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Abstract—In this manuscript, the synthesis and SAR evaluation of a novel pyrazinone class of tryptase inhibitors is described.
Chemical optimization of the P1 and P4 groups led to the identification of 7p (K; = 93nM) as a potent inhibitor of mast cell tryptase.

© 2004 Elsevier Ltd. All rights reserved.

Asthma is a disease of ever increasing proportions, one
that is expected to nearly double over the next decade.
Even though asthma has been afflicting the world popu-
lation for many years, there still does not exist a general
therapy for this indication. The most common therapy
includes the use of bronchodilators and anti-inflamma-
tory agents and there has been only one new major ther-
apy approved over the past few years, Singulair®.>
However, even with this new class of therapy, a
great number of asthmatics still rely on a combination
therapy of inhaled drugs. Thus, discovery of a novel
medication for asthma, preferably an orally acting
drug, is the major concentration of a number of research
departments.

One such possible target that has been receiving atten-
tion from a number of laboratories is tryptase inhibition
due to the fact that tryptase has been directly linked to
the pathology of asthma.? It is a trypsin-like serine-class
protease that is found almost exclusively in mast cells.*
Tryptase is stored in mast cell granules as a stable, hep-
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arin-bound tetramer® and is released upon mast cell
stimulation. Once released, tryptase has been shown to
cleave and degrade numerous substrates all of which
play important roles as bronchodilators or vasodilators
by causing smooth muscle relaxation.*® In addition to
these effects, tryptase is also a known mitogen of both
dog tracheal” and human® smooth muscle cells as well
as human lung and dermal fibroblasts.” These effects
are known as airway remodeling'® and thus tryptase
inhibitors would be a novel therapy for this condition.
There have been a number of reports of small molecule
inhibitors of tryptase,!' and this report details efforts
from our laboratories to discover a novel inhibitor of
tryptase.
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Pyrazinone compounds of similar structure to 7 are
reported serine protease inhibitors.!? It was at this
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Scheme 1. Synthesis of the pyrazinones 7.

juncture that we started our program looking at these
compounds as possible mast cell tryptase inhibitors.
The synthesis of the pyrazinone core structure 2 is out-
lined in Scheme 1.'% Glycine benzyl ester hydrochloride,
trimethylsilylcyanide, and acetaldehyde were reacted to-
gether under modified Strecker conditions to yield the
nitrile amino ester 1. Alternatively, the ethyl ester of 1
could be prepared by a literature method.'* Next, the
pyrazinone 2 was formed by cyclization of 1 with oxalyl
chloride in dichlorobenzene!'® at 100°C. The dichloro-
pyrazinone 2 was treated with a variety of amines in
refluxing ethyl acetate to give the amino pyrazinones
3c—p after chloride displacement.'® Chloride displace-
ment with anilines could be accomplished by heating
the ethyl ester of 2 with neat aniline in the microwave
(variable 300W max, 12min, 120°C). Saponification
(LiOH, THF/MeOH/H,0) to acids 4a—p followed by
coupling with aniline 5 (CH;CN, Et;N, TBTU)'® deliv-
ered the amides 6a—p. The final targets 7 were realized,
after Boc deprotection (TFA, CH,Cl,), in the salt form.

Compound 7¢ was our starting point for the pyrazinone
series (Table 1). The compound showed moderate acti-
vity (1.5uM) and we were interested in improving this

Table 1. Tryptase inhibition of P4 group modifications for compounds
7ap

Compd R-NH Tryptase K;, nM*
NH
7a /@( NA®
F
NH
7b © NA®
Cl
NH

7e (j/V 1550
7d ©i}NH 970
Te 1238

Table 1 (continued)

Compd R-NH Tryptase K;, nM?
/O/\NH
7 “ 1550
NH
7g 875
NH,
7h . N\/©/\N” 615
2
YONH
7i | 580
HNTON
Oy
7 N 518
H
/=N
7k HN 426
\)\/\NH
7 HN\@”NH 390
7m H'\O\/NH 290
H,N
n \EjV 245
NH
H,N
70 O 138
“NH
7 HZN/>©i\NH 93
Babim? 140

#Values are means of three experiments.
©24% inhibition @ 5pM.
©11% inhibition @ 5pM.
4 Reference compound.'®

activity by making changes to the P4 group. The first
changes included the incorporation of hydrophobic por-
tions on to the amine; however, these compounds did
not improve the activity (7c—7f). Substituted anilines
(7a,b) exhibited a marked decrease in activity. It was
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Scheme 2. Synthesis of 9a-g, P1 replacements.

not until more polar groups were investigated that the
tryptase activity reached more acceptable levels. To this
end, the aryl amines and benzyl amines (7g—7i) showed
improvement in activity to sub-micromolar levels. The
P4 site also tolerated non-aromatic substituents. A ste-
rically bulky group delivered affinity for tryptase at a
more interesting level (7p, K; = 93nM). It is of note that
this represents a 10-fold increase in tryptase activity by
modification of the P4 group.

Concurrent with our efforts at improving the P4 group
we pursued optimization of the P1 group on the trans-
1,4-cyclohexylamine P4 derivative 7m, which was the
best compound at the time and due to the ease of syn-
thesis (Scheme 2). Thus, the mono-Boc protected
trans-1,4-cyclohexylamine was added to the dichloro-
pyrazinone 2 in refluxing EtOAc to yield 30. Next, the
acid was saponified (LiOH, THF/MeOH/H,O0) followed
by amide formation by coupling with the appropriate
amine (CH3;CN, Et;N, TBTU) to give the intermediates
8a—g. Finally, the targets 9a—g were realized after Boc
deprotection (TFA, CH,Cl,).

The results from the primary assay for compounds 9a-g
can be seen in Table 2. The benzyl amine replacements
for 3m all gave inactive compounds. It is interesting to
note that even the para substituted derivative 9¢, was
inactive. These results suggest that the meta substituted
benzyl amine is the favored P1 group.

These results are supported by X-ray structure analysis
for inhibitor 70 (Fig. 1) obtained using similar condi-
tions as Bode and co-workers.> The analysis shows a
number of key interactions for this compound. Namely,
the meta-benzylamine (P1 group) interacts with both the
Aspl189 and the carbonyl of Gly219. This explains why
the P1 replacements did not show the same activity as
70. When the benzyl amine is replaced with either an
amide (9a,9b), or aniline (9d,9e), these groups do not
have the same length nor geometry to retain this interac-
tion. Also, when the benzyl amine is moved to the para
position (9¢) this too does not have the required geo-
metry to retain the interaction and hence activity.

Table 2. Tryptase inhibition of P1 group modifications for compounds
9a-g

Compd R’-NH Tryptase K;, pM
O
9a HNO)LNHZ 18% @ 5uM
9 H 31%
b SuM
(0]
9 m 16% @ SuM
HN
9d \©\ 29% @ 5uM
NH,
HN NH,
9e \O 7% @ 5uM
HN N
of Y 8% @ SuM
\/\@N v @ Sp
HN. H
9g ]::L 2% @ SuM
NH.

Figure 1. X-ray structure of inhibitor 70 soaked into B-tryptase. The
carbonyl of the pyrazinone ring is engaged in both an external
hydrogen bond interaction with Glul92 and an internal hydrogen
bond with the amide NH of the benzylamine moiety, which is situated
in the active site pocket. The benzyl amine makes an interaction with
both Aspl89 and the carbonyl of Gly219.

The X-ray structure revealed an alternative binding
mode for the P4 group. As shown in Figure 2, instead
of binding in the S4 pocket, the ‘P4’ groups actually
stayed in an area close to N146 and Q221, which is
not utilized by natural substrates for typical trypsin-like
serine proteases. While the S4 pocket in a typical tryp-
sin-like serine protease prefers an aromatic/hydrophobic
group, this alternative binding region is more hydrophi-
lic featuring several charged residues; including Q221 di-
rectly underneath, N146/D147 on one side, and E217/
D60 on another. This alternative binding mode explains
the SAR shown in Table 1. As the ‘P4’ groups become
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Figure 2. Stereoview of two tryptase inhibitors indicating the alternative binding mode (7n, blue; 7o, grey).

more polar and bulky, the activity increases. Molecular
modeling studies indicate that it is rather difficult to
achieve tight binding in this surface exposed shallow
pocket. As a result, the mobility of these ‘P4’ groups
was high and the H-bonding interactions between inhib-
itors and enzyme could also be further diluted by water
molecules.

In conclusion, our investigation of the SAR at the P4
and P1 chain modifications of the pyrazinone nucleus
has identified a potent inhibitor of mast cell tryptase
(7p, K; = 93nM). Chemical optimization has shown that
bulky, polar substituents for the P4 chain are desired.
Also, optimization of the P1 chain has revealed (along
with the X-ray structure) that a meta-substituted benzyl-
amino amide is the optimal substituent.
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