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Abstract: Exploration of the indole nitrogen region of Zafirlukast (1) has uncovered a potent series of cysteinyl
leukotriene D4 (LTD,) antagonists. These studies showed that a variety of functionality could be incorporated
in this region of the molecule without sacrificing potency. Efforts to exploit this site in order to improve oral
efficacy are discussed. © 1998 Elsevier Science Ltd. All rights reserved.

The cysteinyl leukotrienes (LTCs4, LTDs, LTE,) have been shown to be potent mediators of
bronchoconstriction and increased vascular permeability, making them attractive targets for therapeutic
intervention in the treatment of asthma."? The role that leukotriene Dy plays in the pathogenesis of asthma has
been validated recently by the success of a number of orally active leukotriene Dy antagonists in clinical trials,
including Montelukast,3'5 Pranlukast®’ and Zafirlukast (1).8'lO Herein, we describe our efforts toward the

discovery of a potent series of leukotriene Dy4 antagonists.
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Our strategy involved expanding the known SAR of the aryl sulfonamide class of leukotriene D4 antagonists
exemplified by Zafirlukast (1). Several reports have shown that a variety of functionality appended to the indole

nitrogen maintained potent in vitro eyctivity.“'13

Early on in our efforts, the difluoromethyl analog 2 was
prepared and displayed potency equivalent to 1 in vitro in both a receptor binding assay,' as well as an LTD,-
dependent Ca®* mobilization assay'S (see Table 1). However, under simulated physiological conditions,
hydrolysis of 2 to formamide 3 was observed.' Interestingly, 3 was shown to be potent in vitro and exhibited
outstanding activity following oral administration in a guinea pig model of allergic airway obstruction."’
However, 3 was found to be rather unstable, readily converting to the unsubstituted indole analog 4 in rat,
monkey and human plasma (13-36% after 1 hour).

Encouraged by the efficacy of the N-formyl analog 3, a series of N-carbamoyl substituted analogs (i.e., 5)

were prepared in an attempt to improve chemical stability.
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Two general procedures were used to incorporate the carbamoyl functionality (see Scheme 1). Treatment of

the 5-nitroindole intermediate 6'' with isocyanates in the presence of DMAP gave indoles 8 in good yield.
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Alternatively, treatment of 6 with phosgene to generate indolyl chloride 9 followed by addition of primary or
secondary amines provided N-carbamoyl compounds 8. The N-formamide intermediate 8h was prepared by
treating indole 6 with chlorosulfonylisocyanate followed by aqueous NaOH. Conversion of 8a-h to the aryl
sulfonamides S5a-h was carried out in a manner analogous to methods reported in the literature,"!

Scheme 1°
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? (a) NaH, DMF, CHCIFx, 5 min; (b) see ref 11; (c) RNCO, DMAP, CHxCl,; (d) CISO,NCO, CH,Cl,, 5 days;
2 N NaOH, acetone; (¢) phosgene (1.9 M in toluene), NEt;, CH,Cly; (f) R{R;NH, CH,Cl,

In general, this series of analogs are potent LTD4 antagonists (see Table 1). For example, 5g is fourfold more
potent than 1 in the ’H-LTD, binding assay and displays a tenfold improvement in functional activity (Ca?*
mobilization). Excellent in vitro potency was maintained in this series with a diverse array of substituents
appended to the indole nitrogen. Brown et al.'> have previously reported that attachment of a propionamide
moiety to the indole nitrogen in a closely related chemical series gave enhanced in vitro potency. They

proposed that this functionality may be directly interacting with the receptor by mimicking the C-1 carboxylic
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acid of LTD4. Regardless of how the indole nitrogen substituents improve receptor binding relative to 1, we
attempted to exploit this area of the molecule to enhance in vivo activity.

While achieving greater in vitro potency relative to Zafirlukast (1) was accomplished, improving efficacy in
vivo was much more challenging. For example, the N-formamide analog Sh was approximately fourfold more
potent than 1 in vitro.

administered orally in the guinea pig efficacy model (see Table 1).

Table 1

M. F. Brown et al. / Bioorg. Med. Chem. Lett. 8 (1998) 2451-2456

However, Sh was shown to be approximately twofold less potent than 1 when
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Compound R *H-LTD,4 Ca™ Guinea pig
Binding Mobilization  efficacy model
I1Cs0 (nM) ICsp(nM) oral EDsp
(mgkg)
1 -CH; (Zafirlukast) 2 1 0.9 (2h)
2 -CHF, 1 04 58% inh. @
Img/kg(2 h)
3 -CHO 1 0.6 0.84 (1h)
4 -H 1 2 40% inh. @ 1
mg/kg (1 h)
Sa -CONMe; 0.4 1 39% @ 1
mg/kg (1 h)
Sb -CONEt, 0.5 0.8 1.2 (1 h)
5c¢ -CONH(CH,);Ph 0.5 0.1 1.6 (1 h)
5d -CON(CHj3)(Ph) 04 0.2 1.1 (2h)
Se -CON(Ph), 2.0 0.4 1.1(2h)
Sf -CO(morpholino) 04 2 8% @ 1 mg/kg
2h)
5¢g -CONH(CH;);N(CH3)> 0.5 0.1 34% @ 1
mg/kg (1 h)
5h -CONH; 0.5 0.3 1.6 (1 h)
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Pharmacokinetic studies were conducted with representative compounds to gain insight into the lack of
improved in vivo efficacy. For example, after oral administration of 5h to monkeys, no drug could be detected in the
circulation. Low to moderate clearance of several of these analogs was observed following intravenous
administration suggesting that absorption may be the limiting factor for this series. Follow-up studies in portal-vein
cannulated dogs involving oral administration of analogs in PEG400 solutions confirmed this hypothesis as low
portal and systemic plasma drug concentrations were detected. Attempts to enhance absorption by preparing analogs
with improved aqueous solubility were not successful.'®
In conclusion, a potent series of leukotriene D, receptor antagonists is described. While efforts to identify a

compound with an acceptable pharmacokinetic profile were not successful, further exploration of indole N-

substitution could potentially identify such an agent.

References and Notes

1. Pauwels, R. A.; Joos, G. F.; Kips, J. C. Allergy 1995, 50, 615.

2. Spector, S. L. Annals of Allergy, Asthma and Immunology 1995, 75, 463.

3. Labelle, M,; Belley, M.; Gareau, Y.; Gauthier, J. Y.; Guay, D.; Gordon, R.; Grossman, S. G.; Jones, T. R.;
Leblanc, Y.; McAuliffe, M.; McFarlane, C.; Masson, P.; Metters, K. M.; Ouimet, N.; Patrick, D. H.;
Piechuta, H.; Rochette, C.; Sawyer, N.; Xiang, Y. B.; Pickett, C. B.; Ford-Hutchinson, A. W.; Zamboni, R.
J.; Young, R. N. Bioorg. Med. Chem. Lett. 1995, 5, 283.

4. Schoors, D. F.; DeSmet, M.; Reiss, T.; Margolskee, D.; Cheng, H.; Larson, P.; Amin, R.; Somers, G. British
J. Clin. Pharm. 1995, 40, 277.

5. Cheng, H.; Leff, J. A.;; Amin, R;; Gertz, B. J.; De Smet, M.; Noonan, N.; Rogers, J. D.; Malbecq, W.;
Meisner, D.; Somers, G. Pharm. Res. 1996, 13, 445.

6. Nakagawa, T.; Mizushima, Y.; Ishii, A.; Nambu, F.; Motoishi, M.; Yui, Y.; Shida, T.; Miyamoto, T. Adv.
Prostaglandin Thromboxane Leukot. Res. 1991, 21a, 465.

7. Fujimura, M.; Sakahoto, S.; Kamis, Y.; Matsuda, T. Respiratory Medicine 1993, 87, 133.

8. Findlay, S. R ; Easley, C. B.; Glass, M. P.; Barden, J. M. J. Allergy Clin. Immunol. 1990, 85, (1),

Supplement, 197, Abstract 215.

9. Taylor, I. K.; O’Shaughnessy, K. M.; Fuller, R. W_; Dollery, C. T. Lancet 1991, 337, 690.

10. Hui, K. P.; Barnes, N. C. Lancer 1991, 337, 1062.

11. Matassa, V. G.; Maduskuie Jr. , T. P.; Shapiro, H. S.; Hesp, B.; Snyder, D. W.; Aharony, D.; Krell, R. D.;
Keith, R. A. J. Med. Chem. 1990, 33, 1781.



2456 M. F. Brown et al. / Bioorg. Med. Chem. Lett. 8 (1998) 2451-2456

12. Brown, F. J.; Cronk, L. A.; Aharony, D.; Snyder, D. W. J. Med. Chem. 1992, 35, 2419.

13. Jacobs, R. T.; Brown, F. J.; Cronk, L. A.; Aharony, D.; Buckner, C. K.; Kusner, E. J.; Kirkland, K. M,;
Neilson, K. L. J. Med. Chem. 1993, 36, 394.

14. Young Hartley guinea pigs (3-5 weeks) were used in these studies. For procedure see: Cheng, J. B.; Lang,
D.; Bewtra, A.; Townley, R. G. J. Pharmacol. Exp. Therap. 1985, 232, 80.

15. The [Ca**]i concentration in differentiated human monocytic U-937 cells was assessed using a the ca®
florescence probe, fura-2/AM according to a previous method, see: Winkler, J. D.; Sarau, H. M.; Foley, J.
I.; Crooke, S. T. J. Pharmacol. Exp. Therap. 1988, 247, 54.

16. 2 was found to degrade to 3 (10%) and 4 (4%} after 1 hour in simulated gastric fluid.

17. Watson, J. W.; Conklyn, M.; Showell, H. J. Am. Rev. Respir. Dis. 1990, 142, 1093.

18. In a structurally related series, intraduodenal administration of the water soluble meglumine salt of 11 to

monkeys resulted in poor systemic exposure, again suggesting poor absorption.

NMe,
(o) E Eg
O\O)LN N OMe
H
H
11 \GYN‘SO{Q

o Me



