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Abstract: A series of compounds that utilize the 1,2,5-thiadiazolidin-3-one 1,1 dioxide scaffold was
synthesized and shown to be highly effective inhibitors of recombinant human skin chymase.
© 1999 Elsevier Science Ltd. All rights reserved.

Human chymase (EC 3.4.21.39) is a basic, single polypeptide glycoprotein (M;~30,000) that is stored in
the secretory granules of mast cells in active form.! Chymase is a serine endopeptidase with an extended
binding site. The primary specificity pocket (S1)? is large and hydrophobic, showing a strong preference for
aromatic amino acids.® Furthermore, structural and substrate specificity studies indicate that remote subsite
interactions on either side of the scissile bond are critical determinants of specificity.® Although the precise
physiological function of chymase is not known, the hypothesis has been advanced that chymase may play a
role in blood pressure regulation by forming angiotensin II from angiotensin I via an ACE-independent
pathway.® Chymase has also been shown to activate interstitial collagenase,® and latent interleukin 1B, and to
degrade various components of the extracellular matrix. Thus, low molecular weight inhibitors of chymase are
of potential value in probing and assessing the role of chymase in pathological states, and as potential
therapeutic agents. Synthetic inhibitors of chymase reported thus far include sulfonyl fluorides,® peptidyl
boronic acids,” a-ketoesters'® and difluoromethylene ketones,'! 3-(phenylsulfonyl)-1-phenylimidazolidine-2,4-

dione derivatives'? and others.!®

We have recently described the structure-based design of the 1,2,5-thiadiazolidin-3-one 1,1 dioxide
scaffold (I) and have demonstrated that the heterocyclic platform embodies a motif that renders the platform
capable of binding to the active site of many serine proteases with a (chymo)trypsin-like fold in a predictable
and substrate-like fashion.'* We describe herein the use of this platform in the design of mechanism-based

inhibitors of human skin chymase.
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Materials. Compounds 1-5 were synthesized by reacting 4,5-dibenzyl-2-chloromethyl-1,2,5-thiadiazolidine-3-
one 1,1 dioxide, prepared from (L)Phe-OCH; using synthetic methodology disclosed previously,' with sodium
iodide in dry acetone. Evaporation of the solvent left the crude iodide that was dissolved in methylene chloride
and then reacted with the appropriate carboxylic acid in the presence of DBU. The preparation of compound 2
employed mono #-butyl malonate, followed by deblocking with trifluoroacetic acid. Inhibitors 7-8 and 10-12
were synthesized by reacting the chloromethyl intermediate with the appropriate mercapto compound, followed
by oxidation using oxone'® or magnesium monoperphthalate.'® Compounds 13-16 were readily obtained by
reacting 4,5-dibenzyl-2-chloromethyl-1,2,5-thiadiazolidin-3-one 1,1 dioxide with the appropriate heterocyclic

thiol in the presence of DBU. The crude products were purified using flash chromatography'” and are listed in
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Table 1.

Table 1. Inhibitory Activity of I Toward Chymase and Cathepsin G

Compound* L Kinact/Kg M s1P

Chymase Cathepsin G

1 OOCCH3; 21,800 10,600
2 OOCCH,COOH 45,700 22,700
3 OOCCH,OH 30,460 12,800
4° OOCCHOHCH3; 38,500 12,680
5° OOCCHOHC¢Hs 39,930 12,330
6 SO,CH; 4,600 8,500
7 S0O,CH,COOH 10,800 25,230
8 SO,(CH2),COOH 23,400 17,370
9 SO,C¢Hs 12,460 11,210
10 SO;(0-carboxy)phenyl inactive 350
11 SO, (m-carboxy)phenyl 13,500 20,710
12 SO,(p-carboxy)phenyl 186,000 66,680
13 2-benzoxazolylthio (R, = methyl) 6,250 430
14 2-benzoxazolylthio 5,430 17,130
15 6-amino-2-benzothiazolylthio 14,680 15,740
16 5-phenyl-1,3,4-o0xadiazolyl-2-thio 5,090 490

*P; = R, = benzyl in all cases except compound 13.
bReproducibility: +10%; “mixture of diastereomers.
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Biochemical Studies. The inhibitory activity of compounds 1-16 toward human chymase and leukocyte
cathepsin G (Cat G) was determined using the progress curve method.'*'® A typical progress curve for the
hydrolysis of succinyl-Ala-Ala-Pro-Phe p-nitroanilide by chymase in the presence of inhibitor 12 is shown in
Figure 1. The release of p-nitroaniline was continuously monitored at 410 nm. The second order rate constants
(Kinac'Ki M™' s71) for the inhibition of chymase and Cat G by compounds 1-16 were determined by calculating
kovs/[1], and correcting for the substrate concentration and Michaelis constant.'* The Kina/K; values were

determined in duplicate and are listed in Table 1.

Results and Discussion. The exquisite ability of the 1,2,5-thiadiazolidin-3-one 1,1 dioxide scaffold to bind to
the active site of (chymo)trypsin-like serine proteases in a predictable and substrate-like mode has prompted us
to (a) explore the use of suitably-embellished derivatives of (I) as inhibitors of chymase and related enzymes
and (b) ascertain the utility of the heterocyclic scaffold in designing inhibitors that exhibit high selectivity
toward chymase within a subset of serine proteases having similar substrate specificity, such as Cat G and a-

chymotrypsin (a-CT), by exploiting subtle differences in their S’ subsites.
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Figure 1. Progress curves for the inhibition of human Figure 2. Interaction of compound 3 with a-

chymase by compound 12. Absorbance was recorded at
410 nm for reaction solutions containing human chymase
(3.0 nM), N-succinyl Ala-Ala-Pro-Phe-pNA (1.0 mM),
and the indicated concentrations of inhibitor in 0.45 M
Tris buffer, pH 8.03, containing 1.8 M NaCl, and 2%
DMSO. The temperature was maintained at 25 °C and the
reactions were initiated by the addition of enzyme.

chymotrypsin. A 50-fold excess of inhibitor 3 (6.0 pM)
was incubated with a-chymotrypsin (120 nM) in 0.1 M
Tris buffer containing 0.01 M CaCl,, pH 7.83. Aliquots
were withdrawn at different time intervals, and enzyme
activity was assayed using N-succinyl Ala-Ala-Pro-Phe-
pNA at 25 °C.
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The binding of I to the active site places the P, and R, groups in the S; and S; subsites, respectively, and
orients L toward the S,’ subsites. Thus, based on (a) the known substrate specificity of chymase, namely, its
strong preference for an aromatic residue (P;) at S; and a hydrophobic residue (Pro or proline surrogate) at S,
and (b) the fact that the S,’ subsites of chymase are polar'® (vide infra), a series of compounds having an acidic
or polar group as part of the leaving group (L) with P; = R, = benzyl and various leaving groups (L) was
synthesized, and their in vitro inhibitory activity against chymase and Cat G determined. Based on the X-ray
crystal structures of chymase'® and Cat G, % insights gained from the docking of ecotin to the active site of
human chymase19 and modeling studies, it was envisioned that the polar functionality in an inhibitor might

interact with Arg-143 (located in the S’ subsite of chymase).

The results summarized in Table 1 clearly indicate that the incorporation of appropriate recognition and
reactivity elements into the 1,2,5-thiadiazolidin-3-one 1,1 dioxide scaffold yields compounds that are potent,
time-dependent inhibitors of chymase and Cat G. In general, with the exception of compound 10, inhibitors
with polar leaving groups (2-5, 7-8, 11-12, and 15) are fairly efficient inhibitors of chymase. The high potency
of 12 suggests that the carboxylate group interacts directly with Arg-143. That these compounds are also
effective inhibitors of Cat G is not surprising, since the S’ residue in Cat G is also Arg-143. The ten-fold
selectivity shown by compound 16 suggests that there are subtle differences in the S,’ subsites of chymase and
cathepsin G which can be exploited. Importantly, the range of leaving groups (carboxylates, sulfones,
heterocyclic sulfides) that can be tolerated will greatly facilitate the future design of selective chymase
inhibitors.

In contrast to chymase and Cat G, a-CT was transiently inhibited by compounds 1-16. As illustrated in
Figure 2, initial rapid acylation of the enzyme is followed by rapid regain of enzymatic activity. The reason(s)

for the lower stability of the acyl enzymes derived from a-CT and these compounds is not intuitively obvious.

In conclusion, the results reported herein demonstrate that the motif embodied in the 1,2,5-
thiadiazolidin-3-one 1,1 dioxide platform is ideally-suited for (a) the design of inhibitors of serine proteases in
general, and human chymase in particular and (b) the optimal exploitation of subtle differences in the active site

topography of closely-related serine proteases.

Acknowledgements: This work was generously supported by grants from SPARTA Pharmaceuticals, Inc. and
the National Institutes of Health (HL 57788 and AR 42931 to W.C.G and N.M.S., respectively).



W. C. Groutas et al. / Bioorg. Med. Chem. Lett. 9 (1999) 2199-2204 2203

References and Notes

1.

10.

11,

12.

13.

(a) Caughey, G. H. J. Respir. Crit. Care Med. 1994, 150, S138. (b) Wang, Z.;Walter, M.; Selwood, T.;
Rubin, H.; Schechter, N. M. Biol. Chem. 1998, 379, 167.

Nomenclature: S,,S,,S3,...S, and S,°,S7°,S5,...S,” correspond to the enzyme subsites on either side of
the scissile bond (-P;-P’-). Each subsite accommodates a corresponding amino acid side chain
designated P,,P,Ps,...P, and Py’,P;°,P5’,...P,’ of the substrate or inhibitor. S; is the primary specificity
site.

Schechter, N. M.; Jordan, L. M.; James, M.; Cooperman, B. S.; Wang, Z-M.; Rubin, H. J. Biol. Chem.
1993, 268, 23626.

(a) Sanker, S.; Chandresakharan, U. M.; Milk, D.; Glynias, M. J.; Karnik, S. S.; Husain, A. J. Biol.
Chem. 1997, 272, 2963. (b) Kinoshita, A.; Urata, H.; Bumpus, F. M.; Husain, A. ibid., 1991, 266,
19192,

(a) Wolny, A.; Clozel, J-P.; Rein, J.; Mory, P.; Vogt, P.; Turino, M.; Kiowski, W.; Fischli, W.
Circulation Res. 1991, 80, 219. (b) Liao, Y.; Husain, A. Can. J. Cardiol. 1995, 11 (Suppl F), 13F.

Saarinen, J.; Kalkkinnen, N.; Welgus, H. G.; Kovanen, P. T. J. Biol. Chem. 1994, 269, 18134.
Mizutani, H.; Schechter, N. M.; Lazarus, G. S.; Black, R. A.; Kupper, T. S. J. Exp. Med. 1991, 174, 821

Powers, J. C.; Tanaka, T.; Harper, J. W.; Minematsu, Y.; Barker, L.; Danforth, L.; Crumley, K. V.;
Fraki, J. E.; Schechter, N. M.; Lazarus, G. G.; Nakajima, K.; Nakashino, K.; Neurath, H.; Woodbury, R.
G. Biochemistry 1985, 24, 2048.

Kato, Y.; Kido, H.; Fukusen, N.; Katunuma, N. J. Biochem. 1988, 103, 820.
Bastos, M.; Meiji, N. J.; Abeles, R. H. Proc. Natl. Acad. Sci. U.S.A. 1995, 92, 6738.

(a) Eda, M.; Ashimori, A.; Akahoshi, F.; Yoshimura, T.; Inoue, Y.; Fukaya, C.; Nakajima, M.;
Fukuyama, H.; Imada, T.; Nakamura, N. Bioorg. Med. Chem. Lett. 1998, 8, 913. (b) Eda, M.; Ashimori,
A.; Akahoshi, F.; Yoshimura, 1.; Fukaya, C.; Nakajima, M.; Fukuyama, H.; Imada, T.; Nakamura, N.
ibid. 1998, 8, 919.

Niwata, S.; Fukami, H.; Sumida, M.; Ito, A.; Katutani, S.; Saitoh, M.; Suzuki, K.; Imoto, M.; Shibata,
H;Imajo, S.; Kiso, Y.; Tanaka, T.; Nakazato, H.; Ishihara, T.; Takai, S.; Yamamoto, D.; Shiota, N;
Miyazaki, M.; Okunishi, H.; Kinoshita, A.; Urata, H.; Arakawa, K. J. Med. Chem. 1997, 40, 2156.

Fukami, H.;Okunishi, H.;Miyazaki, M. Curr. Pharm. Des. 1998, 4, 439.



2204

14.

15.

16.

17.

18.

19.

20.

W. C. Groutas et al. / Bicorg. Med. Chem. Lett. 9 (1999) 2199-2204

(a) Groutas, W. C.; Kuang, R.; Venkataraman, R.; Epp, J. B.; Ruan, S.; Prakash, O. Biochemistry 1997,
36, 4739. (b) Groutas, W. C.; Kuang, R.; Ruan, S.; Epp, J. B.; Venkataraman, R.; Truong, T. Bioorg.
Med. Chem. 1998, 6, 661. (c) Kuang, R.; Venkataraman, R.; Ruan, S.; Groutas, W. C. Bioorg. Med.
Chem. Lett. 1998,'8, 539. (d) Kuang, R.; Epp, J. B.; Ruan, S.; Yu, H.; Huang, P.; He, S.; Tu, J.;
Schechter, N. M.; Turbov, J.; Froelich, C. J.; Groutas, W. C. J. Am. Chem. Soc., in press.

Webb, K. S. Tetrahedron Lett. 1994, 35, 3457.

Broughman, P.; Cooper, M. S.; Cummerson, D. A.; Heaney, H.; Thomson, N. Synthesis 1987, 1015.
All compounds were characterized by full spectroscopic data.

Morrison, J. F.; Walsh, C. T. Adv. Enzymol. 1988, 61, 201.

McGrath, M. E.; Mirzadegan, T.; Schmidt, B. F. Biochemistry 1997, 36, 14318.

Hof, P.; Mayr, L.; Huber, R.; Korzus, E.; Potempa, J.; Travis, J.; Powers, J. C.; Bode, W. EMBO J. 1996,
15, 5481.



