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Abstract—Peptidomimetic aminomethyl ketones have been identified as a new class of cathepsin K inhibitors. Traditional and high-
speed parallel synthesis techniques were applied to investigate this series. Structure–activity relationships were established, and
certain analogues were characterized with IC50 values in the range 200–500 nM. # 2001 Elsevier Science Ltd. All rights reserved.

Cathepsin K (EC 3.4.22.38), a cysteine protease that is
predominantly expressed in osteoclasts,1 has been
implicated in bone resorption through the use of selec-
tive peptide inhibitors,2 antisense oligonucleotides,3 and
the existence of a human genetic disorder, pycnodysos-
tosis.4 These observations provide a rationale for the
use of cathepsin K inhibitors as a treatment for diseases
characterized by excessive bone loss, such as osteo-
porosis.5 Very recently, the first indication that inhibi-
tion of cathepsin K leads to a reduction in bone
resorption in primates was achieved, by administration
of the inhibitor SB-357114 (12 mg/kg sc qd).6

A variety of compound classes have been developed as
cysteine protease inhibitors.7 Recently reported inhibi-
tors of cathepsin K include peptide-based a,a0-diacyl-
amino ketones (e.g., 1),8 alkoxymethyl ketones,9

cyanamides,10 and pyridoxal propionate derivatives.11

High-throughput screening of the Bayer compound
collection provided the micromolar hit 2.12 The presence

of an electrophilic carbonyl group (aminomethyl ketone
moiety) in this molecule suggested the possibility for
reversible formation of a covalent tetrahedral adduct with
the active-site Cys-25, similar to the case with other ketone
inhibitors such as 1.8,9 In this report, we describe our
investigation of analogues of 2, synthesized by both tradi-
tional and high-speed parallel synthesis methodologies.

Our synthetic efforts focused primarily on variation of
the aryl ketone group, the a-amino acid fragment, and
the aralkyl amine group in 2. Using traditional synthetic
techniques, several analogues of 2 were prepared as
summarized in Scheme 1. This route involves the for-
mation of an N-Boc-a-amino aldehyde via the corre-
sponding N,O-dimethyl hydroxamate, followed by
conversion to the desired allyl amine, coupling to an a-
amino acid core fragment, and N-alkylation by an a-
halomethyl ketone. An alternative for the olefin-form-
ing reaction involved the use of benzyl triphenyl-phos-
phonium bromide (tBuOK, THF). To enable the
synthesis of greater numbers of derivatives, an efficient
parallel synthesis method was required. For synthetic
flexibility and to minimize the amount of time expended
on method development, we embarked on a solution-
phase synthesis which made extensive use of polymer-
supported reagents (Scheme 2).13
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In this method, amines (both custom-prepared and
commercially available) were coupled to N-Boc-pro-
tected amino acids through the use of a polymer-sup-
ported carbodiimide.14 After treatment with polymer-
bound sulfonic acid to scavenge any unreacted amine
from the product, the N-Boc protecting group was
removed (HCl/dioxane). The amine hydrochloride pro-
duct was free-based (10% NH4OH/CH2Cl2), and then
alkylated by treatment with two equivalents of a-halo-
methyl ketone in the presence of polymer-supported
piperidine. A ‘catch-and-release’ purification strategy13c

via polymer-supported sulfonic acid was used to isolate
the products in generally high purity.

In the cathepsin K inhibition assay,15 Lineweaver–Burk
analysis established that the lead 2 behaved as a com-
petitive inhibitor, with IC50=1.2 mM, and Ki=0.79 mM.
Furthermore, inhibition by 2 was observed to be non-
time dependent, consistent with a reversible inhibition
mechanism. The reduced-ketone analogue 3 (mixture of

diastereomers, 8% inhibition at 1 mM) was significantly
less potent than the lead 2. This supports the proposed
formation of a covalent tetrahedral adduct via addition
of the active-site Cys-25 thiol to the electrophilic car-
bonyl moiety in 2, consistent with the observations for
related inhibitors.8,9

Variation of the aryl ketone fragment provided analo-
gues with a range of inhibitory activities (Table 1).
Replacement of the 3,4,5-trimethoxyphenyl fragment
with less bulky, but electron-rich or lipophilic aryl
groups afforded more potent inhibitors. In particular,

Scheme 1. Synthesis of analogues of 2.

Scheme 2. Parallel synthesis of analogues of 2.

Table 1. Variation of the aryl ketone fragment

Compd R Cathepsin K Cathepsin K
% inh. (1 mM) IC50 (mM)

2 3,4,5-(MeO)3Ph 1.2
4 Ph 0.23
5 4-Cl-Ph 0.28
6 4-MeO-Ph 0.41
7 2,6-(MeO)2Ph 0.70
8 3,4-(OCH2O)Ph 0.59
9 4-NO2-Ph 28
10 3-NO2-Ph 11
11 4-CN-Ph 16
12 4-AcNH-Ph 42
13 Et 22
14 Me 3
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analogues 4, 5, and 6 were found to be significantly
more effective as cathepsin K inhibitors than the lead 2.
In contrast, incorporation of electron-deficient or
hydrophilic aryl groups at this position, as exemplified
by 9–12, gave a substantial loss in potency. Likewise,
replacement of the aryl group with a small aliphatic
fragment gave relatively ineffective compounds (13 and

14). Hence, activity does not correlate with electro-
philicity of the ketone moiety, but the presence and
electron density of an aryl ring is important. This sug-
gests that lipophilic and/or p–p interactions of this
fragment with the protein subsite contribute more to
binding energy than the ability of the ketone to form a
hemithioketal adduct.

Simple replacements and potential mimics (in parti-
cular, 15) for the E-3-phenyl-3-propenyl N-substituent
gave significantly less potent inhibitors (Table 2).
Methyl substitution on the phenyl group in this frag-
ment was generally well tolerated, whereas 4-chloro-
phenyl and pyridyl groups gave a loss in activity. Var-
iation of the side-chain group on this fragment also gave
somewhat decreased potency (Table 3). Finally,
exploration of the central amino acid fragment demon-
strated a strict requirement for the piperidine ring sys-
tem found in 2 and 4 (Table 4). For example,
contraction to a five-membered ring (27) or replacement
with a tetrahydro-isoquinoline (29) gave substantially
weaker inhibitors.16

In conclusion, an integrated exploratory medicinal and
combinatorial chemistry approach was directed to effi-
ciently investigate the amino ketone 2 as a lead inhibitor
of cathepsin K. A series of analogues was prepared by
both traditional and high-speed parallel synthesis
techniques. The most potent analogues reached poten-
cies in the 200–500 nM range, and solid structure–
activity relationships were established. This structure
class represents a novel and useful template for cathe-
psin K inhibitor design, and holds promise for further
optimization.

Table 2. Variation of the 3-phenyl-3-propenyl fragment

Compd R Cathepsin K Cathepsin K
% inh. (1 mM) IC50 (mM)

4 0.23

15 8

16 2

17 <1

18 0.59

19 0.74

20 1.4

21 26

22 8

Table 4. Variation of the amino acid fragment

Compd Cathepsin K Cathepsin K

% inh. (1 mM) IC50, (mM)

4 0.23

27a 15

28 43

29 29

a3,4,5-(MeO)3PhCOCH2 derivative (analogue of 2).

Table 3. Variation of the 3-phenyl-3-propenyl fragment

Compd R1 R2 Cathepsin K Cathepsin K
% inh. (1 mM) IC50 (mM)

2 3,4,5-(MeO)3Ph s-Bu 1.2
23 3,4,5-(MeO)3Ph iso-Bu 1.5
24 3,4,5-(MeO)3Ph CH2Ph 20
4 Ph s-Bu 0.23
25 Ph iso-Bu 0.84
26 Ph iso-Pr 0.78
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