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ABSTRACT

An unusually bridged epidithiodiketopiperazine, pretrichodermamide A (3), was isolated from the fungus Trichoderma sp. BCC 5926. During
the extensive effort to crystallize 3 for X-ray crystallographic analysis, conversion of this compound to trichodermamide A with coproduction
of S8 occurred.

The epipolythiodiketopiperazines are a large class of fungal
metabolites; some of them, e.g., gliotoxin, are known to
possess potent antitumor activities.1 These compounds com-
monly possess an-SS-, -SSS-, or -SSSS-bridge
between theR-positions of the cyclic dipeptide. Gliovirin
(1)2 is one of the very rare “unusual” bridged analogues,
wherein the disulfide links between theR- andâ-positions
of the amino acid residues. Trichodermamides A (2) and B,
recently isolated fromTrichodermaVirens, strains CNL910
and CNK266, along with1, possess anO-alkyl-oxime
functionality.3-5 Although closely related, the biosynthetic
relationship between1 and2 has remained unsolved.

As part of an ongoing research program to search for novel
bioactive compounds from local fungi in Thailand, we have
investigated cytotoxic constituents from a culture broth of
the fungusTrichodermasp. BCC 5926.6 Chromatographic
fractionation led to the isolation of a new epidithiodike-
topiperazine, pretrichodermamide A (3), and trichoderma-
mide A (2), together with two known sesquiterpenes,
gliocladic acid7 and hydroheptelidic acid,8 and two known
steroidal furans,â-viridine9 and viridiol.10 During the
extensive effort to crystallize3 for X-ray crystallographic
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analysis, we came across a unique observation: conversion
of 3 to 2 together with coproduction of S8. We report herein
our research results related to this discovery.

The fungusTrichodermasp. BCC 5926 was fermented in
bacto-malt extract broth (MEB) medium (5 L). EtOAc extract
of the culture filtrate (6.89 g) was passed through a Sephadex
LH-20 column (MeOH/CH2Cl2 ) 1:1) and then subjected
to repeated silica gel column chromatography (1-20%
MeOH in CH2Cl2, step gradient elution) to obtain six pure
compounds with the following order of elution: viridin (12
mg), viridiol (450 mg), gliocladic acid (30 mg),2 (4.7 mg),11

3 (30 mg), and hydroheptelidic acid (630 mg).
Pretrichodermamide A (3) was obtained as a pale yellow

solid.12 1H and 13C NMR and IR spectra of3 were similar
to those of gliovirin (1). The molecular formula of3 was
determined by HRMS and13C NMR as C20H22N2O9S2. The
gross structure of3 was elucidated by 2D NMR analysis,
and the absolute stereostructure of3 was established by X-ray
crystallographic analysis as depicted.13 However, we expe-
rienced gradual degradation of3 in our earlier effort of
crystallization. Thus, upon repeated dissolving of the solid
in aqueous MeOH and allowed gradual solvent evaporation,
we noted the appearance of deep yellow crystals together
with colorless plates. X-ray diffraction analyses revealed that

the former was S8 and that the latter was trichodermamide
A (Figure 1).

Two plausible pathways may be presented to account for
the transformation of pretrichodermamide A (3) to tricho-
dermamide A (2) (Scheme 1). Initial intramolecular amide-
ester exchange, followed by consecutive elimination of
dihydrogen disulfide (H2S2) would provide compound2
(route A). Alternately, as shown in routeB, â-elimination
with the cleavage of H-C(2) and S-C(3) bonds would give
an intermediate with proper olefinic geometry for intramo-
lecular amide-ester exchange, followed by subsequent
elimination of H2S2. Presumably, H2S2 would be readily
converted to the more stable S8 by air oxidation.14

Behavior of pretrichodermamide A (3) was examined
under neutral, basic, and acidic conditions. Compound3
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Figure 1. X-ray crystallographic structures of trichodermamide
A (2) and S8, and a photo of2 and S8 in the vial used for
crystallization of3 (taken after evaporation of the solvent). The
crystal structure of pretrichodermamide A (3) was obtained from a
separate experiment.
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gradually degraded in MeOH-d4, giving compound2 and
unidentified products. In the presence ofp-toluenesulfonic
acid (p-TsOH), in MeOH-d4, the rate of conversion of3 to
degraded compounds was similar to that in the neutral
conditions. Compound3 was stable in pyridine or pyridine-
d5/MeOH-d4 (1:5), showing no decomposition after 3 h. In
contrast, when compound3 was treated with K2CO3(s) in
MeOH-d4, a rapid and clean reaction took place to give
trichodermamide A as the exclusive product, as confirmed
by 1H NMR analysis of the filtrate after 15 min. These results
indicated that the transformation of3 to 2 was accelerated
under alkaline conditions. It is consistent with the initiation
steps of both pathways shown in Scheme 1: deprotonation
of phenol (routeA) or base-promotedâ-elimination (route
B).

Following these observations, we recultured the fungus
BCC 5926, and the EtOAc extract was fractionated by a
repeated Sephadex LH20 column and partially purified
without using silica gel. Neither the crude extract nor any
of the Sephadex LH20 column fractions contained compound
2, whereas3 and other metabolites were detected by1H
NMR. Therefore, trichodermamide A (2) might be the
isolation artifact.

Pretrichodermamide A (3) exhibited activity againstMy-
cobacterium tuberculosisH37Ra with an MIC value of 12.5
µg/mL, whereas it was noncytotoxic to Vero cells at a

concentration of 50µg/mL. Moreover, the present study
clearly correlated the relationship between gliovirins and
trichodermamides. It should also be mentioned that, very
recently, Capon and co-workers isolated related compounds
aspergillazines A-E, e.g., aspergillazine A (4), along with
trichodermamide A, fromAspergillus unilateralis(MST-
F8675).15 These compounds should also be biosynthetically
derived from1 or 3.
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Scheme 1. Possible Transformations from3 to 2
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