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Abstract: Two new cyclic hexadepsipeptides, exumolides A (1) and B (2) were produced by a marine
fungus identified as a Scytalidium sp., collected in the Bahamas. Two dimensional NMR methods,
coupied with tandem mass spectrometry (MS-MS), were used to establish the structures of the new
compounds. The exumohdes exhibit antimicroalgal activity against the unicellular chlorophyte
Dunaliella sp. at 20 pg mI"in liquid media cell growth assays. © 1998 Elsevier Science Ltd. All rights reserved.
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A great deal 1s known about the chemical role of terrestriai fungi in the pathogenicity of piants, yet we are
only now beginning to recognize the impor‘lance of the secondary metabolites produced by fungi associated with
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for biologically active secondary me abolites,’ very few of these studies have been aimed at the discovery of
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secondary metabolites, we have begL.. to investigate the chemical role of plant opportunistic fungi in the marine
environment. As part of this program, we isolated a marine fungus which produced two new cyclic

Q—nu

depsipeptides, exumolides A and B (1, 2) which exhibited antibiotic activity against the marine microalga

Dunaliella sp. (Chlorophyta).

\8 The fungal isolate, designated CNC-389, was

49_5 - obtained from decaying plant material collected

o 3} Y subtidally (-3 m) in the Exuma Islands, Bahamas. The

e J{ 3 N[/> 9 fungal strain was identified as a member of the genus

T 36N -0 er (FAME)
/\/35 o) \n/ % Scytalidium by fatty acid methyl ester ( )

3
38& | (") 7 analysis.” The isolate was cultured in ten x 1L volumes
N 97 N () Py n . . . .. P .. .
3‘9\./1‘ 2 o O ; )N/l‘ using a marine nutrient medium.  The mycelium and
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JL ¢ I broth were separated and the broth extracted with ethyl
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32 34 21 o U (Sephadex LH-20; hexane:toluene:methanol, 3:1:1 ) to
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22 16 17" yield pure exumolides A (1) and B (2).

\ PEY Exumolide A (1) analyzed for C41H55N507 by
=CH;  HRFABMS ([M+H]" m/z 730.4220; calc. 730.4180),
and by NMR spectral methods. The 'H and '’C-NMR

spectra for 1 indicated resonances typical of a peptide
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(Table). The presence of 6 carbonyls (167.4 - 172.1 ppm) suggested the presence of a hexapeptide. The
peptide nature of the molecule was further supported by the presence of 2 NH protons in the 'H NMR spectrum
and an N-Me carbon (28.8 ppm). However, the presence of a carbon at 70.8 ppm led to the proposal that the
molecule contained a hydroxy acid moiety and therefore was a depsipeptide.

Exumolide A (1) Exumolide B (2)
c#  13ca TP Mule (J (Hz) 3¢e g Muh. (J (Hz))
1 167.4 170.4
2 70.8 5.11 (dd) 2, 12.5 73.4 4.78 (dd) 1.8, 10.8
3 38.9 1.80 (m); 1.42 (m) 35.7 1.33 (ddd) 1.8, 9.6, 15.0; 1.80 (m)
4 24.5 1.58 (m) 25.4 200 m
5 233 0.91 (d) 6.5 21.8 1.04 (d) 6.6
6 21.3 0.83{d)7.0 23.7 1.05(d) 6.6
7 172.1 173.1
8 56.4 4,72 (dd) 7.5 59.4 3.96 (dd) 3.6, 9.0
9 29.0 i.82 (m); 2.12 (m) 3i.i 1.97 (m); 2.18 (m)
10 25.4 2.16 (m); 1.96 (m) 22.8 1.75 (m)
11 472 3.54 (m); 3.78 (ddd) 14.0,8.5,7.0 46.6 3.32 (ddd) 7.8, 7.8, 12.0; 3.59 (ddd) 4.8, 8.4, 12.0
2 169.6 172.6
13 59.0 4.35 (m) 51.4 4.42 (ddd) 6, 9.6, 9.6
14 36.5 1.40 (m); 1.97 (m) 38.7 1.62 (m); 1.69 (m)
15 24.5 1.37 (m) 25.5 1.60 (m)
16 21.8 0.85(d)7.5 21.7 0.91 (d) 6.6
17 23.3 0.86 (d) 7.0 234 0.98 (d) 6.6
18 288 (NMe) 2.38(s) NH 6.95 (d) 9.0
19 169.6 170.5
20 53.7 5.03 (dd) 9.0, 16.5 60.8 3.82 (ddd) 6.6, 6.6, 9.6
21 37.2 3.16 (dd) 13.5; 2.97 (dd) 9.0, 13.5 36.2 3.21 (dd) 6.6, 13.8; 3.38 (dd) 9.6, 13.8
22 136.6 137.8
23 129.1 x2 7.14 (m) 129.6 x2 7.35 (m)
24 128.6 x2 7.24 (m) 129.2 x2 7.35 (m)
25 126 8 7.26 (m) 1274 7.27 (m)
26 NH 8.17(d) 9.0 NH 6.64 (d) 6.6
27 170.3 172.3
28 545 4.37 (m) 54.1 4.52 (ddd) 4.8, 6.6, 9.6
29 40.3 2.73 (dd) 12.0; 3.17 (dd) 12.5 40.2 3.02 (dd) 9.6, 12.6; 3.07 (dd) 4.8, 12.6
30 136.6 137.8
31 129.4 x2 7.14 (m) 129.8 x2 7.24 (m)
32 128.6 x2 7.24 (m) 128.9 x2 7.30 (m)
33 127.1 7.26 (m) 127.2 7.27
34 NH 6.92 (d) 6.0 NH 7.25
35 171.3 169.6
36  59.4 3.28 (d) 7.5 61.3 4.24 (brd) 7.8
37 31.2 1.36 (m); 1.72 (m) 32.6 2.20 (m); 2.37 (br dd) 6.0, 12.6
38 22.2 1.66 (m) 22.5 1.70 (m)
39 46.0 3.37 (ddd) 8.5, 11.5, 8.5 3.55 (m) 47.4 3.52 (m)
a) Recorded at 100 MHz in CDCI, b) Recorded at 500 MHz in CDCl, ¢) Recorded at 100 MHz in CD,Cl, d) Recorded at 600 MHz in
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The structure of exumolide A was then assigned using a combination of 1- and 2-dimensional NMR
methods complimented with tandem mass spectrometry (MS-MS). Analysis of the 'H-'H cosy spectrum
indicated the presence of two units each of proline and phenylalanine. The methyl protons at 3.28 ppm were
assigned to N-methylleucine (N-Me-Leu), and the hydroxy acid indicated by the carbon resonance at 70.8 ppm
was established as leucic acid (O-Leu) by heteronuclear 2D NMR (HMQC and HMBC) experiments. The
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sequence of the peptide could not be established through analysis of the HMBC experiment. Instead, the cyclic
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depsipeptide 1 was opened by methanolysis® resulting in the isolation of a linear peptide 3, which was
subsequently analyzed by electrospray MS-MS to determine its amino acid sequence (Figure 1)
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3a R =(R)-MTPA, R,=Peptide Chain

3b R,=(S)-MTPA, R,=Peptide Chain
Ad va]ucs expressed in Hz (300 MHz)

Figure 1. ESI MS/MS Analysis of Exumolide A Figure 2. Mosher Analysis of (3)
Methanolysis Product (3)
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Acid hvd olysis of 1 followed by chiral GC-MS analysis of the TFA methyl ester derivatives,’ including

coinjection of the appropriate standards, confirmed the presence of L-proline and L-phenylalanine. Our attempts
to resolve the TFA methy] ester derivative of N-Me-Leu by chiral GC-MS were unsuccessful, thus the absolute
stereochemistry was solved by derivatization of the amino acid with Marfey's Reagt:-:nt8 and analysis by HPLC.
The amino acid was determined to be in the L configuration based on retention time® and was further confirmed
by coinjection with the appropriate standards.

The stereochemistry of O-Leu presented a challenge since it could not be readily obtained from the
hydrolysate. Therefore, the methanolysis product (3) was used to prepare Mosher esters’ of the free alcohol at
C-2. Subsequent analysis of the R and § MTPA esters indicated that the absolute stereochemistry at C-2 was §
(Figure 2).

Exumolide B (2) differed from 1 only by the loss of a methyl group, as indicated by the peak [M+H]" at
m/z 716.4065 by HRFABMS mdlcatmg a molecular formula of C40H53N5O7 (calc. 716. 4023) Examma.non of
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phenylalanme The absolute stereochemxstry of O-Leu in (2) is predicted t S by analogy to exumolide A.
Antimicroalgal activity of the exumolides was observed against the unicellular marine chlorophyte
Dunaliella sp. using a liquid medium cell growth assay.lo Exumolides A (1) and B (2) exhibited cytostatic
effects resulting in a reduction in growth of 27% and 33%, respectively, at a concentration of 20 ug ml'. This
study is the first to show that a Scytalidium sp. produces metabolites that inhibit the growth of marine algae. On
the basis of this observation, it appears feasible that secondary metabolites may be involved in the fungal
pathogenesis of marine plants. Other fungal 1solates in this genus have been implicated in terrestrlal plant
diseases including leaf spot in banana (Musa sp.)' ' and root black rot in cassava, Manihot esculenta.'~ There is
emerging evidence that marine fungi can significantly affect marine plants through the production of growth-
inhibiting secondary metabolites.'™'? However, additional studies are warranted, especially those targeting
fungi that are known to be associated with diseases in marine plants and algae. The major difficuity in
performing studies of this type is that many of these fungi are not readily amenabie to laboratory cuiture and are
hence difficult to study chemically. Nevertheiess, continued studies that inve
fungal phytotoxms will aid in the understanding of the roles marine fungi
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High resolution mass spectra were provided by the Mass Spectrometry Facility at the University of
California, Riverside. Tandem mass spectrometry was performed at the Mass Spectrometry Facility of The
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