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Abstract: The combination of a 5-phenylpyridine substituent and a novel, substituted thiopyrano[2,3,4-
c.dJindole ring system yields a potent and selective 5-lipoxygenase inhibitor, L-689,065.

It has recently been established that 5-lipoxygenase (5-LO) inhibitors! and leukotriene D4 antagonists2 are
clinically effective in treating asthma. In addition, leukotrienes have been implicated in other disease states3 such
as inflammatory bowel disease, psoriasis and rheumatoid arthritis. Thus the inhibition of the biosynthesis of
leukotrienes by blocking the action of 5-LO, the first dedicated enzyme in the leukotriene cascade, may also
provide a therapy for these diseases. Specific inhibitors of leukotriene biosynthesis can be divided into two
classes: those that act by inhibiting 5-LO (direct inhibitors)4 and those that act by binding to 5-lipoxygenase
activating protein (FLAP)5 thereby inhibiting the translocation of 5-LO to the membrane (indirect inhibitors). We
have pioneered the latter approach which has led to the development of MK-05916, a potent and orally active
FLAP inhibitor which is currently undergoing clinical evaluation. During the development of MK-0591 it was
noticed that, in addition to binding to FLAP , some analogues were weak inhibitors of 5-LO activity. In this
paper we describe how the judicious combination of structural features has led to the evolution of a new class of
selective, direct 5-1.O inhibitors from our indirect FLAP series of leukotriene biosynthesis inhibitors. This new
class of 5-LO inhibitors are potent, bioavailable and functionally active.

The SAR investigations of the quinoline-indole class of FLAP inhibitors’ (typified by MK-0591) focused
on several areas. Two key modifications were the replacement of the quinoline group with other heterocycles and
the investigation of lipophilic substituents at C-3 and C-4 of the indole ring. The initial studies into the
substitution of the quinoline for other heterocycles were carried out on compounds containing a methyl group at
C-3 of the indole. This was due, in part, to the ease of preparation and availability of the starting phenol 1.
Among the various heterocyclic analogues prepared were the quinoline 2 and the 5-phenylpyridine derivative 3.
As can be seen from the Table, the quinoline 2 is very potent in the FLAP binding assay8 with an IC50 of 2.8 nM
but it is essentially inactive as an inhibitor of rat 5-1LO 9. The phenylpyridine 3 is considerably less potent at
binding to FLAP (IC50=9.3 uM) but, more interestingly, showed weak activity (IC50~0.7 uM) when screened
against the rat 5-LO enzyme. Presumably the increased ability to inhibit the 5-LO enzyme is largely associated
with the 5-phenyl pyridine moiety.
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1 MK0591 2.3nM >2 uM
2 2 2.8 nM >5 M
3 3 9.3 uM 0.7 uM
4 z 27nM >8 uM
5 8 19nM 0.3 uM
® Sk 22 uM 60 NM
! ()2 >10puM  150nM
8 QF] >10 uM 40 nM
Figure 1 ORTEP Drawing of L-689,065
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Concurrent with these studies, investigations were also underway to examine the effect of lipophilic
substituents on the indole skeleton. We were aware from our previous work on an indole series of FLAP
inhibitors10 that a lipophilic substituent at C-3 (e.g. StBu) is required for optimum activity. This led us to
consider the effect of substitution at the C-3 and C-4 positions of the current series. Functionalization at C-4 was
achieved by a Claisen rearrangement of the allyl ether 4 (Scheme 1) which afforded the desired C-4 allyl indole 5
as well as the thiopyrano[2,3,4-¢c,dlindole 61 I The phenols of both products were alkylated with 2-
chloromethylquinoline followed by hydrolysis of the methyl esters to provide the quinolines 7 and 8 respectively.
When tested in the FLAP binding assay both 7 and 8 were found to be less potent than MK-0591 (see Table).
The allyl indole 7 was also inactive as a 5-LO inhibitor at 8§ uUM. As before, we were intrigued by the observation
that the quinoline § possessed modest 5-LO inhibitory properties with an IC5q of 0.3 pM and we attributed this
to the thiopyran portion of the molecule.

The observation of the weak direct 5-LO inhibitory effect of both the phenylpyridine 3 and the
thiopyranoindole 8 presented us with an opportunity to study the effect of combining the key portions of each
molecule which appeared to be contributing to this activity. Thus alkylation of the phenol 6 with 2-chloromethyl-
5-phenylpyridine and subsequent hydrolysis yielded the desired hybrid compound () 9, designated L-
689,06512. Gratifyingly, this compound proved to be considerably more potent as a 5-LO inhibitor than either of
its progenitor compounds. In fact, with an IC5( in the rat 5-LO assay of 60 nM13, 1.-689,065 is more potent
than A-64077 (Zileuton; IC50=200nM)14 which has shown efficacy in clinical trials for asthmala. Another
noteworthy point is the remarkable ability to target FLAP or 5-LO activity selectively by choosing either a
quinoline or 5-phenylpyridine substituent (Table, entries 5 and 6).

Since L.-689,065 contains the unprecedented thiopyrano[2,3,4-c,d}indole ring system, the crystal
structure was obtained by single crystal X-ray diffraction analysisIS. The ORTEDP structure is given in Figure 1
and it confirms the structural assignment. Interestingly, the compound is relatively flat with the p-chlorobenzyl
and acid groups lying below the plane. As L-689,065 contains a chiral centre we were interested to determine if
the enzyme discriminated between the individual enantiomers. Resolution of the enantiomers was achieved
through the HPLC separation of the tetracycle 10 (Scheme 2) using a chiral column (Chiralcel OD column, Daicel
Chemical Industries, Ltd). The individual enantiomers of 10 thus obtained were then converted to (+) 9 and (-) 9
as shown. Analysis of the enantiomers in the 5-LO assay showed that (-) 9 is 3 to 4 times more potent than (+) 9
(40 nM versus 150 nM) - the enzyme is indeed able to discriminate between the two enantiomers (both inactive
versus FLAP binding). The enzyme also requires the acid group for binding as witnessed by the fact that the
methyl ester of L-689,065 is inactive. In light of these results it is interesting to speculate that L-689,065 is acting
as a substrate mimic for the 5-LO enzyme. Arachidonic acid could adopt a conformation wherein superposition
of the acid groups allows the C-20 chain to partially overlap the thiopyranoindole ring system.

Preliminary biological studies show that when L-689,065 (sodium salt) was given to rats at a dose of
20mg/kg P.O. (1% methocel) and Smg/kg 1.V.(PEG 200) the compound was well absorbed (Cmax=5 uM,
tmax=2-4 hr) and bioavailable (AUC=37%). Also the compound was found to be active in the hyperreactive rat
model16 with 55% inhibition of dyspnea at 0.5 mg/kg P.0.(1% methocel; 4 hour pretreatment time).

In summary, we have described the discovery of a new class of direct 5-LO inhibitors which contain a 5-
phenylpyridine moiety appended to a novel thiopyrano[2,3,4-c,d}indole ring system. The prototype of this class,
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L-689,065, is potent, well absorbed, bioavailable and functionally active in the rat. In future publications we will
report on biochemical and pharmacological studies on L-689,065 as well as SAR investigations in this series.
Acknowledgements: The authors wish to thank Dr.D.Macdonald for the preparation of 10.17
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