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Abstract, A new type of mechanism-based inhibitor of human leukocyte clastase (HLE) is described that are 
designed to inhibit HLE by a suicide route to form an inhibitory complex by cross linking the enryme 
active site. A nx&anism of HLE inhibition is proposed and was used to design analogues with improved 
potency. The structure-activity relationships described in thii paper are consistent with the proposed mechanism 
of HLE inhibition, and led to WIN 62785 (121, the most potent compound in this series with a Xi* = 0.3 nM. 

Human leukocyte elastase (HLEI) has been proposed to be a ptimary mediator of puhnonary emphysema1 In 

emphysmatous patients neurrophils at the in&mmadon sites release a mixture of proteases, including FILE, 

cathepsin G, N and oxidases. The endogenous regulatory protein, ccl-protease inhibitor, normally 

inactivates the fme HLE that may be present in the lung. An b&akrce between HLE and the endogenous 

regulatory protein is postulated to occur in emphysema, where the defkkncy of the al-protease inhibitor leads 

to ektin connective tissue destruction in the lung by HLE. This hypothesis is supported by the observation that 

~~ with genetic ai-protease inhibitor deficiency have less than 20% of normal ~ibi~r activity and a 

majority of these ~~~ develop ~~hy~~ 

1 2 

Many types of HLE inhibitors have been reported in the litenitu& which it~~lude mechanism-based inhibitors,~-5 

alternate substrate ~~~,6 and antic state anaIog aide all of which bznd covaleutly to HLR WC 

have discovered a class of potent, ~~-~ inhibitors of this se&e protease, which may lead to a 

therapeutic agent for the treatment of emphysema and inflammamry pulmonary diseases. This paper describes a 

series of benzisothiaz~lone inhibitors 1 and a proposed mchanism by which these compounds inhibit HLE.89 

These compounds were &signed to inhibit HLB by a rn&anismdependent suicide route to form an inhibitor- 

enzyme complex by cross linking the enayme active site Ser 195 and His57, Acylative and alternate substrate 

inhibitors such as compound 2 with the benzisothiazolone m&us have been n~ported.~*~~~ These inhibitors 
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were proposed to acylate the active site Ser l95, but lack the second activation step of a mechanism-based 

inhibitorl* Micromolar concentrations of 211 were required for HLE inhibition compared to nanomolar 

concentrations for our mechanism-based inhibitors {see Table 1,7 IQ* = 15 nM). 

The proposed me&an&m of FILE ~bition by the compounds 1 is outlined in Scheme I. After Se@5 of IILE 

adds to the fzarbonyl causing ring scissios the leaving group (LG) is eliminated msulting in the formation of a 

reactive intermediate (see Scheme I) which bears an electrophilic center in the sulfonyl imine group. Addition of 

Hiss7 to the sulfonyl imine gives the inhibitor-enzyme complex. After forming the inhibited complex, by design 

these compounds have a mechanism for enzyme reactivation through a pathway different from the inactivation 

pathway. Since the mechanisms of inactivation and reactivation are different, we predicted that substituent 

effects on the benzisothiazolone ring would independmtly 4gect the inactivation and reactivution rates. Also, 

the reactivation rates should remain constant for inhibitors that possess the same nucleus and which vary only in 

the leaving group, since these Ibiza would all form the same ~i~~~n~ complex, The enzyme kinetic 

data and the structure-activity m~ti~s~ps discussed below are consistent with these predictions and the 

proposed mechanism of inhibition. 

Table 1. Leaving Group Modiiication Effects on HLE Inhibition. 

LG 

HLEe 
Cmpd LG= kinact (M-‘,-’ 1 kresczf (set-l 1 Kj* (nfvl} 

3 OAc 630 0.000064 102 

4 Cl 44,000 0.000079 1.8 

5 MT-5”CHs 1,000 0.000081 81 

6 MT-5-cydohexyl 2,500 0.000060 32 

7 MT-5-C&H, 5,600 0.000084 15 

8 MTr 190 0.000~7 246 

UTr-9 3:; +j YTII-S 

6 I 
93 

a The potency of inhibition is expressed as an appsrent bindin constant, &“, where Kjt = beact/kinact, The 
rates and birtcling conshmts wem r6produdble to withii ilO%. 

The series of inhibitors shown in Table I have the same nucleus, but differ structurally based on the leaving 

group. Our proposed mechanism (Scheme I) mquims that each of these inhibitors form the same inhibitor- 

enzyme complex, and that reactivated FILE would form by the same ~~~ (Pugh the same rate 

&termimng step). The inactivation rates (kina& and apparent bmding constants (Ki*) vary 200 fold (190 to 
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44,000 M-ke~-~ for Kit,), but the nactivBtion rates (k r,.& vary less than two fold (4.7 X lo-5 to 8.4 X 10-J 

sac-l). The zeactivation rates are very similar which suggests that reactiv8tion of HLZ occurs through the same 

inete which we propose is a cross linked inhibitor-enxymc complex (see Scheme I). The rates of HLE 

inactivation by these. inhibitors wo&d be largeiy dependent on enzyme binding interactions and on the leaving 

group ability. 
Table 2. 4-Position Substituent Effects on HLE lnhi~t~n. 

7 Ii 

9 C&3 
10 @k&h 
11 CH,CH,CH, 
12 WCH,), 
13 WC&dW&H,) 
14 CH(~H2~H3)2 
15 CW3h 

16 w% 

17 

18 

19 
20 

24,000 0.00036 

5,500 0.000076 

45,300 0.00014 

WOO 0.00016 

L-85&758 3.700 0.0000081 

Icmo?3tj!5 94,000 0.000037 

5,500 o.oooo84 15 
3,200 0.00010 32 

83,200 0.00013 2 

100,000 0.000070 0.7 
94,000 0.000028 0.3 
94,000 0.000056 0.6 

4.400 0.00026 60 

5,800 0.00046 

>2000 

80 

15 
13.6 

3 
17.5 

2.2 

0.4 

Computer modeling by docking substituted benxisothiaxelones pndicted that substituents at the 4-position 

would interact at the Sl speciEcity pocket of HLE. Specifically, smali IipophiEc groups would exert a positive 

hydrophobic interaction with the Sl pocket and lead to compounds with mane mpid inactivation rates and 

thereby improved inhibitor potenc~.~~ The balky1 analogues (9-16) were prep& for testing,14 and wm 

WwntoleadtoaniWrease of the inactivation rate and inhibitor potency, presumably due to a favorable 

lipophilic interaction with the Sl pocket. Comparison of the bhydrogen to the 4-isopmpyl analogue shows a 17 

fold inuease in the inactivation rate and a modest 3 fold decease in the nectivation rate, however, the combined 

effect of these two rates gave u 50&M increase in the apparent binding constant. The disopropyl cord 12 

was the most potent inhibitor in the series. 
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The stoichiometry of inhibition by the a&all0 ~11s 1.1: 1 .O, indicating that one molecule of compound 10 (WIN 

62225) inactivates one molecule of IILB. The stoicbiometry of HLE inhibition by W was 191.0 suggesting that 

one enantionxx of 13 was significantly mm potent thau the other. Since the Sl pocket of I-ILE is &ii, one 

enjoy of the s-butyl corn~u~ 13 &x&i mdi.ly fit into the pocket, while the other enantiomx should not, 

To test this idea, the 4-(2pentyl) derivative 14 was prepared, and was lady less potent than the 4- 

isopropyl or 4-(s-butyl) analogues. This result is consistent with the modeling hypothesis, since overlapping of 

the two enantiomers of s-butyl gives a fpentyl group. The computer model showed significant non-bonded 

interactions of the 3-pentyl group with the surface of HLE in the model. 

An electron withdrawing substituent in the 4position increased the inactivation rate relative to the 4-H 

compound 7. However, compound 17 (4-Br) is equipotent to 7, because the reactivation rate mueased 

~~~ona~ly. Blectron donating 4-alkoxy substituents (18-20) did not lead to mom potent inhibitors. A 

~~~-~ inhibitor ~~8,758)3 and a transition state mimetic (ICI-200,3SS~1* are given as reference 

cupola in Table 2 

Scheme 1. Propased Mechanism of Inhibition. 

+ 

HLE 

Reactivated FILE 

We have discoveti a new class of potent nx&auism-based inhibitors of human leukocyte elastase. The 4- 

isopropyl andoguc, WIN 62785 (12). is the most potent compound in this new class of HLE inhibitors with a 

I$* = 0.3 ,AM. The 4-ethyi analogue, WIN 62225 (lo), is a selective, stoichiometric HLB inhibitor (Ki* = 2.0 

&I). WIN 6222~5 luhibits porcine pancreatic elastase t&i*=20 nM$ 8elecdvity was noted for HLE OVCI 

~~~~ (I$‘=90 nM), but qecificity was obtained over the tqpsiu-like human enzymes bum and 

plasmin ~i*%O,~O nM) . 
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General synthetic method for the preparation of clompounds 3-20: 

4-(1-1Methy~~y~)-2t(~~~~~~u~~ylJ-l~~~~~3(2~~~ l,l-dkide (l)w A mixture of 4-(l- 

mettrylethyf)-l~-Ben~o~iazoE3(2H)-o~ 1,l-diuxk.k (37.9 g, O*ldS mol)*ff chloromethyl phenyl sulfide (33.3 

& 0.21 m@, ~~~u~~~~ brcmkk (5.4 g, 17 mmul), and 200 fnL of &&8ene wa stirred and r&m& 

for 24 b, Heating wfls stopped and the mixture was evaprorated under reduced presst.u~~ The residue was taken 

up 1: 1 CH2Cl2:hexano and added to a column of 485 g of silica gel. The column ~8s eluted with hexane and 

then 1:l CH2Q2:hexane. Evaporation of the 1:l CH2Cl2:hexane fkctions gave 53,5 g (92%) of I as a yellow 

oil: NMR (ClX13) 8 1.25 (d, J = 6 Hz, 6H), 4,21 (m, IN), 5.13 (s, 2H), 7.32 (m, 3H), 7.61 (m, 2H), 7.75 (m, 

3H); MS 348 (MH++). ~(Chlo~methyl~(l-methylethyl)-l~-benzisdhiazd-3(2H)-one l,l-dioxide (II), 

The bentisothiazol I (53.5 g, 0.154 mol), sulfkyl chloride (67-2 g, 0.50 mol) and 250 mL of CH2Cl2 were 

stirred together for 1 hr and allowed to stand overnight. The solvent was removed under r&uced pressure and 

the residue was taken up in 100 mL of hexane and scratched. S&d separated aud was collected after cooling to 

afford 38.55 g of cream solid Recrystalkation from isopropanol-cyclohexane gave 33.5 g (80%) of II as a 

colorless solid mp 101-1025 *C; NMR (CDC13) 6 1.33 (d, J = 6 Hz, 6H), 4.30 (m, lH>, 5.56 (s, 2H), 7.81 (m, 

3H); MS 274 (MH+), 238 @I+-35). Anal. Calcd for Cl lHl2ClNU3S: C, 48.27; H, 4.42; N, 5.12. Found: C, 

48.37; H, 4.55; N, 5.14. 4-(l-~y~hyl)_2~[(l~ph~yl=te~~~ylth~o)~yl]~l~=~~~i~~ 

3(2H)-one l,l-dioxide (12). A mixture of the benzisothiazol II (0,20 g, 0.73 mmol), l-phenyl-5- 

mercaptotetrazole sodium salt (0.16 g ,0.80 mmol), and 4 mL of dimethylfoxmann “de was stirred at 1looC for 1 

hr. Un cooling the mix- was poured onto saturatti sodium bicarbonate and water, then extracted with ethyl 

acetate. The organic layer was dried over Gail sulfate, filtered., concentrated under reduced ptoss~re, and 

the residue was purified by flash ~~~to~~hy (Si@, 1:4 ethyl acetate:hexan&+ A colorless solid (0,23 g) 

was obtained and qstaked from ethanol to give O,f7 g (56%) of I2 as colorless crystals: mp 140-141oC; JR 

1726 cm-l; NMR (CX3Cl3) 6 1.22 (d, J = 6.89 Hz, &H), 4.04 (m, lH), 5.55 (s, 2H), 7.58 (s, 5H), 7.93 - 8.11 

(m, 3H); MS 416 @@I+). Anal. Cakd for Cl8Hl7NgQ3S2: C, 52.04; H, 4.12; N, 16.86. Found: C, 51.84; 

H, 3.99: N, 16.77. 

HLE Ki~~dic hy+ Inhibition Metics for compounds wem determined by a spoctruphutomotric assay that 

follows the mkase of pni&oaGline from the subs&ate MeUSuc-Ala-Ala-Pro-W-RNA at 410 nM 

~~0~~~~~~~ = 200 iJ_M, h = 50 PM), Elastase (5 nM) was added tu a mixtum of substrate and inhibitor at 

room temperature to initiate the reaction. Inhibitor concentrations ranged from 50-25UOO nM_ All assays 

contained 7.5% DMSU. Most inhibitors exhibited timodepandent (“slow, tight-binding”) inhibition; assays 

were run over the course of 5 hours to ensm that a steady-state rate had been reached. Progress ctnves from 

the assays containing Wbitor were fit by non-linear least square methods to an inttr;gntted rate equation to yield 

final steady-state v&&y (vf) and the pseudo-firs;t-order rate constant for inactivation (kohs). Control assays 

which did not contain inhibitor were fit by linear rqression to ykld control velocities (vo). The Ki* for 

inhibitors were determined by regression of a plot of [J$(l-v#vo) versus vo/vfi Xi* = slope/(1 + [S]/Km). The 

kin=ts were d&rmkd hy k remsion Of a plot of kobs Versus [I]; kin=t = slop * (1 + [S&!&& Th#? 

re~tivation rate of i~~ib~~ ht) were calculated from Ki* = kro,tfkinace 



1806 D. J. HLASTA et al. 

References and Notes: 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
12. 

13. 

14. 

15. 
16. 
17, 
18. 

Tedey, T.D. Thorax 1993,48,560-565. 
Hlasta, D.J.; Pagani ED. Ann. Rep. Med. Chem. W&29, chapter 21. Edwards, P.D.; Remstein, P.R. 
Med. Res. Rev. WM, 14, 127. 
Chabin, R.; Green, B.G.; Gale, P.; Maycock, AL.; Weston, H.; Dom, C.P.; &kc, P.E.; ~, W.K.; 
Hale, J.J.; MacCoss, M.; Shah, SK.; Unto, I).; Doherty, J.B.; Knighr W.B. ~~0~~~~ 1993.32, 
8~0-8980. 
Fii, PI%; Shah SK.; Ashe, B.M.; Bali, RG.; BIacklock, T.J.; Bonney, R.J.; Brause, K.A.; Chandler, 
G.O.; Cotton, M.; Davies, P.; DelIm P.S.; Dom, Jr., C.P.; Fletcher, D.S.; G’Grady, L.A.; Hagrnann, W.K.; 
Hand, KM.; Knight, W.B.; Maycock, A.L.; Mumford, R.A.; Gsinga, D.G.; Sohar, P.; Thompson, K.R.; 
Weston, H.; Doherty, J.B. J. Med. Chem. 1992,35,3731-3744 and cited references. 
Hemandez, M.A.; Powers, J.C.; Glinski. I.; Gleksyszyn, J.; Vijayalakshmi, J.; Meyer, Jr., E.F. J. Med. 
Chem. 1992,35,1121-1129. 
Krantz, A.; Spencer, R.W.; Tam, T.F.; Liak T.J.; Copp, L.J.; Thomas, E.M.; Rafferty, S.R. J. Med. Chem. 
199&33,464-479. 
Edwards, P.D.; Meyer, Jr., E.F.; V~ay~~~, J.; Tuthill, P.A.; Andisik, D.A.; Games, B.; Stimpler, A. 
f.Am. Chem. Sot. 1992,114,1854-1863. 
Presented at the 202th National Meeting of the Ameiican Chemical Society, New York, New York., 
August 1991, MEDI 87,172. 
Following the presentation of this work (ref.8) and the publication of our IntemationaI Patent Application 
publication 1990, WO 90/13,549 (CA 114:228897 (1991)), Groutas and co-workers reported on this class 
of inhibitors and proposed a similar nu~hanism to the hypothesis described in this paper. Groutas, W.C.; 
Bmbaker, M.J.; Venkatarsman, R.; Epp, J.B.; Houser-Archiekl, N.; Chong, L.S.; McClenahan, J.J. 
Bioorg. Med. Chem. L.&t. 1992, 2, 175-180. Groutas, WC.; Heir-shield, N.; Chong, L.S.; 
Veil, R.; Bpp, J.B.; Huang, H.; ~Cle~, J.J.J. Med. Chem. 1993,36,3178-3181. 
~ M.; Morman, H.; M~vey, D.; Jones, H.; phi, R.; Ashe, B.M. J. Bioi. Chem. 1980, 
255,9&w685 1. 
Ashe, B-M; Clark, R.L.; Jones, H.; ~~~, M. J. Viol. Chem. 1981,256,11603-11606. 
SiIverman ,R.B. The Organic Chemistry of Drug Design and Drug Action; Academic Press: San Diego, 
1992; chapter 5, pp. 188213. 
During the course of this work, based on SAR results Krantz (ref. 6) has suggested that the impmved 
potency of S-alkyl benzoxazinooes as alternate-substrate inhibitors may be due to an interaction with the S 1 
pocket. This Position is analogous to the Cposition of benzisothiazolones. 
The starting 1,2-benzisothiazol-3(2H)-one 1.1~dioxides were prepared by published methods (see ref. 15 
17). The introduction of the N-methyl leaving groups is described in the experimental section, along with 
the IRE kinetic assay. 
Hlasta, D.J.; Court, J.J.; Desai, R.C. ~e~u~o~~~. 1991,32,7179-7182. 
Su~y~, C; BeIl, M.R. Bioorg. Med. C&em. L&t. 1991, f, 733-736. 
Saari, W.S.; Schwering, J.E. J. He?. C&n. 1986,23,1253-1255. 
Wii, J. C.; Falcone, R.C.; Knee, C.; Stein, R.L.; Strirnpler, A.M.; Reaves, B.; Giles, R.E.; I&II, R.D, 
Am. Rev. Respir. Dis. 1991,144,875-883. 

(Received in USA 10 May 1994; accepted 8 June 1994) 


