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Abstract. Reference FLAP inhibitors 1 and 2 were converted into the corresponding O-acetic acid oxime 
congeners 8 and l l a ,  respectively, resulting in potent, orally active, leukotriene biosynthesis inhibitors. An 
attempt to create a dual FLAP and direct 5-LO inhibitor by replacing the carboxylate group in 1 with the N- 
hydroxyurea pharmacophore did not provide superior inhibitors. Copyright © 1996 Elsevier Science Ltd 

Background.  Leukotriene (LT) biosynthesis inhibitors represent a promising therapeutic modality for the 

treatment of a variety of conditions including, asthma, Ulcerative colitis, and rhinitis. 1 This report describes the 

results of an investigation with the objective to design and optimize a series of orally bioavailable leukotriene 

biosynthesis inhibitors. Two experimental approaches were explored: (1) to design compounds with both five- 

lipoxygenase activating protein (FLAP) and 5-1ipoxygenase (5-LO) inhibitory activity, and (2) to identify orally 

active FLAP inhibitors with potent in vivo. pharmacologic properties. 

Merck-Frosst scientists discovered five-lipoxygenase activating protein (FLAP) and MK-886 (1), a 

compound that interfered with FLAP, thus introducing a new modality for blocking leukotriene biosynthesis. 2 

FLAP is currently believed to function as an arachidonate presenting protein 3 that enhances the catalytic 

activity of 5-LO. 4 FLAP is localized at the inner nuclear membrane, and both 5-1ipoxygenase (5-LO) and the 

cytosolic phospolipase A2 translocate to this site. 5 A better understanding of the complex regulatory 

mechanisms for 5-LO and FLAP and the significance of the nuclear site of interaction could lead to future 

therapeutic opportunities. 

Clinical studies with 1 did not provide the degree of LT inhibition measured in both stimulated blood 

samples and in urine that was expected for an inhibitor with such potent biochemical activity. 6 An even more 

potent analog, MK-0591 (2), was discovered with FLAP binding activity (IC50 = 2 nM) and LT inhibition in 

intact human neutrophils (IC50 = 3 nM) and in stimulated human blood (IC50 = 500 nM). 7 Clinical studies with 

2 demonstrated efficacy for the FLAP modality of LT intervention. 8 This report describes our initial research to 

identify a FLAP inhibitor suitable for clinical development. 

Biological Testing Protocol. The biological testing protocol 9 involved: (1) a broken cell assay consisting of a 

lysate of rat basophilic leukemia cells to evaluate direct 5-LO catalytic inhibition (FLAP inhibitors would be 

inactive); (2) an intact cell assay involving calcium ionophore stimulated LTB4 synthesis in human neutrophils 

to evaluate both direct 5-LO and FLAP inhibitors; (3) a whole blood assay involving calcium ionophore 

stimulated LTB 4 synthesis in human blood to evaluate both direct 5-LO and FLAP inhibitors in the presence of 

blood components; (4) a rat anaphylaxis model involving antigen-antibody stimulated leukotriene generation in 

the peritonium to evaluate in vivo activity after oral administration; and (5) measuring the time course of ex vivo 

inhibition of calcium ionophore stimulated LTB4 formation in blood samples from orally dosed dogs and 

monkeys. 10 
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N-Hydroxyurea Congeners. We proposed that replacing the carboxylate group in the FLAP inhibitor standard, 

1 with a N-hydroxyurea group might provide an expeditious route to dual FLAP/5-LO inhibitors. Previous 

studies had clearly shown that the N-hydroxyurea group was a useful pharmacophore providing selective 

inhibitors of 5-LO catalysis.ll  A possible favorable outcome would be additive or synergistic inhibitory 

activity. The N-hydroxyurea congener (3) was synthesized in a straightforward manner, as shown in Scheme 1. 

The corresponding urea (4) was prepared by deoxygenation of 3. The regioisomeric N-hydroxyurea (5) was 

prepared by reaction of N-methylhydroxylarnine with the isocyanate derived from 1 (Scheme 1). 

Scheme 1. a 

N,,If-NH2 

 Clo, ° 
3 R=OH 
4 R=H ~_~ f 

a, b, c, d, e O2H h, i ~I.,~.I~I~..J[.I~I.C:H 3 
5 ~ H  OH 

1 (MK-886) I I ~ C  I S I~J,.CI 

] a,b,g 6 R= SHUN'oR 

7 R = CH3 T " ~  
8 R = CH2CO2H "",~"CI 

aReagents: (a) BH3.DMS, THF, 0 °C--->rt; 17 h; (b) Swern Oxidation: (COC1)2, DMSO, CH2CI 2, -63 °C, 1 h; (c) 
H2NOH.HCI, EtOH/pyr, rt, 16 h; (d) BH3.pyr, EtOH, it, 2 h; (e) (CH3)3SiNCO, THF, rt, 2.5 h; (f) TIC13, NaOAc, 
MeOH, 45 °C, 24 h; (g) H2NOR, EtOH/pyr, rt, 16 h; (h) DPPA, TEA, benzene, reflux, I h; (i) HONHCH3, TEA, H2 O, 
reflux, 2 h. 

The N-hydroxyureas 3 and 5 were found to be inferior LT inhibitors in vitro and in vivo compared to 1 

(Table 1). Both 3 and 5 were weak inhibitors of 5-LO catalysis in the broken cell assay with similar ICs0's of 

7.5 gM. The urea 4 was inactive in the broken cell assay as expected since the N-hydroxyurea pharmacophore 

was previously established as important for direct inhibition of 5-LO catalysis.l i All three congeners (3, 4, and 

5) were effective inhibitors of calcium ionophore stimulated LTB4 formation in human neutrophils with similar 

IC5o's of 170, 150, and 180 nM, respectively. These compounds also showed similar inhibitory activity in 

human whole blood with IC50's from 1-1.6 gM. Incorporating the N-hydroxyurea pharmacophore did not 

provide significant additional biochemical activity attributable to direct 5-LO inhibition. However, by inference 

these analogs retained inhibito~ activity against FLAP. This approach to design dual FLAP/5-LO inhibitors 

was not pursued further. Hutchinson and coworkers 12 have reported thiopyranol[2,3,4-c,d]indoles which have 

dual FLAP/5-LO activity. 

Oxhne Insertion Congeners. The second avenue of investigation was to identify a FLAP inhibitor with 

optimized in vivo properties suitable for clinical development. We proposed that inserting an oxime moiety in 

the 2-alkylcarboxylate substituent in 1 would provide FLAP inhibitors with improved in vivo pharmacological 

properties. The oxime congeners (6-8) were prepared by reaction of the requisite hydroxylamine with the 

aldehyde intermediate derived from 1 as shown in Scheme 1. The biological activity of these analogs is 

summarized in Table 1 and described as follows. The oxime analogs 6 and 7 were about ten-fold less potent 

than I in the human neutrophil assay. Appending the carboxylate group as in the O-acetic acid oxime congener 
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8 provided a very promising compound with in vitro inhibitory activity comparable to 1. More important was 

the observation of significantly improved oral activity in the rat anaphylaxis model where 8 had an ED50 of 3 

I.tmol/kg that was about five-fold better than that found for 1. With the discovery that an oxime moiety could be 

inserted into the alkylcarboxylate substituent to provide promising indole FLAP inhibitors, a more extensive 

structure-activity study was conducted. 

Alternative heteroarylmethoxy substituents on the indole template were examined and the results are 

summarized in Table 2. The preparation of these compounds was accomplished by alkylation of the 5- 

hydroxyindole intermediate 9 as shown in Scheme 2. Most of the previously described indole compounds were 

often >ten-fold more potent against the human neutrophil than the human blood assay. A possible explanation 

for this difference was that plasma protein binding in the human blood assay was attenuating the activity of the 

inhibitors. Since increased plasma protein binding could be attributed to lipophilicity, we investigated less 

lipophilic heteroarylmethoxy substituents to replace the quinolylmethoxy group in an attempt to improve 

potency in human blood. The 4-thiazolyl (10b) and 2-pyridyl (10c) congeners were found to have four to five- 

fold improved potency over 2 in the human blood assay. Furthermore, 10b had comparable activity to 2 in the 

rat anaphylaxis model whereas the 2-pyridyl analog 10c was ten-fold more potent with an EDs0 of 0.16 

gmol/kg. 

T a b l e  1. Indo le  L T  Inlf ibitors  Rep lac ing  the  C a r b o x y l a t e  of  I (MK-886)  

 0-o, 
Compound e (mol.wt.) X = 

1 (472.10) CO2H 

9H 
3 (516.15) .cH~N,,~,O 

NH2 
H 

4 (500.15)  .cH{N"-~ O 
NH2 

O 
5 (516.15) _NH ~,,N,,OH 

I 
CHa 

Broken RBL Cell a Human Human blood c In vivo rat d 
IC50 BM neutrophil b IC50 gM EDs0 I.tmol/kg 

IC50 gM or % I @ gmol/kg 

NA @ 32 gM f 0.03 (0.2-0.5) 0.34 (0.26-0.41) 16 (3-30) 

7.5 (6.4-8.7) 0.17 (0.12-0.26) 1.6 (0,94-2.4) 46 (29-93) 

NA @ 50 gM f 0.18 (0.12-0.26) 0.97 (0.57-1.3) 11 (4.7 -18) 

7.5 (6.3-8.9 0.15 (0.09-0.40) 1.3 (1.0-1.6) 49% @ 
60 gmol/kg 

6 (471.11) -CH=NOH -- 0.27 (0.20-0.37) 2.2 (1.9-2.5) 46% @ 
100 gmol/kg 

7 (485.14) -CH=NOCH3 -- 0.34 (0.11-0.99) 11.0 (6.3-33) -- 

8 (529.15) -CH=NOCH2CO2H -- 0.10 (0.09-0.12) 0.68 (0.47-0.95) 3 (2-5) 
"Inhibition of 5-LO activity in a broken cell supernatant from rat basophilic leukemia cells; ICso with 95% confidence limits shown in 
parenthesis, bInhibition of calcium ionophore (A23187) stimulated LTB 4 formation in human neutrophils; ICso with 95% confidence 
limits shown in parenthesis. CHuman whole blood was stimulated with calcium ionophore (A23187) and LTB 4 was measured by 
enzyme immunoassay; 95% confidence limits d shown in parenthesis. Rat anaphylaxis in the peritoneal cavity; oral dose response 
determination EDso or % I of cysteinyl LT's at a given oral dose. ~Compounds gave satisfactory spectral and analytical data. fNA@, 
not active at concentration tested. 
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Scheme 2. a 
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" CI " CI CI 
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'Reagents: (a) Fischer indole synthesis: toluene, HOAc, dark, rt, 4 d; (b) A1CI3, tBuSH, CH2CI 2, 0 °C ---> rt, 3 h; (c) Het- 
CH2CI, K~CO~, DMF, rt, 4 d; (d) LiOH, TI-IF/MeOH, reflux, 3 h; (e) BH3.DMS, THF, rt, 12 h; (f) Swern Oxidation: 
(COCI) 2, DMSO, CH2C1 :, -78 *C ---> rt, 1 h; (g) H2NOCH2CO2H, EtOI-I/pyridine, 16 h. 

Table 2. 5-Heteroarylmethoxy Substi tuted lndole LT  Inhibitors 

Het.~O sin -" 
~ O 2 H  Human neutrophil a Human blood b In rive rat c 

~ ( ~  IC50 nM IC50 IxM ED50 ~tmol/kg 
cI or 

Compotmd d (reel. wt.) Het = % I @ Iamol/kg 

2 (587.19) 2-quinolyl 8 (7-10) 0.20 (0.014-0.029) 1.6 (0.8-2.5) 

10a (586.20) 2-naphthyl 12 (10-20) 4.42 (3.4-6.0) NA @ 100 wnol/kg e 

10b (543.15) 4-thiazolyl 4 (1-10) 0.04 (0.03-0.08) 1.8 (0.8-6.8) 

10c (543.15) 2-thiazolyl 7 (1-10) 41% @ 0.05 ~VI 16% @ 1 Ixmol/kg 

10d (593.21) 2-benzothiazolyl 10 (5-20) 0.36 (0.34-0.38) 71% @ 1 Itmol/kg 

10e (537.13) 2-pyridyl 100% @ 50 nM 0.05 (0.04-0.06) 0.16 (0.08-0.25) 

10f (537.13) 3-pyridyl 17 (10-40) 1.09 (0.40-1.91) 4% @ 100 IJxnol/kg 

10g (537.13) 4-pyridyl 100% @ 100nM 0.84 (0.65-1.11) NA @ 100 panol/kg e 

10h (571.57) 2-(6-chlorop),rid~,l) 17 (10-30) 0.11 (0.9-0.13) 1.2 (1.0-1.5) 
"Inhibition of calcium ionophore (A23187) stimulated LTB 4 formation in human neutrophils; 95% confidence limits shown in 
parenthesis, bHuman whole blood was stimulated with calcium ionophore (A23187) and LTB 4 was measured by enzyme 
immunoassay; 95% confidence limits shown in parenthesis. CRat anaphylaxis in the peritoneal cavity; oral dose response determination 
EDso or % I of cysteinyl LTs at a given oral dose. ~Compounds gave satisfactory spectral and analytical data. eNA@, not active at 
concentration tested. 

The oxime ether insertion modification was then applied to the more potent carboxylate inhibitors from the 

previous study (Table 2) to provide the oxime congeners ( l l a - l l d )  (Table 3). These inhibitors were prepared 

as previously described (Scheme 2) and were found to have potent inhibitory activity. It was interesting to find 

that the insertion of the oxime moiety did not dramatically alter the in vitro inhibitory potency for these four 

congeners compared to the carboxylate precursors in the assays studied. The 2-quinolylmethoxy ( l l a )  and 2- 

pyridylmethoxy ( l i b )  analogs were particularly potent in the rat anaphylaxis model. 
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Table 3. $ . H e t e r o a r y l m e t h o x y  S u b s t i t u t e d  O - A i k y l  C a r b o x y l a t e - O x i m e  I n d o l e  L T  lnhibitors 

Het .vO ~ S "~--" ~N.o~.CO2H Human neutrophil a Human blood b In vivo rat c 
k ~  ICs0 nM IC50 I, tM ED50 gmol/kg 

0 1 "  

Compound d (mol. wt.) Het = % I @ gtmol/kg 

l l a  (644.24) 2-quinolyl 12 (10-20) 0.60 (0.54-0.65) 0.24 (0.05-0.50) 

l l b  (594.18) 2-pyridyl 13 (10-20) 0.60 (0.43-0.77) 0.12 (0.01-0.40) 

11¢ (628.62) 2-(6-chloropyridyl) 10 (9-11) 0.23 (0.20-0.26) 2.6 (1.6 - 5.1) 

l l d  (600,20) 4-thiazolyl 11 (10-11) 0.18 (0.13-0.25) 4.4 (2.7 - 7.0) 
'Inhibition of calcium ionophor¢ (A23187) stimulated LTB 4 formation in human neutrophils; 95% confidence limits shown in 
parenthesis, bHuman whole blood was stimulated with calcium ionophore (A23187) and LTB 4 was measured by enzyme 
immunoassay; 95% confidence limits shown in parenthesis. °Rat anaphylaxis in the peritoneal cavity; oral dose response determination 
EDso or % I of eys~inyl L'r's at a given oral dose. ~2ompounds gave satisfactory spectral and analytical data. 

The oxime analogs ( l l a ,  l l b ,  and l l d )  were evaluated orally (10 mg/kg dose) in cynomologus monkeys for 

drug plasma levels and for ex vivo inhibition of calcium ionophore stimulated LTB4 formation in blood samples 

taken over a 24 h period. 10 The 2-pyridyl analog ( l ib )  gave no detectable drug plasma levels at 0.3 to 24 h post 

dose and the 4-thiazolyl analog ( l l d )  had low plasma levels (Tmax 0.7 h, Cmax 2.0 IlM). In the monkey, the 

quinolylmethoxy analog ( l l a )  gave the highest plasma levels (Tma x 3 h, Cma x 5.6 [.tM) and provided >90% ex 

vivo inhibition of LTB 4 in blood samples over an 8 h period, as shown in Figure 1. In the dog, l l a  given orally 

at 10 mg/kg provided >90% ex vivo inhibition of LTB4 over an 8 h period (Figure 1). The oxime congener ( l l a )  

proved to have the best overall profile of oral bioavailability in rat, dog and monkey of the compounds 

evaluated in this study. 

F i g u r e  1. Ex Vivo I n h i b i t i o n  o f  C a l c i u m  I o n o p h o r e  S t i m u l a t e d  L T B 4  F o r m a t i o n  tn B l o o d  S a m p l e s  f r o m  
M o n k e y  a n d  Dog Orally Dosed with 10 mg/kg of l l a  

i 1oo-., - . ' ~  i . .  80 2 ,, ---It---monkey[ 
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i 
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20 2 Ibl 

~u '?-- ' ' ' 1  . . . .  I . . . .  I . . . .  I . . . .  I 
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Summary, Replacing the carboxylate with the N-hydroxyurea pharmacophore in the FLAP indole series as 

exemplified by congeners 3 and 5 resulted in compounds which retained FLAP inhibitory activity but had only 

weak direct 5-LO inhibitory activity. Insertion of an oxime function into the alkylcarboxylate substituent of the 

FLAP indole standards 1 and 2, led to congeners with promising oral activity. The 2-quinolylmethoxy 

substituted indole oxime congener l l a  (A-81834) demonstrated excellent inhibitory activity in rat, dog and 

monkey by oral administration. A-81834 represents an optimized FLAP inhibitor with properties appropriate for 

further pharmacological studies as an antileukotriene drug. 
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