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4-(PHENOXYALKYL)THIO)-PHENOXYACETIC ACIDS AND ANALOGS

CROSS-REFERENCE TO RELATED APPLICATIONS

This Application claims priority to United States Provisional Patent Application
No. 60/609, 967, filed September 15, 2004, which is hereby incorporated by reference in
its entirety.

Field of the Invention

The invention features 4-((phenoxyalkyl)thio)-phenoxyacetic acids and

analogs, compositions containing them, and methods of using them.
Background

The peroxisome proliferator-activated receptors (PPARs) are metabolic

sensors regulating the expression of genes involved in glucose and lipid

homeostasis. Agonists of the PPARa subtype, such as LOPID® (gemfibrozil)
and TRICOR® (fenofibrate), and agonists of the PPARYy subtype, such as

AVANDIA® (rosiglitazone maleate), are used for the treatment of dyslipidemia

and diabetes, respectively. Another member of this nuclear receptor family, the
peroxisome proliferator-activated receptor delta (PPAR delta or PPARY) is also a

necessary transcription factor reported to be involved in regulating genes
involved in lipid metabolism and energy expenditure. PPAR delta has been
shown to act as a “gateway” receptor modulating the expression of the other
PPARSs (Shi et al., 2002, Proc Natl. Acad. Sci USA, 99(5): 2613-2618). Each

receptor subtype has a distinct tissue distribution: 1) PPARa shows the highest

expression in liver, 2) PPARy appears primarily in adipose tissue, and 3) PPARoS

has the widest distribution -- ubiquitously in édult rat (Braissant et al., 1996,

Endocrinology 137(1): 354-366) and in all the human tissues tested to date,
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including liver, kidney, abdominal adipose and skeletal muscle (Auboeuf et al.,
1997, Diabetes 46(8):1319-1327).

The peroxisome proliferator-activated receptor alpha (PPAR alpha or

PPARG0) is a necessary transcription factor regulating genes relating to fatty acid

metabolism and insulin action. The genes regulated by PPAR alpha include
enzymes involved in the beta-oxidation of fatty acids, the liver fatty acid transport
orotein, and apo A1, an important component of high density lipoproteins (HDL).
Selective, high affinity PPAR alpha agonists increase hepatic fatty acid oxiaation,

which in turn decreases circulating triglycerides and free fatty acids.

Examples of known PPAR alpha agonists variously useful for
hyperlipidemia, diabetes, or atherosclerosis include fibrates such as fenofibrate
(Fournier), gemfibrozil (Parke-Davis/Pfizer, Mylan, Watson), clofibrate
(Wyeth-Ayerst, Novopharm), bezafibrate, and ciprofibrate and ureidofibrates
such as GW 7647, GW 9578, and GW 9820 (GlaxoSmithKline).

Diabetes is a disease caused, or contributed to, by multiple factors and
characterized by hyperglycemia which may be associated with increased and
premature mortality due to an increased risk for microvascular and
macrovascular diseases such as nephropathy, neuropathy, retinopathy,
atherosclerosis, polycystic ovary syndrome (PCOS), hypertension, ischemia,
stroke, and heart disease. Type | diabetes (IDDM) results from genetic
deficiency of insulin, the hormone regulating glucose metabolism. Type ||
diabetes is known as non-insulin dependent diabetes mellitus (NIDDM), and is
due to a profound resistance to insulin regulatory effect on glucose and lipid
metabolism in the main insulin-sensitive tissues, i.e., muscle, liver and adipose
tissue. This insulin resistance or reduced insulin sensitivity results in insufficient
insulin activation of glucose uptake, oxidation and storage in muscle and
inadequate insulin repression of Iipolysi's in adipose tissue as well as glucose

production and secretion in liver. Many Type |l diabetics are also obese, and
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obesity is believed to cause and/or exacerbate many health and social problems
such as coronary heart disease, stroke, obstructive sleep apnoea, gout,
hyperlipidemia, osteoarthritis, reduced fertility, and impaired psychosocial

function.

A class of compounds, thiazolidinediones (glitazones), have been
suggested to be capable of ameliorating many symptoms of NIDDM by binding {o
the peroxisome proliferator activated receptor (PPAR) family of receptors. They
increase insulin sensitivity in muscle, liver and adipose tissue in several animal
models of NIDDM resulting in correction of the elevated plasma levels of glucose,
triglycerides and nonesterified free fatty acids without any occurrence of
hypoglycemia. However, undesirable effects have occurred in animal and/or

human studies including cardiac hypertrophy, hemadilution and liver toxicity.

' Many PPARy agonists currently in development have a thiazolidinedione

ring as a common structural element. PPARy agonists have been demonstrated
to be extremely useful for the treatment of NIDDM and other disorders involving
insulin resistance. Troglitazone, rosiglitazone, and pioglitazone have been
approved for treatment of Type Il diabetes in the United States. There is also
some indication that benzimidazole-containing thiazolidinedione derivatives may
be used to treat irritable bowel disorder (IBD), inflammation, and cataracts (JP
10195057).

Cardiovascular disease (CVD) is prevalent in the world and is often
associated with other disease states such as diabetes and obesity. Many
population studies have attempted to identify the risk factors for CVD; of these,
high plasma levels of low density lipoprotein cholesterol (LDL-C), high plasma
levels of triglycerides (>200 mg/dl), and low levels of high density lipoprotein
cholesterol (HDL-C) are considered to be among the most important. Currently,

there are few therapies targeting low HDL-C and triglycerides.
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Recently, potent ligands for PPARS have been published, providing a
better understanding of its function in lipid metabolism. The main effect of these
compounds in db/db mice (Leibowitz et al., 2000, FEBS Lett. 473(3):333-336)
and obese rhesus monkeys (Oliver et al., 2001, Proc. Natl. Acad. Sci. USA
08(9):5306-5311) was an increase in high density lipoprotein cholesterol (HDL-C)
and a decrease in triglycerides, with little effect on glucose (although insulin
levels were decreased in monkeys). HDL-C removes cholesterol from peripheral
cells through a process called reverse cholesterol transport. The first and
rate-limiting step, a transfer of celiular cholesterol and phospholipids to the
apolipoprotein A-l component of HDL, is mediated by the ATP binding cassette
transporter A1 (ABCA1) (Lawn et al., 1999, J. Clin. Investigation 104(8):
R25-R31). PPARS activation has been shown to increase HDL-C level through
transcriptional regulation of ABCA1 (Oliver et al., 2001, Proc. Natl. Acad. Sci.
USA 98(9): 5306-5311). Through induction of ABCA1 mRNA expression in
macrophages, PPARS agonists may increase HDL-C levels in patients and
remove excess cholesterol from lipid-laden macrophages, thereby inhibiting the
development of atherosclerotic lesions. Existing therapy for

hypercholesterolemia includes the statin drugs, which decrease LDL-C but show
little effect on HDL-C, and the fibrates, the PPARa agonists that have low

notency and induce only modest HDL-C elevation. In addition, like the fibrates,

PPARS agonists may also reduce triglycerides, an additional risk factor for

cardiovascular disease and diabetes. Elevated free fatty acid level has been

“shown to contribute to insulin resistance and progression of diabetes (Boden, G.

PROCEEDINGS OF THE ASSOCIATION OF AMERICAN PHYSICIANS (1999
May-Jun), 111(3), 241-8).

Examples of known PPAR delta agonists variously useiul for
hyperlipidemia, diabetes, or atherosclerosis include L-165041 (Leibowitz et al.,
2000) and GW501516 (Oliver et al., Proceedings of the National Academy of
Sciences of the United States of America (2001), 98(9), 5306-5311). Treatment
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Treatment of differentiated THP-1 monocytes with GW501516 induced ABCA1

mRNA expression and enhanced cholesterol efflux from these cells.
Summary of the Invention

The invention features compounds of Formula (I) below:

OH R
Rs Rg sz/@&
Ra Ro R,

(1)

10 wherein

X is selected from a covalent bond, S, and O;

YisSorQO;
15

Z is O or CH,, provided when Y is O, then Z is O;

R+ and R, are independently selected from H, C1.3 alkyl, C4.3 alkoxy, halo,
and NR.R, wherein R, and Ry, are independently H or Cq.3 alkyl;

20
R; and R, are independently selected from H, halo, cyano, C1.5 alkyl,
hydroxy, Co.4 acyl, Cq.4 alkoxy, and NRcRq¢ wherein R and Ry are
independently H or C4.3 alkyl, provided that R3 and R4 are not both H;

25 Rs and R are independently selected from H, C1.g alkyl and substituted
Ci-s alkyl, provided that Rs and Rs are not both H;
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R~ is selected from H, halo, C_s alkyl, and phenyl;

Rs and Rg are independently selected from halo, phenyl, Cq-galkyl, C1.s
5 alkoxy, Co.g alkenyl, C2.¢ alkenyloxy, Ca.7 cycloalkyl, Cs.7 cycloalkoxy,
Ci.scycloalkyl-Cq.7alkyl, Ca.rcycloalkyl-Cq.7alkoxy,
'Cs.seycloalkyloxy-Cq.salkyl, and Ca.zcycloalkyloxy-C4.7alkoxy, or R and Rg
together form Cy.g alkylidenyl or C3.9 alkenylidenyl; or Rg, Ro and the
carbon atom to which they are attached together form C3.7 cycloalkyl or 5-

10 or 6-membered heterocyclyl;
nis 0, 1 or 2; and

mis 0, 1 or 2;
15

or a pharmaceutically acceptable salt thereof.

The invention also features compositions that include one or more
compounds of Formula () and a pharmaceutical carrier or excipient.
20

These compositions and the methods below may further include additional
pharmaceutically active agents, such as lipid-lowering agents or blood-pressure

lowering agents, or both.

25 Another aspect of the invention includes methods of using the disclosed
compounds or compositions in various methods for treating, preventing, or
inhibiting the progression of, a condition directly or indirectly mediated by PPAR
delta. Said condition includes, but is not limited to, diabetes, nephropathy,
neuropathy, retinopathy, polycystic ovary syndrome, hypertension, ischemia,

30 stroke, irritable bowel disorder, inflammation, cataract, cardiovascular diseases,

Metabolic X Syndrome, hyper-LDL-cholesterolemia, dyslipidemia (including
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hypertriglyceridemia, hypercholesterolemia, mixed hyperlipidemia, and
hypo-HDL-cholesterolemia), atherosclerosis, obesity, and other disorders related

to lipid metabolism and energy homeostasis complications thereof.

One embodiment of the present invention is a method for treating a PPAR
mediated condition, such as a PPAR delta-mediated condition and optionally one
or more PPAR alpha- or PPAR gamma-mediated conditions, which PPAR alpha-
or PPAR gamma-mediated condition(s) may be the same as or different from
said PPAR delta-mediated condition, said method comprising administering to a
patient in need of treatment a pharmaceutically effective amount of a compound

or composition described herein.

Another embodiment of the present invention is a method for inhibiting the
onset and/or inhibiting the progression of a PPAR delta-mediated condition, said
method comprising administering to a patient in need of treatment a
pharmaceutically effective amount of a compound or composition described

herein.

Examples of conditions that can be treated with a PPAR-delta agonist
include, without limitation, diabetes, cardiovascular diseases, Metabolic X
Syndrome, hypercholesterolemia, hypo-HDL-cholesterolemia,
hyper-LDL-cholesterolemia, dyslipidemia, atherosclerosis, and obesity.
Dyslipidemia includes hypertriglyceridemia, and mixed hyperlipidemia. For
example, dyslipidemia (including hyperlipidemia) may be one or more of the
following conditions: low HDL (< 35 or 40 mg/dl), high triglycerides (> 200
mg/dl), and high LDL (> 150 mg/dl).

Examples of conditions that can be treated with a PPAR alpha-agonist
include Syndrome X (or Metabolic Syndrome), dyslipidemia, high blood pressure,

obesity, impaired fasting glucose, insulin resistance, Type |l diabetes,
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atherosclerosis, hypercholesterolemia, hypertriglyceridemia, and non-alcoholic

steatohepatitis.

Additional features and advantages of the invention will become apparent

from the detailed discussion, examples, and claims below.
Detailed Description

The invention features compositions containing compounds of Formuila (1)

in the above Summary section, and methods of using them.

Preferred compounds of the invention are PPAR delta agonists that have
at least one and preferably two or three of the following characteristics when
administered to patients with hypercholesterolemia, hypertriglyceridemia,
low-HDL-C, obesity, diabetes and/or Metabolic X Syndrome: 1) increasing
HDL-C level, 2) lowering triglycerides, 3) lowering free fatty acids, and 4)
decreasing insulin levels. Improvement in HDL-C and triglyceride levels is
beneficial for cardiovascular health. In addition, decreased level of triglycerides
and free fatty acids contributes to reduce obesity and ameliorate or prevent

diabetes.

According to one aspect of the invention, the compounds of the invention
are dual PPAR compounds; in other words, they are both PPAR delta agonists
and PPAR alpha agonists, preferably where the compound’s ECso potency

relating to PPAR delta is less than 0.2 uM and the potency relating to PPAR
alpha is less than 3 uM. For example, more preferred dual PPAR alpha-delta
agonists are those compounds having an ECso potency relating to PEAR delta

that is less than 0.03 uM and where the potency relating to PPAR alpha is less
than 1 uM.
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According to another aspect of the invention, the compounds of the
invention are pan-PPAR agonists, namely, compounds having PPAR alpha,

PPAR delta, and PPAR gamma agonist activity, preferably where the ECso
potency for PPAR delta is less than 0.2 uM; the potency for PPAR alpha is less

than 3 uM; and the potency for PPAR gamma is less than 1 uM. More preferred
pan-PPAR agonists have an ECsy potency for PPAR delta that is less than 0.03
uM; a potency for PPAR alpha that is less than 1 pM; and a potency for PPAR

gamma that is less than 0.7 pM.

PPAR delta, being ubiquitously expressed, can act as a gateway receptor
that regulates the expression/activity of other nuclear receptors such as other
PPARs. For instance, PPAR delta has been shown to block PPARy-mediated
adipogenesis and acyl-CoA oxidase expression; it has also been shown to be
associated with the nuclear receptor corepressors SMRT (silencing mediator for
retinoid and thyroid hormone receptors), SHARP (SMART and histone
deacetylase-associated repressor protein), and HDACs (histone deacetylase).
Thus, conditions directly mediated by these nuclear receptors, such as obesity
and Type Il diabetes, can be indirectly mediated by PPAR delta (See, for
example, Shi et al., 2002, Proc Natl. Acad. Sci USA, 99(5). 2613-2618).

Some aspects of the invention relate to treating hypertriglyceridemia,
raising levels of HDL, lowering levels of LDL, and/or lowering total cholesterol.
Preferably, the methods of treatment are associated with improvements in the

extent, duration, or degree of side effects, such as edema, normally associated

with other existing therapies.

The invention is further described below. The specification is arranged as
follows: A) Terms; B) Compounds; C) Synthesis; D) Formulation and
Administration; E) Use; F) Biological Examples; G) Other Embodiments; and

claims.
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A. Terms

The term “subject’ as used herein, refers to an animal, preferably a
mammal, most preferably a human, who has been the object of treatment,

observation or experiment.

The term “therapeutically effective amount” as used herein, means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human that is being sought by a
researcher, veterinarian, medical doctor or other clinician, which includes
alleviation, prevention, treatment, or the delay of the onset or progression of the

symptoms of the disease or disorder being treated.

Conditions directly or indirectly mediated by PPAR delta include, but are
not limited to, diabetes, cardiovascular diseases, Metabolic X Syndrome,
hypercholesterolemia, hypo-HDL-cholesterolemia, hyper-LDL-cholesterolemia,

dyslipidemia, atherosclerosis, and obesity.

For therapeutic purposes, the term “jointly effective amount” as used
herein, means that amount of each active compound or pharmaceutical agent,
alone or in combination, that elicits the biological or medicinal response in a
tissue system, animal or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician, which includes alleviation of the
symptoms of the disease or disorder being treated. For prophylactic purposes
(i.e., inhibiting the onset or progression of a disorder), the term “jointly effective
amount” refers to that amount of each active compound or pharmaceutical agent,
alone or in combination, that treats or inhibits in a subject the onset or.
progression of a disorder as being sought by a researcher, veterinarian, medical
doctor or other clinician. Thus, the present invention provides combinations of
two or more drugs wherein, for example, (a) each drug is administered in an

independently therapeutically or prophylactically effective amount; (b) at least

10
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one drug in the combination is administered in an amount that is sub-therapeutic
or sub-prophylactic if administered alone, but is therapeutic or prophylactic when
administered in combination with the second or additional drugs according to the
invention; or (c) both (or more) drugs are administered in an amount that is
sub-therapeutic or sub-prophylactic if administered alone, but are therapeutic or

prophylactic when administered together.

Unless otherwise noted, as used herein and whether used alone or as part
of a substituent group, "alkyl" and "alkoxy" include straight and branched chains
having 1 to 8 carbon atoms, such as C1.6, C1.4, C3.3, C2.5, Or any other range, and
unless otherwise noted, include both substituted and unsubstituted moieties. For
example, C1.galkyl radicals include methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, t-butyl, n-pentyl, 3-(2-methyl)butyl, 2-pentyl, 2-methylbutyl,
neopentyl, n-hexyl, 2-hexyl and 2-methylpentyl. Alkoxy radicals are formed from
the previously described straight or branched chain alkyl groups. “Alkyl” and
"alkoxy" include unsubstituted or substituted moieties with one or more
substitutions, such as between 1 and 5, 1 and 3, or 2 and 4 substituents. The
substituents may be the same (dihydroxy, dimethyl), similar (chloro, fluoro), or
different (chlorobenzyl- or aminomethyl-substituted). Examples of substituted
alkyl include haloalkyl (such as fluoromethyl, chloromethyl, difluoromethyl,
perchloromethyl, 2-bromoethyl, trifluoromethyl, and 3-iodocyclopentyl),
hydroxyalkyl (such as hydroxymethyl, hydroxyethyl, 2-hydroxypropyl), aminoalkyi
(such as aminomethyl, 2-aminoethyl, 3-aminopropyl, and 2-aminopropyl),
alkoxylalkyl, nitroalkyl, alkylalkyl, cyanoalkyl, phenylalkyl, heteroaryialkyl,
heterocyclylalkyl, phenoxyalkyl, heteroaryloxyalkyl (such as 2-pyridyloxyalkyl),
heterocyclyloxy-alkyl (such as 2-tetrahydropyranoxy-alkyl), thioalkylalkyl (such as
MeS-alkyl), thiophenylalkyl (such as phS-alkyl), carboxylalkyl, and so on. A di(C
.3 alkyl)amino group includes independently selected alkyl groups, to form, for
example, methylpropylamino and isopropylmethylamino, in addition dialkylamino
groups having two of the same alkyl group such as dimethyl amino or

diethylamino.

11
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The term “alkenyl” includes optionally substituted straight chain and
branched hydrocarbon radicals as above with at least one carbon-carbon double
bond (sp?). Alkenyls include ethenyl (or vinyl), prop-1-enyl, prop-2-enyl (or allyi),
isopropenyl (or 1-methylvinyl), but-1-enyl, but-2-enyl, butadienyls, pentenyls,
hexa-2,4-dienyl, and so on. Hydrocarbon radicals having a mixture of double
bonds and triple bonds, such as 2-penten-4-ynyl, are grouped as alkynyls herein.
Alkenyl includes cycloalkenyl. Cis and trans or (E) and (£) forms are included
within the invention. “Alkenyl” may be substituted with one or more substitutions

including, but not limited to, cyanoalkenyl, and thioalkenyi.

The term “alkynyl” includes optionally substituted straight chain and
branched hydrocarbon radicals as above with at least one carbon-carbon triple
bond (sp). Alkynyls include ethynyl, propynyls, butynyls, and pentynyils.
Hydrocarbon radicals having a mixture of double bonds and triple bonds, such as
2-penten-4-ynyl, are grouped as alkynyls herein. Alkynyl does not include

cycloalkynyil.

The term “Ac” as used herein, whether used alone or as part of a
substituent group, means acetyl (CH3CO—). The term “acyl” as used herein,
referes to a substituent that has a carbonyl group (C=0) and one or more alkyl or

alkylene groups. For example, C 2.4 acyl includes without limitation, acetyl ,
CH3CH, -(C=0)-CH2--, and CH3z CH2 CH2(C=0)--.

The term “halogen” or "halo" shall include iodo, bromo, chloro and fiuoro.

The terms “aryl” or "Ar" as used herein refer to an unsubstituted or
substituted aromatic hydrocarbon ring system such as phenyl and naphthyl. When
the Ar or aryl group is substituted, it may have one to three substituents which
are independently selected from C4-Cg alkyl, C1-Cg alkoxy, fluorinated C1-Cs alkyl

(e.g., trifluoromethyl), fluorinated C4-Cg alkoxy (e.g., trifluoromethoxy), halogen,

12
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cyano, C1-Cg alkylcarbonyl such as acetyl, carboxyl, hydroxy, amino, nitro, C1-C4
alkylamino (i.e., -NH-C4-C4 alkyl), C4-C4 dialkylamino (i.e., -N-[C4-C4 alkyl]>
wherein the alkyl groups can be the same or different), or unsubstituted, mono-,
di- or tri-substituted phenyl wherein the substituents on the phenyl are
independently selected from C4-Cg alkyl, C4-Cs alkoxy, fluorinated C4-Cs alkyl,
fluorinated C4-Cs alkoxy, halogen, cyano, acetyl, carboxyl, hydroxy, amino, nitro,
alkylamino, dialkylamino or five or six membered heteroaryl having 1-3

heteroatoms selected from N, O and S.

The term "heteroaryl" as used herein represents a stable, unsubsituted or
substituted five or six membered monocyclic or bicyclic aromatic ring sysiem
which consists of carbon atoms and from one to three heteroatoms selected from
N, O and S. The heteroaryl group may be attached at any heteroatom or carbon
atom which results in the creation of a stable structure. Examples of heteroaryl
groups include, but are not limited to, benzimidazolyl, benzisoxazolyl,
benzofuranyl, benzopyrazolyl, benzothiadiazolyl, benzothiazolyl, benzothienyl,
benzotriazolyl , benzoxazolyl, furanyl, furazanyl, furyl, imidazolyl, indazolyl,
indolizinyl, indolinyl, indolyl, isobenzofuranyl, isoindolyl, isothiazolyl, isoxazolyl,
oxazolyl, purinyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl,
quinolinyl, quinolyl, thiadiazolyl, thiazolyl, thiophenyl, or triazolyl. When the
heteroaryl group is substituted, the heteroaryl group may have one to three

substituents including, but not limited to, C1-Cg alkyl, halogen, and aryi.

The term “heterocyclyl” includes optionally substituted nonaromatic rings
having carbon atoms and at least one heteroatom (O, S, N) or heteroatom moiety
(SO,, CO, CONH, COO) in the ring. A heterocyclyl may be saturated, partially
saturated, nonaromatic, or fused. Examples of heterocyclyl include
cyclohexylimino, imdazolidinyl, imidazolinyl, morpholinyl, piperazinyl, piperidyl,

pyridyl, pyranyl, pyrazolidinyl, pyrazolinyl, pyrrolidinyl, pyrrolinyl, and thienyl.
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Unless otherwise indicated, heteroaryl and heterocyclyl may have a
valence connecting it to the rest of the molecule through a carbon atom, such as
3~furyl or 2-imidazolyl, or through a heteroatom, such as N-piperidyl or
1-pyrazolyl. Preferably a monocyclic heterocyclyl has between 5 and 7 ring
atoms, or between 5 and 6 ring atoms; there may be between 1 and 5
heteroatoms or heteroatom moieties in the ring, and preferably between 1 and 3,

or between 1 and 2 heteroatoms or heteroatom moieties.

Heterocyclyl and heteroaryl also include fused, e.g., bicyclic, rings, such
as those optionally fused with an optionally substituted carbocyclic or
heterocyclic five- or six-membered aromatic ring. For example, “heteroaryl”
includes an optionally substituted six-membered heteroaromatic ring containing
1, 2 or 3 nitrogen atoms fused with an optionally substituted five- or
six-membered carbocyclic or heterocyclic aromatic ring. Said heterocyclic five-
or six-membered aromatic ring fused with the said five- or six-memberea
aromatic ring may contain 1, 2 or 3 nitrogen atoms where it is a six-membered
ring, or 1, 2 or 3 heteroatoms selected from oxygen, nitrogen and sulfur where it

is a five-membered ring.

it is intended that the definition of any substituent or variable at a particular
location in a molecule be independent of its definitions elsewhere in that
molecule. It is understood that substituents and substitution patterns on the
compounds of this invention can be selected by one of ordinary skill in the art to
provide compounds that are chemically stable and that can be readily
synthesized by techniques known in the art as well as those methods set forth

herein.

Where chemical moieties are combined, such as in ethoxymethyl or
phenylethyl, the term is described in the direction from the periphery to the
connection point of the rest of the molecule. For example, ethoxymethyl is
CHsCH»OCH,- and phenylethyl is a phenyl group linked by -CH2CHz- to the rest
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of the molecule (and not a phenyl group linked to the molecule with a CHzCHz
group as a substituent on the phenyl.) Where parentheses are used, they

indicate a peripheral substitution.

As used herein, the term “composition” is intended to encompass a
oroduct comprising the specified ingredients in the specitfied amounts, as well as
any product which results, directly or indirectly, from combinations of the

specified ingredients in the specified amounts.

Compounds of the invention are further described in the next section.

B. Compounds

The present invention features compositions containing and methods of
using compounds of Formula (1) as described above. Unless otherwise noted, In
Formula (1), each hydrocarby! (alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyli, etc)
or heterocarbyl (heterocyclyl, heteroaryl, heteroatom moiety such as sulfonyl,
amino, amido, etc.) may be substituted or unsubstituted, for example, “alkyl’
includes substituted and unsubstituted alkyl and “heterocyclyl” and “aryl” and
“alkoxy” and so on, may also be substituted or unsubstituted. For example,
where Ry is “methyl or methoxy”, unless otherwise indicated, these terms
collectively include: methyl, methoxy, trifluoromethyl, trifluoromethoxy,
difluoromethyl, difluoromethoxy, fluoromethyl, fluoromethoxy,
chlorodifluoromethyl, chlorodifluoromethoxy, dichlorofluoromethyl, and

dichlorofluoromethoxy, and so on.

Examples include those compounds wherein: (a) Xis S or O; (b) X is a
covalent bond; (c) X is O; (d) Yis O; (e) Yis S; (f) Zis O; (g) Z is CH or CHz; (h)
mis 1: (i) mis 2; (k) nis 1; (I) R1 and Rz are independently selected from H, C1.3
alkyl, C1.3 alkoxy, F, Cl, and Br; (m) R4 and Rz are independently selected from H,

methyl, methoxy, F and Cl; (n) Rz and R4 are independently selected from H,
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halo, cyano, acetyl, C1.2 alkyl, and C1.2 alkoxy; (0) Rs is independently selected
from H, F, Cl, methyl, and methoxy; (p) R4 is independently selected from H,
halo, cyano, C1 alkyl, and C1.2 alkoxy; (q) Rs is independently selected from H,
halo, cyano, C1.z alkyl, and C4.2 alkoxy, and Rsls independently selected from F,
Cl, methyl, and methoxy; (r) Rs is selected from methyl, methoxy, H, Cl, Br, |, OH,
—CH(CF3),, CF3, —OCF3, —N(CHgs)2, —O—CH2COOH, and —COCH3, and Ry
is selected from H, Cl, and methyl; (s) Rs and Ry together form C4.g alkylidenyl or
Cs.9 alkenylidenyl, or Rg, Rg and the carbon atom to which they attach together
form Cs.7 cycloalkyl; (t) Rs and Rg are independently selected from halo, phenyl,
C1g alkyl, Cq.s alkoxy, Ca.g alkenyl, C2.g alkenyloxy, Cs.7 cycloalkyl, Cs.7
cycloalkoxy, Ca.zcycloalkyl-C1.7alkyl, Cs.7cycloalkyl-C1.7alkoxy,
Cs.7cycloalkyloxy-Cq.salkyl, and Cs.zcycloalkyloxy-Cq.7alkoxy; (u) Ra 1s selected
from H, F, Cl, methyl, and methoxy, and Rsis selected from F, Cl, acetyl, methyl,
methoxy, trifluoromethyl, trifluoromethoxy, difluoromethyl, difluoromethoxy,
fluoromethyl, fluoromethoxy; (v) R+ is selected from H, CF3, methyl, Cl, and
methoxy, and Rz is selected from H, Cl, and methyl; (w) Xis O and Y is O; (xX) £
is O and Y is O; (y) R is selected from H, CF3, methyl, Cl, and methoxy, R, is
selected from H, Cl, and methyl, Rs is selected from H, F, Cl, methyl, and
methoxy, and R; is selected from F, Cl, methyl, and methoxy; (z) Xis O, Y is O,
Rs is selected from H, F, Cl, methyl, and methoxy, and R4 is selected from F, Cl,
methyl, and methoxy; (z2) Zis O, Yis O, Rz is selected from H, F, Cl, methyl,
and methoxy, and R is selected from F, Cl, methyl, and methoxy; (aa) R is
selected from H, CF3, methyl, Cl, and methoxy, R: is selected from H, Cl, and
methyl, R is selected from H, F, Cl, methyl, and methoxy, R4 is selected from F,
Cl, methyl, and methoxy, and Rs and Rg together form Ci.9 alkylidenyl or Ca.o
alkenylidenyl, or Rg, Rg and the carbon atom to which they attach together form C
a7 cycloalkyl; (bb) Xis O, Y is O, Zis O, Rt Is selected from H, CF3, methyl, Cl,
and methoxy, Rz is selected from H, Cl, and methyl, Rs is selected from H, F, CI,
methyl, and methoxy, R; is selected from F, Cl, methyl, and methoxy, and Rs and
Rg are independently selected from halo, phenyl, C1.9 alkyl, C1.g alkoxy, Cz.9

alkenyl, C2.9 alkenyloxy, Cs.7 cycloalkyl, Cs.7 cycloalkoxy, Cs.7cycloalkyl-Cq.7alkyl,
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Ca.rcycloalkyl-C4.7alkoxy, Cs.7cycloalkyloxy-C1.ealkyl, and
Cs.7cycloalkyloxy-Cq.7alkoxy; (cc) Xis O, Yis O, Zis O, Ry is selected from H,
CF3, methyl, Cl, and methoxy, Rz is selected from H, Cl, and methyl, Rs Is
selected from H, F, Cl, methyl, and methoxy, and R4 is selected from F, Cl,
methyl, and methoxy; (dd) X is O, Y is O, Z is O, Ry is selected from H, CF3,
methyl, Cl, and methoxy, R: is selected from H, Cl, and methyl, R3 is selected
from H, F, Cl, methyl, and methoxy, R4 is selected from F, Cl, methyl, and
methoxy, and Rg and Rg together form C4.g alkylidenyl or Cz.9 alkenylidenyl, or R,
Rs and the carbon atom to which they attach together form Cs_7 cycloalkyl; (ee) X
is O, Yis O, Zis O, Ry is selected from H, CF3, methyl, Cl, and methoxy, Rz is
selected from H, Cl, and methyl, Rs is selected from H, F, Cl, methyl, and
methoxy, Rs is selected from F, Cl, methyl, and methoxy, and Rg and Rg are
independently selected from halo, phenyl, Cig alkyl, C1galkoxy, Cz.9alkenyl, Cz9
alkenyloxy, Ca.7 cycloalkyl, Cs.7 cycloalkoxy, Cs.zcycloalkyl-Cq-7alkyl,
Cs.zcycloalkyl-C1.7alkoxy, Cazcycloalkyloxy-Cq.salkyl, and
Cs.7cycloalkyloxy-Cq_7alkoxy; (ff) Xis O, Yis O or S, Zis O, Ry is selected from H,
CF3, methyl, Cl, and methoxy, Rz is selected from H, Cl, and methyl, Rs is
selected from H, F, Cl, methyl, and methoxy, R; is selected from F, Cl, methyl,
and methoxy, mis 1, andnis 1; (gg) Xis O, Yis O or S, Zis O, Ry is selected
from H, CF3, methyl, Cl, and methoxy, R: is selected from H, Cl, and methyl, R3
is selected from H, F, Cl, methyl, and methoxy, R4 is selected from F, Cl, methyl,
and methoxy, mis 1, nis 1, and Rs and Rg are independently selected from halo,
phenyl, Cigalkyl, C1.g alkoxy, Co.g alkenyl, C2.9 alkenyloxy, Cs.7 cycloalkyl, Ca-7
cycloalkoxy, Ca.zcycloalkyl-C4_7alkyl, Cs7cycloalkyl-Cq.7alkxoy,
Cs.7cycloalkyloxy-Cq.galkyl, and Cs.7cycloalkyloxy-C.7alkoxy; (hh) Rs and Re are
C1.4 alkyl; (ii) Rs and Rg are methyl; (jj) Rs and Re are both methyl, both X and Z

are O, R7 is H, and Rg and Rg form =CHy; or combinations of the above.

Compounds of the present invention further can be selected from:
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PR T

Compound 1
2-Methyl-2- {2-methyl-4-[2-(4-trifluoromethyl-phenoxymethyl)-
allylsulfanyl]-phenoxy}-propionic acid

HO/UX TV%L Qom

Compound 2
2-Methyl-2- {2-methyl-4-[2-(4-trifluoromethoxy-phenoxymethyl)-
allylsulfanylj-phenoxy }-propionic acid

Hojxoﬁsq(\o o

Compound 3
2-{4-[2-(4-Chloro-phenoxymethyl)-allylsulfanyl]-
2-methyl-phenoxy}-2-methyl-propionic acid

y O/CU)><0 Cl
\@\s/\”/\o/@m

Compound 4
2-{4-[2-(3,4-Dichloro-phenoxymethyl)-allylsultanyl]-
-methyl-phenoxy} -2-methyl-propionic acid

Hoﬂx @ Q

Compound 5
2-{4-[2-(3-Fluoro-4-trifluoromethyl-phenoxymethyl)-
allylsulfanyl]-2-methyl-phenoxy} -2-methyl-propionic acid

Ao, o

Compound 6
2-{4-[2-(4-Isopropyl-phenoxymethyl)-allylsulfanyl]-
2-methyl-phenoxy }-2-methyl-propionic acid
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HOJ>< ‘ O

Compound 7
2-Methyl-2- {2-methyl-4-[2-(4-trifluoromethyl-phenoxymethyl)-
allyloxy]-phenoxy}-propionic acid

”°J5< i UOC%

Compound 8
2-Methyl-2-{2-methyl-4-[2-(4-trifluoromethoxy-phenoxymethyl)-
allyloxy] -phenoxy}-propionic acid

HOJ‘>< \(5\ O

Compound 0
2-{4-[2~(4-Chloro-phenoxymethyl)-allyloxy]-2-methyl-
phenoxy}-2-methyl-propionic acid

HOJX @\ KI

Compound 10
2-{4-[2-(3,4-Dichloro-phenoxymethyl)-allyloxy]-2-
methyl-phenoxy }-2-methyl-propionic acid

TR e

Compound 11
2- {4 -[2-(3-Fluoro-4-trifluoromethyl-phenoxymethyl)-allyloxy]-
2-methyl-phenoxy} -2-methyl-propionic acid

Compound 12
2-{4-[2-(4-Isopropyl-phenoxymethyl)-allyloxy]-2-
methyl-phenoxy}-2-methyl-propionic acid
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A preferred compound is listed in Table 1:
Table 1

Compound Number Structure

HO,C. O CF
1 K IO
S/\n/\o

The pharmaceutical compounds of the invention include a pharmaceutical

composition comprising a pharmaceutically acceptable carrier and a compound

described above.

Where the compounds according to this invention have at least one chiral
center, they may accordingly exist as enantiomers. Where the compounds
possess two or more chiral centers, they may additionally exist as diastereomers.
It is to be understood that all such isomers and mixtures thereof are
encompassed within the scope of the present invention. Furthermore, some of
the crystalline forms for the compounds may exist as polymorphs and as such
are intended to be included in the present invention. In addition, some of the
compounds may form solvates with water (i.e., hydrates) or common organic

solvents, and such solvates are also intended to be encompassed within the

scope of this invention.

The invention provides the disclosed compounds and closely related,
pharmaceutically acceptable forms of the disclosed compounds, such as salts,

esters, amides, hydrates or solvated forms thereof; masked or protected forms;

and racemic mixtures, or enantiomerically or optically pure forms.
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Pharmaceutically acceptable salts, esters, and amides include carboxylate
salts (e.g., Ci.g alkyl, cycloalkyl, aryl, heteroaryl, or non-aromatic heterocyclic)
amino acid addition salts, esters, and amides which are within a reasonable
benefit/risk ratio, pharmacologically effective and suitable for contact with the
tissues of patients without undue toxicity, irritation, or allergic response.
Representative salts include hydrobromide, hydrochloride, sulfate, bisulfate,
nitrate, acetate, oxalate, valerate, oleate, palmitate, stearate, laurate, borate,
benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate,
tartrate, naphthylate, mesylate, glucoheptonate, lactiobionate, and
laurylsulfonate. These may include alkali metal and alkali earth cations such as
sodium, potassium, calcium, and magnesium, as well as non-toxic ammonium,
quaternary ammonium, and amine cations such as tetramethyl ammonium,
methylamine, trimethylamine, and ethylamine. See example, S.M. Berge, et al.,
“Pharmaceutical Salts,” J. Pharm. Sci., 1977, 66:1-19, which is incorporated
herein by reference. Representative pharmaceutically acceptable amides of the
invention include those derived from ammonia, primary C+.¢ alkyl amines and
secondary di(C1.¢ alkyl) amines. Secondary amines include 5- or 6-membered
heterocyclic or heteroaromatic ring moieties containing at least one nitrogen
atom and optionally between 1 and 2 additional heteroatoms. Preferred amides
are derived from ammonia, C1.3 alkyl primary amines, and di(C+.2 alkyl)Jamines.
Representative pharmaceutically acceptable esters of the invention include C1-7
alkyl, Cs.7 cycloalkyl, phenyl, and phenyl(C1.¢ )alkyl esters. Preferred esters

include methyl esters.

The invention also includes disclosed compounds having one or more

functional groups (e.g., amino, or carboxyl) masked by a protecting group. Some

~ of these masked or protected compounds are pharmaceutically acceptable;

others will be useful as intermediates. Synthetic intermediates and processes
disclosed herein, and minor modifications thereof, are also within the scope of

the invention.
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HYDROXYL PROTECTING GROUPS

Protection for the hydroxyl group includes methyl ethers, substituted

methyl ethers, substituted ethyl ethers, substitute benzyl ethers, and silyl ethers.

Substituted Methyl Ethers
Examples of substituted methyl ethers include methyoxymethyl,

methylthiomethyl, t-butylthiomethyl, (phenyldimethylsilyl)methoxymethyl,
benzyloxymethyl, p-methoxybenzyloxymethyl, (4-methoxyphenoxy)methyl,
guaiacolmethyl, t-butoxymethyl, 4-pentenyloxymethyl, siloxymethyl,
2-methoxyethoxymethyl, 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl,
2-(trimethylsilyl)ethoxymethyl, tetrahydropyranyl, 3-bromotetrahydropyranyl,
tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-methoxytetrahydropyranyl,
4-methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S,S-dioxido,
1-[(2-chloro-4-methyl)phenyl]-4-methoxypiperidin-4-yl, 1,4-dioxan-2-yl,
tetrahydrofuranyl, tetrahydrothiofuranyl and
2.3.3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yl.

Substituted Ethyl Ethers
Examples of substituted ethyl ethers include 1-ethoxyethyl,

1-(2-chloroethoxy)ethyl, 1-methyl-1-methoxyethyl, 1-methyl-1-benzyl oxyethyl,
1-methyl-1-benzyloxy-2-fluoroethyl, 2,2,2-trichloroethyl, 2-trimethylsilylethyl,
2-(phenylselenyl)ethyl, t-butyl, allyl, p-chlorophenyl, p-methoxyphenyl,
2.4-dinitrophenyl, and benzyl.

Substituted Benzyl Ethers
Examples of substituted benzyl ethers include p-methoxybenzyl,

3,4-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, p-halobenzyi,

2 6-dichlorobenzyl, p-cyanobenzyl, p-phenylbenzyl, 2- and 4-picolyl,
3-methyl-2-picolyl N-oxido, diphenylmethyl, p, p’-dinitrobenzhydryl,
5-dibenzosuberyl, triphenylmethyl, a-naphthyldiphenylmethyl,
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p-methoxyphenyldiphenylmethyl, di(p-methoxyphenyl)phenylmethyl,
tri(p-methoxyphenyl)methyl, 4-(4’-bromophenacyloxy)phenyldiphenylmethyl,
4.4' 4''-tris(4,5-dichlorophthalimidophenyl)methyl,

4.4' 4" tris(levulinoyloxyphenyl)methyl, 4,4',4"-tris(benzoyloxyphenyl)methyl,
3-(/midazol-1-ylmethyl)bis(4 ’,4"'-dimethoxyphenyl)methyl,
1,1-bis(4-methoxyphenyl)-1'-pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl,
9-(9-phenyl-10-oxo)anthryl, 1,3-benzodithiolan-2-yl, and benzisothiazolyl
S,S-dioxido.

Silyl Ethers
Examples of silyl ethers include trimethyisilyl, triethylsilyl, triisopropylsilyl,

dimethylisopropylsilyl, diethylisopropylsilyl, dimethylthexylsilyl,
t-butyldimethylsilyl, t-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenyisilyl,
diphenylmethyisilyl, and t-butylmethoxyphenylsilyl.

Esters

In addition to ethers, a hydroxyl group may be protected as an ester.
Examples of esters include formate, benzoylformate, acetate, chloroacetate,
dichloroacetate, trichloroacetate, trifluoroacetate, methoxyacetate,
triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate,
p-P-phenylacetate, 3-phenylpropionate, 4-oxopentanoate(levulinate),
4,4-(ethylenedithio)pentanoate, pivaloate, adamantoate, crotonate,
4-methoxycrotonate, benzoate, p-phenylbenzoate,

2.4 6-trimethylbenzoate(mesitoate)

Carbonates

Examples of carbonates include methyl, 9-fluorenylmethyl, ethyl,
2.2 2-trichloroethyl, 2-(trimethylsilyl)ethyl, 2-(phenylsulfonyl)ethyl,
2—(triphenylphosphbnio)ethyl, isobutyl, vinyl, allyl, p-nitrophenyl, benzyl,
p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, S-benzyl
thiocarbonate, 4-ethoxy-1-naphthyl, and methyl dithiocarbonate.
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Assisted Cleavage
Examples of assisted cleavage include 2-iodobenzoate, 4-azidobutyrate,

4-nitro-4-methylpentanoate, o-(dibromomethyl)benzoate,
2-formylbenzenesulfonate, 2-(methylthiomethoxy)ethyl carbonate,

4-(methylthiomethoxy)butyrate, and 2-(methylthiomethoxymethyl)benzoate.

Miscellaneous Esters

Examples of miscellaneous esters include
2 6-dichloro-4-methylphenoxyacetate,
2.6-dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetaie,
2 4-bis(1,1-dimethylpropyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate,

monosuccinoate, (E)-2-methyl-2-butenoate(tigloate),

o-(methoxycarbonyl)benzoate, p-P-benzoate, a-naphthoate, nitrate, alkyl

N.N, N’ N’-tetramethylphosphorodiamidate, N-phenylcarbamate, borate,
dimethylphosphinothioyl, and 2,4-dinitrophenylsulfenate

Sulfonates

Examples of sulfonates include sulfate, methanesulfonate(mesylate),

benzylsulfonate, and tosylate.
AMINO PROTECTING GROUPS

Protection for the amino group includes carbamates, amides, and special

—-NH protective groups.
Examples of carbamates include methyl and ethyl carbamates, substituted
ethyl carbamates, assisted cleavage carbamates, photolytic cleavage

carbamates, urea-type derivatives, and miscellaneous carbamates.

Carbamates
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Examples of methyl and ethyl carbamates include methyl and ethyl,
O-fluorenylmethyl, 9-(2-sulfo)fluorenylmethyl, 9-(2,7-dibromo)fluorenyimethyl,
2 7-di-t-butyl-[9-(10,10-dioxo-10,10,10,10-tetrahydrothioxanthyl)Jmethyl, and
4-methoxyphenacyl.

Substituted Ethyl
Examples of substituted ethyl carbamates include 2,2,2-trichloroethyl,

2-trimethylsilylethyl, 2-phenylethyl, 1-(1-adamantyl)-1-methylethyl,
1,1-dimethyl-2-haloethyl, 1,1-dimethyl-2,2-dibromoethyl,
1.1-dimethyl-2,2,2-trichloroethyl, 1-methyl-1-(4-biphenylyl)ethyl,
1-(3,5-di-t-butylphenyl)-1-methylethyl, 2-(2'- and 4'-pyridyl)ethyl,
2-(N,N-dicyclohexylcarboxamido)ethyl, t-butyl, 1-adamantyl, vinyl, allyl,
1-isopropylallyl, cinnamyl, 4-nitrocinnamyl, 8-quinolyl, N-hydroxypiperidinyl,
alkyldithio, benzyl, p-methoxybenzyl, p-nitrobenzyl, p-bromobenzyl,
p-chlorobenzyl, 2,4-dichlorobenzyl, 4-methylsulfinylbenzyl, 9-anthrylmethyl and
diphenylmethyl.

Assisted Cleavage
Examples of assisted cleavage include 2-methylthioethyl,

2-methylsulfonylethyl, 2-(p-toluenesulfonyl)ethyl, [2-(1,3-dithianyl)Jmethyl,
4-methylthiophenyl, 2,4-dimethylthiophenyl, 2-phosphonioethyl,
2-triphenylphosphonioisopropyl, 1,1-dimethyl-2-cyanoethyl,
m-chloro-p-acyloxybenzyl, p~(dihydroxyboryl)benzyl, 5-benzisoxazolylmethyl, and
2-(trifluoromethyl)-6-chromonylmethyl.

Photolvytic Cleavage

Examples of photolytic cleavage include m-nitrophenyl,
3,5-dimethoxybenzyl, o-nitrobenzyl, 3,4-dimethoxy-6-nitrobenzyl, and
phenyl(o-nitrophenyl)methyl.

Urea-Type Derivatives
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Examples of urea-type derivatives include phenothiazinyl-(10)-carbonyl

derivative, N’ -p-toluenesulfonylaminocarbonyl, and N’-phenylaminothiocarbonyl.

Miscellaneous Carbamates

Examples of miscellaneous carbamates include t-amyl, S-benzyl
thiocarbamate, p-cyanobenzyl, cyclobutyl, cyclohexyl, cyclopentyl,
cyclopropylmethyl, p-decyloxybenzyl, diisopropylmethyi,
2.2-dimethoxycarbonylvinyl, o-(N,N-dimethylcarboxamido)benzyl,
1,1-dimethyl-3-(N,N-dimethylcarboxamido)propyl, 1,1-dimethylpropynyl,
di(2-pyridyl)methyl, 2-furanylmethyl, 2-iodoethyl, isobornyl, isobutyl, isonicotinyl,
p-(p’-methoxyphenylazo)benzyl, 1-methylcyclobutyl, 1-methylcyclohexyl,
1-methyl-1-cyclopropylmethyl, 1-methyl-1-(3,5-dimethoxyphenyl)ethyl,
1-methyl-1-(p-phenylazophenyl)ethyl, 1-methyl-1-phenylethyl,
1-methyl-1-(4-pyridyl)ethyl, phenyl, p-(phenylazo)benzyl, 2,4,6-tri-t-butylphenyl,

4-(trimethylammonium)benzyl, and 2,4,6-trimethylbenzyl.

Examples of amides include:

Amides

N-formyl, N-acetyl, N-chloroacetyl, N-trichloroacetyl, N-trifluoroacetyl,
N-phenylacetyl, N-3-phenylpropionyl, N-picolinoyl, N-3-pyridylcarboxamide,
N-benzoylphenylalanyl derivative, N-benzoyl, N-p-phenylbenzoyl.

Assisted Cleavage

N-o-nitrophenylacetyl, N-o-nitrophenoxyacetyl, N-acetoacetyl,
(N’-dithiobenzyloxycarbonylamino)acetyl, N-3-(p-hydroxyphenyl)propionyl,
N-3-(o-nitrophenyl)propionyl, N-2-methyl-2-(o-nitrophenoxy)propionyl,
N-2-methyl-2-(o-phenylazophenoxy)propionyl, N-4-chlorobutyryl,
N-3-methyl-3-nitrobutyryl, N-o-nitrocinnamoyl, N-acetylmethionine derivative,
N-o-nitrobenzoyl, N-o-(benzoyloxymethyl)benzoyl, and

4,5-diphenyl-3-oxazolin-2-one.
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Cyclic Imide Derivatives
N-phthalimide, N-dithiasuccinoyl, N-2,3-diphenyimaleoyl,

N-2,5-dimethylpyrrolyl, N-1,1,4,4-tetramethyldisilylazacyclopentane adduct,
5-substituted 1,3-dimethyl-1,3,5-triazacyclohexan-2-one, 5-substituted
1,3-dibenzyl-1,3,5-triazacyclohexan-2-one, and 1-substituted

3,5-dinitro-4-pyridonyl.
SPECIAL — NH PROTECTIVE GROUPS

Examples of special NH protective groups include

N-Alkyl and N-Aryl Amines

N-methyl, N-allyl, N-[2-(trimethylsilyl)ethoxy]methyl, N-3-acetoxypropyl,
N-(1-isopropyl-4-nitro-2-oxo-3-pyrrolin-3-yl), quaternary ammonium salts,
N-benzyl, N-di(4-methoxyphenyl)methyl, N-5-dibenzosuberyl, N-triphenylmethyl,
N-(4-methoxyphenyl)diphenylmethyl, N-9-phenylfluorenyl,
N-2.7-dichloro-9-fluorenylmethylene, N-ferrocenyimethyl, and N-2-picolylamine

N’-oxide.
Imine Derivatives
N-1,1-dimethyithiomethylene, N-benzylidene, N-p-methoxybenzylidene,

N-diphenylmethylene, N-[(2-pyridyl)mesitylJmethylene, and N-(N’

N’-dimethylaminomethylene).
PROTECTION FOR THE CARBOXYL GROUP

Esters

Examples of esters include formate, benzoylformate, acetate,
trichloroacetate, trifluoroacetate, methoxyacetate, phenoxyacetate,

p-chlorophenoxyacetate, benzoate.
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Substituted Methyl Esters
Examples of substituted methyl esters include 9-fluorenylmethyl,

methoxymethyl, methylthiomethyl, tetrahydropyranyl, tetrahydrofuranyl,
methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl, benzyloxymethyl, phenacyl,
p-bromophenacyl, a-methylphenacyl, p-methoxyphenacyl, carboxamidomethyl,

and N-phthalimidomethyi.

2-Substituted Ethyl Esters
Examples of 2-substituted ethyl esters include 2,2,2-trichloroethyl,

2-haloethyl, o-chloroalkyl, 2-(trimethylsilyl)ethyl, 2-methylthioethyl,
1,3-dithianyl-2-methyl, 2-(p-nitrophenylsulfenyl)ethyl, 2-(p-toluenesulfonyl)ethyl,
2-(2'-pyridyl)ethyl, 2-(diphenylphosphino)ethyi, 1-methyl-1-phenylethyl, t-butyl,
cyclopentyl, cyclohexyl, allyl, 3-buten-1-yl, 4-(trimethylsilyl)-2-buten-1-yl,

cinnamyl, a-methylcinnamyl, phenyl, p-(methylmercapto)phenyl and benzyl.

Substituted Benzyl Esters
Examples of substituted benzyl esters include triphenylmethyi,

diphenylmethyl, bis(o-nitrophenyl)methyl, 9-anthrylmethyl,
2-(9,10-dioxo)anthrylmethyl, 5-dibenzosuberyl, 1-pyrenyimethyl,
2-(trifluoromethyl)-6-chromylmethyl, 2,4,6-trimethyibenzyl, p-bromobenzyl,
o-nitrobenzyl, p-nitrobenzyl, p-methoxybenzyl, 2,6-dimethoxybenzyl,

4-(methylsulfinyl)benzyl, 4-sulfobenzyl, piperonyl, 4-picolyl and p-P-benzyl.

Silyl Esters
Examples of silyl esters include trimethylsilyl, triethylsilyl,

t-butyldimethylsilyl, i-propyldimethylsilyl, phenyldimethylsilyl and
di-t-butylmethylsilyl.

Activated Esters

Examples of activated esters include thiols.
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Miscellaneous Derivatives

Examples of miscellaneous derivatives include oxazoles,
2-alkyl-1,3-oxazolines, 4-alkyl-5-oxo-1,3-oxazolidines,
5-alkyl-4-oxo-1,3-dioxolanes, ortho esters, phenyl group and

pentaaminocobalt(lll) complex.

Stannyl Esters
Examples of stannyl esters include triethylstannyl and tri-n-butylstannyl.

C. Synthesis

The invention provides methods of making the disclosed compounds
according to traditional organic synthetic methods as well as matrix or
combinatorial synthetic methods. Schemes A through G describe suggested
synthetic routes. Using these Schemes, the guidelines below, and the examples,
a person of skill in the art may develop analogous or similar methods for a given
compound that are within the invention. These methods are representative of the
preferred synthetic schemes, but are not to be construed as limiting the scope of

the invention.

One skilled in the art will recognize that synthesis of the compounds of the
present invention may be effected by purchasing an intermediate or protected
intermediate compounds described in any of the schemes disclosed herein. One
skilled in the art will further recognize that during any of the processes for
preparation of the compounds in the present invention, it may be necessary
and/or desirable to protect sensitive or reactive groups on any of the molecules
concerned. This may be achieved by means of conventional protecting groups,
such as those described in “Protective Groups in Organic Synthesis”, John Wiley
& Sons, 1991. These protecting groups may be removed at a convenient stage

using methods known from the art.
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Where the processes for the preparation of the compounds according to
the invention give rise to mixture of stereoisomers, these isomers may be
separated by conventional techniques such as preparative chromatography. The
compounds may be prepared in racemic form, or individual enantiomers may be
prepared either by enantiospecific synthesis or by resolution. The compounds
may, for example, be resolved into their components enantiomers by standard
techniques, such as the formation of diastereomeric pairs by salt formation. The
compounds may also be resolved by formation of diastereomeric esters or
amides, followed by chromatographic separation and removal of the chiral
auxiliary. Alternatively, the compounds may be resolved using a chiral HPLC

column.

Examples using the prefered synthetic routes include Examples | and I1.
Compounds analogous to the target compounds of these examples can be made
according to similar routes. The disclosed compounds are useful in basic

research and as pharmaceutical agents as described in the next section.

General Guidance

A preferred synthesis of Formula (1) is demonstrated in Schemes A
through G.

Scheme A
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R
EtOZCC(Rg,Rs)Br CI803H
HO R2 L - EtO -
base Re
A1

Reductxon
Re
SO,CI

In accordance with Scheme A, wherein R4, Rz, Rs and Rs are as described
above (except that Rs and Rg do not form spiro Cs.¢ cycloalkyl or spiro o- or
6-membered heterocyclyl), phenol A1, a variety of which are commercially
available (such as 3-methylphenol, 2-ethylphenol, 2-propylphenal,

2 3-dimethylphenol, 2-chlorophenol, 2,3-dichlorophenol, 2-bromophenol, and
2-aminophenol), is alkylated to form phenoxyacetic acid ethyl ester A2 with a
suitable haloacetic acid ester such as bromoacetic acid ethyl ester or
2-bromo-2-methylpropionic acid ethyl! ester, in the presence of an appropriate
base such aé Cs,COs, Ko.CO3, or NaH, in a suitable solvent such as CH3CN or
THF. Sulfonation of the phenoxyacetic acid ethyl ester A2 with an appropriate
sulfonating agent, such as chlorosulfonic acid, occurs selectively at the para
nosition to provide 4-chlorosulfonylphenoxyacetic acid ethyl ester AS3.
Transformation of the sulfonylchloride A3 to benzenethiol A4 is accomplished
using a metal as a reducing agent, such as tin or zinc, in an acidic medium such

as ethanol or dioxane.

In Schemes B, D, and E, Rg and Rg can be selected from, for example, H,

Cq.s alkyl, Cog alkenyl, phenyl, halo, and cyano.

Scheme B
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In Scheme B, Mitsunobu reaction of 1,3-diol B-B with phenol B-A provides
alcohol B-C by employing a triarylphosphine such as triphenylphosphine, and an
azodicarbonyl reagent such as diisopropyl azodicarboxylate, in a suitable solvent
such as THF. Phenoxyacetic acid ethyl ester B-D is obtained in two steps: (1)
conversion of the alcohol B-C to mesylate under standard conditions by
employing methanesulfonyl chloride and triethylamine in an appropriate solvent
such as CH.Cl,, and (2) alkylation of benzenethiol B-D, prepared according to
Scheme A above, with the mesylate intermediate using a suitable base such as
Cs,C0s3, K.COs, or NaH, in an appropriate solvent such as CH3CN or THF, under
nitrogen. Under standard saponification conditions phenoxyacetic acid ethyl
ester B-D is converted to acid B-E under nitrogen. The preferred hydrolysis
conditions include using NaOH as a base in an aqueous alcoholic solvent system

such as water-methanol, or using LiOH as a base in a milder water-THF system.

Scheme C
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in Scheme C, Rg and Rg substituted malonate C-A is reduced to
oropane-1,3-diol C-B by using a suitable reducing agent such as lithium
aluminum hydride or diisobutylaluminum hydride. After propane-1,3-diol C-B is
converted to dimesylate C-C by using methanesulfonyl chloride and triethylamine
in an appropriate solvent such as CH,Cl,, C-C reacts with phenol B-A in the
presence of a suitable base such as Cs2CO3, K2CO3, or NaH in an appropriate
solvent such as CHsCN or THF to produce mesylate C-D. Phenoxyacetic acid
ethyl ester C-E is obtained by alkylation of benzenethiol A-D, prepared according
to Scheme A above, with the mesylate C-D using a suitable base such as
Cs,COs5, KoCOs3, or NaH in an appropriate solvent such as CH3zCN or THF under
nitrogen. Under standard saponification conditions phenoxyacetic acid ethyl
ester C-E is converted to acid la under nitrogen. The preferred hydrolysis
conditions include using NaOH as a base in an aqueous alcoholic solvent system

such as water-methanol, or using LiOH as a base in a milder water-THF system.

Scheme D
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In accordance with Scheme D, wherein Rg’ and Ry’ are independently
selected from H and C1.s alkyl, aldehyde D-B could be prepared in two steps by
5  methylation of acid D-A using (trimethysilyl)diazomethane as a methylating agent

followed by reduction of the methyl ester intermediate with a suitable reducing
agent such as diisobutylaluminum hydride. Aldehyde D-B is transformed to
epoxide D-C by reacting with dimethylsulfonium methylide, which is generated
in-situ from treatment of trimethylsulfonium iodide with a strong base such as

10 DMSO anion. Epoxide ring opening of D-C with benzenethiol A-D in the
presence of a catalytic amount of tetrabutylammonium fluoride furnishes alcohol
D-D, which is oxidized to ketone D-E under mild oxidation conditions by using
acetic anhydride and dimethyl sulfoxide. Several types of olefination of ketone
D-E may be carried out to provide alkene D-F. For example, Wittig reaction and

15 olefination of D-E with Tebbe reagent will all give D-F. Finally, saponification of

ethyl ester D-F under standard conditions gives acid Ib.
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Scheme E shows another route to prepare acid E-E as demonstrated in
Scheme B. In Scheme E, epoxide E-B is obtained by treatment of phenol B-A
with an appropriate base such as cesium carbonate followed by alkylation with
2-chloromethyl-oxirane E-A. Epoxide ring opening of E-B with benzenethiol A-D,
orepared in Scheme A above, in the presence of a catalytic amount of
tetrabutylammonium fluoride furnishes alcohol E-C, which Is oxidized to ketone
E-D under mild oxidation conditions by using acetic anhydride and dimethyl
sulfoxide. Several types of olefination of ketone E-D may be carried out to
provide alkene B-D. For example, Wittig reaction and olefination of E-D with

Tebbe reagent will all give B-D. Finally, saponification of ethyl ester B-D under

standard conditions gives acid lc.
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Scheme F. Synthesis of F-E
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F-E

In accordance with Scheme F, (4-hydroxyphenyl) acetic acid F-A, a variety
of which are commercially available (such as 3-bromo-4-hydroxyphenyl acetic
acid, 3-chloro-4-hydroxyphenyl acetic acid, 3-fluoro-4-hydroxyphenyl acetic acid,
4-hydroxy-3-methoxyphenyl acetic acid, and 4-hydroxy-3-nitrophenyl acetic acid),
is methylated to form (4-hydroxyphenyl) acetic acid methyl ester F-B in methanol
in the presence of a catalytic amount of a suitable acid such as sulfuric acid or
hydrochloric acid. The phenol F-B is converted to
(4-dimethylthiocarbamoyloxyphenyl) acetic acid methyl ester F-C by reacting with
dimethylthiocarbamoyl chloride in the presence of some appropriate bases such

as triethylamine and 4-(dimethylamino)pyridine. At high temperature, in the
preferred range of 250 to 300 °C, F-C is rearranged {o
(4-dimethylcarbamoylsulfanylphenyl) acetic acid methyl ester F-D in a high

boiling point solvent such as tetradecane. By treatment with a suitable base
such as sodium methoxide F-D is transformed to (4-mercaptophenyl) acetic acid

methyl ester F-E.

Scheme G
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In Scheme G, acetic acid methyl ester G-A is obtained by alkylation of
benzenethiol F-E, prepared according to Scheme F above, with mesylate C-D

5 using a suitable base such as Cs2CO3, K2COs3, or NaH in an appropriate solvent

such as CHsCN or THF under nitrogen. Under standard saponification conditions

methyl ester G-A is hydrolysed to acid Id.

10
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EXAMPLES

Example |

S/\I_(\o

{2-Methyl-4-[2-(4-triﬂuoromethyl-phenoxymethyl)-aIlylsulfanyl]-phenoxy}-acetic acid

Scheme 1
0 O
EtO >
SO,CI
1'A 1"'B, 930/0
S Cl I
n, H
EtO)J\/ O
EtOH, Dioxane
SH
1-C, 98%
O
O
EtO/u\/
SO,CI
1-B

(4-Chlorosulfonyl-2-methyl-phenoxy)-acetic acid ethyl ester

To a flask containing chlorosulfonic acid (15.0 mL, 226 mmol) at 4°C was

added ethyl (2-methylphenoxy)acetate 1-A (10.0 g, 51.6 mmol) slowly. The
mixture was stirred at 4°C for 30 min and room temperature for 2 h, and then
poured into ice water. The precipitated white solid was filtered, washed with

water, and dried under vacuum overnight to provide 14.0 g (93%) of 1-B as a
white solid; "H NMR (300 MHz, CDCl3) 6 7.87-7.84 (m, 2 H), 6.80 (d, J = 9.5 Hz,
1 H), 4.76 (s, 2 H), 4.29 (q, J= 7.1 Hz, 2 H), 2.37 (s, 3 H), 1.31 (&, J=71Hz, 3
H); MS (ES) m/z: 315 (M+Na").
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O

EtO)‘l\/O

1-C
(4-Mercapto-2-methyl-phenoxy)-acetic acid ethyl ester

To a solution of 1-B (4.70 g, 16.1 mmol) in EtOH (20 mL) was added a
solution of 4.0 M HCI in dioxane (20 mL) followed by 100 mesh tin powder (9.80
g, 82.6 mmol) portionwise. The mixture was refluxed for 2 h, poured into

5  CH.Cly/ice (100 mL), and filtered. The filtrate was separated, and ihe aqueous

SH

layer was extracted with CH2Cl,. The combined organic phases were washed

with water, dried, and concentrated to give 3.56 g (98%) of 1-C as a yellow oil; 'H
NMR (300 MHz, CDCl3) § 7.14-7.03 (m, 2 H), 6.59 (d, J = 8.4 Hz, 1 H), 4.60 (s, 2
H), 4.25 (q, J = 7.1 Hz, 2 H), 2.24 (s, 3 H), 1.29 (t, J= 7.1 Hz, 3 H).

Scheme 2

CFj
CF3
HO

50%

2. 082003 CH3CN
1. MsCli, Eth — EtOzC /@/
- O
CH,Cl, NG

1-C 2-B, 84%
HO,C._
LIOH THF, H20 2 \@\ /O/
99%
10 Compound 1
HO/T\O
2-A

2-(4-Trifluoromethyl-phenoxymethyl)-prop-2-en-1-ol
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To a mixture of 4-trifluoromethylphenol (49.0 g, 302 mmoil),
2-methylene-1,3-propanediol (40.0 g, 454 mmol), and diisopropy!
azodicarboxylate (67.4 g, 333 mmol) in CH2Cl, (400 mL) at 0°C was charged with
a solution of triphenylphosphine (87.2 g, 333 mmol) in CH2Cl> (400 mL)
dropwise. After the mixture was stirred at 0°C and then allowed to warm up to
room temperature overnight, CH>Cl, was evaporated under reduced pressure.
To the residue was added Et,O and hexane, and the mixture was cooled to 0°C.

The precipitated solid was filtered, and the filtrate was concentrated and column
chromatographed (EtOAc/hexane: 1/4) to give 35.2 g (50%) of 2-A; "H NMR (300

MHz, CDCls) 6 7.55 (d, J = 8.6 Hz, 2 H), 6.99 (d, J = 8.6 Hz, 2 H), 5.33 (d, J= 0.9
Hz, 1 H), 5.29 (d, J = 0.9 Hz, 1 H), 4.65 (s, 2 H), 4.27 (d, J = 6.0 Hz, 2 H).

S/\[r.\ O

2-B
{2-Methyl-4-[2-(4-trifluoromethyl-phenoxymethyl)-allylsulfanyl]-phenoxy}-acetic acid ethyl ester

General procedure 1 for the formation of thioether:

To a solution of 2-A (18.1 g, 78.2 mmol) in CHxClI, (400 mL) at 0°C were
added EtsN (23.0 mL, 165 mmol) and methanesulfonyl chloride (13.4 g, 117
mmol). The mixture was stirred at 0°C for 1 h and room temperature overnight
and diluted with saturated NaHCOs3 (100 mL). The organic layer was separated
and the aqueous layer was extracted with CH2Clz (x 3). The combined organic
phases were dried and concentrated to provide 24.2 g of the crude produci.

A mixture of the above crude product,
(4-mercapto-2-methyl-phenoxy)acetic acid ethyl ester 1-C (21.2g, 93.8 mmol),
and Cs,CO3 (76.2 g, 234 mmol) in CH3CN (290 mL) was stirred at room
temperature for 2 h. Water was added and the mixture was exiracted with
CH.Cl,. The combined organic layers were dried, concentrated, and column
chromatographed (EtOAc/hexane: 1/10) to provide 28.8 g (84%) of 2-B; 'H NMR

(300 MHz, CDCl3) & 7.53 (d, J = 8.7 Hz, 2 H), 7.20 (s, 1 H), 7.16 (dd, J = 8.4, 2.2
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Hz, 1 H), 6.96 (d, J = 8.6 Hz, 2 H), 6.59 (d, J = 8.4 Hz, 1 H), 5.13 (d, J = 0.9 Hz, 1
H), 4.98 (s, 1 H), 4.65 (s, 2 H), 4.60 (s, 2 H), 4.26 (q, J = 7.1 Hz, 2 H), 3.56 (s, 2
H), 2.24 (s, 3 H), 1.29 (t, J = 7.1 Hz, 3 H); MS (ES) m/z: 463 (M+Na").

S/\H/\O

{2-Methyl-4-[2-(4-trifluoromethyl-phenoxymethyl)—alIyIsquanyI]-phenoxy}-acetic acid
5  General procedure 2 for the hydrolysis of the ethyl and methyl esters:
To a solution of 2-B (28.8 g, 65.5 mmol) in THF (576 mL) at 0°C under N2
was added 1.0 M LiOH (131 mL, 131 mmol). After stirring at 0°C for 45 min and
at room temperature for 2.5 h, the mixture was cooled to 0°C, acidified with 1 M
HCI. and extracted with EtOAc (x 3). The extracts were dried, concentrated, and
10 purified by column chromatography to give 26.7 g (99%) ot
{2-methyl-4-[2-(4-trifluoromethyl-phenoxy<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>