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Abstract: A series of 4-isopropyl benzisothiazolinylmethy] aryl ethers were prepared and evaluated as inhibitors
of human leukocyte elastase (HLE). Among the phenols attached as leaving groups onto N-methyl of the
4-isopropy! benzisothiazolone nucleus, the sulfonamido phenol 26 was found to be the best. Compound 7i with
Ki* = 0.8 nM was the most potent inhibitor in this series.

Human leukocyte elastase (HLE) is a serine proteinase that has been invoked in the etiology of a number
of pulmonary disorders such as emphysema2, acute respiratory distress syndrome and chronic bronchitis3. A
potential form of therapy is the inhibition of this enzyme in the lungs.4 Recently, we reported that
benzisothiazolones (1), are potent and selective inhibitors of HLE and that the potency was dependent on two
important factors, namely the R4 substituent and the nature of the leaving group positioned on the nitrogen
attached methylene of benzisothiazolone nucleus.3 Structure-activity relationships studies led to the identification
of the i-Pr group to be the optimal R4 substituent and when coupled with a disubstituted aryl carboxylate leaving
group led to 2, which is a very potent (Ki* = 0.03 nM) inhibitor of HLE.1 We now report that 4-isopropyl
benzisothiazolones substituted with various N-methyl aryl ether leaving groups are potent inhibitors of HLE.
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Our efforts in this area began with the serendipitous discovery that ether 4,0 a by product during the
attempted alkylation of phenol 37 with choroethylmorpholine (Scheme I) was a potent (Kj* = 1.6 nM) inhibitor
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of HLE. This was interesting because, our initial attempts to substitute the dichlorobenzoate portion of 2
with chlorosubstituted phenols (compounds 6a,b) led to complete loss of HLE inhibitory activity. In order
to better understand the structural features that are responsible for the observed activity of 4 and to improve
the potency of this class of HLE inhibitors, we prepared a number of benzisothiazolinylmethyl aryl-

ethers (compounds 7a-j).
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Chemistry: The synthesis of compounds reported in Table 1 is shown in Scheme II. Thus the readily available
acids 8,98 were converted to the corresponding amides 12,13 respectively by reaction with thionyl chloride
followed by treatment of the intermediate acid chloride with N-methylpiperazine. The morpholino amides 14,15
were prepared from esters 10,119 using the aluminum amide generated insitu from amine 16 and Me3Al.10
Alkylation of 8 with chloroethylmorpholine gave the ester 17. Removal of the benzyl protecting group from
12-15 and 17 under hydrogenation conditions, provided the desired phenols 22a-e. Synthesis of the
sulfonamide substituted phenols 22f-g was achieved from iodide 18 via a three step sequence. Thus protection of
phenolic oxygen as the benzylether (BnBr, K2CO3, acetone, reflux), transmetallation of iodide with n-BuLi
followed by treatment of the intermediate anion with SO?2 gave thé corresponding lithiosulfinate which without
isolation was reacted with sulfuryl chloride to give the sulfonyl chloride 19 in moderate (40% from 18) yield.11
Reaction of 19 with various amines provided the sulfonamides 20-21, which after removal of the benzyl
protecting group (H2, Pd-C) gave phenols 22f-g. Alkylation of 22a-g with chloromethyl compound 59 gave
the desired targets 7a-g in good yields.12,13 Aryl ethers 7h-i were prepared from the readily available14
sulfonyl chlorides 23 and 24 via reaction with morpholine followed by alkylation of the intermediate
sulfonamides 25 and 26 with chloride 5 in the presence of 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene
(MTBD). In order to improve their aqueous solubility, ethers 7a-g which have a basic amine functionality were
converted to their hydrochloride salts by treatment with ethereal HC1. Compound 7j was prepared from acid 278
by 1) selective protectionlS of the acid (BnCl, NaOH, EtOH, reflux) to give ester 28 2) alkylation of 28 with 5
and deprotection of the resulting benzylester 29 under hydrogenation conditions.
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Table 1: HLE inhibitory activity of benzisothiazolones 7a-j:

ol
S
O,
HLE activityd
Compound X Y Z kinact. M1 Sec'l)  Ki* (M)
o~y
4 a a §gp 25,000 1.6
6a ca a H - >100
7a H %Cnue H 2,300 10.0
7o al ECNMG cl 6,000 4.0
i o
7 H I H - >100
H
N /N
7d al AL a 8,000 3.5
o~ /N
7e H [P H - >1000
7f H SO2N(Me)CHCHyNMe)p H 460 51.6
SO, -N[_\NM
7g H TN H 550 42.0
SOz—N/_\O
7h H H \/ 1,900 13.6
/\
7i ca H SN0 29,000 0.8
7i a COoH 750 34
a
L, 658,758 - - . 3,700 (3800)P 2.2¢
ICI-200,355 - - 94,000 (87,0000 0.4 (0.6)0

3HLE inhibitory activity was determined as described in ref.5. The potency of inhibition is expressed as an
apparent binding constant, K;*, where Ki™ = kreacy/Kinact- The rates and binding constants were reproducible to
within +10%. bThe values in parenthesis are those reported in the literature (ref. 17, 18).€No literature K;* is
available for this compound.
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Biological results and discussion: Evaluation of inhibitors 7a-j against HLE revealed these compounds to
be potent mechanism-based inhibitors of the enzyme (Table 1). As is consistent with the proposed mechanism of
HLE inhibition by this class of compounds,1v16 the rate of inactivation (kKijnact.) was the sole determinant factor
that influences the potency amongst these HLE inhibitors. Compounds 4, 7b,d with chlorosubstituted phenols as
leaving groups were amongst the most potent in this series. Replacing the morpholinoester moiety in 4 with
carboxamides (compounds 7b,d) led to a 2-3 fold loss in activity while the corresponding carboxylic acid 7j was
20 fold less active. The reason for this drop in activity is not very clear because molecular modeling studies
indicated that the C-3 position of the phenolic group is oriented towards solvents and should tolerate hydrophilic
substituents at this region. Compound 7a, which lacks the chloro substituents was only two fold less active than
the 2',4’-dichloro analog 7b. This is interesting because, in the case of morpholinoester 4 and amide 7d,
removal of chlorines (compounds 7ce) resulted in > 100 fold loss in HLE inhibitory activity. The sulfonamides
7f-g were more potent (> 2 fold), than the morpholino amide 7¢ but were 5 fold less potent than the piperazine
amide 7a. Compound 7h, wherein the sulfonamide group is moved to the C-4' position led to a 4 fold (vs 7g)
improvement in activity. The 2'-chloro analog 7i with a Ki* = 0.8 nM was the most potent inhibitor in this
series. The Merck (L-658,758)17 and Zeneca (ICI-200,355)18 inhibitors are shown as reference compounds
in Table 1. Inspite of their good in vitro activity, the compounds reported here showed at best only marginal
activity in an elastase induced pulmonary hemorrhage model in hamsters.19 Compound 7d with Ki* = 3.5 nM
showed 46% inhibition at 10 mg/kg, i.v. and was the most potent inhibitor in vivo.

In summary, we have extended the scope of the benzisothiazolone based inhibitors of HLE, with the
synthesis of benzisothiazolinylmethyl aryl ethers. Compound 7i with a Ki* = 0.8 nM was the most potent
inhibitor in this class. Studies are underway to structurally modify this class of compounds to improve their
potency to the level observed with the benzisothiazolinylmethyl benzoate 2 and the results of these investigations
will be the subject of future publications.
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