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Abstract—The racemic a-trifluoromethyl-o-amino-f-sulfone hydroxamates 1 were synthesized by means of a nucleophilic addition
of sulfur-stabilized carbanions to a N-Cbz imine of trifluoropyruvate (4). The free amino derivative 1a was the most potent inhibitor
of both MMP-3 (stromelysin-1) and MMP-9 (gelatinase-B), showing an IC5y = 14 nM and 1 nM, respectively, and excellent selec-
tivity versus MMP-1 (>5000-fold difference in inhibitory capacity). The N-Me derivative 1b was the most selective for MMP-3 with

respect to MMP-9 (62-fold difference).
© 2005 Elsevier Ltd. All rights reserved.

Matrix metalloproteinases (MMPs) are a family of zinc
metalloendopeptidases secreted by cells, which are
responsible for much of the turnover of matrix
components. !

MMPs have been reported to play a key-role, in combi-
nation with their natural tissue inhibitors (TIMPs), in
many serious diseases, such as heart failure and cancer.
Progression and growth of both pathologies, mainly in
the early stages, is favoured by the proteolytic activity
of several MMPs, such as stromelysin-1 (MMP-3) and
gelatinase-B (MMP-9). For these reasons, inhibition of
MMPs is actively studied as a promising therapeutic
target for heart failure and cancer therapy.?

Recently, Becker et al. described a family of a-alkyl-o-
amino-f-sulfone hydroxamates A (Fig. 1) as potent
inhibitors of MMP-2, MMP-9 and MMP-13, while
exhibiting limited inhibition of MMP-1, an enzyme
thought to be responsible of the musculoskeletal side
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Figure 1.

effect observed clinically with the broad-spectrum
MMP inhibitor marimastat.’

Whereas a large number of different alkyl and alkylaryl
residues were well tolerated as nitrogen substituents R?,
only inhibitors bearing R'=H, CH; or Ph were
described.

Within the frame of a research project aimed at a better
understanding and rationalization of the ‘fluorine-effect’
in peptidomimetic structures, particularly those display-
ing activity as protease inhibitors,* we decided to inves-
tigate the effect of a trifluoromethyl (Tfm) group,
positioned as R' substituent of structures A, on the inhi-
bition of MMPs activity. It is in fact widely recognized
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in medicinal chemistry that the Tfm group is a substitu-
ent of distinctive qualities. It is at the same time highly
hydrophobic and sterically demanding.’> Moreover, its
high electron density could provide additional interac-
tions within the MMPs active sites, possibly including
hydrogen bonding.® In addition, the Tfm has been used
to replace both methyl and phenyl groups.’

We first undertook the synthesis of the hydroxamic acid
1a, having a free quaternary amino group (Scheme 1).
The intermediate sulfone 3 was synthesized by Pd-cata-
lyzed reaction of phenol with the p-Br derivative 2.7
Lithiation of 3, followed by nucleophilic addition to
the N-Cbz imine of trifluoropyruvate 4° afforded the
o-Tfm o-amino acid derivative 5 in fair yields.” Saponi-
fication of the ester function delivered the carboxylic
acid 6, that was subjected to condensation with O-Bn-
hydroxylamine affording the hydroxamate 7 (oxazolin-
5-one B was formed as co-product, in ca. 20% yield, in
the condensation), which was hydrogenolyzed to the tar-
get molecule 1a.'°

With 1a in hand, we next addressed the synthesis of its
N-alkyl derivatives. The challenging N-methylation of
the o-Tfm-substituted compound 5 was achieved in

acceptable yields (Scheme 2).!' The resulting N-
methyl-o-amino ester 8 was submitted to saponification,
but the reaction was surprisingly slow and after three
days a complex mixture of products was formed. Differ-
ent basic conditions were attempted (such as LiOH and
KOH), but no significant improvement could be
achieved. We thus decided to hydrogenolyze first the
Cbz group of 8, which produced the expected secondary
amine 9. Unfortunately, also in this case we were unable
to perform the final saponification step.

We therefore decided to re-investigate the synthetic pro-
tocol on the sulfanyl analogues of 8, which were synthe-
sized as portrayed in Scheme 3. To this end, the sulfanyl
diaryl ether 11 was prepared from phenol and 10 accord-
ing to a Ullmann-type reaction,!? then oxidized to the
sulfoxide 12. Lithiation and Mannich-type reaction with
4 afforded a nearly equimolar mixture of sulfoxide dia-
stereomers 13, which were deoxygenated to the racemic
sulfide 14 according to the Drabowicz and Oae
protocol.'?

N-Alkylation occurred in good to excellent yields afford-
ing the corresponding sulfides 15b-d. Due to the pres-
ence of the sulfide function, which could interfere with
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the hydrogenolysis, the Cbz was cleaved with HBr,'*
affording the secondary amines 16b-d in nearly quanti-
tative yields. To our satisfaction, the ‘difficult’ ester
saponification step could be performed smoothly,
affording the carboxylic acids 17b—d in good to excellent
yields.!> Coupling of 17b—d with O-Bn-hydroxylamine
occurred smoothly affording the sulfanyl hydroxamates
18b-d, which were oxidized to sulfones 19b—d.'® The tar-
get hydroxamic acids 1b—d were obtained in fair yields
by hydrogenolysis with the Pearlman catalyst.

With racemic 1a—d in hand, we next addressed the inhi-
bition tests on the catalytic domains of MMP-1, MMP-3
and MMP-9.!7

The primary o-amino hydroxamate 1a is the most po-
tent compound (Table 1), but it is worth noting that
all of them are nanomolar inhibitors of MMP-3 and
MMP-9, with the exception of the N-Me derivative 1b
which showed good selectivity for MMP-3 (ca. 62-fold
selective vs MMP-9). Even more importantly, 1a showed

Table 1. Effect of the compounds on different MMPs’ proteolytic
activity

Compound 1C5o/MMP-3 1C50/MMP-9 1Cs5o/MMP-1
(nM) (nM) (nM)

1a 14 1 >5000

1b 32 1982 n.a.

1c 28 63 n.a.

1d 53 59 n.a.

n.a. = not available.

excellent selectivity versus MMP-1 (>5000-fold). We
tested the effect of the primary a-amino hydroxamate
la also on the gelatinolytic activity of full length
MMP-9 secreted by macrophages in culture.'® Interest-
ingly, even in these different experimental conditions,
the compound showed an inhibitory activity. These
results show that a Tfm group can be successfully used
as a substituent in protease inhibitors,'® and is very well
tolerated by the enzymes. On the other hand, previous
results from our group showed that replacement of an
o-methyl by Tfm group in another structural class of
hydroxamate inhibitors of MMPs was responsible for
a dramatic loss of inhibitory potency.?® It was also
shown that the final outcome of Tfm incorporation is
strongly dependent on the whole structure of the
inhibitor.?!

We are currently investigating the synthesis and the
inhibitory activity of the single enantiomers of 1 on a
wider range of MMPs, in order to have a more complete
picture of the effect of fluorine in terms of potency and
selectivity in this particular class of protease inhibitors.
Attempts to obtain X-ray data on the co-crystals of 1
with MMP catalytic domains are also in progress, in
order to have more detailed structural information
about the role of the Tfm group in the binding process.
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