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Z, X, Rl, R% R3 and R* are as described in
specification.
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BENZOPYRAN COMPOUNDS USEFUL FOR TREATING INFLAMMATORY
CONDITIONS
Field
[0001] This invention is in the field of anti-inflammatory pharmaceutical agents and
specifically relates to compounds, compositions and methods for treating cycléoxygenase—2

mediated disorders, such as inflammation and inflammation- related disorders.

Background

[0002] Prostaglandins play a major role in the inflammation process and the inhibition
of prostaglandin production, especially production of PGG,, PGH, and PGE; has been a
common target of antiinflammatory drug discovery. However, common non-steroidal
antiinflammatory drugs (NSAIDs) that are active in reducing the prostaglandin-induced
pain and swelling associated with the inflammation process are also active in affecting other
prostaglandin-regulated processes not associated with the inflammation process. Thus, use -
of high doses of most common NSAIDs can produce severe side effects, including life
threatening ulcers, that limit their therapeutic potential. An alternative to NSAIDs is the use
of corticosteroids, which have even more drastic side effects, especially when long term
therapy is involved.

[0003] Previous NSAIDs have been found to prevent the production of prostaglandins
by inhibiting enzymes in the human arachidonic acid/prostaglandin pathway, including the
enzyme cyclooxygenase (COX). The recent discovery of an inducible enzyme associated
with inflammation (named "cyclooxygenase-2 (COX-2)" or "prostaglandin G/H synthase
II") provides a viable target of inhibition which more effectively reduces inflammation and
produces fewer and less drastic side effects.

[0004] Description of the some benzopyran compounds useful for treating inflammatory
conditions is provided in U.S. Patent No. 6,034,256. U.S. Patent No. 6,077,850 provides
further description of benzopyran compounds useful in treating inflammatory conditions.
Some further benzopyran compounds useful for treating inflammatory conditions are
described in U.S. Patent No. 6,271,253.
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BRIEF DESCRIPTION

[0005]  The novel benzopyran derivatives disclosed herein are safe and effective
antiinflammatory agents. The substituted benzopyran derivatives disclosed herein preferably (
éelectively inhibit cyclooxygenase-2 over cyclooxygenase-1.

[0006] Compounds of the current invention have not been described as
antiinflammatory cyclooxygenase inhibitors.

[0007]  The following description i$ provided to aid those skilled in the art in practicing
the present invention. Even so, this detailed description should not be construed to unduly
limit the present invention as modifications and variations in the embodiments discussed
herein can be made by those of ordinary skill in the art without departing from the spirit or
scope of the present inventive discovery.

[0008] The contents of each of the references cited herein, including the contents of the
references cited within these primary references, are herein incorporated by reference in
their entirety.

[0009] Among its many embodiments the present invention provides a compound of

Formula 1

[t

AN 0X

R4

or a pharmaceutically acceptable salt thereof, wherein: X is selected from the group
consisting of H, alkyl, and a pharmaceutically acceptable cation; Z is selected from the
group consisting of O, S and NH; wherein R', R? R®, and R” are each independently
selected from the group consisting of H, alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonylalkyl,
alkyl, alkylamino, alkylcarbonyl, alkylheteroaryl, alkylsulfonylalkyl, alkylthio, alkynyl,

2
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aminocarbonylalkyl, aryl, arylalkeﬁyl, arylalkoxy, arylalkyl, arylalkylamino, arylalkynyl,
arylcarbonyl, aryloxy, cyano, dialkylamino, halo, haloalkoxy, haloalkyl, heteroaryl,
heteroarylalkoxy, heteroarylcarbonyl, hydroxy and hydroxyalkyl; wherein each of aryl,
wherever it occurs, is independently substituted with one to five substituents selected from
the group consisting of alkyl, alkoxy, alkylamino, cyano, halo, haloalkyl, hydrbxy, and
nitro.

[0010] The present invention further provides a pharmaceutical composition comprising
a compound of Formula 1 or a pharmaceutically acceptable salt thereof, wherein: X, Z, R,
R% R, and R* are each independently as described above; and a pharmaceutically
acceptable excipient.

[0011] The present invention further provides a method for the treatment or prevention |
of 2 COX-2 mediated disorder in a subject in need of such treatment or prevention, wherein
the method comprises administering to the subject an amount of a compound of Formula 1
or a pharmaceutically acceptable salt thereof, wherein: X, Z, R, R% R®, and R* are each
independently as described above; and wherein the amount of the compound is effective for

the treatment or prevention of the COX-2 mediated disorder.

~ DETAILED DESCRIPTION

[0012] Compounds of the present invention are useful for, but not limited to, the
treatment of inflammation in a subject, and for treatment of other cyclooxygenase-2
mediated disorders, such as, as an anal gesic in the treatment of pain and headaches
including migraine headaches, or as an antipyretic for the treatment of fever. For example
compounds of the invention are useful to treat arthritis, including but not limited to
theumatoid arthritis, spondyloarthropathies, gouty arthritis, osteoarthritis, systemic lupus
erythematosus and juvenile arthritis. Such compounds of the invention will be useful in the
treatment of asthma, bronchitis, menstrual cramps, preterm labor, tendonitis, bursitis,
allergic ‘neuritis, cytomegalovirus infectivity, apoptosis including HIV induced apoptosis,
lumbago, liver disease including hepatitis, skin-related conditions such as psoriasis, eczema,
acne, UV damage, burns and dermatitis. Compounds of the invention also will be useful to
treat gastrointestinal conditions such as inflammatory bowel disease, Crohn’s disease,
gastritis, irritable bowel syndrome and ulcerative colitis. Compounds of the invention will

be useful in treating inflammation in such diseases as migraine headaches, periarteritis
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nodosa, thyroiditis, aplastic anemia, Hodgkin’s disease, sclerodoma, rheumatic fever, type I
diabetes, neuromuscular junction disease including myasthenia gravis, white matter disease
'includjng multiple sclerosis, sarcoidosis, nephrotic syndrome, Behcet’s syndrome, A
polymyositis, gingivitis, nephritis, hypersensitivity, swelling occurring after injury
including brain edema, myocardial ischemia, and the like. The compounds will also be
useful in the treatment of ophthalmic diseases, such as retinitis, conjunctivitis, retinopathies
(including diabetic retinopathy), uveitis, ocular photophobia, conditions involving elevated
intraocular préssure (including‘ glaucoma), sarcoidosis, macular degeneration (including
wet-type macular degeneration and dry-type degeneration), ocular neovascularization,
retinal neovascularization (including neovascularization following injury or infection),
corneal graft rejection, retrolental fibroplasias, post-opthalmic surgery inflammation
(including cataract surgery, retinal detachment surgery, lens implantation surgery, corneal
transplant surgery and refractive surgery), blepharitis, endophthalmitis, episcleritis, keratitis,
keratoconjunctivitis, keratoconjunctivitis sicca, Mooren’s ulcer, macular edema,
intraoperative miosis, ocular pain, and of acute injury to the eye tissue. The compounds will
also be useful in the treatment of pulmonary inflammation, such as that associated with viral
infections and cystic fibrosis, and in bone reorption such as associated with osteoporosis.
[0013] The compounds will also be useful for the treatment of certain central nervous
system disorders, such as cortical dementias including Alzheimer's disease, schizophrenia,
neurodegeneration, and central nervous system damage resulting from stroke, ischemia and
trauma. The term "treatment" includes partial or total inhibition of the dementia, including
Alzheimer's disease, vascular dementia, multi-infarct dementia, pre-senile dementia,
alcoholic dementia, and senile dementia.

[0014]  The compounds of the invention are useful as anti-inflammatory agents, such as
for the treatment of arthritis, with the additional benefit of having significantly less harmful
side effects. These compounds will also be useful in the treatment of allergic rhinitis,'.
respiratory distress syndrome, endotoxin shock syndrome, and liver disease. The
compounds will also be useful in the treatment of pain, but not limited to postoperati\?e pain,
dental pain, muscular pain, and pain resulting from cancer. '

[0015]  The method above will be useful for, but not limited to, treating and preventing
inflammation-related card10vascu1a1 disorders in a subject. The method will be useful for

treatment and prevention of vascular diseases, coronary artery disease, aneurysm, vascular
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rejection, arteriosclerosis, atherosclerosis including cardiac transplant atherosclerosis,
myocardial infarction, embolism, stroke, thrombosis, including venous thrombosis, angina
including unstable angina, coronary plaque inflammation, bacterial-induced inflammation
including Chlamydia-induced inflammation, viral induced inflammation, and inflammation
associated with surgical procedures such as vascular grafting including coronary artery
bypass surgery, revascularization procedures including ahgioplasty, stent placement,
endarterectomy, or other invasive procedures involving arteries, veins and capillaries.
[0016] The compounds will be useful for, but not limited to, the treatment of
angiogenesis-related disorders in a subject. According to the present invention, the
compounds can be administered to a subject in need of angiogenesis inhibition. The method
will be useful for treatment of neoplasia, including metastasis; ophthalmological conditions
such as corneal graft rejection, ocular neovascularization, retinal neovascularization
including neovascularization following injury or infection, diabetic retinopathy, macular
degeneration, retrolental fibroplasia and neovascular glaucoma; ulcerative diseases such as
gastric ulcer; pathological, but non-malignant, conditions such as hemangiomas, including
invantile hemaginomas, angiofibroma of the nasopharynx and avascular necrosis of bone;
and disorders of the female reproductive system such as endometriosis.

[0017] Compounds of the“invéntion will be usefiil for the prevention or treatment of
benign and malignant tumors/neoplasia including cancer, such as colorectal cancer, brain
cancer, bone cancer, epithelial cell-derived neoplasia (epithelial carcinoma) such as basal
cell carcinoma, adenocarcinoma, gastrointestinal cancer such as lip cancer, mouth cancer,
esophogeal cancer, small bowel cancer and stomach cancer, colon cancer, liver cancer,
bladder cancer, pancreas cancer, ovary cancer, cervical cancer, lung cancer, breast cancer
and skin cancer, such as squamus cell and basal cell cancers, prostate cancer, renal cell
carcinoma, and other known cancers that effect epithelial cells throughout the body.
Preferably, neoplasia is selected from gastrointestinal cancer, Barrett’s esophégus, liver
cancer, bladder cancer, pancreas cancer, ovary cancer, prostate cancer, cervical cancer, lung
cancer, breast cancer and skin cancer, such as squamus cell and basal cell cancers. The
compounds can also be used to treat the fibrosis which occurs with radiation therapy. The
method can be used to treat subjects having adenomatous polyps, including those with
familial adenomatous polyposis (FAP). Additionally, the method can be used to prevent

polyps from forming in patients at risk of FAP. Furthermore the compounds of the present
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invention will be useful for treatment or prevention of side effects from oncology-related
therapies such as radiation therapy or chemotherapy. For example the present compounds
will be useful to alleviate diarrhea caused by chemotherapy with topoisomerases (such as
irinotecan). 4

[0018] Besides being useful for human treatment, these compounds are also useful for
veterinary treatment of companion animals, exotic animals and farm animals, including

mammals, rodents, and the like. More preferred animals include horses, dogs, and cats.

Definitions A

[0019] The term “preventioﬁ" includes either preventing the onset of clinically evident
cardiovascular disorders altogether or preventing the onset of a preclinically evident stage
of cardiovascular disorder in individuals. This includes prophylactic treatment of those at
risk of developing a disease, such as a cardiovascular disorder, dementia or cancer, for
example.

[0020] The phrase "therapeutically-effective" is intended to qualify the amount of each
agent which will achieve the goal of improvement in disorder severity and the frequency of
incidence over treatment of each agent by itself, while avoiding adverse side effects
typically associated with alternative therapies.

[0021] The term “COX-2 selective” as used herein means the ability of a compound to
inhibit COX-2 more than it inhibits COX-1 in an in vitro assay. The present invention
includes compounds which are COX-2 selective. Preferably, the COX-2 selective
compounds have an in vitro COX-2 ICso of less than about 0.5 micromolar. The COX-2
selective compounds preferably have a selectivity ratio of COX-2 inhibition over COX-1
inhibition of at least 2, preferably at least 5, more preferably at least 10, still more
preferably at least 20 more preferably still at least 50 and yet more preferably at least 100.
Even more preferably, the COX-2 selective compounds have a COX-1 ICs of greater than
about 5 micromolar.. Such preferred selectivity will indicate an ability to reduce the
incidence of common NSAID-induced side effects.

[0022] - The term “COX-1 selective” as used herein means the ability of a compound to
inﬁibit COX-1 more than it inhibits COX-2 in an in vitro assay. The present invention also
includes compounds which are COX-1 selective. Preferably, the COX-1 selective
compounds have an in vitro COX-11Csg of less than about 0.5 micromolar. The COX-1

6
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selective compounds preferably have a selectivity ratio of COX-1 inhijbition over COX-2
inhibition of at least 2, preferably at least 5, more preferably at least 10, still more
preferably at least 20, more preferably still at least 50 and yet more preferably at least 100.
Even more preferably, the COX-1 selective compounds have a COX-2 ICs of greater than
about 5 micromolar. Such preferred selectivity will have usefulness, for example, in tissues
in which COX-1 enzyme products produce a deleterious effect to the subject.

[0023] The terms “benzopyran” and “chromene” are used interchangeably.

[0024] "Alkyl", "alkenyl," and "alkynyl" unless otherwise noted are each straight chain
or branched chain hydrocarbons of from one to twenty carbons for alkyl or two to twenty
carbons for alkenyl and alkynyl in the present invention and therefore mean, for example,
methyl, ethyl, propyl, butyl, pentyl or hexyl and ethenyl, propenyl, butenyl, pentenyl, or
hexenyl and ethynyl, propynyl, butynyl, pentynyl, or hexyﬁyl respectively and isomers
thereof.

[0025] "Aryl" means a fully unsaturated mono- or multi-ring carbocyle, including, but
not limited to, substituted or unsubstituted phenyl, naphthyl, or anthracenyl.

[0026] "Heterocycle" means a saturated or unsaturated mono- or multi-ring carbocycle
wherein one or more carbon atoms can be replaced by N, S, P, or O. This inéludes, for

example, the following structures:

(Z\Zz (\f
O - |
2 72

Z—Z I~

‘ 1 2 3, 1 2 3
wherein Z, Z , Z orZ isC, S, P, O, or N, with the proviso that one of Z,Z , Z or Z is
other than carbon, but is not O or S when attached to another Z atom by a double bond or

when attached to another O or S atom. Furthermore, the optional substituents are understood

1 2 3

to be attached to Z, Z , Z or Z only when each is C.

[0027] The term "heteroaryl” means a fully unsaturated heterocycle.

[0028] In either "heterocycle" or "heteroaryl," the point of attachment to the molecule of

interest can be at the heteroatom or elsewhere within the ring.
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[0029] The term “hydroxy” means a group having the structure —OH.

[0030] The term "halogen" or “halo” means a fluoro, chloro, bromo or iodo group.
[0031] The term "haloalkyl" means alkyl substituted with one or more halogens.

[0032] The term "cycloalkyl" means a mono- or multi-ringed carbocycle wherein each
ring contains three to ten carbon atoms, and wherein any ring can contain one or more
double or triple bonds. Examples include radicals such as cyclopropyl, cyclobutyl, |
cyclopentyl, cyclohexyl, cycloalkenyl, and cycloheptyl. The term "cycloalkyl" additionally
encompasses Spiro systéms wherein the cycloalky! ring has a carbon ring atom in common
with the seven-membered heterocyclic ring of the benzothiepine.

[0033] The term "oxo" means a doubly bonded oxygen.

[0034] The term "cycloaklylidene" means a mono- or multi-ringed carbocycle wherein a
carbon within the ring structure is doubly bonded to an atom which is not within the ring '
structures. |

[0035] The term “nitro” means a group having the formula -NOa.

[0036] The term "sulfo" means a sulfo group, -SO3; H, or its salts.

[0037] The term “thio” means a group having the formula —SH.

[0038] The term "sulfoalkyl" means an alkyl group to which a sulfonate group is
bonded, wherein said alkyl is bended to the molecule of interest.

[0039] The term “aminosulfony” means a group having the formula —SO,NH;.

[0040] The term “alkylthio” means a moiety containing an alkyl radical which is
attached to an sulfer atom, such as a methylthio radical. The alkylthio moiety is bonded to
the molecule of interest at the sulfer atom of the alkylthio.

[0041] The term “aryloxy” a moiety containing an aryl radical which is attached to an
oxygen atom, such as a phenoxy radical. The aryloxy moiety is bonded to the molecule of
interest at the oxygen atom of the aryloxy.

[0042] The term “alkenyloxy” a moiety containing an alkenyl radical which is attached
to an oxygen atom, such as a 3-propenyloxy radical. The alkenyloxy moiety is bonded to the
molecule of interest at the oxygen atom of the alkenyloxy. .

[0043] The term "arylalkyl" means an aryl-substituted alkyl radical such as benzyl. The
term "alkylarylalkyl" means an arylalkyl radical that is substituted on the aryl gfoup with

one or more alkyl groups.
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[0044] The term “amino” means a group having the structure -NH,. Optionally the
amino group can be substituted for example with one, two or three groups such as alkyl,
alkenyl, alkynyl, aryl, and the like.

[0045] The tern “cyano” means a grbup having the structure —-CN or “H

[0046] The term "lletcrocyclylalkyl" means an alkyl radical that is substituted with one
or more heterocycle groups. | . '
[0047] The term "heteroarylalkyl" means an alkyl radical that is substituted with one or
more heteroaryl groups.

[0048] The term "alkylheteroarylalkyl" means a heteroarylalkyl radical that is
substituted with one or more alkyl groups.

[0049] The term "alkoxy" means a moiety containing an alkyl radical which is attached'
to an oxygen atom, such as a methoxy radical. The alkoxy moiety is bonded to the molecule
of interest at the oxygen atom of the alkoxy. Examples of such radicals include methoxy,
ethoxy, propoxy, iso-propoxy, butoxy and tert-butoxy.

[0050} The term "carboxy" means the carboxy group, -CO; H, or its salts.

[0051] The term "carbonyl", whether used alone or with other terms, such as
"alkoxycarbonyl", means -(C=0)-.

[0052] - The term “alkanoyl” means a ~C(=O)H group, examples of such alkanoyl
radicals include formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl,
hexanoyl, and radicals formed from succinic, glycolic, gluconic, lactic, malic, tartaric, citric,
ascorbic, glucuronic, maleic, fumaric, pyruvic, mandelic, pantothenic, B-hydroxybutyric,
galactaric and galacturonic acids.

[0053] The term "carboxyalkyl" means an alky] radical that is substituted with one or
more carboxy groups. Preferable carboxyalkyl radicals are "lower carboxyalkyl" radicals
having one or more carboxy groups attached to an alkyl radical having one to six carbon
atoms. ‘ .

[0054] The term "carboxyheterocycle" means a heterocycle radical that is substituted
with one or more carboxy groups. 4

[0055] The term "carboxyheteroaryl" means a heteroaryl radical that is substituted with
one or more carboxy groups. ’

[0056]  The term "carboalkoxyalkyl" means an alkyl radical that is substituted with one

or more alkoxycarbonyl groups. Preferable carboalkoxyalkyl radicals are "lower
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carboalkoxyalkyl" radicals having one or more alkoxycarbonyl groups attached to an alkyl
radical having one to six carbon atoms. |

[0057] The term "carboxyalkylamino" means an amino radical that is mono- or di-
substituted with carboxyalkyl. Preferably, the carboxyalkyl substituent is a "lower
carboxyalkyl" radical wherein the carboxy group is attached to an alkyl radical having one
to six carbon atoms.

[0058] When used in combination, for example "alkylaryl" or "arylalkyl," the individual

terms listed above have the meaning indicated above.

Description

[0058] Among its many embodiments the present invention provides a compound of

Formula 1

[

or a pharmaceutically acceptable salt thereof, wherein: X is selected from
the group consisting of H, alkyl, and a pharmaceutically acceptable cation; Z is selected
from the group consisting of O, S and NH; wherein R!, R?, R3 , and R* are each
independently selected from the group consisting of H, alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonylalkyl, alkyl, alkylamino, alkylcarbonyl, alkylheteroaryl, alkylsulfonylalkyl,'
alkylthio, alkynyl, aminocarbonylalkyl, aryl, arylalkenyl, arylalkoxy, arylalkyl,
arylalkylamino, arylalkynyl, arylcarbonyl, aryloxy, cyano, dialkylamino, halo, haloalkoxy,
haloalkyl, heteroaryl, heteroarylalkoxy, heteroarylcarbonyl, hydroxy and hydroxyalkyl;
wherein each of aryl, wherever it occurs, is independently substituted with one to five

10
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substituents selected from the group consisting of alkyl, alkoxy, alkylamino, cyano, halo,
haloalkyl, hydroxy, and nitro.

[0059] In one embodiment Z is O.

[0060] Tn one embodiment, R, R%, R?, and R* are each independently selected from the
group consisting of H, (C,-Cio)-alkenyl, (C;-Cio)-alkoxy, (CI-CIO)-alkoxy-(Ci-C10)—alky1,
(C1-Cy)-alkoxycarbonyl-(C;-Cig)-alkyl, (C1-Cio)-alkyl, (C1-Cp)-alkylamino, (C1-Cio)-
alkylcarbonyl, (C;-Cio)-alkylheteroaryl, (C;-Cp)-alkylsulfonyl-(C;-Cig)-alkyl, (C1-Cio)-
alkylthio, (C,-Cio)-alkynyl, aminocarbonyl-(Ci-Cio)-alkyl, aryl, aryl-(C2-Cy)- alkenyl, aryl-
(C1-C1o)-alkoxy, aryl-(C;-Cio)-alkyl, aryl-(C;-Cio)-alkylamino, aryl-(C;-C1g)-alkynyl,
arylcarbonyl, aryloxy, cyano, di-(C;-Cj)-alkylamino, halo, halo-(C;-Cjg)-alkoxy, halo-(Cy-
Cig)-alkyl, heteroaryl, heteroaryl-(C,-Cjo)-alkoxy, heteroarylcarbonyl, hydroxy and |
hydroxy-(C;-Cip)-alkyl; wherein each of aryl, wherever it occurs, is independently
substituted with one to five substituents selected from the group consisting of (C;-Cio)-
alkyl, (C;-C1)-alkoxy, (Ci-Cio)-alkylamino, cyano, halo, halo-(Ci-Ci)-alkyl, hydroxy, and
nitro.

[0061] In one embodiment, R!, R?, R?, and R* are each independently selected from the
group consisting of H, (C-Ci)-alkenyl, (Ci-Cig)-alkoxy, (Ci-Cio)-alkyl, (Ci-Cio)-
“alKylamino; (C;-Cio)-alkylcarbonyl, (C1-Cig)-alkylheteroaryl, (C;-Co)-alkylsulfonyl-(C;-
Cio)-alkyl, (C;-Cip)-alkylthio, (Co-Cio)-alkynyl, aryl, aryl-(Ci-Cio)-alkyl, aryl-(Ca-Cio)-
alkynyl, arylcarbonyl, aryloxy, di-(C;-Cio)-alkylamino, halo, halo-(C;-Cyp)-alkoxy,
heteroaryl, and heteroaryl-(Ci-Cio)-alkoxy; wherein each of aryl, wherever it occuré, is
independently substituted with one to five substituents selected from the group consisting of
(C1-C1o)-alkyl, (C;-Ci)-alkoxy, (C-Ci)-alkylamino, cyano, halo, halo-(C;-Cyo)-alkyl,
hydroxy, and nitro.

[0062] In one embodiment, R!, R, R?, and R* are each independently selected from the
group consisting of H, (C,-Cjg)-alkenyl, (C;-Cio)-alkoxy, (C4-Cyp)-alkyl, (Ci-Cyo)-
alkylamino, (C;-Cjp)-alkylsulfonyl-(Ci-Cg)-alkyl, (Ci-Cio)-alkylthio, (C2-Cio)-alkynyl,
aryl, aryl-(C;-Cjo)-alkyl, aryl-(C2-Cio)-alkynyl, arylcarbonyl, di-(C;-Cyp)-alkylamino, halo,
halo-(C;-Cjo)-alkoxy, and heteroaryl; wherein each of aryl, wherever it occurs, is
independently substituted with one to five substituents selected from the grdup consisting of

(C;-C1o)-alkyl, (Ci1-Cio)-alkoxy, and halo.
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[0063] In one embodimerit, Ry, Ry, Rs, and Ry are each independently selected from the
group consisting 6f H, (C;-Cio)-alkoxy, (C1-Cio)-alkyl, (Ci-Cjp)-alkylthio, (C2-Cio)-
alkynyl, aryl, aryl-(C;-Cip)-alkyl, aryl-(C,-Cio)-alkynyl, arylcarbonyl, halo, and halo-(C;-
C10)-alkoxy; wherein each of aryl, wherever it occurs, is independently substituted with one
to five substituents selected from the group consisting of (C;-Cjo)-alkyl and halo.

[0064] In one embodiment, R’, R?, R} and R* are each independently selected from the
group consisting of H, (C;-Cg)-alkoxy, (C;-Cs)-alkyl, (C1-Cg)-alkylsulfonyl-(C;-Cg)-alkyl,
(Cl-Cg)-alkylthio, (Cz—Cg)-alkynyl, aryl, aryl-(C,-Cg)-alkyl, aryl-(C,-Csg)-alkynyl,
arylcarbonyl, halo, and halo-(C;-Cs)-alkoxy; wherein each of aryl, wherever it occurs, is
independently substituted with one to five substituents selected from the group consisting of
(C;-Cs)-alkyl and halo. '

[0065] In one embodiment, R’, R% R?, and R* are each independently selected from the
group consisting of H, (C;-Cs)-alkoxy, (C;-Cs)-alkyl, methylalkylsulfonyl-(C;-Cs)-alkyl,
(C1-Cs)-alkylthio, (C-Cs)-alkynyl, aryl, aryl-(C,-Cs)-alkyl, aryl-(C»-Cs)-alkynyl,
arylcarbonyl, halo, and halo-(C,-Cs)-alkoxy; wherein each of aryl, wherever it océurs, is
independently substituted with one to five substituents selected from the group consisting of
(C1-Cs)-alkyl and halo. '

[0066] In one embodiment of the presént invention the compound has an S-absolute
configuration, an R-absolute configuration, or a mixture of S- and R-absolute configuration
at the 2-carbon of Formula 1. In one embodiment the compound has an S-absolute
configuration at the 2-carbon. Alternatively the compound has an R-absolute configuration
at the 2-carbon. In another alternative the compound comprises a mixture of S- and R-
absolute configuration at the 2-carbon. In a further embodiment the compound is racemic.
[0067] In another embodiment the preéent invention provides a compound of Formula 1
wherein X is H. Alternatively X can be a pharmaceutically acceptable cation. By way of
non-limiting example X can be an ammonium cation, an alkylammonium cation, a
dialkylammonium cation, a trialkylammonium cation, a tetraalkylammonium cation, an
alkali metal cation, or an alkaline earth cation. The pharmaceutically acceptable cation can
be an alkali metal cation. In one embodiment the alkali metal cation is selected from the
group consisting of sodium and potassium. In another embodiment the alkali metal cation

is sodium. Alternatively the alkali metal cation can be potassium.
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[0068]

In yet another embodiment the pharmaceutically acceptable cation is an alkaline

earth metal cation. For example the alkaline earth metal cation can be calcium. In another

example the alkaline earth metal cation is magnesium.

[0069]

acid;

acid;

In one embodiment the compound is selected from the group consisting of:

(2R)-6-chloro-7 -isobutyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(2R)-7-benzyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
7-benzy1—6—chloro-2-(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;

7 -butoxy-6—chloro-8-methyl-2-(triﬂuoromethyl)-2H—chromene-3—carboxylic acid;
7-bcnzyl-6—bromo-2-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid;
7-butyl—6-chloro-2-(triﬂuoromethyl)—2H-chromene-3-carboxy1ic acid;
6,8-dichloro-7-(2—ethylbutoxy)-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid,
6—chloro-8-methy1-7-propoxy-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7-(isobutylthio)—2-(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
6-chloro-7—(2-ethylbutoxy)—S-methyl—z;(triﬂuoromethyl)fZH-chromene-3 -carboxylic

6-’ch1i)ro-'7-(isoPen'tyloXy)-S—fﬁethyl—2-(triﬂuorometHyl)EzH—chrome'ne—3-éarboxylic

8—methyl-6—(triﬂuoromethoxy)-Z—(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
6,8—dichloro-7-isobutoxy-2—(triﬂuoromethyl)-?_H-chromene-3-carboxy1ic acid;
8-chloro-6-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7-benzyl-.6-methyl—2—(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
7-(scc-butylthio)-6-chloro-2—(triﬂuoromethyl)-2H-chromene-3—carboxylic acid;
(2S)-6-ethy1—8-methy1—2-(triﬂuoromethyl)—zH—chromene—3-carboxylic acid;
6,8-dichloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
6-ch10ro-8-(4-chloro-3-methylphenyl)-.’z-(triﬂuoromethyl)-2H-chromene-3-

carboxylic acid;

acid;

8-ethyl-6-(triﬂuoromethoxy)—2-(triﬂuoromethyl)—ZH—chromene—3-carboxylic acid;
(2S)-6—chloro-8-methy1-2-(triﬂuoromethyl)—ZH—chromene—3-carboxylic acid;
(2S)-8—ethy1-6-(triﬂuoromethoxy)-Z-(triﬂuoromethyl)—2H-chromene-3-carboxylic
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(2S)-6-chloro-5,7-dimethy1-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-8-(4-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-8-(3-fluoro-4-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
8-propyl-6~(triﬂuoromethoxy)fZ-(triﬂuoromethyl)-?.H—chromene-3-carboxylic acid;
5-bromo-6,7-dichloro-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid,
6-chloro-8-(4—ethylphgnyl)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid,
7-benzoyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
8—pent-1-ynyl—6—(triﬂuoromethbxy)-fl—(triﬂuoromethyl)-zH-chromene-3-carboxylic
acid; ‘
6-bromo-5,7-dichloro-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(2S)-6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(28)-6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; '
6-chloro-7-(3,3-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; .
6-chloro-8-(methylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-'7--propoxy-2-(tr’iﬂuoromethyi)—2H—chromene-3-carboxylic acid,
6,7-dichloro-8-methoxy-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid;
6-chloro-8-methyl-7-(neopentyloxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid;
6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
8-(phenylethynyl)-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6,8-dichloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
5-chloro-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7-benzyl-5,6-dichloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;. A
6-chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; |
6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; and
(28)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
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[0070]

acid;

acid;

or their isomer and pharmaceutically acceptablk salt thereof..
In one embodiment the compound is selected from the group consisting of:

(ZR)-6—Chlor0—7-isobutyl-2-(triﬂuoromethyl)-2H-Chromene—3-carboxylic acid;
6-ch]oro-7-isobutyl-2-(triﬂuoromethyl)-2H-chromene;3-carboxylic acid;
(2R)-7-benzyl-.6-chloro-2-(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
7-benzyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7-butoxy-6-chloro-8-rnethyl-2-(triﬂuoromethyl)-ZH—chromene-3—carboxylic acid;
7-benzy1—6-bromo-2-(triﬂuoromethyl)-2H—chromene-3—carboxylic acid;
7-butyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; |
6,8-dichloro-7-(2-ethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
6-chloro-8-methyl-7-propoxy-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
6-chloro-7-(isobutylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7-(2-ethylbutoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylic

6—chloro-7-(isopentyloxy)—8-methy1—2-(triﬂuoromethyl)—2H-chromene—3—carboxylic
8—methy1-6-(triﬂuoromethoxy)—2-(triﬂuoromethyl)—2H—chromene-3 -carboxylic acid;
6,8-dichloro-7-isobutoxy-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
8-chloro-6-iodo-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
7-benzyl—é—methyl-z-(triﬂﬁoromethyl)-2H—chromene-3—carboxylic acid;
7-(sec-butylthio)—6—chloro-2-(triﬂuoromethy1)-2H—chromene-3-carboxylic acid,
(2S)-6-ethyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
6,8-dichloro-5-methyl-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6—chloro-8-(4-chlofo—3—methylphenyl)—2—(tfiﬂuoromethyl)-2H-chromene-3-

carboxylic acid;

acid;

8-ethy1-6-(triﬂuoromethoxy)-Z-(triﬂuoromethyl)—2H—chromene-3-carboxylic acid,
(ZS)-6—chloro-8-methyl-2—(triﬂuoromethyl)-2H-chromene-3—carboxy1ic acid;
(2S)-8-ethyl—6—(triﬂuoromethoxy)-Z-(triﬂuoromethyl)—2H—chromene-3-carboxylic

(28)—6-chloro-5,7—dimethy1—2-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid,
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6-chloro-8—(4-methylphenyl)-2—(triﬂuoromethyl)—ZH-chromene-3-carboxylic acid;

6-chloro-8-(3—ﬂuoro-4-methy1phenyl)-2—(triﬂuoromethyl)—2H-chr'omene—3-

carboxylic acid;

acid;

[0070]

8-propyl-6—(triﬂuoromethoxy)-2—(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;

5-bromo-6,7-dichloro-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic

6-chloro-8-(4-ethylpheny1)-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid; and

(25)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

or their isomer and pharmaceutically acceptable salt thereof..

In one embodiment the compound isselected from the group consisting of

7-benzoyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid,
.7-(pyridin—3-ylcarbonyl)—2-(triﬂuoromethyl)—2H—chromene-3-carboxylic acid

trifluoroacetate;

acid;

7-(2-furyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7-benzyl-5,6-dichloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7-benzyl-6-chloro-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
7-benzyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(2S)-6-chloro—8-methyl-2-(triﬂuoromethyl)—2H-chromene—3-carboxylic acid;
(2R)-6-chloro-8-methyl-2-(tri_ﬂuoromethyl)—ZH-chromene—3-carboxylic acid;
8-chloro-6—¢thoxy—2—(triﬂuoromethyl)-ZH—chromene—3~carboxylic acid;
8-chloro-6-(2,2,2-trifluoroethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid,;

acid;

acid;

6-(benzyloxy)-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
8-chloro-6-(hexyloxy)-2-(triftuoromethyl)-2H-chromene-3-carboxylic acid;
8-ghloro-6-propqu-2-(triﬂuoromethyl)-QH-chromene-3—carboxylic acid;

(2R)-8-chloro-6-methoxy-2—(triﬂuoromethyl)—QH-chromene—3-carboxylic
(2S)-8-chloro-6-methoxy-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic

5,8-dichloro-6-methoxy-2-(triflucromethyl)-2H-chromene-3-carboxylic acid;
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7,8-dichloro-6-methoxy-2—(triﬂuoromethyl)-2H-chr0mene-3-carboxylic acid;
6,8-dichloro-7-(2-ethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6,8-dichloro-7-(3,3-dimethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6,8-dichloro-7-isobutoxy-2-(triﬂuoromethyl)-2H—chromeneg3-carboxylic
acid; ,
7—(benzyloxy)-6,8-dichloro—2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid; , : |
7-tert-butoxy-6,8-dichloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid; |
8-chloro-6-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; |
(2R)-6-chloro-5,7—dimethyl-Z-(triﬂuoromethyl)-2H—chromene—3-carboxylic
acid; ’
(28)—6-ch10ro—5,7—dimethy1—2-(triﬂuoromethyl)-2H-chromene-3—carboxylic
acid;
6-chloro-7,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid; '
6-chloro-5,8-dimethyl-2-(trifluoromethy!)-2H-chromene-3-carboxylic acid;
7-tert—pentyl—2~(triﬂuoromethyl)-2H—chromene-3 -carboxylic acid;
6-chloro-7-tert-pentyl-Z-(trjﬂuoromethyl)-2H—chromene-3-carboxylic acid;
7-(1,1-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7-(1,1 -dimethylbutyl)—2-(triﬂuoromethyl)-ZH-chromene-3-
carboxylic acid; '
7-tert-butyl-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7-isopropenyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7-(2-methoxy-1,1-dimethylethyl)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid;
7-tert-butyl-5-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-

* carboxylic acid;
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7-tert-butyl-5,8-dichloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

6-chloro-7-(2-hydroxy-1,1-dimethylethyl)-2~(trifluoromethyl)-2H-1-

benzopyran-3-carboxylic acid;

_(2R)-6-chloro-7-(2-hydroxy-1,1-dimethylethyl)-2-(triftuoromethyl)-2H-

chromene-3-carboxylic acid;

(2S)-6-chloro-7-(2-hydroxy-1,1-dimethylethy1)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid;

acid;

acid;

acid;

acid;

6,8-dichloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
5,8-dichloro—6,7-dimethoxy-2-(triﬂuoromethyl)-2H-chrorhene-3-carboxy]ic

5-chloro-6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
8-chloro-6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(28)-6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

‘ (2R)-6—chloro—5-methyl-2-(triﬂuoromethyl)-2H-ch1‘omene-3—carboxylic acid; -

6-chloro-7-(dipropylamino)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
6,8-dichloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic

5,7-dimethyl-2-(triftuoromethyl)-2H-chromene-3-carboxylic acid;
6-ethyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(28)-6-ethyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(2R)-6-ethyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-ethyl-7-methyl-2-(trifluoromethy!)-2H-chromene-3-carboxylic acid;
6-ethyl-8-propyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-isopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; '
6-isopropyl-7-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7-(ethoxymethyl)—Z-(triﬂuoromethyl)—2H-chromehe—3—carboxylic
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6—ethy1—8-methoxy-2-(triﬂuoromethyl)-QH-thomene-3-carboxylic acid;
8—tert—buty1—6-ethyl-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6,8-diethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

6-[3,5-bis(trifluoromethyl)phenyl]-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

acid;

acid;
acid;

acid;

acid;
acid;

" acid;

6-(4-meth§xypheny1)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6-thien-3-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-(2-furyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-(4-methylthien-2-y1)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-(3-nitrophenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

6-(1 ,3—benzodioxol-5-yl)-2-(triﬂuoromethyl)-2H-chromene—3-carBoxylic

6-(4-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-pyridin-4-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-(3-isopropylphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-(2-naphthyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-pyridin-3-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-(1H-indol-6-y1)-2-(trifluoromethyl)-2H-chromene-3-carboxylic écid;
6-quinolin-8-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-(3,4-dimethoxyphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

2-(triﬂuoromethyl)-6-[4-(triﬂuoromethyl)phenyl]-2H-chr0mene-3-carboxylic
2—(triﬂuoromethyl)—6—[3-(triﬂuoromethyl)phenyl]-2H—chromene-3-carboxylic

8-chloro—6-pheny1-2-(triﬂuoromethy1)-2H—chromene-3-carboxylic acid;
8-chloro-6-(4-chlorophenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

8-chloro-6-(2-chlorophenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

8-chloro-6-(4-fluorophenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
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8-chloro-6-thi_én—3-yl-2-(triﬂuoromethyl)—2H-chromene-3—carboxylic acid;

8-éhloro-6—(2—fdry1)—2-(triﬂuoromethyl)-2H-chromene—3-Carboxylic acid;

8-chloro-6-(3-nitrophenyl)-2-(trifluoromethyl) -2H-chromene—3-carbpxy1ic '
acid;

6-(1 ,3-benzodioxol-5-yl)-8-chloro-2—(triﬂuoromethyl)-2H-chromene—3-

8-chloro-6-(4-methoxyphenyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

carboxylic acid; '
8-chloro-6-(4-methylphenyl)—2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid; .
8—chloro-6—(3-isdpropylphenyl)—2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;
8-chloro—6-(2—naphthyl)—2-(triﬂuoromethy1)-2H-chromene-3-carboxylic acid;
8-chloro-6—pyridin—3-y1—‘2-(triﬂuéromethyl)-2H-chromene-3 -carboxylic acid;
8-chloro—6-(1H-indol-S-yl)-2-(triﬂuoromethyl)-2H—chromene-3—carb6xylic
acid; '
8-chloro-6-quinolin-8-y1—2-(triﬂuoromethyl)—?.H—chromene—3-carbdxylic
S R S .

8-chloro-6-(3,4-dimethoxyphenyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;
8-chl0ro-2-(triﬂuoromethyl)—6-[4-(triﬂuoromethyl)phenyl]-2H—chromene-3-
carboxylic acid;
8-chloro-2—(triﬂuoromethyl)—6—[3-(triﬂuorome‘thyl)phenyl]-2H—chromene-3-
carboxylic acid;
8-chloro-6-(3-furyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
8-chloro-6-(3-methoxyphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; '
8-chloro-6-ethyl-2—(triﬂupromethyl)-ZH-chromene-3-carboxy1ic acid;
6-butyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; '
6-buty1—8-chloro-2-(triﬂuoromethyl)-ZH—chromene-3-carboxylic acid,
8-chloro-6-ethynyl-2-(triflucromethyl)-2H-chromene-3-carboxylic acid;
8-chloro-2-(trifluoromethyl)-6-vinyl-2H-chromene-3-carboxylic acid;
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8-chloro-6-(phenylethynyl)—2-(triﬂuorofnethyl)-2H-chromene—3-carboxylic
acid;
8-chloro-6—cyano-2—(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
6-acety1—8-chloro-2-(triﬂuoromethyl)-2H-chromene-3—carboxylic acid;
6-a11y1—8—ch10ro-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
8-chloro-6-prop-1 -ynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-ch10rc_)—8-(3-methylbut-1-ynyl)-2-(triﬂuoromethyl)-zH—chromene—3-
carboxylic acid;
6—ch10ro—8—prop—1—yny1-2-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid,
8-but-1-yny1—6-chloro-2-(triﬂuoromethyl)—ZH-chromene-3-carboxylic acid;
6-chloro-8—(4—ﬂuorophenyl)—Z-(triﬂuoromethyl)—2H—chromene—3-carboxylic
acid;
6-chloro-8-(3-chloro-4-fluorophenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6-chloro-8-(3,5-dichlorophenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; '

6-chloro-8- (3 4- dlchlorophenyl) 2- (tr1ﬂuorornethyl) -2H-chromene-3-

carboxyllc ac1d SEET LI e g AR IR I e e s s

6-chloro-8-(3-fluorophenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid;

6-chloro—8-(3—ch10rophenyl)-2-(triﬂuoromethyl)-ZH-chromene—3—carboxy1ic
acid;

6-chloro-8-(2-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid;

6-chloro-8-(3-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3 -carboxylic
acid; '

6-chloro-8-(4-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid; ‘

6-chloro-2-(trifluoromethyl)-8-[3-(trifluoromethyl)phenyl]-2H-chromene-3-
carboxylic acid;

6-chloro-2-(trifluoromethyl)-8-[4-(trifluoromethyl)phenyl]-2H-chromene-3-

carboxylic acid;
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6-chloro-8-(4fethoxypheny1)-2—(triﬂuoromethyl)—2H—chromene—3-carboxylic
acid; |
6-chloro-8-(3-cyanopheny!)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid; ‘
6-chloro-8-(3-ethoxypheny!)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid;
6—chloro—8-(2-ethoxyphenyl)-2—(triﬂu0romethy1)—2H-chromene-3-carboxylic
acid; ‘
8-[3,5-bis(triﬂuoromethyl)phenyl]-6-chloro-2-(triﬂuoromethyl)-2H-
chromene-3-carboxylic acid;
6—chloro-8-pyridih—4-yl-2—(triﬂuoromethyl)—2H-chromene;3—carboxylic acid;
6-chloro-2-(trifluoromethyl)-8-[2-(trifluoromethyl)phenyl]-2H-chromene-3-
carboxylic acid;
6-chloro-8-(4-cyanophe’nyl)-2-(triﬂuoromethyl)-2H-chromene-3-carboxy1ic
acid; |
6-chloro-8-pyridin-3 -yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-8-(3,5-difluorophenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; | ‘
6-chloro-8-(3,5-dimethylphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6-chloro-8-(3-isopropylphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
8-(4-tert-butylphenyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6-chloro-8-(2,4-dimethylphenyl)—2-(triﬂuoromethyl)—2H,—chromene-3—
carboxylic acid;
6-chldro-8-(4-m§thyl—3—nitrophenyl)-Z—(triﬂuoromethyl)—QH-chromene-3-
carboxylic acid; |
8-(4-buty1phenyl)-6-chloro-2-(triﬂuoromethyl)—ZH—chromene-3-carboxylic
acid; ,
6-chloro-8;(5—chloro-2-methoxyphenyl)—2-(triﬂuoromethyl)-ZH—chromene-3-

carboxylic acid;
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8-(4-acetylphenyl)-6-chloro-2-(triﬂuordmethyl)-2H-chromene—3-carboxylic
acid;
6-chloro-8-(4-ethy1phenyl)-2-(triﬂuoromethyl)-2H-chromene—3—carboxylic
acid;
6-chloro-8-(3-ﬂuoro-4-methy1pheny1)—24(triﬂuoromethy1)—2H—chromene—3-
carboxylic acid;
6-ch10ro—8-(3,4-dimethy1phenyl)—2—(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;
6—chloro-8—(4—hydroxypheny1)—2—(triﬂuoromethyl)—2H-chromene-3-
carboxylic acid;
6-chloro-8-(4-chloro-3-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6-chloro-8-(4-fluoro-3-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6-chloro-2-(trifluoromethyl)-8-(3,4,5-trimethoxyphenyl)-2H-chromene-3-
carboxylic acid;
6-chloro-8-(3-fluoro-4-methoxyphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; ’ .- S )
6-chloro-8-(4-methoxy-3-methylphenyl)-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid;
6-chloro-8-(4-isobutylphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6-chloro-8-(4-methoxy-3,5-dimethylphenyl)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid;
6-chloro-8-thien-3-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-8-(3—nitrophenyl)—Z-(triﬂuoromethyl)-ZH-chromene-S-carboxylic
acid;
6-chloro-8-[4-(dimethylamino)phenyl]-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
7-methoxy-6-phenyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7—1nethoxy—6-thien—3—yl-2-(triﬂuoromethyl)-2H-chromene-3-carboxy1ic acid;
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7—methoxy-6-(4-methoxypheny1)-2-(triﬂuoromethyl)-2H—chromene—3-
carboxylic acid; '
7-methoxy—2-(triﬂuoromethyl)-G-[4—(triﬂuoromethyl)phenyl]-2H—chromene-
3-carboxylic acid;. i
7—1nethoxy—2-(triﬂuoromethyl)-6—[3-(triﬂuoromethyl)phenyl]-2H-chromene—
3-carboxylic acid;
6-(3-furyl)-7-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7-methoxy-6-(3 ;methoxyphenyl)-2—(triﬂuoromethyl)-2H-chromene—3-
carboxylic acid;
6-(2-fury1)-7-methoxy-Z—(triﬂuoromethyl)—2H-chromene—3-carboxylic acid;
7—methoxy—6-(3—nitrophenyl)-2-(triﬂuoromethy1)—2H-chromene-3-carboxylic
acid;
6-(1 ,3.—benzodioxol—S-yl)-7-methoxy-2-(triﬂuoromethyl)-ZH-chromene—3—
carboxylic acid,; '
7 -methoxy—6-(4-methylpheny1)-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;
6-(3 -isopropylphenyl)-7,—methoxy-2—(triﬂuoromethyl)-2H—chromene-3-
" carboxylic acid; ' o
7—methoxy-6-(2-naphthy1)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid;
7—meth6xy-6—pyridin—3-y1-2—(triﬂuoromethyl)-?_H-chromene-3-carboxy1ic
acid;
6-(3,4—dimethoxyphenyl)-7-methoxy—2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid; ,
7-methoxy—6—quinolin—8-y1-2—(triﬂuoromefhyl)-2H-chromene‘-3—carboxylic
acid; ‘ :
6-(4-chlorophenyl)-7 -methoxy-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6-(2-chlorophenyl)-7 -methoxy-2-(triﬂuoromethyl)-2H-chromene-3-'
carboxylic acid; . /
6-(4-ﬂuor6phenyl)-7-methoxy-2-(triﬂuoromethyl)‘-ZH—chromcne-3-

carboxylic acid;
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6-i0odo-7-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-ethyl-7 -methoky-z—(triﬂuoromethyl)—2H—chromene-3-carboxylic acid;
7-methoxy-6-methyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
7-methoxy-2-(triﬂuoromethyl)-6—Viny1—2H—chromene-3-carboxylic acid;
6-cthyny1—7—methoxy—2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid;
6-acety1—7-methoxy-2—(triﬂuoromethyl)—2H-chromene-3-carboxylic acid;
7-methox3;—6-prop- 1-ynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid;
7—ethoxy-6—ethy1-2»(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6-ethy1—7—(pyridin—3-ylmethoxy)—2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;
6-ethyl-7-(pyridin-4-ylmethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6—ethy1-7-propoxy—2-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid;
6-ethy1-7-(2-ethylbutoxy)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid;

8-iodo-7-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

” 8-chloro-6-ethyl—7-methoxy—2-(triﬂuoromethyl)-2H—chromene-3-carboxylic S

acid;
5,7—dichloro—6-ethoxy—2-(triﬂuoromethyl)-ZH-chromene-3-carboxy1ic acid,
5,7-dichloro—6-rnethoxy-2—(triﬂuoromethyl)—2H-chromene-3-carboxylic acid;
5,7~dichloro-6—isopropoxy-2—(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid;
6-chloro-5-phenoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
sodium 8-chloro-6-ethynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate;
sodium 8-but-1-ynyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-
carboxylate;
sodium 6-chloro-8-(3-fluoro-4-methylphenyl)-2-(trifluoromethyl)-2H-
chromene-3-carboxylate;
sodium 6-chloro-8-(4-ethylphenyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate;
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sodium 6-chlc§ro-8-(4-chlor0-3—methylphenyl)-?.-(triﬂuoromethyl)-2H-
chromene-3-carboxylate;

sodium 6-chloro-8-(4-methoxy-3 -methylphenyl)-2-(trifluoromethyl)-2H-
chromene-3-carboxylate;

sodium 6-ethy1—7—methoxy-2-(triﬂuoromethyl)-2H-chromene—3—carboxylate;

sodium 6-chloro-5-phenoxy-2-(trifluoromethyl)-2H-chromene-3-
carboxylate;

5,7,8-triAChlorol-é-meth‘OXy-2-(triﬂuoromethyl)-2H—chromene—3-carboxylic
acid;

8-iodo-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)—2H—chromene—3-carboxylic
acid; ‘ |

8—methyl-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; t

8-(pheny]ethynyl)—6-(triﬂuoromethoxy)-2—(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

8-prop-1 -ynyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; |

8-pent-1 -yny1-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)—2H-chromene-3 -
carboxylic acid;

8-ethyny1—6-(triﬂuoromethoxy)-2—(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid; ‘

8~ethy1—6—(trifluoromethoxy)-2—(triﬂuorométhyl)-2H—chromene-3-carboxylic
acid;

8—isobutyl-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

8-propy1—6-(triﬂupromethoxy)-2-(triﬂuoromethy1)-2H—chromene-3-
carboxylic acid; ' 7

8-pentyl-6-(triﬂuoromethoxy)-Z—(triﬂuoromethyl)-2H—chromene—3-v
carboxylic acid; '

(2S)-8—et11y1-6-(triﬂuoromethoxy)-Z-(triﬂuoromethyl)-2H-chromene—3-

carboxylic acid;
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(2R)-8-ethyl—6—(triﬂuoromethoxy)-z-(tﬁﬂuoromethyl)—ZH—chromene-S-
carboxylic acid;

(28)-8—ethyl-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; '

6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-8-vinyl-ZH-chromené-3-carboxylic
acid; '

8-(2—phenylethyl)-6-(triﬂuoromethoxy)-2-(tn’ﬂuoromethyl)-ZH—chromene-3-
carboxylic acid;

8-cyano-6-(t1'iﬂuoromethoxy)-2-(triﬂuoromethyl)-2H-chromene—3-
carboxylic acid; | |

8-but-1-ynyl-6-(trifluoromethoxy)-2- (trifluoromethyl)-2H-chromene-3-
carboxylic acid;

8-butyl-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-ZH—chromene-3-carboxylic

acid;
8—ally1—6-(triﬂuoromethoxy)-2—(triﬂuoromethyl)—ZH-chromene—3-carboxylic
acid;
6,8—dichloro-7—iodo—2-(triﬂuoromethyl)-ZH—chromene-3-carboxylic acid;
5—chloro—8—propdxy-2—(triﬂuoromethyl)—2H-chromene—3-carboxylic acid;
| 5-chloro—8-(2—ethylbutoxy)-Z-(triﬂuoromethyl)-2H—chromene-3—carboxylic
acid;

8-(benzyloxy)-5—chloro-2-(triﬂuoromethyl)-2H-chromene-3—carboxylic acid;
5-chloro-8-methoxjr-?_—(triﬂuoromethyl)—2H—chromene—3-carboxylic acid;
5,6—dichloro—8—methoxy—2-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid;
5,7-dichloro-8—propoxy-2-(triﬂuoromethy1)-2H—chromene-3-carboxy1ic acid;
5-bromo-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
5-bromo-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
8-propoxy-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
8-butoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid,
8-(benzyloxy)-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
8-(3-furylmethoxy)-2-(triﬂuoromethyl)—2H-chromene—3-carboxylic acid;
6-bromo-8-ethoxy-2—(triﬂuoromethy1)-2H—chromene-3—carboxylic acid;
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6-bromo-5,7-dichloro-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid,; | '
5,6,7—trichloro-8—propoxy—2—(triﬂuoromethyl)—ZH-chromene-3-carboxylic
acid;
‘ 8-butoxy—5,6,7-trichloro-2-(triﬂuoromethyl)-zH-chromene-B-carboxylic
acid; )
5,6,7-trichloro-8—ethoxy-2-(triﬂuoromethyl)-2H~chromene-3—carboxylic acid;
6,7-dichloro~87methoxy—5-methyl—Z-(triﬂuoromethyl)-2H-chromene—3-
carboxylic acid;
6-chloro-7-propoxy—2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid;
6-chloro—7—(2—ethylbutoxy)-2-(triﬂuoromethy1)-2H-chroniene-3—carboxylic
acid;
6-chloro-7-(3,3-dimethylbutoxy)—2—(triﬂuoromethyl)—2H-chromene—3-
carboxylic aéid;
7-(benzyloxy)-6-chloro-2-(triﬂuoromethyl)—2H-chromene-3 -carboxylic acid;
7-tert-butoxy-6-chloro—2-(triﬂuoromethyl)-2H—chromene—3-carboxylic acid;
6-chloro-7-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
5-bromo-6,7 -dichloro-8-methoxy-2+(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
8-ethoxy-6-methyl-z-(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(2S)-6,8-dimethy1-2-(triﬂuoromethyl)—2H—chromene—3—carboxylic acid;
(2R)-6,8-dimethyl—2-(triﬂuoromethyl)—2H—chromene—3-carboxylic acid;
(2R)—6,8—dimethy1-2—(triﬂuoromethyl)—ZH;chromene-3—carboxylic acid.
compound with (18)-1-phenylethanamine (1:1);
(2R)—6,8—dimethyl—2—(triﬂuoromethyl)—ZH-chromene-3—carboxylic acid
compound with (1R)-1-phenylethanamine (1:1);
5-chloro-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6—ethyl-2—(triﬂuoromethyl)-2H-chromene—3-carboxylic écid; ‘
(28)-6-ethyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid; .
(2R)-6-ethyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
6-(1,1 -difluoroethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

28



WO 2004/087686 PCT/1B2004/001113

6-tert—buty1-8-chloro-2-(triﬂuoromethylb-2H—chromene-3-carboxylic acid;

7 -(1-phenylvinyl)-Z-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;

7-(1-phenylethyl)-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;

6,8-dich10ro—7-[isobutyl(methyl)amino]-2-(triﬂuoromethyl)—ZH—chromene-3-
carboxylic acid; '

6,8-dichloro—7-(methylamino)-Z-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

6,8-dichloro-7-(isobutylamino)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;

6-chloro-7-methoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; |

6-chloro-7-(2-ethylbutoxy)—8—methy1—2-(triﬂuoromethyl)—ZH-chromene-3-
carboxylic acid,; |

6-chloro-8-methyl-7-propoxy-2-(trifluoromethyl)-2H-chromene-3 -carboxylic
acid; A ‘

6-chloro-7-isobutoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;

‘ 7-butoxy—6—ch10ro—8—m'ethyl-2—(triﬂhc'ifonfethyl)—2H-chromene‘—3-carboxylic

acid;

6-chloro—8—methyl-7-(neopentyloxy)—2—(triﬂuoromethyl)—ZH-chromene—3-
carboxylic acid;

6-chloro-7—(isopentyloxy)—8-methy1-2-(triﬂuorornethyl)-2H-chromene-3—
carboxylic acid;
sodium 6,8-dichloro-7 -(2-ethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate; ‘

sodium 6-chloro-7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate;

sodium 8-ethoxy-6-methyl-Z—(triﬂuoromethyl)—ZH—chromene-3-carboxylate;

sodium 6-chloro-7-(2-ethylbutoxy)-8-methyl-2-(trifluoromethyl)-2H-
chromene-3-carboxylate;

sodium (2S) 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate;

sodium (2R) 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate;
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sodium 8-ethyl—6-(triﬂuoromethoxy)-Z-(triﬂuoromethyl)—2H~chromene-3-
carboxylate; '

sodium (ZS)-6,8-dimethy1—2-(triﬂuoromethyl)-2H-chromene-3-carboxylate;

Sodium 7-(sec-butylthio)—é—chloro-2—(triﬂuoromethyl)-2H-chromene—3-
carboxylate;

sodium 2-(triﬂuoromethy1)—,8—propyl-6—(t1‘iﬂuoromethoxy)-2H-chromene-3-
carboxylate; |

sodium (S)—8—ethy1-2-(triﬂuoromethyl)—6—(triﬂuoromethoxy)-2H-chromene-
3-carboxylate;

sodium (2S)-8-ch]oro-6-methoxy—2-(triﬂuoroinethyl)-2H-chromene-3-
carboxylate; ‘ ’

sodium 6-chloro-7-(3,6-dihydropyridin-1 (2H)-y1)-2~(trifluoromethyl)-2H-
chromene-3-carboxylate;

sodium 2—(triﬂuoromethy])—8—phénethyl-6—(triﬂuoromethoxy)-2H—chromene-
3-carboxylate;

6-ch10ro-8-methy1-7—propoxy-2-(triﬂuoromethyl)-2H—chromene-3 -carboxylic
acid; ,

" sodium 6-chloro-8-methyl-7-(neopentyloxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate;

sodium (2S)-6-chloro-8—methy1-2-(tn'ﬂuor01nethy1)-2H—chromene-3-
carboxylate;

sodium 8—allyli6-(triﬂuoromethoxy)—2—(triﬂuoromethyl)-2H—chromene-3—
carboxylate; |

7-benzyl-6-bromo-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;.

7-benzy1—6-methy142-(triﬂuoromethyl)-ZH-chromene—3-carboxylic acid;

7 -benzyl-6¥ethyl-2-(triﬂuorome_thyl)—2H-chromene—3-carboxylic acid;

7-beniy1-6-propyl-2-(triﬂuoromethyl)—ZH-chromene-3-carboxylic acid;

7-benzy1—6—butyl-2-(triﬂuoromethyl)—2H—chromene—3-carboxylic acid;'

7,8-dimethoxy—Z-(triﬂuoromethyl)-QH-chromene—3 -carboxylic acid;

6-chloro-7,8-dimethoxy-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;

7-tert-butoxy-2-(triﬂuoromethyl)-?_H-chromene—3~carboxylic acid;

7-methoxy-8-methy1—2-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid;
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acid;

7-(2-ethy1butoxy)-8-methy1—2-(triﬂuoro‘methyl)-zH-chromene-3-carboxylic

7-(2-furylmethoxy)—z-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid;
6-chloro-8-isopropyl-5-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

acid;

acidy’

acid;

6-chloro-7-(ethylthio)-z—(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-7-(isopentylthio)-2-(triﬂuoromethyl)-zH-chromene-3—carboxylic

6-chloro-7-(propylthio)-Z-(triﬂuoromethyl)-2H7chromene-3-carboxylic acid;
6-chloro-7-(isobutylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

7 -(butylthio)-6—chloro-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid;
7 -(sec-butylthio)—6-chloro-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic

6-chloro—7—[isobutyl(methyl)amino]-2—(triﬂuoromethyl)—2H-chromene-3— ‘

carboxylic acid;

3-carboxylic acid; -

6-ch10ro-7-(3,6-dihydfopyridin-1 (2H)-y1)-2-(trifluoromethyl)-2H-chromene-

6-éhlor0-7-[ethyl(methyl)amino]-2—(triﬂuoromethyl)—2H—chromene-3- :

carboxylic acid;

A7-[butyl(ethyl)amino]-6—chloro-2-(triﬂuoromethyl)-ZH-chromene-3-

carboxylic acid;

7 -[benzyl(methyl)amino]-6-chloro-2—(triﬂuo’romethyl)-2H—chromene-3-

carboxylic acid;

acid;

acid;

7-(benzy1amino)—6-chloro-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic
6-chloro-7-(diethylamino)-Z-(triﬂuoromethyl)—ZH-chrorhene-3-carboxylic

7-butyl-6-chloro—2-(triﬂuoromethyl)-2H—chromene—3-carboxylic acid;
6-chloro-7-(3,3-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

6-chloro-7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

31



WO 2004/087686' PCT/1B2004/001113

acid;

acid;

acid;

(2R)-6-C1110r077-isobuty1-2~(tl‘iﬂuoromethyl)-?_H-chromene-3-carboxylic

(2S)—6~chloro-7-isobutyl-2-(triﬂuoromethyl)-2H-chromene-3-carboxy1ic

t 6-chloro-7-isopropyl-2-(triﬂuoromethyl)-2H—chromene—3-carboxylic acid;

4,6—dichloro-7-iso‘propyl—,2—(triﬂuoromethyl)—ZH—chromene-3-carboxylic

6—chloro-7-pro‘p.yl—2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
7-benzyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
(2R)-7-benzyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
(2S)-7-benzyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
(2R)-7-benzyl-6-chloro-2—(triﬂuoromethyl)—2H~chromene-3-carboxylic acid

compound with (1R)-1-phenylethanamine (1:1);

acid;

acid; -

acid;

acid;

6,8-Dibromo-2-(trifluoro-methyl)-1,2-dihydroquinoline-3 -carboxylic acid;
8-Bromo-6-methyl-2-(trifluoromethyl)-1,2-dihydro quinoline-3-carboxylic

6-chloro-8-methyl-2-(trifluoromethyl)-1 ,2-dihydroquinoline-3-carboxylic
6-(4-fluorophenyl)-2-(trifluoromethyl)-1 ,2-dihydroquinoline-3-carboxylic
6-chloro-7-(2-ethylphenoxy)-2-(trifluoromethyl)-2H-chromene-3 -carboxylic

6-chloro-7-(2-methoxyphenoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

6-chloro-7-(2,3-dimethoxyphenoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

6-chloro-7-(2,6—dimethoxyphenoxy)—2-(triﬂuoromethyl)—2H—chromene-3-

carboxylic acid;

6-chloro-7-(2-propylphenoxy)-2-(trifluoromethyl)-2H-chromene-3- '

carboxylic acid;

7-(4-propylphenoxy)-z-(triﬂuoromethyl)-ZH-Chromene-3—éarboxylic acid;
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7-(2,5-dimethylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid; “
7-(2—ethylpheﬁoxy)-2-(triﬂuoromethy1)—2H-chromene—3-carboxylic acid;
7 -(Z-methoxyphenoxy)-Z~(triﬂuoromethyl)-2H-chromene—3-carboxylic acid;
7-(2,3-dimethoxyphenoxy)-2-(triﬂuoromethyl)-2H—chromene—3-carboxylic
acid;
7-(2,6—dimethoxyphenoxy)-2—(triﬂuoromethyl)-ZH-chromene—3-carboxylic
acid;
7 -(2-propylphenoxy)-2-(triﬂuoromethy1)-2H—chromene-3-carboxylic acid;
7-(5-isopropyl—2-methylphenoxy)-2-(triﬂuoromethyl)-2H-chr6mene-3—
carboxylic acid; : , |
7—(4-chloro-2-methylphenoxy)—2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;
7—(2,6-dimethylphenoxy)-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic
acid; ‘
7—(mesityloxy)-2—(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
7—(2,4-dimethylphenoxy)-2-(triﬂuoromethyl)-2H-chromene-3 -carboxylic
acid; ' ’ ‘
7-(2-chloro-4-methylphenoxy)-2-(triﬂuoromethyl)-2H—chromene-3—
carboxylic acid;
7-(2-bromo-4-methylphenoxy)-Z-(triﬂuoromethyl)-ZH-chromene-3-
carboxylic acid;
7-(4-ethy1phenoxy)—2-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid;
7-(2—ﬂuorophenoxy)-2—(triﬂuofomethyl)-2H-chromene-3-carboxylic acid,
7-(2,5 —diﬂuorophenoxy)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid; ' :
7-(2-ﬂuoro-5-methylphenoxy)-2-(triﬂuoromethyl)-QH—chromene-3-
carboxylic acid,;
7-(4-methylphenoxy)-2—(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
7-(2-chloro-4-methoxyphenoxy)-2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

7-(4-ethoxyphenoxy)—2-(triﬂuoromethyl)—2H-chromene—B-carboxylic acid;
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7-(2,4-diﬂﬁorophenoxy)-2—(triﬂuoromethyl)-2H-chromene—3-carboxylic
acid; ‘ '

7-(2—chloro-4,5-dimethylphenoxy)—Z—(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

, 7-(4—ﬂuoro—2-methy1phenoxy)-2-(triﬂuoromethyl)-2H—chromene-3-

carboxylic acid; .

7-(2- bromo -5- ﬂuorophenoxy) 2 (trifluoromethyl)-2H-chromene-3-
carboxylic a01d 4

7-(2-bromo-4,5 -diﬂuorophenoxy)—Z-(triﬂuoromethyl)—2H— chromene-3-
carboxylic acid;

7-(2,4- dlbromophenoxy) -2- (tnﬂuoromethyl) -2H-chromene-3- carboxylic
acid;

7-(4-bromo—2—chlorophenoxy)—2—(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

7-(2-bromo—4-ﬂuorophenoxy)-2-(triﬂuoromethyl)-2H-chromene—3-
carboxylic acid;

7-(2-chloro—4—ﬂuorophenoxy)-Z—(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; ’

7-(4'-iodo-2—methy1phenoxy)-2—(triﬂuoromethyl)-2H-chromene—3-carboxylic
acid;

7-(4-chioro—2-ﬂuorophenoxy)—Z—(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

7—(4-brom0—2-ﬂuorophenoxy)-2-(triﬂuoromethyl)-2H—éhromene—3—
carboxylic acid;

7-(2-methoxy-4-methylphenoxy)-2- (tuﬂuoromethyl) -2H-chromene-3-
carboxylic acid;

7-(2-methylphenoxy)-2- (trifluoromethyl)-2H-chromene-3- carboxyhc acid,

2- (tr1ﬂuoromethy1) -7-(2,3,5-trimethylphenoxy)-2H-chromene-3- carboxyhc
acid;

7-(2,3-dimethylphenoxy)-2-(triﬂuoromethyl)-2H—chromene-3-carboxylic
acid;

7-(3-methylphenoxy)-2-(triﬂuoromethy1)—2H—chromene—3-carboxylic acid;
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acid;

7-(4-chlorophenoxy)—2-(triﬂuoromethyl)—ZH-chromene-3—carboxylic acid;
7-(3-chlorophenoxy)-Z-(triﬂuoromethyl)-2H—chromene—3-carboxylic acid;
5-fluoro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

5-(2,3—dirnethylphenoxy)—2—(triﬂuoromethyl)-ZH-chromenq-i%-carboxylic

5-phenoxy-2—(triﬂuoromethyl)—2H—chromene—3-carb‘oxylic acid,;
5‘-(4-ch10ro-2—methylphenoxy)-2—(triﬂuoromethyl)-zH-chromene-3-

carboxylic acid;

5-(2-methylphenoxy)-2-(triﬂuoromethyl)-2H—chroméne-3-carboxylic acid;
5—(3—methylphenoxy)-2-(triﬂuoromethy])-2H-chromene-3—carboxylic acid;
5-(2-chloro—4,5-dimethylphenoxy)—Z-(triﬂuoromethyl)-ZH—chromene-3-

carboxylic acid;

acid;

acid;

acid;

acid;

5-(3 -chlorophenoxy)-2-(triﬂuorornethyl)-2H-chromene-3-carboxylic acid,;
5-(2,4-dimethylphenoxy)-2-(trifluoromethyl)-2H-chromene-3 -carboxylic

5-(2,5—dimethylphenoxy)-Z-(triﬂuoromethyl)-2H-chromene-3-carboxylic

5—(4-ethy1phenoxy)—2—(triﬂuoromethyl)-2H—chromene—3-carboxylic acid;
5-(4-methylphenoxy)-2-(triﬂuoromethyl)-2H-chromene-3—carboxylic acid;
5—(4-ﬂuorophenoxy)—2-(triﬂuoromethyl)-2H-chromene-?»-carboxylic acid;
5-(4—chlorophenoxy)-2—(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
5—(3,4-dichlorophenoxy)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic

5-(2-naphthyloxy)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid,

5-(1 -naphthyloxy)-2—(triﬂuoromethyl)-2H—chromene-3—carboxylic acid;
5-(4-methoXyphenoxy)-2-(triﬂuoronlethyl)-2H—chromene—3-carboxylic acid;
2—(triﬂuoromethy1)—5—(2,3,5-trimethylphenoxy)—2H—chromene-3-carboxylic

5-(4-chloro-3,5-dimethylphenoxy)-2-(triﬂuoromethyl)-2H—chromene-3-

carboxylic acid;

5-(2-methoxy-4-methy1phenoxy)-2-(triﬂuoromethyl)—2H-chromene-3-

" carboxylic acid;
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5-(2—ﬂuoroiahenoxy)-Z-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid,;

5-(2,6—dimethylphenoxy)-2-(triﬂuoromethyl)—ZH—chromerie—3-carboxylic
acid;

5-(4-propylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

5-(2,5-diﬂuorophenoxy)-2—(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid; '

5-(2—chloro-4-methoxyphenoxy)-2—(triﬂuoromethyl)—ZH—chromene—3-
carboxylic acid; ’ '

. 5-(2—methoxyphenoxy)-2-(triﬂuoromethyl)-2H—chromene—3—carboxylic acid;
6,8-dichloro-5-ﬂuoro—2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6,8-dichloro—5-(2;3-dimethylphenoxy)-2-(triﬂuoromethyl)—2H—chromene-3-

carboxylic acid;
6,8—dicﬁloro-5-(3 -methylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6,8—dichlor0-5-(4-chloro-2-methy1phenoxy)—2-(triﬂuoromethyl)-2H-
chromene-3-carboxylic acid;
6,8-diéhloro-S—(2-chloro-4-methy1phenoxy)-2-(triﬂuoromethyl)-2H-
‘chromene-3-carboxylic acid; A '
6,8-dichloro—5-(4-chloro-2-ﬂuorophenoxy)-2-(triﬂudromethyl)—2H-
chromene-3-carboxylic acid;
6,8-dichloro-5-(4-fluoro-2-methylphenoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid;
6,8-dichloro-5-(2-methoxy-4-methylphenoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid;
6,8-dichloro-5-(4-chlorophenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6,8-diéhloro-5-(2-chloro-4,5-dimethy]phenoxy)-2-(triﬂuoromethyl)-ZH-
chromene-3-carboxylic acid; |
6,8-dichloro—5-(2,4—dimethylphenoxy)-2-(triﬂuoromethyl)-2H—chrofnene-3-
carboxylic acid; ‘ } | .
6,8—dichloro-5-(2-ﬂuoro—5—methylphenoxy)-z-(triﬂuoromefhyl)—ZH—

chromene-3-carboxylic acid;
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6,8-dichloro-5-(4-methylphenoxy)-2-(triftuoromethyl)-2H-chromene-3-
carboxylic acid;
6,8-dichloro-5-(3-chlorophenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; ‘
6.8-dichloro-5-(2,5-dimethylphenoxy)-2-(trifluoromethy1)-2H-chromene-3-
carboxylic acid; ' :
6,8—dichloro-5—(4-ethoxyphenoxy)-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;
6,8-dichloro—5-(2—methy1phenoxy)-2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;
6,8-dichloro-5-(4-ethy1phenoxy)-2-(triﬂuoromethyl)—ZH-chromeﬁe-3—
carboxylic acid;
6,8—dichloro-5-(2—chloro-4—methoxyphenoxy)—2-(triﬂuoromethyl)—ZH-
chromene-3-carboxylic acid;. 4
6-chloro-5-(2,3-dimethylphenoxy)-2—(triﬂuoromethyl)-2H-ch'romene—3-
carboxylic acid;
6-chloro-5-(3-methylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; o - : :
6-chloro-5 -(4—chloro-2—methylphenoxy)—2—(triﬂuoromethyl)—2H-chromene-3-
carboxylic acid;
6-chloro-5 -(2—chloro-4—methy1phenoxy)—2—(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;
6—chloro-5-(4-chloro—2-ﬂuorophenoxy)—2-(triﬂuoromethyl)-2H—chromene-3—
carboxylic acid;
6-chloro-5-(4-ﬂuoro-2—methy1phenoxy)—2—(triﬂuoromethyl)—2H-chromene—3—
carboxylic acid;
6-chloro-5-(2-methoxy-4-methylphenoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid; ‘
6-chloro-5-(4-chlorophenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
6-chloro-5-(2-chloro-4,5-dimethylphenoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid;
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6-chloro-5-(2 ,4-dimethylphenoxy)—2—(triﬂuoromethyl)-2H-chromene-3—
carboxylic acid; A

6-chloro-5-(2-fluoro-5 -methylphenoxy)-2-(triﬂuoromethyl)-2H—chrqmene-3-
carboxylic acid; |

6-chloro-5-(4-methylphenoxy)-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

6-chloro-5-(3—chlorophenoxy)-z-(triﬂuorornethyl)—2H-chromene-3-
carboxylic acid; ‘

6-chloro—5-(2,5-dimethylphenoxy)-Z-(triﬂuoromethyl)—ZH-chromene-3-
carboxylic acid; : ,

6-chloro-5—(4—ethoxyphenoxy)-2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

6-chloro-5-(2-methylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; 4

6-chloro—5-(4-ethylphenoxy)—2-(triﬂuoromethyl)-2H—chromene-3—carboxylic
acid;

6-chloro-5—(2-chloro—4-methoxyphenoxy)—2—(triﬂuoromethyl)-2H-chromene-
3-carboxylic acid; -

6-chloro-5-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

6fchlor0-5—(2-fury1)-2—(triﬂuoromethyl)-2H-chromene-3~carboxylic acid;

6-chloro-5-thien-3-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

6-chloro-5-(4-methylphenyl)-2-(triﬂuoromethyl)—2H-chromene—3»carboxylic
acid;

6-chloro-5-(3 -methylphenyl)-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic
acid;

6-chloro-5-(3-isopropylphenyl)-2-(trifluoromethyl)-2H-chromene-3-

~ carboxylic acid;

6-chloro~5-phenyl-2—(triﬂuoromethyl)-2H—chromene-3-carboxylic acid,

6-chloro-5-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;

6-chloro-5-ﬂuoro-2—(triﬂuoromethyl)—2H—chromene—3-carboxylié acid;

6-chloro-5-iodo—2-(triﬂuoromethyl)-2H-chromene—3—carbokylic acid;

7-fluoro-6-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
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7-(4-chloro-2-methylphenoxy)-6-methyl-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid;
6,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7-ethyl-6-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7-butyl-6-methyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
7-(2,3-dimethylphenyl)-6-methy1-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; -
7-isobuty1—6-methyl-2—(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
7-(4-ethy1pheny1)—6-methyl-2-(triﬂuoromethyl)-2H—chromene—3-carboxylic
acid;
7 -(4-ethy1phenoxy)-6—methy1—2-(triﬂuorornethyl)-2H-ch‘romene-3.-carboxylié
acid,
7—(2—chloro-4—methoxyphenoxy)-6—methy1—2-(triﬂuorornethyl)-ZH—
chromene-3-carboxylic acid;
7—(4—ﬂuoro-2-methylphenoxy)—6—methy1-2—(triﬂuoromethyl)-?_H-chromene-
3-carboxylic acid;
7-fluoro-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
' 8-methy1-7—phenoxy—2-(triﬂuoromethyl)-2H—chromene-3-carboxylic acid;
7-(2,4—diﬂuorophenoxy)-8-methy1—2-(triﬂuoromethyl)-2H—chromene-3- _
carboxylic acid;
7—(2,5-diﬂuorophenoxy)-8-methy1-2—(triﬂuoromethyl)—2H-chromene-?:-
carboxylic acid;
7-(4-chlorophenoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;
7-(3-chlorophenoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; |
75(4-methoxyphelloxy)—8-methy1—2-(triﬂuoromethyl)—2H—chromene-3-
carboxylic acid;
7-(2-chloro-4-methylphenoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid;
8-methyl-7-(2-methylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

39



WO 2004/087686 PCT/1B2004/001113

7-(4-ethy1phenoxy)-8-methy1-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid; | ' '
8-methyl-7 -(4-methylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; .
7-(2,4-dimethylphenoxy)—8-methyl-2—(triﬂuoromethyl)—2H-chromene—3-
carboxylic acid; , |
8-methyl-2-(trifluoromethyl)-7-(2,3,5 ~trimethylphenoxy)-2H-chromene-3-
carboxylic acid; |
7—(2,6—dimethylph¢noxy)-8-methy1-2—(triﬂuoromethyl)-2H-chrornene—3-
carboxylic acid; ,
7-(mesityloxy)-8;methy1-2-(triﬂuoromethyl)-2H—chromeﬁe-3—carboxylic
acid;
7-(3 ,4—dichlorophenoxy)-8-methy1—2-(triﬂuoromethyl)-2H-chromene-3—
carboxylic acid; ‘
7-(4-ﬂuorophenoxy)-8-methyl-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; '
7-(2-ﬂuorophenoxy)-8—methyl-2—(triﬂuoromethyl)-2H-chromene—3-
carboxylic acid; '
8-methyl-7-(4-propylphenoxy)-2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;
7-(2-methoxy-4—methylphenoxy)-8—methy1-2—(triﬂuoromethyl)-2H-
chromene-3-carboxylic acid;
7-(4-ethoxyphenoxy)—8-methy1—2-(triﬂuoromethyl)-2H—chr0mene—3-‘
carboxylic acid;
7 —(4-chloro—2-ﬂuorophenoxy)-8-methy1—2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid; ,
7 -(4-bromo-2-ﬂuorophenoxy)-8—methy1—2-(triﬂuoromethyl)-zH-chromene-3-
carboxylic acid,; |
7-(2-chloro-4,5-dimethylphenoxy)-8-methyl-2-(triﬂuoromethyl)—ZH—
chromene-3-carboxylic acid; |
7—(2-chloro—4-ﬂuorophenoxy)-8-methyl-2—(triﬂuoromethyl)—2H-chromene—3-

carboxylic acid;
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7—(2-ﬂuoro-5-methylphenoxy)-S—methyi-z-(triﬂuoromethyl)—ZH-chromene-
3-carboxylic acid;

7-(2-bromo-5 ~fluorophenoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; '

7 -(4—chloro-2-methylphenoxy)-8-methyl'-z-(triﬂuoromethyl)-ZH-chromene-
3-carboxylic acid; . ‘

8-methyl-7-(1-naphthyloxy)-Z-(triﬂuoromethyl)—2H-chromene-3—carboxylic
acid;

8—benzy1-6-chloro-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;

(2R)-8—chlofo-6-ethyny1—2-(triﬂuoromethyl)-2H-chromene—3-carboxylic
acid; '

(2S)-8—chloro—6-ethynyl-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;

(2R)-6—chlor0-7-(4-ethylphenoxy)—2—(triﬂuoromethyl)-2H-chromene-3—
carboxylic acid;

(28)-6—chloro-7-(4-ethy1phenoxy)—2—(triﬂuoromethyl)-2H-chr‘omene-3-
carboxylic acid;

(2R)—6-chloro-7-(4-chloro-2—1nethy1phenoxy)-2-(triﬂuoromethyl)—2H-
* chromene-3-carboxylic acid; S

(2S)-6-chloro-7 -(4-chloro-2-methylphenoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid;

'(2R)-6-chloro-7-(2,4-dimethy1phenoxy)—2—(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; |

(2S)-6-chloro-7-(2,4—dimethy1phenoxy)-2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

(2S)-6-chloro-7-(3,5 -dichloro-4-methylphenoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid;

(2R)-6-chloro—7-(3,5-dichloro-4-methylphenoxy)-2-(triﬂuoromethyl)—2H-
chromene-3-carboxylic acid;

(2R)-6-chloro-7-(2-chloro-4-methy1phenoxy)-2-(triﬂuoromethy1)-2H—
chromene-3-carboxylic acid;

(2S)-6-chloro-7-(2-chloro-4-methy1phenoxy)—2-(triﬂuoromethyl)-2H—

chromene-3-carboxylic acid;
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(2R)-2-(triﬂuQrom¢thyl)-7-(2,3,5-trimethylphenoxy)—ZH—chromene-3-
carboxylic acid,;

(2S)-2—(triﬂuoromethyl)-7-(2,3,5-trimethylphenoxy)-ZH-chrornene-3-
carboxylic acid;

(2R)-7-(2 5-dimethylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;

(2S)-7- (2 5- dlmethylphenoxy) -2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; '

(2R)-7.-(2-methylphenoxy)-2-(triﬂuoromethyl)-2H—chromene—3-carboxylic
acid;

(2S)-7—(2-methy1phenoxy)-2é(triﬂuoromethyl)—2H-chroméne-3-carboxylic
acid;

(2R)—7-(4—chloro-2-methylphenoxy)—2—(triﬂuoromethyl)-2H-chromene-3—
carboxylic acid;

(2S)-7—(4-chloro—2-methylphenoxy)—Z—(triﬂuoromethyl)-ZH-chromene-3—
carboxylic acid;

(2R)-6-chloro-7-(2-chloro-4,5-dimethylphenoxy)-2—(triﬂuoromethyl)-2H—
chromene-3-carboxylic acid; ' ‘

(2S)-6-chloro-7-(2-chloro-4,5-dimethylphenoxy)-2- (trlﬂuoromethyl) -2H-
chromene-3-carboxylic acid;

(2R)-6-§hloro-7-(4-methylphenoxy)-2—(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

(2S)-6-chloro-7—(4-methylphenoxy)-Z-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

(2R)-6-chloro-7- (2-methylphenoxy) -2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;

(28)-6-chloro-7-(2-methylphenoxy)-2-(trifluoromethyl)-2H- chromene-3-
carboxylic acid;

(2R)-6-chloro-7-(2-ch]oro-4-methoxyphenoxy)-2-(triﬂuoromethyl)-2H-
chromene-3-carboxylic acid; |

(2S)-6-chloro-7-(2-chloro-4-methoxyphenoxy)-2- (tr1ﬂuoromethyl) -2H-

chromene-3-carboxylic acid;
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(2R)-6-chloro-7-(4-ﬂuoro-2—methylphehoxy)-2-(triﬂuoromethyl)—ZH-
chromene-3-carboxylic acid;

(2S)-6-chloro-7 —(4—ﬂuoro-2-methylphenoxy)-2-(triﬂuoromethyl)-2H—
chromene-3-carboxylic acid;

(2R)-6-chloro-7 -(2-methoxy-4-methylphenoxy)-2-(triﬂuoromethyl)-2H—
chromene-3-carboxylic acid; '

(2S)-6-chloro-7 -(2-methoxy-4-methylphenoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid;

(2S)—5-phenoxy-Z-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid;

(2R)—5-phenoxy-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;

(2R)-6-chloro-5-phenoxy-2-(triﬂuoromethyl)—ZH—chromene-3 -cafboxylic
acid;

(28)—6—chloro-5-phenoxy—2-(triﬂuoromethyl)-2H-chromene-3—carboxylic
acid;

(2R)-6—chloro—5-(3—chlorophenoxy)-2—(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

(2S)-6-chloro-5-(3 -chlorophenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; A ‘ o ’

5,7-dichloro-6-ethoxy—2-(triﬂuoromethyl)-2H-chromene-3—carboxylic acid;

5,7-dichloro-6-ethoxy-2-(triﬂuoromethyl)—2H—chromene-3-carboxylic acid;

5,7-dichloro-6-isopropoxy—2-(triﬂuoromethyl)-2H-chr0mene-3—carboxylic
acid;

5,7-dich10ro-6-isopropoxy-2-(triﬂuoromethyl)-ZH-chromene-3—carboxylic
acid; ‘

(2S)-6-chloro-8-(4—methy1pheny1)—2—(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

(2‘R)-6-chloro-8—(4-methylphenyl)-2-(triﬂuoromethyl)-2H—chromene—3-
carboxylic acid;

(28)-6-chloro-8-(3-ﬂuoro—4—methylpheny1)-2—(triﬂuoromethyl)-ZH-
chromene-3-carboxylic acid;

(2R)-6-chloro-8-(3-ﬂuoro-4-methylphenyl)—Z-(triﬂuoromethyl)-ZH-

chromene-3-carboxylic acid;
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(2S)-6-chloro§8-(4-ethylpheny1)-2-(triﬂuoromethyl)—ZH-chromene-3-
carboxylic acid; i } '

(2R)-6-chloro-8-(4-ethylphenyl)—2-(triﬂuoromethyl)-ZH—chromcne-3—
carboxylic acid;

u (2S)-6-chloro-S-(4-methoxy-3-methylphenyl)-2-(tﬁﬂuoromethyl)-.’ZH-

chromene-3-carboxylic acid;

(2R)-6-chloro-8-(4-methoxy-3-methy1pheny1)-2-(triﬂuoromethyl)-2H-
chromene-S—cafboxylic acid; 7

sodium 7-(2,5-dimethylphenoxy)-2-(triﬂuofomethyl)—zH-chromene-3-
carboxylate;

sodium 5-(4-ch10ro-2-methylphenoxy)-2—(triﬂuoromethyl)-2H—chromene-3- '
carboxylate;

sodium ‘(2 S)-5-phenoxy-2-(trifluoromethyl)-2H-chromene-3 -carboxylate;

sodium (2S)-8-chloro-6-ethynle2—(triﬂuoromethyl)-ZH—chromene-3—
carboxylate;

sodium (2R)-7-(2,5-dimethylphenoxy)-2-(triﬂuoromethyi)—2H—chromene—3-
carboxyléte;

sodium (2R)-2—(triﬂuoromethyl)-7-(2,3,5-trimethylphenoxy)-2H—chromene—
3-carboxylate;

sodium 7-(2—methy1phenoxy)-2-(triﬂuoromethyl)—2H—chromene—3-
carboxylate; |

sodium 2-(tn'ﬂuoromethyl)-7-(2,3,5—trimethylphenoxy)-2H-chromene-3-
carboxylate;

sodium 6-chloro-7-(2-propy1phenoxy)-2—(triﬂuoromethyl)-2H—chromene—3—
carboxylate; '

sodium 6-chloro-5-(3-chlorophenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate;

sodium 5-phenoxy-2-(triﬂuoromethyl)-2H—chromene-3—carboxylate;

sodium 5-(3-chlorophenoxy)-2-(trifluioromethyl)-2H-chromene-3- '
carboxylate; ‘ |

sodium (2S)-8-bUt—1—yny1-6-chloro-2-(triﬂuorémethyl)-2H;chromene-3-

carboxylate;
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sodium (28)-6-chloro-8-(3-ﬂuoro-4-me&hylphenyl)-2-(triﬂuoromethyl)—zH-
chromene-3-carboxylate;

sodium (ZS)-6-chloro-8-(4—ethy1pheny1)-2-(triﬂuoromethyl)-2H-chromene—3-
carboxylate; ‘

sodium 7-(4-ethy1phenoxy)-8-methy1-2—(triﬂuoromethyl)-ZH—chromene-3-
carboxylate;

(2R)-6,8-dichloro-7 -isobutoxy-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;

(2S)-6,8-dichloro-7-isobutoxy-2—(triﬂuoromethyl)—2H—chromene~3—
carboxylic acid;

6-chloro-7-{[isopropyl(methyl)amino]methyl}-2- (triﬂuoromethyi)-ZH-
chromene-3-carboxylic acid trifluoroacetate;

6-chloro-7-[(diisopropylamino)methyl]-2-(triﬂuoromethyl)-2H—chromene—3-
carboxylic acid trifluoroacetate;

6-chloro-7-{[ethyl(methyl)amino]methyl} -2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid trifluoroacetate;

(2R)-6-chloro-8-methyl-7-(3 -methylbutoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid; o

(28S)-6-chloro-8-methyl-7-(3 -methylbutoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid;

(2R)-6-chloro-7-(4-methylbenzy1)-2-(triﬂuoromethyl)—2H-chromené-3-
carboxylic acid;

(2S)-6—chloro-7—(4—methylbenzyl)-2—(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

6-chloro-7-(4—cyanobenzyl)-2—(triﬂuoromethyl)-2H-chromene-3—carboxylic
acid; | o

8-(hydroxymethyl)—6-methy1-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid;

8-(methoxymethyl)-6-methy1—2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid;

8—(ethoxymethyl)-6-methy1—2-(triﬂuoromethyl)-ZH-chromene-3—carboxylic

" acid; '

45



WO 2004/087686 PCT/1B2004/001113

6-meth‘yl-2-(triﬂuoromethyl)-ZH-chromene-3,8-dicarboxylic acid;

8-benzyl-6-methy1—2—(triﬂuoromethyl)-ZH-chromene-3-ca'rboxylic acid;

’8-(1-hydroxyethyl)-6-fnethyl—Z—(triﬂuoromethyl)—2H—chromene-3—cqrboxylic
acid,;

6-methy1—8-(2,2,2-triﬂuoroethy1)-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; , A

8-ethy1—6-mcthyl—2-(triﬂuoromethyl)-2H-chromene-3—carboxy1ic acid;

8-methoxy-6—hiethy1—2—(triﬂuoromethyl)-ZH—chromene—3-carboxylic acid;

6—ch10r0-5—isopropyl-8-methyl-2-(triﬂuoromethyl)—2H—chromene—3-
carboxylic acid |

(2R)-6-chloro-8—isopropyl-5—methy1—2—(triﬂuoromethyl)—2.H-chromene-3-
carboxylic acid;

| (2S)-6—chloro—8-isopropy1n5-methyl-2-(triﬂuoromethyl)-ZH—chromene-3-

carboxylic acid; '

(2R)—6-chloro—7-(isobutylthio)—2—(triﬂuoromethyl)-2H—chromene-3'-
carboxylic acid;

(2S)-6-chloro-7-(isobutylthio)—2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;” . ‘ o v R

6-ch10ro—7-(propylamino)—2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid;

6-chloro-7—(isobutylamino)-2-(triﬂuoromethyl)—ZH-chromene-3—parboxylic
acid;

7-(butylamino)-6-chloro-2-(triﬂuoromethyl)-2H—chromene-S-carboxylic
acid; .

6-chloro-7-(isopen{ylamino)—2-(triﬂuoromethyl)-ZH—chromene-3-carboxylic
acid; 4

6-chloro-7-[(3,3 -dimethylbutyl)amino]-2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; ' A |

(2R)-6-chloro-7-[isobutyl(methyl)amino]-2-(triﬂuoromethyl_)-2H-chromene-
3-carboxylic acid; | '

(2S)-6-chloro-7-[isobutyl(methyl)amino]-2-(triﬂuoromethyl)-2H-chromene— ‘

3-carboxylic acid;

46



WO 2004/087686 PCT/1B2004/001113

acid;

acid;

6-chloro-7-(neopentylamino)-2-(trifluotomethyl)-2H-chromene-3-carboxylic
7-(scc-buty1amino)-6-chloro-2’-(triﬂuoromethyl)-ZH-chromene-3—carboxylic .

7-benzy1—2-(triﬂuorqmethyl)-2H-chroméne-3-carboxylic acid; |
7-(2-chlorobenzyl)-2-(triﬂuoromethy1)-2H-chiomene—?;-carboxylic acid;

7 -(4-chlorobenzyl)—2-(triﬂuoromethyl)-ZH-chromene-3-carboxy1ic acid;

7 -(2,4—dimethy1benzyl)-2-(triﬂuoromethyl)—2H—chromene-3-carboxylic acid;
(28)—7—butyl—6-chloro-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid;
(2R)-7 -buty1-6-chloro-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
(2R)-6-chloro-7-(3,3-dimethylbutyl)-2-(triftuoromethyl)-2H-chromene-3- |

carboxylic acid,;

(2S)-6-chloro-7-(3,3—dimethylbutyl)-Z-(triﬂuoromethyl)-2H-chromene-3-

carboxylic acid;

6-chloro-7-(3-methoxybenzyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;

7-(3—hydroxybenzyl)-2-(triﬂuoromethyl)-ZH—chromene-3-carboxylic acid;

" 6-chloro-7-(3-hydroxybenzyl)-2—(triﬂuoromethyl)-2H—chromehe-3-

carboxylic acid;

7—(5-bromo-3-chloro-2-methoxybenzyl)-6—chloro-2-(triﬂuoromethyl)-ZH-

chromene-3-carboxylic acid;

7-(5-bromo-2—methoxybenzy1)—2-(triﬂuoromethyl)—2H—chromene-3-

carboxylic acid;

6-chloro-7—(3-chloro-2-methoxy—5-methylbenzyl)—2-(triﬂuoromethyl)—ZH-

chromene-3-carboxylic acid;

acid;

acid;

6-bromo—7—(2-bromobenzyl)—Z—(triﬂuoromethyl)—2H—chromené-3-carboxylic
6—chloro-7-(3-methylbutyl)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic

7-(5 “bromo-2-methoxybenzyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;
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acid;

acid;

acid;

6,8-dichloro-’[-(propylamino)-z-(triﬂuoromethyl)—ZH-chromene—3-carboxylic

(2R)-7—benzy1-6-methyl—2-(triﬂuoromethyl)-2H-chromene-3—carboxylic acid;
(2S)-7-benzyl-6-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid; '
6-(benzyloxy)—7-bromo-2-(triﬂuoromethyl)-2H-c11fomene-3 -carboxylic acid;
7 -benzy1—6-(benzyloxy)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
7-benzyl-6-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
6-methy1-7-(2-nﬁethy1benzyl)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic

7-benzy1-6-methoxy-2-(triﬂuoromethyl)-2H-chromene-3-carboxy1ic acid;
7-benzy1—6—butoxy—2-(triﬂuoromethyl)-2H—chromene-3-cérboxylic acid;
7-benzy1—6-(pentyloxy)-Z-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid;
7-benzy1—6—hexy1-2-(triﬂuoromethyl)-ZH—chromene—3-carboxylic acid;

: 7-benzyl-6—penty1—2—(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;

7-benzy1-6-propoxy-2-(triﬂuoromethyl)—2H-chromene—3-carboxy1ic acid;
7-benzy1—6¥ethoxy—2-(triﬂuoromethyl)—2H—chromene-3—carboxylic acid;
7-bromo-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7—benzy1-67(hexyloxy)—2-(triﬂuor0methyl)-2H-chromene—3-carboxylic acid;
7—(isobutylamino)-2—(triﬂuoromethyl)—2H-chromene—3-carboxylic acid;
77(neoi)enty1amino)-2—(triﬂuoromethyl)-ZH—chromene—3-carboxylic acid;

7-[isobutyl(methyl)amino]-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic

6-bromo-8-methyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylic acid;
6-methoxy-8-methy1-2-(triﬂuoromethyl)-ZH-chromene-3-carboxy1ic acid;
6-ethoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
7—[isobutyl(methyl)amino]-6-rnethy1—2-(triﬂuoromethyl)-2H-chromene-3-

carboxylic acid;

acid;

7-(isobutylamino)-6-methyl-2-(triﬂuoromethyl)—2H-chromene-3-carbéxyiic

7-tert-buty1—6-mcthy1-2-(triﬂuoromethyl)-2H—chiromene-3-carboxylic acid;
6,8-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid;
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6-(hydroxymethyl)-8-methyl-2-(trifluofomethyl)-2H-chromene-3-carboxylic
acid;

6,8-dichloro-S,7—dimethoxy—2-(triﬂuoromethyl)-2H-chromene-3-carboxylic
acid;

6—chloro-5,7-dimethoxy-2-(triﬂuoromethyl)—2H—chroméne-3—carboxylic acid;

6—chloro-7-methoxy—8-(methoxymethyl)-2-(triﬂuoromethyl)-ZH—chromene—
3-carboxylic acid;

8—benzy1—6-(triﬂuoromethoxy)—2—(triﬂuoromethyl)-2H-chromene—3-
carboxylic acid;

8-acetyl-6—(triﬂuoromethoxy)—2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

8-pheny1—6-(triﬂuoromethoxy)—2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

(2R)-8-methyl-6-(triﬂuoromethoxy)-2—(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid;

(2S)-8-methyl—6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid;

(2R)-8-p'ro‘py-l-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-ZH-chromene-3-
carboxylic acid;

(2S)-8—propy1—6-(triﬂuoromethoxy)—z-(triﬂuoromethyl)—2H-chromene-3-
carboxylic acid;

8—(2~hydroxyethy1)—6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)—2H—chromene~ A
3-carboxylic acid;

8-(1-hydroxy-1 -methylethyl)-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)—2H-
chromene-3-carboxylic acid; ‘ ‘

8-isopropyl-'6-(triﬂuoromethoxy)—2-(triﬂuoromethyl)—ZH—chromene-3-
carboxylic acid;

8-hydroxy—6-(triﬂuoromethoxy)—2-(triﬂuoromethyl)—2H—chromene—3-
carboxylic acid;

8-methoxy-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid;
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8-ethoxy-6-(triﬂuoromethpxy)-2-(triﬂuoromethyl)—ZH-chromene-3-
carboxylic acid; A

6-chloro-8-methoxy-5-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid;

sodium 6-(bcnzyloxy)-8-chloro-2-(triﬂuordmethyl)—ZH—chromene-3-
carboxylate; , }

sodium 8—m_ethyl-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-2H—chromene-3-
carboxylate; '

sodium (2R)-7-benzy1-6—chloro-2—(triﬂuoromethyl)-2H—chromene-3-
carboxyléte;

sodium 6-ethyl-2-(triﬂuoromethyl)-2H-chromene-3-carboxylate;

sodium 6—chloro-7-(2,4-dimethylbenzyl)—2-(triﬂuoromethyl)-2H—chromene-
3-carboxylate;

sodium (2R)-8-ethy1-6-(triﬂuorofnethoxy)-Z-(triﬂuoromethyl)—ZH-chromene-
3-carboxylate; ,

sodium 6-chloro-7-(isobutylthio)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate; '

" sodium 6-chlqro-7¥(i"sobutylamino)—2-(triﬂuoromethyl)-2H-chromene-3-

carboxylate;

sodium 8-acety1—6-(triﬂuoromethoxy)-Z-(triﬂuoromethyl)-zH-chromene-3-
carboxylate; |

sodium (2S)—8¥methy1-6-(triﬂuoromethoxy)—2-(triﬂuoromethy1)-2H—
chromene-3-carboxylate;

sodium (2R)-6-chloro-7-[isobutyl(methyl)amino]-2-(triﬂuoromethyl)-2H-
chromene-3-carboxylate; '

sodium (2R)-6-chloro-7—(3,3-dimethylbutyl)-2—(triﬂuoromethyl)—2H-
chromene-3-carboxylate;

sodium (2 S)-8-propyl—6-(triﬂuoromethoxy)—Z-(triﬂuoromethyl)—2H—
chromene-3-carboxylate; ‘

sodium (2S)-6-chloro-8-isopropyl—5-methy1-2-(triﬂuoromethyl)—iH—

chromene-3-carboxylate;
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sodium (2R)—6—chloro-7-(4—methylbenZSII)-2-(triﬂuoromethy1)-2H-chromene-
3-carboxylate;

sodium (28)-6-chloro-8-methyl-7-(3 -methylbutoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylate; |

sodium 6-methyl-7-(2-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate; ‘

sodium (2R)-6-chloro-7 ~(isobutylthio)-2~(trifluoromethyl)-2H-chromene-3-
carboxylate;

,sodium 5 ,8-dichloro-6,7-dimethoxy—2-(triﬂuoromethyl)—iH—chromene-3-
carboxylate;

sodium 6-chloro-7-(4-chlorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate;

sodium 6-isopropyl-7-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylate;

sodium (2R)-6-chloro—7—isobuty1—2—(triﬂuoromethyl)-2H—chromene-3-
carboxylate; A

6-ethy1-8-propy1-2-(triﬂuoromethyl)-2H—chromene—3—carboxylic acid;

' 6,8-diethyl-2-(triflueromethyl)-2H-chromene-3-carboxylic acid;
sodium 6,8-diethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate;
(2R)-6-ch10ro-7,8—dimethyl-2-(triﬂuoromethyl)—2H—chromene-3-carboxylic

acid;

(2S)-6-chloro-7,8~dimethy1-2—(triﬂuoromethyl)—ZH—chromene—3-carboxylic
acid;

sodium (2S)—6-chloro-7,8-dimethyl-2-(triﬂuoromethy1)-2H-chrornene-3-
carboxylate; '

5 -chloro-6-ethyl—8—methyl-2-(triﬂuoromethyl)—2H—chromene-3-carboxylic
acid; |

6-chloro-7-(2-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid;

6-chloro-7-(2-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid;
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6-chloro—7-(27met11y1benzyl)-2-(triﬂuoromethyl)—2H—chromene-3-carboxylic
acid; | | | ' ‘ ‘

6-chloro-7-(2-methoxybenzyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid; .

' 6-chloro-7-(ethoxymethyl)—S-methyl-2—(triﬂuoromethyl)-2H-chromene-3-

carboxylic acid; ’ .

6—chloro-5-(hydroxymethyl)-7-methyl—2-(triﬂuoromethyl)—2H-chromene~3-
carboxylic acid; | ' : ‘

6-chloro—7-(hydroxymethyl)—S-methy1—2-(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; . _

6-chloro—7-(3—ﬂubro—4—methy1benzy1)-2-(triﬂuoromethyl)—ZH-chromene-3—
carboxylic acid;

6-chloro-7-(2-ethylbenzy1)-2-(triﬂuoromethyl)-2H-chromene-3—carboxylic

acid;
6;chloro-7-(2-ethylbenzyl)-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic
acid;
sodium 6-chloro-7-(2-methy1benzyl)-2-(triﬂuoromethyl)-2H—chromene-3—
carboxylate; TR .
6-ethy1—8-thien-3-y1—2—(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
(2R)-6,8—diethyl-Z-(triﬂuoromethyl)-ZH—chromene-3-carboxylic acid;
(2R)-6-éthy1—8-propy1-2—(triﬂuoromethyl)—ZH—chromene-3—carboxy1ic acid;
sodium 6-chloro-7-(2-methoxybenzyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate;

6-(4-methylphenoxy)-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid;
6-chloro-5-(ethoxymethyl)-7-methy1—2—(triﬂuoromethyl)—2H-‘chromene-3-
carboxylic acid; |
6—chloro-5,7-bis(ethoxymethyl)—2—(triﬂuoromethyl)-2H-chromene-3-
carboxylic acid; and o
sodium (2R)—6,8-diethy1—2_-(triﬂuoromethyl)—2H-chromene-3—carboxylate; ‘
or their isomer and pharmaceutically acceptable salt thereof.. |
[0071]  The present invention further includes tautomers of the compounds described

herein.
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[0072] In another embodiment the present invention comprises a pharmaceutical
composition comprising a therapeutically-effective amount of a compound of Formula 1
and a pharmaceutically-acceptable excipient. For example the excipient can comprise a
carrier, an adjuvant or a diluent.

[0073] The present invention also comprises a method of treating cyclooxygenase-2
mediated disorders, such as inflammation, in a subject, the méthod comprising treating the
subject having or susceptible to such disorder with a therapeutically-effective amount of a
compound of Formula 1.

[0074] Also included in the family of compounds of Formula 1 are the stereoisomers
thereof. Compounds of the present invention can possess one or more asyrrlmetric carbon
atoms and are thus capable of existing in the form of optical isomers as well as iﬁ the form
of racemic or nonracemic mixtures thereof. Accordingly, some of the compounds of this
invention may be present in racemic mixtures which are also included in this invention. The
optical isomers can be obtained by resolution of the racemic mixtures according to
conventional processes, for example by formation of diastereoisomeric salts by treatment
with an optically active base and then separation of the mixture of diastereoisomers by
crystallization, followed by liberation of the optically active bases from these salts.
Examples of appropriate bases are brucine; strychnine, dehydroabietylamine, quinine,
cinchonidine, _ephédrine, alpha-methylbenzylamine, amphetamine, deoxyphedrine, ‘
chloramphenicol intermediate, 2-amino-1-butanol, and 1-(1-napthyl)ethylamine. A different
process for separation of optical isomers involves the use of a chiral chromatography
column optimally chosen to maximize the separation of the enantiomers. Still another
available method involves synthesis of covalent diastereoisomeric molecules. The
synthesized diastereoisomers can be separated by conventional means such as
chromatography, distillation, crystallization or sublimation, and then hydrolyzed to deliver
the enantiomerically pure compound. The optically active compounds of Formula 1 can
likewise be obtained by utilizing optically active starting materials. These isomers may be
in the form of a free acid, a free base, an ester or a salt. Additional methods for resolving
optical isomers are known to those skilled in the art.

[0075]  Also included in the family of compounds of Formula 1 are the protected acids
thereof, such as the esters, hydroxyamino derivatives, amides and sulfonamides. Thus

prima'fy and secondary amines can be reacted with the chromene-3-carboxylic acids of
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Formula 1 to form amides which can be useful as prodrugs. Preferred amines
heterocyclicamines, including optionally substituted aminothiazoles, optionally substituted
amino-isoxazoles, and optionally substituted aminopyridines; aniline derivatives;
sulfonamides; aminocarboxylic acids; and the like. Additionally, 1-acyldihydroquinolines
can behave as prodrugs for the 1H-dihydroquinolines. The esters, hydroxyamino derivatives
and sulfonamides can be prepared from the acids by methods known to one skilled in the
art.

[0076] The compoﬁnds of the present invention can be administered for the prophylaxis
and treatment of cyclooxygenase related (e.g. COX-1 related or COX-2 related) diseases or
conditions by any means, preferably oral, that produce contact of these compounds with
their site of action in the body. For the prophylaxis or treatment of the conditions referred
to above, the compounds of the present invention can be used as the compound per se.
Pharmaceutically acceptable salts are particularly suitable for medical applications because
of their greater aqueous solubility relative to the parent compound. Such salts must clearly
have a pharmaceutically acceptable anion or cation. Suitable pharmaceutically-acceptable
acid addition salts of compounds of Formula 1 may be prepared from aﬁ inorganic acid or
from an organic acid. Examples of such inorganic acids are hydrochloric, hydrobromic,
hydroiodic, nitric, carbonic, sulfuric and phosphoric acid. Appropriate organic acids may be
selected from aliphatic, cycloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic and
sulfonic classes of organic acids, example of which are formic, acetic, propionic, succinic,
glycolic, gluconic, lactic, malic, tartaric, citric, ascorbic, glucuronic, maleic, fumaric,
pyruvic, aspartic, glutamic, benzoic, anthranilic, mesylic, salicyclic, salicyclic, 4-
hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic), methanesulfonic,
ethanesulfonic, benzenesulfonic, pantothenic, 2-hydroxyethanesulfonic, toluenesulfonic,
sulfanilic, cyclohexylaminosulfonic, stearic, algenic, beta.-hydroxybutyric, salicyclic,
galactaric and galacturonic acid. Suitable pharmaceutically-acceptable base addition salts of
compounds of Formula 1 include metallic salts, such as salts made from aluminum,
calcium, lithium, magnesium, potassium, sodium and zing, or salts made from Qrganic bases
including primary, secondary and tertiary amines, substituted amines including cyclic
amines, such as caffeine, arginine, diethylamine, N-ethyl piperidine, histidine, glucamine,
isopropylamine, lysine, morpholine, N-ethyl morpholine, piperazine, piperidine,

triethylamine, trimethylamine. All of these salts may be prepared by conventional means
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from the corresponding compound 6f the invention by Ireacting, for example, the appropriate
acid or base with the compound of Formula 1.

[0077] Alternatively, pharmaceutically acceptable salts can comprise an anionic
counterion, for example where the molecule contains a cationic functional group such as an
ammonium group. The anions, of course, are also required to be pharmaceutically

acceptable and are also selected from the above list.

[0079] The compoimds of the present invention can be administered to the subject as the
neat compound alone. Alternatively the compounds of the present invention can be
presented with one or more pharmaceutically acceptable excipients in the form ofa
pharmaceutical composition. A useful excipient can be, for example, a carrier. The carrier -
must, of course, be acceptable in thé sense of being compatible with the other ingredients of
the composition and must not be deleterious to the recipient. The carrier can be a solid or a
liquid, or both, and is preferably formulated with the compound as a unit-dose composition,
for example, a tablet, which can contain from 0.05% to 95% by weight of the active
compound. Other pharmacologically active substances can also be present, including other
compounds of the present invention. The pharméceutical compositions of the invention can
be prepared by any of the well known techniques of pharmacy, consisting essentially of
admixing the components.

[0080] These compounds can be administered by any conventional means available for
use in conjunction with pharmaceuticals, either as individual therapeutic compounds or as a
combination of therapeutic compounds. ‘

[0081] The amount of compound which is required to achieve the desired biological |
effect will, of course, depend on a number of factors such as the specific compound chosen,
the use for which it is intended, the mode of administration, and the clinical condition of the
recipient.

[0082] In general, a daily dose can be in the range of from about 0.01 to about 100
mg/kg bodyWeight/day, in another embodiment the range is from about 0.05 mg to about 50
mg/kg bodyweight/day, in another embodiment the range is from about 0.01 to about 20
mg/kg bodyweight/day. In yet another embodiment the range is from about 0.01 to about 10
mg/kg bodyweight/day. This total daily dose can be administered to the patient in a single
dose, or in proportionate multiple subdoses. Subdoses can be administered 2 to 6 times per

day. Doses can be in sustained release form effective to obtain desired results.
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[0083] Orally adminisfrable unit dose formulations, such as tablets or capsules, can
contain, for example, from about 0.1 mg fo about 1000.0 mg of the compound, in another
embodiment about 1.0 mg to about 500 mg of compound, in another embodiment from
about 2.0 mg to about 400.0 mg of compound, in another embodiment from about 2.0 mg t_o'
about 200.0 mg of compound, In another embodiment from about 2.0 mg to about 100.0 mg
of compound, in another embodiment from about 2.0 mg to about 50.0 mg of compound. In
the case of pharmaceutically acceptable salts, the weights indicated above refer to the
weight of the ion derived from the salt.

[0084] Oral delivery of the compound of the present invention can include formulations,
as are well known in the art, to provide prolonged or sustained delivery of the drug to the
gastrointestinal tract by any number of mechanisms. These include, but are not limited to,
pH sensitive release from the dosage form based on the changing pH of the small intestine,
slow erosion of a tablet or capsule, retention in the stomach based on the physical properties
of the formulation, bioadhesion of the dosage form to the mucosal lining of the intestinal
tract, or enzymatic release of the active drug from the dosage form. The intended éffect is to
extend the time period over which the active drug molecule is delivered to the site of action
by manipulation of the dosage form. Thus, enteric-coated and enteric- coated controlled

- telease formulations are within the scope of the present invention. Suitable enteric coatings
include cellulose acetate phthalate, polyvinylacetate phthalate,
hydroxypropylmethylcellulose phthalate and anionic polymers of methacrylic acid and
methacrylic acid methyl ester. | 4

[0085] When administered intravenously, the daily dose can, for example, be in the
range of from about 0.1 mg/kg body weight to about 20 mg/kg body weight, in another
embodiment from about 0.25 mg/kg body weight to about 10 mg/kg body weight, in another
embodiment from about 0.4 mg/kg body weight to about 5 mg/kg body weight. This dose
can be conveniently administered as an infusion of from about 10 mg/kg body weight‘to
about 2000 ng/kg body weight per minute. Inﬁls1on fluids suitable for this purpose can

- contain, for example, from about 0.1 ng to about 10 mg, in another embodiment from about
1 ng to about 200 mg per milliliter. Unit doses can contain, for example, from about 1 mg to
about 200 g of the compound of the present invention. Thus, ampoules for injection can

contain, for example, from about 1 mg to about 200 mg.
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[0086]  Pharmaceutical compositions according to the present invention include those
suitable for oral, rectal, topical, buccal (e.g., sublingual), and parenteral (e.g., subcutaneous,
intramuscular, intradermal, or intravenous) administration, although the most suitable route
in any given case will depend on the nature and severity of the condition being treated and
on the nature of the particular compound which is being used. In most cases, the preferred
route of administration is oral.

[0087]  Formulations suitable for topical administration to the eye also include eye drops
wherein the active ingredients are dissolved or suspended in suitable carrier, especially an
aqueous solvent for the active ingredients. The anti-inflammatory active ingredients are
preferably present in such formulations in a concentration of 0.1 to 25%, advantageously
0.5 to 10% and particularly about 1.5% w/w. |

[0088]  Pharmaceutical compositions suitable for oral administration can be presented in
discrete units, such as capsules, cachets, lozenges, or tabléts, each containing a
predetermined amount of at least one compound of the present invention; as a powder or
granules; as a solution or a suspension in an aqueous Or non-aqueous liquid; or as an oil-in-
water or water-in-oil emulsion. As indicated, such compositions can be prepared by any
suitable method of pharmacy which includes the step of bringing into association the active
‘commpound(s) and the carrier (which can constitute one or more accessory ingredients). In
general, the compositions are prepared by uniformly and intimately admixing the active
compound with a liquid or finely divided solid carrier, or both, and then, if necessary,
shaping the product. For example, a tablet can be prepared by compressing or niolding a
powder or granules of the compound, optionally with one or more assessory ingredients.
Compressed tablets can be prepared by compressing, in a suitable machine, the compound
in a free-flowing form, such as a powder or granules optionally mixed with a binder,
lubricant, inert diluent and/or surface active/dispersing agent(s). Molded tablets can be
made by molding, in a suitable machine, the powdered compound moistened with an inert
liquid diluent.

[0089]  Pharmaceutical compositions suitable for buccal (sub-lingual) administration
include lozenges comprising a compound of the present invention in a flavored base,
usually sucrose, and acacia or tragacanth, and pastilles comprising the compound in an inert

base such as gelatin and glycerin or sucrose and acacia.
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[0090]  Pharmaceutical compositions suitable for parenteral administration conveniently
comprise sterile aqueous preparations of a compound of the present invention. These
preparations are preferably administered intravenously, although administration can also be
effected by means of subcutaneous, intramuscular, or intradermal ‘inj ection. Such '
preparations can conveniently be prepared by admixing the compound with water and
rendering the resulting solution sterile and isotonic with the blood. Injectable compositions
according to the invention will generally contain from 0.1 to 5% w/w of a compound
disclosed herein. - -

[0091] Pharmaceutical compositions suitable for rectal administration are preferably
presented as unit-dose suppositories. These can be prepared by admixing a compound of the
present invention with one or more conventional solid carriers, for example, cocoa butter,
and then shaping the resulting mixture.

[0092] Pharmaceu’sical compositions suitable for topical application to the skin
preferably take the form of an ointment, cream, lotion, paste, gel, spray, aerosol, or oil.
Carriers which can be used include vaseline, lanoline, polyethylene glycols, alcohbls, and
combinations of two or more thereof. The active compound is generally present at a
concentration of from 0.1 to 15% w/w of the composition, for example, from 0.5 to 2%.
[0093] - Transdermal administration is-also possible. Pharmaceutical compositions
suitable for transdermal administration can be presented as discrete patches adapted to
remain in intimate contact with the epidermis of the recipient for a prolonged period of
time. Such patches suitably contain a compound of the present invention in an optionally
buffered, aqueous solution, dissolved and/or dispersed in an adhesive, or dispersed in a
polymer. A suitable concentration of the active compound is about 1% to 35%, in another
embodiment about 3% to 15%. As one particular possibility, the compound can be delivered
from the patch by electrotransport or iontophoresis, for example, as described in
Pharmaceutical Research, 3(6), 318 (1986).

[0094] In any case, the amount of active ingredient that can be combined with carrier
materials to produce a single dosage form to be administered will vary depending upon the
host treated and the particular mode of administration.

[0095]  The solid dosage forms for oral administration including capsules tablets, pills,
powders, and granules noted above comprise one or more compounds of the present

invention admixed with at least one inert diluent such as sucrose, lactose, or starch. Such
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dosage forms may also comprise, as in normal practice, additional substances other than
inert diluents, e.g., lubricating agents such as magnesium stearate. In the case of capsules,
tablets, and pills, the dosage forms may also comprise buffering agents. Tablets and pills
can additionally be prepared with enteric coatings.

[0096] Liquid dosage forms for oral administration can include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents
commonly used in the art, such as water. Such compositions may also comprise adjuvants,
such as wetting agents, emulsifying and suspending agents, and sweetening, flavoring, and
perfuming agents.

[0097] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
setting agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution or suspension in a nontoxic parenterally acceptable diluent or solvent, for
example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that
may be employed are water, Ringer’s solution, and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium.
For this purpose any bland fixed oil may be employed including synthetic mono- or
diglycerides. Tn addition, fatty acids such as oleic acid find use in the preparation of
injectables.

[0098] Pharmaceutically acceptable carriers encompass all the foregoing and the like.
Treatment Regimen

[0099] The dosage regimen to prevent, give relief from, or ameliorate a disease
condition with the compounds and/or compositions of the present invention is selected in
accordance with a variety of factors. These include the type, age, weight, sex, diet, and
medical condition of the patient, the severity of the disease, the route of administration,
pharmacological considerations such as the activity, efficacy, pharmacokinetics and
toxicology profiles of the particular compound employed, whether a drug delivery system is
utilized, and whether the compound is administered as part of a drug combination. Thus, the
dosage regimen actually employed may vary widely and therefore deviate from the

preferred dosage regimen set forth above.
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[0100]  Initial treatment of a patient suffering from a therapeutic condition can begin
with the dosages indicated above. Treatment should generally be continuéd as necessary
over a period of several weeks to several months or years until the disease condition has
been controlled or eliminated. Patients undergoing treatment with the compounds or
compositions disclosed herein can be routinely monitored by, for example, measuring serum
cholesterol levels by any of the methods well known in the art, to detgrmine the
effectiveness of therapy. Continuous analysis of such data permits modification of the
treatment regimen durihg therépy so that optimal effective amounts of compounds of the
present invention are administered at any point in time, and so that the duration of treatment
can be determined as well. In this way, the treatment regimen/dosing schedule can be
rationally modified over the course of therapy so that the lowest amount of the compound of
the present invention which gxhibits satisfactory effectiveness is administered, and so that
administration is contihued only so long as is necessary to successfully treat the condition.
[0101] The administration of compounds of the present invention may be used alone or
in conjunction with additional therapies known to those skilled in the art in the prevention
or treatment of neoplasia. Altémétively, the compounds described herein may be used in
conjunctive therapy. By way of example, the compounds may be administered alone or in
conjunction with-other antingoplastic agents or other growth inhibiting agents or other drugs
or nutrients. |

[0102] There are large numbers of antineoplastic agents available in commercial use, in
clinical evaluation and'in pre-clinical development, which could be selected for treatment of
neoplasia by combination drug chemotherapy. Such antineoplastic agents fall into several
major categories, namely, antibiotic-type agents, alkylating agents, antimetabolite agents,
hormbnal agents, immunological agents, interferon-type agents and a category of
miscellaneous agents. Alternatively, other anti-neoplastic agents, such as metallomatrix
proteases (MMP), SOD mimics or alpha,betas inhibitors may be used. . |
[0103] A first family of antineoplastic agents which may be used in combination with
compounds of the present invention consists of antimetabolite-type ahtineoplastic égents.
Suitable antimetabolite antineoplastic agents may be selected from the group consisting of
S-FU-ﬁbﬁnogen, acanthifolic acid, aminothiadiazole, brequinar sodium, carmofur, Ciba-
Geigy CGP-30694, cycloiaentyl cytosine, cytarabine phosphate stearate, cytarabine
conjugates, Lilly DATHF, Merrel Dow DDFC, dezaguanine, dideoxycytidine,
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dideoxyguanosine, didox, Yoshitomi DMDC, doxifluridine, Wellcome EHNA, Merck &
Co. EX-015, fazarabine, floxuridine, fludarabine phosphate, 5-fluorouracil, N-(2*
furanidyl)-5-fluorouracil, Daiichi Seiyaku FO-152, isopropyl pyrrolizine, Lilly LY-188011,
Lilly LY-264618, methobenzaprim, methotrexate, Wellcome MZPES, norspermidine, NCI
NSC-127716, NCI NSC-264880, NCINSC-39661, NCI NSC 612567, Warner-Lambert
PALA, pentostatin, piritrexim, plicamycin, Asahi Chemical PL—AC Takeda TAC-788,
thioguanine, tiazofurin, Erbamont TIF, trimeterxate, tyrosine kinase inhibitors, tyrosine
protein kinase inhibitors, Taiho UFT and uricytin.

[0104] A second family of antineoplastic agents which may be used in combination
with compounds of the present invention consists of alkylating-type antineoplastic agents.
Suitable alkylating-type antineoplastic agents may be selected from the group cohsisting of
Shionogi 254-S, aldo-phosphamide analogues, altretamine, anaxirone, Boehringer
Mannheim BBR-2207, bestrabucil, budotitane, Wakunaga CA-102, carboplatin, carmustine,
Chinoin-139, Chinoin-153, chlorambucil, cisplatin, cyclophosphamide, American
Cyanamid CL-286558, Sanofi CY-233, cyplatate, Degussa D-19-384, Sumimoto
DACHP(Myr)2, diphenylspiromustine, diplatinum cytostatic, Erba distamycin derivatives,
Chugai DWA-2114R, ITI E09, elmustine, Ertbamont FCE-24517, estramustine phosphate
sodium, fotemustine, Unimed G-6-M, Chinoin GYKI-17230, hepsul-fam, ifosfamide,
iproplatin, lomustine, mafosfamide, mitolactol, Nippon Kayaku NK-121, NCI NSC-264395,
NCI NSC-342215, oxaliplatin, Upjohn PCNU, prednimustine, Proter PTT-119, ranimustine,
semustine, SmithKline SK&F-101772, Yakult Honsha SN-22, spiromus-tine, Tanabe
Seiyaku TA-077, tauromustine, temozolomide, teroxirone, tetraplatin and trimelamol.
[0105] A third family of antineoplastic agents which may be used in combination with
compounds of the present invention consists of antibiotic-type antineoplastic agents.
Suitable antibiotic-type antineoplastic agents may be selected from the group consisting of
Taiho 4181-A, aclarubicin, actinomycin D, actinoplanone, Erbamont ADR—456,
aeroplysinin derivative, Ajinomoto AN-201-II, Ajinomoto AN-3, Nippon Soda
anisomycins, anthracycline, azino-mycin-A, bisucaberin, Bristol-Myers BL-6859, Bristol-
Myers BMY-25067, Bristol-Myers BMY-25551, Bristol-Myers BMY-26603, Bristol-Myers
BMY-27557, Bristol-Myers BMY-28438, bleomycin sulfate, bryoétatin—l, Taiho C-1027,
calichemycin, chromoximycin, dactinomycin, daunorubicin, Kyowa Hakko DC-102,
Kyowa Hakko DC-79, Kyowa Hakko DC-88A, Kyowa Hakko DC89-A1, Kyowa Hakko
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DC92-B, ditrisarubicin B, Sﬁionogi DOB-41, doxorubicin, doxorubicin-fibrinogen,
elsamicin-A, epirﬁbicin, erbstatin, esorulﬁcin, esperamicin-A1, esperamicin-Alb, Erbamont
FCE-21954, Fujisawa FK- 973 fostriecin, Fujisawa FR-900482, glidobactin, gregatin—A
grincamycin, herbimycin, idarubicin, illudins, kazusamycin, kesarithodins, Kyowa Hakko
KM-5539, Kirin Brewery KRN-8602, Kyowa Hakko KT-5432, Kyowa Hakko KT-5594
Kyowa Hakko KT-6149, American Cyanamid LL-D49194, Meiji Seika ME 2303,

menogaril, mitomycin, mitoxantrone, -SmithKline M-TAG, neoenactin, Nippon Kayaku

~ NK-313, Nippon Kayaku NKT-01, SRI International NSC-357704, oxalysine,

oxaunomycin, peplomycin, pilatin, pirarubicin, porothramycin, pyrindamycin A, Tobishi
RA-I, rapamycin, thizoxin, rodofubiciﬁ, sibanomicin, siwenmycin, Sumitomo SM-5887,
Snow Brand SN-706, Snow Brand SN-07, sorangicin-A, sparsomycin, SS Pharmaceutical
SS-21020, SS Pharmaceutical SS-7313B, SS Pharmaceutical SS-9816B, steffimycin B,
Taiho 4181-2, talisomycin, Takeda TAN-868A, terpentecin, thrazine, tricrozarin A, Upjohn
U-73975, Kyowa Hakko UCN-10028A, Fujisawa WF-3405, Yoshitomi Y-25024 and
zorubicin. |

[0106] A fourth family of antineoplastic agents which may be used in combination with
compounds of the present invention consists of a miscellaneous family of antineoplastic
agents selected-from the group consisting of alpha-carotene, alpha—dlﬂuoromethyl arginine,
acitretin, Biotec AD-5, Kyorin AHC-52, alstonine, amonafide, amphethinile, amsacrine,
Angiostat, ankinomycin, anti-neoplaston A10, antineoplaston A2, antineoplaston A3,
antineoplaston A5, antineoplaston AS2-1, Henkel APD, aphidicolin glycinate, asparaginase,
Avarol, baccharin, batracylin, benfluron, benzotript, Ipsen-Beaufour BIM-23015,
bisantrene, Bristo-Myers BMY—40481, Vestar boron-10, bromofosfamide, Wellcome BW-
502, Wellcome BW-773, caracemide, carmethizole hydrochloride, Ajinomoto CDAF, .

| chlorsulfaquinoxalone, Chemes CHX-2053, Chemex CHX-100, Warner-Lambert CI-921,
Warner-Lambert CI-937, Warner-Lambert CI-941, Warner-Lambert CI-958, clanfenur
claviridenone, ICN compound 1259, ICN compound 4711, Contracan, Yakult Honsha CPT-
11, crisnatol, curaderm, cytochalasin B, cytarabine, cytocytin, Merz D-609, DABIS
maleate, dacarbazine, datelliptinium, didemnin-B, dihaematoporphyrin ether, '
dihydrolenperone, dinaline, distamycin, Toyo Pharmar DM- 341, Toyo Pharmar DM-175,
Daiichi Seiyaku DN-9693, elliprabin, elliptinium acetate, Tsumura EPMTC, ergotamine,
etoposide, etretinate, fenretinide, Fujisawa FR-57704, gallium nitrate, genkwadaphnin,
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Chugai GLA-43, Glaxo GR-63178, grifolan NMF-5N/ hexadecylphosphocholine, Green
Cross HO-221, homoharringtonine, hydroxyurea, BTG ICRF-187, ilmofosine,
isoglutamine, isotretinoin, Otsuka JI-36, Ramot K-477, Otsuak K-76COONa, Kureha
Chemical K-AM, MECT Corp K1-8110, American Cyanamid L-623, leukoregulin,
lonidamine, Lundbeck LU-23-112, Lilly LY-186641, NCI (US) MAP, marycin, Merrel
Dow MDL-27048, Medco MEDR-340, merbarone, merocyarﬁne derivatives,
methylanilinoacridine, Molecular Genetics MGI-136, minactivin, mitonafide, mitoquidone,
mopidamol, motretinide, Zenyaku Kogyo MST-16, N-(retinoyl)amino acids, Nisshin Flour
Milling N-021, N-acylated-dehydroalanines, nafazatrom, T aisho NCU-190, nocodazole
derivative, Normosang, NCI NSC-145813, NCINSC-361456, NCI NSC-604782, NCI
NSC-95580, octreotide, Ono ONO-112, oquizanocine, Akzo Org-10172, pancratistatin,
pazelliptine, Warner-Lambert PD-111707, Warner-Lambert PD-115934, Warner-Lambert
PD-131141, Pierre Fabre PE-1001, ICRT peptide D, piroiantrone, polyhaematoporphyrin,
polypreic acid, Efamol porphyrin, probimane, procarbazine, proglumide, Invitron protease
nexin I, Tobishi RA-700, razoxane, Sapporo Breweries RBS, restrictin-P, retelliptine,
retinoic acid, Rhone-Poulenc RP-49532, Rhone-Poulenc RP-56976, SmithKline SK&F-
104864, Sumitomo SM-108, Kuraray SMANCS, SeaPharm SP-10094, spatol,
spirocyclopropane derivatives, spirogermanium, Unimed, SS Pharmaceutical SS-5 54,
strypoldinone, Stypoldione, Suntory SUN 0237, Suntory SUN 2071, superoxide dismutase,
Toyama T-506, Toyama T-680, taxol, Teijin TEI-0303, teniposide, thaliblastine, Eastman
Kodak TJB-29, tocotrienol, Topostin, topoisomerase inhibitors (including irinotecan and
topotecan ), Teijin TT-82, Kyowa Hakko UCN-01, Kyowa Hakko UCN-1028, ukrain,
Eastman Kodak USB-006, vinblastine sulfate, vincristine, vindesine, vinestramide,
vinorelbine, vintriptol, vinzolidine, withanolides and Yamanouchi YM-534.

[0107] Examples of radioprotective agents which may be used in combination with
compounds of the present invention are AD-5, adchnon, amifostine analogues, detox,
dimesna, 1-102, MM-159, N-acylated-dehydroalanines, TGF-Genentech, tiprotimod,
amifostine, WR-151327, FUT-187, ketoprofen transdermal, nabumetone, superoxide
dismutase (Chiron) and superoxide dismutase Enzon.

[0108]  The present compounds will also be useful in combination with radiation therapy

for treatment of neoplasias including malignant tumors.
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[0109]  The present compounds may also be used in co-therapies, partially or
completely, in addition to other antiinflammatories, such as together with steroids, NSAIDs,
nitric oxide synthase inhibitors (NOS inhibitors, including iNOS inhibitors), kinase
inhibitors (including IKK inhibitors and MK-2 inhibitors), p-38 inhibitors, TNF inhibitors, - '
5-lipoxygenase inhibitors, LTB4 receptor antagonists and LTA4 hydrolase inhibitors.
Suitable LTA4 hydrolase inhibitors include RP-64966, (S,S)-3-amino-4-(4-
benzyloxyphenyl)-2-hydroxy5utyric acid benzyl ester (Scripps Res. Inst.), N-(2(R)-
(cyclohexylméthyl)-3 —(hydroxycarbamoyl)propionyl)-L-alanine (Searle), 7-(4-(4-
ureidobenzyl)phenyl)heptanoic acid (Rhone-Poulenc Rorer), and 3-(3-(1E,3E-
tetradecadienyl)—Zfoxiranyl)benioic acid lithium salt (Searle). Suitable LTB4 receptor
antagonists include, among others, ebselen, linazolast, ontazolast, Bayer Bay-x-l 005, Ciba
Geigy compound CGS-25019C, Leo Denmark compound ETH-615, Merck compound
MAFP, Terumo compbﬁnd TMK-688, Tanabe compound T-0757, Lilly compounds LY-
213024, LY-210073, L'Y223982, LY233469, and LY255283, LY-293111, 264086 and
292728, ONO compounds ONO-LB457, ONO-4057, and ONO-LB-448, Shionogi
compound S-2474, calcitrol, Liliy compounds Searle compounds SC-53228, SC-41930, SC-
50605 and SC-51146, Warner Lambert compound BPC 15, SmithKline Beecham
compound SB-209247 and-SK&F compound SKF-104493. Preferably, the LTB4 receptor
antagonists are selecfed from calcitrol, ebselen, Bayer Bay-x-1005, Ciba Geigy compound
CGS-25019C, Leo Denmark compound ETH-615, Lilly compound LY-293111, Ono
compound ONO-4057, and Terumo compound TMK-688. Suitable 5-LO inhibitors include,
among others, Abbott compounds A-76745, 78773 and ABT761, Bayer Bay-x-1005,
Cytomed CMI-392, Eisai E-3040, Scotia Pharmaceutica EF-40, Fuj ireBio. F-1322, Merckle
ML—3000, Purdue Frederick PF-5901, 3M Pharmaceuticals R-840, rilopirox, flobufen,
linasolast, lonapolene, masoprocol, ontasolast, tenidap, zileuton, pranlukast, tepoxalin,
rilopirox, flezelastine hydrochloride, enazadrem phosphate, and bunaprolast.

[0110] The present compounds may also be used in combination therapies with opioids
and other analgesics, including narcotic analgesics, Mu receptor antagonists, Kappé feceptor
antagonists, non-narcotic (i.e. non-addictive) analgesics, monoamine uptake inhibitors,
adenosine regulating agents, cannabinoid derivatives, Substance P antagonists, ﬁeurokinin—l
receptor antagonists and sodium channel blockers, among others. More pfeferred will be

combinations with compounds selected from morphine, meperidine, codeine, pentazocine,
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buprenorphine, butorphanol, dezocine, meptazinol, hydrocodone, oxycodone, methadone,
Tramadol [(+) enantiomer], DuP 747, Dynorphine A, Enadoline, RP-60180, HN-11608, E-
2078, IC1-204448, acetominophen (paracetamol), propoxyphene, nalbuphine, E-4018,
filenadol, mirfentanil, amitriptyline, DuP631, Tramadol [(-) enantiomer], GP-531,
acadesine, AKI-1, AKI-2, GP-1683, GP-3269, 4030W92, tramadol racemate, Dynorphine
A, E-2078, AXC3742, SNX-111, ADL2-1294, 1CI-204448, CT-3, CP-99,994, and CP-
99,994,

[0111]  The present compounds will also be useful in therapeutic combination with lipid-
lowering drugs including HMG Co-A reductase inhibitors (including pravastatin,
simvastatin, lovastatin, ZD4522, atorvastatin, cerivastatin, and ﬂuvastatin), bile acid
sequestrants (including cholestyramine and cholestepol), nicotinic acis derivatives
(including niacin), fibric acid deravitives (including clofibrate, gemfibrozil, fenofibrate,
ciprofibrate and bezafibrate), MTP inhibitors, ACAT inhibitors, and CETP inhibitors.
[0112] The compounds will also be useful for the control of urinary conditions and
other muscarinic receptor-related conditions in therapeutic combination with an anti-
muscarinic agent such as tolterodine, tiotropium, ipratropium, pirenzepine, homatropine,
scopolamine, and atropine.

[0113] - = The compounds will-also be useful in therapeutic combination with a sex steroid
for the treatment or prevention of menstrual cramps.

[0114] The compounds will also be useful alone or in combination with other
therapeutic agents for the treatment or prevention of migraine headaches. Such combination
therapies include caffeine, an ergot alkaloid (such as ergotamine or dihydroergotamine), a
5-HT ,p/1p Teceptor antagonist (such as sumatriptan), and a GABA-analog (such as
gabopentin).

[0115] The compounds can be used in co-therapies, in place of other conventional
éntiinﬂammatories, in combination with one or more antihistamines, decongéstants,
diuretics, antitussive agents or with other agents previously known to be effective in

combination with antiinflammatory agents.

General Synthetic Procedures
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[0116] The compounds of the invention can be synthesized according to the
following procedures of Schemes 1-16, wherein the R1-R6 substituents are as

defined for Formulas I-II, above, except where further noted.

SCHEME 1
7 i COR Base = o COR
S l B | —_— l
‘ YA
r2 OH R N0 TR
1 o 2 3
l o
Y I N COoH
N0 R

[0117] Synthetic Scheme 1 illustrates the general method for the preparation of a wide
variety of substituted 2H-1-benzopyran derivatives 3 and 4. In step 1, a representative
ortho-hydroxybenzaldehyde (salicyl_aldehyde) derivative 1 is condensed with an acrylate
derivative 2 in the presence of base, such as potassium carbonate in a solvent such as
dimethylformamide, to afford the desired 2H-1-benzopyran ester 3. Alternative base-
solvent combinations for this condensation includes an organic base such as triethylamine,
diazobicyclononane, with or without a solvent such as dimethyl sulfoxide. Mixtures of
organic and inorganic base in various stoichiometry, witﬁ or without an added solvent, can
also be used. In step 2 the ester is hydrolyzed to the corresponding acid, such as by
treatment with aqueous base (sodium hydroxide) in a suitable solvents such as ethanol or
THF-alcohol mixtures to afford after acidification the substituted 2H-1-benzopyran-3-

carboxylic acid 4.
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E, E’ = halogen, acyl, sulfonyl

[0118] Synthetic Scheme 2 shows the general method for functionalizing selected 2H-1-
benzopyrans. Treatment of the 2H-1-benzopyran carboxylic acid 4 or ester 3 with an
electrophillic agent makes a 6-substituted 2H-1-benzopyran 5. A wide Vériety of
electrophillic agents react selectively with 2H-1-benzopyrans 4 in the 6-position o provide
new analogs in high yield. Electrophillic reagents such as halogen (chlorine or bromine)
give the 6-halo derivatives. Chlorosulfonic acid reacts to afford the 6-position sulfonyl
chloride that can further be converted to a sulfonamide or sulfone. Friedel-Crafts acylation
of 4 provides 6-acylated 2H-1-benzopyrans in good to excellent yield. A number of other
electrophiles can be used to selectively react wifh these 2H-1-benzopyrans in a similar
manner. A 6-position substituted 2H-1-benzopyran can react with an electrophilic reagent

" at the 8-position using similar chemistries to that described for electrophilic substitution of
the 6-position. This yields an 2H-1-benzopyran which is substituted at both the 6 and 8
positions.
[0119] If R? is a moiety that activates aryls toward electrophilic substitutioh_, this can
occur on the benzopyran nucleus in the 5, 6, 7, or 8 positions. Thus a. 6-methoxy substituent
can direct electrophilic substitution to the 5 or 7-positions. Similar ortho/para directors at
different positions about the benzopyran 5, 6, 7, or 8 positions can activate the ortho or para

positions (relative to that substituent) towards substitution where possible.
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[0120] Synthetic Scheme 3 illustrates a second general synthesis of substituted 2H-1-
benzopyran-3-carboxylic acids which allows substitution at position 4 of the 2H-1-
benzopyran. In this case a commercially or synthetically available subtituted ortho-hydroxy
acetophenone 6 is treated with two or more equivalents of a strong base such as lithium
bis(trimethylsilyl)amide in a solvent such as tetrahydrofuran (THF), followed by reaction
with diethyl carbonate to afford the beta-keto ester 7. Ester 7 is condensed with an acid
chloride or anhydride in the presence of a base such as potassium carbonate in a solvent
such as toluene with heat to afford 4-oxo-4H-1-benzopyran 8. Reduction of the olefin can
be accomplished by a variety of agents including sodium borohydride (NaBH,) in solvent
mixtures such as ethanol and tetrahydrofuran (THF), or by use of triethylsilane in a sélvent
such as trifluoroacetic acid, or by catalyﬁc reduction using palladium on charcoal and
hydrogen gas in a solvent such as ethanol to yield the new beta-keto ester 9 (two tautomeric
structures shown). Acylation of the oxygen of the ketone enolate in the presence of a base

such as 2,6-di-tert-butyl-4-methylpyridine, an acylating agent such as
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trifluoromethanesulfonic anhydride, and using a solvent such as methylene chloride yields
the enol-triflate 10. Triflate 10 can be reduced with reagents such as tri-n-butyltin hydride,
lithium chloride and a palladium (0) catalyst such as tetrakis(triphenylphosphine)palladium
(0) in a solvent such as tetrahydrofuran to yield 2H-1-benzopyran ester 11 where R” is
hydrogen. The ester 11 can be saponified with a base such as 2.5 N sodium hydroxide in a
mixed solvent such as tetrahydrofuran-ethanol-water (7:2:1) to yield the desired substituted
2H-1-benzopyran-3-carboxylic acid.

[0121]  To incorporate a carbon fragment R® one can treat triflate 10 with reagents
known to undergo “cross-coupling” chemistries such a tributylethyenyltin , lithium chloride
and a palladium(0) catalyst such as tetrakis(triphenylphosphine)palladium (0) in a solvent
such as tetrahydrofuran to yield 2H-1-benzopyran ester 11 where R? is a vinyl moiety. The
ester 6 can be saponified with a base such as 2.5 N sodium hydroxide in a mixed solvent
such as tetrahydrofuran-ethanol-water (7:2:1) to yield the desired 4-vinyl-2H-1-benzopyran-
3-carboxylic acid (12, R” = CH,CH-). Similarly triflate 10 can be converted under similar
conditions using tri-n-butylphenyltin to 2H-1-benzopyran where R® = phenyl and by
hydrolysis of the ester converted to the carboxylic acid 12 where R? =phenyl. Using a
similar strategy, substituents which be incorporated as substitutent R? can be substituted

" olefins, substituted arotiiatics, substituted heteroaryl, acetylenes and substituted acetylenes.
[0122] If R' = H in structure 8, treatment with CF3Si(CHs); (or similar CF3 silyl

reagent) accompanied by fluoride (F-) may provide structure 9 wherein R! = CFs.

SCHEME 4
O .
= Cl O
~ | + 1
2 F R
‘ CO,R’
13 14

[0123] Synthetic Scheme 4 shows an alternative general procedure for the preparation
of 4-ox0-4H-1-benzopyran 8. Treatment of an ortho-fluorobenzoyl chloride with an
appropriately substituted beta-keto ester 14 with a base such as potassium carbonate in a
solvent such as toluene provides 4-oxo-4H-1-benzopyran 8. 4-Oxo-4H-1-benzopyran 8 can

be converted to 2H-1-benzopyran 12 as described in Scheme 3.
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[0124] Synthetic Scheme 5 shows a general method for substitution of the aromatic ring
of the 2H-1-benzopyran. This can be accomplished through organo-palladium mediated
“cross-coupling” chemistryusing a palladium (0) catalyst to couple benzopyran 15 at
position Y, where Y is iodide, bromide, chloride, boronic acids and esters, substituted
boranes, zinc species, magnesium species or triflate, with an alkyl, acetylene, olefinic,
nitrile (cyanide), or aryl couplihg agent. Appropriate coupling agents can include
functionalized alkyl, alkenyl, aryl groups substituted with boranes, boronic acids boronic
esters, zinc, tin, copper or magnesium species. Palladium coupling strategies using
alcohols, phenols, anilines, or amines to couple benzopyran 15 at position Y can also be
performed. Futher, use of acid chlorides or appropriate coupling agents with carbon
monoxide can yield the corresponding ketones. Some of these appropriate coupling agents
can be generated in situ usiﬁg the appropriate metals and reactive organic precursors.
Substituted acetylenes, as the coupling agent will provide the corresponding substituted
acetylene. Substituted aryl moieties can be incorporated using arylboronic acids or esters;

nitriles can be incorporated by use of zinc (II) cyanide. The resulting
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ester 16 can be converted to carboxylic acid 17 as described in Scheme 1.

[0125]  Another approach to substitution of the aryl moiety of the benzopyran 15 is to
convert Y, where Y is iodide or bromide, to a perfluoroalkyl moiety. Exemplary of this
transformation is the conversion of 15 (Y = iodide) to 16 R* =pentafluoroethyl) using a
potassium pentafluoropropionate and copper (I) iodide in hexamethylphosphoramide
(HMPA). The resulting ester 16 can be converted to carboxylic acid 15 as described in
Scheme 1. _

[0126] A similar method adds substitution of the aromatic ring in dihydroquinoline-3-
carboxylates. This can be accomplished through organopalladium couplings with aryl
iodides, bromides, or triflates and various coupling agents (R. F. Heck, Palladium Reagents
in Organic Synthesis. Academic Press 1985). When using a suitable palladium cétalyst such
as tetrakis(triphenyl-phospine)palladium(0) in this reaction, coupling agents such as alkynes
provide disubstituted alkynes, phenyl boronic acids afford biphenyl compounds, and
cyanides produce arylcyano compounds. A number of other paliadium catalysts and
coupling reagents could be used to selectively react with appropriately substituted

dihydroquinoline-3-carboxylates in a similar manner.

B ‘SCHEME. 6
(0]
H»>CO source
| X 2 | A OH | A H
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[0127] Synthetic Scheme 6 shows a general synthetic route for conversion of a

commercially or synthetically available substituted phenol into a substituted
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salicylaldehyde. Several different methods which utilize formaldehyde or a chemically
equivalent reageﬂt are described in detail below.

[0128] Reaction of an appropriately substituted phenol 18 in basic media with
formaldehyde (or chemical equivalent) will yield the corresponding sahcylaldehyde 1. The |
1ntermed1ate ortho-hydroxymethylphenol 19, will under appropriate reaction conditions be
oxidized to the salicylaldehyde 1 in situ. The reaction commonly employs ethyl magnesium
bromide or magnesium methéxide(one equivalent) as the base, toluene as the solvent,
paraformaldehyde (twd or more equivalents) as the source of formaldehyde, and employs
hexamethylphoramide (HMPA) or N,N,N’,N -tetramethylethylenediamine (TMEDA). (See:
Casiraghi, G. et al., J.C.S.Perkin 1, 1978, 318-321 .) A related method is the use of MgCl,
and formaldehyde (or chemical equivalent) with the phenol 18 to produce the
salicylaldehyde 1. ’

[0129] Alternatively an appropriately substituted phenol 18 may react with
formaldehyde under aqueous Basic conditions to form the substituted ortho-hydroxybenzyl
alcohol 19 (See: a) J. Leroy and C. Wakselman, J. Fluorine Chem., 40, 23-32 (1988). b) A.
A. Moshfegh, et al., Helv. Chim. Acta., 65, 1229-1232 (1982)). Commonly used bases
include aqueous potassium hydroxide or sodium hydroxide. Formalin (38% formaldehyde
in water) is commonly employed_as the source of forfr'lzldehyde.l The resulting ortho-
hydroxybenzyl alcohol 19 can be converted to the salicylaldehyde 1 by an oxidizing agent
such as manganese (IV) dioxide in a solvent such as methylene chloride or chloroform (See:
R-G. Xie, et al., Synthetic Commun. 24, 53-58 (1994))

[0130] An appropriately substituted phenol 18 can be treated under acidic conditions
with hexamethylenetetramine (HMTA) to prepare the salicylaldehyde 1 (Duff Reaction;
See: Y. Suzuki, and H. Takahashi, Chem. Pharm. Bull., 31, 1751-1753 (1983)). This .
reaction commonly employs acids such as acetic acid, boric acid, methanesulfonic acid, or
trifluoromethanesulfonic acid. The source of formaldehyde commonly used is |
hexamethylenetetrarhine. A related procedure utilizes MgCl, (anhydrous) and
paraformaldehyde and the appropriately substituted phenol 18 to prepare the
salicylaldehyde 1.
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[0131] Synthetic Scheme 7 shows the Reimer-Tiemann reaction in which an
commercially or synthetically available appropriately substituted phenol 18 will under basic
conditions react with chloroform to yield a substituted salicylaldehyde 1 (See: Cragoe, E.J.;
Schultz, E.M., U.S. Patent 3 794 734, 1974). | |

SCHEME 8
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[0132]  Synthetic Scheme 8 shows'the conversion of a commercially or synthetically
available appropriately substituted salicylic acid 21 to its respective salicylaldehyde 1 via an
intermediate 2-hydroxybenzyl alcohol 19. Reduction of the salicylic acid 21 can be
accomplished with a hydride reducing agent such as borane in a solvent such as
tetrahydrofuran. Treatment of the intermediate 2-hydroxybenzyl alcohol 19 with an
oxidizing agent such as manganese (IV) oxide in a solvent such as methylene chloride or

chloroform provides salicylaldehyde 1.
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[0133] Synthetic Scheme 9 illustrates a general synthetic method for preparation of a
wide variety of substituted 2-(trifluoromethyl)-2H-1 -benzothiopyran-3-carboxylic acids
(25). Instep 1, an appropriafely commercially or synthetically available substituted
thiophenol 22 is ortho-metallated with a base such as n-butyllithium employing TMEDA
(N,N,N’,N -tetramethylethylenediamine) followed by treatment with dimethylformamide to
provide the 2—mercaptobenzaldehyde 23. Condensation of the 2-mercaptobenzaldehyde 23
with an acrylate 2 in the presence of base provides ester 24 which can be saponified in the

presence of aqueous base to afford the substituted 2H-1 -benzothiopyran-3-carboxylic acids

25.
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[0134] Synthetic Scheme 10 shows a method for preparing a 'substitutedAZ-
mercaptobenzaldehyde from an appropriate commercially or synthetically available

‘ subst1tuted sahcylaldehyde In step 1, the phenohc hydroxyl of sahcylaldehyde 1is
converted to the correspbv;ld;gwd ~a.rryl thiocarbamate 26 by acylat1on \;;Ilth an appropnately
substituted thiocarbamoyl chloride such as N,N-dimethylthiocarbamoyl chloride in a solvent
such as dimethylformamide using a base such as triethylamine. In Step 2, O-aryl
thiocarbamate 26 rearranges to S-aryl thiocarbamate 27 when heated sufficiently such as to
200 °C using either no solvent or a solvent such as N,N—dimethylanilihe (See: A. Levai, and
P. Sebok, Synth. Commun., 22 '1735—1750 (1992)). Hydrolysis of S-aryl thiocarbamate 27
with a base such as 2.5 N sodium hydroxide in a solvent }nixture such as tetrahydrofuran

and ethanol yields the substituted 2-mercaptobenzaldehyde 23 which can be converted to
the substituted 2H-1-benzothiopyran-3-carboxylic acids 25 as described in Scheme 9.
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[0135] Synthetic Scheme 11 illustrates the general method for the preparation of a wide

variety of dihydroquinoline-3-carboxylic acid derivatives 30. R? represents the aromatic

substitution of commercially and synthetically available 2-aminobenzaldeydes 28. The 2-

amino-benzaldehyde derivative 28, where R? represents various substitutions, is condensed

with a acrylate derivative 2 in the presence of base such as potassium carbonate,

triethylamine, or diazbicyclo[2.2.2]undec-7-ehe in solvents such as dimethylformamide to

afford the dihydroquinoline—3-carboxylate esters 29. The ester 29 can be saponified to the

corresponding acid, such as by treatment with aqueous inorganic base such as 2.5 N sodium

hydroxide in a suitable solvent such as ethanol to afford after acidification the desired

dihydroquinoline-3-carboxylic acid 30.
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[0136] Synthetic Scheme 12 illustrates the preparatioﬁ of dihydroquinoline-3-carboxylic
acid 30 from 2-aminobenzoic acids 31. R? represents the aromatic substitution of .
commercially and synthetically available 2-aminobenzoic acids 31. Reduction of the
representative 2-aminobenzoic acid 31 to the desired 2-aminobenzy] alcohol 32 was
accomplished with a hydride reducing agent such as borane in a solvent such as
tetrahydrofuran. Treatment of the desired 2-aminobenzyl alcohol 32 with an oxidizing
agent such as manganese (IV) oxide in a solvent such as methylene chloride provides the
representative 2-aminobenzaldehydes 28. (C. T. Alabaster, et al. J. Med. Chem. 31, 2048-
2056 (1988)) The 2-aminobenzaldehydes were converted to the desired dihydroquinoline-

- 3-carboxylic acid 30 as described in Scheme 11.
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[0137] Synthetic Scheme 13 illustrates the general method for the preparation of a wide
variety of dihydroquinoline-3-carboxylic acid derivatives 30 from isatins 33. R? represents
the aromatic substitution of commercially and synthetically available isatins 33. A

representative isatin 33 was treated with basic peroxide generated from hydrogen peroxide
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and a base such as sodium hydroxide to afford the desired representative 2-aminobenzoic
acids 31 (M. S. Newman and M. W. Lougue, J. Org. Chem., 36, 1398-1401 (1971)). The 2-
aminobenzoic acids 31 are subsequently converted to the desired dihydroquinoline-3-

carboxylic acid derivatives 30 as described in synthetic Scheme 12.
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[0138] Synthetic Schefne 14 is another general method for the preparation of
dihydroquinoline-3-carboxylic acid derivatives 30. Instep 1, an appropriate commercially
or synthetically available substituted aniline 34 can be treated with an acylating reagent
such as pivaloyl chloride yielding an amide 35. The ortho-dianion of amide 35 is prepared
by treating amide 35 with organo- -lithium bases such as n-butyllithium or fert-butyllithium
in tetrahydrofuran at low temperature The dianion is quenched with dlmethylformamlde to
afford the acylated-2-amino-benzaldehydes 36. (J. Turner, J. Org. Chem., 48, 3401-3408

(1 983)) Reaction of these aldehydes in the presence of bases such as lithium hydride with a

acrylate followed by work up with aqueous inorganic bases and hydrolysié, such as by
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treatment with aqueous base (sodium hydroxide) in a suitable solvent such as ethanol

affords, after acidification, a dihydroquinoline-3-carboxylic acid 30.

SCHEME 15
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[0139] Synthetic Scheme 15 shows a general method for alkylation of the nitrogen of
dihydroquinoline-3-carboxylate ester derivatives 29. The step involves treatment of
dihydroquinoline-3-carboxylate ester derivatives 29 with alkyl halides such as iodoethane in
the presence of pﬁase transfer catalysts such a tetrabutylammonium iodide, and a base such
as caustic (50% aqueous sodium hydroxide) in a solventA such as dichloromethane. These
conditions afford the N-alkylated dihyrdoquinoline-3-carboleate esters 37. Saponification
of 37 with aqueous base provides N-alkyléted-dihyroquinoline-3-carboxylic acid derivatives

38.

SCHEME 16

79



WO 2004/087686 ‘ PCT/1B2004/001113

; ' ’ COOH
o P N COOR’ 1..Base, DMSO‘ Rz-—/ | X A
R N | TRz RN R
F 0~ "R Z
2. OH
39 40
d
, R\22
1. Ba(sje,.1DMSO COOH
R"-Z'H _ R2_/ | AN
2. OH XN R

- 42
Synthetic Scheme 16 shows a general method for the preparation of a 5 or 7-

ether (Z'=0), thioether (Z'=S), or amine (Z1=NH or NR), substituted

benzopyran-3-carboxylic ester. An appropriately substituted phenol,
thiophenol, hydroxy-heterocycle, mercaptoheterocycle, alcohol, alkylthiol,
amine (mono or di-substituted) can be condensed under basic conditions using a
base such as potassium carbonate in a solvent such as dimethysulfoxide, at
temperature above room temperature, such as 100 °C, with an appropriafely
substituted 7-fluorobenzopyran derivative 30 to yield the corresponding ether or
thioether. Hydrolysis of the ester with an aqueous base such as lithium
hydroxide or sodium hydroxide in a solvent mixture such as tetrahydrofuran-
ethanol-water yields acid 40. When appropriate, a thioether (Z*=S) can be '
oxidized to the sulfoxide (Z*=S0) or sulfone (Z*=S0,) with an oxidant such as
OXONE?® or m-CPBA either before or after ester hydrolysis. In this chemistry
R¢ can include aryl, heteroaryl, heterocyclic, alicyclic, branched or linear
aliphatic, branched or linear perfluoro-aliphatic moiety.

[0140]  Analternative approach for preparing the salicylaldehyde precursors
is shown in Scheme 17. An phenol 21 is O-alkylated with an appropriate
protecting group (P) which may consist of any ortho-directing protecting group
(DoM). Groups may include the methyl, methoxymethyl,
methoxyethoxymethyl, tetrahydropyranyl (THP) or other ethers. These
prdtected phenols can be C-deprotonated with a suitable base such as an alkyl
lithium including butyllithium, or with lithium amides such as lithium

diisopropylamide or lithium bis(trimethylsilyl)amide. This anion can be
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formylated directly with formylating agents such as DMF (dimethyl
formamide). Workup and deprotection of the phenol provides the
salicylaldehyde 1. Deprotection of the described phenol alkyl ethers can be
accomplished under acidic conditions. Alternatively, the resulting ortho anion
can be reacted with reactive electrophilic reagents (R°). These may include
alkyl halides, alkyl or aryl esters, alkyl or aryl aldehydes, silyl halides, or
halogenating reagents. In appropriate cases, the resulting protected
(additionally substituted) phenol can be deprotonated again and formylated by
reaction with DMF or other formylating agent. Workup and deprotection of the
phenol provides the substituted salicylaldehyde 44,

'SCHEME 17
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The aforementioned chemistries may be applicable to a solid-phase approach as shown in
Scheme 18. An example of such a strategy is the covalent attachment of the carboxylic acid
to a polymer (45). The attachment of the compound may be through an ester linkage, but is
not limited to that ﬁlﬁctional group. The X ﬁlncitionality of the resin can be an alkyl halide,
an alcohol, or other functional groups. Subséquent to this attachment, additional chemical
transformations can be accomplished to replace substituents to form a differentially
substituted product 46 or additional functionality added to form product 48. Respective

cleavage of the product 46 and 48 yield the free carboxylic acids 47 and 49. This cleavage
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can be accomplished by a variety of conditions employing acidic, basic, lewis acids or lewis

bases, nucleophiles, and solvolysis.
SCHEME 18

AN 0o~ "R >

4

Detailed Preparative Method

[0143] The following abbreviations are used:
a - alpha

ACN - acetonitrile

" BBr3 - boron tribromide

9-BBN - 9-borabicyclo[3.3.1]nonane

Br,- bromine

n-BuLi - n-butyllithium

(BzO); - benzoyl peroxide
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Calc’d - calculated - |
CH,Cl2 or DCM - methylene chloride or dichloromethane

CD — circular dichroism

CDCI3 - deuterated chloroform

CD3 OD - deuterated methanol
Clz—cl_llorine gas

CCly-carbon tetrachloride

con., conc, concd, or conc’d - concentrated
Cul — copper (1) iodide

DMAP-N, N-dimethyl amino pyrodine
DME - ethylene glycol dimethyl ether
DMF - dimethylformamide

DMSO - dimethy! sulfoxide

DPPP- 1,3-bis-diphenyl phosphino propane
Et20 - diethyl ether

EtOAc - ethyl acetate

EtOH - ethanol

EBSiH—tri‘éthyl siiane

ESHRMS - electron spray high resolution Mass
h - hour

HBr - hydrobromic acid

HCI - hydrochloric acid

HF-hydrogen fluoride

HMPA - hexamethyl phosphoric triamide
HMTA - hexamethylenetetraamine, methenamine
H,0 - water 4

HOAC - acetic acid

IPA — isopropanol

KCN - potassium cyanide

K2CO3 - potassium carbonate

KHSO4 - potassium sulfate

K3PO,- potassium phosphate
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LCMS-liquor chromatography Mass
LiOH - lithium hydroxide

MeOH - methanol

MgSO4 - magnesium sulfate

MTBE — methyl t-butyl ether
M+H - M+1

M-H - M-1

m/z - mass/charge

NaBH4 - sodium borohydride

NBS - N-bromosuccinimide

NaHCO3 - sodium bicarbonate

NH4C1 — ammonium chloride

NH4F- ammonium fluoride

NaN3-sodium azide

NaOH - sodium hydroxide

NaOD - deuterated sodium hydroxide -

Na2S04 - sodium sulfate

OXONE - potassium peroxymonosulfate

Pd(dba); - bis (dibenzyllideneacetone)palladium
PdCl,(PPhs); - bis(triphenylphosphine)palladium (II)chloride
Pd(dppf)Cl‘CH2C12 - [1,1 ’—bis(diphenylphosphino)ferrocehe]chloropalladium complex with
dichloromethane ‘

Pd(PPhs)s - tetm—triphenylphosphine palladium
[(t-BusP)PdBr], - palladium (I) tri-tert-butyl phosphine bromide dimer
PPh; - triphenyl phosphine

P,05 - phosphorous pentoxide

psi — pounds per square inch ,

~ RPHPLC-reverse phase high pressure liquid chromatography
sat. or sat’d. or satd - saturated

TBAF - tetrabutylammonium fluoride

TEA - triethyl amine

TFA - trifluoroacetic acid

84



WO 2004/087686 PCT/1B2004/001113

THEF - tetrahydrofuran

TiCly— Tin (IV) chloride

TMAF- tetramethylammonium fluoride

TMEDA - tetrametylethylenediamine

TMSCF; - trimethyl(trifluoromethyl)silane

Tfp — trifurylphosphine

u- micro (for example, uL or uM)

Zn — zinc powder

ZnCl, - zinc chloride

[0144]  In the following examples, NMR chemical shift values are represented in
ppm shift upfield from TMS (6). '

[0145] In the following examples, the particular numbers assigned to each
compound are of no significance, they are merely the numbers assigned by the
inventors. Gaps in the sequence do not imply that any examples have not been

disclosed.

Example 1a
O
Cl
N OH
HO™ ') CF,
Cl ’

6,8-dichloro-7—hydroxy-2—(triﬂuoromethyl)-ZH-chromene—3-carboxylic acid

Step 1. Preparation of ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate.
[0146] A mixture of 2,4-dihydroxy Benzaldehyde (20.0 g, 0.145 mole) and ethyl 4,4,4-
trifluorocrotonate (36.5 8 g, 0.217 mole) was dissolved in anhydrous DMF (40 mL). The
solution was warmed to 60 °C, treated with anhydrous K,COj3 (40.0 g, 0.290 mole), and

maintained at 80 °C for 48 h. The reaction was cooled to room temperature, diluted with
3N HCl, and extracted with ethyl acetate. The combined extracts were washed with brine,
dried over anhydrqus MgSOy, filtered, and concentrated in vacuo to afford an oil. The oil

was passed through the silica plug and the plug was washed with 20 % EtOAc in hexane to
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give yellow solid (13.22 g 31.6 %): LCMS m/z 311.05 (M+Na). "H NMR (CDCL,/ 400

MHz) 7.67 (s, 1H), 7.09 (d, 1H, J = 8.8 Hz), 6.46 (m, 2H), 5.67 (q, 1H, J=6 Hz), 4.29 (q,
2H,J=17.2 Hz), 1.33 (t, 3H, J=7.2 Hz). |

Step 2. Preparation of ethyl 6.8-dichloro-7-hydroxy-2-( triﬂuorometﬁvl)-2H—chrom¢ne—3-

carboxylate. ‘
[0147] A solution of the ester from Step 1 (2.1 g, 7.29 mmole) in acetic acid (30 mL)

was stirred at 10 © C. The pre-prepared solution of Cl (gas) in acetic acid (31 mL, 8.7
mmol) was added to above solution. The mixture was stirred for 2 hours. After Cl (gas)
was blown away, Zn powder (5 eq) was added to the mixture and the mixture was stirred for
10 min. The Zn salts were remdved and the filtrate was evaporated to dryness. The residue
was purified by normal phase silica chromatography eluting with 20 % EtOAc in hexane to
give white solid (0.22 g, 8%) as the di-chloro compound: LCMS m/z 356.95 M+H). 'H
NMR (CDC13/ 400 MHz) 7.60 (s, 1H), 7.16 (s, ‘lH), 5.80 (q, 1H, J=6.8 Hz), 4.30 (q, 2H, J

=17.2Hz), 1.33 (¢, 3H, J=7.2 Hz).

Step 3. Preparation of 6-chloro-2—(triﬂuoromethvl)—2H—chromene—3-carboxvlic acid.

[0148] A solution of the ester from Step 2 (0.20 g, 0.56 mmole) was dissolved in 3 mL
mixture of MeOH / ACN / H,O = 1/1/1, treated with lithium hydroxide (81 mg, 3.36
mmole) and stirred at room temperature for 2 days. The reaction mixture was acidified with
1.0 NHCl to pH = 1and was extracted with EtOAc. The organic layer was washed with
water,dried over anhydrous MgSOy, and filtered, The filtrate was evaporated and dried in
vacuo to afford the title compound as a yellow solid (0.11 g, 60%): ESHRMS m/zA

1 .
326.9438 (M-H, C1,H,04F5Cly, Calc’d 326.9433).  H NMR (acetone-de/ 400 MHz) 7.82 (s,
1H), 7.46(s, 1H), 6.00 (q, 1H, J=7.0 Hz). *

Example 1b
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6,8—dichlor0-7-(2-ethy]butoxy)-Z-(triﬂuoromethyl)-ZH-chromene—3-carboxylic acid

Step 1. Preparation of ethyl 7-( 2-ethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0149] The polymer bound PPh; was suspended in THF for 15 min. Ethyl 7-hydroxy-

2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example la, Step 1 (2.0 g, 6.94
mmole) and 2-ethyl-1-butanol (1.3 mL, 10.35 mmole) were added to above slurry and the
mixture was stirred at r.t. for 15 min. Ethyl azodicarboxylate (1.6 mL, 10.35 mmole) was
added to above mixture dropwise and the mixture was stirred at room temperature
overnight. LCMS indicated product formation and that there was a trace amount of starting
material present. The polymer was filtered off through celite pad and the pad was washed
with ether. The filtrate was concentrated and the product mixture was suspended in hexane.
The suspension was filtered and the filtrate was evaporated and dried in vacuo to afford
yellow oil, (2.37 g, 92%): LCMS m/z394.95 (M+Na). This ester was of suitable purity to

use without further purification.

Step 2. Preparation of ethyl 6.8-dichloro-7-( 2-ethylbutoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0150] Sodium acetate (1.0 g, 12.1mmole) was added to a solution of the ester from
Step 1 (1.2 g, 3.2 mmole) in acetic acid (40 mL). Cl; (gas) was bubbled into the above
solution until a precipitate was seen. The mixture was stirred for 2 hours. After Cl; (gas)
was blown away, Zn powder(5 eq) was added to the mixture and stirred for 30 min. The Zn
salts were removed by filtration and the filtrate was evaporated to dry. The residue was
purified by flash chromatography with 10% ethyl acetate in hexane to give a clear oil (0.77
g, 49%) containing a mixture of the di-chloro compound (84 %) and a mono-chloro
(16%)compound by NMR. This ester mixture was of suitable purity to use without further
purification. |
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Step 3. Preparation of 6,8-dichloro-7-(2-ethylbutoxy)-2-( trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0151]  The ester from Step 2 (0.75 g, 1.70 mmole) was dissolved in 4 mL methanol and '

4 mL THF. Sodium hydroxide (2.5 N) (1.6 mL, 4 mmole) was added to above solution and
the solution was sfcirred at room temperature for 5 hour. The reaction mixture was acidified
with 1.5 N HCl to pH= 1. The compound was extracted with EtOAc. The organic layer
was washed with water and dried over anhydrous MgSO, and filtered. The filtrate was
evaporated and dried in vacuo to afford a crude yellow solid (0.6 g, 85%). This solid was
purified by RPHPLC to give the title cbmpound as a white solid (0.16 g, 28.4%): ESHRMS

’ 1
m/z411.0343 (M-H, C17H;604F;Cl, Calc’d 411.0372). 'H NMR (acetone-de/ 400 MHz)
7.89 (s, 1H), 7.62 (s, 1H), 5.98 (g, 1H, J=7.0 Hz), 4.01 (d, 1H, J=5.6 Hz), 1.71 (m, 1H),
1.61 (m, 2H), 1.53 (m, 2H), 0.971 (t, 6H, J=7.2 Hz).

Example 1¢

6,8—dichloro-7—(cyclopentylmeth0xy)—2-(triﬂu0r0methyl)—ZH-chr0mene-3-carboxylic

acid

[0152] The 6,8—dich10fo-7-(éyclopentylmethoxy)-Z—(triﬂuoromethyl)—2H-chiomeﬁ¢-3-
carboxylic acid was prepared by a p‘rocedﬁre similar to the method described in Example 1b
using ethyl 7-hydroxy-2-(triﬂuorométhyl)-2H—chromene-3—carboxylate from Exampie lla,
Step 1 as the starting material: ESHRMS m/z409.0187 (M-H, C17H;404F3Cly, Calc’d

409.0216). 'H NMR (acetone-dg/ 400 MHz) 7.87 (s, 1H), 7.60 (s, 1H), 5.98 (q, 1H, J=7.0
Hz), 3.96 (d, 1H, J =5.6 Hz), 2.45 (m, 1H), 1.85 (m, 2H), 1. (m, 2H), 1.84 (m, 3H), 1.57 (m,
3H).

88



WO 2004/087686 PCT/1B2004/001113

Example 1d

O

cl -
Ny~ "OH

)’\JO o~ CFs
Cl

6,8-dichloro-7-(3,3-dimethylbutoxy)—2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic

acid

[0153]  The 6,8-dichloro-7-(3,3-dimethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by a procedure similar to the method described in Example 1b
using ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 1a,
Step 1 as the starting material: ESHRMS m/z 411.0414 (M-H, C;7H;604F3Cl,, Calc’d

1
411.0372). H NMR (acetone-dg/ 400 MHz) 7.92 (s, 1H), 7.66 (s, 1H), 6.13 (g, 1H, J=7.0
Hz), 4.19 (t, 1H, J=5.6 Hz), 1.89 (t, 2H), 1.05 (s, 9H).

Example 1e

O
Cl
N OH

0 o~ CF;

\‘_/ Cl

6,8-dichlor0-7—isobutoxy-Z-(triﬂuoromethyl)-ZH—chromene-3-carboxylic acid

[0154]  The 6,S-dichloro-?-isobutoxy-2-(triﬂuoromethyl)-2H-chromene-3—carboxylic
acid was prepared by a procedure similar to the method described in Example 1-b using
ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 1a, Step 1
as the étarting material: ESHRMS m/z 383.0016 (M-H, C15sH;204F3Cl, Calc’d 383.0059).
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1 A
H NMR (acetone-dg/ 400 MHz) 7.87 (s, 1H), 7.60 (s, 1H), 5.97 (¢, 1H, J=7.2 Hz), 3.86 (d,
1H, J =6.4 Hz), 2.15 (m, 1H), 1.07 (d, 6H, J=6.4 Hz).

Example 1f

6,8—dichloro-7—(cyclohexylmethoxy)—Z-(triﬂuoromethyl)—ZH-chromene-3-carb0xylic

acid

[0155] The 6,8—dichloro-7-(cyc1ohexylmethoxy)—Z-(triﬂuoromethyl)-2H—chromene-3-
carboxylic acid was prepared by a procedure similar to the method described in Example 1b
using ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 1a,
Step 1 as the starting material: ESHRMS m/z 423.0324 (M-H, C13H;604F3Cl,, Calc’d

1 .
423.0372). H NMR (acetone-dg¢/ 400 MHz) 7.89 (s, 1H), 7.61 (s, 1H), 5.98 (q, 1H, J=7.0
Hz), 3.88 (d, 2H, J=5.6 Hz), 1.77 (m, 3H), 1.68 (m, 3H), 1.29 (m, 2H), 1.22 (m, 3H).

Example 1g

: 7—(benzyloxy)—6,8—dichl0ro-2-(triﬂu0romethyl)-ZH-chromene—3-carb0xylic acid

[0156] The 7—(benzyloxy)-é,8-dichloro-2-(triﬂuoromethyl)—2H—chromene-3-carboxylic
acid was prepared by a procedure similar to the method described in Example 1b using ethyl
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7-hydroxy—2—(triﬂuoromethyl)-2H—chromene—3-carbox‘ylate from Example la, Step 1 as the
1
starting material: ESHRMS m/z416.9899 (M-H, C18H;004F3Cl, Calc’d 416.9903). H

NMR (acetone-d¢/ 400 MHz) 7.90 (s, 1H), 7.64 (s, 1H),7.57 (m, 2H), 7.40 (m, 3H), 5.99 (q,
- 1H, J=7.0 Hz), 5.14 (s, 2H).

Example 1h
0
Cl ,
X OH
0 O CF3

7-tert-butoxy-6,8-dichloro-2-(triﬂuor0methyl)-2H-chromene—3—carboxylic acid

Step 1. Preparation of ethyl 7-tert-butoxy-2-( triAﬂuoromethvl)-2H-chromene-‘3-carboxv1ate.
[0157] Ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3 -carboxylate from Example

1a, Step 1 (2.0 g, 6.94 mmole) was treated with z-butyl trichloroacetaimidate in cyclohexane
at room temperature. After addition of a catalytic amount of boron trifluoride etherate (139
uL), the mixture (orange solid precipitated) was stirred at room temperature overnight.
Solid sodium bicarbonate (2.33 g, 27.76 mmole) was added into the mixture. The mixture
was passed through the silica plug and was washed with 6% ethyl acetate in hexane. The
filtrate containing the product was evaporated to give yellow oil (1.34 g, 56%) having >90%

1
purity: LCMS m/z 367.00 (M+Na). HNMR (CDCL/ 400 MHz) 7.70 (s, 1H), 7.12:(m,

1H), 6.63 (s, 1H), 6.61 (m, 1H), 5.68 (q, 1H, J= 7.2 Hz), 4.30 (q, 2H, /= 7.2 Hz), 1.33 (t,
3H,J=7.2 Hz). This ester was of suitable purity to use without further purification.

Step 2. Preparation of ethyl 7-tert-butoxy-6.8-dichloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0158] Sodium acetate (0.71g, 8.72 mmole) was added to a solution of the ester from

Step 1 (0.60 g, 1.74 mmole) in acetic acid (30 mL). Cl (gas) was bubbled into the above
solution until a precipitate formed. The mixture was stirred for 2 hours. After Cl; (gas)

was blown away, Zn powder (5 eq) was added to the mixture and stirred for 15 min. The
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Zn salts were removed by filtration and the filtrate was evaporated to dryness. The residue
was purified by Biotage silica chromatography with 10% ethyl acetate in hexane to give
clear oil (0.12g) as a mixture of mono and di~chloro products,,some of which possessed no

tert-butyl group.

‘Step 3. Preparation of 7-tert-butoxy-6.8-dichloro-2-( triﬂuoromethvl)-ZH-chromeneQ-

carboxvlic acid.

[0159] The mono énd di-chloro ester from Step 2 (0.11 g, 0.28 mmole) was dissolved in
0.75 mL methanol and 0.75 mL THF. Sodium hydroxide (2.5 N) (0.3 mL, 0.75 mmole)
was added to above solution and stirred at room temperature overnight. The reaction
mixture was acidified with 1.5 N HCI to pH=2. The compound was extracted out with
EtOAc. The organic layer was washed with water and dried over anhydrous MgSOa, The
filtrate was evaporated and dried in vacuo to afford a yellow solid. The mixture was

purified by RPHPLC to give the desired 6,8-dichloro product as awhite solid (29 mg, ca. 28

1
% yield).. ESHRMS m/z 383.0082 (M-H, CisHi2604F3Cly, Calc’d 383.0059). HNMR
(acetone-dg/ 400 MHz) 7.88 (s, 1H), 7.60 (s, 1H), 5.97 (g, 1H, J=6.8 Hz), 1.51 (s, 9H). In

addition the 6-monochloro product was obtained as a white solid 29 mg ( ca. 28 % yield) :

Example 2a

Cl

0 0O CF3

(O

H,N
7-(4-amino-2-ﬂuorophenoxy);6-chloro-2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic

acid

Step 1. Preparation of ethyl 7-(2-fluoro-4-nitrophenoxy)-2-( trifluoromethvyl)-2H-chromene-

3-carboxylate.
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[0160]  Ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example
1a, Step 1 (0.50 g, 1.73 mmole), 1,2-difluoro-4-nitrobenzene (0.30 g, 1.91 mmole), and
cesium carbonate (0.62 g, 1.91 mmole) were mixed in DMF (2 mL). Copper(I)
trifluoromethanesulfonate benzene complex (5 mg) was added to above mixture. The
mixture was heated to 90 °C for 6 hour. LCMS indicated product formation and there was
no starting material present. The reaction was quenched‘ with sodium bicarbonate (sat.) and
extracted with ethyl acetate. The organic layer was washed with brine and dried over
anhydrous MgSO4, The filtrate was evaporated and dried in vacuo to afford a brown oil,
which was purified by Biotage silica chromatography with 20% ethyl acetate in hexane to

; 1
provide a light yellow oil (0.62 g, 84%): LCMS m/z 449.65 (M+Na). HNMR (CDCl,/ 400

MHz) 8.05 (m, 2H), 7.70 (s, 1H), 7.24 (m, 1H), 7.17 (dd, 1H, J= 8.8, 8 Hz), 6.66 (m, 1H), 6
65 (s, 1H), 5.69 (q, 1H, J=6.8 Hz), 4.30 (q, 2H, J= 7.2 Hz), 1.33 (t, 3H, J =7.2 Hz).

Step 2. Preparation of ethyl 7-(4-amino-2-fluorophenoxy)-6-chloro-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0161] A solution of the ester from Step 1 (0.5 g, 1.17 mmole) in acetic acid was stirred
at 10 °C. The pre-prepared solution of Cl (gas) in acetic acid (10 mL, 4.0 mmole was
added to the abovev solution; The mixture was stirred for 2 héur. After Cl, (gas) was
blown away, Zn powder (5 eq) was added to the mixture and stirred for 30 min. The Zn
salts were removed by filtration and the filtrate was evaporated to dryness. The residue was
purified by normal phase silica chromato graphy with 20% ethyl acetate in hexane to give
the ester as a yellow oil, which solidified upon standing (0.43 g, 85%): LCMS m/z431.75 -

1
(MHH).  H NMR (CDCL/ 400 MHz) 7.61 (s, 1H), 7.27 (s, 1H), 6.95 (dd, 1H, J = 8.4 Hz),

6.50 (dd, 1H, J=12, 2.4 Hz ), 6.42 (m, 1H), 5.61 (q, 1H, J=6.8 Hz), 430 (g, 2H, /=72
Hz), 1.33 (t, 3H, J=7.2 Hz).

Step 3. Preuaratibn of 7-(4-amino-2-fluorophenoxy)-6-chloro-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.
[0162] The ester from Step 2 (0.10 g, 0.23 mmole) was dissolved in 0.5 mL methanol
and 0.5 mL THF. Sodium hydroxide (2.5 N) (0.2 mL, 0.46 mmole) was added to above

solution and stirred at room temperature for overnight. The reaction mixture was acidified
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with 0.5 N HCl. The compdund was extracted out with BtOAc. The organic layer was
washed with water and dried over anhydrous MgSOs, The filtrate was evaporated and dried
in vacuo to afford the title compound as a yellow solid (0.07 g, 75%): LCMS m/z402.85

1 |
(M+H). 'HNMR (acetone-d¢/ 400 MHz) 7.89 (s, 1H), 7.73 (s, 1H), 7.67 (dd, 1H, J=10.8,
2.4 Hz),7.53 (dd, 1H, J=10, 1.6 Hz ), 7.47 (m, 1H), 5.81 (q, 1H, J =7.0 H2).

Example 2b
O
I
c N OH
0 o) CF3

/_/

6—chlor0-7—pr0p0xy—2-(trifluoromethyl)-ZH-chromene—3-carboxylic acid

Step 1. Preparation of eths}l 7-propoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0163] The ethyl 7-propoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate was
prepared by a procedure similar to the method described in Example 1b, Step 1 using ethyl
7-hydroxy-2-(triﬂuoromethyi)-2H—éhromene—3-carboxy1ate from Example la, Step 1 as the
starting material. LCMS m/z 331.05 (M+H). This ester was of suitable purity to use
without further purification.

Step 2. Preparation of ethyl 6-chloro-7-propoxy-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0164] The ester from Step 1 (0.4 g, 1.2 mmole) in acetic acid (10 mL) was treated with

Cl, (gas) in HOAc solution (Pre-prepared 0.5 M) (7.3 ml, 3.6 mmole). The mixture was
stirred for 3 hours. After Cl, (gas) was blown away, Zn powder (3 eq) was added to the
mixture and stirred for 30 min. The Zn salts were removed by filtration and the filtrate was
evaporated to dryness. The residue waé purified by flash chromatography with 10% ethyl
acetate in hexane to give clear qil (0.33 g, 69%). This ester was of suitable purity to use

without further purification.
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Step 3. Preparation of 6-chloro-7-propoxy-2-( trifluoromethyl)-2H-chromene-3-carboxylic
aid. :

[0165] The 6-chloro§7-propoxy-2—(triﬂuoromethy1)—2H-chromene—3-carboxylic acid
was prepared by a procedure similar to the method described in Example 2a, step 3:
ESHRMS m/z 335.0334 (M-H, C14H;104F3Cl, Calc’d 335.0292). '"H NMR (acetone-de/
400 MHz) 7.81 (s, 1H), 7.51 (s, 1H), 6.78 (s, 1H), 5.80 (q, 1H, J=7.0 Hz), 4.10 (m, 2H),
1.85 (m, 2H), 1.05 (q, 3H, J=7.0 Hz).

Example 2¢

-

6-chloro-7-(2-ethylbutoxy)-2-(triftuoromethyl)-2H-chromene-3-carboxylic acid

o~ CF3

[0166] The 6-chloro-7-(2-ethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by a procedure similar to the method described in Example 1b uvsing ethyl
7-hydroxy-2-(trifluoromethy!)-2H-chromene-3-carboxylate from Example la, Step 1 as the
starting material: ESHRMS m/z 423.0585 (M-H+2Na, C17H;704F3CINay, Calc’d

1
423.0557). H NMR (acetone-dg/ 400 MHz) 7.83 (s, 1H), 7.53 (s, 1H), 6.84 (s, 1H), 5.79
(q, 1H, J=7.2 Hz), 4.08 (m, 2H), 1.72 (m, 1H), 1.53 (m, 4H), 0.95 (t, 6H, J=6.8 H2).

Example 2d

Cl
') ') CF;
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6-chloro-7-(cyclopentylmethoxy)-Z-(triﬂuoromethyl)-2H—chromene—3-carboxylic acid

[0167] The 6-chloro-7-(cyclopentylmethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by a procedure similar to the method described in Exémple lc
using ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example la,
Step 1 as the starting material: ESHRMS m/z375.0595 (M-H, C17H;504F3Cl, Calc’d

1
375.0605). H NMR (acetone-de/ 400 MHz) 7.83 (s, 1H), 7.53 (s, 1H), 6.81 (s, 1H), 5.79
(g, 1H,J=7.2 Hz), 4.08 (d, 2H, J =6.8 Hz), 2.42 (m, 1H), 1.67 (m, 2H), 1.63 (m, 2H), 1.59
(m, 2H), 1.47(m, 2H).

Example 2e
O
Cl
N OH
0 0O CF3

6—chloro-7—(3,3—dimethylbutoxy)-2—(triﬂuoromethyl)-ZH-chromene—3-carboxylic acid

[0168] The 6-chloro-7-(3,3-dimethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by a procedure similar to the method described in Example 1d
using ethyl 7-hydroxy-2—(triﬂuoromethyl)-2H-chromene-3.-carboxy1ate from Examplela,
Step 1 as the starting material: ESHRMS m/z377.0750 (M-H, Cy7H;704F3Cl}, Calc’d

1 ) . . .
377.0762). H NMR (acetone-dg/ 400 MHz) 7.87 (s, 1H), 7.59 (s, 1H), 6.92 (s, 1H), 5.8
(q, 1H, J=7.0 Hz), 4.24 (¢, 1H, J=5.6 Hz), 4.30 (m, 2H), 1.89 (t, 2H), 1.05 (s, 9H).

Example 2f
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e
N OH

\//\ 0 o~ CF;

7-(benzyloxy)—6-chloro-2-(triﬂuoromethyl)-ZH-chromene-S-carboxylic acid

[0169] The 7-(benzyloxy)-6-chloro-2-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid
was prepared by a procedure similar to the method described in Example 1g using ethyl 7-
hydroxy-z-(triﬂuoromethyl)-2H—chromene-3-carboxylate fron Examplela, Step 1 as the
starting material: ESHRMS m/z 383.0277 (M-H, C1sH1104F5Cl, Calc’d 383.0292). 1H
NMR (acetone-dg/400 MHz) 7.89 (s, 1H), 7.62 (s, 1H), 7.58 (m, 2H), 7.46 (m, 3H), 6.98 (s,
1H), 5.87 (q, 1H, J=7.0 Hz), 5.37 (s, 2H).

Example 2g

cl N OH

} ') o~ CF3

7-tert-butoxy-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0170] The 7-tert-butoxy-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
was prepared by a procedure similar to the method described in Example 1h using ethyl 7-
hydroxy-2-(triﬂuoromethyl)—2H-chromene—3-carboxylate from Example 1a, Step 1 as the
starting material: ESHRMS m/z 349.0480 (M-H, C1sH1304F3Cl, Calc;d 349.0449). 1H
NMR (acetone-dg/ 400 MHz) 7.84 (s, 1H), 7.56 (s, 1H), 6.89 (s, 1H), 5.80 (q, IH, J=6.8

Hz), 1.46 (s, 9H).
Example 2h
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6-chl0ro-7-(2-methoxyethoxy)-2—(triﬂuoromethyl)-ZH-chromene-S-carboxylic acid

Step 1. Preparation of ethyl 7-(2-methoxyethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0171] The methyl 7-(2-methoxyethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate was prepared by a procedure similar to the method described in Example 1b,
Step 1 using ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from
Example 1a, Step 1 as the starting material. The residue was purified by flash
chromatography (silica gel) with 10-30% ethyl acetate in hexane to give clear oil (2.0g,
83%): LCMS m/z 333.10 (M+H). This ester was of suitable purity to use without further

purification.

Step 2. Preparation of ethyl 6-chloro-7-(2-methoxyethoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylate. | :

[0172] The ester from step 1 (1.0 g, 3.0 mmole) in acetic acid (100 mL) was treated
with Cl, (gas) in HOAc solution (Pre-prepared 0.5 M) (8.0 ml, 4.0 mmol). The

mixture was stirred for 18 hours. After Cl, (gas) was blowed away, Zn powder (3 eq)

was added to the mixture and stirred for 30 min. The Zn salts were removed and the
filtrate was evaporated to dryness. The residue was purified by flash chromatography
(silica gel) with 10-15% ethyl acetate in hexane to give a white solid (0.82 g, 75%):
LCMS m/z 367.00 (M+H). This ester was of suitable purity to use without further

purification.

Step 3. Preparation of 6-chloro-7-( 2-methoxvethoxy)-2-(trifluoromethyl)-

2H-chromene—3-carboxvlic acid.

[0173] The 6-chloro-7-(2-methoxyethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid was prepared by a procedure similar to the method described in Example 2a,

Step 3: ESHRMS m/z 351.0280 (M-H, Ci4H;;05F3Cl, Cale’d 351.0242). '"HNMR (CDCly/
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300 MHz) 7.73 (s, 1H), 7.25 (s, 1H), 6.60 (s, 1H), 5.63 (q, 1H, J=7.0 Hz), 4.20 (m, 2H),
3.82 (m, 2H), 3.48 (s, 3H).

Example 2i
O
Cl XN OH
CF,
/O @)

6-chloro-7-methoxy-2-(triftuoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0174] A mixture of 2-hydroxy-4-methoxybenzaldehyde (50.1 g, 329 mmole), ethyl
444-trifluorocrotonate (58.7 mL, 394 mmole) and KoCO3 (49.9 g, 0.361 mmole) in DMF
(155 mL) was stirred 80 °C under a N, atmosphere for 2 h. H,0 was added and the mixture
was extracted with EtOAc. The crude product was purified by filtration through a plug of
silica gel and recrystallized to give the product as a yellow crystalline solid: EIHRMS m/z
302.0748 (M+, C14H;3CIF304, Calc’d 302.0766).

Step 2. Preparation of ethyl 6-chloro-7-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate. _
[0175] To a solution of the ester prepared as in Step 1 (5.04 g, 16.7 mmole) in glacial

acetic acid was added slowly Cl, gas for 3 minutes. After standing for 8 minutes, powdered
zinc (2.25 g, 34.4A mmole) was added with the mixture becoming slightly warm. The
mixture was stirred until GCMS shows that polychlorinated byproducts were removed.
H,0 was added and the mixture was extracted with EtOAc. The extract was washed with
aqueous NaHCO3, H,0, aqueous NH4C], dried and concentrated in vacuo. The crude
product was purified by silica chromatography (9:1 hexanes:EtOAc) to give the product as
an impure mixture that was carried on without further purification: ETHRMS m/z 336.0376
(M+, C14H;2CIF304, Calc’d 336.0376).
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Step 3. Preparation of 6-chloro-7-methoxy-2-( trifluoromethyl)-2H-chromene-3-carboxylic
C acid

[0176] The ester from Step 2 (4 g 12 mmole) was dissolved in a mixture of

THF:MeOH:H,0 and LiOH-H,0 (4 g, 95 mmole) was added and the mixture was stlrred

for 2 h at room temperature and then concentrated in vacuo. The mixture was acidified Wlth

10% HCI and extracted with EtOAc. The EtOAc layer was washed twice with HyO,

aqueous NH,Cl solution, dried over Na, SO, concentrated in vacuo and to give 1.3 g (36%

yield) of the product: g NMR (CDCl3/300 MHz) 7.48 (s, 1), 7.09 (s, 1H), 6.47 (s, 1H),

5.56 (q, 1H, J= 6.9 Hz), 3.79 (s, 3H); ESHRMS m/z 307.0012 (M-H, C12H;CIF;04, Calc’d

306.9985).

Example 3a
O
C
! Ny oH
o) o~ CFs
/

O

6-chlor6j7ime£ﬂoxy-8—methyl-2-(triﬂuoromethyl)—ZH-chromene—3-carboxylic acid

Step 1. Preparation of 2-hydroxy-4-methoxy-3-methylbenzaldehyde.

[0177] A mixture of 2,4-dimethoxy 3-methyl benzaldehyde (3.75 g, 20.8 mmole) and
beryllium chloride (5.0 g, 62.5 mmole) in anhydrous toluene (50 mL) was heated to reflux
for 3.5 hour. The solvent was evaporated under reduced pressure to yield an orange residue,
which was treated with 2 N HCL. The compound was extracted with methylene chloride

and the organic layer was dried over anhydrous MgSOq, The filtrate was evaporated and

dtied in vacuo to give an orange solid (3.4 g, 99%): LCMS m/z 168.05 (M+H), HNMR

(CDCly/ 300 MHz) 11.45 (s, 1H), .72 (s, 1H), 7.37 (d, 1H, J=8.7 Hz), 6.57 (d, 1H, J=8.7
" Hz),3.92 (s, 3H), 2.10 (s, 3H). |

Step 2. Preparation of ethyl 7-methoxy-8-methyl-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.

100



WO 2004/087686 PCT/IB2004/001113

[0178] A mixture of benzaldehyde from Step 1 (3.0 g, 18.07 mmole) and ethyl 4,4,4-
trifluorocrotonate (4.5 g, 27.11 mmole) was dissolved in anhydrous DMF (20 mL), warmed
to 60 °C and treated with anhydrous K,COj3 (4.99 g, 36.14 mmole). The solution was
maintained at 90 °C for 24 hours. LCMS analysis indicated that the reaction was complete.
After the reactioﬂ was cooled to room temperature, the solution was extracted with ethyl
acetate. The combined extracts were washed with brine, dried over anhydrous MgSOs,
filtered and conéentrated in vacuo to afford brown solid, that was dissolved in MeOH (40

mL) and was precipitated upon adding 13 mL water. The suspension was filtered and dried

1
on vacuum yielding a light brown solid: (4.37 g, 76.6 %): LCMS m/z339.10 (M+Na). H
NMR (CDCL,/ 400 MHz) 7.68 (s, 1H), 7.03(d, 1H, J=8.7 Hz), 6.50 (d, 1H, J=8.7 Hz), 5.70

(q, 1H, J=6 Hz), 4.29 (q, 2H, J = 7.2 Hz), 3.84 (s, 3H), 2.09(s, 3H), 1.33 (t, 3H, J=7.2 H2).

Step 3. Preparation of ethyl 6-chloro-7-methoxy-8-methyl-2-( trifluoromethyl)-2H-

chromene-3-carboxylate.

[0179] Sodium acetate (0.65 g, 7.9 mmole) was added to a solution of the ester from
Step 2 (0.50 g, 1.58 mmole) in acetic acid (30 mL). Cl, (gas) was bubbled into the above
solution until a precipitate was noted. The mixture was stirred for 0.5 hour. After Cl, (gas)
was bloﬁ.‘vn~ away, Zn ﬁéwder (5 eq) was added to the mixture aﬁd stirred for 30 nﬁn. The
Zn salts were removed by filtration and the filtrate was evaporated to dryness to give a

1
brown oil (0.54 g, 97%): H NMR (CDCL,/ 300 MHz) 7.64 (s, 1H), 7.13(s, 1H), 5.75 (g,
1H, J =6 Hz), 433 (q, 2H, J= 7.2 Hz), 3.86 (s, 3H), 2.22(s, 3H), 1.37 (¢, 3H, J=7.2 Hz).

Step 4. Preparation of 6-chloro-7-methoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0180] The ester from Step 3 (0.50 g, 1.43 mmole) was dissolved in 3.5 mL methanol
and 4 mL THF. Sodium hydroxide (2.5 N) (1.7 mL, 4.28 mmole) was added to above
solution and stirred at room temperature overnight. The reaction mixture was acidified with
1.5 N HCL. The compound was extracted with EtOAc. The organic layer was washed with
water, dried over anhydrous MgSOa,and filtered. The filtrate was evaporétcd and dried in
vacuo to afford a light brown solid (0.4 g, 87%), which contained about 20% of the 6-mono-
Cl compound. The mixture was purified by RPHPLC to give the title compound as a white
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) 1
solid (0.16 g, 28.4%): ESHRMS m/z321.0129 (M-H, C13HyO4F5Cl, Calc’d 321.0136). H
NMR (acetone-dg/ 400 MHz) 7.83 (s, 1H), 7.43 (s, 1H), 5.85 (g, 1H, J=7.0 Hz), 3.83 (s,
3H), 2.18 (s, 3H).

Example 3b
O
Cl
N~ "OH
o) o~ CFs

6—chl0ro—7—(2-ethylbutoxy)-8-methyl—2-(triﬂuoromethyl)-ZH-chromene-3-carb0xylic

acid

Step 1. Preparation of methyl 7-hydroxy-8-methyl-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0181] The ethyl 7-methoxy-8-methyl-2-(triftuoromethyl)-2H-chromene-3-carboxylate

from Example 3a, Step 2 (3.0 g, 9.49 mmole) was dissolved in methylene chloride (120
rﬁL). The solution was chilled to - 78 °C and BBr3; (94.9 mL, 1 M solution in CH,Cl,) was
added slowly to the above solution. The reaction was slowly warmed to room temperature
and stirred overnight. The reaction was cooled to - 78 °C'and MeOH (30 mL) added in.
After the solution was stirred at room temperature for 2 h, the reaction was evaporated' to
dryness to give a brownish solid having ca.90% purity. The crude product was further
purified by passing through a silica plug to give a yellow solid (2.7 g, 80%): LCMS m/z

1 .
311.05 (M+Na). H NMR (acetone-d / 400 MHz) 9.11 (s, 1H), 7.75 (s, 1H), 7.11(d, 1H, J
8.4 Hz), 6.59 (d, 1H, J=8.4 Hz), 5.78 (g, 1H, J =6 Hz), 3.79 (s, 3H), 2.09(s, 3H).

Step 2. Preparation of methyl 7-(2-ethylbutoxy)-8-methyl-2-( trifluoromethyl)-2H-

chromene-3-carboxylate.
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[0182] Polymer bound PPh; was suspended in THF for 15 min. Methyl 7-hydroxy-8-
methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Step 1 (1.5 g, 5.21 mmole)
and 2-ethyl butanol (0.96 mL, 7.81 mmole) were added to the above slurry and stirred for
15 min. Ethyl azodicarboxylate (1.23 mL, 7.81 mmole) was added to above mixture
dropwise and the mixture was stirred at room temperature overnight. LCMS indicated
product formation and that there was no starting material present. The polymer was filtered
off through celite pad and the pad was washed with ether.” The filtrate was concentrated and
the product mixture was suspended in hexane. The undissolved solid was removed by |

filtration and the filtrate was evaporated and dried in vacuo to afford yellow solid, (1.76 g, '
1
98%): LCMS m/z395.15 (M+Na). HNMR (CDCL/ 400 MHz) 7.68 (s, 1H), 7.00 (d, 1H,

J=8.4 Hz), 6.48 (d, 1H, J=8.4 Hz), 5.68 (q, 1H, J= 7.2 Hz), 3.89 (m, 2H), 3.82 (s, 3H),
2.09 (s, 3H), 1.72 (m, 1H), 1.53 (m, 4H), 0.95 (m, 6H). This ester was of suitable purity to

use without further purification.

Step 3. Preparation of methyl 6-chloro-7-(2-ethylbutoxy)-8-methyl-2-( trifluoromethyl)-2H-

chromene-3-carboxyvlate.

[0183] Sodium acetate (2.1 g, 25.8 mmole) was added to a solution of the ester from
Step 2 (1.2 g, 3.22 mmole) in acetic acid (100 mL). Cl; (gas) was bubbling to the above
solution until see the precipitate. The mixture was stirred for 1 hour. After Cl, (gas) was
blown away, Zn (5 eq) was added to the mixture and stirred for 30 min. Zn salt was
removed and the filtrate was evaporated to dryness. The residue was purified by Biotage

silica chromatography with 10% ethyl acetate in hexane to give a clear oil (0.60 g, 49%):
1
LCMS m/z407.15(M+H). HNMR (CDCL /400 MHz) 7.63 (s, 1H), 7.08 (s, 1H), 5.70 (q,

1H, J= 7.2 Hz), 3.84 (s, 3H), 3.80 (m, 2H), 2.17 (s, 3H), 1.68 (m, 1H), 1.53 (m, 4H), 0.95
(m, 6H).

Step 4. Preparation of 6-chloro-7-(2-ethylbutoxy)-8-methyl-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid. '

[0184] The ester from Step 3 (0.55 g, 1.35 mmole) was dissolved in 3.5 mL methanol
and 3.5 mL THF. Sodium hydroxide (2.5 N) (1.6 mL, 4 mmole) was added to above

solution and stirred at room temperature overnight. The reaction mixture was acidified with
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1.5N HCL. The compound was extracted with EtOAc. The organic layer was washed with
water and dried err anhydrous MgSOg, The filtrate was evaporated and dried in vacuo,
after recrystalization with EtOH and water to afford a yellow solid (0.31 g, 59 %): .
ESHRMS m/z 391.0884 (M-H, C;3H;904F3Cl, Calc’d 391.0918). 1H NMR (acetone-d¢/ 400
MHz) 7.84 (s, 1H), 7.45 (s, 1H), 5.88 (q, 1H, J=7.0 Hz), 3.92 (m, 2H), 2.17 (s, 3H), 1.71
(m, 1H), 1.61 (m, 2H), 1.53 (m, 2H), 0. 971 (t, 6H, J=7.2 Hz).

‘ Example 3¢
O
Cl
Ny~ TOH
o) o~ CFs

/)

6-chloro-8-methyl-7-propoxy-2-(triftuoromethyl)-2H-chromene-3-carboxylic acid
[0185] The 6-chloro-8-methyl-7-propoxy-2-(trifluoromethyl)-2H-chromene-3-
_carboxylic.acid was prepared by.the procedure similar.to the method described in Example
3b: ESHRMS m/z 349.0447 (M-H, C;5H;304F5Cl, Calc’d 349.0449). lH NMR (acetone-de/
300 MHz) 7.85 (s, 1H), 7.45 (s, 1H), 5.88 (q, 1H, J=7.0 Hz), 3.92 (m, 2H), 2.21 (s, 3H),
1.84 (m, 2H), 1.07 (t, 6H, J=7.2 Hz).

Example 3d
O
Cl
~ OH
o) o~ CFs

V)

6-chloro-7-(cyclopropylmethoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid
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[0186] The 6-chloro-7-(cyclopropylmethoxy)-8-methyl-2-(trifluoromethyl)-2H-
“chromene-S-carboxylic acid was prepared by the procedure similar to the method described
1
in Example 3b. ESHRMS m/z361.0455 (M-H, C16H1304F3Cl, Calc’d 361.0449). HNMR
(acetone-dg/ 300 MHz) 7.84 (s, 1H), 7.45 (s, 1H), 5.88 (q, 1H, J=7.0 Hz), 3.86 (m, 2H),
2.21 (s, 3H), 1.31 (m, 1H), 0.59 (m, 2H), 0.35 (m, 2H).

Example 3e
O
Cl
N OH
o) 0O CFj3

‘ﬁ

6-chloro-7-isobutoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0187] The 6-chloro-7-isobutoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example

1
3b: ESHRMS m/z 363.0636 (M-H, C16H;504F5Cl, Calc’d 363.0605). HNMR (acetone-de/
300 MHz) 7.84 (s, 1H), 7.45 (s, 1H), 5.88 (q, 1H, J=7.0 Hz), 3.75 (m, 2H), 2.21 (s, 3H),
2.13 (m, 1H), 1.08 (d, 6H, J=6.9 Hz).

Example 3f
O
Cl
N OH
o) o) CF3

s

7-butoxy-6-chloro-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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[0188]  The 7—butoxy-6-chloro-8-methy1—2-(triﬂuoromethyl)-2H—chrornene-3—carboxylic
acid was prepared by the procedure similar to the method described in Example 3b:

1
ESHRMS m/z363.0631 (M-H, C1sH1504F3Cl, Calc’d 363.0605). H NMR (acetone-dg/ 300
MHz) 7.84 (s, 1H), 7.45 (s, 1H), 5.88 (q, 1H, J=7.0 Hz), 3.75 (m, 2H), 2.21 (s, 3H), 1.86 .
(m, 2H), 1.58 (m, 2H), 0.98 (t, 3H, J=7.2 Hz).

Example 3g

: (@)
Cl
L
%JO o

6—chlor0-8—methyl-7—(neopentyloxy)-Z—(trifluoromethyl)-ZH-chromene—3—carb0xylic

acid

'[0189] . The 6-c1110ro-8:methyl—7<-(rieopentyloxy)-2-(triﬂuqromethyl)-?_H—chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example
3b: ESHRMS m/z 377.0758 (M-H, C7H,7,04F5C), Calc’d 377.0762). lH NMR (acetone-ds/
300 MHz) 7.84 (s, 1H), 7.45 (s, 1H), 5.88 (q, 1H, J=7.0 Hz), 3.65(d, 1H, /=8.3 Hz),
3.61(d, 1H, J=8.3 Hz), 2.21 (s, 3H), 1.12 (s, 9H).

Example 3h
O
Cl
N OH
o) o~ CFs
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6—chlor0-7—(isopentyloxy)-s-methyl—2—(triﬂuor0’methyl)-ZH-chromene-3-carboxylic

acid

[0190] The 6-chloro-7-(isopentyloxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid was prepared by the procedure similar to the method described in Example
1
3b: ESHRMS m/z 377.0765 (M-H, C17H1704F5Cl, Calc’d 377.0762). HNMR (acetone-dy/

300 MHz) 7.84 (s, 1H), 7.45 (s, 1H), 5.88 (g, 1H, J=7.0 Hz), 3.62 (t, 2H, J=6.6 Hz),2.21
(s, 3H), 1.96 (m, 1H), 1.75 (m, 2H), 1.12 (s, 6H, J =6.3 Hz).

Example 3i -
O
Cl
~ OH
HO o~ CFs

6-chloro-7-hydroxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0191] The 6-chloro-7-hydroxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid was prepared by the procedure similar to the method described in Example
1

3b: ESHRMS m/z 306.9996 (M-H, C1,H,04F;Cl, Calc’d 306.9979). HNMR (acetone-ds/

300 MHz) 7.84 (s, 1H), 7.45 (s, 1H), 5.88 (q, 1H, J=7.0 Hz), 2.21 (s, 3H).

Example 4a
O
N OH
~o 0~ CF,
0
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7,8-dimethoxy-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7 .8-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0192] To a solution of 3,4-dimethoxysalicylaldehyde (5 g, 27 mmole) in DMF (50 mL)

was added, potassium carbonate (3.79 g, 27.5mmole) and ethyl 4,4,4-trifluorocrotonate
(5.08 g, 30 mmole). The mixture was heated to 65 °C for 4 h. The reaction was cooled to
room temperature, poured into H,O (150 mL), and extracted with ethyl acetate (2 X 150
mL). The combined organic phases were washed with aqueous NaHCO3 solution (2 X 50
mL), aqueous 3 N HCl solution (2 X 50 mL), and brine (2 X 50 mL), dried over Na;SOa,
filtered, and concentrated in vacuo producing the ethyl ester (6.3 g, 70%) as an amber oil.
This ester was of suitable purity to use without further purification: 'HNMR (DMSO-
ds/400 MHz) 7.86 (s, 1H), 7.23 (d, 1H, J=8.6 Hz), 6.75 (d, 1H, J= 8.6 Hz), 5.95 (q, 1H, /=
7.1 Hz), 4.23 (m, 2H, J=3.4 Hz), 3.81 (s, 3H), 3.67 (s, 3H), 1.24 (t, 3H, J=7.1 Hz).

Step 2. 7.8-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid.
[0193] To the ester (Step 1) was added THF(7) EtOH(2) H,0(1) followed by LiOH (1.5

eq) and heated to 40 °C for 4 h. The reaction was cooled to room temperature, concentrated

in vacuo, acidified with HCI to pH 1, filtered solid and subjected solid to preparative reverse
phase chromatography to produce the title compound (350 mg, 99%): ESHRMS m/z
303.0435 (M-H, C13H;0F30s, Calc’d 303.0475). THNMR (DMSO0-ds/400 MHz) 13.23 (s,
1H), 7.86 (s, 1H), 7.23 (d, 1H, J=8.6 Hz), 6.75 (d, 1H, J= 8.6 Hz), 5.95 (q, IH, /= 7.1 Hz),
3.81 (s, 3H), 3.67 (s, 3H), 1.24.

Example 4b
7 0O
Cl
Xy oH
~o 0~ CF,
_0O

6-chloro-7,8-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of ethyl 6-chloro-7.8-dimethoxy-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0194] The ester Example 4a, Step 1 (365 mg, 1 mmole) was dissolved in acetic acid

(25 mL). Chlorine gas was bubbled through this solution for 15 min. The solutioh was
allowed to stand at room temperature for 30 minutes. The reaction was cooled to room
temperature, poured into H,O (150 mL), and extracted with ethy] acetate (2 X 150 mL). The
combined organic phases were washed with aqueous NaHCOs solution (2 X 50 mL),
aqueous 3N HCl solution (2 X 50 mL), and brine (2 X 50 mL), dried over Na;SOy, filtered
and concentrated in vacuo producing the ethyl ester (385 mg, 95%) as an amber oil. This

ester was of suitable purity to use without further purification: ESLRMS m/z 367 (M-+H). |

Step 2. 7.8-dimethoxy-2-( trifluoromethyl)-2H-chromene-3-carboxylic.

[0195] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2. (317 mg, 99%): ESHRMS rm/z 337.0037
(M-H, C;3HyCIF;0s, Calc’d 337.0055). "HNMR (DMSO-d4s/400 MHz) 13.33 (brs, 1H),
7.79 (s, 1H), 7.44 (s, 1H), 6.00 (q, 1H, J="7.1 Hz), 3.80 (s, 3H), 3.70 (s, 3H).

Example Sa

') ') CF3
-
OoN
7-(2-fluoro-4-nitrophenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0196] The 7-(2-fluoro-4-nitrophenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by hydrolysis of ethyl 7-(2-fluoro-4-nitrophenoxy)-2-(trifluoromethyl)-

2H-chromene-3-carboxylate from Example 2a, Step 1 using the procedure similar to the
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method described in Examplé 2a, Step 3: ESHRMS m/z398.0242 (M-H, C17HsF4O6N,

Calc’d 398.0282). 1H NMR (acetone-dys/ 400 MHz) 8.20 (m, 1H), 8.16 (m, 1H), 7.89 (s,
1H), 7.45 (m, 1H), 7.31 (m, 1H), 6.81 (m, 2H), 5.69 (q, 1H, J=6.8 Hz).

Example Sb
O
N OH
0 o~ CFs

-

7-tert-butoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0197] The 7-tert-butoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid as
prepared by hydrolysis of ethyl 7-tert-butoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate from Example 1h, Step 1 using the procedure similar to the method described in

| Example 1h, Step 3): ESHRMS m/z315.0840 (M-H, C;5H;404F3, Calc’d 315.0839). 1H
NMR (acetone-dy/ 400 MHz) 7.84 (s, 1H), 7.35 (d, 1H, J=8.4 Hz), 7.35 (dd, 1H, J=8.4, 2.4
Hz), 6.62 (d, J=2 1H), 5.75 (g, 1H, J=6.8 Hz), 1.39 (s, 9H).

Example Sc
O
N OH
0 o~ CFs

/

7-methoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0198] The 7-methoxy—8-methy1-2-(triﬂuoromethyl)—2H-éhromene-3 -carboxylic acid
was prepared by hydrolysis of ethyl 7-methoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-
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3-carboxylate from Example 3a, Step 2 using the procedure similar to the method described
in Example 1h, Step 3: ESHRMS m/z287.0502 (M-H, C13H,004F3, Calc’d 287.0526). ]H
NMR (acetone-ds/ 300 MHz) 7.82 (s, 1H), 7.29 (d, 1H, J=8.4 Hz), 6.72 (d, 1H, J=8.4 Hz),
5.80 (q, 1H, J=6.8 Hz), 3.90 (s, 3H), 2.08 (s, 3H).

Example 5d
O
N OH
o) 0 CF;

7-(2-ethylbutoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0199] The 7-(2-ethylbutoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by hydrolysis of methyl 7-(2-ethylbutoxy)-8-methyl-2-(trifluoromethyl)-
2H—chromene-3—cérboxylate from Example 3b, Step 2 using the procedure similar to the

method described in Example 1h, Step 3: ESHRMS m/z357.1325 (M-H, Ci18H2004F3,

1
Cale’d 357.1308). 'H NMR (acetone-ds/ 400 MHz) 7.81 (s, 1H), 7.26 (d, 1H, J=8.4 Hz),
6.71 (4, 1H, J=8.4 Hz), 5.80 (q, 1H, J=6.8 Hz), 3.99 (m, 2H), 2.09 (s, 3H), 1.07 (m, 1H),
1.51(m, 4H), 0.94 (t, 6H, J=6.8 Hz).

Example Se

7-(2-methoxyethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of ethyl 7-(2-methoxyethoxy)-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0200] The ethyl 7-(2-methoxyethoxy)-2-(triﬂuoromethyl)—2H-chromene-3-carboxylate

was prepared by a procedure similar to the method described in Example 1b, Step 1 using
ethyl 7-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 1a, Step 1
as the starting material. The residue was purified by flash chromatography (silica gel) with
10-30% ethyl acetate in hexane to give clear oil (2.0 g, 83%): LCMS m/z 333.1(M+H). This

ester was of suitable purity to use without further purification.

Step 2. Preparation of 7-( 2-methoxyethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0201] The 7-(2-methoxyethoxy)—2-(triﬂuoromethyl)-2H—chromene-3-carboxylic acid
was prepared by a procedure similar to the method described in Example 2a, Step 3:
ESHRMS m/z 317.0648 (M-H, Cy4H;,F30s, Cale’d 317.0631). "H NMR (CDCl3/ 400 MHz)
7.78 (s, 1H), 7.14 (d, 1H, /=8.4 Hz), 6.52 (m, 2H), 5.63 (q, 1H, J=7.0 Hz), 4.12 (m, 2H),
3.74 (m, 2H), 3.44 (s, 3H).

Example 5f

7-(2—furylmeth0xy)-2—(triﬂuoromethyi)-ZH-chromene-3-carboxylic acid

[0202] The 7-(2-furylmethoxy)-2—(triﬂuoromethyl)-2H-chromene-3-carboxylic acid was
prepared by the procedure similar to the method described in Example 5e: ESHRMS m/z
339.0461 (M-H, C;6H;F30s, Calc’d 339.0475). "H NMR (CDCly/ 300 MHz) 7.82 (s, 1H),
7.45 (s, 1H), 7.14 (d, 1H, J=8.4 Hz), 6.64 (m, 2H), 6.42 (m, 2H), 5.65 (g, 1H, J=17.0 Hz),

5.02 (m, 2H).
112



WO 2004/087686 PCT/IB2004/001113

Example 5g

HO\"/\O 0~ > CF,
0

7-(carboxymethoxy)-2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid

[0203] The 7-(carboxymethoxy)-2~(triﬂuoromethyl)—2H-chromene-3-carboxylic acid
was prepared by the procedure similar to the method described in Example 5e: ESHRMS
m/z 7.0247 (M-H, C13HgF50¢, Calc’d 317.0267) 31. "H NMR (DMSO/ 300 MHz) 13.05
(brs, 2H), 7.79 (s, 1H), 7.39 (d, 1H, /=8.4 Hz), 6.60 (m, 2H), 5.84 (q, 1H, J=7.0 Hz), 4.73
(s, 2H).

Example 6
O
Cl
N OH
@) CF3

6-chloro-8—is0propyl-S—methyl-2-(triﬂu0romethyl)-ZH—chromene-3—carb0xylic acid

Step 1. Preparation of 3-chloro-6-hydroxy-5-isopropyl-2-methylbenzaldehyde.

[0204] To a solution of 4-chloro-2-isopropyl-5-methylphenol (5.00 g, 27.08 mmole) in
anhydrous acetonitrile (150 mL) was added MgCl, (3.87 g, 40.61 mmole), TEA (10.28 mL,
101.55 mmole) and paraformaldehyde (5.48 g, 182.79 mmole), and the resulting mixture
was refluxed under a dry Ny atmosphere for 18 hrs. The mixture was then cooled, acidified
with 2.4 N HCI and extracted with EtOAc (2 X 250 ml). The combined eﬁtracts were
washed with brine (100 ml), dried over MgSOs, filtered and concentrated in vacuo to give

dark orange oil which was subjected to flash chromatography (silica gel) and eluted with
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25% hexane/ CH,Cl, to yieldA 5.8 2(99% yield) of the product as a pale yellow oil. GCMS
m/z 212.0 (M+). This ester was of suitable purity to use without further purification.

Step 2. Preparation of ethyl 6-chloro-8-isopropyl-5-methyl-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0205] A mixture of 3-chloro-6-hydroxy-5-isopropyl-2-methylbenzaldehyde prepared as
in Step 1 (5.21 g, 24.56 mmole), K,CO; (6.78 g, 49.12 mmole) and ethyl 4,4,4-
trifluocrotonate (6.19 g, 36.84 harnole)‘in anhydrous DMF (30.0 mL) was heated to 90 °C
under a dry N atmosphere for 18 hrs. The mixture was then cooled, poured into 1.2 N HCl1
(100 ml) and extracted with EtOAc (2 X 100 mL). The combined extracts were washed
with brine (100 mL), dried over MgSOy, filtered and concentrated in vacuo to give a dark
orange oil which was subject to flash chromatography (silica gel) and eluted with 50%
hexane/ CH,Cl, to yield 3.94 g (44%) of the product as an orange oil: GCMS m/z 362.0
(M+). "H NMR (CDCly/ 400 MHz) 7.98 (s, 1H), 7.26 (s, 1H), 5.75 (q, 1H, J=7.0 Hz), 4.36
(m, 2H), 3.28 (m, 1H), 2.45 (s, 3H), 1.39 (m, 3H), 1.23 (m, 6H).

Step 3. Preparation of 6-chloro-8-isopropyl-5-methyl-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid.

[0206] The 6—chloro—8-isopropyl-S-methyl—2-(triﬂuoromethy1)-2H-chromene-3-

carboxylic acid was prepared by a procedure similar to the method described in Example
2a, Step 3: ESHRMS ﬁz/z 333.0538 (M-H, C;5H;305F5Cl, Calc’d 333.0500). "TH NMR
(CDCly/ 400 MHz) 8.08 (s, 1H), 7.34 (s, 1H), 5.87 (q, 1H, J=7.0 Hz), 3.28 (m, 1H), 2.46
(s, 3H), 1.22 (m, 6H).

Example 7a
0
cl - on
~ s 0~ CF,

6—chloro-7-(ethylthi0)-2'—(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid

Step 1. Preparation of 5.chloro-4-fluoro-2-hydroxybenzaldehyde.
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[0207] To 4-chloro-3-fluorophenol (25 g, 171 mmble) was added the methanesulfonic
acid (130 mL) and the mixture was stirred at r.t. An ice-water bath was used to bring the
temperature of the stirred mixture to 10 °C. Methenamine (47.8 g, 341 mmole) was added
portionwise in 3 gm scoops to allow the solid to dissolve and keep the temperature below 40
°C. Addition was complete after 90 minutes. - CAUTION: If the addition is carried out too
fast, the solid will react exothermically with the acid and decompose. The mixture was
heated to 100 °C. At 70°C, a change in the reaction mixture color was noticed and a solid
formed. Once the temperature of 100 °C was reached, the heating manifold was removed
and the mixture allowed to cool to r.t. The reaction mixture was poured into 1L of ice water
and extracted 3x w/CH,Cl,. The combined extracts were filtered through a silica plug (4.5
x 9 cm), washed with additional CH,Cl and concd to give a crude yellow solid. Kugelrohr
distillation (100 millitorr, 60 °C) gave 18.06 g (60.6%) of a white solid: "HNMR shows
>95% purity: 'H NMR (CDCl3) 6.79 (d, 1H, J=10.3 Hz), 7.62 (d, 1H, J=7.9 Hz), 9.80 (s,
1H), 11.23 (d, 1H, J=1.5 Hz).

Step 2. Preparation of ethyl 6-chloro-7-fluoro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0208] To the aldehyde (17.46 g, 100 mmole) from Step 1 in DMF (25 mL) was added

K,CO;(15.2 g, 110 mmole). The mixture was stirred, heated to 70 °C and treated with ethyl
trifluorocrotonate (22.4 mL, 150 mmole). After 2 h, the mixture was heated to 95 °C. After
a total of 4 h, an additional 16 mL of crotonate was added and the mixture allowed to stir
for 4 h at 95 °C and an additional 12 h atr.t. The reaqtion was complete by LCMS. This
mixture was treated with 300 mL of 1N HC1 and extracted 4X with CH,Cl,. The combined
extracts were filtered through silica (4.5 x 6 cm) and the silica plug washed with additional
CH,Cl,. The extracts were concd, the crude solid triturated with cold methanol, the solid
collected and air dried to afford 19.1 g of a tan solid. The mother liquors were concd,
dissolved in CH,Cl, and filtered through a new silica plug following the same approach as
above to give a second crop of 4.1 g of solid. The mother liquors were diluted with H,O
and the solid collected to give a third crop of 3.16 g of solid. Total yield was 26.36 g
(81.2%). The first and second crop were >95% by "H NMR. The third crop was >90%
pure: '"HNMR (CDCl3) 1.35 (t, 3H, J= 7.1 Hz), 4.33 (m, 2H), 5.71 (q, 1H, J= 6.7 Hz), 6.82
(d, 1H, J= 9.4 Hz), 7.28 (d, 1H, 7.9 Hz), 7.63 (s, 1H). "FNMR (CDCI3) -78.9 (d, 3F, J= 6.7
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Hz), -106.7 (¢, 1F, J= 8.7 Hz). *CNMR (CDCI3) 14.2, 61.7, 70.9 (q, C2, /= 33.3 Ha),
105.5 (d, C8, J=25.5 Hz), 114.9 (d, J= 18.7 Hz), 116.4, 117.1, 123.1 (g, CF3, /= 287.2 Hz),
130.4 (d, J= 1.5 Hz), 134.9 (d, J= 1.9 Hz), 152.9 (d, J= 11.4 Hz), 160.1 (d, C7, J=255.2
Hz), 163.4 (C=0)

Step 3. Preparation of ethyl 6-chloro-7-(ethylthio)-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0209] A mixture of ethyl 6-chloro-7-fluoro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate (Step2) (0.5 g, 1.54 mmole) and ethanethiol (0.1 g, 1.54 mmole) was dissolved
in anhydrous DMF (5 mL), warmed to 90°C and treated with K,CO3 (0.25 g, 1.84 mmole).
The solution was maintained at 90°C for 48 hrs, cooled to room temperature, filtered
through celite and condensed to a viscous oil. The oil was purified by flash
chromatography (silica gel) with 10-40% ethyl acetate in hexane to give light yellow solid
(0.24g, 43%): GCMS 366.00 (M-+). "H NMR (CDCl3/ 400 MHz) 7.60 (s, 1H), 7.27 (s, 1H),
6.77 (s, 1H), 5.67 (q, 1H, J=7.0 Hz), 4.29 (m, 2H), 2.96 (m, 2H), 1.40 (m, 3H), 1.35 (m,
3H).

Step 4. Preparation of 6-chloro-7-( ethvlthio)-i-(triﬂuoromethvl)—ZH—chromene—3-carboxv1ic

acid.

[0210] The 6-chloro-7-(ethylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
was prepared by a procedure similar to the method described in Example 1h, step 3:
ESHRMS m/z 336.9886 (M-H, C13H05F;ClS, Cale’d 336.9908). "H NMR (acetone-dg/ 300
MHz) 7.86 (s, 1H), 7.54 (s, 1H), 6.98 (s, 1H), 5.84 (q, 1H, J=7.0 Hz), 3.12 (q, 2H, J=7.2
Hz), 1.39 (, 3H, /=7.2 Hz).

Example 7b

0
S 0~ “CF;
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6—chlor0-7-(isopentylthio)—Z-(triﬂuoromethyl)-2H-chromene-3—carboxylic acid

[0211] The 6-chloro-7-(isopentylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the procedure similar to the method described in Example 7a.
ESHRMS m/z 379.0420 M-H, C16H;5F303CIS, Calc’d 379.0377). "H NMR (acetone-ds/
400 MHz) 7.85 (s, 1H), 7.52 (s, 1H), 6.99 (s, 1H), 5.82 (q, 1H, /=7.0 Hz), 3.10 (t, 2H, J
=8.0 Hz), 1.84 (m, 1H), 1.64 (m, 2H), 1.59 (m, 3H), 0.93 (m, 3H).

Example 7¢
O
Cl N OH
~"s 0~ CF,

6-chloro-7-(propylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
--[0212] T he.6-chloro-7—(prop_ylthio)-Z—(triﬂuoromethyl)-2H—chromene{-3 -carboxylic acid
was prepared by the procedure similar to the method described in Example 7a. ESHRMS
m/z351.0076 (M-H, C14H,,F505CIS, Calc’d 351.0064). "H NMR (acetone-dy/ 400 MHz)
7.86 (s, 1H), 7.54 (s, 1H), 6.99 (s, 1H), 5.83 (q, 1H, J=7.0 Hz), 3.09 (t, 2H, J=8.0 Hz), 1.76
(m, 2H), 1.12 (m, 3H).

Example 7d

cl N OH

6-chloro-7-(isobutylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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[0213] The 6—chloro-7;(isobutylthio)—z-(triﬂuoromethyl)-2H-chromene-3—carboxylic
acid was prepared by the procedure similér to the method described in Example 7a.
LCMS 367.10 (M+H). 'H NMR (acetone-ds/ 300 MHz) 7.86 (s, 1H), 7.54 (s, 1H), 6.99 (s,
1H), 5.83 (q, 1H, J=7.0 Hz), 2.99 (m, 2H), 1.99 (m, 1H), 1.10 (m, 6H). |

Example 7e

C
! A OH

7-(benzy]thi0)-6-chloro-2-(triﬂuoromethyl)—2H-chromene-3—carboxylic acid

[0214] The 7—(benzylthio)—é-chloro-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid
was prepared by the procedure similar to the method described in Example 7a. ESHRMS
- m/z399.0036 (M=H,.C gH;;F305Cl1S, Calc’d 399.0064). "H NMR (acetone-dg/ 300 MHz)
7.86 (s, 1H), 7.54 (m, 3H), 7.32 (m, 3H), 7.08 (s, 1H), 5.83 (q, 1H, J=7.0 Hz), 4.40 (s, 2H).

Example 7f

Cl N o
s 0~ CF,

7-(butylthio)-6-chloro-2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid

[0215] The 7—(butylthio)-6-clﬂoro-2-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid
was prepared by the procedure similar to the method described in Example 7a. ESHRMS
m/z 365.0208 (M-H, C;5H;3F305ClS, Calc’d 365.0221). "H NMR (acetone-ds/ 300 MHz)
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7.85 (s, 1H), 7.53 (s, 1H), 6.98 (s, 1H), 5.82 (g, 1H, J+7.0 Hz), 3.10 (m, 2H), 1.72 (m, 2H),
1.53 (m, 2), 0.96 (m, 3H).

Example 7g

o)
S 0~ CFs

7-(sec-butylthi0)—6-chlor0-2-(triﬂu0romethyl)—2H-chr0mene-3-carboxylic acid

[0216] The 7-(sec-butylthio)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the procedure similar to the method described in Example 7a.
ESHRMS m/z 365.0226 (M-H, C15H;3F305CIS, Cale’d 365.0221). '"H NMR (acetone-dy/
300 MHz) 7.86 (s, 1H), 7.54 (s, 1H), 7.04 (s, 1H), 5.82 (q, 1H, J=7.0 Hz), 3.57 (m, 1H),
1.72 (m, 2H), 1.37 (m, 3H), 1.05 (m, 3H). |

Example 8a
O
Cl SN OH
N O CF3

6-chloro-7—(3,5-dimethylpiperidin-l-yl)—2-(triﬂuoromethyl)-ZH-chromene-3-

carboxylic acid

Step 1. Preparation of ethyl 6-chloro-7-( 3.5-dimethylpiperidin-1-y1)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.
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[0217] A mixture of ethyl 6-chloro-7-fluoro-2-(trifluoromethyl)-2H-chromene-3-
carboxylate (from Example 7a, Step 2) (0.5 g, 1.54 mmole) and 3,5-dimethylpiperidine
(0.17 g, 1.54 mmole) was dissolved in anhydrous DMF (5 mL), warmed to 90 °C and
treated with K,CO3 (0.25 g, 1.84 mmole). The solution was maintained at 90°C for 48 hrs, 4
cooled to room temperature, filtered through celite and condensed to a viscous oil. The oil
was purified by Biotage silica chromatography with 30% methylene chloride in hexane to
give light yellow oil (0.6g, 93%). GCMS m/z 417.00 (M+). "H NMR (CDCly/ 300 MHz)
7.61 (s, 1H), 7.18 (s, 1H), 6.60 (s, 1H), 5.67 (q, 1H, J=7.0 Hz), 4.67 (m, 2H), 3.40 (m, 2H),
2.18 (m, 2H), 1.86 (m, 2H), 1.31 (m, 3H), 1.04 (m, 1H), 0.90 (m, 6H), 0.68 (m, 1’H).

Step 2. Preparation of 6-chloro-7-(3.5-dimethylpiperidin-1-y1)-2-( trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0218] The 6-chloro-7-(3,5-dimethylpiperidin-1-y1)-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid was prepared by a procedure similar to the method described inAExample
2a, Step 3. ESHRMS m/z 390.1048 (M+H, C15Hz003F5CIN, Calc’d 390.1078). 'HNMR
(acetone-dg/ 400 MHz) 7.80 (s, 1H), 7.47 (s, 1H), 6.71 (s, 1H), 5.78 (q, 1H, J=7.0 Hz), 3.38
(m, 2H), 2.27 (m, 2H), 1.84 (m, 2H), 1.04 (m, 1H), 0.92 (m, 6H), 0.76 (m, 1H).

Example 8b

Cl

6—chlor0-7—(3-methylpiperidin-1-yl)-2—(triﬂuoromethyl)—ZH-chromene—3—carboxylic

acid

[0219] The 6-chloro-7-(3-methylpiperidin-1-y1)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example
8a. ESHRMS m/z376.0931 (M+H, C;7H;sF305CIN Calc’d 376.0922). "H NMR (acetone-
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dsl 400 MHz) 7.82 (s, 1H), 7.48 (s, 1H), 6.71 (s, 1H), 5.78 (g, 1H, J=7.0 Hz), 3.41 (m, 21,
2.38 (m, 1H), 1.75 (m, 5H), 1.10 (m, 1H), 0.93 (m, 3H).

Example 8c

O

Cl
N OH

\(\T 0~ > CF,

6-chloro-7-[isobutyl(m ethyl)amino]-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

[0220] The 6-chloro-7-[isobutyl(methyl)amino]-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example
8a. ESHRMS m/z 364.0897 (M+H, C;6H;sF305CIN Calc’d 364.0922). "H NMR (acetone-
ds/ 400 MHz) 7.81 (s, 1H), 7.46 (s, 1H), 6.76 (s, 1H), 5.78 (g, 1H, J=7.0 Hz), 3.04 (m, 2H),
2.95 (s, 3H), 1.96 (m, 1H), 0.96 (m, 6H).

Example 8d

Cl

6-chloro-7-(4-methylpiperidin-1-yl)-2-(triftuoromethyl)-2H-chromene-3-carboxylic

acid

[0221] The 6-chloro-7-(4-methylpiperidin-1-y1)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid was prepared by the procedure similar to the method described in Example
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8a. ESHRMS m/z 376.0924 (M+H, Cy7H15F305CIN, Calc’d 376.0922). "H NMR (acetone-
ds/ 300 MHz) 7.81 (s, 1H), 7.48 (s, 1H), 6.72 (s, 1H), 5.79 (q, 1H, J=7.0 Hz), 3.48 (m, 2H),
2.72 (m, 2H), 1.75 (m, 2H), 1.58 (m, 1H), 1.38 (m, 2H), 0.98 (m, 3H).

Example 8e

Cl N OH

6-chlor0-7-(3,6—dihydropyridin-1(2H)—yl)—2-(triﬂuoromethyl)—ZH-chromene-3-

carboxylic acid

[0222] The 6-chloro-7-(3,6-dihydropyridin-1(2H)-y1)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid was prepared by the procedure similar to the method described
in Example 8a. ESHRMS m/z 360.0592 (M-+H, C;6H;4F305CIN, Calc’d 360.0609). 'H
NMR (acetone-dg/ 400 MHz) 7.81 (s, 1H), 7.49 (s, 1H), 6.74 (s, 1H), 5.79 (m, 3H), 3.68 (m,
2H), 3.39 (m, 1H), 3.22 (m, 1H), 2.30 (m, 2H).

Example 8f
O
| Cl SN OH
<N 0~ “CFs

6~chloro—7-[ethyl(methyl)amino]—2-(triﬂuoromethyl)-ZH-chromene-3-carb0xylic

acid
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[0223] The 6-chloro-7-[ethyl(methyl)amino]-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example
8a. ESHRMS m/z 336.0574 (M+H, C14H;4F303CIN, Calc’d 336.0609). '"H NMR (acetone-
ds/ 400 MHz) 7.81 (s, 1H), 7.46 (s, 1H), 6.71 (s, 1H), 5.77 (q, 1H, J=7.0 Hz), 3.21 (m, 2H),
2.84 (s, 3H), 0.96 (m, 3H).

Example 8g
O
Cl XN OH
SN 0~ CF;

o

6-chloro—7-[(cyclopropylmethyl)(propy])amino]-2-(triﬂuoromethyl)—ZH-chr0mene-3-

carboxylic acid

| [0224] AThe 6-chloro-7-[(cyclopropylmethyl)(propyl)amino]-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid was prepared by the procedure similar to the method described
in Example 8a. ESHRMS m/z390.1040 (M+H, Ci5Hz0F305CIN, Calc’d 390.1078). 'H
NMR (acetone-dg/ 300 MHz) 7.83 (s, 1H), 7.48 (s, 1H), 6.84 (s, 1H), 5.79 (q, 1H, /=7.0
Hz), 3.33 (m, 2H), 3.11 (m, 2H), 1.53 (m, 2H), 1.00 (m, 1H), 0.90 (m, 3H), 0.45, (m, 2H),
0.10 (m, 2H).

Example 8h
@)
cl N OH
AN 0~ CF,
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7-[butyl(ethyl)amino]-6—chlor0-2—(triﬂuoromethyl)—ZH—chromene-3-carboxylic acid

[0225] The 7—[butyl(ethyl)amino]-6-chloro-2-(triﬂuoromethyl)—2H-chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example .
8a. ESHRMS m/z378.1058 (M+H, C17H0F305CIN, Calc’d 378.1078). 'H NMR (acetone-
dsl 300 MHz) 7.83 (s, 1H), 7.49 (s, 1H), 6.79 (s, 1H), 5.79 (g, 1H, J=7.0 Hz), 3.24 (m, 4H),
1.51 (m, 2H), 1.31 (m, 2H), 1.10 (m, 3H), 0.91 (m, 3H).

Example 8i

Cl N OH

7- [benzyl(methyl)amino]—6-chlor0—2-(triﬂuor0methyl)-2H—chr0mene—3-carb oxylic

acid

[0226] The 7-[benzyl(methyl)amino]-6-chloro-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example
8a. ESHRMS m/z398.0788 (M-+H, C19H;6F305CIN, Cale’d 398.0765). "H NMR (acetone-
ds/ 300 MHz) 7.84 (s, 1H), 7.53 (s, 1H), 7.36 (m, 5H), 6.77 (s, 1H), 5.79 (q, 1H, /=7.0 Hz),
436 (m, 2H), 2.77 (s, 3H).

Example 8j

0
Cl N OH

I—_—_II\I 0~ “CF,

7-azetidin-1-yl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
' 124
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|
[0227] The 7-azetidin-1-yl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the procedure similar to the method described in Example 8a.
ESHRMS m/z 334.0441 (M+H, C14H;2F30;CIN, Calc’d 334.0452). 'H NMR (acetone-ds/
300 MHz) 7.75 (s, 1H), 7.28 (s, 1H), 6.09 (s, 1H), 5.72 (g, 1H, J=7.0 Hz), 4.23 (m, 4H),
2.35 (m, 2H). ‘

Example 8k

Cl
~ OH

Iz
O
9]
M

w

7-(benzylamino)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0228] The 7—(benzylamino)—6-chloro-2‘-(triﬂuoromethyl)—2H-chromene—3.-oarboxy1ic
acid was prepared by the procedure similar to the method described in Example 8a.

ESHRMS m/z 384.0583 (M+H, C;3H;4F305CIN, Calc’d 384.0609). "H NMR (acetone-ds/
400 MHz) 7.73 (s, 1H), 7.40 (m, 6H), 6.28 (s, 1H), 5.66 (q, 1H, J=7.0 Hz), 4.58 (m, 2H).

Example 81
O
ol N NoH
~N 0~ CF,

)

6-chloro-7—(diethylamino)-Z-(triﬂuoromethyl)-ZH—chromene-3-cai'boxylic acid
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Step 1. Prenération of ethyl 7-(diethylamino)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate. |

[0229] The ethyl 7-(diethylamino)-2-(trifluoromethyl)-2H-chromene-3-carboxylate was
prepared by a procedure similar to the method described in Example 1a, Step 1. GCMS m/z
343.0 (M+). This ester was of suitable purity to use without further pilriﬁcation.

Step 2. Preparation of ethyl 6-chloro-7-(diethylamino)-2-( trifluoromethyl)-2H-chromene-

3-carboxylate.
[0230] The ethyl 6-chloro-7-(diethylamino)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate was prepared by a procedure similar to the method described in Example 1h,
Step 2. GCMS m/z 377.0 (M+). 'H NMR (CDCl3/ 400 MHz) 7.59 (s, 1H), 7.17 (s, 1H),
6.59 (s, 1H), 5.65 (q, 1H, J=7.0 Hz), 4.28 (m, 2H), 3.19 (m, 4H), 1.32 (m, 3H), 1.09 (m,

6H). This ester was of suitable purity to use without further purification.

Step 3. Preparation of 6-chloro-7-(diethylamino)-2-( trifluoromethyl)-2H-chromene-3-
carboxvlic acid

[0231] The 6-chloro-7-(diethylamino)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

* acid was prepared by a procedure similar to'thé method described in Example 2a, Step 3.
ESHRMS m/z 350.0774 (M+H, C;5H;603F5CIN, Calc’d 350.0765). "H NMR (CDCl3/ 400
MHz) 7.73 (s, 1H), 7.20 (s, 1H), 6.59 (s, 1H), 5.63 (q, 1H, J=7.0 Hz), 3.23 (m, 4H), 1.10
(m, 6H).

Example 9a

7-butyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid’

Step 1. Preparation of 2-hydroxy-4-iodobenzaldehyde.
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[0232] To a chilled solution of commercially availible 2-iodophenol (30 g, 136 mmole)
in ACN was added MgCl, (19.5 g, 204 mmole) portion-wise while maintaining the
temperature below 10 °C, followed by paraformaldehyde (28.6 g, 954 mmole) and TEA (76
mL, 545 mmole) producing a 15 °C exotherm. The solution was heated to 72 °C for 2 h.
The reaction was cooled to room temperature and poured into Saturated aqueous
Ammonium Chloride (500 mL), extracted with ethyl acetate (2 X 150 mL). The combined
organic phases were washed with aqueous NaHCOj3 solution (2 X 150 mL), aqueous IN
HCI solution (2 X 150 mL), and brine (2 X 150 mL), dried over Na;SOs, filtered and
concentrated in vacuo. The crude material was subjected to flash chromatography (Silica,
5% Bthyl acetate/ Hexane). Desired fractions were collected and combined, removed
solvent in vacuo producing the ethyl ester (27 g, 79%) as a yellow solid. This
salicylaldehyde was of suitable purity to use without further purification. "HNMR (DMSO-
dg/400 MHz) 10.95 (s, 1H), 10.19 (s, 1H), 7.33 (m, 3H), 4.31 (m, 1H).

Step 2. Preparation of ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0233] The aldehyde from Step 1 (25 g, 114 mmole) was condensed in a method similar

" “fgthat described in Exaniple 4a, Step 1.°(15 g, 52%). This éstér was of suitable purity to use
without further purification: ESHRMS m/z 361.1040 (M-H, Cy3HyIF503, Calc’d 361.1046).

Step 3. Preparation of ethyl 7-butyl-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0234] 1-Butene was bubbled through 9-BBN in THF (6.53 mL, 6.5 mmole) for 15

minutes, resulting solution stirred at room temperature overnight. To this solution was
added the ester (Step 2), (2.0 g, 5 mmole) dissolved into THF (25 mL), Pd(dppf)CI'CH,Cl,
(0.133 g, 5 mole %), K3PO4(aq)(3.5 mL, 7.1 mmole). The reaction was heated to 60 °C for 4
h. The reaction was cooled to room temperature, poured into H,O (150 mL), and extracted
with ethyl acetate (2 X 150 mL). The combined organic phases were washed with aqueous
NaHCOj5 solution (2 X 50 mL), aqueous 3N HCl solution (2 X 50 mL), and brine 2X50
mL), dried over Na,SOs, filtered and concentrated in vacuo. The crude material was
subjected to flash chromatography (Silica, 2% Ethyl acetate/ Hexane). Desired fractions

were collected and combined, removed solvent in vacuo producing the ethyl ester (600 mg,
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56%) as an amber oil. This ester was of suitable purity to use without further purification.

ESLRMS m/z 329 (M+H).

Step 4. Preparation of ethyl 7-butyl-6-chloro-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0235]  The ester from Step 1 was chlorinated via a method similar to that described in

Example 4b, Step 1 (91%). This ester was of suitable purity to use without further
purification. 'HNMR (DMSO-dg/400 MHz), 7.88 (s, 1H), 7.60 (s, 1H), 7.02 (s, 1H), 5.92 (q,
1H, J=7.1 Hz), 2.62 (m, 2H), 1.49 (m, 2H), 1.25 (m, 2H), 0.866 (t, 3H, /=7.3 Hz).

Step 5. Preparation of 7-butyl-6-chloro-2-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0236] The ester (Step 4) was hydrolyzed to form the title carboxylic acid via a method
similar to that described in Example 4a, Step 2, (99%). ESHRMS m/z 333.0497 (M-H,
C15H3CIF;03, Calc’d 333.0500). THNMR (DMSO-dg/400 MHz), 13.13 (s, 1H), 7.79 (s,
1H), 7.56 (s, 1H), 7.00 (s, 1H), 5.89 (g, 1H, /= 7.1 Hz), 2.62 (t, 2H, J= 7.5 Hz), 1.50 (m,
2H), 1.30 (m, 2H), 0.860 (t, 3H, J=7.3 Hz).

Example 9b
O
Cl
A OH
O CF3

6—chloro-7—(3,3-dimethylbutyl)-2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-(3.3-dimethylbutyl)-2-( trifluoromethyD-2H-chromene-3-

carboxylate.
[0237] Neohexene was added to a solution of 9-BBN in THF (6.53 mL, 6.5 mmole)

resulting solution stirred at room temperature overnight. To this solution was added the
ester Example 9a, Step2 (2.0 g, 5 mmole) dissolved into THF (25 mL), Pd(dppf)Cl - CH,Cl,
(0.133 g, 5 mole %), KsPOuuq(3.5 mL, 7.1 mmole). The reaction was heated to 60°C for 4
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hours. The reaction workup and purification was conduicted according to Example 9a, Step
1 producing the ethyl ester (720 mg, 62%) as an amber oil. This ester was of suitable purity
to use without further purification. ESLRMS m/z 357 (M-+H).

Step 2. Preparation of ethyl 6-chloro-7-( 3.3-dimethylbutyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0238]  The ester (Step 1) was chlorinated via a method similar to that described in
Example 4b, Step 1 (87%). This ester was of suitable purity to use without further
purification. ESLRMS m/z 376 (M+H).

Step 3. Preparation of 6-chloro-7-(3,3-dimethylbutyl)-2-( trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0239] The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%). ESHRMS m/z 361.0801 (M-H,
C17H,,CIF;0s3, Cale’d 361.0813). ]HNMR (DMSO0-ds/400 MHz) 13.23 (brs, 1H), 7.80 (s,
1H), 7.55 (s, 1H), 7.01 (s, 1H), 5.89 (q, 1H, J= 7.1 Hz), 3.30 (m, 2H), 2.56 — 2.60 (m, 2H),
1.31-1.37 (m, 2H), 0.91 (s, 9H).

Example 9¢
O
Cl
N OH
0) CF4

6-chloro-7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0240] This compound was prepared and purified via a method similar to that described
in Example 9a, Step 3 with the appropriate substitution of isobutylene producing the ethyl
ester (720 mg, 58%) as an amber oil. This ester was of suitable purity to use without further

purification. EILRMS m/z 328 (M+).
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Step 2. Preparation of ethyl 6-chloro-7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0241]  The ester (Step 1) was chlorinated via a method similar to that described in

Example 4b, Step 1 (92%). This ester was of suitable purity to use without further
purification. ESLRMS m/z 363 (M+H). THNMR (DMSO-ds/400 MHz) 7.88 (s, 1H), 7.61 (s,
'1H), 5.96 (g, 1H, J= 7.1 Hz), 4.18 — 4.27 (m, 2H), 2.51 —2.53 (d, 2H, /="7.2 Hz), 1.84 —
1.91 (m, 2H), 1.240 (t, 1H, J= 7.1 Hz), 0.842 (m, 6H).

Step 3. Preparation of 6-chloro-7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.
[0242] The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%). ESHRMS m/z 333.0496 (M-H,
C15sH13CIF303, Cale’d 333.0500). 'THNMR (DMSO-ds/400 MHz) 13.31 (brs, 1H), 7.81 (s,
1H), 7.5 (s, 1H), 6.97 (s, 1H), 5.89 (g, 1H, J= 7.1 Hz), 2.51 (d, 2H, J= 6.7 Hz), 1.85 - 1.89
(m, 1H), 0.843 (m, 6H).

Example 9d

O

Cl
N OH

@) CF;

(2S)—6—ch10r0-7—isobutyl-2—(triﬂuoromethyl)-ZH-chromene-3—carboxy1ic acid
[0243] A racemic mixture of the compound prepared in Example 9¢, Step 3 was
resolved by chiral chromatography using a Chiralcel OJ column eluting with
EtOH/heptane/TFA = 5/95/0.1 and detecting at 254nm as peak 1 with retention time 6;60
min. ESHRMS m/z 333.0496 (M-H, C;sH;5CIF;03, Calc’d 333.0500). 'HNMR (DMSO-
ds/400 MHz) 13.31 (brs, 1H), 7.81 (s, 1H), 7.5 (s, 1H), 6.97 (s, 1H), 5.89 (g, 1H, /= 7.1 Hz),
2.51 (d, 2H, J= 6.7 Hz), 1.85 — 1.89 (m, 1H), 0.843 (m, 6H).

Example 9e
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e

Cl
X OH

0~ "CF,4
(2R)—6-chloro-7-isobutyl-2-(triﬂuoromethyl)-2H-chromene-S-carboxylic acid

[0244] A racemic mixture of the compound prepared in Example 9c, Step 3 was
resolved by chiral separation using Chiralcel OJ column eluting with EtOH/Heptane/TFA =
5/95/0.1 and detecting at 254 nm as peak 2 with retention time 9.77 min. ESHRMS m/z
333.0496 (M-H, C;sH;3CIF303, Calc’d 333.0500). 'HNMR (DMS0-ds/400 MHz) 13.31
(brs, 1H), 7.81 (s, 1H), 7.5 (s, 1H), 6.97 (s, 1H), 5.89 (q, 1H, J=17.1Hz),2.51(d,2H, J=
6.7 Hz), 1.85 — 1.89 (m, 1H), 0.843 (m, 6H).

Example 9f
O
Cl
N OH
O CF3

6-ch10r0—7-isopr0pyl-2—(triﬂuoromethyl)—ZH-chromene-3-carb0xylic acid

Step 1. Preparation of 2-hydroxy-4-isopropylbenzaldehyde.

[0245] To a chilled solution of commercially available 3-isopropyphenol (5 g, 36.7
mmole) in ACN was added MgCl; (5.24 g, 55 mmole) portion-wise while maintaining the
temperature below 10 °C, followed by paraformaldehyde (7.72 g, 257 mmole) and TEA
(20.47 mL, 146 mmole) producing a 15 °C exotherm. The solution was heated to 72 °C for
2 h. The reaction was cooled to room temperature and poured into Saturated aqueous
Ammonium Chloride (200 mL), extracted with ethyl acetate (2 X 50 mL). The combined
organic phases were washed with aqueous NaHCO3 solution (2 X 50 mL), aqueous 1N HCl
solution (2 X 50 mL), and brine (2 X 50 mL), dried over Na;SOs4, filtered and concentrated
in vacuo. The crude material was subjected to flash chromatography (Siﬁca, 5% Ethyl

acetate/ Hexane). Desired fractions were collected and combined, removed solvent in vacuo

131



WO 2004/087686 PCT/IB2004/001113

producing the ethyl ester (4.6 g, 76%) as a yellow solid. This salicylaldehyde was of
suitable purity to use without further purification: EILRMS m/z 164 (M+).

Step 2. Preparation of ethyl 7-isopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0246]  This salicylaldehyde (Step 1) was condensed with Ethyl-4,4,4-triflurocrotonate
via a similar method to that of Example 4a, Stepl producing the ethyl ester (8.21 g, 84%) as
yellow solid. This ester was of suitable purity to use without further purification: ESLRMS
m/z 315 (M+H).

Step 3. Preparation of ethyl 6-chloro-7-isopropyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0247] The ester (Step 2) was chlorinated via a method similar to that described in

Example 4b, Step 1 (82%). This ester was of suitable purity to use without further
purification: ESLRMS m/z 349 (M-+H).

Step 4. Preparation of (2R)-6-chloro-7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-

.. carboxvlic acid. . .

[0248] The ester (Step 3) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 319.0309 (M-H,
C14H;;CIF;05, Cale’d 319.0343). "HNMR (DMSO-ds/400 MHz) 13.26 (brs, 1H), 7.81 (s,
1H), 7.57 (s, 1H), 7.01 (s, 1H), 5.90 (q, 1H, J=7.1 Hz), 3.29 (m, 1H), 1.14 - 1.17 .(m, 6H).

Example 9g
: Cl O
Cl
N OH
O CF4

4,6-dichloro-7-isopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of ethvyl 4.6-dichloro-7-isopropyl{2-(triftuoromethyl)-

2H-chromene-3-carboxylate.

[0249] The ester (Example 91, Step 3) was chlorinated via a method similar to that
described in Example 4b, Step 1 (29%). This ester was of suitable purity to use without
further purification: ESLCMS m/z 383 (M+H).

Step 2. Preparation of 4.6-dichloro-7-isopropyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0250] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 352.9934 (M-H,
C14H,0CLF303, Cale’d 352.9954). 'HNMR (DMSO-dg/400 MHz) 14.1 (brs, 1H), 7.64 (s,
1H), 7.11 (s, 1H), 6.15 (q, 1H, J/= 7.1 Hz), 3.27 (m, 1H), 1.175 (m, 6H).

Example 9h

6-chloro-7-propyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-propyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0251] This compound was prepared and purified via a method similar to that described
in Example 9a, Step 3 with the appropriate substitution of propene producing the ethyl ester
(1.24 g, 78%) as an amber oil. This ester was of suitable purity to use without further

purification: ESLRMS m/z 315 (M+H).

Step 2. Preparation of ethyl 6-chloro-7-propyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0252] The ester (Step 1) was chlorinated via a method similar to that described in

Example 4b, Step 1. This ester was of suitable purity to use without further purification:

ESLRMS m/z 349 (M+H).
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Step 3. Preparation of 6-chl 6ro-7-propv1—2-( trifluoromethvl)-2H-chromene-3-carboxylic

acid.

[0253]  The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 319.0326 (M-H,
C14H,,CIF;30s, Calc’d319.0343). "HNMR (DMSO-d4/400 MHz) 13.35 (brs, 1H), 7.80 (s,
1H), 7.56 (s, 1H), 7.00 (s, 1H), 5.89 (q, 1H, J/=7.1 Hz), 2.59 (m, 2H), 1.52 (m, 2H), 0.873
(m, 3H).

Example 9i
O
Cl
N OH

0~ “CF,

6-chloro-7-(2-cyclohexylethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-( 2-cvclqhexvlet11vl)—2~( trifluoromethyl)-2H-chromene-3-
carboxylate, o |

[0254] This compound was prepared and purified via a method similar to that described
in Example 9b, Step 1 with the appropriate substitution of propene producing the ethyl ester
(1.21 g, 63%) as a tan solid. This ester was of suitable purity to use without further
purification: ESLRMS m/z 383 (M+H).

Step 2. Preparation of ethyl 6-chloro-7-(2-cyclohexylethy)-2-(trifluoromethyl)-2H-

chromene-3-carboxvlate.

[0255] The ester (Step 1) was chlorinated via a method similar to that described in
Example 4b, Step 1 (85%). This ester was of suitable purity to use without further
purification: ESLRMS m/z 417 (M+H):

Step 3. Preparation of 6-chloro-7-(2-cyclohexylethyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.
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[0256] The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 387.0969 (M-H,
C19H,5CIF;0s, Cale’d 387.0996). "HNMR (DMSO-d4/400 MHz) 13.20 (brs 1H), 7.77 (s,
1H), 7.54 (s, 1H), 6.98 (s, 1H), 5.88 (g, 1H, /= 7.1 Hz), 2.61 (m, 2H), 1.55 - 1.70 (m, 5H),
1.38 (m, 2H), 1.09 — 1.20 (m, 4H), 0.860 — 0.917 (m, 2H).

Example 9j

Cl
6-chloro-7-[2-(4-chlorophenyl)ethyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

Step 1. Preparation of ethyl 7-[2-(4-chlorophenyl)ethyl]-2-(trifluoromethyl)-2H-chromene-

3-carboxylate.
[0257] This compound was prepared and purified via a method similar to that described

in Example 9b, Step 1 with the appropriate substitution of p-chlorostyrene producing the
ethyl ester (1.15 g, 55%) as a yellow solid. This ester was of suitable purity to use without

further purification: ESLRMS m/z 397 (M+H).

Step 2. Preparation of ethyl 6-chloro-7-[2-( 4-chlorophenylethyl]-2-(trifluoromethyl)-2H- .

chromene-3-carboxylate.

[0258] The ester (Step 1) was chlorinated via a method similar to that described in
Example 4b, Step 1 (82%). This ester was of suitable purity to use without further
purification: ESLRMS m/z 431 (M+H).

Step 3. Preparation of 6-chloro-7-[2-(4-chlorophenyl)ethyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.
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[0259]  The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar o that described in Example 4a, Step 2 (99%): ESHRMS m/z 415.0110 (M-H,
C19H1,CLF303, Calc’d 415.0098). 'HNMR (DMSO-dg/400 MHz) 13.25 (brs, 1H), 7.82 (s,
1H), 7.61 (s, 1H), 7.33 (d, 2H, J=8.3), 7.20 (d, 2H, J = 8.3 Hz), 7.03 (s, 1H), 5.91 (q, 1H,J
=17.1 Hz), 4.00 (s, 2H).

A Example 9k

A O
Cl
™
, 0~ “CF,
7-benzyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-benzyl-2-(triflucromethyl)-2H-chromene-3-

carboxylate.
[0260] To a solution of B-benzyl 9-BBN (20 mL, 10 mmole) in THF (20 mL) was

added the ester Example 9a, Step 3 dissolved into THF (25 mL), Pd(dppf)CI'CH,Cl, (0.133
g, 5 mole %), KsPO4(aq)(3.5 mL, 7.1 mmole). The reaction was heated to 60 °C for 4 h.
The reaction workup and purification was conducted according to Example 9a, Step 1
producing the ethyl ester (1.4 g, 76%) as a pale yellow solid. This ester was of suitable
purity to use without further purification: ESLRMS m/z 363 (M+H).

Step 2. Preparation of ethyl 7-benzyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0261] The ester (Step 1) was chlorinated via a method similar to that described in

Example 4b, Step 1 (80%). This ester was of suitable purity to use without further
purification: ESLRMS m/z 397 (M+H).

Step 3. Preparation of 7-benzv1-6—chlor6-2-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.
[0262]  The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 367.0343 (M-H,
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Cy5H; CIF505, Calc’d 367.0329). 'HNMR (DMSO-ds/400 MHz) 13.34 (brs, 1H), 7.81 (s,
1H), 7.61 (s, 1H), 7.25 — 7.29 (m, 2H), 7.17 ~ 7.19 (m, 3H), 6.99 (s, 1H), 5.89 (q, 1H, J="7.1
Hz), 4.00 (s, 2H). ‘

Example 91

: O
O Cl O SN OH
0~ “CF,4
(2R)-7—benzyl-6-chloro—Z-(triﬂuoromethyl)-ZH-chromene—3—carboxylic acid

[0263] A racemic mixture of the compound prepared in Example 9k, Step 3 was chirally
resolved using the same protocol as for Example 9d, Step 1 as peak 2 with retention time
5.76 min: ESHRMS m/z 367.0343 (M-H, CyoH,;CIF;03, Calc’d 367.0329). "HNMR
(DMSO-dg/400 MHz) 13.34 (brs, 1H), 7.81 (s, 1H), 7.61 (s, 1H), 7.25 - 7.29 (m, 2H), 7.17
—7.19 (m, 3H), 6.99 (s, 1H), 5.89 (q, 1H, J="7.1 Hz), 4.00 (s, 2H). [O]* sg=+2.01in
MeOH.

Example 9m

O
AL
O CF3
(2S)-7-benzyl-6—chlor0-2-(triﬂuoromethyl)—ZH—chromene-3-carb0xylic acid

[0264] A racemic mixture of the compound prepared in Example 9k, Step 3 was chirally
resolved using the same protocol as for Example 9d, Step 1 as peak 1 with retention time
4.27 min: ESHRMS m/z 367.0343 (M-H, C,sH;;CIF303, Calc’d 367.0329). 'THNMR
(DMSO-ds/400 MHz) 13.34 (brs, 1H), 7.81 (s, 1H), 7.61 (s, 1H), 7.25 - 7.29 (m, 2H), 7.17
—7.19 (m, 3H), 6.99 (s, 1H), 5.89 (q, 1H, J="7.1 Hz), 4.00 (s, 2H). [a]* sg9="- 1.4 degrees
(in MeOH).
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Example 9n

O
Cl
Qo
o) CF3
Cl
6—chloro-7-(2-chlor0benzyl)-2-(trjﬂuoromethyl)-ZH-chromene—3—carb0xylic acid

Step 1. Preparation of ethyl 7-(2-chlorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate. |

[0265] To a solution of the ester Example 9a, step 2 (2.0 g, 5 mmole) dissolved into
THF (25 mL) was added Pd(dba), (58 mg, 2 mole %), tfp (47 mg, 4 mole %) followed by
the syringe addition of 2-chlorobenzylzinc chloride. The reaction was heated to 65 °C for 6
h. The reaction workup and purification was conducted according to Example 9a, Step 1
producing the ethyl ester (1.4 g, 70%) as a yellow solid. This ester was of suitable purity to
use without further purification: ESLRMS m/z 397 (M+H).

Step 2 Preparation of ethyl 6-chloro-7-(2-chlorobenzyl)-2-( trifluoromethy)-2H-chromene-

3-carboxylate.
[0266] The ester (Step 1) was chlorinated via a method similar to that described in

Example 4b, Step 1 (78%). This ester was of suitable purity to use without further
purification: ESLRMS m/z 431 (M+H). "THNMR (DMSO-ds/400 MHz) 1.98 (brs, 1H), 7.91
(s, 1H), 7.70 (s, 1H), 7.47 (m, 1H), 7.29 (m, 2H), 7.11 (m, 1H), 6.68 (s, 'H), 5.95 (g, 1H,J =
7.1 Hz), 4.23 (m, 2H), 4.11 (d, 2H, J= 6.3 Hz), 1.24 (t, 3H, /= 7.1 Hz).

Step 3. Preparation of 6—ch]oro-7—f 2-chlorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0267] The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 400.9984 (M-H,
C;sH1¢C1,F303, Calc’d 400.9954). THNMR (DMSO-ds/400 MHz) 13.34 (brs, 1H), 7.79 (s,
1H), 7.64 (s, 1H), 7.27 (m, 2H), 7.11 (m, 1H), 6.66 (s, 1H), 5.88 (q, 1H,J="17.1 Hz), 4.1 (d,
2H, J= 6.3 Hz).
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Example 90

)
O CF;3
6-chloro-7-(4-chlorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-(4-chlorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate. ‘
[0268] This compound was prepared and purified via a method similar to that described

in Example 9n, Step 1 with the appropriate substitution of 4-chlorobenzylzinc chloride
producing the ethyl ester (1.4 g, 70%) as a yellow solid. This ester was of suitable purity to
use without further purification: ESLRMS m/z 397 (M+H).

Step 2. Preparation of ethyl 6-chloro-7-(4-chlorobenzyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylate.

[0269] The ester (Step 1) was chlorinated via a method similar to that described in
Example 4b, Step 1 (81%). This ester was of suitable purity to use without further
purification: EILRMS m/z 430 (M+).

Step 3. Preparation of 6-chloro-7-(4-chlorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxvlic acid.

[0270] The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 400.9993 (M-H,

C1sH10CLF;0s, Cale’d 400.9954). IHNMR (DMSO-dg/400 MHz) 13.21 (brs, 1H), 7.82 (s,
1H), 7.61 (s, 1H), 7.33 (d, 2H, J = 8.3 Hz), 7.20 (d, 2H, J = 8.3 Hz), 7.03 (s, 1H), 5.91 (q,
1H, J=1.1 Hz), 4.00 (s, 2H).

Example 9p
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, , o
Cl _Cl
L
O CF;3
6-chl0ro—7—(4-chloro-2-methylbenzyl)-2—(triﬂuoromethyl)-ZH—chromene-3-carboxylic

acid

Step 1. Preparation of ( 4-chloro-2-methvlphenvl)( 3-methoxyphenyl)methanone.
[0271] To a chilled stirred solution of 3-methoxybenzoyl chloride (5.0 g, 29.3 mmole)

in acetone/water (3:1) was added 4-chloro-2-methylphenylboronic acid (5.0 g, 29.3 mmole)
followed by PACl, (0.259 g, 5 mole%)and sodium carbonate (23.87 mL, 47 mmole). The
solution was allowed to stir at room temperature overnight. The reaction workup and
purification was conducted according to Example 9a, Step 1 producing the title compound
(5.8 g, 76%). This ester was of suitable purity to use without further purification: ESLRMS
m/z 261.1 (M+H).

Step 2. Preparation of 3-(4-chloro-2-m ethv]bgnzvl)nhenvl methyl ether.

[0272]  To a solution of the methyl ether, Step 1 (5.8 g, 22 mmole), in dichloromethane
(15 mL) was added triethylsilane (14.2 mL, 88.9 mmole) followed by the addition of TFA
(25.36 mL, 222 mmole). The solution was allowed to stir at room temperature overnight.
The reaction was quenched into saturated HN4Cl (q), and extracted with dichloromethane (2
X 150 mL). The combined organic phases were washed with aqueous NaHCO3 solution (2
X 50 mL), aqueous 3N HCl solution (2 X 50 mL), and brine (2 X 50 mL), dried over

'Na2SO0y, filtered, and concentrated in vacuo. The crude material was subjected to flash
chromatography (Silica, 5% Ethyl acetate/ Hexane). Desired fractions were collected and
combined, removed solvent in vacuo producing the title compound (4.5 g, 82%) as a clear
oil. This methyl ether was of suitable purity to use without further purification: ESLRMS
m/z 247.1 (M+H).

Step 3. Preparation of 3-(4-chloro-2-methylbenzyl)phenol.
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[0273]  To a chilled (-20 °C) stirred solution of the'methyl ether, step 2 (3.01 g, 12
mmole) was added BBr; 1M in CH,Cl, (121.99 mL, 121 mmole). The resulting solution
was allowed to warm to room temperature and stir overnight. The reaction is cooled (-20
°C) and methanol was added via syringe. Solvent was removed i vacuo and the crude
material was subjected to flash chromatography (Silica, 10% Ethyl acetate/ Hexane).
Desired fractions were collected and combined, removed solvent in vacuo producing the
title compound (2.18 g, 77%) as a clear oil. This methyl ether was of suitable purity to use
without further purification: EILRMS m/z 23‘2 (M-+).

Step 4. Preparation of 4-( 4-chloro-2-methylbenzyl)-2-hydroxybenzaldehyde.

[0274] The phenol (Step 3) was formylated via a method similar to that described in
Example 9f, Stepl: ESLRMS m/z 261.1 (M+H).

Step 5. Preparation of ethyl 7-( 4-chloro-2-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylate.
[0275] The aldehyde (Step 4) was condensed via a method similar to that described in

Example 4a, Step 1. This aldehyde was of suitable purity to use without further purification:
.. ESHRMS m/z 409.0862 (M-H, C19H;3CIF303, Calc’d 409.0813).

Step 6. Preparation of ethyl 6-chloro-7-(4-chloro-2-m ethylbenzyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0276] The ester (Step 5) was chlorinated via a method similar to that described in
Example 4b, Step 1 (68%). This ester was of suitable purity to use without further
purification: ESLRMS m/z 445.2 (M+H).

Step 7. Preparation of 6-chloro-7-(4-chloro-2-methylbenzyl)-2-( trifluoromethy!)-2H-

chromene-3-carboxylic acid.

[0277] The ester (Step 6) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 415.0119 (M-H,
C,oH;,C1,F;303, Calc’d 415.0110). "HNMR (DMSO0-ds/400 MHz) 13.35 (brs, 1H), 7.81 (s,
1H), 7.65 (s, 1H), 7.27 (s, 1H), 7.17 (4, 1H, J=10.4 Hz), 6.9 (d, 1H, J = 10.4 Hz), 6.65 (s,
1H), 5.88 (g, 1H, J= 7.1 Hz), 3.96 (m, 2H), 2.17 (s, 3H).
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Example 9q

0O
OoCr
4 0~ “CF4

6—chlor0-7-(4—methoxybenzyl)~2-(triﬂuoromethyl)—2H-chromene—3-carboxylic acid

Step 1. Preparation of ethyl 7-(4-methoxybenzyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0278] This compound was prepared and purified via a method similar to that described
in Example 9n, Step 1 with the appropriate substitution of 4-chloro-2-methylbenzylzinc
chloride producing the ethyl ester (2.95 g, 81%) as a yellow solid. This ester was of suitable
purity to use without further purification: ESLRMS m/z 393.2 (M+H).

Step 2. Preparation of ethyl 6-chloro-7-(4-methoxybenzyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0279] The ester (Step 1) was chlorinated via a method simﬂar to that descriBed in
Example 4b, Step 1 (62%). This ester was of suitable purity to use without further
purification: ESLRMS m/z 427 (M+H).

Step 3. Preparation of 6-chloro-7-(4-methoxybenzyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxylic acid.

[0280] The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 397.0452 (M-H,

C1sH 3CIF;0,, Cale’d 397.0449). LHNMR (DMSO-d4/400 MHz) 13.16 (brs, 1H), 7.78 (s,
1H), 7.35 (d, 1H, J= 7.6 Hz), 7.29 (s, 1H), 7.15 (d, 1H, J = 8.3 Hz), 7.03 (d, 1H, /= 8.3
Hz), 6.89 (m, 2H), 5.83 (g, 1H, J="7.1 Hz), 3.83 (s, 2H), 3.67 (s, 3H).

Example 9r
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6-chloro-7-(3-chloro-4-methoxybenzyl)-2-(trifluoromethyl)-2H-chrom ene-3-carboxylic

acid

Step 1. Preparation of ethyl 6-chloro-7-( 3-chloro-4-methoxybenzyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxylate.

[0281] The ester (Example 9q, Step 2) was chlorinated via a method similar to that
described in Example 4b, Step 1 (23%). This ester was of suitable purity to use without
further purification: ESLRMS m/z 461 (M+H).

Step 2. Preparation of 6-chloro-7-(3-chloro-4-methoxybenzyl)-2-( trifluoromethv]j—2H—

chromene-3-carboxylic acid.

[0282] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 431.0079 (M-H,
CioH13CLF;04,-Caleld:- 431.0059). "HNMR (DMSO-ds/400 MHz) 13.32 (brs, 1H), 7.81 (s, .
1H), 7.61 A(s, 1H), 7.39 (s, 1H), 7.24 (d, 1H, J= 2.0 Hz), 7.12 (d, 1H, J=2.0Hz),7.10 (d,
1H, J= 2.0 Hz), 7.04 (t, 1H, J = 8.0 Hz), 5.86 (q, 1H,J= 7.1 Hz), 3.94
(s, 2H), 3.78 (s, 3H).

Example 9s

0O
Cl
L™
' 0 CF,
6-chloro-7-(2,4-dimethylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of (2.4-dimethylpheny!)(3-methoxyphenyl)methanone.

[0283] The title compound was coupled via a similar method to that described in
Example 9p, Step 1 (89%). This ketone was of suitable purity to use without further

purification: ESLRMS m/z 241 (M+H).
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Step 2. Preparation of 3-(2.4-dimethylbenzyl)phenyl methyl ether.

[0284]  The ketone (Step 1) was reduced via a method similar to that described in
Example 9p, Step 2 (92%). This methyl ether was of suitable purity to use without further
purification: EILRMS m/z 226 (M-+).

Step 3. Preparation of 3-(2.4-dimethylbenzyl)phenol.

[0285] The methyl ether (Step1) was deprotected via a method similar to that described
in Example 9p, Step 3 (98%). This phenol was of suitable purity to use without further
purification: EILRMS m/z 212 (M+).

Step 4. Preparation of 4-(2.4-dimethylbenzyl)-2-hydroxybenzaldehyde. -

[0286] The phenol (Step 3) was formylated via a method similar to that described in
Example 9f, Step 1 (78%). This aldehyde was of suitable purity to use without further
purification: ESLRMS m/z 241 (M+H).

Step 5. Preparation of ethyl 7-(2.4-dimethylbenzyl)-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0287] The aldehyde (Step 4) was condensed via a method similar to that described in

Example 4a, Step 1. This aldehyde was of suitable purity to use without further purification:
ESLRMS m/z 391 (M+H).

Step 6. Preparation of ethyl 6-chloro-7-(2 4-dimethylbenzyl)-3.8a-dihydro-2H-chromene-3-

carboxylate.
[0288] The ester (Step 5) was chlorinated via a method similar to that described in

Example 4b, Step 1 (83%). This ester was of suitable purity to use without further
purification: ESLRMS m/z 425 (M+H).

Step 7. Preparation of 6-chloro-7-(2.4-dimethylbenzyl)-2-( trifluoromethyl)-2H-chromene-

3-carboxylic acid.

[0289] The ester (Step 6) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 395.0676 (M-H,
C20H,5CIF303, Cale’d 395.0656). '"HNMR (DMSO-ds/400 MHz) 13.25 (s, 1H), 7.81 (s,
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1H), 7.64 (s, 1H), 7.00 (s, 15), 6.92 (d, 1H, J= 8.0 Hz), 6.81 (d, 1H, J=7.7 H2), 6.53 (s,
1H), 5.86 (q, 1H, J="7.1 Hz), 3.91 (s, 2H), 2.22 (s, 3H), 2.10 (s, 3H).

Example 9t

Cl O
Cl
O™
0) CF4
6-chlor0-7-(5—chloro-2,4—dimethylbenzyl)-2-(triﬂuoromethyl)-ZH-chromene—3-

carboxylic acid

Step 1. Preparation of ethyl 6-chloro-7-( 5-chloro-2.4-dimethylbenzyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxylate.

[0290] The ester (Example 9s, Step 4) was chlorinated via a method similar to that
described in Example 4b, Step 1 (18%). This ester was of suitable purity to use without
further purification: ESLRMS m/z 459 (M-+H).

Step 2. Preparation of 6-chloro-7-( 5-chloro-2.4-dimethylbenzyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0291] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 429.0290 (M-H,
C,0H14CLF303, Cale’d 429.0267). "HNMR (DMSO0-ds/400 MHz), 13.25 (s, 1H), 7.82 (s,
1H), 7.66 (s, 1H), 7.17 (s, 1H), 6.91 (s, 1H), 6.64 (s, 1H), 5.89 (g, 1H, J=7.1Hz), 3.93 (s,
2H), 2.23 (s, 3H), 2.10 (s, 3H).

Example 9u

O
O Cl O N OH
Cl O CF3
6-chloro-7-(3-chloro-2,4-dimethylbenzyl)-2~(trifluoromethyl)-2H-chromene-3-

carboxylic acid
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Step 1. Preparation of ethyl 6-chloro-7-(3-chloro-2.4-dimethylbenzyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxylate.

[0292] The ester (Example 9s, Step 4) was chlorinated via a method similar to that
described in Example 4b, Step 1 (23%). This ester was of suitable purity to use without
further purification: ESLRMS m/z 459 (M+H).

Step 2. Preparation of 6—chloro-7-( 3-chloro-2.4-dimethylbenzyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0293]  The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Exanﬁple 4a, Step 2 (99%): ESHRMS m/z 429.0259 (M-H,
CooH14CLF;0s, Cale’d 429.0267). 'HNMR (DMSO-de/400 MHz) 13.39 (sbrs, 1H), 7.82 (s,
1H), 7.66 (s, 1H), 7.17 (s, 1H), 6.91 (s, 1H), 6.94 (s, 1H), 5.88 (g, 1H, J="7.1 Hz), 3.98 (s,
2H), 2.23 (s, 1H), 2.10 (s, 1H).

Example 9v

(2R)-7-benzy1—6—chloro—2-(triﬂu0romethyl)4H—chromene-3-carboxylic acid
compound with (1R)-1-phenylethanamine (1:1)

[0294] (2R)—7-benzyl-6-cthro-2-(triﬂuoromethyl)-2H-chromene-3-carboxylic acid
from Example 91 (50 mg, 0.135 mmole) was dissolved into 1% Ethyl Acetate/Hexane
(2 mL). (R)-(+)-o-methylbenzylamine (0.017 mL, 0.135 mmole) was added and the
solution was allowed to stand at room temperature for 1 week until crystals appeared.

Absolute configuration was determined by small molecule x-ray diffraction.
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Example 9w |

O
L™
o O" CF3
7-(3-methoxybenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-(3-methoxybenzyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0295] This compound was prepared and purified via a method similar to that described

in Example 9n, Step 1 with the appropriate substitution of 3-methoxybenzylzinc chloride
producing the ethyl ester (2.95 g, 81%) as a yellow solid. This ester was of suitable purity to
use without further purification: ESLRMS m/z 393 (M+H).

Step 2. Preparation of 7-(3-methoxybenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.
[0296] The ester (Step 2) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 363.0827 (M-H,

C1oH4F304, Cale’d 363.0839). lHNMR (DMSO-ds/400 MHz) 13.17 (brs, 1H), 7.78 (s,
1H), 7.35 (d, 1H, J=7.7 Hz), 7.17 (t, 1H, J=7.9 Hz), 6.89 (m, 2H), 6.74 (m, 3H), (q, 1H, J
=17.1 Hz), 3.86 (s, 2H), 3.68 (s, 3H).

Example 9x

@)
Cl
PO H Ny
0O CF3
6-chloro-7-(4-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-(4-methylbenzoyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
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[0297] The ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example
9a, Step 2 (3.0 g, 7.53 mmol), 4-methylphenylboronic acid (1.11g, 8.26 mmol), K,COs
(3.12 g, 22.59 mmol), and PdCl(PPhs), (159 mg, 0.225 mmol) were mixed in dioxane (30
mL) in a sterling bomb. Carbon monoxide was bubbling to 40 psi. The reaction Wés heated
to 80 °C for 5 h. After filtration, the reaction was quenched with NH4Cl and extracted with
'EtOAc. The organic layer was washed and dried over MgSO,. The filtrate was

evaporated and dried in vacuo to afford yellow solid (1.2 g, 41%): LCMS m/z 391.10

1
(M+H). H NMR (CDCly/ 400 MHz) 7.75 (s, 1H), 7.69 (d, 2H, J=8.0 Hz), 7.39(d, 1H, J
=8.0 Hz), 7.36 (s, 1H), 7.31 (d, 1H, J=8.0 Hz), 7.28 (d, 2H, J=8.0Hz), 7.25(s, 1H), 5.78 (q,
1H, J=6 Hz), 4.33 (m, 2H), 2.43(s, 3H), 1.35 (t, 3H, J=7.2 Hz).

Step 2. Preparation of ethyl 7-(4-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0298] The ester from Step 1 was dissolved in TFA (18 mL). Et;SiH was added

dropwise at room temperature. The reaction was stirred at room temperature overnight.
The reaction was quenched with NaHCO; and extracted with ether. The organic layer was
dried over MgSO,. The filtrate was concentracted to give yellow oil, which was purified by
Biotage with 3-5% EtOAc in hexane to give clear oil quantity: LCMS m/z 377.15 (M+H).

1

HNMR (CDC13/ 400 MHz) 7.68 (s, 1H), 7.08 (m, 4H), 6.79 (d, 1H, J=6.4 Hz), 5.68 (q,

1H, J= 7.2 Hz), 4.29 (m, 2H), 3.89 (s, 2H), 2.31(s, 3H), 1.35 (t, 3H, J=7.2 Hz).

Step 3. Preparation of ethyl 6-chloro-7-(4-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylate .
[0299] Sodium acetate (1.03 g, 12.6 mmol) was added to a solution of the ester from

Step 2 (0.95 g, 2.53 mmole) in acetic acid (30 mL). Cl, (gas) was bubbling to the above
solution until see the precipitate. The mixture was stirred for 2 hour. After Cl (gas) was
blowed away, Zn (5 eq) was added to the mixture and stirred for 30 min. Zn salt was
removed and the filtrate was evaporated to give yellow oil (1.0 g, 97%): LCMS for mono-
Cl1 Cy;H;305F5Cl, 409.10 (M+H) and for di-Cl Cy2;H;703F3Cl,, (M+H) 443.05. This ester

was of suitable purity to use without further purification.
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Step 4. Preparation of 6-chloro-7-( 4-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0300] The ester from Step 3 (1.0 g, 2.44 mmole) was dissolved in 4.0 mL methanol
and 4.0 mL THF. Sodium hydroxide (2.5 N) (2.4 mL, 6.1 mmole) was added to above
solution and stirréd at 50 °C for 6 h. The crude was purified by RPHPLC with 60% ACN
in water to afford a offwhite solid (0.324 g, 35 %): ESHRMS m/z391.0474 (M-H,

1

C1oH305F35Cl, Calc’d 381.0500). H NMR (acetone-dy/ 400 MHz) 7.87 (s, 1H), 7.56 (s,
1H), 7.13 (m 4H), 6.91 (s, 1H), 5.80 (q, 1H, J=7.0 Hz), 4.07 (d, 1H, J=14.7 Hz), 4.01 (d,
1H, J=14.7 Hz), 2.27 (s, 3H).

Example 9y

O
Cl
QL
Cl ') CF3
6-chloro-7-(3-chloro-4-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

[0301] The 6-chloro-7-(3-chloro-4-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid as prepared by same procedure as Example 9p, Step 4: ESHRMS m/z

1

415.0087 (M-H, C19H1,03F;Cl,, Calc’d 415.0110). HNMR (acetone-ds/ 400 MHz) 7.87
(s, 1H), 7.57 (s, 1H), 7.28 (m 2H), 7.13 (m, 1H), 6.99 (s, 1H), 5.83 (g, 1H, J=7.0 Hz), 4.08
(m, 2H), 2.30 (s, 3H).

Example 9z

6-chloro-7-(3,4-difluorobenzyl)-2-(triftuoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of ethyl 7-(3.4-difluorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate. |

[0302] A solution of Pd(dba), (57.5 mg, 0.100 mmole) and tfp (46.7 mg, 0.201 mmole)
in anhydrous THF (10.0 mL) was stirred at room temperature for 20 minutes and thén ‘
cooled to 0 °C. Ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate prepared as in
Example 9a, Step 2 (2.00 g, 5.02 mmole) was added as a solid, followed by a so]ution of
3,4-difluorobenzyl zinq bromide in anhydrous THF (20.0 mL — 0.5 M, 0.100 mmole) added
dropwise over 5 minutes. The mixture was stirred at 0 °C for 0.5 h, then at room
temperature for 24 h and was then poured into sat. NH4Cl (100 mL) and extracted with
EtOAc (2 X 200 mL). The combined extracts were washed with brine (50 mL), dried over
MgSOy, filtered and concentrated in vacuo to give 3.45 g of an orange oii. The crude
prbduct was purified by silica chromatography (92.5:7.5 hexanes:EtOAc) to give 1.81 g (91
% yield) of the product as a yellow oil: ETHRMS m/z 398.0955 (M+, C,0H,5F503, Calc’d
398.0941).

Step 2. Preparation of ethyl 6-chloro-7-(3.4-difluorobenzyl)-2-( trifluoromethy])-2H-

chromene-3-carboxylate.

[0303] To a solution of the ester prepared as in Step 1 (0.920 g, 2.31 mmole) in glacial
acetic acid (50 mL) was added Cl, gas for 1 minute. After standing for 25 minutes at room
temperature, the solvent was removed iz vacuo and the residue was redissolved in glacial
acetic acid (50 mL). Powdered zinc (0.250 g, 3.82 mmole) was added and the mixture was
stirred for 20 minutes. The solid was removed by filtration and the filtrate was concentrated
in vacuo to give a crystalline solid. The crude product was purified by recrystallization
from EtOAc-hexanes to give 0.95 g (95% yield) of the product as colorless needles:
EIHRMS m/z 432.0573 (M+, CooH;4C1F503, Calc’d 432.0552).

Step 3. Preparation of 6-chloro-7-( 3.4-difluorobenzyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0304] To a solution of the ester prepared as in Step 2 (0.84 g, 1.94 mmole) in a7:2:1
THF:EtOH:H,0 mixture (10 mL) was added LiOH-H,0 (0.122 g, 2.91 mmole). The
mixture was stirred at 50 °C for 75 minutes and the solvent was removed in vacuo. The

residue was redissolved in H,0, filtered and acidified with 1 N HC1. The resulting solid
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was filtered, washed with H,O and dried in vacuo to give 763 mg (97%yield) of the product
as an off-white solid: "H NMR (dmso-ds/300 MHz) 13.40 (brs, 1H), 7.80 (s, 1H), 7.62 (s,
1H), 7.24 - 7.39 (m, 2H), 7.00 — 7.05 (m, 2H), 5.92 (q, 1H, J = 7.3 Hz), 4.01 (s, 2H);
ESHRMS m/z 403.0140 (M-H, CisHoCIF503, Calc’d 403.0155).

Example 9aa

F 0~ CF,

7-(3,4-difluorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
[0305] The 7-(3 ,A-difluorobenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the method similar to that described in Example 9z, Step 3 to
A give the product as a yellow solid using the ester from Example 9z, Step 1 as a starting
material: '"H NMR (dmso-ds/300 MHz) 13.18 (brs, 1H), 7.28 — 7.80 (m, 3H), 7.06 —
7.10 (m, 1H), 6.91 — 6.93 (m, 2H), 5.85 (q, 1H, J = 7.3 Hz), 3.91 (s, 1H); ESHRMS m/z
369.0545 (M-H, Cy5H;oF503, Calc’d 369.0516).

Example 9bb

F H
O O - C02
Q" CFj3
7-(4-ﬂuorobenzyl)-2-(trifluoromethyl)-2H—chr0mene-3-carboxylic acid

Step 1. Preparation of ethyl 7-(4-difluorobenzyl)-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0306] A solution of Pd(dba), (53.7 mg, 0.0934 mmole) and tfp (43.3 mg, 0.187

mmole) in anhydrous THF (8.0 mL) was stirred at room temperature for 5 minutes and then

cooled to 0 °C. EBthyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate prepared as in
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Example 9a, Step 2 (1.86 g, 4.67 mmole) was added as a solution in anhydrous THF (7.0
mL), followed by a solution of 4-difluorobenzyl zinc chloride in anhydrous THF (14.0 mL —
0.5 M, 0.700 mmole). The mixture allowed to warm room temperature. After stirring for
17.5 h, additional 4-difluorobenzyl zinc chloride (10.0 mL — 0.5 M/THF, 0.500 mﬁole) was
added at room temperature and stirring was continued for 45 minutes. Additional 4-
difluorobenzyl zinc chloride (5.0 mL — 0.5 M/THF, 0.250 mmole) was added at room
temperature and stirring was continued until disappearance of starting material. The
mixture was then poured into sat. NH4Cl (100 mL) and extracted with EtOAc (2 X 200

mL). The combined extracts were washed with brine (50 mL), dried over MgSO,, filtered
and concentrated in vacuo to give 2.41 g of a red-brown oil. The crude product was purified
by silica chromatography (9:1 hexanes:EtOAc) to give 1.58 g (89 % yield) of the product as
a yellow oil: EIHRMS m/z 380.0999 (M+, C5oHj6F403, Calc’d 380.1036).

Step 2. Preparation of 7-(4-difluorobenzyl)-2-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0307] The ester prepared in Step 1 was hydrolyzed via a method similar to that
described in Example 9%, Step 3 to give the product as a white crystalline solid: 'HNMR
(dmso-dg/300 MHz) 13.18 (brs, 1H), 7.80 (s; 1H), 7.37 (d, 1H, J=7.7 Hz), 7.24 - 7.29 (m,
2H), 7.07 — 7.14 (m, 2H), 6.88 — 6.91 (m, 2H), 5.85 (g, 1H,J=7.3 Hz), 3.91 (s, 1H);
ESHRMS m/z 351.0623 (M-H, C;sH;,F403, Calc’d 351.0639).

Example 10

O
Cl
O L™
O CF,
‘ O
7-benzoyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of 7-benzovyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.
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[0308] The acid (100 mg, 0.271 mmole) Example 9K, Step 3 was dissolved into Acetic
Acid (glacial) (10 mL). Chromic Anhydride () (5 eq) was added . The reaction was heated
to 90 °C for 1h. the reaction was cooled to 0 °C and diluted with water (100 mL), extracted
with Ethyl Acetate (2 x 50 mL), combined and washed the organic layer with brine (2 x 25
mL) followed by NaHCOs (2 x 50 mL). The organic was dried over Na;SOs, filtered and
concentrated in vacuo. The solid was subjected to reverse phase chromatography eluting
with ACN/water (gradient 5 to 95 ACN). Collected and combined desired fractions,
concentrated in vacuo producing the benzyl ketone (22 mg, 21%): ESHRMS m/z 381.0138
(M-H, C1sHoCIF;04, Calc’d 381.0136).

Example 11
O
= | ~N OH
Nx o~ ~CFs
O

7-(pyridin—3-yléarb0nyl)-2—(trifluoromethyl)—ZH-chromene-3-carb0xylic acid

Step 1. Preparation of ethyl 7-(pyridin-3-ylcarbonyl)-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0309] The ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example

9a, Step 2 (1.0 g, 2.51 mmol), pyridin-3-ylboronic acid ( 0.34g, 2.76 mmol), KoCO; (1.04 g,
7.53 mmol), and PdCl,(PPhs); (53 mg, 0.075 mmol) were mixed in dioxane (10 mL) in a
sterling bomb. The reactor was charged withcarbon monoxide (40 psi). The reaction was
heated to 80 °C for 6 h then room temperature overnight. After filtration, the reaction was
quenched with NH,Cl and extracted with EtOAc. The organic layer was washed and dried
over MgSOs. The ﬁlfrate was evaporated and dried in vacuo to afford crude which was

purified by RPHPLC with 50 to 95% ACN in water to give yellow solid (39 mg, 4%):

1
LCMS m/z 378.10 (M+H). HNMR (CDCly/ 400 MHz) 9.08 (s, 1H), 8.97 (d, 1H, /=52
Hz), 8.48 (d, 1H, J= 8.0 Hz), 7.81 (dd, 1H, J=17.6, 5.2 Hz), 7.75 (s, 1H), 7.40 (m, 3H),

5.76 (g, 1H, J =6 Hz), 4.34 (m, 2H), 1.36 (t, 3H, J =7.2 Hz).
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Step 2. Preparation of 7—(Dvridin—3-Vicarbonv])—fﬂtriﬂuorometth)—2H-chromene-3-

carboxylic acid.

[0310] The ester from Step 1 (38 mg, 0.08 mmole) was dissolved in 0.5 mL methanol
and 0.5 mL THF. Sodium hydroxide (2.5 N) (0.2 mL, 0.5 mmole) was added to above
solution and stirred at 50 °C for 4 h. The crude was purified by RPHPLC with 45% ACN in

water to afford a white solid (15 mg, 41%): LCMS m/z 350.05 (M+H). 1H NMR (DMSO-
dg/ 400 MHz) 8.87 (s, 1H), 8.83 (d, 1H, J=6.8 Hz), 8.11 (d, 1H, J=10.4 Hz), 7.94 (s, 1H),
7.69 (4, 1H, J=14 Hz), 7.60 (m, 1H), 7.42 (d, 1H, J=10.4 Hz), 7.34 (s, 1H), 6.03 (g, 1H, J
=9.6 Hz).

Example 12

7-(2-furyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-( 2-furyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0311] The ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example
9a, Step 2 (2.0 g, 5.02 mmol), 2-furylboronic acid ( 0.62g, 5.52 mmol), K,CO; (2.08 g,
15.06 mmol), and PdCl,(PPhs), (106 mg, 0.15 mmol) were mixed in dioxane (20 mL)ina
sterling bomb. Carbon monoxide was bubbling to 40 psi. The reaction was heated to 80 °C
for 12 h. After filtration, the reaction was quenched with NH,Cl and extracted with EtOAc.
The organic layer was washed and dried over MgSO,. The filtrate was evaporated ahd

dried in vacuo to afford crude which was purified Biotage Chromatography with 10 to 20%

ethyl acetate in hexane to give yeilow solid (350mg, 21 %): LCMS m/z 339.05 (M+H). lH
NMR (CDCls/ 300 MHz) 7.74 (s, 1H), 7.51 (s, 1H), 8.97 (m, 3H), 6.76 (d, 1H, J= 3.3 Hz),
6.51 (m, 1H), 5.73 (q, 1H, J=6.9 Hz), 4.34 (m, 2H), 1.36 (t, 3H, /=7.2 Hz).
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Step 2. Preparation of 7-(pyridin-3-ylcarbonyl)-2-( trifluoromethyl)-2H-chromene-3-

carboxylic acid .

[0312] The ester from Stepll (340 mg, 1.0 mmole) was dissolved in 2.5 mL methanol

| and 2.5 mL THF. Sodium hydroxide (2.5 N) (1.0 mL, 2.5 mmole) was added to above
solution and stirred at 50 °C for 4 h. The crude was purified by RPHPLC with 45% ACN in
water to afford a white solid (293 mg, 95%): ESHRMS m/z309.0320 (M-H, C;sHgO4F3N,

1
Calc’d 309.0369). H NMR (DMSO-ds/ 400 MHz) 7.88 (s, 1H), 7.69 (d, 1H, J=1.6 Hz),
7.50 (d, 1H, J=8.0 Hz), 7.44 (dd, 1H,J=8.0, 1.3 Hz), 7.34 (s, 1H), 7.05 (d, 1H, J=2.4 Hz),
6.59 (m, 1H), 7.34 (s, 1H), 5.82(q, 1H, J=7.2 Hz).
Example 13
Cl o
Cl
L™
o) CF,
7—benzyl-S,6—dich10ro—2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid

Step 1. Preparation olf ethyl 7-benzyl-5.6-dichloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0313] The ester (Example 9k, Step 2) was chlorinated via a method similar to that

described in Example 4b, Step 1 (18%). This ester was of suitable purity to use without
further purification. ESLRMS m/z 431 (M+H).

Step 2. Preparation of 7-benzyl-5.6-dichloro-2-( trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0314] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 400.9947 (M-H,
C5H1¢Cl1,F303, Calc’d 400.9954). "THNMR (DMSO-dg/400 MHz) 13.12 (brs, 1H), 7.67 (s,
1H), 7.25 (m, 2H), 7.18 (m, 3H), 7.09 (s, 1H), 6.14 (g, 1H, J= 7.1 Hz), 4.04 (s, 2H).
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Example 14a
! Cl< ‘ XN CO-H
O CF4
7-benzyl—6—chl0ro—8—methyl-2-(triﬂuoromethyl)-2H-chromene-3—carb0xylic acid
Step 1. Preparation of 3-benzoyl-2-methylphenyl acetate.

[0315] A mixture of 3-(chlorocarbonyl)-2-methylphenyl acetate (10.0 g, 47.0 mmole),
PdCl, (83.4 mg, 0.470 mmole), Na;COs (8.13 g, 76.7 mmole) and phenyl boronic acid (6.02

g, 49.4 mmole) in a 3:1 acetone:H,O mixture (300 mL) was stirred at room temperature for
5 days. The acetone was removed in vacuo and the aqueous mixture was extracted with
EtOAc (2 X 200 mL). The combined extracts were washed with brine (100 mL), dried over
MgSOy, filtered and concentrated in vacuo to give 7.68 g (64% yield) of the product as a
white crystalline solid: EIHRMS m/z 254.0939 (M+, C16H1403, Cale’d 254.0943).

Step 2. Preparation of (3-hydroxy-2- rnethvlphenvl)(Dhenvl)methanone

[0316] A mixture of 3-benzoyl- 2—methylphenyl acetate prepared as in Step 1(6.85g,
26.9 mmole) and KOH (15.0 g, 267 mmole) in H,O (100 mL) was stirred at room
temperature for 18h. The aqueous mixture was then washed with ethyl ether (3 X 200 mL),
cooled to 0 °C and acidified with con. HCL. The resulting solid was filtered, washed with
H,0 and dried in vacuo to give 0.99 g (17% yield) of the product as an off-white crystalline
solid: ETHRMS m/z 212.0829 (M+, C14H;,0,, Calc’d 212.0837). '

Step 3. Preparation of 3-benzyl- 2-methv1phenol

[0317] A solution of (3-hydroxy-2-methylphenyl)(phenyl)methanone prepared as in
Step 2 (1.60 g, 7.54 mmole) in anhydrous CH>Cl, (70 mL) was cooled to 0 °C.
Triethylsilane (32.5 mL, 203 mmole) and TFA (52.3 mL, 679 mmole) were added in
portions at 0 °C over a period of 3 days with the mixture brought back to reflux after each
addition. After 3 days, the mixture was cooled, poured into sat. NH4Cl (200 mL) and
extracted with CH,Cl, (3 X 200 mL). The combined extracts were washed with H,O (200

mL), brine (100 mL), dried over MgSOy, filtered and concentrated in vacuo to give a yellow
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oil. The crude product was purified by silica chromatégraphy (95:5 hexanes:EtOAc) to give
1.19 g (80% yield) of the product as a pale yellow oil: ETHRMS m/z 198.1072 (M+,
Cy4H140, Calc’d 198.1045).

Step 4. Preparation of 4-benzyl-2-hydroxy-3-methylbenzaldehyde.

[0318] To a solution of 3-benzyl-2-methylphenol prepared as in Step 3 (1.06 g, 5.36
mmole) in anhydrous acetonitrile (25 mL) were added MgCl, (0.776 g, 8.04 mmole), TEA
(2.80 mL, 20.1 mmole) and paraformaldehyde (1.09 g, 36.2 mmole), and the resulting
mixture was refluxed under a dry N atmosphere for 3 h. The mixture was then cooled,
acidified with 1 N HCI and extracted with EtOAc (2 X 100 ml). The combined extracts
were washed with brine (100 ml), dried over MgSOs, filtered and concentrated in vacuo to
give 1.10 g (91% yield) of the product as a pale yellow oil: ETHRMS m/z 226.1008 (M+,
C15H140,, Calc’d 226.0994).

Step 5. Preparation of ethyl 7-benzyl-8-methyl-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0319] A mixture of 4-benzyl-2-hydroxy-3-methylbenzaldehyde prepared as in Step 4

(1.07 g, 4.73 mmole), K»COs (0.654 g, 4.73 mmole) and ethyl 444-trifluocrotonate (484 ul,
5.67 mmole) in anhydrous DMF (5.0 mL) was heated to 85 °C under a dry N» atmosphere
for 2.75 h. The mixture was then cooled, poured into 1N HCI (100 ml) and extracted with
EtOAc (2 X 100 mL). The combined extracts were washed with brine (100 mL), dried over
MgS0y, filtered and concentrated in vacuo to give 1.86 g of a yellow oil. The crude product
was purified by silica chromatography (95:5 hexanes:EtOAC) to give 1.04 g (59% yield) of
the product as a light yellow oil: EIHRMS m/z 376.1310 (M+, Cy1H;9F303, Cale’d
376.1286).

Step 6. Preparation of ethyl 7-benzyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0320] The ester prepared in Step 5 was chlorinated via a method similar to that

described in Example 9z, Step 2 to give the product as a pale yellow crystalline solid:
EIHRMS m/z 410.0928 (M+, C;5H;40,, Calc’d 410.0897).
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Step 7. Preparation of 7-benzyl-6-chloro-8-methyl-2-( trifluoromethyl)-2H-chromene-

3-carboxylic acid.

[0321]  The ester prepared in Step 6 was hydrolyzed via a method similar to that
described in Example 9z, Step 3 to give the crude product a white solid. Purification by
recrystallization from IPA-EtOH-CH,Cly-hexanes gave the product as a pale yellow solid:
ESHRMS m/z 381.0545 (M-H, C;9H;3C1F303, Calc’d 381.0500). "H NMR (dmso-ds/300
MHz) 13.35 (brs, 1H), 7.84 (s, 1H), 7.57 (s, 1H), 7.14 - 7.28 (m, 3H), 7.02 — 7.04 (m, 2 H),
5.96 (q, 1H,J =7.3 Hz), 4.17 (m, 2H), 2.10 (s, 3H).

Example 14b

O_Crc”
0~ "CF,

7-benzyl-8—methyl-2—(triﬂu0romethyl)—2H-chr0mene—3-carb0xylic acid

[0322] Ethyl 7-benzy1—8-methyl-2-(triﬂuoromethyl)-2H—chromene-3-carboxylate
prepared as in Example 14a, Step 5 was hydrolyzed via a method similar to that
described in Example 18a, Step 2 to give the product as an off-white solid: ESHRMS
m/z 347.0879 (M-H, C;9H;4F303, Calc’d 347.0890). "H NMR (dmso-ds/300 MHz)
13.15 (brs, 1H), 7.80 (s, 1H), 7.10 — 7.29 (m, 6H), 6.85 (d, 1H, J=7.7 Hz), 5.89 (q,
1H, J = 7.3 Hz), 3.97 (s, 2H), 2.07 (s, 3H).

Example 16

Cl

CF..
o) O 8

o
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7-[(butyrylamino)methyl]—6-chlor0-2-(triﬂuorometl'lyl)-ZH-chromene—3—carb0xylic

acid

Step 1. Preparation of ethyl 7-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate.
[0323] A mix“cure of 2-hydroxy 4-methyl benzaldehyde (50.0 g, 0.367 mole) and ethyl
4,4 A-trifluorocrotonate (308.8 g, 1.84 mole) was dissolved in anhydrous DMF (10 mL) and
Et;N (20 mL) warmed to 60 °C and treated with anhydrous K,COs (81 g, 0.58 mole). The

solution was maintained at 90 °C for 2 hours, LCMS indicated 60% converting. Additional
Et;N (10 mL) was added to the mixture and the reaction was heated for another 2 hr. The
reaction was cooled to room temperature, and diluted with water. The solution was
extracted with ethyl acetate. The combined extracts were washed with brine, dried over
anhydrous MgSOs, filtered and concentrated in vacuo to afford a brown oil, solidify upon
standing. The crystalline solid was collected and washed With hexane and dried to give 40.2
g off white crystalline solid. The mother liquor was concentrated to give crude, which was

recrystalized from EtOH and water to give 48.5 g offwhite solid (totally yield 84%): LCMS
1

m/z287.15 M+H). HNMR (CDC13/ 300 MHz) 7.70 (s, 1H), 7.11 (d, 1H, J= 8.1 Hz), 6.80

(m, 2H), 5.67 (¢, 1H, J=6 Hz), 4.29 (m, 2H), 1.33 (t, 3H, J=7.2 Hz).

Step 2. Preparation of ethyl 6-chloro-7-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0324] The ethyl 6-chloro-7—methy1—2-(triﬂuoromethyl)—ZH-chromene—3—carboxylate

was prepared by the procedure similar to that described in Example 1a, Step 2. After
recrystalization in EtOH to give white crystalline compound (3.6 g, 80%): LCMS m/z

1
32125 (M+H). H NMR (CDC1,/ 400 MHz) 7.62 (s, 1H), 7.18 (s, 1H), 6.85 (s, 1H), 5.67
(q, 1H, J=6.8 Hz), 4.30 (g, 2H, J= 7.2 Hz), 1.33 (t, 3H, J =7.2 Hz).

Step 3. Preparation of ethyl 7-(bromomethyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0325] The ester from Step 2 (2.0 g, 6.24 mmole) was dissolved in CCls (10 mL) and

the solution was heated. NBS and (BzO), were added to the above warm solution and the

reaction was heated to reflux overnight. The reaction was cooled down and solid was

159



WO 2004/087686 PCT/IB2004/001113

filtered off. The filtrate was washed with NaHCOj; and brine. The organic layer was dried
over anhydrous MgSO, and evaporated to dry. The crude compound was purified by flash
chromatography with 10% EtOAc in hexane to give white solid (2.11 g, 85%): LCMS m/z

397.05 (M+H). 'HNMR (acetone-d/ 400 MHz2) 7.62 (s, 1H), 7.25 (s, 1H), 7.06 (s, 1H),
5.66 (q, 1H, J=7.0 Hz), 447 (m, 2H), 4.31 (m, 2H), 1.34 (m, 3H).

Step 4. Preparation of ethyl 7-(azidomethyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-
carboxylate. |

[0326] The ester from step 3 (2.2 g, 5.5 mmole) and sodium azide (1.79 g, 27.5 mmole)
were dissolved in DMF (15 mL). The mixture was heated at 50 °C under nitrogen for
overnight. The solid was ﬁltered off and washed with EtOAc. The organic layer was
washed with water and dried over MgSO,. After concentrated the ester was of suitable

purity to use without further purification.

Step 5. Preparation of ethyl 7-( aminomethy!)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0327] The ester from Step 4 (0.93 g, 2.57 mmole) was dissolved in EtOH (30 mL).

10% Pd-C (0.11 g, 11% weight) was added to the solution after flushing nitfogen. The
mixture was stirred at hydrogen sphere for overnight. Pd was filtered off the filtrate was
concentrated to give yellow oil (0.9 g, 100%): LCMS m/z336.05 (M+H). This ester was of

suitable purity to use without further purification.

Step 6. Preparation of ethyl 7-[(butyrylamino)methyl]-6-chloro-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.
[0328] The amine from step 4 (0.9 g, 2.68 mmole) was dissolved in DMF (10 mL) at
r.t., the butyryl chloride (0.39 mL, 3.76 mmole) was added to above solution. After EtsN

(0.52 mL, 7.08 mmol) was added to the solution, it was stirred at 1.t. overnight. The
" reaction was quenched with NH4Cl and the compound was extracted with EtOAc. The
organic layer was washed with brine and dried over MgSO4. The crude compound was

purified by Biotage silica flash chromatography using 20 to 30% EtOAc in hexane to give
L
yellow solid (0.70 g, 64.5%): LCMS m/z 406.10(M+H). H NMR (acetone-dg/ 300 MHz)
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7.62 (s, 1H), 7.25 (s, 1H), 6.98 (s, 1H), 5.83 (bs, 1H), 5.68 (q, 1H, J =6.6 Hz), 4.47 (m, 2H),
431 (m, 2H), 2.20 (m, 2H), 1.68 (m, 2H), 1.32 (m, 3H), 0.97 (m, 3H).

Step 7. Preparation of 7-[(butyrylamino)methyl]-6-chloro-2-( trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0329] The 7-[(butyrylamino)methyl]-6-chloro-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example
1a, Step 3: ESHRMS m/z 376.0598 (M-H, C1Hi14F304CIN, Calc’d 376.0558). 'HNMR
(acetone-dg/ 300 MHz) 7.85 (s, 1H), 7.66 (bs, 1H), 7.53 (s, 1H), 7.04 (s, 1H), 5.84 (q, 1H,J
=7.0 Hz), 4.45 (m, 2H), 2.28 (t, 2H, J=7.3 Hz) 1.67 (m, 2H), 0.931(t, 3H, J=7.3 Hz).

Example 17a

0~ “CF,
Cl

8-chloro-6-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of 3-chloro-2-hydroxy-5-methoxybenzaldehyde

[0330] To a solution of 2-chloro-4-methoxyphenol (25.0 g, 158 mmole) in anhydrous
acetonitrile (625 mL) under a dry Ny atmosphere was added MgCl, (22.5 g, 236 mmole) and
TEA (82.3 mL, 591 mmole). The mixture warmed slightly as the MgCl, was added.
Paraformaldehyde (32.0 g, 1.06 mole) was then added, the mixture was refluxed for 4.5 h
and allowed to stand at room temperature overnight. Additional paraformaldehyde (14.2 g,
474 mmole) was added and reflux was resumed. After 4 h, the mixture was cooled,
additional paraformaldehyde (32.0 g, 1.06 mmole) was added and reflux was resumed for
another 2.25 h. The mixture was then cooled to room temperature, acidified with 1 N HCI
and extracted with ethyl ether (4 X 500 mL). The combined extracts were washed with
brine (250 mL), dried over MgSOy, filtered and concentrated in vacuo to give30.3 gofa
yellow crystalline solid. Recrystallization from isopropanol-H,O gave 11.9 g (41% yield)
of the product as a yellow crystalline solid: "H NMR (dmso-ds/300MHz) 10.47 (brs, 1H,

10.11 (s, 1H), 7.36 (d, 1H, J=3.0 Hz), 7.19 (d, 1H, J = 3.0 Hz), 3.73 (s, 3H).
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Step 2. Preparation of ethvi 8-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0331] A mixture of 3-chloro-2-hydroxy-5-methoxybenzaldehyde prepared as ih Step 1
(9.00 g, 48.2 mmole), K,CO; (6.67 g, 48.2 mmole) and ethyl 4,4,4-trifluorocrotonate (8.65
mL, 57.9 mmole) in anhydrous DMF (20 mL) under a dry N, atmosphere was stirred at
room temperature for 30 minutes and was then heated to 85 °C for 3 h. Additional ethyl
444-trifluorocrotonate (3.00 mL, 20.1 mmole) was then added and the mixture was stirred at
85 °C overnight. The mixture was then cooled and poured into 1 N HCI (200 mL).
Following extraction with EtOAc (3 X 200 mL), the combined extracts were washed with
0.25 N NaOH until the washes were basic, brine, dried over MgSOy, filtered and
concentrated in vacuo. The crude product was purified by crystallization from ethanol to
give 11.0 g (68% yield) of the product as a yellow crystalline solid: "H NMR (dmso-
ds/300MHz) 7.92 (s, 1H), 7.18 (d, 1H,J=2.8 Hz), 7.13 (d, 1H, J=2.8 Hz), 6.05 (q, 1H, J=
7.3 Hz), 4.21 — 4.29 (m, 2H), 3.73 (s, 3H), 1.26 (t, 3H, /= 7.1 Hz).

Step 3. Preparation of ethyl 8-chloro-6-hydroxy-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0332] A solution of ethyl 8-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate prepared as in Step 2 (1.41 g, 4.19 mmole) in anhydrous CH,Cl, (80 mL) was
cooled to —78 °C and a solution of BBr3 in CH,C; (42 mL — 1.0 M, 42.0 mmqle) was added
dropwise under a dry N, atmosphere. The dry ice bath was removed and the mixture was
allowed to warm to room temperature. After 3 h, the mixture was cooled to —~78 °C and
quenched by the addition of anhydrous MeOH (20 mL). The solvent was removed in vacuo
and the residue extracted with EtOAc (200 mL). The extract was washed with brine, dried
over MgSO,, filtered and concentrated in vacuo to give a light brown solid. Purification by
silica chromatography (98:2 CH2C12-MeOH gave 1.10 g (82% yield) of the product a as
dark yellow solid: ETHRMS m/z 322.0215 (M+, C13H;oCIF304, Calc’d 322.0220). 'H NMR
(dmso-ds/300 MHZ) 9.79 (s, 1H), 7.89 (s, 1H), 6.78 — 6.91 (m, 2H), 5.99 (q, 1H,J=17.3
Hz), 4.17 — 4.32 (m, 2H), 1.26 (¢, 3H, J = 7.05 Hz);
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Step 4. Preparation of ethyl 8-chloro-6-ethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0333] To a solution of ethyl 8-chloro-6-hydroxy-2-(trifluoromethy1)-2H-chromene-3-

carboxylate prepared as in Step 3 (0.500 g, 1.55 mmole) in anhydrous DMF (5.0 mL) under
a dry N, atmosphere was added KI (26 mg, 0.155 mmole), K,CO3 (0.643 g, 4.65 mmole)
and ethyl iodide (272 uL, 4.65 mmole). After stirring overnight at room temperature, the
mixture was poured into H,0 (150 mL), saturated with solid NaCl and extracted with
EtOAc (200 mL). The extract was then washed with brine (2 X 200 mL), dried over
MgSOs,, filtered and concentrated in vacuo to give a quantitative yield of the product as a
tan solid: EIHRMS m/z 350.0564 (M+, C;sH;4CIF304, Calc’d 350.0533). "H NMR (dmso-
ds/300 MHz) 7.93 (s, 1H), 7.18 (d, 1H, J= 3.0 Hz), 7.13 (d, 1H, J = 2.8 Hz), 6.06 (q, 1H, J
=17.3 Hz), 4.23 — 4.31 (m, 2H), 4.01 (q, 2H, 7.0 Hz), 1.29 (q, 6H, J=7.0 Hz). 4

Step 5. Preparation of 8-chloro-6-ethoxy-2-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0334] To a solution of the ester from Step 4 (250 mg, 0.713 mmole) in a 7:2:1
THF:EtOH:H,0 mixture (10 mL) was added LiOH-H,0 (44.9 mg, 1.07 mmole). The
mixture was stirred room temperature for 15 minutes and then at 50 °C for 75 minutes.
After standing at room temperature for 2.75 days, the solvent was removed in vacuo. The
residue was redissolved in H,O (20 mL) and washed with ethyl ether (20 mL). The aqueous
layer was concentrated to a volume of 5 mL and acidified with 1 N HCL The resulting solid
was filtered, washed with H,O and dried in vacuo to give 216 mg (94% yield) of the
product as a yellow crystalline solid: ESHRMS m/z 321.0135 (M-H, Cy3HyCIF304, Calc’d
321.0136). 'H NMR (dmso-ds/300 MHz) 13.45 (brs, 1H), 7.88 (s, 1H), 7.13 - 7.16 (m,
2H), 6.02 (q, 1H, J = 7.3 Hz), 4.03 (q, 2H, J= 6.9 Hz), 1.32 (t, 3H, /= 6.9 Hz).

Example 17b
HO N COz,H
O CF3
Cl

~ 8-chloro-6-hydroxy-2-(triflucromethyl)-2H-chromene-3-carboxylic acid
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[0335]  The ester from Example 17a, Step 3 was hydrolyzed via a method similar to that
described in Example 17a, Step 5 to give the product as a yellow crystalline solid:
ESHRMS m/z 292.9848 (M-H, C11HsCIF304, Calc’d 292.9823). 'H NMR (dmso-ds/300
MHz) 13.40 (brs, 1H), 9.80 (s, 1H), 7.86 (s, 1H), 6.90 - 6.92 (m, 2H), 5.97 (q, 1H, J= 7.2
Hz).

Example 17¢
0) CF3
Cl

8-chloro-6-(2,2,2-triﬂuoroeth0xy)-2—(triﬂuoromethyl)-ZH-chromene—3-carb0xylic acid

Step 1. Preparation of ethyl 8-chloro-6-(2.2.2-trifluoroethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0336] To a solution of ethyl 8-chloro-6-hydroxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate prepared as in Example 17a, Step 3 (0.500 g, 1.55 mmole) in anhydrous DMF
(5.0 mL) under a dry N; atmosphere was added KI (26 mg, 0.155 mmole), K,CO3 (0.321 g,
2.33 mmole) and 2,2,2-trifluoroethyl jodide (0.458 mL, 4.65 mmole) and the mixture was
stirred at room temperature for 1 h, and then at 40 °C for 1h. Additional K,CO3(0.647 g,
4.65 mmole) and 2,2,2-trifluoroethyl jodide (0.458 mL, 4.65 mmole) were added to the
mixture and the temperature was raised to 50 °C overnight. Additional 2,2,2-trifluoroethyl
iodide (0.458 mL (4.65 mmole) was added and the temperature was raised to 85 °C for 18.5
h. The mixture was then poured into sat. NaHCOj3 (100 mL) and extracted with EtOAc 2X
200 mL). The combined extracts were then washed with brine (2 X 200 mL), dried over
MgSOs, filtered and concentrated in vacuo to give a brown oil. Purification of the crude
product by silica chromatography (6:1 hexanes:EtOAc) gave 0.237 g (41% yield) of the
product as a light yellow crystalline solid: ETHRMS m/z 404.0246 (M+, Ci5H;;1CIF¢Oy4,
Calc’d 404.0250). ‘

Step 2. Preparation of 8-chloro-6-(2.2.2-trifluoroethoxy)-2-( triﬂuoromethvl)-2H;

chromene-3-carboxylic acid.
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[0337]  The ester from Step 1 was hydrolyzed via d method similar to that described
in Example 9z, Step 3 to give the product as a yellow crystalline solid: ESHRMS m/z
374.9855 (M-H, C1sHeCIF¢O4, Calc’d 374.9853). "H NMR (dmso-dg/300 MHz) 13.54
(brs, 1H), 7.88 (s, 1H), 7.37 (d, 1H, J=2.7 Hz), 7.32 (d 1H,J=2.8 Hz), 6.09 (q, 1H,J
| —71Hz) 4.81 (q, 2H, J = 8.9 Hz),

Example 17d

@\/O AN COZH

0~ CF,
Cl

6-(benzyloxy)-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 6-( benzyloxy)-8-chloro-2-(trifluoromethyl)-2H-chromene-

3-carboxylate.
[0338] To a solution of ethyl 8-chloro-6-hydroxy-2-(trifluoromethyl)-2H- chromene—3-

carboxylate prepared as in Example 17a, Step 3 (1.00 g, 3.10 mmole) in anhydrous DMF
(10.0 mL) was added KI (51.5 mg, (0.310 mmole), K,CO; (1.29 g, 9.30 mmole) and benzyl
bromide (1.11 ml, 9.30 mmole). The suspension was stirred at room temperature for 2 h
and poured into H,O (150 mL) and extracted with EtOAc (3 X 100 mL). The combined
extracts were washed with brine (2 X 100 mL), dried over MgSO4 and concentrated in
vacuo to give a yellow oil. Purification by silica chromatography (6:1 hexanes:EtOAc)
gave 1.12 g (87.5% yield) of the product as a yellow crystalline solid: EIHRMS m/z
412.0689 (M+, CyoH;6CIF304, Calc’d 412.0680).

Step 2. 6-(benzyloxy)-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid.

[0339] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 9z, Step 3 to give the crude product as a tacky solid. Brine was added and the
mixture was extracted with EtOAc (20 mL). The EtOAc solution was dried over MgSOsa,

filtered and concentrated in vacuo to give the product as a yellow crystalline solid in
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quantitative yield: ESHRMS mv/z 383.0311 (M-H, CysH,,CIF;04, Cale’d 383.0292). 'H
NMR (dmso-dg/300 MHz) 13.49 (brs, 1H), 7.90 (s, 1H), 7.34 — 7.50 (m, 5H), 7.27 (s, 2H),
6.05 (g, 1H, J=7.2 Hz), 5.12 (s, 2H).

Example 17¢

t\/‘\/\/O AN COzH

0~ “CF,4
cl

8-chloro-6-(hexyloxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 8-chloro-6-(hexyloxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0340] The ester was prepared via a method similar to that described in Example 174,

Step 1. The crude product was purified by silica chromatography (6:1 hexanes:EtOAc) to
give the product as a yellow oil: EIHRMS m/z 404.1147 (M+, C19H2CIF304, Calc’d
404.1159). ‘

Step 2. Preparation of 8-chloro-6-(hexyloxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxvlic acid.

[0341] The ester frofn Step 1 was hydrolyzed via a method similar to that described in
Example 9z, Step 3 to give the product as a yellow solid: ESHRMS m/z 377.0771 (M-H,
C,7H;7CIF304, Calc’d 377.0762). "H NMR (dmso-ds, 300 MHz) 13.47 (brs, 1H), 7.89 (s,
1H), 7.15 — 7.18 (m, 2H), 6.04 (g, 1H, J="7.25 Hz), 3.98 (t, 2H, J= 6.2 Hz), 1.69 - 1.74 (m,
2H), 1.32 - 1.43 (m, '6H), 0.89 - 0.91 (m, 3H).

Example 17f
O A COH

Cl

166



WO 2004/087686 A PCT/IB2004/001113

'8—chlor0—6—prop0xy-2-(triﬂuor0methyl)—ZH-'chromene-3-carboxylic acid

Step 1. Preparation of ethyl 8-chloro-6-propoxy-2-( trifluoromethyl)-2H-chromene-3-

carboxylate.
[0342]  The ester was prepared via a method similar to that described in Example 17d,
Step 1. The crude product was recrystallized from EtOAc-hexanes to give the product as a

tan solid: ETHRMS m/z 364.0711 (M-, C16H6CIF;04, Calc’d 364.0689).

Step 2. Preparation of 8-chloro-6-propoxy-2-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.
[0343] The ester from Step-1 was hydrolyzed at 70 °C via a method similar to that
described in Example 9z, Step 3 to give the product as a yellow solid: ESHRMS m/z
335.0263 (M-H, C14H;;CIF504, Calc’d 335.0292). "H NMR (dmso-ds, 300 MHz) 13.48
(brs, 1H), 7.90 (s, 1H), 7.16 — 7.18 (m, 2H), 6.04 (q, 1H, J=7.3 Hz), 3.95 (t, 2H, /= 6.4
Hz), 1.71 — 1.78 (m, 2H), 1.00 (t, 3H, J=7.3 Hz).

Example 17g
O/O SN CO,H
O CFj3
Cl

8-chloro-6-(cyclohexyloxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation Qf ethyl 8-chloro-6-(cyclohexyloxy)-2-(trifluoromethyl)-2H-chromene-

3-carboxylate.
[0344] To a solution of ethyl 8-chloro-6-hydroxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate prepared as in Example 17a, Step 3 (1.00 g, 3.10 mmole) in anhydrous DMF
(10.0 mL) was added KI (51.5 mg, (0.310 mmole), K,CO3 (1.29 g, 9.30 mmole) and
cyclohexyl iodide (1.20 mL, 9.30 mmole). The suspension was heated at 50 °C for 17 h and
then the temperature was slowly raised to 80 °C and stirred overnight. Additional

cyclohexyl iodide (1.20 mL, 9.30 mmole) was added and the temperature was maintained at

100 — 120 °C for 3 days. The mixture was then cooled and poured into H,O (200 mL),
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which was saturated with solid NaCl. Following extraction with EtOAc (2 X 100 mL), the
combined extracts were washed with brine (3 X 100 mL) and concentrated in vacuo.
Purification by silica chromatography (6:1 hexanes:EtOAc) gave 45 mg (3.5% yield) of the
product: ETHRMS m/z 404.0999 (M+, C19H2ClF304, Calc’d 404.1002). | '

‘Step 2. Preparation of 8-chloro-6-(cyclohexyloxy)-2-( trifluoromethyl)-2H-chromene-3- .

carboxylic acid.

[0345]  The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 9z, Step 3 to give the product as a yellow crystalline solid: ESHRMS m/z
375.0642 (M-H, C17H;5CIF304, Calc’d 375.0605). "H NMR (dmso-ds, 300 MHz) 13.39
(brs, 1H), 7.84 (s, 1H), 7.15 (d, 1H,J=2.8 Hz), 7.10 (d, 1H, J=2.8 Hz),j 598(q, 1H,J=
7.3 Hz), 4.20 — 4.35 (m, 1H), 1.14 - 1.87 (m, 10H).

Example 17h

O
N OH

0~ “CF,4
Cl

(2R)-8-chloro-6-meth0xy—2-(triﬂuoromethyl)-ZH-chromene-3-éarboxylic acid

[0346] The (2R)-8—chloro-6-methoxy-2—(triﬂuoromethyl)-2H-chromene—3-carboxylic ‘
acid was resolved by chiral separation of racemic 8-chlo;o-é—methoxy—Z—(triﬂuoromethyl)—
2H-chromene-3-carboxylic acid from US patent 6,271,253 B1, Example 40 using ChiralPak
AD column eluting with EtOH/heptane/TFA=5/95/0.1 and detecting at 254 nm as peak 1
with retention time 8.55 min: ESHRMS m/z 306.9953 (M-H, C;,HsF304Cl, Calc’d
306.9979). 'H NMR (acetone-d¢/ 400 MHz) 7.87 (s, 1H), 7.08 (m, 2H), 5.87 (q, IH, J=7.0
Hz), 3.82 (s, 3H).

Example 17i
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0
N OH

O "CFj
Cl

(25)-8-chloro-6-'meth0xy—2-(triﬂuoromethyl)-ZH—chromene—3-carboxylic acid

[0347] The (ZS)—8-ch10r0-6-methoxy-2—(triﬂuoromethyl)-2H—chromenef3-carboxylic
acid was resolved by chiral separation of racemic 8-chloro-6-methoxy-2-(trifluoromethyl)-
2H-chromene-3-carboxylic acid from US patent 6,271,253 B1, Example 40 using ChiralPak
AD column eluting with EtOH/heptane/TFA=5/95/0.1 and detecting at 254 nm as peak 2
with retention time 10.58 min: ESHRMS m/z 306.9963 (M-H, C;,H7F304Cl, Calc’d
306.9979). 'H NMR (acetone-ds/ 400 MHz) 7.87 (s, 1H), 7.08 (m, 2H), 5.87 (¢, 1H, J =7.0r
Hz), 3.82 (s, 3H). '

Example 18a
Ci
_0 N CO,H
0~ CF,
Cl

5,8-dichloro-6-methoxy-2-(triflucromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 5.8-dichloro-6-methoxy-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.
[0348] To a solution of ethyl 8-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxy]a‘ie prepared as in US 6,271,253 B1 Example 40 (2.32 g, 6.89 mmole) in glacial
acetic acid (100 mL) was added Cl, gas for 0.5 minutes. After standing fqr 20 min, the
solvent was removed in vacuo and the remaining acetic acid was azeotroped with ﬁexanes
to give a crystalline solid containing a mixture of regioisomers. The crude product was

purified by recrystallization from ethyl acetate-hexanes to give 189 mg (7.4% yield) of the
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product as colorless needles: EIHRMS m/z 369.9986 (M+, C14H11C21F304, Calc’d
369.9986).

Step 2. Preparation of 5.8-dichloro-6-methoxy-2-( trifluoromethyD)-2H-chromene-3-

carboxylic acid.
[0349]  To a solution of the ester from Step 1 (0.174 g, 0.469 mmole) in a 7:2:1 |
THF:EtOH:H,0 mixture (10 mL) was added LiOH-H,0 (29.5 mg (0.704 mmole). The

mixture was stirred at room temperature overnight and the solvent was removed iz vacuo.
The residue was redissolved in H,O, filtered (0.450 PTFE) and acidified with 1 N HCL.
The resulting solid was filtered, washed with H,O and dried in vacuo to give 134 mg (83%
yield) of the product as an yellow solid: ESHRMS m/z 340.9607 (M-H, C12HeC1,F304,
Calc’d 340.9590). 'H NMR (dmso-ds, 300 MHz) 13.70 (brs, 1H), 7.90 (s, 1H), 7.41 (s,
1H), 6.10 (q, 1H, J= 7.1 Hz), 3.86 (s, 3H).

Example 19
_0 N CO.H
Cl 0O CFj3
Cl

7,8—dichlor0-6—methoxy—2-(triﬂuoromethyl)-ZH-chromene—3-carboxylic acid

Step 1. Pre;naration of ethyl 7.8-dichloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0350] The ester was prepared as described in Example 18a, Step 1 and purified by

recrystallizion from EtOAc-hexanes, followed by silica chromatography (3:1
hexanes:EtOAC) to give the 0.292 g (11% yield) of the product as a yellow crystalline solid:
EIHRMS m/z 369.9986 (M+, C14H;;C,1F304, Calc’d 369.9986).

Step 2. Preparation of 7,8-dichloro-6-methox§1~2-(triﬂuoromethvl)-ZH-chromene-3-

carboxylic acid.

[0351] The ester from Step 1 was hydrolyzed via a method similar to that desbribed in
Example 18a, Step 2 to give the product as a pale yellow solid: ESHRMS m/z 340.9567
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(M-H, C1,HsC1;F;04, Calc’d 340.9590). "H NMR (dthso-ds, 300 MHz) 13.45 (brs, 1H),
7.89 (s, 1H), 7.42 (s, 1H), 6.07 (¢, 1H, J="7.1 Hz), 3.87 (s, 3H);

Example 20a
Cl
O N CO,H
Cl O CFk;
Cl

5,7,8—trichl0ro—6—mefhoxy-2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 5.7.8-trichloro-6-methoxy-2-(trifluoromethyl)-2H-
chroméne-3-carboxvlate.

[0352] A solution of ethyl 8-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-
carboxylate prepared as in US 6,271,253 B1 Example 40 (0.500 g, 1.49 mmole) in glacial

acetic acid (25 mL) was saturated with Cl, gas. After standing overnight at room
temperature, the solvent was removed in vacuo and the remaining acetic acid was
azeotroped with hexanes. “The crude product was purified by silica chromatography (9:1
ethyl acetate:hexanes), followed by crystallization from hexanes to give 0.244 g (41% yield)
of the product as colorless needles: EIHRMS m/z 403.9564 (M+, C14H;0Cl3F304, Cale’d
403.9597). |

Step 2. Preparation of 5.7.8-trichloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0353] The ester from Step 1 was hydrolyzed via a method similar to that described in |
Example 17a, Step 5 to give the product as a white crystalline solid: ESHRMS m/z
374.9178 (M-H, C12HsF304Cl3, Calc’d 374.9200). "H NMR (dmso-ds, 300 MHz) 13.86
(brs, 1H), 7.90 (s, 1H), 6.28 (q, 1H, J= 7.1 Hz) 3.86 (s, 3'H).

Example 21a
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) FC o CO2H

0" CF,
I
8-i0do—6—(triﬂuoromethoxy)—2-(triﬂu0r0methyl)-2H-chromene-3-carboxylic acid
Step 1. Prebaration of 2-hydroxy-3-iodo-5-( triﬂuoromethoxv)benzaldehvde.
[0354] A mixture of 2-hydroxy-5-(trifluoromethoxy)benzaldehyde (5.09 g, 24.7 mmole)
and N-iodosuccinimide (13.9 g, 61.8 mmole) in anhydrous DMF (50 mL) was stirred at

room temperature for 2 days under a dry N, atmosphere. The solvent was removed in vacuo
and the residue was dissolved in EtOAc (200 mL), washed with 0.5 N HCI (200 mL), H,O
(200 mL), aqueous sodium thiosulfate (100 mL), brine (100 mL), dried over MgSOg,
filtered and concentrated in vacuo to give a yellow solid. Purification by sublimation under
vacuum at 85 °C gavé 7.97 g (97% yield) of the product as a white solid: ETHRMS m/z
331.9159 (M+, CgHgF3104, Calc’d 331.9157).

Step 2. Preparation of ethyl 8-iodo-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0355] A mixture of 2-hydroxy-3-iodo-5-(trifluoromethoxy)benzaldehyde prepared as
in step 1 (60.0 g, 181 mmole), ethyl 4,4,4-trifluocrotonate (108 mL, 723 mmole) and TEA
(50.4 mL, 361 mmole) was heated to 85 °C for 66 h. The mixture was concentrated in
vacuo and the product was crystallized from EtOH-H,O0 to 'give 78.0 g (90% yield) of the
product as light yellow needles: "H NMR (dmso-ds, 300 MHz) 7.95 (s, 1H), 7.86 (d, 1H, J=
2.4 Hz), 7.70 (d, 1H, J = 1.8 Hz), 6.17 (g, 1H, J=7.0 Hz), 4.18 — 4.34 (m, 2H), 1.26 (t, 3H,
J=17.0 Hz). '

Step 3. Preparation of 8-iodo-6-(triﬂuoromethoxv)-2-(tliﬂuoromethvl)-2H-chromene-3-

carboxylic acid.
[0356] The ester from Step 2 was hydrolyzed at 60 °C via a method similar to that

described in Example 17d, Step 2 to give the product as a light yellow crystalline solid:
ESHRMS m/z 452.9012 (M-H, C1,HsF¢04, Calc’d 452.9053). 'H NMR (dmso-d&, 300
MHz) 13.51 (brs, 1H), 7.87 (s, 1H), 7.84 (1, 1H, J=2.2 Hz), 7.76 (d, 1H, /= 1.8 Hz), 6.10

(g, 1H, J=7.1 Hz).
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Example 21b
0 CO.H
FsC Xy T8
O CF;

8-methyl-6-(trifluoromethoxy)-2-(triftuoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 8-methyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0357] A mixture of ethyl 8-iodo-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate prepared as in Example 21a, Step 2 (0.500 g, 1.04 mmole),
trimethylboroxine (145 uL, 1.04 mmole), PdCly(dppf),'CH,Cl, (0.084 mg, 0.104 mmole)
and Cs,COs (1.01 g, 3.11 mmole) in 10% aqueous dioxane (2.5 mL) was heated to 110 °C
under a dry N, atmosphere for 6 h. Thé mixture was poured into EtOAc (100 mL), washed
with brine (2 X 50 mL), dried over MgSOs, filtered and concentrated in vacuo to give an
oily yellow solid. Purification by silica chromatography (9:1 hexanes:EtOAc) gave 0320 g
(83% vyield) of the product as a yellow crystalline solid: ETHRMS m/z 370.0650 (M-,
C15H12F04, Calc’d 370.0640).

Step 2. Preparation of 8-methvl-6-(triﬂuoromethoxv)-Z—(triﬂuoromethv])—2H—

chromene-3-carboxylic acid.

[0358]  The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 9z, Step 3 to give the product as a white solid: ESHRMS m/z 341.0268 (M-H,
C3H;F¢04, Calc’d 341.0243). '"H NMR (dmso-ds, 300 MHz) 13.40 (brs, 1H), 7.87 (s, 1H),
7.43 (s, 1H), 7.31 (s, 1H), 5.99 (q, 1H, J=7.3 Hz), 2.20 (s, 3H). | '

Example 21¢
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8-(phenylethynyl)-6-(triflu0rometh0xy)—2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic

acid

Step 1. Preparation of ethyl 8-(phenylethynyl)-6-(trifluoromethoxy)-2-(trifluoromethyl)-

2H-chromene-3-carboxylate.

[0359] A mixture of ethyl 8-iodo-6-(triﬂuoromethoxY)-2-(triﬂuoromethyl)-2H-

chromene-3-carboxylate prepared as in Example 21a, Step 2 (1.00 g, 2.07 mmole),
phenylacetylene (0.455 mL, 4.15 mmole), Cul (39.5 mg, 0.207 mmole),
PAClLy(dppf),CH,Cl, (169 mg, 0.207 mmole) and TEA (0.867 mL, 6.22 mmole) in
anhydrous toluene (10 mL) was stirred at room temperature for 18.5 h. The mixture was
then poured into brine (100 mL) and extracted with EtOAc. The EtOAc layer was
separated, dried over MgSOy, filtered and concentrated in vacuo. The residue was purified
by silica chromatography (9:1 hexanes:EtOAc) to give 0.802 g (85% yield) of the product
as a yellow crystalline solid: EIHRMS m/z 456.0781 (M+, Ci4H14F 604, Calc’d 456.0796).

Step 2. Preparation of 8-(phenylethynyl)-6-(trifluoromethoxy)-2-( trifluoromethyl)-2H-

chromene-3-carboxvlic acid.

[0360] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 18a, Step 2 to give the product as a yellow solid: ESHRMS m/z 427.0375 (M-H,
CyoHoFe04, Calc’d 427.0400). 'H NMR (dmso-ds, 300 MHz) 13.53 (brs, 1H), 7.92 (s, 1H),
7.44 —7.87 (m, 7H), 6.15 (q, 1H, J="7.1 H2).

Example 21d
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0 CO,H

0~ CF,

8-prop—1-ynyl-6-(triﬂu0romethoxy)-2-(triﬂuoromethyl)-ZH-chromene-3-carbox’ylic '

acid

1

Step 1. Preparation of ethyl 8-prop-1-ynyl-6-(trifluoromethoxy)-2-( trifluoromethyl)-2H-

chromene-3-carboxvylate.

[0361] To a Parr bottle containing a mixture of ethyl 8-iodo-6-(trifluoromethoxy)-2-
(trifluoromethyl)-2H-chromene-3-carboxylate prepared as in Example 21a, Step 2 (0.500 g,
1.04 mmole), Cul (20 mg, 0.104 mmole), PACly(dppf)2'CH,Cl, (84.5 mg, 0.104 mmole) and
TEA (434 uL, 3.11 mmole) in anhydrous toluene (10 mL) was added at —78 °C propyne (2
ml) and the bottle was sealed. After stirring for 23 h at room temperature, an additional
propyne (5 ml) was added and the mixture was stirred an additional 23 h at room
temperature. Additional PACly(dppf),:CHxCl, (120 mg, 0.147 mmole) was added and the
mixture was stirred at room temperature for an additional 24 h. The mixture was then
poured into brine (100 mL) and extracted with EtOAc (200 mL). The EtOAc layer was
separated, dried over MgSOs, filtered and concentrated in vacuo. The residue was purified
by silica chromatography (9:1 hexanes:EtOAc) to give 0.363 g (89% yield) of the product
as a yellow crystaliine solid: ETHRMS m/z 394.0644 (M+, C17H;2F¢Os, Calc’d 394.0640).

Step 2. Preparation of 8-prop-1-ynyl-6-(trifluoromethoxy)-2-( trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0362] The ester fromiStcp I' was hydrolyzed via a method similar to that describéd in
Example 17d, Step 2 to give a quantitative yield of the product as a tan crystalline solid:

" BESHRMS m/z 365.0275 (M-H, CisH;Fs04, Calc’d 365.0243). "H NMR (dmso-ds, 300
MHz) 13.49 (brs, 1H), 7.88 (s, 1H), 7.59 (s, 1H), 7.42 (d, 1H, J=2.2 Hz), 6.09 (q, 1H,J=
7.2 Hz), 2.08 (s, 3H).

175



WO 2004/087686 PCT/IB2004/001113

Example 21e |

O ' (
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8—pent-l-ynyl-6-(triﬂuoromethoxy)-z-(triﬂuoromethyl)-ZH-chromene-3—carb0xylic

acid

Step 1. Preparation of ethyl 8-pent-1-ynyl-6-(trifluoromethoxy)-2-( trifluoromethyl)-2H-

chromene-3-carboxylate.

[0363] A mixture of ethyl 8-iodo-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate prepared as in Example 21a, Step 2 (0.500 g, 1.04 mmole), 1-
pentyne (0.205 mL, 2.08 mmole), Cul (20 mg, .0'.104 mmole), PAdCl,(dppf),*CH,Cl, (84.5
mg, 0.104 mmole) and TEA (0.434 mL, 3.11 mmole) in anhydrous toluene (5 mL) was
stirred at room tempefature for 23 h. Additional 1-pentyne (2.0 ml, 20.3 mmole) was then
added and the mixture was stirred an additional 24 h. Additional PdClz(dppf)z'CHéCIp_ (120
mg, 0.147 mmole) was then added and the mixture was stirred an additional 24 h. The
mixture was then poured into brine (100 mL) and extracted with EtOAc (200 mL). The
EtOAc layer was separated, dried over MgSOy, filtered and concentrated in vacuo. The
residue was purified by silica chromatography (9:1 hexanes:EtOAc) to give 0.41 g (93%
yield) of the product as a yellow crystalline solid: EIHRMS m/z 422.0946 M+, C19H;6F 604,
Calc’d 422.0953).

Step 2. Preparation of 8-pent-1-ynyl-6-(triflucromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0364] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 17d, Step 2 to give the product: ESHRMS m/z 393.0566 M-H, C17H1F¢04,
Calc’d 393.0556). 'H NMR (dmso-ds, 300 MHz) 13.48 (brs, 1H), 7.88 (s, 1H), 7.59 (d, 1H,
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J-22Hz), 7.41 (4, 1H, J=2.4 Hz), 6.06 (g, 1H, J="7.0 Hz), 2.43 (1, 2H, J= 6.9 Hz), 1.48
~1.90 (m, 2H), 0.99 (t, 3H, J= 7.5 Hz).

Example 21f

F.C - COzH

0~ “CF,

8—ethynyl—6-(triﬂuoromethoxy)-z-(triﬂuoromethyl)—2H-chromene—3-carboxylic acid

Step 1. Preparation of ethyl 6-(trifluoromethoxy)-2-(trifluoromethyl)-8-

[(trimethylsilyDethynyl]-2H-chromene-3-carboxylate.
[0365] A mixture of ethyl 8-iodo-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate prepared as in Example 21a, Step 2 (25.0 g, 51.9 mmole),
ethynyl(trimethyl)silane (346.6 mL, 256 mmole), Cul (0.988 g, 5.19 mmole), Pd(PPh3),
(5.99¢g, 5.19 mmole) and TEA (21.7 mL, 156 mmole), and in anhydrous toluene (200 mL)
was stirred at room temperature for 2 days. Additional Cul (0.99 g, 5.19 mmole) was added
and stirring was continued for another 1 day. Again, additional Cul (2.0 g, 10.5 mmole)
was added and stirring was continued for another 3 days. The mixture was then poured into
brine (500 mL) and extracted with EtOAc (500 mL). The EtOAc layer was separated, dried
over MgSO, and filtered through a plug of silica gel (95:5 hexanes:EtOAc) to give 24 g of
the product (quantitative yield) as a tan solid: EIHRMS m/z 452.0853 (M+, C]9H18F604Si,
Calc’d 452.0879).

Step 2. Preparation of ethyl 8-ethynyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0366] To a solution of ethyl 6-(trifluoromethoxy)-2-(trifluoromethyl)-8-

[(trimethylsilyl)ethynyl]-2H-chromene-3-carboxylate prepared as in Step 1 (22.8 g, 50.3
mmole) in anhydrous CH,Cl, (200 mL) was added a solution of TBAF (62.9 mL-1 0Min
THF), 62.9 mmole) under a dry N, atmosphere. The mixture was stirred for 10 minutes and

then poured into sat. NH,CI (200 mL) and extracted with EtOAc (500 mL). The EtOAc
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extract was washed with brine (100 mL), dried over MgSQs, filtered and concentrated i
vacuo to give 40 g of a dark brown oil. The crude product was purified by silica

" chromatography (98:2 hexanes:CH,Cly) to give 13.9 g (73%yield) of the product as a
yellow crystalline solid: EIHRMS m/z 380.0505 (M+, Cy6H,0F604, Calc’d 380.0483).

Step 3. Preparation of 8-ethynyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3- |

carboxylic acid.

[0367]  The ester from Step 2 was hydrolyzed via a method similar to that described in
Example 17d, Step 2 to give the product as yellow oil: ESHRMS m/z 351.0110 (M-H,
C14HsF04, Calc’d 351.0087). "H NMR (dmso-ds, 300 MHz) 13.52 (brs, 1H), 7.90 (s, 1H),
7.68 (s, 1H), 7.54 (s, 1H, J=2.6 Hz), 6.11 (q, 1H, J=7.1 Hz), 4.57 (s, 1H). |

Example 21g
.0 CO,H
FsC Ny
~0” CF,

8-ethyl—6-(triﬂuoromethoxy)-Z-(triﬂuoromethyl)-ZH-chr0mene—3-carboxylic acid

Step 1. Preparation of ethyl 8-ethyl-6-(trifluoromethoxy)-2-( trifluoromethy)-2H-

chromene-3-carboxyvlate.

[0368] A mixture of ethyl 8-ethynyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate prepared as in Example 21f, Step 2 (12.2 g, 32.0 mmole) and 10%
Pd/C (1.22 g) in absolute EtOH (250 mL) was hydrogenated at 30 psi for 3 h. The catalyst
was then removed by filtration and the solution concentrated in vacuo to give the product in
assumed quantitative yield as an off-white solid.l The solid was carried on without further

purification: ETHRMS m/z 384.0759 (M+, C6H14F604, Calc’d 384.0796).

Step 2. Preparation of 8-ethyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid.
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[0369] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 174, Step 2 to give the productias a light yellow crystalline solid: ESHRMS m/z
355.0389 (M-H, C14HsFeO4, Cale’d 355.0400). 'H NMR (dmso-ds, 300 MHz) 13.39 (brs,
1H), 7.88 (s, 1H), 7.4 (d, 1H, J=2.2 Hz), 7.28 (d, 1H, J = 2.4 Hz), 6.00 (g, 1H, J=173
Hz), 2.54 — 2.68 (m, 2H), 1.12 (t, 3H, J="7.5 Hz). | |

Example 21h
.0 CO,H
FsC X2
O CFj

8-isobutyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Prebaration of ethyl 8-isobutyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0370] Isobutylene was bubbled iﬁto a solution of 9-BBN (3.32 mL — 0.5 M in THF,

1.66 mmole) at 0 °C for 15 minutes and the mixture was stirred for 15 minutes, maintaining
the temperature at 0 °C. Isobutylene was again bubbled into the solution for 15 min and the
mixture was stirred for 1 h at room temperature. To the mixture was added ethyl 8-iodo-6-
(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylate prepared as in Example
21a, Step 2 (0.400 g, 0.830 mmole) as a solution in anhydrous THF (3.0 mL),
PACly(dppf),"CH,Cl, (33.9 mg, 0.0415 mmole) and a K3PO4 solution (0.934 mL-2.0M, 1.87
mmole). The resulting mixture was stirred at room temperature for 45 minutes, pourea into
sat. NaHCO; (100 mL) and extracted with EtOAc (100 mL). The EtOAc solution was
washed with 1N HCI (100 mL), brine (50 mL), dried over MgSO, and concentrated in
vacuo. Purification by silica chromatography (9:1 hexanes:EtOAc) followed by reverse
phase chromatography (acetonitrile:0.5% TFA-H;O) gave 110 mg (32% yield) of the
product as a white crystalline solid: EIHRMS m/z 411.1109 (M+, C1gH;5F¢04, Calc’d
411.1140). | |
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Step 2. Preparation of 8-isobutyl-6-( triﬂuoromethoxv)'—Z-(tﬁﬂuoromethvl)—2H—chromene—3-

carboxylic acid.

[0371] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 17d, Step 2 to give the product as a yellow crystalline solid: ESHRMS m/z
383.0710 (M-H, C;6H;3F04, Calc’d 383.0713). 'H NMR (dmso-ds, 300 MHZ) 13.37 (brs,
1H), 7.88 (s, 1H), 7.45 (d, 1H, J=2.4 Hz), 7.24 (d, 1H, J = 2.4 Hz), 5.98 (q, 1H, J="7.1
Hz), 2.36 — 2.58‘(m, 2H), 1.84 — 1.93 (m, 1H), 0.85 (d, 3H, /= 3.2 Hz), 0.83 (d, 3H, /= 3.0
Hz).

Example 21i
- CO,H
FaC Xy ?

0~ “CF,

8-propyl-6-(triflu0r0methoxy)—2-(triﬂuor0methyl)-2H-chromene-3-carboxylic acid

[0372] To a Paar bottle was added 8-prop—1-ynyl—6—(triﬂuoromethoxy)—?-
(trifluoromethyl)-2H-chromene-3-carboxylic acid prepared as in Example 21d, Step 2 (150
mg, 0.409 mmole), 10% Pd/C (75 mg) and absolute EtOH (10 mL). The mixture was
hydrogenated at 30 psi for 2 h. The catalyst was filtered, the solvent was removed in vacuo
and thé resulting oily solid triturated with hexanes to give 76 mg (50% yield) of the product
as an off-white solid: ESHRMS m/z 369.0559 (M-H, CisH;;F¢04, Calc’d 369.0556). 'H
NMR (dmso-ds, 300 MHz) 13.38 (brs, 1H), 7.87 (s, 1H), 7.43 (s, 1H), 7.26 (s, 1H), 5.99 (q,
1H, J=7.3 Hz), 2.51 — 2.66 (m, 2H), 1.48 — 1.60 (m, 2H), 0.86 (t, 3H, J="7.3 Hz).

Example 21j
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.0 O,H
FsC Ny 02

8-pentyl-6—(triﬂuoromethoxy)—Z-(triﬂuoromethyl)-ZH-'chr0mene—3-carboxylic acid

| [0373] 8-Pent-1-ynyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid prepared as in Example 21e, Step 2 was hydrogenated as described in
Example 21i, Step 1. Purification by reverse phase chromatography (acetonitrile:0.5%
TFA-H,0) gave the product as a brown oil: ESHRMS m/z 397.0846 (M-H, C17H5F¢04,
Calc’d 397.0869). 'H NMR (dmso-ds, 300 MHz) 13.39 (brs, 1H), 7.87 (s, 1H), 7.42 (4, 1H,
J=2.2Hz),7.25 (s, 1H, J= 2.4 Hz), 5.98 (q, 1H, J= 7.3 Hz), 2.46 — 2.65 (m, 2H), 1.47 -
1.57 (m, 2H), 1.21 — 1.33 (m, 4H), 0.83 (t, 3H, J = 6.8 Hz).

Example 21k

.0 COH
FsC N2

0~ “CF,

(2S)-8—ethyl—6-(triﬂu0romethoxy)-z-(triﬂuoromethyl)-2H-chr0mene-3-carboxylic acid

[0374] Racemic 8-ethyl—6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)—2H-chromene-3-
carboxylic acid prepared as in Example 21g, Step 2 (10.1 g) was resolved by chiral
separation usiﬂg a Chiralcel OJ column eluting with EtOH/heptane/TFA=5/95/0.1 and ’
detecting at 254 nm as peak 1 with retention time 5.03 min to give 4.65 g (46% yield) the
product as an off-white solid: ESLRMS.m/z 357.1 (M+H, C14H11F¢04, Calc’d 357.1). 'H -
NMR (dmso-ds, 400 MHz) 13.39 (brs, 1H), 7.87 (s, 1H), 7.43 (d, 1H, J= 2.4 Hz), 7.27 (4,
1H, J=2.7 Hz), 5.99 (q, 1H, J= 7.3 Hz), 2.50 — 2.67 (m, 2H), 1.11 (t, V3H', J=1.5 Hz).
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Example 211
O CO-,H
FsC N8
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(2R)-8—ethy1—6-(triﬂuorometh0xy)—2-(triﬂuor0methyl)-ZH—chromene-3—carboxylic acid

[0375] Racemic 8-ethyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid prepared as in Example 21g, Step 2 (10.1'g) was resolved by chiral
separation using Chiralcel OJ column eluting with EtOH/heptane/TFA=5/95/0.1 and
detecting at 254 nm as peak 2 with retention time 5.55 min to give 4.41 g (44% yield) of the -
product as a light yellow solid: ESLRMS m/z 357.2 (M+H, C14H;;Fs04, Calc’d 357.1). 'H
NMR (dmso-ds, 300 MHz) 13.39 (brs, 1H), 7.88 (s, 1H), 7.44 (d, 1H, J=2.2 Hz), 7.27 (4,
1H, J=2.4 Hz), 6.00 (q, 1H, J= 7.3 Hz), 2.54 - 2.67 (m, 2H), 1.12 (¢, 3H, J="7.5 Hz).

Example 21m

iz
I
N

(2S)—8—ethyl-6-(triﬂuoromethoxy)-2-(triﬂuoromethyl)-ZH-chromehe-3—carboxylic acid
compound with (1R)-1-phenylethanamine

[0376] (S)-8-ethyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid prepared as in Example 21k (17.8 mg, 0.0500 mmole) and (1R)-1-phenylethanamine
(12.7 iiL, 0.0500 mmole) were added to a few drops of isopropanol. Heptane (0.30 mL)
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was then added and the solvent was allowed to slowly evaporate from the loosely capped
vial. Crystals had formed in the solution after standing at room temperature for 1 day. X-

ray crystal structure analysis confirmed the title compound to be the (S)-enantiomer.’

Example 21n
.0 CO,H
FsC™ Xy
0) CF5
=

6-(triﬂuoromethoxy)-Z-(triﬂuoromethyl)-8—vinyl—2H-chromene-3-carboxylic acid

Step 1. Preparation Qf ethyl 6-(trifluoromethoxy)-2-(trifluoromethyl)-8-vinyl-2H-

chromene-3-carboxylate.

[0377] To a mixture of ethyl 8-iodo-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate prepared as in Example 21a, Step 2 (1.00 g, 2.07 mmole) and
Pd(PPhs)s (0.239 g, 0.207 mmole) in anhydrous toluene (50 mL) under a dry N, atmosphere
was added tributylvinyltin (0.665 mL, 2.28 mmole). The mixture was refluxed for 3 h and
stirred at r.t for 18 h. After refluxing for and additional 21 h, sat. NH,4F solution (50 mL)
was added, the mixture was stirred for 30 minutes and extracted with EtOAc (200 mL). The
extract was washed with brine (50 mL), dried over MgSOy, filtered and concentrated in
vacuo. Purification by silica chromatography (95:5 hexanes:EtOAc) gave 0.510 g (64%
yield) of the product as a crystalline solid: ETHRMS m/z 382.0620 (M+, Ci16H12F604, Calc’d
382.0640).

Step 2. Preparation of 6-(trifluoromethoxy)-2-(trifluoromethyl)-8-vinyl-2H-chromene-3-

carboxylic acid.

[0378]  The ester from Step 1 was hydrolyzed via a method similar to thét described in
Example 17d, Step 2 to give the product as a yellow crystalline solid: ESHRMS m/z
353.0246 (M-H, C14HF303, Calc’d 353'.0243). 'H NMR (dmso-ds, 300 MHz) 13.45 (brs, -
1H), 7.89 (s, 1H), 7.63 (d, 1H, J=2.7 Hz), 7.54 (2, 1H), 6.84 (dd, 1H, J=11.3, 18.0 Hz),
6.04 (q, 1H, J=17.0 Hz), 6.03 (d, 1H, J=17.2 Hz), 5.47 (d, 1H, J=11.7 Hz).
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Example 210 |

8-(2-phenylethyl)-6-(triﬂuoromethoxy)—z-(triﬂuoromethyl)-ZH-chromene—3-carboxylic

acid

[0379] 8-(Phenylethynyl)-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid prepared as in Example 21c, step 2 was hydrogenated via a method similar
to that described in Exémple 21j to give the product as a light tan crystalline}solid:
ESHRMS m/z 431.0698 (M-H, C0H;3Fs04, Calc’d 431.0713). 'H NMR (dmso-dg, 300
MHz) 13.41 (brs, 1H), 7.89 (s, 1H), 7.44 (4, 1H, J=2.4 Hz), 7.23 - 7.28 (m, 2H), 7.14 -
7.18 (m, 4H), 6.04 (q, 1H, J= 7.3 Hz), 2.80 —2.96 (m, 4H).

Example 21p
O
F30'O N OH
0" CFj
Il
N

8-cyano-6-(triﬂuoromethoxy)-Z-(triﬂuoromethyl)-ZH-chromene-S-carboxylic acid

Step 1. Preparation of ethyl 8-cyano-6-( trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.
[0380] A mixture of ethyl 8-iodo-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate prepared as in Example 21a, Step 2 (2.00 g, 4.15 mmole), Cul (158

mg, 0.830 mmole), KCN (1.08 g, 16.6 mmole) and Pd(PPhs)s (480 mg, 0.415 mmole) in
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anhydrous THF (5.0 mL) Wefe refluxed under a dry N, atmosphere for 2.5 days. The
mixture was then poured into Brine (100 ﬁlL), extracted with EtOAc (100 mL), dried over
MgSO, and concentrated in vacuo. Purification by silica chromatography followed by
crystallization from EtOAc-hexanes gave 1.30 g (82% yield) of the product a yello§v
6rysta11ine solid: EIHRMS m/z 399.0812 (M+NH,, C1sHoNO4FsNHa, Calc’d 399.0774).

Step 2. Preparation of 8-cvano-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0381] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 18a, Step 2 to give the crude product as an off-white solid: "H NMR (dmso-ds, 300
MHz) 13.69 (brs, 1H), 8.05 (d, 1H, J=2.2 Hz), 7.99 (d, 1H, J=2.0 Hz), 6.29 (g, 1H, J=
7.0 Hz), 4.16 (q, 1H, J= 7.3 Hz), 1.56 (d, 3H, J = 7.3 Hz); ESHRMS m/z 352.0048 (M-H,
C13H4F604, Cale’d 352.0039).

Example 21q

O COLH

8-but-1-ynyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
Step 1. Preparation of ethyl 8-but-1-ynyl-6-(trifluoromethoxy)-2-( triﬂuofomethvl)—2H-

chromene-3-carboxylate.

[0382] To a Parr bottle containing a mixture of ethyl 8-iodo-6-(trifluoromethoxy)-2-
(triﬂuoromethyl)—ZH—chromene—3-carboxylate prepared as in Example 21a, Step 2 (1.00 g,
2.07 mmole), Cul (39 mg, 0.207 mmole), PAClx(dppf)2*CH2Cl, (167 mg, 0.0.207 mmole)
and TEA (867 uL, 6.22 mmole) in anhydrous toluene (10 mL) was added at—78 °C 1-
butyne (5 ml) and the bottle was sealed. After stirring for overnight at room temperature,
additional Cul (390 mg, 2.07 mmole) and PdCly(dppf),'CH,Cl; (1.67 g, 2.07 mmble) were
added and the vessel was resealed. After stirring for 2.5 days, the mixture was cooled to —

78 °C and additional Cul (200 mg, 1.05 mmole) and PdCly(dppf),*CH,Cl, (0.500 g, 0.613
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mmole), anhydrous toluene (10 mL) and 1-butyne (5 i) were added and the vessel was
resealed. After stirring at room temperature for 4 days, additional Cul (390 mg, 2.07
mmole) and PACly(dppf),"CH,Clz (0.500 g, 0.613 mmole) were added and the vessel was
resealed and stirred at room temperature overnight. The mixture was then poured into brine
(100 mL) and extracted with EtOAc (200 mL). The extract was dried over MgSOs, filtered
and concentrated in vacuo. Purification by silica chromatogréphy (95:5 EtOAc:hexanes)
gave the product as a crystalline solid: EIHRMS m/z 408.0773 (M+, Ci1sH14F¢04, Calc’d
408.0796).

Step 2. Preparation of 8-but-1-ynyl-6-(trifluoromethoxy)-2-(irifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0383]  The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 17d, Step 2 to give the crude product as an yellow solid: 'H NMR (dmso-ds, 300
MHz) 13.48 (brs, 1H), 7.89 (s, 1H), 7.60 (d, 1H, J = 2.2 Hz), 7.41 (d, 1H, J=2.4 Hz), 6.08
(q, 1H, J= 7.0 Hz), 2.45 (q, 2H, J=7.5 Hz), 1.16 (¢, 3H, J="7.5 Hz); ESHRMS m/z
379.0389 (M-H, C16HoF¢O4, Calc’d 379.0400).

Example 21r
ple CO,H
FsC Ny
O CF3

8—butyl-6-(triﬂuoromefhoxy)-Z—(triﬂuoromethyl)-2H-chromene-3—carboxylic acid

Step 1. Preparation of ethyl 8-butyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0384] A mixture of ethyl 8-but-1-ynyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate prepared as in Example 21q, Step 1 (450 mg, 1.10 mmole) and
10% Pd/C (45 mg) in absolute ethanol was hydrogenated at 30 psi for 1.5 h. The catalyst
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was removed by filtration and the solvent was removed in vacuo to give 310 mg (68%
yield) of the product as a yellow crystalline solid: ETHRMS m/z 412.1099 (M+, C;sH;5F¢O4,
Calc’d 412.1109). '

Sten 2. Preparation of 8-butyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxvlic acid.

[0385] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 17d, Step 2 to give the crude product as an yellow solid: 'H NMR (dmso-ds, 300
MHz) 13.39 (brs, 1H), 7.88 (s, 1H), 7.43 (d, 1H, J=2.3 Hz), 7.26 (d, 1H, J=2.4 Hz), 5.99
(q, 1H, J="17.3 Hz), 2.49 — 2.68 (m, 2H), 1.45 — 1.55 (m, 2H), 1.21 - 1.33 (m, ZH), 0.86 (t,
3H, J=17.5 Hz); ESHRMS m/z 383.0742 (M-H, C;6H;3F¢04, Calc’d 383.0713).

Example 21s

.0

F.C - COH

0~ CF,4

8-allyl—6-(triﬂuor0methoxy)-2-(triﬂuoromethyl)-ZH—chromene-3—carboxylic acid

Step 1. Preparation of ethyl 8-a11v1-6-(triﬂuoromethoxv)-Z-(triﬂuoromethvl)—2H—chromene—
[0386] To a mixture of ethyl 8-iodo-6-(triﬂuoromethoxy)—2-(tﬂﬂuoroﬁethyl)-ZH—
chromene-3-carboxylate prepared as in Example 21a, Step 2 (1.00 g, 2.07 mmole) and'
PA(PPhs)s (0.239 g, 0.207 mmole) in anhydrous toluene (50 mL) under a dry N, atmosphere
was added tributylallyltin (0.707« ml, 2.28 mmole). The mixtuie was refluxed for 16 h and
20% NH,F solution (50 mL) was added. The mixture was stifred for 1 h and extracted with
EtOAc (200 mL). The extract was washed with‘ brine (100 mL), dried over Na;SOy, filtered

‘ and concentrated in vacuo. Puriﬁéation by silica chromatography (9:1 hexanes:EtOAc)
gave 0.770 g (94% yield) of thevproduct as a yellow oil: EIHRMS m/z 396.0769 (M+, (
C7H14F604, Calc’d 396.0796).
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Step 2. Preparation of 8-allyl-6-( trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0387] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 9x, Step 3 to give the product as a yellow crystalline solid. Purification by reverse
phase chromatography (acetonitrile:0.5% TFA-H,0) gave 439.mg (68% yield) of the
product as an off-white solid: '"H NMR (dmso-ds, 300 MHz) 13.43 (brs, 1H), 7.90 (s, 1H),
7.50 (s, 1H), 7.27 (s, 1H), 5.86 — 6.05 (m, 2H), 5.02 — 5.08 (m, 2H), 3.29 — 3.45 (m, 2H);
ESHRMS m/z 367.0437 (M-H, C;5HoF¢O3, Calc’d 367.0400).

Example 21t

cl CO,H

X

0~ “CF,

(25)—6-chloro-8—methyl—2-(triﬂuoromethyl)-ZH-chromene—3-carboxylic acid

[0388] Racemic 6-chloro—8-methy1-2—(tfiﬂuoromethyl)—ZH—chromene-3—carboxylic acid
prepared as in US 6,271,253 B1 Example 38 (10.0 g) was resolved by chiral separation
using a Chiralcel OJ column eluting with EtOH/heptane/TFA=5/95/0.1 and detecting at 254
nm as peak 1 with retention time 6.05 min to give 4.94 g (49% yield) the product as a solid.
X-ray crystal structure analysis confirmed the title compound to be the (S)-enantiomer: 'H
NMR (dmso-ds, 300 MHz) 13.36 (brs, 1H), 7.82 (s, 1H), 7.44 (d, 1H, J = 2.7 Hz), 7.33 (d, -
1H, J = 2.0 Hz), 5.95 (q, 1H, J = 7.3 Hz), 2.16 (s, 3H); ESLRMS m/z 293 (M+H, C12Hy
C1;F30;, Calc’d 293).

Example 21u

Cl N CO,H
0~ “CF,
(ZR)—6—chloro-8—methyl—2-(triﬂuoromethyl)-ZH—chromene-3-carb0xylic acid
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[0389] Racemic 6-chloro-8-methyl-Z—(triﬂuoromethyl)-2H—chromene-3-carboxylic acid
prepared as in US 6,271,253 B1 Example 38 (10.0 g) was resolved by chiral separation
using a Chiralcel OJ column eluting with EtOH/heptane/TFA=5/95/0.1 and detecting at 254 A
nm as peak 2 with retention time 7.68 min to give 3.99 g (40% yield) the product as a solid:
ESLRMS m/z 293 (M+H, C1oHsF303, Cale’d 293). |

" Example 22
O
C
! Ny oH
| O CF3
Cl

6,8—dichloro—7-i0do-2—(triﬂu0r0methyl)-ZH-chrdmene—B—carboxylic acid

Step 1. Preparation of 2-hydroxy-4-iodobenzaldehyde.

[0390] The commercially available 3-iodophenol was formylated via a method similar
to that described in Example 91, Stepl: THNMR (DMSO-ds/300 MHz) 10.95 (s, 1H), 10.19
(s, 1H), 7.33 (m, 3H), 4.31 (m, 1H).

Step 2. Preparation of ethyl 6.8-dichloro-7-iodo-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0391] The salicylaldehyde (Step 1) (6.05 g, 24.4 mmole) was chlorinated via a

method similar to that described in Example 4b, Step 1 (3.91 g, 51%). This ester was of
suitable purity to use without further purification. 'THNMR (CDCl3/300 MHz) 11.55 (s,
1H), 9.84 (s, 1H), 7.6 (s, 1H).

Step 3. Preparation of ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0392] The ester (Step 2)(3.85 g, 12.1 mmole) was condensed via a method similar

to that described in Example 4a, Step 1. (2.83 g, 50%) This ester was of suitable puﬁty

to use without further purification: THNMR (CDCI3-/3 00 MHz) 7.64 (s, 1H), 7.30 (d,

1H, J= 9.2 Hz), 5.83 (q, 1H, J= 7.1 Hz), 4.32 — 4.40 (m, 2H), 1.36 — 1.57 (m, 3H).
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Step 4. Preparation of 6.8-dichloro-7-iodo-2-(trifluoromethyl)-2H-chromene-3-

carboxyvlic acid.

[0393]  The ester (Step 3) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): "HNMR (CDCls-dg/300 MHz) 7.95
(s, 1H), 7.78 (s, 1H), 6.05(q, 1H, J="7.1 Hz). ' ’

Example 23a
Cl O
N OH
o) CF;
0O

)

5-chloro-8-propoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 8-hydroxy-2-( trifluoromethyl)-2H-chromene-3-carboxylate.

[0394] The ethyl 8-hydroiy—Z-(triﬂuoromethyl)—2H-chromene-3-carboxylate was
prepared by the procedure similar to that described in Example 1a, Step 1 by using 2,3-

1
dihydroxy benzaldehyde as starting materials: LCMS m/z 289.15 (M+H). HNMR
(CDC13/ 400 MHz) 7.72 (s, 1H), 6.98 (dd, 1H, J= 1.6, 8.0 Hz), 6.88 (m, 1H), 6.79 (dd, 1H, ‘

J=1.6,7.6 Hz), 5.76 (q, 1H, J =6 Hz), 4.29 (m, 2H), 1.33 (¢, 3H, J=7.2 Hz).

Step 2. Preparation of 5-chloro-8-propoxy-2-( triﬂuorornethvl)-2H—chromene-3-carboxvlic
acid.

[0395] The 5-chloro-8-propoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
was prepared by the procedure similar to the method described in Example 2b using ethyl 8-
hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate Step 1 as starting material:
ESHRMS m/z335.0253 (M-H, Cy4H;,04F3, Calc’d 335.0292). TH NMR (acetone-dg/ 400
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MHz) 8.02 (s, 1H), 7.14 (d, 1H, J=8.8 Hz), 7.10 (d, 1H, J=8.8 Hz), 5.90 (q, 1H, J=7.0
Hz), 4.03 (m, 2H), 1.78(m, 2H), 1.07(t, 3H, J=7.2 Hz).

Example 23b

Cl O
N OH
o) CF3

5-chloro-8-(2-ethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0396] The 5-chloro-8-(2-ethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the procedure similar to the method described in Example 23a:
ESHRMS m/z377.0761 (M-H, C17H;704F5 Cl, Calc’d 377.0762). 'H NMR (acetone-d¢/
400 MHz) 8.02 (s, 1H), 7.14 (d, 1H, J=8.8 Hz), 7.10 (d, 1H, J=8.8 Hz), 5.90 (q, 1H, J=7.0
Hz), 4.03 (m, 2H), 1.66 (m, 1H), 1.49 (m, 4H), 0.93 (t, 6H, J=7.2 Hz).

Example 23¢
Cl O
X OH
o) CF3
O

8-(benzyloxy)-5-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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[0397] The 8—(benzyloxy)-5-chloro-2-(tn'ﬂuorome'thyl)-ZH-chromene—3—carboxylic acid
was prepared by the procedure similar to the method described in Example 23a: ESHRMS
m/z383.0326 (M-H, CysH;,04F3Cl, Calc’d 383.0303). "H NMR (CDCl3/300 MHz) 8.17 (s,
1H), 7.34 (m, 5H), 6.92 (d, 1H, J=8.8 Hz), 6.92 (d, 1H, J=8.8 Hz), 5.79 (q, 1H, J=7.0 Hz),
5.16 (d, 1H, J=12 Hz), 5.14 (d, 1H, J =12 Hz).

Example 23d
Cl O
N OH
'0) CF3

5-chloro-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate.
[0398]  The 2-hydroxy-3-methoxybenzaldehyde (3.05 g, 20mmol) was dissolved in
DMSO (9 mL). TEA (4.09 g, 40 mmol) and ethyl 4,4,4-trifluorocrotonate (6.93 g, 40

mmol) were added to above solution. The reaction was heated to 70 °C and monitored by
TLC and GCMS until done. The reaction was quenched with 10% HCL. The compound

was extracted with EtOAc and washed with water and NH4Cl. The organic was dried over
MgSO,. After concentrated, the crude compound was purified by flash column with 20%

EtOAc in hexane. This ester was of suitable purity to use without further purification.

Step 2. Preparation of 5-chloro-8;methoxv-2-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0399] The 5-chloro-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
was prepared by the procedure similar to the method described in Example 2b, Step 2, 3:
ESHRMS m/z307.0006 (M-H, C1,H;04F3Cl, Calc’d 306.9979). 'H NMR (CDCl5/300
MHz) 8.17 (s, 1H), 7.02 (d, 1H, J=8.7 Hé), 6.91 (d, 1H, J=8.7 Hz), 5.77 (q, 1H, J=7.0
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Hz), 3.89 (s, 3H). Anal. Calc’d for C1,HsCIF304. C, 46.70; H, 2.61. Found: C, 46.40; H,
2.71. '

Example 23e
Cl O
Cl
N OH
o~ ~CF3
O

5,6-dichlor0-8—methoxy-2-(triﬂuoromethyl)-2H—chr0mene-3-carboxylic acid

[0400] The 5, 6-dichloro-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the procedure similar to the method described in Example 1b, Step 2,
3 using ethyl 8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate Example 23d,
Step 1 as starting material: ESHRMS m/z 340.9600 (M-H, C12HgO4F3C,, Cale’d
340.9590). 'H NMR (CDCl3/300 MHz) 7.93 (s, 1H), 6.92 (s, 1H), 5.67 (g, 1H, J=7.0 Hz),
3.78 (s, 3H).

Example 23f
Cl O
N OH
cl o~ CFs
O

L

5,7—dichloro-8-prop0xy-2-(trifluorométhyl)-ZH—chromene—3-carboxylic acid

[0401]  The 5,7-dichloro-8-p'ropoxy—Z-(triﬂuoromethyl)-2H-ch1'omene-3-carbbxylic acid
acid was prepared by the procedure similar to the method described in Example 2b using

ethyl 8-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 23a, Step 1
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as starting material: ESHRMS m/z368.9950 (M-H, C{4H,004F3Cl,, Calc’d 368.9903). 'H
NMR (acetone-d¢/ 400 MHz) 8.02 (s, 1H), 7.30 (s, 1H), 5.90 (q, 1H, J=7.0 Hz), 4.03 (m,
2H), 1.78(m, 2H), 1.07(t, 3H, J =7.2 Hz).

Example 24a
Br O
Xy~ oH
O CF3
0O

5-bromo-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 5-bromo-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0402] The ethyl 5-bromo-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate

was prepared by a procedure similar to the method described in Example 23d, Step 1: 'H
NMR (CDCly/ 300 MHz) 7.98 (s, 1H), 7.18 (d, 1H, J=8.7 H2), 6.83 (d, 1H, /~8.7.Hz), 5.78
(q, 1H, J=7.0 Hz), 4.39 (m, 2H), 1.37 (m, 3H).

Step 2. Preparation of 5-bromo-8-methoxv—2¢( trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0403] The 5 —bromo-8-methoxy-Z-(triﬂuoromethyl)-2H—éhromené-3—carboxylic acid
was prepared by a procedure similar to the method described in Example 2a, Step 3.
ESHRMS m/z 350.9495 (M-H, C1,HzO4F3Br, Calc’d 350.9474). 'H NMR (CDCly/ 300
MHz) 7.85 (s, 1H), 7.05 (d, 1H, J=8.8 Hz), 6.71 (d, 1H, J= 8.8 Hz), 5.65 (q, 1H, J=7.0
Hz), 3.75 (s, 3H). '

Example 24b
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S-Bromo-8-ethoxy—2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 5-bromo-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0404] The ester (Example 28d, step 2) was brominated via a similar method to that
described in Example 41, step 1 (76%) ETHRMS m/z 394.0028 (M-H, C;sH14CIF304, Calc’d

393.9979).

Step 2. Preparation of 5-bromo-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0405] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2, (99%). '"HNMR (CDCl3-dg/400 MHz), 8.13
(s, 1H), 7.16 (d, 1H, J = 8.6 Hz), 6.86 (d, 1H, J= 8.6 Hz), 5.77 (g, 1H, /= 7.1 Hz), 4.07 -
4.14 (m, 2H), 1.41 — 1.46 (m, 3H)

Example 25a
O
N OH
o) CF3
O
F
NO,

8-(2-fluoro-4-nitrophenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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|
[0406]  The 8-(2-fluoro-4-nitrophenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the procedure similar to that described in Example 5a using ethyl 8-
hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 23a, Step 1 as
starting material: AESHRMS' m/z 398.0264 (M-H, Cy;HgO6F4N, Calc’d 398.0282). 'H NMR
(acetone-dg/ 400 MHz) 7.85 (dd, 1H, J=10.8, 2.8 Hz), 8.07 (ﬁl, 1H), 7.96 (s, 1H), 7.50 (dd,
1H, J=8.0, 1.6 Hz), 7.40 (dd, 1H, J=8.0, 1.6 Hz), 7.21 (t, 1H, J=8.0), 7.02 (t, 1H, J=8.0
Hz) 5.84 (q, 1H, J=7.0 Hz).

Example 25b
O
N OH
0O CF;
O
F
NH,

8-(4-amino-2-fluorophenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0407] The 8-(4-amino-2-fluorophenoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by the procedure similar to the method described in Example
2a using ethyl 8-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example
23a, Step 1 as starting material: ESHRMS m/z 368.0560 (M-H, C17H;¢04F4N, Calc’d
368.0540). 'H NMR (acetone-dg¢/ 400 MHz) 7.98 (s, 1H), 7.37 (m, 1H), 7.25‘(m,»1H), 7.14
(m, 1H), 7.05 (m, 2H), 6.87 (m, 1H), 6.62 (m, 1H), 5.84 (g, 1H, J=7.0 Hz).

Example 25¢
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Cl O
X OH
o~ ~CF;

O.

F

8-(4-amino-2-fluorophenoxy)-4-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid |
[0408]  The 8-(4-amino-2-fluorophenoxy)-4-chloro-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid (TFA salt) was prepared by the procedure similar to the method described in
Example 2a using ethyl 8-hydroxy-2-(triﬂuoromethyl)-2H-chromene-3-carboxylate from
Example 23a, Step 1 as starting material: ESHRMS m/z 402.0158 (M-H, C17H904F4NC1,
Calc’d 402.0151). 'H NMR (acetone-de/ 400 MHz) 7.75 (dd, 1H, J =8.0, 1.0 Hz), 7.59 (dd,
1H, J=10.6, 2.3 Hz), 7.39 (dd, 1H, J=8.3, 1.5), 7.37 (m, 1H), 7.25 (m, 1H), 7.10 (m, 1H),
5.98 (g, 1H, J=7.0 Hz). ‘ ‘

Example 25d
0]
N OH
') CF3
O
R
Cl . Cl
NH»

8-(4-amino-3,5-dichloro-2=ﬂuorophenoxy)-Z—(triﬂuoromethyl)-ZH-chromene-SF

carboxylic acid
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[0409] The 8-(4-amino-3,5-dichloro-2-ﬂuorophendxy)-2-(tn'ﬂuoromethyl)-2H-
chromene-3-carboxylic acid was prepared by chlorination of 8-(4-amino-2-fluorophenoxy)-
2-(trifluoromethyl)-2H-chromene-3-carboxylic acid from Example 25b using the procedure
similar to the method described in Example 2a, Step 2: ESHRMS m/z436.9560 (M-H,
C17H,05F4Cly, Cale’d 436.9601). "H NMR (acetone-dg/ 300 MHz) 7.93 (s, IH), 7.35(dd,
1H,J=7.2, 1.2 Hz), 7.21 (dd, 1H, J=8.1, 1.5 Hz), 7.08 (m, 2H), 7.05 (m, 2H), 5.84 (g, 1H,
J=17.0 Hz).

Example 25¢

O
N OH

') CF3
oz
8-propoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0410] The 8-propoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was B
prepared by the procedure similar to the method described in Example Se using ethyl 8-
hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 23a, Step 1 as
starting material: ESHRMS m/z 301.0691 (M-H, C14H1,04F5, Calc’d 301.0682). 'HNMR
(CDCls/ 300 MHz) 7.89(s, 1H), 6.98 (m, 3H), 5.80 (q, 1H, J=7.0 Hz), 4.05 (m, 2H), 1.88
(m, 2H), 1.08 (t, 3H, J=7.4 Hz).

Example 25f
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8-butoxy-2-(trifluorométhyl)-ZH-chromene-S-carboxylic acid

[0411] The 8-butoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was prepared
by the procedure similar to the method described in Example Se using ethyl 8-hydroxy-2-
(trifluoromethyl)-2H-chromene-3-carboxylate from Example 23a, Step 1 as starting
material: ESHRMS m/z315.0815 (M-H, C15H;404F3, Calc’d 368.0540). 'H NMR (CDCly/
300 MHz) 7.85 (s, 1H), 6.98 (m, 3H), 5.76 (q, 1H, J=7.0 Hz), 4.06 (m, 2H), 1.82 (m, 2H),
1.50 (m, 2H), 0.97 (t, 3H, J=7.4 Hz).

Example 25¢g
@)
N OH
') CF3
O

8-(benzyloxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0412] The 8-(benzyloxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
prepared by the procedure similar to the method described in Example 5e using ethyl 8-
hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 23a, Step 1 as
starting material: ESHRMS m/z 349.0710 (M-H, CsH;,04F3, Calc’d 349.0682). 'H NMR
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(CDCl5/300 MHz) 7.86 (s, 1H), 7.34 (m, 5H), 7.00 (m) 1H), 6.89 (m, 1H), 5.80 (q, 1H, J
=7.0 Hz), 5.22 (d, 1H, J=12.3 Hz), 5.19 (d, 1H, J=12.3 Hz).

Example 25h
O
N OH
o) CF3
O
~
o

8-(3-furylmethoxy)-2-(triflucromethyl)-2H-chromene-3-carboxylic acid

[0413] The 8-(3-furylmethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
prepared by the procedure similar to the method described in Example 5e using ethyl 8-
hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 23a, Step 1 as
starting mateﬁal: ESHRMS m/z339.0510 (M-H, Ci6H1005F3, Cale’d 339.0457). 'HNMR
(CDCl3/ 300 MHz) 7.85(s, 1H), 7.47 (s, 1H), 7.41 (m, 1H), 7.02 (m, 1H), 6.90(m, 2H), 6.48
(s, 1H), 5.84 (q, 1H, J=7.0 Hz), 5.07 (g, 1H, J=11.7 Hz), 5.01(q, 1H, J=11.7 Hz). ‘

Example 26

O
Br\

~ X OH
= O CF;
O

-~

6-bromo-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Stepl. Preparation of 5-bromo-3-ethoxy-2-hydroxybenzaldehyde.
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[0414] Bromine (2.95g, 15.95 mmol) was added to a stirring solution of 3-ethoxy-2-
hydroxybenzaldehyde (5.30g, 31.9 mmolj, which was dissolved in 30% HB1r/HOAc The
solution was stirred for 1.5 hrs at r.t. The reaction was quenched with HzO and extracted
with ethyl acetate. The organic layer was washed with sat. ammonium chloride and dried
over anhydrous sodium sulfate. Upon filtration the filtrate was concentrated in vacuo and
purified by flash chromatography (silica gel) and eluted with 5% EtOAc/ hexanes to yield -
1.56g (20%) of the title compound as a colorless oil: ESHRMS m/z 242.9657 (M-H,
CoHyO3Br, Calc’d 242.9662).

Step 2. Preparation of ethyl 6-bromo-8-ethoxy-2-( trifluoromethyl)-2H-chromene-3-
carboxylate. '

[0415] The ethyl 6-bromo-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate
was prepared by a proc;‘edure similar to the method described in Example 23d, Step 1 using
aldehyde from Step 1 as starting material: GCMS m/z 394.0 (M+). 'HNMR (CDCly/ 400
MHz) 7.63 (s, 1H), 7.06 (s, 1H), 6.99 (s, 1H), 5.78 (q, 1H, J=7.0 Hz), 4.34 (m, 2H), 4.11
(m, 2H), 1.45 (m, 3H), 1.37 (m, 3H).

Step 3. Preparation of 6-bromo-8—ethoxv—2-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0415] The 6-bromo-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
was prepared by a procedure similar to the method described in Example 2a, Step 3:
ESHRMS m/z 364.9637 (M-H, C13Hy04F;Br, Calc’d 364.9631). 'H NMR (CDCls/ 400
MHz) 7.74 (s, 1H), 7.07 (s, 1H), 7.00 (s, 1H), 5.74 (q, 1H, J=7.0 Hz), 4.10 (m, 2H, /=7.0
Hz), 1.43 (q, 3H, /=7.0 Hz).

Example 27
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|
6-br0m0-5,7-dichloro-8-efhoxy-2-(triﬂuor0methyl)-ZH—chromene-3—carboxylic ‘

Step 1. Preparation of ethyl 6-bromo-5,7-dichloro-8-ethoxy-2-( trifluoromethyl)-2H-

chromene-3-carboxylate.

[0416] The ethyl 6-bromo-5,7-dichloro-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate was prepared by a procedure similar to the method described in Example 1h,
Step 2 using ethyl 6-bromo-8—ethoxy~2-(triﬂuoromethyl)-2H-chromene—3-carboxylate from
Example 26, Step 2 as starting material: GCMS m/z 464.0 (M+). "H NMR (CDCl3/ 400
MHz) 8.03 (s, 1H), 5.80 (q, 1H, J=7.0 Hz), 4.34 (m, 2H), 4.10 (m, 2H),'1.42 (m, 3H), 1.37
(m, 3H). o

Step 2. Preparation of 6-bromo-5,7-dichloro-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.
[0417] The 6-bromo-5,7-dichloro-_8-e‘thoxy—Z-(triﬂuoromethyl)-zH-chromene-3-

carboxylic acid was prepared by a procedure similar to the method described in Example 2a,
Step 3: ESHRMS m/z 432.8829 (M-H, C13H;0,4F;BrCl,, Calc’d 432.8851). '"HNMR
(CDCl3/ 400 MHz) 8.18 (s, 1H), 5.78 (q, 1H, J=7.0 Hz), 4.12 (m, 2H), 1.43 (m, 3H).

Example 28a
Cl O
Cl
N OH
Cl o~ CF3
0 :

)

5,6,7-trichloro-8-propoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0418]  The 5,6,7-trichloro-8-propoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the procedure similar to the method described in Example 2b using
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ethyl 8-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 23a, Step 1
. as starting material: ESHRMS m/z 402.9490 (M-H, C;sHs04F;Cl3, Calc’d 402.9513). 'H
NMR (CDCly/ 300 MHz) 8.19 (s, 1H), 5.79 (g, 1H, J =7.0 Hz), 4.02 (m, 2H), 1.83 (m, 2H),

1.07 (t, 3H, J=7.2 Hz).

Example 28b
Ci (@)
Cl
’ N OH
c o~ CF;
0]

8-butoxy-5,6,7-trichloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
[0419] The 8-butoxy-5,6,7-trichloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was prepared by the procedure similar to the method described in Example 2b using
ethyl 8-hydroxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate from Example 23a, Step 1
as starting material: ESHRMS m/z416.9670 (M-H, C15H;104F3Cl;, Cale’d 416;9649). H
NMR (acetone-de/ 400 MHz) 8.04 (s, 1H), 6.06 (q, 1H, J=6.8 Hz), 4.10 (m, ZH), 1.83(m,
2H), 1.54 (m, 2H), 0.96 (t, 3H, J =7.6 Hz).

Example 28d
Cl O
cl N OH
Cl O CF3 -
0]

!

5,6,7—trichlor0-8—ethoxy72-(triﬂuoromethyl)-ZH-chrqmene-3-carboxylié acid

Step 1. Preparation of ethyl 8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate
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[0420] The commercially available 3-ethoxysalicylaldehyde (15 g, 90.26 mmole) was
condensed in a method similar to that described in Example 4a, Step 1. (18 g, 64%) This
ester was of suitable purity to use without further purification: EIHRMS m/z 316.0887 (M-
H, C;5H;5CIF;04, Calc’d 316.0922).

Step 2. Preparation of ethyl 5.6,7-trichloro-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate ,
[0421] The ester (Step 1) was chlorinated via a method similar to that described in

Example 4b, Step 1 (98%). This ester was of suitable purity to use without further
purification. ETHRMS m/z 417.9753 (M-H, C5H2C13F304, Cale’d 417.9785).

Step 3. Preparation of 5.6,7-trichloro-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0422] The ester (Step 3) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2. (99%): ESHRMS m/z 388.9384 (M-H,
C13H,Cl5F304, Calc’d 388.9357). "THNMR (DMSO-ds/400 MHz), 13.89 (brs, 1H), 7.84 (s,
1H), 6.20 (q, 1H, J= 7.1 Hz), 4.07 — 4.14 (m, 2H), 1.41 - 1.46 (m, 3H).

Example 29
o)
Cl N OH
cl 0~ CF,
/O

6,7-dichloro-8-methoxy-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid

Step 1. Preparation of ethyl 5-bromo-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
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[0423]  The ethyl 5-bromo-8-methoxy-2-(triflucromethyl)-2H-chromene-3-carboxylate
was prepared by a procedure similar to tﬂe method described in Example 24a, Step 1: 'H
NMR (CDCls/ 300 MHz) 7.98 (s, 1H), 7.18 (d, 1H, J=8.7 Hz), 6.83 (d, 1H, /=8.7 Hz), 5.78
(q, 1H, J=7.0 Hz), 4.39 (m, 2H), 1.37 (m, 3H).

Step 2. Preparation of ethyl 5.bromo-6,7-dichloro-8-methoxy-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0424] The ethyl 5-bromo.-'8-methoxy-2-(triﬂuoromethyl)-zH—chromene—3-carboxylate

was prepared by a procedure similar to the method described in Example 1h, Step 2: 'H
NMR (CD;0D/ 300 MHz) 8.02 (s, 1H), 7.25 (s, 1H), 5.80 (g, 1H, J=7.0 Hz), 4.34 (m, 2H),
3.91 (s, 3H), 1.37 (m, 3H).

Step 3. Preparation of ethyl 6.7-dichloro-8-methoxy-5-methyl-2-(trifluoromethyl)-2H-
chromene-3-carboxylate. 4

[0425]  Pd(PPhs)s (0.13g, 0.85 mmol), K2CO; (0.34g, 0.85 mmol) and trimethylboroxine
(0.14g, 0.85 mmol) was added to a stirring solution of ethyl 5 -bromo-6,7-dichloro-8-

methoxy-2-(triﬂuqromethyl)—2H—chromene-3-carboxy1ate (0.38g, 0.85mmol) dissolved in
1,4-dioxane and heated to reflux for 24 hrs. Allowed to cool to R.T., filtered through celite
and washed with EtOAc. The resulting solution was condensed in vacuo and purified by
flash chromatography (silica gel) and eluted with 10% EtOAc/ hexanes to yield 0.18g
(56%) of the title compound as an amorphous solid: GCMS m/z 384.0 (M+). '"H NMR
(CDCl3/ 300 MHz) 7.92 (s, 1H), 5.80 (q, 1H, J=7.0 Hz), 4.35 (m, 2H), 3.89 (s, 3H), 2.47 (s,
3H), 1.36 (m, 3H).

Step 4. Preparation of 6,7-dichloro-8-methoxy-5-methyl-2-( trifluoromethyl)-2H-chromene-

3-carboxvlic acid.

[0426] The 6,7-dichloro-8-inethoxy-S-methyl-2-(triﬂuoromethyl)-2H-chromene-3-

carboxylic acid was prepared by a procedure similar to the method described in EXample 2a,
Step 3: ESHRMS m/z 354.9782 (M-H, C13HgO4F3Cl,, Cale’d 354.9746). 'H NMR (CDCls/
300 MHz) 8.08 (s, 1H), 5.78 (q,.1H, J =7.0 Hz), 3.90 (s, 3H), 2.49 (s, 3H).

Example 30
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Br O
Cl
N OH
Cl @) CFj;.

_O

5—br0mo-6,7—dichioro-8-methoxy-2—(triﬂuoromethyl)-ZH—chromene-3-carboxylic
: acid

Step 1. Preparation of ethyl 5-bromo-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-

“carboxylate..
[0427] The ethyl 5-bromo-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate

was prepared by a procedure similar to the method described in Example 1a, Step 1: 'H
NMR (CDCls/ 300 MHz) 7.98 (s, 1H), 7.18 (d, 1H, /=8.7 Hz), 6.83 (d, 1H, J=8.7 Hz), 5.78
(g, 1H, J=7.0 Hz), 4.39 (m, 2H), 1.37 (m, 3H). '

Step 2. Preparation of ethyl 5-bromo-6,7-dichloro-8-methoxy-2-(trifluoromethyl)-2H-
chromene-3-carboxylate.

[0428] The ethyl 5-bromo-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate

was prepéred by a procedure similar to the method described in Example 1h, Step 2: 'H
NMR (CD;0D/ 300 MHz) 8.02 (s, 1H), 7.25 (s, 1H), 5.80 (q, 1H, J=7.0 Hz), 4.34 (m, 2H), -
3.91 (s, 3H), 1.37 (m, 3H).

Step 3. Preparation of 5-bromo-6.7-dichloro-8-methoxy-2-(trifluoromethyl)-2H-chromene-
3-carboxvlic acid. '
[0429] The 5-bromo-6,7-dichloro-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid was prepared by a procedure similar to the method described in Example 2a,
Step 3: ESHRMS m/z 420.8657 (M-H, C12Hs04F3C1Br, Calc’d 420.8672). 'H NMR
(CDCly/ 300 MHz) 7.87 (s, 1H), 5.67 (q, 1H, J=7.0 Hz), 3.77 (s, 3H).

Example 31
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o)

!

8-ethoxy-6-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 6-bromo-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0430] The ethyl 6-bromo-8-ethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate

was prepared by a procedure similar to the method described in Example 26, Step 2:
GCMS m/z 394.0 (M+). 'H NMR (CDCly/ 400 MHz) 7.63 (s, 1H), 7.06 (s, 1H), 6.99 (s,
1H), 5.78 (q, 1H, J =7.0 Hz), 4.34 (m, 2H), 4.11 (m, 2H), 1.45 (m, 3H), 1.37 (m, 3H).

Step 2 Preparation of ethyl 8-ethoxy-5 -methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylate. '

[0431]  The ethyl 8-ethoxy-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate
was prepared by a procedure similar to the method described in Example 29, Step 3: 'H
NMR (CDCly/ 300 MHz) 7.66 (s, 1H), 6.78 (s, 1H), 6.65 (s, 1H), 5.74 (q, 1H, J=7.0 Hz),
431 (m, 2H), 4.11 (m, 2H), 2.27 (s, 3H), 1.42 (m, 3H), 1.34 (m, 3H).

Step 3. Preparation of 8-ethoxy-6-methyl-2-( triﬂuoromethvl)—ZH-chromene-3—carboxv1ic

acid. .

[0432] The 8-ethoxy-6-methyl-Z-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid was
prepared by a procedure similar to the method described in Example 2a, Step 3. ESHRMS

m/z 301.0667 (M-H, C14H;,04F3, Calc’d 301.06’82): TH NMR (CDCl3/ 300 MHz) 7.80 (s, .
1H), 6.81 (s, 1H), 6.68 (s, 1H), 5.73 (g, 1H, J=7.0 Hz), 4.11 (m, 2H), 2.28 (s, 3H), 1.43 (m,
3H). '
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Example 32a
O
Ny~ “OH
o) CF;

6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

- Step 1. Preparation of 2-hydroxy-3,5-dimethylbenzaldehyde.
[0433] To a solution of 2,4-dimethylphenol (24.9 g, 204 mmole) in anhydrous toluene
(75 mL) at 0 °C was added HMPA (35 mL) and then a solution of ethylmagnesium bromide

(61 mL — 3 M in ethyl ether, 0.183 mmole), keeping the temperature <10 °C. Then
paraformaldehyde (13 g, 0.43 mole) was added and the cooling was removed. The ethyl
ether was removed by distillation and the mixture was refluxed. The mixture was quenched
with 10% HCI and EtOAc was added. The EtOAc solution was washed twice with HO,
twice with aqueous NH,Cl, dried over Na;SO4 and concentrated in vacuo. Purification by
silica chromatography (98:2 hexanes:EtOAc) gave 17'.9 g (59% yield) of the product as a
yellow oil: ESHRMS m/z 147.0619 (M-H, CoHyO3, Calc’d 147.0603).

Step 2. Preparation of ethyl 6,8-dimethyl-2-( trifluoromethyl)-2H-chromene-3-carboxylate.
[0434] A mixture of 2-hydroxy-3,5-dihqethy1benzaldehyde prepared as in Step 1 (6.16 g,
0.411 mole), ethyl 444-trifluocrotonate (13.4 g, 0.970 mole) and TEA (8.3 g, 0.82 mole) in
DMSO (10 mL) was heated at 90 °C. A slow reaction rate was seen by GCMS. K,CO3 was
then added and when the reaction was mostly complete, 10% HCI was added, followed by
EtOAc. The layers were separated and the EtOAc layer was washed twice with H,O, twice
with aqueous NH,4Cl, dried over Na;SOs, filtered and concentrated in vacuo to give an
orange oil. The crude product was purified by silica chrdmatography (9:1 hexanes:EtOAc)
to give 5.47 g (44% yield) of the product: EIHRMS m/z 300.0938 (M+, C;sH;sF303, Calc’d
300.0973).

Steﬂ 3. Prenaraﬁon of 6.8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid.
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[0435] The ester from Step 2 was hydrolyzed via a method similar to that described in
Example 17d, Step 2 to give the product:x 'HNMR (CDCl3/400 MHz) 7.79 (s, 1H), 7.01 (s,
1H), 6.88 (s, 1H), 5.68 (q, 1H, J = 6.9 Hz), 2.24 (s, 3H), 2.20 (s, 3H); '
ESHRMS m/z 271.0575 (M-H, Ci3H;F303, Calc’d 271.0582).

Example 32b
O
N OH
o) CF,

(25)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0436] The (2S)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
resolved by chiral separation of racemic 6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid from Example 32a using Chiralcel OJ column eluting with
EtOH/heptane/TFA=5/95/0.1 and detecting at 254 nm as peak 2 with retention time 6.36
min: 'H NMR (acetone-d¢/ 300 MHz) 7.81 (S, 1H), 7.09 (s, 2H), 5.80 (q, 1H, J =7.2 Hz),
2.25 (s, 3H), 2.21 (s, 1H). [a]”® s9="+3.2 degrees (MeOH) and []® 436=+ 37.8 degrees
(MeOH).

Example 32¢
@
N OH
o~ ~CF;

(2R)-6,8-dimethyl-Z—(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid
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[0437]  The (2R)-6,8-dimethyl-2-(trifluoromethyl)!2H-chromene-3-carboxylic acid was
resolved by chiral separation of racemic 6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid from Example 32a using Chiralcel OJ column eluting with
EtOH/heptane/TFA=5/95/0.1 and detecting at 254 nm as peak 1 with retention time 4.38
min: 'H NMR (acetone-d¢/ 300 MHz) 7.81 (s, 1H), 7.09 (s, 2H), 5.80 (q, 1H, J =7.2 Hz),
2.25 (s, 3H), 2.21 (s, 1H). [a]* s39=- 7.6 degrees(MeOH) and [a]* 436=- 40.4 degrees
(MeOH). '

Example 32d

O

N OH - H,N
"CF, H

(2R)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid compound with
(1S)-1-phenylethanamine (1:1)

[0438] - The (2R)-6,8-dimethyl—Z-(triﬂuoromethyl)-2H-chromene—3-carboxylic acid from
Example 32¢ (138.5 mg, 0.51 mmole) was dissolved into Ethyl Acetate (2 mL) and IPA
(2mL). (S)-(+)-a-methylbenzylamine (61.6 mg, 0.51 mmol) was added into the solution.
Hexane (12 mL) was added to above solution while it was stirring. The solution was
standing without cover until crystals appeared. The absolute configuration of the complex -
was determined by small molecule x-ray diffraction: "H NMR (acetone-d¢/ 400 MHz) 7.76
(s, 1H), 7.39 (d, 2H, J=7.2 Hz), 7.27 (t, 2H, J=7.2 Hz), 7.17 (t, 1H, J=6.8 Hz), 7.06 (s,
2H), 5.80 (q, 1H, J =7.2 Hz), 2.23 (s, 3H), 2.19 (s, 1H). ‘

Example 32¢

O

N OH - H,N
0 ~NCF, H
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(2R)-6,8-dimethy1-2-(triﬂubromethyl)—ZH-chromene-3-carboxylic acid compound with
(1R)-1-phenylethanamine (1:1)

[0439]  The (2R)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic écid

compound with (1R)-1-phenylethanamine (1:1) was prepared by the procedure similar to

'the method described in Example 32d: "H NMR (acetone-d¢/ 400 MHz) 7.76 (s, IH), 7.39

(d, 2H, J=7.2 Hz), 7.27 (t, 2H, J=7.2 Hz), 7.17 (t, 1H, J=6.8 Hz), 7.06 (s, 2H), 5.80 (q,

1H, J=7.2 Hz), 2.23 (s, 3H), 2.19 (s, 1H).

Example 32f

0]

\ a2
OH H,N
') CF, H

(2S)—6,8-dimethyl—2—(triﬂuoromethyl)-ZH-chromene—3-carboxylic acid compound with
(1R)-1-phenylethanamine 1:1)

[0440] The (28)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
compound with (1R)-1-phenylethanamine (1:1) was prepared by the procedure similar to
the method described in Example 32d: 'H NMR (acetone-dg/ 400 MHz) 7.76 (s, 1H), 7.39
(d, 2H, J=7.2 Hz), 7.27 (t, 2H, J=7.2 Hz), 7.17 (t, 1H, J =6.8 Hz), 7.06 (s, 2H), 5.80 (g,
1H, J=7.2 Hz), 2.23 (s, 3H), 2.19 (s, 1H).

Example 33

cl - O
N OH
O CFj

5-chloro-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of ethyl 5_chloro-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3- }

carboxylate
[0441] The ester (Example 32a, Step 2) was chlorinated via a method similar to that

described in Example 4b, Step 1 (91%). This ester was of suitable purity to use without
further purification: "HNMR (Chloroform-ds/400 MHz), 8.09 (s, 1H), 7.02 (s, 1H), 5.71 (q,
1H, J= 7.1 Hz), 4.28 — 4.35 (m, 2H), 2.27 (s 3H), 2.17 (s, 3H), 1.33 — 1.37 (m, 3H).

Step 2. Preparation of 5-chloro-6.8-dimethyl-2-( triﬂuoromethvl)—2H-

chromene-3-carboxvlic acid

[0442] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method

“similar to that described in Example 4a, Step 2. (132 mg, 99%): ESHRMS m/z 305.0171
(M-H, C;3HsCIF303, Calc’d 305.0187). "HNMR (Chloroform-dg/400 MHz) 7.86 (s, 1H),
6.83 (s, 1H), 5.49(q, 1H, J="7.1 Hz), 2.06 (s, 3H), 1.96 (s, 3H).

Example 34a
/mCOZH
, O CF;
6-ethyl-2-(triﬂﬁoromethyl)-ZH-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 2-(triﬂuoromethv1)-2H-1—b¢nzopvran-3-carboxvlate.

[0443] A three-neck flask fitted with overhead mechanical stirrer, condenser,
thermocouple/heating mantle, and nitrogen inlet was charged with salicylaldehyde (56.03 g,
4581.81 mmole) and DMF (200 mL). With stirring, KoCO3 (63.41 g, 458.81 mmol) was
added yielding a yellow suspension. Ethyl 4,4,4-trifluorocrotonate was added with
warming. Initially the temperature rose to 106 °C, and then was maintained with heating at '
90 °C for 20 h. The reaction was allowed to cool to RT, was diluted with water, and was
transferred to a separatory funnel. This mixture was extracted with Et,0 and the organic
phases combined. The ethereal phase was washed with water, saturated NaHCO3, brine and
dried over MgSOy, filtered and concentrated to yield a clear, brown oil: bp 116 °C, ~2mm.
'HNMR (acetone-d /300 MHz) 7.89 (s, 1H), 7.52-7.38 (m, 2H), 7.09 (dt, 1 J= 1.0, 7.7 Hz),
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7.03 (d, 1H, J = 8.3 Hz), 5.84 (g, 1H, J=7.3 Hz), 4.39-4.23 (m, 2H), 1.33 (¢, 3H,J="7.0
Hz). GCMS m/z 272 (M+).

Step 2: Preparation of ethyl 6-acetyl-2-(trifluoromethyl)-2H-chromene-3 -carboxylate.
[0444] A 500 mL three neck round bottom flask was fitted with stir bar, thermocouple

and heating mantle, condenser, and nitrogen inlet and charged with dichloromethane (150
mL), ethyl 2-trifluoromethyl-2H-chromene-3-carboxylate (14.94 g, 54.882 mmole), and
AlICI; (18.29 g, 137.21 mmole). With stirring, the reaction was chilled to 0 ° C followed by
addition of acetyl chloride (5.85.mL, 6.46 g, 82.32 mmole). The reaction was stirred at RT
for three days and then at reflux for six days. The reaction was poured over ice and was
extracted with dichloromethane. The organic phase was dried over MgSO4, filtered and
concentrated in vacuo to yield a solid. This solid was triturated with hexanes to provide a
slurry. Vacuum filtration of the slurry yielded the title compound as a white solid. (11.78
g, 68.3%): mp 101-103 °C. TH NMR (acetone-d /300 MHz) 8.14(s, 1H), 8.04 (d d, 1H, J

=8.7,2.2 Hz), 7.98(s, 1H), 7.13 (d, 1H, J= 8.6 Hz), 5.95 (q, 1H, J= 6.8 Hz), 4.38-4.23 (m,
2 H), 2.57(s, 3H), 1.33(t, 3H, J="7.0 Hz). GCMS m/z 314 (M)

Step 3: Preparation of ethyl 6-ethyl-2-( trifluoromethyl)-2H-chromene-3-carboxylate.
[0445] A 50 mL single-neck round bottom flask was charged with ethyl 6-acetyl-2-

(trifluoromethyl)-2H-chromene-3-carboxylate (1.465 g, 4.662 mmole), dichloromethane (4
mL), and triethyl silane (1.71 mL, 1.25 g, 10.72 mmole) and stirred at RT overnight. The
crude reaction was poured into water and extracted several times with dichloromethane.
The combined organics were washed with water, then with aqueous 10 % sodium carbonate
solution, dried over MgSOy, filtered and concentrated in vacuo to yield a colorless oil.- This

oil was purified by silica chromatography (9 hexane: 1 ethyl acetate) yielding the title
compound as a clear, colorless oil (1.25 g, 89 %): IHNMR (acetone-dg/300 MHz) 7.84 (s,

1H), 7.30 (d, 1H, J = 2.0 Hz), 7.26 (dd, 1H, J = 8.3, 2.0 Hz), 6.93 (d, 1H, J=8.3 Hz), 5.79
(g, 1H, J= 7.3 Hz), 4.37-4.24 (m, 2H), 2.60 (q, 2H, J= 7.6 Hz), 1.32 (t, 3H, J="7.3 Hz),
1.20 (t, 3H, J="7.6 Hz). GCMS m/z 300 (M-+). ~

Step 4: Preparation of 6-ethyl-2-(irifluoromethyl)-2H-chromene-3-carboxylic acid.
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[0446] A 15 mL single-neck round bottom flask was charged with ethyl 6-ethyl-2-
(trifluoromethyl)-2H-chromene-3-carboxylate (0.238 g, 0.932 mmole), THF:EtOH:H20
(7:2:1 by volume, 3 mL), and aqueous NaOH (0.41 mL of 2.5 N aq solution, 1.026 mmole). -
The reaction was stirred at RT under nitrogen for 3 days and was concentrated in vacuo
(high vacuum) to yield a semi-solid. The semi-solid was dissolved in H,O, wéshed with
diethyl ether, and sparged with nitrogen with gentle warming. The resulting organic
solvent-free aqueous phase was acidified with concentrated HCI with 'stirring providing a
slurry. The slurry was vacuum filtered yielding a white solid. The solid was dried on high
vacuum yielding the title compound as a white powder (0.178 g, 70 %): mp 145-149 °C.
LCMS m/z 273.15 (M+H). HRMS m/z 271.0600 (M-H, C13H;oF30, Cald’d 271.0577). 'H
NMR (acetone-d/300 MHzZ) 7.86 (s, 1H), 7.30 (d, 1H, J= 2.0 Hz), 7.27 (d, 1H,J=8.3
Hz), 6.94 (d, 1H, J= 8.3 Hz), 5.77 (g, 1H, J=7.0 Hz), 2.61 (q, 2H, /= 7.5 Hz), 1.21 (¢, 3H,
J=1.5 Hz).

Example 34b
0
N OH
'0) CF3

(2S)-6-ethyl-2-(triﬂuoromethyl)-ZH-chromene-3-carboxylic acid

[0447] The (28) 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
resolved by chiral separation of racemic 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid from Example 34a using Chiralcel OJ column eluting with
EtOH/heptane/TFA=5/95/0.1 and detecting at 254 nm as peak 2 with retention time 6.50
min: 'H NMR (acetone-dg/ 400 MHz) 7.84 (s, 1H), 7.29 (d, 1H, J=2.0 Hz), 7.24 (dd, 1H, J
=8.4, 2.4 Hz), 6.92(d, 1H, J=8.4 Hz), 5.90 (q, 1H, J=7.0 Hz), 2.59 (q, 2H, J=7.6 Hz), 1.19
(t, 3H, J=7.6 Hz). [O]% s9=+32.3 in MeOH and [0]* 436=+146.5 in MeOH.

Example 34¢
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O
(L
0 ~CF3
(2R)-6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0448]  The (2R) 6—ethyl—2-(triﬂubromethyl)-2H-chromene-3-carboxy1ic acid was
resolved by chiral separation of racemic 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid from Example 34a using Chiralcel OJ column eluting with '
EtOH/heptane/TFA=5/95/0.1 and detecting at 254 nm as peak with retention time 5.16
min: 'HNMR (acétone—da/ 400 MHz) 7.84 (s, 1H), 7.29 (4, 1H, J=2.0 Hz), 7.24 (dd, 1H, J
8.4, 2.4 Hz), 6.92(d, 1H, J=8.4 Hz), 5.90 (q, 1H, J=7.0 Hz), 2.59 (q, 2H, J= 7.6 Hz), 1.19
(t, 3H, J=7.6 Hz). [a]® sg9=- 33.9 degrees(MeOH) and []® 436= - 134.9 degrees (MeOH).

Example 34d

R F
- CO2H
0~ “CF,4

6-(1,1-difluoroethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
Step 1. Preparation of ethyl 6-(1.1-difluoroethyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0449] A 15 mL three-neck round bottom flask fitted with nitrogen inlet,

thermocouple/heating mantle, and stoppers was charged with ethyl 6-acetyl-2-
(triﬂuoromethyl)-2H-chroinen—3’-carboxylate from Example 34a, Step 2 (0.997 g, 3.173
mmole) and deoxofluor™ (2 mL, 2.4 g, 10.8 mmole) and stirred at 65 °C for 24 h, then at 75
°C for 5 h. The reaction was cooled‘ to RT, was diluted with ethyl acetate, and was washed
with water. The resulting ethyl acetate phase was washed with 2N HCI solution, Water, and
10 % sodium carbonate solution, brine, and dried over MgSO4. The resulting suspension
was filtered and the solution concentrated in vacuo yielding a brown oil. This oil was

purified by silica chromatography (hexanes: ethyl acetate; 9:1) yielding the title product as
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an oily, white crystalline solid (0.410 g, 38 %): mp 48151 °C. '"HNMR (acetone-d/300
MHz) 7.95 (s, 1H), 7.72 (s, 1H), 7.61 (d, 1H, J= 8.5 Hz), 7.13 (d, 1H, /= 8.5 Hz), 5.91 (q,
1H, J="7.1 Hz), 4.41-4.2 (m, 2H), 1.96 (t, 3H, J= 18.4 Hz), 1.33 (t, 1H,J=7.1 Hz).
GCMS m/z 336 (M+).

Step 2: Preparation of 6-(1.1-difluoroethyl)-2-( trifluoromethyl)-2H-chromene-3-carboxylic
i - .
[0450] A 500 mL round bottom flask was charged with ethyl 6-(1,1-difluoroethyl)-2-
(trifluoromethyl)-2H-chromene-3-carboxylate from Step 1 (0.385 g, 1.145 mmole), THF:
EtOH: H,0 (7:2:1 volume ratio, 3 ml), and aqueous NaOH (0.55 mL, 1.374 mmole) and
stirred at r.t. for two days. The reaction was concentrated in vacuo yielding a semi-solid.
The semi-solid was dissolved in water washed with diethyl ether, and the resulting aqueoué
phase sparged with nitrogen with warming. The resulting organic solvent-free aqueous
phase was acidified with concentrated HCI solution (to pH 1) yielding a gummy solid. This
mixture was extracted with ethyl acetate. The combined organics were dried over MgSOs,
filtered, diluted with isooctane, and concentrated in vacuo yielding an oil. Upon standing,
the oil formed a white crystalline powder (0.159 g, 45 %): mp 156-158 °C (w/decomp).
LCMS m/z 309 (M+H). HRMS m/z 307.0408 (M-H, C;3HgF503, Calc’d 307.0388). 'H
NMR (acetone—d67300 MHz) 12.2-11.2 (br s, ~0.5H (1H exch), 7.97 (s, 1H), 7.72 (s, 1H),
7.61(d d, 1H,J=8.5,2.2 Hz), 7.13 (d, 1H, J=8.7 Hz), 5.89 (q, 1H, J= 7.0 Hz), 1.97 (¢, 3H,
J=18.3 Hz). “

Example 34e
o)
FaC S OH
0O CF,

6-(2,2,2-trifluoroethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 6-formyl-2-(triflucromethyl)-2H-1-benzopyran-3-carboxylate.
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[0451] A 50 mL round bottom flask was charged with 5-formylsalicylaldehyde (3.21 g,
21.39 mmol), ethyl 4,4,4-triﬂuorocrotona{te (3.50 mL, 3.96 g, 23.53 mmol),
dimethylformamide (15 mL) and potassiilm carbonate (2.95 g, 21.39 mmol) and heated to
60 °C for 12 hours. Additional ethyl 4,4,4-trifluorocrotonate (3.50 mL, 3.96 g, 23.53 mmol)
was added and the reaction heated for 16 hours at 75 °C. After cooling to room température,
‘the reaction was partitioned between HyO and diethyl ether. The organic phase waé washed
with saturated NaHCO; solution, KHSO4 solution (0.25 M), brine, treated with decolorizing
carbon (warming gently). The resulting black suspension was dried over MgSO4, vacuum
filtered through diatomaceous earth, and concentrated in vacuo yielding an orange

crystalline mass. This material was recrystallized from hot hexanes yielding the ester (1.51
g, 24 %) as orange crystals: mp 84.3-86.2 °C. 1y NMR (acetone-d /300 MHz) 9.96 (s,

1H), 8.06 (d, 1H, J = 2Hz), 8.02 (s, 1H), 7.99 (dd, 1H, J=8.5, 2.0Hz), 7.24 (d, 1H, /= 8.5
Hz), 5.99 (q, 1H, J=17.1 Hz), 4.43-4.25 (m, 2H), 1.34 (t, 3H, J=7.3 Hz). FABLRMS m/z

301 (M+H). EIHRMS m/z 300.0605 (M+, Calc’d 300.0609).- Anal. Calc’d for Ci4H11F304:
C, 56.01; H, 3.69. Found: C, 56.11; H, 3.73.

Step 2. Preparation of ethyl 6-(1-hydroxy-2.2,2-trifluoroethyl)-2-(trifluoromethyl)-2H-1-

benzopyran-3-carboxylate.

[0452] The aldehyde from Step 1 (0.89 g, 3.0 mmol) was cooled to 0 °C and treated

with a 0.5 M solution of trimethyl(trifluoromethyl)silane (8.4 mL, 4.2 mmol) and four drops
of a 1.0M solution of tetrabutylammonium fluoride was added. The reaction was allowed to
warm to room temperature and stirred for 21.1 hours. The reaction was quenched with 3 N
HCI, extracted with ethyl acetate, washed with water, brine, dried over MgSO4, and
concentrated in vacuo to give a brown oil (1.02 g). This oil was purified by flash
chromatography over silica gel, eluting with 10% ethyl acetate/hexanes to afford a brown
oil (0.77 g, 58%): 'H NMR (CDC13/300 MHz) 7.72 (4, 1H, J= 3.4 Hz), 7.34 (m, 2H), 6.99
(d, 1H,J=28.5 Hz), 5.71 (q, 1H, J= 6.8 Hz), 4.83 (q, 1H, J = 6.4 Hz), 4.33 (m, 2H), 1.35 (1,
3H,J=7.1 Hz), 0.11 (s, 9H). FABLRMS m/z 443. (M+H).

Step 3. Preparation of ethyl 6-{2.2.2-trifluoro-1-[(1H-imidazol-1-

ylcarbonothioyl)oxy]ethyl}-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

217



WO 2004/087686 PCT/IB2004/001113

[0453] The alcohol from Step 2 (1g, 2.7 mmol) wads dissolved in CH,Cl,. The
thiocarbonydiimidazole (0.72 g, 4.05 mmol) was added to above solution, followed by
DMAUP (105 mg, 0.86 mmol). The mixture was stirred at r.t. for 2 h. tHe mixture was
passed through the silic plug and plug was washed with 15% to 30% EtOAc in hexane to
give lightly yellow oil (2.5 g, 59%). LCMS m/z481.05 (M+H). 'H NMR (CDCl3/400
MHz) 8.37 (s, 1H), 7.72 (d, 1H, J = 6.4 Hz), 7.65 (s, 1H), 7.45 (m, 1H), 7.34 (m, 1H), 7.08
(s, 1H), 7.04 (d, 1H, J = 8.4 Hz), 6.66 (m, 1H), 5.71 (q, 1H, J= 6.8 Hz), 4.33 (m, 2H), 1.35
(t, 3H, J=17.1 Hz).

Step 4. Preparation of ethyl 6-(2.2.2-trifluoroethyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0454] The ester from Step 3 (2.4g, 5 mmol) was dissolved in toluene (15 mL). The

Et;SiH (30 mL, 0.18 mol) was added to above solution. The mixture was heated to reflux.
The benzoyl peroxide (1.21 g, 5 mmol) in toluene (15 mL) was added in 4 portions at 15
min intervals. The mixture was heated to reflux for 2h. The mixture was passed through
silic plug and plug was washed with 10% to 20% EtOAc in hexane to give lightly yellow

oil. This ester was of suitable purity to use without further purification.

Step 5. Preparation of 6-(2.2.2-trifluoroethyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0455] The 6-(2,2,2-trifluoroethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

was prepared by the procedure similar to the method described in Example 1a, Step 3.
ESHRMS m/z 325.0294 (M-H, Cy3H;F 603, Calcd 325.0251). 'H NMR (acetone-dg/ 400
MHz) 7.88 (s, 1H), 7.47 (s, 1H), 7.41 (d, 1H, J=5.6 Hz), 7.04 (d, 1H, J=8.4 Hz), 5.84 (q,
1H,J=7.0 Hz), 3.54 (t, 2H, J=11.2 Hz).

Example 35

0
7" “OH
o~ ~CF;

Cl

6-tert-butyl-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of 5-tert-butyl-3-chloro-2-hydroxybenzaldehyde.
[0456]  The 5-tert-butyl-3-chloro-2-hydroxybenzaldehydert-butyl-3-chloro-2-

hydroxybenzaldehyde was prepared by the procedure similar to the method described in
Example 1a, Step 2 using 5-tert-butyl-2-hydroxybenzaldehyde as starting material. This

‘aldehyde was of suitable purity to use without further purification.

Step 2. Preparation of ethyl 6-tert-butyl-8-chloro-2-( triﬂuorométhvl)—2H—chromene—3-

carboxylate. .

[0457] The ethyl 6-tert—butyl-8—chioro-2-(triﬂuoromethyl)-2H-chromene-3-carboxylate
was prepared by the procedure similar to the method described in Exampie la, Step 1 using
5-tert-butyl-3-chloro-2-hydroxybenzaldehyde from Step 1 as starting material. This ester

was of suitable purity to use without further purification.

Step 3. Preparation of 6-tert-butyl-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic
il :

[0458] The 6-tert-butyl-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
was prepared prepared by the procedure similar to the method described in Example 1a,
Step 3, using ethyl 6-tert—buty1—8—chloro-2-(triﬂuoromethyl)-2H-chfomene-3—carboxylate
from Step 2 as starting material. ESHRMS m/z 333.0485 (M-H, C15H1303F3Cl, Calc’d
333.0500). 'H NMR (acetone-ds/ 300 MHz) 7.93 (s, 1H), 7.52 (m, 2H), 5.90 (g, 1H, J=7.0
Hz), 1.33 (s, 9H).

Example 36
Cl N CO.H
O CFj3

6-chloro-8-(3-methylbut-3-en-1-ynyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
‘ 219
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I

Step 1. Preparation of ethyl 6-chloro-8-( 3.methylbut-3-en-1-ynyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0459] To a solution of ethyl 6-chloro-8-iodo-2-(trifluoromethyl)-2H-chromene-3-
carboxylate prepared as in US 6,271,253 B1 Example 73, Step 2 (0.342 g, 0.790 mmole) in
degassed anhydrous toluene was added Pd(PPhs)4 (54 mg, 0.47 mmole), Cul (15 mg, 0.079
mmole), TEA (0.275 mg, 2.72 mmole) and 2-methylbut-1-en-3-yne (0.247 g, 3.74 mmole)

and the mixture was stirred under a N, atmosphere. After the reaction was determined to be

complete by GCMS, H,0 and BtOAc were added and the layers were separated. The
EtOAc layer was washed with 10% HCI, twice with H,O, twice with aqueous'NH4C1, dried
over Na,SO, and concentrated in vacuo. Purification of the crude product by silica
chromatography (95:5 hexanes:EtOAc) gave 155 mg (53% yield) of the product as a white
crystalline solid: "H NMR (CDCl3/300 MHz) 7.62 (s, 1H), 7.37 (d, 1H, J = 2.4 Hz), 7.14 (4,
1H, J = 2.4 Hz), 5.80 (q, 1H, J = 6.6 Hz), 5.44 (m, 1H), 5.35 — 5.36 (m, 1H), 4.31 —4.34 (m,
2H), 1.99 (s, 3H), 1.36 (t, 3H, J = 7.1 Hz). ‘

Step 2. Preparation of 6-chloro-8-(3-methylbut-3-en-1-ynyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0460] The ester from step 1 (96.4 mg, 0.260 mmole) was hydrolyzed via a method
similar to that described in Example 17d, Step 2 and crystallized from hot hexanes to give
the product: "H NMR (CDCl3/400 MHz 7.76 (s, 1H), 7.41 (d, 1H, J=2.4 Hz), 7.19 (4, 1H,
J=2.4Hz),5.79 (q, 1H, J = 6.6 Hz), 2.00 (s, 3H); ESHRMS m/z 341.0197 (M-H, A
C16HoCIF303, Calc’d 341.0187).

Example 37a

SUse N
o) CF3
7-(1-phenylvinyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Prepération of nhénvi( 3-{[2-( trimethvlsilvl)ethoxv]methoxv}Dhenvl)methanoné.
[0461]  To a solution of (3-hydroXypﬁenyl)(phenyl)methanone (30.0 g, 151 mmole) in
anhydrous THF (300 mL) at 0 °C was slowly added a solution of potassium-t-butoxide (200
mL — 1 M in THF, 0.200 mmole), followed by a slow addition of [2- | ‘
(chloromethoxy)ethyl](trimethyl)silane (32.1 mL, 182 mmole). After stirring the mixture
for 2 h, the solvent was removed in vacuo and the residue redissolved in a mixture 6f H,0O
(200 mL) and EtOAc (200 mL). The aqueous layer was further extracted with EtOAc (2 X
100 mL). The combined extracts were washed with H,O (200 mL), 0.1 N HCI (500 mL),
brine (100 mL), dried over MgSOs, filtered and concentrated in vacuo to give an orange oil.
The crude product was redissolved in hexanes and filtered through a silica-gel plug to give
the product as an impure pale yellow oil which is carried on without further purification:

ESHRMS m/z 329.1586 (M+H, C19H,5038Si, Calc’d 329.1567).

Step 2. Preparation of 3-(1-phenylvinyl)phenol.
[0462]  To a solution of TiCly (4.01 mL, 36.5 mmole) in anhydrous CH>Cl, (100 mL)

under a dry N atmosphere was added a solution of trimethylaluminum (36.5 mL -2.0 Min

toluene, 73.0 mmole) at 0 °C. The mixture was stirred for 30 minutes, cooled to —40 to -50
0 °C and a solution of pheny1(3-{[2-(trimethyisilyl)ethoxy]methoxy}phenyl) methanone
(13.33 g — 75 wt.%, 30.4 mmole) in anhydrous CH,Cl, (20 mL) was added and the mixture
was allowed to warm to room temperature while stirring overnight. The mixture was then
cooled to 0 °C and H,0 was added dropwise. Following acidification to pH 1 with IN HCl,
the mixture was extracted with EtOA¢ (2 X 300 mL). The combined extracts were washed
with brine (100 mL), dried over MgSO,, filtered and concentrated in vacuo to give 4.22 g ’
(71% yield) of the product as a yellow oil: EIHRMS m/z 196.0894 M+, C14H20, Cale’d
196.0888). ' '

Step 3. Preparation of 2-hydroxy-4-(1-phenylvinyl)benzaldehyde.

[0463] =~ A mixture of the phenol from step 2 (4.15 g, 21.1 mmole), MgCl, (3.02 g; 31.7
mmole), TEA (11.1 mL, 79.3 mmole) and paraformaldehyde (4.29 g, 143 mmole) in
anhydrous acetonitrile (100 mL) was refluxed for 17 h. Additional MgCl, (1.5 g, 15.8
mmole), TEA (5.6 mL, 40 mmole) and paraformaldehyde (2.23 g, 74 mmole) were then

added and reflux was continued for 2h. The mixture was then cooled, acidified with IN
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HCl and extracted with EtOAc (2 X 200 mL). The combined extracts were washed with
brine (100 mL), dried over MgSOs, filtered and concentrated in vacuo. The crude product
was purified by filtration through a silica-gel plug (9:1 hexanes:EtOAc) to give 4.28 g (91%
yield) of the product as a yellow oil: EIHRMS m/z 224.0837 (M+, C15H120;, Cale’d
224.0837). '

Step 4. Preparaﬁon of ethyl 7-(1-phenylviny)-2-( triﬂuoromethvl)-2H-chromene—3-

carboxylate.

[0464] A mixture of 2-hydroxy-4-(1-phenylvinyl)benzaldehyde prepared as in Step 3
(4.17 g, 18.6 mmole), KoCO; (2.57 g, 18.6 mmole) and ethyl 444-triﬂuocrotohate (3.34 mL,
22.3 mmole) in anhydrous DMF (20 mL) was heated to 85 °C under a dry N; atmosphere
for 16.5 h. The mixture was then cooled, poured into 1N HCI (100 ml) and extracted with
EtOAc (2 X 100 mL). The combined extracts were washed with brine (50 mL), dried over
MgSQ,, filtered and concentrated in vacuo. The crude product was purified by silica
chromatography (3:1 CH,Cly:hexanes) to give 2.33 g (33% yield) of the product as a light
yellow oil: EIHRMS m/z 374.1120 (M+, C5;H17F303, Cale’d 374.1130).

Step 5. Preparation of 7-(1-phenylvinyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0465] The ester from Step 4 was hydrolyzed via a method similar to that described in
Example 18a, Step 2 to give the product as a white crystalline solid: "HNMR (dmso-dg, 300
MHz) 13.26 (brs, 1H), 7.87 (s, 1H), 7.46 (d, 1H, J =2.9 Hz), 7.34 - 7.40 (m, 3H), 7.25 -
7.28 (m, 2H), 6.96 (dd, 1H, J = 1.6, 7.9 Hz), 6.89 (s, 1H), 5.99 (q, 1H, ] = 7.3 Hz), 5.63 (s,
1H), 5.51 (s, 1H); ESHRMS m/z 345.0722 (M-H, C19H2F303, Calc’d 345.0733).

Example 37b

U
~0” CF,

7-(1-phenylethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of ethyl 7-(1-phenylethyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.

[0466] A mixture of ethyl 7-(1-phenylvinyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate prepared as in Example 50a, step 4 (2.13 g, 5.69 mmole) and 10% Pd/C (150
fng) in absolute EtOH (30 mL) was hydrogenated at 30 psi for 3 h. The catalyst was
removed by filtration and the filtrate was concentrated in vacuo. Purification of the crude
product by silica chromatbgraphy (92.5 hexanes:EtOAc) gave 1.62 g (75% yield) of the
product as a colorless oﬂ: EIHRMS m/z 376.1279 (M+, C,;H;9F303, Calc’d 376.1286).

Step 2. Preparation of 7-( l-DheﬁV]ethVD—Q-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0467] The ester from Step 1 was hydrolyzed via a method similar to that described in
Example 18a, Step 2.to give the crude product as a solid. Purification by reverse phase
chromatography (acetonitrile:0.5% TFA-H,O) gave the product as an off-white crystalline
solid: "H NMR (dmso-d6, 300 MHz) 13.20 (brs, 1H), 7.81 (s, 1H), 7.36 — 7.40 (m, 1H), 7.28
—7.30 (m, 4H), 7.16 — 7.23 (m, 1H), 6.92 — 7.00 (m, 2H), 5.87 (q, 1H, J=7.3 Hz), 4.16 (q,
1H, J= 7.3 Hz), 1.56 (d, 3H, J = 7.3 Hz); ESHRMS m/z 347.0864 (M-H, C19H4F303,
Calc’d 347.0890). ‘

Example 38a

cl
Y\N 0" > CF,
o

6,8-dichloro-7-[isobutyl(methyl)amino]-2-(trifluoromethyl)-2H-chromene-3- .

carboxylic acid

Step 1. Preparation of ethyl 6-chloro-7-[isobutyl(methyl)amino]-2-( triﬂuorometh'vl)‘-ZH-

chromene-3-carboxylate.
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[0468]  The ethyl 6-chloro-7-[isobutyl(methyl)amino]-2-(trifluoromethyl)-2H-
chromene-3-carboxylate was prépared by the procedure similar to the method described in
Example 8a, Step 1. GCMS m/z391.0 (M+). "H NMR (acetone-d¢/ 400 MHz) 7.61 (s, 1H),
7.19 (s, 1H), 6.60 (s, 1H), 5.66 (q, 1H, J=7.0 Hz), 4.30 (m, 2H), 2.96 (m, 2H), 2.93 (s, 3H),
1.96 (m, 1H), 1.33 (m, 3H), 0.96 (m, 6H). ‘

Step 2. Pfeparation of ethyl 6.8-dichloro-7- isobutyl(methyl )amino]-2-

(trifluoromethyl)-2H-chromene -3-carboxylate.
[0469] The ethyl 6,8-dichloro-7-[isobutyl(methyl)amino]-2-(trifluoromethyl)-2H-

chromene-3-carboxylate was prepared by the procedure similar to the method described in
Example 1a, Step 2. GCMS m/z425.0 (M+). "H NMR (CDCly/ 400 MHz) 7.57 (s, 1H),
7.06 (s, 1H), 5.78 (q, 1H, J=7.0 Hz), 4.28 (m, 2H), 3.38 (m, 2H), 3.21 (s, 3H), 1.85 (m,
1H), 1.32 (m, 3H), 0.96 (m, 6H). |

Step 3. 6.8-dichloro-7-[isobutyl(methyl)amino]-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.
[0470] The 6,8-dichloro-7-[isobutyl(methyl)amino]-2-(trifluoromethyl)-2H-chromene-
3-

carboxylic acid was prepared by a procedure similar to the method described in Example 8a,
step 2. ESHRMS m/z396.0371 (M+H, C16H1705F5CLN, Cale’d 396.0376). 'H NMR
(acetone-dg/ 400 MHz) 7.86 (s, 1H), 7.53 (s, 1H), 5.78 (q, 1H, J=7.0 Hz), 3.02 (m, 2H),
2.86 (m, 3H), 1.82 (m, 1H), 0.90 (m, 6H).

Example 38b
O
Cl SN OH
\N 0~ CF,
Cl

6,8-dichloro-7-(methylamino)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of ethyl 6¥chloro—7-[isobutv1( methyl)amino]-2-(trifluoromethyl)-2H-
chromene-3-carboxylate. ‘

[0471]  The ethyl 6-chloro-7-[isobutyl(methyl)amino]-2-(trifluoromethyl)-2H-

chromene-3-carboxylate was prepared by the procedure similar to the method descﬁbed in -
Example 8a, Step 1. GCMS m/z391.0 (M+). 'H NMR (acetone-d¢/ 400 MHz) 7.61 (s, 1H),
7.19 (s, 1H), 6.60 (s, 1H), 5.66 (q, 1H, J=7.0 Hz), 4.30 (m, 2H), 2.96 (m, 2H), 2.93 (s, 3H),
1.96 (m, 1H), 1.33 (m, 3H), 0.96 (m, 6H).

Step 2. Preparation of ethyl 6.8-dichloro-7-( methvlamino);z-( trifluoromethyl)-2H-

chromene -3-carboxylate.

[0472] The ethyl 6,8-dichlofo-7—(m'ethylamino)—Z-(triﬂuoromethyl)-ZH-chromene_—

3-carboxylate was prepared by the procedure similar to the method described in

Example 1b, Step 2. GCMS m/z425.0 (M+). 'H NMR (CDCls/ 400 MHz) 7.57 (s,

1H), 7.06 (s, 1H), 5.78 (q, 1H, J=7.0 Hz), 4.28 (m, 2H), 3.21 (s, 3H), 1.32 (m, 3H).
-2H-chromene-3-carboxylic acid.

Step 3. 6.8-dichloro-7-(methylamino)-2-(trifluoromethyl

[0473] The 6,8-dichloro-7-(methylamino)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid was prepared by a procedure similar to the method described in Example 8a,
Step 2. ESHRMS m/z339.9777 (M+H, C12HyO3F3CLN, Cale’d 339.9750). 'THNMR
(acetone-dg/ 400 MHz) 7.80 (s, 1H), 7.41 (s, 1H), 5.89 (q, 1H, J=7.0 Hz), 3.25 (m, 3H).

Example 38¢c

C
' Xy~ “OH

Y\H 0~ CF,
. Cl

6,8-dichloro-7-(isobutylamino)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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[0474]  The 6,8-dichloro-7-( isobutylamino)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid was prepared by a procedure similar to the method described in Example
38b. ESHRMS m/z 382.0242(M~+H, C;5H;505F3CIoN, Calc’d 382.0219). "H NMR
(acetone-dg/ 400 MHz) 7.82 (s, 1H), 7.45 (s, 1H), 5.91 (q, 1H, J=7.0 Hz), 3.45 (m, 2H),
1.86 (m, 1H), 0.95 (m, 6H). ’ ‘

Example 39a

CO,H

SO,NH,
8- [4-(aminosulfonyl)phenyl]-6-chlor0-2-—(triﬂuoromethyl)—2H—chr0mene—3-carboxylic

acid

[0475] Chlorosulfonic acid (5 mL) was cooled to —20 °C and 6-chloro-8-phenyl-2-
(trifluoromethyl)-2H-chromene-3-carboxylic acid prepared as in US 6,271,253 Bl Example
129, Step 2 (61.7 mg, 0.174 mmole) was added as a solid. The bright orange mixture was
then added dropwise to a cold ammonium hydroxide solution, EtOAc was added and the
mixture was stirred for 1 h. The EtOAc layer was separated, washed with H,O, aqueous
NH,Cl, dried over Na;SOy, concentrated in vacuo and triturated with hexanes to give the
product: "H NMR (CD;0D/400 MHz) 7.95 (4, 2H, J = 8.6 Hz), 7.81 (s, 1H), 7.66 (d, 2H, J
= 8.6 Hz), 7.46 (d, 1H, J = 2.6 Hz), 7.42 (d, 1H, J = 2.6 Hz), 5.80 (q, 1H, J = 7.0 Hz);
ESHRMS m/z 431.9945 (M-H, C17H;¢CIF3NOsS, Cale’d 431.9915).

Example 39b
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cl O - COH
N 07 CF,
I

SO,NH,
8-{[4-(aminosulfonyl)phenyl]ethynyl}-6-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

Step 1. Preparation of 4-[(trimethylsilyl)ethynylJbenzenesulfonamide

[0476] To a solution of 4-bromobenzenesulfonamide (4.51 g, 19.1 mmole) in toluene
(900 mL) at 75 °C was added ethynyl(trimethyl)silane (4 g, 40 mmole), Pd(PPhs)s (1.3 g,
1.1 mmole), Cul (0.46 g, 2.42 mmole) and TEA (5.7 g, 56 mmole) and the mixture was
allowed to cool to room temperature while stirring. Additional Pd(PPhs)4 (1 g, 0.9 mmole)
was added and the mixture was stirred at room temperature. After 5 days, ethyl ether was
addéd and the mixture was washed with 10% ’HCI, H,0, sat. aqueous NH,Cl, dried over
Na,S0, and concentrated ir vacuo to give 2.93 g (61% yield) of the product: ESHRMS m/z
271.0935 (M%NH4, C11H1sNO,SSiNHy, Calc’d 271.0937).

Step 2. Preparation of 4-ethynylbenzenesulfonamide.

[0477] To a solution of 4-[(trimethylsilyl)ethynyl]benzenesulfonamide prepared as in
Step 1 (1.69 g, 3.13 mmole) in anhydrous THF under a N, atmosphere was added TBAF

| (10 mL — 1.0 M in THF, 10 mmole) and the resulting mixture was stirred at room
temperature. When silica TLC (1:1 hexanes:EtOAc) indicated the reaction was compiete,
10% HCl and EtOAc were added. The EtOAc layer was separated, washed twice with H,O,
aqueous NH4C1, dried over Na,SO4 and concentrated in vacuo to give 0.748 g (62% yieid)
of the product: ESHRMS m/z 199.0506 (M+NH,, CsH/NO,SNH,, Calc’d 199.0541).

Step 3. Preparation of ethyl 8- {[4-(aminosulfonyl)phenyl]ethynyl}-6-chloro-2-

(trifluoromethyl)-2H-chromene-3-carboxylate.
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[0478] Ethyl 6-chloro-8-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate prepared
as in US 6,271,253 B1 Example 73, Step 2 was reacted with 4-ethynylbenzene sulfonamide
~ prepared as in Step 2 via a method similar to that described in Example 211, Step 1 to give
the product: ESHRMS m/z 503.0686 (M+NH,, C3,H;5CIF30sSNH,, Calc’d 503.0655).

Step 4. Preparation of 8-{[4-(aminosulfonyl)phenyl]ethynyl}-6-chloro-2-( triﬂuoromethvl)—l

2H-chromene-3-carboxylic acid.

[0479] The ester from Step 3 was hydrolyzed via a method similar to that described in -
Example 17d, Step 2 to give the product: 'H NMR (CD;0D/400 MHz) 7.88 (d, 2H, J= 8.6
Hz), 7.64 (d, 2H, J = 8.6 Hz), 7.45 (s, 1H), 7.39 (d, 1H, J=2.4 Hz), 7.26 (d, I1H, J=2.6
Hz), 5.98 (q, 1H, J = 7.0 Hz); ESHRMS m/z 455.9885 (M-H, C19H;oCIF3NOsS, Calc’d
455.9915).

Example 40a

@)

Cl
N O-Na+

Cl

sodium 6,8-dichloro-7-(2-ethylbutoxy)-z-(triﬂuoromethyl)—2H-chromene-3-carboxylate

[0480] The 6,8-dichloro-7-(2-ethylbutoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid from Example 1b was dissolved in a minimum amount of EtOH. NaOH
(0.5016 N from Aldrich) (1 equivalent relative to the free acid) was added dropwise to the
above solution via a Burette. The solvent was removed in vacuo and the resulting solid was

redissolved in water. The solvent was removed in vacuo and the residue dried under high

1
vacuum to produce the sodium salt. H NMR (acetone-dg/ 400 MHz) 7.58 (s, 1H), 7.10 (s,
1H), 6.20 (q, 1H, J=7.0 Hz), 3.95 (m, 2H), 1.65 (m, 1H), 1.51 (m, 4H), 0.971 (m, 6H).
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Example 40b

O

Cl
N O-Na+

0~ “CF,

sodium 6-chloro-7-isobutyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0481] NaOH (0.5006 N) was addéd to a stirred solution of the acid (Example 9¢c, Step
3) in 10 mL EtOH (abs). The resulting solution stirred at room temperature for 1h. The
solvent was removed in vacuo producing the sodium salt (99%). THNMR (DMSO-ds/400
MHz) 7.81 (s, 1H), 7.5 (s, 1H), 6.97 (s, 1H), 5.89 (q, 1H, J/=7.1 Hz), 2.51 (d, 2H, J= 6.7
Hz), 1.85 — 1.89 (m, 1H), 0.843 (m, 6H).

Example 40¢

O

X O-Na+
0

X
= CF4
o)

~

sodium 8-eth0xy-6—methyl-2-(triﬂuoromethyl)—ZH—chromene—3-carboxylate

[0482] The sodium 8-ethoxy-6-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

was prepared by the procedure similar to that described in Example 40a using the

. 1 .
carboxylic acid from Example 31. HNMR (D,0/ 300 MHz) 7.26 (s, 1H), 6.83 (d, 1H, J
=1.2 Hz), 6.68 (4, 1H, J=1.2 Hz), 5.67 (q, 1H, J=7.2 Hz), 4.02 (q, 2H, J=6.9 Hz), 2.13 (s,
3H), 1.24 (t, 3H, J=7.0 Hz). :

Example 40d
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Cl
N O-Na+

sodium 6-chloro-7-(2-ethylbutoxy)-8-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0483] The sodium 6-chloro-7-(2-ethylbutoxy)-8-methyl-2-(trifluoromethyl)-2H-

chromene-3-carboxylate was prepared by the procedure similar to that described in Example

1
40a using the carboxylic acid from Example 3b. H NMR (acetone-ds/ 300 MHz) 7.54 (s,
1H), 7.01 (s, 1H), 6.18 (q, 1H, J=7.0 Hz), 3.78 (m, 2H), 2.07 (s, 3H), 1.61 (m, 5H), 1.51
(m, 4H), 0.971 (m, 6H).

Example 40¢

0]
T O-Na+
o) CF3

sodium (2S) 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0484] The sodium (25) 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate was

prepared by the procedure similar to that described in Example 40a using the carboxylic

1
acid from Example 34b. H NMR (acetone-ds/ 400 MHz) 7.54 (s, 1H), 6.99 (dd, 1H, J=8.0,
2.0 Hz), 6.94 (d, 1H, J=1.6 Hz), 6.73(d, 1H, J= 8.4 Hz), 5.95 (q, 1H, J=7.0 Hz), 2.46 (q,
2H,J=17.6 Hz), 1.10 (t, 3H, J=7.6 Hz).

Example 40f
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0
N O-Na+
o~ ~CF;

sodium (2R) 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0485] The sodium (2R) 6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate was

prepared by the procedure similar to that described in Example 40a using the carboxylic

1 .
acid from Example 34c. H NMR (acetone-ds/ 400 MHz) 7.54 (s, 1H), 6.99 (dd, 1H, J=8.0,
2.0 Hz), 6.94 (d, 1H, J=1.6 Hz), 6.73(d, 1H, J=8.4 Hz), 5.95 (q, 1H, J=7.0 Hz), 2.46 (q,
2H,J=17.6 Hz), 1.10 (t, 3H, J=7.6 Hz).

Example 40g

O
EC . CO:zNa

0~ CF,

sodium 8-ethyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylate
[0486] To a solution of the carboxylic acid prepared as in Example 21 g, Step 2 (85 mg,
0.239 mmole) in EtOH was added aqueous NaOH (0.4756 mL of 0.5017 N solution, 0.239
mmole). The solvent was removed in vacuo to give 81.5 mg (90% yield) of the product as

an off-white crystalline solid: ESLRMS m/z 357.1 (M+H, C14H;0FO04, Calc’d 357.1).

Example 40h
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X O-Na+

sodium (2S)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0487] The sodium (25)-6,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

~ was prepared by the procedure similar to that described in Example 40a using the

. 1 :
carboxylic acid from Example 32b. HNMR (D,0 /300 MHz) 7.18 (s, 1H), 6.87 (s, 1H),
6.78 (s, 1H), 5.60(q, 1H, J=15 Hz), 2.07 (s, 3H), 2.03 (s, 3H).

Example 40i

O
Cl
O Y7 0-Na+
O
sodium 6-chloro-7-(4-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0488] The sodium 6-chloro-7-(4-methylbenzyl)-2-(trifluoromethyl)-2H-chromene-3- |
carboxylate was prepared by the procedure similar to that described in Example 40a using
the carboxylic acid from Example 9x as starting material: lH NMR (D,0 /300 MHz) 7.09
(s, 1H), 6.88 (s, 1H), 6.66 (m, 4H), 6.36 (s, 1H), 5.53 (q, 1H, J=6.3 Hz), 3.47 (q, 2H, J = 14
Hz), 1.87 (s, 3H).
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Example 40j

@)
S 0~ “CF,

Sodium 7-(sec-butylthio)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0489] Sodium 7—(sec-butylthio)-6-chloro-2-(triﬂuoromethyl)-ZH—chromene-3-
carboxylate was pfepared from 7—(sec-buty1thi6)-6-chloro-2—(triﬂuoromethyl)-2H-
chromene-3-carboxylic acid (Example 7g) using the procedure similar to the method
described in Example 40a: ESHRMS m/z365.0221 (M-H, C;5sH;4F305CIS, Calc’d
365.0222). 'HNMR (CD;0D / 400 MHz) 7.34 (s, 1H), 7.25 (s, 1H), 6.90 (s, 1H), 5.82 (q,
1H, J=7.0 Hz), 3.36 (m, 1H), 1.65 (m, 2H), 1.30 (m, 3H), 1.03 (m, 3H).

‘Example 40k

/O\ COZNa

FsC '\\
NP N0 ¢k
3

sodium 8-propyl-6-(trifluoromethoxy)-2-(triftuoromethyl)-2H-chromene-3-carboxylate

[0490] The sodium 8-propyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate was prepared via a method similar to that described in Example 40g using the

carboxylic acid from Example 21i to give the product as an off-white solid: ESLRMS miz
- 371.0 (M+H, C;5H;2F604, Calc’d 371.1).
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Example 401 |

F3C AN QOzNa

0~ “CF;,

sodium (2S)-8-ethyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0491] The sodium (2S)-8-ethyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylate was prepared via a method similar to that described in Example
40g using the carboxylic acid from Example 21k to give the product as a white solid:
ESLRMS m/z 357.1 (M-+H, C14H;0F¢04, Calc’d 357.1).

Example 40m

O
-0 " “O-Na+

0~ CF,
Cl

sodium (2S5)-8-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0492] Sodium (28)-8-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-
carboxylate was prepared from (2S)-8-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid (Example 17i) using the procedure similar to the method described in
Example 40a: ESHRMS m/z 307.0004 (M-H, C;,H;F304Cl, Calc’d 306.9979). 'H NMR
(D,0/ 300 MHz) 7.16 (s, 1H), 6.83 (s, 1H), 6.68 (s, 1H), 5.66 (q, 1H, J=7.0 Hz), 3.64 (s,
3H).

Example 40n
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sodium 6-chloro-7-(isobutylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0493] Sodium 6-chloro-7-(isobutylthio)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate was prepared from 6-chloro-7-(isobutylthio)-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid (Example 7d) using the procedure similar to the method described in
Example 40a: 'H NMR (CDs0D/ 300 MHz) 7.33 (s, 1H), 7.22 (s, 1H), 6.82 (s, 1H), 5.79
(g, 1H, J=7.0 Hz), 2.83 (m, 2H), 1.94 (m, 1H), 0.84 (m, 6H).

Example 400

cl '
N O-Na+

sodium 6-chlor0-7-(3,6—dihydf0pyridin—1(2H)-yl)-2-(triﬂuoromethyl)—ZH—

chromene-3-carboxylate

[0494] Sédium 6-chloro-7-(3,6-dihydropyridin-1(2H)-y1)-2-(trifluoromethyl)-2H-
chromene-3-carboxylate was prepared from 6-chloro-7-(3,6-dihydropyridin-1(2H)-yl)-2-
(triﬂuoromethy])-2H-chromene;3—caquxylic acid (Example 8e) using the procedure similar
to the method described in E){ample 40a'H NMR (D,0 /400 MHz) 7.18 (m, 2H), 6.69 (s,
IH), 5.68 (m, 3H), 3.36 (m, 2H), 3.04 (m, 2H), 2.13 (m, 2H). :

Example 40p
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sodium 6-chloro-7-[(cyclopropylmethyl)(propyl)amino]-2-(trifluoromethyl)-2H-

chromene-3-carboxylate

[0495] Sodium 6-chloro-7-[(cyclopropylmethyl)(propyl)amino]-2-(trifluoromethyl)-2H-
chromene-3-carboxylate was prepared from 6-chloro-7-[(cyclopropylmethyl)
(propyl)amino]-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid (Example 8g) using a
procedure similar to the method described in Example 40a: ESHRMS n2/z 390.1066 (M+H,
C1sH,oF305CIN, Calc’d 390.1078). 'H NMR (CD;0D / 300 MHz) 7.38 (s, 1H), 7.19 (s,
1H), 6.70 (s, 1H), 5.73 (q, 1H, J=7.0 Hz), 3.18 (m, 2H), 2.97 (m, 2H), 1.47 (m, 2H), 1.00
(m, 4H), 0.45, (m, 2H), 0.10 (m, 2H).

Example 40q

sodium 8-(2-phenylethyl)-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0496]  To a solution of the carboxylic acid prepared as in Example 210 (43.2 mg,
0.0999 mmole) in EtOH (1.0 mL) was added aqueous NaOH (199.6 uL — 0.5006 N, 0.0999

mmole). The solvent was removed in vacuo, the residue redissolved in H,O and lyophilized
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to give 40.3 mg (89% yield) bf the product as a solid: ESLRMS m/z 433.3 (M+H,
C20H14F604, Cale’d 433.1). ' .

Example 40r

sodium 6-chloro-8-methyl-7-propoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0497] The sodium 6-chloro-8-methyl-7-propoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate was prepared by the procedure similar to that described in Example 40a using
o1

the carboxylic acid from Example 3c. . H NMR (D,0/ 400 MHz) 7.12 (s, 1H), 6.98 (s, 1H),

5.63 (q, 1H, J=7.2 Hz), 3.70 (m, 2H), 1.94 (s, 3H), 1.65 (m, 2H), 0.86 (t, 3H, J=7.6 Hz)."

Example 40s
0
Cl
N O-Na+

w

sodium 6-chloro-8-methyl-7-(neqpentyloxy)-Z-(triﬂuoromethyl)—2H—chromene¥3-

carboxylate

[0498] The sodium 6-chlord-8-methyl-7-(neopentyloxy)-2-(triﬂuoromethyl)-ZH-

chromene-3-cafboxylatewas prepared by the procedure similar to that described in Example
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A 1
40a using the carboxylic acid from Example 3g. H NMR (D,0/ 400 MHz) 7.11 (s, 1H),
6.89 (s, 1H), 5.60 (q, 1H, J=7.2 Hz), 3.27 (s, 2H), 1.88(s, 3H), 0.83 (s, 9H).

Example 40t
Cl__ N CO,Na
0) CF5

sodium (2S)-6-chloro-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0499] The sodium (2S)-6-chloro-8-methyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylate was prepared via a method similar to that described in Example 40g using
carboxylic acid from Example 21t as starting material to give the product as a pale yellow

solid: ESLRMS m/z 293.0 (M+H, C1,HoF303, Calc’d 293.0).

Example 40v
e CON
FaC Ny
o) CF;

sodium 8-allyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylate .
[0500] The sodium 8-allyl-6-(trifluoromethoxy)-2-(trifluoromethyl)-2H-chromene-3-
carboxylatewas prepared via a method similar to that described in Example 40g using

carboxylic acid from Example 215, Step 2 as starting material to give the product as an off-

white solid: ESLRMS m/z 369.4 (M+H, C;sH;;F¢04, Calc’d 369.1).

Example 41
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" | 0
‘ Br:
O ™
0~ CF,4

7-benzyl-6-bromo-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preﬁaration of ethyl 7-benzyl-6-bromo-2-(trifluoromethyl)-2H-chromene-3-
carboxylate. 4 '

[0501] The ester (Example 9k, step 1) was dissolved in acetic acid (glacial) (20 mL),
Br; was added and the solution étirred at room temperature for 1h. The reaction was
concentrated in vacuo. Water (50 mL) was added to the residue then the reaction was
extracted with ethyl acetate (2 x 50 mL). The organic layers were combined and washed
with brine (2 x 50 mL), dried over Na,SOs, filtered and concentrated in vacuo producing the
Bromo ester (93%). ESLRMS m/z 441 (M-+H), |

Step 2. Preparation of 7-benzyl-6-bromo-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0502] The ester (Step 1) was hydfolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 410.9841 (M-H,
C1sH;;BrF;0s, Calc’d 410.9838). 'HNMR (DMSO-dy/400 MHz) 13.34 (brs, 1H), 7.91 (s,
1H), 7.71 (s, 1H), 7.42 — 7.54 (m, 2H), 7.28 — 7.39 (m, 3H), 6.99 (s, 1H), 5.89 (q, 1H, /= 7.1
Hz), 4.00 (s, 2H).

Example 42a

. O
O O Ny~ “oH
: O CF; .
7-benzyl-6-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-benzyl-6-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
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[0503] The ester (Example 41, Step 1) (1.0 g, 2.2 thmole) was added to a stirred
solution of DMF (15 mL). Trimethylboroxane (0.316 mL, 2.2 mmole) was added along
with Pd(PPhs)4 (0.261 g, 10 mole %) followed by K,COs. the solution was heated to 100 °C
for 8h. The solution was poured into water (50 mL), extracted with Ethyl Acetate (2 x 50
mL), the organic layers were combined and washed with 1N HCI (2 x 50 mL) followed by
brine (2 x 50 mL). The organic layer was dried over Na;SOy, filtered and concentrated in

vacuo to produce the ester (67%). ESLRMS m/z 377 (M+H).

Step 2. Preparation of 7-benzyl-6-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0504] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 347.0896 (M-H,
C1oH14F303, Calc’d 347.0890). "HNMR (DMSO-ds/400 MHz) 13.19 (brs, 1H), 7.74 (s, 1H),
7.11 —7.27 (m, 6H), 6.74 (q, 1H, J=7.1 Hz), 3.91 (s, 2H), 2.11 (s, 3H).

Example 42b

7-benzyl-6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-benzyl-6-ethyl-2-( trifluoromethvl)-ZH-chromehe-3-

carboxylate.
[0505] The ester (Example 41, Step 1) (1.0 g, 2.2 mmole) was added to a stirred

solution of THF (20 mL) containing triethylborane, (4.53 mL, 4.5 mmole).
Pd(dppH)Cly-CH2CI2 (0.092 g, 5 mole %), followed by K3PO4(aq), 2M (2.49 mL, 4.9
mmole). The solution was heated to 70 °C for 4h. The solution was poured into water (50

mL), extracted with Ethyl Acetate (2 x 50 ML), the organic layers were combined and
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washed with INHCI (2x 5 Oi mL) followed by brine (2 x 50 mL). The organic layer was
dried over Na,SOy, filtered and concentréted in vacuo. Subjected the crude material to flash
chromatography (Silica, 5% Ethyl Acetate /Hexane, collected and combined desired
fractions, concentrated in vacuo to produce the ester (325 mg, 37%). This ester was of

suitable purity to use without further purification. ESLRMS m/z 391 (M+H).

Step 2. Preparation of 7—benzvl-6—ethv1—2-( trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0506] The ester (Step 1) was hydrolyzed to form the cérboxylic acid via a method
similar to that described in Example 4a, Step 2. ESHRMS m/z 361.1056 (M-H, CyoH;6F30s3,
Calc’d 361.1046). "THNMR (DMSO-ds/400 MHz) 13.18 (brs, 1H), 7.79 (s, 1H), 7.10 — 7.28
(m, 6H), 6.73 (s, 1H), 5.79 (q, 1H, J= 7.1 Hz), 3.94 (s, 2H), 2.61 (m, 2H), 1.03 (t, 3H, J=
7.1 H).

Example 42¢

7-benzyl-6-propyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-benzyl-6-propyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0507] This compound was prepared and purified via a method similar to that described

in Example 9a, Step 3 with the appropriate substitution of propene, producing the ester (425
mg, 45%). This ester was of suitable purity to use without further purification. ESLRMS
m/z 405 (M+H).

Step 2. Preparation of 7-benzyl-6-propyl-2-( triﬂuoromethvl)—ZH-chromene—3-

carboxylic acid.
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[0508] The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2 (99%): ESHRMS m/z 375.1195 (M-H,
Cp1H,sF305, Cale’d 375.1203). '"HNMR (DMSO-ds/400 MHz) 13.15 (brs, 1H), 7.77 (s,
1H), 7.10 — 7.28 (m, 6H), 6.72 (s, 1H), 5.79 (g, 1H,J=7.1 Hz), 3.94 (s, 2H), 2.38 — 2.44
(m, 2H), 1.32 — 1.44 (m, 2H), 0.835 (t, 3H, J= 7.2 Hz). |

Example 42d

0O
O O y” “OH
O CFj
7-benzyl-6-butyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 7-benzyl-6-butyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0509]  This compound was prepared and purified via a method similar to that described

in Example 42b, Step 1, with the appropriate substitution of tributylborane producing the
ester (423 mg, 45%). ESLRMS m/z 419 (M+H).

) Step 2. Preparation of 7-benzyl-6-butyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0510] " The ester (Step 1) was hydrolyzed to form the carboxylic acid via a method
similar to that described in Example 4a, Step 2: ESHRMS m/z 389.1372 (M-H, C2H20F303,
Calc’d 389.1359). '"HNMR (DMSO-ds/400 MHz) 13.14 (s, 1H), 7.77 (s, 1H), 7.09 — 7.28
(m, 6H), 6.73 (s, 1H), 5.80 (q, 1H, J= 7.1 Hz), 3.94 (s, 2H), 2.61 (t, 2H, J= 7.0 Hz), 1.20 -
1.29 (m, 2H), 1.30 — 1.37 (m, 2H), 0.810 (t, 3H, J/=7.1 Hz).

242



WO 2004/087686 PCT/IB2004/001113

Example 44

Cl - COH

o) CF;
S
6-chloro-8-(methylthio)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 6-chloro-2-(triflucromethyl)-2H-chromene-3-carboxylate.
[0511] 5-Chlorosa1icy1a1dehyde (20.02 g, 0.128 mole) and ethyl 4,4,4-trifluorocrotonate
(23.68 g, 0.14 mole) were dissolved in anhydrous DMF, warmed to 60 °C and treated with
anhydrous K,COj; (17.75 g, 0.128 mole). The solution was maintained at 60 °C for 20

hours, cooled to room temperature, and diluted with water. The solution was extracted with
ethyl acetate. The combined extracts were washed with brine, dried over anhydrous
MgSO,, filtered and concentrated in vacuo to afford 54.32 g of an oil. The oil was
dissolved in 250 mL of methanol and 100 mL of water, whereupon a white solid formed

that was isolated by filtration. The resulting solid was washed with water and dried in

vacuo, to afford the ester as a yellow solid (24.31 g, 62%): mp 62-64 °C. 1y NMR
(CDC13/90 MHz) 7.64 (s, 1H), 7.30-7.21 (m, 2H), 6.96 (d, 1H, J=Hz), 5.70 (g, 1H, J =

Hz), 4.30 (q, 2H, J="7.2 Hz), 1.35 (t, 3H, J=7.2 Hz).

Step 2. Preparation of ethyl 6-chloro-8-(chlorosulfonyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylate.
[0512] To ice-chilled, stirred chlorosulfonic acid (15 mL) was added ethyl 6-chloro-2-

(trifluvoromethyl)-2H-1-benzopyran-3-carboxylate ethyl 6-chloro-2-(triﬂuoromethyl)—2H- 1-
benzopyran-3-carboxylate (Step 1, 2.0 g, 6.5 mmolj portion wise and allowed to warm to r.t
and stir for 60 h. The resulting dark brown homogeneous solution was added drop-wise to
stirred ice/water (200 mL) forming a suSpensibn. The resulting precipitate was collected by
vacuum filtration. This product was purified by silica chromatography. The resulting
mixture was dissolved in ethyl acetate, washed with NaHCOs solution and brine, dried over
MgSO0,, filtered and concentrated in vacuo yielding the title compound as a solid. This

solid was of sufficient purity to use in the subsequent step.
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|
Step 3. Preparation of ethyl 6-chloro-8-(methylthio)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0513] To benzene (solvent) was added ethyl 6-chloro-8-(chlorosulfonyl)-2-

(trifluoromethyl)-2H-chromene-3-carboxylate (Step 2, 0.68 g, 1.68 mmol), iodine (0.11g,
0.84 mmol), and triphenyl phosphine (4.41 g, 16.8 mmol) amd the resulting mixture heated |
to reflux for 4 h and allowed to cool to RT and stand for 48 h. To this crude reaction was
added Et3N (0.58 mL, 0.424 g, 4.20 mmol) and methyl iodide (0.06 mL, 0.13 g, 0.92

mmol). After extractive workup and silica chromatography the title compound was obtained
as a yellow, crystalline mass (0.215 g, 36 %). 'HNMR (CDCl3-d/300 MHz) 7.59 (s, 1H),

7.07 (d, J = 2.4 Hz, 1H), 6.98 (d, J = 2.4 Hz, 1H), 5.78 (q, 1H, J= 6.8 Hz), 4.20-4.40 (m,
31), 2.42 (s, 3H), 1.33 (t, 3H, J="7.3 Hz).

Step 4. Preparation of 6-chloro-8-(methylthio)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid. \

[0514] To a stirred solution of ethyl 6-chloro-8-(methylthio)-2-(trifluoromethyl)-2H- -
chromene-3-carboxylate (Step 3, 0.203 g, 0.575 mmol) in THF:EtOH:H,O (7:2:1, 5 mL),
was added aciueous sodium hydroxide (0.63 mmol, 0.25 mL of 2.5 N soln.) and allowed to

stir for two days. "The resulting clear, yellow solution was concentrated in vacuo, was
diluted with water (35 mL), and was acidified with concentrated HCI resulting in formation
of a yellow suspension. Vacuum filtration of the suspension yielded the title compound as a
yellow powder (0.132 g, 71 %). 'HNMR (acetone-d4/300 MHz) 7.87 (s, 1H), 7.34 (d, J =

2.2 Hz, 1H), 7.25 (d, J = 2.2 Hz, 1H), 5.93 (q, 1H, J=7.05 Hz), 2.53 (s, 3H). LRMS m/z
323 (M-H) ; ESHRMS m/z 322.9782 (M-H, C;,H;F3;05CIS, Calc’d 322.9757). Anal.
Calc’d for C12H8F305CIS: C,44.39; H, 2.48. Found: C, 44.63; H, 2.52.)

Example 45

BR
OH

6,8-dibromo-2-(trifluoro-
methyl)-1,2- Br
244
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dihydroquinoline-3-carboxylic acid

Step 1. Preparation of ethyl 6.8-dibromo-2-(trifluoromethyl)-1.2-dihydroquinoline-3-

carboxylate. ,
[0515] The 2-amino-3,5-dibromobenzaldehyde (6.50 g, 23.3 mmol), triethylamine (6.96

‘g, 69.9 mmol) and ethyl 4,4,4-trifluorocrotonate (7.85 g, 46.6 mmol) were mixed in
dimethylsulfoxide (12.0 mL) at 90 °C for 48 h. The solution was cooled to room
temperature and the solution poured into ethyl acetate (100 mL). The solution was
extracted with saturated aqueous ammonium chloride (2 x 100 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. The ethyl 6,8-dibromo-2-(trifluoromethyl)-1,2-
dihydroquinoline-3-carboxylate (4.3 g, 10.0 mmol) was isolated as a yellow solid by flash
silica chromatography (43% yield): MS m/z 428 (M-H, calcd 428).

Step 2. Preparation of 6,8-dibromo-2-(trifluoromethyl)-1.2-dihydroquinoline-3-carboxylic
id ‘
[0516] Ethyl 6,8-dibromo-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylate
(732.0 mg , 1.70 mmol) was suspended in methanol-tetrahydrofuran-water (5 mL, 7:2:1).
Lithium hydroxide (214 mg, 5.108 mmol) was added and the mixture was gently heated to
reflux for two hours. The reaction was cooled to room temperature and 1 N aqueous
hydréchloric acid added until pH = 1. The organic solvent was removed in vauco to afford a
suspension of a crude yellow solid. Diethyl ether (50 mL) was added, and the solution was
washed with water (2 X 50 mL), saturated ammonium chloride (2 X 50 mL), dried over
sodium sulfate and filtered. The filtrate was concentrated in vacuo to yield 6,8-dibromo-2-
(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylic acid (633.0 mg, 1.52 mmol) as a
yellow solid (89% yield): 'H NMR (CD;0D3, 300 MHz)7.07 (s, 1H), 7.57 (d, 1H,J=2.0
Hz), 7.39(d, 1H,J=2.0 Hz), 5.26 (m, 1H). Anal. Calcd for C;;H¢Br,FsNOs: C, 32.95; H,
1.51; N, 3.49. Found: C, 32.88; H, 1.51; N, 3.46.

Example 46
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8-Bromo-6-methyl-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylic acid

Step 1. Preparation of (2-amino-3-bromo-5-methylphenyl)methanol.

[0517] The 2-amino-3-bromo-5-methylbenzoic acid (20.0g, 86.0 mmol) was dissolved -
in tetrahydrofuran (200 ml) and cooled to 0°C. A solution of borane dimethylsulfide '
complex (15.6 mL, 156.0 mmol) was dissolved in tetrahydrofuran (40 mL) and added
dropwise. The solution was kept at 0°C for an additional 30 minutes, warmed to‘room
temperature for 2 h and finally refluxed for 16 h. The solution was cooled to room
temperature and methanol (10 mL) added slowly to control the gas evolution. The solution
was stirred for 30 minutes at room temperature and 1 N hydrochloric acid added. The
solution was stirred for 3 h and solvent removed to a volume of about 100 mL. Water (200
mL) was added and the solution extracted with diethylether (200 mL). The aqueous layer
was collected, adjusted to pH=12 with 1N sodium hydroxide which formed a solid in the
solution. The solid was collected, dissolved in ethyl acetate (100 mL), dried over sodium
sulfate and solvent removed at reduced pressure. The (2-amino-3-bromo-5-
methylphenyl)methanol (9.5 g, 43.9 mmol) was obtained as a off white solid. (51 % yield):
HRMS m/z 216.0047; caled for M+H 216.0024.

Step 2: Preparation of 2-amino-3-bromo-5-methylbenzaldehyde

[0518] The (2-amino-3-bromo-5-methylphenyl)methanol (7.80 g, 36.1 mmol) was
dissolved in tetrahydrofuran (20 mL). Dichloromethane (50 mL) was added along with
activated carbon (16.3 g). Manganese dioxide (9.4 g, 108 mmol) was added and the
solution stirred at 40 °C for 16 h. The solution was cooled to room temperature and vacuum
filtered through a celite. The solvent was removed at reduced pressure and the 2-amino—3;
bromo-5-methylbenzaldehyde (6.10 g, 28.5 mmol) obtained by recrystallization from
diethyl ether/hexanes (1:10, 100 mL) (78% yield): Melting point 99.6-101.2 °C. 'H NMR
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(300 MHz, CDCL3) 9.77 (s, 1H), 7.46 (s, 1H), 7.26 (s, 1H), 6.48 (bs, 2H), 2.76 (s, 3H).
HRMS m/z 213.9902; calcd for M+H 213.9962.

Step 3: Preparation of ethyl S—bromo-6—methy1—2-(triﬂuoromethvl)—1,2-dihvdroquinoline-}

3-carboxylate.
[0519] The 2-amino-3-bromo-5-methylbenzaldehyde (5.60 g, 26.2 mmol),

diazbicyclo[2.2.2]-undec-7-ene (9.2 g, 61.3 mmol), and ethyl 4,4,4-trifluorocrotonate (10.9
g, 65.4 mmol) were mixed in'1.,3-dimethyl-3,4,5,6-tetrahydro-2(1H)—pyrimidinone(l2.0
mL) at 60 °C for 8 h. The solution was cooled to room terﬁperature and poured into ethyl
acetate-hexanes (1:1, 100 mL). The solution was extracted with 2.5 N aqueous
hydrochloric acid (2 x 50 mL), saturated aqueous ammonium chloride (2 x 50 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The reéulting dark yellow oil was
taken up in hexanes (30 mL) and yellow powder crystals formed upon standing. The ethyl
8-bromo-6-methyl-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylate (7.2 g, 19.9
mmol)was collected by vacuum filtration. (75% yield). mp 122.2-123.6 OC. HRMS m/z
364.0142; calcd for M-+H 364.0155.

Step 4: Preparation of 8-bromo-6-methyl-2-(trifluoromethyl)-1,2-dihydroquinoline-3-

carboxylic acid.
[0520] Ethyl 8-bromo-6-methyl-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylate

(1.8g , 4.95 mmol) was suspended in methanol-tetrahydrofuran-water (20 mL, 7:2:1).
Lithium hydroxide (414 mg, 9.88 mmol) was added and the mixture was gently heated to
reflux for two hours. The reaction was cooled to room temperature and 1 N aqueous
hydrochloric acid added until pH = 1. The organic solvent was removed in vauco to afford a
suspension of a crude yellow solid. Diethyl ether (50 mL) was added, and the solution was
washed with water (2 X 50 mL), saturated ammonium sulfate (2 X 50 mL), dried over
sodium sulfate and filtered. The filtrate was concentrated in vacuo to yield 8-bromo-6- '
methyl-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylic acid (1.3 g, 4.05 mmol) asa’
yellow solid (82% yield). "H NMR (300 MHz, CDCL;) 7.78 (s, 1H), 7.82 (s, 1H), ‘6.59 (s,
1H), 5.20 (m, 2H), 5.13 (bs, 1H), 2.34 (s, 1H). HRMS m/z 334.9763; (M+, C;,HoBrF3NO,
caled 334.9769). | |
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Example 47

Cl
OH

CF3

=

6-chloro-8-methyl-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylic acid

Step 1: Preparation of 2-amino-5-chloro-3-methylbenzoic acid.

[0521] The 5-chloro-7-methyl-1H-indole-2,3-dione (25.0 g, 0.13 mol), potassium

hydroxide (8.4 g, 0.15 mmol) and 30% hydrogen peroxidé (21.6 g, 0.18 mol) were mixed
together in methanol (300 mL) at 0°C for 2 h followed by 16 h at room temperature. The
solution was poured into ethyl acetate (500 mL) and extracted with 1 N hydrochloric acid (3
x 200 mL) followed by brine (1 x 50 mL). The solution was dried over sodium sulfate and
solvent removed at reduced pressure. The 2-amino-5-chloro-3-methylbenzoic acid (18.0 g,
0.10 mmol) was isolated as a yellow solid (75% yield). HRMS m/z 185.0238; calcd
185.0244.

Step 2: Preparation of (2-amino-5-chloro-3-methylphenyl)methanol.
[0522] The 2-amino-5-chloro-3-methylbenzoic acid (15.6 g, 84.3 mmol) was dissolved

in tetrahydrofuran (200 ml) and cooled to 0°C. A solution of borane dimethylsulfide
complex (16.8 mL, 16.8 mmol) was dissolved in tetrahydrofuran (40 mL) and added
dropwise. The solution was kept at 0°C for an additional 30 minutes and warmed to room
temperature for 2 h and finally refluxed for 16 h. The solution was cooled to rdom
temperature and methanol (10 mL) added slowly to control the gas evolution. The solution
was stirred for 30 minutes at room temperature and 1 N hydrochloric acid added. The
solution was stirred for 3 h and solvent removed to a volume of about 100 mL. Water (200
mL) was added and the solution extracted with diethylether (200 mL). The aqueous layer
was collected, adjusted to pH = 12 with IN sodium hydroxide which formed a solid in the

solution. The solid was collected, dissolved in ethyl acetate (100 mL), dried over sodium
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sulfate and solvent removed at reduced pressure. (2-Amino-5-chloro-3-
methylphenyl)methanol (10.8 g, 63.1 mmol) was obtained as a light yellow solid (75%
yield). HRMS m/z 172.0544; caled for M+H 172.0524.

Step 3: Prepration of 2-amino-5-chloro-3-methylbenzaldehyde.
[0523] The (2-amino-5-chloro-3-methylphenyl)methanol (10.8 g, 63.1 mmol) was

dissolved in tetrahydrofuran (20 mL). Dichloromethane (50 mL) was added along with
activated carbon (16.3 g). Activated manganese dioxide (16.8 g, 189 mmol) was added and
the solution stirred at 40 °C for 16 h. The solution was cooled to room temperatﬁre and
vacuum filtered through a celite. The solvent was removed at reduced pressure and the 2-
amino-5-chloro-3-methylbenzaldehyde (7.90 g, 46.0 mmol) obtained by recrystallization
from diethyl ether/hexanes (1:10, 100 mL). HRMS m/z 169.0280; calcd 169.0294.

Step 4: Preparation of ethyl 6-chloro-8-methyl-2-(trifluoromethyl)-1,2-dihydroquinoline-3-

carboxylate.
[0524] The 2-amino-5-chloro-3-methylbenzaldehyde (5.60 g, 33.1 mmol),

diazbicyclo[2.2.2]-undec-7-ene (12.1 g, 82.0 mmol), and ethyl 4,4,4-
trifluorocrotonate (13.9 g, 82.7 mmol) were mixed in 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone(12.0 mL) at 60 °C for 8 h. The solution was cooled
to room temperature and the solution poured into ethyl acetate-hexanes (1:1, 100
mL). The solution was extracted with 2.5 N aqueous hydrochloric acid (2 x 50 mL),
saturated aqueous ammonium chloride (2 x 50 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The resulting dark yellow oil was taken up in-
hexanes (30 mL) and yellow powder crystals formed upon standing. The ethyl 6-
chloro-8-methyl-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylate (6.6 g, 20.7
mmol) was collected by vacuum filtration (60% yield). mp 154-155 °C. HRMS m/z |
216.0047; calcd for M+H 216.0024.

Step 5: Preparation of 6-chloro-8-methyl-2-(trifluoro-methyl)-1 2-dihydroquinoline-3-

carboxylic acid.

[0525] Ethyl 6-chloro-8—methyl-z—(tﬁﬂuoromethyl)—1 ,2-dihydroquinoline-3-carboxylate

(4.5, 0.51 mmol) was suspended in methanol-tetrahydrofuran- water (50 mL, 7:2:1).
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Lithium hydroxide (1.70 g, 42.3 mmol) was added, and the mixture was gently heated to
reflux for two hours. The reaction was cooled to room temperature and 1 N aqueous
hydrochloric acid added until pH = 1. The organic solvent was removed in vauco to afford a
suspension of a crude yellow solid. Diethyl ether (200 mL) was added, and the solution was
washed with water (2 X 200 mL), saturated ammonium sulfate (2 X 200 mL), dried over
sodium sulfate and filtered. The filtrate was concentrated in vacuo to yield 6-chloro-8-
methyl-2-(trifluoromethy1)-1,2-dihydroquinoline-3-carboxylic acid (3.8g, 13.4 mmol) as a
yellow solid (95% yield). (CDCls, 300 MHz) 7.56 (s, 1H), 6.93 (s, 1H), 6.90 (s, 1H), 5.11
(g, 1H, J=7.2 Hz), 4.78 (bs, 1H), 2.08 (s, 3H). HRMS m/z 291.0286(M+, C12HyCIF;NO;,
calcd 291.0274).

Example 48

6-(4-fluorophenyl)-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylic acid

Step 1: Preparation of ethyl 6-iodo-1,2-dihydro-2-(trifluoromethyl)-3-quinolinecarboxylate.

[0526] The 5-iodo-2-aminobenza1dehyde was prepared from the commercially available
5-iodo-2-aminobenzoic acid utilizing a previously described literature procedure (Alabaster, -
C. J.Med.Chem, 1988, 10, 2048-2056). The 5-iodo-2-aminobenzaldehyde (24.0 g, 96.7
mmol),diazbi-cyclo[2.2.2]-undec-7-ene (32.2 g, 212.0 mmol), and ethyl 4,4,4-
trifluorocrotonate (35.7 g, 212.0 mmol) were mixed in 1,3—dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (48 mL) at 60 °C for 8 h. The solution was cooled to room
temperature and the solution poured into ethyl acetate-hexanes (1:1, 500 mL). The solution
was extracted with 2.5 N aqueous hydrochloric acid (2 x 200 mL), saturated aqueous
ammonium chloride (2 x 200 mL), dried over sodium sulfate, filtered, and concentrated ir
vacuo. The resulting dark yellow oil was taken up in hexanes (100 mL) and yellow powder
crysta}s formed upon standing. The ethyl 6-iodo-1,2-dihydro-2-(trifluoromethyl)-3-
quinolinecarboxylate (19.3 g, 48.8 mmol) was collected by vacuum filtration (50% yield).
250



WO 2004/087686 PCT/IB2004/001113

mp 137-138 "C. "H NMR (CDCl;, 300 MHz) 7.62 (s, 1H), 7.36-7.48 (m, 2H), 6.43 (d, J =
8.2 Hz), 5.36 (brs, 1H), 5.11 (q, 1H, J = 7.1 Hz), 4.25 -4.35 (m, 2H), 1.34 (t, 3H, = 7.0
Hz). HRMS m/z 395.9716; Caled for M-H, 395.9708.

Step 2: Preparation of ethyl 6-(4-fluorophenyD)-2-(trifluoromethyl)-1.2-dihydroquinoline-3-
carboxylate. ‘

[0527] The ethyl 6-(4-fluorophenyl)-2-(trifluoromethyl)-1,2-dihydroquinoline-3-
carboxylate (700 mg,1.76 mmol), para;ﬂourophenyl boronic acid (257 mg, 1.85 mmol),
palladium II acetate, (3.48 mg, 0.015 mmol), triphenylphosphine (12.2 mg, 0.045 mmol)
and sodium bicarbonate (222 mg, 2.11 mmol) was refluxed in n-propanol/water (5.0 mL of
9:1) for 1 H. The solution was pbured into ethyl acetate (50 mL), extracted with water (2 x
25mL), 1 N hydrochloric acid (2 x 25 mL), and saturated aqueous ammonium chloride (2 x
25 mL). The organic layer was dried over sodium sulfate, solvent removed at reduced
pressure, and the ester isolated by flash silica chromatography (0-25% ethyl acetate in
hexanes). The ethyl 6-(4-fluorophenyl)-2-(trifluoromethyl)-1,2-dihydroquinoline-3-
carboxylate (243 mg, 0.66 mmol) was triturated from hexanes as a yellow solid (26% yield).
HRMS m/z 364.0989; Calcd for M-H 394.0960.

Step 3: 6-(4-fluorophenyl)-2-(trifluoromethyl)-1.,2-dihydroquinoline-3-carboxylic acid
[0528] Ethyl 6-(4-fluorophenyl)-2-(trifluoromethyl)-1,2-dihydroquinoline-3-carboxylate
(189 mg, 0.51 mmol) was suspended in methanol-tetrahydrofuran-water (10 mL, 7:2:1).

Lithium hydroxide (42 mg, 0.1.53 mmol) was added, and the mixture was gently heated to
reflux for two hours. The reaction was cooled to room temperature and 1 N aqueous
“hydrochloric acid added until pH = 1. The organic solvent was removed iz vauco to afford a
suspension of a crude yellow solid. Diethyl ether (20 mL) was added, and the solution was
washed with water (2 X 20 mL), saturated ammonium sulfate (2 X 20 mL), dried over
sodium sulfate and filtered. The filtrate was concentrated in vacuo to yield 6-(4-
ﬂuorophenyl)—Z-(triﬂuoromethyl)-1,2-dihydroquinoline-3—carboxylic acid (152 mg, 0.45
mmol) as a yellow solid (88% yield). '"H NMR (CD;0Ds, 300 MHz) 7.81 (s, 1H), 7.40-
7.56 (m, 4H), 7.10 (t, 1H, J=9.1 Hz), 6.78 (4, 1H, J = 8.3 Mz), 5.12 (m, 1H). HRMS m/z
337.0732; caled 337.0726. |
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Example 100 |
O
¢ N oH
O" CF4

6-chloxo-5,7—dimethyl—2-(triﬂur0romethyl)-2H-chromene-3-carboxylic acid
Step 1: Preparation of 3-chloro-6-hydroxy-2.4-dimethylbenzaldehyde
[0529] To a solution of 4-chloro-3,5-dimethyl-phenol (10.0 g, 63.9 mmol) in 400 mL
CH;CN was added MgClz (9.12 g, 95.8 mmol), TEA (23.9 g, 32.9 mL, 236 mmol), and
(CH,0), (13.4 g, 304 mmbl). The reaction was heated at reﬂﬁx for 4 h. After cooling to

room temperature, 2 N HCI was added until the reaction was pH 3. The aqueous layer was
extracted two times with 300 mL of Et,O. The organic layer was filtered and the filtrate
was washed one time with saturated brine, followed by drying over MgSOy, and
concentrated under vacuum. Crude desired (12.6 g ) was isolated. Under flash

chromatography conditions, 6.9 g (59 %) of pure compound was isolated.

Step 2: Preparation of ethyl 6-chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0530] To a solution of 3-chloro-6-hydroxy-2,4-dimethylbenzaldehyde (6.9 g, 37.4

mmol) in 80 mL of DMF was added dried finely powdered KgCO3 (11.36 g, 82.2 mmol).
With mechanical stirring, the reéction was heated to 65 °C. To the suspension was added |
dropwise ethyl trifluorocrotonate (7.54 g, 44.9 mmol). Thg sﬁrring reaction was heated at -
90 °C for 1.5 h. K,COj; was filtered from the cooled reaction. From the reaction under
vacuum, DMF was removed. The resulting residue was dissolved in 400 mL EtOAc. The
organic solution was washed with 100 mL 1 M KHSOs4, 70 mlL of satd. KHCO3, 100 mL
brine, followed by drying over MgSOs, and concentrating under vacuum. The crude desired
product (13.8 g) of was isolated. After employing flash chromatography conditions, pure
compound (9.8 g, 78 %) of was isolated and its structure 'conﬁrmed by NMR and LC-MS.
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Step 3: Preparation of 6-chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid A

[0531] To a suspension of ethyl 6-chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-
chromene-3-carboxylate (4.00 g, 11.9 mmol) in 40 mL of EtOH was added a solutibn of
NaOH (1.2 g, 30 mmol) in 18 mL of H,O. The reaction was heated at reflux for 1.5 h.

Once cooled, the reaction was neutralized with 2 N HCI. The product that precipitéted from
solution was filtered and washed with H,O. After drying in the vacuum oven at 50 °C, a
pale yellow solid, 6-chloro-5,7-dimethyl-2~(trifluoromethyl)-2H-chromene-3-carboxylic
acid, (3.46 g, 95 %) was isolated. ,

"H NMR (MeOH-dy) 7.93 (s, 1H), 6.76 (s, 1H), 5.65 (q, 1H, J = 7.15 Hz), 2.39 (s, 3H),
2.31 (s, 3H). DSC 203.59°C.

Example 101

Cl

0~ “CF,

(2R)-6-chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

(2R)-6-chloro-5.7-dimethyl-2-( trifluoromethyl)-2H-chromene-3-carboxylic acid

[0532] Isomers of 6-chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid were separated by chiral chromatography using Chiralcel AS or AD. (2R)-6-chloro-
5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid had a negative specific
rotation. Chiral HPLC analysis on Chirobiotic T (MeOH/H,O0/HOAC/TEA) gave a
retention time of 6.03 min for (2R)-6-chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

Example 102
o)
cl N OH
0" "CF;
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(2S)—6-chl0ro-5,7-dimethyl-2-(triﬂuoromethyl)-'2H—chromene—3-carboxylic acid

Isolation of (28)-6-chloro-5.7-dimethyl-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid ,
[0533] See Example 101. (28)-6-ch10ro-5,7-dimethyl—2—(triﬂuoromethyl)—ZH-

chromene-3-carboxylic acid had a positive specific rotation. Chiral HPLC analysis on
Chirobiotic T (MeOH/H,O/HOAC/TEA) gave a retention time of 8.02 min for (28)-6-
chloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid.

Example 103
O
Cl N OH
0~ “CF,4

6-chloro-7,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 2-hvdroxv—3.4-‘dimethvlﬁenzaldehvde

[0534] 2-Hydroxy-3,4-dimethylbenzaldehyde was prepared in the same manner as
described in Example 100 Step 1 except the starting material was 2,3-dimethylphenol.

Step 2: Preparation of ethyl 7.8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate
[0535] Ethyl 7,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate was

prepared in the same manner as Example 100 Step 2 except the starting material was 6-

hydroxy-2,4-dimethylbenzaldehyde.

Step 3: Preparation of ethyl 6-chloro-7.8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0536] To a solution of ethyl 7,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylat (4.0 g, 13.3 mmol) in 75 mL HOAc was added Cl; until the solvent was
saturated as indicated by the greenish chlorine cloud above the solvent. After 2 h, the
reaction was flushed with N and subsequently tre&ted with excess Zn dust for 1.5 h. The
reaction mixture was decanted from the Zn and concentrated under vacuum. The resulting

residue was dissolved in 300 mL of EtOAc and washed with 100 mL 1 M KHSO4 and 100
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mL brine. The organic layef was dried over MgSQ,, filtered and concentrated under
vacuum. The yield of ethyl 6—Vchloro‘-7,8-dimethyl-Z-(triﬂuoromethyl)—ZH—chroméne-3-

carboxylate was 5.2 g.

Step 4: Preparation of 6-chloro-7,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3- ‘
carboxylic acid A
[0537] 6-Chloro-7,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was

prepared in the same manner as Example 100 Step 3 only the starting material was ethyl 6-
chloro-7,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate. "H NMR (MeOH-dy)
7.68 (s, 1H), 7.20 (s, 1H), 5.78 (q, 1H, J = 7.08 Hz), 2.36 (s, 3H), 2.23 (s, 3H). DSC 216.32
°C. | |

Example 104

Cl COOH

A

0" >CF,

6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic) acid

Step 1: Preparation of 6-hydroxy-2.4,5-trimethylbenzaldehyde ‘
[0538] To a solution of 2,3,5-trimethylphenol (11.2 g, 82.0 mmoles) in 400 mL of

acetonitrile was added paraformaldehyde (17.2 g, 574 mméles), anhydrous MgCl,(11.7 g,
123 mmolés), and TEA (43 mL 31 g, 308 mmoles). The mixture was refluxed for 6 h with
stirring. After cooling, the mixture was partially concentrated, water added, and thé mixture
acidified with dilute aqueous HCI. The mixture was extracted with three times with Et,0,
the combined organic extracts washed with brine, dried over NaZSO4, filtered, and
concentrated. Chromatography 6f the residue over silica gel using DCM as eluent gave 6-

hydroxy-2,4,5-trimethylbenzaldehyde, 8.8 g, as an oil.

Step 2: Preparation of ethyl 5.7.8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate '

[0539] To a solution of 6-hydroxy-2,4,5-trimethylbenzaldehyde (2.77 g, 17.1 mmoles)

in 50 mL of dry DMF was added anhydrous K,COs (5.19 g, 37.6 mmoles), and ethyl 4,4,4-
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trifluorocrotonate (3.16 g, 18.8 mmoles). The mixture was stirred rapidly under a drying
tube at 100 °C for 3 h. After cdoling, the mixture was diluted with DMF, filtered, and
evaporated. Chromatography of the residue over silica gel using DCM as eluent gave ethyl
5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate, 3.75 g, as an oil.

Step 3: Preparation of ethyl 6-chloro-5.7.8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylate '
[0540]  Into a solution of ethyl 5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylate in 50 mL of HOAc was bubbled a stream of Cl, gas until a persistent
appearance of Cl, was visible above the solution; The mixture was stirred for 1 h, after
which N, gas was bubbled through to expel excess Cl,. Zn dust (731 mg, 11.2 rrig—atm) was
added, the mixture was stirred for 30 min, and evaporated. Chromatography of the residue
over silica gel using DCM as eluent gave ethyl 6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-

2H-chromene-3-carboxylate, 3.01 g, as an oil.

Step 4: Preparation of 6-chloro-5.7.8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic) acid
[0541] . A solution of 3.01 g (8.62 mmoles) of ethyl 6-chloro-5,7,8-trimethyl-2-

(trifluoromethyl)-2H-chromene-3-carboxylate was treated in a similar manner found in
Example 100 Step 3. This afforded 6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-
chromene-3-carboxylic) acid, 2.52 g, as a white solid. 'H NMR (acetone-ds) 8.07 (s, 1H),
5.85(q, 1H, J= 7.2 Hz), 2.50 (s, 3H); 2.40 (s, 3H), 2,24 (s, 3H).

Example 105
Cl N COOH
0”7 CF,4

6-chloro-5,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 6-hydroxy-2.5-dimethylbenzaldehyde

[0542] 6-Hydroxy-2,5-dimethylbenzaldehyde was prepared by the method of Example
104 Step 1 except that 2,5-dimethylphenol was used as the starting phenol.
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Step 2: Preparation of ethyl 3, 8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0543] Ethyl 5,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate was .
prepared by the method of Example 104 Step 2 except that 6-hydroxy-2,5-
dimethylbenzaldehyde was used in place of 6-hydroxy-2,4,5-trimethylbenzaldehyde.

Step 3: Preparation of ethyl 6-chloro-5,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-
carboxylate '

[0544] Ethyl 6-chloro-5,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate
was prepared by the method of Example 104 Step 3 except that ethyl 5,8-dimethyl-2-
(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl 6-chloro-5,7,8-
trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

Step 4: Preparation of 6-chloro-5.8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0545] 6-Chloro-5,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
obtained as a very pale, yellowish solid by the method of Example 104 Step 4 except that
ethyl 6-chloro-5,8-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate was used in
place of ethyl 6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate. H
NMR (acetone-ds) 8.06 (s, 1H), 7.34 (s, 1H), 5.87 (q, 1H, J=7.2 Hz), 2.48 (s, 3H), 2.23 (s,
3H).

Example 106

N COOH

0~ CF,4

7—tert—pentyl-z-(triﬂuor0methyl)-ZH-chromene-3-carboxylic acid

Step 1: Preparation of 2-( 3-methoxvphenvl) 2-methylpropanenitrile
[0546] To 190 mL of DMSO was added 55 mL of 50% aqueous NaOH, formmg a

stirrable pasty mass. A solution of 3-methoxyphenylacetonitrile (25.0 g, 270 mmoles) in 25
mL of DMSO was added slowly with stirring. After a few minutes, 32 mL of iodomethane

was added, producing an exotherm. A further portion of iodomethane was added, stirring
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continued until the mixture cooled, and the mixture wds Kept at room temperature. Ice was
added, and the mixture extracted with several portions of Et,0. The combined organic
extracts were washed twice with water, once with brine, dried over Na;SOy, filtered, and

evaporated to give the title compound, 27.7 g, as an oil.

Step 2: Preparation of 2-(3-methoxyphenyl)-2-methylpropanal

[0547]  To aice cold stirred solution of 2-(3-methoxyphenyl)-2-methylpropanenitrile
(27.7 g, 158 mmoles) in 250 mL of THF was added dropwise diisobutylaluminum hydride
in heptane (202 mL; 1.0M solution). The mixture was allowed to warm to room
temperature overnight. After cooling, a solution of concentrated H,SO4 (21 SmL) in 85 mL

“of water was cautiously added in small portions. The resulting mixture was partitioned
between Et,O and water, the aqueous layer further extracted, and the combined organic
extracts dried over Na,SQy, filtered, and evaporated to gi\"e 2-(3-methoxyphenyl)-2-
methylpropanal, 21.7 g, as an oil.

Step 3: Preparation of 1-(1,1-dimethylprop-2-enyl)-3-methoxybenzene

[0548] A solution of sodium dimsylate was prepared by dissolving hexane washed 60%
NaH (4.89 g, 122 mmoles) in mineral oil in 120 mL of DMSO with heating to 60°C. To 40
mL of this solution added methyltriphenylphosphonium bromide (14.5 g, 40.7 mmoles) of

as a solid, forming a thick paste. A solution of 2-(3-methoxyphenyl)-2-methylpropanal

(5.00 g, 28.1 mmoles) in 6 mL of DMSO was added, and the mixture stirred overnight. The

mixture was partitioned between Et,O and water, and the aqueous layer further extracted =~

with Et,0. The combined organic extracts were washed with water and brine, dried over
NayS0y, filtered, and evaporated. Chromatography of the residue over silica gel using

DCM as eluent gave 1-(1,1-dimethylprop-2-enyl)-3-methoxybenzene, 4.25 g, as an oil.

Step 4: Preparation of 1-methoxy-3-tert-pentylbenzene

[0549] Hydrogenation of 1-(1,1-dimethylprop-2-enyl)-3-methoxybenzene using 5%
palladium on carbon in ethanol under 5 psi of hydrogen gas gave 1-methoxy-3-tert-

pentylbenzene, 3.27 g.
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Step 5: Preparation of 3-tert-pentylphenol

[0550] Toa sblution of 1-methoxy-S-ltert-pentylbenzene (3.22g,18.1 mmoles) in 100
mL of DCM stirring in —78 °C bath was added dropwise 2.14 mL (5.68 g) of BBr3. The
mixture was stirred while warming to room temperature. After 3 h, ice was added, énd the
6rganic layer separated, dried over Na,SOy, filtered and evaporated affording 3-tert-
‘pentylphenol, 2.77 g, as an oil. |

Step 6: Preparation of 2—hvdr6xv—4—teﬁ-nentvlbenzaldehvde

[0551] 2-Hydroxy-4-tert-pentylbenzaldehyde was prepared by the method of ‘Example
104 Step 1 except that 3-tert-pentylphenol was used in place of 2,3,5-trimethylphenol.

Step 7: Preparation of ethyl 7-tert-pentyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0552] Ethyl 7-tert-pentyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate was
prepared by the method of Example 104 Step 2 except that 2-hydroxy-4-tert-
pentylbenzaldehyde was used in place of 6-hydroxy—2,4,5-trimethylbenzaldehyde.‘

Step 8: Preparation of 7-tert-pentyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0553] 7-tert—Penty1-2-(triﬂuoromethyl)—ZH—chromene-3-carboxylic acid was prepared
by the method of Example 104 Step 3 except that ethyl 7-tert-pentyl-2-(trifluoromethyl)-
2H-chromene—3-carboxylate was used in place of ethyl 5,7,8-trimethyl-2-(trifluoromethyl)-
2H-chromene-3-carboxylate. 'H NMR (acetone-ds) 7.98 (s, 1H), 7.41 (d, 1H, J=8.0 Hz),
7.11 (dd, J = 8.0 Hz, J = 1.8Hz), 7.01 (d, J = 1.8Hz), 5.80 (q, 1H, J = 7.2 Hz), 1.68 (q, 2H,
J= 5A.5Hz), 1.30 (s, 6H), 0.69 (t, 3H, J=5.5 Hz).

Example 107

Cl COOH

X

0~ CF,

6-chloro-7—tert-pentyl—2-(triﬂuoromethyl)—ZH-chromene—3-carboxylic acid
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Step 1: Preparation of ethyl 6-chloro-7-tert-pentyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0554] Ethyl 6-chloro-7-tert-pentyl;2-(triﬂuoromethyl)-2H-chromene—3-carboxylate

was prepared by the method of Example 104 Step 3 except that ethyl 7-tert-pentyl-2-
(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl 5,7,8-trimethyl-2-
(trifluoromethyl)-2H-chromene-3-carboxylate.

Step 2: Preparation of 6-chloro-7-tert-pentyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid
[0555] 6-Chloro-7-tert-pentyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was

prepared by the method of Example 104 Step 4 except that ethyl 6-chloro-7-tert-pentyl-2- |
(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl 6-chloro-5,7,8-
trimethy1-2—(triﬂuoromethyl)-2H-ch_romene-3-carboxylaté. 'H NMR (CDCl3) 7.76 (s, 1H),
7.23 (s, 1H), 7.02 (s, 1H), 5.67 (q, 1H, J = 7.2 Hz), 2.00 (m, 1H), 1.94 (m, 1H), 1.42 (s,
3H), 1.41 (8, 3h), 0.66 (t, 3H, J=7.5 Hz). ’

Example 108

X COOH

0~ CF,

7-(1,1-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 3-[(27)-1.1-dimethylbut-2-enyllphenyl methyl ether

[0556] 3-[1,1-dimethylbut-2-enyl]phenyl methyl ether was prepared by the method of
Example 106 Step 3 except that ethyltriphenylphosphonium bromide was used in place of
methyltriphenylphosphonium bromide.

Step 2: 3-(1.1-dimethylbutyl)phenyl methyl ether

[0557] 3-(1,1-Dimethylbutyl)phenyl methyl ether was prepared by the method of
Example 106 Step 4 except that 3-[1,1-dimethylbut-2-enyl]phenyl methyl ether was used in
place of 1-(1,1-dimethylprop-2-enyl)-3-methoxybenzene.

Step 3: Preparation of 3-(1,1-dimethylbutyl)phenol

[0558]  3-(1,1-Dimethylbutyl)phenol was prepared by the method of Example 106 Step
5 except that 3-(1,1-dimethylbutyl)phenyl methyl ether was used in place of 1-methoxy-3-
tert-pentylbenzene.
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Step 4: Preparation of 4-(1.1-dimethylbutyl)-2-hydroxybenzaldehyde

[0559] The title benzaldehyde was prepared by the method of Example 106 Step 6
except that 3-(1,1-dimethylbutyl)phenol was used in place of 3-tert-pentylphenol. .

Step 5: Preparation of ethyl 7-(1,1-dimethylbuty])-2-( triﬂuoromethvl)-ZH-chromene-3—

-carboxylate

[0560] Ethyl 7-(1,1-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate was
prepared by the method of Example 106 Step 7 except that 4-(1,1-dimethylbutyl)-2-
hydroxybenzaldehyde was used in place of 2-hydroxy-4-tert-pentylbenzaldehyde.

Step 6: Preparation of 7-(1,1-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0561] 7-(1,1-Dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
prepared by the method of Example 106 Step 8 except that ethyl 7-(1,1-dimethylbutyl)-2-
(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl 7-tert-pentyl-2-
(trifluoromethyl)-2H-chromene-3-carboxylate, ']H NMR (acetone-dg) 7.85 (s, 1H), 7.39
(2H, J = 8 Hz), 7.06 (dd, J =8 Hz, J= 1.8 Hz), 7.00 (d, 1H, J= 1.8 Hz), 5.79 (q, 1H, J =
7.2 Hz), 1.61 (m, 2H), 1.30 (s, 6H), 1.08 (m, 2H), 0.83 (t, 3H, J = 5.5 Hz). :

Example 109

: - COOH
0"~ CF,
7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 1-[(27)-1.1-dimethylpent-2-enyl]-3-methoxybenzene

[0562] The title compound was prepared by the method of Example 106 Step 3 except
that propyltriphenylphosphonium bromide was used in place of
methyltriphenylphosphonium bromide.

Step 2: Preparation of 1-(1.1-dimethylpentyl)-3-methoxybenzene

[0563]  The title compound was prepared by the method of Example 106 Step 4 except
that 1-[(2Z)-1,1-dimethylpent-2-enyl]-3-methoxybenzene was used in place of 1-(1,1-
dimethylprop-2-enyl)-3-methoxybenzene.
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Step 3: Preparation of 3-(1,1-dimethylpentyl)phenol !
[0564] 3-(1,1-Dimethylpentyl)phenol was prepared by the method of Example 106 Step

5 except that 1-(1,1-dimethylpentyl)-3-methoxybenzene was used in place of 1-methoxy-3-

tert-pentylbenzene.

Step 4: Preparation of 4-(1,1-dimethylpentyl)-2-hvdroxybenzaldehyde 4
[0565] 4-(1,1-Dimethylpentyl)-2-hydroxybenzaldehyde was prepared by the method of

Example 106 Step 6 except that 3-(1,1-dimethylpentyl)phenol was used in place of 3-tert-
pentylphenol. '

Step 5: Preparation of ethyl 7-(1.1-dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0566] Ethyl 7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate

was prepared by the method of Example 106 Step 7 except that 4-(1,1-dimethylpentyl)-2-
hydroxybenzaldehyde was used in place of 2-hydroxy-4-tert-pentylbenzaldehyde.

Step 6: Preparation of 7-(1,1-dimethylpenty)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0567] 7-(1,1-Dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
prepared by the method of Example 106 Step 8 except that ethyl 7-(1,1-dimethylpentyl)-2-
(triﬂuoromethﬂ)—ZH-chromene-3-carboxylate was used in place of ethyl 7-tert-pentyl-2-
(trifluoromethyl)-2H-chromene-3-carboxylate. 'H NMR (acetone-dg) 7.88 (s, 1H), 7.40 (d,
1H,J=8Hz), 7.11 (dd, /=8 Hz, J = 1.8 Hz), 7.01 (d, 1H, J = 1.8 Hz), 5.80 (q, 1H, J =
7.2 Hz), 1A.65 (m, 2H), 1.31 (s, 6H), 1.23 (m, 2H), 1.07 (m, 2H), 0.83 (t, J = 5.5 Hz). LCMS
m/z=343.2 (M + H)

Example 110
Cl N COOH
0~ “CF,

6-chloro-7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1: Preparation of ethyl 6-chloro-7-(1 1-dimethylpentyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate
[0568] Ethyl 6-chloro-7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate was prepared by the method of Example 104 Step 3 except that ethyl 7-(1,1-

dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl
5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

Step 2: Preparation of 6-chloro-7-(1.1-dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid

[0569] 6-Chloro-7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid was prepared By the method of Example 104 Step 4 except that ethyl 6-chloro-7-(1,1-
dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl
6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate. 'H NMR
(acetone-dg) 7.87 (s, 1H), 7.51 (s, 1H), 7.07 (s, 1H), 5.84 (q, 1H, J = 7.2 Hz), 1.95 (m, 2H),
1.46 (s, 6H), 1.25 (m, 2H), 1.02 (m, 2H), 0.83 (t, 3H, J = 5.5 Hz).

Example 111

Cl N COOH

0~ CF,

6-chloro-7-(1,1-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step Preparation of 1 ethyl 6-chloro-7-(1.1-dimethylbutyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate

[0570] Ethyl 6-chloro-7-(1,1-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate was prepared by the method of Example 104 Step 3 except that éthyl 7-(1,1-
dimethylbutyl)-z-(triﬂuorémethyl)-2H—chromene—3-carboxylate was used in-place of ethyl
5,7,8-trimethyl-2-(trifluvoromethyl)-2H-chromene- 3-carboxylate. ‘

Step 2: Preparation of 6-chloro-7-(1.1-dimethylbutyl)-2-( triﬂuoromethvl)—ZH—chrdmene-3-
carboxylic acid ‘

[0571] 6-Chloro-7-(1,1-dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid was prepared by the method of Example 104 Step 4 except that ethyl 6-chloro-7-(1,1-
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dimethylbutyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl
6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate. 'HNMR
(acetone-dg) 7.83 (s, 1H), 7.47 (s, 1H), 7.03 (s, 1H), 5.80 (q, 1H, J = 7.2 Hz), 1.92 (m, 2H),
1.41 (s, 6H), 0.99 (m, 2H), 0.80 (t, 3H, J = 5.5 Hz).

Example 112
MeO o COOH

0~ “CF,

7-tert—butyl-6—meth0xy-2-(triﬂuoromethyl)-ZH—chromene-3-4carb0xylic acid

Step 1: Preparation of 4-tert-butyl-2-hydroxy-5-methoxybenzaldehyde

[0572] 4-t-Butyl-2-hydroxy-5-methoxybenzaldehyde was prepared by the method of
Example 104 Step 1 except that 3-t-butyl-4-methoxyphenol was used in place of 2,3,5-
trimethylphenol.

Step 2: Preparation of ethyl 7-tert-butyl-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate -
[0573] Ethyl 7-tert-butyl-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate

was prepared by the method of Example 104 Step 2 except that 4-tert-butyl-2-hydroxy-5-
methoxybenzaldehyde was used in place of 6—hydroxy-2,4,5—trimethy1benza1dehydé.

Step 3: Preparation of 7-tert-butyl-6-methoxy-2-( trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0574] 7-t-Butyl-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
prepared by the method of Example 104 Step 4 except that ethyl 7-tert-butyl-6-methoxy-2-
(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl 6-chloro-5,7,8-
trimethyl-2—(triﬂﬁoromethyl)-ZH-chromene-3-carboxylate.

Example 113
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QI N COOH

0~ “CF,

6-chloro-7-isopropenyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

‘Step 1: Prep afation of 2-(3-hydroxyphenyl)-2-methylpropanal
[0575] To a solution of 2-(3-methoxyphenyl)-2-methylpropanal (20.0 g, 112 mmoles) in

90 mL of N-methylpyrfolidinone was added thiophenol (11.5 mL, 112 mmoles) and
anhydrous K,COj3 (1.55 g, 11.2 mmoles). The mixture was stirred at 210-215°C for 3 h.
After cooling, the mixture was partitioned between Et,O and 5% aqueous NaOH. The
aqueous layer was .acidiﬁed with dilute HCl and extracted with DCM. The combined
organic extracts were dried over Na,SOy, filtered, and evaporated. Chromatography of the
residue using 25% E’;OAC —hexane as eluent gave the title compound, 10.3 g, as a pale

yellow oil.

Step 2: Preparation of 4-(1,1-dimethyl-2-oxoethyl)-2-hydroxybenzaldehyde
[0576] 4-(1,1-Dimethyl-2-oxoethyl)-2-hydroxybenzaldehyde was prepared by the

method of Example 104 Step 1 except that 2-(3-hydroxyphenyl)-2-methylpropanal was used
in place of 2,3,5-trimethylphenol.

Step 3: Preparation of ethyl 7-(1,1-dimethyl-2-oxoethy])-2-(trifluoromethyl)-2H-chromene-

3-carboxylate

[0577] Ethyl 7-(1,1-dimethyl-2-oxoethyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate was prepared by the method of Example 104 Step 2 except that 4-(1,1-
dimethyl-2-oxoethyl)-2-hydroxybenzaldehyde was used in place of 6-hydroxy-2,4,5-
trimethylbenzaldehyde.

Step 4: Preparation of ethyl 6-chloro-7-isopropenyl-2-(irifluoromethyl)-2H-chromene-3-

carboxylate ‘
[0578] The title compound was prepared by the method of Example 104 Step 3 except

that ethyl 7-(1 ,1—dimethyl—2-oxdethyl)-2-(triﬂuoromethyl)-2H-chromehe-3-carboxylate was
used in place of ethyl 5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate. .
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Step 5: Preparation of 6-chloro-7-isopropenyl-2-(trifluoromethyl)-2H-chromene-3-

carboxvlic acid

[0579] The title compound was prepared by the method of Example 104 Step 4 except
that ethyl 6-chloro-7-isopropenyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate was used
in place of ethyl 6-chloro-5,7,8-trimethyl-2-(trifluoromethy!)-2H-chromene-3-carboxylate.
"H NMR (acetone-de) 7.82 (s, 1H), 7.50 (s, 1H), 6.87 (s, 1H), 5.78 (q, 1H, J = 7.2 Hz), 5.23
(brs, 1H), 4.94 (br s, 1H), 2.02 (br s, 3H).

Example 114

~COOH

OHC 0" CF4

7-(1,1-dimethyl-2-oxoethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: 7-(1.1-dimethyl-2-oxoethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
[0580] 7-(1,1-Dimethyl-2-oxoethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic '
acid

was prepared by the method of Example 104 step 4 except that ethyl 7-(1,1-dimethyl-2-
oxoethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate was used in place of ethyl 6-
chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate. 'H NMR (CDCl3)
9.50 (s, 1H), 7.83 (s, 1H), 7.25 (d, 1H, J = 8.0 Hz), 6.94 (br s, 1H), 6.91 (dd, J = 8.0 Hz, J
= 7.2 Hz), 5.70 (q, 1H, J = 7.2 Hz), 1.46 (s, 6H). ‘ ‘

Example 115
Cl N COOH
HOO
c 0" CF3

7-(1-carboxy-1-methylethyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid
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Step 1: Preparation of 2-[3-(ethoxycarbonyl)-2-(trifluoromethyl)-2H-chromen-7-y1]-2-
methylpropanoic acid ' |
[0581] To a solution of ethyl 7-(1,1-dimethyl-2-oxoethyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate (500 mg, 1.46 mmoles) in 20 mL of dioxane was added a solution
of 80% NaClO; (727 mg, (582 mg), 6.43 mmoles) in 5 mL of water. The resulting mixture
was stirred in an oil bath at 90 °C for 1.5 h, and cooled. The mixture was partitioned
between DCM and water, further extracted, and the combined organic extracts dried over
Na,SO,, filtered, and evaporated. Chromatography of the residue over silica gel using 30%
EtOAc — hexane — 1% HOACc as eluent gave the title compound, 400 mg, as an oil.

Step 2: Preparation of 7-(1-carboxy-1-methylethyl)-6-chloro-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid
[0582] Cl, gas was bubbled through a solution of the title product of Example 115 Step
1 (400 mg, 1.12 mmoles) in 20 mL of HOAc while protecting the mixture from light. After

3 min, the mixture was stirred for 30 min, N, bubbled through briefly, Zn dust (500 mg, 7.6
mg-atm) added, and the mixture stirred for 30 min. After chromatography of the residue
over silica gel using 30% EtOAc —hexane — 1% HOAC as eluent, the appropriate fractions
were combined and evaporated to give a mixture of chlorinated product and starting
material. The residue was retreated as described above, and following chromatography,
there was obtained anl 85:15 mixture of product and starting material, 241 mg, which was
uséd as is for the next step.

[0583] A solution of 241 mg (0.613 mmol) of the above mixture in 15 mL of ethanol
was treated with a solution of 366 mg of 50% aqueous NaOH in 3 mL of water. The
mixture was brought to reflux and cooled. Following acidification to pH 1 with dilute
aqueous HCI, the mixture was partially concentrated producing a pure white solid, which
was isolated by filtration, washed, and dried to give a 85:15 mixture of chlorinated and
unchlorinated diacids, which were used as is for the next step.

[0584] The acid above (85:15) was dissolved in 10 mL of HOAc, and Cl; gas bubbled
through. The resulting mixture was stirred for 5 h, and N bubbled through briefly. Zn dust
(200 mg, 3.1 mg-atm) was added, the mixture stirred for 1 h, and concentrated. .

Chromatography of the residue using 1% HOAc — EtOAc as eluent gave the title compound,
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125 mg, as a white crystalline solid. 'H NMR (CDCls) 7.76 (s, 1H), 7.07 (s, 1H), 5.69 (q,
1H, J = 7.2 Hz), 1.66 (s, 6H).

Example 116

Cl X COOH

MeO
(@) CF3

6-chloro-7-(2-methoxy-1,1-dimethylethyl)-2-(trifluoromethyl)-2H-chromene-3-
' carboxylic acid

Step 1: Preparation of ethyl 7-(2-hydroxy-1.1-dimethylethy])-2-(trifluoromethyl)-2H-

chromene-3-carboxylate

[0586] To a solution of ethyl 7-(1,1-dimethyl-2-oxoethyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate (6.90 g, 20.2 mmoles) in 200 mL of MeOH stirring in an ice bath,
was added portionwise NaBHy4 (763 mg, 20.2 mmoles) as a solid. After 25 min, HOAc was
cautiously added, and the solution concentrated. The residue was partitioned between DCM
and water, and the organic extract dried over NaﬁSO4, filtered, and evaporated.
Chromatography of the residue over silica gel using a gradient of 0-10% EtOAc — DCM as

eluent gaVe the title compound, 5.4 g, as a very pale yellow oil.

Step 2: Preparation of ethyl 6-chloro-7-(2-hydroxy-1,1-dimethylethyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxvlate

[0587] A single treatment of ethyl 7-(2-hydroxy-1,1-dimethylethyl)-2-(trifluoromethyl)-
2H-chromene-3-carboxylate (5.4 g 16 mmoles) with Cl, was performed as described in
Example 115 Step 2. Chromatography of the residue using a gradient of 0-10% EtOAc —

DCM as eluent gave the title compound, 3.7 g, as a nearly colorless oil.

Step 3: Preparation of ethyl 6-chloro-7-(2-methoxy-1.1-dimethylethyl)-2-(trifluoromethvl)-

2H-chromene-3-carboxylate

[0588] To a solution of ethyl 6-chloro-7-(2-hydroxy-1,1-dimethylethyl)-2- A
(trifluoromethyl)-2H-chromene-3-carboxylate (205 mg, 0.584 mmole) in 8 mL of dry DMF
was added 86 mg of 60% NaH, and 0.5 mL of iodomethane. The mixture was stirred

overnight at room temperature. Water was added, the mixture extracted with DCM, the
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combined organic extracts dried over Na;SOs, filtered, and evaporated. Chromatography of

the residue over silica gel using DCM as eluent gave the title compound, 49 mg, as an oil.

Step 4: Preparation of 6-chloro-7-(2-methoxy-1.1-dimethylethyl)-2-(trifluoromethy1)-2H- -

chromene-3-carboxylic acid

[0589] The title compound was prepared by the method of Example 104 Step 4 except
that ethyl 6-chloro-7-(2-methoxy-1,1-dimethylethyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate was used in place of ethyl 6-chloro-5,7,8-trimethyl-2-(trifluoromethyl)-2H-
chromene-3-carboxylate. 'HNMR (CDCl;) 7.64 (s, 1H), 7.20 (s, 1H), 7.05 (s. 1H), 5.64
(q, 1H, J=17.2 Hz), 3.97 (d, 1H, J = 9 Hz), 3.56 (d, 1H, J = 9 Hz), 3.35 (s, 3H), 1.47 (s,
3H), 1.46 (s, 3H).

Example 117
cl cl
MeO .~ COOH MeO ~~COOH
O CFg 0~ "CF,4
cl
171 117-2

7-tert-butyl-5-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
and

7-tert-butyl-5,8-dichloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic
’ acid

Step 1: Preparation of ethyl 7-tert-butyl-5-chloro-6-methoxy-2-(trifluoromethyl)-2H-

chromene-3-carboxylate and ethyl 7-tert-butyl-5.8-dichloro-6-methoxy-2-(trifluoromethyl)-

2H-chromene-3-carboxylate
[0590] A single chlorination on ethyl 7-tert-butyl-6-methoxy-2-(trifluoromethyl)-2H-

chromene-3-carboxylate (500 mg, 1.40 mmoles) was performed as described in Example -
115. Chromatography of the residue over silica gel using 25% EtOAc — hexane gave a

mixture of monochloro and dichloro products, which were used as is for the next reaction.
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Step 2: Preparation of 7-tert-butyl-5-chloro-6-methoxV-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid and 7-tert-butyl-5.8-dichloro-6-methoxy-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

[0591] A mixture of ethyl 7-tert-butyl-5-chloro-6-methoxy-2-(trifluoromethyl)-2H-

chromene-3-carboxylate and ethyl 7-tert-buty1-5,8-dichloro-6-methoxy-2-(triﬂuofomethyl)-
2H-chromene-3-carboxylate (330 mg) was hydrolyzed as described in Example 104 Step 4. |
Radial chromatography of the residue over silica gel using 40% EtOAc — hexane — 1%
HOAC as eluent gave the title compounds as white solids.

Isomer 117-1: (7-tert-butyl-5-chloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid):16 mg; "H NMR (acetone-ds) 8.02 (s, 1H), 6.94 (s, 1H), 5.80 (q, 1H, J =
7.2 Hz), 3.89 (s, 3H), 1.37 (s, 9H). LCMS m/z = 365 (M+H)

Isomer 117-2: (7-tert-butyl-5,8-dichloro-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid): 18 mg; "H NMR (acetone-ds) 8.07 (s, lH), 6.02 (q, 1H, J =7.2 Hz), 3.78
(s, 3H), 1.66 (s, SH). LCMS m/z = 399, 400, 401 (M, M+H, M+2H)

Example 118

Cl . COOH
N
c 0" CF;
6-chloro-7-(1-cyano-1-methylethyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid

Step 1: Preparation of 2-( 3-hvdroxvphenvl)-Z—methvlnropanenitﬂle

[0592] A mixture of the title product of Example 106 Step 1 (520 mg, 2.97 mmoles) and
pyridinium hydrochloride (2 g, 17.3 mmol) was stirred in an oil bath at 200-220 °C under a
drying tube and so maintained for 3 h. After cooling, the mixture was partitioned between
DCM and water, further extracted, and the combined organic extracts dried over Na;SQy,

filtered, and evaporated to give the title compound, 416 mg, as a brownish oil.

Step 2: Preparation of 2-(4-formyl-3-hydroxyphenvyl)-2-methylpropanenitrile
[0593] The title benzaldehyde was prepared by the method of Example 104 Step 1

except that the phenol of Example 118 Step 1 was used in place of 2,3,5-trimethylphenol.
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Step 3: Preparation of ethyl 7-(1-cyano-1-methylethyl)-2-( triﬂuorometth)-ZH-chiomene-

3-carboxylate
[0594] The title benzopyran was prepared by the method of Example 104 Step 2 except '

that the title product of Example 118 Step 2 was used in place of the title product of
Example 104a. '

Step 4: Preparation of ethyl 6-chloro-7-(1-cyano-1-methylethvl)-2-(trifluoromethvyl)-2H-

chromene-3-carboxylate

[0595] The title product of Example 118 Step 3 was treated a single time in the manner
described in Example 115 Step 2. Chromatography of the residue over silica gel using
DCM as eluent gave a 3:1 mixture of the title compound and starting material, which was

used as is for the next reaction.

Step 5: Preparation of 6-chloro-7-(1-cyano-1-methylethyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

[0596] The mixture described in Example 118 Step 4 (111 mg) and 127 mg of 50%

aqueous NaOH in 0.5 mL of water in 8 mL of MeOH was stirred at room temperature for 4
h. The mixture was acidified with aqueous HCl and extracted twice with DCM. The
combined organic extracts were dried over Na,SO,, filtered, and evaporated. The residue
was dissolved in hexane — EtOAc and allowed to crystallize. The title comi)ound, 44 mg,
was isolated by filtration as a pure white crystalline solid. 'H NMR (CDCls) 7.77 (s, 1H),
7.35 (s, 1H), 7.13 (s, 1H), 5.71 (q, 1H, J = 7.2 Hz), 1.87 (s, 6H). LCMS m/z=346.0 (M +
H).

Example 119

' Cl
-0 0~ "CF,4
9—chl0ro-6-(triﬂu0romethyl)-6H-[1,3]di0xolo[4,5-g]chforﬁene—7—carboxylic acid
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Step 1: Preparation of 6-hydroxy-1.3-benzodioxole-5.carbaldehyde

[0597] The title compound was prepared by the method of Example 104 Step 1 except

that sesamol was used in place of 2,3,5-trimethylphenol.

Step 2: Preparation of ethyl 6-(trifluoromethyl)-6H-[1.31dioxolo[4.5-g]chromene-7--

carboxylate
[0598] The title benzopyran was prepared by the method of Example 104 Step 2 except

that the title benzaldehyde of Example 119 Step 1 was used in place of the title
benzaldehyde of Example 104 Step 1.

Step 3: Preparation of ethyl 9-chloro-6-(trifluoromethyl)-6H-[1,3]dioxolo[4.5-g]chromene-
7-carboxylate |
[0599] To a solution of ethyl 6-(trifluoromethyl)-6H-[1,3]dioxolo[4,5-g]chromene-7-
carboxylate (500 mg, 1.58 mmoles) in 6 mL of TFA was added a solution of Cl; 6 mL,
0.28M) in TFA.. After 30 min, another 6 mL of Cl; solution was added and stirring
continued. Zn dust (1.00 g, 15.3 mg-atm) was added, and stirred overnight. After

concentration, the residue was chromatographed over silica gel using 20% EtOAc — hexane

as eluent to give the title compound, 460 mg, as a yellow solid.

Step 4: Preparation of 9-chloro-6-(trifluoromethyl)-6H-[ 1 ,31dioxolo[4,5;g]chromene-7-

carboxylic acid

[0600] The title compound was prepared by the method of Example 104 Step 4 except
that the title product of Example 119 Step 3 was used in place of Example 104 Step 3. The
title compound was a yellow solid. 'H NMR (acetone-ds) 7.98 (s, 1H), 6.73 (s, 1H), 6.24
(s, 2H), 6.02 (q, 1H, /= 7.2 Hz). LCMS m/z=323.0,325.0 (M + H, M + 2H)). ‘

Example 120
X~ COOH
BocHN O CFs

7-{2-[(tert-butoxycarbonyl)amino]-1,1-dimethylethyl}-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid
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Step 1: Preparation of 3-(2-amino-1.1-dimethylethyl)phenol
[0601] The title product of Example 118 Step 1 (19.9 g, 121 mmoles) was reduced

using PtO; as catalyst in HOAc for 24 h under 60 psi of hydrogen at room temperature.
After filtration, the solution was concentrated, and the title compound used as is for the next

reaction.

Step 2: Preparation of tert-butyl 2-( 3-hvdroxvphenvl)-Z-methvlpropvlcarbamate

[0602] To a mixture of the title product of Example 120 Step 1 (approximately 121
mmoles), NaHCOs3 (37 g, 440 Iﬁmol) in 250 mL of EtOAc, and 250 mL of water was added
di-tert-butyl dicarbonate (33 g, 151 mmoles). The mixture was stirred rapidly for 3 days.
The organic layer was separated, dried over Na;SQy, filtered, and evaporated to give the

title compound, 36 g, as a brown oil.

Step 3: Preparation of tert-butyl 2-(4-formyl-3-hydroxyphenyl)-2-methylpropylcarbamate
[0603]  The title benzaldehyde was prepared by the method of Example 104 Step 1

except that the title product of Example 120 Step 2 was used in place of 2,3,5-
trimethylphenol.

Step 4: Preparation of ethyl 7-{2-[(tert-butoxycarbonylamino]-1.1-dimethvlethyll-2-

(trifluoromethyl)-2H-chromene-3-carboxylate

[0604] The title benzopyran was prepared by the method of Example 104 Step 2 except
that the title product of Example 120 Step 3 was used in place of the title product of
Example 104 Step 2.

Step 5: Preparation of 7-{2-[(tert-butoxycarbonyl)amino]-1,1-dimethylethyl}-2-

(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0605]  Thetitle compéund was prepared by the method of Example 104 Step 4 except
that the title product of Example 120 Step 4 was used in place of the title product of
Example 104 Step 3. 'H NMR (CDClg-DMSO-d5) 7.69 (s, 1H), 7.18 (d, 1H, J = 8.0 Hz),
6.99 (d, 1H, J = 8.0 Hz), 6.95 (br s, 1H), 5.72 (q, 1H, J = 7.2 Hz), 4.67 (t, 1H, J = 6.0 Hz),
3.28 (d, 2H, J = 6.0 Hz), 1.39 (s, 9H), 1.29 (s, 6H). LCMS m/z=360,361 M+ H,M +

2H)
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Example 121

4 N COOH
NN 0~ >CF,
H .
7-[1,1-dimethyl-2-(propylamino)ethyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid hydrochloride

lamino)ethyl]-2-(trifluoromethyl)-2H-

Step 1: Preparation of ethyl 7-[1.1-dimethyl-2-(pro
chromene-3-carboxylate

.[0606] To a solution of the title product of Example 113 Step 3 (198 mg, 0.579 mmole)
in 8 mL of MeOH and 1 mL of HOAc was added n-propylamine (68 mg, 1.2 mmoles), 0.9

mL of 1 M sodium cyanoborohydride in THF, and 1 g of activated 4 A molecular sieves.
The resulting mixture was stirred overnight at room temperature. The mixture was diluted
with MeOH, filtered through Celite, concentrated, azeotropically distilled with toluene.
Chromatography of the residue over silica gel using 10% MeOH — DCM gave the title

compound, 220 mg, as a colorless oil.

Step 2: Pfe aration of 7-[1,1-dimethyl-2-(propylamino)ethyl]-2-

chromene-3-carboxylic acid 4
[0607] To a solution of the title product of Example 121 Step 1 (88 mg, 0.23 mmole) in
5 mL of MeOH was added a solution of 243 mg of 50% aqueous NaOH in 1 mL of water.

The mixture was refluxed for 1 h, cooled, and acidified to pH 1. The reaction was
concentrated, and the remaining solvent lyophilized. The resulting white solid was
triturated with water, the solid isolated by filtration, washed with water, and dried affording
the title compound, 23 mg, as a white solid. "H NMR (DMSO-ds) 7.74 (s, 1H), 7.42 (d,
1H,J=8Hz), 7.12 (dd, 1H,J=8 Hz,J= 1.6 Hi), 7.10 (brs, 1H), 5.88 (q, 1H,J=7.2
Hz), 3.13 (dd, 2H, J = 13 Hz, J = 6 Hz), 2.73 (dd, 2H, J = 8 Hz), J = 8 Hz), 1.58 (m, 2H),
1.36 (s, 3H), 1.34 (s, 3H), 0.83 (t, 3H, J = 8 Hz).
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Example 122

Cl N COOH

\/\lrtjl 0" CF,

6-chloro-7-[1,1-dimethyl-2-(propylamino)ethyl]-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid hydrochloride

Step 1: Preparation of ethyl 6-chloro-7-[1.1-dimethyl-2-(propylamino)ethyl]-2-

(trifluoromethyl)-2H-chromene-3-carboxylate

[0608] The title compound was prepared by the method of Example 104 Step 3 except
that the title product of Example 121 Step 1 was used in place of the title product of
Example 104 Step 2.

Step 2: Preparation of 6-chloro-7-[1,1-dimethyl-2-(propylamino)ethyl]-2-(trifluoromethyl)-

2H-chromene-3-carboxylic acid hydrochloride

[0609] The title compound was prepared by the method of Example 121 Step 2 except
that the title product of Example 122 Step 1 was used in place of the title product of -
Example 121 Step 1. "H NMR (DMSO-ds) 7.68 (s, 1H), 7.56 (s, 1H), 7.01 (s, 1H), 5.92 (q,
1H, J=7.2 Hz), 2.78 (m, 2H), 2.51 (m, 2H), 1.58 (m, 2H), 1.50 (s, 6H), 0.84 (t, 3H, J = 5.5
Hz). LCMS m/z = 392.0, 394.0 (M+H).

Example 123

Cl COOEt

X

0~ “CF;

Ethyl (2S)-6-chloro-7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-

2H—chi‘omene-3-carboxylate

Step 1: Preparation of ethyl (2S)-6-chloro-7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate
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[0610]  The title product of Example 110 Step 1 was separated into its S and R
enantiomers by chiral preparative chromatography on a Chiral Pak AD column using 2:98

isopropanol - heptane as eluent, to give the title compounds of Examples 123 and 124,

Example 124
Cl .~ COOEt
0~ "CF,

Ethyl (2R)-6-chloro-7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxylate

See Example 123.

Example 125
Cl - COOH
0" "CF,

(2S)-6-chloro-7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid

Step 1: Preparation of (2S)-6-chloro-7-(1.1-dimethylpenty])-2-(trifluoromethyl)-2H-

chromene-3-carboxvylic acid

[0611] To a solution of the title compound of Example 123 (123 mg, 0.304 mmoles) in
8 mL of MeOH was added a solution of 163mg of 50% aqueous NaOH in 1.5 mL of water.
After stirring for 4 h, the mixture was acidified with dilute aqueous HCI and extracted with
DCM. The combined organic extracts were dried over Na,SOys, filtered, and evaporated to
give the title compound, 99 mg, as a pale yellow solid. 'H NMR (CDCl3) 7.76 (s, 1H),
7.22 (s, 1H), 7.01 (s, 1H), 5.67 (g, 1H, J = 7.2 Hz), 1.99 (m, 1H), 1.87 (m, 1H), 1.43 (s,
3H), 1.42 (s, 3H), 1.25 (m, 2H), 0.98 (m, 2H), 0.83 (t, 3H, J = 7.0 Hz).

Example 126
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(2R)-6-chloro-7-(1,1-dimethylpentyl)-2-(trifluoromethyl)-
2H-chromene-3-carboxylic acid

Step 1: Preparation of (2R)-6-chloro-7-(1.1-dimethylpentyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxvlic acid

[0612]  The title product was prepafed by the method of Example 125 Step 1 except that
the title compound of Example 124 was used in place of the title product of Example 123.
'"HNMR (CDCl3) 7.76 (s, 1H), 7.22 (s, 1H), 7.01 (s, 1H), 5.67 (q, 1H, J = 7.2 Hz), 1.99 (m,
1H), 1.87 (m, 1H), 1.43 (s, 3H), 1.42 (S, 3H), 1.25 (m, 2H), 0.98 (m, 2H), 0.83 (t, 3H, ] =7.0
Hz).

Example 127

Cl N COOH

HO 0" > CF,

6-chloro-7-(2-hydroxy-1,1-dimethylethyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxylic acid

Step 1: Preparation of 6-chloro-7-(2-hydroxy-1.1-dimethylethyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

-[0613] The title compound was prepared as a racemic mixture by the method of
Example 104 Step 4 except that the title product of Example 116 Step 2 was used in place
of the title product of Example 104 Step 3.

Example 128
Cl COOH

X

HO 0~ "“CF,
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(2R)-6-chloro-7-(2-hydroxy-1,1-dimethylethyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

Step 1: Preparation of (2R)-6-chloro-7-(2-hydroxy-1,1-dimethylethyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxvlic acid

[0614]  The title product of Example 127 was separated into its enantiomers by chiral
preparative chromatography on a ChiralPak AD column using 20:80:0.1 isopropanol —
heptane — TFA as eluent. The title product Example 128 was obtained as a single isomer.
'H NMR (CDCl3) 7.61 (s, 1H), 7.23 (s, 1H), 7.09 (s, 1H), 5.66 (q, 1H, J = 7.2Hz), 4.23 (d,
1H, J=11Hz), 3.87 (d, 1H, J=11Hz), 1.48 (s, 3H), 1.47 (s, 3H).

Example 129

Cl COOH

X

HO 0~ “CF;

(2S)-6-chloro-7-(2-hydroxy-1,1-dimethylethyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxylic acid

Step 1: Preparation of (28)-6-chloro-7-(2-hydroxy-1.1-dimethylethyl)-2-(trifluoromethyl)-
2H-chromene-3-carboxyvlic acid

[0615] From the chiral chromatography was obtained a mixture of hydroxy compound -
and trifluoroacetate ester. To a solutién of 113 mg of the mixture in 5 mL of MeOH was |
added 0.5 mL of triethylamine, and the resulting mixture was stirred overnight at room
temperature. After concentration, the mixture was taken up in DCM, washed with aqueous
HC], dried over NaySQy, filtered, and evaporated to give the title compound, 59 mg, as an
off-white solid. "H NMR (CDCls) 7.61 (s, 1H), 7.23 (s, 1H), 7.09 (s, 1H), 5.66 (q, 1H, J =
7.2 Hz), 4.23 (d, 1H, J = 11 Hz), 3.87 (d, 1H, J = 11 Hz), 1.48 (s, 3H), 1.47 (s, 3H).

Example 130
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N ~o” > CF
Joacants

6-chloro-7 -{2-[(4-chlorobenzoyl)amino]-1,1-dimethylethyl}-2- (trlﬂuoromethyl)-
2H-chromene-3-carboxylic acid
-2-(trifluoromethyl)-

Step 1: Preparation of ethyl 6-chloro- '2- aminol-1.1-dimethylethyl

2H-chromene-3-carboxylate hydrochloride
[0616] Tnto a solution of the title product of Example 120 Step 4 (3.47 g, 7.83 mmoles)
in 50 mL of HOAc was bubbled Cl, gas. After 4 h, N, gas was bubbled through, Zn dust

(2.1 g, 32.1 mg-atm) was added, and the mixture stirred for 1 h. The mixture was
concentrated, and the residue chromatographed over silica gel using 10% MeOH — DCM as

eluent to give the title compound, 3.61 g, as a white foam.

Step 2: Preparation of ethyl 6-chloro-7-{2-[(4-chlorobenzoyl)amino]-1.1-dimethylethyl }-2-

(trifluoromethyl)-2H-chromene-3-carboxylate
[0617] To a solution of the title broduct of Example 130 Step 1 (150 mg, 0.397 mmole)

in 5 mL of pyridine was added a solution of 4-chlorobenzoyl chloride (90 mg, 0.51 mmole)
in 1 mL of DCM. The mixture was stirred for 2h, and 750 mg of Tris amine resin was-
added. After stirring overnight, the mixture was filtered and concentrated to give the title

compound, which was used as is for the next step.

Step 3: Preparation of 6-chloro-7-{ 2-[(4-chlorobenzoyl)aminol-1,1-dimethylethyl}-2-

(trifluoromethyl)-2H-chromene-3-carboxylic acid
[0618] The title product of Example 130 Step 2 was dissolved in 5 mL of MeOH, and a

solution of 244 mg of 50% aqueous NaOH in 1 mL of water was added. After stirring for 2
h, the mixture was acidified, extracted with DCM, the combined organic extracts dried over
NaySOy, filtered, and evaporated. Chromatography of the residue over silica gel using 25%
EtOAc — heptane — 1% HOAc gave the title compound, 65 mg, as a pure white ci'ystalline :
solid. '"H NMR (DMSO-ds) 8.34 (t, 1H, J = 4.6 Hz), 7.86 (s, 1H), 7.72 (d, 2H, J 8.8 Hz),
7.60 (s, 1H), 7.48 (d, 2H, J = 8. 8Hz), 7.03 (s, 1H), 5.93 (q, 1H, J = 7.2 Hz), 3.78 (m 2H),
1.44 (s, 6H). LCMS m/z = 488.0.
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Example 131
0
Cl N oH
0O~ 'CF;
Cl :

'6,8-Dichloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Stepl: Preparation of 3-chloro-2-hydroxy-6-methylbenzaldehyde
[0619] 3-Chloro-6-methylsalicylaldehyde (0.96 g, 5.6 mmol) was prepared from 2-
chloro-5-methylphenol (2.85 g, 20 mmol) by the method of Example 100 Step 1. The

product structure was consistent with both 'H and 13C NMR analyses.

Step 2: Preparation of ethyl 8-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0620] Ethyl 8-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate (0.47

g, 1.46 mmol) was prepared from salicylaldehyde Example 131 Step 1 (0.86 g, 5 mmol) by
the method of Example 100 Step 2. The product structure was consistent with both "H and
F NMR analyses. |

Step 3: Preparation of ethyl 6.8-dichloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0621] Cl, gas was bubbled through a solution of monochloroester Example 131 Step 2

(0.47 g, 1.46 mmol) in 10 mL HOAc for approximately 12 minutes until a persistent green-
yellow color was observed, stirred at room temperature for 1 h. This mixture was treated
with several portions of Zn dust until Zn persisted in the reaction for more than 10 minutes.
The mixture was stirred at room temperature overnight. The unreacted Zn was filtered and
the solids washed with EtOAc, The filtrate was concentrated in vacuo, azeotropically
reconcentrated with heptane, leaving 0.63 g of off-white (crude) solids which were

consistent with the desired dichloro ester according to 'H, F and *C NMR analyses.
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Step 4: Preparation of 6.8-dichloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid
[0622] The title product of Example 131 Step 4 (0.12 g, 0.37 mmol) was prepared from
ethyl 6,8-dichloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate (0.61 g, 1.46

mmol) by the method of Example 100 Step 3.
TH NMR (MeOH-d,) 8.00 (s, 1H), 7.50 (s, 1H), 5.88 (q, 1H, J= 7.1 Hz), 2.45 (s, 3H),
1F NMR (MeOH-d,) —78.49.

Example 132

0
CH30 0" CF;
6,7-Dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 2-hydroxy-4.5-dimethoxylbenzaldehyde
[0623] 2-Hydroxy-4,5-dimethoxylbenzaldehyde (5.72 g, 31.8 mmol) was prepared from
3,4-dimethoxyphenol (7.71 g, 50 mmol) by the method of Example 100 Step 3. The

product structure was consistent with both 'H and ®C NMR analyses.

Step 2: Preparation of ethyl 6.7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate
[0624] Ethyl 6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate (8.32 g,
25.0 mmol) was prepared from 2-hydroxy-4,5-dimethoxylbenzaldehyde (5.50 g, 30.2

mmol) by the method of Example 100 Step 2. The product structure was consistent with
both 'H and F NMR analyses. '

Step 3: Preparation of 6,7-Dimethoxv-2-(triﬂuoromethvl)-ZH—chromene-3—carboxvlig acid

-[0625] The title compound (1.73 g, 5.7 mmol) was prepared from ester Example 132
Step 2 (2.0 g, 6 mmol) by the method of Example 100 Step 3. |

'H NMR (MeOH-dy) 7.74 (s, 1H), 6.87 (s, 1H), 6.63 (s, 1H), 5.67 (q, 1H, J = 7.0 Hz), 3.88
(s, 3H), 8.83 (s, 3H), "°FNMR (MeOH-d,) —78.34.
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Example 133
Cl (0]
CH30
3 Xy “oH
CH30 07 CF,
Cl

5,8—dichloro-6,7-diméth0xy—2—(triﬂu0romethyl)-2H—chromene—3—carboxylic acid
Step 1: Preparation of ethyl 5.8-dichloro-6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-

3-carboxylate »

[0626] Ethyl 5,8-dichloro-6,7—di111ethoxy-2—(triﬂuoromethyl)—2H-chromene-3-
carboxylate (0.48 g, 1.19 mmol) was prepared from ethyl 6,7-dimethoxy-2-
(trifluoromethyl)-2H-chromene-3-carboxylate (2.0 g, 6 mmol) by the method of Example
131 Step 3, followed by chromatographic purification. The product structure was consistent
with 'H, ¥F and *C NMR analyses.

Step 2: Preparation of 5.8-dichloro-6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxvlic acid

[0627] 5,8-Dichloro-6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

(0.36 g, 0.95 mmol) was prepared from ethyl 5,8-dichloro-6,7-dimethoxy-2-
(trifluoromethyl)-2H-chromene-3-carboxylate (0.48 g, 1.2 mmol) by the method of
Example 100 Step 3.

'HNMR (MeOH-d,) 8.00 (s, 1H), 5.90 (q, 1H, J = 7.1 Hz), 3.99 (s, 3H), 3.87 (s, 3H). F
NMR (MeOH-d,) —78.55.
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Example 134
Cl O
CH30
CH;0™ . O CF;3
(5-chlor0-6,7-dimethoxy-2-(triﬂuoromethyl)—ZH-chromene-3-carboxylic acid

Step 1: Preparation of ethyl 5-chloro-6.7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate and ethyl 8—ch]oro—6.7-dimethoxy-Q-(triﬂuoromethvi)—ZH—chromene-3-

carboxylate |
[0628] Ethyl 6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate (0.67 g, 2

mmol) was dissolved in 4 mL TFA and cooled to 0 °C, subsequently treated with a total of
13 mL of a saturated solution of Cl, in TFA (0.28 M). After stirring for 15 min at 0 °C, at
room temperature for an additional 45 min, Zn dust was added slowly in several portions
until solids persisted for 10 minutes. The mixture was stirred overnight. This mixture was
filtered, concentrated in vacuo, diluted with MTBE, washed twice with dilute brine,
followed by saturated brine, and dried. After stripping the solvent, the residue was
chromatographed yielding ethyl 5-chloro-6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-
3-carboxylate (0.35 g, 1.03 mmol) and ethyl 8-chloro-6,7-dimethoxy-2-(trifluoromethyl)-
2H-chromene-3-carboxylate (0.09 g, 0.26 mmol). The product structures were both
consistent with 'H, F and ’C NMR analyses.

Step 2: Preparation of 5-chloro-6.7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0629] Chloro-6,7-dimethoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid (0.24
g, 0.71 mmol) was prepared from the 5-chloroester of Example 134 Step 1 (0.30 g, 0.82
mmol) by the method of Example 100 Step 3.

"H NMR (CDCI3) 8.03 (s, 1H), 6.53 (s, 1H), 5.68 (g, 1H, J = 6.9 Hz) 3.91 (s, 3H), 3.82 (s,
3H ) °F NMR (CDCI3) ~77.24. M +1, 2: 339, 340

Example 135
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o
CH,0
3 Xy~ “oH

CH;O 0~ CF,
Cl

8-chloro-6,7-dimethoxy-2-(triftuoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 8-ch10ro~6,7-dimethoxv—2-(triﬂuoromethvl)-2H—chromene-3-

carboxylic acid

[0630]  The title chromene (0.08 g, 0.24 mmol) was prepared from the 8-chloroester of
Example 134 Step 1 (0.09 g, 0.27 mmol) by the method of Example 100 Step 3.

'H NMR (CDCl3) 7.69 (s, 1H), 6.73 (s, 1H), 5.76 (q, 1H, J = 6.8 Hz), 3.93 (s, 3H), 3.86 (s,
3H ) F NMR (CDCl;) <77.32. LCMS m/z = 339, 340

Example 136

O
Cl

6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 2-hydroxy-6-methylbenzaldehyde
[0631] 2-Hydroxy-6-methylbenzaldehyde was prepared by the method of Noguchi,
Satoshi et al, Biosci. Biotechnol. Biochem. 1997, 61 1546-1547.

Step 2: Preparation of ethyl 5-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0632] Ethyl 5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate (1.28 g, 4.47

mmol) was prepared from the benzaldehyde of Example 136 Step 1 (1.56 g, 6.9 mmol) by
the method of Example 100 Step 2. The product structure was consistent with both 'H and
F NMR analyses.

Step 3: ethyl 6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate
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[0633]  Ethyl 6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate (0.94
g, 2.9 mmol) was prepared from ethyl 5-methyl-2-(ttifluoromethyl)-2H-chromene-3-
carboxylate (1.26 g, 4.4 mmol) by the method of Example 103 Step 3. The product structure

was consistent with ’H, F and BC NMR analyses.

Step 4: 6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0634] 6-Chloro5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
prepared from ethyl 6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate
(0.60 g, 1.9 mmol) by the method of Example 100 Step 3.

"TH NMR (MeOH-dy) 8.02 (s, 1H), 7.37 (d, 1HJ = 8.6 Hz), 6.85 (d, 1HJ = 8.6 Hz)
5.74 (q, 1H, J = 7.1 Hz), 2.43 (s, 3H). "’F NMR (MeOH-dj) —78.36.

Example 137

0
Xy “oH
0~ CF,4

5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxyvlic acid

[0635] The title compound was prepared from the ester described in Example 136 Step

2'by the method of Example 100 Step 3. 'HNMR (MeOH;d4) 7.74 (s, 1H), 7.12 (t, IHJ =
7.9 Hz), 6.82 (d, IHJ = 7.6 Hz), 6.75 (d, 1HJ = 8.1 Hz), 5.80 (g, 1H, ‘J= 7.4 Hz), 2.41 (s,

3H).

Example 138

O
Cl

(2S)-6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1: Chfral Separation of ethyl 6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0636] The ester isomers of Example 136 Step 3 were separated by chiral

chromatography using Chiralpak AD support. Chiral GC analysis on Restek Rt-BDEX_sm
column (30m, ID 0.32mm, Film 0.25 pm), temperature program: 175 to 215 °C @ 2.5
*C/min - He carrier gas gave the following retention times : 1% isomer — 7.19 min, ond

isomer — 7.35 min.

Step 2: Preparation of (2S)-6-chloro-5-methyl-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

[0637] The first isomer of Example 138 Step 1 (0.10 g, 0.32 mmol) was converted to
the corresponding acid (0.09 g, 0.31 mmol) by the method of Example 100 Step 3. Examplé
138 Step 2 had positive specific rotation. Chiral HPLC analysis on Chirobiotic T
(MeOH/H,O/HOAC/TEA) gave a retention time of 5.76 min.

'"H NMR (CDCl3) 8.11 (s, 1H), 7.33 (d, 1H J = 8.6 Hz), 6.83 (d, lHJ 8.6 Hz ), 5.65 (q,
1H, J = 7.1 Hz), 2.47 (s, 3H). ’F NMR (CDCl3) -76.83.

Example139

0]
Cl N OH

0~ "CF,

(2R)-6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of (2R)-6-chloro-5-methyl-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

[0638] The second isomer of Example 138 Step 1 (1.03 g, 3.2 mmol) was converted to
its corresponding acid (0.89 g, 3.04 mmol) by the method of Example 100 Step 3. Example
139 had a negative specific rotation. Chiral HPLC analysis on Chirobiotic T
(MeOH/H,0/HOAC/TEA) gave a retention time of 5.33 min.

"THNMR (CDCl;) 8.11 (s, 1H), 7.33 (d, 1HJ = 8.6 Hz), 6.83 (d, IHJ = 8.6 Hz ), 5.65.(q,
1H, J = 7.1 Hz), 2.47 (s, 3H). "°’F NMR (CDCl3) -76.82.
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Example 140
O

7-pyrrolidin-1-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of ethyl 7-pyrrolidin-1-y1-2-(trifluoromethyl)-2H-chromene-3-

carboxylate .
[0639]  Ethyl 7-iodo-2-(triflucromethyl)-2H-chromene-3-carboxylate (0.40 g, 1.0

mmol), was dissolved in 3 mL toluene, followed by the addition of Pd(OAc), (23 mg), P(t-
Bu)s, 10 wt % in hexane (0.21 g), Cs;CO3 (0.56 g, 1.7 mmol) and pyrrolidine (0.10 g, 1.4
mmol), in a sealed tube flushed with afgon, and stirred vigorously while heating to 75 °C for
21 hours. The reaction was cooled, filtered, and stripped, leaving a dark red-orange oil,
which was purified by flash chromatography, which gave ethyl 7-pyrrolidin-1-y1-2-
(trifluoromethyl)-2H-chromene-3-carboxylate (0.27 g, 0.79 mmol) as a yellow solid. The

product structure was consistent with 'H, °F and '3C NMR analyses.

Step 2: Preparation of 7-pyrrolidin-1-y1-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid

[0640]  7-Pyrrolidin-1-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
prepared from ester Example 138 Step 1 (0.21 g, 0.60 mmol) by the method of Example
100 Step 3.

'H NMR (MeOH-dy) 7.68 (s, 1H), 7.1 (d, 1HJ = 8.2 Hz), 6.22 (dd, 1HJ = 8.2, 2.1 Hz),
6.11(d, IHJ = 2.1 Hz), 5;61 (q, 1H, J = 7.2 Hz), 3.31 (m, 4H), 2.01 (m, 4H).

1°F NMR (MeOH-dj) —78.66.
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Example 141

6.8-dichloro-7-pyrrolidin-1-y1-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of ethyl 6-chloro-7-pyrrolidin-1-yl-2-(trifluoromethyl)-2H-chromene-3-

carboxvlate and ethyl 6.8-dichloro-7-pyrrolidin-1-y1-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0641] The ester of Example 140 Step 1 (0.35 g, 1.0 mmol) was treated with Cl,

following the method of Example 103 Step 3, after which chromatographic separation gave
both the faster eluting 6,8-dichloro ester (0.11 g, 0.27 mmol) as well as the 6-chloro ester.
derivative (0.14 g, 0.37 mmol) . The product structures were both consistent with 'H, PF

and '*C NMR analyses.

Step 2: Preparation of 6,8-dichloro-7-nvrrolidin—l-V1-2-(triﬂuoromethvl)-2H—chrornene-3-

carboxylic acid

[0642]  The 6,8-dichloro ester of Example 141 Step 1 (0.10 g, 0.25 mmol) was converted

to 6,8-dichloro-7-pyrrolidin-1-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid (0.09
g, 0.24 mmol) by the method of Example 100 Step 3.

'H NMR (CDCl3) 7.64 (s, 1H), 7.15 (s, 1H), 5.78 (q, 1H, J = 7.0 Hz), 3.33 - 3.68

(m, 4H), 1.95 - 1.99 (m, 4H), '°F NMR (CDCl3) -73.35. LCMS m/z = 383,384 M + H, M
+2H).

Example 142

Cl
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6-Ch10r0-7-DV1'l‘011'din-i-vl-Z-_(triﬂllOl‘Omethvl)-ZH—chromene—3—carboxvlic acid -

Step 1: Preparation of 6-chloro-7jgvrroiidin-l-v1-2-( trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0643] The 6-chloro ester of Example 141 Step 2 (0.13 g, 0.35 mmol) was converted to

6-chloro-7-pyrrolidin-1-yl-2-(irifluoromethyl)-2H-chromene-3-carboxylic acid (0.11 g, 0.32
mmol) by the method of Example 100 Step 3.

"HNMR (MeOH-ds) 7.66 (s; 1H), 7.22 (s, 1H), 6.42 (s, 1H), 5.68 (q, 1H, J="7.1 Hz), 3.58
(m, 4H), 1.99 (m, 4H), ’F NMR (MeOH-d4) —78.60. LCMS m/z = 348,349 (M + H, M +
2H).

Example 143

Cl

6—chlor0-7-piperidin-l—yl—Z-(triﬂuoromethyl)—2H-chromene-3-carboxy]ic acid

Step 1: Preparation of ethyl 7-piperidin-1-y1-2-( triﬂuoromethvl)-2H-chromene-3-

carboxylate ' ‘

[0644] Ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate (0.60 g, 1.5 mmol)

was converted to ethyl 7—piperidin-1-y1-2-(triﬂuoromethyl)—2H-chromené—3-carboxylate
-(0.38 g, 1.06 mmol) by the method of Example 138 Step 1. The product structure was

consistent with 'H, °F and '°C NMR analyses.

Step 2: Preparation of ethyl 6-chloro-7-piperidin—1~V1-2-( triﬂuoromethvl)-2H-chromene-3;

carboxylate
[0645] The ester of Example 143 Step 1 (0.38 g, 1.06 mmol) was treated with Cl,

following the method of Example 103 Step 3 to give ethyl 6-chloro-7-piperidin-1'-yl-2-
(trifluoromethyl)-2H-chromene-3-carboxylate (0.16 g, 0.41 mmol). The product structure

was consistent with 'H, '°F and *C NMR analyses.
289



WO 2004/087686 PCT/IB2004/001113

Step 3: Preparation of 6-chloro;7-nineridin—l—Vl-2-( trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0646] The 6-chloro ester of Example 143 Step 2 (0.16 g, 0.41 mmol) was converted to
6-chloro-7-piperidin-1-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acidA(O.13 g,0.36
mmol) by the method of Example 100 Step 3. | |

'H NMR (CDCls) 7.74 (s, 1H), 7.21 (s, 1H), 6.61 (s, lH), 5.65(q, 1H, J= 6.9 Hz),

3.10 - 3.16 (m, 2H), 3.00 - 3.05 (m, 2H), 1.71 - 1.76 (m, 4H), 1.59 - 1.64 (m, 2H),

F NMR (CDCl3) -77.14. LCMS m/z =362, 363 (M + H, M -+ 2H).

Example 144
0
\/Pj 0”7 CF,

6-chloro-7-(dipropylamino)-1-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of ethyl 7-(dipropylamino)-1-yl-2-(trifluoromethvl)-2H-chromene-3-

carboxylate
[0647] Ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate (0.60 g, 1.5 mmol)

was converted to ethyl 7-(dipropylamino)-1-yl-2-(trifluoromethyl)-2H-chromene-3-
carboxylate (0.38 g, 1.06 mmol) by the method of Example 140 Step 1. The product

structure was consistent with 'H, '°F and >C NMR analyses.

Step 2: Preparation of ethyl 6-chloro-7-(dipropylamino)-1-yl-2-(trifluoromethyl)-2H-

chromene-3-carboxylate

[0648] Ethyl 7-(dipropylamino)-1-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylate
(0.38 g, 1.06 mmol) was treated with Cl, following the method of Example 131 Step 3 to
give ethyl 6-chloro-7-(dipropylamino)-1-yl-2-(trifluoromethyl)-2H-chromene-3-carboxylate
(0.16 g, 0.41 mmol). The product structure was consistent with 'H, PF and °C NMR

analyses.
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Step 3: Preparation of 6-chloro-7-( dipropylamino)-1-yl-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid '

[0649] Ethyl 6-chloro-7-(dipropylamino)-1-y1-2-(triﬂuoromethyl)-2H¢chromen¢-‘3-

carboxylate (0.16 g, 0.40 mmol) was converted to 6-chloro-7-(dipropylamino)-1-yl-2-
(trifluoromethyl)-2H-chromene-3-carboxylic acid (0.13 g, 0.35 mmol) by the method of
‘Example 100 Step 3. |
"H NMR (CDCl3) 7.74 (s, 1H), 7.20 (s, 1H), 6.60 (s, 1H), 5.65 (q, 1H, J = 6.9 Hz), 3.11 -
3.19 (m, 4H), 1.25 - 1.58 (m, 4H), 0.85 - 0.89 (m, 6H) "°F NMR (CDCls)—77.08. LCMS
m/z=1378,379 M + H, M + 2H):

Example 145 -
o)
¢ O Ny OEt
0" CF3
9

6-chloro-8-(2-phenylethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of ethyl 6-ch10ro—8-(2~phenvlethvl)—Z-(tfiﬂuoromethvl)-ZH-chromene-

3-carboxylate

[0650] Ethyl 6-chloro-8-(2-phenylethynyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylate (0.30 g, 0.74 mmol) was dissolved in ethanol, ‘mixed with Pt,O catalyst and
reduced under a hydrogen atmosphere at 20 psi for 4 h at room temperature. The mixture
was filtered, stripped and purified by flash chromatography on silica gel, giving ethyl 6-
chloro-8-(2-phenylethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate (0.21 g, 0.51

mmol). The product structure was consistent with 'H, *°F and '>C NMR analyses.
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Step 2: 6-chloro-8-(2-phenylethy])-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0651] The 6-chloro ester of Example 145 Step 1 (0.20 g, 0.49 mmol) was converted to
6-chloro-8-(2-phenylethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid (0.16 g,
0.42 mmol) by the method of Example 100 Step 3.

'"H NMR (CDCl3) 7.17 - 7.32 (m, 5H), 7.11 (d , 1H, J = 2.5 Hz), 7.08 (d, 1H,J= 2.5 Hz)
5.76 (q, 1H, J = 6.8 Hz), 2.83 - 2.97 (m, 4H). "FNMR (CDC13) ~76.97. LCMS m/z =
384,385 (M + H, M + 2H). ‘

Example 146

0O

o)

CF;

\V

7-cyclopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0652] To a suspension of ethyl 7-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate
(1.50 g, 3.9 mmol) in 5 mL EtOH was added NaOH (0.46 g, 11.6 mmol) in 2.5 mL of H,O.
After heating for 1.5 h, reaction solvent was removed under vacuum. The resulting sodium

salt was used immediately.

Step 2: Preparation of 7-cyclopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
[0653] - To asuspension of (9-BBN), (1.96 g, 8.7 mmol) in 10 mL THF was added

propargyl bromide (0.53 g, 4.4 mmol). After heating for 2 h and cooling to room
temperature, NaOH (0.52 g, 13 mmbl) in 4.3 mL of H,0 wés added and the reaction was
stirred for 1 h. In a separate flask under argon was added the title product of Example 146
Step 1 in 5 mL of THF and Pd(PPhs)s. The reaction from the original flask was transferred
to the second flask via cannula. After refluxing for 18 h and cooling to room temperature,
25 mL of H,0 was added. The organic solvent was removed from the reaction under

vacuum. The aqueous layer was extracted three times with 70 mL EtOAc. The combined
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organic extractions were washed one time with 50 mL of 1 N HCI and one time with 50 mL
of saturated brine. Following drying ovexr MgSO,4 and concentrating under vacuum, the ‘
product was purified by flash column chromatography and reverse phase chromatography
on YMC ODS-AQ in MeOH/H;0 to yield desired product (0.40 g, 40 %). |

 Example 147
0]
Cl
y” TOH
kY CF5

6-chloro-7-cyclopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 6-chloro-7-cyclopropyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid
[0654] To a solution of the product of Example 146 Step 2 (0.28 g, 1.0 mmol) in 5 mL
HOAc was added Cl, in HOAc (3.0 mL, ~1.5 mmol). After 0.75 h, the reaction was treated

“With Zn dust for 1.5 h. The reaction mixture was decanted from the Zn and concentrated
under vacuum. The resulting residue was triturated with H,O, filtered, and washed with
H,0. The yield of 6-chloro-7-cyclopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid was 0.26 ’g (82 %) after drying overnight in a vacuum oven at 50 °C.

"H NMR (MeOH-dy) 7.74 (s, 1H), 6.57 (s, 1H), 5.73 (q, 1H, J = 7.06 Hz), 2.21 (dd, 2H, J =
2.0, 8.5 Hz), 0.75 (m, 2H). '

Example 148

O

cl
Ny” TOH

0~ “CF,
Cl
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6,8-dichloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 2-hydroxy-4.6-dimethylbenzaldehyde

[0655]  The title product of Example 148 Step 1 was prepared in the same manner as
described in Example 100 Step 1 starting with 3,5-dimethyl-phenol.

Step 2: Preparation of ethyl 5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-

3-carboxylate
[0656] The title product of Example 148 Step 2 was prepared in the same manner as

described in Example 100 Step 2 starting with the title product of Example 148 Step 1.

Step 3: Preparation of ethyl 6.8-dichloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0657] The title product of Example 148 Step 3 was prepared in the same manner as

described in Example 103 Step 3 starting with ethyl 5,7-dimethyl-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

Step 4: Preparation of 6.8-dichloro-5,7-dimethyl-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid A

[0658]  6,8-Dichloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

was prepared in the same manner as described in Example 100 Step 3 starting with ethyl
6,8-dichloro-5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate. 'HNMR
(MeOH-dy) 7.93 (s, 1H), 5.81 (g, 1H, J=6.98 Hz), 2.49 (s, 3H), 2.43 (s, 3H)

Example 149

o)

5,7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 5.7-dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0659] 5,7-Dimethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was prepared

in the same manner as described in Example 100 Step 3 starting with ethyl 5,7-dimethyl-2-
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(trifluoromethyl)-2H-chromene-3-carboxylate. 'H NMR (MeOH-dy) 7.95 (s, 1H), 6.72 (bs,
1H), 6.65 (s, 1H), 5.67 (q, 1H, J="7.18 Hz), 2.39 (s, 3H), 2.31 (s, 3H)

Example 150
0O

N OH
O~ “CF4

6-ethyl-8-methyl-2- (trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 4-ethyl-2-methylphenol

[0660] A mixture of 3-methyl-4-hydroxyacetophenone (12.0 g, 79.9 mmol), 20%
Pd(OH),/C in HOAc was subjected to hydrogenation conditions at 25 °C under 60 psi.
After 16 h, the catalyst was removed from the reaction by filtration. The filtrate was

concentrated. The product was dried under high vacuum for 18 h to give a clear oil (10.1 g,

93%).
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Step 2: Preparation of 5-ethyl-2-hydroxy-3-methylbenzaldehyde

[0661] To a solution of the phenol of Example 150 Step 1 (5.0 g, 36.7 mmol) in 200 mL
CH3CN, was added MgCl, (5.25 g, 55.1 mmol), TEA (13.9 g, 19.2 mL, 137.6 mmol), and
(CHO), (8.3 g, 280 mmol). The reaction was heated at reflux for 3 h. After cooling, the
reaction was diluted with EtOAc (500 mL) and acidified with aqueous 2N HC] until the
reaction was pH 4. The reaction was diluted with 300 mL H,O. The organic layer was
washed with H,0, with brine, dried over MgSOys, and concentrated. The residue was
purified by flash chromatography (on SiO,, hexane/EtOACé94/6) to give 3.2 g (53%) of the

desired product as a clear oil.

Step 3: Preparation of ethyl 6-ethyl-8-methyl-2- (trifluoromethyl)-2H-chromene-3-

carboxylate

[0662] To a mixture of the benzaldehde of Example 150 Step 2 (1.8 g, 11.0 mmol) and
finely powdered K,COs3 (3.34 g, 24.2 mmol) in DMF (20 mL), was added ethyl 4,4,4-
trifluorocrotonate (2.2 g, 13.2 mmol). The reaction was heated to 85 °C. After 2 h, the
reaction was cooled to 25 °C, and diluted with EtOAc (200 mL) and H,O (200 mL). The
organic layer was the washed with saturated NaHCOj3 (150 mL), H,O (100 mL), brine (150
mL), dried over MgSO,, filtered , and concentrated under reduced pressure. to give a brown
residue. The residue was dried under high vacuum to give 2.7 g (78%) of a brown

crystalline solid.

Step 4: Preparation of 6-ethyl-8-methyl-2- (trifluoromethyl)-2H-chromene-3-carboxylic

acid

[0663] To a solution of ethyl 6-ethyl-8-methyl-2- (trifluoromethyl)-2H-chromene-3-
carboxylate (2.6 g, 8.3 mmol) in EtOH (90 mL), was added 1IN NaOH (24.8 mL, 24.8
mmol). The reaction was stirred at 25 °C for 18 h. The ethanol was removed from the
reaction under reduced pressure. The residue was acidified with 2N HCI. The product was
extracted into EtOAc (300 mL) then washed with brine (100 mL), dried over MgSO,,
filtered, and concentrated. The crude product was dissolved in 20 mL EtOAc and then
diluted with 150 mL hexane. The resulting solution was chilled at 0 °C for 30 min. The

product, which precipitated from the solution, was collected by filtration. The desired
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product was isolated as an off-white solid in quantities of 1.6 g (68%). 'HNMR (DMSO-
dg) 1.15 (t, 3H, J = 7.56 Hz), 2.16 (s, 3H), 2.51 (q, 2H, J= 7.6 Hz), 5.89 (q, IH, J = 74Hz),
7.11 (4, 1H, J =2.1 Hz), 7.14 (d, 1H, J= 2.1 Hz), 7.79 (s, 1H).

Example 151

0
N OH
0~ “CF,

(2S)-6-ethyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
Step 1: Preparation of (+)-6-ethyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

[0664] Products (isomers) of Example 150 Step 4 were separated by chiral
chromatography on a ChiralPak AD column using iPrOH/heptane/TFA(5/95/0.1) as the
mobile phase. The product of Example 151 Step 1 had a retention time of 5.58 min and a
positive specific rotation. TH NMR (DMSO-dg) 1.15 (t, 3H, J=7.56 Hz), 2.16 (s, 3H), 2.51
(q, 2H, J=17.6 Hz), 5.89 (q, IH, J= 7.4 Hz), 7.11 (d, 1H, J=2.1 Hz), 7.14 (d, 1H, J= 2.1
Hz), 7.79 (s, 1H).

Example 152

0
7 TOH

0~ "“CF,

(2R)-6-ethyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of (-)-6-ethyl-8-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxvlic acid
[0665] See Example 151 Step 1. Example 152 had a retention time of 4.58 min and a

negative specific rotation. 'H NMR (DMSO-dy) 1.15 (t, 3H, J ="7.56 Hz), 2.16 (s, 3H),
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2.51 (q, 2H, J = 7.6 Hz), 5.89 (q, IH, J = 7.4 Hz), 7.11/(d, 1H, J = 2.1 Hz), 7.14 (d, 1H, J =
2.1 Hz), 7.79 (s, 1H).

Example 153
O
= OH
0~ CF,

6-ethyl-7-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 6-ethyl-7-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxyvlic acid

[0666] 6-Ethy1—7-methyl-2—(triﬂuoromethyl)-2H-chrohlene-3-carboxylic acid was
synthesized in the same manner described using the procedures of Example 150 using 2-
methyl-4-hydroxyacetophenone as the starting material. "HNMR (DMSO-ds) 1.14 (t, 3H,
J=1.5Hz),2.25 (s, 3H), 2.51 (q,2H, J = 7.5 H;Z), 5.83 (dd, 1H, J = 7.4 Hz), 6.84 (s, 1H),
7.24 (s, 1H), 7.80 (s, 1H).

Example 154

0
N OH
0~ "CF,4

6-ethyl-8-propyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0667] 6-Ethyl-8-propyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
synthesized in the same manner described using the procedures of Example 150 using 3°-

allyl-4’-hydroxyacetophenone as the starting material. 'H NMR (MeOH-d;) 0.93 (t, 3H, J
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= 7.3 Hz), 1.20 (t, 3H, J = 7.6 Hz), 1.60 (hextet, 2H, J = 7.5 Hz), 2.45-2.65 (m, 4H), 5.73
(g, 1H,J = 7.2 Hz). 6.96 (d, 1H, J = 2.1 Hz), 7.03 (d, 1H, J = 2.1 Hz). 7.73 (s, 1H).

Example 155

0
N OH
0" “CF,

6-isopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 2-hydroxy-5-isopropylbenzaldehyde

[0668] The formylation reaction was carried out in the same manner described in
Example 150 Step 2 using 4-isopropylphenol (5.0 g, 36.7 mmol). The clean product, which

is a golden oil, was isolated in quantities of 5.2 g (86%).

Step2: Preparation of ethyl 6-isopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0669] The cyclization reaction was carried out in the same manner described in
Example 150 Step 3 using the product of Example 155 Step 1 (3.0 g, 18.3 mmol). The
crude product was purified by flash chromatography (hexane/EtOAc =9/1) to give a clean
product in quantities of 4.54 g (79%).

Step 3: Preparation of 6-isopropyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0670] The product of Example 155 Step 2 (2.1 g, 6.7 mmol) was converted to the acid
according to procedure of Example 150 Step 4. The product, which is an off-white solid,
was isolated in quantities of 1.6 g (68%). "H NMR (DMSO-dg) 1.17 (s, 3H), 1.19 (s, 3H),
2.79 - 2.88 (m, 1H), 5.86 (q, 1H, /= 7.3 Hz), 6.94 (d, 2H, J = 8.4 Hz), 7.25 (dd, 1H, J=6.3
Hz, J=2.2Hz), 7.37 (d, 1H, J=2.2), 7.83 (s, 1H).

Example 156
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0
N oH
0" “CF,

6-isopropyl-7-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of 6-isopropyl-7-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid A

[0671] 6-Isopropyl-7-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid was
synthesized in the same manner using the procedures described in Example 155 starting
with 4-isopropyl-3-methylphenol. 'H NMR (DMSO-dg) 1.14 (s, 3H), 1.16 (s, 3H), 2.26 (s,
1H), 2.95-3.06 (m, 1H), 5.81 (q, 1H, J = 7.5 Hz), 6.76 (s, 1H), 7.24 (s, 1H), 7.58 (s, 1H).

Example 157
Cl X CO2H
0~ CFj3

N
\/\<\ ]
N
6-chloro-7-[(2-propyl-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid hydrochloride

Step 1: Preparation of 5-chloro-2-hydroxy-4-methylbenzaldehyde

[0672] 4-chloro-3-methylphenol (10.0 g, 70.1 mmol) was converted to the aldehyde
using the procedure described in Example 150 Step 2. The desired product as a pale yellow
solid was isolated in quantities of 8.8 g (74%).

Step 2: Preparation of ethyl 6-chloro-7-methyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
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[0673]  The product of Example 157 step 1 (8.9 g, 52.2 mmol) was converted to the
chromene using the procedure of Example 150 Step 3. The desired product as a yellow

solid which was isolated in quantities of 9.9 g (59%).

Step 3: Preparation of ethyl 7-(bromomethyl)-6-chloro-2-( trifluoromethyl)-2H-chromene-

3-carboxylate

[0674] To a mixture of the product of Example 157 Step 2 (4.0 g, 12.5 mmol), N-
bromosuccinimide (2.3 g, 13.1 mmo'l)',l and 21 mL benzene, was added benzoyl peroxide
(145 mg. 0.6 mmol). The reaction was heated to 84 °C. After 5 h, the reaction was cooled
to 25 °C and stored ovemight. Solid was removed from the reaction by filtration, and
washed with 4 mL benzene. To the filtrate, was added N-bromosuccinimide (1.0 g, 5.7
mmol) and benzoyl peroxide (145 mg, 0.6 mmol). The reaction was heated to 84 °C. After
2.5 h, the reaction was cooled to 25 °C. The solid was removed from the reaction by
filtration and the filtrate was concentrated. The residue was purified by flash
chromatography (toluene/EtOAc=9/1) to give 3.9 g a yellow solid of reasonably pure

material, which was used without further purification.

Step 4: Preparation of ethyl 6-chloro-7-[(2-propyl-1H-imidazol-1-yl)methyl]-2-

(trifluoromethyl)-2H-chromene-3-carboxylate

[0675] A solution of 2-propylimidazole (76 mg, 0.69 mmol) in 1 mL DME was added
to a mixture NaH (32 mg, 0.81 mol, 60% dispersion in mineral oil) at 0°C under argon.
After 20 min, a solution of the product of Example 157 Step 3 (250 mg, 0.62 mol) in 2 mL
DME was added at 0°C. The reaction was warmed to 25 °C. After 1.5 h, the reaction was
filtered through a pad of Celite (1), and washed with EtOAc (20 mL). The filtrate was

concentrated to give a pale brown oil in 0.21 g (80%).

Step 5: Preparation of 6-chloro-7-[( 2-pronvl—1H-imidazol-1-Vi)methvl]-2-(triﬂuor6metf1v1)-

2H-chromene-3-carboxylic acid

[0676] The product of Exaniple 157 Step 4 (0.21 g, 0.5 mmol) was converted to the acid
according to procedure of Example 150 Step 4. The clean product was obtained by

purifying the crude product by HPLC (column: Delta Pak 300 x 50mm I.D., C18, 15 uM)
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using a H,O-CH3;CN gradient (conditions:CH3CN-H2(i) 10-50% in 30 min). The yield of an
off-white solid was 66 mg (30%). 'H NMR (MeOH-ds) 0.99 (t, 3H, J=7.41 Hz), 1.73
(hextet, 2H, J = 7.8 Hz), 3.00 (t, 2H, J = 7.8 Hz), 5.51 (s, 2H), 5.83 (q, 1H, J="7.0 Hz), 6.86
(s, 1H), 7.46 (d, 1H, J=2.1 Hz), 7.54 (d, 1H, J = 2.1 Hz), 7.81 (s, 1H), 7.89 (s, 1H).

Example 158

Cl o COzH
N
<1
N

6—chloro-7-(1H—imidazol-l-ylmethyl)-Z-(trifluoromethyl)-ZH-chromene-3—

carboxylic acid hydrochloride

[0677] 6-Chloro-7-[(2-methyl-1H-imidazol-1-yl)methyl] -2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid trifluoroacetate hydrochloride was synthesized using the
procedures described in Example 157 using imidazole as the starting amine.

158: '"H NMR (MeOH-d,) 5.44-5.52 (m, 2H), 5.76 (9, 1H, J = 6.94 Hz), 7.02 (s, 1H), 7.53
(s, 1H), 7.56 (s, 1H), 7.73 (s, 1H), 9.00 (s, 1H). t

Example 159
cl . CO2H
N
— ]
N

6-chloro-7-[(Z-methyl-lH-imidazol-l-yl)methyl]-2—(triﬂuoromethyl)-2H-chr0mene—3-

carboxylic acid trifluoroacetate hydrochloride
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[0678] 6-Chloro-7-[(2-methyl-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid trifluoroacetate hydrochloride was synthesized using the
procedures described in Example 157 using 2-methylimidazole as the starting amine. 'H
NMR (MeOH-d,) 2.66 (s, 3H), 5.41-5.51 (m, 2H), 5.83 (q, 1H, J = 7.0 Hz), 6.90 (é, 1H),
7.42 (d, 1H,J = 2.2 Hz), 7.49 (d, 1H, J = 2.2 Hz), 7.59 (s, 1H), 7.81 (s, 1H).

Example 160

Cl . COH

0~ CFj3

>

6-chloro-7-[(2-isopropyl-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid hydrochloride

[0679] 6-Chloro-7-[(2-isopropyl-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid hydrochloride was synthesized using the procedures described
in Example 157 using 2-isopropylimidazole as the starting amine. "H NMR (MeOH-d,)
1.35 (s, 3H), 1.37 (s, 3H), 3.45-3.54 (m, 1H), 5.54 (s, 2H), 5.83 (q, 1H, J = 7.0 Hz), 6.82 (s,
lH), 7.44 (d, 14, J = 2.1 Hz), 7.55 (d, 1H, J = 2.1 Hz), 7.59 (s, 1H), 7.80 (s, 1H).

Example 161

cl X\ ~COzH

.

7—(1H-benzimidazol—l-ylmethyl)-6-chl0r0-2-(triﬂuorqmethyl)-ZH-chroniene-3-

0~ CFs

carboxylic acid hydrochloride

303



WO 2004/087686 PCT/IB2004/001113

[0680] 7-(1H-benzimidazol-1 ~ylmethyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid hydrochloride was synthesized using the procedures described in Example

157 starting with benzimidazole.
'H NMR (DMSO-ds) 5.80 (s, 2H), 5.98 (q, 1H, J = 7.1 Hz), 7.05 (s, 1H), 7.55-7.59 (m,
2H), 7.77-7.80 (m, 2H), 7.88-7.90 (m, 2H).

Example 162 a and -162 b

kr/”
N\/>
0~ CFs 0~ ~CF,
N
N :ﬂ
N

6-chlor0-7-[(2-ethyl-1H-imidazol-l-yl)methyl]—2-(trifluoromethyl)-ZH-chromene-
3-carboxylic acid hydrochloride

and

6-chloro-5-[(2-ethyl-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid hydrochloride

Step 1: Preparation of 5.-chloro-2-hydroxy-4-methylbenzaldehyde and 5-chloro-2-hydroxy-

6-methylbenzaldehyde ‘

[0681] 4-chloro-3-methylphenol (10.0 g, 70.1 mmol) was converted to the aldehydes
using the procedure of Example 150 Step 2. Impurities were removed by flash
chromatography (hexane/EtOAc=9/1). A mixture of regioisomeric aldehydes was obtained

in a 94:6 ratio and found to be a pale yellow solid which was isolated in quantities of 8.8 g

(74%).
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-Step 2: Preparation of ethyl 6-chloro-7-methvl—2-( trifluoromethvl)-2H-chromene-3-

carboxvlate and ethyl 6-chloro-5-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate
[0682]  The products of Example 162 Step 1 (8.9 g, 52.2 mmol) were converted to the

chromenes using the procedure of Example 150 Step 3. The crude products were purified
by flash chromatography (heptane/EtOAc=8/2) to give the mixture of chromenes as a
yellow solid in quantities of 9.9 g (59%). '

Step 3: Preparation of ethyl 7-(bromomethyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-

3-carboxvylate and ethyl 5-(bromomethyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
[0683] The products of Exafnple 162 Step 2 (4.0 g, 12.5 mmol) were converted to the

bromides using the procedure of Example 157 Step 3. The residue was purified by flash
chromatography (toluene/EtOAc=9/1) to give the mixture of products as a yellow solid (3.9
g, 78%). '
Step 4: Preparation of ethyl 6-chloro-7-[(2-ethyl-1H-imidazol-1-yl)methyl]-2-
(trifluoromethyl)-2H-chromene-3-carboxylylate and ethyl 6-chloro-5-[( 2-ethyl-1H-

imidazol-1-yDmethyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylate
[0684] The products of Example 162 Step 3 (300 mg, 0.75 mmol) were converted to the

2-ethyl-imidazoles using the procedure of Example 157 Step 4. The product was a pale
brown oil (320 mg, 70%).

Step 5: Preparation of 6-chloro-7-[(2-ethyl-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-
2H-chromene-3-carboxylylic acid hydrochloride and 6-chloro-5-[(2-ethyl-1H-imidazol-1-

yDmethyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid hydrochloride

[0685]  The products of Example 162 Step 4 were converted to their acids accordiﬂg to
procedure of Example 150 Step 4. The clean products were obtained by purifying the crude
product by reverse phase HPLC (column: Delta Pak 300 x 50mm LD., C18, 15 uM) using a
H,0-CH3CN gradient (conditions:CH3;CN-H;0 10-50% in 30 min). The product, 162-1,
was isolated as a pale yellow solid in quantities of 100 mg. The product, 162-2, was

isolated as a pale yellow solid in quantities of 15 mg. 4
162-1 "HNMR (MeOH-dy) 1.37 (t, 2H, J = 7.4 Hz), 3.08 (q, 2H, J = 7.6 Hz), 5.48-5.56
(m, 2H), 5.88 (g, 1H, J = 7.0 Hz), 6.90 (s, 1H), 7.47 (d, 1H, J = 2.1 Hz), 7.55 (4, I1H, J. =

2.1 Hz), 7.62 (s, 1H), 7.85 (s, 1H).
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[A
162-2 '"H NMR (MeOH-d,) 1.44 (t, 2H, J = 7.5 Hz), 3.17 (q, 2H, J = 7.7 Hz), 5.68-5.74
(m, 2H), 5.89 (g, 1H, J = 7.0 Hz), 6.98 (d, 1H, J = 2.1 Hz)), 7.22 (d, 1H, J = 8.8 Hz), 7.45
(d, 1H, J = 2.1 Hz), 7.59 (d, 1H, J = 8.8 Hz), 8.05 (s, 1H).

Example 163 a and -163 b

0~ CFs CF
cl o A © ®
N
<
N

6-chloro-7-[(4,5-dichloro-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-chromene-

Cl

3-carboxylic acid hydrochloride
and

6-chloro-5-[(4,5-dichloro-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid '

Step 1: Preparation of 6-chloro-7-[(4.,5-dichloro-1H-imidazol-1-yl)methyl]-2-

(trifluoromethyl)-2H-chromene-3-carboxylic acid hydrochloride and 6-chloro-5-[(4.5-

dichloro-1H-imidazol-1-ymethyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

hydrochloride
[0686] 6-Chloro-7-[(4,5-dichloro-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid hydrochloride and 6-chloro-5-[(4,5-dichloro-1H-imidazol-1-
yl)methyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid hydrochloride were
synthesized in the same manner described in Example 162 and using 4,5-dichloroimidazole
in the alkylation reaction.

163-1 '"H NMR (DMSO-ds) 5.27-5.37 (m, 2H), 5.97 (q, 1H, J = 7.2 Hz), 6.55 (s, 1H), 7.75
(s, 1H), 7.87 (s, 1H), 7.93 (s, 1H).
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163-2 '"H NMR (DMSO- ds) 5.47-5.56 (m, 2H), 5.85 (q, 1H,J = 7.0 Hz), 7.16 (d, 1H, J =
8.83 Hz), 7.40 (s, 1H), 7.55 (d, 1H, J = 8.8 Hz), 8.07 (s, 1H). '

Example 164
cl .~ COH
O

6-chloro-7-(phenoxymethyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid

Step 1: Preparation of ethyl 6-chloro-7-(phenoxymethyl)-2-( trifluoromethy!)-2H-

chromene-3-carboxylate -
[0687] A solution of phenol (117 mg, 0.69 mmol) in 1 mL. DMF was added to a mixture
of NaH (30 mg, 0.75 mmol) in 1 mL DMF at 0°C under argon. After 30 min, a solution of

ethyl 7-(bromomethyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3 -carboxylate (250 mg,
0.62 mmol) in 2 mL DMEF described in Example 157 Step 3 was added dropwise. The
reaction was warmed tb 25 °C. After 18 h, the reaction was filtered through a pad of Celite
(1" and washed with EtOAc (20 mL). The filtrate was concentrated to give a pale yellow
solid in 230 mg. |

Step 2: Preparation of 6-chloro-7-(phenoxymethyl)-2-( trifluoromethyl)-2H-chromene-3-

carboxylic acid .

[0688] The product of Example 164 Step 1 (0.22 g, 0.53 mmol) was converted to the -
acid according to procedure of Example 150 Step 4, and purified by reverse phase HPLC
(column: Delta Pak 300 x 50 mm L.D., C18, 15 uM), using CH3CN- H,0 gradient 10-50%
in 30 min to give a pale yellow solid in 80 mg (40%).
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"H NMR (DMSO-dy) 5.12 (s, 2H), 5.98 (q, 1H, J = 7.8 Hz), 6.98 (t, 1H, J = 7.4 Hz), 7.04
(d, 2H, J = 7.8 Hz), 7.26 (s, 1H), 7.32(dt, 2H, J =2.0 Hz, J = 7.4 Hz), 7.72 (s, 1H), 7.89
(s, 1H).

Example 165
cl - CO:H
rO
6-chloro-7-(ethoxymethyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1: Preparation of ethyl 6-chloro-7-(ethoxymethyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylate
[0689] A solution of pyrrole (55 mg, 0.75 mmol) in 1.5 mL DME was added to a

mixture of NaH (38 mg, 0.83 mmol) in 1 mL DME at 0 °C under argon. The mixture was
stirred at 0°C for 10 min and then warmed to 25 °C. After 30 min, a solution of ethyl 7-
(bromomethyl)-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylate (300 mg, 0.75
mmol), from Example 162 Step 3, was dissolved in 2.5 mL DME was added dropwise.
After 3 h, the reaction was filtered through a pad of Celite (1””) and washed with EtOAc (10

mL). The filtrate was concentrated to give a brown oil in 350 mg (100%).

Step 2: Preparation of 6-chloro-7-( ethoxymethyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxvlic acid

[0690] The product of Example 165a (350 mg, 0.75mmol) was converted to the acid

according to procedure of 150d, and purified by reverse phase HPLC (column: Delta Pak
300 x 50 mm L.D., C18, 15 pM), using CH3CN- H,0 gradient 10-50% in 30 min to give the
titled product as a pale brown solid in 60 mg. 'HNMR (MeOH-d;) 1.27 (t,3H,J=7.0
Hz), 3.63 (q, 2H, J = 7.0 Hz), 4.54 (s, 1H), 5.78 (g, 1H, J = 7.0 Hz), 7.12 (s, 1H), 7.39 (s,
1H), 7.77 (s, 1H). |

Example 166
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o CO2H
0~ “CF4

SN
6-ethyl-8-methoxy-2-(trifluoromethyl-2H-chromene-3-carboxylic acid

Step 1: Preparation of 2-(4-ethyl-2-methoxyphenoxy)tetrahydro-2H-pyran 4
[0691] Ethyl guiacol (10 g, 65 mmol) was dissolved in 100 mL of EtOAc and to this
solution was added 8.9 mL of 3,4-dihydro-2H-pyran (97.5 mmol, 8.2 g) followed by a

catalytic amount of a 4.0 M solution of HCl/dioxane. The reaction was stirred at 25 °C

overnight. The following day the solution was washed with aqueous 1N NaOH and
evaporated to dryness. The crude mixture was redissolved in ether then stirred with
aqueous 1N NaOH for a short period of time, stopped and allowed to stand overnight. The
two phases were separated and the organic layer was washed with H,O and brine. The
resulting solution was dried (Na;SO,). The solution was filtered and evaporated to dryness
to provide 9.9 g of colorless oil (64%). This material was used as is without further

purification.

Step 2: Preparation of 5-ethyl-3-methoxy-2-(tetrahydro-2H-pyran-2-yloxy)benzaldehyde

[0692] To a solution, cooled to —78 °C, of the product from Example 166 Step 1 (1.0 g,
4.2 mmol) in 7.0 mL of hexane, and 0.70 mL of TMEDA (4.6 mmol, 543.2 mg) was added
n-BuLi (2.9 mL, 1.6 M in hexane). After the addition, the reaction was warmed to 25 °C.
After 5 hours, DMF (0.5 mL) in 3 mL of hexane was added. The reaction was quenched
with H,O and the resulting solution was washed with H,0. The organic extracts were dried
over MgSOQ,, filtered, and evaporated to give 1.1 g of golden oil (100 %), which was
reasonably pure as judged by "H NMR, and used as is without further purification.

Step 3: Preparation of 5 —ethvl-2-hvdroxv—3-methovaenza]dehvdeA

[0693] The title product from Example 166 Step 2 (1.1g, 4.1 mmol ) was dissolved in
10 mL of CH30H and to this solution was added 10 mL of 2N HCI. The reaction was
stirred at 25 °C overnight. The reaction was diluted with 25 mL of EtOAc and washed with
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an aqueous solution of saturated NaHCO3. The organic extracts were dried over MgSOy,
filtered and concentrated under reduced pressure to give 660 mg (85%) of a very clean

product as judged by 'H NMR and used as is without further purification.

Step 4: Preparation of ethyl 6-ethyl-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0694] To the product from Example 166 Step 3 (410 mg, 2.27 mmol) dissolved in 4.1
mL of anhydrous DMF was added anhydrous K,COj (658.8 mg, 4.76 mmol) and 80 mg of
powdered 4A molecular sieves followed by the addition of ethyl 4, 4,4-trifluorocrotonate
(450.5 mg, 0.40 mL, 2.68 mmol). The reaction was heated to 80-85 °C for 2 h. Another
portion of ethyl 4,4,4-trifluorocrotonate (0.17 mL) was added and the resulting solution was
heated overnight. The following day the reaction was diluted with EtOAc (200 mL) and
H,0 (200 mL). More EtOAc was added till the layers could be distinguished. The organic
extracts were washed with an aqueous solution of saturated NaHCOj3 (50 mL), H,O(100
mL) and brine (50 mL), dried over MgSOy, filtered, and evaporated under reduced pressure
to give a dark brown oil which was purified by flash chromatography (25% EtOAc/ hexane)
to give 450 mg (38%) of desired product which crystallized upon standing.

Step 5: Preparation of 6-ethyl-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid _

[0695] The ester from Example 166 Step 4 (167.1 mg, 0.50 mmol) was converted to the
acid according the procedure of Example 150 Step 4 to give 137 mg (90%) of 6-ethyl-8-
methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid, a yellow solid. '"HNMR
(MeOH-dy) 7.7\5 (s, 1H), 6.94 (d, 1H, J = 1.8 Hz), 6.79 (d, 1H, J = 1.9 Hz), 5.77 (g, 1H, J =
7.1 Hz), 3.87 (s, 3H), 2.61 (q, 2H, J = 7.6 Hz), 1.25 (t, 3H, J = 7.6 Hz).

Example 167 a and -167 b

(o] =
cl : °=O
| A Xy SoH N~
N F o)
© F ' cl EN ‘
0 F OH
F
o
F F
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6-chloro-7- [(2-oxopyridin-1 (2H)-yl) methyl]-2-(trifluoromethyl)-2H-chromene-3-
cafboxylic acid '
and :
6-chloro-5- [(2-oxopyridin-1 (2H)-yl) methyl]-2-(triﬂuor0m¢thyl)-2H—chrorﬁene-3-

carboxylic acid

Step 1: Preparation of ethyl 6-chloro-7- [(2-oxopyridin-1 (2H)-yl) methyl]-2-

( triﬂuoromethvl)-ZH-chromené—3—carb’oxv] ate and ethyl 6-chloro-5- [(2-oxopyridin-1 (2H)-

v1) methvyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0696] The reaction was carried out in the same manner described in Example 157 Step
4 using 2-hydroxypyridine (140.3 mg, 1.4 mmol) and the bromide from Example 157 Step 3
(592.3 mg, 1.4 mmol). The crude product mixture was purified by flash chromatography
(10/90 -50/50 toluene-EtOAc) to give 209 mg (35%) of yellow oil.

Step 2: Preparation of 6-chloro-7- [(2-oxopyridin-1 (2H)-yl) methyl]-2-(trifluoromethyl)-
2H-chromene-3-carboxyvlic acid and 6fch10ro-5- [(2-oxopyridin-1 (2H)-y]) methyl]-2-

(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0697] The ester from Example 167 Step 1 was converted to acid according to the
procedure of Example 150 Step 4. The crude product was purified by reverse phase HPLC
(column: Delta Pak 300 x 50 mm 1.D., C18, 15 pM), using a H,O-CH3CN gradient 90/10-
50/50 over 30 min, to give two products 167-1 and -2. "H NMR 167-1: (DMSO-dg) 7.90 (s,
1H), 7.75 (d,d, 1H, J = 6.8 Hz, 1.9 Hz) 7.72 (s, 1H), 7.52 (d,d,d, 1H, J = 9.1 Hz, 7.4 Hz, 2.2
Hz), 6.47 (d, 1H, J = 9.2 Hz), 6.38 (s, 1H), 6.32 (t,d, 1H, J = 6.6 Hz, 1.3 Hz), 5.94 (q, 1H, J
=17.2 Hz), 5.16 (d, 1H, J = 15.9 Hz), 5.10 (d, 1H;J= 16.0 Hz).

167-2 (DMSO-ds) 8.16 (s, 1H), 7.54 (d, 1H, J = 8.8 Hz), 7.39 (d,d,d, 1H, J = 9.0 Hz, 6.7
Hz, 2.0 Hz), 7.33 (d,d, 1H, J = 6.8 Hz, 1.7 Hz), 7.15 (d, 1H, J = 8.8 Hz), 6.39 (d, 1H, J =.
8.8 Hz), 6.19 (t,d; 1H, J = 6.6 Hz, 1.3 Hz) 5.95 (q, 1H, J = 7.2 Hz) 5.39 (d, 1H, J = 15.0
Hz) 5.24 (d, 1H, J = 15.0 Hz).

Examples 168 a and 168 b
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.
O N \N O
Cov
\N/ O CF3 O CF3

6-chloro-7-(1H-pyrazol-1-ylmethyl)-2-(trifluoromethyl)-2H-chromene-
3-carboxylic acid
and
6-chloro-5-(1H-pyrazol-1-ylmethyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid

Step 1: Preparation 6-chloro-7-(1H-pyrazol-1-ylmethyl)-2-(trifluoromethyl)-2H-chromene-

3-carboxylic acid and 6-chloro-5-(1H-pyrazol-1-ylmethyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

[0698] The reaction was carried out in the same manner described in Example 157 step
4 using pyrazole (76.0 mg, 1.11 mmol) and the bromide (592.3 mg, 1.4 mmol) from
Example 157 Step 3. The crude product, an oil, was purified by flash chromatography |
(90/10 toluene-EtOAc) to give 144 mg (33%) of the desired material. |

Step 2: Preparation of 6-chloro-7-(1H-pyrazol-1-ylmethyl)-2-( triﬂuoromethvl)-2H-

chromene-3-carboxvlic acid and 6-chloro-5-(1H-pyrazol-1-ylmethyl)-2-(trifluoromethyl)-

2H-chromene-3-carboxylic acid

[0699] The ester (106 mg) of Example 168 Step 1 was converted to the acid according
to the procedure of Example 166 Step 5 to give two products 168-1 and 168-2.
"H NMR (MeOH-d,) 7.79 2H), 7.62 (d, 1H, J = 1.7 Hz), 7.49 (s, 1H), 6.42 (t, 1H, J =
2.1Hz), 6.36 (s, 1H), 5.77 (g, 1H, J = 7.0 Hz), 5.52 (d, 1H, J = 16.8 Hz), 5.46 (d, 1H, J =
16.8 Hz).
'H NMR (MeOH-d,) 8.22 (s, 1H), 7.56 (d, 1H, J = 2.0 Hz), 7.51-7.48 (3H), 7.07 (d,d, 1H,
J=8.2Hz 0.6 Hz), 6.30 (t, 1H, J = 2.1 Hz), 5.80 (q, 1H, J = 7.1 H2), 5.66 (d, 1H, J =
15.3 Hz), 5.63 (d, 1H, J = 15.2 Hz).
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Example 169
cl O
cl
8 M
N—" 0~ “CF,
0

6-chloro-7- [(5-chloro-2-oxopyridin-1 (2H)-yl) methyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

Step 1: Preparation of ethyl 6-chloro-7- [(5-chloro-2-oxopyridin-1 (2H)-yl) methyl]-2-

(trifluoromethyl)-2H-chromene-3-carboxylate

[0700] The formation of the ester was performed according to the procedure outlined in
Example 157 Step 4 starting with 97 mg of 5-chloro-2-pyridinol, 20.7 mg of sodium
hydride (60% dispersion iﬁ mineral oil) and 300 mg of the bromide from Example 157 Step
3. The compound was purified on the FlashMaster® chromatography system eluting with
25% EA/hexane then 50% EA/hexane to give 128 mg (38%) of the desired compound.

Step 2: Preparation of 6-chloro-7- [(5-chloro-2-oxopyridin-1 (2H)-yl) methyl]-2-

(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0701] The ester of Example 169 Step 1 was converted to the acid according to
procedure of Exampie 150 to give 75 mg (60%) of the desired acid, 169. "H NMR (DMSO-
de) 8.05 (d, 1H, J = 2.8 Hz), 7.87 (s, 1H), 7.72 (s, 1H), 7.59 (d,d, 1H, J= 9.7 Hz, 2.9 Hz),
6.53 (d, 1H, J=9.8 Hz), 6.47 (s, 1H), 5.95 (q, 1H, J=7.2 Hz), 5.12 (d, 1H, J= 16.0 Hz),
5.07 (d, 1H, J=16.2 Hz). ‘

Example 170
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Cl

S

—
=
6-chloro-7- (thien-2-ylmethyl)-2-(trifluoromethyl)-2H- chromene-3-carboxylic acid

Step 1: Preparation of ethyl 6-chloro-7-formyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0702] A crude preparation' of the bromide (1.6 g, 4.0 mmol) from Example 157c was
dissolved in 9 mL of anhydrous DMSO and to this solution was added solid NaHCO;
(383.4 mg, 4.5 mmol). The solution was heated to 100 °C for 1.5 h. The reaction was
removed from the heat and allowed to stand at 25 °C overnight. The next day the reaction
was poured into 300 mL of brine and washed with 3 x 200 mL of EtOAc. The organic
extracts were washed with brine, dried over MgSO,, and filtered to give a brown solid
which was purified by flash chromatography (97/3 toluene-EtOAc). Ail fractions
containing desired product were collected to give a yellow solid. The solid was washed

with hexane to give 382 mg of the desired product.

Step 2: Preparation of ethyl 6-chloro-7-[hydroxy(thien-2-yl)methyl]-2-(trifluoromethyl)-

2H-chromene-3-carboxylate

[0703] The title product from Example 170 Step 1 (100 mg, 0.31 mmol) was dissolved
in 1.0 mL of Et,0 and cooled to =30 °C. To this solution was added 0.31 mL thiophene-2-yl
magnesium bromide solution (1.0 M in THF). After 10 minutes, the reaction mixture was
pipetted over ice and diluted with ether and a dilute solution of H,SOj4. The organic extracts
were washed with a saturated solution of NaHCO3, dried over MgSQy, filtered, and
evaporated under reduced pressure to dryness to provide 112 mg of a yellow oil. This oil

was used as is without further purification.
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Step 3: Preparation of ethyl 6-chloro-7-(thien-2-ylmethyl)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate

[0704]  The crude oil from Example 170 Step 2 was dissolved in 1 mL of DCM. To this A
solution was added triethylsilane (41 pL, 0.26 mmol) and 20 pL of TFA and stirred at 25 |
°C. After 24 h, the solution was stirred vigorously with solid NaHCO3 and H,0, which
quenched the reaction. Stirring was stopped after 5 min, and the solution was allowed to
separate into layers. The reaction mixture stood in this state for one day prior to workup.

The organic layer was dried over MgSO4, filtered, and evaporated under reduced pressure to
give an orange oil. The crude product was purified by flash chromatography to give

reasonably pure compound.

Step 4: Preparation of 6-chloro-7-(thien-2-ylmethyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0705]  The ester obtained from Example 170 Step 3 was converted to the acid according
to the procedure of Exampie 150 Step 4. The product (20 mg) contained a major impurity
amounting to 14%, which was determined to be the 7-methyl-6-chlorochromene, which can
be removed by reverse phase HPLC (column: Delta Pak 300 x 50 mm L.D. C18, 15 uM)
using a H,O-CH3CN gradierﬁ (conditions: 90/10-50/50 over 30 minutes) which gave pure
product. 'H NMR (MeOH-d,) 7.54 (s, 1H), 7.14 (s, 1H), 7.07 (d, 1H, J = 4.3 Hz), 6.76-
6.73 (3H), 5.55 (q, lH; J =69 Hz), 4.15 (d, 1H, J = 16.7 Hz), 4.05 (d, 1H, J = 16.1 Hz).

Example 171

0
A OH
0~ CF,

8-tert-butyl-6-ethyl-2-(triflnoromethyl)-2H-chromene-3-carboxylic acid

[0706] 8-tert-butyl-6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
hydrochloride was synthesized by the same procedures described in Example 155 using 2-
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tert-butyl-4-ethylphenol as the starting material. "HNMR (DMSO0-dg) 1.16 (t,3H,J=17.6
Hz), 1.34 (s, 9H), 2.54 (q, 2H, J= 7.6 Hz), 5.96 (q, IH, J= 7.4 Hz), 7.17 (d, 1H, J = 2.2 Hz),
7.18 (d, 1H, J= 2.0 Hz), 7.78 (s, 1H).

Example 172

O
N OH

0~ “CF,4
6,8-diethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0707] 6,8-diethyl-2-(trifluoromethy!)-2H-chromene-3-carboxylic acid was synthesized
using procedures described in Example 150 with 5-ethyl-2-hydroxyacetophenone as the
stating material. "H NMR (DMSO-dg) 1.20 (t, 3 H, J=7.5 Hz), 1.22 (t, 3H, J= 7.6 Hz),
2.54-2.66 (m, 4H), 5.70 (q, 1H, J=7.0 Hz), 6.92 (d, 1H, J=2.1 Hz), 7.06 (d, 1H, J = 2.1),
7.84 (s,1H). '

Example 173

0
Xy~ "OH

0~ CF,

7 ,7—dimethyl-2-(triﬂquromethyl)-7,8,9,10-tetrahydro-2H-benzo [h]chromene-3-

carboxylic acid

[0708]  The title compound of Example 173 was prepared using procedures described in
Example 100 starting with 5,5-dimethyl-5 ,6,7,8-tétrahydronaphthalen—1-ol. 'H NMR
(MeOH-dy) 7.75 (s, 1H), 7.10 (q, 2H, J = 8.1 Hz), 5.77 (q, 1H, J = 7.2 Hz), 2.66 (m, 2H),
1.82 (m, 2H), 1.68 (m, 2H), 1.31 (s, 3H), 1.30 (5, 3H).
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Example 174

Cl

6—chl0r0-7,7-dimethyl-2-(triﬂuoromethyl)—7,8,9,10-tetrahydro-ZH-benzo [h]chroinene-

3-carboxylic acid

[0709] The title compvound of Example 174 was prepared in the same manner as
described in Example 103 Steps 3 and 4 except the starting material was ethyl 7,7-dimethyl-
2-(trifluoromethyl)-7,8,9,10-tetrahydro-2H-benzo[h]chromene-3-carboxylate, an
intermediate in the preparation of the title compound of Example 173. "H NMR (MeOH-d,)
7.63 (s, lHj, 7.13 (s, 1H), 5.72 (g, 1H, J = 7.1 Hz), 2.61 (m, 2H), 1.67 (m, 2H), 1.62 (m,
2H), 1.44 (s, 3H), 1.43 (s, 3H).

Example 175

Cl X COH
‘ 0~ CFq
., .

«J

N .

6-chloro-7-[(2-phenyl-1H-imidazol-1-yl)methyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid hydrochloride

[0710] 6-chloro-7-[(2-phenyl—lH-imidazol-‘l-yl)methyl]-2—(triﬂuoromethyl)-ZH—cﬁromene—‘
3-carboxylic acid hydrochloride was synthesized ﬁsing the procedures described in Example
157 using 2-phenylimidazole: 'H NMR (DMSO-dg) 5.47-5.56 (m, 2H), 5.98 (g, 1H, J =
7.2 Hz), 6.84 (s, 1H), 7.60-7.71 (m, 6H), 7.83-7.87 (m, 3H).

~ Tablel
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Example Formula Théory Found
Number |

Example | Ci3sHyoCIF3050.15 | C, 50.47, C, 50.25,
100 ~ |HO H, 3.29 H, 3.12
Example C13H0CIF305 C, 50.92, C, 50.85,
101 H, 3.29 H, 3.40
Example C13H;CIF503 C, 50.92, C, 50.92,
102 H, 3.29 H, 3.29
Example C13H0CIF503 C, 50.92, C, 50.81,
103 H, 3.29 H, 3.10
Cl, 11.56 Cl, 11.86
Example | C14H;2CIF30; C, 52.43, 1C, 5259,
104 H, 3.77 H, 3.80
Example C13H;CIF503 C, 50.92, C, 50.85,
105 H, 3.29 H, 3.20
Example | C16H;7F303 C, 61.14, C, 61.11,
106 H, 5.45 H, 5.45
Example | Ci6Hi6CIF303 C,55.10, C, 55.05, -
107 H, 4.62 H, 4.64
Example | CrH1oF303 C, 62.19, C,62.11,
108 H, 5.83 H, 5.68
Example | C1gHyCIF303 C, 57.38, C, 57.44,
110 H, 5.35. H, 5.12.
Example C17H;5CIF305:0.25 C, 55.59, C, 55.20,
111 H,0 H,4.94 H, 4.86
Example | C16H7CIF304 C, 58.16, C, 58.06,
112 H, 5.19 | H,4.93
Example | CisH3F3040.25 H,0 | C, 56.52, C, 56.40,
114 H, 4.1 H, 4.68
Example | CisHpoClF305-2 HO | C, 44.96, C, 44.96,
115 H, 3.94 H, 3.02
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Examplel Formula Theory Found
Number 4
Example C16H16CIF304 C, 52.69, C, 52.31,
116 H, 4.42 H, 4.68
Example C1gH2F3NO4HCl C, 54.90, C, 54.61,
121- H, 5.89, H, 6.49,
‘ N, 3.56 N, 3.20
Example | CreaoCIF;0; C,57.38, C, 56.98,
125 H, 5.35 H, 5.62
Example C1gHCIF305:0.25 | C, 56.70, C, 56.63,
126 H,0 H, 5.29 H, 5.49
Example C1sH14CIF304:0.125 | C, 51.04, C,50.64,
128 H,O H, 4.00 H, 4.40
Example C15H14CIF304+0.75 C, 49.46, C, 49.46,
129 H,0 j H, 3.87 H, 4.32
Example C13H,:1F30s C 51.33%, C 51.11%,
132 H 3.64% H3.63%
Example C13HoCl,F305 C 41.85%, C 41.92%,
133 H 2.43%, H 2.34%,
C119.00% Cl118.96%
Example C12HsCIF;0;3 C 49.25%, C 48.91%,
136 H 2.76%, H 2.61%,
Cl112.11% C111.94%
Example Ci,HCIF;03:0.3 C 48.36%, C 48.38%,
138 Hy0. H2.91% H 2.99%
Example C12H8C1F3O3 C 49.25%, C 49.03%,
139 H 2.76%, H 2.99%,
Cl112.11% C112.44%
Example Ci5H14F3NO3 C 57.51%, C 57.47%,
140 H 4.50%, H 4.70%,
N 4.47% N 4.39%
Example C, 58.24 C, 58.55

C14H1 11F303‘0.25
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Theory

Example Formula Found
Number
146 H,0 H, 4.01 H, 4.08
Example C14H;oCIF;05:0.25 C, 52.03 C, 5132
147 H,0O H,3.27 H, 3.47
Example Ci3HoCl,F30;5 C, 45.77; C, 45.95;
148 H, 2.66; H, 2.53;
Cl, 20.79. Cl, 20.27.
Example C13H1F505 C, 57.36%, C, 57.23%,
149 H, 4.07% H, 3.95%
Example ' C, 58.74, C, 58.75;
150 CuaHis0sF H, 4.58. H, 4.45.
Example Ci14H1305F; C, 58.74; C, 58.50;
153 H, 4.58. H, 4.62.
Example C16H;705F; C, 61.14; C, 61.09;
154 H, 5.45. H, 5.61.
Example C, 58.74, C, 58.65;
155 CiaH1s03Fs H, 4.58. H, 4.88.
Example CisHi503F31.1 H,O | C, 56.28; C, 56.13;
156 H, 5.42. H, 5.07.
Example C13H16N,05CIF 5 C, 48.45; C, 48.18;
157 HCl. H, 4.07; H, 4.19;
N, 6.28. N, 6.19.
Example C15H;0N205CIF;3- C, 45.59; C, 45.39;
158 1.0 HCI. H, 2.81; H, 2.95;
N, 7.81. N, 6.98.
Example Ci6H12N,O3CIF5- C,42.15; C, 42.36;
159 1.5 HCI-0.5 H, 2.91; H, 2.95;
CF;COOH N, 5.78. N, 5.34.
Example Ci3H16N,05CIF5: C, 46.57; C,46.87;"
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Example Formula Theory Found
Number ‘ '

160 HCI-1.5 H,O H, 4.34; H, 4.49;
N, 6.03. N, 6.19.
Example C19H2N,03CIF3: C, 49.24, C, 49.34;
161 1.5HCl H, 2.94; H, 3.32;
N, 6.04. N, 5.87.
Example C17H14N203C1F3~ C,45.79; C, 45.90;
162-1 1.5 HCI-0.25 H,0 H, 3.62; H, 4.05;
N, 6.28. N, 6.32
Example C;7H14N,03CIF3- C, 45.32; C, 45.1‘1;
162-2 1.75 HCI H, 3.52; H, 3.81;
N, 6.22. N, 6.19.
Example | C15sHsN;03CIF; C, 41.26; C, 41.40;
163-1 0.25 HCl1 H, 1.90; H, 2.03;
N, 6.41. N, 6.32.
Example C15H8N203C1F3’- C, 40.43; C, 40.99;
163-2 H,O H, 2.26; H, 2.76;
N, 6.29. N, 5.96.
Example Ci18H1,04CIF; C, 56.19; C, 55.96;
164 H, 3.14. H, 3.23.
Example C14H1204CIF5- C, 4941, C, 49.11;
165 0.2 H,0 H, 3.67. H, 3.74.
Example C14H1304F3 C, 55.63; C, 55.60;
166 H, 4.34. H,4.79.
Example C17H;1INO4CIF5:0.5 | C, 51.94; C,51.73;
167-1 H,O H, 3.03; H, 3.06;
N, 3.48. N, 3.55.
Example Ci7H11NO4CIF5:0.5 | C, 47.86; C, 47.69;
167-2 H,0-0.5 TFA H, 2.79; H, 2.75;
N, 3.10. N, 3.08.
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Example Formula Theory Found
Number

Example C;sH;0N,05CIF5:0.5 | C, 40.38; C, 40.05;
168-1 HCI-0.6 TFA H, 2.53; H, 2.30;
N, 5.81. N, 6.00.
Example Ci1sHoN20sCIF51.5 | C, 43.58; C, 43.34;
168-2 HCl H, 2.80; H, 2.78;
N, 6.78. N, 7.58.
Example C;7H;oNO4CLF5-0.2 | C,48.31; C, 48.39;
169 H,O H, 2.61; H, 2.56;
N, 3.24 N, 3.12
Example C16H1905CIF3S5-0.9 C, 49.15; C,49.13;
170 H,O H, 3.04. H, 2.79.
Example C17H905F3 C, 62.19; C, 62.08;.
171 H, 5.83. H, 6.06.
Example C15H;503F3 C, 60.00; C, 59.82;
172 H, 5.04. H, 5.20.
Example C17H;705F; C, 62.57; C, 62.56;
173 ' H, 5.25. H, 5.50.
Example C17H;6C105F; C, 56.60; C, 56.50;
174 H,4.47, H, 4.39,
Cl1, 9.83. Cl, 10.07
Example C21H14N205CIF3-HCL | C, 52.52; C,52.24;
175 H, 3.36; H,3.72,
N,5.83..
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[0711] Parallel chemistry General: Analytical ICMS reverse phase chromatography
was carried out using a C18 column 2.1 mm i.d. x 30 mm and a linear gradient of 5%
acetonitrile in 0.1% TFA/water to 95% acetonitrile in 0.1% TFA/water over 4.5 min. at a
flow rate of 1 mL/min. The eluant composition was held at 95% acetonitrile in 0.1%
TFA/water from 4.5 min to 5 min. The LCMS was equipped with a diode array detector, a
mass spectral detector (MSD) and an evaporative light scattering detector. A flow splitter
was attached after the UV diode array detector to allow flow to a mass spectral detector
(MSD) and the ELS. The mass spectra were obtained using an Agilent MSD in electrospray
positive mode. Preparative reverse phase chromatography was carried out using a C18
column 41.4 mm i.d. of 50 mm, 100 mm or 300 mm length.

[0712] Compounds prepared by parallel synthesis methods are recorded in thé
appropriate tables and characterized by determination of purity, confirmation of molecular
weight, analytical HPLC retention time (L.C, min) and gravimetric determination of yield.
The HPLC retention time was determined using analytical LCMS reverse phase analysis
and represents the time obtained for the compound having the desired molecular ion. The
retention time is based on the observed time in the UV chromatogram. The molecular ion
listed in the table is the baseline (100%) peak, unless otherwise noted. Purity of the
compounds prepared by parallel synthesis was determined by detection of the peak of the
desired molecular ion and integration of the corresponding peak detected either by UV at
254 nm or by ELS. Purity is described as percent and is a ratio of the area of the desired
peak over the total area of all peaks in the chromatogram. The percent yield is based on

gravimetric determination of the final product after suitable purification.

Parallel Synthesis of a Compound Library with 6 and 8-Position Substitutions.

R ~COOH
O~ “CF,4
X
X=HorCl

R - as described

(Preparation of Intermediates and Examples 201-261)
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Preparation of Ethyl 6-iodo-2~(trifluoromethyl)-2H-chromene-3-carboxylate

CO,Et .
__/ 2 o)

ﬁ—
'\@\ CHON I\C[CHO Fol "\@Y]\oa
OH MgCly, CHyCN oH  [2COs DMF 0" CF,

Step 1. Preparation of 2-hydroxy-5-iodobenzaldehyde.
[0713] To the mixture of 20 g (91 mmol) of 4-iodophenol and 25.1 g (264 mmol)

anhydrous magnesium dichloride in 455 mL of anhydrous acetonitrile was added
triethylamine and paraformaldehyde. The mixture was heated to reflux for 4 h, allowed to
cool to rt and treated with 500 mL of 5% HCI. The solution was extracted three times with
EtOAc. The combined organic extracts were washed with brine (3 x) and dried over
anhydrous magnesium sulfate. The dried organic solution was evaporated to afford an oil,
which was purified by silica gel chromatography with EtOAc/hexane (2:8). Concentration
of the desired fractions afforded 15 g (66%) of a yellow solid, which was used directly in

the next step without further purification.

Step 2. Preparation of Ethyl 6-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0714] To a solution of 6.0 g (24 mmol) of 2-hydroxy-5-iodobenzaldehyde and 5 mL
(33.3 mmol) of ethyl 4,4,4-trifluorocronate in 20 mL of dry DMF at 60 °C was added
potassium carbonate in one portion. The mixture was stirred at 60 °C overnight. After
cooling to room temperature, the solid was filtered and washed with EtOAc. The combined
filtrates were diluted by addition with 300 mL EtOAc and washed with brine. The organic
phase was dried over anhydrous magnesium sulfate and evaporated to afford an oil, which
was further purified silica gel chromatography with EtOAc/hexane (1:9). Concentration of
the desired fractions afforded 4.7 g (49%) of a light yellow solid: 'H NMR(CDC15/300
MHz) 7.65-7.55 (m, 3H), 6.78 (d, J=8.4Hz, 1H), 5.72 (q, /=6.6 Hz, 1H), 4.34(m, 2H),
1.37(t, J=6.9 Hz, 3H). MS (ES+) 398.9 (M-+H, 100).

Preparation of Ethyl 8-chloro-6-iodo-2-=(trifluoromethyl)-2H-chromene-3-

carboxylate
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l CO,Et

e, 0
I\©:CHO Ol CH,COOH ! CHO  Fyl K o
OH . oy  KeCOs DMF 0~ CF,

Cl Cl

Step 1. Preparation of 3-chloro-2-hydroxy-5-iodobenzaldehyde.
[0715] To 24 g (96.8 mmole) of 5-iodosalicylaldehyde in 320 mL of acetic acid was

added an excess of gaseous chlorine. After addition of about 10 g of Cly, a white solid
appeared in the solution. The mixture was heated to 70° C and allowed to stir for 3h. The
heated solution was homogeneous and remained so after cooling to rt. The mixture was
added to 1200 mL of water and allowed to stir for 1 h. The resultant solid was collected by
filtration, washed with water, filtered and allowed to air dry to afford 27.3 g of a yellow
solid. The solid was recrystallized by dissolving the material in 250 mL of hot methanol
and adding 80 mL of H,O. After standing overnight, the crystalline solid was collected and
air-dried to afford 20.3 g (74.2%) of a yellow solid. The product contained a minor |
impurity (approx. 9% by "H NMR) and was used in the next step without further
purification: 'H NMR (CDCl/400 MHz) 7.78 (d, 1H, J=2.1 Hz), 7.88 (d, 1H, /= 1.8 Hz),
9.83 (s, 1H), 11.40 (s; 1H); *C NMR (CDCl3/100 MHz) 79.5, 122.8, 123.7, 140.3, 144.4,
156.9, 194.8; MS‘(ESI+) 283 (M+1, 100); HRMS (EI) m/z calcd for (C7H40,ICI) 281.8945,
found 281.8899. ‘

Step 2. Preparation of ethyl 8-chloro-6-iodo-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0716] To 18 g (63.7 mmole) of 3-chloro-2-hydroxy-5-iodobenzaldehyde in 16 mL of .

DMTF was added 14.3 mL (16.1 g, 95.6 mmole) of ethyl trifluorocrotonate and 9.69 g (70
mmole) of K,CO3. The mikture was heated to 100° C for 2 h. The mixture was allowed to
cool, treated with 300 mLs of H,O and extracted three times with Et,0. The combined
extracts were washed with water and filtered through a silica plug (4.5 x 6 cm). The silica
was washed with methylene chloride and combined filtrates concd to give 10.39 g of a
yellow solid. Recystalization in hexanes gave 6.64 g (24.1%) of a crystalline, yellow solid:
"H NMR (CDCl3/400 MHz) 1.35 (t, 3H, J= 7.1 Hz), 4.33 (m, 2H), 5.81 (q, 1H, J= 6.6
Hz), 7.44 (d, 1H, J= 2.0 Hz), 7.62 (s, 1H), 7.66 (d, 1H, J=2.0 Hz); ’F NMR (CDCl3/400
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MHz)-79.0 (d, 3F, J= 6.8 Hz); 13C NMR (CDCl3/100 MHZ) 13.1, 60.8, 70.4 (g, J=33.7
Hz), 82.6 (C-1), 117.7, 121.2, 121.8, 121.9 (q, J = 287.2 Hz), 133.6, 134.9, 139.9, 147.9,

162.0; MS (ESI+) 433 (M+1, 100); HRMS (EI) m/z calcd for (C13HyO5ICIF3) 431.9237, -
found 431.9221. |

Preparation of Ethyl 6-Bromo-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylate.

[0717] The ethyl 6-bromo-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylate
was prepared from 5-bromo-3-chloro-2-hydroxybenzaldehyde in an analogous manner to
step 2, preparation of ethyl 8-chloro—6-iodo-2—(triﬂuoromefhyl)-2H-chromene—3-

carboxylate.

Example 201
| N COOH
O CF3
Cl

8-Chloro-6-iodo-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0718] To 180 mg (0.42 mmole) of ethyl 8-chloro-6-iodo-2-(trifluoromethyl)-2H-
chromene-3-carboxylate was added 100 mgs of LiOH-H,0 and 5 mL of a solvent mixture
of THF/MeOH/H,0 (7:2:1). The mixture was heated to reflux for 30 min. and allowed to
cool to rt. After standing overnight, the mixture was concd in vacuo, treated with 20 mL 1IN
HCl and allowed to stir. The mixture was extracted three times with Et,0, the combined
extracts dried and concd in vacuo to give 150 mgs (88.3%) of an off-white solid: 'HNMR
(CDCls/d-acetone/400 MHz) 5.86 (q, 1H, J= 6.7 Hz), 7.60 (s, 1H), 7.70 (s, lH); 7.75 (s,
1H); °F NMR (CDCls/d’-acetone/400 MHz) -79.2 (d, 3F, J= 6.8 Hz); MS(ESI+) 405
(M+1, 100, one Cl pattern); HRMS (ES-) m/z calcd for (C1,H403ICIF3) 402.8840, found
402.8850.

Preparation of 6-Aryl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acids
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X 1) R-B(CH),, Pd(PPhs),,
1 ~\~COOEt  2MNa,(0;, DMA R ~~COCH
’
F
O3 ) LOHWEOHHLO CFs
Xo X
Xl =I, Br
X2 = I’I, d
Example 202
CF3
FsC O *xCOOH
0" “CFs

6-[3,5-bis(trifluoromethyl)phenyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

Step 1. Preparation of Ethyl 6-[3.5-bis(trifluoromethyl)phenyl]-2-(trifluoromethyl)-2H-
chromene—3-carboxvlate ‘

[0719] To the solution of 0.3 £ (0.75 mmol) of ethyl 6-iodo-2-(trifluoromethyl)-2H-

chromene-3-carboxylate in 10 mL of dimethylacetylamide under nitrogen atmosphere was
added 87 mg (0.0075 mmol) of tetrakistriphenyh;hosphine, 0.29 g (1.13 mmol) 3,5-
ditrifluoromethylphenylboric acid, and 1.0 mL of 2.0 M aqueous sodium carbonate solution.
The mixture was bubbled with nitrogen gas for two min. and subsequently heated to 95°C
overnight. After cooling to room temperature, 50 mL of 4:1 EtOAc/MeOH mixture was
added. To the resulting mixture was added 50 mL of brine. The product was extracted with
ethyl acetate three times. The combined organic phases were washed with brine and dried.
over anhydrous magnesium sulfate. After removing the volatiles, the residue was purified
on a silica gel column with EtOAc/hexane (1:9) to afford 0.20 g (56%) of a light grey solid:
'"H NMR(CDCl53/400 MHz) 7.94(s, 2H), 7.83(s, 1H), 7.80(s, 1H), 7.55(dd, J=2.4Hz, 8.4Hz, .
1H), 7.46(s, J=2.4Hz, 1H), 7.31(s, 1H), 7.10(d, J=8.4Hz, 1H), 5.75(q, J=6.4Hz, 1H),
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4.32(m, 2H), 1. 35(t J=7.2Hz). MS (ES+) 485.0(M+1, 100). HRMS (EI) m/z caled for
(C21H;3F903) 484.0721, found 484. 0687.

Step 2. Preparation of 6-[3.5-bis(trifluoromethyl)phenyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid
[0720] To the solution of 150 mg (0.31 mmol) of ethyl 6-[3,5-
bis(trifluoromethyl)phenyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylate in 5 mL of

tetrahydrofuran was added a solution of 51 mg (1.24 mmol) of lithium hydroxide
(LiOH.2H,0) in 5 mL of water.. The resulting mixture was heated to reflux for one hr.
After cooling to room temperature, the volatiles were removed. The residue was diluted
with water, then acidified at 0°C with dilute hydrochloric acid to pH= 1.5. The product was
then extracted with ethyl ether. The combined organic extracts were dried over anhydrous
magnesium sulfate. Evéporaﬁon of the dried organic solution afforded 0.13 g (92%) of a
light yellow solid: "H NMR(CDCly/400 MHz) 7.89(s, 2H), 7.78(s, 1H), 7.77(s, 1H),
7.51(dd, J=2.4Hz, 8.4Hz, 1H), 7.41(d, J=2.4Hz, 1H), 7.06(d, J=8.4Hz, 1H), 5.69(1h, 1H).
MS (ES+) 457.0(M+1, 100).

Preparation of 6-Aryl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acids by a
Parallel Method

Example 203
0
~~COOH
| 0" CF,

6-(4-methoxyphenyl)—2—(triﬂuoromethyl)-ZH—chromene—3-carboxylic acid

Step 1. Preparation of ethyl 6-(4-methoxyphenyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
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[0721] All reactions were carried out in an alumintim reactor block equipped with a
condensor, inert atmosphere and space for 24 vessels (Prep Reactor, J-Kem, St. Louis, MO).
A solution of 0.20 g (0.5 mmol) of ethyl 6-iodo-2-(trifluoromethyl)-2H-chromene-3-
carboxylate in 3 mL of anhydrous dimethylacetamide was prepared in a 50 mL glass
centrifuge tube equipped with a septum screw cap. The solution was degassed by bubbling
nitrogen through the mixture for 10 min. The solution was treated with 0.11 mL (0.75
mmol) of 4-methoxybenzeneboronic acid, 58 mg (0.1 eq, 0.05 mmol) of
tetrakis(triphenylphosphine)-palladium(0) and 2.0 mL of degassed 2M aqueous Na;COs
(4.0 eq, 2.0 mmol). The solution was flushed with nitrogen, capped, heated to 95°C for 16
hours in an aluminum reactor block equipped with a condenser and kept under nitrogen
atmosphere. After cooling to room temperature, brine was added and the mixture extracted
4 times with ethyl acetate. The organic layer was dried over sodium sulfate, filtered and
dried under a stream of nitrogen. The product was used in the next step without further

purification.

Step 2. Preparation'of 6-(4-methoxyphenyl)-2-( trifluoromethvl)-2H-chromene—3'—carboxvljc
acid.

[0722] The product of step 1 was dissolved in a mixture of 5 mL of ethanol and 1 mL of
THF. A solution of 165 mg of lithium hydroxide monohydrate in 6 mL of water was
prepared and added to the solution of the ester. The vessel was capped and heated to 80°C
for 1 hour. After cooling to room temperature, the mixture was concd using a ﬁitrogen
stream. The basic solution was acidified with 3N HCI to pH = 2 and extracted 4 times with
ethyl acetate. The organic layers were combined, dried over sodium sulfate, filtered and
concd. The sample was purified by reverse phase chromatography system to afford 63.2 mg
(36%) of a yellow solid: 'H NMR (CDCls, CD;0D/400 MHz) 3.78 (s, 3H), 5.64 (g, 1 H,J
= 6.8 Hz), 6.89(d, 2H, J= 8.8 Hz), 6.95 (d, 1H, J= 8.8 Hz), 7.32 (s, 1H), 7.40—7.44 (m,
3H), 7.72 (s, 1H); MS‘ (ES+) 351 (M+1, 100); LC-MS purity 100% (UV and ELSD);

HRMS (ES-) m/z caled for (M-1; Ci5H1,04F3) 349.0682, found 349.0678.
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Preparation of 6-Aryl-2-(trifluoromethyl)-2H-chromene-3-carboxylic Acids by a
' Parallel Method ‘

[0723]  The following Examples in table 2 were prepared as previously describéd for 6-
(4-methoxyphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid using parallel
synthesis apparatus and either ethyl 6-iodo—2-(triﬂuoromethyl)-2H—chromene-B-carboxylate
or ethyl 8-chloro-6-bromo-2-(trifluoromethyl)-2H-chromene-3-carboxylate as the starting

material.

Table 2: Yield, Purity and Mass Spectral Data for 6-Aryl-2-(trifluoromethy!)-2H-chromene-
3-carboxylic Acids Prepared by Parallel Synthesis Methods.'

Table 2
R ~_-COOH
& 07 O CF,
X
Example LC (ret. Time) | MS (ES+) Y% Purity %Yield
X2=H |
204 3.004 327 99 33
205 2.849 311 99 39
206 1.838 336 95 48
207 3213 341 97 43
208 3.039 365 99 44
209 2971 365 99 37
203 3.024 351 99 36
210 3273 335 99 36
211 1537 322 05 19
212 3.554 363 97 35
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Example | LC (ret. Time) | MS (ES+) | %Purity %Yield
213 2.657 352 97 39
214 3.431 371 05 46
215 3.241 366 95 46
216 1.470 322 99 29
217 2.776 360 95 57
218 2.114 372 99 43
219 2.786 381 95 43
220 2.745 383 05 23
21 3.379 389 95 38
222 3.368 389 05 32
X2=Cl

223 3.278 355 99 65
224 3.502 390 99 41

225 3353 390 100 42
226 3272 373 100 67
227 3.129 361 99 66
228 3,059 345 97 73
229 2.119 370 05 53
230 3.138 400 05 52
231 3.132 399 88 62
232 3.208 385 100 75
233 3.448 369 99 74
234 3.734 397 100 74
235 2.928 386 100 35
236 3.593 405 100 53
237 3.437 401 95 77
238 1.840 356 05 10
239 2.996 394 95 53
240 2.502 406 100 7

241 3.007 415 100 37
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Example LC (ret. Time) | MS (ES+) %Purity | %Yield
242 2740 417 95 T 4
243 3651 423 100 75
244 3.523 423 100 77
245 2.083 345 o8 75
246 3.256 385 95 77

'See General Experimental section for description of recorded data. LC indicates the

chromatographic retention time in min. % Purity was determined by UV at 254 nm.

Example 232

A
O ~_-COOH
0" “CF;

Cl
8-Chloro-6-(4-methoxyphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
[0725] The sample obtained from the parallel synthesis method was purified by reverse
phase chromatography system to afford 150.6 mg (75%) of a yellow solid: 'HNMR
(CDCl3, CD50D/300 MHz) 3.87 (s, 3H), 5.85 (q, 1H, J= 6.3 Hz), 7.0 (d, 1H, J= 8.1 Hz),

7.36 (s, 1H), 7.48 (d, 2H, J= 8.7 Hz), 7.58 (s, 1H), 7.82 (s, 1H); MS (ES+) 385 (M+1,-100)

Preparation of 6-Alkyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic Acids
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1) B(R)3, Pd(PPhs),, |

.
0
O CFs 2) LiIOH/EtOH/H,0 CFs

Xo X
Xl = I, Br
X,=H, Cl
Example 247
~~COOH
: O CFj
Cl

8-Chloro-6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl 8-chloro-6-ethyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0726] To a solution of 500 mg (1.16 mmol) ethyl 8-chloro-6-iodo-2-(trifluoromethyl)-

2H-chromene-3-carboxylate in 3 mL of anhydrous DMF was added 0.481 g (3.48 mmol,
3.0 eq.) of potassium carbonate, 0.134 g (0.116 mmol, 0.1 eq.) of
tetrakis(triphenylphosphine)-palladium(0) and 1.74 mL (1.74 mmol, 1.5 eq.) of IM
triethylborane in THF. The vessel was heated to 110°C for 5 hours under a nitrogen
atmosphere. After cooling to room temperature, the mixture was treated with water and
extracted with ethyl acetate. The organic layer was washed 4 times with water and 2 times
with brine, dried over sodium sulfate, filtered and concd in vacuo. The product was carried

to the next step without further purification.

Step 2. Preparation of 8-chloro-6-ethyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid.
[0727] The ester obtained from step 1 was dissolved in 5 mL ethanol and 1 mL of THF.

A solution of 165 mg lithium hydroxide monohydrate in 6 mL of water was prepared and
added to the ester solution. The vessel was capped and heated to 80°C for 1 hour. After

cooling to room temperature, the ethanol and tetrahydrofuran were removed using a
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nitrogen stream. The basic solution was then acidified with 3N HCI until the pH = 2 then
extracted 4 times with ethyl aéétate. Thejorganic layers were combined, dried over sodium
sulfate, filtered and solvent removed. The sample was purified by reverse phase ‘
chromatography system to afford 153 mg (70%) of a light brown solid: 'H NMR (CDCls,
CD;0D/400 MHz) 1.22 (t, 3H, J= 7.6 Hz), 2.58 (g, 2H, J=17.6 Hz), 5.78 (q, 1H, /= 6.8
Hz), 6.97 (s, 1H), 7.21 (s, 1H), 7.70 (s, 1H); MS (ES+) 307 (M+1, 50); LC-MS purity 95% -
at 3,026 min. (UV), 100% (ELSD); HRMS (ES-) m/z caled for (M-1; C13HyO3ClIFs3)
305.0187, found 305.0210.

Example 248
/\/\@\/TCOOH
' 0" CF3
6-Butyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
[0728] Using the method described for 8-chloro-6-ethyl-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid, a brown solid (10.2 mg, 12%) was obtained: 'H NMR (CDCls,
CD;0D/400 MHz) 0.85 (t, 3H, J= 7.2 Hz), 1.26 (m, 2H), 1.49 (m, 2H), 2.47 (t, 2H, J=7.6

Hz), 5.58 (m, 1H), 6.80 (d, 1H, J=8 Hz), 6.95 (s, 1H), 7.05 (d, 1H, J=8 Hz), 7.65 (s, 1H);
MS (ES+) 301 (M+1, 100); LC-MS purity 100% (ELSD), 95% (UV) at 3.263 min.
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Example 249
~~COOH
0" "CFj
Cl

6-Butyl-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0729] Using the method described for 8-chloro-6—ethy1—2-(triﬂuoromethyl)-ZH—
chromene-3-carboxylic acid, a tan solid (232.9 mg, 50%) was obtained: '"H NMR (CDCl3, |
CD50D/300 MHz) 0.93 (t, 3H, J=7.2 Hz), 1.37 (m, 2H), 1.59 (m, 2H), 2.53 (t, 2H, J =
7.8 Hz), 5.29 (q, 1H, J= 6.9 Hz), 6.95 (d, 1H, J= 2.1 Hz), 7.19 (d, 1H, J= 1.8 Hz), 7.71 (s,
1H); MS (ES+) 335 (M+1, 100); LC-MS purity 95% at 3.430 min. (UV), 100% (ELSD);
HRMS (ES-) m/z caled for (M-1; C;5H130;C1F3) 333.0500, found 333.0491.

Preparation of 6-Substituted-2-(trifluoromethyl)-2H-chromene-3-carboxylic Acids

i 1) RSn(n-Bu)z, Pd(PPhs), . O
! X OEt toluene, 110 °C SN OH -
' >
O Cks 2) LiOH | 0" "CFs
Cl &

Example250

X

S ~~COOH

0~ “CF,4
Cl

8-Chloro-6-ethynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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Step 1. Preparation of ethyl 8-chloro-6-ethynyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0730]  To 0.86 g (2.0 mmole) of ethyl 8-chloro-6-iodo-2-(trifluoromethyl)-2H-

chromene-3-carboxylate was added 46 mg (0.040 mmole) ,
tetrakis(triphenylphosphine)palladium(0), 6 mLs degassed toluene and 0.64 mL (0.69 g, 2.2
mmole) tributyl(ethynyl)tin. The stirred mixture was heated to reflux for 3 h. After
allowing the reaction to cool, the mixture was washed with 20% aq. ammonium fluoride
and the aqueous layer extracted three times with diethyl ether. The combined exiracts were
filtered through silica, the silica washed with diethyl ether and the organic fractions concd
in vacuo. Chromatographic purification (70 g silica, 5% ethyl acetate/hexanes) afforded a
solid which was triturated with hexanes to give 0.50 g (75.6%) of a crystélline solid: 'H
NMR (d°-acetone/400 MHz) 1.32 (t, 3H, J=7.1 Hz), 3.73 (s,1H), 4.32 (m, 2H), 6.04 (q,
1H, J=6.9 Hz), 7.60 (m, 2H), 7.90 (s, 1H); '°F NMR (d’-acetone/400 MHz) -79.6 (d, 3F,J
= 6.8 Hz); MS(ESI+) 331 (M+1, 100, one Cl pattern).

Step 2. Preparation of 8-chloro-6-ethynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid.

[0731] To 450 mg (1.36 mmole) of ethyl 8-chloro-6-iodo-2-(trifluoromethyl)-2H-
chromene-3-carboxylate waé added 9 mL of a solvent mixture of THF/MeOH (7:2)
followed by 172 mgs of LiOH-H;0 in 1 mL of H,O . The mixture was stirred for 30 min at
rt. The mixture was concd, treated with 10 mL of water and acidified with conc. HCI
(approx. 0.4 mL). The producted oiled out of solution and was extracted three times with
diethy! ether. Combined extracts were dried and concd to afford 0.32 g of a crude yellow
solid. Chromatography (C18, Gilson 10x4 cm, 7 injections of 50mgs each) afforded 0.18 g
(43.7%) of a white solid: "H NMR (d°-acetone/400 MHz) 3.74 (s, 1H), 6.03 (q, 1H, 6.8
Hz), 7.61 (m, 2H), 7.92 (s, 1H); *C NMR (d’-acetone/400 MHz) 72.0 (q, J =33.2 Hz),
80.0, 81.6, 118.3,119.6, 121.7, 121.8 (q, J = 0.7 Hz), 124.2 (q, /= 286.6 Hz), 132.5, 136.1,
136.7, 149.9, 164.6; °F NMR (d"-acetone/400 MHz) -79.6 (d, 3F, J = 6.5 Hz); MS (ESH)
303 (M+1, 27), 291 (65), 289 (51), 235 (100), 233 (79); MS(ES-) 301 (M-1, 100), 303 (35);
HRMS (EI-) m/z caled for (C13Hs03ClIF3) 300.9874, found 300.9837. |
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Preparation of 8-Chloro-6-substituted-2-(trifluoromethyl)-2H-chromene-3-carboxylic
Acids by a Parallel Method

[0732]  The following Examples in table 3 were prepared as previously described for
ethyl 8-chloro-6-ethynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate using parallel

synthesis apparatus with each reaction carried out on 1.0 mmole scale.

Table 3: Yield, Purity and Mass Spectral Data for 8-Chloro-6-substituted-2-
(trifluoromethyl)-2H-chromene-3-carboxylic Acids Prepared by Parallel Synthesis
Methods.! '

Table 3
R SN COOH
0] CF3
Cl
Example LC (ret. Time) | MS (ES+H) Y% Purity % Yield
251 3.54 305 98.7 23
252 4.20 379 >09 13.4
253 2.91 304 77.4 -
254 3.09 321 >99 12.4
255 3.69/3.77 319 >99 3.1
256 3.65 317 >09 28.9

!See General Experimental section for description of recorded data. LC indicates the
chromatographic retention time in min. % Purity was determined by ELS. 2A 1:1 mixture
of E and Z isomers (as determined by H NMR and LCMS) was obtained in a combined
yield of 3.1%.

Preparation of 6-Substituted-2-(trifluoromethyl)-2H-chromene-3-carboxylic Acids
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1) olefin, Pd(ll)acetate
P(o-tol)5, CH3CO,Na,

Br XN “oEt  DMF, 110°C

-

0" CF; 2) LiOH

Cl

Example 257

6-[(1E)-3-amino-3-oxoprop-1-enyl]-8-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

Step 1. Preparation of ethyl 6-[(1E)-3-amino-3-oxoprop-1-enyl]-8-chloro-2-

(trifluoromethyl)-2H-chromene-3-carboxylate.
[0733] To the mixture of 0.4g (1.0 mmol) of ethyl 6-Bromo-8-Chloro-2-

(trifluoromethyl)-2H-chromene-3-carboxylate, 45 mg (0.2 mmol) of palladium acetate, 122
mg (0.4 mmol) of tri-o-tolylphosphine, 451 mg (5.5 mmol) of sodium acetate under
nitrogen atmosphere was added 6 mL of anhydrous dimethylformamide, followed by
addition of 107 mg (1.5 mmol) of acrylamide. The resulting mixture was shaken at 110°C
for 85 hrs. LC-MS indicated that the reaction was done. To the reaction was added 50 mL
of ethylacetate. The resulting organic solution was washed with brine and dried over
anhydrous magnesium sulfate. After removing the volatiles, the residue was purified by
reverse phase chromatography to afford 0.23g off-white solid, which was carried on to the

next step.

Stép 2. Preparation of 6-[( 1E)-3—amino-3-oxopron-1-envl]-8-chloro—2-(triﬂuoromethvl)-2H-

chromene-3-carboxylic acid.
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[0734] The product of step 1 was dissolved in 3 mL of THF and treated with a solution
of 0.13 g (2.55 mmol) lithium hydroxide hydrate in 3 mL of water.- The mixture was treated
with 3 mL of ethanol and heated to 80°C for two hrs. The volatiles were removed, the
residue was acidified at 0°C to pH=1.0 with dilute hydrochloric acid. The product was
extracted with ethyl acetate, washed with brine and dried over anhydrous magﬁesium
sulfate. Concentration of the organic fraction afforded 0.169 g (48.6%) of an off-white
solid: "H NMR(DMSO/300 MHz) 7.87(s, 1H), 7.70(d, /=2.1HZ, 1H), 7.55(d, J/=2.1Hz, '
1H), 7.48(d, J=15.9Hz, 1H), 6.63(d, J=15.9, 1H), 5.96(q, J/~6.6Hz, 1H). MS (ESI+) 348.0
(M+1, 100). MS(ES-) 346.0(M-1, 100). HRMS (ES") m/z caled for (M-H; C14HgCIF;NO,):
346.0088, found 346.0078.

Example 258
— X COOH
O CF3
Cl

8-chloro-6-[(1E)-oct-1-enyl}-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Preparation of 8-chloro-6-[( 1E)-oct—1-envl]-2-(triﬂuoromethvl)-2H—chromeﬁe—3-carboxvlic
[0735] This Example was prepared using the method for the preparation of 6-[(1E)-3-
amino-3-oxoprop-1-enyl]-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid.
Yellow solid, 55mg, yield= 14.1%, purity=100%. 'H NMR(CDC13/300 MHz) 7.70(s, 1H),
7.26(d, J=1.8Hz, 1H), 6.98(s, J=1.8Hz, 1H), 6.16-5.98(m, 2H), 5.65(q, J=6.6Hz, 1H,),
2.06(m, 2H), 1.34-1.16(m, 8H), 0.76(m, 3H). MS (ESI+) 389.1 (M+1, 100). MS(ES-)
387.1(m-1, 100). HRMS (ES") m/z caled for (M-H; C19H;9CIF303): 387.0969, found
387.0963. N

Example 259
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8-chloro-6—[(E)-2-(4—methoxyphenyl)ethenyl]-2—(triﬂuoromethyl)—ZH—chroméne—B-

carboxylic acid

Preparation of 8-chloro-6-[(E)-2-(4-methoxyphenyl)ethenyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

[0736] This Example was prepared using the method for the preparation of of 6-[(1E)-3-
amino-3-oxoprop-1 -e;nyl]-8-chloro-2-(triﬂuoromethyl)—2H-chromene-3-carboxylic acid.
Yellow solid, 140 mg, yield=34.1%, purity=100%, '"H NMR(CDCl3/300 MHz ) 7.73(s,
1H), 7.49(s, 1H), 7.42-7.40(m, 2H), 7.23(s, 1H), 6.98-6.77(m, 4H), 5.79(q, J=6.6 Hz,
1H),3.82(s, 3H). MS (ESI+) 411.0(M+1, 100). MS(ES-) 409.0(M-1), HRMS (ES") m/z
calcd for (M-H; Cp0H;3CIF304): 409.0449, found 409.0428.

Example 260
~I
N
NN ~COOH
0" > CF,
Cl

8-chloro-6-[(E)-2-(1H-imidazol-1-yl)ethenyl]-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

Preparation of §-chloro-6-[(E)-2-( ‘1 H-imidazol-1-yDethenyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid

[0737] This Example was prepared using the method for the preparation of of 6-[(1E)-3-

amino-3-oxoprop-1-enyl]-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid.
A 340
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White solid; 130 mg, yield=35%, purity=94%. "H NMR(CD;0D/300 MHz) 8.84(s, 1H),
7.61(s, 2H), 7.52-7.22(m, 4H), 7.21(s, 1H), 6.93(d, J/=14.7 Hz 1H), 5.70(q, J=6.6 Hz, 1H).
MS (ESI+) 371.0(M+1, 100).

Example 261
O
X COOH
0) CF3
Cl '

8-chloro-6-(3—0x0—bufanyl)-2-(triﬂuoromethy])-2H—chr0mene-3-carboxylic acid

Preparation of 8-chloro-6-(3-oxo-butanyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

[0738] This Example was prepared using the method for the preparation of of 6-[(1E)-3-
amino-3-oxoprop-1 -gnyl]-8-chloro-2-(triﬂuoromethyl)-2H-chromene-3 -carboxylic acid.
Off-white solid, 130 mg, yield=37.3%, purity=95%. |

[0739] "HNMR(CDCl3/300 MHz ) 7.84(s, 1H), 7.28(s, 1H), 7.05(s, 1H), 5.81(q, /=6.6
Hz, 1H), 2.83(m, 4H), 2.20(s, 3H). MS (ESI+) 291.0(M-58, 100), 371.0(M+23, 52),
349.0(M+1, 40). MS(ES-) 347.0(M-1, 100). HRMS (ES") m/z calcd for (M-H;
C15H,1CIF304): 347.0292, found 347.0296.

Parallel Synthesis of a Compound Library with 6 and 8-Position Substitutions.

Cl ~COOH

07 CF,4
R

R = as described

(Preparation of Intermediates and Examples 262-356)
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Preparation of 6-Chloro-8-alkynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acids by Sonagashira Couplings

1 ) Pd(PPh3)4, Cul,

toluene, Et3N, Cl N COOH
Cl ~COEt  R_C=C—H
. '
2) LiOH, THF, EtOH, 0" CFs
0~ CF;
| H20 Il
R
Example 262

CImCOOH
Y 07 cR,

6-Chloro-8-[(4-methylphenyl)ethynyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

Step 1. Preparation 6f ethyl-6-chloro-8-[(4-methylphenyl)ethynyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0740]  To 0.150 g (0.347 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-2H-

chromene-3-carboxylate was added 20 mg (0.017 mmole)
tetrakis(triphenylphosphine)palladium(0), 6.6 mg (0.035 mmolé) copper (I) iodide, 3mL
degassed toluene, 0.15 mL (1.041 mmole) degassed TEA, and 0.066 mL (0.521 mmole) 4-
ethynyl toluene. The mixture was stirred overnight at room temperature. The mixture was

concd and the resulting oil was filtered through silica. The silica was washed with hexanes,
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ethyl acetate, and dichloromethane and clean fractions| were combined to afford 0.114 g of a

crystalline solid: MS (ES+) 421 (M+1, 100).

Step 2. Preparation of 6-chloro-8-[(4-methylphenyl)ethynyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0741] To 0.114 g (0.271 mmole) of ethyl-6-chloro-8-[(4-methylphenyl)ethynyl]-2-

(trifluoromethyl)-2H-chromene-3-carboxylate was added 1.5 mL of a solvent mixture of
THF/EtOH/H,O (7:2:1) followed by 22 mg (0.524 mmole) of LiOH-H,0. The mixture was
stirred overnight at room temperature. The mixture was concd, treated with 2 mL of water
and acidified with 0.5N HCl. The product precipitated out of solution and was washed three
times with water. The resulting solid was dried to afford 0.103g (76% 2-step yieid)) ofa
crude green solid: 'H NMR (4*-DMF/400 MHz) 2.36 (s, 3H), 6.11 (q, 1H, J=7.2 Hz),
7.30 (d, 2H, J = 8.4 Hz), 7.48 (d, 2H, J=8.0 Hz), 7.66 (d, 1H, J=2.4 Hz), 7.74 (d, 1H, J=
2.4 Hz), 7.98 (s, 1H); MS (ES+) 393 (M+1, 100); HRMS (ES-) m/z caled for
(C20H;2,05CIF3) 391.0343, found 391.0294.

Preparation of 6-Chloro-8-alkynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acids by a Parallel Method

[0742] The following Examples in table 4 were prepared as previously described for 6-
Chloro—8-[(4-nﬂethylphenyl)ethynyl]-2—(triﬂuoromethyl)-2H-chromene-3-carboxylic acid
using parallel synthesis apparatus and were purified as needed by filtration, extraction, or

reverse phase chromatography.

Table 4: Yield, Purity and Mass Spectral Data for 6-Chloro-8-alkynyl-2-(trifluoromethyl)-
2H-chromene-3-carboxylic Acids Prepared by Parallel Synthesis Methods.!

Table 4
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Cl .~ COOH
0~ “CF,4
fl
R

Example LC (min) | MS (ES+) HRMS % Purity % Yield
262 4.160 393 391.0294 - 100 76
263 2.832 347 345.0132 © 100 50
264 3.323 387 385.0454 100 23
265 2.260 360 360.0645° 97 43
266 2.242 346 346.0496° 100 25
267 2.597 388 371.0666 100 38
268 3.110 394 412.0590° 100 16
269 3,956 409 407.0303 100 66
270 2.725 333 330.9957 99 67
271 2.133 332 - 332.0324 73° 72
272 3.419 395 393.0154 97 38
273 2.970 361 359.0311 98 70
274 3.266 347 345.0139 99 25
275 2.732 347 344.9741 >95 17
276 25417 345 343.0314 100 70
277 2.960° 393 391.0338 100 40
278 3.094° 447 445.0100 100 54
279 1.585 394 394.0438° 100 53
280 3.195" 385 383.0675 100 66
281 2.784" 407 405.0526 100 76
282 24760 | 409 207.0296 100 72
283 1.764° 373 371.0281 100 - 8
284 1.671° 380 380.0291° 96 50
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Example LC (min) | MS (ES+) HRMS ! % Purity % Yield
285 2 | 397 395.0100 100 43
286 2.840* 413 410.9804 100 58
287 3.138° 475 474.9208 100 22
288 1.936° 411 411.0736 100 13
289 1.862° 370 387.0688° | 100 24

'See General Experimental section for description of recorded data. LC indicates the
chromatographic retention time in min. HRMS indicates the observed molecular ion (M-H)
by high-resolution mass spectrometry in electrospray negative mode. % Purity was
determined by ELS detection. ?Electrospray positive mode, M-+1 ion. 3Electrospray
positive mode, M+H+H,0 ion. “HPLC retention time determined with a linear gradient
from 40% acetonitrile in 0.1% TFA/water at time = 0 min to 95% acetonitrile at 4.5 min.
*Electrospray positive mode, M-+NH, .ion. Spurity of 100% by UV at 254 nm.

"Electrospray positive mode, M-NHj ion.

Example 290
Cl N COOH
o) CF;

6-Chloro-8-prop-1-ynyl-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

Step 1. Preparation of ethyl-6-chloro-8-prop-1-ynyl-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0743] A mixture of 0.50 g (1.160 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-

2H-chromene-3-carboxylate, 67 mg (0.058 mmole)
tetrakis(triphenylphosphine)palladium(0), 22 mg (0.116 mmole) copper (I) iodide, 10 mL
degassed toluene and 0.484 mL (3.48 mmole) degassed TEA was cooled to —78 °C and
treated with an exéess of condensed gaseous propyne. The mixture was stirred for thirty
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minutes at —78 °C and allowed to warm to room temperature. The mixture was then stirred
overnight. The reaction mixture was concd and the resulting oil was filtered through silica.
The silica was washed with hexanes and dichloromethane and clean fractions were
combined to afford 0.320 g (80 %) of a crystalline solid: "H NMR (CDCl3/400 MHz) 1.33:
(t, 34, J= 7.2 Hz), 2.09 (s, 3H), 4.27-4.35 (m, 2H), 5.77 (4, 1H, J= 6.8 Hz), 7.10 (d, IH J =
2.4 Hz), 7.31 (4, 1H, J=2.4 Hz), 7.59 (s, 1H); MS (ES+) 345 (M+1, 100).

Step 2. Preparation of 6-chloro—8—nroﬁ-1-anl-2-( trifluoromethyl)-2H-chromene-3-
carboxylic acid. |

[0744] To 0.320 g (1.01 mmole) of ethyl-6-chloro-8-prop-1-ynyl-2-(trifluoromethyl)-
2H-chrdmene-3-carboxylate was added 5 mL of a solvent mixture of THF/EtOH/H,0O
(7:2:1) followed by 64 mg (1.52 mmole) of LiOH-H,O. The mixture was stirred at 60 °C

for two hours. The mixture was concd, treated with water and acidified with 0.5N HCL. The

product precipitated out of solution and was washed three times with water. The resulting
solid was dried to afford 0.050g (16 %) of a brown solid: 'H NMR (CDCl5/400 MHz) 1.83
(s,3H),5.77 (q, 1H, J = 6.A8 Hz), 6.89 (d, 1HJ = 2.4 Hz), 7.03 (d, 1H, J= 2.4 Hz), 7.35 (s,
1H); MS (ES-) 315 (M-1, 100). HRMS (ES-) m/z calcd for (C14HgO3ClF3) 315.0030, found
315.0048. '

Example 285
Cl : N COOH
O CF3

F

6-Chloro-8-[(4-fluorophenyl)ethynyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid
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Step 1. Preparation of ethyl-6-chloro-8-[(4-fluorophedyl)ethynyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxvlate.

[0745] To 0.350 g (0.809 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-2H-

chromene-3-carboxylate was added 47 mg (0.040 mmole)
tetrakis(triphenylphosphine)palladium(0), 15 mg (0.081 mmole) copperh(I) iodide, SmL
degassed toluene, 0.338 mL (2.43 mmole) degassed TEA, and 0.139 mL (1.21 mmole)1-
ethynyl-4-fluorobenzene. The mixture was stirred overnight at room temperature. The
mixture was concd and the resulting oil was purified using reverse phase chromatography to

afford a crystalline solid. MS (ES+) 425 (M+1, 100).

Step 2. Preparation of 6-chloro-8-[(4-fluorophenyl)ethynyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.
[0746] To 0.344g (0.809 mmole) of ethyl-6-chloro-8-[(4-fluorophenyl)ethynl]-2-
(trifluoromethyl)-2H-chromene-3-carboxylate was added 5.0 mL of a solvent mixture of

THF/EtOH/H,0 (7:2:1) followed by 51 mg (1.21 mmole) of LIOH-H,O. The mixture was

stirred at 60 °C for two hours. The mixture was concd, diluted with water, and acidified with
0.5N HCL. The crude material was purified using reverse phase chromatography to afford
0.138 g of a yellow crystalline solid (43% 2-step yield): 'H NMR (d*-DMF/400 MHz) 6.11
(q, 1H, J=7.2 Hz), 7.31-7.36 (m, 2H), 7.64-7.69 (m, 3H), 7.75 (d, 1H, J= 2.4 Hz), 7.98 (s,
1H); MS (ES-) 395 (M-1, 100); HRMS (ES-) m/z calcd for (C15HsO3CIF4) 395.0093, found
395.0100.

Example 291
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e COOH

8—But—1-ynyl-6¥chloro-2—(triﬂuoromethyl)-ZH-chr0niene-3-carboxylic acid

Step 1. Preparation of ethyl-8-but-1-ynyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0747] A mixture of 1.00 g (2.31 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-

2H-chromene-3-carboxylate, 134 mg (0.116 mmole)
tetrakis(triphenylphésphine)palladium(O), 44 mg (0.231 mmole) copper (I) iodide, 20 mL
degassed toluene and 0.965 mL (6.94 mmole) degassed TEA was cooled to—78 °C and
treated with an excess of condensed gaseous 1-butyne. The mixture was stirred for thirty
minutes at —78 °C and allowed to warm to room temperature and stirred overnight. The
reaction mixture was concd and the resulting oil was purified using reverse phase
chromatography to afford 0.768 g (93%) of a crystalline solid: "H NMR (CDCl3/400 MHz)
1.24 (t, 3H, J=7.2 Hz), 1.34 (t, 3H, J = 7.2 Hz), 2.45 (q, 2H, J= 7.6 Hz), 4.27-4.35 (m,
2H), 5.78 (q, 1H, J= 6.8 Hz), 7.10 (d, 1H,J=2.4 Hz), 7.32 (d, 1H, J=2.4 Hz), 7.59 (s,
1H); MS (ES+) 359 (M+1, 100).

Step 2. Preparation of §-but-1-ynyl-6-chloro-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid.

[0748] To 0.768 g (2.14 mmole) of ethyl-8-but-1-ynyl-6-chloro-2-(trifluoromethyl)-2H-
chromene-3- carboxylate was added 11 mL of a solvent mixture of THF/EtOH/HgO (7:2:1)
followed by 135 mg (3.22 mmole) of LiOH-H,0. The mixture was stirred at 60 °C for two

hours. The mixture was concd, treated with water, and acidified with 0.5N HCL. The crude
solid was purified by reverse phase chromatography to afford 0.575 g (81%) of a yellow
crystalline solid: 'HNMR (CDC13/400 MHz) 1.24 (t, 3H, J=7.2 Hz), 2.46 (q, sz, J=17.6
Hz), 5.74 (g, 1HJ= 6.8 Hz), 7.16 (d, 1H, J=2.8 Hz), 7.39 (d, 1H, J = 2.4 Hz), 7.81 (s, 1H);
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MS (ES+) 331 (M-+1, 100); HRMS (ES-) m/z caled for (C1sH903ClF3) 329.0187, found
329.0202.

Example 292
Cl O SN COOH
@) CF3
gy

6-Chloro-8-[(2-fluorophenyl)ethynyl]-2-(trifluoromethyl)-2H-chromene-3-

Carboxylic acid

Step 1. Preparation of ethyl-6-chloro-8-[( 2-fluorophenyl)ethynyl}-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0749] To 0.502 g (1.161 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-2H-

chromene-3-carboxylate was added 67 mg (0.060 mmole)
tetrakis(triphenylphosphine)palladium(0), 22 mg (0.116 mmole) copper (I) iodide, 10 mL
degassed toluene, 0.484 mL (3.48 mmole) degassed TEA, and 0.199 mL (1.74 mmole) 2-
fluorophenylacetylene. The mixture was stirred overnight at room temperature. The
mixture was concd and the resulting oil was purified using reverse phase chromatography to
afford 0.440 g (89%) of a crystalline solid: '"H NMR (CDCl3/400 MHz) 1.35 (t,3H, J=6.8
Hz), 4.26-4.38 (m, 2H), 5.83 (q, 1H, J= 6.8 Hz), 7.08-7.15 (m, 2H), 7.18 (d, IHJ =24
Hz), 7.31-7.37 (m, 1H), 7.45 (d, 1H, J = 2.4 Hz), 7.49-7.53 (m, 1H), 7.63 (s, 1H); (ES+) 425
(M+1, 100).

Step 2. Preparation of 6-chloro-8-[(2-fluorophenyl)ethynyl]-2-( trifluoromethyl)-2H-

chromene-3-carboxylic acid.
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[0750] To 0.387 g (0.91 Immole) of ethyl-6-chloro-8-[(2-fluorophenyl)ethynyl]-2-
(triﬂuoromethyl)-ZH—chromene—3—carbox$rlate was added 5.0 mL of a solvent mixture of
THF/EtOH/H,0 (7:2:1) followed by 57 mg (1.37 mmole) of LiOH-H,0. The mixture was
stirred at 60 °C for two hours. The mixture was concd, diluted with water and acidified with |
0.5N HCL. The crude material was purified using reverse phase chromatography to afford
0.289 g (80%) of a yellow crystalline solid: 'H NMR (CDCl3/400 MHz) 5.80 (g, 1H, J=
6.4 Hz), 7.09-7.16 (m, 2H), 7.24 (d, 1H, J = 2.4 Hz), 7.32-7.38 (m, 1H), 7.50-7.54 (m, 2H),
7.83 (s, 1H); MS (ES+) 397 (M+1, 100); HRMS (ES-) m/z calcd for (C19HoO3ClIF4)
395.0093, found 395.0094.

Example 293
Cl O XN COOH
| 0~ “CF,
I

6-Chloro-8-[(3-fluorophenyl)ethynyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

Step 1. Preparation of ethyl-6-Chloro-8-[(3-fluorophenyl)ethynyl]-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.
[0751]  To 0.502 g (1.161 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-2H-

chromene-3-carboxylate was added 67 mg (0.060 mmole)
tetrakis(triphenylphosphine)palladium(0), 22 mg (0.116 mmole) copper (I) iodide, 10 mL
degassed toluene, 0.484 mL (3.48 mmole) degassed TEA, and 0.199 mL (1.74 mmole) 3-
fluorophenylacetylene. The mixture was stirred overnight at room temperature. The
mixture was concd and the resulting oﬂ was purified using reverse phase chromatography to
afford 0.440 g (89%) of a crystalline solid: "H NMR (CDCl3/400 MHz) 1.35 (t, 3H, J= 6.8
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Hz), 4.28-4.37 (m, 2H), 5.83 (g, 1H, J = 6.8 Hz), 7.0447.09 (m, 1H), 7.18 (d, 1H, J=2.4
Hz), 7.20-7.23 (m, 1H), 7.30-7.33 (m, 2H), 7.44 (d, 1H, J= 2.8 Hz), 7.63 (s, 1H); MS (ES+)
425 (M+1, 100).

Step 2. Preparation of 6-chloro-8-[(3-fluorophenyl)ethynyl]-2-(trifluoromethy!)-2H-

chromene-3-carboxvlic acid.

[0752] To 0.440 g (1.036 mmole) of ethyl-6-Chloro-8-[(3-fluorophenyl)ethynyl]-2-

(trifluoromethyl)-2H-chromene-3-carboxylate was added 5.2 mL of a solvent mixture of
THF/EtOH/H,0 (7:2:1) followed by 65 mg (1.55 mmole) of LIOH-H,O. The mixture was
stirred at 60 °C for two hours. The mixture was concd, diluted with water and acidified with
0.5N HCL. The crude material was purified using reverse phase chromatography to afford |
0.387 g (94%) of a yellow crystalline solid: 'H NMR (CDCl5/400 MHz) 5.79 (q, 1H, J=
6.4 Hz), 7.04-7.09 (m, 1H), 7.21-7.23 (m, 2H), 7.31-7.33 (m, 2H), 7.50 (d, 1H, J= 2.4 Hz),
7.84 (s, 1H); MS (ES+) 397 (M+1, 100); HRMS (ES-) m/z caled for (C15HyO3C1Fy)
395.0093, found 395.0092. ‘

Example 294
O
) CFj

Ethyl 6-Chloro-8-(phenylethynyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate

[0753] To 2.000 g (4.624 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-2H-
chromene-3-carboxylate was added 267 mg (0.231 mmole)
tetrakis(triphenylphosphine)palladium(0), 88 mg (0.462 mmole) copper (I) iodide, 40 mL
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degassed toluene, 1.930 mL (13.87 mmole) degassed TEA, and 0.762 mL (6.94 mmole)
phenylacetylene. The mixture was stirred overnight at room temperature. The mixture was
concd and the resulting oil was purified using reverse phase chromatography to afford 1.648
g (88%) of a yellow crystalline solid: "H NMR (CDCl3/400 MHz) 1.35 (t, 3H,J= 7.2 Hz),
4.27-4.39 (m, 2H), 5.83 (q, 1H, J= 6.4 Hz), 7.17 (d, 1H, J = 2.4 Hz), 7.34-7.37 (m, 3H),
7.45 (d, 1H, J= 2.4 Hz), 7.51-7.55 (m, 2H), 7.63 (s, 1H); MS (ES+) 407 (M+1, 100); MS
(EI) 406 (M+, 39), 337 (100), 309 (45).

Example 295

Ethyl 6-chloro-8-[(4-methylphenyl)ethynyl]-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0754] To 2.000 g (4.624 mmole) of ethyl-6-chloro—8-iodo-2-(triﬂuor6methyl)-2H-
chromene-3-carboxylate was added 267 mg (0.231 mmole) '
tetrakis(triphenylphdsphine)palladium(O), 88 mg (0.462 mmole) copper (I) iodide, 40 mL
degassed toluene, 1.930 mL (13.87 mmole) degasséd TEA, and 0.880 mL (6.94 mmole) 4-
ethnyltoluene. The mixture was stirred overnight at room temperature. The mixture was
concd and the resulting oil was purified using reverse phase chromatography to afford 1.193
g (61%) of a yellow crystalline solid: 'H NMR (CDCIl3/400 MHz) 1.35 (t, 3H, J= 7.2 Hz),
2.36 (s, 3H), 4.28-4.37 (m, 2H), 5.82 (q, 1H, J = 6.8 Hz), 7.14-7.17 (m, 3H), 7.41-7.43 (m,
3H), 7.62 (s, 1H); MS (ES+) 421 (M+1, 100); MS (EI) 420 (M+, 42), 351 (100), 323 (49).
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Example 296 |
O
- Cl AN o
‘ o~ > CF,

F

Ethyl 6-chloro-8-[(4-fluorophenyl)ethynyl]-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0755] To 2.000 g (4.624 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-2H-
chromene-3-carboxylate was added 267 mg (0.231 mmole)
tetrakis(triphenylphosphine)palladium(0), 88 mg (0.462 mmole) copper (I) iodide, 40 mL
degassed toluene, 1.930 mL (13.87 mmole) degassed TEA, and 0.833 g (6.94 mmole)1-
ethnyl-4-fluorobenzene. The mixture was stirred overnight at room temperature. The
mixture was concd and the resulting oil was purified using reverse phase chromatography to
afford 1.804 g (92%) of a tan crystalline solid: 'H NMR (CDCl3/400 MHz) 1.35 (t, 3H, J=
7.2 Hz), 4.27-4.39 (m, 2H), 5.82 (q, 1H, J= 6.8 Hz), 7.02-7.08 (m, 2H), 7.17 (d, 1H, J=2.4
Hz), 7.43 (d, 1H, J= 2.4 Hz), 7.49-7.53 (m, 2H), 7.63 (s, 1H); MS (ES+) 425 (M1, 100);
MS (EI) 424 (M+, 34), 355 (100)? 327 (55). '

Example 297
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Cl N O/\

Ethyl 6-chloro-8-(3-methylbut-1-ynyl)-2-(trifluoromethyl)-2H-chromene-3-

carboxylate

[0756] To 2.000 g (4.624 mmole) of ethyl-6-chloro-8-iodo-2-(trifluoromethyl)-2H-
chromene-3-carboxylate was added 267 mg (0.231 mmole) ‘
tetrakis(triphenylphosphine)palladium(0), 88 mg (0.462 mmole) copper (I) iodide, 40 mL
degassed toluene, 1.930 mL (13.87 mmole) degassed TEA, and 0.473 g (6.94 mmole) 3-
methyl-1-butyne. The mixture was stirred overnight at room temperature. The mixture was
concd and the resulting oil was purified using reverse phase chromatography to afford 1.573
g (91%) of a yellow crystalline solid: "H NMR (CDCl3/400 MHz) 1.26 (d, 6H, J = 6.8 Hz),
1.34 (t, 3H, J= 7.2 Hz), 2.80 (septet, 1H, J = 6.8 Hz), 4.27-4.35 (m, 2H), 5.78 (¢, 1H, J =
6.8 Hz), 7.09 (d, 1H, J= 2.4 Hz), 7.31 (d, 1H, J= 2.4 Hz), 7.59 (s, 1H); MS (ES+) 373
(M+1, 100); MS (EI) 372 (M+, 22), 303 (100), 275 (35). |

Preparation of Wang resin 6-chloro-8-iodo-2-(triflnoromethyl)-2H-chromene-3-

carboxylate.

o 0

)—B (J
r cl N o/.'
: >

0~ "CF; DMA, Cs,CO3 0~ “CF;

“ Ny oH
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[0757]  To a slurry of 53 g (63.6 mmole) of bromo-Wang resin (4-
(Bromomethyl)phenoxymethylpolystyrene, NovaBiochem cat # 01-64-0186, 1.20 meq/g) in
1 L of anhydrous dimethylacetamide was added 31.1 g (95.5 mmole) of cesium carbonate
and 38.62 g (95.5 mmole) of 6-chloro-8-iodo-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid. The slurry was allowed to stir at it overnight. The mixture Wés filtered and
the resin washed three times each with DMF, MeOH and CH,Cl,. The collected resin was
air dried to afford 73.75 g of a yellow-white resin. Resin loading was determined by direct
cleavage NMR by treatment of 73.4 mg of resin with 1.00 mL of a 5.85 M solution of
hexamethyldisiloxane in CDCI3/TFA (1:1). After 1 h, the filtrate was collected and the
resin washed three times with a minimal amount of CDCl;. The combined filtrates were
analyzed by NMR to provide loading and analysis of the resin: Direct Cleavage "HNMR
loading = 1.071 meq/g; "H NMR (CDCl; + TFA/400 MHz) 5.79 (g, 1H, J= 6.6 Hz), 727
(d, 1H, J=2.2 Hz), 7.81 (m, 2H).

Preparation of 6-Chloro-8-aryl-2-(trifluoromethyl)-2H-chromene-3-carboxylic Acids

by Suzuki Couplings

0 0
. () 1) R-B(OH)z, Pd(PPhg)s, C|
c X o/. K,COs, DMF Xy “oH
Y
O" CFs 2) TFA, CH,Cly 0~ "CF;
| ~ R
Example 298

cl O ~~COOH
0~ CF,

F

6-Chloro-8-(4-fluorophenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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[0758]  Preparation of 6-chloro-8-(4-ﬂuorophenyl)-2-(triﬂuoromethyl)-2H—chr6mene—3-
carboxylic acid. To 0.400 g (0.428 mmole) of Wang resin 6-chloro-8-iodo-2-
(trifluoromethyl)-2H-chromene-3-carboxylate was added 50 mg (0.043 mmole)
tetrakis(triphenylphosphine)palladium(0), 0.180 g (1.285 mmole) 4-fluorophenylboronic
acid, 0.857 mL K,CO3 (2M soln degassed), and 4 mL degassed DMF. The reaction mixture
was heated to 100 °C for 18 hr. The reaction mixture was transferred and washed as
follows: DMF (x5), H,0 (x5), MeOH (x5), and CH,Cl, (x5). The resin was treated with 2
mL (TFA:CH,CL,, 1:1) for 30 minutes. The filtrate was collected and treatment was
repeated. The resin was washed with CH,Cl, (x2) and all filtrates were combined and
concd. The resulting oil was purified using reverse phase chromatography to afford 0.055 g
(34%) of a yellow crystalline solid: "H NMR (CDCl5/400 MHz) 5.66 (q, 1H, J= 6.8 Hz),
7.10-7.15 (m, 2H), 7.26 (d, 1H, J = 2.4 Hz), 7.37 (d, 1H, J = 2.4 Hz), 7.42-7.47 (m, 2H),
7.90 (s, 1H); MS (ES+) 373 (M+1, 100); HRMS (ES-) m/z caled for (C17Hs05CIFy)
371.0093, found 371.0067.

Preparation of 6-Chloro-8-aryl-2-(trifluoromethyl)-2H-chromene-3-carboxylic Acids
by a Parallel Method

[0759] The following Examples in table 5 were prepared as previously described for 6-
chloro-8-(4-fluorophenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid using

parallel synthesis apparatus and were purified as needed by reverse phase chromatography.

Table 5: Yield, Purity and Mass Spectral Data for 6-Chloro-8-aryl-2-(trifluoromethyl)-2H-
chromene-3-carboxylic Acids Prepared by Paralle]l Synthesis Methods.

Table 5
o)
cl o
0~ CF,
R
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Example LC (min) | MS (ES+) HRMS % Purity % Yield

298 2.391 373 371.0067 100 34
299 2.705 407 404.9710 100 25
300 3.055 - 423 420.9372 100 44
301 2.960 - 423 420.9399 100 38
302 2.389 373 371.0084 100 - 34
303 2.631 389 386.9831 100 37
304 2478 369 367.0361 100 36
305 2.594 369 1367.0321 100 38
306 2.604 369 367.0303 | 100 33
307 2.674 423 421.0025 100 B 40
308 2.742 423 421.0016 100 43
309 2.582 399 397.0485 100 18
310 2.809 439 437.0014 100 ‘ 37
311 2.070 380 378.0154 100 24
312 2.051 383 381.0119 100 14
313 2.585 399 A 397.0439 100 4
314 3.355° 399 397.0470 100 11
315 2.040 383 381.0160 100 15
316 | 3.059 491 489.0095 100 32
317 2.168 356 354.0106 100 6
318 2.448 423 421.0026 100 11
319 2.860 415 - 100 22
320 2.389 401 399.0082 100 19
321 2.100 380 378.0138 100 23
322 1.215 356 354.0174 100 18
323 2.501 391 388.9970 100 39
324 1.718 399 397.0072 99 ﬂ 3
325 2.860 383 381.0519 100 - 28
326 3.030 397 395.0640 100 15
327 3.239 411 409.0766 100 38
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Example LC (min) | MS (ES+) HRMS % Purity % Yield
328 3.582° 383 381.0549 100 38
329 3329° | 414 412.0220 100 43
330 3.808 431 429.0453 100 36
331 | 4.055° 411 409.0775 100 41
332 3.382 419 416.9866 100 20
333 3.0060 | 397 395.0312 100 34
334 3.661° 383 381.0509 |- 100 42
335 3.519 387 385.0288 100 38
336 2.327° 384 384.0643° 100 20
337 3.210°% 413 411.0242 100 18
338 3.619 383 381.0498 100 40
339 $2.529° 428 428.0497° 100 13
340 2.640% 385 383.0324 100 17
341 1.295 384 384.0643° 92 5
342 1.755° 371 369.0152 100 4
343 2.461 439 - 437.0397 100 22
344 2.007 394 392.0304 100 1
345 3.083" 413 411.0199 100 30
346 3.903* 403 400.9926 100 39
347 2.858° 425 423.0201 100 9
348 2.656 399 397.0095 100 4
349 3.643° 387 382.0242 100 31
350 3.099° 445 443.0473 100 , 4
351 2.609° - 412 412.0553° 100 12
352 3.799* 439 436.9999 100 4
353 28247 | 427 | 4250346 | 100 5
354 3.069” 397 395.0280 100 11
355 3322° | . 403 - 100 27
356 3.623 399 397.0442 99 58
357 4.229° 411 409.0797 100 35
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Example | LC (min) | MS(ESH) | HRMS | %Purity | % Yield
358 2.670° 448 465.0491° 100 13
359 3.495° 427 425.0360 100 33
360 2.590° 412 425.0588 100 18
361 3.971 447 445,0463 100 18
362 3.671° 413 411.0573 100 23
363 1.895° 370 368.0321 100 15
364 3.268" 361 358.9743 100 3
365 3.260 400 398.0000 100 39
366 1.942 370 370.0462° 100 .25
367 2.493 398 398.0803° 100 34
368 3.553 427 425.0385 100 30
369 2.488" 428 428.0530° 100 16

'See General Experimental section for description of recorded data. LC indicates the

chromatographic retention time determined with a linear gradient from 40% acetonitrile in

0.1% TEA/water at time = 0 min to 95% acetonitrile at 4.5 min. HRMS indicates the

observed molecular ion (M-H) by high-resolution mass spectrometry in electrospray

negative mode. % Purity was determined by ELS detection. ?LC indicates the

chromatographic retention time determined with a linear gradient from 5% acetonitrile in

0.1% TFA/water at time = 0 min to 95% acetonitrile at 4.5 min. *Electrospray positive

mode, M+1 ion. “Electrospray positive mode, M+NH, ion.

Example 319
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e O .~ COOH
0~ “CF,

S

)

6-Chloro-8-[4-(ethylthio)phenyl]-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0760] Preparation of 6-chloro-8-[4-(ethylthio)phenyl]-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid. The sample obtained from the parallel synthesis method was
purified using reverse phase chromatography to afford 0.039 g (22%) of a yellow crystalline
solid: '"H NMR (CDCl3/400 MHz) 1.36 (t, 3H, J=7.2 Hz), 3.00 (q, 2H, J = 7.2 Hz), 5.68
(q, 1H, J= 6.8 Hz), 7.22 (d, 1H, J=2.4 Hz), 7.34-7.41 (m, 5H), 7.81 (s, 1H); MS (ES+) 415
(M+1, 100).

Example 323

cl O N COOH
0~ “CF,
F F

6-Chloro-8-(3,5-difluorophenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0761] Preparation of 6-chloro—8-(3,5-diﬂuorophenyl)-2—(triﬂuoromethy1)-2H-..
chromene-3-carboxylic acid. The sample obtained from the parallel synthesis method was
purified using reverse phase chromatography to afford 0.066 g (39%) of a yelloW crystalline
solid: 'H NMR (CDCl3/400 MHz) 5.69 (q, 1H, J = 6.8 Hz), 6.82-6.87 (m, 1H), 6.99-7.05
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(m, 2H), 7.31 (4, 1H, J = 2.4 Hz), 7.38 (d, 1H, J= 2.8 Hz), 7.91 (s, 1H); MS (ES-) 389 (M-
1, 100); HRMS (ES-) m/z caled for (C17HsO5CIFs) 388.9998, found 388.9970.

Example 335

6-Chloro-8-(3-fluoro-4-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid

[0762] Preparation of 6-Chloro-8-(3-fluoro-4-methylphenyl)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid. The sample obtained from the parallel synthesis method
(0.536 mmol scale) was purified using reverse phase chromatography to afford 0.079 g
(38%) of a yellow crystalline solid: 'H NMR (CDC13/400 MHz) 2.32 (d, 3H, J= 1.6 Hz),
5.66 (q, 1H, J= 6.8 Hz), 7.13-7.16 (m, 2H), 7.25-7.27 (m, 2H), 7.37 (d, 1H, J= 2.4 Hz),
7.89 (s, 1H); MS (ES+) 387 (M+1, 100); HRMS (ES-) m/z calcd for (C1sH1103CIF4)
385.0249, found 385.0288.

Example 334

ClmCOOH
< 0" CF;
]
A

/

6-Chloro-8-(4-ethylphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid
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[0763] ‘Preparation of 6-chloro-8-(4-ethylphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid. The sample obtained from the parallel synthesis method (0.536 mmole
scale) was purified using reverse phase chromatography to afford 0.087 g (42%) of a yellow
crystalline solid: 'H NMR (CDCl3/400 MHz) 1.28 (t, 3H, J= 7.6 Hz), 2.70 (q, 2H; J=17.6 '
Hz), 5.68 (q, 1H, J= 6.8 Hz), 7.21 (d, 1H, J=2.8 Hz), 7.27-7.29 (m, 2H), 7.36 (d, 1H, J=
2.4 Hz), 7.39-7.41 (m, 2H), 7.82 (s, 1H); MS (ES+) 383 (M+1, 100); HRMS (ES-) m/z
caled for (CoH;405CIF3) 381.0500, found 381.0509.

Example 346

A\/ECOOH
~N

0~ CF,

Gl

)

>

4(
/

6-Chloro-8-(4-chloro-3-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylic
acid
[0764] Preparation of 6-chloro-8-(4-chloro-3-methylphenyl)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid. The sample obtained from the parallel synthesis method
(0.536 mmole scale) was purified using reverse phase chromatography to afford 0.085 g
(39%) of a yellow crystalline solid: 'H NMR (CD;0D/400 MHz) 2.36 (s, 3H), 5.73 (g, 1H,
J= 6.8 Hz), 7.21-7.23 (m, 1H), 7.28-7.29 (m, 1H), 7.32-7.35 (m, 3H), 7.75 (s, 1H); MS
(ES-) 401 (M-1, 100); HRMS (ES-) m/z calcd for (C1sH1103CLF3) 400.9954, found
400.9926. | :

Example 356
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~

6-Chloro-8-(4-methoxy-3-methylphenyl)-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid

[0765] Preparation of 6-chloro-8-(4-methoxy-3-methylphenyl)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid. The sample obtained from the parallel synthesis method
(0.536 mmole scale) was purified using reverse phase chromatography to afford 0.124 g
(58%) of a yellow crystalline solid: "H NMR (CD;0D/400 MHz) 2.20 (s, 3H), 3.84 (s,
3H), 5.74 (q, 1H, J = 6.8 Hz), 6.92 (d, 1H, J= 8.0 Hz), 7.25-7.29 (m, 4H), 7.76 (s, 1H); MS
(ES+) 399 (M+1, 100); HRMS (ES-) m/z caled for (C19H1404CIF3) 397.0449, found
397.0442. |

Parallel Synthesis of a Compound Library with 6 and 7-Position Substitutions.

BOS W
0" CF,4

R,

X=HorCl
R = as described

(Preparation of Intermediates and Synthesis of Examples 370-483)

Preparation of Ethyl 6-Chloro-7-fluoro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate
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CO,Et

—f o]
al hexamethylene- ol ' CHO / | ,
D\ tetramine o j@( F3C g C N OEt
F OH CH3SOzH F on KeCOs DMF 0" CF,

Step 1. Preparation of 5-chloro-4-ﬂuoro-2—hvdfovaenzaldehvde.
[0766] To the 4-chloro-3-fluorophenol (25 g, 171 mmole) was added methanesulfonic

acid (130 mL) and the mixture was stirred at 1. An ice-water bath was used to bring the
temperature of the stirred mixture to 10 °C. Methenamine (47.8 g, 341 mmole) was added
portionwise in 3 gm scoops to allow the solid to dissolve and keep the temperature below 40
°C. Addition was complete after 90 minutes. - CAUTION: If the addition is carried out too
fast, the solid will react exothermically with the acid and decompose. The mixture was
heated to 100 °C. At 70 °C, a change in the reaction mixture color was noticed and a solid
formed. Once the temperature of 100 °C was reached, the heating manifold was removed
and the mixture allowed to cool to rt. The reaction mixture was poured into 1L of ice water
and extracted 3 times with CH,Cl,. The combined extracts were filtered through a silica
plug (4.5 x 9 cm), washed with additional CHCl, and concd to give a crude yellow solid.
Kugelrohr distillation (100 mtorr, 60 °C) gave 18.06 g (60.6%) of a white solid: 'H NMR
(CDCl3) 6.79 (d, 1H, J = 10.3 Hz), 7.62 (d, 1H, J=7.9 Hz), 9.80 (s, 1H),11.23(d, 1H,J
=1.5 Hz).

Sfen 2. Preparation of ethyl 6-chloro-7 -fluoro-2-(trifluoromethyl)-2H-chromene-3-

carboxylate.
[0767] To the aldehyde (17.46 g, 100 mmole) from Step 1 in 25 mL of DMF was added

K,CO;5(15.2 g, 110 mmole). The mixture was stirred, heated to 70 °C and treated with ethyl
trifluorocrotonate (22.4 mL, 150 mmole). After 2 h, the mixture was heated to 95 °C. After
a total of 4 h, an additional 16 mL of ethyl trifluorocrotonate was added and the mixture
allowed to stir for 4 h at 95 °C and an additional 12 h at rt. The reaction was complete by
LCMS. This mixture was treated with 300 mL of 1N HCl and extracted 4 times with
CH,Cl,. The combined extracts were filtered through silica (4.5 x 6 cm) and the silica plug
washed with additional CH,Cl,. The extracts were concd, the crude solid triturated with
cold methanol, the solid collected and air dried to afford 19.1 g of a tan solid. The mother

liquors were concd, dissolved in CH,Cl, and filtered through a new silica plug following the
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same approach as above to give a second crop of 4.1 glof solid. The mother liquors were
diluted with H,O and the solid collected to give a third crop of 3.16 g of solid. Total yield
was 26.36 g (81.2%). The first and second crop were >95% by 'HNMR. The third crop
was >90% pure: 'HNMR (CDCl3) 1.35 (t, 3H, J= 7.1 Hz), 4.33 (m, 2H), 5.71 (q, 1H, J= 6.7
Hz), 6.82 (d, 1H, J= 9.4 Hz), 7.28 (d, 1H, 7.9 Hz), 7.63 (s, 1H). "FNMR (CDCI3) -78.9 (d,
3F, J= 6.7 Hz), -106.7 (t, 1F, J= 8.7 Hz). *CNMR (CDCI3) 14.2,61.7,70.9 (g, C2, J=
33.3 Hz), 105.5 (d, C8, J=25.5 Hz), 114.9 (d, /= 18.7 Hz), 116.4, 117.1, 123.1 (g, CF3, /=
287.2 Hz), 130.4 (d, J= 1.5 Hz), 134.9 (d, /= 1.9 Hz), 152.9 (d, /= 11.4 Hz), 160.1 (d, C7,
J=255.2 Hz), 163.4 (C=0); MS(ES+) 325 (M+1, 100).

Preparation of 6-Chloro-7-aryloxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic

Acids
f o)
cl - COEL  1)ROH, K,CO4 Cl v “OH
. B >
F 0~ "CF; 2) LiOH 0 0~ "CF,
s 4
Example 370

CImCOOH
9) 0] CF,

6-Chloro-7-(2-chloro-4,5-dimethylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-

Cl

carboxylic acid

Step 1. Preparation of ethyl 6-chloro-7-(2-chloro-4,5-dimethylphenoxy)-2-(trifluoromethyl)-

2H-chromene-3-carboxylate.
[0768]  To 325 mg (1.0 mmole) of ethyl 6-chloro-7-fluoro-2-(trifluoromethyl)-2H-

chromene-3-carboxylate in 2.5 mL of DMF was added 172 mg (1.1 mmole) of 2-chloro-4,5-
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dimethylphenol and 193.5 mg (1.4 mmole) of potassium carbonate. The suspension was
prepared in a capped vial and placed in an aluminum heating block equipped with a shaker.
The aluminum block was héated to 110 °C for 16h. After allowing the vial to cool, the
mixture was treated with 10 mL of water and 2 mL of diethyl ether. The organic layer was |
removed and the aqueous layer extracted two times with diethyl ether. Combined organic
‘extracts were filtered through 5 g of silica and the silica washed with 10 mL of diethyl
ether. The filtrates were concentrated under a stream of N, to afford an off-white solid,
which was used in the ﬁext step without further purification: 'H NMR (CDCl3/300 MHz)
1.36 (t, 3H, J= 7.2 Hz), 2.25, (s, 3H), 2.27 (s, 3H), 4.32 (m, 2H), 5.66 (g, 1H, /= 6.8 Hz),
" 6.27 (s, 1H), 6.93 (2, 1H), 7.25 (s, 1H), 7.33 (s, 1H), 7.66 (s, 1H); F NMR (CDCl3/300
MHz) -78.9 (d, 3F, J= 6.2 Hz).

Step 2. Preparation of 6-Chloro-7-(2-chloro-4.5-dimethylphenoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0769]  To the concd product of step 1 in a suitable vial was added 400 mg ( mmole) of
lithium hydroxide monohydrate, 1 mL of water, 2 mL of methanol and 7 mL of THF. The
vial was capped, in an aluminum heating block and the block heated to 100 °C for 30 min.
After allowing the vial to cool to rt, the mixture was treated with 5 mL of 1N HCl and 2 mL
of diethyl ether. The organié layer was removed and the aqueous layer extracted two times
with diethyl ether. Combined organic extracts were concd by evaporation of solvent under
a stream of N followed by conc in vacuo to afford 150 mg (34.6%) of a yellow solid: 'H
NMR (CDCl3/300 MHz) 2.26 (s, 3H), 5.64 (q, 1H, J= 6.8 Hz), 6.27 (s, 1H), 6.94 (s, 1H),
7.26 (s, 1H), 7.3H (s, 1H), 11.28 (hs, 1H); MS (ES-) 431 (M-1, 100); HRMS (ES-) m/z
caled for (M-H; C19H;2CLF304) 431.0059, found 431.0048.

Preparation of 6-Chloro-7-aryloxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic
Acids by a Parallel Method

[0770] The following Examples in Table 6 were prepared as previously described for 6-
chloro-7-(2-chloro-4,5-dimethylphenoxy)-2-(trifluoromethyl)-2H-chromene-3 -carboxylic

acid using parallel synthesis apparatus with each reaction carried out on either 1.0 or 0.5
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mmole scale. Products were purified as needed by reverse phase chromatography (C18 ,

column, 40 mm i.d. x 100 mm, gradient CH3CN/0.1 % TFA in H,0).

Table 6: Yield, Purity, Mass Spectral Data and HPLC Retention Time for 6-Chloro-7-
aryloxy-2-(trifluoromethyl)-2H-chromene-3-carboxylic Acids Prepared by Parallel
Synthesis Methods'

Table 6
CImCOOH
Rvo 0~ CF,

Example LC (ret. Time) MS (ES+) % Purity % Yield
370 - 4.304 433 95 34.6
371 3.581 399 89 76.1
372 ‘ - 3.377 417 99 79.1
373 3.636 419 99 78.0
374 A 3.793 453 99 79.1
375 3.704 : 413 83 71.7
376 3.555 399 95 82.5
377 3.38 385 99 80.2
378 3.587 399 \ 94 77.2
379 3.363 385 99 68.8
380 2.295 | 414 94 68.7
381 3.888 445 99 40.3
382 3.837 425 94 82.1
383 3.768 413 91 81.9
384 3.748 453 85 62.2
385 3.712 413 94 70.1
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Example LC (ret. Time) MS (ES+) % Purity % Yield
386 3.736 E 94 T 826
387 3.829 T 427 04 75.9°
388 3.525 463° 99 769
389 3.868 427 9% 85.1
390 3.666 411 96 76.3
391 3111 389 99 67.0
392 3.347 ~ 385 94 70.5
393 2216 436 99 13.1
394 2.99 406 o1 498
395 3.305 415 99 68.3
396 2.801 T 93 458
397 T 1895 | 386 99 T 487
398 3812 443 99 63.6
399 3.151 389 97 60.6
400 2.964 415 99 64.3
401 3.024 389 99 62.1
402 2811 431 99 63.0
403 73,669 477 99 58.6
404 3.227 435 99 61.1
405 3376 403 99 69.9
406 3.558 T 451 97 T 546
407 3.825 433 92 72.5
408 ~ 3.631 49 95 T 66.7
409 3.345 403 95 683
410 2.717 450° 99 52.4
411 3.009 407 99 67.9
412 3.803 433 99 704
413 3.501 439 99 62.2
414 3.956 605* 99 67.8
415 3.691 527 93 71.1
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Example LC (ret. Time) MS (ESH | % Purity % Yield
416 3.25 449° 99 - 61.3
417 3.809 475 99 53.6
418 3.651 439 99 - 64.3
419 3.71 499° 99 59.5
420 3.328 467° 99 70.2
421 - 3.317 467° 99 53.9
422 3.317 485° : 91 746
423 3.587 453° 99 0.0
424 2.78 426 99 0.0
425 3.069 430 99 0.0
426 3.893 422 77 2.7
427 3.878 436 74 1.7
428 3.506 512 95 74
429 ~3.319 421 91 2.0
430 © 2.838 406 89 17.3
431 3.312 450° 95 160
432 T 3.836 490 o2 438
433 3.33 423 99 36.9
434 3.993 427 99 21.6
435 3.885 413 99 27.2
436 3.516 473 74 27.0
437 3.469 423 99 33.6
438 - 3.136 407 99 41.7
439 3.445 457 99 40.7
440 3.334 403 99 34.5
441 3.651 399 99 28.5
442 3.674 419 99 23.6
443 3.582 467° 99 37.7
444 3.433 403 99 36.1
445 , 3.74 473 99 18.4
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Example LC (ref. Time) MS (ES+) % Purity % Yield
446 3.858 461 99 31.5
447 3.957 481 99 28.7
448 3.151 429° 99 33.6
449 3.88 511 99 31.5
450 3.739 483° 99 38.6
451 3.837 413 99 21.1
452 3.981 T 463 99 383
453 3.778 419 99 35.1
454 3.86 399 99 31.7
455 4379 489 99 37.9
456 4.308 481 99 33.0
457 437 439 99 30.5
458 3.817 441 99 278
459 4.056 413 BT, 38.1
460 3.54 415 99 26.8
461 2.815 415 99 37.4
462 4.267 427 99 26.9
463 4379 441 99 33.7
464 13,772 441 99 317
465 2.97 449 99 31.1
466 3.606 ' 449° 99 40.8
467 3.151 383’ 99 - 41.7
468 2.516 383° 99 29.6

iSee General Experimental section for description of recorded data. % Purity was
determined by UV at 254 nm. ?Listed ion is the M+1 of a Cl; cluster; (M+1, 100; M+3, 97).
3Listed ion is the M+1 of a Cle cluster; (M+1, 77, M+3, 100). 4Listed ion is the M+1 of a
CIBr; cluster; (M+1, 44; M+3, 100). %429 (M+1, 65), 397 (100). ®Listed ion is the M+1 of a
Cl,Br cluster; (M+1, 61; M+3, 100). 7383 (M-OCHj, 100), detailed characterizétion
obtained by ES-, '"H NMR and HRMS (see below). *383 (M-OH, 100), detailed
characterization obtained by ES-, 'H NMR and HRMS (see below).
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Example 395
VO\@f‘mCOOH
@) @) CF3

6-Chloro-7-(4-ethoxyphenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic

acid

[0771] The sample obtained from the parallel synthesis method (table 2) was concd to
afford 141.8 mg (68.3 %) of an off-white solid: TH NMR (d-acetone/400 MHz) 1.37 (t,
3H,J=7.0 Hz), 4.06 (q, 2H, J= 7.0 Hz), 5.77 (g, 1H, J= 7.1 Hz), 6.38 (s, 1H), 7.01 (d, 2H,
J=6.8 Hz), 7.09 (d, 2H, J= 6.8 Hz), 7.64 (s, 1H), 7.85 (s, 1H); '°F NMR (d*-acetone/400
MHz) -79.4 (d, 3F, J = 7.7 Hz); *C NMR (d-acetone /100 MHz) 15.0, 64.4,71.5 (q,J =
32.7 Hz), 105.3, 115.5, 116.6, 117.5, 122.2, 124.5 (q, J= 287.1 Hz), 131.6, 136.1, 148.8,
153.7, 157.5, 158.6, 163.3; MS (ES-) 413 (M-1, 100); HRMS (ES-) m/z calcd for
(C1oH;3CIF305) 413.0398, found 413.0396.

Example 432
ClmCOOH
o) O CF,
=z
|
N
CF4

6-Chloro-2-(trifluoromethyl)-7-{[8-(trifluoromethyl)quinolin-4-yl]oxy}-2H-chromene-
3-carboxylic acid -

[0772] The sample obtained from the parallel synthesis method (table 2) was concd to

afford 11.7 mg (4.8 %) of an off-white solid: "H NMR (d®-acetone/400 MHz) 5.93 (g, 1H, J
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=7.0 Hz), 6.86 (d, 1H, J=5.1 Hz), 7.24 (s, 1H), 7.82 (m, 2H), 7.98 (d, 1H, J="7.4 Hz),
8.25 (d, 1H, J=7.2 Hz), 8.65 (d, 1H, J=85 Hz), 8.88 (d, 1H, J = 5.1 HZ); "°F NMR (d’-
acetone /400 MHz) -60.9 (s, 3F), -79.3 (4, 3F, J= 7.7 Hz); MS (ES-) 488 (M+1, IOAO);
HRMS (ES-) m/z caled for (C21HsCIF6NO4) 488.0119, found 488.0112.

Example 443
0) 0) CF3
6-Chloro-7-(4-ethylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0773] The sample obtained from the parallel synthesis method (table 2) was concd to
afford 56.8 mg (28.5 %) of an off-white solid: "H NMR (d®-acetone/400 MHz) 1.22 (t, 3H,
J=17.6 Hz), 2.66 (q, 2H, J= 7.6 Hz), 5.78 (q, 1H, J= 7.1 Hz), 6.45 (s, 1H), 7.04 (d, 2H, J =
8.4 Hz), 7.31 (d, 2H, J = 8.5 Hz), 7.67 (s, 1H), 7.88 (s, 1H); MS (ES-) 397 (M-1, 100);
HRMS (ES-) m/z caled for (C1sH13CIF304) 397.0449, found 397.0484.

Example 444
F
Cl mCOOH
0] O CF3

6-Chlor0-7-(5-ﬂuor0-2-methylphenoxy)-z-(triﬂuoromethyl)-2H-chroméne-3-

carboxylic acid

[0774]  The sample obtained from the parallel synthesis method (table 2) was.concd to
afford 72.7 mg (36.1 %) of an off-white solid: 'H NMR (d°-acetone/300 MHz) 2.22 (s, 3H),
5.85 (q, 1H, J= 7.0 Hz), 6.53 (s, 1H), 6.88 (dd, 1H), 7.02 (dt, 1H), 7.43 (t, 1H), 7.75 (s,
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1H), 7.94 (s,1H); MS (ES-) 401 (M-1, 100); HRMS (ES-) m/z caled for (M-1;
C18H10C1F404) 401.0198, found 401.0187.

Example 454
| CImCOOH
O O CFj3
6-Chloro-7-(2,5-dimethylphenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylic acid

[0775] The sample obtained from the parallel synthesis method (table 2) was concd to
afford 63.2 mg (31.7 %) of an off-white solid: '"H NMR (CD3;0D/300 MHz) 2.13 (s, 3H),
2.35 (s, 3H), 5.73 (q, 1H, J= 7.0 Hz), 6.18 (s, 1H), 6.83 (s, 1H), 7.05 (d, 1H, J= 7.8 Hz),
7.24 (d, 1H, J= 7.7 Hz), 7.54 (s, 1H), 7.79 (s, 1H); MS (ES-) 397 (M-1, 100); HRMS (ES-)
m/z caled for (C19H;3CIF304) 397.0449, found 397.0419.

Example 467
~ O/\@:I mCOOH
o) O CF4
6-Chloro-7-[4-(methoxymethyl)phenoxy]-2-(trifluoromethyl)-2H-chromene-3-
carboxylic acid
[0776] The sample obtained from the parallel synthesis method (table 2) was conced to
afford 86.3 mg (41.7 %) of an off-white solid: "H NMR (d®-acetone/300 MHz) 3.39 (s, 3H),
4.49 (s, 2H), 5.84 (g, 1H, J=7.0 Hz), 6.57 (s, 1H), 7.14 (4, 2H, J = 6.6 Hz), 7.48 (d, 2H, J =

8.6 Hz), 7.72 (s, 1H), 7.93 (s, 1H); MS (ES-) 413 (M-1, 100); HRMS (ES-) m/z calcd for
(M-1; C1oH;3CIF;05) 413.0398, found 413.0443.
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Example 468
Cl H
Ho/\©\ mCOO
O O CFj3

6-Chloro-7-[4-(hydroxymethyl)phenoxy]-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0777] The sample obtained from the parallel synthesis method (table 2) was concd to
afford 59.2 mg (29.6 %) of an off-white solid: "H NMR (d°-acetone/300 MHz) 2.67 (s, 1H),
4.71 (s, 2H), 5.83 (q, 1H, J=17.0 Hz), 6.52 (s, 1H), 7.13 (d, 2H, J= 6.6 Hz), 7.51 (d, 2H, J=
8.6 Hz), 7.72 (s, 1H), 7.92 (s, 1H); MS (ES-) 399 (M-1, 100); HRMS (ES-) m/z calcd for
(M-1; C13H;;CIF505) 399.0242, found 399.0267.

Example 469

\ 0
Cl COOH
o) 0~ “CF;

7-[4-(2-Carb0xyethyl)phenoxy]-6-chlér0-2-(triﬂuofomethyl)-2H-chr0mene-3-

carboxylic acid

[0778] Using the two step parallel synthesis route from ethyl 6-chloro-7-fluoro-2- '
(triﬂuoromethyl)—ZH—chromene-3-carboxylate and methyl 3-(4-hydroxyphenyl)propionate, a
mixture of two components was ‘o‘btained. The two products were separated by reverse
phase chromatography (C18, 4 cm i.d. x 10 cm, 5% to 95% gradient -
CH;CN/H,0/0.1%TFA). The less retained component (analytical LC retention time = 3.40
min, ELS purity > 99%) was concd in vacuo to afford 61.1 mg (27.6%) of a white solid: 'H
NMR (dP-acetone /400 MHz) 2.59 (t, 2H, J="17.6 Hz), 2.92 (t, 2H, J= 7.6 Hz), 5.78 (q, 1H,
J=17.1Hz),7.04 (d, 2H, J = 8.6 Hz), 7.36 (d, 2H, J = 8.6 Hz), 7.66 (s, 1H), 7.82 (s, 1H); "’F
NMR (dé-acetone /100 MHz) -79.2 (d, 3F, J = 6.8 Hz); MS(ES+) 443 (75%, M+1), 465
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(100%, M-+Na); MS(ES-) 441 (M-1, 100); HRMS (ES\) m/z caled for (M-1; CooHi306C1F3)
441.0347, found 441.0347.

Example 470

O
\O)k/\dlmCOOH
o) o) CF3

6-Chloro-7-[4- (3—methoxy-3 -oxopropyl)phenoxy]-2-(trifluoromethyl)-2H-chromene-3-

carboxylic acid

[0779] Using the two step parallel synthesis route from ethyl 6-chloro-7-fluoro-2-
(triﬂuoromethyi)—ZH—chromene-3-carboxylate and methyl 3-(4-hydroxyphenyl)propionate, a
mixture of two components was obtained. The two products were sepérated by reverse
phase chromatography (C18, 4 cm i.d. x 10 cm, 5% to 95% gradient
CH;CN/H,0/0.1%TFA). The more retained component (analytical LC retention time =
3.83 min, ELS purity > 99%) was concd in vacuo to afford 66.0 mg (29.0%) of a white
solid: "H NMR (d-acetone /400 MHz) 2.64 (t, 2H, J=7.6 Hz), 2.94 (t, 2H, J=17.6 Hz),
3.82 (s, 3H), 5.80 (q, 1H, J= 7.0 Hz), 7.04 (d, 2H, J = 8.6 Hz), 7.36 (d, 2H, J = 8.6 Hz),
7.67 (s, 1H), 7.86 (s, 1H); ’F NMR (d-acetone /100 MHz) -79.5 (d, 3F, J="7.7 Hz); MS
(ES+) 457 (M+1, 100); MS(ES-) 455 (M-1, 100); HRMS (ES-) m/z calcd for (M-1;
C,1H;606CIF3) 455.0504, found 455.0490.

Example 471

Cl
\/Oj@\cl .~ COOH
Cl 0 0~ “CF;
5,6-Dichlor0-7-(3—chloro-4-ethoxyphen0xy)-2—(triﬂuoromethyl)-ZH-chromene-3-

carboxylic acid
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[0780] To 135 mg (0.32 mmole) of 6-chloro-7-(4-ethoxyphenoxy)-2-(trifluoromethyl)-
2H-chromene-3-carboxylic acid in 3 mLs of glac. acetic acid was added excess (approx. 1
g) of gaseous chlorine. After stirring overnight, the mixture was added to 20 mL of water.
The reaction mixture was extracted three times w/ Et;O, dried and concd. Preparative
reverse phase chromatography afforded 38 mg (24%) an off-white solid: "H NMR (d6-
acetone/400 MHz) 1.41 (t, 3H,J =7.0 Hz), 4.15 (q, 2H, J= 7.0 Hz), 5.44 (q, 1H, J= 6.6
Hz), 6.50 (s, 1H), 7.05 (dd, 1H, J=3.0 Hz, J= 8.9 Hz), 7.17 (4, 1H, J=9.0 Hz, 7.21 (d,
1H, J = 2.8 Hz), 7.66 (s, 1H); >C NMR (d*-acetone/100 MHz) 14.9, 65.8, 77.7 (q,J=31.5
Hz), 106.6, 115.5, 117.1, 118.3,.120.1, 122.5, 123.3 (g, J = 283.6 Hz), 124.0, 131.6, 149.4,
151.6, 152.8, 155.7, 164.4; MS (ES+) 483 (M+1, 100); HRMS (ES-) m/z calcd for
(C19H1306CL3F5) 498.9724, found 498.9712 (M-H+H,0).

Preparation of Ethyl 6-chloro-7-(2-chloro-4-bromophenoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate
‘ 0O
B Cl
: O O CF3
Cl

[0781] To the mixture of 1.5g (4.61 mmol) of ethyl 6-chloro-7-fluoro-2-
(trifluoromethyl)-2H-chromene-3-carboxylate, 1.04 g (6.44mmol) of 2-chloro-4-
bromophenol, and 0.89 g (8.76 mmol) potassium carbonate was added 10 mL of anhydrous
DMF. The resulting mixture was heated to 110°C for five hrs. After cooling to room -
temperature the reaction was treated with 150 mL of ethyl acetate. The organic phase was
washed with saturated sodium bicarbonate three times and brine three times and dried over
anhydrous magnesium sulfate. After removing the volatiles, the residue was purified on a
silica gel column with EtOAc/hexane (1:9) to afford 1.8 g (76.3%) of a light yellow solid: .
'"H NMR(CDCl; /400MHz)  7.69(s, 1H), 7.68(s, 1H), 7.47(dd, 1H, J=2.4Hz, 8,7Hz),
7.37(s, 1H), 7.00(d, /=8.7 Hz, 1H), 6.38(s, 1H), 5.70(q, 1H, J=6.6Hz), 4.35(m, 2H), 1.38(t,
3H, J=7.2Hz). MS (ESI+) 511 (M+1, 60), 513 (M+3, 100); HRMS (ED) m/z calcd for
(C1oH,2BrCl,F304) 509.9248, found 509.9274.
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Preparation of Ethyl 6-chloro-7-(2-fluoro-4-bromophenoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate
O
B Cl
O O CF3
: ¢ |

[0782] Following the general procedure for ethyl 6-chloro-7-aryloxy-2-
(trifluoromethyl)-2H-chromene-3-carboxylates, an 79% yield of the desired compound was
obtained as a yellow solid: "H NMR(CDCl3/ 400MHz) 7.63(s, 1H), 7.39(dd, J=2.4 Hz,
10Hz, 1H), 7.32-7.29(m, QH), 7.00(t, J=8.4 Hz, 1H), 6.38(s, 1H), 5.65(q, J=6.8Hz, 1H),
4.30(m, 2H), 1.33(t, J=7.2Hz, 3H); LC-MS(ES+) 496.9(+2, 100), 494.9(M+1, 73); HRMS
(EI+) m/z caled for (C19H 2C1B1rF404) 493.9544, found 493.9551.

Preparation of Ethyl 6-chloro-7-(2-methyl-4-iodophenoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate

|
0 0~ CF,

[0783]  Following the general procedure for ethyl 6-chloro-7-aryloxy-2-
(trifluoromethyl)-2H-chromene-3-carboxylates, an 56% yield of the desired compound was
obtained as a light yellow solid: 'H NMR(CDCl3y/ 400MHz) 7.63(s, 1H), 7.61(d, J=1.2Hz,
1H), 7.52(dd, J=1.6Hz, 8.8Hz, 1H), 7.30(s, 1H), 6.68(d, /=8.4Hz, 1H), 6.28(s, 1H), 5.63(q,
J=7.2Hz, 1H), 4.30(m, 2H), 2.15(s, 3H), 1.33(t, J=7.2Hz, 3H); LC-MS(ES+) 538.9 (M+1,
100). HRMS (EI) m/z caled for (C20H1sCIF3104) 537.9656, found 537.9634.
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Preparation of Ethyl 6—ch10r0-7—(2,5-diﬂuoro—4-bromophenoxy)-Z—(triﬂuoromethyl)—

2H-chromene—3-carboxylate

[0784] Following the general procédure for ethyl 6-chloro-7-aryloxy-2-
(trifluoromethyl)-2H-chromene-3-carboxylates, an 56% yield of the desired compound was
obtained as a light yellow solid: "H NMR(CDCly/ 300MHz) 7.63(s, 1H), 7.44(dd, J=9.6Hz,
J=6.2Hz, 1H), 7.32(5, 1H), 6.88(dd, J=8 Hz, ]=6.8Hz, 1H), 6.47(s, 1H), 5.66(q, J=6.4Hz,
1H), 4.31(m, 1H), 1.34(t, J=6.8Hz, 3H).

Preparation of 6-Chloro-7-(substituted)phenyloxy-2-(trifluoromethyl)-2H-

chromene-3-carboxylic Acids by Palladium Coupling Reactions

1) B(Ry)3, Pd(PPhs)y,

X ~COOEt  K;CO3, DMF COOH
0" "CF3 2) LiOH/EtOH/H,0 0 CF3

Rt X=LBr
R], R3 = H, F, Cl, CH3

Example 472

COOH

o CFg
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6-Chloro-7-(2-chloro-4-ethylphenoxy)-2-(triflusromethyl)-2H-chromene-3-

carboxylic acid

Step 1 Preparation of ethyl 6-chloro-7-( 2-chloro-4-ethylphenoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylate.

[0785] To the mixture of 0.3g (0.59 mmol, 1.0 eqv) of ethyl 6-chloro-7-(2-chloro-4-

bromophenoxy)-2-(trifluoromethyl)-2H-chromene-3-carboxylate, 0.32g (2.3 mmol) of
potassium carbonate, 68 mg (0.059 mmol ) of tetrakistriphenyl-phosphinepalladium (0),
and 2.5 mL of anhydrous DMF under nitrogen was added 0.83 mL (0.83 mmol, 1.0 M in
THF) of triethylborane. The mixture was heated to 1 10°C and shaken for five hrs. LC-MS
indicated that the reaction was completed. After cooling to room temperature, the reaction
was added to 50 mL of ethyl acetate. The resulting organic phase was washed with brine
three times, and dried over anhydrous magnesium sulfate. After removing the volatiles, the
residue was purified on silica gel column with 1:9 EtOAc/hexane to afford 0.23 g (84.7%)
of a light yellow solid. The product was used directly in the next step.

Step 2. Preparation of 6-chloro-7-( 2-chloro-4-ethylphenoxy)-2-(trifluoromethyl)-2H-

chromene-3-carboxylic acid.

[0786] The isolated light yellow solid (230 mg, 0.5 mmol) was dissolved in 3 mL of

tetrhydrofuran. To the resulting solution was added a solution of 104 mg (2.5 mmol) of
lithium hydroxide (LiOH.2H,0) in 3 mL of water, followed by addition of 3 mL of ethanol.
The resulting solution was heated at 80°C for one hr. LC-MS indicated that the reaction was
complete. The volatiles were removed, the aqueous residue was diluted with water, and
then acidified at 0°C to pH=1.0 with dilute hydrochloric acid. The product were extracted
with ethyl acetate, and dried over anhydrous magnesium sulfate. After removing the
volatiles, the residue was purified by reverse phase HPLC to afford 90 mg (41%) of a light
yellow solid: "H NMR(CDCl3/300MHz) 7.83(s, 1H), 7.40 (s, 1H), 7.37(s, 1H), 7.19(d,
J=8.1 Hz, 1H), 7.10(d, J=8.1 Hz, 1H), 6.32(s, 1H), 5.65(m, 1H), 2.71(q, J= 7.5Hz, 2H),
1.31(t, J=7.5Hz, 3H). MS(ES+) 433.0(M+1, 100). MS(ES-) 431.0(M-1, 100). HRMS (ES-
) m/z caled for (M-H; C19H12C1,F304):431.0059, found: 431.0022.
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