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A General Inhibitor Scaffold for Serine Proteases
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Serine proteases are involved in various physiological as well o - HLE
as pathological processes and, thus, are important therapeutic 400N
targets. Proteolysis by serine proteases is a highly specific process @.u‘} Ny 00 ]]
which involves bothsequentialand conformationalrecognition a | 0 .g
of protein/peptide substrates. Current approaches to the desigr 0 a O "u -
of specific inhibitors of serine proteases focus on the exploitation impping i, L i ﬂ E 5 ﬂ 0g gt
of substrate sequential specificity of target proteases, while Mizod Py 5 a
conformational recognition has rarely been integrated into the Eelocied L i, E
design procesSRigid inhibitor scaffolds resulting from integrated Wiy i =
sequential and conformational design not only can provide highly MRl PR
specific inhibitors of target proteases but also can serve as an
excellent model system for addressing fundamental issues relatec i3 e
to protease-substrate recognition. l::._.l.-.'_'Fu
As part of an ongoing project related to the design of inhibitors Ms sopop | O Chymase
of neutrophil-derived serine proteases involved in a range of T ke
inflammatory diseaseswe have recently described the structure- P o T ——
based design of the 1,2,5-thiadiazolidin-3-one 1,1 dioxide scaffold
(I'in Scheme 1) for the mechanism-based inhibition of serine . _m_ M 30000
. . N Ry -
proteased. The design process began with the X-ray crystal A
structure of the human leukocyte elastase-turkey ovomucoid oo _(\L_-:) 000
inhibitor (HLE-TOMI) complex? With the R backbone locked il
with a sulfamide linkage, the central segment of the substrate Mapping L
recognition loop (P—P')® was able to be conformationally frozen Mixed 1Yy & =
in the rigid five-membered ring scaffold. As suggested by many Fixed R e @
crystallographic studies of protein inhibiteprotease complexes, R
the active backbone conformation of substrate recognition loop PRCHACG
P;—P;' is conserved among most chymotrypsin-like serine pro- L
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s NSyv )
(1’\;(')_{&%??6;? Bh'\éeéfétgté\?ﬁdgaﬁggogés_ Re 1994 14 (2), 127 benzaldehyde), and selected L: ClI, sulfopeckloro)benzenesulfonyl),

194, For an elegant example of integrated sequential and conformational designand sulfonamide (MeSfN(COOCH); (b) each R sublibrary is derived
that has emerged from the area of HIV protease inhibition, where the sequentialfrom a single aldehyde, mixed racemic amino acids and selected L; (c)
recognition elements ¢P-P,") were spatially presented on a rigid cyclic urea _each L sublibrary is derived fromp-anisaldehyde (8, mixed racemic

that mimics the substrate conformation, see Lam, P. Y. S.; Jadhav, P. K.; . . . X .
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S (E‘?AE%dﬁ”l‘é’ggvge'z’f\sfé‘;'é‘ébe” R.; Meyer, E. F.; Travis, J.; Neumann,  \\e wish to describe herein the results of in vitro biochemical
5)S S S ..Sand S, S/, S, ...S/ correspond to the enzyme subsites studies, which demonstrate the generality of the aforementioned

on either side of the scissile bond. Each subsite accommodates a correspondinfieterocyclic scaffoldl{ for the design of specific inhibitors of a
amino acid side chain designated P, P;, ...R,and R', P,, Py, ...R/ of the

teases; consequently, inhibitor scaffold)is expected to be a
general template capable of affording specific inhibitors of a wide
range of serine proteases by appending the corresponding recogni-
tion elements (P-P,') spatially at the three positions(AR,, L)

of the cyclic template.
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Table 1. Selectivity of Inhibitors (I) Against a Panel of Serine Proteases

kinacIKi M-ist

compoundd neutral basic acidic
no. R R, PR-2 HLEP Cat@ chymase  a-CT trypsin tryptase plasmin granz B

1 n-propyl methyl 1830 780 fa na na na na na na
2 n-propyl benzyl 4960 7260 130 60 na na na na na
3 isobutyl methyl 2250 9490 na na na na na na na
4 isobutyl benzyl 5200 95200 110 na na na na na na
5 benzyl benzyl na na 11200 12500 800 na na na na
6 (CHg)aNH; methyl na na na na na 13500 6380 850 na
7 (CHz)aNH; benzyl na na na na na 30700 12900 1310 na
8 CH,COH benzyl na na na na na na na na 460

2L = phenylsulfonyl.’ Reference 2¢ No activity. A compound was classified as being inactive when it gave less than 50% inhibition following
incubation with an inhibitor-to-enzyme ratio of 250k,,d[I] M ~* s7* determined by the incubation methddod[I] M ~* s7* determined by the
progress curve method.

Scheme 1 Scheme 2
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P P ' B individual inhibitors and libraries were chosen on the basis of
Serine a8~ X Enz . e
protease 0o the known primary substrate specificities of HLE (Val, Léu),

RZ/N\S/Nj 2 A HisY

W 'g\i\z’ Cat G (Phef,and human chymase (Phe, Tyr, L(ide infra).

by inhibitor NH All steps proceeded in high yield, and each library, consisting of
three pairs of racemic components, hag 8% purity.

Each library was assayed against HLE, Cat G, and chymase
panel of serine proteases with widely differing specificities using the progress curve methbd° The apparent second-order
(neutral, basic, acidic), as well as the development of a combi- rate constant&na./Ki (M~* s71) serve as an index of inhibitory
natorial approach for the rapid establishment of the inhibitory potency and are summarized in Figure 1. As suggested by the
profile of this template. data, all three enzymes prefer the sameghoup -MeOPh-

According to the design rationale, the nature of thed3idue, CH_-). However, there are substantial differences in their tolerance
accommodated at the primary specificity siteoBa target serine of leaving group L (Figure 1c), which implies that the¢ &nd
protease, determines which type of protease will be inhibited. This S;' subsites are more valuable secondary subsites for optimizing
is indeed the case as suggested by the data in Table 1. Forselectivity than the Ssubsite. Indeed, the presence of an Arg-
instance, compounds with a basicdPoup (compounds 6 and 7) 143 residue in the Ssubsite of chymase, as opposed to a Leu-
are fairly effective inhibitors of trypsin, tryptase, and plasmin. 143 residue in the Ssubsite of-chymotrypsin, led to the design
Likewise, an acidic Presidue leads to inhibition of granzyme B of compound9 (I, P, = R, = benzyl, L = (p-carboxyphenyl)-
only, while a medium size alkyl or aromatig FResidue gives rise  sulfonyl), which was found to be a highly efficient inhibitor of
to inhibitors of proteinase 3 (PR 3) and human leukocyte elastaserecombinant chymase (kina./Ki =186 000 Mt s71) but was
(HLE), and chymase and-chymotrypsin, respectively, in ac-  devoid of any inhibitory activity toward.-chymotrypsin.
cordance with the known substrate specificity of each enzyme. In conclusion, the results presented herein demonstrate that the
Thus,absolutespecificity between neutral, basic, and acidic serine 1,2,5-thiadiazolidin-3-one 1,1 dioxide platform embodies a general
proteases can be achieved by choosing an appropriagsigue. motif that renders the platform capable of binding to the active
Most importantly, the heterocyclic platform docks to the active site of many serine proteases with a (chymo)trypsin-like fold in
site of these serine proteases in a predictable fashion, namelya predictable fashion and is amenable to the facile construction
with the R residue accommodated at the primary specificity site of libraries for lead identification and optimization.

(S) and the R and L groups oriented toward the &nd &
subsites, respectively.

After establishing the generality of the 1,2,5-thiadiazolidin-3-
one 1,1 dioxide scaffold, we then pursued a library approach to
rapidly obtain the inhibitory profile of this template, with emphasis JA990160E
on the exploitation of secondary recognition elemenisRP and (7) Stein, R. L.; Strimpler, A. M.; Mori, H.; Powers, J. Biochemistry
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of serine proteases wiiimilar substrate specificity (for example, 19%)- Hof. P Mayr, L Huber, R.; Korzus, E. Potempa, J.; Travis, J.; Powers,
chymase vau-chymotrypsin or cathepsin G (Cat G); PR 3 Vs ¢ Bode, WEMBO 1 1996 15, 5481. (b) Tanaka, T.; Minematsu, Y.;
HLE; trypsin vs tryptase, etc.). Thus, as a first step toward this Reilly, C. F.; Travis, J.; Powers, J. ®iochemistry1985 24, 2040.

i i i i (9) Sanker, S.; Chandrasekharan, U. M.; Wilk, D.; Glynias, M. J.; Karnik,
?k?a"_the solution p(;‘ase CQ”S”S“C:]“’” sza S.?q“g.s of .Smaln biasedg % Pl iSain. A3, Biol. Chem 1997 272 2963, (b) Kinoshita, A.- Urata,
Ibraries was carried out using scneme WIt |Vers|ty elements H.; Bumpus, F. M.; Husain, Aibid. 1991, 266, 19192. (C) McGrath, M. E.:

derived from three racemic amino acids (Ala, Leu, and Phe) as Mirzadegan, T.; Schmidt, B. BBiochemistry1997, 36, 14318. (d) Bastos,

i _ M.; Maeji, N. J.; Abeles, R. HProc. Natl. Acad. Sci. U.S.A995 92, 6738.
Py, rt1hree ?)Idehygesh Ejplvaf\laldehydp,methoxyf/tlaen;aldehyde, (10) Morrison, J. F.; Walsh, C. TAdv. Enzymal 1988 61, 201.
m-phenoxybenzaldehyde) for,Rand a range of leaving groups (11) Wang, Z.; Walter, M.; Selwood, T.; Rubin, H.; Schechter, N Bil.
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