t142

Two costaclavine alkaloids 143 and 144 were obtained from
Aspergillus fumigatus (zoanthid Zoanthus sp., Amami Is.,
Kagoshima, Japan),'*® while A. fumigatus (soft coral Sinularia
sp., Kunashir Is., Kuril Islands) produced the spirocyclic dike-
topiperazine alkaloid spirotryprostatin F 145 which had stim-
ulatory phytoregulatory activity.”” The same fungal strain was
the source of the alkaloid fumiquinazoline K 146 and a nor-
dammarane triterpenoid 147.%%®
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From A. fumigatus (intertidal mud, Yingkou, China) several
diketopiperazines were isolated: prenylcyclotryprostatin B 148, 20-
hydroxycyclotryprostatin B 149, 9-hydroxyfumitremorgin C 150, 6-
hydroxytryprostatin B 151 and spirogliotoxin 152. Prenylcyclo-
tryprostatin B and 9-hydroxyfumitremorgin C were moderate
inhibitors of human leukaemic monocyte lymphoma (U937)
cells.** 20-Hydroxycyclotryprostatin B was also reported from two
other sources in 2012, firstly from Aspergillus sydowii (gorgonian
coral Verrucella umbraculum, Sanya, Hainan province, China) as
cyclotryprostatin E** and secondly, from a terrestrial A. fumigatus
as 12fB-hydroxy-13a-methoxyverruculogen TR-2.'** The indole
alkaloid 153 is also noted as a natural product in the first report
but no other references to it are given or can be found in extensive
literature searches.'®

MeO

MeO

MeO

163

The sesquiterpene pileotin A 154 was isolated from A. fumi-
gatus (sea urchin Toxopneustes pileolus, source unspecified) along
with oxalicine B 155, previously reported as a metabolite of Peni-
cillium oxalicum in a PhD thesis'® but now reported in the liter-
ature. Oxalicine B displayed moderate cytotoxicity to P388 cells."®

—~
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Aspergillus insulicola (sediment, Hawaii) produced the tri-
peptide pre-sclerotiotide F 156'* and Aspergillus sp. (sponge
Xestospongia testudinaria, Weizhou coral reef, South China Sea)
the four bisabolane-type sesquiterpenoids, aspergiterpenoid A
157, (—)-sydonol 158, (—)-sydonic acid 159 and 160.'°° Also
isolated for the first time from a marine environment was the
related (2)-5-(hydroxymethyl)-2-(6’-methylhept-2’-en-2'-yl)
phenol, a known metabolite of a fungal endophyte.****¢”

OH

HN \H/\/\/CHO R,
1157 Ry = CH,OH, Ry = H

158 Ry = CH,0OH, R, = OH
159 Ry = COOH, R, = OH

1160

An endophytic Aspergillus sp. (sponge Xestospongia testudi-
naria, Weizho Is., South China Sea) produced the phenolic
bisabolane sesquiterpenoid dimers disydonol A-C 161-163.
Only disydonols A and C were cytotoxic to HTCLs.'*®

OH

OH

OH
161 162

Aflaquinolones C-G 164-168 were obtained from an Asper-
gillus sp. (Dadaepo Beach, Busan, S. Korea); the same report also

detailed the isolation of the related aflaquinolones A and B from
169

a terrestrial Aspergillus sp.

WOH WOH

«OMe l R
0 N (]
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N
1164 R ="1Me 1166 R="10OMe
165 R = —=Me 167 R=-110OH
1168 R = —=OH

This journal is © The Royal Society of Chemistry 2014

View Article Online

NPR

Investigation of Aspergillus sp. (sediment, South China
Sea) resulted in the isolation of seven chlorinated anthraqui-
nones 169-175. On addition of sodium bromide to the
fermentation = media, three additional = metabolites
were obtained: two brominated anthraquinones 176 and 177
and a nonhalogenated anthraquinone 178. 6-O-Methyl-7-
chloroaveratin 170 inhibited growth of several HTCLs."”®

OH O OH ORs

R4

R,0 ‘ ' ‘ OH
(0]

169 R, =Cl,R,=R3=H
170 Ry =Cl, R, =Me, R;=H
171 Ry =Cl, R, =H, R; = Me
t172R, = Cl, R, =Rz = Me
173 R =Cl,Ry = H,R3=nBu
7176 R, = Br, R, = Ry = Me
177 Ry =Br, R, =Me, R; = H
178 Ry=H, R, =R; = Me

OH O OH
Cl ! l ! AN
RO OH
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174R=H
175 R = Me

Aspergillus sp. (soil, Xiamen Beach, China) yielded barcelo-
neic lactone B 179, barceloneic acid C 180 and 5'-hydroxy-

chlorflavonin 181,"”" in addition to two p-terphenyl derivatives,
terphyl acid 182 and terphyl diacid 183.'7

HO
OH

OH CHO

OMe

182 183

Three y-butenolide derivatives spiculisporic acid B-D 184-
186 were isolated from an endophytic Aspergillus sp. (sea urchin
Anthocidaris crassispina, Qionghai, Hainan, China),"” while the
sesterterpenes ophiobolin O 187 and 6-epi-ophiobolin O 188
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were obtained from endophytic Aspergillus sp. (zoanthid Zoan-
thus sp., Ayamaru Cape, Amami Is., Japan) as moderate cyto-
toxins to P388 cells,””* with ophiobolin O also inducing
apoptosis and cell cycle arrest of MCF-7 cells through activation
of MAPK signaling pathways."”

t184n=7
1185 n =7, A saturated 1187 R= —=H
1186 n = 8, A saturated 188 R=1H

Decalin derivative decumbenone C 189 was isolated from
Aspergillus sulphureus (sediment, location unspecified) as a
potent cytotoxin against SK-MEL-5 human melanoma cells.'”®
Coincidentally, decumbenone C was also isolated from the
terrestrial basidiomycete Craterellus odoratus and named cra-
terellone C."”” Aspergillus unguis (unidentified sponge, Tub-La-
Mu Bay, Pang-nga, Thailand) was the source of the depsidones
aspergillusidone A-C 190-192, a diaryl ether 193 and yielded
the known synthetic intermediate 4-hydroxy-3-methyl-6-(1-
methyl-1-propenyl)-2H-pyran-2-one'”® (first isolation from a
natural source). The fungal metabolites, nidulin,"”® nornidu-
lin*®® and 2-chlorounguinol*®** were also isolated, with nidulin
and 2-chlorounguinol being first time MNP isolates. Aspergil-
lusidones A-C, nidulin, nornidulin and 2-chlorounguinol all
exhibited aromatase inhibition and aspergillusidones A and C
showed radical scavenging activity in the xanthine/xanthine

oxidase assay.'®>

T189
0
cl COOMe
Ry 0
OH
R0 o OH HO o
Re ] cl
= 4 X OMe
190 Ry = Ry = Ry = H, R4 = COOH c
191 Ry =H, R, = Me, Rz = R, = Cl 193

192R;=R4=Cl, Ry=R;=H

Asperversin A 194 and 9§-0-2(2,3-dimethylbut-3-enyl)brevia-
namide Q 195 were isolated from endophytic Aspergillus versi-
color (brown alga Sargassum thunbergii, Pingtan Is., China),
along with the known fungal metabolites brevianamide M,
6,8-di-O-methylaverufin'®* and 6-O-methylaverufin.'®® Both bre-
vianamide M™® and 6-O-methylaverufin'®® were first time

marine isolates.®®
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Endophytic A. versicolor (green alga Codium fragile,
Dalian, China) produced the sesquiterpene albican-11,14-diol
196, potently toxic to brine shrimp and a strong inhibitor of E.
coli and S. aureus.™ From another endophytic A. versicolor
(brown alga Sargassum thunbergii, Qingdao, Shandong,
China) the anthraquinone compound 6,8-di-O-methylaverantin
197 was obtained'™® together with the known anthraqui-
nones 6,8-di-O-methylversiconol'®® and 6,8-di-O-
methylnidurufin.™®

OMe O OH OH

MeO I I I OH

0
T197

A. versicolor (sediment, Bohai Sea, China) was the source of
the dimeric diketopiperazine brevianamide S 198 and the
monomeric brevianamides T-V 199-201. Brevianamide S
showed selective activity against the Bacille Calmette-Guérin
(BCG) strain of Mpycobacterium bovis suggestive of a new
mechanism of action with potential as an antitubercular drug
lead.™*

198
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The anthraquinone isorhodoptilometrin-1-methyl ether 202
was isolated from endophytic A. versicolor (green alga Halimeda
opuntia, Rass Mohamed, south Sinai, Egypt) and displayed
moderate activity against B. subtilis, B. cereus and S. aureus.'*
Examination of the endophytic A. wentii EN-48 (brown alga
Sargassum sp., source unspecified) revealed three new tetra-
norlabdane diterpenoids asperolide A-C 203-205"* in addition to
the terrestrial fungal metabolites, wentilactones A and B,"* LL-
71271-B,** and a known tetranorditerpenoid derivative."*® All of
these known metabolites were first time marine isolates.'**

203

Application of OSMAC (one strain-many compounds) meth-
odology to Asteromyces cruciatus (unidentified decaying green
alga, La Jolla, USA) identified the pentapeptide lajollamide A
206 (absolute configuration determined by total synthesis)."”’

206 207
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Beauveria bassiana (unidentified sponge, Iriomote Is., Okinawa)
produced 1-hydroxy-10-methoxy-dibenz[b,e]oxepin-6,11-dione
207,"* in addition to the known terrestrial metabolites chrys-
azin'”® and globosuxanthone A,** both first time marine
isolates.

Botryotinia sp. (unidentified marine alga, Seongsan,
Cheju, S. Korea) was the source of two botcinin derivatives 208
and 209, which were assumed to be methanol reaction prod-
ucts rather than natural products.”** The compound 209 was
named botcinin G but this name had already been utilised for
a metabolite of Botrytis cinerea®” and again for a different
metabolite of B. cinerea®***** which has a structure comparable
to 209 but lacking the C-2-C-3 double bond. There is confusion
in the chemical literature as one CAS Registry number appears
to have been used for multiple structures.>*>**

OAc
208

A strain of Chaetomium globosum (fish Mugil cephalus, Katsuura
Bay, Japan), which has already yielded many chaetomugilin
metabolites,”*>* was the source of three further analogues:
chaetomugilins S 210, T 211 and U 212. Chaetomugilin S was a
moderate growth inhibitor of HTCLs and P388 cells.**”

211 R, =
1212 R, =

OH,R,=H

210 Ry,=H

Chondrostereum sp. (soft coral Sarcophyton tortuosum, Hainan,
South China Sea) yielded triquinane-type sesquiterpenoids
chondrosterin A-E 213-217, of which chondrosterin A was cyto-
toxic to several cancer cell lines.”***"* Endophytic Coniothyrium
cereale (green alga Enteromorpha sp., Fehmarn, Baltic Sea)
produced the isoindole pseudoalkaloid conioimide 218 and the
polyketide cereoanhydride 219. Conioimide exhibited selective
inhibition of human leukocyte elastase. Biosynthetic feeding
experiments with *C-labelled acetate proved that the major and

Nat. Prod. Rep., 2014, 31, 160-258 | 173


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c3np70117d

Open Access Article. Published on 03 January 2014. Downloaded on 9/29/2025 1:13:05 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

NPR

known C. cereale metabolite (—)-trypethelone*?

derived and it is proposed as the precursor of cereoanhydride.

was polyketide-

213

215

HO e}

219

218

The lactone helicascolide C 220 was isolated from endophytic
Daldinia eschscholzii (red alga Gracilaria sp., South Sulawesi coast,
Indonesia) and was fungistatic against the phytopathogenic
fungus Cladosporium cucumerinum.** Both helicascolide C and
helicascolide A,**® previously isolated from the fungus Helicascus
kanaloanus, have been synthesised by acid catalysed acetonide
deprotection, followed by a one-pot intramolecular lactonisation
as the key step.”® The endophyte Emericellopsis minima (sponge
Hyrtios erecta, Similan Islands, Thailand) was the source of the
sesquiterpene 221,*” while an Epicoccum sp. (sponge Callyspongia
sp., Sanya, China) provided the pyronepolyene C-glucoside iso-
D8646-2-6 222 along with the known isomer D8646-2-6.>*®* Both
pyrones significantly inhibited growth of the HIN1 virus along
with weak NF-kB inhibition.**

“OH

222 OH

Endophytic Eurotium cristatum (brown alga Sargassum thun-
bergii, location unspecified) was the source of the indole alka-
loids cristatumin A-D 223-226, of which cristatumin A and the
co-isolated known fungal metabolite tardioxopiperazine A**
were active against E. coli and S. aureus, respectively, while
cristatumin B and the co-isolated known fungal metabolite
isoechinulin A*** were moderately toxic to brine shrimp.**
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The diketopiperazine dimer eurocristatine 227 was isolated
from endophytic Eurotium cristatum (sponge Mycale sp., Wonnapa
Beach, Bangsaen, Thailand),?***** while scopararanes C-G 228-232
are oxygenated pimarane diterpenes obtained from Eutypella sco-
paria (sediment, South China Sea). Scopararane C was moderately
cytotoxic to MCF-7 cells, while scopararane D was moderately
cytotoxic to both SF-268 and MCF-7 cells**® and was concurrently
reported from another marine fungal species. This was Epicoccum
sp. (sea cucumber Apostichopus japonicus, Yantai City, Shandong,
China) and scopararane D was reported as a moderate cytotoxin,
along with two further pimarane diterpenes, 233 and 234, of which
233 was strongly cytotoxic to KB and KBv200 cells.**

~N r OH
o 1228 R, =R, =H

1229 R =OH,R, = H
1230 R, = R, = OH
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A monocyclofarnesane sesquiterpene 235 and an acorane
sesquiterpene 236 were obtained from Eutypella scoparia (sedi-
ment, South China Sea),* while Isaria felina (sediment, South

China Sea, Vietnam) was the source of the chromene derivatives 9
oxirapentyn B-D 237-239, in addition to oxirapentyn A, previ-
ously obtained from the terrestrial fungus Beauveria felina.”*®
This is the first isolation from a marine source.*** 0
245 246 R =Me 248
247 R=FEt

249R=H
250 R=OH

t237 238
P. citrinum (sediment, Lanqi Is., Fujian, China) provided the

epimeric tumonoic acids K 251 and L 252 along with methyl 2-
(2-acetyl-3,5-dihydroxy-4,6-dimethylphenyl)acetate 253,>** while
isophomenone 254 and 3-deacetylcitreohybridonol 255 were
obtained from P. commune (sediment, South China Sea).>**

(0] (0] COOMe COOMe
Two hydroanthraquinone analogues 4a-epi-9a-methoxydi- WN HO
hydrodeoxybostrycin 240 and 10-deoxybostrycin 241 were isolated 4 R
from endophytic Nigrospora sp. (unidentified sea anemone, Weiz- 251 R = —=Me
252 R = - nMe OH O

hou, South China Sea). 10-Deoxybostrycin was strongly active
against B. cereus and A549 cells.>” An OSMAC approach to culti-
vation of Penicillium aurantiogriseum (mud, Bohai Sea, China)
resulted in production of the auranomides A-C 242-244.%"

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.
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OH* © R Communols A-G 256-262 are aromatic polyketides isolated
240 241

from P. commune (gorgonian Muricella abnormalis, Danzhou,

CORO Hainan, China), of which communols A, F and G were moderately

@ active against E. coli and Enterobacter aerogenes (E. aerogenes).>**>
N
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1243 R = OMe

P. citrinum (unidentified sponge, Ishigaki Is., Okinawa, Japan)
was the source of JBIR-124 245, a DPPH radical scavenger,> while
P. citrinum (gorgonian sea fan Annella sp., Similan Islands, Thai-
land) yielded several polyketides including the benzopyranones
coniochaetone C 246 and D 247, an isochroman 248 and the
anthraquinone-citrinin derivatives penicillanthranin A 249 and B
250. Penicillanthranin A exhibited moderate activity against S.
aureus and MRSA.>*?

RO

259 R, = H, R, = CH,(SO)Me
260 R, = H, Ry = CH,CH,AC
261 Ry = H, R, = CHO

262 R; = Me, R, = CH,0OH
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Penilactones A 263 and B 264 are highly oxygenated poly-
ketides from P. crustosum (deep sea sediment, Prydz Bay, Antarc-
tica).>*® The dihydrothiophene-condensed chromones
oxalicumone A 265 and B 266 and the chromone, oxalicumone
C,* were isolated from P. oxalicum (gorgonian Dichotella gem-
macea, Sanya, South China Sea, China). Oxalicumone C 267 has
previously been reported as a reaction product of chloro-
monilicum, a metabolite of the cherry rot fungus Monilinia fruc-
ticola,” but this is the first notification as a natural product.>*

0 COOMe
COOMe
OR O COOMe OH O OH
1265 R=H 267
1266 R= Me

Pinophilins A 268 and B 269, hydrogenated azaphilones from P.
pinophilum (seaweed Ulva fasciata, Kasai, Tokyo, Japan), along with
the co-isolated metabolite Sch 725680,**" selectively inhibited the
activities of mammalian DNA polymerases (pols), A (pol y), B (pols
o, d, and €), and Y (pols m, t, and k) families and the growth and
proliferation of several HTCLs.**> Pinophilin A was simultaneously
isolated as berkazophilone B from an extremophile P. rubrum (from
an abandoned acidic, metal-sulfate contaminated open-pit copper
mine) as a selective inhibitor of leukaemia cell lines.** The abso-
lute configuration was determined by total synthesis.***

OH
OH
HO
HO
0
OH o]
o] o] H HO H

o o
N OH

268 1269

Random diethyl sulfate mutagenesis of P. purpurogenum
(sediment, Bohai Bay, Tianjin, China) gave a mutant producing
the drimenyl cyclohexenone derivatives purpurogemutantin 270
and purpurogemutantidin 271.>** From another Penicillium strain
(deep sea sediment, northern South China Sea) penicilliumin A
was isolated and determined to have the same structure as pur-
purogemutantidin but no assignment of configuration at C-6' was
made. Differences in optical rotations between the two
compounds suggest they may be diastereoisomers.**®
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270

Peneciraistins A-D 272-275 were isolated from P. raistrickii
(saline soil, Bohai Bay, Shandong, China). Peneciraistin C was
moderately cytotoxic to A549 and MCF-7 cells whilst
peneciraistins A, B and D exhibited radical scavenging
activities against DPPH.>” Two further compounds were iso-
lated and named peneciraistins E and F, with structures
assigned as 3-indoleformic acid derivatives, however, these
structures have subsequently been corrected to contain six-
membered N-containing rings*** both of which are known
compounds.>**>*°

AcO  AcO,

272 (1R) 1274
1273 (19)
HO
OH
OH O
275

1-Hydroxy-3-methoxy-6-sulfo-8-methylxanthone 276 was iso-
lated from P. sacculum (saltbush Atriplex sp., Dongying city,
Shandong, China),*** whilst Penicillium sp. (deep sea sediment,
East Pacific Ocean) provided the polyoxygenated sterol, sterolic
acid 277 and the spiroditerpenoids brevione I-K 278-280. Bre-
vione J and the known terrestrial fungal allelochemical brevione
A% (obtained here for the first time from a marine source) were
cytotoxic (MCF-7 cells).>*

1279 A saturated
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Penicillium sp. (deep sea sediment, Suruga Bay, Japan)
yielded several gliotoxin-related compounds including 281 and
282. Of the other known compounds, bisdethiobis(methylthio)
gliotoxin,*** 5a,6-didehydrogliotoxin,**> gliotoxin*** and glio-
toxin G*” inhibited histone methyltransferase (HMT), while 282
and gliotoxin G were cytotoxic to P388 cells.*®

281 1282

Penicillone A 283 and penicillactam 284 were isolated from a
marine Penicillium sp. (source not given).> A further
compound, ethyl 2-(2,6-dihydroxybenzoyl)-3-hydroxy-5-(hydrox-
ymethyl)benzoate,® was isolated and although commercially
available this was the first reported isolation as a natural
product.>®

OH
OH
AN AN
OH
0 COOH
283
H O O  H
O OH “"HN
o]
284

The depsipeptides JBIR-113, JBIR-114 and JBIR-115 285-287
were obtained from Penicillium sp. (unidentified marine
sponge, Takarajima Is., Kagoshima, Japan)*® and another
Penicillium sp. (sediment, South China Sea) was the source of
the mycophenolic acid derivatives penicacid A-C 288-290 and
the known terrestrial fungal metabolite 4’-hydroxy-mycophe-
nolic acid,*® obtained for the first time from a marine source.

All of the isolated metabolites inhibited inosine-mono-

phosphate dehydrogenase (IMPDH) to varying degrees and
penicacid A and 4’-hydroxy-mycophenolic acid also displayed

263

immunosuppressive activity.

o
(0]
[¢] -
aiten
(0] N
2
N7
NH N

O 1285m=n=2
T286m=2n=1
t287m=1,n=2
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A halotolerant Penicillium sp. (source unspecified) yielded
an alkaloid with a wunique spiro-imidazolidinyl skeleton,
penispirolloid A 291, that exhibited antifouling activity toward
Bugula neritina larvae®® and Penicillium sp. (sediment, Jiaozhou
Bay, China) was the source of the pyrrolyl 4-quinolinone alka-
loid penicinoline E 292.%%

\_o

LN
NH N >~
0] (6]
292

A sorbicillinoid derivative sorbiterrin A 293 with moderate
acetylcholinesterase (AChE) inhibition, was obtained from P.
terrestre (sediment, Jiaozhou Bay, China)*** and arthropsadiol C
294 and massarilactone H 295 are polyketides obtained from
Phoma herbarum (sediment, Yellow Sea, China). Massarilactone
H and the co-isolated known fungal metabolites massarilactone
G,”” massarigenin C**® and enalin A** displayed moderate
neuraminidase inhibition. This was the first reported marine
isolation of massarigenin C.””®

294 295
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An endophytic Phoma sp. (giant jellyfish Nemopilema
nomurai, southern coast, S. Korea) provided a cyclic tetrapep-
tide 296 which was a weak suppressor of NO production
in RAW264.7 cells without notable cytotoxicity.””* The
same strain of fungus also provided four cytochalasin deriva-
tives: cytochalasin B2 297, deoxaphomin B 298,
deoxaphomin C 299 and 20-deoxycytochalasin F 300. Cyto-
chalasin B2 and deoxaphomin C were cytotoxic to several
HTCLS.272’273

Stachylidium Callyspongia cf. flammea,

(sponge
location unspecified) yielded phthalimidine derivatives, the
enantiomeric marilines A1 301 and A2 302 and marilines

Sp.
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B 303 and C 304. The various marilines were active in a wide
range of bioassays.””*

301 R=-"1Me
7302 R = —Me

Torula herbarum (sea hare Notarchus leachii, Beihai,
Guangxi, China) was the source of the heptaketide herbarone
305 and the ent-astropaquinones B 306 and C 307. O-Methyl-
herbarin, a metabolite previously reported from 7. herbarum,””?®
was also obtained and the absolute configuration determined

as 308.77¢

(e}
MeO H MeO
OH
HO OH

OMe
305

OMe O OR
1306 R, = OMe, R, = H
1307 Ry =OH, R, =H
308 Ry = OH, R, = OMe

Trichoderma aureoviride (gorgonian sea fan Annella sp.,
Similan Islands, Thailand) provided trichodermaquinone
309 and trichodermaxanthone 310.”” An endophytic
Trichoderma sp. (sea star Acanthaster planci, Hainan Sanya
National Coral Reef Reserve, China) produced two sorbicillinoid

O OH "
HO,, OH 0
Ho\‘, O O
o} OH HO o OH
310

309
OH O
o~ 0
HO L
HO o
311 312
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analogues (4'Z)-sorbicillin 311 and 312 (moderately cytotoxic to
several HTCLs),?”® while three diterpenes phomactin K-L 313-
315 were obtained from an unidentified fungus (brown alga
Ishige okamurae, Tateishi, Kanagawa, Japan).>”

314 315

313

3.4 Fungi from mangroves

An endophytic Acremonium sp. (mangrove branch Rhizophora
apiculata, Satun, Thailand) provided the phthalide derivative,
acremonide 316 and the isocoumarin derivatives acremonone
A-H 317-324.%%°

0
HO
MeO 0o MeO
o
g 0
ome © OH O

OMe O
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OH R,
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MeO R, 11O A OH
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320R;=Me, Ry = H
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321 Ry = Me, R, = OH
322R;=H, R, = OH
323R;=R,=H

Weo OH
¢ "o, o .
o L
HO - OMe
OH O :
OH

324

The racemic spiroalkaloids effusin A and dihydro-
cryptoechinulin D (shown here as one of the enantiomers 325
and 326, respectively) were obtained from Aspergillus effusus
(mangrove rhizosphere soil, Fujian, China). The racemates were
subsequently each resolved and absolute configurations deter-
mined by solution time dependent density function theory
(TDDFT) electronic CD (ECD) calculations. The racemate of
dihydrocryptoechinulin D inhibited growth of P388 cells and
the (12R,28S5,31S)-enantiomer 326 showed selective, moderate
inhibition of topoisomerase 1.>**
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Aflatoxin B2b 327 was obtained from endogenous A. flavus
(mangrove root Hibiscus tiliaceus, Wenchang, Hainan, China)
and was moderately active against E. coli, B. subtilis and E.
aerogenes.”® The dihydroisocoumarin derivatives aspergillu-
marin A 328 and B 329 were isolated from Aspergillus sp.
(mangrove leaf Bruguiera gymnorrhiza, South China Sea)**
while aspergilazine A 330, a diketopiperazine dimer consisting
of two diketopiperazine units with a rare N-1 to C-6 linkage, was
obtained from A. taichungensis (mangrove root soil, Acrostichum
aureum, source not given).>**

OH O
o)
X
t 328X=0
27 329 X = OH,H
0
NH Q
N >~ N N
o . HN
t33p M 0

The butyrolactone 7”-hydroxybutyrolactone IIT 331 and ter-
retriones A-C 332-334 were isolated from A. terreus (sediment,
unnamed mangrove, Guangxi Zhuang, China).>®** Along with
three known terrestrial fungal metabolites, verticillin D**® and
pullularins A and C**’ (isolated from a marine source for the
first time), the endophytic Bionectria ochroleuca (mangrove leaf
Sonneratia caseolaris, Hainan Is., China) produced the peptides
pullularin E 335 and F 336. Pullularin E was characterised as the
chloro-derivative 337 that it had rapidly converted to.>*®
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Corynespora cassiicola (mangrove leaf Laguncularia racemosa,
Hainan Is., China) yielded xestodecalactones D-F 338-340 and
corynesidone C 341 as well as the known terrestrial fungal
metabolites corynesidone B> and 6-(3-hydroxybutyl)-7-O-
methylspinochrome B,** both isolated for the first time as
MNPs.>*
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HO HO
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An endophytic Diaporthe sp. (mangrove leaves Rhizophora sty-
losa, Hainan Is., China) was the source of the sesquiterpenoid
diaporol A 342 and drimane sesquiterpenoids diaporol B 343, C
344 and F-H 345-347.>°> Three synthetic sesquiterpenoids dia-
porol D 348> E 349°°* and 1 350** were isolated for the first time

292

as natural products.

OH
1342

1
1343 Ry =H,R,=OH, X=0, Y =H,H
7344 Ry = OH,Ry=H,X=Y=HH
1348 Ry =R, =H,X=HH,Y=0

345R,=0H,R,=R;=H
346 R{=R3=H,R,=0H
347R;=R,=H,R; = OH

COOH

350

349

An endophytic strain of Eurotium rubrum, (semi-mangrove
Hibiscus tiliaceus, Hainan Is., China) produced a diketopiper-
azine alkaloid 12-demethyl-12-oxo-eurotechinulin B 351 and an
anthraquinone derivative 9-dehydroxyeurotinone 352,° in
addition to the known fungal metabolites variecolorin G**” and
alkaloid E-7.2°7>%

The alkaloids N-2-methylpropyl-2-methylbutenamide 353,
fusarine 354 and fusamine 355 were discovered from endo-
phytic Fusarium incarnatum (mangrove fruit Aegiceras cornicu-
latum, Xiamen, Fujian, China)*® along with the known
synthetic compounds, 2-acetyl-1,2,3,4-tetrahydro-B-carboline**
and 3-(1-aminoethylidene)-6-methyl-2H-pyran-2,4(3H)-dione,*”"
reported as first time MNPs. Fusarine was concurrently isolated
from the Chinese plant Alhagi sparsifolia.**> The isoflavone
derivative 356 was obtained from an endophytic Fusarium sp.
(mangrove leaves Kandelia candel, Dong Zai, Hainan, China).>*®

This journal is © The Royal Society of Chemistry 2014


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c3np70117d

Open Access Article. Published on 03 January 2014. Downloaded on 9/29/2025 1:13:05 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Review

o) —
ANGZ
Y\ N yZ
H
HO
353 354

N MeO ! )
=
OH O o
356

355 OH

Endophytic Guignardia sp. (mangrove leaves Scyphiphora
hydrophyllacea, Wenchang, Hainan, China) was the source of the
meroterpenes guignardone F-I 357-360.>** It should be noted that
the planar structure of guignardone G was the same as that of
coibanol A, recently obtained from a plant endophyte, Pycnoporus
sanguineus from Panama.’” The co-isolated guignardone B** was
obtained from a marine source for the first time.
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Use of epigenetic modifiers to activate secondary metabolite
genes in Leucostoma persoonii (mangrove branch Rhizopora mangle,
Florida Everglades) induced production of a new cytosporone
analogue cytosporone R 361, in addition to known cytosporones.
Of the isolated compounds, cytosporone E,*” a first time MNP,
inhibited the malaria parasite P. falciparum and was moderately
i