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This invention relates to novel benzopyran and other benzo-fused leukotriens

B, {LTB,) antagonists, to pharmaceutical composiﬂons containing such compounds,
and 10 a methad of using such compounds as LTB, antagonists.
The compounds of this invention inhibit the action of LTB, and are thereiore

useful In the treatment of LTB, induced Mnesses such as inflammatory disorders
osteoarthritis, inflammatory bowel disease, psoriasis and
other skin disorders such as eczema, erythma, pruritis and acne, stroke and other
forms of reperfusion injury, graft rejection, autoimmune diseases, asthma and other
conditions where marked neutrophil infiltration cccurs.
TB, antagonists ave disciosed in European patent publications 2768 064 and

292 977 which refer to diphenylathers, benzophenones, and other compounds
containing two phenyl groups, and 7-(3-alkoxy-4-alkanoyl-phenoxy)alkoxy benzopyran

including rheumatolid arthritis,

derivatives, respectively.

According to the invention, it was found that the foliowing compounds of formula
| have LTB, antagonistic properties:

A

R!

OH

wherein A I8 O, CHy, 8, NH, of N(C,-C, alkyl); n1s O, 1 or 2,
R' is a substituent at posilion b or ¢ of the formula

R4

Rlo
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R, R®, R® and R' are hydrogen or each independently are one or any two of
the following: fluoro, chioro, C,-C, alkyl, C,-C, akoxy, C,-C, perfluoroalkyl, C,-C,
perfiuoroafkoxy, C,-C, alkytthio, C,-C, alkylsuffinyl, or C,-C, elkyisulfonyl; R® is
+(CH,) CHR''R', -{CH,),R", “O(CH,),CHR"'R™, or -(CH,),R"?, wherein pis 0. 1 or 2
5 andqis0, 1,2 or 3; R is carboxy, tetrazolyl or R'*SO,NHCO; R'' is hydrogen, C,-C,
alkyl or R® -substitted phenyl wherein R® is as defined above; R'? and R" are
hydrogen or each independently are G,-C, alkyl or C,-C, cycloalkyl; or phanyl, thienyl,
pyridyt, furyl, naphthyl, quinolyl, isoquinoliyl, pyrimidinyl, or pyrazinyl, each of which is
optionally substitutad by phenyl, R®, or R® -substituted phenyl wherein R? is as defined
10 above; and the salts and esters of those compounds of formula | ecntaining a carboxy
group, wherein the esters contain ester groups selected from the group consisting of
C,-C, alkyl, phenyl(C,-C,) alkyl, C,-C, cycloalkyl, and phenyl and benzyl substituted by
fluoro, chloro, C,-C, alkyl or C,-C, alkoxy.
Preferred compounds of the invention are those of formula | wherein A is
1§ oxygen, those wherein n is 1, those wherein R' is a substituent at position ¢, those
wherein R® is hydrogen or monoflucro, and those wherein R? is benzyl, 4-flucrobenzyl,
4-phenylbenzyl, 4-{4-fucrophenyl)benzyl, phenethyl or phenoxy, preferably benzyt or
4-phenylbenzyil.
' More specific compounds of the formula | are those wherein A is oxygen, n is
20 1, and R'is a substituent at position ¢, and those wherein A is oxygen, nis 1,R'is a
ot position ¢ and is 2-carboxyphenyl, 3-carboxyphenyl, 2-carboxy-3-fluorophenyl, 2-
carboxy-4-fluorophenyl, 2-carboxy-S-luorophenyl, 2-carboxy-6-fuorophenyl, 2-carboxy-5-
trifluoromethyliphenyl, 2-tetrazolyl-5-flucropheny!, 2-carboxy-S-chiorophenyl, or 2-
wboxy-s-memoxyphmyl.n’hhy&ogenormomﬂuoroandn‘isbmzyl 4-
25 fuorobenzyl, 4-phenylbenzyl, 4-(4-flucrophenylibenzyl, phenetiwl or phonoxy
Specific compounds are those whetsin A is oxygen, n is 1, R? is hydrogen, R®
is benzyl, 4-fluorobenzyl, 4-phenylbenzyl, 4-{4-fluorophenyl)benzyl, phenethyl or
phenoxy, and R' is at position ¢ and is 2-carboxyphenyl, 3-carboxyphenyl, 2-carboxy-3-
flucrophenyl, 2-carboxy-4-fluorophenyl, 2-carboxy-S-flucrophenyl, 2-carboxy-6-
30 fluorophenyl,2-carboxy-S-rifiucromethyiphenyl,2-tetrazolyl-S-flucrophenyt,2-carboxy-5-
chiorophenyl or 2-carboxy-8-methoxyphenyl, and those wherein in these specific
compounds R* and the adjacent hydroxy group are trans.
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The present invention also relates to a pharmaceutical composition for the
treatment of LTB, induced ilinesses comprising a compound of the formula | as defined
above in an amount effective in the treatment of LTB, induced illnesses, and a
pharmaceutically acceptable carrier.

This invention further comprises a method for the receptor binding inhibition of
LTB, by administering to a subject in need of such inhibition a compound of formula
| as defined above.

The invention further includes a process for the preparation of an intermediate
compound of the formula

wherein A, n, R? and R’ are as defined above with reference to formula | and R' isa
substituent at position b or ¢ of the formula

oxazolyl

111

R i0
wherein R' is as defined above with reference to formula |, by reacting a compound
of the formula
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whereinR’.R‘.Aandnmudaﬂmdabove-wnh reference to formula | and the

CF,S0, group is at position b or ¢ with a compound of the formula

0 N
&an
Rlo

wherein X is chioro, bromo or iodo and R'® is as defined above, which is prepared in

situ by reaction of a compound of the formula.
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VL
10
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wherein R'° is as defined above, with n-butylithium and then ZnX, wherein X is as
defined above. ,

The term 'C,-C, alkyl®* whenever used in the disclosure herein such as in the
definitions of R' to R denotes saturated monovalent straight or branched alfiphatic
hydrocarben radicals having ona to six carbon atoms, such as methyl, ethyl, propyi, t-
butyl, hexyl, etc. Similarly, the terms C4-C, cycloalkyl and C,-C, cycioalkyl denote a
cycioalkyl group having from three fo seven or eight carbon atoms, respectively, such
as cyciopropyl, cyclohexyl, cyclooctyl, ete.

When A is oxygen and n is 1 in & compound of formula {, the compound may
be described either as a 3,4-dihydrobenzopyran or a chromane.

The compounds of the invention have two asymmetric carbon atoms indicated
by asterisks in the following formula:

OH
R? a I R3
NN
R ——-j—\\ ' <|)n o.o[

The sterecisomars may be designated with reference to R and S notation in accordance
with standard nomenciature. When reference is made herein to S,R, or RS, a single
snantiomerically pure compound is meant, whereas S*, R* and R*, S* denote a
racemic mixture. The invention includes the racemi¢ mixtures and optical isomers of

According 10 a specific method of the lnvention, infermediate compounds of
above formula il wherein R! is a substitueit of the formula Iil, are prepared by reacting
a compound of the formula [V as defined above with a compound of the formula V as
defined above. This reaction generally proceeds In a solvent such as an ether solvent,
e.g., tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, 1,4-dioxane, and,
preferably, tetrahydrofuran. The reaction is in the presence of a catalytic amount of a
catalyst, particularly a paliadium catalyst which is any palladium source which provides
pelladium (Pd®) under the reaction conditions, for Instance tetrakistriphenyl phosphine
palladium. The reaction is usually carried out at or about the refiux 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, 6.g., about 3 hours.

The compounds of the formula V are prepared in situ from a compound of the
above formula VI by reaction thereof with n-butyllithium or sec.-butyllithium in hexanes
at low temperatures of about -78°C, and then with ZnX, wherein X is iodo, bromo or
chioro, generally at about 0 to about 78°C for about one to four hours,

Ketones of the formula Il wherain A, n, R*, R? and R® are as defined with
reference to formula | may be reduced to the corresponding hydroxyl compounds of
formuia I by reaction with sodium borohydride. Generally, the reduction is carried out
in a solvent. Sultable solvents are lower alechols having one to six carbon atoms,
mixtures of lower alcohols with organic solvents such as tetrahydrofuran or dioxane,
and mixtures of water-miscible lower alcohols or other water-miscible organic solvents
with water. The solvent is preferably a lower alcohol such as methano! or ethanol. The
feaction temperature generally ranges from about -78°C to about 100°C, and usually
from about 0°C to about 25°C. _

The reduction step results in a sterecisomeric mixture of the compounds of
formula | having the following structures:

OH

e ﬁ."\.xf

trans

These cis and trans lsomers ‘may be seperated by conventional column’

chromatography.
Resolution of the snantiomeric mixture resultmg after separation of the ¢is and

trans isomars may be accomplished by methods known in the art. In one method, a
compound of the formula | wherein R' containg a carboxyl group (COOH) is reacted
with a chiral base such as memyben_zyluhho in & polar solvent such as ether to form
diastersometic salts which are separated and then converted ino optically pure acids
by treatment with an acid such as aqueous or mathanolic hydrogen chloride. In
another method, a compound of the formula | wherein R' contains an ester group is
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reacted with an opfically active acid such as R-mandadlic acid or N-t-butoxycarbonyl-D-
tryptophan to form diasterecmeric esters which are separated into optically pure esters,
¢.g. by chromatography. Removal of the resolving ester group and hydrolysis of the
carboxylic acid ester group in R' is conveniently carried out with aqueous base such
§ as an alkali metal hyd?oxldo, e.g. sodium hydroxide, at tempeoratures ranging from
about room temperature to the reflux or boiling temperature of the scivent or solvent
mixture used. The reaction may be conducted in the presence of & co-solvent such as
methanol, sthanol or tetrahydrofuran.
The compounds' of formula | whersin R* is oxazolyl are converted into
~— 10 comesponding compounds of formula | wherein R* is carboxy by first reacting with
methyl iodide in the optional presence of dimethyisulicxide and then with a base such
as aqueous sodium hydroxide.
Ths compounds of formula IV wherein R? is (CH,), CHRV'R™ or (CH,) ,R'? may
be prepared according to reaction Scheme 1 from a compound of the formula Viil
15 wherein A, n and R? are as defined with reference to formula .
* The compound of formula Viii is reacted with trifluoromethane sulfonic anhydride
{also called triflic anhydride) in a suitable solvent such as methylene chioride in the
presence of triethylamine to form the compound of formula IX. '
The growp R® when defined as -(CH,), CHR"R" or -(CH)R'? may be
20 introduced into the compound of formula IX by a two step procedure comprising
reacting with an aldehyde of the formula R''R™’CH(CH,),, CHO or R'*(CH,),,CHO to
~ form a compound of the formulae XA or XB, respectively, and then hydrogenating. The
reaction with the aldehyde is conducted in the presence of a pyrrolidine catalyst or with
hydrodﬂoﬂcaddcddyﬂhmﬁeadd. mhydrogmaﬁonnmdommm
25 hydmgonmdapd!ulumedﬂysthammﬁondmm ' S
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The compounds of formula Vil are generally commercially available. If not, they
may be obtained by prior art methods. For instance, the compounds of formula Vill
whersin A is oxygen and n is 1 may be obtained from R*-substituted 2,4'-dihydroxy-3-
chioropropiophenone (hereafter compound 1) by cyclization with sodium hydroxide.
Compound 1 may be prepared from R-substituted resorcinol and 3-chloropropionic
acid in the presence of an acid, preferably trilucromethane sulfonic acid. The
compounds of formula Vill wherein A is sulphur and n is 1 may similarly be obtained

from R’substitted 4°-hydroxy-2 MNMMIom-propbm. whieh may be

obtained from R*-substituted s-hydroxyu\iophoml :

The compounds of formula Vill wherein n is 2 and AisOorS may similarly be
obtained by reaction of R*-substituted resorcinol or 3-hydroxythiophencl, respectively,
and 4-chlorobutyric acid, and cycitzation with sodium hydroxide.

The group R® when defined as -O(CH,),CHR''R'* or -O(CH,),R'* may be
introduced into. the compound of formula Vil by the procedure outlined in Scheme i.

SCHEME I
The compounds of formula XI may be prepared from the compounds of formula

il wherein R is hydrogen by mixing thereof with 20% potassium hydroxide and adding

phenyldiacatoxy iodide.
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The compounds of formula XI when combined with Br(CH,),CHR"'R" or
Br(CH,),R*? form compounds of the formula X1l which are converted to compounds of
the formula Xiil by hydrolysis with an acid such as hydrochloric acid. The compounds
of formula XHI on reduction form compounds of the formula 1. This reduction is carried

§ outinaconventional manner with sodium barohydride in an alcohol sofvent at ambient
temperature.

The above compounds of formula IV may be converted inte compounds of
formula | wherein R' is as defined with reference 1o formula | and R* is carboxy in
accordance with reaction Scheme Iil. e T
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The compound of formula XIV is férmed by reaction of the compound of formula

IV with (CH,),SnSn(CH,), and a palladium catalyst such as tetrakistripheny! phosphine
palladium (Pd(PPh,),), or bisbenzonitrile palladium chioride, in the presence of a
phosphine ligand, such as triphenyl phosphine, in an amount of about 0.1 to about §
_ moler equivalent per mole of subsirale used. The compound of formula XIV s
26 converted to a compound ofbnnulaXbenacﬁonwim an ester-protected eompow 4
of the formula

R'40,¢

Rzo

wherein R' is as defined with reference to formula i, R is C,-C, alkyl. pheny! or
benzyl, and Z is iodo, bromo or CF,S0,. The coupling reaction proceeds in the
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presencs of & palladium catalyst, such as tetrakistriphenyl phosphine palladium or
bistriphanyl phosphine palladium chioride.

The ketone esters of the formula XV are first reduced to the comesponding
hydroxyl compounds XVl (formula not shown) and then hydrolyzed to the
corresponding acid of formula l. The reduction proceeds with sodium borohydride, as
described before with referance to the reduction of the ketones of formula Il. The
hydrolysls to the acid may be carried out with an aqueous base such as an alkali metal
hydroxide, e.g. sodium hydroxide, in the optional presence of a co-solvent such as
methanol or ethanci at temperatures ranging from about room temperature to the reflux
or boiling temperature of the solvent used.

The compounds of formula | wherein R' is

h’
CNHSQ,R?3

Rlo

wherein R'? and R" are as defined above with reference to formula I, may be obtained
by reacting compounds of the formula | wherein R' is

CO,H

T Npt0

with a sulfonamide of the formula R™*SO,NH, in the presence of a coupling agent such

as1,3-dicyclohexylcarbodiimideor1-{3-(dimethylaminc)propyl]-3-ethytcarbodiimideand
in the presence of an organic base such as pyidine, dimethylaminopyridine,
tristhylamine, diisopropylethytamine or diazoblcyclo[8.4.0undec-7-ene. The reaclion
is camied out in a solvent such as tetrahydrofuran, diethyl sther, toluene, and
chlorobenzene, at a temperature ranging from about room temperature to about the
bolling point of the reaction solvent used. : -

| lllflﬂ llllll uu
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The compounds of formula | wherein R* is tetrazolyl may be obtained from
corresponding ester compounds of formuia | wherein R* is a carboxyt C,-C, alkyl ester
group (-CO,(C,-C )alkyl). The ester compound is first reacted with t-butyidimethyisityl
chloride in the presence of an organic base such as triethylamine or pyridine or,
preferably, imidazole in a polar aprofic solvent, preferably dimethylformamide to protect
the hydroxyl group as known in the art. The protected ester compound is reacted with
ammonia and tr(C,-C,Jalky! aluminum In xylene to replace the carboxyl ester group with
¢yano. The ¢yano group is reacted with trimethyistannyl azide in toluene at about
110°C. Conversion to tetrazolyl and removal of the silyi protecting group is atteined
by reaction with tetrabutylammonium fivoride in tetrahydrofuran to obtain the
compounds of formula ! wherein R* is tetrazolyl. _

The salts of compounds of formula | containing & carboxy group may be
preparsed in a conventional manner by reaction with a base such as an alkali metal
hydroxide, e.g., sodium hydroxide, or alkaline sarth metal hydroxide, @.g., magnesium
hydroxide. The esters of compounds | containing a carboxy group may be prepared
in a conventional manner by reacting the acid group with a C,.C, aicohol, such as
sthanol, phenyl (C,-C,) aleohol, C,-C, cycioalkanol, phenol or phenol substituted by
one to three of ftucro, chioro, C,-C, akyt or C,-c, alkoxy.

The compounds of the invention can be administered to humans for the
treatment of LTB, induced ilinesses by various routes including orally, paranterally and
topically, and through the use of suppositories and enemes. On oral administration,
dosage levels of about 0.5 to 1000 mg/day, advantageously about 5-500 mg/day may
be given in a single dose or uphtlvoomdm. For intravenous administration,
dosage levels are about 0.1-500 mg/day, advantageously about 1.0-100 mg/day.
Intravenous administration can Include a continuous drip. Variations will necessarily
occur depsnding on the age, weight and condition of the subject being treated and the
particular route of administration chosen as will be known to those skilled in the art,

The compounds of the invention may be administered alone, but wili generally
be administered in admixture with a pharmaceutical carrier selected with regard to the
intended route of administration and standard pharmaceutical practice. For example,
they can be administered orally in the form of tablets cortaining such exeipients as
starch or lactose, or in capsules eithor alone or in admibdure with excipients, or in the
fomn of elixirs or suspensions containing flavoring or coloring agents. They can be
injected parenterally, for axample, intramuscularly, intravenously or subwunmly

v

R



WO 93/15067 ' PCT/US92/09496

10

16

-13-

For parenteral administration, they are best used in the form of a sterile aqueous
solution which can contain other solutes, for example, enough sait or giucose to make
the solution isctonie.

The LTB, activity of the compounds of the Invention may be determined by
comparing the ability of the compounds of the invention to compste with radiclabelied
LTB, for specific LTB, receptor sites on guinea pig apieen membranes. Guinea pig
spleen membranaesg were prepared as described by Cheng et al. (J. Pharmacology and
Experimental Therapeutics 232:80, 1985). The *H-LTB, binding assay was performed
in 180 gA containing 50 mM Tris pH 7.3, 10 mM MgCl,, 9% Methanol, 0.7 nM *H-LTB,
{NEN, approximately 200 Ci/mmol) and 0.33 mg/mi guinea pig spleen membranes.
Unlabeled LTB, was added at a concentration 5 4M 10 determine non-specific binding.
Experimental compounds were added at varying concentrations to evaluate their effects
on *H-LTB, binding. The reactions were incubated at 4°C for 30 minutes. Membrane
bound *H-LTB, was collected by filtration through glass fiber filters and the amount
bound was determined by scintillation counting. The IC50 value for an experimental
compound is the concentration at which 80% of specific *H-LTB, binding is inhibited.

The following Examples illustrate the preparation of the compounds of the
invention.

Example 1

A ! r I ne

To a stired mbxture of resorcinel (200 g, 1.82 mol) and 3-chioropropionic acid
(200 g, 1.84 mol) was added trifluoromethane sulfonic acid (1 kg) in one portion, The
solution was heated slowly over 45 minutes ta 80°C then cooled to room temperature

over 15 mintes and poured into chiorsform (4.0 L). The organic portion was slowly
poured into water (4.0 L) andiholtwsswnted mmhwww

with chiaroform (2 x 2.0L). The combined organic layers were washed with brine, dried
over sodium sulfate and filtered. Concentration in vacuo gave an orange semi-solid
(244.1 g) which was used crude in the next step.

'H-NMR (300 MHz, CDCL): 12.66 {1H, &), 7.63 (1H, d, J= 76!-!2).637-646(2H

m), 3.92 (2H, 1, J=8.3H2), 3.41 (2H, t, J=6.3Hz).

B. IHydroxybehzopyran4-one :

To a cooled (8°C) solution of 2N sodium hydroxide (10.0 L) was added the
compound of step A (244.1 g} in one pertion. The solution was warmed to room
temperature over 2 hours using a warm water bath then recooled to $°C and the pH

ik
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adjusted to 2 with 6 M sulfuric acid (1.21). The misture was extracted with 3 x 3.0 L
“of sthyl acetate, washed with brine (1 x 2.0 L) dried over sodium sulfate and filtered.
Concentration in vacuo gave a tan solid. Trituration with hexanes, and filtration afforded
173.7 g (88% yield) of the title compound. M.P. 136°C-137°C.
8 C. c _ n an
Te a stired solution of the compound of step B (1737 g, 1.05 mole) in
methylene chioride (3.0 L) at - 78°C was added tristhyiamine (320 g, 3.18 mole) and
dimethylaminopyridine (2.8 g). After total dissolution, triflucromethane sulionic
anhydride (327 g, 1.16 mole) was added dropwise over 20 minutes, the material was
~— 10  sfirred for 30 minutes at -78°C, and then warmed to room temperature over 2 hours.
| The reaction mixture was poured into saturated ammonium chioride solution {2.51) and
the layers sepasated. The aquecus layer was extracted with 2 x 2.0 L of methylene
chioride. The combined organic fractions were washed with water (1 x 1.0 L), dried
over magnesium sulfate and fitered. Concentration in vacuo gave a red oil.
15  Chromatography over silica gel (1 kg) eluting with (8:1) hexane: ethyl acetate gave after
solvent removal 211.1 @. (89% vield) of the title product. M.P. 43-44 °C,
D. ={(Trifluo n
To a stimed solution of the product of Step C (27 g, 91.2 mmole) in 183 mL of
_ methanol was added benzaldehyde (11.1 mL, 109 mmole) followed by pyrrolidine (9.1
20 mi, 109 mmole). The mixture was stirfed at room temperature ovemight, cooled 1o
0°C and filtered. The solid was washed once with 80 mL. of ice-cold methanol and
= then dried in vacue; 35.2 g, (76% yield) of the fitle product was recovered. M.P. 133-
135°C.
"H NMR (300 MHz, CDCL,): 8.1 (tH, d, J=8.7Hz), 7.91 (1H, bs), 7.40-7.51 (2H, .
25  m), 7.24-7.38 (3H, m), 8.97 (1H, dd, J=8.7Hz, . 24Hz), 8.91 (TH, d, J=2.4rk), 840 (1H " -
bs).

Yo a sclution of the oompound of ‘t!p D (266 g 692 mmole) in 250 mL. of
ethyl acetate in a 500 mbL Parr shaker flask was added 10% palladium on carbon

30 catalyst (1.3g). The mixture was hydrogedated at 40 psi until hydrogen uptake ceased
after sbout 3 howrs. The mixture was fitered through cefite (a tradename for
diatamacsous earth) to remove the palladium catalyst, and chromatographed over silica
gel (hexane-cther); 26.1 g (94% yield) of the title product was obtained. M.P. 56-58"0
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'H NMR (300 MMz, CDCI,): 8.01 (1H, d, J=8.5H2), 7.20-7.35 {5H, m), 6.981-6.96
(2H, m), 4.42 (1H, dd, J=11.6, 4.4H2), 4.22 (1R, dd, J=11.6Hz, 8.7Hz), 3.26 (1H, dd,
J=14.0, 4.4Hz), 2.90-3.05 (1H, m), 2.70({1H, dd, J=14.0, 8.7Hz).

F. 2-{Trimethyistann henylmethyi-benzopyran4-one

To & stirred solution the compound of step E (9.20 g, 25.0 mmole} in 200 mL
of dioxane was added lithium chioride (3.20, 75.0 mmole), Pd(PPh,), {1.15 g, 1.0
mmole), 3 crystais of butylated hydroxytoluene, and hexamethyiditin (9.0 g, 27.5
mmole). The mixture was heated o reflux for 1.5 hours, cooled to room temperature
and poured into 150 mL of saturated, aquecus ammonium chiotide solution. The
mixture was extracted with 3x150 mL. of disthylether and the combined organicfractions
waere washed with brine, dried over sodium sulfate and fitered. Evaporation in vacuo
gave a yellow semi golid which was chromatographaed over silica gel (5:1 hexane:
ether) 10 give .90 g (89% yield) of the title product, M.P. 84-86°C.

'H NMR (300 MHz,CDCL,): 7.86 (1H, d, J=8.7Hz), 7.18-7.37 (5H, m), 7.14 (1H,
d, J=8.7Hz), 7.11 (1H, 8), 4.38 (1H, dd, J=11.6, 4.5Hz), 4.17 (1H, dd, J=11.6H2,
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, 8).

G. Fé henylm an-4-on

To a stirred solution of the compound of step F (7.0 g, 17.8 mmole) in
dimethytformamide {DMF) (35 mL) was added Pd(PPh,),C1, (490 mg, 0.7 mmole), 3
crysials of BHT and methyl-3-iodobenzoate (5.0 g, 19.1 mmole). The mixture was
stirred at reflux for 1.8 hours, cooled 10 room temperature and poured into 150 mi of
saturated aqueous ammanium chioride solution. The mixture was extracted with 3x150
mL. of disthyi sther, and the combined extract was washed with 2x100 mi. of water, and
then brine. The soluﬁonmdﬂodmsodtmwm Mmdovopomdn
vacuo to afford a yellow ofl. Chromatography over silica gel (4:1 hexane: ether elution)
Mue.n g of the title compound as a viscous oil.

'H NMR (300 MMz, CDCl,): 8.29 (1H, t, J=1.6Hz), 8.06
(1H, dd, J=7.6, 1.6Hz), 8.00(1H, d, J=8.2Hz2), 7.79 {1H, dd, J=7.6Hz, 1.6Hz2), 7.63 (1H,
t, J=7.6H2), 7.22-7.36 (TH, m), 4.41 (1H, dd, J=11.6, 4.8Hz), 4,21 (1H, dd, J=11.86,
8.5Hz), 3.94 (8H, ), 3.31 {IH, dd, J=14.0, 4.4h2), 2.91-2.99 (1H, m), 2.73 (1H, dd,
J=14.0, 11.1H2)
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H. h . 3 -benzopyr
. Toastimed solution of the compound of step @ (6.50 g, 17.5 mmole) in 35 mL
of methanol .at room temperature was added sodium borohydride (540 mg, 26.0
mmole) in one portion. The dark mixture was stired at room temperature for 2 hours
then poured into saturated aqueous ammonium chioride solution (76 mL) and extracted
with 3x76 ml. of disthyl ether. The combined extracts were washed with brine, dried
over sodlum sulfate, filtered and concentrated in vacuo to give an ofi-yellow oil.

" Chromatography on sifica gel sluting with 4:1 hexane: other afforded first 3.26 g ofthe

cis ring isomer of the title compound, and then 1.98 g of the trans isomer of the title
compound as viscous oils, total yield 81%.

Cis ring isomer: 'H NMR (300 MHz, CDCl,): 8.26 (1H, 1, J=1.7Hz), 8.02 (1H,
dt, J=7.8, 1.7Hz), 7.78 (1H, dt, J=7.8, 1.7Hz), 7.60 (H, t, J=7.8Hz), 7.41 (1H, d,
J=7.9Hz), 7.31 (¥H, d, 7.3Hz), 7.14-7.25 (6H, m), 4.58 (1H, t, J=7.2H2), 4.28 (1H, dd,
J=9.1, 2.5Hz), 4.03 (1H, dd, J=9.1, 5.4Hz2), 3.93 (3H, s), 2.78 (1H), 2.77 {1H, d¢,
J=13.7, 6.2Hz), 2.58 (1H, dd, J=13.7, 9.1Hz), 2.20-2.29 (1H, m), 1.83 (1K, d, J=7.2Hz).

Trans ring isomer; 'H NMR (300 MHz, CDCL,): 8.23 (1M, t, J=1.7Hz), 7.98 (1H,
&R, J=7.8Hz), 7.74 (1H, t, J=7.8Hz, 1.7Hz), 7.48 (1H, t, J=7.8Hz), 7.20-7.36 (6H, m),
7.18 (1H, dd, J=8.0, 1.8Hz), 7.09 (1H, d, J=1.8Hz), 4.56 (1H, dt, J=4.7, 3.8Hz), 4.12-
4.19 (2H, m), 3.92 (3H, 5), 2.90 (1M, dd, J=13.8, 8.4.Hz), 2.70 (1H, dd, J=13.6, 7.2H2),
2.36-2.39 (1H, m), 1.75 (1M, d, J=4.7H2).

J. -g-1-But sL:tryptophan- arbom henyl)-3-
phenyimethyil-chroman-4-vil-ester

Toa stlned sohdtion of the compound of step H (2.8 g, 6.7 mmole) in 70 m! of
CH,Cl, was added DMAP (897 mg., 7.34 mmole, 1.1 eq.), nee (1 51 g. 7.34 mmole, ‘
1.1 6q.) and N-t-Boo-L-tryptophan (2.4 g. 8.01 mmole, 1 2oqj ‘The mexture was stimed
at room temperature for 12 hours, filtered and washed with IM HCI and brine. The
organic layer was dred over MgSO,, fitered and concentrated in vacuo.
Chromatography (sllica gel-3:1 cyciohexane:ether) afforded 860 mg of the less polar
diastereomer (Rf=0.3) and 700 mg of the more polar moving diastereomer (R1=0.2).
The less polar product (38, 4R): 'H-NMR (300 MHz, CDC1,); 8.29 (1H, 5), 8.03 (2H, ¢,
J=7.8 Hz), 7.77-7.83 (2H, m), 7.52 (2K, t, J=7.6 Hz), 7.02-7.38 (SH m), 8.64 (1H, s),
5.66 {1H, 8), 5.08 (H, d, J=8.4 H2), 4.584.62 (1H, m), 3.85 (3H, ¢), 3.73-3.88 (2H, m),
3.18-3.28 (2H, m), 2.45-2.81 {(2H, m), 2.09-2.18 (1H brd §), 1.39 (8H, 5). The more
polar product (3R,4S); 'H-NMR (300 MHz, CDCY,); 8.26 (1H, 5), 8.01 (1H, d, J=7.8 Hz),
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7.94 (1H, brd s), 7.74 (1H, d, J=8.2 Hz), 7.54 (1H, d, J=11.9 Hz), 7.48 (H, 1, J=7.8 Hz),
7.09-7.38 (H, m), 6.95 (1H, s), 551 (1H, 5), 5.08 (1M, d, J=8.2 Hz), 4.55-4.60 (1H, m),
3.94 (3H, 8), 3.73-3.78 (2H, m), 3.22-3.38 (2H, m), 2.42-2.60 (2H, m), 1.90-1.96 {1H, m),
1.39 (SH, s).

K. 7 ' hyl-2H-1-benzo,

To a stired solution of the less polar 4R,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
mixtura was refluxed for 8 hours, cooled and acidified to a pH of 4 with 1M HCL. The
cloudy emuision was exiracted with 3x20 mbL of ethyl acetate, and the combined
organic fractions were washed with brine and dried over MgSO,. Filtration and sclvent
removal in vacuo sfforded a yellow foam. Chromatography (silica gel-ethyl acetate:
hexane: acelic acid -35:78:1) afforded 210 mg of product. 'H NMR. {300 MHz,
CD,CN): 822 (1H, ¢, 1 7Hz) 7.97 (1H, &, J=7.8, 1 7Hz), 7.87 (1H, dt, J=7.8, 1.7H2),
7.66 (1H,1, J=7.8Hz), 7.42 (1H, d, J=7.9H2), 7.16-7.36 (SH, m), 7.10 (1H, d, J=1.8Hz),
4.44 (1H, d, J=4.9Hz), 4.19 (1H, dd, J=9.1, 2.5Hz), 3.97 (1H, dd, J=9.1, 5.4H2), 2.72
(1H, dd, J=13.7, 6.2Hz), 2.51 (1H, dd, J=13.7, 9.1Hz), 2.04-2.20 (3H, m). [alg=+11.1
at C=1.00 in methanol. M.P.=210-212°C.

Saponification 23 above of the more polar 3R,4S tryptophan-ester {700 mg) pave
the 3R,4S enantiomer, *H-NMR (300 MHz, CD,CN): 8.22 (1H, ¢, 1.7H2), 7.97 (1H, &,
J=7.8, 1.7Hz), 7.87 (1H, &, J=18, 1.7H2), 7.55 (1H, t, J=7.8Hz), 7.42 (1H, d,
J=7.8Hz), 7.15-7.36 (H, m), 7.10 (1H, d, J=1.8H2), 4.44 (1H, d, J=4.5Hz), 4.18 (1H,
dd, J=9.1, 2.5Hz), 3.97 (1H, dd, J=9.1, 5.4Hz), 2.72 (1M, dd, J=13.7, 6.2Hz), 2.51 (1H.
dd, J=13.7, 8.1Hz), 2.04-2.20 (3H, m). [a),=-11.0 at 6=1.01 in methanol, MP=209-"
211°C,

Sapomﬁcaﬁon as In step K of the trans ring isomer of step H gave the
comesponding acid. ‘H NMR (300 MHz, CD,CN): 8.22 (1H, ¢, 1.7Hz), 7.97 (1H, dt,
J=7.8, 1.7Hz), 7.67 (1H, &, J=7.8, 1.7M2), 756 (IH, t, J=7.6Hz), 7.42 (1H, d
Ja7.9Hz), 7.15-7.98 (8H, m), 7.10 {(1H, d, Je=1.8Hz), 4.44 (1H, d, J=4.9Hz), 4.19 (1H,
dd, J=8.1, 2.5Hz2), 3.97 (1M, d¢, J-—@.'l. 5.4Hz), 2.72 (1H, dd, J=13.7, 8.2M2), 2.51 (1H,
dd, J=13.7, 9.1Hz), 2.04-2.20 {3H, m). M.P, 210-212¢°C.
) | Examole 2

The following compounds in Table 1 were prepared by saponification in

accordance with Example 1J. The melting points are in degrees Celsius. -
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3
10
15
. R* R* R R? Product
20 4-phenylbenzyl | CO,H H C *H-NMR {300 MHz, DMSO,,):
7.81-7.67 (4H, m), 7.26-7.46
{6H,m), 8,93 (1H, brd d,

J=7.9z), 6.80 (1H, br.s.},
4.38 {1H, ¢, J=4.9Hz), 4.16
(1H, brd d, J=11.0Mz), 4.02
{1H, dd, J=11.0, 5.6Hz), 2.96
(1K, m}), 2.86 (14, m), 2.26
{(1H, m).

benzyt CO,H H OCH, | (cis) 'H-NMR {300MHz,
CDCL,): 7.96 {1H, d,
J=8.7Hz), 7.24-7.38 {SH, m),
7.16 {1H, d, J=8.0H2), 6.88
{1H, dd, J=8.7, 2.6Hz), 6.75
6.83 (S8H, m), 4.51 (1H, d,
J=2 5Hz), 4.06-4.15 (2H, m),
- 3.84 (3H, ), 2.90 {1H, dd.
J=13.6, 8.2H2), 2.70 (1H, dd,
J=13.6, 7.2Hz), 2.27-2.39 (1H,
m).
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banzyl COH| H OCH, | (trans)'H-NMR (300MHz,
CDCY,): 7.87 (1K, d.
J=8,7Mz), 7.17-7.31 (8H, m),
5.85 (2H, dt, J=14.3, 2.8H2),
6.81-6.85 (2H, m), 4.50 (1H, d,
J=4,1Hz), 4.20 (1H, dd,
J=11.2, 2.6Hz), 3.94 (1H, dd,
J=11.2, 4.8Hz), 3.88 (3H, 9),
2.76 (1H, dd, J=13.8, 6.2Hz),
2,52 (1H, dd, J=13.2, 5.4Hz),
2.22-2.30 (1H, m).

- -} benzyi CO,H H ¢ | (cis)'H-NMR (300MHz, CDCL):

¢ 7.83 (1H, d, J=8.4Hz), 7.16-
7.38 (7H, m), 7.09 (1H, d,
J=89.1Hz), 6.72-6.84 (2H, m),
4.47 (1H, d, J=2.8Hz), 4.02-
4,12 (2H, m), 2.85 (1H, dd,
J=13.6, 8.1Hz), 2.62 (1H,
13.6, 7.4Hz), 2.22-2.38 (1H,
m).

benzyl CoH H c1 {trans)'H-NMR (300MHz,
COCl,): 7.86 (1H, d,

J=0.3H2), 7.14-7.42 (8H, m),
6.76-6.84 (24, m), 4.48 (1H, d, .
J=4.2Hz), 4.12 (1H, dd,
J=11.7, 2.6H2), 3.92 (1H, dd,
J=11.7, 4.4H2), 2.73 (1H, dd,
J=13.7, 6.1Hz), 2.50 {1H, dd,
J=13.7, 9.5Hz2), 2.14-2.26 (1H,
m).

benzyl COH H H (cis)'H-NMR (S00MH2, COCly):
: 7.88 (1H, dd, J=7.7, 1.2H2),

749 (1H, ¢, J=7.7H), 7.11-
- 7.39 (8H, m), 6.82-8.89 (2M,
m), 4.49 (1H, d, J=3.0Hz),
4.064.11 (2H, m}, 2.87 (1H,
dd, J=13.6, 8.0Hz}, 2.63 (1H,
dd, J=13.6, 7.4Hz), 228238
{1H, m).
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{trans)'H-NMR (300MHz,
CDCL,): 7.88 (1H, dd, J=7.7,
1.2Hz), 7.52 (1H, t, J=7.7Hz),
7.10:7.41 (8H, m), 6.83-6.90
{2H, m), 4.43 {1H, d,
J=4.2Hz), 4.12 (1H, dd,
J=11.2, 2.9Hz), 3.88 (1H, dd,
J=11.2, 4.5Hz), 2.75 (1H, dd,
J=13.7, 5.8Hz), 2.51 (1M, dd,
J=13.7, 0.5Hz), 2.14-2.25 (1H,
m), MP §2-84°C.

"H-NMR (300 MHz, DMSO
d6): 7.8 (1H, dd), 7.01-7.67
{3H, m), 7.29-7.46 (6H m),
6.93 (HH, brd, d), 6.80 (1H, d)
4.38 (1H, d) 4.16 (1H, brd d),
4.01 (1H, dd), 2.96 (1H, m),
2.54 (1H, m), 2.22 (1H, m).

{trans)'H-NMR(300 MHz2,
CDOL): 7.94(1H, d,
J=8.THz), 7.18-7.65 (12H, m),
6.81-6.52 [2H, m), 4.53 (1H, d,
=4.2Hz), 4.21 (H, d,
J=11.2H2), 4.02{1H, dd, J=11’
Hz, 2.5Hz), 2.78 (1H, m), 2.58
(1H, m), 2.30 (1H, m)

By saponification of the corresponding ester in accordance with Example 1J, 7-
(a-hydroxy-3-carhoxyphenyl)-4-hydroxy-3-phenyimethyl-2H-1-benzopyran was formed

having a melting point of 158-160°C (cis) and 173-175°C {ram).

10

tatrahydrofuran, .5M concentration) at -78°C under N, was added n-butyllithium in
hexanes {1.1 eq., 2.5M solution). The mixture was stired at -78°C for 1 hour, then
18 ZnCi, (1M solution in ether, 1.1 @q.) was added. The mixture was warmed to 10°C
over 1 hour to give 2-(4-flucrophenyl-2-chiorozinc)-4,4-disthyl-2-oxazoline (notisciated).
To this solution was added 7-[{{triflucromethyl)sulfonyljoxy]-3-phenyimethylene-1-

To a stired solution of 2-(4-flucrophenyl)4,4-dimethyl-2- oxazoline (1.0 eq in
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benzopyran-4-one (1.0 8q.) and Pd (PPh,), (.02 6q.). The mixture was refiuxed (68°C)
for 3 hours, cooled to room temperature and poured into NH,C! solution. The solution
was extracted with 3 times diethyl ether and the combined organic fraction dried over
MgSQ,. Filtration followed by soivent removal in vacue and column chromatography
5 (silica gel -2:1 hexane:ether) gave the title compound as a yeilow solid, 65% yield, m.p.
110-112°C. 'H-NMR (300 MHz, COCY,): 8.04 (1H, d), 7.81 (1H, 8), 7.78 (1H, dd], 7.41-
7.52 (3H, m), 7.31 (2H, d), 7.06-7.18 (3H, m), 7.02 (1K, s), 5.40 (2H, s), 3.86 (2H, 5),
1.31 (6H, 8).
B. * 4R*)7-15-4 4 ethyl-2.oxazolin -4-h -3-
10 - opyt
To & stired solution of the compound from step A in THF (.1M) at 0°C was
added LIAIH, (1M in ether, 2.2 eq) dropwise over 10 minutes. The mixture was warmed
to room temperature and stimed for 12 hours. The mixture was cooled to 0°C,
quenched with Rochelles salt, and filtered through diatomaceous sarth. The aqueous
15 layer was extracted twice with ethylacetiate, and the combined organic layers were
washed with brine and driad over MgSO,. Filtration an solvert remaoval afforded a
yellow ¢il, Chromatography over silica gel {ethylacetate:hexane) afforded a 60% yieid
of a white solid. M.P. 65-70°C (decomposed). Anal. caled. for C,,H,,NOF: C, 75.15;
H, 6.07; N, 3.25. Found: C, 74.78, H, 6.02, N.'S_.OO. 'H-NMR (300 MHz, CDCY,) :7.70
20 (1H, dd), 7.02-7.37 (8 H, m), 8.96 (1H, dd), 7.91 (1H, d), 4.51 (1H, d), 4.23 (1K, dd),
4.39 (1H, dd) 3.87 (2 N, dd), 2.74 (1H, dd), 2.56 (1H, dd), 2.16-2.28 (1H, m) 1.31 (6 H,
d).

C. 35* 4R*)7- ¥ 5Au henyl}-4-hydr methyl-2H-1-
benzopyran
25 The compound from step B is dissolved in methy! lodide {0.5M) at room

temperature and stired for 24 hours. The mathyl iodide was removed in vacuo, the oily
sofid was dissoived in CH,C!, and the solvent removed in vacuc. This operation was
repestod to remove traces of methyl lodide. The solid was dissolved in methanol
(0.5M) and 2M NaOH (.6M) was added. The mixture was refluxed for § hours, cooled
30 1o room temperature and acidified to pH 2 with 1M HCL. The mixiure was extracted
twice with ethyl acelate, washed with brine, and dried over MgSO,. Fitraion and
solvent removal in vacuo, followed by chromatography (silica gel, 10:1 methylene
chloride:methanol) gave the desired acid, 3% yield. 'H-NMR (300 MHz, CD,COCD,):
7.80 (1H, dd), 7.48 (1H, d), 7.18 (7H, m), 7.13 (1H, dd), 6:51 (1H, dd). 6.80 (m, d).
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4.52 (1H, d), 4.23 (1H, dd), 3.96 (1H, dd), 2.89 (1H, dd), 2.54 (1H, dd), 2.19-2.30 {1H,

).

D1. R}-7-(2-carboxy-5-fluorophenyl]-4-hydroxy-3-phen hyl-2H-1-
benzopyran

The compound from step C Is dissolved in diethyt ethor (0.1M) and warmed to
reflux. To the solution was added dropwise S{-)methylbenzylamine (1 eq) in diethy!
ether {0.1M), dropwise over 10 minutes. The mixture was cooled to room temperature
and stirred for 48 hours. The precipitated salt was filtered then rastimed 2 times at
refiux in diethyt ether (0.1M) for 24 hours, followed by filtration. The salt (M.P.=170-
173°C) was taken up in methylene chloride and washed 3 times with 1M HCI, then
once with brine, dried over MgSO,, and filtered. Soivent removal in vacuo and
racrystalfization (1:1-hexangiother) gave white fine crystals. more than §9.8%
enantiomeric axcess by HPLC analysis. [a],™=+23.8, c=0.8 in CHCI,. M.P. = 119-
121°C. Anal. Caled. for C,,H,,0.F: ¢, 73.01; H, 5.06. Found: C, 72.88; H, 4.76.

D2, AS8)7- -5-fluoroph -3-phenyimethyi-2H-1-
benzopyran

The filirate from the combined salt slurries in step D1 was washed three times
with 1M HCI, once with brine, and dried over MgSO0,. Filtration and solvent removal
gave a yellow solid. A similar procedure as described in step D1 using R (+)
methylbenzyl amine afforded the desired product. [a]™=-23.4 (¢=0.6 in CHCl,),
M.P.=118-120°C. Anal. Caled. for C;,3H, O F: C, 73.01; H, §.08. Found: C, 73.03; H,
4.84. '
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R?, R®, R', and R™ are hydrogen or each independently are one or any two of
the following: fluoro, chioro, C,-C, alkyl, C,-C, alkoxy, C,-C, perflucroalkyi, C,-C,
perfluoroalkoxy, C,-C, alkylthio, C,-C, alkylsulfinyl or C,-C, alkyisutfonyl:

R® is -(CH,) CHR"'R™, {CH,)R", -O(CH,),CHR"'R™, or o(cu,),a" wherein
pis0,V,or2andqis0,1,2,0r3;
R* is carboxy, tetrazolyl or R"SO,NHCO;
R" is hydrogen, C,-C, akyl or R*substituted phenyl wherein B"__is as defined
above; . -
R'? and R' are hydrogen or sach independently are C,-C, alkyl or C,-C,
cycloalkyl; or phenyl, thianyl, pyridyl, furyl, naphthyl, quinolyl, isoquinolyl, pyrimidinyl,
or pyrazinyl, each of which is optionally substituted by phenyl, R?, or R! -substituted
phenyl wherein R* is as defined above;

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

[P TR PN N PR LI & . va 4 d.B

PCT/US92/094%96
23.
CLAIMS
1. A compound of the formula
OR
RE
5 Xa R3
b
R 1—+- l [ ] l
Ny On
d
~t 10 wherein
Ais O, CH,, S, Ni or N(C,-C,} alkyi;
niso, 1or2;
R' is a substituent at position b or ¢ of the formula
R 4
15
R 10
20

group, wherein the esters contain ester groups selected from the group conslsﬂng of
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C,-C, alkyl, phenyi(C,-Colalkyl, C;-C, cycloalkyi, and phenyl and benzyl substituted by
fuoro, ehioro, C,-C, alkyl or C,-C, alkoxy.

-3 A compound according to claim 1 whereinn is 1.

s. A compound according to claim 1 or 2 wherein A is oxygen.

4. A compound according to claim 1, 2 or 3 whersin R? is benzyl, 4-
flucrobenzyl, 4-phenylbenzyl, 4-{d-flucrophenyljbenzyl, phenethyl or phanoxy.

8, A compound according to any one of claims 1 to 4 wherein R’ is
hydrogen or monofiuoro.

6. A compound according to any one of claims 110 5 wherein R' is at
positioncandis 2.carboxyphenyl, 2-carboxy-§-chlorophenyl, 2.carboxy-4-chiorophenyl,
2-carboxy-3-lucrophenyl, 2-carboxy-8-fiuorophanyl, 2-carboxy-S-trifluoromethyiphenyt,
2-carboxy-4-flucrophenyl, 2-carboxy-8-fluorophenyl, 24etrazoyi-S-flucrophenyl or 3-
carbaxyphenyl.

7. A compound according to any one of claims 1 10 6 wherein R’ and the
adjacent hydroxy group are trans.

8 A compound according to claim 7 whersin R' is 2-carboxy-5-
flucrophenyl, R? is hydrogen, and R’ is benzyl.

- 8 A compound according to claim 8 wharein the absolute stereochemistry
at the position to which R’ is jeined is S and atthe position to which the hydroxy group
is joinedis R.

10. A compound according to clalm 8 wherein the absolute stercochemistry
at the position to which R® Is joined is R and at the position to which the hydroxy group
is joined is S. .

11.  Acompound according to claim 7 wherein R' is 2-carboxy-5-flucrophenyt
or 2-carboxy-4-chiorophenyl, A is hydrogen, and R? is 4-phenytbenzyl.

12. A compound according o claim 2 whersin A is CH, R is 4
phenyiphenoxy, and R' is 2-carboxy-S-flucrophenyt.

13. Aphamaceutical composition for the treatment of LTB, inducedilinesses
which comprises a compound of formula | as defined in any one of ¢laims 1 to 12.

14, A compound according to any one claims 1 to 12 for use as a
pharmacsutical. . |

15. A method for the receptor binding inhibition of LTB, which comprises
administering to a subject in need of such inhibition a compound of formula | ascording
to c'ﬁm 1. O s
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16. A process for preparing a compound of the formula

wherein
Als O, CH,, S, NH or N(C,-C,) alkyl;
nis0, 1002 :
R' is & substituent at position b or ¢ of the formula

R‘l

RIO

R?, R, R, and R' are hydrogen or eech indepandenty sre one or any two of
the following: fluoro, chioro, C,-C, alkyl, C,-C, alkoxy, C\-C, perfluoroaliyi, C,-C.
perfiuoroaikoxy, C,-Ce alkyithio, C,-C, alkylsulfinyl of C,-C, alkyisutionyl;

R? I8 -(CH,) CHR"R'2, -(CH,) A%, -O(CH,),CHR"R™, or -O(CH,),R"2, wherein
piso, {,or2andqis0,1,2,0r 8}

R* is carboxy, tetrazolyl or R'3SO,NHCO;

R' is hydrogen, C,-C, alkyl or R'-substituted phenyl wherein R® is as defined
above;

A" and R® are hydrogen or each independently &e C,-C, alkyt or C,-C,
cycloalkyl; of phenyl, thisnyt, pyridyl, furyl, naphthv, quinolyl, isoquinotyl, pyrimidinyi,
or pyrazinyi, sach of which is opfionally substituted by phenyl, RY, or R® -substituted
phenyl whersin A° Is as defined above; '

and the salls and esters of those compounds of formula | containing a casboxy
group, wherein the esters contain ester groups selected from the group consisting of
C,-C, akyl, pheny}(C,-Cgalkyl, C,-C, cycloalkyt, and phenyl and benzy! substituted by

eet Has Been Replaced
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chioro, C,-C, alkyt of C,-C, alkoxy, characterized by reducing & compound of

fluore,
the formula !
0
R® R .
5 & X111
L n
R f
17. A process for the preparation of a compound of the formula
~ 10 0
2
R a RI
bX
! ool
R -——}& I o
18 d
wherein
Ais O, CHy, S, NH or N(C,-Coalkyh
nis0,10r2
20 R is & substituent at position b of ¢ of the formula
~ oxazolyl
111
28 =
R 10
A, A%, R, and R'® are hydrogen of each independently are one of any two of

30 the following: fuoro, chloro, C,-Cy iyl Cy+Cs alkoxy. C,C, pornuorodkyl, 1"y

Koxy, C,-Cy YO, C1Cy aliylsuti, or Cr-Ce alkylsulionyl;
A I8 -{CH) CHR"R™, (CHR, {O(CH,),CHR"R™, or (CH;),R', wherein p

iso.tofzandqiso.ha.ors:

ey

[
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/" is hydrogen, C:Ce alkyl or R* _substituted phenyl wherein R* is as defined
above; '

R'2is C,-C, alkyl of C,-C, cycloalkyt: of phenyl, thienyt, pyridyl, furyl, naphthyl,
quinoiyt, isoquinotyl, pyridiny, or pyrazinyl, sach of which is optionally substituted by
phenyl, R®. of R*-substituted phenyl wherein R® is as defined above;

and the salts and ssters of the compounds of {ormula 1, wherein the estors

contain ester groups selected from the group consisting of C,-Cq alkyl, phenyi{Cy-
Colalkyt, C,C, cycloalkyl, and phenyl and penzyl subsiiuted by fluore, chioro, C-Ce
alkyl or C,-C, alkoxy, which comprises rescting & compound of the formula

R2 0
R3
b
CF 3505 T,

a7

wherein R?, A%, A and n are 88 defined above and the CF,SO, group is &t position b
or ¢ with a compound of the formula

o N

. InX v

Rlo

wl'l_ominxuehloro,bromootlodcandn“hudefmdabov-.whiehbpnparedm
_;mbyna'eﬁouofacompound of the formula

I )
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R 10
- N in X i fined above
wi!hn-bulylliﬂ'tiUmandihenan,whormXuasden .
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5 BENZOPYRAN AND RELATED LTB, ANTAGONISTS
This invention relateé to novel benzopyran and other benzo-fused leukotriene
B, (LTB,) antagonists, to pharmaceutical compositions containing such compounds,
and to a method of using such compounds as LTB, antagonists.
The compounds of this invention inhibit the action of LTB, and are therefore

10 useful in the treatment of LTB, |nduced ilinesses such as mﬂammatory disorders
including rheumatoid arthritis, osteoarlhntzs, inflammatory bowel disease, psoriasis and
other skin disorders such as eczema,'erythma,- pruritis and acne, stroke and other
forms of reperfusion injury, graft rejection, autoimmune diseases, asthma and other
conditions where marked neutrophil infiltration occurs.

15 LTB, antagonists ere disclosed in Europeén patent publications 276 064 and
292 977 which refer to diphenylethers, benzophenones, and other compounds
containing two phenyl groups, and 7-(3-alkoxy-4-alkanoyi-phenoxy)alkoxy benzopyran
derivatives, respectively. | |

- According to the invention, it was found that the following compounds of formula

20 | have LTB, antagonistic properties:

OH
R e
a
bX
R ‘__.i_ eol
25 X
wherein A Is O, CH,, S, NH, or N(C,-C, alkyl); n is O, 1 or 2;
R' is a substituent at position b or ¢ of the formula

30 R 4
35 | R10
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R?, R®, R® and R'® are hydrogen or each independently are one or any two of
the following: fiuoro, chloro, C,-C, alkyl, C,-C, alkoxy, C,-C, perfluoroalkyt, C,-C,
perfluoroalkoxy, C,-C, alkytthio, C,-C, alkyisulfinyl, or C,-C, alkyisulfonyl; R is
-(CH,),CHR"'R"?, «(CH,) R'% -O(CH,),CHR"'R'?, or -{(CH,),R"?, wherein p is 0, 1 or 2
and qis 0, 1,2, or 3; R* is carboxy, tetrazolyl or R'>SO,NHCO; R'' is hydrogen, C,-Ce
elkyl or R® -substituted phenyl wherein R is as defined above; R'? and R" ere
hydrogen or each independently are C,-C, alkyl or C,-C, cycloalkyl; or phenyl, thienyl,
pyridyl, furyl, naphthyl, quinolyl, isoquinolyl, pyrimidinyl, or pyrazinyl, each of which is
optionally substituted by phenyt, R, or R® -substituted phenyl wherein R’ is as defined
above; and the salts and esters of those compounds of formula | containing a carboxy
group, wherein the esters contain ester groups selected from the group consisting of
C,-C, alkyl, phenyi(C,-C,) alkyi, C,-C, cycloalkyl, and phenyl and benzyl substituted by
fiuoro, chloro, C,-C, akyl or C,-C, alkoxy. .

Preferred compounds of the invention are those of formula | wherein A is
oxygen, those wherein n is 1, those wherein R' is a substituent at position ¢, those
wherein R? is hydrogen or monofiuoro, and those wherein R? is benzyl, 4-fiuorobenzyl,
4-phenylbenzyl, 4-(4-fluorophenyl)benzyl, phenethyl or phenoxy, preferably benzyl or
4-phenylbenzyl.

' More specific compounds of the formula | are those wherein A is oxygen, n is
1, and R! is a substituent at position ¢, and those wherein A is oxygen, nis 1,R'isa
at position ¢ and is 2-carboxyphenyl, 3-carboxyphenyl, 2-carboxy-3-fluorophenyl, 2-
carboxy-4-fluorophenyl, 2-carboxy-5-fluorophenyl, 2-carboxy-§-fluorophenyl, 2-carboxy-5-
trifiuoromethyiphenyi, 2-tetrazolyl-5-fluorophenyl, 2.carboxy-S-chlorophenyl, or 2-
carboxy-5-methoxyphenyl, R? is hydrogen or monofiuoro and R® is benzyl, 4-
fiuorobenzyl, 4-phenylbenzyl, 4-{4-fuorophenyljbenzyl, phenethyi or phenoxy. -~

Specific compounds are those wherein A is oxygen, nis 1, R? is hydrogen, R®
is benzyl, 4-fluorobenzyl, 4-phenylbenzyl, 4-(4-fluorophenyl)benzyl, phenethyl or
phenoxy, and R' is at position c and is 2-carboxyphenyl, 3-carboxyphenyl, 2-carboxy-3-
fluorophenyl, 2-carboxy-4-fluorophenyt, - 2-carboxy-5-fluorophenyl, 2-carboxy-6-
ﬂuorophenyl,2-calboxy-5-triﬂuoromemylphenyl,2-tetrazolyl-5-ﬂuoropheny|,2-carboxy-5-
chlorophenyl or 2-carboxy-5-methoxyphenyl,  and those wherein in these specific
compounds R® and the adjacent hydroxy groﬁp are trans.
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The present invention also relates to a pharmaceutical composition for the
treatment of LTB, induced illnesses comprising a compound of the formula | as defined
above in an amount effective in the treatment of LTB, mduced ilnesses, and a
pharmaceutically acceptable carrier.

This invention further comprises a method for the receptor binding inhibition of -
LTB, by administering to a subject in need of such inhibition a compound of formula
i as defined above. |

The invention further includes a process for the prepara_tion of an intermediate

compound of the formula

wherein A, n, R? and R® are as defined above with reference to formulaland R' is a

substituent at position b or ¢ of the formula

oxazolyl

111

R 10
wherein R' is as defined above with reference to formula |, by reacting a compound

of the formula
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2 0
R o3
CF °
5 3503 . ¢,
. A~

wherein R, R®, A and n are as defined above with reference {o form
compound of the formula

ula | and the

CF,SO3 group is at position b or ¢ with a

ST

15 ) V

20

wherein X is chloro, bromo or iodo and R'® is as defined above, which is prepared in

situ by reaction of & compound of the formula.

25 \/
0 N
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wherein R'° is as defined above, with n-butyliithium and then ZnX, wherein X is as

defined above.
The term *C,-C, alkyl® whenever used in the disclosure herein such as in the

definitions of R to R'* denotes saturated monovalent straight or branched aliphatic
hydrocarbon radicals having one to six carbon atoms, such as methyl, ethyl, propyi, t-
butyl, hexyl, etc. Similarly, the terms C,-C, cycloalkyl and C,-C, cycloalkyl denote a
cycloalkyl group having from three to seven or eight carbon atoms, respectively, such
as cyclopropyl, cyclohexyl, cyclooctyl, ete.

When A is oxygen and n is 1 in a compound of formula |, the compound may
be described either as a 3,4-dihydrobenzopyran or a chromane.

The compounds of the invention have two asymmetric carbon atoms indicated

by asterisks in the following formula:
OH

.»e:[.\/

The stereoisomers may be designated with reference to R and S notation in accordance
with standard nomenclature. When reference is made herein to S,R, or R,S, a single
enantiomerically pure compound is meant, whereas S*, R* and R*, S* denote a

racemic mixture. The invention includes the racemic mixtures and optical isomers of
formula . |

According 1o a specific method of the invention, intermediate compounds of
above formula Il wherein R' is & substituent of the formula lll, are prepared by reacting
a compound of the formula IV as defined above with a compound of the formula V as
defined above. This reaction generally proceeds in a solvent such as an ether solvent,
e.g., tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, 1,4-dioxane, and,
preferably, tetrahydrofuran. The reaction is in the presence of a catalytic amount of a
catalyst, particularly a palladium catalyst which is any palladium source which provides
palladium (Pd°) under the reaction conditions, for instance tetrakistriphenyl phosphine
palladlum The reactlon is usually carried out at or about the reflux temperature of the

This Sheet Has Been Repl : This is the r oplacement sheet
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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 formula V are prepared [n situ from a compound of the
above formula VI by reaction thereof with n-butyllithium or sec.-butyllithium in hexanes
at low temperatures of about .78°C, and then with ZnX, wherein X is iodo, bromo or
chioro, generally at about 0 to about 78°C for about one to four hours.

Ketones of the formula Il wherein A, n, RY, R? and R’ are as defined with
reference to formula | may be reduced to the corresponding hydroxyl compounds of
formula | by reaction with sodium borohydride. Generally, the reduction is carried out
in a solvent. Suitable solvents are lower alcohols having one to six carbon atoms,
mixtures of lower alcohols with organic solvents such as tetrahydrofuran or dioxane,
and mixtures of water-miscible lower alcohols or other water-miscible organic solvents
with water. The solvent is preferably a lower alcohol such as methanol of ethanol. The
reaction temperature generally ranges from about -78°C to about 100°C, and usually
from about 0°C to about 25°C. |

The reduction step results in a sterecisomeric mixture of the compounds of

formula 1 having the following structures:
OH
R 3 _ R 3
and
| cis

These cis and trans isomers may be separated by conventional column

trans

chromatography. _
Resolution of the enantiomeric mixture resutting after separation of the cis and

trans isomers may be accomplished by methods known in the art. In one method, a

compound of the formula 1 wherein R contains a carboxyl group (COOH) is reacted
with a chiral base such as methy!benz;lamine in a polar solvent such as ether to form
diastereomeric salts which are separated and then converted into optically pure acids
by treatment with an acid such as gqueoué or methanolic Hydrogen chloride. in

another method, a compound of the formula | wherein R contains an ester group is

This is the replacement sheet
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reacted with an optically active acid such as R-mandelic acid or N-t-butoxycarbonyl-D-

~ tryptophan to form diastereomeric esters which are separated into optically pure esters,

e.g. by chromatography. Removal of the resolving ester group and hydrolysis of the
carboxylic acid ester group in R' is conveniently carried out with aqueous base such
as an alkali metal hydroxide, e.g. sodium hydroxide, at temperatures ranging from
about room temperature to the reflux or boiling temperature of the solvent or solvent
mixture used. The reaction may be conducted in the presence of a co-solvent such as
methanol, ethanol or tetrahydrofuran.

The compounds of formula | wherein R* is oxazolyl are converted into
corresponding compounds of formula | wherein R* is carboxy by first reacting with
methy! iodide in the optional presence of dimethyisuﬁoxide and then with a base such
as aqueous sodium hydroxide.

The compounds of formula IV wherein R? is (CH,), CHR''R'? or (CH,)R'? may
be prepared according to reaction Scheme | from a compound of the formula VIl
wherein A, n and R? are as defined with reference to formula L.

The compound of formula Viil is reacted with trifluoromethane sulfonic anhydride
(also called trifiic anhydride) in a suitable solvent such as methylene chloride in the
presence of triethylamine to form the compound of formula IX.

The group R® when defined as -(CH,), CHR''R" or -(CH,)R'* may be
introduced into the compound of formula IX by a two step procedure' comprising
reacting with an aldehyde of the formula R"'R'*CH(CH,),, CHO or R'*(CH,),,CHO to
form a compound of the formulae XA or XB, respectively, and then hydrogenating. The
reaction with the aldehyde is conducted in the presence of a pyrrolidine catalyst or with
hydrochioric acid catalyst in acetic acid. The hydrogenation is camied out with
hydrogen and a palladium catalyst in a conventional manner. o
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SCHEME |

CF,50,
VIII
Ra 0 iipie

__ =CHCCHy ) oy CHRYIR .. .XA
— - 12 ’ —— IV

o, =CH(CHp) g-R ...XB

A

C'f=503 %

The compounds of formula Vil are generally commercially available. i not, they
may be obtained by prion: art methods. For instance, the compounds of tormula Vill
wherein A is oxygen and n is 1 may be obtained frdm R2-substituted 2',4'-dihydroxy-3-
chloropropiopherione (hereafter compound 1) by cyclization with sodium hydroxide.
Compound 1 may be prepared from R2.substituted resorcinol and 3-chioropropionic
acid in the presence of an acid, preferably trifiuoromethane sulfonic acid. The
compounds of formula Vil wherein A is sulphur and n is 1 may similarly be obtained
from R%-substituted 4'-hydroxy-2'-sulﬂ'\ydryl-s-ohloro-propiophenone which may be
obtained from R*-substituted 3-hydroxythiophenol. o o

The compounds of formula Vil wherein n is 2 and A is O or S may similarly be

" ‘obtained by reaction of R2-substituted resorcinol or 3-hydroxythiophenol, respectively,

and 4-chlorobutyric acid, and cyclization with sodium hydroxide.
o " The group R® when defined as -O(CH,),CHR"'R"? or -O(CH,),R'* may be
introduced into the compound of formiula Vil by the hrocedure outlined in Scheme Il
' . SCHEME U
The compounds of formula Xi may be pr’épared from the compounds of formula
Il wherein R? is hydrogen by mixing théreof with 20% potassium hydroxide and adding

This is the replécement-shoet
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COCHa)a 0
- iiple
__» 0-(CHg)CHRR

~~
G,

R?

0-(CHp) R
A

Rl
X1l X111

The compounds of formula XI when combined with Br(CH,),CHR"'R'? or
Br(CH,),R'? form compounds of the formula X!t which are converted to compounds of
the formula Xill by hydrolysis with an acid such as hydrochloric acid. The compounds
of formula Xill on reduction form compounds of the formula I. This reduction is carried

5 outin a conventional manner with sodium borohydride in an alcohol solvent at ambient
temperature.

The above compounds of formula IV may be converted into compounds of
formula | wherein R' is as defined with reference to formula | and R! is carboxy in

accordance with reaction Scheme lil.
10 )
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' SCHEME Ili
0
R2 R3
vV
IV — 4 T
| i
(CH3)3Sn
XIvV

The compound of formula XV is formed by reaction of the compound of formula
IV with (CH,);SnSn(CH,), and a palladium catalyst such as tetrakistriphenyl phosphine
palladium (Pd(PPh;),), or bisbenzonitrile palladium 'chloride. in the presence of a
phosphine ligand, such as triphenyl phosphine, in an amount of about 0.1 to about 5

molar equivalent per mole of substrate used. The compound of formula XIV is .

converted to a compound of formuta XV by reaction with an ester-protected compound
of the formula
R'40,C
yA
R10

wherein R'® is as defined with reference to formula I, R is C,-C, alkyl, phenyi or

benzyl, and Z is iodo, bromo or CF,S0,. The coupling reaction proceeds in the
ihis is v replacement sheet
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R —
presence of a palladium catalyst, such as tetrakistriphenyl phosphine palladium or
bistriphenyl phosphine palladium chloride.

The ketone esters ef the formula XV are first reduced to the corresponding
hydroxyl compounds XViI (formula not shown) and then hydrolyzed to the
corresponding acid of formula I. The reduction proceeds with sodium borohydride, as
described before with reference to the reduction of the ketones of formula ll. The
hydrolysis to the acid may be carried out with an aqueous base such as an alkali metal
hydroxide, e.g. sodium hydrokide, in the optional presence of a co-solvent such as
methanol or ethanol at tempekatures ranging from about room temperature to the reflux

or boiling temperature of the solvent used.
The compounds of formula | wherein R' is

0
I 13

RIO

wherein R'® and R'® are as defined above with reference to formula |, may be obtained

by reacting compounds of the formula | wherein R’ is

COH

RIO

with a sulfonamide of the formula R'*SO,NH, in the presence of & coupling agent such

ast ,s—dicyclohexylcarbodiirhide6r1 -[3-(dimethylamino)propyl}-3-ethyl carbodiimideand |
in the presence of an organic base such as pyridine, dimethylaminopyridine,
triethylamine, diisopropylethylamino or diazobicyclo[5.4.0}undec-7-ene. The reaction
is carried out in a solvent such as tetrahydrofuran, diethyl ether, toluene, and
chlorobenzene, at a temper'aiuré ranging frorﬁ about room temperature to about the

boiling point of the reaction solvent used. _
This is the replacement sheet

Date: tg[ 3["\7



10

15

20

25

This Sheet Has Been Rep

L llll

The compounds of formula | wherein R* is tetrazolyl may be obtained from
corresponding ester compounds of formula | wherein R* is a carboxyt C,-C, alkyl ester
group (-CO,(C,-C,)alkyl). The ester compound is first reacted with t-butyldimethyisityl
chioride in the presence of an organic base such as triethylamine or pyridine or,
preferably, imidazole in a polar aprotic solvent, preferably dimethylformamide to protect
the hydroxyl group as known in the art. The protected ester compound is reacted with
ammonia and ti(C,-C,)alky! aluminum in xylene to replace the carboxyl ester group with
cyano. The cyano group is reacted with trimethyistannyl azide in toluene at about
110°C. Conversion to tetrazolyl and removal of the silyl protecting group is attained
by reaction with tetrabutylammonium fiuoride in tetrahydrofuran to obtain the
compounds of formula | wherein R* is tetrazolyl. .

The salts of compounds of formula | contamxng a carboxy group may be
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.g., magnesium
hydroxide. The esters of compounds | containing a carboxy group may be prepared
in a conventional manner by reacting the acid group with a C,-C, alcohol, such as
ethanol, phenyl (C,-C,) alcohol, C,-C, cycloalkanol, phenol or phenol substituted by
one to three of fluoro, chloro, C,-C, alkyl or C,-c, alkoxy.

The compounds ‘of the invention can be administered to humans for the
treatment of LTB, induced ilinesses by various routes including orally, parenterally and
topically, and through the use of suppositories and enemas. On oral administration,
dosage levels of about 0.5 to 1000 mg/day, advantageously about 5-500 mg/day may
be given in a single dose or up to three divided doses. For intravenous administration,
dosage levels are about 0.1-500 mg/day, advantageously about 1.0-100 mg/day.
intravenous administration can include a continuous drip. Variations will necessarily
occur depending on the age, weight and condition of the subject being treated and the
particular route of administration chosen as will be known to those skilled in the art.

The compounds of the invention may be administered alone, but will generally
be administered in admixture with a pharmaceutical carrier selected with regard to the
intended route of administration and standard pharmaceutical practice. For example,
they can be administered orally in the form of tablets containing such excipients as
starch or lactose, or in capsules either alone or in admixture with excipients, or in the
form of elixirs or suspensions containing flavoring or coloring agents. They can be
injected parenterally, for example, intramuscularly, intravenously or subcutaneously.

This Is the replacemant sheet
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For parenteral administration, they are best used in the form of a sterile aqueous

-13-

solution which can contain other solutes, for example, enough salt or glucose 1o make
the solution isotonic. '

The LTB, activity of the compounds of the invention may be determined by
comparing the abiliti( of the compounds of the invention to compete with r_adiolabelled
LTB, for specific LTB, receptor sites on guinea pig spleen merﬁbranes. Guinea pig
spleen membranes were prepared as described by Cheng et al. (J. Pharmacology and
Experimental Therapeutics 232:80, 1985). The H-LTB, binding assay was performed
in 150 s éohtéining 50 mM Tris pH 7.3, 10 mM MgCl,, 9% Methanol, 0.7 nM *H-LTB,
(NEN, approximately 200 Ci/mmol) and 0.33 mg/mi guinea pig spleen membranes.
Unlabeled LTB, was added at a concentration § MM to determine non-specific binding.
Experimental compounds were added atvarying concentrations to evaluate their effects
on >H-LTB, binding. The reactions were incubated at 4°C for 30 minutes. Membrane
bound 3H-LTB, was collected by filtration through glass fiber filters and the amount
bound was determined by scintillation counting. The IC50 value for an experiméntal
compound is the concentration at which 50% of specific *H-LTB, binding is inhibited.

The following Examples illustrate the .preparation of the compounds of the
invention. '

Example 1

A. 2, '-Dihydrog-&ch!orogrogioghenone
To a stired mixture of resorcinol (200 g, 1.82 mol) and 3-chioropropionic acid

(200 g, 1.84 mol) was added trifluoromethane sulfonic acid (1 kg) in one portion. The
solution was heated slowly over 45 minutes to 80°C then cooled to room temperature
over 15 minutes and poured into chioroform (4.0 L). The organic portion was slowly
poured into water (4.0 L) and the layers separated. The aqueous layer was exiracted B
with chloroform (2 x 2.0L). The combined organic layers were washed with brine, dried
over sodium sulfate and fitered. Concentration in vacuo gave an orange semi-solid
(244.1 g) which was used crude in the next step.

'H-NMR (300 MHi. CDCl,): 12.56 (1H, s), 7.63 (1H, d, J=7.6Hz), 6.37-6.46 (2H,
m), 3.92 (2H, 1, J=6.3H2), 3.41 (2H, t, J=6.3Hz). |

| B. 7ﬁﬂmﬂgenzogﬂa_g-4—one .

To a cooled (5°C) solution of 2N sodium hydroxide (10.0 L) was added the

compound of step A (244.1 g) in one portion. The solution v;r.as warmed to room

temperature over 2 hours using a warm water bath then recool_e'_c'!‘t'to's_"c and the pH
- This is the raplacement sheeét
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adjusted to 2 with 6 M sulfuric acid (1.2 L). The mixture was extracted with 3x 3.0 L
of ethy! acetate, washed with brine (1 x 2.0 L) dried over sodium sulfate and fittered.

14

Concentration in vacuo gave a tan solid. Trituration with hexanes, and filtration afforded
173.7 g (58% yield) of the title compound. M.P. 136°C-137°C.

C. 7-(Trifluoromethyisulfonyljoxyl-benzopyran-4-one

To a stired solution of the compound of step B (173.7 g, 1.05 mole) in
methylene chioride (3.0 L) at - 78°C was added triethylamine (320 g, 3.16 mole) and
dimethylaminopyridine (2.5 g). After total dissolution, triflucromethane sulfonic
anhydride (327 g, 1.16 mole) was added dropwise over 20 minutes, the material was
stirred for 30 minutes at -78°C, and then warmed to room temperature over 2 hours.
The reaction mixture was poured into saturated ammonium chloride solution {2.5L) and
the layers separated. The aqueous layer was extracted with 2 x 2.0 L of methylene
chioride. The combined organic fractions were washed with water {1 X 1.0 L), dried
over magnesium sulfate and filtered. Concentration in vacuo gave a red oil.
Chromatography over silica gel {1 kg) eluting with (8:1) hexane: ethyl acetate gave after
solvent removal 211.1 g. (69% yield) of the title product. M.P. 4344 °C.

D. 7-[(Iriﬂuoromethy_lsulfony!)ogl-s-gheny!methyg-benzogﬂan-&one

To a stirred solution of the product of Step C (27 g, 81.2 mmole) in 183 mL of
methano!l was added benzaldehyde {11.1 mL, 109 mmole) foliowed by pyrmrolidine (.1
mL, 108 mmole). The mixture was stimed at room temperature overnight, cooled to
0°C and filtered. The solid was washed once with 50 mL of ice-cold methanol and

then dried in vacuo; 35.2 g, (75% yield) of the titie product was recovered. M.P. 133-

135°C.
'H NMR (300 MHz, CDCL): 8.1 (1H, d, J=8.7Hz), 7.81 (1H, bs), 7.40-7.51 (2H,

m), 7.24-7.38 (3H, m), 6.57 (1H, dd, J=8.7Hz, 2.4Hz), 6.91 (1H, d, J=2.4Hz), 540(1H, " ~

bs).

E. 7-[{Trifiuoromethyisulfionyiloxyl-3-phenyimethyl-benzo ne

To a solution of the compound of step D (266 g, 69.2 mmole) in 250 mL of
ethyl acetate in a 500 mL Parr shaker flask was added 10% palladium on carbon
catalyst (1.3 g). The mixture was hydrogenated at 40 psi until hydrogen uptake ceased
after about 3 hours. The mixture was filtered through celite (a tradename for
diatamaceous earth) to remove the palladium catalyst, and chromatographed over silica
gel (hexane-ether); 25.1 g (94% yaeld) of the title product was obtained. M.P. 56-58°C. .
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'H NMR (300 MHz, CDCl,): 8.01 (1 H, d, J=8.5Hz), 7.20-7.35 (5H, m), 6.981-6.96
(2H, m), 4.42 (1H, dd, J=11.6, 4.4Hz), 4.22 (1H, dd, J=11.6Hz, 8.7Hz), 3.26 (1H, dd,
J=14.0, 4.4Hz), 2.90-3.05 (1H, m), 2.70(1H, dd, J=14.0, 8.7Hz).

F. 7-(1 rimethylstanny!)-s-ghenylmethyl-benzogﬂan-lt-ohe
To a stirred solution the compound of step E (9.20 g, 25.0 mmole) in 200 mL

-15-

"of dioxane was added lithium chioride (3.20, 75.0 mmole), Pd(PPh,), (1.15 g, 1.0

mmole), 3 crystals of butylated hydroxytoluene, and hexamethyiditin (9.0 g, 27.5
mmole). The mixture was heated to reflux for 1.5 hours, cooled to room temperature
and poured into 150 mL of saturated, aqueous ammonium chloride solution. The
mixture was extracted with 3x150 mL of diethylether and the combined organic fractions
were washed with brine, dried over sodium sulfate and filtered. Evaporation in vacuo
gave a yellow semi solid which was chromatographed over silica gel (5:1 hexane:
ether) to give 8.90 g (89% yield) of the fitle product. M.P. 84-86°C.

'H NMR (300 MHz,CDCl,): 7.85 (1H, d, J=8.7Hz), 7.18-7.37 (5H, m), 7.14 (1H,
d, J=8.7Hz), 7.11 (1H, s), 4.38 (1H, dd, J=11.6, 4.5Hz), 4.17 (1H, dd, J=11.6Hz,
8.4Hz), 3.28 (1H, dd, J=14.0, 4.4Hz), 2.84-2.85 (1H, m), 2.71 (1H, dd, J=14Hz,
J=11.0Hz), 0.31 (SH, s).

G 7-(3—Carbomethomhenyl)-s-gheny_lmethﬂ-benzogﬂan-d—one

To a stimed solution of the compound of step F (70 g, 175 mmole) in
dimethytiormamide (DMF) (35 mL) was added Pd(PPh;,),C1, (490 mg, 0.7 mmole), 3
crystals of BHT and methyl-3-iodobenzoate (5.0 g, 18.1 mmole). The mixture was
stired at refiux for 1.5 hours, cooled to room temperature and poured into 150 mL of
saturated aqueous ammonium chloride solution. The mixture was extracted with 3x150
mL of diethy! ether, and the combined extract was washed with 2x100 mL of water, and
then brine. The solution was dried over sodium sulfate, ﬁlteréd and wMed in
vacuo to afford a yellow oil. Chromatography over silica gel {4:1 hexane: ether elution)
afforded 6.51 g of the title compound as a viscous oil.

H NMR (300 MHz, CDCl,): 8.29 (1H, t, J=1 .6Hz), 8.06 -
(1H, dd, J=7.6, 1.6Hz), 8.00 (1H, d, J=8.2Hz2), 7.79 (1H, dd, J=7.6Hz, 1.6Hz), 7.83 (1H,
t, J=7.6Hz), 7.22-7.36 (7H, m), 4.41 (1H, dd, J=11.6, 4.5H2), 4,21 (1H, dd, J=11.6,
8.5Hz), 3.94 (3H, s), 3.31 (1H, dd, J=14.0, 4.4hz), 2.91-2.99 (1H, m), 2.73 (1H, dd,
J=14.0, 11.1H2) ‘
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To a stirred solution of the compound of step G (6 50 g, 17.5 mmole) in 35 mL
of methano!l at room temperature was added sodium borohydride (840 mg, 26.0
mmole) in one portion. The dark mixture was stirred at room temperature fbr 2 hours
then poured into saturated aquéous ammonium chioride solution (75 mL) and extracted
with 3x75 mL of diethyl ether. The combined extracts were washed with brine, dried
over sodium sulfate, fitered and concentrated in vacuo to give an off-yellow oil.

" Chromatography on silica gel eluting with 4:1 hexane: ether afforded first 3.26 g of the

10

15

20

25

cis ring isomer of the titte compound, and then 1.98 g of the trans isomer of the title
compound as viscous oils, total yield 81%.

Cis ring isomer: 'H NMR (300 MHz, CDCl,): 8.26 (1H, t, J=1.7Hz), 8.02 (1H,
dt, J=7.8, 1.7Hz), 7.76 (1H, dt, J=7.8, 1.7Hz), 7.50 (H, t, J=7.8Hz), 7.41 (1H, d,
J=7.9Hz), 7.31 (1H, d, 7.3Hz), 7.14-7.25 (6H, m), 4.58 (1H, t, J=7.2Hz), 4.28 (1H, dd,
J=0.1, 2.5Hz), 4.03 (1H, dd, J=9.1, 5.4Hz), 3.93 (3H, s), 2.78 (1H), 2.77 (1H, dd,
J=13.7, 6.2Hz), 2.58 (1H, dd, J=13.7, 9.1Hz), 2.20-2.28 (1H, m}), 1.83 (1H, d, J=7.2H2).

Trans ring isomer: 'H NMR (300 MHz, CDCl,): 8.23 (1H, t, J=1.7Hz), 7.98 (1H,
dt, J=7.8Hz), 7.74 (1H, t, J=7.8Hz, 1.7Hz), 7.48 (1H, t, J=7.8Hz), 7.20-7.36 (6H, m),
7.15 (1H, dd, J=8.0, 1.8Hz), 7.09 (1H, d, J=1.8Hz), 4.56 (1H, dt, J=4.7, 3.8Hz), 4.12-
4.19 (2H, m), 3.92 (3H, s}, 2.90 (1H, dd, J=13.6, 8.4.Hz), 2.70 (1H, dd, J=13.5, 7.2Hz),
2.36-2.39 (1H, m), 1.75 (1H, d, J=4.7Hz).

J. N-g-t-Butoxycarbonyl-L-tryptophan-7[{3-carbomethoxyphenyl)-3-

phenyimethyll-chroman-4-yi]-ester
To a stirred solution of the compound of step H (2.5 g, 6.7 mmole) in 70 ml of

CH ,Cl, was added DMAP (897 mg., 7.34 mmole, 1.1 eq.), DCC (1.51 g, 7.34 mmole,
1.1 eq.) and N-t-Boc-L4ryptophan (2.4 g. 8.01 mmole, 1.2 eq. ) The mixture was stirred
at room temperature for 12 hours, filtered and washed with IM HCI and brine. The

organic layer was dried over MgSO,, filtered and concentrated in vacuo.
Chromatography (silica gel-3:1 cyclohexane:ether) afforded 860 mg of the less polar
diastereomer (Ri=0.3) and 700 mg of the more polar moving diastereomer (Rf=0.2).
The less polar product (3S, 4R): 'H-NMR (300 MHz, CDCl,); 8.29 (1H, s), 8.03 (2H, d,
J=7.8 Hz), 7.77-7.83 {2H, m), 7.52 (2H._t. J=7.6 Hz), 7.02-7.33 (SH, m), 6.64 (1H, s),
5.85 (1H, s), 5.06 (iH, d, J=8.4 Hz), 4.58-4.62 (1H, m), 3.95 (3H, s), 3.73-3.85 (2H, m),
3.18-3.28 (2H, m), 2.45-2.61 (2H, m), 2.09-2.15 (1H, brd s), 1.39 (SH, 5). The more
polar product (3R,4S); 'H-NMR (300 MHz, CDCl,): 8.25 (1H, s), 8.01 (1H, d, J=7.8 Hz),
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7.64 (1H, brd s), 7.74 (1H, d, J=8.2 Hz), 7.54 (1H, d, J=11.9 Hz), 7.48 (H, 1, J=7.8 Hz),
7.08-7.38 (H, m), 6.95 (1H, s), 5.61 (1H, s), 5.08 (1H, d, J=8.2 Hz), 4.55-4.60 (1H, m),
3.94 (3H, s), 3.73-3.76 (2H, m), 3.22-3.35 (2H, m), 2.42-2.60 (2H, m), 1.90-1 .96 (1H, m),
1.39 (9H, ). |

K 3S ,4R-7-(3-carboggheny!)-4»hydrog-3—gheny_lmelhyl-ZHd -benzopyran

To & stirred solution of the less polar 4R,3S tryptophan ester of step L (840 mg,
1.05 mmole) in 10 mL of methanol was added 10 mL of 2M NaOH solution. The
mixture was refiuxed for 8 hours, cooled and acidified to a pH of 4 with 1M HCl. The
cloudy emulsion was extracted with 3x20 ml of ethyl acetate, and the combined

-7~

organic fractions were washed with brine and dried over MgSO,. Filtration and solvent
remova!.in. vacuo afforded a yellow foam. Chromatography (silica gel-ethyl acetate:
hexane: acetic acid -35:75:1) afforded 210 mg of product. 'H NMR. (300 MHz,
CD,CN): 8.22 (1H, ¢, 1.7Hz), 7.97 (1H, dt, J=7.8, 1.7Hz), 7.87 (1H, dt, J=7.8, 1.7Hz),
7.55 (1H, t, J=7.8Hz), 7.42 (1H,d, J=7.9Hz), 7.16-7.36 (6H, m), 7.10 (1H, d, J=1.8Hz),
4.44 (1H, d, J=4.9Hz), 4.19 (1H, dd, J=9.1, 2.5Hz), 3.97 (1H, dd, J=9.1, 8.4Hz), 2.72
(1H, dd, J=13.7, 6.2Hz), 2.51 (1H, dd, J=13.7, 8.1Hz), 2.04-2.20 (3H, m). [alo=+11.1
at C=1.00 in methanol. M.P.=210-212°C. _ :

Saponification as above ot the more polar 3R,4S tryptophan-eslef (700mg) gave
the 3R,4S enantiomer, 'H-NMR (300 MHz, CD,CN): 8.22 (1H, 1, 1.7Hz), 7.97 (1H, dt,
J=7.8, 1.7Hz), 7.87 (1H, dt, J=7.8, 1.7Hz), 7.55 (1H, t, J=7.8Hz), 7.42 (1H, d,
J=7.8Hz), 7.15-7.36 (6H, m), 7.10 (1H, d, J=1.8Hz), 4.44 (1H, d, J=4.9Hz), 4.18 (1H,
dd, J=9.1, 2.5Hz), 3.97 (1H, dd, J=8.1, 5.4Hz), 2.72 (1H, dd, J=13.7, 6.2Hz), 2.51 (1H,
dd, J=13.7, 8.1Hz2), 2.04-2.20 (3H, m). [g]p=-11.0 at ¢=1.01 in methano!l. MP=208-
211°C.

L Trans 3-phenyimethyl-4-hy: droxy-7-{3-carboxyphenyl)-2H-1-benzopyran

Saponification as in step K of the trans ring isomer of step H gave the
corresponding acid. 'H NMR (300 MHz, CD,CN): 8.22 (i H, t, 1.7H2), 7.97 (1H, dt,
J=7.8, 1.7Hz), 7.87 (1H, dt, J=7.8, 1.7Hz), 7.55 (1H, t, J=7.8Hz), 7.42 (1H, d,
J=7.8Hz), 7.15-7.36 (6H, fn). 7.10 (1H, d, J=1.8Hz), 4.44 (1H, d, J=4.9Hz), 4.19 (1H,
dd, J=9.1, 2.5Hz), 3.97 (1H, dd, J=9.1, 5.4Hz), 2.72 (1H, dd, J=13.7, 6.2Hz), 2.51 (1H,
dd, J=13.7, 8.1Hz), 2.04-2.20 (3H, m). M.P. 210-212°C.

) Example 2
The following compouhds in Table 1 were prepared by saponification in

accordance with Example 1J. The melting pointé are in degrees Celsius.
This is the replacement sheet
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Product

4-phenylbenzyl

CO,H

cl

'H-NMR (300 MHz, DMSO,):
7.61-7.67 (4H, m), 7.29-7.46
(6H,m), 6.93 (1H, brd d,

=7.9Hz), 6.80 (1H, br.s.),
4.38 (1H, d, J=4.9Hz), 4.16
(1H, brd.d, J=11.0Hz), 4.02
(1H, dd, J=11.0, 5.6Hz), 2.96
(1H, m), 2.56 (1H, m), 226
(1H, m).

benzyl

co,H

OCH,

(cis) "H-NMR (300MHz,
CDCL,): 7.96 (1H, d,

1 J=8.7Hz), 7.24-7.38 (S5H, m),

7.16 (1H, d, J=8.0Hz), 6.88
(1H, dd, J=8.7, 2.6Hz), 6.75-
6.83 (3H, m), 4.51 (1H, d,
J=2.8Hz), 4.06-4.15 (2H, m),
3.84 (3H, s), 2.90 (1H, dd,
J=13.6, 8.2Hz), 2.70 (1H, dd,
J=13.6, 7.2Hz), 2.27-2.39 (1H,

m).
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benzyl CO,H H OCH, | (trans)'H-NMR (300MHz,

CDCl,): 7.97 (1H, d,
J=8.7Hz), 7.17-7.31 (6H, m),
6.85 (2H, dt, J=14.3, 2.8Hz),
6.81-6.85 (2H, m), 4.50 (1H, d,
J=4.1Hz), 4.20 (1H, dd,
J=11.2, 2.6Hz), 3.94 (1K, dd,
J=11.2, 4.8Hz), 3.86 (3H, s),
2.76 (1H, dd, J=13.8, 6.2Hz),
2.52 (1H, dd, J=13.2, 8.4Hz),
2.22-2.30 (1H, m). -

benzyl CO,H H Cl | (cis)'H-NMR (300MHz, CDCl,):
7.83 (1H, d, J=8.4Hz2), 7.16-
7.38 (7H, m), 7.09 (1H, d,
J=89.1Hz), 6.72-6.84 (2H, m), -
4.47 (1H, d, J=2.8Hz), 4.02-
4,12 (2H, m), 2.85 (1H, dd,
J=13.6, 8.1Hz), 2.62 (1H,

13.6, 7.4Hz), 2.22-2.38 (1H,
m).

| benzyl CO,H H Ci (trans)'H-NMR (300MHz,
‘ CDCl,): 7.86 (1H, d,

=8.3Hz), 7.14-7.42 (8H, m),
6.76-6.84 (2H, m), 4.48 (1H, d,
J=4.2Hz), 4.12 (1H, dd,
J=11.7, 2.6Hz), 3.92 (1H, dd,
J=11.7, 4.4Hz), 2.73 (1H, dd,
J=13.7, 6.1Hz), 2.50 (1H, dd,
J=13.7, 9.5Hz), 2.14-2.26 (1H,
m). .

benzyl COH H "H (cis)'H-NMR (300MHz, CDCl,):

- | 7.88 (1H, dd, J=7.7, 1.2Hz),
7.49 (1H, t, J=7.7H2), 7.1%-
7.39 (8H, m), 6.82-6.89 {2H,
m), 4.48 (1H, d, J=3.0Hz),
4.064.11 (2H, m), 2.87 (1H,
dd, J=13.6, 8.0Hz), 2.63 (1H,
dd, J=13.6, 7.4Hz), 2.28-2.38
(1H, m).
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benzy! - CO,H H H | (trans)’H-NMR (300MHz,

_ - CDCl,): 7.88 (1H, dd, J=7.7,
1.2Hz), 7.52 (1H, t, J=7.7H2),
7.10-7.41 (8H, m), 6.83-6.90
(2H, m), 4.43 (1H, d,
J=4.2Hz), 4.12 (1H, dd,
J=11.2, 2.9Hz), 3.88 (1H, dd,
- J=11.2, 4.5Hz), 2.75 (1H, dd,
J=13.7, 5.8Hz), 2.51 (1H, dd,
J=13.7, 9.5Hz), 2.14-2.25 (1H,
m), MP 82-84°C.

CO,H H F TH-NMR (300 MHz, DMSO
d6): 7.8 (1H, dd), 7.01-7.67
(3H, m), 7.2-7.46 (6H m),
6.93 (HH, brd, d), 6.80 (1H, d)
4.38 (1H, d) 4.16 (1H, brd d),
4.01 (1H, dd), 2.96 (1H, m),
2.54 (1H, m), 2.22 (1H, m).

4-phenylbenzyl

CF, (trans)'H-NMR(300 MHz,
CDCl,): 7.94(1H, d,
J=8.THz), 7.18-7.65 (12H, m),
6.81-6.92 (2H, m), 4.53 (1H, d,
=4.2Hz), 4.21 (H, d,
J=11.2Hz2), 4.02(1H, dd, J=11
Hz, 2.5Hz), 2.78 (1H, m), 2.58
(1H, m), 2.30 (1H, m)

4-phenylbenzyl

CO,H H.

Example 3
By saponification of the corresponding ester in accordance with Example 1J, 7-

(4-hydroxy-3-carboxyphenyl)-4-hydroxy-3-phenylmethyl-2H-1-benzopyran was formed
having a melting point of 158-160°C (cis) and 173-175°C (trans).
Example 4

5-fluoro-(2-(4.4-dimethwvi-2-oxazolinyllphenvil-3-phenylmethylene-1-

A. 7-
benzopyran-4-one

To a stired solution. of 2-(4-fluorophenyl)-4,4-dimethyl-2- oxazoline (1.0 eq in
tetrahydrofuran, .5M concentration) at -78°C under N, was added n-butyliithium in
hexanes (1.1 eq., 2.5M solution). The mixture was stirred at -78°C for 1 hour, then
ZnCl, (1M solution in ether, 1.1 eq.) was added. The mixture was warmed to 10°C
over 1 hourto give 2-{4-fluorophenyl-2-chlorozinc)-4,4-diethyl-2-oxazoline (notisolated).
To this solution was added 7-[((triﬂuoromethyl)sulfonyl)oxy]-s-phenylmethy_lene-1-
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benzopyran-4-one (1.0 eq.) and Pd (PPh,), (.02 eq.). $he mixture was refluxed (68°C)
for3 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 foliowed by solvent removal in vacuo and column chromatography

(silica gel - 2:1 hexane:ether) gave the title compound as a yellév_v solid, 65% yield, m.p.
110-112°C. 'H-NMR (300 MHz, CDCl,): 8.04 (1H, d), 7.91 (1H, 5), 7.78 (1H, dd), 7.41-

752 (3H, m), 7.31 (2H, d), 7.06-7.18 (3H, m), 7.02 (1H, 5), 5.40 (2H, s), 3.86 (2H, s),

1.31 (6H, s).
B. (38',4R')7-[5-ﬂuoro-(2-(4,4-dimethﬂ-2-oxazoliny_l}ghen_v_l]#hydrog-s-

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

adde& LIAIH, (1M in ether, 2.2 eq) dropwise over 10 minutes. The mixture was warmed
to room temperature and stired for 12 hours. The mixture was cooled to 0°C,
quenched with Rochelles salt, and filtered through diatomaceous earth. The aqueous
layer was extracted twice with ethylacstate, and the combined organic layers were
washed with brine and dried over MgSO,. Filtration an solvent removal afforded a
yellow oil. Chromatography over silica gel (ethylacétate:hex_ane) afforded a 60% yield
of a white solid. M.P. 65-70°C (decomposed). Anal. caled. for C,HaNO,F: C, 75.15;
H, 6.07; N, 3.25. Found: C, 74.75, H, 6.02, N, 3.09. 'H-NMR (300 MHz, CDCY,) :7.70
(1H, dd), 7.02-7.37 (8 H, m), 6.96 (1H, dd), 7.91 (1 H, d), 4.51 (1H, d), 4.23 (1H, dd),
4.39 (1H, dd) 3.87 (2 H, dd), 2.74 (1H, dd), 2.85 (1H, dd), 2.18-2.28 (1H, m) 1.31 (6 H,
d).

C. (3S* 4R* )7-{2-carbog-S-ﬂuoroghenylH-hy droxy-3-phenvimethyl-2H-1-

benzopyran
The compound from step B is dissolved in methyl iodide (0.5M) at room

{emperature and stirred for 24 hours. The methyl iodide was removed in vacuo, the oily
solid was dissolved in CH,Cl, and the solvent removed in vacuo. This operetion was
repeated to remove traces of methyl iodide. The solid was dissolved in methanol
(0.5M) and 2M NaOH (.5M) was added. The mixture was refluxed for § hours, cooled
to room temperature and acidified to pH 2 with 1M HCL. The mixture was extracted
twice with ethyl acetate, washed with brine, and dried over MgSO,. Filiration and
solvent removal in vacuo, followed by chromatogfaphy (silica gel, 101 methylene
chioride:methano!) gave the desired acid, 83% yield. 'H-NMR (300 MHz, CD,COCD;):
7.80 (1H, dd), 7.48 (1H, d), 7.18 (7H, m), 7.13 (1H, dd), 6.91 (1H, dd), 6.80 (1H, d).

This is the replacenmient sheet
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4.52 (1H, d), 4.23 (1H, dd), 3.96 (iH, dd), 2.89 (1H, dd), 2.54 (1H, dd), 2.18-2.30 (1H,

m).

-22.

Di. (38,4R}-7-(2-carboxy-S-ﬂuoroghenyl]-4-hydroxy—3-ghenylmethyl-2H-1- '

benzopyran
The compound from step C is dissolved in diethyl ether (0.1M) and warmed to

reflux. To the solution was added dropwise S(-)methy!benzyiamine {1 eq) in diethyl
ether (0.1M), dropwise over 10 minutes. The mixture was cooled to room temperature
and stirred for 48 hours. The precipitated salt was filtered then restirred 2 times at
refiux in diethyl ether (0.1M) for 24 hours, followed by filiration. The salt (M.P.=170-
173°C) was taken up in methylene chloride and washed 3 times with 1M HCI, then
once with brine, dried over MgSO,, and fitered. Solvent rémoval in vacuo and
recrystallization (1:1-hexan,e:efher) gave white fine crystals, more than 99.8%
enantiomeric excess by HPLC analysis. [a),>*=+23.8, c=0.6in CHCl,. M.P. = 119
121°C. Anal. Caled. for Co3HisOWF: €, 73.01: H, 5.06. Found: C, 72.88; H, 4.76.

D2. (3R,4S]7-{2-carbo_:_zx-5-ﬂuoroghenyl)-4-h!drog-s-ghenylmethyl-zH-1-

benzopyran
The filtrate from the combined salt slurries in step D1 was washed three times

with 1M HCl, once with brine, and dried over MgSO,. Filtration and solvent removal
gave a yellow sofid. A similar procedure as described in step D1 using R (+)
methylbenzyl amine afforded the desired product. [a]o™=-23.4 (c=0.6 in CHCL,),

4.84.

M.P.=118-120°C. Anal. Calcd. for C,,HysO4F: C, 73.01; H, 5.06. Found: C,73.03; H, .

This is the replacement sheet
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A compound of the formula

4
R a R3
b>,€
R‘——}— l

' C\d n/ n

AisO, CH,. S, NH or £ N(C,-C,) alky
nis0,1or2;
R' is a substituent at position b or ¢ of the formula

R4

RIO

R?, R®, R®, and R' are hydrogen or each independently are one or any two of
the following: fiuoro, chioro, C,-C, alkyl, C,-C, alkoxy, C,-C, perfiuoroalkyl, C,-C,
perfluoroalkoxy, C,-C, alkyithio, C,-C, alkylsulfinyl or C,-C, alkylsulfonyl;

R’ is -(CH,),CHR"'R", -(CH,),R", -O(CH,),CHR''R', of -O(CH,),R'?, wherein
pis0,1,or2andqis 0, 1,2, 0r3; :

R* is carboxy, tetrazolyl or R'*SO,NHCO;

R" is hydrogen, C,-C, alkyl or R*-substituted phenyl wherein R‘g is as defined

R'? and R™ are Hydrogen or each independently are C,-C, alkyl or C,-C,
cycloalkyl; or phenyl, thienyl, pyridyl, furyl, naphthyl, quinolyl, isoquinolyl, pyrimidinyl,
or pyrazinyl, each of which is optionally substituted by phenyl, R®, or R® -substituted
phenyl wherein R? is as defined above;

and the salts and esters.of those compounds of formula | containing a carboxy
group, wherein the esters contain ester groups selected from the group consisting of

HIl\II\ \\\I\l |||1\ |l||| l\ lIIl
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C,-C, alkyl, phenyl(C -C,)alkyl, C;-C, cycloalkyl, and phenyl and benzyl substituted by
fluoro, chiore, C,-C, alkyl or C,-C, alkoxy.

2a- THIS SHEET HAS BEEN |
_REPLACED '

2, A compound according to claim 1 whereinn is 1.
3. A compound according to claim 1 or 2 wherein A is oxygen.
5 4 A compound according to claim 1, 2 or 3 wherein R® is benzyl, 4-
fiuorobenzyl, 4—phenytbenzyl. 4-(4-flucrophenyl)benzyl, phenethyl or phenoxy.
5. A compound according to any one of claims 1 to 4 wherein R’ is

hydrogen or monofiuoro.
6. A compound according to any one of clalms 1 to 5 wherein R' is at
10 posttloncand is 2-carboxyphenyl, 2-carboxy-5-¢ s-chlorophenyl, 2-carboxy-4-chlorophenyl,
| z-carboxy-S-ﬂuorophenyl 2-carboxy-5-flucrophenyl, 2-carboxy-5-trifluoromethylphenyl,
2-caxboxy-4-ﬂuorophenyl 2-carboxy-8-fluorophenyl, 2-etrazoyl-S-fiuorophenyl or 3-
carboxyphenyl
7. A compound according to any one of claims 1 to 6 wherein R* and the'
15 adjacent hydroxy group are trans.
| 8. A compound according to claim 7 wherein R' is 2-carboxy-5-
- fiuorophenyl, R is hydrogen, and R’ is benzyl.
S. A compound according to claim 8 wherein the absolute stereochemistry
at the position to which R® is joined is S and at the position to which the hydroxy group
20 isjoinedis R. '
_ 10. A compound according to claim 8 wherein the absolute stereochemistry
at the position to which R? is joined is R and atthe position to whic_:h the hydroxy group
is joined is S.
: 11.. Acompound according to claim 7 wherein R’ is 2-carboxy-5-fluorophenyl
25 or 2-carboxy-4-chlotophenyl R? is hydrogen, and R?® is 4-phenylbenzyl.
12. A compound according to claim 2 wherein A is CH,, R is 4
' phenylphenoxy, and R' is 2-carboxy-5-flucrophenyl.
) 13.  Aphamaceutical composition for the treatment of LTB, inducedilinesses
which compnses a compound of formula | as defined in any one of claims 1 to 12.
30 14. A compound according to any one claims 1 to 12 for use as a

pharmaceutical.
16, A method for the receptor binding inhibition of LTB, which comprises

admnmstermg to a subject in need of such inhibition 2 compound of formUIa | according

to claim 1. | . . This is the replacement sheet
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16. A process for preparing a compound of the formula

OH
_ Re
. _ bX -
R 1—*_ | e o e l
d
wherein
10 ‘Ais O, CH,, S, NH or N(C,-C,) alkyl;
nis0,10r2; '

R' is a substituent at position b or ¢ of the formula

R 4
15
R 10
20 - R, R, R?, and R'° are hydrogen or each independently are one or any two of

the following: fluoro, chloro, C,-C, akyl, C,-C, alkoxy, C,-C, perfluoroalkyl, C,-C,
perfluoroalkoxy, C,-C, alkyithio, 'C,-C, alkyisulfinyl or C-C, alkyisulfonyl;
R? is -(CH,),CHR"'R"?, -(CH,).R", -O(CH,),CHR"'R'?, or -O(CH,),R'?, wherein
pisd.i.orZandqisO. 1,2,0r3;
25 Rt is carboxy, tetrazolyl or R1SO,NHCO;
R" is hydrogen, C,-C, alkyi or R®.substituted pheny! wherein R® is as defined
above,; ' _
R™ and R are hydrogen or each independently are C,-C, alkyl or C,-C,
cycioalkyl; or phenyl, thienyl, pyridyl, furyl, naphthyi, quinolyi, isoquinolyl, pyrimidinyl,
30 or pyrazinyl, each of which is optionally substituted by phenyl, _B’. or R® -substituted
phenyl wherein R’ is as defined above;
and the salts and esters of those compounds of formula | containing a carboxy
group, wherein the esters contain ester groups selected from the group consisting of
C,-C, akyl, phenyl(C,-Colalkyl, C5-C, cycloalkyl, and pheny! and benzyl substituted by

* [ L ] H *

This is the replacement sheet
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fluoro, chlqrd. C,-C, alkyl or C,-C, alkoxy, characterized by reducing a compound of

the formula

17.

wherein

R?.

| A process for the preparation of a compound of the formula

0

ia R3
R'-——b|— l

NS n
c\d ﬂ/

eosll

"Ais O, CH,, S, NH or N(C,-C,)alkyl;
niso,1or2;

R' is a substituent at position b or ¢ of the formula

oxazolyl

111

RIO

R2 R' R®, and R'° are hydrogen or each independently are one or any two of
the following: fiuoro, chioro, C,-C, alkyl, C,-C, alkoxy, C,-C, perfluoroalkyi, C,-C.
perﬂuoroalkoxy. C,-C, alkyithio, C,-C, alkyisulfinyl, or C,-C, alkyisulfony};

R'is -(CH,),CHR"R", -(CH,),R"™, -O(éH,),CHR"R_“, or -(CH,),R'?, wherein p

is0,1or2andqis 0, 1, 2, or 3;

This is the réplacement sheet

Ll as a3



10

16

- 20

25

30

This Sheet Has Been Replaced

LTI

'R" is hydrogen, C,-C, alkyl or R® -substituted phenyl wherein R® is as defined

27.

above,;

R* is C,-C, alkyl or C,-C, cycloalkyt; or phenyl, thienyl, pyridyl, furyl, naphthyl,

quinolyl, isoquinolyl, pyridinyl, or pyrazinyl, each of which is optionally substituted by
phenyl, R®, or R*-substituted phenyl wherein R® is as defined above;
' and the salts and esters of the compounds of formula I, wherein the esters
contain ester groups selected from the group consisting of C,-C, alkyl, phenyi(C,-
C,)alkyl, C,-C, cycloalkyl, and phenyl and benzyl substituted by fluoro, chloro, C,-C,
alkyl or C,-C, alkoxy, which comprises reacting a compound of the formuia

R2 0
R 3
| b
CF450, IV
C N
wherein R?, R, A and n are as defined above and the CF,SO, group is at position b
or ¢ with a compound of the formula

wherein X is chloro, bromo or iodo and R is as defined above, which is prepared in
situ by reaction of a compound of the formula

This is the replacement sheet
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Vi

R 10
10 _
with n-butyliithium and then ZnX, wherein X is as defined above.

J— _—_ This is.the | ' At
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BENZOPYRAN AND RELATED LTB, ANTAGONISTS

ABSTRACT

' Benzopyran and other benzo-fused leukotriene B,
aantagonists have formula (I) wherein R' is a phenyll
or substituted phenyl group, and A, n, R’ and R’ are as

defined herein.

e C | This is the replacement nt shaet
Sheet Has Been Replaced.
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The present invention also relates to a pharmaceuﬁ"cEl composition for the
treatment of LTB, induced illnesses comprising a compound of the formula | as defined
above in an amount effective in the treatment of LTB, induced ilinesses, and a

pharmaceutically acceptable carrier.

+-as-defined-above.
The invention further includes a process for the preparation of an intermediate

compound of the formula

Rl

wherein A, n, R? and R® are as defined above with reference toformulaland R' is a
substituent at position b or ¢ of the formuia

oxazolyl

111

| RlO

wherein R' is as defined above with reference to formula |, by reacting a compound

of the formula
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C,-C, alkyt, phenyl(C,-C)alkyl, C,-C, cycléaxky:. erephenytand-benzyl-subktituted by

fluoro, chlore, C,-C, alkkyl or C,-C, alkoxy.

2. A compound according to claim 1 wherein n is 1.

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

4, A compound according to claim 1, 2 or 3 wherein R’ is benzyl, 4-
fiuorobenzyl, 4-phenylbenzyl, 4-(4-flucrophenyl)benzyl, phenethyl or phenoxy.

5. A compound according to any one of claims 1 to 4 wherein R? is
hydrogen or monofluoro.

6. A compound according to any one of claims 1 to 5§ wherein R’ is at
position c and is 2-carboxyphenyl, 2-carboxy-5-chlorophenyl, 2-carboxy-4-chlorophenyl,
anrbéxy-é-ﬂuorophenyl, 2-carboxy-5-flucrophenyl, 2-carboxy-§-triflucromethylphenyl,
2-carboxy-4-flucrophenyl, 2-carboxy-6-fluorophenyl, 2-tetrazoyl-S-fiucrophenyl or 3-
carboxyphenyl. "

7. A compound according to any one of claims 1 to 6 wherein R® and the
adjacer{t hydroxy group are trans.

8. A compound according to claim 7 wherein R' is 2-carboxy-S-
fluorophenyl, R? is hydrogen, and R® is benzyl.

9. A compound according to claim 8 wherein the absolute stereochemistry
at the position to which R® is joined is S and at the position to which the hydroxy group
is joined is R.

10. A compound according to claim 8 wherein the absolute stereochemistry
at the position to which R® is joined is R and at the position to which the hydroxy group
is joined is S.

11.  Acompound according to claim 7 wherein R' is 2-carboxy-5-fluorophenyl
or 2-carboxy-4-chlorophenyl, R? is hydrogen, and R® is 4-phenylbenzyl.

12. A compound according to claim 2 wherein A is CH,, R is 4
phenylphenoxy, and R' is 2-carboxy-5-flucrophenyl.

13.  Apharmaceutical composition for the treatment of LTB, induced ilinesses
which comprises a compound of formula | as defined in any one of claims 1 to 12.

14. A compound according to any one claims 1 to 12 for use as a

pharmaceutical.

|



REPLACEMENT SHEET

08 AUG 1997

.25

15 _
A8, A process for preparing a compound o6f the formula

OH

R3

Re
da
b
R'—{%? | ool

C\d Q/( )I'l

wherein
‘Ais O, CH,, S, NH or N(C,-C,) alkyl;
nis0,1o0r2;
R' is a substituent at position b or ¢ of the formula

R4

Rld

R?, RY, R?, and R'° are hydrogen or each independently are one or any two of
the following: fluoro, chlore, C,-C, alkyl, C,-C, alkoxy, C,-C, perfluoroatkyi, C,-C,
perfluoroalkoxy, C,-C, alkyithio, C,-C, alkyisulfinyl or C,-C, alkylsulfonyt;

R® Is -(CH,),CHR"'R'?, -(CH,),R"?, -O(CH,),CHR"'R'?, or -O(CH,),R"2, wherein
pis O. t,or2andqis 0, 1,2, or 3;

R is carboxy, tetrazolyl or R**SO,NHCO;

R" is hydrogen, C,-C, alkyl or R®-substituted phenyl wherein R® is as defined
above; B

R' and R'? are hydrogen or each independently are C,-C, alkyl or C,-C,
cycloalkyl; or phenyl, thienyl, pyridyl, furyl, naphthyl, quinolyi, isoquinolyl, pyrimidinyt,
or pyrazinyl, each of which is optionally substituted by phenyl, __R’, or R? -substituted
phenyl wherein R® is as defined above;

and the salts and esters of those compounds of formula | containing a carboxy
group, wherein the esters contain ester groups selected from the group consisting of
C,-C, alkyl, phenyl(C,-Cy)alkyl, C,-C, cycloalkyl, and phenyl and benzyl substituted by

A

L M S



10

15

25

30

the formula

12

-26-

REPLACEMENT SHEET
08 AUG 1997

fluoro, chioro, C,-C, alkyl or C,-C, alkoxy, characterized-byreducingacompound of

XITI

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

wherein

Ais O, CH,, S, NH or N(C,-C,)alky!;

niso, tor2;

eoo 11

R' is a substituent at position b or ¢ of the formula

oXazolyl

RIO

111

R? R%, R®, and R are hydrogen or each independently are one or any two of
the following: fiuoro, chloro, C,-C, alkyl, C,-C, alkoxy, C,-C, perfiuoroalkyi, C,-C,
perfiuoroalkoxy, C,-C, alkytthio, C,-C, alkyisulfinyl, or C,-C, alkylsulfonyl;

R?is -(CH,),CHR"'R'?, -(CH,)R?, -O(CH,), CHR"R". or (CH,) R'2, wherein p

is0,1or2andqis0, 1,2, 0r3:

HIIlIII I IIIII HIII Il lIII
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BENZOPYRAN AND RELATED LTB" ANTAGONISTS

This invention relates to novel benzopyran and other benzo-fused leukotriene
B. (LTB,) antagonists, to pharmaceutical compositions containing such compounds,
and to a method of using such compounds as LTB, antagonists.

The compounds of this invention inhibit the action of LTB, and are therefore
useful in the treatment of LTB, induced illnesses such as inflammatory disorders
including rheumatoid arthritis, osteoarthritis, inflammatory bowel disease, psoriasis and
other skin disorders such as eczema, erythma, pruritis and acne, stroke and other
forms of reperfusion ihjury, graft rejection, autoimmune diseases, asthma and other
conditions where marked neutrophil infiltration occurs.

LTB, antagonists are disclosed in European patent publications 276 064 and
282 977 which refer to diphenylethers, benzophenones, and other compounds
containing two phenyl groups, and 7-(3-alkoxy-4-alkanoyl-phenoxy)alkoxy benzopyran
derivatives, respectively.

According to the invention, it was found that the following compourids of formula
| have LTB, antagonistic properties:

OH
RZ
a R3
b)f
R '__{.. | ool
C§ Q/< )n
d

wherein A is O, CH,, S, NH, or N(C,-C, alkyl); nis O, 1 or 2;
R' is a substituent at position b or ¢ of the formula

R4

RIO

This is the replacement sheet
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R%, R%, R® and R' are hydrogen or each independently are one or any two of
the following: fluoro, chioro, C,-C, alkyl, C,-C, akoxy, C,-C, perfiuoroalkyl, C,-C,
perfluoroalkoxy, C,-C, alkytthio, C,-C, alkylsuffinyl, or C,-C, alkyisutfonyt: R? is
-(CH,),CHR''R"?, -(CH,),R", -O(CH,),CHR"'R"?, or «(CH,),R'?, wherein pis 0, 1 or 2
andqis0, 1,2, or 3; Rtis carboxy, tetrazolyl or R'¥SO,NHCO; R" is hydrogen, C,-C,
alkyl or R® -substituted phenyl wherein R? is as defined above; R'? and R" are
hydrogen or each independently are C,-C, akkyl or Cy-C, cycloalkyl; or phenyi, thienyl,
pyridyl, furyl, naphthyl, quinolyl, isoquinolyt, pyrirﬂidiny!. or pyrazinyi. each of which is
optionally substituted by phenyl, R?, or R? -substituted Pheny! wherein R is as defined
above; and the salts and esters of those compounds of formula | containing a carboxy
group, wherein the esters contain ester groups selected from the groub consisting of
C,-C, alkyl, phenyi(C,-C,) alkyt, C,-C, cycloalkyt, and phenyl and benzyl substituted by
fluoro, chioro, C,-C, akyl or C,-C, alkoxy. .

Preferred compounds of the invention are those of formula | wherein A is
oxygen, those wherein n is 1, those wherein R' is a substituent at position ¢, those
wherein R? is hydrogen or monofluoro, and those wherein R? is benzyl, 4-fluorobenzyt,
4-phenylbenzyl, 4-(4-ﬂuorophenyl)benzyl, phenethyl or phenoxy, preferably benzyl or
4-phenylbenzyl.

More specific compounds of the formula | are those wherein A is oxygen, n is
1, and R' is a substituent at position ¢, and those wherein A is oxygen,nis 1,R'is a
at position ¢ and is 2-carboxyphenyl, 3-carboxyphenyl, 2-carboxy-3-ﬂu_orophenyi, 2-
carboxy#ﬂuoroph_enyl. 2-carboxy~5-ﬂuorophenyl. 2-carboxy-6-ﬂucrophenyi. 2-carboxy-5-
triﬂuoromethylphenyl, 2-tetrazolyl-5-ﬂuorophenyl. 2-carboxy-5-chlorophenyl, or 2-
carboxy-5-methoxyphenyt, R? is hydrogen or monoflucro and R® is benzyl, 4-
fluorobenzyt, 4-phenylbenzyt, 4-(4-ﬂuoropheny!)benzy|, phenethy! or phenoxy.

Specific compounds are those wherein A is oxygen, nis 1, R?is hydrogen, R®
is benxzyl, 4-fluorobenzyl, 4-phenylbenzyl, 4-(4-ﬂuorophenyl)benzyl. phenethyl or
Phenoxy, and R' is at position ¢ and is anrbéxyphenyi, 3-carboxyphenyt, 2-carboxy-3-
fucrophenyl,  2-carboxy-d-flucrophenyi, 2-carboxy-5-flucrophenyl,  2-carboxy-6-
fluorophenyl,2-carboxy-5—triﬂuoromeﬂ1ylphenyl,2-tetrazolyl-5—ﬂuorophenyl.z-ca:boxy-s-
chiorophenyl or 2-carboxy-5-methoxyphenyi. and those wherein in these specific
compounds R? and the adjacent hydroxy group are trans. "

This is the taplaicenm sheet
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The presant invention also relates to a pharmaceutical composition for the
treatment of LTB, induced illnesses comprising a compound of tha formula | as defined
above in an amount effective in the treatment of LTB, induced ilinesses, and =&

pharmaceutically acceptable carrier. .

The inventian further includes a process for the preparation of an intermediate

compound of the formula

11
R*d

wherein A, n, R? and R® ars as defined above with reference to formula | and R’ is a

substituent at position b or ¢ of the formula

oxazolyl

ITI

RIO

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

of the formula

This is the replacemient sheet
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wherein R?, R®, A and n are as defined above with reference {o formula | and the

CF,S0, group is at position b or ¢ with a compound of the formula

-

0_ N
élnx v
RlO

wherein X is chloro, bromo or iodo and R' is as defined above, which is prepared in

situ by reaction of a compound of the formula.

0_ N |
VI
This is the replacement shaet
R 10
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wherein R'° is as defined above, with n-butyllithium and then ZnX, wherein X is as
defined above,

The term *C,-C, alkyl® whenever used in the disclosure herein such as in the
definitions of R' to R'* denotes saturated monovalent straight or branched aliphatic
hydrocarbon radicals having one to six carbon atoms, such as methyl, ethyl, propyl, t-
butyl, hexyl, etc. Similarly, the terms C,-C, cycloalkyl and C,-C, cycloalkyl denote a
cycloalkyl group having from three to seven or eight carbon atoms, respectively, such
as cyclopropyl, cyclohexyl, cyclooctyl, ete.

When A is oxygen and n is 1 in a compound of formula |, the compound may
be described either as a 3,4-dihydrobenzopyran or a chromane.

The compounds of the invention have two asymmetric carbon atoms indicated

by asterisks in the following formula:
0 H

*I‘\/

The sterecisomers may be designated with reference to R and S notation in accerdance
with standard nomenclature. When reference is made herein to S,R, or R,S, a single
enantiomerically pure compound is meant, whereas S*, R* and R*, S* denote a
racemic mixture. The invention includes the racemic mixtures and optical isomers of
formula 1. .

According to a specific method of the invention, intermediate compounds of
above formula Il wherein R' is a substituent of the formuia lll, are prepared by reacting
a compound of the formula [V as defined above with a compound of the formula V as
defined above. This reaction generally proceeds in a soivent such as an ether solvent,
e.g., tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, 1,4-dioxane, and,
preferably, tetrahydrofuran. The reaction is in the presence of a catalytic amount of a
catalyst, particularly & palladium catalyst which is any palladium source which provides
palladium (Pd°) under the reaction conditions, for instance tetrakistriphenyl phosphine
palladium. The reaction is usually carried out at or about the reflux temperature of the

This is the replacemient shdet
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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 formuia V are prepared in situ from a compound of the
above formula VI by reaction thereof with n-butyllithium or sec.-butyllithium in hexanes
at low temperatures of about -78°C, and then with ZnX, wherein X is iodo, bromo or
chloro, generally at about 0 to about 78°C for about one to four hours.

Ketones of the formula Il wherain A, n, R*, R? and R® are as defined with
reference to formula | may be reduced to the corresponding hydroxyl compounds of
formula | by reaction with sodium borohydride. Generally, the reduction is carried out
in a solvent. Suitable soivents are lower alcohols having one to six carbon atoms,
mixtures of lower alcchols with organic solvents such as tetrahydrofuran or dioxane,
and mixtures of water-miscible lower alcohols or other water-miscible organic solvents
with water. The solvent is preferably a lower alcohol such as methanol or ethanol. The
reaction temperature generally ranges from about -78°C to about 100°C, and usually
from about 0°C to about 25°C. |

The reduction step results in a stereoisomeric mixture of the compounds of

formula I having the following structures:

OH OH
§ R3 | ' R3
fj: I ~and
trans cis

These cis and trans isomers may be separated by  conventional column
chromatography.

Resolution of the enantiomeric mixture resulting after separation of the cis and
trans isomers may be accomplished by methods known in the art. In one method, a
compound of the formula | wherein R contains a carboxyl group (COOH) is reacted
with a chiral base such as methylbenzylamine in a polar solvent such as ether to form
diastereomeric salts which are separated and then converted into optically pure acids
by treatment with an acid such as aqueous or methanolic hydrogen chioride. In
another method, a compound of the formula | wherein R' contains an ester group is

Tnis is the replacement sheet
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reacted with an optically active acid such as R-mandaelic acid or N-t-butoxycarbonyl-D-
tryptophan to form diastereomeric esters which are separated into optically pure esters,
e.g. by chromatography. Removal of the resolving ester group and hydrolysis of the
carboxylic acid ester group in R' is conveniently carried out with aqueous base such
as an alkali metal hydroxide, e.g. sodium hydroxide, at temperatures ranging from
about room temperature to the reflux or boifling temperature of the solvent or solvent
mixture used. The reaction may be conducted in the presence of a co-solvent such as
methanol, ethanol or tetrahydrofuran.

The compounds of formula | wherein R* is oxazolyl are converted into
corresponding compounds of formula | wherein R* is carboxy by first reacting with
methyt iodide in the optional presence of dimethylisulfoxide and then with a base such
as aqueous sodium hydroxide. |

The compounds of formula IV wherein R? is (CH,), CHR''R'? or (CH,) R™ may
be prepared according to reaction Scheme | from a compound of the formula VIil
wherein A, n and R? are as defined with reference to formula i.

The compound of formula Vil is reacted with trifluoromethane sulfonic anhydride
(also called triflic anhydride) in a suitable solvent such as methylene chioride in the
presence of triethylamine to form the compound of formula X,

The group R® when defined as -(CH,), CHR"R' or -(CH,)R'? may be
introduced into the compound of formuia IX by a two step procedure comprising
reacting with an aldehyde of the formula R''R'2CH(CH,),, CHO or R'*(CH,),,CHO to
form a compound of the formulae XA or XB, respectively, and then hydrogenating. The
reaction with the aldehyde is conducted in the presence of a pyrrolidine catalyst or with
hydrochloric acid catalyst in acatic acid. The hydrogenation is camied out with
hydrogen and a palladium catalyst in a conventional manner.

Thie is the replacement shaet
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_ =CH(CHy),CHRMRIZ ... XA
3T SCHCCH,) R ...XB tv
n' ]

The compounds of formula Vill are generally commercially available. If not, they
may be obtained by prior: art methods. For instance, the compounds of formula Viil
§ wherein A is oxygen and n is 1 may be obtained from R*-substituted 2',4'-dihydroxy-3-
chloropropiophenone (hereafter compound '1) by cyclization with sodium hydroxide.
Compound 1 may be prepared from R?-substituted resorcinol and 3-chloropropionic
acid in the presence of an acid, preferably triflucromethane sulfonic acid. The
compounds of formula VIl wherein A is sulphur and n is 1 may similarly be obtained
10 from R-substituted 4'-hydroxy-2'-su!ﬁydryle-ehloro-propiophenone which may be

obtained from R2-substituted 3-hydroxythiophenol. | -
The compounds of formula Vil wherein. nis 2 and Ais O or S may similarly be
obtained by reaction of R*-substituted resorcinol or 3-hydroxythiophenol, respectively,

and 4-chlorobutyric acid, and cyclization with sodium hydroxide.
15 The group R’ when defined as -O(CH,),CHR''R'? or -O(CH,),R'? may be
introduced into the compound of formula Vill by the procedure outfined in Scheme il.
SCHEME Il

The compounds of formula XI may be prepared from the compounds of formula

It wherein R?® is hydrogen by mixing thereof with 20% potassiqm hydroxide and adding
20 phenyldiacetoxy iodide. This is the replacement sheet
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The compounds of formula XI when combined with Br(CH,),CHR"R'? or
Br(CH,),R'? form compounds of the formula XiI which are converted to compounds of
the formula Xlli by hydrolysis with an acid such as hydrochloric acid. The compounds
of formula Xiif on reduction form compounds of the formula . This reduction is carried

5 outin aconventional manner with sodium borohydride in an alcohol solvent at ambient

temperature. _
The above compounds of formula IV may be converted into compounds of

formula | wherein R' is as defined with reference to formula | and R is carboxy in
accordance with reaction Scheme lil.
10

This is the replacement sheet

Date: 3“\“‘“ |



10

15

20

25

-10-

SCHEME il
0
Ra R3
IV —
ﬂ’( da
(CHy)3Sn
Xy

The compound of formula XIV is férmed by reaction of the compound of formula
IV with (CH,),SnSn(CH,), and a palladium catalyst such as tetrakistriphenyl phosphine
palladium (Pd(PPh,),), or bisbenzonitrile palladium chloride, in the presence of a
phosphine ligand, such as triphenyl phosphine, in an amount of about 0.1 to about 5
molar equivalent per mole of substrate used. The compound of formula XIV is
converted to a compound of formula XV by reaction with an ester-protected compound 2
of the formula

R'%0,c

R1o

wherein R'® is as defined with reference to formula I, R' is C,-C, alkyl, phenyl or
benzyl, and Z is iodo, bromo or CF,SO,. The coupling reaction proceeds in the
This is the replacement sheet
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presence of a palladium catalyst, such as tetrakistriphenyl phosphine pallaifium or
bistriphenyl phosphine palladium chioride.

The ketone esters of the formula XV are first reduced to the corresponding
hydroxyl compounds XVI (formula not shown) and then hydrolyzed to the
corresponding acid of formula I. The reduction proceeds with sodium borohydride, as
described before with reference to the reduction of the ketones of formula ll. The
hydrolysis to the acid may be carried out with an aqueous base such as an alkali metal
hydroxide, e.g. sodium hydroxide, in the optional presence of a co-solvent such as
methanol or ethanol at temperatures ranging from about room temperature to the refiux
or boiling temperature of the solvent used.

The compounds of formula | wherein R! is

0
" 13
CNHSO,R

RIO

wherein R'® and R' are as defined above with reference to formula I, may be obtained
by reacting compounds of the formula | wherein R! is

CO.H

RIO

with a sulfonamide of the formula R'*SO,NH, in the presence of a coupling agent such
as1,3-dicyclohexylcarbodiimideor1 -[3-{dimethylamino)propyl]-3-ethylcarbodiimideand
in the presence of an organic base such as pyridine, dimethylaminopyridine,
triethylamine, diisopropylethylamino or diazobicyclo[S.4.0jundec-7-ene. The reaction
is carried out in a solvent such as tetrahydrofuran, diethyl ether, toluene, and
chlorobenzene, at a temperature ranging from about room temperature to about the
boiling point of the reaction solvent used. ) _ .

This Is the replacement sheét
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The compounds of formula | wherein R* is tetrazolyl may be obtained from
corresponding ester compounds of formula | wherein R* is a carboxyl C,-C, alkyl ester
group (-CO,(C,-C,)alkyl). The ester compound is first reacted with t-butyldimethyisilyl
chloride in the presence of an organic base such as triethylamine or pyridine or,
preferably, imidazole in a polar aprotic solvent, preferably dimethylformamide to protect
the hydroxyl group as known in the art. The protected ester compound is reacted with
ammonia and tri(C,-C,)alkyl aluminum in xylene to replace the carboxyl ester group with
cyano. The cyano group is reacted with trimethyistannyl azide in toluene at about
110°C. Conversion to tetrazolyl and removal of the silyl protecting group is attained
by reaction with tetrabutylammonium fluoride in tetrahydrofuran to obtain the
compounds of formula | wherein R* is tetrazolyl. )

The salts of compounds of formula 1 containing a carboxy group may be
prepared in & conventional manner by reaction with a base such as an alkali metal
hydroxide, e.g., sodium hydroxide, or alkaline earth metal hydroxide, e.g., magnesium
hydroxide. The esters of compounds | containing a carboxy group may be prepared
in a conventional manner by reacting the acid group with a C,-C, aicohol, such as
sthanol, phenyl (C,-C,) alcohol, C;-C, cycloalkanol, phenol or phenol substituted by
one to three of flucro, chioro, C,-C,4 alkyl or C,-c, alkoxy.

The compounds of the invention can be administered to humans for the
treatment of LTB, induced ilinesses by various routes including orally, parenterally and
topicaliy, and through the use of suppositories and enemas. On oral administration,
dosage levels of about 0.5 to 1000 mg/day, advantageously about 5-500 mg/day may
be given in a single dose or up to three divided doses. For intravenous administration,
dosage levels are about 0.1-500 mg/day, advantageously about 1.0-100 mg/day.
Intravenous administration can include a continuous drip. Variations will necessarily
occur depending on the age, weight and condition of the subject being treated and the
particular route of administration chosen as will be known to those skilled in the art.

The compounds of the invention may be administered alone, but will generally
be administered in admixture with a pharmaceutical carrier selected with regard to the
intended route of administration and standard pharmaceutical practice. For example,
they can be administered orally in the form of tablets containing such excipients as
starch or lactose, or in capsules either alone or in admixture with excipients, or in the
form of elixirs or suspensions containing flavoring or coloring agents. They can be

injected parenterally, for example, intramuscularly, intravenously or subcutaneously.
This is the replacement sheet
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For parenferal administration, they are best used in the form of a sterile aquéous
solution which can contain other solutes, for example, enough salt or glucose to make
the solution isotonic.

The LTB, activity of the compounds of the invention may be determined by
comparing the ability of the combounds of the invention to compete with radiolabelled
LTB, for specific LTB, receptor sites on guinea pig spleen membranes. Guinea pig
spleen membranes were prepared as described by Cheng et al. (J. Pharmacology and
Experimental Therapeutics 232:80, 1985). The *H-LTB, binding assay was performed
in 150 44 containing 50 mM Tris pH 7.3, 10 mM MgCl,, 9% Methanol, 0.7 nM *H-LTB,
(NEN, approximately 200 Ci/mmol) and 0.33 mg/mi guinea Pig spleen membranes.
Unlabeled LTB, was added at a concentration 5 #M to determine non-specific binding.
Experimental compounds were added at varying concentrations 1o evaluate their effects
on *H-LTB, binding. The reactions were incubated at 4°C for 30 minutes. Membrane
bound *H-LTB, was collected by filtration through glass fiber filters and the amount
bound was determined by scintillation counting. The IC50 value for an experimental
compound is the concentration at which 50% of specific *H-LTB, binding is inhibited.

The following Examples illustrate the preparation of the. compounds of the

invention.

Example 1
A 2.4"-Dihvdroxy-3-chioropropiophenone

To a stirred mixture of resorcinol (200 g, 1.82 mol) and 3-chioropropionic acid
(200 g, 1.84 mol) was added triflucromethane sulfonic acid (1 kg) in one portion. The
solution was heated slowly over 45 minutes to 80°C then cooled to room temperature
over 15 minutes and poured into chloroform (4.0 L). The organic portion was siowly
poured into water (4.0 L) and the layers separated. The aqueous layer was extracted
with chioroform (2 x 2.0L). The combined organic layers were washed with brine, dried
over sodium sulfate and filtered. Concentration in vacuo gave an orange semi-solid
(244.1 g) which was used crude in the next step.

"H-NMR (300 MHz, CDCl,): 12.56 (1H, s), 7.63 (1H, d, J=7.6Hz), 6.37-6.46 (2H,
m), 3.92 (2H, t, J=6.3Hz), 3.41 (2H, t, J=6.3Hz).

B. 7 roxybenzopyran-4-one )

To a cooled (5°C) solution of 2N sodium hydroxide (10.0 L) was added the
compound of step A (244.1 g) in one portion. The solution was warmed to room
temperature over 2 hours using a warm water bath then recooled to 5°C and thej pH

This is the replacerient sheet
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adjusted to 2 with 6 M sulfuric acid (1.2L). 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 filttered.
Concentration in vacuo gave a tan solid. Trituration with hexanes, and fiitration afforded
173.7 g (58% yield) of the title compound. M.P. 136°C-137°C. -

C. Z-[(Trifluoromethylsulfonyl)oxy]-benzopyran-4-one

To a stired solution of the'compound of step B (173.7 g, 1.05 mole) in
methylene chloride (3.0 L) at - 78°C was added triethylamine (320 g, 3.16 mole) and
d'methylammopyndme (25 g). After total dissolution, trifluoromethane sulfonic
anhydride (327 g, 1.16 mole) was added dropwise over 20 minutes, the material was
stirred for 30 minutes at -78°C, and then warmed to room temperature over 2 hours.
The reaction mixture was poured into saturated ammomum chioride solution (2.5L) and
the layers separated. The aqueous layer was extracted with 2 x 2.0 L of methylene
chloride. The combined organic fractions were washed with water (1 x 1.0 L), dried
over magnesium sulfate and filtered. Concentration in vacuo gave a red oil.
Chromatography over silica gel (1 kg) eluting with (8:1) hexane: ethyl acetate gave after
solvent removal 211.1 g. (69% yield) of the title product. M.P. 4344 °C.

D. 7-[('_I'riﬂuorometh_\ﬂsuIfony_i)og]e-ghenﬂmethﬂ-benzogﬁan-tl-one

To a stirred solution of the product of Step C (27 g, 91.2 mmole) in 183 mL of
methanol was added'benzaldehyde (11.1 mL, 109 mmole) followed by pyrrolidine (9.1
mL, 109 mmole). The mixture was stirred at room temperature overnight, cooled to
0°C and filtered. The solid was washed once with 50 mL of ice-cold methanol and
then dried in vacuo; 35.2 g, (75% yield) of the title product was recovered. M.P. 133-
135¢°C.

'H NMR (300 MHz, CDCl,): 8.1 (1H, d, J=8.7Hz), 7.91 (1H, bs), 7.40-7.51 (2H,
m), 7.24-7.38 (3H, m), 6.57 (1H, dd, J=8.7Hz, 2.4Hz), 6.91 (1H, d, J=2.4Hz), §.40 (1H,
bs).

E. ZI(Trifiuoromethyisulfonvioxyl-3-phenvimethvi-benzo ne '

To a solution of the compound of step D (26.6 g, 69.2 mmole) in 250 mL of
ethyl acetate in a 500 mL Parr shaker flask was added 10% palladium on carbon
catalyst (1.3 g). The mixture was hydrogenated at 40 psi until hydrogen uptake ceased
after about 3 hours. The mixture was filtered through celite (a tradename for
diatamaceous earth) to remove the palladium catalyst, and chromatographed over silica
gel (hexane-ether); 25.1 g (94% yield) of the title product was obtained. M.P. 56-58°C.

This is the replacemient sheet
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"H NMR (300 MHz, CDCl,): 8.01 (1H, d, J=8.5Hz), 7.20-7.35 (SH, m), 6.981-6.96
(2H, m), 4.42 (1H, dd, J=11.5, 4.4Hz), 422 (1H, dd, J=11.6Hz, 8.7Hz), 3.26 (1H, dd,
J=14.0, 4.4Hz), 2.90-3.05 (1H, m), 2.70(1H, dd, J=14.0, 8.7Hz).

F. Z-(Trimethylstannyl)-3-phenyimethyl-benzopyran-4-one

To a stirred solution the compound of step E (3.20 g, 25.0 mmole) in 200 mL
of dioxane was added lithium chioride {3.20, 75.0 mmole), Pd(PPh,), (1.15 g, 1.0
mmole), 3 crystals of butylated hydroxytoluene, and hexamémyld'din (9.0 g, 275
mmole). The mixture was heated to reflux for 1.5 hours, cooled to room temperature
and poured into 150 mL of saturated, aqueocus ammonium chloride solution. The
mixture was extracted with 3x150 mL of diethylether and the combined organic fractions
were washed with brine, dried over sodium suffate and filtered. Evaporation in vacuo
gave a yellow semi solid which was chromatographed over silica gel (5:1 hexane:
ether) to give 8.90 g (89% yield) of the tifle product. M.P. 84-86°C.

"H NMR (300 MHz,CDCL,): 7.85 (1H, d, J=8.7Hz), 7.18-7.37 (5H, m), 7.14 (1H,
d, J=8.7Hz), 7.11 (1H, s), 4.38 (1H, dd, J=11.5, 4.5Hz), 4.17 (1H, dd, J=11.6Hz,
8.4Hz), 3.28 (1H, dd, J=14.0, 4.4Hz), 2.84-2.95 (1H, m), 271 (1H, dd, J=14Hz,
J=11.0Hz), 0.31 (9H, s).

G. 7-(3-Carbomethoxyphenyl)-3-phenyimethyi-benzopyran-4-one

To a stirred solution of the compound of step F (7.0 g, 17.5 mmole) in
dlmethylformamlde (DMF) (35 mL) was added Pd(PPh,),C1, (490 mg, 0.7 mmole), 3
crystals of BHT and methyl-3-iodobenzoate (5.0 g, 19.1 mmole). The mixture was
stired at reflux for 1.5 hours, cooled to room temperature and poured into 150 mL of
saturated aqueous ammonium chloride solution. The mixture was extracted with 3x150
mL of diethyl ether, and the combined extract was washed with 2x100 mL of water, and
then brine. The solution was dried over sodium sulfate, filtered and evaporated in
vacuo to afford a yellow oil. Chromatography over silica gel (4:1 hexane: ether elution)
afforded 6.51 g of the title compound as a viscous oil.

'H NMR (300 MHz, CDCL,): 8.29 (1H, t, J=1.6Hz), 8.06 .
(1H,dd, J=7.6, 1.6Hz), 8.00 (1H, d, J=8.2Hz), 7.79 (1H, dd, J=7.6Hz, 1.6Hz), 7.53 (1H,
t, J=7.6Hz), 7.22-7.36 (7TH, m), 4.41 (1H, dd, J=11.6, 4.5Hz), 4,21 (1H, dd, J=11.6,
8.5Hz), 3.94 (3H, s), 3.31 (1H, dd, J=14.0, 4.4hz), 2.91-2.99 (1H, m), 2.73 (1H, dd,
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HT 7-(3-Carbometho;y_ghenyl)-4-hydrox¥-3-ghenglmethy_l-benzogyran

To a stired solution of the compound of step G (6.50 g, 17.5 mmole) in 35 mL
of methanol at room temperature was added sodium borohydride (340 mg, 26.0
mmole) in one portion. The dark mbcfure was stirred at room temperature for 2 hours
then poured into saturated aqueous ammonium chioride solution (75 mL) and extracted
with 3x75 mL of diethyl ether. The combined extracts were washed with brine, dried
over sodium sulfate, filtered and concentrated in vacuo to give an off-yellow oil.

- Chromatography on silica gel eluting with 4:1 hexane: ether afforded first 3.26 g of the

cis ring isomer of the title compound, and then 1.98 g of the trans isomer of the title
compound as viscous oils, total yield 81%.

Cis ring isomer: 'H NMR (300 MHz, CDCl,): 8.26 (1H, t, J=1.7Hz), 8.02 (1H,
dt, J=7.8, 1.7Hz), 7.76 (1H, dt, J=7.8, 1.7Hz), 7.50 (H, t, J=7.8Hz), 7.41 (1H, d,
J=7.9Hz), 7.31 (1H, d, 7.3Hz), 7.14-7.25 (6H, m), 4.58 (1H, t, J=7.2Hz2), 4.28 (1H, dd,
J=98.1, 2.5H2), 4.03 (1H, dd, J=9.1, 5.4Hz), 3.93 (3H, s), 2.78 (1H), 2.77 (1H, dd,
J=13.7, 6.2Hz), 2.58 (1H, dd, J=13.7, 9.1Hz), 2.20-2.29 (1H, m}, 1.83 (1H, d, J=7.2Hz).

Trans ring isomer: 'H NMR (300 MHz, CDCI,): 8.23 (1H, t, J=1.7Hz), 7.98 (1H,

- dt, J=7.8H2), 7.74 (1H, t, J=7.8Hz, 1.7Hz), 7.48 (1H, t, J=7.8Hz), 7.20-7.36 (6H, m),

7.15 (1H, dd, J=8.0, 1.8Hz), 7.09 (1H, d, J=1.8Hz), 4.56 (1H, dt, J=4.7, 3.8Hz), 4.12-
4.19 (2H, m), 3.92 (3H, ), 2.90 (1H, dd, J=13.6, 8.4.Hz), 2.70 (1H, dd, J=136,7.2+2),
2.36-2.39 (1H, m), 1.75 (1H, d, J=4.7Hz).

J. N-g-t-Butox!carbonxl-L-trygtoghan-7[(&carbomethox!gheny_l]-3-
ghenﬂmethm-chroman«&-!!l-ester

To a stirred solution of the compound of step H (2.5 g, 6.7 mmole) in 70 m! of
CH,Cl, was added DMAP (897 mg., 7.34 mmole, 1.1 eq.), DCC (1.51 g, 7.34 mmole,
1.1 eq.) and N-t-Boc-L-ryptophan (2.4 g. 8.01 mmole, 1.2 eq.). The mixture was stired
at room temperature for 12 hours, filtered and washed with IM HCI and brine. The
organic layer was dried over MgSO,, filtered and concentrated in vacuo.
Chromatography (silica gel-3:1 cyclohexane:ether) afforded 860 mg of the less polar
diastereomer (Rf=0.3) and 700 mg of the more polar moving diastereomer (Rf=0.2).
The less polar product (3S, 4R): '"H-NMR (300 MHz, CDCl,); 8.29 (1H, s), 8.03 (2H, d,
J=7.8 Hz), 7.77-7.83 (2H, m), 7.52 (2H, t, J=7.6 Hz), 7.02-7.33 (SH, m), 6.64 (1H, s),
5.65 (1H, s), 5.06 (H, d, J=8.4 Hz), 4.58-4.62 (1H, m), 3.95 (3H, s), 3.73-3.85 (2H, m),
3.18-3.28 (2H, m), 2.45-2.61 (2H, m), 2.09-2.15 (1H, brd s), 1.39 (9H, s). The more
polar product (3R,4S); 'H-NMR (300 MHz, CDCl,): 8.25 (1H, s), 8.01 (1H, d, J=7.8 Hz),
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7.94 (1H, brd s), 7.74 (1H, d, J=8.2 Hz), 7.54 (1H, d, J=11.9 Hz), 7.48 (iH, 1, J=7.8 Hz),
7.09-7.38 (H. m), 6.95 (1H, ), 5.61 (1H, 5), 5.08 (1H, d, J=8.2 Hz), 4.554.60 (1H, m),
3.94 (3H, 5), 3.73-3.76 (2H, m), 3.22-3.35 (2H, m), 2.42-2.60 (2H, m), 1.90-1.96 (1H, m),

1.39 (SH, s).
K. 3S.4R-7-{3-carboxyphenvl)-4-hydroxy-3-phen methyl-2H-1-benzopyran

To a stitred solution of the less polar 4R,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 1M HCL. The
cloudy emulsion was extracted with 3x20 mL of ethyl acetate, and the combined
organic fractions were washed with brine and dried over MgSO,. Filtration and solvent
removal in vacuo afforded a yellow foam. Chrorﬁatography (silica gel-ethyl acetate:
hexane: acetic acid -35:75:1) afforded 210 mg of product. 'H NMR. (300 MHz,
CD,CN): 8.22 (1H, t, 1.7Hz), 7.97 (1H, dt, J=7.8, 1.7Hz), 7.87 (1H, dt, J=7.38, 1.7Hz),
7.55(1H, 4, J=7.8Hz), 7.42 (1H, d, J=7.9Hz), 7.15-7.36 (6H, m), 7.10 (1H, d, J=1.8Hz),
4.44 (1H, d, J=4.9Hz), 4.19 (1H, dd, J=9.1, 2.5Hz), 3.97 (1H, dd, J=9.1, S.4Hz), 272
(1H, dd, J=13.7, 6.2Hz), 2.51 (1H, dd, J=13.7, 8.1Hz), 2.04-2.20 (3H, m). [g),=+11.1 _
at C=1.00 in methanol. M.P.=210-212°C. )

Saponification as above of the more polar 3R,4S tryptophan-ester (700 mg) gave
the 3R,4S enantiomer, 'H-NMR (300 MHz, CD,CN): 8.22 (1H, t, 1.7Hz), 7.97 (1H, dt,
J=7.8, 1.7Hz), 7.87 (1H, dt, J=7.8, 1.7Hz), 7.55 (1H, t, J=7.8Hz), 7.42 (1H, d,
J=7.9Hz), 7.15-7.36 (6H, m), 7.10 (1H, d, J=1.8Hz), 4.44 (1H, d, J=4.9Hz), 4.19 (1H,
dd, J=9.1, 2.5Hz), 3.97 (1H, dd, J=9.1, $.4Hz), 2.72 (1H, dd, J=13.7, 6.2Hz), 2.51 (1H,
dd, J=13.7, 9.1Hz), 2.04-2.20 (3H, m). [a]o=-11.0 at c=1.01 in methano!l. MP=209-
211°C. :

L Trans 3-phenyimethyl-4-hvdroxy-7-{3-carboxvphen 2H-1-benzo
Saponification as in step K of the trans ring isomer of step H gave the
corresponding acid. *H NMR (300 MHz, CD,CN): 8.22 (1H, t, 1.7Hz), 7.97 (1H, dt,
J=7.8, 1.7Hz), 7.87 (1H, dt, J=7.28, 1.7Hz), 7.55 (1H, t, J=7.8Hz), 7.42 (1H, d,
J=7.9Hz), 7.15-7.36 (6H, m), 7.10 (1H, d, J= =1.8H2), 4.44 (1H, d, J=4.9Hz), 4.19 (1H,
dd, J=8.1, 2.5Hz), 3.97 (1H, dd, J=9.1, 5.4Hz), 2.72 (1H, dd, J=13.7, 6.2Hz), 2.51 (1H,
dd, J-137 9.1Hz), 2.04-2.20 (3H, m). M.P. 210-212°C.

Example 2

The following compounds in Table 1 were' prepared by saponification in

accordance with Example 1J. The metlting points are in degrees Celsius.
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Table1

R'I

Product

4-phenylbenzyl

CO,H

Ci

'H-NMR (300 MHz, DMSO,):
7.61-7.67 (4H, m), 7.29-7.45
(6H,m), 6.83 (1H, brd d,
J=7.9Hz}, 6.80 (1H, br.s.),
4.38 (1H, d, J=4.9Hz), 4.16
(1H, brd.d, J=11.0Hz), 4.02
(1H, dd, J=11.0, 5.6Hz), 2.96
(1H, m), 2.56 (1H, m), 2.26
(1H, m).

benzyl

CO,H

OCH,

(cis) 'H-NMR (300MHz,
CDCl,): 7.96 (1H, d,

=8.7Hz), 7.24-7.38 (5H, m),
7.16 (1H, d, J=8.0Hz2), 6.88
(1H, dd, J=8.7, 2.6Hz), 6.75-
6.83 (3H, m), 4.51 (1H, d,

=2.8Hz), 4.06-4.15 (2H, m),
3.84 (3H, s), 2.90 (1H, dd,
J=13.6, 8.2Hz), 2.70 (1H, dd,
J=13.6, 7.2Hz), 2.27-2.39 (1H,
m).

This is the replacement sheet
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R? RS R¢ R’ Product

benzyl CO,H H OCH,; | (trans)'H-NMR (300MHz,

| CDCl,): 7.97 (HH, d,
J=8.7Hz), 7.17-7.31 (6H, m),
6.85 (2H, dt, J=14.3, 2.8Hz),
6.81-6.85 (2H, m), 4.50 (1H, d,
J=4.1Hz), 4.20 (1H, dd,
J=11.2, 2.6Hz), 3.94 (1H, dd,
J=11.2, 4.8Hz), 3.86 (3H, s),
2.76 (1H, dd, J=13.8, 6.2Hz),
2.52 (1H, dd, J=13.2, 8.4Hz),
2.22.2.30 (1H, m).

| benzyl - | COH H ci (cis)'H-NMR (300MHz, CDCL,):

7.83 (1H, d, J=8.4Hz), 7.16-
7.38 (7H, m), 7.09 (1H, d,
J=89.1Hz), 6.72-6.84 (2H, m),
4.47 (1H, d, J=2.8Hz), 4.02-
4.12 (2H, m), 2.85 (1H, dd,
J=13.6, 8.1Hz), 2.62 (1H,
13.6, 7.4Hz), 2.22-2.38 (1H,
m).

! benzyl | coH H cl (trans)'H-NMR (300MHz,

| COCl,): 7.86 (1H, d,
J=8.3Hz), 7.14-7.42 (8H, m),
6.76-6.84 (2H, m), 4.48 (1H, d,
J=4.2Hz), 4.12 (1H, dd,
J=11.7, 2.6Hz), 3.92 (1H, dd,
J=11.7, 4.4Hz), 2.73 (1H, dd,
J=13.7, 6.1Hz), 2.50 (1H, dd,
J=13.7, 9.5Hz), 2.14-2.26 (1H,
m).

benzyl COH H H (cis)’H-NMR (300MHz, CDCl,):
7.88 (1H, dd, J=7.7, 1.2Hz),
7.49 (1H, t, J=7.7Hz), 7.11-
7.39 (8H, m), 6.82-6.89 (2H,
m), 4.49 (1H, d, J=3.0Hz),
4.06-4.11 (2H, m), 2.87 (1H,
dd, J=13.6, 8.0Hz), 2.63 (1H,
dd, J=13.6, 7.4Hz), 2.28-2.38
(1H, m).
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I R? RS R® R’ Product

benzyl CO,H H H | (trans)'H-NMR (300MHz,
CDCL): 7.88 (1H, dd, J=7.7,
1.2Hz), 7.52 (1H, t, J=7.7Hz),
7.10-7.41 (8H, m), 6.83-6.90
(2H, m), 4.43 (1H, d,
J=4.2Hz), 4.12 (1H, dd,
J=11.2, 2.9Hz), 3.88 (1H, dd,
J=11.2, 4.5Hz), 2.75 (1H, dd,
J=13.7, 5.8Hz), 2.51 (1H, dd,
J=13.7, 9.5Hz), 2.14-2.25 (1H,
m), MP 82-84°C,

4-phenylbenzd | COH | H F | "H-NMR (300 MHz, DMSO
ds): 7.8 (1H, dd), 7.01-7.67
(3H, m), 7.29-7.48 (6H m),
6.93 (HH, brd, d), 6.80 (1H, d)
4.38 (1H, d) 4.16 (1H, brd d),
4.01 (1H, dd), 2.96 (1H, m),
2.54 (1H, m), 2.22 (1H, m).

4-phenylbenzyl | CO,H H CF, {trans)"H-NMR(300 MHz,
COCL): 7.84(1H, d,

J=8.7Hz), 7.18-7.65 (12H, m),

6.81-6.92 (2H, m), 4.53 (1H, d,
=4.2Hz), 4.21 (H, d,

J=11.2Hz), 4.02(1H, dd, J=11

Hz, 2.5Hz), 2.78 (1H, m), 2.58

(1H, m), 2.30 (1H, m)

Exampie 3

By saponification of the corresponding ester in accordance with Example 1J, 7-
(4-hydroxy-3-carboxyphenyl)-4-hydroxy-3-phenyimethyl-2H-1-benzopyran was formed
having a meiting point of 158-160°C (cis) and 173-175°C (trans).

Example 4 '

A. Z-[{S-fluoro-{2-(4 4-dimethyl-2-0xazolinyf)phen henylimethviene-1-
benzopyran-4-one

To a stired solution of 2-(4-fluorophenyl}-4,4-dimethyl-2- oxazoline (1.0 eq in
tetrahydrofuran, .SM concentration) at -78°C under N, was added n-butyllithium in
hexanes (1.1 eq., 2.5M solution). The mixture was stirred at -78°C for 1 hour, then
ZnCl, (1M solution in ether, 1.1 eq.) was added. The mixture was warmed to 10°C
over 1 hour to give 2-(4-fluorophenyl-2-chlorozinc)-4,4-diethyl-2-oxazoline (notisolated).
To this solution was added 7-[((triﬂuoromethyl)sulfonyl)oxy]é—phenylme'thylene-i-
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for 3 hours, cooled to room temperature and poured into NH,Cl solution. The solution
was extracted with 3 times diethyi ether and the combined organic fraction dried over
MgSO,. Filtration followed by solvent removal in vacuo and column chromatography
(silica gel - 2:1 hexane:ether) gave the title compound as a yellow solid, 65% yield, m.p.
110-112°C. 'H-NMR (300 MHz, CDCl,): 8.04 (1H, d}, 7.91 (1H, s), 7.78 (1H, dd), 7.41-
7.52 (3H, m), 7.31 (2H, d), 7.06-7.18 (3H, m), 7.02 (1H, s), 5.40 (2H, s), 3.86 (2H, s),
1.31 (6H, s). ' _

B. {38* 4R*)7-[5-fluoro-(2-(4 4-dimethyl-2-oxazolinyl)phenyl]-4-hydroxy-3-

henyimethyi-2H-1-benzopyran

To a stirred solution of the compound from step A in THF (.1M) at 0°C was
added LIAIH, (1M in ether, 2.2 eq) dropwise over 10 minutes. The mixture was warmed
to room temperature and stirred for 12 hours. The mixture was cooled to 0°C,
quenched with Rochelles salt, and filtered through diatomaceous earth. The aqueous
layer was extracted twice with ethylacetate, and the combined organic layers were
washed with brine and dried over MgSO,. Filtration an solvent removal afforded a
yeﬂdw oil. . Chromatography over silica gel (ethylacetate:hexane) afforded a 60% yield
of a white solid. M.P. 65-70°C (decomposed). Anal. caled. for C,;H,sNO,F: C, 75.15;
H, 6.07; N, 3.25. Found: C, 74.75, H, 6.02, N, 3.09. 'H-NMR (300 MHz, COCl,) :7.70
(1H, dd), 7.02-7.37 (8 H, m), 6.96 (1H, dd), 7.91 (1H, d), 4.51 (1H, d), 4.23 (1H, dd),
4.39 (1H, dd) 3.87 (2 H, dd), 2.74 (1H, dd), 2.55 (1H, dd), 2.18-2.28 (1H, m) 1.31 (6 H,
d). '

C. (3S*,4R*)7-{2-carboxy-5-lucrophenyl)-4-hvdroxy-3-phenyimethyl-2H-1-

benzopyran
The compound from step B is dissolved in methyl iodide (0.5M) at room

tempereture and stirred for 24 hours. The methyl iodide was removed in vacuo, the oily
solid was dissolved in CH,Cl, and the solvent removed in vacuo. This operation was
repeated to remove traces of methyl icdide. The solid was dissolved in methanol
(0.5M) and 2M NaOH (.5M) was added. The mixture was refluxed for § hours, cooled
to room temperature and acidified to pH 2 with 1M HCI. The mixture was extracted
twice with ethyl acetate, washed with brine, and dried over MgSO,. Filtration and
solvent removal in vacuo, followed by chromatography (siica gel, 10:1 methylene
chioride:methanol) gave the desired acid, 93% yield. 'H-NMR (300 MHz, CD,COCD,):
7.80 (1H, dd), 7.48 (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), 3.96 (1H, dd), 2.89 (1H, dd), 2.54 (1H, dd), 2.18-2.30 (1H,

m).

D1. (3S ,4R)~7—(2-carboxy-5-ﬂuoroghenzl)-4-hydroxy_-3-ghenylmethyﬂ-ZH—1 -

benzopyran
The compound from step C is dissolved in disthyl ether (0.1M) and warmed to

reflux. To the solution was added dropwise S(-)methylbenzylamine (1 eq) in diethyt
ether (0.1M), dropwise over 10 minutes. The mixture was cooled to room temperature
and stired for 48 hours. The precipitated salt was filtered then restirred 2 times at
reflux in diethyl ether (0.1M) for 24 hours, followed by filtration. The salt (M.P.=170-
173°C) was taken up in methylene chioride and washed 3 times with 1M HCl, then
once with brine, dried over MgSO,, and filtered. Solvent removal in vacuo and
recrystallization (1:1 -hexan_e:efher) gave white fine crystals, more than 99.8%
enantiomeric excess by HPLC analysis. {g],®=+23.8, ¢=0.6 in CHCl,. MP. = 119-
121°C. Anal. Calcd. for C,3H,,0,F: ¢, 73.01; H, 5.06. Found: C,72.88; H, 4.75.

D2. 3R,4S)7-(2-carboxy-5-fluorophenvl)-4-hydroxy-3-phenvimethyl-2H-1-
benzopyran

The filtrate from the combined salt slurries in step D1 was washed three times
with 1M HCl, once with brine, and dried over MgSO,. Filtration and solvent removal
gave a yellow solid. A similar procedure as described in step D1 using R (+)
methylbenzyl amine afforded the desired product. [g],%=-23.4 (c;o.s in CHCL,),
M.P.=118-120°C. Anal. Calcd. for C,,H,,O,F: C, 73.01; H, 5.06. Found: C,73.03; H,
4.84, '
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CLAIMS

1. A compound of the formula
OH

-

R2
a

. bX
g'—_*— ool

NS
C\d | 2~

10 wherein _
Ais O, CH,, S, NH or N(C,-C,) alkyl;

nis0,t1or2;
R' is a substituent at position b or ¢ of the formula
R 4
15
R 10
20

R, R*, R’, and R'® are hydrogen or each independently are one or any two of
the following: fluoro, chioro, C,-C, akyl, C,-C, alkoxy, C,-C, perfluoroalkyt, C,-C,
perfluoroalkoxy, C,-C, alkylthio, C,-C, alkylsulfinyl or C,-C, alkylsulfonyl;
R® is -{CH,),CHR''R", (CH,)R"?, -O(CH,),CHR"'R"?, or -O(CH,),R", wherein
25 pisQ,1,or2andqis0,1,2 0r3; ’
R* is carboxy, tetrazolyl or R'*SO,NHCO;
R" is hydrogen, C,-C, alkyl or R*-substituted pheny! wherein R“ is as defined
above; . .
R'? and R' are hydrogen or each independently are C,-C, alkyl or C,-C,
30 cycloalkyl; or phenyi, thienyl, pyridyl, furyl, naphthyl, quinolyl, isoquinolyl, pyrimidinyt,
or pyrazinyl, each of which is optionally substituted by phenyl, R®, or R? -substituted
phenyl wherein R is as defined above;
and the salts and esters of those compounds of formula | containing a carboxy

group, wherein the esters contain ester groups selected from the group consisting of
This is the replacement sheet
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-24- ,
C,-C, alkyl, phanyl(C,-C,)alkyl, C 1-C; cycloalkyl, and phenyl and benzyl substituted by
fluoro, chloro, C,-C, alkyl or C,-C, alkoxy.

2. A compound according to claim 1 wherein n is 1.

3. A compound according to claim 1 or 2 wherein A is oxygen.
5 4. A compound according to claim 1, 2 or 3 wherein R® is benzyi, 4-
fluorobenzyl, 4-phenylbenzyl, 4-(4-fluorophenyl)benzyl, phenethyl or phenoxy.
S. - A compound accordmg to any one of claims 1 to 4 wherein R? is

hydrogen or monofluoro.,
8. A compound according to any one of claims 1 to § wherein R' is at
10 positioncandis 2-carboxyphenyl, 2-carboxy-S-chiorophenyl, 2-carboxy-4-chlorophenyt,
anrboxy-s-ﬂuorophenyl 2-carboxy-5—ﬂuorophenyi, 2-carboxy-5-triflucromethyiphenyt,
2-carboxy-4-flucrophenyt, 2-carboxy-8-flucrophenyl, 2-tetrazoyl-S-flucrophenyl or 3-
carboxyphenyl.
7. A compound according to a.ny one of claims 1 to § wherein R? and the
15 ad;a.cent hydroxy group are trans.
8. A compound according to claim 7 wherein R' is 2-carboxy-S-
fiuoraphenyl, R? is hydrogen, and R® is benzyl.
9. A compound according to claim 8 wherein the absolute stereochemistry
at the pesition to which R3 is joined is S and at the position te which the hydroxy group
20 isjoinedis R. .
10. A compound according to claim 8 wherein the absolute stereochemlstry
at the position to which R® is joined is R and at the position to which the hydroxy group
is joined is S.
11.  Acompound according to claim 7 wherein R' is 2-carboxy-S-flucrophenyl
25 or 2-carboxy-4-chlorophenyl, R? is hydrogen, and R3 is 4-phenylbenzyl. _
12. A compound according to claim 2 wherein A is CH, R'is 4
phenylphenoxy, and R' is 2-carboxy-S-flucrophenyt.
13.  Aphammaceutical composition for the treatment of LTB, induced ilinesses
which comprises a compound of formula { as defined in any one of claims 1 10 12.
30 14. A compound according to any one claims 1 to 12 for use as a
phamaceutical. J

Fhis i ilia replacement sheet
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15
16
OH

R3

R2
-
o
1
R _—{_‘\d l &,

wh_erein
‘Ais O, CH,, S, NH or N(C,-C,) alkyt;

nis0,1or2; i
R' is a substituent at position b or ¢ of the formula

R4

RIO

A process for praparing a compound of the formula

‘..[

R%, R*, R, and R'® are hydrogen or each independently are one or any two of
the following: fluora, chloro, C,-C, alkyl, C,-C; alkoxy, C,C, perfluoroalkyl, C,-C.
perfluoroalkaxy, C,-C, alkyithio, C,-C, alkyisuifinyl or C,-C, alkyisulfonyf;

R® is -(CH,) ,CHR''R", -(CH,) R"?, -O(CH,),CHR"R"?, or -O(CH,),R"?, wherein

pis0,1,er2andqis 0, 1,2, or 3;
R* is carboxy, tetrazolyl or R¥*SO,NHCO;

R' is hydrogen, C,-C, alky! or R®-substituted phenyl wherein R® is as defined

- above;

R'? and R'® are hydrogen or each independently are C,-C, alkyl or C,-C,

cycloalkyl; or phenyl, thienyl, pyridyl, furyl, naphthyl, quinolyf, isoquinolyl, pyrimidinyl,
or pyrazinyl, each of which is optionally substituted by phenyl, R®, or R* -substituted

phenyl whersin R’ is as defined above:

end the salts and esters of those compounds of formula | containing a carboxy
group, wherein the esters contain ester groups selected from the group consisting of
C,-C, alkyt, phenyl(C,-C,)alkyl, C,-C, cycloalkyl, and phenyl and benzy! substituted by

'*cl.ns_*

- This is the replacement shee
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flucro, chloro, C,-C, alkyl or C,-C, alkoxy, characterized by reducing a compound of

the formula
0
R? R3
5 X111
’( do-
R Q
b
7. Aprocess for the preparation of a compound of the formula
10 '
15
wherein
Ais O, CH, S, NH or N(C,-C,Jalkyl;
niso,tor2;
20 R'is a substituent at position b or ¢ of the formula
oxazolyl
ITI
.25
R 10

R% R*, RY, and R" are hydrogen or each independently are one or any two of
30 the following: flucro, chloro, C,-C, alkyl, C,-C, alkoxy, C,-C, perfluoroalkyl, C,-C,
perfluoroalkoxy, C,-C, alkyithio, C,-C, alkyisulfinyl, or C,-C, alkyisulfonyt;

R* s -(CH,),CHR'R"2, -(CH,) A", -O(CH,),CHR"'R™, o -{CH,),R", wherein p
is0,1or2andqis 0, 1, 2, or 3; This is the replacement sheet
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above;

LT

R" is hydrogen, C,-C, alkyl or R® -substituted phenyl wherein R® is as defined

R'?is C,-C, alkyl or C,-C, cycloalkyl; or phenyl, thienyl, pyridyl, furyl, naphthyl,
quinolyl, isoquinolyl, pyridinyl, or pyrazinyl, each of which is optionally substituted by
§ phenyl, R®, or R'-substituted phenyl wherein R® is as defined above;
and the salts and esters of the compounds of formula {, wherein the esters

contain ester groups selected from the group consisting of C,-C, alkyl, phenyl(C,-
Celalkyt, C,-C; cycloalkyl, and phenyl and benzyl substituted by fluoro, chioro, C,-C,
alkyl or C,-C, alkoxy, which comprises reacting a compound of the formula

0

_Ra

Iv

wherein R?, R?, A and n are as defined above and the CF,S0, group is at position b

or ¢ with a compound of the formuta

Rlo

wherein X is chioro, bromo or iodo and R' is as defined above, which is prepared In

situ by reaction of a compound of the formula

This is the replacement sheet
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Vi

RIO
10

with n-butyliithium and then ZnX, wherein X is as defined above.
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BENZOPYRAN AND RELATED LTB, ANTAGONISTS

ABSTRACT

Benzopyran and other benzo-fused leukotriene B,

aantagonists have formula (I) wherein R® is a phenyll

or substituted phenyl group, and A, n, R? and R? are as

defined herein.
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