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USE IN THE TREATHMENT OF DISORDERS INFLUEBNCED EY THYROID HORUCHNES

FIELD OF THE INVENTION
This invention relates to novel compounds which are thyroid receptor ligands, and are
preferably selective for the thyroid hormone receptor i, to methods of preparing such
compounds and to methods for nsing suclk compounds such as in the regulation of

metabolism.

BACKGROUND OF THE INVENTION
While the extensive rode of thyroid hormones in. regulating metabalism in bumans is
well recognized, the discovery and development of new specific drugs for improving
the treatrnent of hyperthyroidism and hypothyreidism bas been slow. This has also
Jimited the development of thyroid hormone agonists and antagonists for treafroent of
other important clinical indications, such as hypercholesterolemia, obesity and cardiae

arrhythmias.

Thyroid hormones affect the metabolism of virwally cvery cell of the body. At normal
tevels, those honmones matutain body weight, the metabelic rate, body temperature, and
mood, and influence serum fow density 1ipoprotein (LDL) levels. Thus, it
bypothyroidism there is weight gain, bigh levels of LDL cholesterel, and depression. In
excess with hyperthyroidism, these hommenes lead to weight loss, hypermetabolism,
lowering of seram LDL levels, cardiac archythmias, heart failure, muscle weakness,

bone loss in posimenopausal wornen, and anxiety.

Thyroid heraones ate currently used primadly as replacement therapy for patients with
hypothyroidism. Therapy with L-thyroxine returns metabolic fnctions to pormal and
can easily be monitered with routine serum measurernents of levels of
thyroid-stimulating hormone (TSH), thyroxine (3,53, 5 tetriods-L-thyronine, or Ta)

and taiodothyronine (3,5,3-tiiodo-L-thyronine, or T5). However, seplacement therapy,

JP 2004-501132 A 2004.1.15
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particulatly in older individuals is limited by ceriain of the deleterions effects of thyroid

hormones.

In addition, some effects of thyroid hormones may be therapeutically useful in
pon-Ahyroid disorders if adverse effects can be minimized or elimivated. These
potentially vsefui influences include weight reduction, lowering of serwn LDL levels,
amelicration of depression and stimulation of bene formation. Prior attenapts to wtilize
thyroid hermones phatwacologically to treat these disorders have been Tirited by

manifestations of hyperthyroidism, and in particular by carfivvascular toxjeity.

Development of specific and selective (hyroid hotmone receptor agonists could lead fo
apeeific therapies for these common disorders while avoiding the cardiovascular and
ather toxicitics of native thyrold horntones. Jissue-selective tyroid hormene agonists
may be obtained by selective tissue uptake or exirusion, topical or local delivery,
targeting to oeils through other ligands attached to the aponist and targeting receptor
subtypes, Thyroid ormone receptor zgonists that interact selectively with the B-form of
the thyroid hoxmene receptor offers an especially attractive method for avoiding

cardio-toxicity.

Thyroid hormone receptors (TRx) are, like other muclear receptors, single polypeptide
chains, The various receptor forms appear to be products of two diffecent genes, o and
B, Further isoform differcuces are dus to the fuct thal differential RNA processing
resuits in gt least two isoforms fram each gene, The TRoy, TRP; and TRP: isoforms
bind thyroid hormone and acl as ligand-regulated transcription factors. In adults, the
TR, isoforn i3 the most prevalent form m most tissues, sspecially in the Hver und
musele. The TRa isoform is prevalent in the pilvitary and other parts of the central
nervious system, does not bind thyroid hormones, and acts in many contexts as &
transcriptional reprassor. The TRay isofurm is also widely distributed, although its
levels are generally lower than those of the TRE; soforms. This isofurm may be
especially important for development, Whereas many mutations in the TR} gene have
been found and lead to the syndrowme of seneralized resistance to thyroid hormone,

mutations Jeading to impaired TRet fonetion have net been fovnd.

JP 2004-501132 A 2004.1.15
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A growing body of data supgest that many or most effects of thyroid hormones en the
heart, and in particolar on the heart rate and rhythin, are mediated through the a-fonm of
the TR, isoformn, whereas most actiens of the hormone such as on the Liver, muscle
and other tissues are mediated more through the P-forms of the veceptor. Thus, 2
TRB-selective agonist might not influence the cardize thythm and rate, but would elicit
many other actions of the hotmones. It is believed that the a-form af the receptor is the
major drtve of heart rate for the following reasons: (i) tachycardia is very commen in
the syndrome of generatized resistance to thyroid hormone in which there are defective
TRp-forms, and gh circolating levels of Ty and Ty; (i) there was a tachycardiz in the
only described patient with a double deletion of the TRP gene (Fakeda et al, .J. Clin.
Frdracrinol. & Metub, 1992, 74, p49); (i) a double kiockowt TR gene (but not
[-gene) in the mouse has a slower puise than control mice {Forrest D and Vennstrom B,
Thvrotd 2000, 10713, 41-523; (iv) western blot anaiysis of iman myocardial TRs show
presence of the TRo, TRot; and TRB: proteins, but not TRB.

If these indications are corrent, then il may be possible that a TRB-selective agonist
couid be nsed to mimic a number of thyroid hormons actions, while having a lesser
effect on the beart. Such a compound may be nsed for: (1) replacement therapy in
elderty subjects with hypothyroidism who are at risk for cardiovascular complications;
(i replacement therapy i elderly subjects with subelinical kypothyroidism who are at
rigk for cardiovascular complicationss (iil) cbesity, Gv) hypercholesterolemia due to
elevations of plasma LT levels; (¥) depression; {vi} osteoporosis in combination with

o bone resorption inhibitar.

DESCRIPTION OF THE INVENTTON
In actordance with the present invention, nompannds are provided wiich are thyreid

receptor Hpands, and have the geneca! formula It

JP 2004-501132 A 2004.1.15
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Ry

1{,—q—§'—@—ﬂ 7R,

Ry

Structure I

or pharmaceutically acceptable sults thereof, wherein:

R, is selected from Csis aryl; Cs s heteroaryl; Crn alkyl; Czao alkenyl; Ca alkynyl;
Cis oycloalky, said alkyl, alkenyl, alkynyl, cycloalkyl, being optionally substituted
with 1, 2 or 3 groups R” which proups may be the same or differcnt, said aryl and
heteroary] being optionaily substituted with 1, 2 or 3 groups of R®which groups may be

the sume or different;

T, is selected from hydrogen; halogen; -NOy; -CN; Cago aryl; Crao heteroaryl; Ciso
alicyl; Cas cycloalkyl; Crue alkenyl; Caao alkynyl, said alicyl, cycloalkyl, alkenyl, alkynyl
eptionaliy substitwted with, 1, 2 or 3 groups R*which groups may be the same ox
different, said aryl, heteroary] aptionzlly substituied with I, 2 or 3 groups of R" which

groups may be the same or different;

Ry can be linked through the available atoms fe position R, thus forming an aza
containing Cs-Cy heterocyclic ring, saturated or partially unsatuwrated, and optionally
substituted with [, 2 or 3 groups of RS which groups may be the same or different;

Q i selected from -CO-; -§0-; -850~ -NHCS- or -NHCO-;

R; and Ry arc independently selected from: halogen; Cia alkyl; Caa cycloalkyl; Cau
alkenyl; and Ca. alkynyl, said atkyl, cycloatkyl, alkenyl, allonyl, or a bioisosterie
equivalent thercof and aptionally substituted witl 1. 2 or 3 yroups R which groups

may be the same o differcut;

% is selected from ~(Cliz),-; -CTI=CH-; ~Q({CHa)w-; and -NF(CHz)m-;

JP 2004-501132 A 2004.1.15
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nis0,%,2or3;
mislor2;

Ry is independently selected from: curhoxylic acid (-CO:H); phosphonic acid
(-PC(OH)); phosphumic acid (-PO{OH)NEH,); suiphonic acid (-S0,0H);
hydroxamic acid (-CONHOH); oxamic acid (-NHCGCO:H}); matonamic actd
(-MHCOCH,CO.H); eeylsulphonamide (-CONHSOR'Y, and a carboxylic acid amide
(-COWRR?"} where the amine portion of the amide is derived either froma L or 12
p-amine acid, or from a mixture of L and D g-aminocacid stereoisomers such thal the

general strugture -CONR'R™ can be represented by:
}‘iyi@ﬂﬂll
i

where B is any of the side chains found i the naturally occuring c-aming acids,
including those examples wherein R” end R* are connected to form 4 to 8-membercd
ringg (such as when R’ and R* comptize consecutive -(CHs)- groups to form proline or

homoproline);
or any other possible bioisosteric equivalent of all the groups above;

R* is selected from: hydrogen; halogen; -CH; -COH: -CHO; -NQ3; Ciap aryl; Coune
heteroayl; Cis alkoxy; Cos alkenoxy; Cos alkynoxy; Cew aryloxy; Csig heteroaryloxy;
Cy, alkylthio; Coa alkenylihio; Coa alkynylthio; Cao arylthio; Cs.e heteroaryllio;
N(Cys alleyllss NH(Cop alicyl); -N(Cas alleemylles -NE{Cye aliconyll; -N(Coao 2ry;
SNH{Cs a0 aryid; -N(Cs o heteroaryli, -NH(Ce.p heteroatyl}; -N(Cy.s allkyl)(Cr.s alkenyl);
N{Cre aliyIH{Cono VD) -MNC s alkyl)(Ca o heteroarylys -W{Cas alkenyl{ Coao 2rvl);
N(Cae alkenyl}(Cey heteroaryl); -I{Cs.i0 ary]}{Cs10 hoteroaryl) or a bieisosteric

equivalent thercof;

JP 2004-501132 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

5

30

(68)

WO 0148256 PUTIEPOTNGRIS

6
RY is selected from: hydrogen; halegen; -CiN; -CCH; -CHO: -NO,; -0H; Cs.y alkyl;
oy alkenyl; Cas alkynyl; Cra alkony; Cra alkenoxy; Cay alicynoxy; Cean axyloxy; Cswo
heteroarvioxy; Cr.a alkylthio; Caa alkenylthio; Cp« alkynylithio; Co aryltiio; Caw
heteroaryithio N (Ch.e allgylls -NH{Coe alkyl); -N(Cas alkenyly; -NH(Cy.; atkenyl);
MN(Ciag aryll; -NH{Cere 2331y, -N{Cs.0 heteroaryl)y; -MHE(Co heteroazyl); -N(Cis
allyTHCas alleenyly; -N(C alkyT} Cono aryl); -N(Cos alkyl)(Csoo hetzroaryl); -N(Cas
alkeayl){ et aryl): -N(Cae alkenyl)Cs.io heteroaryl); -NKCo.tp 21K Cs 10 beteroaryl) or a

bioisosteric equivalent thereofl

R is selected from: bydrogen; Cy.4 alkyl, Ca.y alkenyl; Coa alliynyl or a bicisosteric

equivalent;
R? is selected from; hydrogen; halogen, or z bicisusterie equivalent;

Included for the variabies above are 21l the possible stereojsomers thereof; prodrug ester
fors thereof; and pharmaceutically acceptable salts thereof;

In addition, in acccrdance with the present invention, a method for preventing,
inhibiting or treating a diseass associated with metabolism dysfunction or which is
dependent upon the expression of a T regulated gene is provided, wherein a compound
of formula T is administered in a therapeutically effective amount. The compeound of
formula I is preferably an agonist that is preferably sclective for the thyroid hormone
receptor-beta, Examples of such diseases associated with metabolism dysfunction or are
dependent upon. the expression of & Ts regulated gene ure set ot hereinafier and include
obesity, hypercholesternlemia, atherosclerosis, cardiac amhythuias, depression,
osicoporosis, hypothyroidisn, goiter, thyoid cancer as well 4s glaucoma and

congestive heart tailure.

DETAILLED DESCRIPTION OF THE NVENTION
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The present invention relates to compounds useful as thyreid veceptor ligands, and are
preferably seleetive for the thyroid hormone receptot b, and have the genesal formula I

as described above.

Ome embadiment of the present invention relates to compounds according to the general
formula . wherein R, is selected from Ceap a1, Cso heteroaryl, Ciap alkyl, Cao
alkeny), Czao alkynyl or Cop cyclanleyl: By is selevted from hydeogen, balogen, Couw
aryl or Cy.s alkyl; Ry and R, is selected from halogen and Cia alkyls Z 18 -(CHz),- ot
SCH=CH-~; By i8 -COH ar a carboxytic actd amide -COR'F’'; and n, &, B, B¢, BY and
Q variables kept as deseribed in Claim 1

Another embodiment of the present invention relates to compounds according to the
general formuws I, wherein R is sedected from Ca aryl, Csp heteroaryl, Coyp alicyl,
Cs.10 8llkenyl or Cs.u alkyny] or Cuo cycloalkyl; R, is selected from hydrogen, halogen
of Cy.2 alkyl; Ry and Ry is selected from chlorine; Z is -(CHy)- of -CH=CH-; Rs is
-COpH; R* is hydrogen, halogen, -COGLL, O aryl, -N(Cpe alkyls; R is hydrogen,
alogen, -COH, Cyy alikoxy, -N(Cy.s alicyll; nis 1 or2;

and the ) variable kept as deseribed in Claim 1.

Yet another embodiment of the preseat nvention comprises compounnds according to
the general formulz 1, wherein R, js selected from Ca. aikyl; R is selected from
hydragen, halogen or €, allyl; Ry and Ry is selected from chlorine; Z is -(CHa)y or
-CH=CH- ; R; is -C0:H; B is bydrogen or fluorine; nis 1 or 2; Q is -CO-,

Compounds of the invention inciude, but are not limited to, the following:
3,3-Dichlaro-4-{3-brome-4-isobutyramidophencxy)phenylacetic acid;
3,5-Dichloro-4-(4-isobutyramidophenoxy)phenylacetic acid;
3,5-Dichloro-d-(3-phenyl-4-isobutyramidophenscxy)phenylacctic acid;
3,5-Dichlore-4-{3-brome-4-[3-methylerotonytamido]phenoxy)phenylacetic scid;
3,5-Dichloro-4-{3-isopropylidene-1,3-dihydro-2-oxy-S-indoloxy)phenylacetio acid;
3,5-Dichlaro-d-3-isapropyl-1,3-dibydro-2-oxy-5-indaloxy)phenylacetic acid;
3,5-Dichloro-4-{3-bromo-4-acetamidophenoxy)phenylacetic acid;
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3,3-Dichlorg-4-{4-acctamido-3-phenylphenoxy)phenylacetic acid;
2L[3,5-dichlore- d-(4-iseburyranidophenoxy)phenylacetyghveine;
L-N-13,5.dichloro-4-(4-isebntyramidophenoxy)phenylacetylJalanine;
L-N-{3,5-dichloro-4-(4-isobutyramidephenexy)phenylacetyl fvaline;
N-[3,5-dichlore-4-{4-isobutyramide-3-bromophencxy)phenylacetyl|glycine;
L Methyl M-[3,5-dichloro-4-{4-isebutyramido-3-bromophenoxy)phenytacetyl]-alanine;
L-N-[3,5-Dickloro-4-(4-isobutyramide-3-bromophenoxyjphenylacetyl] valine;
3.5-Dichioro-d-(4-isobutyramiso-3-methylphenoxy)phenylacetic acid;
3,5-Dichloro-4-(4-frifluoreacetamido-3-bromophencxy)phenylacetic acid;
3,5-Dichloro-4-{4-[2-chiorapropionamido]-3 -bremephenoxy)phenylacotic acid;
3,5-Dichloro-4-(4-p-flucrobenzartido-3-bromophennxyiphenyiaceiic acid;
3,5-Dichiore-4-(4-jsobutyramido-3-irifluoremethylphencxy)phenylacetic acid;
3,5-Dichloro-4-(3-chloro-4-isobutyramidophenoxy)phenylacetic acid;
3,5-Dichloro-4-(1,3-dihydro-2-0xy-5-imidazoloxy)phenylacetic acid;
3,5-Dichloro-4-{3-bromo-4-isobutyramidophencxy)phenylcinnamic acid;
3.5-Dichloro-4-(3-bromo-4-[2-chloropropionamido]phenoxy)phenylcinnzmic acid;
3,5-Dichloro-4-{3-bromo-4-isobutyramidophenoxsiphenyipropionic acid;
3,5-Dichloro-4-{3-bromo- 4-p-fuorabenzamidophenoxy)phenylpropionie acid;
3,5 -Dichloro-4-(3-brome-4-[2-chloropropionamido]phenoxyphenylpropionic acid;
3,3-Dichloro-4-(4-isobutyramidophenoxy)phenylpropionic acid;
3,5-Dichloro-4-{4-[2-chloropropionamide]phenoxy)phenylcinnamic acid;
3,5-Dibromio-4-(3-methyl-1,3-dihydro-2-oxy-3-indal oxy)phenyleinnamic acid;
3,5-Dibromo-4-(3-methyl-1,3-dihydro-2-oxy-5-indoloxy)phenoxyacetic acid;
3.5-Diisopropyl-4-(7-2H-1 4-benzoxazinoxy-3{4H]-one)phenylpropionic acid;
3,5-Dichlore-4-[3-((E)-2-carboxyvinyl)-d-isehutyramidophcenoxy]phenylacetic acid;
3,3-Dichlorg-4-(3-promo-4-isobutyramidophenosybenzoyi 'phcnylsulfunamid.c;

and the compounds showed in the table below,

Ry o
RW—Q—.{‘QO—@*@&ZC%H
Cl
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Another embediraent of the present invention is a method for preventing, inhibiting or
treating a disease associated with metabolism dysfunetion or which is dependent upon
the expression of a Ty regulated gene is provided, wherein & campeund of formula 1 1s

administered in a therapeutically effective amount. The compovnd of formuta s
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preferably an agonist that is proferably seloctive for the thyroid hormone receptos-bela.
Examples of such diseases associated with metabolism dysfunction or are dependent
upon the expression of & 1 regulated pene e set out hereinafler and inciude obesity,

hypercholesterolemia, atherosclerosis, cardiac amhythmias, depression, osteoporosis,

hypothyroidisi, goiter, fhyroid cancer as well as glancoma and congestive heart failure.

Yot anuther epabodiment of the present invention is a methad for preventing, inhibiting
or treating skin disorders or diseases involving dermal strophy such a5 glucocorlicoid
induced dermal atrophy, including resioration of dermal atrophy induced by topical
glucocorticoids, the prevention of dernal atrophy induced by topical glucesorticoids
(such as the simuitaneous treatment with topical ghicoeeiticoid or a pharmacological
product including both ghicocorticoid and a cornpound of the invention), the
restoration/prevention of dermal atrophy fnduged by sysicmic treatment with
glucocorticoids, restoration/prevertion of atrophy in the respiratory system induced by
local treamoent with glucecorticoids, UV-induced denmal atrophy, or dermal atrophy
induced by aging (wrinkles, etc.}, wound healing, keloids, stria, cellulite, roughened
skin, actinic skin darnage. licher ptanus, ichtyosis, acne, psoriasis, Dernier's diseage,

eazema, alopic dermatits, chloraene, pityriasis and skdn scarring.

Fxemplifying the invention is a pharmacentical compnsition comprising any of the
campounds described above and a pharmacentically acceptable carrier. Also
exemplifying the investion is a pharmaceutical composition made by combining any of
the compounds descrived sbove andd a phermaceutically acceptable carrier. An
lustration of the invention is a process for making a phatmaceutical compasition
conmprising combining any of the corapounds described ubove and a pharmaceuytically

acceptable carrier.

Further exemplifying the invention is the ase of any of the compounds described above
in the preparation of a medicament for the for the treatment of a disease or disorder
which is dependent on the expression of 4 Ts regulated gone o1 Is associated with
metabolic dysfunction. $till further exemplifying the invention iz the use of any of the

compounds deseribed shave in the preparation of 2 nredicament for the for the
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freatroent of obesity, hypercholesterolemia, atherosclerosis, depression, osteoporosis,
hypothyroidism, goiter, thyroid cancer, glaucoma, cardiac arvirythmia, congestive heast

failute, or skin disorders,

Further exemplifying the invention is the use of any of the commpounds described ubove
i the preparation of 2 medicament for the for the treatment of a skin disese o skin
dizorder. Said skin disease or disorder could be dermal atroply such as glucocorticoid
induced dermal atrophy, including restoration of dermat atrophy induced by topical
alucacorticoids, the prevention of dermal atrophy induced by topical ghicocorticoids
(such as the simultaneous treatment with topical glueocorticoid or a pharmacological
product wcluding hoth glucocorticoid and a compound of the invention), the
restoration/prevention of dermal atrophy induced by systemic reatment with
glucocyTticoids, restoration/prevention of amoplhy in the respiratory sysien indoced by
focal treatment with elucocorticoids, UV-induced dermal atrophy, or dermal atrophy
induced by aging (wejnkles, eto,), wound healing, keloids, stria, vellulite, roughened
skin, actinic skin dimage, lichen planus, ichtyosis, acne, psoriasis, Dernier's discase,

eczema, atopic dermatitis, chloracne, pityiasis and skin scarring

The following definitions apply to the terms as used throughout this specification,

unless ofberwise limited in speeific instances.

The term "thyreid reeepiar ligand” as used herein is infended to cover any chemical
substance which binds to a thyrofd receptor. The ligand may act as an antagonist, an

agonist, a partial antagonist or a partial agonist.

The term “2lky!” as emaployed herein alone or as part of another group refers to acyclic
straight or branched chain mdical, contaiming 1 to 20 cashons, proterable 1 to 10
carbons i the normal chair, i.¢. methyl, cthyl, propyl, propyl, butyl, pentyl, hexyl,
beptyl, vetyl, nogy), decyl. Alkeyl alse includes a straight or branched alkyl group which
coutains or is inferrupted by a eycloalkane, oycloalkene, ary] or heteroaryl ring,

prefesable 5 or 6 membered rings, suturated or unsaturated, as exemplified belew:
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<™y
— (L and —(CHz)rG(CH:Jym

Wherein: when w and 2 = ! ta 14, the sum of w and z is nol more than 15; and when x
andy =} ta 13, the sum of x aizd y is not more than [4. The alky] porticns can be
attached at any variable point of atteckement to the 5 or 6 membered ring. Alkyl also
includes a steaight or branched alky] chain wivich is torminated at one, two or thres
points of substitution by a cycloalkane, cycloalkene, aryl or hetevoaryl ring, preferable 5

ar h membered tings, saturated or unsaturated. a3 exemplified below:

(O~ = (O

Wherein: whennis |, thenzis=1to [Sand yis=1to 14 ; whennis2, thenZis= | to
1Wandyis=1to 8 whennis 3, thenzis=1to 5 and y is = 1 to 2. When substituted
2lkyl is prescat, this refers to a straight or branched alkyl group, including . chain
interrupted or terminated by a ring, as defined above, substituted with 1-3 groups of R,
which groups may be the same or different at any available point, including above

defined rings, as detined with respect to each variable.

The term "alkenyl” as nsed herein by itself or ag part of another group refers to straight
or branched chain radicals of 2 to 20 carbous and a1 least one carbon to carbon deuble
bond. Preferably one to iwao carbon-to-carbon double bonds is present, and up 10 5
carban-to-carbon bonds may be present. Preferable 2 to 10 carbons are present in the
novmal chain radicel, such as ethenyl, propenyl, butenyl, pentenyl, hexeny!, heptenyl,
octenyl, decenyl, dodecenyl and the like. As deseribed above with respect 1o the “allgl™,
the siraight or branghed portion of the alkenyl group may be interrpted or terminated
by aring :md apiionally substituted by 1 t0 3 R® which groups may be the same or

ditferent when a substituied alkeny? group is provided.

The term “alkynyl” as used berein by itself or as pait of another group refers to staight
or branched chain radicals of 2 to 20 carbons with at least one carbon-to-carhon triple

band. Preferably ene earbon-to-garbon teple bond is present, and up to 5
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catben-to-carbon triple bonds tmay be present. Preferably 2 to 10 carbons ave present in
the normal chain, such as ethynyl, propyayl, butynyl, pentyayl, hexynyl, heptynyl,
octyny}, decynyl, dodeeynyl and the like. As described above with respect to “alkyl”,
the straight or branched portion of the alkyny! group may be interrupted ot terminated
by a ring and optionally substituted by 1 to 3 groups of R* which groups may be the
sate or different when a substitited alkynyl proup is provided.

The term “eycloallcyl” as employed herein alone or as part of enotker group refors to

saturated eyclic hydrocarbon groups or partially ussaturated cyclic hydrocarbon groaps,

independently containing | to 2 carbon to carbon double bunds ot carbon 1o carben
triple bonds. The eyclic hydrocarkey contain 3 to 15 carbous, including rings that are
fused. It should also be understood that the present inveation also involve cycloalkyl
rings where 1 to 2 carbons in the ring are repiaced by either -O-, -3- or -N-, thus
forming a saturated or partially saturated heterocycle. Examples of such rings are
piperidine, piperazine, morpholine, iilomorpholine, pyrrolidine, oxazolidine,
thiazolidine, tetrahydrafurane, tetrahydrothiophene and the like. Preferrsd hoterocyclic
rings are 5- or 6-membered, which may be optionally substituted by 1 to 3 groups of B
which groups may be the same or different through available carbons as in the case of
“alky]”. Preferred eycloalkyl groups include 3 to 7 carbans, such as cyelopropyl,
cyclobutyl, cyclopentyl, eyclchexyl, cycloheptyl, which may be optionally substituted
by 1 ta 3 groups of R* which groups may ba the sams or different through available

carbons as in the case of “alkyl”.

The term "aryl” as employed herein alone or as part of another group refers to
monocyclie, bicyelic and wieyelic aromatic groups, consisting of 6 to 15 carboys in the
ring portion, including partially saturated rings as indanyl and {etrahydronaphthyl. The
preferred aryl groups are phenyl and naphthyl, which may be substitated with [ 10 3

groups selected from R"which groups may be the same or different.

The term “halogen” refers io tluorine, chlorine, bromine and fodine, When R, is

selected from alky), and is substituted with 1-3 groups of R which groups may be the
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same or different, the preferred substiution inciude fluorine, thus forming substituents
such as ~CF» and -CHI2.

Tise term “alkoxy™ as employes herein alone or as part of another group sefers 1o those
groups of the designated carbon length 1n either a straight or branched configuration
attached through an oxygen linkage and if twa oy more eachons in Jength, they may
incuds a double ot & friple bond. Examples of such alkoxy proups are methoxy, ethoxy,
prapoxy, allyloxy, propargylony, butexy, iscbutoxy, tertiary butoxy, and the like.

The term “thio™ as used herein as a part of ancther group, exempiitied by “alkylthio™ or
“arylthio”, refers to a carbon-sulphur-carhon bond end may ulso include higher

oxidation states of sulphur, such as sulfoxides -80O- ang sulphones -50s-

‘The term "heteroaryl™ or as used herein alone or as a part of another group refers to a
group containing 5 to 15 atoms, where the aromatic ring includes [, 2, 3 or 4
hetcroatoms, a5 nitrogen, oxygen or sulfir. Such rings may be fused to another aryl or
heieroaryl ring, and includes possible N-oxides. The heteroaryl group may optionally be
substituted by the available carbons with 1 to 3 substituents of R” which groups may be

the same or ditferent.

When Ry and R is selected from haterocyoles it refers to mainly to 5 o 9 membered

rings, including fused rings thereof.

The teon “phosphonic acid” and “phospharaic acid” refers to a phosphorus cogtaining
group of the structures:

O
1}
k. opn and PO
oR* NH:

Wherein R*"" and R>*** are independently sclected trom hydroger, Cia afkyl, Cas
alkenyl, or Casallgmy!.
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‘The term “bioisosteric equivalent” refers to compounds os groups that possess near
equel molecular shapes and volumes, approximately the same distribution of electrons,
and whtich exhibit similar physical and brolopical properties, Examples of such
equivalents ave: {i) fluorine vs. hydragen, (if) oxo vs. thia, (ifi} hydroxyl vs. amide, (iv)
cavhonyl vs. axime, (v} carboxylate vs. tetrazole. Examples of such bicisosteric
replacements can be found in the literature and examples of such are: (i} Burger A,
Relation af chemical structure and biological activity; in Medicinal Chemistry Third
ed., Burger A, ed.; Wiley-Intcrscienee: New York, 1470, 64-80; (in) Burger, A.;
"Isnsterizm and bisisosterism jn drag design”; Prag. Drug Res. 191, 37, 287-371; (i)
Burger A, “Isosterism and binamalogy in drug design”, Med. Chem. Res. 1994, 4, 89-92;
(iv) Clark R D, Ferguson A M, Cramer R D, "Bioisosterism and molecular diversity”,
FPerspect. Drug Discovery Des. 1998, 8716/ 1, 213-224; (v) Koyanegi T, Haga T,
"Bioigosterism in agrochemicals”, ACS Symp. Ser. 1995, 584, 15-24; (vi) Kubinyi H,
"Molecular similarities. Part 1. Chemical struciure and biologicad activity", Phorm.
Unserer Zeii 1998, 27, 92-106; (vi) Lipinski € A.; "Bicisostetism in dmg design”;
Anng. Kep. Med. Chem, 1986, 21, 283-91; (viii) Patani G A, LaVoie E T,
"Bioisosterism: A rational approach in drug design”, Chem. Rev. (Washington, 1. C.}
1906, 96, 3147-3176; {ix) Soskic V, Joksimovic J, "Bioisosteric approach in the design
of new dopamineryic/serotonergic higands”, Curr, Mfed. Chem. 1598, 3, 493-512 (x)
Thomber C W, "Isosterism and moiecular modification in drug design”, Chem. Soc.
Rev. 1979, 5, 563-80.

The compounds of formula i ean be present as salts, in particular “pharmaceutically
acceptable salts”. A compound havinyg at least ong acid group (for example -COOH)
o form salts with bases. Suaitable salts with bages are, for example, metal salts, such as
alkali metal ot alkaline earth metal salts, (or exarmple sedium, potassium or magnesium
salts, or salts with ammouia ot an organic amine, such as morpholine, thiomorpholine,
pipesidine, pyrralidine, & mono, di or trilower alkylamine, for example ethyl, tertbuty),
diethyl, diisopropyl, triethy!, tibutyl or dimethyl-propylamine, or & meno, di or
trikydroxy lower alkylamine, for example mono, di or tristhanelaming. Corresponding
internal salts may furthermore be formed. Preferred salls of the compounds of formpla

I include sodium, potessium and magnesium sakts and pharmaceutically acceptable
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organic amines. The compounds of formula L having at least one basic ceuter (fox
exampie M- in piperidine} can also form acid addition salts. These ure formed, for
axample, with strong inorganie acids, such as mineral acids, for example sulfuric acid,
phosphoric acid or a hydrohalic acid, with strong organic carboxylic acids, such as
alkanecarboxylic acids of 1 10 4 carbon atoms whick are unsubstitated or substiteted,
for example, by halogen, for example acetic acid, such as seiurated or unsufurated
dicarboxylic acids, for example oxalic, malonis, succinic, maleic, fumaric, phthalic or
terephthalic acid, such as hydiwrgyearboxylic acids, for example ascorbic, glycolic,
lactic, malic, tartaric or citric acid, suck as amine acids, {for example aspartic or
ghutamic acid or lysine or arginine), of benzoic acid, or with arganic sulfenic acids,
such as (C1-Cy) alky] or arylsulfonric acids which: eve unsubstiluted or substituted, for
exanmple by halogen, for example methyl- or p-toluene- sulfonie acid. Corresponding
acid pddition salts can also be formed haviag, if desired, an additionally present basic
centet. Salts which are unsuitable for pharmaceutical uses but which can be employed,
for exumple, for the isolation ot puzification of free compounds I or their

pharmaceuiically acceptable salts, are also inchuded.

Preferred salts of the compounds of formuia I which inciude an acid growp include
sadinm, potassium apd magnesium salts and pharmaccutically aceeptable organic

arines.

Preferred salts of the compounds of formula I which include 2 basic groups include
monohydrochloride, hydrogenselfate, methanesultanate, phosphate or vitrate,

An acid venter (for cxample -COOH) part in formula I oan form “prodrug esier forms™
known in the art suck as pivaloyloxymethkyl or dioxolenylmethyl. Such prodrug esters
are described in standard reférences such a5 Chapter 31, writlen by Camille G.
Wermuth et al,, in “The Practice of Medicinal Chennistry”, od. . (. Wermuth,

Academic Press, 1996 (and the references contained therein).

Certain compounds of the invention can be “sierecisomers”, which have one or more

asynumetric centers and can exist in the form of racemates, siugle cnantiomers, as

JP 2004-501132 A 2004.1.15
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individual diastercomers, with all possible isomers, snd mixtures thereof, all of which

are within tie scope of the inverntion.

The compounds of formula Imay be prepaved by the exemplary processes described in
the followiag reaction schemes, Bxemplary reagents and provedures tor these reactions
appear hereinafter and in the working Bxamples, With respect to the reacijon scheme
Delow, altheush the various Ry, Ra. Ra, Ry, R, B, RY, RS, R and nomeisties sometimes
are specitically defined, unless gtherwise indicated, it is to be understood (hat I, Ro,
Ra, Ry, Ra, B2, RY, RS, RY may be any of the groups encompassed thereby and n may be 0,
{,2,0r3

Scheme 1 outlings 2 gynihetic route which leads {o the preparation of the intermediate
aniline derivative 6, inciuding severa! other key intermediates, used in the invention.
Alternative synthefic routes tn these compounds can be visualized by any person skilled
in the art and the present synthetic route is not limitng for the invertion. The synthetic
route atarts as depicted below, when z mixture of the appropriate phenol 2 and
arylfluoride 1 is heated af veflux in a solvent as dimethyi- formamide, and in the
presence of copper bromec and a base such as potassivm carbonats. Other combinations
of phenols, eryl halides, bases and solvents can be appropriate and ate well known for
those skilled in the art. The reaction mixture is purified by stancurd uxtraction
procedures and recrystallization, to give biaryl ether 3 as an ¢nd product. Numercus
other methods exist in the ifterature for the synthesis ol diaryl ethers, for example, two
references directly apply to the synthesis of thyroid hormons analogs: Bvans I A et al.,
Tetrahedron Lety, 1998, 39, 2937-2940 and Salamonezyk G M et al., Tetrohedron Les.
1697, 38, 6565-6548.

Application of Senagashira coupling of aryhalide 3 with trimethylsilylacetylene, using
standard conditions, gives the coupled product 4, which after dosilylation and
subsequent oxidation, employing an oxidant as hydragen peroxide in the presence of
Dbase, gives phenylacetic actd 5. Standard re-esterfication give methyl ester 6. Other
exaniples of direct or indirect transformation of an aryl halide to conpounds wherein Ry
15 COOH and n =0 to 3 in formula | include, but 1s not restrieted to: (1) when n=0,

JP 2004-501132 A 2004.1.15
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alkexycarbonylation of aryl halides performed under pressure of CO in the presence of
for example a pailadiom or cobelt catalyst; (ii) when n= 1, palladimm-catalyzed
coupling of the Reformatsky reagent with aryl halides: (iii} when o = 2, Beck-couplings
of aryl halides with alky] acrvlates, followed by reduction. The intermediate nitro
preduct 6 is reduced by hydrogenation at 1-2 atmospheres of hydrogen In the presence
of o catalyst such as platinurnfJl) oxide in ax inert solvest such as ethylacetate at room
temperature. Standard work-up and puriication yiclds the desired aniline produet 7.
Other combinaticns of catalysts, solvent arid hydrogen pressure, alternatively transfer
hydrogenmtion, may be employed and are evident for those skilled in the art. But, with
mare active catalysts such as palladium on graphite, with increased pressures of
Iiydrogen and/or higher temperatures, thers is an increased risk of dehalogenation
during catalytic hydrogenation. This is well documented in the litberaturs and seme
examples are: (i) Palladium/graphite, cyclohexene, Entwistle I D, Johnston B A W,
Povall T 1. Chent Soc. Pearldn Trans 1975, 1, 1306; (i) Ha, Pdfgraphite methanol,
Ishikawa F, Sasgusa J, lnamura K, Sakumwa K, Ashida S H -1, J Med. Chem, 1585, 28,
1387; (4iy Ammonium formate catalytic transfer hydrogenation, Anwer M K., Sherman
D B, Roney I G, Spatola A F, J. (rg. Chem. 1989, 54, Apart from catalytic
hydrogenation and transfer hydrogenation several other methods exist thet
chernuseloctively reduce aromatic niwo copapounds in the presence of aromatic
chlorines: (1) NaBH,/SbCl; or NaBHyBiCly, Ren P D, Pan S F, Deng T W, Wu S H,
Symehetic commun, 1995, 25, 3799-3803; (i1} (NH RS Qs-Me/AVBI, Prajapati D, Borah
H M, Saodbu J 5, Ghosh A C, Syriftetic commun. 1993, 25, 4023-4028; (ji5) Wilkinsons
Catalyst, Brinkman H R, Hilborn M D, Smith M C, Miles W H, Syrthetic Commun.
1996, 26, 973-980; (1v} sodium dithionite, Khurana T M, Singh 8 T, Tudian Chem. Soc.
1996, 73, 487-488; {v) Pictet-Spengler reaction in trifluoroacetic acid, Zhang . H,
Meier W, Wats B, Costello TD, Ma P, Tetrahedron Lett. 1995, 35, 8387-8380; (v} two
phase system with water soluble palladium catalysts, Tafcsh A M, Beller M,
Tefrakedron Lert. 1995, 36, 9303-3908. It should be eviden: for those skilied in the art

that several of the alternative methods above also might reduce carbonyl functions.
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Examples of compounds of tormula [ in which intermediatz 7 is coupled with an acid

chloride or an anhydride tn produse an smide is shewn in Scheme 2,

In one procedure, a mixture of intermediate 7 and a base such as triethylamine in
dichioromethane s stined at room tamperatare. The appropriate acid chlorde is added
and the reaction mixture yields after work-ap and puarification by either chromatography
or rectystallization the desired meterial. The carhoxylic acid ester is removed with a

10 mixtare of 2 base such as aqueous sodivm hydrexide and & solvent such az methanol,
Acidification of the completed reaction mixture is followed by standard worle-np and
crystallization or chromatography, fo yield the end product 9 (Example 2). Other
protecting groups for the carboxylic seid can be employed, and their usage is known 1o
those skilled in the art (teferences describing protecting group strategy inchude, for

15 example, "Provecting Groups in Organic Chemistry™, I. F. W. McOmie, Plenum Press,
London, New York. 1973, and “Profective Groupy in Organic Synthesis”, T. W,
Greene, Wiley, Wew York, 1984).

Various R-substituted phenoxy umides of (ormula 1 can be obtained from intermediate
a0 7in Scheme 2. For cxample, it can be regioselectively ortho-trominated by for example

2 4,4, 6-tetrabromo-2,5-cyclohexadienone to give 10. Numerous other methodologics

JP 2004-501132 A 2004.1.15
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for bromination of aromatics to give the corresponding aryl bromide are well known to
those skilled in the art. Intermadiate 10 may then be acylated on the aniline group to
provide 2 variety of substituted phenoxyamides wherein R, = Br. Jntemediate 11 in
Scheme 2 tnay be further converted to compounds of formula I in which B; is aryl,
dlkenyl or alkyl by any ope of a number of methods well known to those skilled in the
art. Coupling of amioes with any one of the methods described 2bove give after
removal of the carboxyl protecting group final products 12 (Examples 1, 4, 7, 16-18)
and 14 (Example 3, 8, 15, 81). Several othor related methodologies exist for the
coupling of acid chlorides, anbhydrides and sulfonyl chlorides with aromatic, as well as
non-aromatic, amines in solution or solid phase and are known 1o those skilled in the

art,

Amides can also be prepared by parallel solution phase synthesis to give the end
products 2 and 12. In one procedurc the appropriste carboxylic acid, » coupling rengent
sugl 23 3-ethyl-1-[3-(dimethylamino)propyl Jearbodiimide hydrochlioride, a hase such as
1-hydroxyhenzotriazole hydrate and as inert solvent as dickloromethane is loaded in
scparate vessels. The amine 7 or 10 s added, the reaction mixiure heated and the
methy] ester fanction removed as described ahove to give the amide end-products
(Bxamples 33, 37-47, 49, 52, 54, 57-61, 66-72).

In another modification of the same procedure as above, benzotriazole-1-yl- oxy-tris-
pyrroliding phosphonium hexafluorephosphate is added to the reaction vessel after 18
hours {Example 48, 50-31, 53, 62-65, 73-74).

Other combinations of base and coupling reagents can be employed here with

suecessful resuls,

JP 2004-501132 A 2004.1.15
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5 Alternative synthetic strategies for the preparation of Examples where Ra is not
hydrogen cen be realized by thoge who are skilled in the art. For exaraple, Scheme 3
shows how a Ry-substituent cin be prosent pijor the formation of the biaryl ether.
Standard coupling procedures, as desczibed above, might involve any substitution at the
Ra-position. In one example, intermediate 15 is coupled with intermediate 16 to give

10 biaryether 17. Standard transformations as described above gives the end-products 18,
where Ra= CFs (Bxample 19

JP
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Seheme 3
a ol
F3C. F mo FC 0.
+ R —
N - B o 1= Br
[¢5H {16 {7}
|
e 0
P j@/ o Erarmple 19, = i-Pr
RN o i
{18)

In anather exarple of an alicrnative strategy, amide 8 can be substituted at the
Ry-position by aromatic elecirophilic substitution, using any one of the methods
described in for example “ddvanced Orgapic Chemisiry”, 4th cdition, Jorry March,
Wiley-Tnterscience publication, 1992, p 521-368, iscluding references cited therein. In
one example, § ia regioselectively ortho-chlorinated by fers-butyl hypochorite. Standard
hydrolysis, as described abave, gives the end product 19, Several olher methods of
chlerination of amides snd anilines, withoat inveolving chlorine gas, are known in the
literuture and might be used here with successful results: (i) Benuyltrimethylammoaivm
tetrachloroiodate, § Kajigaeshi et al, Bull. Chem. Soc. Jpn., 1989, 62, 2096-2098; (ii)
Calcium bypochlorite, § O Nwaukwa and P M Keehn, Syntfheric Commun., 1989,
19¢5d:6), 799-804; (iii} Sulphury] chloride, Jones T R, Smithers M 1, Taylot M A,
Jackman A L, Calvert A H, [lardand S I, Harvap K R, Med Chem., 1986, 29,
468-472; aod the like.

Scheme 4

o
e
® —_— P CoH
RH cr 2

(%
Exomple 20, Ry= i Pr, Ry~ €I

A library of sulphonantides can also be prepared by parallel solution phase synthesis
{Examples 34, 55-36, 75-80}. In one exerzplified procedurs the appropriate sulfonyt

chleride, a base such as pyridine and an inert sofvent as dichloromethane is (oaded in
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separate vesscls. The amine 7 is added, the reaciion ruixfure heated and the methyl ester
function removed as described above to give the sulphonamide end-products 20.

43
[a 30 +)
B
20

Examples of compounds of formula 1 in which -Q-NH- is equivaleni to a substituted

Scheme 5

uren or thivurea is showed in Scheme 6. In une exemplified procedurs the appropriate
isoryanate is sclved n an inert sofvent such as dichloromethanc. The amine 7 is added,
the reaction mixture heated and the methyl ester funition removed as described above

1o give the end-products 21 (Examples 35-36).

Schewe &

cl
@ " e Q/ i@ﬂm
NN & 2
= H

@2l Drample 33,
Fxumple 35, X

=3

Examples of compounds of formuta [ in which Rs is an amide produced by coupling to
an amino acid are shows in Scheme 7. The following procedwe involve the coupling of
an acetic acid derivative such as % or 12, with protected amine acids, 1o afford after any
necessary protecting removal the corresponding amides 22. The procedure might also
be applied for the preparation of compounds of formnla [, where n=90, 2 or 3. In one
cxemplified procedure, a mixture of compound 9, a coupling reagent such as
3-ethyl-1-[3-(dimethylaming)- propyt|carbodiimide hydrochloride, and u base such as
1-hydroxybenzotriazole hydrate in dimethylformamide i¢ stirrerd at room temperstie.
The appropriate protected amino acid and tiicthylamine is added. The reaction rixtire
vields after work-up and purification by either chromatography or recrystallization the
corresponding coupled material, which after the removal of protecting groups, gives the
desired final arnide products 22 (Example 9-14). The R’ groups in the examples should
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not be scen as Hmiting, but may also be any of the side chains found in the naturaily
oceuring 2lpha-aming acids and their analogs. Numerans other related methodelogies
exdst for the coupling of amin azids with aromatic, as well as non-aromatie, carbowylic

acids in solution er selid phase ead are imown. to those skilted in the art.

Scheme 7

a
Ry 0.
o 0w
oen — UL
R‘AJ} B E! icogu

|

22
Scheme 8 depicts a synthesis of compeunds of formula T in which Re = COOH and is
connected o The aromatie ring by an jotervering double bond {alkenyl carboxylic acid)
or a -CH;CH,- group. Reaction of diaryl ether 3 with an serylate cster such as ethy)
acrylate, using palludivm acctate, triphenyl phosphine aud triethylumine in a solvent
such a5 acetoniirile with beating at elevated temperatures yives 4 cinnamale ester
produet 23, The double bond can be reduced o the saturated analogue 26, altermtively
ortho-braminated by the methods descibed proviously. After reduction of the nitro
group to an amine and coupling with an acylhalide and subsequent removal of the ester
as described above, afkenyl carboxylic acid 25 and propionic acid 27 is obtainsd
(Fxample 22-28).

JP 2004-501132 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(91

WO 0148256 PUTIEPOTNGRIS

29
Scheme 8
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Schernes % and 10 outline several alternalive procedwes for the preparation. of
5 analogues where the R, substituent is connected with the Rz substituent via the

available carbons, thus forming & 5 or 6 membered aza containing heterocyclic ring.

In scheme 9 internal [Meck-coupling of intermediate 28, employing standard eonditions,
gives the oxindole 29, were R*= isopropylidene subsequently can be reduged to R*=

10 iscpropyl. As well known to those skilled in the ari, the palladium catalyzed coupling
might also involve palladivm insertion at fodive, trifiate, mesylate and the like,
Toflowed by eyclization. By the provided method, alternative groups of R® is pessible
and might include, but is nat restricted to, alkyl, alkenyl and the like. As an alternative
method, internal Fricdel-crafts alkylation of intermediaie 30, employing standard

15 conditions, can give substituted oxindoles. As known to these skilled in the art, a
multitude of different reaction conditivgs, reactants and catalysts cun be used in
Triedel-crafts allylations, and several exhaustive review arlicles on the topic can be
found iz the Httorature. Compared with above, the method provide additional

opportunities for the vatiation of R
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Txample 3, Ry=Ry=Cl, n= 1, Rg= COoH, K™= /L;L

24 K
07&00/\@\“ Exanpls 6, Rg=R=Cl, v |, Ri= COH, B%= /l,a
Rs -
i Ry h

(29) Examplo 2, Ry=Ry= Br, o= i, Ry~ CLUCHCOL, B Me
Example 30, Ry=R,= Br, 5= §, Ry= OUHL00H, R%= e

.
S¥opom

&0

5 Inscheme 10, methods for the preparation of sings with two hetercatoms are depicted.
Intermedijates 31 and 33 wers prepared by standard methods from available starting
materiats, When intermediate 31 is reacted under basie conditions with m alicyclic
compound containing two reagtion eenters, such as chloroacety] chleride, the
corresponding 1,4-benzoxazine 32 is obtained. This is followed by siandard work-up

I¢ and subsequent hydrolyzis. The corresponding imidazolincae, caz be prepared when
diamine compound 33 is reacted with N, N'-disuccinimidyl carhonate in a solvent such
s acetonitrile, Several alternative combinations of reactants and solvents, for the

preparation of heterocyclic tings, are svident for those skilled in the art.
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Schenue 10
R ]
HO:@/O N, .
i T
N Ri a EsN R’y nn.;
@y @3
3
. o Exanple 21, Ry=Ry= CI, o= [, Bs= G, =1
O%Nj@/ﬁ ke DBuemple 32, Ry=Ry= i-Ps, 1= 2, = COH, Y= CH;0
H 4 n
32

Scheme 11 depicts a synthesis of compounds of formmala THin which £ is -(CHy), =0
and R; is an acylsulfonzmide {(-COMHS0:R’). In one cxemplified procedurs, a mixiure
of intermediate 12, a coupling reagent such as

Fuethyl- {-[3-(dimethylaminaypropyl]earbodiimiée hydrochloride (CDCI), and a base
such as dimethylaminopyridine (DMAF) and the appropriale sulphon- amide in
dichloromethane is stired at room temperature. The reaction mixture yields after
work-up sod apptopriate puification the comesponding coupled material 33 (Example
31). Several other contbinations of base and coupliog reagent can be applied and is well
known to those skilled in the art. Also, other sulphonamides can be uscd in the present

pracedure o prepare further ligands which are snlphonamides.

al
R, a
o — LI A
R T C j’s{i
B A

ey °
Bromple 81, B=4-Fr, Ryl R=:Ph

Scheme 11

All stereoisomers of the compounds of the instant invention are contermplated, either in
adiixiurs oz in pure or substantially pure form. The compoeunds of the present
invention can have asymmetric centers at any of the carbon atoms fochiding any ooe of

the R substitnents. Consequently, compounds of formula | can exist in enantiomeric or
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diasterecrneric forms or in mixtures thercof. The process for separation can utilize
racenates, cnantomers or diastereomers as starting materials, When diagtercomeric oy
enantiomeric produsts are prepated, they can be scparated by conventional methods, for

examyple, by chromatographic means or by fractional erystallization.

The compounds of the invention age agonists, that preferably may be selestive for the
thyroid hovmone receptos-heta, and as zuch ure uselul in the treateient of abesity,
hypescholesterolernia and atherosclerosis by lowering of sexum LDL levels, alone or in.
combination with a lipid modulating drug such as an HMG-CoA reductase inhibitor,
fibrate, thiazolidinediene, or MTT inhibitor, amelioration of depression alone or in
combinatien with an antidepressant, aud stimufation of bone formation to treat
osteopornsis in cowbination with amy known hove resorption inhibitor such as
alendronate sodium. In addition, the compounds of the invention may be useful as
replacement therapy in elderly patients with Iypotbyroidism or subclinical
bypothyroidism who are at risk for cardiovascular complications, in the treatment of the
elderly to provide a sense of well-being, and in the treatment of non-toxic goier; in the
management of papillary or follicular thyroid cancer {alone or with Ty); in the treatment
of skin diserders such as psoriasis, glaucoma, cardiovascolar disvase such as m the

prevention or freatment of atherosclerasis, and eongestive heart tailure.

The compounds of the invention may be ervployed alone or iz corabination with an
appetite suppressant such as sibutramine, and/or in combination with anti-obesity

agents such as orlistat, and/or in combination with a b3 agonist, for treating obesity.

The compougds of the jnvention may also be wsed fo treat skin diserders or diseases
involving dermal atrophy such as glucecorticoid indueed dermal atrophy, including
restorarion of dermal atrophy induced by topical glucecorticoids, the prevention of
denmal atrophy induced by topical glucocoriicoids (such as the simultancous treatment
with topical glucooarticoid or a pbanacolegical product inclading both glucocorticoid
and a corppound of Fre fnvention), the rostoraten/provention of derpal atrophy induced
by systemiic treaiment with plucocorticoids, restoration/prevention of atrophy in the

respiratory system induced by local treatment with ghicocorticoids, UV -induced dermal

JP 2004-501132 A 2004.1.15
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atrophy, or derrual atrophy induced by aging (wrinldes, ete.}, wound bealing, keloids,
sitiz, cotlulite, roughened skin, actinic skin dimnage, lichen planvs, ichtyosis, acne.
psoriasis, Dernier's disease, eczemna, atopic dermatitis, chloracne, pityriasis and skin

SeAITing.

In: trating skin disorders or discases as deseribed above, the compounds of the
imvention may be used alone er optionally in cembination with a retineid such as

tretinoin ar a vitamin [ analog, emgloying amourts as disclosed in the PDR.

The hypolipidemte agent which may be eptionally employed in combination with the
corapounds of formula [ of the invention may include thiazolidinediones, MTP
inhibitars, AMG Cod reductase inbibitors, siqualene synthetase inhibitars, Gbric acid
derivarives, ACA'| inhibitors, cholesteral absorplion inhibitors, ileal Na'/bile acid
cotransporter inbibitors, bile acid sequestrants, and/or nicotinic acid and derivatives
thexeof.

MTP inhijbitars employed herein inclade MTP inhibitors disclosed i U.S. Patent No.
5,595,872, 115, Patent No. 5,739,135, 1.5 Fatent po. 5,712.279, 115, Patont Mo,
5,760,246, U.5. Patent No. 5,827,875, ULS. Patent No. 5885983 and U.S. Application
Berial Mo. 09/175,180 filed October 20, 1998, now U.S. Patent No. 3,962,440,
Preferred are each of the preferred MTP inhibitors disclosed in each of the abave
patents and applications.

AN of the above 1.8, Patents and applications are incorpotated herein by reference.

Mast preferred MTP inhibitors to be employed in accordance with the present mvention
include preferred MTP jnhibitors zs set ouf in 1.5, Patent Nos. 5,739,135 and
5,712,279, and 1.5, Patent Ne. 5,760,246

The most preferred MTP inbsbiter is
9-[4-[4-[[2-(2,2,2-Trifluoroethoxy)benzoyhaming] -
1-pigeridiny![bulyl]- 2.2, 2-trifluoracthvl)-UH-fluorene-G-carboxamide:

JP 2004-501132 A 2004.1.15
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The Iiypolipidemic agent may be an HMG CoA reductase mbibitor which includes, but
% s not firited to, mevastaiin and refated compounds as disclosed tn LS. Pateni No.
3,083,140, lovastatin {mevinolin) and relatcd compounds as disclosed in U.S. Patent
Mo, 4,231,938, pravastatin and related compounds such as digclosed in U.5. Patent No.
4,346,227, simavastatin and related compounds as diselosed in U.S. Patent Nos,
4,448,784 and 4,450,171, Other HMG CoA reductase inhibitors which may be

10 employed hercin include, but are not linited to, fluvastatin, disclosed in U.S. Patent No.

5,354,772, cerivastatin disclosed in .5, Patent Nos. 5,606,530 and 5,177,080,
atorvastatin disclosed in U.S. Patent Nos. 4,681,893, 5,273,995, 5,385,629 and
5,686,104, pyrazole analogs of mevalonolactone derivatives as disciosed in U.S. Patent
No. 4,613,610, indene analogs of mevalonolactone derivatives as disclosed in PCT

15  application WO 86/03488, 6-[2-(zubstinttad-pyrrol- [-ylralkypyran-2-ones and
derivatives thereof as disclosed in U.S. Patent No. 4,647,576, Searle’s 8C-43355 (a
3-gubstitrted pemtanedinic acid derivative) dichloroacetats, imidazele analogs of
mevalotoleatone as disclosad in PCT application WO 86/07054,
3-carboxy-2-hydroxy-propane-phosphenic acid derivatives as digclosed in French

20 Patent No. 2,596,393, 2,3-disubstituted pyrrole, furan and thiophene derivatives as
disciosed in Furopean Fatent Application No. 0221025, naphthyl a.n.aiogs of
wevatonolactane as disclosed in UL, Patent Mo, 4,686,237, octahydronaphthalepes
such as disclosed 1o (1.8, Parent No. 4,499,289, keto analogs of mevinelin {lovastating
as disclosed in Buropean Patent Application No.0,142,146 A2, ag well as other Jmown

25 HMG CoA reductase inhibitors,
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In addifion, phosphinie acid compounds usefis! in inhibiting HMG CoA reductase
suitable for use herein are disclosed in GB 2205837,

The squalene syothetase inhibitors suitable for use hereits inchude, but are not limited to,
a-phosphono-sulfrmates disclosed in U.S. Putent Na. 5,712,396, those disclased by
Biller et al, J. Med, Chern., 1988, Vol. 31, Ma. 10, pp 186%-1871, including isoprepoid
{phosphinylmetiryliphosphoates as well as other squalene synthetase whibitors s
disclosed in 17.8. Patent Wo. 4,871,721 and 4,924,024 and in Biller, S.A.,
Neuenschwander, K., Ponpipom, M.M., and Poulter, C.D., Curcent Phatmaceutical
Design, 2, 1-40 (1996).

In addition, other squalene synthetase inhibiters suitable for use hersin include fhe
terpencid pyrophosphates disclosed by P. Ortiz de Moatellano et al, J. Med. Chem.,
1977, 20, 243-249, the faruesyl diphosphate analog A and presqualene pyrophusphite
(PSQ-PP) analogs as disclosed by Corey and Volante, J. Am. Chem. Soc., 1976, 98,
1261-1293, phosphinylpbosphonates reported by MeClard, RW. et al, LAC.5., 1287,
109, 5544 and cyclopropanes reported by Capson, TL,, PhDD dissertation, June, 1987,
Dept. Med, Chemy. U of Utah, Abstract, Table of Confents, pp 16, 17, 40-43, 48-51,

Svmmary.

(ither hypolipidemic agents suitable for use herein include, but are not limited to, fibric
acid derivatives, such as fenofibrate, gemfibrozil, clofibrate, bezafibzate, ciprofibrate,
clinofibrate and the ke, probucel, and related compounds as disclosed in U.8. Patent
No. 3,674,836, probucol and gemdibrozil being preferred, bile acid sequestrants such. as
chelestyramine, colestipol and DEAE-Sephadex {Secholexd®, Palicexide®), as well as
Jipostabil (Rhone-Poulene), Eisai E-5050 (an N-substituted ethanclamine derivative),
jmanixil (HQE-402), tetrahydralipstatin { TEIL), istigmastanylphos-phoryleholine (SPC,
Roche), aminocyelodextrin (Tanabe Seivoku), Ajincmote AJ-814 (azulene derivative),
melinamide (Sumiieme), Sandoz 58-035, Americar Cyanamid CL-277,082 and
(1-283,546 {disubsiituted urea derivatives), nivotinic acid, acipimoy, acifran,

neomycin, p-amingsalicylic acid, aspirin, poly(diallyimethylamine) derivatives such as

JP 2004-501132 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(98)

WO 0148256 PUTIEPOTNGRIS

20

25

30

35
discloged in U8, Patent No. 4,759,023, quaternary amine
poly{diallyldimethylammonium chloride) and jonengs such as disclosed in U.8, Patent

No. 4,027,009, and other known senun cholesterol lowerng agents.

The other hypolipidemic agent may be an ACAT juhibitor snch as disclosed in, Drugs
of the Futare 24, 9-15 {19993, {Avasimibe); “The ACAT okdbitor, C1-1011 is offective
in the prevention and regression of aortic fatty streak area in hamsters”, Nicolosi et al,
Atherosclerosis (Shannon, Irel). {1998), 137(1), 77-85; “The pharmacological profile of
FCR 27677: a novel ACAT inhibitor with potent hypolipidemic activity mediated by
selective suppression of the hepafie secretion of ApoB100-containing lipoprotein”,
Ghiselli, Giancario, Cardiovase. Drug Rev. (1998). 15(1), 16-30; “RP 73163: a
bivavailable alkylsulfinyl-diphenylimidazole ACAT inhibitor”, Smith, C.,, et al, Bioorg,
Med, Chemn. Lett. (1996), (1), 47-50; “ACAT inhibitors: physiologic mechanisms for
hypelipidemic and anti-ztherosclerotic activities in experimantal animals”, Krause et al,
Editor{s): Ruffolo, Rebert R., Jt.; Rollinger, Mannfred A., Taflammation: Mediators
Pathways (1995), 173-98, Publisher: CRC, Boea Raton, Fla,; “ACAT inhibitors:
potential anti-atherosclerctic agents”, Skskovic ot al, Crer. Med. Chem. (1994), 1(3),
204-25; “Tnhibitoss of acyl-CoA.cholesierol O-acyl transferase (ACAT) as
ypocholesterolemic agents. 6. The first water-seluble ACAT inhibitor with
lipid-tegulating activity. Inhibitors of acyl-CoA:chalesteral acyltransferase (ACAT). 7.
Development of a seics of substitated
N-pheny[-N"-[(1-phenylcyclopentylymethylJurcays with enhanced hypocholesterolemic
actvify”, Stout et al, Chemtracts: Org. Chem. (1995}, B(&), 359-62.

The hypolipidemic ageni may be & cholesterol absorption iphibitor preferably
Schering-Plough’s SCH28481 as well as those disclosed in Atherosclerosis 115, 45-63
(1995) and J. Med. Chem. 41, 973 (1998).

The hypolipidemic agent may be an ileal Na'/bile acid cotransporter inhibitor such as
diselosed in Drugs of the Future, 24, 423-430 (1998).
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Treferred hypolipidemic agents arc pravasiatin, lovastatin, simvasiatin, atorvastatin,

fiuvasiatin and cerivastatin.

The above-mentioned 1.5, patents arc mcorporated hevein by reference. The amounts
and desages aimployed will be as indicated in the Physician’s Desk Refergnce and/or in

the patents set out above,

The compounds of formuta ! of the invention will be cmployed in a weight ratio ta the
hypolypidemic agent, the antidepressant, and/or bone regorption inhibitor and/or
appetite suppressant (whese present), within the range fram about 500:1 to about
0.005: 1, preferably from about 300:1 ta abont 0.0]:1

The antidiabetic agent which may be optivnally employed in combinaiion with
compounds of formula I of the invention may include biguanides, sulfonyl ureas,
plucasidase inhibitors, thiszalidinedlones and/for aP2 inhibitors and/or PPAR a
agolists, PPAR g agonists or FPAR of g dun agoenists, andfor 3GLT2 inhibitors, or
meglitinide,

The untidiabetic agent may be an oval antihyperglycemic agent preferably a biguanide

such as metformin or phenfornip or saits thereof.

Where ths antidiabetic agen( is a higuanide, the compounds of structure [ will be
employed in a weight ratio lo biguanide within the range from about 0.01:1 to sbout
100:1, proferably from about 0.5:1 to about 2:).

The antidiabetic agent may also preferably be a subfonylurez such as glyburide (also
known as glibenclamide), glimepiride {disclosed m U.S. Patent No. 4,378,785),
glipizide, gliclazide or chlorpropamide, other known selforylureas or other
antihyperplycemic agents which act on the ATP-dependent chanmel of the b-cells, with
glybaride and glipizide being preferred.
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“The compounds of siructure [ will be employed in 2 weight vatio io the sulfony! urea in
the range from about 0.911 to about 104:1, preferably from about 0.2:1 to about 10:1.

The oral antidizbetic agent may alse be a glucosidase inbibitor such as acarbose
{disclosed in U.S. Patent No. 4,904,769) or miglitol (disclosed in U.S. Patent No.
4,639,436), which may be administersd in a separate oral dosage form,

The compounds of structuce T will be smployed in a weight ratio 1o the ghicosidase
inhibitor sithin the range from ubout 0,011 to about J00:1, preferably from about 8.5:1t0
about 501,

The compaunds of strecture I may be ermployed In combination with a
thiazolidinedione oral anti-diabetic agent or other insulin sensitizers (which has an
insulin sensitivity s{fect in NTDDM patients) such as troglitazone (Wamer-Lamberl's
Rezutin®, disclosed in 1.8, Patent No. 4,572,912}, vosiglitazens (SKE), pioglitazone
(Takeda), Mitsubishi's MCC-535 (disclosed i U.5. Paent No. 5,594,0i6),
Glaxo-Welcome's GI-262570, englitazone (CP-68722, Pfizer), or darglitazone
(CP-86325, Plizer).

The compounds of structure I will be employed in a weight ratio to the
thigzolidmedions in an smount within the range fiom about 0.01:1 to about 100:1,
preferably from ahout 0.3 to about 3:1.

The sulfonylugea and thiazolidinedione in amounts of less than about 150 ;g oral
antidiabetic agent may be incorporated in a single tsblet with the compeunds of
structure 1.

The compounds of structare | may alse be employed in combination with a nen-oral
antikyperghycemic agent such as insulin or with glucagon-like peptide-1 (GLF-1) such a3
GLP-1()-36) arnide, GLP-I{7-36) amide, GLP-1(7-37) (as disclesed in U.5. Patent Me.

5,614,492 to Habener, the disclosure of which is incorporated hezein by reference),
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which may be administered via injection, intranasal, or by transdermal or buccal

devices,

Whete present, metformin, the suifonylureas, such as glyburide, glimepinids, glipyride,

5 glipizide, chiospropamide and gliclazide and the glucosidase inhibitors scarbose or

20

3

miglito! or insulin may be employed in formulstions as described above apd in amounts

anil dosing as indicated in the Physician's Desk Reference.

Where present, wmetformin or salt thercof way be employed in amounts within the range
from about 500 {o about 2000 mg per dey which may be administered in single or

divided dascs one to four times daily.

Where present, the thizzolidinedione anti-diabetic agent may he employed in amounts
within the range from about 0.0l o about 2000 mg/éay which may be administered in

single or divided deses ane to four times per day.

‘Where present insulin may be employed in formulations, amounts and dosing as

indivated by the Physician's Desk Reference.

Where present GLP-1 peptidas may be administersd in oral buccal formulations, by
nasal administration or parenterally as described in U.3. Patent Nos. 5,346,701
(TheraTech), 5,614,492 and 5,631,224 which arc incorporated herein by reference.

The antidjzbetic agent may also be a PPAR a/ g dual agonist such as disclosed by
Mugalcami et al, “A Novel Tnsulin Sensitizer Acts As 2 Coligand for Peroxisome
Proliferation — Activated Receptor Alpha (PPAR alpha) and FPAR gamme, Effect on
FPAR alpha Activation on Ahgoenmal Lipid Metabolism ir Liver of Zucker Fatty Rats”,
Diubetes 47, 1841-1847 (1998).

The antidiabetic agent may be an aP2 inhibitor such ag disclosed in U1.5. application
Serial No. 09/391,053, filed September 7, 1999, aud U.8. provisional application No.

JP 2004-501132 A 2004.1.15
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60/127,745, filed April 5, 1995 (attorney file LA27*), employing dosages as set out

herein,

The antidiabetic agent may be an SGLT2 ithibitor such as disclosed in UL8. provisional
application 60/158,773 filed October 12, 1999 (Attorncy file LA0D49%),

The compounds of formula I will be employed in a weight ratio to the PPAR 2 agonist,
PPAR g agonist, PPAR gfa dual agonists, SGLT2 inhikitor andfor aP2 inhibitor within
the range from about 0.01:1 to about 100:1, preferably from about 0.5:1 o about 5:1,

The dose administered must be carefully adjusted according to age, weight and
condition of the patient, as well as the roule of administration, dosage form and regimen

and the desired roselt.

The dosages and formulations for the hypolipidemic agent and antidiabetic agent wilt

be as disclosed in the various patents and applications discussed above and in the PDR.

The dosages and formulations for the other hypolipidemic agent, antidepressant, bonc
resorption inhibitor, appetite suppressant and anti-cbesity agent to be employed, where
applicablz, will be 8s set out in the latest edition of the Physicians’ Desk Reference.

For oral administration, a salisfactory xesult may be obtained cmploying the MTP
nhibitor in an amount within the range of Gom about (.01 mg/ks to about 100 mg/kg
and preferably from about 0.1 mp/kg to sbout 75 mp/ke, oue to four times daily.

A preferred oral dosage form, such. as tablets or eepsiles, will contain the MTP
inhibitor in 20 amount of from about 1 to about 500 mg, profersbly from sbout 2 to
about 400 mg, and more preferably from sbout 5 to about 250 me, one o four times
Gaily.
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For parenteral administration, the MTP inbibitor will be employed in an amount within
the range of from about 0.005 mgks to about 1 mg/kg and preferably from about
0.005 mg/kg to about 8 mg/kg, one to fous thnes daily.

Far oral administration, o satisfactory tesult ray be obtained employing an HMG CoA
reductase inhibitor, for example, pravastatin, lovastatin, simvastatin, atorvastatin,
fluvastatin or corivastatin in dosages employed as indicated in the Physician’s Desk
Refarence. such as in an amount within the range of from aboui 1 to 2004 g, and

preferably from about 4 to about 200 mg.

The squalene synthetase inhibitor may be employed in dosages in sn amount within the
range of from ahout [0 ng to about 2000 mg and preferably from about 25 mg to about
200 mg,

A prefered oral dosage form, such as tablets or capsules, will contain the HMG CoA
reductase inhibitor in an amount from abaut 0.1 to about 100 mg, preferably from about
5 to about 30 mg, and more preferably from zbowut 10 to about 40 mg.

A preferred oral dosage fonm, such as tablets or capsules will sontain, the squalenc
synthetase inhibitor in an amount of from about 10 to ebout 500 mg, preferably fiom

about 25 to gbowt 200 mg.

The compounds of formula T and the hypolipidemic agent, antidepressant or bone
resorption nhibitor may be emgloyed together in the same oral dosage form or in

separate oral desage forms taken at the same time.

The compositions described above may be administered in the dosage forms as
described above in single or divided doses of one to four tines daily. Tt may be
advizable to start a patient on a low dose combination and work ap gradually e a bigh

dosc combinativn,

The greferred hypolipidemic apent is pravastatin, simvastatin, lovastatin, atorvastatin,

fluvastatin or cerivastatin,
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The compounds of the invenfion can be administered orally or pavenierally such as
sabeutanenusly or intravenously, as well as by nasal application, rectally or sublingually
1o various mammalian species known to be subject to such maladies, €.g., hmmaus, cats,
dogs and the like in an effective amount within the dosage range of about 0. to sbout
100 mgrkg, preferably about 0.2 1o about 50 mg/ke and more preferably about 0.5 to
about 25 mg/kg (or from about | to aboutl 2500 mg, preferably from abaut 3 to abont
2000 myg) on 2 regimen in single or 2 io 4 divided daily doses.

The active substance can be wtilized in 2 composition such as tabier, capsale, oinfment,
hydrophilic ointment, cream, lotion, soluiion or suspension or in other type carder
materials such as transdermal devices, iontophoretic devices, rectal suppositories,
inthalant devices and the like. The composilion or carrier wilf contain about 5 to about
500 mg per unit of dosage of a contpound of formula I They may be compounded
conventional matter with a physiologically acceptable vehicle or carrier, excipient,
binder, preservative, stabilizer, flavor, ete., as valled for by accepted pharmaceutical
practice,

‘The following Examples represent preferred embodiments of the present invention,
However, they should not be copstrued as limiting the irvention in any way. The 'H
NMR. spectra were consistent with the assigned structurcs. MS results was obtained on

& Perkin Blmer AP 150Fx specirometer, using electrospray.

Example 1
3,5-Dichloro-4-{3-bromo-4-isobutyrmidophenoxy)phenylacetic acid

(&) A mechanzeally stivred solution of Z6-dichlorophencl (100 g} in acetonitrile (400
L) was cooled to 0°C and bromine (108 ) in acetonitdle (100 mL) was added
dropwise. The red soluion was stirred at 0°C for an additiona] two hours and an,
saturated aqueeus solution of sodium sulphite was added witil the red color
disappeared. The phases wops separared and the aquenus phase was exiracted three

times with ethyl acctate. Concentration of the combined organic phases gave
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4-rome-2,6-dichlorophenol as a yellow oil, which crystullized on standing. The
crystafline material was washed with water and dried to give 126 g (85%) of colurtess
crystals.

(b} A mechanically stirred solution of 4-brome-2,6-dichlorophenol (110 g), 4-fluaro-
pitrebenzene (64 g), potassium.carbonate (84 g) and copper powder (3.3 g} in
dimethiy! form- amide {400 ml) was heated at 135°C for 43 hours. The reaction was
cooled to room temperature and concentrated. The residue was dissoived in ethyl
acetafe 2nd washed twice with sodium hydroxide (2 N, twice with hydrochloric acid
{1.2 Ny and brine. After concentration of the oxganie phase, the residue was
recrystallized {acetone/water, 4:1) to give 79 g {45%) of a three to one mixture of
3,5-dichioro-2-(4-nitrophenoxy)bromobenzene and

3,5-dichloro-4-(4-nitrophenoxy)benzenc as yellow crystals,

{c) To the products above {40 g), dichlorobis(tiphenylphosphine)palladium(ID) (0.39 g)
avd copper(I) iodide (0.21 g) was added triethylamine (17 &) in acetenitrile (75 mL),
followed by trimetylsilylacetylenz (16 p) in acetonitrile (25 mL). The reaction mixtire
wasa stired under an atmospbere of pitrogen at 60°C for ome hour and then conled to
room tempeiature. The reastion mixiure was conceptrated and the residue dissolved in
ethyl acctate The organic phase was washed twice with wuter and once with brine.
After concentration of the orgamic phase, the residue was purified on column
(r-heptane/ethyl acctate, 8:1} to give 42 g (53%) of
3,5-dichloro-d-(4-nitrophencxy)irimelylsilylacetylene- benzene as yellow crystals.

(d) Cyelohexene {39 g, 0.48 mol) was added dropwise to a solution of borane (240 mL,
1 N in tefrahydrofiran) at 9°C. 3,5-Dichloro-4-(4-nitrophenoxy)irimetylsilylacetylene-
benzene {26 g) in tetrahydrofuran (400 ml.) was added dropwise ot 0°C and the reastion
mixture was stirred at tlis temperature for two hours. A mixture of sodium hydroxide
(170 mL, 1 N} and methanol (200 mb) was added dropwise at (°C followed by
dropwise addition. of hydropenperoxide (90 mL, 27% w/w) af the same temperature.
The mixture was stirred al 0°C for an #dditional hour apd concentrated. The remaining
agueons solution was acidified with hydrochloric acid (1.2 N) and extracted with three
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times ethy} acetate. Concenration of the erganic phase gave a dark oil which was used
in the next step without further purification.
(&) The crade ptoduct abave was dissolved in methanol (300 mL} ond thionyl chloride
(8.1 g) was carefully added. The mixiure was stirred at reflux for twa hours. The
reaction mixnuwre was concentrated, water was added and extracted three times with
ethyl acetate. Purification on eolunmn (silica, n-heptane/ethyl acetats, 4:1) gave 15 g of
methyl{3,5-di- chioro-4-(4-nifrophenosyiphenyl] acetatc.

{£) To a solution of methy![3,5-dichloro-4-(4-pitrophenoxy)phenyl] acetate (14 g) in
cthyl aceiste (90 mL) was added platinoum({IV) oxide monohydrate (0.43 g) and the
mbxnire was stirred vigoreusly under hydrogen gas (1 atmosplieres.) for 6 hours. The
suspension was filtered and the filtrate concentrated. The residue was purified on
column (silica gel, #-hepiane/etby] acctate, I:1) to give 7.0 g of
pethyl[3,5-dichloro-4-{4-aminophenoxy)- phenyl] acetate as orapge crystals.

(£) A solution of methyi[3,5~dichloro-4-(4-nitrophenoxy)phenyljacetate (6.5 g} in
dichioromethane (250 mL) was cocled to -30°C and 2,4,4,6-tetrabromo-2,5-cyclohexa-
dicnene (8.2 g) in dichloromethane (200 mL) was added dropwise. The reaction was
stirred at -30°C for 10 mimutes and sodium hydroxide (500 mL, | N) was added. The
phases were separated and the aqueous phase extracted three thmes with
dichloromethane. Coacentration of the organic phase and purification of the residue on
column (silica gel, n-heptane/ethyl acetete, 4:1) gave 4.6 g (57%) of
methyl[3,5-dichloro-4-(4-amino-3-bromophencxy)phenyl] acetate as white crystals.

{h} To methyl[3,5-dichloro—4-(3-bremo-4-aminophenexy)phenyl]acetate (80 mg),
triethylamine (20 mg) and dichloromethane (5 mlL) was added isobutyry] chloride (30
mg). After one hour, the reaction mixture was concentrated, and the residue partioned
between ethyl avetate and water. The organic phase was washed with hydrochloric acid
(1 N), a saturated agueons solution of sodivm hydrogencarbonate and brine. After
conceniration, the residuc was recrystallised from a mixtare of disthylether and
petrolium ether, to give 40 mg (40 %} of
methyl[3,5-dichloro-4-(3-bromo-4-isobutyramidophencxy)phenyl] sectate.
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(i) Methyl[3,5-dictlora-4-(3-bromo-4-isobutyramidophenoxy)phenyl] acetae (25 mg),
sodium hydroxide (11, 0.5 L) and methanol (5 mL} was stisred at room femperature
aver night. Afler concentration, the residue was partioned between a mixture of
athylacetate and hydrochloric acid (1 N). The organic phase was concentrated and the
rasidug reerystallised from a mixtore of disthylether and petrolinm ether, to give 20 mg
(82 %) of 3,5-dichloro—4-(3-bromo-d-isobutyramidopleroxy)phenyiacetic acid,

Example 2
3,3-Dichloro-4-(4-isobutyramidophenoxy yphesylacetic acid

Methyl[3,5-dickloro-4-(4-aminophcnoxy)phenyt] acotate (33 rag, 0.10 mmol), was
coupled with isobutyryl chloride (11 mg), using the method deseribed in Example 1(h).
After purification on columa (silica g2, ethyl acetate/petrolium ether), 35 mg (95 %) of
methyl [3,5-dichloro-4-{4-isobutyramidophencxy)phenyl] acetate was obiained, which
was hydrolysed using the method described in Example 1(i). This gave 30 mg (89 %) of
3,5~ dichloro-4-(4-isobutyramidophenoxy)phenylacciic acid,

Example 3
3,5-Dichloro-d-(d-isobutyramida-3-phenylphenoxy)phenylacetic acid

Methy)[3,5-dichlore-4-(3-bromo-4-ischutyrzmidophenoxy)phenyl] acetate (100 mg),
dichloro(1,2-bis(diphenylphosphinejbutane)palladium(IT) (10 %), coppex(Il) oxide (16
mg), r-tributylphenyitin (110 mg) and dimethylormamide 3 mL) was stirred at 110°C
for4 hours. After concentration, the residue was partioned between othylacetate and
hydroohloric acid (2 N, the organic phase washed with brine and concentrated. Afler
putification o eoluvm (silica gel, ethyi acetate/petrolium etber, 1:2), 70 mg (70 %) of
methy}[3,5-dichloro- 4-(4-Isobuiyramide-3-phenylphenoxy)- phenyl] acetate was
obtained, which was hydrolyzed using the methed dessiibed in Example 1(1). This gave
quantiative yigid of 3,5-dichiore-4- {4-jsobutyramido-3-phenylphenonyiphenylacetic
acid, mfz 458,
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Example 4
3,5-Dichiora-d-[3-hromao-d- [3-metiylerotorylaniido i phenowy)phenylacetis acid

Methyl(S,S-dichloro-4L[4—ami.uo—3-bmmophenoxy]phmy}) asetate {100 mg}, was
coupied with crotonyl chloride (35 mg), using the method described in Example 1(h).
After purification on column (silica gel, ethyl acetatefpetrolium ether, 1:2), 60 mg (47
%5) of methyl(3 |5-dichlatn-4-[3-bromo-4-(3-methylerotonoylamide)phenoxy]phenyl)
acetate was obfained. A part of the abtained ester (19 mg) was hydrolysed using the
method described in Example 10), to give 15 mg (82 %) of’
3,5-dichloro-4-(3-brome-4-f3-methylerotonylamido]- phenoxy)phenylacetic acid,

Example §
3,5-Dichloro-4-(3-isopropylidene-1,3-dihydro-2-oxy-S$-indoloxy)phenylacetie acid

Methyl(3,5-dichloro-4-[3-bromo-4-(3-methylerotonoylamido)phenoxy]phenyl) acetate
(60 g, (.13 mmol}, palladivm(Il) acetate (¢ mg), triphenylphosphine (13 mg),
trietiylamine (39 mg) and dimethylformamide was stitred at 100°C over pight. After
purification on column (silica gel, ethyl acetate/petrolium ether, 3;7), 30 mg (49 %) of
methyl[3,5-dichloro-4-(3-isopropylidene-1,3-diliydro-2-oxy-5-indoloxy)phenyl] acetate
was obtained, which was hydrolysed using the method deseribed in Example 1(i). This
gave 20 mg (100 %) of

1,5-dicklova-4-(3-isopropylidene- 1,3 -dikydro-2-oxy-S-indoloxy)phenylacetic acid, m/z
192,

Example 6
3,5-Dichlore-4-(3-isopropyl-1,3-diliydre-2-uxy-3-indoloxy)phenylacetic acid

3,5-Dichloro-4-(3-isopropylidene-1,3-dihydro-2-oxy-5-indolory)phanylacetic acid (20
mg), platinum(IT) oxide {2 mg), ethylacetate (3 mL) and hydrogen gas (3 atmosphere.)
was stirred at voom temperatur cver night. After tiitration and concentration, the

residue was purified on HPLC fas described for Fxamples 33-99) to give 6 mg (30 %)

JP 2004-501132 A 2004.1.15
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of 3 5-dichicrp-4- (3-isopropyi-1,3-dilydro-2-0sy-3-tndoloxyphenylacetic acid, mfz
304,

Example 7
3,5-Dichloto-4-{4-acetamido-3-bromopbenaxy)phenylacetic acid

Methyl(3,5-dichloro-4-[4-amino-3-bromophenoxy]pbanyl) acetate (110 mg) was
coupled with acetyl chlotide {30 mg), vsing the method described in Example 1(h}.
Adfter puification oo column (silics gel, sthyl acetate/petrolium ether), 110 mg {100 %)
of methyl [3,5-dichloro-4-(4-acetamido-3-bromaphenoxy Jphenyl] acetate was obtajned.
A part of the obtained ester (30 mg) was hydrolysed using the method described in
Example 13G), to give 26 mg (909%) of
3,5-dichlpro-4-{4-acetamide-3-bromophenoxy)phenylacetic acid, m/z 462.

Example 8
3,5-Dichloro-4-{4-acetamido-3-phenylphenoxy)phenylacetic acid

Methyl[3,5-dichloro-4-(4-acetamido-3-bromophenoxy)phenyl] acetale {100 mg) was
coupled with #-tributylphenyitin (140 me, 0.38 mmol), using the same procedure as
described in Example 3(a). This gave 70 mg (70 %) of
methyl(3,5-dichlora-4-{4-aestamido- 3-phenylphenoxylphenyl) acetate. A part af the
obtained ester {50 mg) was hydrolysed using the method described in Example 1(3), to
give 43 mp (95 %) of 3,5-dichlore-4-(4-acetarmido- 3-phenylphenexy)phenylacetic acid,
m/z 434,

Example @
N-[3,5-dichloro-4-(4-isobutyramidophenoxyiphenyiucetyl]glycine

A solution of 3,5-dichicra~4-(4-iscbutyramidophenoxy)phenylacctic acid (70 mg),
3-atiiyl-143-(imethylamino)propy)jearbodiimide hydrochloride (49 mg),
1-hydroxybenzo- triazole hydrats, (45 mg) in dimethy! formamide (2 ml.} was sticred at

room temperature for 0.5 hours Tollowed by addition of # solution of methyl glycine

JP 2004-501132 A 2004.1.15
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hydrochloride (46 mg) and triethylamire (56 we} in dimethyifommanide {1 mL). After
stirring for cne day, the reaction mixture was concentraied. The residve was purtified by
HPLC as deseribed for Examples 33-50, to give methy!
N-{3.3-dichlora-4-{4-isobunamidophenoxy)phenylacetyllglyeine. The ester was
hydrolyzed using the method described in Example 1(7) and purified as above, o give
25 mg {31%) of N-[3,5-dichloro-4-{4-isobutyramidophenoxyphenylacetyDalycine, m/z
439,

Example [0
1-N-[3,3-dichloro-4-(d-isobutyramidcphenoxy)phenylacetyl Jalanine

3,5-Dichlore-4-(4-isnbutyramidophenmty)phenylacetic acid (70 mg) was coupled with
E-methyl alanine hydrechloride (30 mg) using the method described in Example 9. This
gave methyl L-N-{3,5-dichloro-4-{4-isobutyramidophenoxy)phenylacetylJalanine,
which was hydrolyzed using the method described in Exampie 1(i) and purified as in
Example 9, to give 38 mg (45%) of
L-M-[3,5-dichloro-4-{4-isobuatyranridophenoxy)phenylacetyl}alanine, mv'z 453.

Expmplc 11
L-N-[3,5-dichioro-4-{4-isobutyramidophenoxy)phenylacetyl] valine

3,5-Dichlorg-4-(4-isobutyramidophenoxylphepylacetic acid {70 mg) was coupled with
L-methyl valine hydrochloride {60 mg) using the method described in Example 9. This
gave methyl-L-N-|3,5-dichloro-4-{4-isobutyramidophenoxy)phonylacetyl]valine, which
was hydrolyzed using the methed deseribed in Example 1(i) and purified as in Example
9, to give 50 mg (57%) of
L-N-[3,5-dichloro-4-{4-isobutyramidophenoxy)phenylacetyl valioe, ryz 451,

Example 12
N-[3,5-dichlore-4-{3-broma-4-isobutyramidophenmcyphenylacetyl] ghycine

3,5-Dichloro-4-(3-bromo-4-isobutyramidophenoxyjphenylacetic acid (56 mg) was
coupled with rethyl plycine hydrochloride (31 mg} using the method described in

JP 2004-501132 A 2004.1.15
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Example 9. This gave incthyl
N-[3,5-dichloro-3-{3-bromo-4-isobutyramidophenoxy)phenylacetyl]- glycine, which
was hydrolyzed usizg the methed described in Bxample 1(1) and purified as in Example
9,10 give 14 mp (22%) of N-[3,5-dichloro-4-(3-brospo-4-isobutyrasmdaphenoxy)-
phenylacetyl]glyeive, m/z 518.
X: e 13

L-Methyl-N-3,5-dickloro-4-(3-bromo-4-isobutyramidophenosy)phenylacetyllalanine

3,5-Dichioro-4-(3-bromo-4-isobutyramidepbenoxy)phenylacetic acid (83 mg) was
soupled with L-methyl alanine bydrochloride {50 mg) using the method deseribed in
Example 9. This gave 45 mg (46%) of
L-mefhyl-N-[3,5-dichioro-4-(3-bramo-4-iscbutyramido- phenoxyjphenylacetyl]alenine,
mz 546.

Example 14

L-N-[3,5-Dichlore-4-(3-bromo-4-isobutyramidophencxy)phenylacetylj valine

3,5-Dichloro-4-( 3-bromo-4-isobutyramidopbenoxy)phenytacetic acid (56 mg) was
coupled with L-methy] valine hydrochloride (41 mg) using the method described in
Lxample 9. Thi= gave methyl
L-N-[3,5-dichlora-4-(3-brome-4-isobutyramidophenaxy)phenylacetyl]- veline, which
was hydrotyzed using the method described in Example 1(j} and purified as in Example
4, to give 31 mg (50%) of L-N-[3,5-dickloro-4-(3-bromo-4-isobulyrumido-

phenoxy jphenylacetyl]valine, m/z 560.

Exi is
3,5-Dichloro-4-(4-isobutyramido-3-methylphenoxy)phenylacetic acid

Methyl[3,5~dichtoro-4-(3-bromo-4-isobulyramidophenoxy)phenyl] acetale (100 mg)
was reacted with tetramethyltin (40 mg), dichloro(1.2-bis(diphenylphosphino)butane)-
palladium(L), copper(l) axide (16 mg) and dimethyllormamide (3 mL) using the

JP 2004-501132 A 2004.1.15
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method described in Example 3. This gave 20 mg (23 %) of
methyl(3,5-dichloro-4- 4-isobutyr- amido-3-methylphenoxy)phenyl} acetate, which was
bydrolyzed using the method described in Example 1(3), to give 17 mg (88 %) of
3,5-dichlore-4- (4-iscbutyramido-3-methyl- phenoxy)phenylacetic ecid, m/z 396.

Exgmple 16

1,5-Dichlorc-d-{3-bromo-4-triflucroacetamidophenaxy)phenylacetis acid

Methyl[2,5-dichioro-4-(4-amivophenoxy)phenyl] acetate (60 mg) was reacied with
mrifluotoucetic acid anhydride (42 mg), using the method desoribed in Example 1(h).
Adfter purification. on column {silica gel, ethyl acctate/petrolium ether, 1:9). 70 mg (93
94) of methyl(3,5-dichloro-4-[3-bromo-4-trifluoroacetamidophenoxy]phenyl) acetate
war obtained, which was bydrolysed using the method described in Exumple 1(3). This
gave 50 mg (73 %} of 3,5-dichloro-4-(3-bromo-4-triflucroacetamido-
phenoxy)phenylacetic acid.

Example 17
3,5-Dichloro-4-(3-bromo-d-[2-chioropropionamido Jphenoxy)phenylacetic acid

Methyl[3, 3-dichloto—4-(4-aminephenoxy)phenyl} acetate (80 mg) was reacted with
2-chioropropionyl chloride (30 mg), using the method deseribed in Example 1¢h). Atier
purification on colurn (silica gel, ethy] acetate/petrolivam ether, 1:9), 80 mg (81 %5) of
methy) (3,5-dichiore-4-[3-bromo-4-(2-chlorapropionamide)phenoxy]phenyl) acetate
was obtained. A patt of the obtained ester (40 mg) was hydrolyscd using the method
deseribed in Example 1{D) to give 25 mg (64 %) of 3,5-dichloro-4-{3-bramo-
4-[2-chloropropionamido]phenoxy)- phenylacetic avid,

Exarpple 18
3,3-Dichloro-4-(3-bromo-4-p-finorobenzamidephenoxy)phenylacetic acid

Methyi[3,5-dichlore-d-(d-aminophenoxy)phenyl] acetate (60 mg) was coupled with
p-flugrchenzoyl ehloride (30 mg), using the method described in Example 1(k). After

JP 2004-501132 A 2004.1.15
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purification on colums (silice pel, ethy! acetate/petvolium ethex, 1:9), 89 me (100 %) of
methyl(3,5-dichloro-d-[3-bromo-4-p-fluorobenzamido- thenoxy[phenyl} acetate was
obtained, whicix was Lydrolysed usiag the method described in Example 1(i). This gave
30 mg (635 %) of 3,5-dichloro-4-(3-bromo-4-p-fluorobenzamidnphenoxy)phenytacetic

acid.
Example 12

3,5-Dichioro-4+(d-isobutyramjdo-3-friffuaromethylphenoxy)phenyl acetic acid

(a) A mixiure of 4-bronio-2,6-dichlorephenel (2.4 g), 3-fluora-Znitro-wriffuoro-
methylbenzene (2.0 @), pomssium carbonate (2.7 g) in dimethylformarmide (30 mL) was
fieated at yeflux for 2 hours. The reaction was cooled to reot tempetuture agd
coneentrated. The residue was partioned beetween cihyl acetate and hydrochlorie acid
(2 N), the arganic phase concentrated and the restdue purifisd on colurmn (silica gel,
ethyl acetate/petrotium ether, 5:95), to give 2,7 g of
3,5~dichlora-4-(4-nitre-3-triflucromethylphenuxybroma- benzene.

(b} 3,5-Dichloro-4-(4-nitra-3-trifluorommethylphenexy)oromebenzene (0.83 g, 2 mmal),
dichlorobis(triphenylphosphine)palladium(Il) (0.070 g), copper(T; iodide (20 mg),
triethylamine (1.6 g), dimethylformamide (10 mlL) and trimetylsilylphenyl- acetylene
(0.30 g) was stirred under an atmosphere of nitrogen at $0°C for fwo hours. After
cooling down tu roow temperature, the reaction mixture was concenlrated and purified
on column (silica gel, ethyl acetate/petrolium ether, 5:93), to give 6.70 g of
3,5-dichloro-4-(4-nitro-3-ifluoro- methylphenoxyltrimetylsilylacetylenebenzene.

(c) 3,5-Dichlorovd-(4-nitro-3-uithuoromethylphenoxy trimetylsilylacetylens- benzene
{0.70 &) was deprotected and oxjdized, using the same procedurs as in Example 1(d).
This gave 0.40 g of methyl[3,5-dichloro-4-(4-nitro-3-triffuotomethyl- phenoxy)phenyi]

acctate.

{d) Methy1[3,5-dichloro-d-{4-nitro-3-trifluoromethylphenoxy)phenyl] acetate (0.40 g
was reduced with platinium(TDoxide, using the same procedure as in Example 1(£). This

JP 2004-501132 A 2004.1.15
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gave .32 g of methyl[3,5-dichloro—4-(4-aming-3-trifluotcmethylphencyy) phenyl]

acetate.

(=) Methyl[3,5-dickloro-4-(4-amino-3-trifluoromethylpheaoxyyphenyl] acetate (70 myz}
was coupled with isobatyryl chtoride (30 mg), using the method described in Example
1(h). After puriication on colurnn (silica gel, ethyl acetate /petrolium ether, 1:9), 70 mg
(84 %) of methyl(3,5-dichloro-4-[4-isobutyramido-3- trifluoromethylphenoxy]phenyl)
acetate was obtained, which was hydrolysed using the metbed described in Exampte
1(3). This gave 50 mg (74 %) of 3,5-dichloro4-
{4-isohutyramido-3-trifivoromethylphenoxy)phenylacetic acid, m/z 450,

Example 20
3,4-Dichioro-4-(3-chloro-d-isobutyrarnidopheaoxy)phenylacetic acid

(a) Caleium hypochlorite (14 mg) was dissolved in a mixture of water (2 mL) and
lacial acetic acid {one drop). Methyl(3,5-dichloro-4-(4-aminophencyy)phenyl] acetate
(35 mg) dissolved in acetone (2 mL} was added at -10°C. After stirving at -15°C for 2
houss, the reaction mixture was concentrated and the residue partioned beetween
sodium hydroxide (1 W) and cthyl acetate. Adter purifisation on eolumn {silica gel, ethyl
acetate/petrolivm ether, 1:4), {7 mg (43 %) of
methyl[3,5-dickloro-4-(4-amino-3-chtorophenoxy)phenyl]acstate was obtained.

(b) Metlyl{3,5-dichloro-4-{4-aming-3-chlorophenoxyiphenyl [acetate (17 mp} was
conpled with isobutyryl chicride (5.0 mg), using the method deseribed in Example 1(h).
After purification on colump (silica gel, ethyl acetate /petralium ether, 1:.4), 15 mg (74
%) of methyl{3,5-dichloro-4-[3-chloro-4-isobutyramidophenoxy|phenyl) acetate was
obtained, which was bydrolysed using the method described in Exarople 1(3). This gave
4 mg (27 %) of
3,5-dichloro-4-(4-isobutyramide-3-triflucromethylphenoxy)phenylacetic acid, miz 416,
418,

Example 21
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3,5-Dichtore-d4~(1,3-dihydvo-2-oxy-5-imidazolexy)phetylacetic acid

(3) Nitric acid (0.5 mL} was added drop-wise at 0°C to a stirred mixtore of
3,5-dichloro-4-(4-isobutyramidophenexy)phenylacetic acid (100 mg} and glacial acstic
acid {2 mL), After stirving for 0.5 hours, the reaction mixture was partionsd beetween a
saturated aqueous selution of sodivm hydrogencarhanate and ethyl acetate. The organic
phase was washed with brine and concentrated. This gave 110 mg of
methylf3,5-dichloro-4-(4-isobutyr- amido-3-nitrophenoxy)pbenyl]acetate which was
used in the next step without further purification.

(b) Methyl[3,5-dichlore-d-(4-isabutyramide-3-mitrophenoxy Jphenylfacetate (43 me)
was hydrolyzed using the method described in Bxample 103}, to give 30 mg (%) of 3,5-
dichtoro-d-(4-amino-3-nitrophenoxy)phenylacetic acid.

(¢} 3,5-Dichloro-4-{4-amino-3-nitrophenoxy)phenylacetic acid (30 mg), methenel (20
L) and thionyl chloride (2 drops) was heated at reflux for two hours. After eoeling
down 10 ro0m tamperaturs, the teaction mixiure was partioned bsetwsen an aqueous
solution of sodium hydrogencarbonate (safurated) and ethyi acetate. The organic phase
was washed with brine and concentrated. This gave 45 mg of
methyl(3,5-dickloro-4-(4-amino-3-nitro- phenoxy)phenyl) acetate which was reduced
nsing the method described in Example 1(5), to give 40 mg of methyl(3,5-dichloro-4-
(3,4-diaminophencxy)pbenyl) acetate.

(d) Methyl(3,5-dichlore-4-(3,4-diaminophencxy)phenyl) scctate (30 mg), N, N*-
disuccinimidyl carborate {15 mg) and acctonitrile (5 ral) was stirred at room.
temperature for 16 hours. After concentration, the residue was partioned beetween ethyl
acetate apd hydrochloric acid (1 N). The organic phase was washed with an aqueous
solution of sudium bicarhonate {saturated) followed by brine. After purifieation on
column (silica gel, ethyl acetate/petroliun ethey, 1:2), 25 mg (77 %) of
roethyl(3,5-dichlore-4-{1,3-dihydro-2-eny-5- imidazoloxylpheny?) acetats was
obhtained, which was hydrolyzed using the method described in example 1(i). This gave
15 mg (62 % of 3,5-dichloro-4-(1,3-diliydro-2-oxy-5-inridazol- oxy)phenylacetic acid.

JP 2004-501132 A 2004.1.15
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Example 22
3,5-Dichioxo-4-{3-bromo-4-isobutyramidophenoxy)phenyleinnamic acid

{a) A mixture of 3,5-dichloro-4-(4-nitrophenaxy)ybromabenzene and 3,5-div
chioro-4-(4-nitrophensxyibenzene (3.6 g, 31}, othyt acrylate (1.2 g), palladium acetate
(23 mg), triphenylphosphine (50 mg), triethylamins (2.2 g) and dimethy)- formamide
(30 mLL) was stirred at 100°C for 16 hours. After filiration and conceniration, the
residue was purified on colwmn (silica gel, r-bulyl methyl ether/petrolium ether, 5:95) o
give 0.65 g (17 %) of ethyl{3,5-dichloro-4-[3-bromo-4-isobutyramidophenoxyphenyl)

cinnamate.

(b) A mixture of ethyl(3,5-dichlorc-4-[4-nitrophenoxyphenyl) cinpamate (0.65 g},
tindichloride dihydrate (1.0 g), ethylacctats (25 mL) and ethanol {25 mL) was heated at
reflux for one hour. Tlee reaction mixture was concentrated am the residue partioned
beetween diethyl ether and sodiuwm bydroxdide (1 N). After purification on ¢olumn
(silica pel, ethyl acetate/petrelium other, 3:7), 0.52 g of ethyl(3,3-dichioro-4-

[4-aminophenoxy]phenyl) cinnamate was obteined.

(c) Ethyl(3,5-dichloro-4-[4-aminophenoxy]phenyl) cionamate ((1.20 g) was brominated,
nsiag the method described in Exumple [{g). This gave 0.15 g of ethyl
(3,5-dichlpro-4-{4-omino-3-bromophencxy]phenyl) cinnamate.

(d} Ethy}(3,5-dich!oro-4-[4-amino-3-bromophenoxy]pheny ) cinnamate (70 mg) was
coupled with isobutyryl chloride {36 ), nsing the method deseribed in Bxample 110,
After purification on columr {silica gel, ethyl acetate /petrolium ether, [:9), 70 mg of
gthyl(3,5- dichiozo-4-[3-bromo-4-tsobutyramidophenoxylphenyl) acetate was obtained,
which was hydrolysed using the method desoribed in Example 1(i}. This gave 50 my of
3,5-dichtoro- 4-(3-bromo-4-tsobutyramidophenoxy)phenylacetic acid.

Example 23
3,5-Diehiote-4-(3-broro-4-{2-chleropropionamidojphenoxy)phenyicinnamic acid,

JP 2004-501132 A 2004.1.15
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Ethyl(3,5-dichloro-4-[4-amino-3-bromopbencxylphenyl) cinnamate (70 mg) was
conpled wwith Z-chleropropiony] chlorids (30 me), using the method described in
Example 1(h). Afier purification on column (silica gel, ethyl acetate/petrolium ether,
1:9), 45 mg (83 %) of ethyl(3,5-dichloro-4-[3-brome-4-(2-chloropropionamido)-
phenoxyjphenyl) cinnamate was obtained. A part of the ethﬁl ester {50 mg) was
hydralysed using the method desoribed in Example (i}, to give 40 mg (34 %) of
3,$-dichloro-4-(3-bromo-&-[2-chloroprepioparnide]- phenoxy)phenylcinnamic acid.

Example 24
3,5-Dichloro-4-(3-hromo-d-isobutyramidophetioxy)phenylpropionic acid

{a) Ethyl(3,5-dichioro-4-[4-nitrophenoxy]phenyl) cinmamate (0.40 g} was reduced using
the method described in Example 1(f), to give 0.34 g of cthyl(3,5- dichloro-4-[4-amino-
phencxy]phenyl) propionate and 56 my of
ethyl(3,5-dichloro-4-[4-nitrophenoxy]phenyl) propicnate as produsts,

() Ethyl(3,5-dichloro-3-[4-aminophenoxyiphenyl) propionate (0.50 g} was brominated,
using the methed deseribed in Example 1{g). This gave 0.30 ¢ of ethyl(3,5-
dichloro-#~[4-amino-3-bromopienoxy]phenyl) propionate,

{c) Ethyl(3,5-dichloro-4-[4-amigo-3-bromophenoxy|phenyl) propionate (50 mg) was
coupled with isobutyry! chloride (30 tg), using the method deseribed in Example ih).
After purification oo cofutn (silica gel, ethy! acetate/petrolium ether, 1:9), 50 mg of
ethyi(3,5-dichloro-4-{3-bromo-4-isobutyramidophenoxyphenyl) propionate was

abtained, which was hydrolysed using the method described in Example 1(1). This gave -

40 mg of 3,5-dichloro-4-(3-bromo-4-isabutyramidophenoxy)phenylprepionic acid.

Example 25
3,5-Dichloro-4-(3-brome- 4-p-flucrobenzamidophenoxyiphenylpropionic acid
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Eihyl{3,5-dichtoro-d-[4-amino-3-bromophenoxy]phenyl} propionate (70 mg) was
coupled with p-flacrobenzoy! cliloside (35 mg), using the method deseribed in Example
1(b). Afler recrystallization (ethyl acetate/peiralium other), 80 mg of
ethyl(3,5-dichloro-4-[3- bromo-4-p-flucrebenzamidophenoxylphenyl) propionate was
obtained, which was hydrolysed using the method described in Example 1(1). This gave
60 mg of 3,5-dickloro- 4-(3-bromo-4-p-flucrabenzamidopbenoxyphenylpropionic acid.

Exarmple 26
3,5-Dichloro-d-(3-broma-4-[2-chloropropionamide]phenoxyiphenylpropionic avid

Ethyl(3,5-dicllorn-4-[4-amine-3-brorophencexy]pheny]) propionate (80 mg) was
cotpled with 2-chioropropionyl chiotide {30 mg), using the method described in
Exampie 1(h). After purification on column (stlica gel, ethyl acetate/petrolium ether,
1:9), 90 wg of ethyl(3,5~dichloro-4-[3-bromo-4-(2-chloropropionamido)phenosy)-
phenyl) propionate was obtained, which was hydrolysed using the method described in
Exampie 1(i). This gave 30 mg of
3,5-dichloro-4-(3-bromo-4-[2-clloropropionzmido]phenoyyiphenylpropinnic acid.

Example 27
3,5-Dichloro-4-(4-isobutyramidophenoxy)phenylpropionic acid

Ethyl{3,5-dichlore-4-[4-aminophenoxy)phenyl) propionate (80 mg) was coupled with
izobutyryl chloride (3¢ mg), using the method described in Example 1¢h). After
recrystallization (ethyl acetate/petroliun ether), 80 mg of
ethyl(3,5-dichloro-4-[4-isobutyr- amidophenoxyiphenyl} propionate was obtained,
which was hydrolysed using the method described in Example 1{i). This gave 50 mg of
3,5-dichlovovd-(4-isobutyramidephenoxy)- phenylpropionic acid, m/z 382,

Exemple 28
3,5-Dichlore-4-{4-[2-chloropropionamide]phenoxylphenylcinnamic acid
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Stannic chiorids (50 mg) was added (o a stirred mixtare of ethyl(3,5-dichlozo-4-
{4-aminophenexy]phenyl) cinnamate (1110 g), triethylamine (40 mg), dichlovomethane
(5 ) and 2-chloropropsonyl chloyide {50 mg). The reaction mixture was heated at
otk for 16 hours. After concentration and pactionating of the residue with ethyl
acetate and hydrachlotic acid (2 N), 80 my of
methyl(3,5-dichloro-4-f4-(2-chlorapropionamida)- phenoxylphenyd) cinnamate was
obtained. The intermnediate methyl ester was hydrolyzed using the method described in
Example 1{i), to pive 60 mg of 3,5-dichloro-4-(4-[2-chloro-
propionamide]phenoxyiphenylsinnamic acid.

Exanmple 29
3,5-Dibroma-4-(3-methyl-1,3-dihydra-2-oxy-5-indeloxy)phenylcinnamic acid

{a} A stizred solution of 2,4,6-tribremopbene! (3.8 ), 4-flooronitrobenzens (1.6 g),
cevium carbonate (3.7 g) in dimethylformamide (8 mL) was heatad at reflux until the
starting materials were consumed. The reaction was cooled to room tevaperature and
concentrated. The residue was dissolved in ethyl ecetate and washed with sodium
hydroxide (2 N), hydrozhlorie acid (2 N) and brine. Concentration of the organic phase
gave 1,3,5-tribromo-4- (4-wmirophenoiy)benzene in quantitative yield. The crudo
product was used directly in the noxt step.

() 1,3,5-Tribrome-4-(4-nitrophenoxy)benzene (1.0 g} was coupled with ethiyl acrylate
{0.45 g) using the method described in Example 22(a). After purification on column
(silica gel, othyl acetate/petrolium cther, 1:9), 0.70 g of ethyl(3,5-dibroma-4-[4-nizra-

phenoxy]phenyl) cinnamate was obtained.

{c} Ethyl(3,5-dibromo-4-{4-nitrophenoxy]phenyl) cinnamate {0.50 g} was reduced with
tindichloride dihydrate (0.70 ), using the procedure desoribed i Exampie 22(b). After
pusification, 0.35 g (79 %) of cthyl(3,5-dibromo-4-[4-aminophenoxyipheny?) cinnamate

was obtained.
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(d) 2-Chioropropionyl chloxide {0.14 ) and tricthylamine (0.10 g) wus added 21 0°C e
a sodution of ethylf3,5-dibromo-d-4-amnophenoxylphenyl) cinnarate (0.30 ) in
dichloromethane {15 mL). After 0.5 hours, stannic chloride (2 draps) was added and the
reaction mixture was stirved at room temperatce for one lour. The reastion mixture
was dilutd with dichloromethane aud washed with water and brine, Afier
concentration of the orpanic phase, the residue was purified on columa (silica gel, athyl
acetate/petrolium ether, 1:9), to give &.10 g (30 %) of
ethyl(3,5-dibromg-4-(3-nethyl-1,3-dhydro-2-0xy-3- indoloxyphenyl) cinnamate,
which was bydrolysed using the method descsibed in Exampie 1(). This gave 35 g of
3,5-dibromo-4-(3-methyl-1,3~dibydro-2-oxy-$-indoloxyiphenyl- cinnamic acid.

Example 30
3,5-Dibroma-4-{3-methyi-1,3-dihydra-2-oxy-5-indoloxyjphenoxyacetic acid

(a) A stirred reaction mixturc of 2,6-dibromo-4-fluorophencl (35 g}, 4-fiyorenitro-
benzene (17,5 g), potassium carbonate (19.1 g) in dimethylformanide (70 ml) was
eated at reflux for two hours. The resction mixture was cooled t0 roomt temperature
and concentrated, The residuc was dissolved in ethyl acetaie and washed with
hydrochloric acid (1 N) and brine. After evaporation of the organic phase, the resitue
was treated with petrolium ether and the precipiate coliected. The yield of

3,5-dibromo-4-{4-nitrophenoxy){iuorohcnzene wes guantitative.

(b} Sodium methylate (2.2 £) wag added to a selution of 3,5-dibromo-4-(4-nitro-
phenoxylusrobenzene (10 g) and dimethylformamide (25 mL). The reaction mixture
was heated at 100% for 15 minutes. After cooling down to room temperature,
concentration and purification on celumn (silica gel, ethyl acetate/petrolium ether, 1:9),
5.4 g of 3,5-dibromo-4- (d-nittophenoxylanisole was obtained.

{c) Borontribromide (12 mL, 1 IV in dichloromethane} was added to a cooled mixtare of
3,5-dibromo4-(4-pitrophenoxyjanieole (2.0 g} in dichloromethane (50 mL) and left for
16 hows af room temperature, Hydrochloric acid (2 N) was added and the reaction

mixture was heated ol reflux Tor 15 minutes. The reaction mixhwe was diluted with
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dichloromethane, washed with water and concentrated. Quantitative yield of
3,5-dibroro-4-(4-nitrophenoxy) phenol was cbtalned.

{d) 3,5-Dibroma-4-(4-nitraphenoxyiphencl (2.0 g), alpha-bromoacetate (3.4 L),
potessinmt cerbonate (1.4 g} and acetone (50 mL) was heated at refhix for 4 howrs. After
cooling down to room tempersture, the reaction mixiure was dilvted witl diethylether,
filtered and purified on colunn (silica gel, ethylacetate/petrolium ether, 1:8}. This gave
2.5 g of ethyl(3,3-dibromo-4-[4-nitrophenoxy]phenoxy) acetate.

() Ethyl(3,5-dibromo-4-[4-nitrophenoxyiphenoxy) avetate (2.4 g), wink chloride (5.7
), ethylacetate (30 ml) and cthanol (30 mL) was heated at reflux for two hours. After
cooling down to 1oom temperature, the reaction mixture was diluted with elhylacetats,
washed with a saturated aqueous solution of sodiun: hydrogencarbonate and the organic
phnse dried over polassiurn carbonate. After concenteation, 2.0 g of

ethyl(3,5-dibromo-4-f4- aminophenoxy)phenoxy) acetate was obtained as a brown oil.

{f) Ethyl(3,5-dibromo-4-[4-aminophenoxy]phenoxy) acetate (1.0 g) was coupled with
2-chloropropionyl chioride and subsequently ring~closed, using the procedure described
in Example 29{d). After purification on colump {silica gel, ethy] acetate/peiroliom
ether, F:4), 0.5 gof
ethyl{3,5-dibromo-4-[3-methyl-1,3-dihydro-2-oxy-5-indoloxylphenoxy) acetate was
obtained. A part of the intermediate ethyl ester was hydrolyzed using the method
described in Example 1{0), to give 0.14 g of
3,5-dibromo-4-(3-methyl-[,3-dihydro-2-oxy-3-indoloxy}- phenoxyacetic acid.

xample 31
3,5-dichloro-4-(3-brome-4-isabutyramidephenoxy)benzoyl pheoylsulfonamide

A mixture of 3,5-dichloro-4-(3-bromo-4-teobutyramidophenoxy)phenylacetic acid (46
g, 0.10 mmol), benzene sulphonamide {16.5 ma, 0105 mmol), dimethyl
aminopyriding {13 mg, 0.105 mypal}, 3-ethyi-1-[3-(dimethylamino)propyl]earbodiimide
hydrachloridz {20 mg, £.105 mmol), iz dichicromethane (10 mL) was stired &t rooin

JP 2004-501132 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(122)

WO 0148256 PUTIEPOTNGRIS

20

30

a0
texperature for 4 days. Reaction mixture was poured inte an aqueaus sotution of
hydrocklotic acid {1 N). The agueous layer was extracted with ethyl acetate, and the
combined arganic layer was washed with water, drisd over MgS0, filtered. and
concentrated af reduced pressure. The residuc was purified on colmun (silica gel.
gradient: n-heptanefethy] acetate 1:9 to n-heptane/ethyl acetate 3:7) {0 give product 53
mg (88%) of 3,5-dichlora-4-{3-bromo-d-isobutyramido- phenoxy)benzayl
phenyisultonamide, m/z 600.

Example 32
3,5-Diisapropyl-4-{7-211-1,4-benzosazinoxy-3(4H)-one)phenylpropionic acid

(a) 5-Fluoro-2-nitrophenol {10.3 g), potassiuns carbonate (27.1 &), methyl jodide {11.1
) and acetone (100 ml.) was heated at reflux unél the sterting materials were
consumed. After cooling down to room temperaturs, the reaction mixture was diluted
with etiylacetate, washed with hydrogen chleride (1 N) and brine. Afier puridicalion on
column {silica gel, ethyl acetate/patrolium cther, 1:9), 10.8 g (96 %) of of

5-fluoro-2-nitroanisole was abtained.

(b) 2,6-Diisopropylphennl {11.6 g) was coupled with 5-fluore-2-nitroanisole (17.5 g),
using the same procedure as described in Bxample 30(z). Aficr purification en colwnn
(silice gel, cthyl acetate/petrolinm ether, 1:9), 16.6 g (§7 %) of )
Znitro-5+(2,6-diisopropyl- phenoxy)anisole was obtained.

(c) Stannous chloride (0.46 m1) was carefitlly added under nitrogen gas to a ice-cooled
oixture of 2-nitro-5-(2,6-diisopropylphenoxy)anisole (3.8 g), chloromethyl methyl
cther 1.8 mL) and dichloromethane (3 ml). After 16 howrs, the reaction mixture was
concentrated and purified on colwnn {silica gel, ethy! acetatopetreliomether, 97:3), to
give 1.4 g of 3,5-diisopropyl-4-(3-methoxy-4-nitrophenoxyjbenzylchloride.

(3) Sodium hydride (60 %, in 01 was washed with petrolium ether under nilrogen gas.
Diethyl malonate (0.52 L) was added, followed by 3,5-diisopropy)-4-(4-nitro-3-
methoxyphenoxy)benzyichloride (1.0 g} in tetrahydrofiran, (5 ml). After 20 hours, the
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reaction mixture was concentrated, diluted with ethylacetate and washed with water amnd
brine. After porification on column (silica gel, ethyl acetate/peitolium ether, 1:9), 1.4 g
of diethyl(3,5-diisopropyl-4-[3-methouy-4-nitrophenoxy]benzyl) malonate was
ebiained,

{e) Sulphuric acid (1.0 L, 20 %) was added to a mixture of diethyl(3,5-di-
isoptopyi-4-[3-methoxy-4-pitrophenoxy Thenzyl) melonzte (1.4 g), acetic acid (5 ml)
and water €3 mL), After heating for 8 hours at 80°C, the reaction mixture was
concenirated and ethyl actetatc was added to the residue. The organic phase was washed
with water and brine. After recrystallization fethy! acetate/petrolivm ether), 1.1 g of

3 5-diisopropyl-d4-(3-methoxy- 4-nitrophenoxy)phenylproploric acid was obtained.

() 3,5-Diisopropyl-4-{3-methoxy-4-pitrophenoxy)phenylprapionic acid (0.98 g) was
demethylated using the same procedure as described n Exaraple 30(e). After
purification on column {dichloromethanc/methanol/acetic ucid, 97:3:0.1), 0.90 g of
3,5-diisopropyl-4-{3- hydroxy-4-nitraphenoxy)phenylpropionic acid was obtainied,

() 3.5-Diisopropyl-4-(3-hydroxy-4-nitcophenexy )phenylpropionic acid (0.89 g),
methanol (25 mL) and thzenyl chloride (3 drops) was stirred at room temperature for 22
hours. The reaction mixture was dileted with ethyl acetate and washed with water and
Dbrine. After conceniration, the residue was recrystallized (ediy] acetatey petrotium ether)
to give 0.40 g of methyl{3,5-diisopropyl-4-|3-hydroxy-4-nitropbenosyjphenyl)
propionate.

(h) Methyl(3.5-diisopropy!-4-[3-hydroxy-4-nittophenoxy]phenyl) propionate (4.30 ),
meihano! (10 mL), paliadium en carbon {10 %) and 1-2 atmospheres of bydrogen gas
was stirred al toorg temperatuge for 4 hours. After filtration, 0.28 g of
methyl{3,5-diisopropyl-4- |4-amino-3-hydroxyphenoxy]phenyl) propionate was
obtained.

(i) Chloroacetyl chloride (0.033 mL) was added dropwise to an jve-cooled mixfure of
methyl(3,5-diisopropyl-4-{4-amino-3-hydronyphenoxy) phemyl} propionate (0.15 g),
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sodinm hydrogencarbonate (0.1 ) and diorane (3 ). The reaction mixtare was
stimed a1 xoom temperature for 40 minutes and water {1 mL) was added. This gave a
mixtuxe of 3,5-diisopropyl-4-(7-2H-1 4-benzoxazinoxy- 3(4H)-one)phenylpropionic
aciel and retbyl(3,S-dijsopropyl-d-[ 7-2H- 1 4-benzoxazinory-3(4H)-enelphenyl)
propionate, The propionic acid was re-ssterfied by using the same procedure as
described in Example 32(g). Afier purification of the collected methyl ester on coluran
{ethy] acetate/petrolium ether, 4:1), 55 mg {34 %) of
methyl(3,5-diisapropyl-4-[7-2H-1.4-benzoxazinoxy-3(4H)-one}phenyl) propionate was
obtained. The methyl ester was hydrolyzed by using the procedure described in

Example 1{i).
Ge; dedures for the preparation of Examples 33-

Four different methods (A-1)), were used for the preparaiion of the Examples. The
mothod is indicated in the table below. All examples were hydrolysed and purified by
the general procedures given below.

Method A: The appropriate carbaxylic acids (3 equivalents) were placed in sepatate
reaction vessels. To each reaction vessel was added a solution consisting of
1-hydroxybenzo- triazole hydrate (1.7 equivalents),
3-ethyl-1-[3-(dimethylaminceipropyl]carbodiimide hydrochioride(l .4 equivalents) and
dickdoromethane (1.0 mL), and the mixture was sticred under argon at room
tetmperature for one hour. A sohutien of Example () or the methyl ester of Example 2
in dichlorpmethane (1 mL) was added to each reaction vessel, the vessels were sealed

and siirred under argon at 40°C for 18 hours.

Method B: In analogy with Method A, but after 18 bowrs benzotriazole-1-yl-ony-
tris-pyrrolidine phosphonivum hexatlnorophosphate (1.1 equivalents) in
dichloromethane (0.5 mL) was added to cach vessel,
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Method C: The appropriate sulforyt chloride £3.0 equivalents) were placsd in sepamate
reaction vessels. To cach reaction vessel was added pyridine (1 1nL) in dichloromethane
(8.5 L), A salution of Exanaple 1(f} or the methyl ester of Example 2 in
dichloromethane (1 mL) was added to cach reaction vessel, the vessels were sealed and

stirred under Argon at 40°C for 18 howrs.

Mathod D: The appropriats isocyanaie (1.5 equivalents) in dichloromethane (1.0 mL)
were placed in separate reaction vessels. A solution of Example 1{1) in dichloromethune

(1 mL) was added to cach reaction vessel, the vessels were sealed and siimed under

. Argon at 40°C for 18 hours

Deprotection: On. completion of reaction, the solvent was concenirated, the residue
dissolved in methapol {{mL) and sodium hydroxide (6 M, 0.5 mL) was added. The

reaction mixture was stired at 40°C for 24 hours.

Wark up procedure: The reaction rzixture was concenfrated, the residne dissolved in a
mixture of acetonitrile, methanol and water and subjected semi-prep HPLC, using
gradient elution {Eluents: Solvent A: 10% acetonitrile + 10 mmol fornie acid, Selvent
B: acetonittile + 10 mmol forntc acid: Gradient: D-1 min 90 % A, 1-7 min to [0 % B,
7-9 min 100 % B, 9-10 min retum to 10 % A.; Column: Zorbax-Cy-5p-21,5x50, flow
25 mL/miaute).

H
R[-—Q*N—Q—O CILCOH

Example Method Ry-Q- Rz MS Yiel HFPL
d
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9

45

21

24

23

20

6.22

477

5.69

6.07
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U ¥ield (%%) valculated from starting myaterial.
D Retention tines in mimmtas, measursd by using the same eluent a3 described for the
putification step, but with u Zorbax-Ce-5p-4.6x50 mm, flow 3mi/min,

Fzample §1
3,5-Dichloro-4-[3-((E)-2-carboxyvinyl)-4-isobutyramidophenoxy]phenylacetic acid

10 {a) A mboure of mcﬁyl[3,S—dichloro-4—(3—3)_1’Dn1&4—isohutymmjdnphenuxy} phenyl}
acetate (48 mg, 0.1 mmol), ethyl acrylate (50 mg, 0.5 mmol), palladium acetate (2.3
mg, 0.01 mmol), i-o-tolyl phesphine (6.7 mg , 0.022 mrool), triethyl amine {40 mg,
0.4 mmol) in DMF (3 ral} was degassed under a nitrogen flew for 2 minutes. The
reaction mixture was stitred and heated at 120°C for 20 hours. The reaction mixture

15  was allowed to cool down to toom termperature: and povred into an agueous solution nf
hydrachlorie acid (IMN). The aqueous layer was extracted with ethyl acetate, and the
combined orpanic layers was washed with water, dried over Mg80,, tiliered, and
concenirated at reduced pressure. The residue was purificd on columa (silica gel,
gradient: from n-heptanefethyl aceiate 1:9 to n-heptane/cthy] acetate 3:7) o give 16 mg

20  of methyl{3,5-diehloro-4-[3-{{()-2-carboxyviny))-
4-isobutyramidophenoxylphenyljacefate, m/z 494.

{b) Methyl{3,5-dickloro-4-] 3-((E}-2-carhoxyvinyl)-d-isobutyramidophenoxy]-

phenyl}acetate(10 mg, 0.02 smmoi), LIOH (2 mL, IN) and THE (1 mlL) was stioed at
25 toom temperamire for 16 hours. The reaction mixture was poured into an aqueons

solution of Iydrochlorie acid (1N} The aqueous layer was extracted with ethyl acetate,

and the cormbined ovganic tayors was washed with water, dried over MgS0,, filtered,

and concentrated at reduced piessure o give 3.2 mp (35 %) of

3,5-dchloro-4-{3 ((B)-2-carboxyvinyl)-4-isobutyr- amidephenciylphenylacetic acid,
0 mfzdi

JP 2004-501132 A 2004.1.15
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The compounds of Examples 1-81 exhibit binding affinities to the thyroid receptor beta
in the range of [Cs of 0.2 16 10000 nhf.

JP 2004-501132 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 0148256

15

20

25

(133) JP 2004-501132 A 2004.1.15

PUTIEPOTNGRIS

71

CLATMS

Cornpounds of the general foriula:

Ry
e e
Ry Ry

Structure 1
or pharmacentically accoptable salts thereof, wherein:

R, is selected from Ceys éryl; Cons hieteroaryl, Cian alkyl; Coon alkenyli Coao
alleynyl; Ca.s eveloalkyl, said allyl, alkeny), alkynyl, cycloalkyl, being
optionally subsiituted wiih 1, 2 or 3 groups B which groups rmay be the samne
or different, said aryl and heteroaryl being optionnlly substituted with 1, 2 or 3

oraups RY which groups may he the same or different;

Rais seleeted from hydrogen; halogen; -O,; ~CN; Ce.po aryl; Csrp heteroaryl;
Cyn alkyl; Cas cycloalkyl; Ca.o alkenyl; Cae alkynyl, said alkyl, cycloalkyl,
alkenyl, alinyl aptionally substituted with T, 2 or 3 groups R*which groups
may be the same or different, said aryl, beteroaryl optionally substitated with
1,2 or 3 groups of RY which groups may be the same or diffetent;

Ry can be linked through the available atoms to position Ry, thus forming an
aza containing Cs-Cy heterocyelic ring, saturated or partially unsaturated, and
opiiepally substituted with 1, 2 or 3 groups of R which groups may be the

same o different;

Q is selected from ~CO-; -80-; -80y; -NHCS- or -NRCO-;
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B, and Ry ate independently selected from: haloger, Cus alkyl; Cs4 cycloallyl;
Ca., alkenyl; and Ca.s alkyny), said alkyl, cyeloalleyl, alkenyl, alkynyl, or a
boisosteric equivalent thereot'and optionally substitated with 1, 2 or 3 groups

RY which groups may be fhe same or different;

Z is selected feom: -(CHa)y; -CH=CH-~; -O(CHz ) and -NH(CHy)on-;
ais0,1,20r3,;

mis 1 or2;

Rs is independently selceted frow: carboxylic acid {-CO:H); phosphonic acid
{(-PO{OR)); phosphaniic acid (~PO(CHINHY); sulphonic aeid (-5(L,0H);
hydroxamic acid (-CONHOH); oxamic acid (-NHCOCO,H); malonamic acid
(-NHCOCH:COH); acylsulphonamide (-CONTISC,R); and a carboxylic acid
amids {-CONR’R’'*) where the amine portion of the amide is derived either
from a L or D o-aming acid, or frem a mixtare of L and D of-aminoacid
stercaisomers such that the general structure ~-CONR'R’’ can be represented
by:

o mt
"!‘:JL)I\!LCGDH

&
R* j5 any of the side chains found in the naturalty oceuring o-zmino acids,
including fhose examples wherein R und R¥ are connceted t0 form. 4 to
8-membered rings (such as when R™ and R* comprise conseoutive -(CHaj-

groups to form proline or homoproline);
or any other passilie bicisosterls equivalent of all the groups above;
7 is selocted from: hydropen; halogen; -CN; -CCuH; ~CHO; -NOg; Cop 2xyl;

Cs.ro heteroaryl; Crs alkoxy; Coy alkenoxy; Czs alkynoxy; Cee atyloxy; Csre
heteroaryloxy; Cre alkylthio; Cos alkenyithio; Cay alkynylthio; Coy arylthio;

JP 2004-501132 A 2004.1.15
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Cs.qo heteroarylthio; -N(C.s alkylz -NH(Cy.6 allyl); -N(Ca.c alkenylls;
NE(Cs6 alkeenylyy N{Ceo syl “NE(Cap axy!); -N(Cae heteroaryl)y
MH(Ce.o heteroaryl); -N{Cys alkyl}{Cos alkenyl); -N(Ch.e alkyl)(Cayo aryl);
SN{Ch.s alkyIH(Cs10 heteroaryll; N Cralieny [(Ceo aryl); -N(Cas
alkenylCs.1p heteroaeyl); -N(Cao aryl)(Cs.o heteroaryl) or a binisostetic

equivalent thereof;

RYis selected from: hydrogen; halogen; -CIN; -C0-H; -CHQ; -NOg; -0H; Cyy
slicyl; Caoy alkenyl; Coy slkynyl; €y alkoxy; Coa alkenoXy; Coy alkynoxy;

Ce 1o aryloxy; Cs.yy beteroaryloxy; Cua allylihio: Cha alkenylthio; Czq
alkynylthio; Cs.po arylthio: Ce.e hetercaryithio; -I(Cis alkylia -WH(C 5 allyly;
“NECog alkenyl)s; “NE(Cas alkenyTy, -N(Co.ip aryl)e; “-NH{Co.10 a1yD); -N{Cs0
heteroaryl)s; -NH(Cyao heteroaryly, N(Crs alky)(Crs alkenyl); -N(C

Al (Co.10 arylh; -N(Ch.s 2lkyE{Conp heteroaryl); M Cou alkenylX Cao aryl);
SM{Cy 4 alkeny D Cs o heteroaryl); -N{Crn 1y1){Csp hetercaryl) or a
binisosteric equivalent thereof;

Re is selected fram: hydrogen; Crs alkyl; Ca. alkenyl; Cr.¢ alkynyl ora

binisosteric equivalent;

R js selected from: hydrogen; halogen, or u bicisostetc equivalent;
Included for the variables above are all the possible sterecisomers thergof,
Inchuded for the variables above ate also prodruyg ester forms thereof;

Included for the variables above are also all pharmaceutically accoptable salts

thereof.

The compounds as defined in claim 1 wherein:
R, is selected from Caye aryl, Cos heteroaryl, Crae alkyl, Capp alkenyl or Cang
alkynyl or Cayp cyclealloyl;

JP 2004-501132 A 2004.1.15
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Rois selected from hydrogen, balogen, Caao 8yl ov iy alicyl;
s and Ry 15 selected from halogen and C,; alkyl;
Z is {CHy),~ or -CH=CH-;
Ry is -COH or 2 carboxylic zcid amide -COR'R.

The compounds as defined it claim 1 wherein:

Ry is selected from Ceag wryl, Csg beteroaryl, s aligpl, Caalkenyl or Co o
allcynyl or T cycloalkyly

Ra is selected from hydrogen, halegen or Co alloyl;

Ry and R, js selected from chloring,

Z is «(CHz)w or -CH=CH-,

Rs is ~COH;

R" is hydrogen, halogen, -COH, Co aryl, -N{Ci.. alleyl}z;

R® is hydrogen, halogen, -CQuEL, Cru alkoxy, -MN{(C) alkyl)s;

nis ! erl.

The compounds as defined in clain 1 wherein:

R, is selected from: Cy g alkyl

R is selected from: hydrogen, halogen or Cy allyl;
R; and R, is sclected from chlorine;

Z is (CHa)y or -CH=CH-

Rs {5 -COH;

R 13 hydrogen ur fluorine;

pis1orz;

Qis-C0-.

A compound aceording to any one of claims 1 to 4, which have one or more
assymetric centers and can exist in the form of tacemates, single and multiple
enantiomers, as individual diastereomers, with all possible isomers, and

mixtures thereof.
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The compomnds as defined in Clabm 1-5 which is:
3,5-Dichlore-4-(3-bromo-4-isobufyramidophenoxy)pkenylacetic acid;
3,5-Dchloro-4-{4-isehutramidophenoxylphenylacetic acid;
3,5-Dichlore-4-¢3-phenyl-4-isobutyramidophenoacy)phenylacetic acid;
3, 3-DHehloro-4-(3-brome-4- 3-methylerotopylzmida Iphenoxy)phenylacetic
acid;
3,5-Dichlore-d-(3-isoprepylidene-1,3-dibydre-2-oxy-3-indoloxy)phenylacetic
acid
3,5-Dichloro-4-(3-isapropyl-1,3-dikydro-2-oxy-5-mdoloxy)phenylacetic acid;
3,5-Dichinro-4-(3-brama-4-acetamidophenoxyiphonylacetic acid
3,5-Dichloro-4-(4-acetamido-3-phenylphonoxy)pherylacetic acid;
N-[3,5-dichioro-4-(4-isobutyramidophenoxy)phenylacetyllglyeine;
L-N-|3,5-dichloro-4{4-isobutyramidophencxy)phenylacetylalanine;
L-W-[3,5-dichioro-4-(4-isobylyramidephenoxy)phenylacetylJvaline;
N-[3,5-dichloro-4-(4-iscbutyramido-3-bromophenoxyjphenylaceiyl] glycine;
L-Wietlayl-N-[3,5-dichloro-d-{4-isobutyramido-3-bromephenowy)phenylacetyl]-
alatine;
L-N-[3.5-Dichloro-4-(4-isebutyramido-3-romophenaxy)phenylacatyl Jvating,
3,5-Dichlore-4-(4-isobutyramido-3-methylphenoxy)phenylacetic acid;
3,5-Dichloro-4-(4-tiifluorcacstamido- 3-bromophenoxy)phenylacetic acid;
3,5-Dichioto-4-(4-[2-chloropropionamide]-3-bromephenoxy)phenylacetic
acid;
3.5-THehloro-4-(4-p-fluorobemeamido-3-bromophenoxyiphenylacetic acid;
3,5-Dichloro-4-{4-isobutyramide-3-triftucrometiylphenoxy)phenylacetic acid;
3,5-Dichloro-4-{3-chloro-4-isobutyramidophenoxyphenylacetic acid;
3,5-Dichloro-4-(1,3~diliydro-2-oxy-5-imidazoloxy)phenylacetic acid;
3,5-Dichloro-4-(3-bronw-4-isobutyramidephenoxy)phenylcinnamic acid;
3,5-Dichloro-4-{3-broma-4-] 2-chloropropicnamidolphenoxy)phenylcinnansic
acid;

3.5-Dichlore-4-{3-bromo-d-isoburyramidophenoxy)phenylpropionic acid;

JP 2004-501132 A 2004.1.15
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3,5-THchloro-4-(3-brome- 4-p-fluctobenzanyidophenoxy)phenylpropionic
acid;
1,5-Dichloro-4-{3-bromo-4-( 2-chioropropionammidojphenoxy)phenylpropionic
acid;
3,3-Dichloro-4-(4-isobutyramidoplenoxy)phenylpropionic acid;
3,3-Dichloro-4-(4-[2-chleropropionamideIphencxy)phenylcintamic acid;
3,5-Dibrome-4-{3-methyl-1,3-dihydro-2-oxy-5-indoloxy)phenylcimmamic acid;
3,5-Dibromo-4-{3-methyl-1,3-dihydro-2-oxy-5-indoloxyiphenoxyncetic acid;
3,5-Diisopropyl-4-(7-2B-1,4-bensoxazinoxy-3(4H}-one)pkeaylpropionic ecid;
3,5-Dichlare-d-[3-({F)-2-carboxyvinyl)-4-isebutyramidopbenoxy]phenylacetic
acid;
3,5-Dichlore-4-(3-bromo-4-isobutyramidephenoxy)benzoyl
phenylsulfonamide;

and the compounds showed ir the table betow,

Ry ol
et pod oo
£

B,-0- Ra
] .
& H
(s}
.
o5 3 H
do

Mo
o't
H
B
Q/II‘}L H
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a4,
O

P 4 ]

Al

(S

7. A compound aecording to any one of claims 1 to 6 for use in medical therapy.

8. A pharmaceutical composition comprising an effective amount of a compaund
aceording to claim 1 to 6 or a pharmaceatically offective salt thercof, togsther

witha phammaceutically acceptable cacrier,

9 A process for making a pharmaceutical composition comprising combining 2
cotpound aceording to any one of ¢laims 110 6 and a pharmaceutically

acceptable carrier.

10. A method for preventing, inhibiting or treating a disease dependent on
15 the expression of & Ts regulated gene or associated with metabotic dysfimetion,
which method comprises administoring to a patient a therapeutically effective

amount of a compound as defined in cliims 1 to 6.
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The method as defined in olaim 10, wherzin the disease is obesity,
hypercholcsteralemia, atherozclerosis, depression, osteoporosis,
hypothyroidism, poiter, thyrold cancer, glancoma, cardiac arrhythmia,

congestive bieart failure, or a skin disorders or disease.

The method avcording to claim 11, whercin the skin disorder or discase is
dermal atrophy, post surgical bruising caused by laser resurfacing, keloids, siria,
cellulitc, roughened skin, actitic skin damage, lichen planus, ichtyosis, acne,
psoriasis, Demier’s disease, eczema, atopic dermatitis, chloracne, pitydasis

and skin scarring,

The use af a compound accerding to claims 1 to 6 in the preparation of a
medicament for the treatmant of a disease or disorder Which ig

dependent on the expression of a Tx regulated gone.

The usc of & compound accerding to ¢laims 1 to & in which the disease or
disorder is obesity, hypercholesterolemia, atherosclerasts, depression,
osteoporosis, hypothyroidism, goiter, thyroid cancer, or another endocrine

disorder related to thyreid honmone.

The use of 2 componnd according to claims 1 to 8 in which the disease er
disorder is a skin disorder, glaticoma, cardicvaseutar disease, or congestive

heart failors.

The use according to chaim 15, wherein the skin disorder or disease is dermal
atrophy, post surgical bruising cansed by laser resurfacing, keloids, siria,
cellulite, roughened skin, actinic gkin damage, lichen pignus, ichtyosis, avne,
peoriasis, Dernters discuso, eczema, atopic dermalitis, chlotacne, pityriasis and

skin scarting.

A method to treat a skin disorder or disease by the use of a compownd of

claims 1 to 6 in a combination with a retinoid or a Vitamin D analog.

JP 2004-501132 A 2004.1.15
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