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Abstract: The attachment of a phosphate leaving group to the 1,2,5-thiadiazolidin-3-one 1,1 dioxide and
isothiazolidin-3-one 1,1 dioxide scaffolds was found to yield highly potent, time-dependent inhibitors of human
leukocyte elastase (HLE). ® 1998 Elsevier Science Ltd. All rights reserved.

The pathogenesis of a rangs of inflammatory diseases, such as rheumatoid arthritis and osteoarthritis, "
pulmonary emphysema and bronchitis,** psoriasis’ and others,®’ involves the interplay of multiple mediators,
including proteolytic enzymes and pro-inflammatory mediators (IL-8, TNF-a, and LTB,). Although the relative
importance of each individual mediator remains to be determined, the preponderance of evidence leaves no
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doubt as to the damaging effects of proteolytic enzymes on extracellular matrix components.
proteinases elastase (HLE), proteinase 3 (PR 3), and cathepsin G (Cat G) appear to play a pivotal role in
inflammatory disease and, consequently, have been the focus of extensive studies aimed at modulating their
activity and reestablishing a proteinase/antiproteinase balance.!! We describe herein the use of a series of
phosphate derivatives that utilize the 1,2,5-thiadiazolidin-3-one 1,1 dioxide (I) and isothiazolidin-3-one 1,1
dioxide (II) scaffolds in inhibiting HLE, Cat G and PR 3.'*"
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Scheme 1. Inhibitor structures and synthesis
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Materials. A series of phosphate derivatives was synthesized by stirring (S)-4-isobutyl-5-benzyl-2-
chloromethyl-1,2, 5-thiadiazolidin-3-one 1,1 dioxide® or (S)-4-isobutyl-5-methyl-2-chloromethyl-1,2, 5-
thiadiazolidin-3-one 1,1 dioxide with sodium iodide in dry acetone at room temperature overnight. The solvent
was removed and the residue was then dissolved in dry methylene chloride and treated with the appropriate
phosphate HOPO(OR), in the presence of 1,8-diazabicyclco[5.4.0Jundec-7-ene (DBU). The reaction mixture
was stirred at room temperature overnight. The crude products were isolated and purified using flash
chromatography '* Compounds 6 and 7 were prepared by reacting (DL)4-isobutyl-2-bromomethyl-
isothiazolidin-3-one 1,1 dioxide with di-n-butyl phosphate in the presence of DBU. The synthesized compounds

are listed in Table 1.

Biochemical Studies. Compcunds 1-7 were evaluated for their inhibitory activity toward HLE using the
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progress curve method.'>"* The apparent second-order inactivation rate constants (kise/Ki M
determined in duplicate and are listed in Table 1. A typical progress curve for the hydrolysis of MeOSuc-Ala-

Ala-Pro-Val-pNA by HLE in the presence of inhibitor 1 is shown in Figure 1. The release of p-nitroaniline was
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continuously monitored at 410 nm. The pseudo first-order rate constants, ke, for the inhibition of HLE by
compounds 1-7 as a function of time were determined according to eq 1, where A is the absorbance at 410 nm,
v, is the reaction velocity at t = 0, v, is the final steady-state velocity, ke is the observed first-order rate
constant, and A, is the absorbance at t = 0. Fitting the A ~ t data into eq 1 using nonlinear regression analysis
(SigmaPlot, Jander Scientific) yielded kos. The second-order rate constants (Kinae/Ki M s™) were determined by
calculating kew/[1], and then correcting for the substrate concentration and Michaelis constant using eq 2.

Control curves in the absence of inhibitor were linear.
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A=vit + (V- v)(1-e Yk + A (1)

Kobs/[T] = Kinaet/ {Ki (1 + [SV[Ka])} 2

Molecular Modeling. Modeling studies of the enzyme-inhibitor binding interaction were performed using the
Tripos force field of SYBYL, version 6.1a (Tripos Associates, St. Louis, MO), and a Silicon Graphics INDY
workstation. The HLE active sitz model was generated using the coordinates of HLE-Turkey Ovomucoid

Inhibitor (TOMI) complex.'®

Results and Discussion. We have recently described the design and use of two novel and general classes of
mechanism-based inhibitors of scrine proteinases derived from the nonpeptidyl pharmacophores 1,2,5-
thiadiazolidin-3-one 1,1 dioxide (I) and isothiazolidin-3-one 1,1 dioxide (II).'">™ It was furthermore
demonstrated that the heterocyclic scaffolds allow the attachment and optimal spatial orientation of peptidyl and
nonpeptidy! recognition elements, .eading to the exploitation of favorable binding interactions with both the S,
and S, subsites of a target serine proteinase. Earlier studies also suggested that while potency is related to the
pK, of the leaving group, binding interactions involving the leaving group and the S, subsites have a profound
effect on inhibitory potency. Consequently, it was hypothesized that the use of the leaving group as a highly
flexible design element could lead to enhanced binding affinity. Thus, in order to optimize inhibitory potency
and selectivity, a series of inhibitors with phosphates as the leaving group'’ were synthesized and their

interaction with HLE was investigated.

Table 1. Inhibitory activity of I and II toward HLE

Compd® Structure X R Kinae / Ki® M7 g7
1 NCH,C;sHs methyl 430,000
2 R, NCH; n-butyl 2,700,000
3 R NCH,CsHs n-butyl 2,500,000
4 X__N V()-—T=0 NCH,CsHs benzyl 6,000,000
5 //S\\ OR NCH,CH; phenyl 4,200,000
6 00 CH, n-butyl 82,000
7° CH; benzyl 95,000

*R; = isobutyl; ®Kinaet / K1 values are reproducible to within +10%; ‘racemic.
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Incubation of HLE with any of the phosphate derivatives listed in Table 1 led to rapid and time-dependent
loss of enzymatic activity. It is evident from Table 1 that phosphate derivatives of I are remarkably effective
inhibitors of HLE. The values of the second-order rate constants are some of the highest reported for inhibitors
of HLE, attesting to the inhibitory prowess of these compounds.'® The apparent K;*’s (defined herein as K* =
Krcact/Kinset™, Where keao is the first-order reactivation constant and Kime* is the apparent second-order
inactivation constant, Kinae/Ki) fOr these inhibitors were in the nM to sub nM range'”. The relative potencies of
compounds 1, 3, and 4 reflect the importance of hydrophobic binding interactions involving the S,’ subsites of
HLE and the two R groups in the inhibitors. This trend is congruent with the hydrophobic nature of the S,’
subsites of HLE, as revealed by its X-ray crystal structure.'® As suggested by molecular modeling, the two R
groups in the phosphate moiety can be used as substrate recognition elements P;’ and P,’, respectively. For
instance, the two benzyl groups in inhibitor 4 provide the most favorable binding interaction with the S;” and S,’

subsites, leading to optimal inhibitory activity (Figure 2).

Figure 2. Energy minimized inhibitor 4 docked to the active site of HLE with the
isobutyl group occupying the S, pocket. The N-benzyl group is nestled into the S,
pocket, while the rwo O-benzyl groups extend into the hydrophobic S;’ and Sy’
subsites, respectively.
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As anticipated, inhibitors based on the isothiazolidin-3-one 1,1 dioxide scaffold were also fairly potent
(Table 1, compounds 6 and 7 ), however, their potency was considerably lower due to the lack of a P, residue.

The P,-S, lipophilic interaction is highly significant in HLE (as well as Cat G and PR 3)."

A representative member of this class (compound 4) was used to probe the enzyme selectivity of the
inhibitors. Compound 4 was a fairly efficient inhibitor of PR 3 (k,,./K; 89,120 M s) and a poor inhibitor of
Cat G (k;,./K, 120 M 57). These results are consistent with the known substrate specificities of the three
enzymes'® and, in the case of Cat G, its narrow S, subsite and the more hydrophilic nature of the S,” and S,’
subsites.”’ As shown previously," the primary specificity for a target serine proteinase is dictated by the nature

of the R, group in I and I1.

In summary, phosphate derivatives based on the 1,2,5-thiadiazolidin-3-one 1,1 dioxide and isothiazolidin-
3-one 1,1 dioxide scaffolds have been shown to be highly potent inhibitors of HLE, providing cogent validation
of the hypothesis that the nature of the leaving group in this series of compounds can serve as a flexible design
element for optimizing inhibitory potency. The highly predictable binding interaction of these inhibitors with
their target enzymes provides further assurance regarding the effectiveness of the structure-based approach used
in the design of the two heterocyclic templates and the development of highly effective mechanism-based

inhibitors of serine proteinases.

Acknowledgements: Financial support of this work by SPARTA Pharmaceuticals, Inc. and the National
Institutes of Health (HL 57788) is gratefully acknowledged.

References and Notes

1. Barrett, A. J. Agents Actions 1994, 43, 194.

2. Matrisian, L. M. Bioessays 1992, 14, 455.

3. Crystal, R. J. J Clin Invest. 1990, 85, 1343.

4. Travis, J.; Pike, R.; Inamura, T.; Potempa, J. Am. J. Respir. Crit. Care Med. 1994, 150, S123.

5. Wiedow, O.; Wiese, F.; Christophers, E. Arch. Dermatol. Res. 1995, 287, 632.

6. Yang, B. C.; Williams, J. C.; Mehta, J. L. J. Cardiovasc. Pharmacol. Therapeut.1996, 1, 31.

7. Birrer, R.; McElvaney, N. G.; Rudeberg, A.; Sommer, C. W.; Liechti-Gallati, S.; Kraemer, R.; Hubbard, R.;
Crystal, R. G. Am. J. Respir. Crit. Care Med. 1994, 150, 207.

8. Janusz, M. J.; Doherty, N. S. .J. Immunol. 1991, 146, 3922.

9. Abrahamson, D. R.; Irvin, M. H.; Blackburn, W. D.; Heck, L. W. Am. J. Pathol. 1990, 136, 1267.

10. Okada, Y.; Nakanishi, Y. FEBS Lett. 1989, 249, 353.



544

18.
19.
20.

. Groutas, W. C.; Kuang, R.; Venkataraman, R.; Epp, J. B,; Ruan, S.; Prakash, O. Biochemistry 1997, 36

R. Kuang et al. / Bioorg. Med. Chem. Lett. 8 (1998) 539-544

. Snider, G. L. Drug Dev. Res. 1987, 10, 235.

s

4739 and references cited therein.

. Groutas, W. C.; Chong, L. $.; Venkataraman, R. Biochem. Biophys. Res.Comm. 1993, 197, 730.
. All new compounds were ctaracterized by full spectroscopic data.

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

. Bode, W.; Wei, A-Z.; Huber, R.; Meyer, E. F.; Travis, J.; Neumann, S. FMBO J. 1986, 5, 2453.

-(a) For the first use of the phosphonate leaving group in saccharin-based inhibitors of HLE, see Desai, R.

C.; Court, J. C_; Ferguson, E.; Gordon, R. I.; Hlasta, D. J. J. Med. Chem. 1995, 38, 1571, (b) Court, J. J;
Desai, R. J., USA Patent 5,541,168, July 30, 1996 (CA: 125:143004).

Edwards, P. D.; Bernstein, P. R. Med. Res. Revs. 1994, 14, 127.

Bode, W ; Meyer, E. F.; Powers, J. C. Biochemistry 1989, 28, 1951.

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



