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A library of compounds were prepared by reacting 2-(bromomethyl)-1,2-benzisothiazol-3(2H)-
one 1,1-dioxide (5) with commercially available carboxylic acids in the presence of potassium
carbonate or a tertiary amine base. From this library, (1,1-dioxido-3-oxo-1,2-benzisothiazol-
2(3H)-yl)methyl N-[(phenylmethoxy)carbonyl]-â-alanate (7b) emerged as a potent inhibitor of
human mast cell tryptase (IC50 ) 0.85 µM). Extension of the side chain of 7b by two carbons
gave (1,1-dioxido-3-oxo-1,2-benzisothiazol-2(3H)-yl)methyl 5-[[(phenylmethoxy)carbonyl]amino]-
pentanoate (7d) which was an 8-fold more potent inhibitor (IC50 ) 0.1 µM). Further modification
of this series produced benzoic acid derivative (1,1-dioxido-3-oxo-1,2-benzisothiazol-2(3H)-yl)-
methyl 4-[[(phenylmethoxy)carbonyl]amino]benzoate (7n) which is the most potent inhibitor
identified in this series (IC50 ) 0.064 µM). These compounds exhibit time-dependent inhibition
consistent with mechanism-based inhibition. For 7b, the initial enzyme velocity is not a
saturable function of the inhibitor concentration and the initial Ki could not be determined (Ki
> 10 µM). The steady-state rate constant, Ki*, was determined to be 396 nM. On the other
hand, compounds 7d and 7n are time-dependent inhibitors with a saturable initial complex.
From these studies, an initial rate constant, Ki, for 7d and 7n was found to be 345 and 465
nM, respectively. The steady-state inhibition constants, Ki*, for 7d and 7n were calculated to
be 60 and 52 nM, respectively. Compound 7n is a 13-fold more potent inhibitor than 7b, and
these kinetic studies indicate that the increase in inhibitory activity is due to an increase in
initial affinity toward the enzyme and not an increase in chemical reactivity. These inhibitors
generally show high selectivity for tryptase, being 40-fold weaker inhibitors of elastase, being
100-fold weaker against trypsin, and showing no inhibition against thrombin. These compounds
are not inhibitors of thrombin, plasmin t-PA, urokinase, and factor Xa (IC50 > 33 µM). In the
delayed-type hypersensitivity (DTH) mouse model, a model of skin inflammation, a 5% solution
of 7d reduced edema by 69% compared to control animals.

Introduction

Human mast cell tryptase is a trypsin-like serine
protease that can account for 20-25% of the total mast
cell protein content and 95% of the trypsin-like activity
in mast cells derived from lung and skin.1 This protease
is the major product secreted from these cells during
mast cell activation. Elevated tryptase levels have been
observed in a number of disease states such as asthma2

and inflammatory skin diseases,3 and tryptase may also
function as a potent angiogenic factor.4 Tryptase activ-
ity is not affected by endogenous serine protease inhibi-
tors including R2-macroglobin, R1-proteinase inhibitor,
aprotinin, and antithrombin. Although no endogenous
inhibitors of human tryptase are known, tryptase activ-
ity appears to be regulated by dissociation of the
tryptase tetramer which may involve heparin removal
and competition for heparin between tryptase and
heparin-binding proteins. A potent and selective inhibi-

tor of tryptase will be an essential tool to determine the
role of tryptase in inflammation and other processes.
The tryptase tetramer is composed of four identical
subunits, each containing an active site with trypsin-
like specificity (cleaving adjacent to lysine or arginine
residues).5 The tetrameric structure is stabilized by
heparin proteoglycans that are stored and secreted with
the protease. Several human tryptase inhibitors, 1-4,
have been reported, and all contain one or more amidino
or guanidino groups that direct the inhibitor to the P1
pocket to form a salt bridge with the aspartic acid
residue at 189 in â-tryptase (chymotrypsinogen num-
bering used throughout). The second amidino or guani-
dino of 1-3 forms a salt bridge with a region of acidic
residues remote from the active site.5,6 Thus, the
amidino or guanidino groups are essential structural
features of the inhibitors 1 (BABCH),7 2 (BABIM),8 and
3 (TPDCA).6 One tryptase inhibitor, 4 (APC-366), is
currently under clinical development for the treatment
of asthma.2,3 Some of these compounds have significant
inhibitory activity against thrombin and trypsin which
also have a P1 pocket that prefers basic amines.9
However, the highly charged amidino or guanidino

† Department of Central Chemistry.
‡ Department of Chemistry.
§ Department of Cardiovascular Biochemistry.
∇ Department of Dermatology.

4854 J. Med. Chem. 1998, 41, 4854-4860

10.1021/jm9804580 CCC: $15.00 © 1998 American Chemical Society
Published on Web 10/24/1998



groups in compounds 1-4 typically lead to poor oral
bioavailability.

Benzisothiazolone 1,1-dioxide derivatives have been
reported as mechanism-based inhibitors of the serine
protease human leukocyte elastase (HLE).10,11 Hlasta
proposed, based on modeling studies of human leukocyte
elastase, that substituents at the 4-position of the
benzoisothiazolone interact with the S1 specificity pocket
of HLE while the 2-substituent (leaving group) projects
into the S′ sites (Figure 1).12 Traditional approaches
to serine protease inhibition such as trifluoromethyl
ketones, chloromethyl ketones, R-ketoesters, R-ketoa-
mides, and R-ketoheterocycles generally rely upon op-
timization of interactions with the S1-S4 sites, and
peptide-based inhibitors rarely project into the S′ sites.13

However, recently several R-ketoheterocycle thrombin
inhibitors that project functionality into the S1′ region
have been reported,14 and Abeles has extended pepti-
domimetic inhibitors into the S′ direction with fluori-
nated R-keto acid derivatives,15 demonstrating an im-
portant role for S′ site interactions. In this report, we
describe the discovery and optimization of a series of
benzisothiazolone 1,1-dioxide derivatives as inhibitors
of human mast cell tryptase that rely predominantly
upon interactions with S′ subsites of the enzyme for
specificity and potency.16 These compounds, notable by
the absence of amidino or guanidino moieties, demon-
strated efficacy in an animal model of inflammatory skin
disease.

Chemistry
A diverse set of approximately 300 commercially

available carboxylic acids were used to prepare a library
of N-(acyloxy)benzisothiazolone 1,1-dioxide derivatives.

This library was prepared using parallel synthesis
methods and automated purification when possible. The
reaction of 2-(bromomethyl)-1,2-benzisothiazol-3(2H)-
one (5) and the carboxylic acid 6 was carried out in CH3-
CN at 60 °C in the presence of K2CO3 (2 equiv). The
reactions were filtered and the polar impurities removed
by passing the crude reaction mixture through a silica
gel cartridge with CH3CN as eluant. The compounds
were analyzed by reverse-phase HPLC and MS. All
compounds that had the correct predicted mass by mass
spectral analysis and were at least 80% pure as judged
by HPLC were evaluated for tryptase inhibitory activity.

This synthetic protocol was not useful for acids that
were not soluble in CH3CN. For these cases, the acid
and base were stirred together in DMF at 23 °C and
then treated with 5 (Scheme 1). The compounds were
isolated by differential extraction and silica gel chro-
matography, if necessary. Acids not commercially
available were prepared using literature methods. All
active compounds were resynthesized, purified by silica
gel chromatography, and characterized to appropriate
standards.

Biochemistry
The benzisothiazolone 1,1-dioxide library was evalu-

ated against a panel of viral and human proteases.
Only our efforts to optimize the initial leads from this
library as inhibitors of human skin tryptase will be
described. Isolated human skin tryptase activity was
measured in a 96-well microplate following cleavage of
either 0.037 mM benzoylarginine p-nitroanilide (BAP-
NA) or 100 µM N-Cbz-Gly-Pro-Arg-pNA (similar data
was obtained using either substrate). For routine
compound evaluation, the fraction of control activity
(FCA) was plotted as a function of the inhibitor concen-
tration (I) and the curve was fit to FCA/(1 + [I]/IC50) to
determine the IC50. The tryptase activity was measured
in triplicate, and the average IC50 is reported in Table
1.

Results and Discussion
Individual compounds from the benzisothiazolone 1,1-

dioxide library were evaluated for tryptase inhibitory
activity with the result that compound 7b was identified
as the only submicromolar inhibitor. Consequently, 7b
was used as a starting point for further optimization of
structure-activity relationships (SAR) for this series of
human mast cell tryptase inhibitors. From these stud-
ies it was recognized that the distance between the
benzisothiazolone 1,1-dioxide ring and the benzyloxy-
carbamate aromatic ring was important (Table 1). In
the acyclic series 7a-l, a series of linear carbon chain
linkers were used and the four-carbon spacer is optimal
as indicated by 7a-d and 7i (Table 1). Some substitu-
tion is tolerated in the acyclic linker with a preference
for the S enantiomer as the L- and D-lysine derivatives,

Figure 1. Proposed mechanism for the inhibition of tryptase.11

For this figure chymotrypsinogen numbering is used for the
active site serine and histidine.

Scheme 1a

a (a) K2CO3, CH3CN, ∆; (b) K2CO3, DMF; (c) DIEA, CH3CN.
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7g and 7h, respectively, show. Insertion of an ad-
ditional amide group was detrimental to activity, even
when the linker length was maintained at four atoms.
The benzyloxycarbamate group is preferred over the
tert-butoxycarbamate or simple alkyl groups. Com-
pounds in which the terminal group was not an aromatic
ring were not active. The most potent compound
identified was the 4-[(carbobenzyloxy)amino]benzoic
acid derivative 7n. The carbamate carbonyl in this
series of compounds is important for activity, but there
is some flexibility as to the location of the carbonyl
group. For example, derivitives 7o, 7q, and 7t are only
2.5-fold weaker than the most potent compound despite
the variation of the location of the carbonyl moiety.

The benzisothiazolone 1,1-dioxide-based inhibitors of
human mast cell tryptase inhibitors compiled in Table
1 are notable in that they lack a basic amidino or
guanidino moiety that is a critical structural element
of all inhibitors of this enzyme reported to date. As-
suming a binding orientation as proposed for inhibition
of HLE by benzisothiazolone 1,1-dioxide derivatives, the
SAR summarized in Table 1 suggests that interactions
between the inhibitor and the S′ region of tryptase are
important for inhibitor recognition by the enzyme. Also,
compounds 7a-w are the first inhibitors of human mast
cell tryptase that are derived from a mechanism-based
chemotype, an aspect of biochemistry that was further
examined by kinetic analysis of the mode of interaction
of these compounds with the enzyme.

Kinetic Experiments. The benzisothiazolone 1,1-
dioxide derivatives are time-dependent inhibitors of
human mast cell tryptase consistent with their proposed
mechanistic-based inhibitory activity. Inhibitors of this

type can be divided into two general classes based on
the relationship of the initial velocity with the inhibitor
concentration.17 With mechanism A (Figure 2), the
initial affinity of the compound is low relative to the
steady state. For this mechanism the initial enzyme
velocity is independent of the inhibitor concentration.
In mechanism B (Figure 2), the initial affinity of the
compound for the enzyme is high enough to detect
inhibition of the enzyme activity prior to reaching
steady-state inhibition. For this mechanism the initial
enzyme velocity is inhibited as a function of the inhibitor
concentration.

The two mechanisms can also be differentiated ki-
netically by the rate of product formation as a function
of time in the presence of varying concentrations of
inhibitor. The results of these experiments, progress
curves, are then fit to the integrated rate equation for
slow binding inhibitors: P ) vst + (vo - vs)(1 - e-kt)/k,
where P is the concentration of p-nitroaniline product
found and vo, vs, and k represent the initial enzyme
velocity, steady-state velocity, and apparent first-order
rate constant, respectively. The data were then fit to

Table 1. Inhibition of Human Mast Cell Tryptase by 1,2-Benzisothiazol-3-one 1,1-Dioxide Derivatives 7

compd
method of

preparationa molecular formulab mp (°C) R
inhibn of human mast cell tryptase

IC50 (µM) ( SD (no. of expts)

7a A, B C18H16N2O7S oil CH2NH-Cbz 6.94 ( 1.56 (2)
7b A, B C19H18N2O7S oil CH2CH2NH-Cbz 0.854 ( 0.067 (4)
7c A, B C20H20N2O7S oil (CH2)3NHCbz 0.349 (1)
7d A, B C21H22N2O7S‚0.3DMF oil (CH2)4NHCbz 0.11( 0.024 (3)
7e A, B C21H21N3O8S oil L-Ala-Gly-N-Cbz 13.4 ( 0 (2)
7f A, B C20H19N3O8S‚H2O oil Gly-Gly-N-Cbz 0.9 ( 0.17 (3)
7g A, B C26H31N3O9S oil NR-BOC-Nδ-Cbz-L-lysine 0.352 ( 0.078 (4)
7h A, B C26H31N3O9S oil NR-BOC-Nδ-Cbz-D-lysine 12.2 ( 0.6 (3)
7i A, B C22H24N2O7S oil (CH2)5NHCbz 0.436 ( 0.031 (2)
7j A, B C19H26N2O7S oil (CH2)5NHBoc 5.37 ( 0.59 (2)
7k A, B C21H21N3O8S oil Gly-â-Ala-NCbz 0.255 ( 0.042 (6)
7l A, B C22H23N3O8S oil â-Ala-â-Ala-NCbz >33 (3)
7m B C23H18N2O7S 127-128 C6H4-3-NHCbz >33 (3)
7n B C22H18N2O7S 160-162 C6H4-4-NHCbz 0.0643 ( 0.0068 (7)
7o B C24H20N2O6Sc 159-161 C6H4-4-NHCO(CH2)2Ph 0.17 ( 0.04 (3)
7p B C24H20N2O6S‚0.3H2O oil C6H4-4-CONH(CH2)2Ph 0.679 ( 0.083 (3)
7q C C23H19N3O6S 211-213 C6H4-4-CH2NHCONHPh 0.157( 0.023 (3)
7r C C23H18N2O7S 67-68 C6H4-4-CH2NCOOPh 0.63 ( 0.103 (3)
7s B C23H19N3O6S‚0.3H2O 171-173 C6H4-4-NHCONHCH2Ph 0.95 ( 0.2 (3)
7t B C23H19N3O6S 189-190 C6H4-4-CH2NHCOCH2Ph 0.132 ( 0.013 (3)
7u A, B C15H12N2O5S 169-170 C6H4-4-NH2 >33 (3)
7v B C24H20N2O7S oil C6H4-4-CH2NHCOOCH2Ph 0.352 ( 0.1 (3)
7w B C23H19NO7Sd 124-125 C6H4-4-O(CH2)2OPh >33 (3)

a Method A, CH3CN, K2CO3, 60 °C; method B, DMF, K2CO3, 23 °C; method C, DMF, EtN(iPr)2, 23 °C. b All compounds gave satisfactory
combustion analysis unless noted. c C: calcd, 62.06; found, 60.98. HRMS: calcd, 465.1135; found, 465.1120. d C: calcd, 60.92; found,
59.24. H: calcd, 4.22; found, 3.65. HRMS: calcd, 454.09605; found, 454.09616.

Figure 2. Two possible mechanisms of slow binding inhibi-
tors.
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the above equation to determine vo, vs, and k. The initial
enzyme velocity, vo, was plotted as a function of inhibitor
concentration, the data were fit to the equation: vo )
vmax[S]/Km(1 + [I]/Ki) + [S], and the initial inhibition
constant Ki was obtained. In a similar manner, the
steady-state velocity, vs, was plotted as a function of
inhibitor concentration, the data were fit to the equa-
tion: vs ) vmax[S]/Km(1 + [I]/Ki*) + [S], and the steady-
state inhibition rate constant Ki* was obtained. For 7b,
the initial enzyme velocity is not a saturable function
of the inhibitor concentration and the initial rate
constant Ki could not be determined (Ki > 10 µM). The
steady-state inhibition constant Ki* was determined to
be 396 nM. On the other hand, compound 7d is a time-
dependent inhibitor with a saturable initial complex
(Figure 3). From these studies an initial rate constant
could be determined (Ki ) 345 nM) and a steady-state
inhibition constant Ki* ) 60 nM. Compound 7d is a
8-fold more potent inhibitor than 7b, and these kinetic
studies indicate that the increase in activity is probably
due to an increase in affinity toward the enzyme and
not an increase in reactivity. A similar analysis for
compound 7n yields an initial rate constant, Ki ) 345
nM, and a steady-state rate constant, Ki* ) 52 nM
(Figure 4).

Specificity. Some of the more potent tryptase
inhibitors were evaluated against a panel of other serine

proteases, including HLE. These compounds were
selective in that they were more potent inhibitors of
tryptase than HLE and were not active against other
serine proteases tested at concentrations up to 33 µM
(Table 2). The most potent tryptase inhibitor, 7n, was
a 40-fold more potent inhibitor of this enzyme than
HLE. Compounds 7b, 7d, and 7n demonstrated weak
inhibition of trypsin with a selectivity of 40-100-fold
versus tryptase.

Tryptase Structure. Recently, the X-ray structure
of human â-tryptase with 4-amidinophenylpyruvic acid
(APPA) bound into the active site was reported.18

Human â-tryptase is a tetramer arranged as a square
flat ring with active sites directed toward an oval central
pore which restricts the size of macromolecules that can
be cleaved by tryptase.18 The amidino group of APPA
is bound to both carboxylate oxygens of Asp189 which
occupies the bottom of the S1 pocket. The phenyl ring
of APPA is sandwiched between peptide planes 215-
216 and 190-192.18 The aromatic ring of the 1,2-
benzisothiazol-3-one 1,1-dioxide derivatives could be
accommodated in a similar manner. On the P′ side of
the active site, side chains Tyr37B and Tyr74 of
monomer A and Phe153 and the 152 spur of the
neighboring monomer B limit substrate binding of
extended substrate chains to P5′.18 Thus, compounds
7i-l are less active in the tryptase assay because the
2-substituent is too long to fit in the abbreviated P1′-
P5′ sites of tryptase. The aromatic character of the P′
pocket bordered by Tyr37B and Tyr74 of monomer A
and Phe153 of monomer B suggests that the preference
for a terminal phenyl group in inhibitors 7 over simple
alkyl groups could be due to a π-π interaction between
the terminal phenyl group in inhibitors 7 and the pocket
bounded by Tyr37B and Tyr74 of monomer A and
Phe153 of monomer B.

Animal Model. Tryptase is the major proteolytic
protein in human mast cells and has been suggested to
play a role in asthma and inflammatory skin disesases
such as psoriasis19 and atopic dermatitis.20 To evaluate
the effect of a tryptase inhibitor in a inflammatory
disease model, compound 7d was tested in a delayed-
type hypersensitivity (DTH) mouse model of skin in-

Figure 3. Progress curves showing the time-dependent inhibition of tryptase by the indicated concentrations of 7d.

Figure 4. Plots of extracted data vo (squares) and vs (circles)
to obtain Ki and Ki* values of 345 and 52 nM, respectively, for
7n.
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flammation.21 Animals were sensitized to oxazolone on
the first day and then challenged by application of
oxazolone to the ear on the fifth day. In this experi-
ment, the test agents were applied at the same time as
oxazolone. A 5% solution of 7d in acetone blocked the
increase in ear weight due to edema by 69% compared
to vehicle control (Figure 5). Compound 7d also reduced
myeloperoxidase content, an enzyme marker of poly-
morphonuclear leukocyte (PMN) infiltration, by 96%
(Figure 6). By comparison, the steroid betamethasone
dipropionate (0.1%) reduced edema by 96% and PMN
infiltration by 98%. This is the first reported example
of a tryptase inhibitor demonstrating efficacy in an
animal model of inflammatory skin disease.

Conclusion

We have demonstrated that specifically functionalized
benzisothiazolone 1,1-dioxide derivatives are potent and
selective, mechanism-based inhibitors of human mast
cell tryptase. These inhibitors are unique in that they
lack a basic amidino or guanidino moiety that has been
a critical structural feature of mast cell tryptase inhibi-
tors reported thus far. Moreover, the benzisothiazolone
1,1-dioxide derivatives disclosed here are the first
mechanism-based inhibitors of tryptase reported to date.
The potency and selectivity of these compounds for mast
cell tryptase in the absence of a conventional, basic P1
moiety probably result from the combination of chemi-
cally reactive functionality in the inhibitor that is
directed into the active site by interactions with hydro-
phobic S′ regions unique to tryptase. Modeling studies

suggest that these compounds recognize a hydrophobic
binding pocket on the S′ side of tryptase that prefers a
benzyloxycarbamate group approximately nine atoms
from the electrophilic benzisothiazolone 1,1-dioxide car-
bonyl. One of these compounds, 7d, has shown good
activity in the delayed-type hypersensitivity (DTH)
mouse model of skin inflammation, suggesting that a
tryptase inhibitor may be effective in the treatment of
inflammatory skin disorders.

Experimental Section
General Directions. Proton (1H NMR) magnetic reso-

nance spectra were recorded on either a Bruker AM or Varian
Gemini FT instrument operating at 300 MHz. All spectra
were recorded using residual solvent (CHCl3 or DMSO) as
internal standard. Signal multiplicity was designated accord-
ing to the following abbreviations: s ) singlet, d ) doublet,
m ) multiplet, bs ) broad singlet. IR spectra were obtained
from Robertson Microlit of Madison, NJ, using a Perkin-Elmer
system 2000 FTIR scanning from 4000 to 400 cm-1. ESI-mass
spectroscopy was performed via flow injection into a Finnigan
SSQ 7000 quadrupole mass spectrometer in both positive and
negative electrospray ionization (ESI) modes. Mobile phase:
CH3CN/H2O/NH4OH (50/50/0.1). DCI-mass spectroscopy was
performed via direct probe introduction into a Finnigan 4500
single quadrupole mass spectrometer in positive direct chemi-
cal ionization (DCI) mode with isobutane as reagent gas.
Elemental analysis was provided by Robertson Microlit using
a Perkin-Elmer model 2400 series 2 CHN elemental analyzer.
Analytical HPLC was carried out using a YMC ODS column
with gradient elution (10% MeOH/H2O/0.2% H3PO4 to 90%

Table 2. Inhibitory Activity of Benzisothiazolone 1,1-Dioxide Derivatives against a Panel of Proteases

IC50 (µM)
compd

IC50 of human mast cell
tryptase (µM) ( SD (no. of expts) HLE thrombin trypsin urokinase plasmin factor Xa

7b 0.854 ( 0.067(4) 2.26 ( 0.27 >33 33 >33 >33 >33
7d 0.11 ( 0.024(3) 1.44 ( 0.3 >33 >12 >33 33 >33
7n 0.0643 ( 0.0068(7) 2.66 ( 0.4 >33 NT NT NT NT

Figure 5. Effect of 7d on edema in DTH mouse model. Data
are expressed as the weight (mg) of an ear punch biopsy caused
by inflammation. Figure 6. Effect of 7d on neutrophil infiltration in the DTH

mouse model as determined by the myeloperoxidase content
(optical density/min/biopsy), an enzyme marker of PMN
infiltration.
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MeOH/H2O/0.2% H3PO4) over 5 min and then a 3-min hold.
2-(Bromomethyl)-1,2-benzisothiazol-3(2H)-one 1,1-dioxide was
prepared as previously described.12 Acids 6a-l, 6u, and 6w
were purchased from commercial sources. Benzyl chlorofor-
mate, phenyl chloroformate, phenyl or benzyl isocyanate, or
the appropriate acid chloride was used to prepare acids 6m-
o, 6s, 6t, or 6v as previously described.22-27

4-[[[(Phenylamino)carbonyl]amino]methyl]benzoic
Acid, 6q. A solution of 4-(aminomethyl)benzoic acid (1.00 g,
6.61 mmol) in 0.5 M NaOH (13 mL) was stirred at 0 °C, and
PhNCO (1.1 mL, 10 mmol) was added. The mixture was
stirred at 23 °C for 1 h and then stored at 0 °C for 48 h. H2O
was added and the mixture acidified with 2 N HCl to pH ) 2.
The solution was filtered and the solid recrystallized from
MeOH/H2O to give 1.71 g (96%) of 6q as a white solid: mp
165-168 °C; 1H NMR (DMSO-d6) δ 4.36 (d, J ) 6.0 Hz, 2H),
6.78 (t, J ) 6.0 Hz, 1H), 6.89-6.97 (m, 2H), 7.15-7.29 (m, 2H),
7.38-7.48 (m, 3H), 7.90 (d, J ) 8.2 Hz, 2H), 8.71 (s, 1H,
exchanges with D2O), 9.00 (s, 1H, exchanges with D2O); IR
(KBr) 1692, 1633, 1558 cm-1; MS m/z 269 (M-). Anal. Calcd
for C15H14N2O3‚0.12H2O: C, 66.13; H, 5.27; N, 10.67. Found:
C, 65.75; H, 5.37; N, 10.67.

4-[[(Phenoxycarbonyl)amino]methyl]benzoic Acid, 6r.
A solution of 4-(aminomethyl)benzoic acid (0.96 mg, 6.3 mmol)
in dioxane (10 mL) and 10% NaHCO3 (20 mL) was cooled to 0
°C, treated with a solution of phenyl chloroformate (0.80 mL,
6.3 mmol), warmed to room temperature, and stirred for 12
h. The solvent was removed, and H2O was added. The
solution was acidified to pH 1-2 and filtered and the solid
purified by flash chromatography using 10% MeOH/CHCl3 as
eluant to give 0.70 g (40%) of 6r as a white solid. The solid
was recrystallized from MeOH/H2O to give white needles: mp
167-170 °C; 1H NMR (DMSO-d6) δ 4.36 (d, J ) 5.8 Hz, 2H),
6.82-6.97 (m, 1H), 7.19-7.29 (m, 2H), 7.37-7.43 (m, 2H), 7.50
(d, J ) 7.7 Hz, 2H), 7.92 (d, J ) 7.7 Hz, 2H), 8.76 (s, 1H,
exchanges with D2O), 9.33 (s, 1H, exchanges with D2O); IR
(KBr) 1706, 1542 cm-1; MS m/z 270 (M-). Anal. Calcd for
C15H13NO4‚3.4H2O: C, 54.18; H, 6.00; N, 4.21. Found: C,
54.19; H, 5.79; N, 4.06.

Method A. A mixture of acid (0.2 mmol) and K2CO3 (0.25
mmol) in CH3CN (2 mL) was treated with a solution of
2-(bromomethyl)-1,2-benzisothiazol-3(2H)-one 1,1-dioxide (0.18
mmol) in CH3CN (2 mL). The mixture was heated to 60 °C
for 2 h, cooled, filtered through a silica gel (2 g) cartridge, and
washed with 10 mL of CH3CN. A sample of the filtered
solution was analyzed by ESI-MS and HPLC (major peak g
80%). Compounds using commercially available acids were
intially prepared by method A in parallel solution-phase
reactions.

Method B. A solution of acid (14.7 mmol) in DMF (30 mL)
was treated with K2CO3 (7.0 mmol) followed by 2-(bromom-
ethyl)-1,2-benzisothiazol-3(2H)-one 1,1-dioxide (1.19 g, 4.3
mmol) and stirred for 12 h at 23 °C. The mixture was diluted
with EtOAc, extracted with H2O and saturated NaCl(aq), dried
(MgSO4), and concentrated. The residue was chromato-
graphed on silica gel with EtOAc in hexanes as eluant to give
product.

Method C. A mixture of 2-(bromomethyl)-1,2-benzisothia-
zol-3(2H)-one (221 mg, 0.8 mmol), diisopropylethylamine, and
acid (227 mg, 0.84 mmol) in CH3CN (10 mL) was stirred for
12 h at room temperature. The solvent was removed and the
solid triturated with MeOH and isolated by filtration.

(1,1-Dioxido-3-oxo-1,2-benzisothiazol-2(3H)-yl)meth-
yl 4-aminobenzoate, 7u, was prepared with 4-aminobenzoic
acid using method B to give 7u (41%), and the following
spectral data were obtained: 1H NMR (DMSO-d6) δ 5.93 (s,
2H), 6.11 (s, 2H, exchanges with D2O), 6.54 (d, J ) 6.9 Hz,
2H), 7.61 (d, J ) 6.9 Hz, 2H), 7.99-8.15 (m, 2H), 8.17 (d, J )
6.9 Hz, 1H), 8.34 (d, J ) 6.9 Hz, 1H); IR (KBr) 3380, 3455,
1735, 1705, 1355, 1169, 1199 cm-1; MS m/z 332 (MH+). Anal.
Calcd for C15H12N2O5S: C, 54.21; H, 3.64; N, 8.43; S, 9.65.
Found: C, 53.91; H, 3.76; N, 8.30; S, 9.35.

Biological Evaluation. 1. Tryptase Assay. Human
skin tryptase (purchased from Dr. Norman Schechter, Depart-

ment of Dermatology, University of Pennsylvania Medical
Center, Philadelphia, PA) was diluted in 2 M NaCl, 10 mM
MOPS, pH 6.8, to give a working stock solution of ap-
proximately 165 nM. The substrate, benzoylarginine p-
nitroaniline (BAPNA), was prepared as a 10 mM stock solution
in 90% DMSO. Low-molecular-weight heparin (Calbiochem
375097) was prepared as a 5 mg/mL stock solution in H2O.
Assay buffer was prepared by combining 1.1 mL of the 5 mg/
mL heparin stock solution, 5.5 mL of 2 M NaCl, 0.9 M Tris
(HCl), pH 8.0, and 43 mL of H2O. The compound to be tested
was prepared initially as a 10 mM stock solution in DMSO.

To each well of a 96-well microplate (Nunc MaxiSorp), 250
µL of assay buffer was pipetted followed by 2.0 µL of the test
compound in DMSO; 10 µL of the substrate was then added
to give a final concentration of either 0.37 mM BAPNA or 100
µM N-Cbz-Gly-ProArg-pNA (similar data was obtained using
either substrate). The microplate was then shaken on a
platform vortex mixer at a setting of 800 (Sarstedt TPM-2);
10 µL of the 165 nM working stock solution of human skin
tryptase was then added to each well (6 nM final concentra-
tion). The microplate was again vortexed at a setting of 800
for 1 min, and the incubation of the sample was continued
without shaking for an additional 2 min. The microplate was
read on a microplate reader (Molecular Devices UV max) at
room temperature in the kinetic mode over 20 min at 405 nm.

The (1,1-dioxido-3-oxo-1,2-benzisothiazol-2(3H)-yl)methyl es-
ter inhibitors showed no detectable degradation at pH 8.0
(TRIS/HCl buffer) after 1 h at room temperature as judged by
reverse-phase HPLC analysis (UV at either 220 or 254 nm).

HLE was also measured following the cleavage of the
p-nitroanilide substrate in microtiter plate format. The
enzymatic assays were performed with 9.5 nM HLE and 100
µM methoxysuccinyl-Ala-Ala-Pro-Val-pNA substrate (Km )
43.6 µM).

Enzymatic activity of human R-thrombin (Sigma) was
measured in a buffer containing 0.145 M NaCl, 0.005 M KCl,
1 mg/mL poly(ethylene glycol) (PEG-8000), 0.030 M HEPES
(pH 7.4), and 0.03 U/mL final thrombin concentration using a
microtiter plate-based assay. The enzyme was incubated at
room temperature with the inhibitor for 3 min prior to starting
the reaction with 10 mM S-2238 (D-Phe-Pip-Arg-pNA; Km )
2.54 µM).

Plasmin (Kabi Vitrum) was measured as for thrombin
except that the buffer was 50 mM TRIS/Cl (pH 7.8) and the
reaction was initiated with 100 µM S-2251 (D-Val-Leu-Lys-
pNA; Km ) 98 µM). Recombinant tissue plasminogen activator
(Genentech), human factor Xa (Kabi Vitrum), and urokinase
(Abbott Labs, Abbokinase) were assayed in the same buffer
as thrombin, but the reactions were started with 100 µM
Spectrozyme t-PA (methylsulfonyl-D-cyclohexyltyrosyl-Gly-
Arg-pNA; Km ) 90 µM), 100 µM S-2222 (phenyl-Ile-Glu-Gly-
Arg-pNA; Km ) 87 µM), and 100 µM S-2444 (L-pyroGlu-Gly-
Arg-pNA), respectively. Bovine pancreatic trypsin (Sigma) was
assayed in 2 mM CaCl2, 50 mM TRIS/Cl (pH 8.0), and the
reaction was started with 100 µM Chromozym-TRY (carboxy-
benzoxy-Val-Gly-Arg-pNA; Km ) 46 µM).

2. Delayed-Type Hypersensitivity Assay in Mice.
Groups of 8 swiss mice (female, Charles River) weighing 20-
25 g were sensitized to the sensitizing agent oxazolone in the
following manner: On day 0 an induction dose of 25 µL of
oxazolone in acetone was applied to the shaved ventral region
of each animal. On day 4, a sensitizing dose of 20 µL of 0.5%
oxazolone in acetone was applied to the inner and outer surface
of each ear (10 µL/surface) together with the test compound
(co-applied). Appropriate control groups of animals were
included.

Twenty-four hours later, the inflammatory response was
evaluated. A punch biopsy (5/16 in., 15-30 mg) of each ear was
removed from the euthanized animals and weighed. The
weight increase caused by the inflammation is a measure of
edema which is used to assess the effect of test compounds.
The same punch biopsies were then frozen in liquid nitrogen
for later analysis of the myeloperoxidase content, an enzyme
marker of PMN infiltration into the inflamed tissue.28
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