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3-CHLORO-4-CARBOXAMIDO-6-ARYLPYRIDAZINES AS A NON-PEPTIDE CLASS OF
INTERLEUKIN-13 CONVERTING ENZYME INHIBITOR

Roland E. Dolle,™" Denton Hoyer,’ James M. Rinker," Tina Morgan Ross,” Stanley J. Schmidt,’
Carla T. Helaszek, and Mark A. Ator®
Sanofi Winthrop Inc., 9 Great Valley Parkway, P. O. Box 3206, Malvern, PA 19426

Abstract: The 3-chloro-4-carboxamido-6-arylpyridazines are a novel class of interleukin-1f converting enz?'me
(ICE) inhibitor . These agents are irreversible inhibitors with pyridazine 23 possessing a kops/[I] = 355 M-Is-1.
A structure-activity relationship for this non-peptide class of compounds and the putative mechanism for
irreversible inactivation are described. © 1997 Elsevier Science Ltd.

Interleukin-1f is a cytokine that elicits a potent inflammatory response in vivo.! The cytokine is produced in
monocytic cells from a biologically inactive precursor by the specific action of interleukin-1p converting enzyme
(ICE).2 Inhibitors of ICE may be regarded as a potential new class of antiinflammatory agent.3 Several
laboratories have described the design, synthesis, and evaluation of inhibitors of this enzyme.3 To date, all of
these inhibitors are peptide-based, with their design driven in part by the enzyme’s unique P, specificity
preference for aspartic acid. The reversible aspartic acid aldehyde inhibitors i and the irreversible aspartic acid o-
substituted methyl ketone inhibitors ii are examples of such peptide classes.3 In this Letter, we describe the 3-

chloro-4-carboxamido-6-arylpyridazines iii as a novel, non-peptide class of ICE inhibitor.
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During the course of screening our proprietary compound collection, we discovered 1 to display inhibitory
activity against ICE with an IC,; = 3 uM. In an attempt to understand the functionality contributing to the activity
of 1 with the aim of incrcasihg the potency of this novel class of agent, a number of analogs were synthesized?
(Table 1). The pyridy] analog 2 is devoid of activity, establishing the importance of the pyridazine ring in 1 for
enzyme affinity. Likewise, the significance of the chlorine atom in 1 was confirmed when this group was
replaced with either -H, -OMe or -SMe. Each of the analogs 3-5 (R' substituent, Table 1) are inactive against the
enzyme.

These data, in conjunction with the known propensity of the 3-halopyridazines to suffer nucleophilic
substitution,?b:5 led to speculation that 1 may be an irreversible inhibitor of ICE. Indeed, pyridazine 1 displays
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time-dependent inactivation with a k,/[I] = 70 M's’ (Table 1). The mechanism of ICE inactivation is
hypothesized to involve direct alkylation of the enzyme’s active site cysteine (thiol) by displacement of halogen
(Figure 1).6

Modification of the 4-carboxamide (R’ substituent, Table 1) to yield the ester 8 or the cyano analog 9
resulted in inhibitors with attenuated activity. Secondary amides, possessing either small hydrophobic (11-13)
or hydrophilic groups (14) are as active as the lead compound 1.72 In contrast, tertiary amides (e.g., 10) are
inactive.”® A severe non-bonded interaction would likely exist between the C(5)-proton and the N,N-dialkyl
substituent on the C(4)-amide, disfavoring the formation of enolate iv (Figure 1). This may explain the loss of
binding affinity observed for the tertiary amides as well as for the C(5)-methy] analog 6.

Replacement of the C(6)-pyridyl ring (R* substituent, Table 1) with the non-aromatic chlorine atom leads to
inactivity (analog 7). However, the heterocycle may be replaced with other aryl rings, notably phenyl (15) and
substituted phenyl (16-25). A series of C(6)-phenyl analogs possessing a range of electron-withdrawing and
electron-donating groups (o = -0.27 (4-OMe-Ph; 16) to 1.00 (3-Cl-4-CN-Ph; 24) were synthesized and
evaluated against ICE. An excellent correlation exists between the In IC,, values and the Hammett & constant,$
with the highest activity (lowest IC,,) residing with the pyridazines substituted with the more electron deficient
phenyl rings (Figure 2). This trend in activity may be reconciled in light of the proposed mechanism for
inactivation (Figure 1). Presumably, through an inductive effect of the electron-withdrawing C(6)-aryl
substituent, the electrophilicity of the C(3)-chloro group is enhanced leading to greater reactivity toward the
active site cysteine. On this premise, the highly electron deficient analog 25 was prepared which contains the
3,5-difluoro-4-methylsulfonyl substituted phenyl ring (calcd. 6 = 1.42) at position C(6). This analog possesses
ak,/[I] =355 M''s”", some 5-fold greater than pyridazine 1. Finally, agents 1 and 11-25 are believed to be
selective inhibitors of ICE as no inhibition was observed against cathepsin B and L, calpain I, or a panel of
serine and metalloproteases at a screening concentration of 10 uM.

In summary, a novel non-peptidic class of ICE inhibitor has been described. These 3-chloro-4-
carboxamido-6-arylpyridazines are time-dependent inhibitors, with the mechanism of inactivation believed to be
a consequence of active site thiol alkylation. Potency enhancement in the series is achieved by introducing
electron deficient aryls into the C(6) position of the pyridazine ring. This is exemplified by the 5-fold
improvement in the second order rate constant measured for analog 25. Finally, this class of inhibitor lacks an

aspartic acid residue, which is an essential recognition element found in the peptide-based inhibitors.?

Figure 1. Putative Mechanism of ICE inactivation by the 3-Chloropyridazines.
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Table 1. Substituted Pyridazines and Kinetic Data Against ICE.

R
2
N "
X8 R
R4
1 N Cl CONH, H 4-pyridyl 3 70
2 CH Cl CONH, H 4-pyridyl >250 nd®
3 N H CONH, H 4-pyridyl >250 nd
4 N OMe CONH, H 4-pyridyl >250 nd
5 N SMe CONH, H 4-pyridyl >250 nd
6 N Cl CONH, Me 4-Cl-Ph >250 nd
7 N Ci CONHMe H Cl >250 nd
8 N Cl CO,Et H 4-pyridyl 13 10
9 N Cl CN H 4-pyridyl 110 nd
10 N Cl CONMe, H 4-pyridyl >250 nd
11 N Cl CONHMe H 4-pyridyl 10 25
12 N Cl CONHCH,Ph H 4-pyridyl 4 50
13 N Cl CONHCH,(2,4-Cl,-Ph)y  H 4-pyridyl 2 140
14 N Cl CONHCH,CO,Et H 4-pyridyl 2 nd
15 N Cl CONH, H Ph 57 <5
16 N Cli CONH, H 4-OMe-Ph 66 <5
17 N Cl CONH, H 4-(NHSO,Ph)-Ph 18 nd
18 N Cl CONH, H 4-CF3-Ph 5 40
19 N Cl CONH, H 3-Cl-4-F-Ph 5.5 45
20 N Cl CONH, H 4-Cl-Ph 5 nd
21 N Cl CONH, H 4-Br-Ph 5 nd
22 N Ci CONH, H 4-CN-Ph 15 nd
23 N Cl CONH; H 4-NO,-Ph 0.7 nd
24 N Cl CONH, H 3-Cl-4-CN-Ph 0.5 225
25 N Cl CONH, H 3,5-F-4-(SO,Me)-Ph 0.3 355

3For the kinetic determinations see ref 9. °Standard error: <10%. °nd = not determined
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Figure 2. C(6)-Substituent Hammett Correlation.
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