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Synthesis of a bromotyrosine-derived natural product inhibitor
of mycothiol-S-conjugate amidaseq
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Abstract—Recently we described the structures of two new bromotyrosine-derived alkaloids that inhibit the detoxification enzyme
mycothiol-S-conjugate amidase (MCA) from Mycobacterium tuberculosis. Here we describe a concise total synthesis of bromoty-
rosine oxime 1. The six-step synthesis of 1 utilized a trifluoromethyloxazole intermediate, whose hydrolysis product underwent
alkylation and coupling to agmatine to give the inhibitor in �40% overall yield. Oxime 1 inhibited MCA and its homolog AcGI
deacetylase with IC50 values of 30 and 150 lM, respectively.
� 2004 Elsevier Ltd. All rights reserved.
Mycothiol (MSH) is the major low molecular weight
thiol limited to actinomycetes, which include mycobac-
teria. Analogous to glutathione in Gram negative bac-
teria and eukaryotes, MSH plays a major role in
detoxification and maintenance of a reductive intracel-
lular environment.1 Owing to the continuing need for
new classes of antibiotics effective against Myco-
bacterium tuberculosis,2 studies of enzymes involved in
mycothiol biosynthesis and mycothiol-dependent
detoxification, as well as those of inhibitors to these
enzymes, are rapidly increasing in number. Recently we
described a series of marine natural product inhibitors
of MCA, some of which are lethal to M. smegmatis.3;4

Of those structures studied, kinetics experiments estab-
lished that the bromotyrosine-derived series of alka-
loids, such as 1, are among the most active inhibitors of
the group and are also competitive inhibitors of the
M. tuberculosis detoxification enzyme MCA. Kinetics,
NMR and modeling experiments suggest that this class
of compounds presumably acts by chelation of a metal
cation in the active site via the oxime moiety.4;5 Sub-
sequent structure–activity relationship studies using a
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synthetic library of compounds6 inspired by the natural
product disulfide psammaplin A7 (5) yielded additional
information concerning structural features that con-
tribute to, or abrogate, inhibitory activity toward
MCA.8 Together, these studies established that phenolic
oximes exclusive of disulfides or mixed disulfides present
in the synthetic library represented the best inhibitors of
MCA reported to date. Moreover, inhibitors lacking the
disulfides may be more desirable in terms of stability and
specificity. Motivated by these findings, we report a
concise total synthesis of inhibitor 1.

Many marine natural products that appear to be bio-
genetically derived from a bromotyrosine precursor
have been described previously (several examples are
shown in Fig. 1). Owing to the variety of interesting
biological activities exhibited by members of this class of
compounds, a number of syntheses have also been
completed. Wasserman et al. employed a cyano ylid
coupling for chain elongation, followed by formation of
an oxime to obtain the natural products verongamine 3,
hemibastadin 2, and aerothionin 4.9 Hoshino et al.
synthesized the bromotyrosine disulfide psammaplin A 5
and its mixed disulfide derivatives by opening an oxa-
zole to generate an alpha keto acid intermediate fol-
lowed by formation of the oxime.10 During the course of
our synthetic studies, Kende et al. completed the first
total synthesis of 1 from two complementary schemes
starting with 4-hydroxyphenylpyruvic acid, and dibro-
mination with NBS was carried out prior to their
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Scheme 1. Retrosynthetic analysis.
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Figure 1. Examples of marine natural product oximes derived from

bromotyrosine.
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coupling reactions.11 For the synthesis of 1, we felt
Hoshino’s approach to the synthesis of psammaplin A
would provide a general route to the oxime, starting
with commercially available 3,5-dibromotyrosine. A
retrosynthetic analysis (Scheme 1) indicated that 1 could
be obtained by O-alkylation to connect phenyl alcohol 6
and bromide 7, and compound 6 could be obtained by
coupling protected agmatine 8 with alpha-oximino acid
9.

As illustrated in Scheme 2, commercially available 3,5-
dibromotyrosine 10 was treated with trifluoroacetic
anhydride (TFAA) at 80 �C for 18 h to generate the
OH
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Scheme 2. Reactions and conditions.
unstable trifluoromethyloxazolone intermediate 11.12

Oxazole 11 was dissolved in 70% aq trifluoroacetic acid
(TFA) and allowed to stand overnight, precipitating the
alpha keto acid 12 as a white solid in 91% yield over the
two steps. Treatment of ketone 12 with O-benzyl
hydroxylamine in ethanol provided the alpha protected
oxime 9 in 87% yield. For coupling N-Boc-protected
agmatine13 8 to intermediate 9,14 several different cou-
pling reagents were tested in an attempt to improve
yields. These included the carbonyl activators (1,10)-
carbonyldiimidazole (CDI),15 dicyclohexylcarbodiimide
(DCC), and 1-(3-dimethylaminopropyl)-3-ethyl-carbo-
diimide hydrochloride (EDCI). Of the three, we found
that treating 9 with EDCI and N-hydroxylsuccinimide
gave slightly higher yields (63%) of intermediate 6
compared to yields of 53% and 56% for CDI and DCC,
respectively.

In the final steps of the synthesis, alkylation of 6 with
bromide 7 under basic conditions provided 13 in 86%
yield.16 Initial attempts at hydrogenation of 13 using
OH
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palladium on carbon resulted in deprotection of the
benzyl group and undesirably, reduction of the oxime to
an amine as the major product. We next attempted
hydrogenation of 13 using palladium black in equal
amounts of acetic acid and 1,4-dioxane,17 which pro-
vided 14 in 89% yield with a minimal amount of amine
formation.18 Cleavage of the three N-tert-butyl carba-
mate protecting groups using 20% TFA in dichloro-
methane completed the synthesis of 1 in 38% overall
yield starting from the 3,5-dibromotyrosine.19

Spectroscopic data for synthetic 1 were recorded and
compared to those of natural 1. Consistent with data
from the natural product, HR-FABMS showed an iso-
topic cluster of 1:2:1 at m=z 521, 523, 525 in the
FABMS, and HR-FABMS showed a molecular ion at
523.0336 (calcd 523.0667); and proton and carbon
spectra (provided in Supporting Information) were
identical to those of the natural product. Last, synthetic
1 was tested for inhibitory activity against recombinant
M. tuberculosis MCA and the biosynthetic enzyme
AcGI deacetylase in an identical manner as described
previously.4;20 As an internal reference in the MCA
assays, synthetic 1 was tested in parallel to the natural
products psammaplysin21 and oceanapaside.22 Multiple
independent assays carried out in duplicate confirmed
levels of MCA inhibition for synthetic 1 and the natural
products equivalent to those reported previously, and
yielded an IC50 value of approximately 150 lM for
inhibition of AcGI deacetylase. In summary, a short and
highly efficient synthesis of natural product 1 has been
accomplished, and with minor modifications, can be
envisaged to supply a plethora of different synthetic
derivatives. Related synthetic and biological studies are
underway.
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