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A series of azaphilones produced by Penicillium sclerotiorum (Xenova culture collection number
XI 1 853) active in assays for the detection of antagonists of the endothelin-A (ETA) and endothelin-B
(ETB) receptors has been identified. The series includes two novel sclerotiorin analogues, ($S,%a-R)-
7-deacetyl- l ,O 8,8,8a-tetrahydro-7-à¬>/?/-sclerotiorin, 1, and its 5-dechloro analogue, 2. It also includes
5-chloroisorotiorin, 6, previously unreported as a natural product, in addition to the major product

of these fermentations, (+)-sclerotiorin, 5. Data for the inhibition of endothelin-1 (ET-1) and
endothelin-3 (ET-3) binding in the ETAand ETB receptor assays respectively are reported for this
series. Compounds1 and 2 were more selective for the rabbit ETAreceptor than for the rat ETB
receptor. The IC50 values for 1 and 2 were 9 and 28/*m respectively in an assay based on binding
of ET-1 to rabbit ETAreceptors. In an assay based on the binding of ET-3 to the rat ETBreceptor

compounds 1 and 2 exhibited IC50's of 77 and 172/zm. Members of this series of compounds

demonstrated antagonist behavior in a secondary assay based on blockade of ET-1 stimulated
arachidonic acid release from rabbit renal artery smoothmuscle cells, whenpresent at concentrations

of>30jum.

The endothelins (which exist as three isoforms: ET-1,
ET-2 and ET-3) are a family of potent vasoconstricting
peptides with a variety of biological activities including
bronchoconstriction, positive inotropic and chrono-
tropic effects, mitogenesis and potent renal effects.
Endothelins are implicated in several human disease
states including hypertension, congestive heart failure,
renal failure, pulmonary hypertension, ischemia and
cerebral vasospasm1 "40. Recent results obtained with
mice deficient in endothelin-1 suggest that it is essential
for normal mouse development and may also play a
physiological role in cardiovascular homeostasis5).

Two subtypes of endothelin receptors, classified as

ETAand ETBreceptors, have been cloned and charac-
terised in mammalian systems6~9). Both receptor sub-
types are rhodopsin-like in structure and are coupled to
G-proteins. A third endothelin receptor subtype has

been cloned from Xenopusdermal melanophores and
heart10~11.) although this subtype has not yet been

described in mammaliantissues.
Vasoconstriction in a wide variety of animal tissues

can clearly occur via activation of ETA and/or ETB

receptors, depending upon the species and vascular bed
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under study12~ 16). The ETAreceptor mediates vasocon-
striction and mitogenic responses and is widely localised
in vascular smooth muscle in most tissues. The ETB, or
non-selective receptor, recognising the ET isopeptides
with equal affinity, was originally identified as the

non-vascular smooth muscle receptor. This receptor is
localised on endothelial cells in certain tissues and has
been associated with vasodilatory activity, perhaps
through the release of the endothelin-derived relaxing
factor (EDRF). It has been reported, however, that the
ETBreceptor is also localised on vascular smooth muscle
and mediates a vasoconstrictor response in certain
tissues/species.
The use of endothelin receptor antagonists is further-

ing the understanding of the pathophysiological role of
the endothelins17~22). The endothelin antagonists dis-

covered to date from microbial sources are predomin-
antly actinomycete metabolites. These include the ETA
receptor specific cyclic pentapeptide BE-18257B from
Streptomyces misakiensis23\ the benzarlthraquinones

WS009Aand WS009B from a Streptomyces sp.24), and
the depsipeptide cochinmicins from a Microbispora sp.2 5)
There have been fewer reports of endothelin receptor
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antagonists from fungal sources but these include aster-
ric acid from an Aspergillus sp.26) and the recently

published aselacins from an Acremonium sp.27^ Reports
of natural product endothelin receptor antagonists from
non-microbial sources are sparse but notably include the
ETAselective myriceron caffeoyl ester from Myrica

cerifera (bayberry)28'29).

We have developed a high-throughput screen for ETA
receptor binding for use in conducting a microbial

screening programmeconcentrated on fungal samples.
This programmehas been successful in identifying

several newseries of endothelin receptor antagonists, the
first of which, a family of azaphilones produced by a
naturally occuring micro fungus, are reported herein.
The structures of the azaphilones, two of which (1 and
2) are novel fungal metabolites, are shown in Figure 1.

Materials and Methods

Preparation of Membranes for ETA Receptor Binding
Assay

ETAsubtype receptors were prepared from cultured
rabbit renal artery vascular smooth muscle (RRA-VSM)

cell membranes. The culture medium consisted of
DME/Ham'sF12 (Dulbeccos Modifed Eagle medium)
(1 : 1) and 10% FBS (fetal bovine serum). The cells were
sub-cultured at con fluency by washing with CMF-PBS
(calcium and magnesium free phosphate buffered saline)
and incubating for 5 minutes with CMF-PBScontaining
0.05% trypsin and 0.02% EDTA (Ethylenediamine-
tetraacetic acid) at 37°C. The cells were then split at a
dilution of 1 in 10. Cells were grown in 150mmdishes.

Dishes, containing confluent RRA-VSM cells were
washed twice with cold buffer (5 mMTris, 2mMEDTA,

pH 7.4). The cells were lysed by addition of cold buffer
and incubation at 4°C for 15minutes. The lysed cells
were-scraped off the dishes and broken up With a large
pre-cooled Dounce gl^ss homogenizer by hand homog-

enizing on ice. The lysate was centrifuged at 30,000 x g
for 20minutes at 4°C. The supernatant was discarded
and the pellet re-suspended in freezing buffer (20 niM Tris,
2niM EDTA, 100/iM bacitracin, IOO^m PMSF (Phenyl
methyl sulphonyl fluoride), pH 7.4) at approximately

lmg/ml, membraneswere then aliquoted and stored at
- 80°C until required.

ETAReceptor Binding AssayThe [125I]-ET-1 binding assay was performed as

follows. The assay buffer consisted of phosphate buffer
(40mM Na2HPO4, 10niM KH2PO4, pH ~7.2), 5niM
EDTA, 0.1 mM PMSF, 1% BSA (bovine serum albumin).

RRA-VSMmembranes (8 ~ 10 jug) were pre-incubated in
polypropylene microtitre plates with antagonist (highest
final concentration of 0. 1 mg/ml) or ET-1 (final concen-
tration of 100 nM) to determine non-specific binding for
30minutes prior to addition of [125I]-ET-1 (final con-

centration of 56 pM). The assay mixture \vas incubated
at room temperature for 2 hours with shaking. "Bound"
was separated from "Free" by filtration through Wallac

1205-404 (GF/B) filtermats pre-treated with phosphate
buffer containing 0.2% BSAfor 30minutes at 4°C. The
filtermats were placed in a Skatron 96-well harvester and
washed with phosphate buffer at room temperature for

10 seconds. After drying liquid scintillant (Wallac jS-plate
Scint) was added and the filtermats counted in a Wallac
Opiate Reader. Total binding of [125I]-ET-1 in the
absence of cold ET-1 was typically 9000cpm. Non-

specific binding as measured in the presence of cold ET-1
was typically 1000 cpm.

Fig. 1. Structures of azaphilones (1~7) and citrinin (8).
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Preparation of Membranesfor ETBReceptor Binding
Assay
ETBsubtype receptors were prepared from rat brain

cerebellum. Dura and blood vessels were removed from
rat brain cerebella and the tissue stored at - 80°C until
required. Whenrequired the tissue was re-suspended in
2.5 ml ice-cold homogenization buffer (250 mMsucrose,
20mM Tris, 2mMEDTA, pH 7.4) and homogenized in
a pre-cooled motor-driven Teflon pestle using slow then
high speed. The homogenate was centrifuged at 30,000 x g
for 20minutes at 4°C. The supernatant was discarded

and the pellet re-suspended in 2 ml ice-cold buffer (0.9%
NaCl, 20mM Tris, 5 mMEDTA, pH 7.4) per cerebellum.
Membranepreparations were aliquoted and stored at
- 80°C until required.

ETB Receptor Binding AssayThe [125I]-ET-1 binding assay was performed as

follows. A 100//I aliquot of frozen rat cerebellar mem-
brane was diluted with ice-cold buffer (20mM Tris,
2mM EDTA, 100 /xm PMSF, 100,um Bacitracin, pH 7.4).
For binding experiments the assay mixture (120/xl)
contained 90^1 diluted membrane, [125I]-ET-1 (67pM
final concentration) and either 30 /il compound (highest
final concentration of O.l mg/ml) or 100nM ET-3 (final
concentration) to determine non-specific binding. The

assay mixture was incubated in polypropylene microtitre
plates (Greiner) at 37°C for 2hours. "Bound" was

separated from "Free" as described earlier. The filter-
mats were pretreated with 50mMTris (pH 7.4), 0.2%
BSAfor 60 minutes at 4°C. The wash buffer was ice cold
50mMTris (pH 7.4), washing for 15seconds. Counting
was performed as described earlier. Total binding of
[125I]-ET-1 in the absence of cold ET-3 was typically
!2400cpm. Non-specific binding as measured in the

presence of cold ET-3 was typically 1500 cpm.

Preparation of Recombinant HumanETAand ETB
Receptors

Recombinant DNA techniques were performed
essentially as described in Sambrook et al.30) and

according to manufacturer's instructions. Rat brain ETB
receptor CDNAwas obtained from Dr F. Chung at
Parke Davis.?1* A human placenta CDNAlibrary was
constructed in bacteriophage lambda gtl l and approx-
imately 106 plaques were screened with a 32P labelled
1.3 kilobase Hindlll/Xbal restriction fragment ETB
receptor CDNAas a probe. Plaque hybridisation was
carried out for 16 hours at 42°C in a solution containing
100/ig/ml calf thymus DNA, 1 x Denhardts solution,
5xSSC, 50mM sodium phosphate, and 0.1% SDS

(sodium dodecylsulphate). The membraneswere then
washed twice for 30minutes each in 2 x SSC with 0.1%
SDS at 55°C. The positive clones were purified and

sub-cloned into PUC19plasmid. DNAsequencing was
performed by the dideoxynucleotide chain termination
method and was identified as human ETB receptor by
reading both DNAstrands.
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The 1.35 kb Hindlll/Xbal restriction fragment of clone
12 of the HumanETBreceptor was inserted into the
eucaryotic expression vector pRc-CMV (pRcCMV-
hETBR). CHO-K1 cells were transfected with 20/zg.of
pRcCMV-hETBreceptor by electroporation at 300V,
800/tF, low ohms for 1 second. Cell populations
expressing human ETB receptor were selected with
geneticin (0.5mg/ml) and from these selected cell
populations clonal cell lines were isolated by single cell
cloning. Expression levels of humanETBreceptor were
determined by the receptor binding assay described
below using [125I]-ET-1 as the radioligand. CHO-K1
cells expressing recombinant humanETBRwere grown
in DME/F12 (1 : 1) supplemented with 10% fetal bovine
serum and 0.5 mg/ml geniticin.
HumanETAreceptor expressed in mouse Ltk-cells

were a gift of Dr M. Yanagisawa, and were transfected
as described by Sakamoto et al.32)

Human ETA and ETB Receptor Binding Assays
The following cultured cells were used in binding

experiments: CHO-K1 cells expressing recombinant

human ETBR,Ltk-cells expressing human ETAreceptor,
and RRA-VSM cells (prepared as described by

Reynolds et al.)33) expressing rabbit ETAreceptor.
Membraneswere prepared from cultured cells by lysing
cells in cold lysis buffer (5mM HEPES, 2mMEDTA, pH
7.4) and homogenising with a Dounce "A" homogeniser.

Homogenates were centrifuged at 30,000xg for

20minutes at 4 °C. Membranepellets were resuspended
in cold buffer containing 20mM Tris, 2mM EDTA, 200
jUM Pefabloc, 10 /iM phosphoramidon, 10 fiu leupeptin,
1 fiM pepstatin, pH 7.4, and frozen at -80°C until use.
Membranes were thawed and homogenised with a
Brinkmann Polytron (Westbury, NY), then diluted in
tissue buffer containing 20 mMTris, 2 mMEDTA, 200 /iM
Pefabloc and 100/^m bacitracin (pH 7.4). Radioligand
and competing ligands were prepared in binding buffer
containing 20mMTris, 2mMEDTA and 0.1% BSA.
Competition binding assays were initiated by combining
membranes, [125I]-ET-1 (30,000cpm) and competing
ligand in a final volume of 250//I and incubating for

2hours at 37°C. The assay was terminated by filtration
over Whatman GF/B filters which were presoaked with
50mMTris, pH 7.4, containing 0.2% BSA and 100/xm
bacitracin. Non-specific binding was defined as binding
in the presence of 100nM unlabelled ET-1, specific

binding was defined as total binding minus non-specific
binding. Specific binding was analysed by non-linear

least squares curve fitting (InPlot, GraphPad Software,
San Diego, CA). Kd values for the binding of [125I]-
ET-1to each of the membranepreparations was deter-
mined in separate experiments by saturation binding
and Scatchard analysis.

Functional Activity-Arachidonic Acid Release Assay
(AARA)

The effects of the isolated compounds on ET-1-



916 THE JOURNAL OF ANTIBIOTICS

stimulated [3H]-arachidonate release from cultured

rabbit renal artery vascular smoothmusclecells were
studied as follows: rabbit renal artery vascular smooth
muscle cells (RRA-VSMC)were grown in 12-well cluster
dishes (Costar; Cambridge, MA) in DME/F12 media
(DME/F12, 1 : 1) containing 10% FBS in an atmosphere
of 5% CO2/95%air. Con fluent cells were incubated with
0.5 ml of loading medium (DME/F12) containing 0.5%
FBS and 0.25/iCi/ml of [3H]-arachidonic acid for

24hours. The loading media was aspirated, the cells
washed twice with assay buffer (Hank's' BSS, 10mM
HEPES, 0.1% fatty-acid free BSA, pH 7.4). The buffer
was replaced with lml fresh assay buffer containing
agonist (0.3nM ET-1) and competing ligand, and the
incubation continued for 30 minutest [3H]-arachidonic
acid released into the assay bufferwas determined by
collecting the assay buffer and counting in a liquid
scintillation counter. Under basal conditions the release
of AAis negligible, i.e. in the absence of either endothelin
or the compounds. For example, in the presence of 10 nM
ET-1, incubated for 10minutes, the [3H]-arachidonic
acid release minus the basal levels (basal levels are

< 50 cpm) is measured as approximately 1400 cpm.

Source of Organism
The micro fungus designated Xenova culture collection

number XI1853 was isolated from foam in a tropical
forest stream during 1989. It was deposited at the
Centraalbureau Voor Schimmelcultures, Baarn, The
Netherlands on 15 February 1994 under accession
number CBS123.94.

Fermentation of Organism
A suspension from a mature slant culture, grownon

MEA(2% malt extract, 1.5% agar) was transferred into
a 250-ml Erlenmeyer flask containing 40 ml seed medium.
The seed mediumconsisted of glycerol, D-glucose, malt
extract, soybean peptone, NaCl and CaCO3, adjusted to
pH 6 with hydrochloric acid before sterilisation. The
flask was shaken at 240rpm and 25°C for 3days and
transferred into a 2-liter Erlenmeyer flask containing
250ml seed medium. This flask was shaken for another
3 days under the sameconditions. The contents of the
flask were transferred to a 14-liter fermenter containing
1 1 liters of the following medium: beet molasses, casein,
phytic acid, CaCO3 and antifoam A (Sigma), adjusted
to pH 6 with hydrochloric acid before sterilisation. The
vessel was agitated for 150hours at 450 rpm and aerated
at 0.5 vvm. The temperature was controlled at 25°C.

Dissolved oxygen tension (DOT) and pH were
monitored via Ingold probes and dry cell weight (DCW)
was determined by conventional methods. Production of
compounds of interest was monitored by extracting
biomass from 10ml aliquots of culture with methanol
(3.x 10 ml). The extracts were analysed by reverse phase
HPLCon a Waters Novapak C-18 column with photo-
diode array detection, eluting with a water - acetonitrile
gradient (0-> 100% over 13 minutes).

Isolation of Azaphilones 1 to 7
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Harvested cells obtained from 10litres of broth by
centrifugation were extracted with methanol (8 litres).
The methanol extract was concentrated, diluted with
water and extracted with dichloromethane. The di-
chloromethane was concentrated to dryness to yield
27.2 g of brown residue. This residue was redissolved in
methanol and purified by semi-preparative reversed
phase HPLCon two Prep Nova-Pak HR C18 radial
compression cartridge columns (40mmx 10cm, 6/miparticle size, 60A pore size, Waters, WAT037704)

connected in series in a PrepPak Holder Assembly with
Extension (Waters) along with a Prep Nova-Pak HR C18
Guard-Pak Insert (Waters, WAT037854). The elution

method consisted of a linear water - acetonitrile gradient
increasing, after an initial delay of 2 minutes, from 60 to
100%acetonitrile over a period of twenty minutes at a
flow rate of 50ml/minute. The eluate was monitored by
its absorbance at 340nm and fractions were tested for
activity in the rabbit ETAreceptor binding assay. Six
peaks with endothelin binding activity were obtained.
The materials concentrated from the first three peaks

(with retention times of8, 10 and 1 1 minutes respectively)
were separately purified by preparative TLC (Merck 57 1 7
plates, 20cmx20cm, 2mm thickness of Kieselgel
60F254). Development of the first peak material with
dichloromethane - methanol (9 : 1) produced a yellow band
with an Rf of0.4. Elution and concentration of this band
yielded 2 (8 mg). Similarly, purification of the second and
third peak materials using dichloromethane - methanol
(19 : 1) generated bands with Rfvalues of 0.32 and 0.21
respectively. Elution and concentration from these bands
yielded 3 (90mg) and 1 (100mg).
The fourth, fifth and sixth HPLCpeaks (with retention

times of 12, 15 and 17minutes respectively) were

concentrated to dryness to obtain orange powders of 7
(35mg), 5 (1g) and 6 (190mg).

Determination of Physico-chemical Properties
UV/visible spectra were measuredon a Perkin-Elmer

Lambda17 UV/visible spectrometer. IR spectra were
recorded on a Nicolet 5PC FTIR spectrometer using a
Spectra Tech "Collector" diffuse reflectance accessory.
Low resolution EI-MS and DCI-MSwere obtained on
a VGTrio 3 triple quadrupole mass spectrometer. High
resolution EI-MS were obtained on a Finnigan Mat 95
mass spectrometer. *H and 13C NMRspectra were
recorded at 308 K on a Bruker ACF400spectrometer at
400 MHzand 100 MHzrespectively. All chemical shifts
(d) are quoted in ppm. Standard techniques were used
to obtain the DEPT, COSY-45, HMQC, HMBCand
NOESYspectra. In HMQCexperiments the JCH was
optimised for 145 Hz. In HMBCexperiments the long
range coupling constant 3~ 5/CH was optimised for 5 Hz.
Mixing times from 570 to 1200ms were used in the

NOESYexperiments.
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Chemicals were obtained as follows: Endothelin-1
(ET-l) from Novabiochem, Nottingham, England

(Catalogue No. 05-23-3800) or from American Peptide
Co., Sunnyville, Ca; [125I]-ET-1 from Amersham

International, Amersham, England' (Catalogue No.
IM223) or from New England Nuclear, Beverly, MA;
Endothelin-3 (ET-3) from Peptides International, Louis-
ville, KY; Human placenta CDNAlibrary from Clontech
Lab Inc. Palo Alto, CA; 32P-dCTP from Amersham,
Arlington Heights, IL; Calf thymus DNA, bacitracin,
Denhardt's solution, SSC buffer and SDS from Sigma,
St Louis, MO; BSA from Miles, Kankakee, IL; Sequ-
enase kit from United States Biochemical Corp.,
Cleveland, OH; DME/F12 media, F12 media and G418
from Gibco/BRL, Gathersburg, MD; fetal bovine

serum from HyClone, Logan, UT; CHO-K1cells from
American Type Culture Collection, Rockville, MD;

pRc-CMV from Invitrogen, San Diego, CA; Pefabloc
from Boehringer-Mannheim, Indianapolis, IN; Citrinin
from Sigma Chemical Co. Ltd., Poole, Dorset, England.
Asterric acid and BE18257-Bwere isolated from in

house fermentations of Penicillium aragonense (Xenova
culture collection numberX3911) and a Streptomyces sp.
(XI 9254) respectively. Purification procedures for these
compoundswere similar to reported methods23'26*. The
*H, 13C NMR, UV, IR and mass spectra of purified
asterric acid and BE-18257B were identical to published
data.

Biological Activity
The concentration of the isolated compounds 1 ~3,

5 ~7 which resulted in a 50% inhibition of the endothelin
binding (IC50) to the relevant receptor membrane
preparation was determined in the assay described.

Results

Taxonomy of Fungus XI 1853
This fungus was identified as a strain of Penicillium

sclerotiorum on the basis of its morphological characteris-
tics following inoculation at the centre of Petri dishes
containing two different media, Czapek Dox (Unipath
Ltd) agar (CZ) and 2% malt extract (Difco Laboratories)
agar (2% MEA), using conidia transferred on a sterile
agar-coated needle. Over a period of ten days, the
mycelial diameter extension rate at 25°C was within the
range 1.7~2.3mmd~1- on 2% MEA and 2.2-3.7

mmd"1on CZ. No mycelial extension occurred at 5°C
or 37°C. However, mycelial margins could be rendered
non-uniform by the emergence of faster-extending

appressed sectors. Mycelia on 2% MEAand CZ were
radially sulcate or wrinkled, often with orange droplet
exudation. Aerial mycelium ranged from white or buff
at the margin to saffron or deeper orange red nearer the
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inoculum, overlain by scattered penicilli. Conidial heads
were sparse and greyish turquoise or greenish grey. A
yellowish or pale orange soluble pigment was often
produced in the medium and the reverse mycelial

pigmentation ranged from yellow, through vivid orange
red, to sienna. The penicillate conidiophores were

monoverticillate with smooth to finely roughened stipes,
70~250pan. long, terminating in a 3~5pan diameter
vesicle. The projecting phialides were ampulliform,
8~llfim long, producing ellipsoidal conidia, 2.5~

3.0 x 1.9/mi, with smooth to finely roughened walls.
These morphological characteristics are in accordance

with the variation described for Penicillium sclerotiorum
van Beyma, although the values for mycelial extension
are lower than stated as typical for the species34).

Fermentation
The changes in pH, DOT, DCW,and concentration

of 1 that occured during the fermentation are shown in
Figure 2. The dry cell weight reached a maximumvalue
of 22g/liter after approximately 48hours and then

remained constant. The compoundsof interest were first
detected after 53 hours and their concentrations increased
linearly with time until harvest.

Identification of KnownAzaphilones 3 to 7
The major components of the cell extracts of

fermentations of Penicillium sclerotiorum XI 1853 were
identified as ( + )-sclerotiorin, 5, and 5-chloroisorotiorin,
6 by their UV, IR, mass, *H and 13C NMRspectra and
their optical rotations. The UV, mass and *H NMR
spectra and optical rotation of 5 were identical to those
reported for (+)-sclerotiorin35'36). The UV and XH

NMRspectra and optical rotation of 6 were identical to
those reported for ( + )-5-chloroisorotiorin obtained by
a synthetic route37). 5-chloroisorotiorin has not previous-
ly been reported as a natural product. The XHand 13C
NMRassignments for 5 and 6 are given in Table 1.

Compound 3 was found to be identical with the

recently reported monoamine oxidase inhibitor (8i?)-7-
deacetyl-0 8,8-dihydro-7-epz-sclerotiorin from Talaro-
myces Iuteus38>39). Its UV, mass, XH and 13C NMR
spectra were as reported. When3 was purified from
previous fermentations of P. sclerotiorum XI 1853 it was
occasionally contaminated with small quantities of 4, its
1 1-(Z) isomer, which was also reported as a Tataromyces
luteus metabolite3 8).

Compound7 was identified as ochrephilone, previous-
ly reported as a metabolite of Penicillium multicolor^,
by its UV, IR, mass, XH and 13C NMRspectra.



918 THE JOURNAL OF ANTIBIOTICS SEPT. 1995

Fig. 2. (a) Changes in dry cell weight (DCW) and production of compound 1; and (b) changes in dissolved oxygen tension
(DOT) and pH during fermentation of Penicillium sclerotiorum XI 1853.

Table 1. *H (400MHz) and 13C (100MHz) NMR spectral data for 1, 2, 5 and 6 in CDC13.
1 2 5 6

Position :
Sc <5H <5C SH Sc <5H <5C <5H

I 68.8 4.86 (dd, 10.9, 5.2) 68.8 4.82 (dd, 10.7, 5.4) 152.6 7.92 (s) 151.9 8.82 (s)

3.82 (dd, 13.6, 10.9) 3.80 (dd, 13.5, 10.8)
3 164.1 161.8 158.1 158.0

4 101.6 6.10 (s) 104.6 5.65 (s) 106.4 6.64 (s) 105.5 6.61 (s)

4a 146.6 151.8 138.6 139.4

5 118.2 115.2 5.72 (d, 2.0) 114.7 110.2*

6 189.1 196.1 191.7 194.1

7 75.1 73.2 84.6 87.4

8 73.6 3.47 (d, 9.5) 74.3 3.46 (d, 9.5) 185.9 163.6

8a 37.7 3.14 (dddd, 13.6, 9:5, 5.0, 0.6) 36.7 (dddd, 13.5, 9.5, 5.5, 1.3) 111.0 108.7*

9 119.1 6.00 (d, 15.6) 118.9 5.90 (d, 15.6) 115.8 6.08 (d, 15.6) 115.6 6.09 (d, 15.7)

10 142.1 7.02 (d, 15.6) 140.5 6.92 (d, 15.6) 142.8 7.06 (d, 15.6) 143.5 7.12 (d, 15.7)

ll 132.4 132.0 132.0 d 131.9
12 147.2 5.63 (d, 9.6) 146.0 5.58 (d, 9.7) 148.7 5.71 (d, 9.8) 149.2 5.73 (d, 9.7)

13 35.0 2.46 (m) 34.8 2.45 (m) 35.1 2.48 (m) 35.1 2.48 (m)

14 30.2 1.42 (m) 30.0 1.40 (m) 30.1 1.43 (m) 29.8 1.44 (m)
1.32 (m) 1.30 (m) 1.31 (m) 1.35 (m)

15 ll.9 0.87 (t, 7.4) ll.7 0.82 (t, 7.4) ll.9 0.86 (t, 7.4) ll.8 0.85 (t, 7.4)

16 12.4 1.81 (d, 1.2) 12.2 1.80 (d, 1.2) 12.3 1.85 (d, 1.1) 12.2 1.8.6 (d, 1.2)

17 20.2 0.99 (d, 6.6) 20.2 1.00 (d, 6.6) 20.1 1.02 (d, 6.6) 20.0 1.02 (d, 6.6)

18 21.1 1.54 (s) 20.6 1.49 (s) 22.5 1.56 (s) 26.1 1.71 (s)

7-OCOCH3 1 70.0
7-OCOCH3 20.0 2.16 (s)

II 167.7

21 123.7

31 182.9

41 29.9 2.59 (s)

Spectra were measured at 25°C. TMSwas used as an internal reference (S 0.00).
Chemical shifts are expressed in ppm and coupling constants in Hz, * These assignments are interchangeable.
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Table 2. Physico-chemical properties of 1 and 2.
1 2

Appearance Yellow powder Yellow powder
Molecular formula C1 9H25O4C1 C1 9H26O4
HREI-MS (m/z) for M+ Found : 352.1439 318.1827

Calculated : 352. 1434 3 1 8. 1 824
UV* Amax (MeOH)nm (s) 211 (5,700), 265 (4,400), 389 (21,100) 208 (8,300), 265 (5,500), 374 (19,300)
IRvmax KBrcm"1 3600-3200, 2926, 1663, 1551, 1372 3600-3200, 1575, 1400, 1030

1267,1140,1062
Solubility Soluble : MeOH, CHC13, CH2C12 MeOH, CHC13, CH2C12

Insoluble : H2O, hexane H2O, hexane
TLC, Rfon Silica gel 60F254 (Merck No 5554) 0.21 0.23

developed with CH2C12 -MeOH (19 : 1)

* No changes in UV/Vis spectra of 1 and 2 were observed on addition of either 0.1 m NaOH or 0.1 M HC1.

Structure Elucidation of 1 and 2
The physico-chemical properties of 1 and 2 are shown

in Table 2. The XH and 13C NMRspectra of1 were very
similar to those of sclerotiorin, the main differences being
the absence of the olefinic proton and carbon signals for

C-l, the absence of signals for an acetyl group at C-7
and the presence of four new, highly coupled proton

signals at 8 4.86, 3.82, 3.47 and 3.14. The HMQCNMR

spectrum showed that the proton signals at 8 4.86 and
3.47 were due to a non-equivalent pair of methylene
protons attached to a carbon with a shift of 8 68.8. The
proton signals at 8 3.47 and 3.14 were likewise due to
methine protons attached to carbons with shifts of 8 73.6
and 37.7 respectively. Consideration of these chemical
shift data and inspection of the COSY-45NMRspectrum
suggested the partial structure shown in Figure 3.

These NMR data and the molecular formula of

C19H25O4C1 indicated by HR-EI-MS suggested that 1
was a reduced 7-deacetylsclerotiorin. Comparison of the
NMRdata for 1 and 5 required 1 to be 7-deacetyl-
l ,0 8,8,8a-tetrahydrosclerotiorin. This was confirmed by
correlations observed in the HMBCNMRspectrum of
1, these correlations are shown in Figure 4.

The scalar coupling constants for the proton spin
system comprising the methylene protons at C-l and the
methine protons at C-8 and C-8a are almost identical to
those reported for the very similar system present in the

recently reported azaphilone, falconensin A41). Cross
peaks observed in the NOESYNMRspectrum of 1
suggested that these four protons have the same spatial
arrangement as their counterparts in falconensin A. In
contrast to the NOEresults observed for falconensin A,

however, there was no cross peak observed for the

protons of the methyl group attached to C-7 and the
proton at C-8a; the only cross peak observed for these

methyl protons was with the proton at C-8. These

Fig. 3. Partial structure of1.

Fig.4. Long range 1H-13C correlations observed in the

HMBCNMRspectrum of 1.

A similar set of correlations was observed in the HMBC
spectfium of 2.

Fig. 5. NOE's observed in the NOESYNMRspectra of1.

Identical NOE's were observed for 2, with an additional
interaction for the proton at C-5.

observations are best accomodated by the relative

stereochemistry indicated for 1, the configuration at C-7
being the opposite of that reported for falconensin A.
The NOEenhancements observed in the NOESYNMR
spectrum of 1 are shown in Figure 5.
The *H and 13C NMRspectra of 2 were very similar
to those of 1, the main difference being the presence of
an extra proton singlet at d 5.72. The molecular formula
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of C19H26O4 suggested by HR-EI-MS indicated the
replacement of the chlorine in the structure of 1 by a

hydrogen to generate the 5-dechloro-analogue of 1. This
was confirmed by correlations observed in the HMBC
NMRspectrum of 2.
The 1H and 13C NMRassignments for 1 and 2 are
given in Table 1.

Biological Properties

Endothelin Receptor Assays
The IC50 values of compounds 1~3 and 5~7 and the

azaphilone-related compound citrinin 8, for inhibition of
endothelin binding in the rabbit ETAand rat ETBreceptor
assays are shown in Table 3. The IC50 curve for 1 in the

rabbit ETAreceptor assay is shown in Figure 6. The IC50
curve for 1 in the rat ETB receptor assay is shown in

Figure 7. The IC50 values for compounds 1 ~3 and 5~7
in the humanETAand ETBreceptor assays are shown
in Table 3.

Citrinin 8 was not active in either the rabbit ETAand
rat ETB receptor assays at any of the concentrations

tested. The known microbial ETAantagonists asterric
acid and BE-18257Bwere also tested in the rabbit ETA
assay and their IC50 values, also shown in Table 3, agree
with those reported23'26*.

Arachidonic Acid Release Assay (AARA)
Compounds 1, 3, 5, 6 and 7 were active at 30jUM in

Fig. 6. IC50 curve for compound 1 in rabbit ETAassay.

Fig. 7. IC50 curve for compound 1 in rat ETB assay.

Compound 1 [M]
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Table 3. Data determined for compounds 1~3, 5~8,
asterric acid and BE18257B in ETA, ETB and AARAassays.

Rabbit Rat Human HumanETA ETB ETA ETB
(jjm) (m) G*m) ( um)

(MM)

1 9+3 77+3

2 28+2 172+2 >

3 5+2 50+1

5 75+17 12+1

6 35+12 8+1

7 26+2 85+3

8 > 300 >300

Asterric acid 20+ 1 nt
BE-18257B 0.6+0.1 nt

205
250
140
152
250
197

nt
nt
nt

104±8

>250
127+18

114+37

56+16

148+10

nt
nt
nt

>30

nt
33

>30

>30

>30

nt
nt
nt

IC50's in rabbit ETA and rat ETB assays are shown as

the meanof ^4 competition experiments±SE. IC50's in
humanETAassay represent data from a single competition
experiment. IC50's in human ETBreceptor assay represent
3 competition experiments ± SE. IC50's in AARArepresent
data obtained from one experiment. Binding data was
computer-analysed by non-linear least squares analysis
giving the best fit for a one site model, nt=not tested.

the AARAassay although the IC50 values determined
were in excess of 30fiM. This data is shown in Table 3.
The most active was compound 3 with an IC50 of 33 fiM.
Compound2 was not tested in the AARAassay due to
scarcity of material.

Discussio n

Wehave described a series of azaphilones produced
by Penicillium sclerotiorum XI 1853, including two novel
sclerotiorin analogues, which inhibit the binding of

endothelin-1 and endothelin-3 in ETAand ETB receptor
assays. The new sclerotiorin analogues, 1 and 2, are

the most fully reduced analogues of the sclerotiorins
yet reported. These compounds bear some structural
similarities to the recently reported falconensins41). The
few reports of the biological activities of the azaphilones
include monoamine oxidase inhibition by 333'34\

inhibition of phospholipase A2 by 542) and inhibition of
the gpl20-CD4 interaction by the recently reported
isochromophilones43).

(+)-Sclerotiorin has also been reported to induce
morphological changes in fungi.35) This activity was

correlated with the reactivity of (-f)-sclerotiorin with
methylamine. Ochrephilone, however, did not react with
methylamine. The most active compoundwith respect
to reactivity with methylamine and induction of changes
in fungal morphology was the azaphilone-related
compoundcitrinin. Citrinin showed no activity in our
rabbit ETAand rat ETBreceptor assays when tested at
concentrations up to 300 /iM. The azaphilones discussed
here thus appear to act as endothelin receptor antagonists
by a mechanism not involving simple reactivity with
amine functionalities.
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The IC50 values of compounds 1, 2 and 3 (9, 28, 5/im)
compare well with IC50 values for inhibition of ET-1
binding to the ETAreceptor reported for other fungal
metabolites such as asterric acid (IO jUm) and aselacin A
(22jUM)26'27). In contrast compounds isolated from

actinomycetes are reported to have somewhat more
potent inhibitory properties as exemplified by cochinmy-
cin A (0.24/jm) and the benzanthraquinone WS009A
(0.67/iM)24'25). The IC50 values for asterric acid and
BE-18257B in the rabbit ETA assay were in good
agreement with those reported23'26*.
Compounds 1, 2 and 3 were more selective for rabbit

ETAreceptors whilst 5 and 6 are more selective for rat
ETB receptors. In general all the compounds were less
active when tested against the human receptors. A trend
towards higher IC50 values was observed when the
compoundswere tested in rabbit ETA and rat ETB
receptor assays whenthe pre-incubation step was omitted
(data not shown).
Considerable experimental data reveals that endothelin

stimulates phospholipase A2 to produce arachidonate-
derived secondary messengers such as prostaglandins,
thromboxanes and leukotrienes2). Activity was observed
for the most potent compounds in the AARAassay,
demonstrating their ability to block ET-1 mediated
arachidonic acid release in a complex physiologically
relevant assay.

Addendum in Proof
Compound1 appears to be identical to the recently

published isochromophilone III (Arai, N.; K. Shiomi,

H. Tomoda, N. Tabata, D J. Yang, R. Masuma, T.
Kawakubo & S. Omura: Isochromophilones III~VI,
inhibitors of Acyl-CoA : cholesterol &cyltransferase pro-
duced by Penicillium multicolor FO-3216. J. Antibiotics
48: 696-702, 1995).
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