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BEHZOPYRAN AND BEU\TEQ LIS. ANTAGONISTS 

This invention relates to novel b41nZOpyran and other benzo..fused leukotriene 

a. (l TB4) antagonists, to pharmaceutical composition• containing such compounds, 

and to a method of using such compounds as L TB, antagcnlats. 

The compounds of this inv.,tion Inhibit th• action of LTB. and are therefore 

10 useful In the trMtment of LTB. Induced lllnelses 1uch • lnftammatocy disorders 

including rheumatoid arthritis. osteoarthrltia, Inflammatory bowel disease. psoriasis and 

oth• skin disord•rs such as eczema, erythma, pruritis and acne, stroke and other 

torms of reperfusion injury, graft rejection, autoimmune diseases, asthma and oth• 

,,_.. conditions where marked neutrophil Infiltration occurs. 

~-, 

• 

15 LTB. antagonists are dilclosad in European patent publications 276 064 and 

20 

26 

30 

202 9T7 which r.ter to diphenylether&, benzophenonn. and other compounds 

oontaining two phenyl groupa, and 7--(S-alkoxy-4-alkanoyl-phenoJCY)alkoxy benzopyran 

derivatives, respecttvely. 

According to the invention. tt was faund1hat the following compounds of formula 

I have LTB. arugonlatic propeltia: 

OH 
R2 

R3 .,--t· • • • I 

c~ <>n 

wh...rn A II O. CH,. S, NH, or N(C,.C. alkyl); n II 0, 1 or 2; 

R' II a . .........,. at palllDn b or o al fl• fonrda 

R4 

RlO 

·:-·· 



.· 
·-~· 

.. ) 
W09lll5061 P<:T/lJS92/09496 

-2-

R1
• R', R' and R'0 are hydrogen or each independently are one or any two of 

the folowtng: fluoro, chloro, c,..c. alkyl, 01-c, eJkoxy, c,.c. perlluoroalkyl, C,-C, 

pertluoroaftcoxy, C,-C, alkylthlo, C,.c. alkylsurtlnyt, or C,·C6 atkylsulfonyf: ~ is 

·(CH2}.CHR''R''• ·(CH2' .. Au, ..O(CH2),CHR"R'1 , or -(CH1).R' 2, wherein pis O. 1or2 

5 and q it 0, 1., 2, or 3; R' ii carboxy, tetrazOlyt or R'iSO,NHCO; R'' is hydrogen, C,-e_ 
llkyt or R8 ·substituted phenyl wh•ein R' 1s as defined above; R12 and A11 are 

hydrogen or •ach independently are C,..C. llkyl or C1-C8 cyclollkyl; or phenyl, thlen1', 

pyridyl, furyl. naphthyl, quinolyt, i1oquinolyl, pyrimidinyf, or pyrazinyl. each of which is 

optionally substituted by phenyl. R'. or R' -substituted phenyl wherein R• is as defined 

.._ 1 O above; and the salts end eaters of those compounds of formula I containing a carboxy 

group, wherein the esters contain ester groups selected from the group consisting of 

c,~, alkyl, phenyt(C,..C.> alkyl, C1~ cycloalkyl, and phenyl and benzyl substituted by 
fluoro, chloro, c,-e, alkyl or c,-c, alkoxy. 

Praterred compounds of the Invention are those of formula I wherein A is 

15 oxygen, those Wherein n is 1, those wherein R' is a substituent at posttion c. those 

wherein R1 is hydrogen or monoftuoro, and those whattiln R8 ls benzyl, 4-tluorobenzyl. 

4-phenylbenzyl, 4-(4-luorophenyl)btmyl, phenethyl or phenoxy, preferably benzyt or 

4-phenylbenzyl. 

More specific compound• of th• formula I •• those wherein A Is oxygen, n is 

20 1, and A' ii a substltuent at positlcn o, Md those wherein A is oxygen, n is 1. R' is a 

at position c: and 11 2-carboxyphenyt, karboxyphenyl, 2-oarboxy"3-fluoropt.¥, 2· 

auboq+ftuorophen)i. 2~, 2-avboxy.e..luorophenyl. 2-calboxy-5-

triftuoromethytphenyl, 2-tetrazolyl-Muorophenyf, 2-arboxy-5-chlorophenyl, or 2· 

~yt. A' ii hydrogen or monoftuoro and If Is btnzyl. 4-

2& .,oroblnzyl. ~. 4-(4-oluorophenyl)benzyl. p~ or phenol;. )·- -:· . 
Specific compounm are those wherein A i1 oxygen, n is 1, R1 11 hydrogen. R, 

Is benZyl, 4-fluorobenzyt, 4-phenylbenzyl, 4-{4-tluorophenyl)b~. phenethyl or 

phenoxy, and A' Is at posHian c end is 2-arboxyphenyl, 8-carboxyphenyf, 2-carboxy-3-

ftuorophenyl, 2-carboxy-4-tluorophenyf, 2-carboxy-S-ftuorophenyl, 2-<:alboxy.S-

30 ftuorophenyt,2-carboxy+trllluororMlhylphenyl,2·tetrazolyl+ftuorophenyf .2.-cerboxy+ 

cHomphenyl or 2-carboxy..s-m.thoxyphenyl, and those wher9in in these specllc 

compcuad1 R' and the adjactnt hydroxy group are trans. 
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The present Invention also relates to a pharmaceutical composition for the 

treatment of LT&,. Induced Ulne11e1 comprising a compound of the formula I as defined 

abov• in an 1mOunt deotlve in the treatment of LTB4 induced iDnesses. and a 

pharmaceuticaJly acceptable carri•. 

5 This invention tur1her comprises a method for 1he receptor binding inhibition of 

10 

11 

20 

30 

LTB. by admint.tering to a subject In need of such inhibition a compound of formula 

I as deftned above. 

The imlention further includes a process for the preparation of an intennedlate 

compound of the formula 

I I 

wherein A. n, R1 and ~ are as dalinad above with relarence to formula I and R' Is • 

substltuent at position b or c of the formula 

oxazolyl 

I I l 

wherein R'° Is as defined above with reference to formula I, by reacting a compound 

of the fonnula 
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IV 

wherein R2
, R', A and n are as delJnad above with ref•ance to formula I and lhe 

CF3S03 group Is at position b or c with a compound of the fonnula 

ZnX v 

I 

wherein X ia chloro, bromo or loclo and R10 is as ddned above, which i• prepared JD 
1Hu by radon of a compound of the formula. 

... ~. 

VI . 
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wherein R10 is u defined above, with n-butyUithium and then ZnX2 wherein Xis as 

defined above. 

The 1erm 'C1-C9 alkyr whenev• used in 1he disclosure herein such as in the 

definitions of A1 to R14 denotes saturated monovalent straight or branched aftphalic 

I hydrocarbon radlcals having one to six carbon atoms, such as methyl, ethyl, propyl. t­

butyl, hexyl, ate. Similarly, th9 terms Ca..C, cycloe.Jkyl and C1.C. cycloallcyl denote a 

cycloalkyl group having from three to seven or eight carbon atoms, respectively. such 

as cycfopropyl, eyclohexyl, cyclooctyl, etc. 

When A is oxygen and n is 1 in a compound of tormula r, the compound may 
10 be described elth• as a 3,4..dihydrobenzopyran or a chromane. 

15 

The compounds of the invention have two a8ymmetric carbon atoms indit:ated 

by asterisk• in 1he following fonnula: 

OH 
Re I R3 

RI~& .,,,,,, 
I • 

I • • • I 
c~ ( >n 

20 The steraoisom .. may be designated with reference to A and S notation in accordance 

with standard nomenclature. When reference is made herein to S,A, or A,S, • single 

enantiomerically pure compound Is meant, whereas S•, A• and A•, S~ denote a 

raeemic mixture. The invention Includes the racemlc mixtures and optical isomers o1 

fonnulal. ., .. 
21 Accon:Dno to a specflo IMlhod of the Invention. 1nt...m.c.t. Compounds of 

above formula II wherein R' Is a aubstitue1'1 of the formula HI. are prepaNd by reacting 

a compound of._ formula 1V u defined above with a compound of the formula V • 

dallned above.. 1hiS niactton generally proceeds tn a IOlvn such• an etlwr solvent, 

e.g., tetrahydrofuran, diethyl ether, ethylene glycol dfme1hyl eth•, 1,4-dioxane, and, 

SO preferably, tetrehydrofuran. The ~on la In the praence of a catal~ amount of a 

catalyat, particularly a peladlum catalylt which 19 .ny paladium IOUroe 'Nhich pnwldes 

palled'un (Pelo) Ll'Kler 1h• reaction conditions, for Jnatlnoe tetraktltrfp1*1JI pho•phin• 

palladium. Th• reaction Is usually carried out at or about the rdwc temperature of the 
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solvent used, preferably at about 78°C. The reaction time is generally from about 1 to 
24 hours. e.g., about 3 hours. 

The compounds of the fonnula V are prepared lll.J.ily from a compound of the 
above formula VI by reaction thereof with n-butyllllhlum or sec.-butyllf1hlum in haxanes 

5 at lowtempera1Ures of about ·78°C, and then with ZnX2 whereinX11 iodo1 bromo or 
chloro. generally at about 0 to about 78°C for about one to four houra. 

~net of the formula II wherein A. n, R', R1 and ~ are as defined with 

reference to formula f may be raduced to 1h• co_rresponding hydroxyl compounds of 
formula I by reaction with sodium borohydride. Generally, the reduction is carried out 

- 10 in a solvent. Sultable solvents are lower aloohol1 having one to aiJC c::arbon atoms, 
mixtures of lower alcohols with organic solvents such as 1e1rahydrofuran or dioxane, 
end mixtures of water.miscib!• lower alcohols or o1her water-miscible organic solvents 
with water. The solvent la prefet.t>ly a lower alcohol such as methanol or ethanol. The 

reaction tamJ*&tur• generally ranges from about -78°C to about 100°c, and usually 
us from about 0°C to about 21oc. 

20 

The reduction step results In a st•reolsomlric mixture of 1ha compounds ot 
formula I having th• tonowfng structures: 

OH OH 
I R3 

~ and 

trans ClS 

25 Thele • Md trans 110.,.... · 'inay b• separated . Ii,~--~ ~:Column· 
chromatography. 

Aelolulion of 1h• enantiomeric mixture resulting after sepandlon of the ci1 and 
nns Isom .. may be accomplshed by methods known In the art. In one method, a 
compound of the formula I wt.r.lo A1 contalne a carbo~ group (COOH) ts reacted 

ao With a chlnll bu• such as methylbenzylamin• in •polar solvent such u eth.-tD fonn 
c:llutereomer1c salts Which are separated and then converted inlo aptlcally pure acids 

by treatment With an acid 1uoh as aqueou1 or mll1hanollc hydrogen chloride. In 

another method, • compound of the fonnufa I wherein R1 contains an ester group is __ j 
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reacted with en opticaJly active acid such as ~ande!ic acid or N-t-butoxycatbonyl-0. 

tryptophan to form dintereomeric esters which are separated into optically pur• esters, 

e.g. by chromatography. Removal of the resolving est• group and hydrolysis of the 

carboxyfio acid ester group in A1 is conveniently carried out with aqueous base such 

5 as en alkali metal hydroxide, e.g. sodium ~ydroxide, at 1emperatures ranging from 

about room temperature to the rellux or boiling temperature of the •olvent or solvent 

mixture used. The reaction may be conducted in the presence of a co-solvent such u 

methanol. ethanol or tetrahydrofuran. 

The compounds of formula I wherein Ft is olCllZolyt are converted into 

10 corresponding compounds of fonnula I wherein R' is calboxy by ftrst reacting with 

methyl iodide In the optional presence of dimethylsulfoxlde and then with a base such 

as aqueous sodium hydroxide. 

The compounds of formula IV wh••in ~ is (CH11)411 CHR11R,2 or (CH2).R
12 may 

be prepared according to rea01ion Seheme I from a compound of the formula VIII 

15 wherein A. n and R2 n as defined with reference to formula I. 

The oompound of formula VIII ii reaclecl with triftuorornetha• sulfonlc anhydride 

(also called trftlio anhydride) 1n a suitable solvent such u melhytene ch1oride in the 

presence of 1riethymnlne IO form Iha compound of formula IX. 

The group ff when defined as to(CH.j, CHA11A'1 or -(CH1>J't1 may be 

20 introduced into tit oompound of formuta IX by· a two step procedure comprising 

reacting with an aldehyde of the fonnu1a R11A12CH(CH,)., CHO«, Ru(CH2).1CHO to 

fonn a compound ot1h• formulae XA or xa. r•pecllvely, and then hydrogenating. The 

reaction with the aldehyde Is conducted in the presence of a pyrro1idine catalyst or With 

hyctrochlalic aclcl catalyst In · 8C8lic acid. The h~enation is oanied o_ut with 

2S hydrogen wl a pelladum ~·lft·a Canwnional m.... · ·. · · .... 
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SCHEME I 

0 

- -) " 

HO cr3S01 
VIII IX 

R2 0 . 
.,,,,,.. =CHCCH2>q-1CHR11R12 • I .><A 

~ 11 
)" =CHCCM2 >q.1R ••• >CB - lV 

. 

cr2so3 x 

The oompounds of formula VIII are genard~ commarcialty available. If not. they 

may be obtained by prior art methods. For Instance, 1he oompounds of formula VIII 

5 wh••in A is oxygen tand n Is 1 may be obtained lrom R2 
... ubstituted 2',4'~ihydroxy-3-

chloroproplophanone (h.-.after compound 1) by cyclization with sodium hydroxide. 

Compound 1 may be prepared from R' ... ubltituted rasorcinol and :khloropropionic 

IOid In the presence of an acid, prel9rably triftuoromethane sulfonic acid. The 

compounds of formula VIII whnn A it sulphur and n is 1 may simllarty be obtained 

10 fram R1-subltituted 4•-hydroxy-2"'....,yclryl-khloro-propiophenon• -~· ~ay b9 
obtained from R1-subslftuted 8-h~i0ph9nol. .... . . . . . ·: ··'".:": · 

The compounda of formula VIII wher9Jn n ii 2 and A is 0 or S may similmty be 

obtained by reaction of ff-substituted resorclnol or 3-hydr.ythlophenol, _rmpeclively, 

and 4<:hforobutyric ICid. and cycliZation with sodium hydroxide. 

15 The group R1 when defined u ·O(CH2).,CHR"Ru or ..O(CH2),R
12 may be 

Introduced into.1h• compound of fannula V1U by the procmure outlined in Scheme It. 

agiEMEll 

Th• compoUnds of formula XI may be prepared from 1he compounds of formula 

II vmerein R" is hydrogen by mbcin; thtr1of wt1h 207. potassium hydroxide and adding · 

20 phenytdiacetoxy iodide. 
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.g. 

II -

Rl XI 

(QCH3>2 0 
,.,..... O-<CH2>PCHR11R12 

........ 12 -----. 
C ) 0-CCH2 >PR 

R"' n 

X l I X J I I 

The oompounds of fonnula XI when combined with Bt(CHz>.CHR11Ru or 

Br(CH,),R'2 form compounds of 1he formula XII which are converted to compounds of 

the fonnula XIII by hydrolysis with an add 1uch es hydrochloric add. The compounds 

of formula Xfll on reduction form compounds of the formula I. This teduc:Uon is carried 

5 out in. eonvenllonal manner with •odium borohydride in 111 alcohol solvent at ambient 

temperature. 

10 

The above oompoundl of formula N may be converted into compounds of 

fonnula I wherein R' is as defined with reference to formula f and R' is carboxy in 

accordance with reaction Scheme Ill. ., 
' -. •• I ~;·,' • : . 

·;,._:-~ ::.:~··=~·;:_ =··;. -:··. .· . ' ·.~····; . 
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SCHEMEUI 

0 

I IV __., ) ...... 
n 

XIV 
10 

0 

15 
> - XVI --. I 

n 

xv 

20 The compound of fonnulaXIV ltfdnned by reaction of the compound of formula 

IV wrth (CHa),SnSn(CH,)1 and a palladlum catalyst such as tetrekistrfphenyl phosphine 

palladium (Pd(PPhJJ. or blsbenzonilrlle palladium chloride .. in the presence of a 

phosphine ligand, such as tripheny1 phosphine. in an amount of about 0.1 to about S 

molar equivalent par mole of substrata used. The compound of fonnula XIV J• ., ... 
25 converted to a compound offormulaWby ~-with an .star-protacled eo.n~'-~;.';,.: 

30 

of the formula 

wherein R'0 11 as defined with reference to formula I, R14 Is c,..c. alkyl. phenyl or 

be~. and Z is loc:to, bromo or CF1S01. The coupling reaction pr~s _in_ th_e_ 

J"his ·Sheet Has Been Replaced 

,~·,:: ll~ll 111111 ~111111111 
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presence of a palraclum catalyst, such as tetrakistriphenyt phosphine palladium or 

bistrlphenyl phosphine palladium chloride. 

The ketone esters of th• formula XY n first reduced to the corresponding 

hydroxyl compounds XVI (fonnula not shown) and then hydrolyzed to tne 

5 corresponding acid of formula I. The reduction proceeds with sodium borohydride, as 

described before wfth reference to the reduction of the ketones of formula 11. The 

hydrolysis to th• acid may be carried out with an aqueous base such u an alkali metal 

hydroxide, e.g. sodium hydroxide, in the optional presence of a co-solvent such as 

methenol or ethangj at temperatures ranging from about room temperature to the reftwc 

10 or boillng tempendure of the solvent used. 

The compounds of fonnula I wherein R1 ii 

11 

wherein R'9 Md R11 ara u defined .txw• With referenc. to fonnula I, may be obtained 

20· by-reacting compounds of th• fonnula I wherein R1 Is 

I 
. . . " . 

Rio 
. , ...... .. 

with a sulfonamide of 11• formula R11SOl*t2 In the p.....,._ of a coupling agMt such 

as1,s-dlcyolohe><glcatbodlfmideor1-(3-(dimethytamino)propyl]-kthylcarbocliimideand 

30 in 1ha prnence ot an organic bae .ud'I u pyricfane. ~~e, 

tri9thylamln1, dllsopropylethytno or clazoblcyclo(l.4.0]undec-7....._ ~ raacllon 

ii carried out in a solvent such as tmahydrofuran, diethyl eth•, toluene, and 

ohlorobenza\e, at a temperature ranaina from about room temperature to about the 

bolling point of 1h• reaction solvent usm. 
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Tha compounds of formula I wherein A' is tetrazolyl may be obtained 'from 

corresponding ester compounds of formula I wherein R' is a carboxyl C1-C, alkyl ester 

group (-CO~C,..CJalkyl). The est• compound is 1irst reacted with t-butytdimethylsilyf 

chloride in 1h• presence or an organic bae auch as triethylamine or pyridine or. 
5 preferably, lmldazole in a polar aprotic IONent. preferably dimethy1formamide to protect 

the hydroxyl group as known In the art. The pr~ected ester compound Is reacted with 

ammonia and tri(C,.C.)alkyl aluminum 1n xyl9M 1o replace the cart>oxyl ester group wl1h 
cyano. Th• cyano group is reacted with trimethylstannyl azide In toluene at about 

110°c. Conversion 10 tetrazolyl and removal of the silyl protectlng group is attained 

10 by reaction with tetrabutylammonJurn fluoride in tetrahydrofuran to obtain the 

compounds of tonnula I wherein R' Is tetrazolyl. 

The salts of compounds of formula I containing a carboxy group may ~ 

prepared in a conventional manner by reaction with a base such as an alkali metal 

hydroxide, e.g., sodium hydroxide, or alkaline earth metal hydroxide, e.9 .• rna;nesium 

16 hydroxide. The eaterl of compoundl I oontainlng a carboxy group may be prepared 
in a conventional manner by. reacting the acid group \\fth a C1.C. alcohol, s.uch u 

ethanol, phenyl (C,-C,) alcohol. CJ-C, cycfOalkenol, phenol or phenol substituted by 

one to Int oftuoro, chloro, C,·C1 lllkyt or C1-c1 alk~xy. 

The compounds of the invention can be administered to humans for the 
20 treatment of L1' Induced Illnesses by various routes Including orally, parenterally Md 

topically, and through the use of suppo1itorles and enem•. On or91 administration. 

dosage llY9ls of about 0.6 to 1000 rng/day, advantageously about 5-500 mg/day may 

be given In a siigle dote or up to Une divided dose1. For~"' ~lnistration. 
dosage level& .,. about 0.1-500 rftg/day, advantageously aboui ·1.o.;00 mg/day. -25 lntravenous administration can Include a continuous drip. Variations wiU necessarly 
occur d11p9nding on the age, wetght and condition of ht subject being hated lll'ld the 
particul• route ol administration chosen • wll be known to those skilled In the art. 

The compounds of the Invention may be administered alone, but will generalry 
be admlnlstertd In admixture with a pharmaoeutloal oanler selected with regard to the 

30 Intended route of administration and standard pharmaceutical practice. For example, 
they can be admlnlst•ecf arally In the fonn of tablets containing such excipients as 

starch or lactose. or in oapsules eilhar alone or in admixture with excipients, or in the 
tonn of ellxirl or suspensions containing ftavoring or c0loring agents. They can be 

lnjeded parenteraly. for example, Intramuscularly, Intravenously or subc:utaneoully. 
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For parantn administration, they are best used in the form of a sterile aqueous 

solution which can con1ain other solutes, for exampte, enough salt or glucose to mike 

the solution isotonic. 

Th• LTB4 activity of the compounds of~ Invention may be detennined by 

5 comparing the lbilttY of the compounds of th• invention to compete with radiolabeUed 

LTB. fof spteilc LTB, receptor sit• on guinea pig apfeen membranes. Guinea pi; 

spleen membranes were prepared • described by Cheng et al. (J. Pharmacology and 

Experimental Therapeutics 232:80, 1986). The 3H.t.TB. binding assay was pelformed 

In 160 IA containing SO mM Tris pH 7.3, 10 mM MgCl2, R Melhanol, 0.7nM 1H-LTB .. 

10 (NEN, approximately 200 Ci/mmol) end 0.33 mg/ml guinea pig spleen membranes. 

Unlabeled LTB. was added at a concentration 5 pM to determine non-specitic bjndlng. 

EJcpairnental compounds were added at varying concentrations to evaluate their effects 

on 3H-LTB. binding. The reactions were incubated at 4oc for 30 mrnutes. Membrane 

bound 3H·L TB4 was coUected by filtration through glass fiber ftJtars and the amount 

16 bound was detennined by scintillation counting. The lceG v.tue for en exp8rimentlf 

compound ii the eoncet tlratlon al which latG. of •peclfio "H-LTB. bind'rig II Inhibited. 

20 

Th• following !Jcmnples illustrate the preparation of 1he compounds of the 

invention. 

A. 

Egmple1 

r.11..QlhVdrgo=kihlorcprojplophaoo_ne 

To a stirred mixture of reaorcinol (200 g, 1..82 m·ol) and 3-chloropropionlc acid 

(200 g. 1 .84 mol) was added tlllluoromelhane suHonic acid (1 kg) In one portion. 1he 

solution was heated slcw'ly over 15 minutes to eo•c then cooled to room temperature 

owt 15 mlnul9s Md poured into chlordonn (4.0 1.J. The orpnlo porlion was slowly ;. 
·.· .• •• : .. •·... . . . • ·.· =·~·: ... "-.;···~ 

25 poUNCI Into water (4.0 l) MCI 1he --separated. 1he...,. ta,. WU mn.cted. :· : . ::::. 

with chloroform (2 x 2.0 L). The combined organic layers were washed with brine, dried 

over sodium date and fltt•ec:I. Concentration in vacuo gave an orMge semHto&d 

(244.1 g) which was us.ct crude In the next step. 
1~MR (300 MHz, CDCt,.): 12.66(1H,1), 7.B3 (1H. d, J=7.6Hz), 6.37-6.46 (2H, 

ao m), a.a (2H. t. J==l.8Hz), a.41 (2H. t, J•6.3Hz). 
•• 7-tfydmxybliqopyrln=tqw 

To a cooled (SOC) 1olulfon of 2N aodlum hydroxide (10.0 lJ was added 1h• 

compound of step A (244.1 g} In one portion. The solution wu warmed to room 

temperature over 2 hours using a warm water bath 1hen recooled to S°C and the pH 
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adjus1ed to 2 with 6 M sulfuric acid (1.2 l). The mixture was extracted with 3 x 3.0 L 
· of ethyl acetate, washed with brine (1 x 2.0 L) dried over sodium sulfate and lftered. 
Concentration in vacuo gave a tan send. Trituration Wfth hexanes, and filtration afforded 
173.7 9 (88% yield) of the title compound. M.P. 131°e-137ac. 

1 c. z-rarlJ!uoromathyf•utranyDoxyl::benzoman=+ont 
To a stirred solution of 1he compound of step B (173.7 a. 1.06 mole) in 

mllh~• chloride (3.0 L) at - 78°C wu added triethylamine (320 g. 3.16 mole) and 
-· , .. , · dimethytamlnopyricftne (2.6 g). After total di11olutlon, trlftuoromethane suHonic 

anhydride (327 g, 1.16 mote) was added dropwise over 20 minutes, the material was 
-.· 10 stirntd for 30 minutes at ·78°C, and than warmed to room temperature over 2 hours. 

....... 

The reaction mixture was poured into sa1urated ammonium chloride solution {2.6 L) and 
the layers sepatated. The _aqueous layer was extracted with 2 x 2.0 L of me1hytene 
chloride. The combined organic fractions were washed with Wider (1 x 1.0 L), dried 
over magnesium sulfate and filtered. Concentration in vacuo gave a red oil. 

1 t5 avornatography over silica gel (1 kg) eluting With (8:1) hexane: ethyl acetate gave after 
1olvant"removal 211.1 g. (Gnt yield) Of the title product. M.P. 4M4 •C. 

D. Z•f.litUluor,pmethvtsulfonVJ)oxvl-3-phenylmatbyl-benzopyran+cnt 
To a stirred 1olution of the product of St8p C (27 g, 91.2 mmo1e) in 113 ml of 

mdianol was added benzaldehyde (11.1 ml, 109 mmole) followad by pyrrolidine (9. t 
20 ml. 109 mmcle). The mbctur• wu ltirted at room temf*ature ovemfiht. cooled to 

ooc and filtered. Th• solid was wash9d once With eo ml of ice-cold methanol and 
then dried In vacuo: SS.2 g, (7SCJGi·yield) of the title product was recovered. M.P. 1» 
135°C. 

'H NMR (300 MHz, CDQa): 8.11 (1H, d, Ja8.7Hz), 7 "'1 (1H. bs), 7 AC>-7.51 (2H, . . . 
21 m), 7.24-7.al (8H, m). i.97 (1 H, dd, J•e.7Hz. 2.4Hz), 1.91.(tH, d~:a•t.~). a.e·(.1H~ .. :::' ·., . 

bs). 

E. Z·IartftuoromtthmuftqnytMJ+Phenytmelhyl:b!nzoman+n 
To a solution of 1h• compound of step D (26.1 g, 69.2 mmole) in 250 ml of 

ethyl acetate in a 500 ml Parr shaker flask was added 10-. palladium on carbon 
30 catalyst (1.3 g). The mixture was hydrogenated 11140 psi until hydrogen uptake ceased 

aft• about 3 hours. The mixture wu fltered through oellte (a tradename for 
diatamaceous ear1h) to remove the paftad'um catalyst, and chromatographed tNet 11Uca 
gel (hexane-ether); 25.1 g (94% yield) of the title product wu obtained. M.P. 51-S8°C. 

I 
I 
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1H NMR (300 MHz. CDQ1)~ 8.01 (1 H, d, J•8.5Hz), 7.20-7.35 (SH, m), 6.081"8.96 

(2H, m). 4.42 (tH, dd, J=11.8, 4.4HZ). 4.22 (1tt dd, J=11.8Hz, 8.7Hz), 3.H (1H, dd, 

J•14.0, 4.4Hz), 2.90-3.05 (1H, m), 2.70(1H, dd, J•14.0, 8.7Hz). 

F. 7:CTrimethylstannyU-3:ehen~lmetbyl·b!nzo.anan-4-one 

6 To a stirred solution the compound of step E (9.20 g, 25.0 mmole) in 200 ml 
ot dioxane was added lithium chloride (3.201 76.0 mmole). Pd(PPhJ. (1.11 g, 1.0 

mmole), 3 crystals of butylated hydroxytoluene, end hexamethyldftln (9.0 g. 27.5 

mmole). The mixture was heated to reflux for 1.6 hours. cooled to room temperature 

and poured Into 160 ml of satura1ed, aqueous ammonium chloride solution. The 

·-· 10 mixture was extracted wltl?-.~~:~ ml of diethytethar and the combined organic fractions 

......... 

were washed with brine, dried over sodium suJfate and tittered. Evaporation in vacuo 

gave a yellow semi aolid which was chromatographed over silica gel (5:1 hexane: 

ether) to give 8.90 g (SK yield) of the title product. M.P. 94..asoc. 

'H NMR (300 MHz.CDC!~): 7.86 {1H, d, J•8.7Hz). 7.18--7.37 (SH, m), 7.14 (1H, 

15 d, J•8.7Hz), 7.11 (1H, 1), 4.18 (1H. dd, J=11.8, 4.0Hz), 4.17 (1H, dd, J=11.tsHz, 

8.4Hz), 3.28 (1H, dd, J•14,0, 4.4Hz), 2.84-2.95 (1H, m), 2.71 (1H, dd, J•14Hz, 

J•11.0Hz), 0.31 (9H, 1). 

G. 7..(3..CarbomethoxyphenylJ+Rhmvtmelhyl=benzopyren-4-oftJ 

To a stirred solution of the compound ot step F (7.0 g, 17.1 nwnole) in 

20 dimethylfonnamide (DMF) {35 ml) was added Pd(PPfta)2C11 (490 mg, 0.7 mmola), 3 

crystal• of BHT and melhyl-3-iodobenzoate (S.O g. 11.1 mmole). The mixture w• 
stJrnad at reflux for 1.5 hours, cooled to room t.nperature and poured Into 150 ml of 
saturated aqueous ammonium chloride solution. The mixture wu extracted with 3x1 SO 

ml of dlethrl ether, and the combk\ld extract wu washed wilh 2"1~ ml of water, and 

25 then brine. The aolUtlon was dried avw sOdUn aiiat.~ ..,;. ·.,,.I~ in 
vacuo to afford a yellow oil. Chromatography over eillca gel (4:1 hexane: ether elution) 

afforded e.a1 g of the tltl• compound u a viscoul ol. 

'H NMA (300 MHz, CDCla): 8.29 (tH, t. J•1.6Hz), 8.08 · ·. · .. 
(1H, dd, J•7.6, 1.6Hz), 8.00(1H, d, J•8.2Hz), 7.79 (1H, dd. J•7.6Hz, 1.SHz), 7.53 (1H, 

30 t. J=7.8HZ), 7.22•7.3& (7H, m), 4.41 (1H. dd, J•11.8, 4.8Hz), 4.21 (1H, dd, J•11.8, 

8.5Hz). a.M (SH,•), S.31 (tH. dd. J•14.0, 4Ahz), 2Jl1-2.99 (1H, m), 2.73 (1H, dd, 

J-=14.0, 11.1Hz) 
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H. U3:Carb9meth04Yph1Qyll-i·bycfroxyp3:phenylmelhyl·b•nzoayron 

To a stin'ecl solution of the compound or step G (6.50 g. 17.5 mmo1e) In 36 ml 

of methanol . at room temperature was added sodium borohydride (940 mg, 26.0 
mmole) in one portion. The dark mbclure was stirred at room temperature for 2 hours 

5 than poured into llllurated aquaou1 ammonium chloride solution (76 ml.) and extracted 
with 3X78 mL of drethyl ether. The combined extracts were washed with brine, dried 
over sodium sulfate, filtered and concentrated in vacuo to give .., off-yellow oil. 

· Chromatographr on silca gel etuting with 4:1 hexane: ether afforded fitst 3.28 9 of the 

els ring isomer of the title compound, and then 1.98 g of the trans isomer of the title 
10 compound as viscous oils, total yieJd 81%. 

Cil ring Isomer: 'H NMR (300 MHz, CDCli): 8.25 (1H, t, J=1.7Hz), 8.02 (1H, 
dt. J=7.8, 1.7Hz), 7.76 (1H, dt, J•7.11 1.7Hz), 7.60 (H, t, J•7.8Hz), 7.41 (1H, d, 

J•7.9Hz). 7.31 (1H, d, 7.3Hz), 7.14·7.26 (6H, m), 4.58 (1H, t, J=7.2Hz), 4.28 (1H, dd, 

J=9.1 1 2.6Hz), 4.03 (1H, dd, J=9.1, 5.4Hz). 3.93 (3H. s), 2.78 (1H). 2.77 (1H, dd, 

15 J•13.7, 6.2Hz). 2.158 (1H, dd, J==13.7, 9.1Hz), 2.20-2.29(1H, m), 1.83 (1H, d, J•7.2Hz). 

Trens ring i1om1r: 1H NMR (300 MHz. CDCla): 1.23 (1H, t. J=1.7Hz), 7.98 (1H, 
en. J=7.8Hz), 7.74 (1 H, t. J•7.8Hz, 1.7Hz). 7.48 (1 H, t, J•7.9Hz), 7.20-7.38 (6H, m), 
7.15 (1H, dd, J•8.0, 1.8H2), 7.09 (1H, d, J=1.1Hz). 4.58 (1H, dt, J=4.71 3.8Hz), 4.12-

4.1·9 (2H1 m). 3.92(3H.1), 2.90 (1H, dd, J=13.I, 8.4.Hz). 2.10 (1H, dd, J=13.I, 7.2Hz), 

20 2.38-2.31 (1 H, m), 1.71 (1 H, d, J=4.7Hz). 

J. N-a·t·Butogx.sarbonyl•l•t[Yptophan·Z f(S:carbomfthoxyphen yl)-3· 

phenDodwD-cbroman+yt1111er 
To a atlrred solution of th• compound of step H (2.5 g. 8.7 mmole) in 70 mJ of 

CH1Cla was added DMAP (897 mg.. 7.34 mmole. 1.1 eq.), DCC (1.~1 9, 7.34 mmole, 
II 1.1 eq.) and N-t~phan (2.4 9. 8.01 mmole, 1.2 eq.J:·= Th·~·~re wai stirred -at room temperature for 12 houra. filtered and washed with IM Ha and brine. The 

organic layer was drted over MgSO.. tittered and concenlrated in vacuo. 
Chromatography (slllca gel-3:1 cyclohexane:ether) afforded 880 mg of the less pOlat 
dlasterecmer (Rf•0.3) and 700 mg of the more polar moving diastereomer (Rf=0.2). 

30 The I ... polar product (SS, 4R): ,H·NMR (300 MHz. CDCt:J; 8.29 (1H, s), 1.03 (2H, d, 

J•7.8 Hz), 7.77-7.83 (2H, m), 7.52 (2H, t. J•7.8 Hz), 7.02·7.:t3 (5H, m). 1.64 (1H, 1). 

5.66 (1H, s), 5.0I ~H. d, J•l.4 Hz), 4.58-4.62 (1H. m), S.95 (3H, •), 8.73-3.BS (2H, m), 
3.11-3.21 (2H1 m), 2.45-2.81 C2H. m), 2.09-2.15 (1H, brd 1)1 1.39 (9H, •). The more 
poler product (3R,4S); 'H·NMA (300 MHz, COCfa): 8.25 (1 H, 1), 8.01 (1 H, d, ~-=7 .~Hz), 
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7.94 (1H, brd s). 7.74 (1H, d, J=8.2 Hz), 7.54 (1H, d, J=n.9 Hz). 7.48 (IH, '· J=7.8 Hz), 
7.09-7.38 (H. m), fS.15 (1H, •). 1.e1 (1H, •), 5.08 (1H, d, J=l.2 Hz), 4.a&.4.60 (1H, m). 
3.94 (3H, a). 3.73-3.71 (2H, m), 3.22-3.35 (2H. m), 2.42-2.60 (2H, m), 1.~1.96 {1H. m), 
1.39 (9H, s). 

K. 

To a stirred solution of the less polar •R.3S tryptophan ester of step L (840 mg, 
1.08 mmole) In 10 ml of methanol was added 10 ml of 2M NaOH solution. The 
mixture was refluxed for 8 hours, cooled and acidified to a pH of 4 with 1 M HCI. TM 
cloudy emulsion was extracted with 3x20 mL of eth~ acetate, and the combined 

._. 10 organic fractions were washed 'With brine and dried over MgSO,. Flltration and solvent 

-._ .. · 

removal in vacuo afforded a yellow foam. Chromatography (dica gel-ethyl acetate: 
hexane: acetic aoid -35:15:1) afforded 210 mg of product. 1H NMR. (300 MHz, 
CD,CN): 8.22 (1H, t. 1.7Hz), 7.97 (1H, dt, J•7.8, 1.7Hz), 7.87 (1H, dt. Ja7.8, 1.7Hz), 
7.66 (1H, t, J=7.8Hz), 7.~2 (1H, d, J•7.9Hz). 7.15-7.39 (OH, m), 7.10 (1H, d, J•1.8Hz), 

18 ~.44 (1 H. d, J•4.9Hz), 4.11 (1 H, dd, J=l.1, 2.5Hz), 3.97 (1H, dd, J=l.1. 15.4Hz), 2.72 
(1H, ctd, J•13.7. l.2Hz), 2.51 (1H, dd, J=1S.7. 9.1Hz), l.04-2.20 (3H, m). [oJ.,•+11.1 
at C•1.00 in methanol. M.P.=210.212oC. 

Saponiflcatlon as above of th• more pol• 31\4S11yptophan-ester (700mg) gave 
the 3R,4S enantiorner, 'H-NMR (SOD MHz, CO.CH): 8.22 (1~. t 1.7Hz). 7.97 (1H, ctt. 

20 J=7.8. 1.7Hz), 7.87 (1H, cl, J=7.8, 1.7Hz), 7.66 ·(1H, t, J=7.8Hz), 1'.42 (1H, d, 

25 

J•7.9Hz}, 7.1&.7.H (SH. m), 7.10 (1H, d, J=1.8Hz), 4'.44 (1H, d, J=4.9Hz). 4.19 (1H, 
dc:I, J=9.1, 2.&Hz), 3.97 (1H, dd, J•9.1, l.4Hz), 2.72 (1H, dd, J•13,7, S.2Hz), 2.51 (1H: 
dd, J•13.7, 9.1 Hz). 2.04-2.20 (3H, m). (a]0 P-11.0 at c=1.01 in methanol. MP=209: 

L. -Saponiflcation a 1n step K of th• trans ring isom• of step H gave the 
COft'elpondlng acid. 'H NMR (300 MHz, CO,CN): 8.22 (1H, t. 1.7Hz), 1!11 {1H, dt. 
J=7.8. 1.7Hz), 7.U (1H, di, J•7.I, 1.7Hz), 7.56 (1H, t. J•7.8Hz), 7.42 C1H, d, 
J•7.SIHz), 7.15-7.31 (8H, m), 7.10 (1H, d, J=1.8Hz), 4.44 (1H, d, J•4.0Hz), 4.19 (1H, 

30 dd, J=9.1, 2.5HZ), 3.97 (1H,dd, J=9.1, 5.4Hz). 2.72 {1H, dd, J=t3.7, 8.2Hz), 2.51 (1H, 
dd, J=13.7, 9.1Hz). 2.Q4.2.20 (3H, m). M.P. 210-212oc. 

EumP1t2 
The following compounds Jn Table 1 wwe prepated by .saponification in 

accordance with Example 1 J. The melting points are in degrees C.lslus. ··· 
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Tlblt 1 

5 

10 

._. 
15 

,., R' R' R' Product 

20 4-phenylbenzyl C02H H Cl tH-NMR (300 MHz, DMso .. ): 
7.61-7.67 (4H, m), 7.29-7.46 
(SH.m). 1.93 (1H, brd d, 
J=7.9H%), &.80 (1 H, br.1.), 
4.38 (1H. d, J=4.9Hz)1 4.US 
(1H, bRl.d, J=11.0Hz), •.02 
(1H, dd, J•11.0, S.6Hz), 2.G6 
(1H, m), 2.se (1H, m), 2.26 . (1H, mJ . 

benzyl C01H H OCHs (cl•) I H-NMA (300MHz. 
CDCIJ: 7.96 (1H, d, 
J=8.7Hz), 7.24-7.38 (6H, m), 
7.16 (1H, d, J•l.OHz), 1.88 
(1H, dd, J=8.7, 2.&Hz), 6.75-
6.83 (SH. m). 4.51 (1H. d. 
J•2.9Hz), 4.0&4.15 (2H, m), - 3.84 (SH, s), 2.90 11 H, dd. 
J= 13.S. 8.2Hz). 2.70 (1H. dd, 
J::13.6, 7.2Hz), 2.27-2.39 (1H, 
m). 
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Rs R' R' R1 Product 

benzyl COiH H OCH, (trana),H-NMR (300MHz, 
CDCI,)~ 7.97 (1H, d. 
J•l.7Hz), 7.17-7.31 (SH, m)1 

6.85 (2H, di, J•14.3. 2.IHZ), 
6.81-6.85 (2H, m)1 4.SO (1H, d, 
J•4.1 Hz), 4.20 (1 H, dd, 
J•t1.2, 2.8Hz). S.94 (1H, dd, 
J• 1, .2, 4.8Hz), 3.88 (3H, •). 
2.76 (1H, dd, J•13.8, 6.2Hz). 
2.52 (1H, dd, J•13.2, 9.4Hz). 
2.22-2.30 (1 H, m). 

benzyf co,H H Cl (ois)'H--NMA (300MHz, COCl3): 

7.83 (1H, d, J•8.4Hz), 7.10. 
7.38 (7H, m), 7.09 (1 H, d, 
J=89.1Hz), 6.72-8.84 (2H, m), 
4.47 (1 H, d, J•2.8HZ), 4.0'l• 
4.12 (2H, m). 2.85 (1H, dd, 
Jz: 13.6, 8. 1 Hz), 2.62 (1 H, 
13.1, 7.4Hz), 2.22-2.38 (1H, 
m). 

benzyl COzH H Cl (trans)'H..ffMR (300MHz, 
CDC'3): 7.IS (1 H. d, 
J=8.3Hz), 7.1~7.42 (IH, m), 
6.78-8.8' (2H, m), 4.41 (1H, d, · 
J•4.2Hz), 4.12 (1 H, dd, 
J=11.7, 2.6Hz), 3.92 (1H, dd, 
J=11.7, 4.4Hz), 2.73 (1H, dd, 
J•13.7, 8.1Hz), 2.50 (1H, dcl, 
J•13.7, l.!Hz). 2.14-2.26 (1H, 
m). 

~ COaH H H (ci•)'H-NMR (300MHz. CDCla): 
7.18 (1H. dd, J-7.7, 1.aHz), 
7.49 (1H, t. J•7.7Hz), 7.11· - 7.39 (8H. m), 8.82..0.89 (2H. 
m), 4.49 (1 H, d, J=3.0Hz), 
4.0M.11 (2H, m), 2.17 (1 H. 
dd, J-13.1, 8.0Hz), 2.63 (1H. 
dd, J=13.I. 7.4Hz), 2.28-2.38 
(1H, m). 
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1¥ A' A• A, Product 

benzyl C02H H H (trans)1H-NMR (300MHz, 
CDQJ: 7.88 (1H, dd, J=7.7, 
1.2Hz), 7.12 (1H, t. J•7.7Hz), 
7.10-7.41 (SH, m), 9.83-1.90 
CZH. m). 4.4S (1 H, d, 
J=4.2Hz). 4.12 (1H, dd, 
J=11.2, 2.9Hz), 3.88 (1H, dd, 
J=11.2, 4.IHz), 2.75 (1H, dd, 
J•13.7, l.IHz), 2.51 (1H, dd, 
J=13.7, 9.SHz), 2.14-2.26 (1H, 
m), MP 82-MoC. 

~henylbenzyl CO.aH H F 'H-NMR (300 MHz, DMSO 
d&): 7.8 (1H, dd), 7.01-7.67 
(SH. m), 7.29-7.48 (SH m), 
8.13 (HH. brd, d), 6.80 (1 Ht d) 
4.38 (1H, d) 4.18 (1H, brd d), 
4.01 (1H, dd), 2.96 (1H. m). 
2.54 (1H, m), 2.22 (1H. m). 

4-phenylbenzyl C02H H CF31 (trans) 1H-NMR(300 MHz, 
CDQJ~ 7.9'(1 H1 d, 
J•8.7Hz), 7.11-7.15 (12H, m), 
1.81-1.92 (2H, m), 4.53 (1H, d, 
J=4.2Hz), 4.21 (H, d, 
J=11.2Hz), 4.02(1H, dd. J•11. 
Hz. 2.&Hz), 2.78 (1H1 m)t 2.58 
(1H, m), 2.30 (1H, m) 

EympltS 

By saponificatlon of the corresponding ester in accordance with &ample 1 J, 7-

(4-hydroxy.s.oarboxyphenyl)+hydroxy4-phenylmethyl4H-1-benZopyran wu formed 

having • melting point of 1ee-1eo•c (ci•) ..... 1n-176°C (trant). 

EJ!IDJRIU 
10 A. Z·J(l:ftuoro .. (2·(4~1mttbyt.Z:lm~mytmllthyl•nt1-

btnzoman-ton• 
To a stirred solution of 2-(4-tluorophenyl)-4,4-dimethyt-2· oxazoline (1 .o eq in 

tetrahydrofuren, .5M conoantration) at ·7••c under N1 wu added n-butyRithium in 

haan• (1.1 eq •• 2.SM IOlutlon). TM mixture was llirred at ·78•C for 1 hour, tMn 

115 ZnCI, (1 M 8Glution in ...... 1.1 eq.) wa add.ct. The mllcbn wu warmed to 1o•c 

over 1 hourto tiY• 2·(4-ftuorophenyl-2<hlorozinc)-4,44eft1Vl-2-oxazolina (not lsotaled). 

To this solution was added 7-{((trffluoromethyl)sulfonyl)oxy]-3-phenylme1hylen• 1 • 
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benzopyran-4-one (1.0 eq.) end Pd (PPhJ, (.02 eq.). The mixlure wu reftuxad (68°C) 

for a hours. cooled to room temperature and poured into NH.Cl solution. The solution 

was extracted with 3 times diethyl ether and the combined organic fraction dried over 

MgSO... Filtration followed by solvent removal in vacuo and column chromatography 

5 (silica gal -2:1 hex1n1:ether) gave the till• compound u a yellow soltd, 66~ yield. m.p. 

110-112°C. 'H-NMR (300 MHz. COCla): 1.04 (1H, d), 7.91 (1H, 1), 7.78 (1H, dd), 7.41-

7.R (3H, m), 7.31 (2H. d), 7.06-7. 18 (3H, m), 7.02 (1H, 1), 6.40 (2H, s), 3.8& (2H, s). 

1.31 (SH. I). 

B. f3S• .45•11-rs-fluom:(2=(4.4-d1methyt.2eOXazolnyllpheoytl-4-hvdroxy-3-

10 phenytmathyl-2H-14>enzogyrto 

To a stirred solution of the compound from step A in THF (.1 M) at 0°C was 

added UAIH. (1M In e1her, 2.2 aq) dropwlse ovs 10 minutes. The mixture was warmed 

to room temperature end stirred for 12 hours. The mixture was cooled 10 o•c. 
quenched with Aoche11es salt, and filtered through diatomaceous earth. The aqueous 

15 layer wu extracted twice with ethylac8tata, and the combined organic layers were 
washed with brine and dried over MgSO,. fllratlon an solvent NmOVlll aflofdecl a 
yellow oil. Chromatography over sDlca ;et (ethylacetate:hexane) afforded a eocr. yield 

at a white sold. M.P. &5-70°C (decompoMd). Anal. calcd. for CjiJC;: C, 75.15; 

H, 8.07; N, 3.25. Found: C, 74.71, H. 8.02, N,·a .. 09. 'H-NMR (300 MHz. a>a~ :7.70 

20 (1H, dd), 7.02·7.37 (8 H, m), 8.96 (1H. dd)·, 7.11 (1H, d). 4.51 (1H, d). '4.23 (1H', dd), 

4.39 (1H, dd) 3.87 (2 H, dd), 2.74 (1~, dd). 2.66 (1H, dd), 2.18-2.28 (1H, m) 1.31 (6 H, 

d). 

C. (3S• .AB*lZ ·C2-carlz21Y·§:ftuomphenyl)-4-hydroxy-3-pbeoylm1thyl·2H-1 • 

benzopyrlo 

25 Th• compound from step B II dluolVed In methyl Iodide (O.&M) at room 

temperature and stirred for 24 hours. The methyl iodide was removad in vacuo, the oly 

sold was dlssolYed In CH1Ct2 and the solvent removed in WICUO. Thi& opandlon w 
repeated to NmCM traces ot meth~ Iodide. The IOlfd was dissolved In Mlhnol 

(O.SM) and 2M NaOH (.SM) was added. The mixture was refluxed for 5 hours, cooled 

30 to room temperatwe .nd acidiftad to pH 2 with 1 M Ha. The mixtunt was extraded 

twice with ethyl acetate, washed with brine, and dried OWllf MgS04 • Fllndlon llW.I 

solVent removal in vacuo, followed by chromatography (1111ca get, 10:1 meth)'lenll 

chloride:methanol) gave the desired acid, 93% yield. 1 H-NMR (300 MHz, CfJICOCDa): 

7.80 (1H, dd), 7A8 (1H, d), 7.18 (7H, m), 7.13 (1H, dd), 6;91 (1H. dd), 6.80 (1H, d). 
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4.52 (1H, d). 4.23 (1H, dd), 3.98 (1H, dd), 2.89 (1H, dd), 2.54 (1H, dd)1 2.19-2.30 (1H, 

m). 

01. t3S.4R)· 7·(2-carboxy·l5·fluorophenyfl'"4·h)!droxy-3·12henvtm1thyl·2H-1-

12tr&.oRmn 
s Th• compound from step c 11 dissolved In dlethyt e1har (0, 1 MJ and wanned to 

reflux. To the solution was added dropwise S(·)methylbenzylamine (1 eq) in diethyl 

eth• (0.1 M), dropwise over 1 o minutes. The mbclure was cooled to room temperature 

and stirred for 48 hours. The predpitaled •all was filtered then rastirred 2 times at 

reflux In diethyl ether (0.1M) for 24 hours, followed by filtration. The salt (M.P.•1~ 

10 17IOC) was taken up In methylene chloride and washed 3 times with 1M HCI, then 

once with brine. dried over MgSO,, and filtered. Solvent removal in vacuo and 

recrystallization (1:1-hexan~:ether) gave white fine crystals. more lhan 99.K 

enantiomerlc uceu by HPlC analysis. (o]0
8 •+23.8, c•0.6 In CHCa. M.P. • 11Q.. 

121°C. Anal. Calcd. forC21H190.F: c. 73.01; H, 5.06. Found: C, 72.88; H, 4.76. 

15 D2. QA.4S)7·(2-carboxy-6-ftuorophenyl)-4-bydroxy·3-pht0vfmethrf·2H-1-

btnzqPJllD 

The filtrate tom the combined 1aJt slurries in 1tep 01 was washed 1tvee 1imea 

with 1M HCI, once with brinet and dried ovw MgS04 • Filtration and 1olvant removal 

gave a yenow solid. A 1lmil11 procedure • described in step 01 using R (+) 

20 methylbenzyl amine afforded 1he d.Sired product. [o]0
19=-23.4 (c=0.6 In CHCl3)i 

M.P. •118·120°C. Anal. Calod. for CnH,.o.F: Ct 73.01; H, &.oe. Found: c. 73.03; H, 

,,84. 
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C(AIMS 

1. A compound of the formula 

OH 

5 

( >,.. 

._, 1 O wherein 

15 

A is 0, CH,, S. NH or N(C1 -C,) alkyl; 

n is 0, 1 or2: 

R' Is a substituent at position b or c of the formula 

R4 

R2
, R', A', and R'0 are hydrogen or each lndependen11y are one or any two of 

th• foOowing: ftuoro, chloro, c,.c. alkyl, c,-c. alkoxy. c,.c, periluoroalkyl, c,-c, 
pertluoroalkoxy, c,.c. alkylthio, c,-c. alkylsulfinyl or c,-e, alkylsulfonyl; 

R1 ii -(CHa).CHA"R''• -(CH.a>J'", .Q(CH.).CHR,.R'a, or -O{CHa),R'2• Wherein 

25 p Is o, 1, or 2 Ind q II o, 1, 2, or I; _ 
A' is cllboxy, tetrazolyl or R,'502NHCO; 

R11 ii hydrogen, c,-c. d(yl or R'...-ittuted phanWf wherlin R' is • d8fNd . 
above; 

A,1 and Rts are hydrogen or. each independenUy are C,.C, alkyl or C31..C8 

30 oycloalkyl; or phenyl, thienyl, pyrldyl, furyl, naphthyl, quinolyl, ~~yl. pyrimidinyl, 

or pyrazinyl, each of which 11 optionally substituted by phenyl, A', or R' ··substituted 

phenyl wherein R' i1 u defined above; 

and the salts and esters of those compounds of formula I containing a carboxy 

group, wherein the eaters contain t$t• groups selected from the group consisting of 

I flllllf 111111111111111111 Jiii 
* C L M S . * 
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C1·C1 alkyl, phenyl(C,.Co)alkyl, c,~ cycloalkyl, and phenyl and benZyl subsUtuted by 

fluoro, chloro. c,.c. llkyl or c,-e, alkoxy. 
2. A compound accorcf"lng to claim 1 ~erein n is 1. 

3. A compound according to daim 1 or 2 wherein A is oxygen. 

5 4. A compound according to ct.im 1, 2 or 3 wh•mn A' Is benzyt, .. 

fluorobanzyl. 4-phenylbenzyl, 4--(4-fluorophenyl)benzyt, phenethyl or phenoxy. 

I. A compound according to any one of dllllna 1 to 4 wherein R1 is 

hydrogen or monotluoro. 

e. A compound according to any one of claims 1 to 5 wherein R1 Is at 

10 position cand ls 2-carboxyphenyt, 2·carboxy.&-chtorophenyl1 2-carboxy-4.chlorophenyt, 

2..carbo>ey-3-11uorophan'Yf, 2-carboxy..s-fluorophen~, 2-carboxy.&-1rifluoromethytphenyl, 

2-c:arboxy+luorophenyl, 2-carboxy.e-ttuorophenyl. 2-tetrazoyr.5-tluorophenyl or 3" 

carbaxyphenyl. 

7. A compound according to any one of claims 1 to 6 wherein ~ and 1he 

1 S adjacent hydroxy group •• trans. 

a. A oompound according to claim 7 wh....,, R' is 2.oalboxy+ 

tluorophenyl, R2 ii hydrogen, end A' is benzyl. 

t. A compound according to claim I wtwein the absolute stereochemistry 

at the poaition to which R3 II joined ti S and at 1he position to \\'hlch the hydroxy group 

20 is joined ii R. 

10. A compound according to clalm I wherein the absolute stereochamlstry 

at the position to which A' 11 ioinad Is A and at the poaition to which the hydroxy group 

is joined II S. 
11. Aoompound-=ordlng to claim 7 wherein A1 1s 2-carboxy-S.ftuorophan~ 

25 or karboxy-+chlorophmyt. R2 11 hydrog8Jt. 8"d R* II 4-phen~nzyl. 

12. A compound according to claim 2 whar•in A ii CH2• R3 is 4-

phanylphenoxy, end R' 19 2-carboxy-1-tluorophenyt. 

13. A pharmaceutical composltionfor1hetreatment ofLTB. induced mnesses 

which compriMI a compound of tonnu.la I as defined in any an• of claims 1 to 12. 

30 14. A compound according to way one clUna 1 to 12 for use as a 

pharrnaceutlcal. 

15. A method for the receptor binding lnhJl)ition of L TB. which comprises 

administering to a subject in need of such lnhibiUon a compound of formula I according 

to claim 1. 
-----·-··-- -----···-··- . 

1111111111111111111 11111111111. 
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16. A praC9$8 for preparing a compound of 1he fonnula 

OH 

5 • • •I 

Wherein 

·- 10 A 11 0, CH,. S, NH or N(C,..C,) alkyl; 

n ii o. 1 or2: 

'-··· 

R' ii a substituent at position b or o ct the formula 

R4 

15 

R10 

20 R1, R'. R9, and R'' are hydrogen or each lndepende.nly are one or any two of 

the folowing: 11uoro, chloro, C,..C, alkyl, C,-C. alkoxy, C,.C, pertuoroelkyl, C1·C, 

pertluoroatkoxy, c,-c, alkylthlo. C,..C1 alkylsu1finyl or: c,.c, alkylsulfonyl; 

R3 ls ·(CH2),CHR"Ru, ·{CH3),Rt2
, -O(CH2),CHR''R12

• or -0(CHa)pR12, wherein 

p Is o. 1, or 2 and q Is O. 1, 2, or a; 

21 R4 II carboxy, tenzolyt or R''S02NHCO; 

R11 is hydrogWt, c,...c. alkyl or R'.substituted phenyl wherein R' is u defined 

above; 
A•a and A'1 .,. hydrogen or each indep1ndently .. c,.c, lllk)t or <;.C. 

cycJoalkyJ; or phenyl, thlen~1. pyrid~. furyl. naphthyt, quinolyt, isoqulnoiyl, pyrimidinyl, 

30 or pyranyt, each of which ill optionlllty .ubstituted by phenvt • ._R', or R' :-$Ub~ad 

phenyl whaln R' Is • cWlned above: 

and fl• ultl MCI eaters otihos• compounds Of formula I containing a carboxy 

group, whtnin th• eltart contain ester groups selected from the group ognsisting oi 

C1-C0 alkyl, phenyl(C,..C.)aJkyl, Ci-C7 oyctoalkyl, and phenyl and benzyl su~tituted ~y .. 

1111111111111111111 l/111111111 i 
C L M S * ' 
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a 

10 

15 

20 

25 

... 
ftuoro, chloro, C,-C1 alkyl or C,·C1 alkoxy, characteriZed by reducing a compound of 

the formula 

><I I I 

17. A process for the preparation of a compound of the formula 

wherein 

2· R 

R1-t• I 
c~ 

d 

·0 

A is 0, CH,, S, NH or N(C, .Cjalkyl; 

nla0, 1 or2; 

• • • I I 

A1 it a substttuent at position b or o of the formuta 

oxazolyl 

I I I I 

Rio 

A2, R'. R•, and A,0 are hydrogen or each Independently are one or any two of 

30 the following: tuoro. chloro, Ci..C. alql, c,..c. .tkoxy. c,-c. pertluoroalkyl. c,.c. 

pertluoroalko~. c,.c, alkyllhlo, c,.c, alkyllullnyl, or C,.C, alk~nyl; 

ff 11 ·(CH.J41CHR"Ru. -(CH1) 41R", .O(CH1).,CHR"R'1• or ·(CH:J.Ru, wherein p 

is 0, 1 ot 2 and q Is O. 1, 2. or 3; 
. _ _ _ _ _ 

-- ·-··-- ·---- - ·--------

11111111 flf 111 11111 1111111 f 111 ; 
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R11 ii hydrogen, c,..c, alkyl or R' -substituted phenyl wherein R' is as defined 

above; 

A'2 is C,..C1 alkyl or C1-C8 cyctoalkyt; or phenyl, thienyt. pyridyt. fUryl, nephthyl, 

quinolyl, isoquinolyt, pyrldinyt, or pyrazinyt, •ach of which is optionally substituted by 

5 phenyl, R', °' R' .. ubstituted phenyl wherein R' Is a defined above; 

10 

1$ 

20 

25 

and the salts .,,d eaters of the compounds of formula I, wherein the esters 

contain ester groups selected from th• group consisting of C,-C1 alkyl. phenyt(C1-

C.)alkyl, C,.C, cycloaJkyt, and phenyl and benzyl substituted by fluoro, chloro, C,·C. 

atkyj or c,.c. alkoxy, which comprisee reacting a compound ot the formula 

IV 

wherein R2, RI. A and n are u defined ebove and the CF,so, group Is at position b 

or c wfth a compound of the formu1a 

ZnX v 

I 

Wherein X it chloro, bromo or loclo end R10 II • defNd aboYe, which la prepared ID 

dY by reaction Of a oompound of the formula 

' 1111111 11111111111 1111111 1111 : 
* C L N s ·* • 
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vAth n.outylftthlum end then ZnX1 wherah\ X is as defined abOve. 

·--~ 
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