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Abstract: Cyclic aryl hydroxamic acids 11 were prepared and found to be significantly less potent in inhibiting
S-lipoxygenase than their acyclic analogs 8. This finding provides support to the hypothesis that hydroxamic
acids may be inhibiting 5-L.O by a mechanism other than simple iron (111) binding.

5-Lipoxygenase (5-LO) is an iron-containing enzyme? responsible for the conversion of arachidonic acid,
1, to 5-hydroperoxyeicosotetraenoic acid (3-HPETE), 2, a key step in the synthesis of biologically active
leukotienes LTA4, LTB4, LTC4 and LTD4. The role of leukotrienes as potential mediators in disease3 has
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prompted efforts to regulate their biosynthesis* with considerable effort focusing on the development of 5-LO
inhibitors. Several groups have recognized that iron (ITI) binding ligands, in particular, hydroxamic acids> may
have the ability to inhibit 5-LO and have subsequently realized the successful development of potent lipophilic
enzyme inhibitors with diverse structures based on this hypothesis.6 Despite its rational appeal, we have been
unable to extend this approach to the development of similarily lipophilic 8-hydroxyquinolines as 5-L.O inhibitors.
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Thus, 8-hydroxyquinolines 3 and 479 exhibited no significant inhibition of 5-LO.10 The inability of 3and 4 to
inhibit 5-LO was surprising since both 8-hydroxyquinolines and hydroxamic acids are known to be effective
chelators of iron (I).! In order to gain insight into the mechanistic nature by which hydroxamic acids act to
inhibit 5-LO, previously disclosed hydroxamic acids 86P and their cyclic analogs 11 were prepared. Anticipating
an iron chelation mechanism of inhibition, we expected that cyclic aryl hydroxamic acids 11 would be more
potent inhibitors of 5-1.O than their acyclic analogs 8 due to the restricted syn geometry of the metal chelating
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functionality,

The syntheses of 8 and 11 are shown in Scheme 1. The yields indicated are for the example where
R= -(CHp)4Ph. Thus, DCC coupling of acid 5b122 with THP-hydroxylamine!2P gave amide 6b in quantitative
yield. Clean N-alkylation of the sodium salt of 6b with iodomethane in toluene® followed by removal of the
THP-group!3 afforded acyclic ary! hydroxamic acid 8b.14 The analogous cyclic aryl hydroxamic acids were
prepared by ortho metalation!3 of 6b (n-BuLi, 2.2 eq, THF, 0 to 25°, 15 min) followed by low temperature
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a. DCC, HOBT (1.2 eq) HoNOTHP (2 eq)/CH,Cly, 25°; b. NaH (1 eq/oluene then CHal, 110°;
¢. PPTS (1.1 eq)/ aqg MeOH, 65°; d nBuli (2.2 eq)/THF, 0 to 25°, 15 min then ethylene oxide
(1.1 eq), -78° followed by BF; OFt, (1.1 eq); e NaH/benzene, TsCl, 25°.

quenching of the resulting dianion with ethylene oxide/boron trifluoride etherate!6 to give carbinol 9b.
Cyclization of 9b was accomplished with excess sodium hydride/p-toluenesulfonyl chloride in benzene to afford
10b. A minor amount (~15%) of the product resulting from cyclization on oxygen was also obtained. The
products from N vs. O cyclization were distinguishable on the basis of their |H NMR spectra (CDCl3) which
exhibited characteristic resonances at 83.92 (t, J =6, 2H, -CHaN-) and 84.36 (1. J =6, 2H, -CHy0-),
respectively. Uneventful PPTS deprotection!? of 10b gave desired crystalline cyclic hydroxamic acid 11b.17
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The results of in vitro evaluation of 8 and 11 are shown in Table 1. Surprisingly, cyclic hydroxamic

acids 11 were significantly less active than their acyclic analogs 8 in both a whole cell18 and cell-free enzyme!?
assay. This finding, in addition to the inability of 8-hydroxyquinolines to inhibit 5-LO suggests that it may be

Table 1: In Vitro Blological Evaluation of Hydroxamic Acids'®'®
Hydroxamic Acid Moﬁ?: xzcmhage ﬁgi{é‘; :o'(ﬁw )
8a 7.0 9.0
11a >100 82
8b 0.043 0.040
11b 3.0 0.29

necessary to re-examine the hypothesis that hydroxamic acid inhibitors of 5-LO act by a primary mechanism
involving simple binding to an active site iron,20

Acknowledgement: We thank the Bristol-Myers Squibb Analytical Research Department for assistance in
obtaining spectral data and Drs. S. A. Biller and D. S. Karanewsky for helpful discussions.

Notes and References

1. Present address: Schering-Plough Corporation, Pharmaceutical Research Division, Bloomfield NJ 07003.

2. Goetze, A. M.; Fayer, L.; Bouska, J.; Bornemeier, D.; Carter, G. W. Prostaglandins, 1985, 29, 689.

oo

. Shaw, A. ibid., 1990, 25, 61.

acop

Samuelsson, B. Science, 1983, 220, 568.
. The Leukotrienes: Their Biological Significance ; Piper, P. J., Ed; Raven Press: NY. 1986.
. Review: Masamune, H.; Melvin, L. 8, Jr. Ann. Rep. Med. Chem. 1989, 24, 71.

. Cashman, J. R. Pharmaceutical Res. 1985, 252.
. Gleason, J. G.; Perchonock, C. D.; Torphy, T. J. Ann. Rep. Med. Chem., 1986, 21, 73.

. Pfister, J. R.; Emest, M. J. in Handbook of Eicosanoids: Prostaglandins and Related Lipids ;

Willis, A. J., Ed.; CRC Press: Boca Raton, Florida, 1989: Vol 2, pp. 135-163.

5. "Chemistry and Biology of Hydroxamic Acids", H. Kehl, Ed., Karger, Basel, 1982.

6. a. Corey, E. J.; Cashman, J. R; Kantner, S$.S.; Wright, S. W. J. Am. Chem. Soc., 1984, 106, 1503.
b. Karanewsky, D. S.; Haslanger, M. F. US Patent 4, 607, 053.
¢. Kerdesky, F. A. J.; Holms, J. H.; Schmidt, S. P.; Dyer, R. D; Carter, G. W. Tewrahedron Lert. 1985,

26,2143,

d. Jackson, W. P.; Islip, P. I; Kneen, G.; Pugh, A.; Wates, P. J. J. Med. Chem. 1988, 31, 499.

e. Summers, 1. B.; Gunn, B, P,; Martin, J. G.; Martin, M. B.; Mazdiyasni, H.; Stewart, A. O_; Young, P.
R.; Bouska, J. B.; Goetze, A. M.; Dyer, R. D.; Brooks, D. W; Carter, G. W. ibid. 1988,
31, 1960 and references cited therein.

7. Prepared from 4-methyl-8-hydroxyquinoline8 by benzylic deprotonation followed by alkylation (LDA, 2
eq/THF. 0°, 24 h then excess RBr, -78 to 25°) in 40-50% yield: 3, mp 67-68° (MeOH); 4, mp 100-102°

(pet ether).

291



298

10.
11.
12.

13.

14.

15.

16.
17:

18.

19.

20.

R. N. MisrA et al.

Phillips, I.; Elbinger, R. L.; Merritt, L. L., Jr. J. Am. Chem. Soc., 1949, 71, 3986.

New compounds exhibited spectral data (IR, MS, H and/or 13C NMR) consistent with proposed structures.
Evaluated to 15 uM for inhibition of L'TC4 synthesis in mouse peritoneal macrophages.
Critical Stability Constants, Martell, A. E.; Smith, R. M., Eds.; Plenum Press: NY, 1982: Vol 3, 5.

a. Prepared in 3 steps by reaction of the ylide of (4-phenylpropyl)triphenylphosphonium bromide, 1.25 eq
(generated in situ with KO-t-amylate, 1.1 eq, THF, 0°, 45 min) with commercially-available methyl-4-
formylbenzoate (1.0 eq, THF, 0 to 10°, 60 h) followed by hydrogenation (5% Pd-C, MeOH) and then
saponification (NaOH/aq MeOH/THF, reflux) in 68% overall yield.

b. Warrener, R. N.; Cain, E. N. Angew. Chem. Int. Ed. Eng., 1966, 5, 511.

Miyashita, M.; Yoshikoshi, A.; Grieco, P. A. J. Org. Chem., 1977, 42, 3772.

Physical data for 8a: oil; IR (film) 3.16, 3.42, 6.23, 6.37 p; 270 MHz 1H NMR (CDCl3) & 3.31 (s, 3H),
7.30 (m, 5H), 8.6 (br s, 1H). Physical data for 8b: white crystals (EtOAc/hexane), mp 77-78° IR (KBr)
3.18, 3.27, 5.65 u; 270 MHz 1H NMR (CDCl3) § 1.68 (m, 4H), 2.65 (m, 4H), 3.38 (s, 3H), 7.20

(m, 7TH), 7.43 (d, J =8, 2H), 8.8 (br s, 1H); MS(CI): 284 (M+H)*.

a. Review: Beak, P.; Snieckus, V. Acc. Chem. Res. 1982, 15, 306.
b. Review: Gschwend, H. W.; Rodriguez, H. R. Org Reactions 1979, 26, 1.

Eis, M. 1.; Wrobel, J. E.; Ganem, B. J. Am. Chem. Soc. 1984, 106, 3693.

Physical data for 11a: white crystals (EtOAc/pet ether), mp 95-96°; IR (KBr) 2.91, 3.43 (broad), 6.05,
6.35, 6.74, 6.94, 7.49 u; 270 MHz 'H NMR (CDCl3) 6 3.20 (t, / =7, 2H), 3.92 (1, J =7, 2H), 7.21

(d,J =7, 1H),7.34 (dd, J =88, 1H), 7.45 (dd, J =7,7, 1H), 8.06 (d,J =6, IH); MS(CI): 164 (M+H)*;
TLC: Ry(silica gel, 1:19 MeOH/CH,Cly) = 0.31, UV. Physical data for 11b: white powder (EtOAc/pet
ether), mp 82-83°% IR (KBr) 2.92, 3.26 (broad), 6.07, 6.15, 6.20, 6.37, 6.74, 6.88, 7.50 u; 270 MHz

TH NMR (CDCl3) & 1.66 (m, 4H), 2.64 (m, 4H), 3.14 (t, J =7, 2H), 3.88 (t, J =7, 2H, -CHyN-), 6.98
(s, 1H), 7.10-7.35 (m, 6H), 7.95 (d, / =8, 1H), 8.38 (br s, IH); MS(CD): 296 (M+H)*; TLC: Ry(silica
gel, 1:9 MeOH/CH,Cly) = 0.61, UV.

Mouse macrophage assay used was similar to that described by Scott, W. A.; Pawlowski, N. A.; Murray, H.
W.; Andreach, M.; Cohn, Z. A. J. Exp Med. 1982, 155, 1148. The 14 for NDGA was 1 uM and Corey's
5-LO inhibitor 562 was 0.16 uM in this assay.

Enzyme assay used was similar to that described by Jakschik, B. A.; Lee, L. H. Nature, 1980, 28, 51. The
Isp for NDGA was 0.2 uM and Corey's 5-LO inhibitor 568 was 0.3 uM in this assay.

An alternate mechanism may involve a redox-associated process which is likely occurring with other potent
inhibitors of 5-LO (i.e. hydroquinones, benzoquinones, catechols and p- and o-aminophenols).4



