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Leukotriene B4 (I, LTB4; Chart I), a product of 
5-lipoxygenase-catalyzed oxygenation of arachidonic acid, 
has been postulated to be a mediator of a variety of 
inflammatory diseases.lt2 The pharmacological effects of 
extracellular LTB4 are mediated through its interaction 
with specific cell surface receptors. These receptors are 
widely distributed and have been characterized on PMNs, 
monocytes, lymphocytes, mast cells, smooth muscle cells, 
and endothelial cells.3 Therefore, the availability of potent 
and selective LTB4 receptor antagonists should prove 
useful in elucidating the role of LTB4 in a variety of human 
inflammatory diseases. We report herein the synthesis 
and biological activity of a novel, potent LTB4 receptor 
antagonist. 

In recent years, the efforts of several labs have been 
directed toward the identification of selective LTB4 
receptor antagonists. Eli Lilly has reported LY 223982 
(1) as having an IC50 of 12 nM in binding studies using 
human PMNs.~ Ono reported that 0N0-4057 (2) has a 
Ki of 4 nM for LTB4 receptors on human PMNs6 and 
Searle reported that SC 41930 (3) exhibits an IC50 of 300 
nM for LTB4 receptors on human PMNS.~ More recently, 
Rhone-Poulenc Rorer reported that RG 14893 (4) has a 
Ki of 2 nM on human PMNs.~ In this communication we 
report that (E)-3-[[ [ [6-(2-carboxyethenyl)-5- [ [8-(4-meth- 
oxyphenyl)octyll oxy] -2-pyridinyll methyl] thiol methyl] - 
benzoic acid (5, SB 201993) is a novel, competitive LTB4 
receptor antagonist with a Ki of 7.1 nM on human PMNs. 

The LTB4 receptor antagonist program was initiated 
with the objective to discover novel anti-inflammatory 
agents. The program quickly produced compounds with 
high receptor affinity; however, the initial compounds 
exhibited partial agonist activity. In the course of this 
work, the trisubstituted pyridine 6 was identified as aLTB4 
receptor antagonist with a Ki of 280 nM for the human 
PMN receptor. However, the potency of this compound 
was not considered adequate for effective in vivo anti- 
inflammatory activity. In order to improve the receptor 
binding affinity within this series, a structure-activity 
investigation was undertaken that led to the discovery of 
5. The SAR results indicated that (a) both carboxylic 
acid groups were required for maximum potency, (b) a 
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lipid tail was essential, and (c) the spacing between the 
two carboxylic acids was critical, as was the relationship 
between the benzoic acid moiety and the pyridine ring? 
In contrast to the findings of others, the SAR indicated 
that the methoxy substituent on the phenyl ring of the 
tail did not play a major role in the in vitro binding affinity! 
In addition, there was considerable latitude in the re- 
quirements for the length of the lipid tail. 

The synthetic route used in the preparation of 5 is shown 
in Schemes 1-111. The lipid tail fragment 11 and the 
mercaptan head group 14 were prepared according to 
Schemes I and 11, respectively. Commercially available 
3-0ctyn-l-o1(7) was rearranged to the terminal alkyne using 
potassium aminopropylamide (KAPAh9 Protection of the 
alcohol as the silyl ether and palladium-catalyzed coupling 
with 4-iodoanisole provided alkyne 9.1° Reduction of the 
triple bond, fluoride-induced liberation of the primary 
alcohol, and conversion to the primary iodide provided 
fragment 11. Reaction of 3-bromomethylbenzoate (12, 
Scheme 11) with thiourea provided the isothiuronium salt 
13. Hydrolysis of 13 followed by re-esterification afforded 
the benzyl mercaptan 14. 

The synthesis of 5 is shown in Scheme 111. 2,6-Lutidine- 
a2,3-diol (15) was oxidized with MnO2 and the resulting 
hydroxy aldehyde 16 was alkylated with iodide 11, 
providing aldehyde 17. Reaction of 17 with methyl 
(tripheny1phosphoranylidene)acetate afforded acrylate 18, 
which was converted to pyridine N-oxide 19 (MCPBA) 
followed by TFAA rearrangement to give hydroxymethyl 
pyridine 20.11 Treatment of 20 with SOCl2 provided the 
chloromethyl pyridine 21 as a hydrochloride salt. The 
synthesis was completed by reaction of chloride 21 with 
mercaptan 14, followed by ester hydrolysis to provide 
diacid 5 as a white crystalline solid.12 The synthesis of 5 
proceeds in 13 linear steps in 25% overall yield starting 
from 3-octyn-1-01 (7). 

The LTB4 receptor affinity of 5 was determined by 
evaluating its ability to compete with the binding of C3H]- 
LTB4 to receptors on intact human PMNs.lS Compound 
5 was found to competitively antagonize the binding of 0.2 
nM [3H]LTB4 to the receptor with a Ki of 7.1 f 1.1 nM 
(mean f SEM for five experiments). In addition, 5 was 
evaluated in a human PMN functional assay where the 
effect of 5 on LTB4-induced calcium mobilization was 
determined.14 This assay provides information concerning 
the potency of the compound and also assesses ita agonist/ 
antagonist activity. The ICs0 for 5 in this assay, using 1 
nM LTB4, was determined to be 131 f 23 nM (mean f 
SEM for six experiments) with no demonstration of agonist 
activity up to 10 pM. Furthermore, LTB4 induces 
degranulation of human PMNs by activation of low- 
affinity receptors (Le., receptors requiring higher concen- 
tration of LTB4 for a response). Neutrophil degranulation 
was measured by quantitating the release of myeloper- 
oxidase (MPO) induced by 100 nM LTB4.15 Compound 
5 inhibited LTB4-induced degranulation in a concentra- 
tion-dependent manner with an IC50 of 268 f 14 nM (mean 
f SEM for four experiments). 

In order to demonstrate oral LTB4 receptor antagonist 
activity, 5 was evaluated in the LTB4-induced peritonitis 
away in the mouse.16 In this assay, 5 produced dose-relatsd 
inhibition of LTB4-induced (250 ng/mL) PMN infiltration 
with an ED50 of 7.1 mg/kg, PO. The ability of 5 to act as 
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Scheme I. Synthesis of the Lipid Tail 

Scheme 11. Synthesis of the Benzyl Mercaptan 
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a topical anti-inflammatory agent was also evaluated in 
the mouse. T h e  topical application of LTB4 to a m o m  
ear resulta in an infiltration of PMNs as indicated by an 
increase in MPO levels. Topical application of compound 
5 (1 mgfear) to the mouse ear, prior to treatment with 
LTB4, resulted in a 92% reduction of PMN infiltration. 
A similar model using arachidonic acid (AA) applied to 
the mouse ear was also utilized. AA-induced inflamma tion 
involves both the fluid and the cellular phases of the 
inflammatory response.17 Topical application of 5 im- 
mediately after administration of 1 mg of AA produced 
EDw values of 0.39 mgf ear for neutrophil infiitration and 
0.68 mgfear for the edematous response. In addition to 
demonstrating dose-related anti-inflamma tory activity in 

14 
(35% from 12) 

this model, a single dose (1 Wear) of compound I, applied 
topically, displayed signXcant inhibitory activity 24 h 
following application of arachidonic acid. 

LTB4 is proposed to be an important mediator in many 
inflammatory disease states. However, ita specific role in 
humaninflamma tory diseases has yet to be established 
and only a few potent LTB4 receptor antagonista have 
been reported in the literature. In the present study, diacid 
6 was shown to be a potent LTB4 receptor antagonist both 
in vitro and in vivo and as such wil l  be an important tool 
in elucidating the role of LTB4 in human dieeaee9. De- 
of the pharmacology and skucture-activity relationship 
that led to the discovery of this novel compound wi l l  be 
described in future publications. 
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Scheme 111. Synthesis of Compound 5 

Journal of Medicinal Chemistry, 1993, Vol. 36, No. 18 2706 

11, ~$4 ' - 6 ' 4 4 ( C + 3 ~ ,  P h l P - c ~ o ~ e  ~ s H 4 ( c ~  

wpc ' H O H a  01 DMF, 05 'C tdwm, 66 OC 

15 16 
(7096) 

17 18 
(88%fromll) 

19 
(7801') 

HCI 

References 
(1) Bray, M. A. Leukotrienea in Inflammation. Agents Actions 1986, 

19,8749. Brain, 5. D.; Williams, T. J. Leukotrienea and Inflam- 
mation. Pharm. Ther. 1990,46,67-66. 

(2) For a recent review and relevant references, see: Kingsbury, W.; 
Dainea, R.; Gleaeon, J. Leukotriene Receptors In Comprehenaiue 
Medicinal Chemistry; Hanech, C., Sammm, P. G., Taylor, J. B., 
Ede.; Pergamon preecl: New York, 1990, Vol. 3, pp 782-796. 

(3) Ford-Hutchineon, A. W. Leukotriene B4 in Inflammation. Zm- 
munozogy 1990,10,1-12. 

(4) Gapinski, D. M.; Mallet, B. E.; Froelich, L. L.; Jackson, W. T. 
Benzophenone Dicarboxylic Acid Antagonista of Leukotriene B4. 
2. Structure-Activity Relationahipe of the Lipophilic Side Chain. 
J. Med. Chem. 1990,33,2807-2813. 

(6) Kishikawa, K.; Tateishi, N.; Maruyama, T.; Seo, R.; Toda, M.; 
Mivamoto. T. ONO-4057. A Novel. Orallv Active Leukotriene BA 
z&nink Effecb on 'LTB4-Inducad-Neutrophil h c t i o ~ ;  
Prostagkandine 1992,&, 261-276. 

(6) Djuric, S. W.; Collins, P. W.; Jonea, P. H.; Shone, R L.; TMi, B. 
S.: Fretland. D. J.: ButchLo. G. M.: Villani-Price. D.: Keith, R. H.; 
zdmaitim, J. M.; MktcaV,L.; Bauer,R. F. 7-[3-(4-dcetjll-3-mdthory- 
2-propylphenoxy)propoxyl-3,edihydrcl.gpropyl-2H-l-~~p~- 
an-2-carboxylic Acid An Orally Active Selective Leukotriene B4 
Receptor Antagonist. J. Med. Chem. 1989,32, 1146-1147. 

Morinrty, K. J.; Chang, M. N.; Travis, J. J.; Mitchell, L. S.; Nuu, 
G. W.; Sutherland, C. A. 4-[2-[Methyl(2-phenethyl)aminol-2- 
oxoethyll-~(phenylmethoxy)-2-naphthalen~~xy~c Acid A 
HighM+ty, Competitive, Orally Active Leukotriene B4 Receptor 
Antagomat. J. Med. Chem. 1992,35,4263-4266. 

(8) For a similar study, see: Chaney, M. 0.; Froelich, L. L.; Gapinski, 
D. M.; Mallet, B. E.; Jackson, W. T. Charactarkation of the Spatial 
Arrangement of the Two Acid-Binding Sites on the Human 
Neutrophil LTB, Receptor. Receptor 1992,2,16&179. 

(9) Brown, C. A. Potaeeium 3-Aminopropylamide. A Novel Alkamide 
Superbaee of Exceptional Reactivity. J. Chem. SOC. Chem. 
Commun. 1976,222; Brown, C. A.; Yamashita, A. The Acetylene 
Zipper. An Exceptionally Facile 'Contrathermodynamic" Multi 

(7) H u ,  F.-C.; Chan, W.-K.; W-, J. D.; M o A t b ,  M. M.; 

positional bomerkation of Alkynes with Potrcreium 3-Aminopro- 
pykmide. J. Am. Chem. SOC. 1975,97, 891-892. 
Robins, M. J.; Barr, P. J. Nucleic Acid Related Compounds. 39. 
Efficient Conversion of bIodo to 6Alkynyl and Derived &Sub 
stitukd Uracil Baeerr and Nucleosides. J.  Org. Chem. 198S,48, 
1864-1862. 
KOMO, K.; Haahimoto, K.; Shirahanm, H. Improved P r d u r e a  
for Preparation of 2-Pyridonea and 2-Hydroxymethylpyridineafrom 
Pyridine N-Oxides. Heterocycles 1986,24,216&2172. 
mp 113-114 'C; 1H NMR (260 MHz, CDCh) d 8.23 (d, J = 16.7 Hz, 
1H,vinyl),8.11(~,1H,aryl),7.99(d,J=7.6Hz,1H,aryl),7.68(d, 
J = 7.6 H, lH, aryl), 7.42 (m, 2H, aryl), 7.26 (d, J = 16.7 Hz, lH, 
vinyl), 7.20 (d, J = 9 Hz, lH, aryl), 7.08 (d, J = 8.6 Hz, 2H, aryl), 
6.78 (d, J = 8.6 Hz, 2H, aryl), 4.01 (t, J = 6.6 Hz, 2H, OCHn), 3.76 
(e, 3H, OCHa), 3.66 and 3.61 (singlets, 4H total, CHBCHr) ,  2.56 
(t, J = 7.6 Hz, 2H, benzylic), 1.86 (m, 2H, CHn), 1.69 (m, 2H, CHd, 
1.62 (m, 2H, CH3, 1.38 (m, 6H, aliphatic): HRFAB-MS m/e 
584.2410 (M + H). 
Lin, A H.; Ruppel, P. L.; Gorman, R. R. Leukotriene B4 Binding 
to Human Neutrophils. Prostaglandins 1984,28,037-&49. 
WinLler, J. D.; Sarau, H. M.; Foley, J. J.; Mow, S.; Crooke, S. 
Leukotriene B4-Induced Homologoun Deesllclitizntion of Calcium 
Mobilization and Phoephoinoeitide Metabolism in U-937 Cells. J. 
Pharmacal. Exp. Ther. 1988,246,204-210. 
TMi, B. S.; V i - P r i c e ,  D.; Keith, R. H.; Zemaitk, J. M.; Bauer, 
R.F.;Leonard,8,Djuric,S.W.;Shoae,R.L.SC-41930,AnInhibitor 
of Ldotriene B4-Stimulated Human Neutrophil Fuaction. Pros- 
taglandins 1989,38,666-674. 
Criswold, D. E.; Webb, E. F.; Hdegsee, L. M. Induction of Plaama 
Exudation and Inflammatory Cell Mtrat ion by Leukotriene C4 
and Leukotriene B4 in M o w  Peritonitis. Inflammation 1991,16, 
261-266. 
Griswold, D. E.; Webb, E.; Schwartz. L.; Haana, N. Arachidonic 
Add-Induced Mammation: Inhibition by Dual Inhibitor of 
Arachidonic Acid Metabohm, SKW 88002. Inflammation 1987, 
11,189-199. 


