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Abstract—The synthesis of novel [1,2,4]oxadiazoles and their structure—activity relationship (SAR) for the inhibition of tryptase and
related serine proteases is presented. Elaboration of the P’-side afforded potent, selective, and orally bioavailable tryptase inhibitors.
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Tryptase, a tetrameric serine protease, has been impli-
cated in many of the physiological responses observed
in asthma. For example, tryptase activates kininogens,
producing the potent bronchoconstrictor bradykinin,
and may also amplify its signal by stimulating further
mast cell degranulation. Tryptase also processes vasoac-
tive intestinal peptide, down-regulating this bronchodi-
lating agent, and it behaves as a potent mitogen for
smooth muscle cells, endothelial cells, and fibroblasts.
The mitogenic effects on smooth muscle cells may con-
tribute to the long term airway remodeling, a defining
characteristic of chronic asthma that is of therapeutic
concern in disease progression.'"'* Efficacy of the tryp-
tase inhibitor APC-366, in a sheep model of allergic
asthma!> and in clinical trials,®!>!® prompted several
groups over the last decade to develop additional small
molecule inhibitors of tryptase. The successful crystalli-
zation of tryptase in 1998 by Pereira et al., revealed a
homotetrameric structure that was amenable to struc-
ture-guided design.!” Here we report that P’-side elabo-
ration of an o-ketoheterocycle affords potent and
selective tryptase inhibitors.
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A screen of our in-house compound collection afforded
compound 1 (see Fig. 1) an a-ketoheterocycle with a
potency against tryptase of 2.7 uM. Compound 1 is
structurally related to RWJ-56423, which entered clini-
cal trials as an inhaled agent for asthma.'®2° Key inter-
actions of RWJ-56423, which has a potency against
tryptase of 10 nM, are a covalent reversible bond be-
tween the active site Ser195 and the ketone activated
by the benzthiazole moiety, a charge-charge interaction
of the guanidine moiety with Asp189 at S1, and several
H-bonds of the hydroxyproline moiety at S2.1°

Most of the interactions at S2 are also likely to be
present when RWIJ-56423 is bound to trypsin, which
explains the potency against trypsin of 8§ nM.'® The
S2-sites of tryptase and trypsin are both open, hydro-
phobic patches on the enzymes which initially did not
seem to offer promise for developing tryptase-selective
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Figure 1. Compound 1 and related a-ketobenzthiazole RWJ-56423.
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inhibitors. In contrast, the X-ray structure of tryptase
shows a hydrophobic pocket on the P’-side of the active
site, which is not present in trypsin.!” This pocket is
located about 12-14 A from Ser195, and was previously
explored with chelating inhibitors®?! as well as with
mechanism-based azetidinone inhibitors.?>2® Modeling
studies of 1 docked into the X-ray structure of tryptase
indicate that elaboration of the [1,2,4Joxadiazole of 1 at
C-3 with a benzyl moiety affords a vector that points to-
ward the hydrophobic pocket on the P’-side. Based on
these observations, we elaborated the P’-side of 1 to im-
prove potency and selectivity.

The synthesis of [1,2,4Joxadiazole containing tryptase-
inhibitors is illustrated in Scheme 1. Orthogonally
protected N-a-benzyloxycarbonyl-N-¢-tert-butyloxycar-
bonyl-L-lysine 2 was converted to aldehyde 4 via the
Weinreb-amide 3. Acetone cyanohydrin treatment of 4
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afforded the diastereomeric cyanohydrins 5a,b that were
converted to N-hydroxy-amidines 6a,b in the presence of
50% aqueous hydroxylamine in ethanol at 50 °C. Phenyl
ethers 7 were prepared by a Mitsunobu-type coupling
reaction of 4-hydroxyphenylacetic acid methyl ester 9
and diversity alcohols 8, followed by saponification of
the ester and acidification. Acylation of the N-hy-
droxy-amidines 6a,b in the presence of phenylacetic
acids 9 and carbodiimide followed by thermal intramo-
lecular cyclization (pyridine, 120 °C) afforded the
[1,2,4]oxadiazoles 11a,b. Diastereomeric alcohols 11a,b
were oxidized using Dess—Martin periodinane in dichlo-
romethane. Final deprotection of the Boc group (TFA-
dichloromethane) and conversion to the HCI salt of the
N-g-amino group provided the series of inhibitors 12.

We focused the diversity of the initial set of compounds
on the trajectory and length of the linker, and plan to
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Scheme 1. Reagents and conditions: (i) CH;NHOCH;, EDC, HOBt, Hunig’s base, DMF, rt; (ii) LiAlH4, THF, 0 °C; (iii) acetone cyanohydrin,
NEts, CH,Cl,, rt; (iv) NH,OH 50 wt % in H,O, EtOH, 50 °C; (v) a—PPh;, DEAD, CH,Cl,; b—NaOH, THF/H,O; (vi) EDC, HOBt, Hunig’s base,
DMEF, rt; (vii) pyridine, 120 °C; (viii) a—Dess—Martin periodinane, CH,Cl,, rt; b—TFA, CH,Cl,, rt, preparative RP-HPLC (H,O-acetonitrile, 0.1%

HCI).
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explore the phenyl ‘end-cap’ SAR in a subsequent series
with an optimized linker moiety.

Examples 12a and 12b did indeed show a significant in-
crease in potency against tryptase of 15x and 225X,
respectively. Extending the end-cap phenyl moiety out
by one more methylene group (12¢) did not further im-
prove the potency. Changing the trajectory from the
para position to the meta position afforded the less

Table 1. Enzyme inhibition data for compounds 1 and 12a-e*’
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Figure 2. Docking studies of 12b in tryptase showing the P’-side
interaction of the phenyl end-cap.

potent compounds 12d and 12e. Also, the longer linker
in 12e is more potent than the shorter in 12d, reversing
the SAR trend seen in the analogs 12b and 12¢. These
observations suggest that the para trajectory points
more directly toward the hydrophobic binding pocket
than the meta trajectory (Table 1, Fig. 2).

The distinctive SAR of compounds 12a-e for tryptase is
sharply contrasted by the flat SAR for trypsin. The
potency of all compounds against trypsin ranges from
24 to 92 nM. Thus, with 12b, we have improved the
potency and selectivity by a factor of 225x and 97x,
respectively, over the lead compound 1. This is strong
evidence that the phenethyloxy group is extending and
interacting with the P’-side hydrophobic binding
pocket°,

Table 2. Enzyme inhibition data for compounds 12f-q*
O
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We next explored the SAR of the end-cap phenyl moiety
using the optimized linker in compound 12b. Elabora-
tion of the end-cap phenyl moiety with electron-donat-
ing groups such as OMe (12f-h) did not improve
tryptase potency or positively affect the selectivity
against trypsin. Increasing steric bulk (12i,k) also had
little effect, with the exception of 12I, which lost
significant potency against both tryptase and trypsin.
However, electron-withdrawing groups deselected tryp-
sin, while maintaining the tryptase potency, resulting
in increased selectivity (12m—q). 3,4-Disubstitution with
chlorine afforded compound 12p with a selectivity
against trypsin of 28x and a potency of 10 nM (Table 2).

We speculated that the Cbz group might be responsible
for the low trypsin selectivity exhibited by the lead
compound 1. The very good density and low tempera-
ture factors in the X-ray structures of Cbz-containing
molecules in trypsin suggested that this group was well
suited for the S2 pocket of trypsin, while the crystal
structures of related compounds with Cbz P2 clements
in tryptase gave poor density and high temperature
factors suggesting that it does not bind tightly to the
P2-pocket in tryptase (data not shown). Deletion of
the hydrophobic contact of the P2 Cbz phenyl moiety
by replacement with an ethyl carbamate to give 13, in-
deed, significantly reduced potency against trypsin to
190 nM (compared to 35 nM for 12b), while preserving

Table 3. Enzyme inhibition and pharmacokinetics data for compound
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Potency [K; (uM)] Human BII-tryptase 0.0054
Mouse tryptase (m-MCP-6) 0.0435
Rat tryptase (r-MCP6) 0.0055
Dog tryptase 0.380
Monkey tryptase 0.0465
Trypsin 0.190
Thrombin 64
Plasmin 0.43
Kallikrein 43
APC >150
Chymotrypsin >150
Elastase >150
Chymase >150
Urokinase >150
Granzyme K >150

PK (iv—po, rat) Crnax (LM) 0.59
CL (ml/min/kg) 93
V. (ml/kg) 910
Vs (ml/kg) 7000
MRT (min) 75
AUC (UM min) 11
Absorption (%) 18
Bioavailability (%) 8.4

PK (ip, mouse) Bioavailability (%) 68

the potency against tryptase of 5.4 nM. Selectivity
against several related trypsin-like serine proteases is
striking (see Table 3). Modification of 13 to further im-
prove the selectivity against trypsin is reported in the
subsequent letter. Compound 13 has a modest oral
absorption of 18% and an oral bioavailability of 8.4%
in rat (data not shown).

Compound 13 was studied in a mast cell dependent
mouse model of allergic asthma and was demonstrated
to be efficacious in inhibiting ovalbumin-induced airway
hyperresponsiveness and airway inflammation dose
dependently.?!

In summary, a novel series of a-keto[l,2,4Joxadiazoles
was prepared using structure-guided design. These com-
pounds were demonstrated to be potent inhibitors of
tryptase when tested in biochemical assays and to show
biologic activity in a mast cell dependent model of aller-
gic asthma. In addition, when tested against a number of
other related enzymes, these compounds exhibited
exquisite selectivity for tryptase. Furthermore, this series
of analogs will serve to guide the design of more refined
therapeutic compounds with potential for the treatment
of asthma.
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The velocity of the enzyme-catalyzed reaction was
determined from the linear portion of the progress
curve, typically the first five minutes of the reaction
after initiation with the addition of substrate. The K;
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values were determined by a non-linear least squares
regression fit of the experimentally derived data to the
Morrison equation for tight-binding inhibitors as
described (Kuzmic, P., et al. Anal. Biochem. 2000, 281,
62). Example conditions for the tryptase and trypsin
assays are provided below, other enzyme assays for
which selectivity data are provided were performed in a
similar manner using enzyme from human origin.
Monkey tryptase: The enzyme was cloned from cyno-
molgus monkey, the cDNA used to generate recombi-
nant monkey tryptase was isolated from CD34+ mast
cell progenitors derived from cyno monkey blood.
Example enzyme assay conditions: Tryptase-tryptase
(recombinant human B-1 from Promega) was incubated
at 2nM with variable concentrations of inhibitor in
50 mM Tris (pH 7.4), 150 mM NacCl, 0.02% Tween 20,
I mM EDTA, 50 pg/ml heparin, and 10% DMSO. The
reaction was initiated with substrate, Tosyl-Gly-Pro-Lys-
pNA (Centerchem), supplied at the K, (400 pM). The
change in absorbance as a function of time was
monitored at 405 nm. Trypsin—trypsin (Athens Research
Institute) was incubated at 10 nM with variable concen-
trations of inhibitor in 50 mM Tris (pH 7.4), 150 mM
NaCl, 1.5mM EDTA, 0.05% Tween 20 and 10%
DMSO. The reaction was initiated with substrate,
Tosyl-Gly-Pro-Lys-pNA (Centerchem), supplied at the
K, (25 uM). The change in absorbance as a function of
time was monitored at 405 nm.

This flat SAR can be rationalized by rotamers about
the methylene unit bridging the oxadiazole heterocycle
and the end-cap linker moiety which afford confor-
mations that have weak, non-specific surface interac-
tions with the prime side of trypsin. This hypothesis
is supported by the X-ray analysis of related com-
pounds in trypsin: Attempts to soak these molecules
into trypsin afforded good density only for the P1-Lys
and the P2-Cbz moieties; no density was observed for
the atoms after the heterocyclic ring (data not
shown).

Scheerens, H.; Tan, M. D.; Sweeney, T. V.; Perea, T. V.;
Baruch, A.; Beltman, J.; Graupe, D.; Liu, L.; Tai, V.; Lee,
S.; Mendonca, R.; Sperandio, D.; Dalrymple, S. A. Proc.
Am. Thorac. Soc. 2005, 2, A804.



	Novel, potent, selective, and orally bioavailable human  beta II-tryptase inhibitors
	References and notes


