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A new antifungal (E)-B-methoxyacrylate, noroudemansin A (1), was isolated from cultures
of Prerula sp. 82168. Its biological activities were investigated and compared with oudemansin
A. The structure was elucidated by spectroscopic methods. Three semisynthetic noroudeman-
sin A derivatives were synthesized from the natural product.

Introduction

The strobilurins and oudemansins constitute a
new class of fungicides (Anke, 1997). To date three
antifungal antibiotics of the oudemansin type,
oudemansin A (5) (Anke et al., 1979), oudemansin
B (6) (Anke et al., 1983) and oudemansin X (7)
(Anke et al., 1990) are known. Oudemansins and
strobilurins have been described from submerged
cultures of a number of basidiomycetes occurring
in different habitats and climates (Anke, 1995).
They have also been isolated from basidiomycetes
cultivated on their natural substrates (Engler et al.,
1998a) or growing in the wild (Engler er al.,
1998b). A characteristic and essential structure el-
ement of the oudemansins and strobilurins is an
(E)-p-methoxyacrylate moiety which is required
for their antifungal activities. Their mode of action
is a selective inhibition of mitochondrial electron
transport at the hydroquinone oxidation (Q,,) cen-
ter of the bc; complex (Becker et al., 1981). The
structural changes conferring resistance to produc-
ing fungi have been determined (Kraiczy er al.,
1996). In the following we describe the production,
isolation, structural elucidation and the biological
properties of noroudemansin A (1), a new oude-
mansin derivative from Pterula sp. 82168. In addi-
tion, three semisynthetic noroudemansin A deriv-
atives 2, 3 and 4 were synthesized from the natural
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product by acetylation, oxidation or y-lactone for-
mation, respectively.

Materials and Methods
General

Optical rotations were measured with a Perkin-
Elmer 241 polarimeter. IR spectra were recorded
on a Bruker IFS 48 Fourier Spectrometer or on a
Perkin-Elmer 1420 Ratio Recording Infrared
Spectrometer (KBr or in CHCI; between NaCl
plates) and UV and CD spectra on an Instruments
S. A. Jobin-Yvon CD-6-Dichrograph. NMR
spectra were measured with Bruker ARX 300 and
AMX 600 spectrometers. Chemical shifts ¢ in ppm
are referenced to the residual solvent signal of
CDCl; at 0y 7.24 and dc¢ 77.0, respectively. MS
data were determined using Finnigan MAT 90 and
95 Q instruments (direct inlet, 70 eV). Thin layer
chromatography was performed on Silica gel 60
F>s54 (0.25 mm). For analytical HPLC a Hewlett
Packard 1090 series II instrument and for prepara-
tive HPLC Gilson model 302 or Waters 501 instru-
ments were used.

Producing Organism

The strain of Pterula sp. 82168 and its mainte-
nance have been described earlier (Engler ef al.,
1995).

Fermentation

Fermentations were carried out in a Biostat U
fermenter (Braun Biotech, Melsungen) containing
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100 liters of MGPY medium composed of (g/liter):
Yeast extract 1, maltose 20, glucose 10, peptone 2,
KH,PO, 0.5, MgSO, x H,O 1, FeCl; 0.01, ZnSO,
x H>O 0.0018, CaCl, x H,O 0.074. Prior to sterili-
zation the pH was adjusted to 5.5 with hydrochlo-
ric acid, and 2 ml silicone antifoam were added to
the medium. For inoculation a well-grown culture
of Pterula sp. 82168 in the same medium (10 liters)
was used. The culture was grown at 22 °C, aerated
with 15 liters air per minute, and stirred with 120
rpm. During fermentation 200 ml samples were
taken, the mycelia separated by filtration and the
culture broth extracted with ethyl acetate. The res-
idue obtained after evaporation of the organic
solvent was taken up in 1 ml of methanol. 10 ul of
the concentrated solutions were analyzed by ana-
lytical HPLC to follow the production of noroude-
mansin A (Merck LiChrospher 100 RP 18, 5 um;
column 125 x 4 mm; flow 1.5 ml/minute; gradient:
H,0-MeOH, 0-70% in 20 minutes, 70—-100% in
10 minutes; Rt [noroudemansin A] 17.9 minutes).
The fermentation was terminated when the con-
centration of noroudemansin A reached the maxi-
mal value.

Isolation of noroudemansin A

After 350 hours of fermentation the active com-
ponents were removed from the culture fluid (60 1)
by adsorption onto HP 21 resin (Mitsubishi DI-
AION). Elution with acetone yielded a crude ex-
tract (5.76 g), which was fractionated by chroma-
tography on silica gel (0.063-0.2 mesh, Merck 60,
elution with cyclohexane-EtOAc, 8:2 v/v) to yield
0.89 g of a crude product. Further purification was
achieved by preparative HPLC in 0.1 g batches
(Merck Lichrosorb Diol, 7 um; column 250 x
25 mm, flow rate 5 ml/minute, detection at
210 nm) with cyclohexane-tertbutyl methyl ether,
8:2 as eluent. Yield: 106 mg of an enriched pro-
duct. Pure noroudemansin A was obtained in a
final step by preparative HPLC on Merck Lichro-
gel PS 1 and elution with 2-propanol (10 um, col-
umn 250 x 25 mm; flow rate 5 ml/minutes; Rt [nor-
oudemansin A] 30 minutes). Yield: 57 mg.

Synthesis of noroudemansin A derivatives

Acetylation of noroudemansin A (6.0 mg) was
carried out with acetic anhydride (2 ml) in pyri-
dine (1 ml). The reaction mixture was stirred for 2

hours at room temperature. The crude product
was purified by thin-layer chromatography on
SiO, with toluene-acetone-AcOH, 70:30:1 v/v as
eluant to give 2 as a colorless solid (5.7 mg, 82%).

Oxidation of noroudemansin A (1) (4.5 mg) was
performed with MnO, (60 mg) in acetonitrile
(2 ml). The solution was stirred for 4 hours, then
filtered over Celite® and evaporated. Purification
by thin-layer chromatography on SiO, with petro-
leum ether,p60-EtOACc, 5 : 1 v/v as eluant yielded
3 (4.2 mg, 94%) as a colorless oil.

Formation of the vy-lactone (4) was achieved
quantitatively by addition of NaH (0.5 mg) to a
solution of 1 (1.7 mg) in THF at 0 °C. After stir-
ring for 30 minutes at 0 °C, the mixture was di-
luted with ethyl acetate and washed with water.
The organic layer was dried over Na,SO, and puri-
fied by elution with ethyl acetate over SiO, to
yield 4 (1.5 mg).

Biological tests

The antimicrobial spectra were tested in an agar
diffusion assay and serial dilution assay as de-
scribed previously (Anke et al., 1989; 1996). The
cytotoxicity against L1210 (ATCC CCL 219), HL-
60 (ATCC CCL 240), BHK 21 (ATCC CCL 10),
and HeLa S3 (ATCC CCL 22) cells was measured
as described by Zapf et al. (1995). The effect on
cell growth of monolayer cell lines was determined
using Giemsa stain (Erkel, 1990). The inhibition
of respiration of Penicillium notatum was mea-
sured with a Clark-type oxygen electrode as re-
ported (Weber et al., 1990).

Results and Discussion
Production and isolation of noroudemansin A

From the beginning of the fermentation the
crude extracts of the mycelia and the culture fluid
exhibited high antifungal activities because of the
additional production of strobilurin A, oudeman-
sin A and pterulone and pterulinic acid (Engler
et al., 1997a, b). These antibiotics were previously
described from fermentations of the same strain in
YMG (0.4% yeast extract, 1% malt extract, 0.4%
glucose) medium. The production of noroudeman-
sin A (formula 1, Fig. 1) starting 4 days after inoc-
ulation was detected only in MGPY medium with
a higher C/N ratio. After 14 days 57 mg noroude-



M. Engler-Lohr et al. - Noroudemansin A, a New Antifungal Antibiotic from Pterula Species 82168 165

OH
1 7 :

3 14
H3CO0OC~11Xx~OCHs
16 13 1215

Noroudemansin A (1)

17 18

OCOCH;

Wa
H;COOC~Xx~OCHj3

9-O-Acetyl-noroudemansin A (2)

y-Lactone 4

OCHs

1 H
R? H;COOC~ Xx~OCHjs
R'=R%=H:

R'=0OCH,, R?=Cl:
R'=H, R?= OCHj:

Oudemansin A (5)
Oudemansin B (6)
Oudemansin X (7)

X o~ CHs

H3COOC~Xx~OCHj,3

Dehydronoroudemansin A (3)

Fig. 1. Chemical structures of noroudemansins and oudemansins.

mansin A were isolated from 601 culture fluid as
described in material and methods.

Structural elucidation of noroudemansin A

The spectral data of noroudemansin A (1) are
in close agreement with those of oudemansin A
(5). The IR spectra contains a strong hydroxy ab-
sorption at 3430 cm~! in addition to those for a
carbonyl at 1700 and a double bond at 1637 cm™!,
respectively. The HR-MS showed the molecular
ion peak at m/z 276, which corresponded to the
molecular formula C,;¢H,,O4. A comparison with
the spectral data of oudemansin A (5) indicated
that 1 contains a hydroxy group instead of the me-
thoxy group at C-9. In comparison to oudemansin
A (5), the '"H and '3C NMR spectra exhibit a
downfield shift of the 9-H resonance to &y 4.44 as
well as an upfield shift of the C-9 resonance to d¢
75.05. The signal for the hydroxyl proton is de-
tected at 0y 3.27 in CDCl;. The main fragments in
the EI-MS resulting from a-cleavage are shown
in Fig. 2.

Due to the similarity of the CD spectra (Fig. 3)
of noroudemansin A (1) and its O-acetyl deriva-
tive 2 to that of oudemansin A (5) (Anke et al.,

o It

@A\)’\H

m/z 133; CgHgOg

m I

CHs
m a-cleavage
CH30,C-XOCH3

m/z276; C1gHz004

/ -H0 \ CH30H

m/z 258, C16H1803  m/z244; C15H1603

Ho CHy |-

CH302CL/OCH3

m/z143; C7H1103

Fig. 2. Important fragmentations in the EI-MS of norou-
demansin A (1).

1979; Akita et al., 1983) the 95,10S-configuration
can be proposed for 1. Moreover, the coupling
constants *Jgy oy = 8.4 and *Joy 10y = 9.4 Hz of 9-
O-acetylnoroudemansin A (2) are in good
agreement with those of the oudemansins A (5),
B (6) (Anke ef al., 1983) and X (7) (Anke et al.,
1990), while the values for the corresponding cou-
pling constants of noroudemansin A (1) are
smaller. From a calculation of the preferred con-
formation of 1 (Mohamadi ez al., 1990) torsion an-
gles for 8-H/9-H and 9-H/10-H of 45° and 56°,
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Fig. 3. CD spectra of noroudemansin A (1) (
9-O-acetylnoroudemansin A (2) (---) in MeOH.

respectively, were obtained which agree well with
the observed coupling constants (*Jgpy oy = 5.9 and
*Joron = 5.4 Hz).

Noroudemansin A (1): Colorless oil; Rf = 0.60
(SiO,, toluene-acetone-AcOH, 70:30:1); [a]F
-64.3° (c 0.24, MeOH); UV AN<OH nm (g €) 208
(3.00), 231 (3.42), 270 (2.06), 279 (1.80); CD

MeOH nm (Ae) 220 (-11.42), 236 (0), 243 (+2.03),
255 (0), 265 (-0.59); IR (KBr) vyax cm~! 3430 (br,
st), 3026 (w), 2938 (m), 2851 (w), 1700 (st), 1637
(st), 1442 (m), 1279 (sh, st), 1248 (st), 1134 (st),
1003 (w), 968 (w), 752 (w), 696 (w); 'H NMR (300
MHz, CDCl5): & 7.33-7.13 (5H, m, Ph), 7.31 (1H,
s, 12-H), 6.55 (1H, d, 7-H), 6.16 (1H, dd, 8-H), 4.44
(1H, dd, 9-H), 3.77 (3H, s, 16-H), 3.66 (3H, s, 15-
H), 3.27 (1H, br s, 9-OH), 3.00 (1H, qd, 10-H),
1.16 BH, d, 14-H): /75 = 15.9,J39 = 5.9, Jg10 = 5.4,
J75 =72 Hz; C-NMR (75 MHz, CDCl5) & 169.32
(C-13), 159.70 (C-12), 137.19 (C-6), 131.60 (C-8),
129.93 (C-7), 128.42 (C-2/4), 127.22 (C-3), 126.39
(C-1/5), 113.17 (C-11), 75.05 (C-9), 61.56 (C-15),
51.42 (C-16), 36.35 (C-10), 13.03 (C-14), the as-
signments were confirmed by a HETCOR experi-
ment; MS m/z (%) 276 (2) (M), 244 (6), 144
(100), 143 (42), 133 (52), 129 (36), 112 (15), 111
(22), 97 (10), 75 (23); HR-MS m/z 276 (M,
C6H500,): caled. 276.1362, found. 276.1377.

Semisynthetic derivatives of noroudemansin A

9-O-Acetyl-noroudemansin A (2): Colourless
solid; Rf = 0.79 (SiO,, toluene-acetone-AcOH,
70:30:1); [a]fs +58.3° (¢ 0.02, MeOH); UV AMeOH
nm (Ig €) 208 (3.70), 245 (3.73), 281 (2.58), 291
(2.38); CD AMeOH nm (Ag) 209 (+7.82), 213 (0).
219 (-13.04), 242 (0), 253 (+11.88); IR (film) vy

cm~! 2940 (m), 2850 (w), 1735 (st), 1705 (st), 1640
(st), 1450 (sh, m), 1435 (m), 1375 (m), 1240 (st),
1120 (st), 1025 (w), 965 (m), 775 (w), 750 (w), 695
(w); "H NMR (300 MHz, CDCls) 6 7.30-7.20 (5H,
m, Ph), 7.28 (1H, s, 12-H), 6.53 (1H, d, 7-H), 5.99
(1H, dd, 8-H), 5.67 (1H, dd, 9-H), 3.79 (3H, s, 16-
H), 3.65 (3H, s, 15-H), 3.16 (1H, dq, 10-H), 2.05
(3H, s, 18-H), 1.17 (3H, d, 14-H): J; 5 = 15.9, Jg o =
84, J910=9.4,J1014 =7.1 Hz; ®C NMR (75 MHz,
CDCl3) 6 170.47 (C-13 or C-17), 168.18 (C-13 or
C-17), 160.10 (C-12), 136.65 (C-4), 133.20, 128.44
(C-2/4 or C-1/5), 127.67, 127.03, 126.56 (C-2/4 or
C-1/5), 111.02 (C-11), 77.20 (C-9), 61.61 (C-15),
51.24 (C-16), 34.83 (C-10), 21.37 (C-18), 15.39 (C-
14); MS m/z (%) 318 (1) (M*), 275 (4), 143 (100),
133 (54), 111 (21), 75 (25). HR-MS m/z 276 (M,
C,gH»,05): caled. 318.1467, found. 318.1456.
Dehydronoroudemansin A (3): Colourless oil;
Rf = 0.53 (SiO,, toluene-acetone-AcOH, 70:30:1);
[a] +266.3° (c 0.20, MeOH); UV AM<OH nm (Ig
€) 225 (3.51), 242 (3.45), 286 (3.53); CD MeOH nm
(Ag) 204 (+7.43), 216 (-0.57), 221 (+1.43), 224
(+0.85), 229 (+2.00), 248 (-16.29), 285 (+19.57); IR
Vmax (film) em~! 2940 (m), 2850 (w), 1705 (vst),
1640 (st), 1615 (st), 1450 (m), 1440 (m, sh), 1315
(m), 1260 (st, sh), 1240 (st), 1195 (m), 1130 (st),
1075 (m), 1045 (m), 990 (w), 930 (w), 775 (m); 'H
NMR (300 MHz, CDCl;) & 7.57 (1H, d, 7-H), 7.49
(2H, m, Ph), 7.38 (1H, s, 12-H), 7.34 (3H, m, Ph),
6.75 (1H, d, 8-H), 3.82 (3H, s, 16-H), 3.80 (1H, q,
10-H), 3.70 (3H, s, 15-H), 1.29 (3H, d, 14-H): J; 3 =
15.8, J1014 = 6.9 Hz; 3C NMR (75 MHz, CDCl;)
0 198.87 (C-9), 17244 (C-13), 160.22 (C-12),
141.32 (C-7), 13491 (C-6), 130.01 (C-3 or C-8),
128.78 (C-2/4 or C-1/5), 128.23 (C-2/4 or C-1/5),
123.83 (C-3 or C-8), 11091 (C-11), 61.82 (C-15),
51.49 (C-16), 42.42 (C-10), 13.77 (C-14); MS m/z
(%) 274 (M)* (2), 246 (5), 143 (24), 131 (100), 111
(10), 103 (14), 75 (15); HR-MS m/z 274 (M,
C,6H,30,): caled. 274.1205, found. 274.1198.
v-Lactone 4: Colourless oil; Rf = 0.77 (SiO,, tol-
uene-acetone-AcOH 70:30:1); [a]EF-56.5° (¢ 0.09,
EtOH); UV AM¢OH nm (Ig ¢) 252 (3.00); CD
MMeOH nm  (Ae) 214 (-4.36), 237 (+6.90), 259
(-8.08), 300 (+0.10); IR vy, (film) cm~! 3440 (br,
m), 2910 (m), 2830 (w), 1740 (st), 1665 (st), 1440
(w), 1230 (m), 1100 (m), 1075 (st), 1010 (w), 955
(W), 935 (w), 750 (w), 690 (w); '"H NMR (300 MHz,
CDCl) 0 7.4-7.2 (6H, m, Ph and 12-H), 6.68 (1H,
dm, 7-H), 6.17 (1H, dd, 8-H), 5.05 (1H, ddd, 9-H),
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3.86 (3H, s, 15-H), 3.34 (1H, m, 10-H), 1.11 (3H,
d, 14—H) -17.8 = 159, ‘]8‘9 = 73, 19.1() = 73, J]()_14 =
6.9 Hz: MS m/z (%) 244 (M)* (82), 216 (12), 185
(2), 167 (8), 153 (11), 140 (25), 131 (14), 115 (11),
112 (100), 103 (10), 84 (84), 69 (50): HR-MS m/z

244 (M, C;5H605): caled. 244.1099, found.
244.1102.
Biological properties

In the plate diffusion assay (Table I) most fila-
mentous fungi were inhibited by 50 ug/disc of 1
and of 2, but not of 3 and 4. The antifungal activi-
ties of oudemansin A (5), B (6) and X (7) are con-
siderably higher at concentrations starting at 0.1
or 1 pg/disc (Anke et al., 1979; 1983; 1990). In the
same assay 1 ug/disc of oudemansin A resulted in
inhibition zones of 34 mm for P. variotii and
40 mm for S. cerevisiae isl.

As shown in Fig. 4, oudemansin A (5), noroude-
mansin A (1) and the O-acetyl derivative 2 inhib-
ited the oxygen uptake by freshly germinated
spores of Penicillium notatum (30 mg wet weight/
ml in 1% glucose solution) in a dose-dependent

Table I. Antifungal activities of 50 ug/disc of noroude-
mansin A (1), 9-O-acetyl-noroudemansin A (2), dehy-
dronoroudemansin A (3) and y-lacton (4) in the agar
diffusion assay.

Diameter of inhibition zone [mm]

Organism

1 2 3 4
Absidia glauca (+) - - - 10
Absidia glauca (-) - - - -
Alternaria porri - 12d - -
Aspergillus ochraceus 14 20d - -
Botrytis cinerea - 11 n.t. n.t
Curvularia lunata 15 15 - -
Epicoccum purpurascens 15 n.t. n.t. n.t
Fusarium fujikuroi 20d 25d n.t. n.t
Fusarium oxysporum - 15 - -
Mucor miehei 20 20 9 -
Nematospora coryli - 14 - -
Paecilomyces variotii 15d 22 - -
Penicillium notatum 15i 18i 11 8
Phoma clematidina 27d 18d n.t. n.t.
Pythium irregulare - - n.t n.t.
Saccharomyces cerevisiae is1* 18 22 - -
Saccharomyces cerevisiae S288 11 n.t. - -
Ustilago nuda - 10 it n.t.
Zygorrhynchus moelleri 15 16 10 8

a: gift of Prof. F. LACROUTE, Strasbourg;
-: no inhibition zone; i: incomplete; d: diffuse inhibition
zone; n.t.: not tested.
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Fig. 4. Effects of 1, 2 and oudemansin A on the oxygen
uptake of germinated Penicillium notatum spores.

manner. The ICs, values of oudemansin A and 1
were determined at 0.89 um (0.25 pg/ml) and
261 um (72 ng/ml), respectively. The O-acetyl de-
rivative 2 blocked the oxygen uptake of Penicil-
lium notatum 50% at 23 um (7.3 pg/ml). No inhibi-
tion of oxygen uptake was observed at 100 ug/ml
of the dehydro derivative 3 and at 50 ug/ml of lac-
tone 4. Like oudemansin A (5), B (6) and X (7),
the new compounds 1, 2 and 3 contain the (E)-f-
methoxyacrylate system responsible for the anti-
fungal and respiration-inhibiting properties
(Anke, 1997). However, the inhibitory effects ap-
pear to be strongly dependent on the substituents
of the oxygen at C-9 and their influence on the
conformation. The relatively weak activity of 1 can
be increased by acetylation of the hydroxy group
at this position (2), whereas the oxidation product
3 and the y-lacton (4) totally lack the respiration-
inhibiting properties.

1 did not exhibit antibacterial activities. In the
serial dilution assay no inhibition of growth was
observed of Acinetobacter calcoaceticus, Arthro-
bacter citreus, Bacillus brevis, Bacillus subtilis, Cor-
ynebacterium insidiosum, Escherichia coli K-12,
Micrococcus luteus, Mycobacterium phlei and
Streptomyces sp. ATCC 23836 at 100 ug/ml.

Table II shows that 2 and 3 were moderately
cytotoxic, while 1 exhibited only weak cytotoxic
activities. 4 showed no cytotoxic effects.
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Table II. Cytotoxic activities of 1, 2, 3 and 4 towards
mammalian cell lines.

ICs [ug/ml]

Cell line

1 2 3 4
L1210 50-100 25 10 >50
HL 60 >100 20 10 >50
BHK 50 n.t. n.t. n.t.
Hela S3 >100 50 25 >50

n.t.: not tested.
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