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Abstract—A novel series of 3,4-disubstituted azetidinones based inhibitors of the cysteine protease cathepsin K (Cat K) has been
identified. Although not optimized, some of these compounds show at least 100-fold selectivity against other cathepsins. The use of
cyclic moieties as P2 elements has proven to be crucial to achieve a high degree of selectivity.
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Osteoporosis, the most common form of metabolic
bone disease, is a consequence of an imbalance between
bone resorption and bone formation.1 Bone resorption
is carried out by multinuclear cells known as osteoclasts
while osteoblasts are responsible for bone formation.
Cathepsin K (Cat K) is a cysteine protease of the papain
super family that is highly expressed in osteoclasts and
is believed to play a key role in the degradation of the
organic matrix of bone.2 Consequently, there has been
significant interest in the development of drugs to control
bone loss by limiting the proteolytic activity of Cat K.

As part of our studies on the design and synthesis of Cat
K inhibitors we recently reported the X-ray crystal
structure of human Cat K complexed with APC-3328
(CRA-03328), a potent irreversible inhibitor of this
enzyme.3 APC-3328 (CRA-03328) is a vinyl sulphone
which was found to bind to the active site in a manner
that mimics substrate binding from P1 to P3 (Fig. 1).

Having succeeded in finding a highly active irreversible
inhibitor of human Cat K, we focused our attention on
the study of new moieties as suitable warheads to
develop reversible and selective Cat K inhibitors. Cer-
tain 3,4-disubstituted azetidin-2-ones are known to bind
to the active site of bacterial serine b-lactamases and
d-d-transpeptidases leading to b-lactamase and bacterial
cell wall synthesis inhibition, respectively.4 Recently,
3,4-disubstituted azetidin-2-one derivatives have been
reported to have excellent inhibitory properties of Cat
B, L and S.5 Based on this fact, we decided to investi-
gate the usefulness of this warhead in the development
of novel Cat K inhibitors.

Knowing that leucine is a P2 residue preferred by Cat
K,6 our first approach to achieve selectivity was to fur-
ther investigate the structural differences of the S2
binding pocket among the different cathepsins by syn-
thesizing non-natural P2 containing inhibitors. Therefore,
here, we describe the synthesis and structure–activity
relationship (SAR) of a series of 3,4-disubstituted azetidin-
2-ones having different unnatural amino acid as P2
elements.

The designed inhibitors were synthesized as outlined in
Scheme 1. Intermediate 1 was obtained from the
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commercially available 6-APA in four steps following
the procedure described by Arnould and Pasquet.7

A series of 3,4-disubstituted azetidinones was obtained
by removing the Cbz protecting group from the inter-
mediate 1,8 and coupling the free amine to various
N-protected amino acids, using HATU as an acti-
vating agent and diisopropylethyl–amine (DIPEA) as
a base.9

Cat K inhibition and selectivity data are presented in
Table 1.10 Compounds 5–8 were tested as a 1:1 mix-
ture of diastereomers. Attempts to synthesize the
mixture of the corresponding trans-isomers of 5 and
6 have failed. Compound 25 was a potent and non-
selective inhibitor of Cat K. Here, we have shown
that the use of cyclic P2 elements have a dramatic
influence on the selectivity of the compounds, espe-
cially against Cat L and Cat S. From the P2 elements
investigated, the compound bearing a P2-leucine (2)
displayed the greatest potency, while those bearing the
Ac6 and cis-Cy611 (3 and 5) moieties were the most
selective (see Table 1). Since 3 was marginally more
selective than 5, the Ac6 moiety was chosen as a
structural element in the synthesis of more potent and
selective Cat K inhibitors.12

The lack of potency of 7, compared to 2 and 3, is prob-
ably due to the loss of hydrogen bonding of the P1–P2

amide bond with the oxygen of Gly-66, as was reported
for several ketone-based Cat K inhibitors that bind to
the non-prime side of the active site.13

Moreover, preliminary results with the phenoxy group
as a substituent in the 4-position of the azetidin-2-one
ring (see Table 2), showed that the a (trans) orientation
is preferred over the b (cis) orientation for potency and,
to a lesser extent, for selectivity. Compounds 9 and 10
were obtained following synthetic methods described by
Singh et al.5

In this paper, we have disclosed a novel series of selec-
tive 3,4-disubstituted azetidinones based inhibitors of
the cysteine protease Cat K. The use of cyclic moieties
as P2 elements have proven to be crucial to achieve
selectivity over other cathepsins, specially against Cat L
and Cat S.
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