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Omphalotus olearius. Absolute configuration of omphalotin A.
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omphalotins B (2a), C (2b) and D (2¢), contammg oxidised glycine, valine, isoleucine
and tryptophan, from extracts of the basidiomycete Omphalotus olearius is described.
All amino acids of omphalotin A (1) were shown to have L configuration.
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ant parasite Meloidogyne incognita while the saprop
2

nematode Caenorhabditis elegans is approximately 50 times less sensitive (LDgg 38 uM).
corresponding LDgg values for the commercially available nematicide ivermectin is 4.6 uM (towards M.
incognita) and 0.46 uM (towards C. elegans).2 Omphalotin A (1) lacks antimicrobial and phytotoxic activity,
and only shows weak cytotoxic activity at 100 pg/ml,2 making it a potentially useful nematicide. During
preparative fermentations of various strains of O. olearius, it became evident that the fungus also produces

several omphalotin derivatives, and here we report the isolation and structure determination by spectroscopic

techniques of omphalotins B (22), C (2b) and D (2¢). In addition, the absolute configuration of the amino
acids of omphalotin A (1) was determined by chemical methods.
M 2 Vottne csroo arbioorad e hedemlooime miambhoalotin A 73Y S £ AA LI o d A FIVNPE T N
1'ne latier was acnieved by uy IUlybl 12 uulpucuuuu A (1) in 6 M HCI and derivatising i

~ A~ oA

comparing thc RP—HPLC retention times of the resulting thiourea derivatives with samples prepared in the
same way from the corresponding D- and L-amino acids, it could be shown that omphalotin A (1) is
composed of L-amino acids and that the structure shown in Figure 1 represents its absolute configuration.
Although this was not demonstrated, it is reasonable to believe that omphalotins B (2a), C (2b) and D (2¢)
are formed from 1 as they appear later during the fermentation. Their absolute configuration should therefore

be the same.

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00209-9



.
v
T

=

\z
N
g

o | | I -
2
£ 60~ AELST N
‘4G ~ \|/ 63
66
O N\39 67\NAO
18 !
36 37 16 i5 68
N - 34 \-]4/ - /O
‘\1‘ 3 S ‘l-f 69]’
I el : .
‘\\\‘ [/27 O 10 N
o
26 e} <SSy .
S | NH

0 19
s * n/:\:u 4\/~

[

Figure 1. Structures of the omphalotins A (1), B (2a), C (2b) and D (2¢).
a: Ry = 3-hydroxy-3-methylbutanoyi, Ry = H.
b: Ry = 3-hydroxy-3-methyibutanoyl, Ry = acetyl.

c: R| =Ry = acetyl.
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tained in CD30D were
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and NMR measurements were carried out in several deuterated solvents. The data ob
most suitable for the elucidation of the structures (}H and 13C NMR data in CD30D are reported in Tables 1
and 2), although data obtained in (CD3)2S0, in which signals for exchangeable protons can be observed,
were important for the determination of the stereochemistry (vide infra). As with many macrocyclic
compounds, the stability of various conformers is affected by the solvent. While omphalotin B (2a) is present

essentially as one conformer in methanol, omphalotins C (2b) and D (2¢) are approximately 1:1 mixtures of
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unusual chermical shift (
CD3OD, and in one of the conformers of 2a in (CD3)2SO. In the conformers with this peculiar chemical
shift, 58-H3 gives strong ROESY correlations to both 10-H and 13-H indicating the presence of a folding

that brings these groups close together in space.
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tryptophan in 1 no longer was part of 2a, 2b or 2¢. The structures of the new omphalotins could be
P SIS S ) N N ~ P, oy 1x rr RSt W as —~-
determined by the analysis of long range correlations observed in both COSY (1H-1H) and HMBC (1H- 13C)

R spectra, as indicated for omphalotin B (2a) in Figure 2. After realising that omphalotin C (2b) is
acetylomphalotm B, this could be confirmed by acetylating omphalotin B (2a) with acetic anhydride in

L T (W]
P C
O 2;

pyridine. The product obtained was identical in all respects with the isolated omphalotin C (2b).

The 'H-TH coupling between the N-methyls and the corresponding a-protons is weak, but clearly
visible in COSY experiments. The HMBC correlations {rom the N-methyls to both the o-carbons and the
carbonyl carbons in the peptide bond, together with the correlations between the a-hydrogen:

carbonyl carbon on both sides, determine the backbone of the omphalotins. The side chains in the unmedified
4 valines and 2 isoleucines could be determined by COSY correlations and comparison with the data of
omphalotin A (1), while the presence of a hydroxylated valine was shown by the HMBC correlations shown

in Figure 2. The structure of the oxidised tryptophan in omphalotins 2a, 2b and 2¢ could be determined by the
HMBC correlations indicated in Figure 1, and also by the HMBC corrclations observed from 6-NH to C-6
and C-7 as well as from 8-OH to C-5, C-7, C-8 and C-9, with 2a and 2c¢ in (CD3)SO. The stereochemistry of
this moiety could be determined by the ROESY correlations indicated in Figure 3.
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conclusion is that 7-H and 8-OH are cis, and on the opposite side of the ring system compared to 10-H. 68-H;
correlate to both 7-H and 6-NH, but not to 10-H, indicating that the 68/69 glycine is positioned over this part
of the modified tryptophan. The free amino acid has previously been shown to be formed from dye-sensitized
photooxidation of L-tryptophan, but the fact that omphalotin A (1) is stable during isolation and storage
indicates that the oxidation of tryptophan in O. olearius is enzymatic. Bioactive compounds containing a
similar hydroxylated tricyclic system have been reported from nature.” The configuration of the oxidised

isoleucine could also be determined from the NMR data recorded in (CD3)2SO. A very strong ROESY
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has retained the staggered conformation that normally is observed for valine and isoleucine. ROESY
correlations can be obseved between 46-H and 48-H3, 49-H as well as 50-Hs, between 45-H3 and 47-H as
well as 49-H, and between 48-H3 and 50-H3, all supporting the structure and conformation presented in
Figure 4. The dihedral angle 47-H/C-47/C-49/49-H should be small according to this model, and this is
confirmed by the small (1.4 Hz) coupling constant observed between the two protons in the 'H spectrum of
2¢ in (CD3)280. 53-H gives its strongest ROESY correlation to 55-NH, which in addition correlates to the
neighbouring isopropyl group but not at all to 52-H3. This makes the suggested confi
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DAJ AAAAAAAAAAAAAAAAA sl‘v \ltlrl vvvvvvvvv IJ WY VAW A VAL LAQVAVLE VIV OW W ll_’ Allvu QG 1viialsiv
ROESY correlation should be expected.
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hydroxyglycme part as suggested by correlations observed in the ROESY spectra ot omphalotlns B (2a) and
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The absolute configuration of 4-hydroxyisoleucine in omphalotins B (2a), C (2b) and D (2c¢) is 2§, 3R,
48, and the identical amino acid has been reported from fungi (e.g. in the cyclopeptide y-amanitin isolated
from several Amanita species®) and a plant (existing as a free amino acid in Trigonella foenum-graecum9).
The new omphalotins possess similar nematicidal activity as omphalotin A (1), which together with their
other bioactivities will be reported elsewhere.

EXPERIMENTAL
Extraction and isolation: The characteristics and fermentation of Omphalotus olearius strain TA90170
have been described.2 A 50 1 fermentation yielded after filtration and lyophilisation 240 g mycelium which
was extracted with 5 1 methanol for 5 h at room temperature. After evaporation of the solvent and partition
chromatography (EtOAc-H,O), the resulting residue (12 g) from the organic layer was subjected to
gclfiltration on Sephadex LH 20 with methanol as mobile phase. The fractions possessing nematicidal

1

act1v1ty’~ were combined (1.2 g) and further fractionated on a column with modified silica (diol) eluted with

3 Ty A mMmoNeg m ~ A Lo — ,.ll_¢

mixtures of cycmnexane and EtOAc (0, 25, 506, 75 and 100 % EtOAc). The fraction o
EtOAc (80 mg) contained omphalotins A (1) and B (2a), while the 75 % EtOAc fraction

Amnhalatine O (Yh) and D (2 Purificatinn hv reverced nhace HPT (C IRP 18 7 ium A itrile (2:31

OMPpNdiOUns U (&0 4G 17 (&4, CUTLICAUON Uy 10VOISCU Pllast TIrL A (AR5 10, 7 il T -au MITLC (2.2))

vielded 11 mo omphalotin A (1). 11 me omnhalotin B (2a). 7 me omphalotin C (2b) and 7 me omphalotin D
lelded 11 mg omphaiotin A (1), 1 g I (£4), g p (£D) g phal

Spectroscopy ITH NMR (500 MHz) and 13C NMR (125 MHz) were recorded at room temperature with a
Bruker ARX500 spectrometer with an inverse multinuclear 5 mm probehead equipped with shielded gradient
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Table 2. 13C (125 MHz) NMR data (8; multiplicity) for omphalotins B (2a), C (2b) and D (2¢) i CD,0D,
with the solvent signal (49.15 ppm) as reference. 2b and 2c¢ are mixtures of two conf ormers (1:1) in
methanol.

2a 2b 2c 2a 2b 2¢

C C

1 113.4;d  112.2/113.2;d 1122/113.2;d 39 33.2;q 33.2/334;q 33.3/334; q

2 131.4;d  131.2/131.4;d 131.2/1314;d 40 604;d 59.3/60.3;d 59.2/60.4; d

3 121.2;d  120.8/121.2;d 120.8/121.2;d 41 75.5; s 75.4/75.5; ¢ 75.3/75.5; s

4 124.3;:d 124.0/124.3;d 124.0/1243;d 42 26.2;q  26.1/26.2; g 26.1/26.2; q

5 131.5;s 131.5/131.8;s 131.5/131.8;s 43 29.2;q 29.3/294; q 29.3/29.4; q

6 150.9; s 150.0/150.8; s 150.0/150.8; s 44 172.8;s 172.9/173.2;s 172.9/173.2; s

7 83.3;d 83.6/86.6; d 83.6/86.6; d 45 31.7;q 30.9b/31.3;q 30.9¢/31.3; q

8 88.8; s 88.9/90.2; s 88.9/90.2; s 46 594;q 55.6/588;d 55.6/58.8; d

9 41.6;1 41.9/43.2; 41.9/43.2;t 47 37.6;d 37.9/38.3;d 37.6/37.9; d

10 57.7,d 57.9/58.3;d 57.9/58.4; d 48 11.2;q 104/11.2; ¢q 10.4/11.1; q

11 174.7;s 175.0/176.2;s 175.0/176.2; s 49 70.4;d 70.3/70.3;d 70.4/70.4; d

12 30.2;q 30.24/30.3;q  30.39/30.4;q 50 182;q 17.9/18.2; q 17.9/18.1; q

13 679;d 67.8/67.9;d 67.9/67.9; d 51 170.8;s 170.4/171.0; s 170.6/171.1; s

14 272;d 27.21R74;,d 27.2/27.4; d 52 28.2;q  29.43/31.0°,q  29.49/31.0f; q

15 198;q 18.1/194; q 18.1/19.4; q 53 77.0;d  76.8/77.0; d 76.9/717.0; d

16 20.6;q 20.1/20.5; q 20.1/20.5; q 54 169.3; g 166.6/167.4;s 166.5/167.4; s

17 1698;s 169.9/170.1;s 169.9/170.1; s 55 56.1;d  56.5/56.8; d 56.5/56.7; d

18 543;d 54.4/54.6;d 54.4/54.6; d 56 31.2;d  30.9/31.9;d 30.9/31.9; d

19 359;d 36.0/37.2; d 36.0/37.2; d 57 18.7;q 18.1/18.6; q 18.1/18.6; q

20 153;q 15.7/16.3; q 15.3/15.8; q 58 18.9;q 19.1/19.7; q 19.1/19.7; q

21 2645t 26.1/26.2; t 26.1/26.2; t 59 174.6;s 174.2/174.2; 8 174.1/174.2; s

22 9.6;q 9.8/11.4; q 9.8/114; q 60 31.6;q 31.4¢31.5;q 31.4131.5; q

23 174.7;s  174.3/174.6; s 174.3/174.6; s 61 59.0;d 56.7/58.8; d 56.8/59.2; d

24  31.1;q 30.9/31.1; q 30.9/31.1; q 62 354;d 34.4/35.1;d 34.4/34.5; d

25 59.6;d 59.8/60.0; d 59.8/60.0; d 63 164;q 164/17.2;q 16.4/17.2; q

26 28.7;d 28.4/286;d 28.4/28.6; d 64 24.7; t 25.8/25.8; t 25.4/25.8; t

27 19.1:q 18.3/18.9; g 18.3/18.9; q 63 11.4;q 10.6/11.3; g 10.6/11.3; q

28 20.1;q 19.8/20.3; q 20.2/20.6; q 66 171.9;s 171.9/173.2;s  171.9/173.2; s

29 1724;s  171.3/172.2; s 171.3/172.2; s 67 35.1;g 35.0/38.9; q 35.1¢/38.9; q

30 31.2;q 31.0/31.3; g 31.0/31.3; q 68 53.2;5t 51.7/53.2; ¢t 51.7/53.2;t

31 58.8;d 58.6/60.2;d 58.8/60.2; d 69 170.2,s 170.2/170.9;s 170.2/170.9; s

32 276;d4 27.6/278;d 27.6/27.8; d Ry/C-1 1729;s 172.6/173.2;s 172.7/172.9; s

33 183;q 18.1/18.6; q 18.1/18.6; q Ry/C-2 49.1;t 49.0/49.0; t 21.5/21.6; q

34 19.8;q 19.8/20.7; q 19.8/20.7; q Ry/C-3 70.4;s  70.3/70.4; s -

35 172.8;s 171.4/172.6;s 171.4/172.6; s Ry/C-4 29.5;q 29.6/29.6; g -

36 384;q 37.6/38.3;q 37.6/38.3; q Ry/3-CHs 29.6;,q  29.6/29.6; q -

37 S1.3;t 51.2/51.6;t 51.2/51.6; t Ry/C-1 - 170.3/170.6; s 170.3/170.6; s

38  169.9;s 170.0/170.4 170.0/170.4 Ro/C-2 - 20.4/20.6; q 20.5/20.7; q

abcdet, Interchangable



coil. The spectra were recorded in CD30D and DMSO-dg, and the solvent signals (6H 3.31 and 8C 49.2 in
CD30D; 8H 2.50 and 8C 39.5 in DMSO-dg) were used as references. The chemical shifts (8) are given in
ppm, and the coupling constants (/) in Hz. COSY, HMQC and HMBC experiments were recorded with
gradient enhancements using sine shaped gradient pulses. For the 2D heteronuclear correlation spectroscopy

RGP Lo £ 1 PR,
the refocusing delays were optimised for W/eog=145 Hz and "Jcpu=10 Hz. The raw data were transformed and
the %pec{ra were evaluated with the standard Bruker UXNMR software (rev. 941001). FAB mass spectra

(direct inlet, positive ions) were recorded with a Jeol SX102 spectrometer. The melting points (uncorrected)
were determined with a Reichert microscope, and the optical rotations were measured with a Perkin-Elmer
141 polarimeter at 22 °C.

Omphalotin B (2a) was obtained as white crystals, m.p. 180-183 °C. [a]D23 -246 ° (c 1.0 in CH30H).
MS (FAB), m/z: 1504.8990 (M + Na*, C74H23N13013Na requires 1504.9006), 1482.9155 (M + H+,
C74H124N 13013 requires 1482.9186). See Tables 1 and 2 for NMR data.

Omphalotin C (2b) was obtained as white crystals, m.p. 173-178 °C. [a]D33 -242 ° (¢ 1.0 in CH30H).
MS (FAB), m/z: 1524.9269 (M + H*, C76H 126N 13019 requires 1524.9292). See Tables 1 and 2 for NMR
data.

Omphalotin D (2¢) was obtained as white crystals, m.p. 165-170

°C.
MS (FAB), m/z: 1466.8851 (M + H*, Cy3H 20N 13013 requires 1466.887
a

[a]D27 -254 ° (¢ 1.0 in CH30H).
/4). See Tables 1 and 2 for NMR

Y wac hvdralveed with &0
in A (1) was nyarorysea wiii 6u p
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sealed ring cap for 1 h at 155°C. After evaporation to dryness, the residue was dissolved in aqueous
triethylamine (0.2 %, v:v). To this solution 20 ul of 0.2 % GITC in acetonitrile (w:v) were added. After

1o nf armnhala
Ullpiiaio

reaction time of 10 minutes at room temperature, 5 ul were injected on a RP 18 column uqmg a mixtur
acetonitrile, methanol and 10 mM aqueous phosphate buffer (pH = 4.2) as mobile phasc Each HPL
was identified by comparison with authentic samples.

Acetylation of omphalotin B: 5 mg of omphalotin B (2a) was dissolved in 500 pl pyridine, 100 ul acetic
anhydride was added and the solution was left at room temperature overnight. Evaporation to dryness with a
stream of nitrogen gas yielded omphalotin C (2¢), identical in all respects with the isolated compound, as the
only product.
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