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AbstractÐThe synthesis and optimization of a novel class of reversible and active-site directed dibasic inhibitors of human mast cell
tryptase are described. The compounds were shown to be both remarkably potent and selective for tryptase with Ki values for
optimized inhibitors in the picomolar range. # 2000 Published by Elsevier Science Ltd.

Recent advances in cell biology have led to an improved
understanding of the mast cell as a multifunctional, key
e�ector cell in the immune system.1,2 Emerging data
suggest that tryptase, a major mast cell secretory pro-
tease, is a potent mediator of mast cell related allergic
and in¯ammatory pathologies, including most notably
asthma.3,4 Tryptase may function in this context
through several possible mechanisms including the reg-
ulation of potent neuropeptides such as bradykinin,5 the
stimulation of surrounding tissue proliferation and
secretion of secondary cellular mediators by activation
of the protease-activated receptor (PAR) family6ÿ8 and
possibly through direct ampli®cation of the in¯amma-
tory response.9 Phase II clinical trials with our ®rst
generation tryptase inhibitor APC-366 further support
the involvement of tryptase in asthma pathology.10

Herein, we describe the evolution of SAR for a novel
second generation series of highly potent and selective
dibasic inhibitors of human tryptase.

Several classes of modestly active dibasic inhibitors of
tryptase have been reported earlier by Sommerho� and

Tidwell,11,12 however, these compounds lack the
potency and selectivity to be of signi®cant biological or
pharmaceutical utility. Recent reports have described
classes of dibasic inhibitors with improved potency and
selectivity.13,14 E�orts in our lab commenced with the
serendipitous discovery of p-xylylenediamine oligomer
8, a very potent, selective, competitive and reversible
tryptase inhibitor. Our goal was the design and optimi-
zation of tryptase inhibitors based on this template
with an aim toward the identi®cation of novel anti-
in¯ammatory drugs suitable for clinical development.

Chemistry

Scheme 1 illustrates the synthetic strategy employed in
the preparation of compounds 7±17. Reaction of a two-
fold excess of the appropriate acid chloride with p-xyly-
lenediamine e�ciently gave diesters 3±6. Direct forma-
tion of the external amide in the presence of an excess of
p-xylylenediamine or 4-aminobenzylamine at elevated
temperature a�orded the desired diamines 7±11 and 12±
14, respectively. In the latter case, completely selective
acylation of the benzylamine over the aniline nitrogen
was observed. Guanidines 15±17 are prepared by treat-
ment with either cyanamide or pyrazolecarboxamidine.
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The general synthetic approach employed in the pre-
paration of carbamate linked inhibitors 20±26 was anal-
ogous. The sequence was carried out through reaction
of 1,4-phenylenedimethylene bis-chloroformate15 with
the amino acid of choice under Schotten±Baumann
conditions followed by coupling of the resulting diacid
with a twofold excess of either 4-guanidinobenzylamine
hydrochloride (18)16 or mono-N-(BOC)-p-xylylenedi-
amine17 followed by BOC group removal in the latter
case. Piperazine derived analogue 27 was synthesized by
the acylation of 18 with tert-butyl (1-piperazinecarbox-
ylate)-4-carbonyl chloride18 to give guanidine inter-
mediate 19. Subsequent BOC deprotection and reaction
in twofold excess with cis-1,5-cyclooctylene bis-chloro-
formate19 in aqueous THF at pH 8±9 optimally a�orded
the symmetrical bis-arylguanidine 27.

Results and Discussion

Inhibitory potency versus tryptase and related proteases
for a series of dibasic polyamides is summarized in
Table 1.20 Succinyl derivatives 8 and 16 demonstrated
optimal potency versus tryptase as a function of meth-

ylene chain length, although the arylguanidine analogue
was approximately 10-fold less active than the corre-
sponding benzylamine (Ki=3.0 and 40 nM, respec-
tively). In both cases >103-fold selectivity over related
proteases screened was observed. While internal amide
N-methylation is well tolerated in the benzylamine series
(compound 10), N-methylation of the external amide, as
in the case of 11, resulted in a dramatic potency loss.

A second series of dibasic inhibitors was designed to
resist metabolism at the internal amide through repla-
cement with a carbamate linker. Inhibitory potency and
selectivity for this series of analogues is shown in Table
2. Here the glycyl derivatives 20 and 22 were the most
potent. While N-methylation of the carbamate nitrogen
is well tolerated in this series, substitution at the adja-
cent methylene, as in the case of alanine analogues 24
and 25, resulted in a signi®cant potency loss with the
(R,R)-diastereomer demonstrating approximately 10-
fold greater activity than the (S,S)-diastereomer. In the
bis-arylguanidine series replacement of the core sca�old
aromatic ring with alicyclic functionality is well tolerated
and a ®vefold improvement in activity was observed in
the case of cyclooctylene derivative 26. As a further

Scheme 1. Synthesis of the dibasic inhibitors. Reagents: (a) CH3O2C(CH2)nCOCl, DCM, DIPEA; (b) p-xylylenediamine, 40 �C; (c) 4-aminobenzyl-
amine, 40 �C; (d) cyanamide, 4M HCl in dioxane, 60 �C; (e) N,N0-di(BOC)pyrazolecarboxamidine, DMF; TFA; (f) tert-butyl (1-piperazinecar-
boxylate)-4-carbonyl chloride, DIPEA, DCM, MeOH.

Table 1. Amide series SAR

Ki (mM)a

Compound R1 R2 n X Tryptase Trypsin Thrombin Plasmin

7 H H 1 -CH2NH2 0.150 317 >1000 >1000
8 H H 2 -CH2NH2 0.003 237 >1000 769
9 H H 3 -CH2NH2 0.009 274 >1000 >1000
10 Me H 2 -CH2NH2 0.005 162 >1000 214
11 H Me 2 -CH2NH2 2 >1000 >1000 >1000
15 H H 1 -NHC(NH)NH2 0.680 73 >1000 >1000
16 H H 2 -NHC(NH)NH2 0.040 146 >1000 >1000
17 H H 3 -NHC(NH)NH2 0.100 70 492 >1000

aData reported is for a single determination. See ref 20 for assay protocols.
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modi®cation of the core sca�old we focused on replace-
ment of the external amide. The piperazine ring was
chosen as a glycyl isostere that would serve to introduce
a urea linkage in place of the external amide. Aryl-
guanidine 27 demonstrated a marked improvement in
potency with a Ki value of 0.07 nM

21 and selectivity over
trypsin and thrombin approaching 105. Asymmetric
derivative 28, which di�ers from the optimized lead only
in the absence of a second guanidine, illustrates the
importance of both basic moieties for potent tryptase
inhibition. Removal of the second guanidine a�ords
a nearly complete loss of activity for the intact core
sca�old analogue 29. The dramatic loss in potency that
is observed on sequential removal of the terminal
guanidines from the inhibitor suggests that core sca�old
interactions contribute little to the overall binding
energy of lead 27.

The X-ray crystal structure of tryptase has been recently
determined22,23 and revealed a structure comprised of

four quasi-equivalent monomers arranged in a ¯at
frame-like structure, with each of the four subunits
contributing a functional catalytic site. A spatially con-
stricted central pore de®nes the active site domain with
directly adjacent S1 pockets of the order of 20AÊ apart.
A binding mechanism for the dibasic inhibitors descri-
bed herein could be envisioned where the central pore is
spanned with the terminal nitrogen bases docked into
adjacent S1 pockets.

In summary, we have designed and optimized a series of
remarkably potent, selective, competitive and reversible
tryptase inhibitors, exempli®ed by compound 27.
Although limited by poor oral absorption, the optimized
dibasic inhibitors outlined herein represent valuable bio-
logical and clinical tools aimed at the further elucidation
of tryptase pathology in asthma and related allergic and
in¯ammatory diseases. Further SAR development lead-
ing to the selection of an optimized clinical candidate is
described in an additional report following this paper.

Table 2. Carbamate series SAR

Ki (mM)a

Compound R X Y Tryptase Trypsin Thrombin Plasmin

20 H -CH2- -NHC(NH)NH2 0.010 56 >1000 >1000
21 H -(CH2)2- -NHC(NH)NH2 0.090 72 >1000 >1000
22 H -CH2- -CH2NH2 0.0006 84 >1000 >1000
23 Me -CH2- -CH2NH2 0.005 50 >1000 >230
24 H -(R)-CH(CH3)- -CH2NH2 0.031 38 >1000 >1000
25 H -(S)-CH(CH3)- -CH2NH2 0.366 273 >1000 83

Ki (mM)a

Compound X Z1 Z2 Tryptase Trypsin Thrombin Plasmin

26 -NHCH2- -NHC(NH)NH2 -NHC(NH)NH2 0.002 78 >1000 >1000

27 -NHC(NH)NH2 -NHC(NH)NH2 0.00007b 39 435 494

28 -NHC(NH)NH2 -H 15 182 >1000 >1000

29 -H -H 101 44 14 >1000

aData reported is for a single determination. See ref 20 for assay protocols.
bValue reported is the dissociation constant obtained by IC50 determination at variable tryptase and inhibitor concentrations.21
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