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BENZO-FUSED HETEROCYCLIC DERIVATIVES USEFUL AS AGONISTS
QF GPR120

CROSS REFERENCE TO RELATED APPLICATIONS

This applicaton claims the benefit of U. S. Provisienal Application

617783, 118 fled on March 14, 2013, which is incorporatad by reference horein

in its entirety.

FIELD OF THE INVENTION

Ther present invention s directed to benzo-fused heterocyalic

derivatives. pharmaceutical compositions containing them and ther use in the
treatment of disorders and conditions modutated by GPR120. More
particutany. the compounds of the present invenlion are: angomists of GPR120),
useful in the treatment of related diseases and disorders, such as for examyide.

Type Il disbetes mollitus,

BACKGROUND OF THE INVENTION

A diabetes mellitus cpidemic ¢ unfolding across the glebe with the

World Health Organizaton {(WHO) reporting a woridwide prevalence of 177
mitllior patents with diabetzs. [tis estimated that the incidence of all forms of
diabotes totals approximataly 2.8% of the world population. Tha numibor of
newly diagnosed diabetic patents 1s increasing by 4-6% per year. The total
number of people with diabetes worldwide 18 projected to fise to 366 milion
(4.4% prevalence)in 2030. Type 2 diabetes accounts for approximately 95%.
of all diabetes cases. Long-torm complications of type 2 diabetes include
atherosclerosis. heart disease. stroke. end-stage renal disease. retinopathy
leading 1o blindness, nerve damage. sexaal dysfunction. frequent mfections.
and difficult-to-treat foot ulcers, sometimes resulting in lower Imb amputation.
Diabetics are twice as Ikely to develop cardiovascular disease or have o
stroke. 2 10 6 times more Iikely 1o have transient ischemic attacks, and 15 to 40
times more likely to require lower-limb amputaton compared with the general
population. The total estimated cost of diabetes in 2007 in the US was §174

biliun. including $116 illicn in medical expenditures. The largest components
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of medical expenditures attributed to diabetes are haspital inpatient care (50%
of total cust). diabctes medication and suppl.es (12%). retail preseriptions ©
treat compiicatons of diabetes (1719%), and physician office visits (9%). This
may he relalod o the lack of durable efficacy of current drug therapies for Type
2 diabetes {» 50% Type 2 patients are not reaching the targeted blood glucose
control with current oral medications after 5 years ot treatment). There s 4
gieneral consensus that a considierable need exists for improved awarencss.
dragnosis and new, more effective. drug therapres for diabetes.

GLP-1 18 secretad from specific cells in the colon following a meal and i3
o key requlator of giucose humegostasis, linking the gut, bramn and pancreas.
GLP-1 potentiates insulin seorelion. reduces glucagon secration ang proserves
{3-cell function whilst also improving satiety. Levels of post-prandial GLP-1 are
reduced in type 2 dhabetics and dramatica'ly elevated following gastic hy-pass
surgery, contribuling to the amelioration of type 2 diabetes in these patients.
Approaches that prolong the hat-life of GLP-1 (JANUVIA (Merck), GALVUS
{Navartis)) or activate the GLP-1 receptor (BYETTA (Amyling) have haon
recently approved for use in type 2 diabetes.

Hyperinsulinemia in patients with type 2 diabetes meilitus results from
peripheral msutin resistance, coupled with inadequate pancreatic insuhn
secretion and elevated gluzagoen levels, There is a strong correlation botweer:
ohesity and penpheral insulin resistance and hyperinsulinemii. Accumulation
of free fatty acds in insulin responsive tissues other than fat tie. musacte and
pver results i tissue insulin resistance. Additionally, free fatty acids have a
direct effect on the pancreas and in the colon ana further stimulate glucose-
denpendent insulin saeretion and GLP-1 releaso with acute exposure whereass
chronic exposure of free fatty acids imipairs insulin secretion and hecomes toxie
to the B-cell. In the liver, hyperinsulinemia per se has been linked o
exacerbaling insulin resistance by increasing liver fatty acid accumulation and
hepatic glucose output creating a vicious cycle of disease progression. Current
therapeutic strategies only partially address the complex pathaology of free fatty
acids in the exacerbabon of diabetes. Agents that target both liver and
panocreas functon, directly or mdirectly via GLP-1 release, aither individually or

i combination with current treatment, could sinificantly improve blood glusose
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control while mantaining 3-cell function. Agents that potentiate GLP-1 release
aiso have the ability to reduce weight, providing additional berefits.

GPR120 is a seven transmembrane g-protein coupled receptor (GPCR)
that is predommantly expressed in the inlestine and adipose. GPR120)
functions as & receptor for long chamn free tatty acids {(FFAs). Acute FFA
stimulation of GPR120 in GLP-1 expressing ceti-lines amplifies GLP-1 retease.
Administration of a-linolenic acid into the colon of mice ncreases GLP-1 and
potentiates insulin release following a glucose challenge. In contrast to
agonists of GPR40, the oxisting Iterature suggests that a GPR120 agomst
wotild potentiate insulin secreuon and reduce glucagon indirectly via GLP-1
release, GPR120is also expressed in adinose. with expression induced during
differenuation. Inhibition of GPR120 expression in 3T3-L1 adipocytes has been
shown 10 reduce adipocyte differentiation. The role of the receptor in the
achipose orin the taste cells of the tongue where it has also been found remains
uncledr.

GPR1Z% 15 a Gq couplnd GPCR that asts & receptor for leng chain fatty
dods. It pelongs to a family ¢f lipid binding GPCRs that include GPR 40, 21,
43, Functionally, GPR120s closest hamolog s GPR40G The cloned rat and
mouse GPR120 receptors have been cloned and have »83% nomiology with
the human receptor. GPR120 signals through Gq to elevate intracaellular Ca+2
levels as well as aclivate MAP kinase signal transduction cascades, GPR120's
activation of catcium flux and PKC activation is most likely how FFAs contribute
to the release GLP-1in the: L-cell

ARlhough relatively little 1s known about GPR12() due te lack of potent
selective pharmacological tools or a documented metabolic phenotype of
GPR120 knockout mrice, the potential to elevate GLP-1 from a small-molecule
porspective is attractive as a novel approach to unmaot modical necd in the
lreaiment of type 2 diabetes mellitus and reiated disorders. The beneficial
effects of elevating GLP-1 are already well validated in the clinic and in addition
tG improved glucose homeostasis. offer the potental of weight loss, Thus itis
theorized that GPR120 agonists may be complementary (o existing diabetes
therapies that affect liver insuiin gensitivily and thosea that preserve 3-cell

function
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There remains a need for GPR120 agonists for the treatment of
disorders including, but not limited to obesity, Type |l diabetes mellitus,
dyslipidemia, and the like.

5
SUMMARY OF THE INVENTION
The present invention is directed to compounds of formula (1)
R3
Rt X
\Y
/
R5 Z
(@}
RS
I
R7 RB
R
wherein
% X
Oy
J(©)
10 M 2 is selected from the group consisting of
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R' is selected from the group consisting of cyano, Cysalkyl, -(hydroxy
substituted C,.4alkyl), chloro substituted Ci4alkyl, fluoro substituted Cy.salkyl,
C..salkenyl, chloro substituted Ca4alkenyl, fluoro substituted Cz.4alkenyl, Cy.
salkynyl, -(Cq.qalky!)-O-(C1.4alkyl), -(Cy.4alkyl}-SO-(Cy.aalkyl), ~(Ci4alkyl)-SO;-
(Cysalkyl), ~(Craalkyl-NR R, -(Cy.salkyl-NR"-C(O)-(C1.4alkyl), -(Cr4alkyl)-
NRA-S0,-(Craalkyl), -C(Q)OH, -C(0)O-(C1.4alkyl), -C(O)-(C14alkyl), -C(O)-
NR*RE, Caacycloalkyl, -(Cy.4alkyl)-(Cascycloalkyl), aryl and -(Cy.zalkyl)-(aryl);
wherein R* and R® are each independently selected from the group consisting
of hydrogen and Cs.qalkyl;

R? is selected from the group consisting of hydrogen, halogen and C.
salkyl:

R’ is selected from the group consisting of hydrogen, chloro and fluoro;

R* and R® are each independently selected from the group consisting of
hydrogen, halogen, cyano, Caalkyl, chloro substituted C..4alkyl, fluoro
substituted Cs.4alkyl, Cosalkenyl, chloro substituted Cz4alkenyl, fluoro
substituted C,4alkenyl, Cz4alkynyl, chloro substituted Cz4alkynyl, fluoro
substituted C,4alkynyl, C+.4alkoxy, fluoro substituted Cq.alkoxy, -O-(C.4alkyl)-
O-(Cyaalkyl), <(Cy.48lkyl)-O-(C.4alkyl), -(Ci4alkyl}-SOz(C1.aalkyl), <(Cz.
salkenyl)-SOz(Cy.4alkyl), -C(O)-NR®R®, -O-(aryl) and -O-(C.alkyl)-aryl;
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wherein R® and R® are each independently selected from the group consisting
of hydrogen and Cq.4alkyl:

provided that at least one of R* or R® is selected from the group
consisting of hydrogen, chloro and fluoro;

RZ
~ ~
pS S N
)
5 alternatively, wherein ML g MO . R* and R® may be

taken together with the carbon atoms to which they are bound to form a ring

INE o
B e
structure selected from the group consisting of O , O SS\\
A Fg i
P %, o

and :

10 W is selected from the group consisting of C(R”): wherein R” is selected
from the group consisting of hydrogen, fluoro and bromo;

R2

}fKﬁ\Y }“l 3

alternatively, wherein M2 is Mo . W may be N;

R® and R are sach independently selected from the group consisting of
15  hydrogen, halogen, cyano, Ci.salkyl, chloro substituted C.4alkyl, fluoro
substituted C.4alkyl, bromo substituted C4alkyl, Ci.4alkoxy and fluoro
substituted Cq4alkoxy;
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R.-.'
~ X \;JJ
\ \ .
Oy | =
alternatively, wherain 2% 2 ig A& O and W is C{R?), R®

and R” may be taken together with the carbon atoms to which they are bound
2
10 form ‘sj\ :

R? s selected from the group consisting of nydrogen. halogen, cyano
Csalkyl. chlore substituted C salkyl, fluoro substituted Cyalkyl, bromo
substituted C, saikyl. Craaikoxy. fluore substituted Chaalkoxy and -(Ch.aatkyl-
C{OiOH:

RY 15 selncted from the group consisting of  CH.OH and -GiO)OH:

and pharmaceutically acceptable salts thereof.

The present invention is turther directed to processes for the preparaton
of the compounds of formula (1. The present tnvention s further directed to a
product prepared according to the process describied nherein.

Llustrative of the: invention s a pharmaceulical compasition comprising 4
pharmaceutically acceptable carrier and the product prepared according 10 the
process described hergin. An illustration of the invention is a pharmaceutiCal
composition made by mixing tha product prepared according o the: nrocess
described herein and a pharmaceutically acceptabte carrier. {llustrating the
nvention s g process for making a pharmaceutical composition cemprising
mixing the product prepared according to the process described hergin and a
pharmaceutically acceptable carrier,

Exemphiying the invention are methods of treating a disorder modulated
by GPR120 {selected from the group consisting of obesity. obegity related
disorders, impairad oral glucose toleranse. insulin rasistance. Type 1| diabetes
meliitus, metabaolic syndrome, metatiolic syndrome X. dyslipidemia, elevated
LDL. elevated tnglycendes. obesity induced inflammation. esteoporos:s and

obesity refated cardigvascular disorders) comprising admintstering to a subiect
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in need thereof a therapeutically effective amount of any of the compounds or
pharmacoutcal composttions desaribod ahove.

In an embodiment. the present invention is directed to a compound ¢f
formuta (1) for use as a medicament, In another embodiment, the present
invention is directed to a compound of tormula (1) for use in the treatment of A
Jisorder modulated by GPR120 (selected from the group consisting of obesity.
abesity retated disorders. impaired oral glucose lerance. insulin resistance
Type U diabetes mell.tus, metabolic syndrome. metabolic syndrome X,
dyslipidemia, clevated LDL. elevated tnglycerides. obesity imduceyd
inflammation. osteoporosis and obesity related cardiovascular disorders). In
another embodiment, the present invention is directed to a composition
comprising a compound of formula (1) for the treatment of a disorder modulated
by GPR120 {selected frem the group consisting ¢f obesity, obesity related
disgrders. impaired oral glucese teleranse. insulin resistance. Tvpe |l diaheles
melitus, metabolic syndrome, metabolic syndrome X, dyslipidemia, elevated
LDL. elevated tnglycendes, obasity induced inflammation, osteoporosis and
obesity related cardiovascular disarders).

Another example of the invention 1s the: usa of any of tha compounds
described herein in the preparaton of @ medicament for treating: {a) obesity, (1)
obesity retated disorders. () impaired oral glucose tolerance, {(di mnsulin
resistance. (¢ Type Il diabetes metitus. (f) metabolic syndrome. () metabolic:
syndrome X, (hi dyslipnderma, () elevated LDL. ) elevated triclycerides, (k}
obesity induced inflammation. {Iy osteoparosis and {m) ohosity related
cardiovascular disorders. in a sublect n need thereof. In another example. the
present invention is direcled 10 a compound as doscribed harain far use in =
methods for treating a disorder selected from the group consisting of obesity
obesity retated disorders. impaired oral glucese tolerance. insulin resistance
Type Il diabetes mell:dlus, metabolic syndromae. metabolic syndrome X
dyslipidemia, elevated LDL. elevated triglycerides. abesity induced
inflammation, ostooporosis and obesity related cardiovasaular disorders. in @

subject in need thereof.
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DETAILED DESCRIPTION OF TriE INVENTION

The prasent invention 1s directed to compounds of formula i}

R~
1
R X
\
Oy
7/
R5 V4

Wz
j©)

wherein - 2 R'R' R, R R R". W and R are as hercin
defired. The compounds of the present invention are GPR120 aqonists usetul
in the treatmaent of related disorders and discases, includ:ng. obestty, ehesity
related disorders. impared oral glucose tolerance., insulin resistance. Type |
drabetes mellitus. metaholic syndrome. metabolc syndrome X, dysiipidemia
olevated LDL. clevated triglycerides. obesity induced inflammation,
osteoporasis ane vhesity related cardiovascular disorders: preferably. obesity.
insulin resistance. Type Il diabetes mallitus or dyslipridemia,

The compounds of formuta (I3 of the present invenuon have been
unexpectedly found not to induce P450 activily. Mare particularty. 1t was
unexpectedly found that substitution at the R* and ? or R” posilions. preferably

at the R position. was most effective in achieving this desired effect.

In an embaodiment, the present invention is directed to compounds of
% X
\Y
-/
zZ

formula (1Y wherein ;?'L Is selected from the group consisting of

G
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R2

7on>—R ‘71,| s i }%IN}_R oA Z%I >_R

another embodiment, the present invention is directed to compounds of formula

10 4

\
(1) wherein ;L‘— < is selected from the group consisting of R',

~ 0 R2
;p\ 1 1 R'
R? ,klo R}J’EN}_R,kl o>— o

5
o
L
:'1, N . In another embodiment, the present invention is directed to
O
compounds of formula (1) wherein .}?— = 1$ selected from the group
R?
| R | )
consisting of A0 and M N . In another embodiment.
the present invention is directed to compounds of formula (1) wherein
RZ
~ x N
\
O J >
10 M2 is M0 .

10
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In another embodiment, the present invention s directed to compounds

IO

of formula (1) wherein 4 18 selected from the group consisting of

. WA e
:z;:’NHRT %IN;N %JE{ R i' ; °
e e e e

and s

In an embodiment, the present invention is directed 10 compounds of
formula (1) wherein R is selected from the group consisting of cyano. Cy salkyl.
~thydroxy substituted C.zalkyl), Huore substtuted Catkyl, Cogalkenyl, fluoro
substituted C; salkenyl. C.iaikynyl, -(C/ salky-0-(Cy alkyl). <(Cysalkyl-NRRE.

10 {Craalky-NRMC{O-(Cysalkyl), -(Cs.4akyl)-NR*SO-(C p.salkyl). -C1O)OH. -
CLOIO-{C13alkyl), -C{O M Craalkyly, -CIORNRRE. Ccyctoalkyl, -(C salkyl-
(Cuscyclowlkyl), phonyl and -(Cq alkvli-{phenyl): whergin R® and R® are each
independently seiecte:d from the group consisting of hydrogen and Cqsalkyl. In
anothor embodiment. the present invention is directed 1o compounds of formula

15 () wherein R is seiected from the group consisting of cyano. Craalkyl. -
(hydroxy substituted Cyoalkyl). fluoro substitutcd Cy Lalkyl. fluoro substituted C.
salkenyl. -(C.alky-0-(C alkyl). <(C . alky-NRRE. -(C alkyl)-NR™C{O-C;
salkyl), -n:"C1s_,-_-a!kyl)-NR"r"-SO:;:-I;C-;.;._-aikyl'}. -C{O)OH. -CiO)-C.zalkyly. -CLO)-
NR*R¥. C.,.cycloalkyl. -(Cy.alkyl-iCxsoycloalkyly. phenyl and -(C salkyl-

20 {phenyl): wherein R® and R are each independently selected from the group
consisting of hydrogen and methyl.

In arother embodiment, the present inventicon s directed to compounds
of formula (1 wherein R'1s selocted from the group consisting of cyano. methyl,

elhyl, n-propyl. isopropyl, isonentyl, isobutyl, t-hutyl, diflucromethyl,

AN]
on

triflucromethyl. 2.2-diflucroethyl. 2-flioro-ethen-1-y! hydroxyl-rmiethyl-, hydroxyt-

athyl-, methaxy-methyl-, methoxy-athyl-, carboxy-, methyl-carbonyl-,
11
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aminocarbonyl-. dmethylanine-ethyl-. methyl-carbonyl-amine-ethyl-, methyl-
su'fonyl-amino-ethyl-. cyclopentyl. cyclopentyl-metnyl- and benzyl.

In another embodiment, the present invention is directed to compounds
of formula (1) wherain R 1s selectea from the group consisting of cyano. methy!,
othyl. n-propyl, isopropyl, isobutyl, diffuoromaethyl. tiifluorometnyt. 2.2-
difluorvethyl. Z-fluore-ethen-1-yl. hyddroxyl-ethyl-, methoxy-methyl- and
methoxy-cthy!-. In anolther embodiment, the present invention is directed 1o
compounds of formula 1y wherein R' 1s selected from the group consisting ot
methyl. ethyl, n-propy!, 1sopropyl. 2.2-difluorocthyl, 2-flucro-ethen-1-yl. and
methoxy-methyl-. In another embodiment. the present invention is directed w
sompounds of farmula (1) wherein R' s selected from the group consisting of
mathyl, ethyl. n-propyl, 2.2-diflucrecthyl and Z-fluoro-ethen-1-yl In another
embodiment, the present invention is directed to compounds of formulia (13
wherein R s selocted from the group consisting of methyl. ethyl, n-propy!, 2.2-

difidoroethyl and 2-fluore-ethen-1-yl.

In an embodiment. the present invention is directed to compounds of
formula (1) whercin R? 15 selected from the group consisting of hydrogen,
halogsen and Cosalkyl, In ancther embodiment. the present invention 1s
directed to compounds of formuka (1) wherein R? is setected from the group
congisling of hydroger, halogen and C- qalkyl,

In another embaodiment. the present invention s directed to compoun:is
of formula (43 wherein R? is selected from the group consisting of hydrogen.
fluore, brome ard methyl. 1 another embodiment. the present invention is
direcled to compounds of formula (1) wherein R? is salected from the group
consisting of hydragen and methyl. In another embodiment. the present

invention is directed 1o compounds of formula (1) wherein R? is hydrogen.

In an embodiment. the present inverntion is directed o compounds of
formuia (1) wherein R® 18 selectod from the group consisting of hydrogen. shioro
and fluoro. In another embodiment, the present invention is directed to

compaunds of farmula (1) whernin R 15 selected from the group consisting of
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hydrogen and fluoro. In another embodiment. the present invention is directed

to compounids of formula i1 wherein R? is hydrogen.

In an embodiment. the present invention is directed to compounds of
formula (1Y wherein R* and R® are each indopendnntly seloctod from the Yroup
consisting of hydrogen. halogen. cyano. Ciaalkyl, fluoro substituted Cqoaalky
Caaalkenyl fluoro subslituted Caaalkeny!t Coalkynyl. fluoro substiluted C..
slkynyl, Ciaalkoxy. fluore substituted C.yalkoxy, -O-(Ca..alkyl-O-(C i alkyl). -
{C12alky}-O-{Cy salkyl). <1C 4alkyl}-SO - {C salkyl) «{(Cuaalkeny}-SO-(C
saleyl), -CIOXNRERY. -O-(pheny!) and -O-(Czalkylk-iphenyl), wherein R® and
R are each independently selected from the group consisting of hydrogen and
Csalkyl: provided that at least one of R* or R® 13 selected from the QI
consisting of hydrogen. ¢hloro and fluero. in another embodiment. the present
invention is directed to nompounds of formula (1) wherein R* and R are each
independently selected from the greup sonsisting of hydrogen. hatogen, cyano.
Ciaalkyl. fluorg substituted Cy..alkyl, Coaalkynyl. fluoro substituted C.qalkynyl.
Cisalkoxy. fluoro substtuted C.alkoxy. -O-(C oalkyl-O-(Cqaalkyl) (Cyalkyl-
SO+ (Cs..alkyl). -(C:aalkenyl-SOs~(Ci.calkyl). -C{O)-NR"R", -O-iphenyl} and -
O-({Cyalkyh-inhenyly: wherein R® and RP are cach independently selected
from the group consisting of hydrogen and Czalky!. provided that at least one
nf R* or R" is selectad frem the group consisting of hydrogen. chlora and fluoro.

In another embadiment. the present invention 1s directed to compounids
of formula (1 wherein R* and R® are each independently selected from the
qroun consisting of hydregen, halogen. cyano, Cgalkyl, ehioro substituted C;
salkyl. fluoro subslituled C. salkyl. Cysalkenyl. chloro substituted Cosalkenyl,
fluoro substituted C..aalkenyl. C..alkynyl. chlioro substtuted Cosalkynyl. fiuon:
substituted C..aalkynyl, Cialkexy. flioro substituted Chgalkoxy, -O-{C . alkyl)-
O-{Cy.alkyly. -{Cy.4alkyl)-O-iCy yatkyl). -(Csalkyl}-SO-C, salky!). -C(O}-
NRYR™. -O-(aryl) ang -O-(C-.-alkyh-aryl; wherein RS and R® are each
independently selected from the group consisting of hydrogen and G salkyl.
provided that at least ore of R* or R* is selected from the group consisting of

hydrogen. ahlora and fluoro.
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In another embaodiment. the present invention 1s directed to compounds
of formula (1Y wherein R* and R® are each independently selected from the
group consisting of hydreogen. chioro. fluoro. bromao. 10do. methyl. ethyt.
triftuoromethyl, 1.1-diftuoroethyi. ethynyl. prop-1-yn-1-yi. 3.3.3-tnfluoroprop-1-
yn-1-yl. methoxy. ethoxy. isopropyloxy. isobutyloxy. difluoromethoxy.
triffuoromethoxy. 2,2 2-tofluoroethoxy, phenyloxy. benzyloxy. cyano,
dimethylaminocarhonyl-. methoxy-ethoxy-, 3-imethylsulfonyl)-prop- 1-yt and 3-
imethylsulfonyl)-prop-1-yn-1-vl: provided that at least one of R* or R” is

selectad from the groun consisting of hydrogen. chloro and fluoro.

I+ another embodimant, the present invention & diracted to compounds
of formula {t) wherein R is seiected from the group consisting of hydrogen.
chioro, fluoro. bromo, iodo. triffuoremethyl. 1.1, difluoroethyl. ethyny!. prop-1-
yn-1-yl, 3.3 3-tnfluaroprop-1-yn-1-yl. ethoxy, difluoromethoxy. triffusromethoxy.
cyano. dimethylammaecarbonyi-, 2-(methylsulfonyl)-prop-1-yl andg G-
imethyisulfonyli-prop- 1-yn-1-yi,

In arother emboediment. the present invention s directed 1o compounds
of formula (1 whergin R*1s selectea from group consisting of hydrogen. enloro.
fluor. broma. iodo, ethynyl, triftuoromethyl. ethoxy, diflueromethoxy.
triflucromethoxy. prop-1-yn-1-yl and cyano. In another embodiment. the
present mvantion is directod to compounds of farmula (1) wherein R is selecled
from group consisting of hydrogen, chlero, fluero, bromo, edo, ethynyl,
trifftucromethyl. difluoromaethoxy. tnfluoromethoxy. prop-1-yn-1-yl and cyano, in
another embodiment, the present invention is directed 1o compounds of formula
(1t whorein R? is selectad from group sonsisting of chiors, bromao. iodo. ethynyl,
trifiucromethyl. difluoromaethoxy. nfluoromethoxy and cyano.

In another embodiment, the present invention is directed 10 compounids
of formula (1Y wherein R® 1s selested from the group consisting of hydrogen,
fluoro. methyl, ethyl. methoxy. ethoxy. 1sopropyloxy, isobutyloxy, 2.2 .2-
triffucroethoxy. difluoromethoxy. phenyloxy, benzyloxy. methoxy-othoxy- and 3-
{metnylsuifonylprop- 1-yi.

In another embodimant, the present invention « dicaciad to compounds

of fermula (1) wherein R® s sclected from the; Jroup consisting of hydroqgen,

i
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tluera, methy!, ethyl. methoxy. ethoxy. isopropyloxy, sobutyloxy, 2,2.2-
trifiuoroethoxy. diflusromethoxy and methoxy-ethoxy-. In another embodiment.
the present invention s directed to compounds of formula (1) wherein R is
selected from the group consisting of hvdrogen. metnyl. sthyl. methoxy and

& difluoromethoxy.

In an embodiment, the presont inventiion is directed to compounds of

R‘)

\]:OY%O R'

formules (D wheren :z"— . and wherein RY and R® may

De taken together with the carbon atoms to which they are bound to form & ring

XeK

10 structure selected from the group consisting of
g Ve

>CT, T,

F
0"

and 555\ In another embodiment, the present

O

inventon is directed to compounds of formuta () wherein # is selected

U
A }LLQ \

fram the group consisting of /1"—- O . and whorein

R* and R® may be taken together with the carhon atoms to which they are

15 bound to form a ring structure selected from the group consisting of

CT XX XT;

and
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In another embodiment. the present invention s diracted to compounds

]@Ym 4 _._ R

and R” may ba taken together with the carbon atoms to which they are boun

Q¥

o form a nng structure selacted from the growp consisting of

e XK

15 directed 1o compounds of formuta (1) wheren aiternatively. wherein

Wox ¥
:LLK;’YIS}D |

of formula ¢11 wherein alternatively, wh&,rt-\ln

In another embhadiment. the present invenlion

R* and R” may be taken together with the carbon
7
F><Oj[‘%
F
0

In an embodiment the present invention is diracted to compounds of

atoms to which they are bound ta form

formula (1) wherein W ig selected from the group consisting of CH. CiF) and
CiBr). In another embodiment, the present invention is directed to compounds
of formula {) wherein W is selected from the group consigting of CH and CiF).
In another embodiment. tha present invention is directod to compounds of
formula (1Y wherein Wis CH. In another embaedimant, the present inventiorn 1
directed to compounds of formula il) wherein Wis N

In an ambodimant, tho present invantion is directed 10 compounds of

R.'?
~ x\ '}53 \
Oy Ly
"z,z_ z/ “I.L o
farmula )y wheron < is < and wherein W may be N.

another embod'ment, the present invention is directed to compounds of formula
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~ ~ o
R N N\
O/”* J\ 7 T\
i1 wherein is sciccted from the group consisting of
e
ang 7 and wherein W may be N.

In an embod:iment, the present invention 1s arected to compounds of

%)

formuta {1y wherein R® and R” are each independently selocted from the group
consisting of hydrogen. halogen. cyana, Caalkyl Huoro substituted Coaalky!
C,alkaoxy and fluora substituted Cqaalkoxy. In anotner embadiment, the
present invention is directed to compounds of formuta (1) wherein R® and R’
are each independently selected from tho group consisting of nydrogen,
10 halogen, Coalkyl, fluore substituted Cor.aalkyl and cyano.

In =nother embodiment. the present invention ig directed 10 compounds
of formula {1y whergin R® and R” are each independently selected from the
group consisting of hydrogen. fluore, methyl. n-propyl, 1sobuty:, isopentyl.

triffucromethyl and cyano.

In arother embodiment, the present invention «& diractad to compounds
of formula 11y wherein R® s selected from the group consisting of hydrogen.,
fluora. methyt and cyano. In another embodiment, the present invention (s
directed to compounds of formula (1) wherein R® is sciocted from the group

20 consisting of hydroaen, fluoro and methyl. In another embodiment. the present
mvention is directed o compounds of formula (1) wherein R® is mcthyl.

[n arother embodiment, the present invention is directed 10 compounds
ot formula (1Y wherain R™ 15 selected fram the group consisting of hydrogen.,
flucro. methyl, n-propy!, isobuty!, 1sopenty! and trifluoromethyl. In another

25  embodiment, the present invention 13 directed to compounds of formula {1}
wherein R is selected from the group consisting of hydiogen. fluoro, methyl n-
propyl. sopentyl and trifluoromethyl. In another embiodiment. the present

mvention is dirgeted to compounds of formula (1) wherain R’ 1s scincted from
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10

15

20

the qroup consisting of fluoro. methyl, n-propy! and tnfluoromethyl. In another
ambodiment. the prasent invention 1 directed to compaunds of formula {1}
wherein R7 is selected from the group consisting of fiuoro, methyt and n-propyl
In another embodiment, tha present invention is directed to compoundds of
formula () wherein R7 is methyl.

In an embodiment, the present invention is directed 1o compounds of

R-ﬁ

o WA
Oy 1>~
_ 7 .
formuia (17 wheren M2 IS M0 wherein Wis C(R®) and
wherein R® and R” may be taken together with the carbon atoms to which they
Gf{
are bound to form 59’\ .

im another embodiment. the present invention 1

~

X
\Y
“‘?..L z/
directed to compounds of formule (1) whorgin ~ is selectad from the
¥ ¥
I A
qroupn censisting of 7 0 and 4,0 . wheremn W is CH and

wherein R® and R” may be taken together with the carbon atoms to which they
e
are bound to form 553\

In an embodiment, the present invention s directed to compounds of
formuta i1) wherein R®1s selectad from the group consisting of hydrogen.,
hatogen. oyano, Ciaalkyl, fluoro substituted C.salkyl, Caalkoxy. fluoro
substituled C; salkoxy and -iCqaalkyti-CiO)OH. In another embodiment. the
present invention is directed to compounds of formula (1) wherein R® is selected
from the groun consisting of hydrogen. Cyalkyl and fluore substituted Cy calkyl.

In another embodiment, the present invention is directed 10 compounds

of furmula (1) wherein R? 1s selected from the group consisting of hydrogen.
18
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methyl and trifluoromethyl. In another embodiment, the present inverntion is
drected to compounds of formula (1) wherein R is selected from the roup
consisting of hydroger and trifluorometbyl. In another embodiment. the present

inventon is directed to compounds of formula (1) wherein R s hydrogen.

7 an embod:ment, the present invention is directed to compounds of
formuta (1) whergin RYis  CH.OH. In another embodiment. the present

nvention is directed 10 compounds of formuia () wherein R® is -C{OYOH.

16 Additional embodiments of the presentinvent:on. include those wheren

the substiluents selactod for ana or more of the varabtos definad harein 0.6
~
X
LY
Mz R’ R" R* R”. R’ R’ R“ . R"R* R, R™ R". W nlc.) arc

mndependently selected to he any individual substituent or any subset of

substituants selected from the complote fist as definad herain,

31

In ancther embod ment of the present invention is any single compaund
or subset of compounds seiaated from the representative compaouncds hsted in
Tables 1-4 below. Representative compounds of the present invention are as
histod in Table 1 to 4 below. Untess otherwtsa noted, wherein a stercogenic
center s present in the listed compound, the compound was prepared a5 @

20 mixture of sterco-isomers.

Tabie 1. Representative Compounds of Formula {l}

Rd R""
R® R
R3-

o—d  \

XQZ HC=— CO-H
.Y R.:

10)" ;. :
1D No Y . R | R* R’ R® R’ R®




WO 2014/159061

PCT/US2014/021790

XQ,Z

CO,H

Z\Q,X

R3

R4

RS

Rﬁ

R?

4-(2,3-
dimethyl-
benzofuryl)

7-(2-methyl-
benzofuryl)

CH3 ‘

CH3

7-(2-ethyl-
benzofuryl)

CH3 ‘

CHjs

7-(2-triflucro-
methyl-
benzofuryl)

CHs |

CHs

7-(2-methyl-3-
fluoro-
benzofuryl)

CHs

4-(2-methyl-
benzofuryl)

CHy

7-(1-methyl-
indazolyl)

Cl

CHy |

CHs

7-(2-methyl-
indazolyl)

Cl

CHj

CH3

7-(2-isopentyl-
benzofuryl)

o, 15 1 2l b - e <

= > i S v Y b ol i 4

CHas |

CH;s

&, BB E PR R

10

7-(2-methoxy-
ethyl-
benzofuryl)

CHj

Z

| 11

7-(2-ethyl-
__benzofuryl)

Cl

CHs _

CHs |

CH;

! 93

7-(2-ethyl-
benzofuryl)

OCF2

CH3

| 13

7-(2-n-propyl-
benzofuryl)

| SR

= v = S = b -

CH3 l

CHsx

CHjz

7-(2-hydroxy-
methyl-

14

benzofuryl)

CHs |

CHs
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O

O

CO,H

_ID No

/e

R3

R‘

R5

R6

R’ R®

7-(2-hydroxy-
ethyl-
benzofuryl)

CHs

16

7-(2-ethyl-
benzofuryl)

| CHy | H

18

742

cyclopentyl-
benzofuryl)

CH; .

CHs | H

19

7-(2-
cyclopentyl-
methyl-
benzofuryl)

CH; |

CHj H

20

21

7-(2-benzyl-
| benzofuryl)

CH3 H

7-(2-methoxy-
methyl-
benzofuryl)

CHs .

CH3

CH; | H

22

7-(2-isopropyl-
benzofuryl)

CHy |

CHs H

7-(2-isobutyl-
benzofuryl)

CHs i

CHs H

. 24

7-(2-methyl-
carbonyl-

amino-ethyl-

benzofuryl)

CHs |

CHs ’ H

7-(2-methyl-
sulfonyl-

aming-ethyl-

benzofuryl)

CHs

26

7-(2-dimethyl-
amino-ethyl-
benzofuryl)

CHs |

CHs |

27

7-(2-t-butyl-

benzofuryl)

CHs

|

CHs

21
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R4 RS
RE R’
R3
(0]
xQz HE= CO,H
Y RB
|
| Z\O,X l
ID No ¥ R® R* R LR W
? 7-(2-ethyl- |
29 benzofuryl) H | -O-ethyl H CH:; | CHs | H
7-(2-n-propyl- ' |
.31 | benzofuryl) | H Cl H CHy | CHs; | H
’ 7-(2-difluoro-
methyl-
32 benzofuryl) H F H CHs CHx | H
7-(2-n-propyl- '
| 35 benzofuryl) H OCF, H CH; | CHs; H
7-(2-methyl- '
| 36 benzofuryl) H OCF4 H CHs; | CHs H
7-(2-n-propyl- |
| 37 benzofuryl) H CF3 H CHs | CHs | H
7-(2-n-propyl- ‘ {
.38 benzofuryl) H gthyny! H CHs | CH; | H
i 7-(2-ethyl- ‘
40 benzofuryl) H G CH3 CHs CH;3 H
7-(2-n-propyl- cyan |
41 benzofuryl) H Cl H 0 CHs H
7-(2-amino-
carbonyl-
- 42 benzofuryl) H F H CHs | CHs | H
' 7-(2-carboxy- 1 i
43 benzofuryl) H F H CHz | CHgs H
7-(2-ethyl- ’
44 benzofuryl) H Cl OCH34 CHgs CH3 H
7-(2-ethyl-
45 benzofuryl) H Br H CHs | CHs H
7-(2-n-propyl- -C(O)-
46 bGﬂZOfoMl) H N(CH3)2 H CH;; CH%} H
7-(2-n-propyl- |
47 benzofuryl) H | H CHs | CHj H
7-(2,3- '
dimethyl-
48 benzofuryl) H F H CHy | CHs | H
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R4 RS
RE R’
R3
(0]
xQz HC= COzH
\ 4 RE
| |
\
‘ Z\QX 3 4 5 & | 7
ID No ¥ R R R R 1 R R*
‘ 7-(2-cyano-
49 benzofuryl) H B H CHs | CHj H
1 7-(2-methyl- '
‘ carbonyl-
56 benzofuryl) H F H CHs: | CHas H
l 7-(2-ethyl- difluoro-
57 benzofuryl) H methoxy H CHa | CHas H
| 7-(2-n-propyl- prop-1- |
| 58 benzofuryl) H yn-1-yl H CHj CH; H
? 7-(2-n-propyl- f
. 59 benzofuryl) H Cl H F F H
4-(2,3-
| dimethyl-
B0 benzofuryl) H H H CHy | CHs H
7-(2-ethyl- |
- 61 benzofuryl) H Cl ethyl CHs | CH; H
| 7-(2-ethyl-
. B2 benzofuryl) H Cl gethoxy | CHs CH; H
7-(2-ethyl- methoxy
| 63 benzofuryl) H Cl -ethoxy- | CHz = CHs H
| 22.2- I
7-(2-ethyl- trifluoro-
64 benzofuryl) H Cl ethoxy | CHs = CHs H
iso-
7-(2-ethyl- propyk
65 benzofuryl) H Cl OXy- CH; | CHs H
7-(2-ethyl-
66 benzofuryl) H H gthoxy | CHs | CHj; H
7-(2-ethyl- isobutyl- '
67 benzofuryl) H cl oxy CHa | CHs H
7-(2-ethyl- benzyl- ‘
68 benzofuryl) H Cl DXy- CHs | CHj H
7-(2-ethyl- difluoro- '
69 benzofuryl) H Cl methoxy | CHs | CHs H

23
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R4 RS
RE R’
R3
(0]
xQz HC=— COzH
| Y R®
| |
\
* 2Ok |
_ID No ¥ R® R* R’ e g R®
| 7-(2-ethyl- difluoro- | ‘
70 benzofuryl) H H methoxy | CHz = CHs H
' 7-(2-methyl- ' }

71 benzofuryl) F OCF2 F CH; | CH; | H
3.3,3- ‘
trifluoro-

| 7-(2-n-propyl- prop-1-

7 - benzofuryl) H yri-1-yl H CHs CHs H

1 7-(2-ethyl- phenyl- 3

| 73 benzofuryl) H Cl OXy- CHs | CHs H

' 7-(2-methyl-

74 benzofuryl) QCHs OCF3 e F F H

w 7-(2-methyl-

| 78 benzofuryl) F OCF; F F F H
7-(2-methyl- difluoro-

76 benzofuryl) H methoxy H CHs | CHs | H

| 7-(2-n-propyl- difluoro- ' T
| 77 benzofuryl) H methoxy H CHs CH; H

7-(2-methyl-
78 benzofuryl) H Cl H CH; CHs H
‘ 1,1-
\ 7-(2-n-propyl- difluoro-
79 benzofuryl) H ethyl- H CHs; | CHj H
( 4-(2,3-

dimethyl-

. 80 benzofuryl) " Cl b CH; | CHs -
\ 4-(2-methyl-
- 81 benzofurxl) H Cl H CHxz | CH;j; H
w 7-(2-methyl- prop-1- ’
. 83 benzofuryl) H yn-1-yi H CHz | CH; H
w 7-(2-methyl-
. 84 benzoxazolyl) H Cl H CHs | CH;j H
| 7-(2-methyl- ’
| 85 benzofuryl) H Cl CHs CHs | CHs; H

24
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R4 RS
RE RY
R3
(0]
xQz HE= COzH
g RB
zOx
_ID No ¥ R? R* R R® R | R
7-(2-(2,2- |
difluoro-ethyl }- ]
| 87 benzofuryl) H Cl H CHs | CHy | H
7-(2-(2-fluoro- I
ethen-1-yl)- |
88 benzofuryl) - Cl H CHy | CHs | H
' 7-(2-methyl- ’ '
91| benzothienyl) | H cl H |cHs | cHs | H
' 7-(2-hydroxy- ' |
ethyl-
94 benzofuryl) H QCF, H CH: | CHs | H
4-(2-methyl- ' i
95 | benzoxazolyl) | H cl H CHy | CH; | H
' 7-(2-(2.2- ' ’
difluoroethyl)- ’
96 benzofuryl) H OCF; H CHs | CHs | H
7-(2-(2-fluoro- |
ethen-1-yl)- '
97 benzofuryl) H OCF 3 H CHy | CH;j \ H
4-(2-methyl- '
98 | benzothiazolyl) H Cl H CHs = CHs | H
3_ |
(methyl- |
sulfonyl)-
7-(2-methyl- prop-1- !
- 99 | benzofuryl) H yn-1-yl H CHy | CHy | H
3.
(methyl-
7-(2-methyl- sulfonyl)- |
100 benzofuryl) H prop-1-yl H CH: | CH: | H
4-(2-methyl- ' ,
101 | benzothienyl) - Cl H CHy | CHs | H
' 4-(2-t-butyl- ‘
104 | benzothiazolyl) H Cl H CHs CH4 H

25
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R4 RS
RE R’
R3
(0]
xQz = COzH
| Y R®
| |
|
| 2Ok
_ID No ¥ R® R* R R R®
| 4-(2-ethyl-
- 105 | benzothiazolyl) H F H CHs | CHj H
‘ 4-(2-isopropyl- '
106 | benzothiazolyl) H Cl H CHs CH; H
‘ 4-(2-t-butyl- ’
- 107 | benzothiazolyl) H F H CHs | CHs H
3— =5
‘ (methyl-
sulfonyl)
7-(2-methyl- prop-1-
108 benzofuryl) H Cl yl CH: | CHsj H
4-(2-ethyl- '
109 [ benzothiazolyl) H Cl H CH; | CH; H
4-(2-isobutyl- i
110 | benzothiazolyl) H Cl H CHa | CHj H
' 4-(2-isopropyl-
- 111 | benzothiazolyl) H F H CHs | CH; H
\ 7-(2-methyl- ‘
112 benzofuryl) H QCF; H H | CFs H
‘ 4-(2-isobutyl- ‘
115 | benzothiazolyl) H F H CH; | CHj H
| 4-(2-trifluoro-
‘ methyi-
117 | benzothiazolyl) | H v - CHs | CHs | H
' 4-(2-methyl-
118 | benzothiazolyl) H OCFz H CHs | CHj 5 PN
4-(2-trifluoro-
‘ methyl-
- 119 | benzothiazolyl) H Cl H CHa | CHs H
7-(2-methyl- ?
121 | benzothiazolyl) H Cl H CHs | CHs H
7-(2-ethyl- ‘
122 benzofuryl) H cyano H CHs | CHs H

26
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In Table 2 which follows herein, the ring structures shown in the columns
headed "R® and R taken together” and “R* and R® taken together” are
incorporated into the structure drawn at the head of the table, in the orientation

as drawn.
5
Table 2: Representative Compounds of Formula (I)
e =
RS R’
. A
HO) He= COH
\Y/
7 Ox Re and RT
ID No e, i R* R® taken together
7+ 2-ethyl-
52 benzofuryl) OCF; | H M, S
7-(2-sthyl- Q
54 benzofuryl) cl H y P
7-(2-methyl- Q
55 benzofuryl) ocFs | H y
R* RS
R® R7
o d N
*QOY HC= CO,H
\Y/
zQ X R*and R®
ID No Y taken together R® R’

27
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7-(2-ethyl- é
30 benzofuryl) A 4 GHy | - BHE
0/\0
7-(2-methyl- —
82 benzofuryl) / \ CHs CHs
R F
7-(2-methyl- o
89 benzofuryl) v T 4 CHs CHs
0 O
7-(2-methyl- >—=(
0 | o benzofury) | . X | o | cH |
Table 3: Representative Compounds of Formula (I
R® R®
RB
(0]
Wl g N
Y R9
— |
|
7Ok
ID No ol R | R R’ il ] -
7-(2-ethyl |
17 benzofuryl) | F H F H F . C(O)YOH
7-(2-ethyl- {
50 benzofuryl) OCFa H H n-propyl F C(O)OH
7-(2-ethyl- |
51 benzofuryl) | OCFs | H H | isopentyl F C(O)OH
7-(2-ethyl- |
53 benzofuryl) | OCF; | H H isobutyl F | CO)OH |
7-(2-methyl- ’
86 benzofuryl) Cl CHa| F H F | C(O)OH
7-(2-methyl- '
92 benzothienyl) Cl H F H F - C(O)OH
7-(2-methyl- '
93 benzothienyl) Cl H F H F CH,OH
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4-(2-methyl-
102 benzothienyl) Cl H F H F C(O)OH
4-(2-methyl- |
103 benzothienyl) Cl H F H F . CH,OH
4-(2-methyl-3- | ;
bromo-
120 benzofuryl) OCF3 H CHs CHa Br | C(O)YOH
Table 4: Representative Compounds of Formula (I)
R4
R'I
(8]
X;QEZ Q‘L
¥ RB
X &
ID No @ R* R’ R® R’
7-(2-ethyl-
28 benzofuryl) F H CF3 C(O)OH
7-(2-ethyl-
33 benzofuryl) F CH- H C(O)OH
7-(2-n-propyl-
34 benzofuryl) Cl CHs H C(O)OH
7-(2-ethyl-
123 | benzofuryl) F H CHs C(O)OH |
5 In another embodiment, the present invention is directed to one or more

compounds independently selected from the compounds listed in Table 5,

below.

Table 5: Representative Compounds of the Present Invention

Synthesis
ID No. Compound name Example No.
3-{4-[(2,3-Dimethyl-1-benzofuran-4-yl)ymethoxy]-
1 2. 3-difluorophenyl}propanoic acid 86
3-{4-[(5-Fluoro-2-methyl-1-benzofuran-7-
2 yhmethoxy]-2,3-dimethylphenyl}propanoic acid 1
3-{4-[(2-Ethyl-5-fluoro-1-benzofuran-7-yl)methoxy]-
3 2. 3-dimethylphenyl}propanoic acid 83

29
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Synthesis
ID No. Compound name Example No.
3~(4-{|5-Fluoro-2-(trifluoromethyl)-1-benzofuran-7-
4 ylimethoxy}-2,3-dimethylphenyl)propanoic acid 84
3-{4-[(3,5-Difluoro-2-methyl-1-benzofuran-7-
5 ylimethoxyl-2,3-dimethylphenyllpropanoic acid 85
3-{2,3-Difluoro-4-[(2-methyl-1-benzofuran-4-
6 yl)methoxy]phenyi}propanoic acid 87
3-{4-[(5-Chloro-1-methyi-1H-indazol-7-yl)methoxy]-
7 _2,3-dimethylphenyljpropanoicacid 81
3-{4-[(5-Chloro-2-methyl-2H-indazol-7-yl )methoxy]-
8 2. 3-dimethylphenyl}propanoic acid 82
3-(4-{[5-Fluoro-2-(3-methylbutyl}-1-benzofuran-7-
9 yllmethoxy}-2.3-dimethylphenyl propancic acid 2
3-(4-{|5-Fluoro-2-(2-methoxyethyl)-1-benzofuran-7-
10 yllmethoxy}-2,3-dimethylphenyl)propanoic acid 3
3-{4-[(5-Chloro-2-ethyl-1-benzofuran-7-yl)methoxy]|-
11 2, 3-dimethylphenyl}propanoic acid 88
3-(4-{|2-Ethyl-5-(trifluoromethoxy )-1-benzofuran-7-
12 ylimethoxy}-2,3-dimethylphenyl)propanoic acid 89
3-{4-[(5-Fluoro-2-propyl-1-benzofuran-7-
13 ylimethoxyl-2,3-dimethylphenyl}propanoic acid 4
3~(4-{[5-Fluoro-2-(hydroxymethyl)-1-benzofuran-7-
14 ylimethoxy}-2,3-dimethylphenyl)propancic acid 5
3-(4-{[5-Fluoro-2-(2-hydroxyethyl}-1-benzofuran-7-
15 yllmethoxy}-2,3-dimethylphenyl)propanocic acid 6
3-{4-[(2-Ethyl-5-fluoro-1-benzofuran-7-yl)methoxy]-
16 2.3-diflucrophenyl}propanoic acid 90
3-{4-[(2-Ethyl-5-fluoro-1-benzofuran-7-yl)methoxy]-
17 3.5-difluorophenyl}propanoic acid 91
3-{4-[(2-Cyclopentyl-5-fluoro-1-benzofuran-7-
18 ylimethoxyl-2,3-dimethylphenyl}propanoic acid 7
3-(4-{[2-{Cyclopentylmethyl}-5-fluoro-1-benzofuran-
19 7-yllmethoxy}-2,3-dimethylphenyl)propanocic acid 8
3-{4-[(2-Benzyl-5-fluoro-1-benzofuran-7-
20 ylimethoxyl-2.3-dimethylphenylipropanoic acid 9
3-{4-{[5-Fluoro-2-(methoxymethy! }-1-benzofuran-7-
21 ylimethoxy}-2,3-dimethylphenyl)propanoic acid 10
3-(4-{[5-Fluoro-2-(1-methylethyl)-1-benzofuran-7-
22 yllmethoxy}-2,3-dimethylphenyl)propanaic acid 11
3-(4-{[5-Fluoro-2-(2-methylpropyl)}-1-benzofuran-7-
23 ylimethoxy}-2,3-dimethylphenyl)propanoic acid 12
3-[4-({2-[2-(Acetylamino)ethyl}-5-fluoro-1-
benzofuran-7-ylimethoxy)-2.3-
24 dimethylphenyljpropanoic acid 13
34-[(5-Fluoro-2-{2-[(methylisulfonyl}aminojethyl}-1-
benzofuran-7-yl)methoxyl}-2,3-
& | dimethylphenyl}propanoic acid 14

30
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Synthesis
ID No. Compound name Example No.
3-[4-({2-[2-(Dimethylamino)ethyl]-5-fluoro-1-
benzofuran-7-ylymethoxy)-2,3-
26 dimethylphenyl]propanoic acid 15
3-{4-[(2-tert-Butyl-5-flucro-1-benzofuran-7-
27 yl)methoxyl-2,3-dimethylphenylipropanoic acid 16
3-{6-[(2-Ethyl-5-fluoro-1-benzofuran-7-yl)methoxy]-
28 | 2-(trifluoromethyl)pyridin-3-yl}propanoic acid 92
3-{4-[(5-Ethoxy-2-ethyl-1-benzofuran-7-
29 ylymethoxyl-2,3-dimethylphenyllpropanocic acid 17
3-{4-[(6-Ethyl-2,2-dimethyl-2,3-dihydrobenzo[1,2-
b:4,5-b"|difuran-4-yl)methoxy}-2,3-
30 dimethylphenyl}propanoic acid 93
3-{4-[(5-Chloro-2-propyl-1-benzofuran-7-
31 ylimethoxyl]-2,3-dimethylphenyl}propanoic acid 94
3-(4-{[2-(Difluoromethyl)-5-fluoro-1-benzofuran-7-
32 yllmethoxy}-2,3-dimethylphenyl)propanoic acid 95
3-{6-[(2-Ethyl-5-fluoro-1-benzofuran-7-yl)methoxy]-
33 4-methylpyridin-3-yl}propanoic acid 96
3-{6-[(5-Chloro-2-propyl-1-benzofuran-7-
34 yl)methoxy}-4-methylpyridin-3-yl}propancicacid | 97
3<2,3-Dimethyl-4-{[2-propyl-5-(trifluoromethoxy)-1-
35 | benzofuran-7-yljmethoxy}phenyl)propanoic acid 98
3-(2,3-Dimethyl-4-{[2-methyl-5-(trifluoromethoxy)-1-
36 benzofuran-7-yljmethoxy}phenyl)propanoic acid 99
3-(2,3-Dimethyl-4-{[2-propy|-5-(trifiuoromethyl)-1-
37 benzofuran-7-ylmethoxylphenylpropanoic acid 18
3~{4-[(5-Ethynyl-2-propyl-1-benzofuran-7-
38 ylmethoxyl-2,3-dimethylphenyl}propanoic acid 19
3-{4-[(5-Chloro-2-ethyl-6-methyl-1-benzofuran-7-
40 yl)methoxyl-2,3-dimethylphenyl}propanoic acid 20
3-{4-[{5-Chloro-2-propyl-1-benzofuran-7-
yl)methoxy]-3-cyano-2-methylphenyl}propanoic
41 acid 100
3-{4-[(2-Carbamoyl-5-fluoro-1-benzofuran-7-
42 ylmethoxy]-2,3-dimethylphenyl}propanoic acid 21
7-{[4-(2-Carboxyethyl }-2,3-
dimethylphenoxy|methyl}-5-fluoro-1-benzofuran-2-
43 o ___carboxylic acid . 22
3-{4-[(5-Chloro-2-ethyl-6-methoxy-1-benzofuran-7-
44 yhmethoxy]-2,3-dimethylphenyllpropanocic acid 23
3-{4-[(5-Bromo-2-ethyl-1-benzofuran-7-yl)methoxy}-
45 2, 3-dimethylphenyl}propanocic acid 101
3-(4-{|5-(Dimethylcarbamayl)-2-propyl-1-
benzofuran-7-yljmethoxy}-2,3-
46 dimethylphenyl)propanoic acid 24
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Synthesis
ID No. Compound name Example No.

3-{4-[(5-lodo-2-propyl-1-benzofuran-7-yl)methoxy}-

47 2. 3-dimethylphenyl}propanoic acid 25

3-{4-[(5-Fluoro-2,3-dimethyl-1-benzofuran-7-
48 vl methoxyl-2,3-dimethylphenyllpropanoic acid 102
3-{4-[(2-Cyano-5-fluoro-1-benzofuran-7-

49 yvlimethoxyl-2,3-dimethylphenylipropanoic acid 26
3-(4-{[2-Ethyl-5-(trifluoromethoxy)-1-benzofuran-7-

| 50 | yljmethoxy}-5-fluoro-2-propylphenyljpropanoic acid 27

3-[4-{[2-Ethyl-5-(trifluoromethoxy)-1-benzofuran-7-
ylmethoxy}-5-fluoro-2-(3-
51 methylbutyl)phenyllpropanoic acid 28

3-(7-{|2-Ethyl-5-(trifluoromethoxy)-1-benzofuran-7-
yljmethoxy}-2,3-dihydro-1H-inden-4-yl)propanoic
52 acid 29

3-[4-{[2-Ethyl-5-(trifluoromethoxy)-1-benzofuran-7-
yllmethoxy}-5-fluoro-2-(2-

53 methylpropyl)phenyljpropanoic acid 30
3{7-[(5-Chloro-2-ethyl-1-benzofuran-7-yl)methoxy]-
54 2.3-dihydro-1H-inden-4-yl}propanoic acid i N

3-(7-{[2-Methyl-5-(trifluoromethoxy)-1-benzofuran-
7-ylimethoxy}-2,3-dihydro-1H-inden-4-yl)propanoic

55 acid 103
3-{4-[(2-Acetyl-5-flupro-1-benzofuran-7-
56 yl)methoxy]-2,3-dimethylphenyl}propanoic acid 32
3-(4-{[5~(Difluoromethoxy)-2-ethyl-1-benzofuran-7-
57 yllmethoxy}-2,3-dimethylphenyl)propanoic acid 33
3-{2,3-Dimethyl-4-[(2-propyl-5-prop-1-yn-1-yl-1-
58 benzofuran-7-yl)methoxy]phenyl}propanoic acid 34
3-{4-[(5-Chloro-2-propyl-1-benzofuran-7-
59 ylymethoxyl-2,3-diflucrophenyl}propancic acid 104
3-{4-[(2,3-Dimethyl-1-benzofuran-4-yl )methoxy]-
60 2 3-dimethylphenyl}propanoic acid 105
3-{4-[(5-Chloro-2,6-diethyl-1-benzofuran-7-
61 | yl)methoxy}-2,3-dimethylphenyl}propanoic acid 35
3-{4-[(5-Chloro-6-ethoxy-2-ethyl-1-benzofuran-7-
62 yl)methoxyl-2,3-dimethylphenyl}propanoic acid 36

3-(4-{[5-Chloro-2-ethyl-6-(2-methoxyethoxy)-1-
benzofuran-7-yljmethoxy}-2,3-
63 dimethylphenyl)propanoic acid 37

3-(4-{|5-Chloro-2-ethyl-6-(2,2,2-trifluoroethoxy)-1-
benzofuran-7-ylJmethoxy}-2,3-
64 dimethylphenyl)propanoic acid 38

3~(4-{[5-Chloro-2-ethyl-6-(1-methylethoxy)-1-
benzofuran-7-ylmethoxy}-2,3-
65 dimethylphenyl)propanoic acid 39
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Synthesis
ID No. Compound name Example No.
3-{4-[(6-Ethoxy-2-ethyl-1-benzofuran-7-
66 yl)methoxyl-2,3-dimethylphenyl}propanoic acid 40
3-(4-{[5-Chloro-2-ethyl-6-(2-methylpropoxy)-1-
benzofuran-7-ylmethoxy}-2,3-
67 dimethylphenyl)propanoic acid 41
3-(4-{|6-(Benzyloxy)-5-chloro-2-ethyl-1-benzofuran-
68 7-yllmethoxy}-2,3-dimethylphenyl)propanoic acid 42
3-(4-{|5-Chloro-6-(difluoromethoxy)-2-ethyl-1-
benzofuran-7-yljmethoxy}-2,3-
69 dimethylphenyl)propanoic acid 43
3-(4-{|6-(Difluoromethoxy)-2-ethyl-1-benzofuran-7-
70 ylimethoxy}-2,3-dimethylphenyl)propanoic acid 44

3-(4-{[4,6-Difluoro-2-methyl-5~(trifluoromethoxy)-1-
benzofuran-7-yljmethoxy}-2,3-
71 dimethylphenyl)propanoic acid 106

3+(2,3-Dimethyl-4-{|2-propyl-5-(3,3,3-trifluoroprop-
1-yn-1-yl)-1-benzofuran-7-

72 yllmethoxy}phenylpropanoic acid 45
3-{4-[(5-Chloro-2-ethyl-6-phenoxy-1-benzofuran-7-
_ 73 | yl)methoxy}-2,3-dimethylphenyljpropancic acid 46

3+(2,3-Difluoro-4-{[6-fluoro-4-methoxy-2-methyl-5-
(trifluoromethoxy)-1-benzofuran-7-
74 ylimethoxy}phenyl)propanoic acid 107

- 3-(4-{[4.6-Diflucro-2-methyl-5-(trifluoromethoxy)-1-
benzofuran-7-yllmethoxy}-2,3-

75 difluorophenyl)propanoic acid 108
3-(4-{[5-(Difluoromethoxy)-2-methyl-1-benzofuran-
76 7-ylimethoxy}-2.3-dimethylphenyl)propancic acid 47
3-(4-{[5-(Difluoromethoxy }-2-propyl-1-benzofuran-
i 7-yllmethoxy}-2,3-dimethylphenyl)propanoic acid 48
3-{4-[(5-Chloro-2-methyl-1-benzofuran-7-
78 viimethoxyl-2,3-dimethylphenyilpropanoic acid 49
3-(4-{I5-(1,1-Difluorcethyl)-2-propyl-1-benzofuran-
79 7-ylimethoxy}-2,3-dimethylphenyl)propanoic acid 50
3-{4-[(6-Chloro-2,3-dimethyl-1-benzofuran-4-
80 yl)methoxy}-2,3-dimethylphenyl}propanoic acid 109
3-{4-[(6-Chloro-2-methyl-1-benzofuran-4-
81 yl)methoxy]-2,3-dimethylphenyl}propanoic acid 110

3-{2.3-Dimethyl-4-[(6-methyifuro[2,3-
fll1.3]benzodioxol-4-yl)methoxy]phenyl}propanoic

82 acid 51
3-{2.3-Dimethyl-4-[(2-methyl-5-prop-1-yn-1-yl-1-
83 benzofuran-7-yl)methoxylphenyl}propanoic acid 52
3-{4-[(5-Chloro-2-methyl-1,3-benzoxazol-7-
84 ylymethoxyl-2,3-dimethylphenyl}propanoic acid 111
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Synthesis
ID No. Compound name Example No.
3-{4-[(5-Chloro-2.6-dimethyl-1-benzoturan-7-
85 yl)methoxyl-2,3-dimethylphenyl}propanocic acid DS
3-{4-[(5-Chloro-2,6-dimethyl-1-benzofuran-7-
86 vlimethoxyl-3.5-difluorophenylipropanoic acid 54
3-(4-{[5-Chloro-2-(2,2-difluoroethyl }-1-benzofuran-
87 7-yllmethoxy}-2,3-dimethylphenyl)propanoic acid 112
3-(4-((5-Chloro-2-(2-fluorovinyl)benzofuran-7-
88 | ylmethoxy)-2.3-dimethylphenyl)propanoic acid 7
3-{4-[(2,2-Difluoro-6-methylfuro[2,3-
fl[1.3]benzodioxol-4-yl)methoxy]-2,3-
89 dimethylphenyl}propanoic acid 55
3-{2,3-Dimethyl-4-[(7-methyl-2,3-dihydrofuro|2,3-
all1.4)benzodioxin-5-yl)methoxy]phenyl}propanocic
90 acid 56
3-{4-|(5-Chloro-2-methyl-1-benzothiophen-7-
91 ylmethoxy}-2,3-dimethylphenyl}propanoic acid 57
3-{4-[(5-Chloro-2-methyl-1-benzothiophen-7-
92 yl)methoxy]-3.5-diflucrophenyl}propanoic acid 58
3-{4-[(5-Chloro-2-methyl-1-benzothiophen-7-
93 yl)methoxy]-3,5-diflucrophenyl}propan-1-ol = 59
3-(4-{[2-(2-Hydroxysthyl )}-5-(trifluoromethoxy)-1-
benzofuran-7-yljmethoxy}-2,3-
94 dimethylphenyl)propanoic acid 113
3-{4-[(6-Chloro-2-methyl-1.3-benzoxazol-4-
95 | ylmethoxy]-2,3-dimethylphenyl}propanoic acid 114
3-(4-{[2-(2,2-Difluoroethyl)-5-(trifluoromethoxy)-1-
benzofuran-7-ylimethoxy}-2.3-
96 dimethylphenyl)propanoic acid 115
3-(4-{[2-(2-Fluoroethenyl)-5-(trifluoromethoxy )-1-
benzofuran-7-yllmethoxy}-2,3-
97 dimethylphenyl)propanoic acid 116
3-{4-[(6-Chloro-2-methyl-1,3-benzothiazol-4-
98 vl)methoxyl-2.3-dimethylphenyllpropanoic acid 117
3-[2,3-Dimethyl-4-({2-methyl-5-[3-
(methylsulfonyl)prop-1-yn-1-yl}-1-benzofuran-7-
99 ylimethoxy)phenyllpropanoic acid 60
3-[2,3-Dimethyl-4-({2-methyl-5-3-
(methylsulfonyl)propyl]-1-benzofuran-7-
100 ylimethoxy)phenyilpropanoic acid 61
3-{4-[(6-Chloro-2-methyl-1-benzothiophen-4-
101 yl)methoxyl-2.3-dimethylphenyl}propanoic acid 62
3-{4-[(6-Chloro-2-methyi-1-benzothiophen-4-
102 yhmethoxy}-3,5-diflucrophenyl}propanoic acid 63
3-{4-[(6-Chloro-2-methyl-1-benzothiophen-4-
103 yhmethoxy]-3.,5-diflucrophenyl}propan-1-ol 64
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Synthesis
ID No. Compound name Example No.
3-{4-[(2-tert-Butyl-6-chloro-1.3-benzothiazol-4-
104 yl)methoxy}-2,3-dimethylphenyl}propanoic acid 65
3-{4-[(2-Ethyl-6-fluoro-1,3-benzothiazol-4-
105 ylimethoxyl-2,3-dimethylphenyl}propanoic acid 66
3-(4-{[6-chloro-2-(1-methylethyl)-1,3-benzothiazol-
106 4-ylimethoxy}-2,3-dimethylphenyl)propanoic acid 67
3-{4-[(2-tert-butyl-6-fluoro-1,3-benzothiazol-4-
107 yl)methoxy]-2.3-dimethylphenyl}propanoic acid 68
3-[4-({5-Chloro-2-methyl-6-[3-
(methylsulfonyl)propyl]-1-benzofuran-7-
108 ylimethoxy)-2,3-dimethylphenyljpropanoic acid 69
3-{4-[(6-Chlaro-2-ethyl-1,3-benzothiazol-4-
109 ylymethoxy}-2,3-dimethylphenyl}propanoic acid 70
3~(4-{|6-Chloro-2-(2-methylpropyl)-1.3-
benzothiazol-4-yllmethoxy}-2,3-
110 dimethylphenyl)propanoic acid 71
3-(4-{[6-Fluoro-2-(1-methylethyl)-1.3-benzothiazol-
111 4-yllmethoxy}-2,3-dimethylphenyl)propanoic acid 72

3-[4-{[2-Methyl-5-(trifluoromethoxy)-1-benzofuran-
7-ylimethoxy}-2-(trifluoromethyl)phenyllpropanocic
112 acid 73

3-(4-{[6-Fluoro-2-(2-methylpropyl)-1,3-
benzothiazol-4-yllmethoxy}-2,3-

15 | dimethylphenyl)propancicacid 76
3-(4-{[6-Fluoro-2-(trifluoromethyl)-1.3-benzothiazol-
117 4-ylimethoxy}-2,3-dimethylphenyl)propanoic acid 78

3-(2,3-Dimethyl-4-{[2-methyl-6-(trifluoromethoxy)-
1,3-benzothiazol-4-ylimethoxy}phenyl)propanoic

118 acid 118
3-(4-{[6-Chloro-2-(trifluoromethyl)-1,3-benzothiazol-
119 4-ylimethoxy}2,3-dimethyiphenyl)propanoic acid 79

3-(5-Bromo-4-{[3-bromo-2-methyl-5-
(trifluoromethoxy)-1-benzofuran-7-ylmethoxy}-2,3-

120 dimethylphenyl)propanoic acid 119
3-{4-{(5-Chloro-2-methyl-1,3-benzothiazol-7-
121 yl)methoxy]-2,3-dimethylphenyl}propanoic acid 80
3-(6-((2-ethyl-5-fluorobenzofuran-7-yl)methoxy)-2-
122 methylpyridin-3-yl)propanoic acid 75
3~(4-((5-cyano-2-ethylbenzofuran-7-yl)methoxy)-
123 2 3-dimethylphenyl)propanoic acid 74

In an embodiment, the present invention is directed to compounds of
formula (I) selected from the group consisting of 3-{4-[(5-Chloro-2-ethyl-1-
benzofuran-7-yl)methoxy]-2,3-dimethylphenyl}propanoic acid; 3-(2,3-Dimethyl-

5  4-{[2-methyl-5-(trifluoromethoxy)-1-benzofuran-7-yllmethoxy}phenyl)propanoic
35
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acid: 3-(7-{[2-Methyl-5-ttrifluoromethoxy)-1-benzofuran-7-yljmethoxy}-2 . 3-
dihydro-1H-inden-4-ylipropanois acid: 3-{4-[{5-Chloro-2-metnyl- 1-benzofuran-7-
yhmethoxy]-2 3-dimethylphenylipropano¢ acid: 3-{4-[(5-Chluro-2.6-dimetnyl-1 -
benzofuran-7-yimethoxy -2, 3-dimethylphenylipropancic asid: 3-14-{[2-(2:
Flueroethenyl}-5-{trifluorometnoxy - 1-benzafuran-7-yljmethoxy}-2.3-
dimethylphenyhipropanoic acid: 3-{4-[(6-Chloro-2-methyl-1.3-benzothiazol-4-
yhmaothoxyl-2 3-dimethylphenylinropanoic acid: and pharmaceutically

acceptatile salts thergof.

In an embodiment, the present invention is directed (o a compound ¢
formuia (1) wherein the compound of formula has 3 measured ECa according
tc the B-arrestn A procedure taught in Biolegical Example 1, which foltows
herein or less than about 1.0 mM, preferably less than about 0.500 mM. more
oveferably 10ss than about 0.200 mM, more praforahty less than about 0.101)
mM. more preferably less than about (.050) mM.

[n an embodiment. the prasent invention is directad 1o a compound of
formula {1} wherein the compound of formuliz has @ measured ECr aceording
te the Calcium A procedture taugnt in Biological Example 2. which follows
herain or less than about 1.0 mM. preferably less than about 0.500 mM. more
preferably less than about 0.200 mM, more preferably less than about 0. 100

mid. more preforably less than about U.0R0 mAd.

DEFINITIONS

As used herein, "hatogen” shall mean chloring, bromine, fluorineg and
wdine:.

As used nerein. the term “alkyl” whether used alone or as partof a
substititent group. include strafght and branched chains. For example. alky!
radicals include meihyl, cthyl n-propyt, isopropyl. n-butyl. isobuty!l. sec-buty! -
butyl, n-pentyl and the ke, Unless otherwise noted. the term "Cx.yalkyl”
wherein X and Y are integers shall include straght and tranched chain
composition of between X and Y carbon atoms. For example. "Cogalkyl” shall
include straight and branched chamn comnasition of betwesn 1 and 4 cartion

atoms. including mathyl, ethyl. n-propyl. isepropyl. n-butyl. isobuty! and t-butyl.
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One skilled in the ar{ will recognize that the term -(C14alkyl)-" sha!l
denote any Cy.galkyl carbon chain as herein defined, wheremn said C,.salkyl
chain is divalent and is further bound through two points of attachment.
preferably through two terminal carbon atoms.

) As used nerain, unless etherwise noted. the term “fluoro substituted
Cigalkyl shall mean any Coaalkyl group as defined above substituted with &t
weast ona fluoro atom, preferably substiluled with one to three fluoro atoms.
Suitable examples nclude but are not limited to =CF 2. -CH.-CF -, -CF --CF .-
CF.-CF.. -CF.-CF.. and the like,

10 As uzed heremn. unless otherwise roted. the term “chloro substituted
Ciaalkyl shall mean any Cisalkyl group as defined above substituted with at
least one chloro atom. preferably substituted with one to three chiore atoms.
Suitable examples include but are not limited o —CCl .. -CH,-CC!}«. -CCI-CCl ~
CClL-CCl... -CCl-CCl.. and ihe like.

15 As used herein, unless otherwise noted. the term "bromo substrituted
Cq.salkyl shall mean any Cualkyl group as defined above substituted with at
least one hroma atom. preferably substituted with one to three brome atoms.
Suitable exampies mnclude but are not limited to =CH..Br, -CH~-CEr;, -CH--CH.-
CH;-CH:Br -CH{Br)-CH:. and the like.

20 As used herein, unless otherwise noted. the term “hydroxy substituted
Caalkyl shall mean Coalky! group as defined abave substituled with at lesst
one hydroxy group. 1n an embodiment, the Ci.aalkyl groups 18 substituted with
one hydroxy group. In another embaodiment. the Coaalky! group is substituted
with @ hydroxy grouss at the terminal carbon. Suitable examples include. bt

25 arenotlmiled to. CHiOH), -CH:CH_OH. -CH.:-CH{O+}-CH.;, -CH;-CH_-
CH3>-OH. and tho tke.

As used herein, the term “alkeny!l” whether userd atone or as part of a

substituent group. include straight and branched carbon chams containing at

30 least one double bond. preforatily onc: double iond. Unless otherwise nateed,
the term ' Cx.yalkenyl” wherein X and Y are integers shall inclide straght an:d
branched chain composition contaming al least one double bond of between X

and Y carbon atoms. For exampie. "C..salkenyl” shalt include straignt and

37



WO 2014713900610 PCEUSZUB14:02170

10

14

20

[
o

30

branched chain composition of between 2 and 4 carb:on atoms coentaining at
ieast ong double bhong. including for example. -CH=CH ., -CH.-CH=CH.. -
CH=CH-CH . -CH:Ch ~CH=CH... -CH_-CH=CH-CH-. -CH=CH-CHCH:. and
the like.

As used herain, unless otherwise noted. the: term “fluoro substituted
C.aatkeny!” shall mean any C..galkenyl group as defined above substituted
with at least one fluoro atom. prefarably substituted with one to three fluore
atoms. Suitable examples include but are not limited to 2-fluorp-ethenyl, and
the like.

As uged herein. unless otherwise noted. the term “chloro substituted
Caaalkeny!l” shall mean any C. aa'keny! group a8 defined above substituted
with at least one chioro atem. preferabily substituted with one to threa chioro
atoms. Suitable examples include but are not limited to 2-chloro-gthenyt, and

the: like.

As used heroin, tho torm "alkynyl” whether used atone or as part of &
substituent group. include straight and branchedt carbon chaing contaning at
least one triple bond, preferabiy one triple hond. Uniess otherwise noted. the:
term "Cx.yalkynyl” wherein X and Y are inteqgers shall include straight and
branched chain composition containing at feast one triple bond of between X
and Y carhon atoms. For example, "C_;alkynyl” shall include straightl and
branched chain compaosition of between 2 and 4 cart:on atoms containing at
least one double bong. including for example. -CCH... -CH_-CCH._. -CC-CH.. -
CH;-CH:-CCH. CH+CC-CH~. -CC-CH:-CHx. and the 1ke.

As usad nerem, unless otherwise noted. the term “fluoro substituted
Caa4alkynyl” shall mean any Coaalkynyl group as defined above substituted
with at least one fluoro atom., preferably substituted with une to three fluery
atoms. Suitable examples include but are not limited to 3-flucro-prop-1-yn-1-yl.
and the like.

As used herein, unless otherwise noted. the term ‘chloro substituted
Cqalkynyl” shall mean any C..galkyny! group as defined above substitutad

with at least one chlorg alom, preferably substitluted with one: to three chioro
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atoms. Suitable examples include but are notlimited to 2-chlore-prop-1-yn-1-

yl. and the like.

As used herein, unless olherwise noted. "alkoxy” shall denote an oxygen
5 etner radical of the above described straight or branched chain alkyl groups For
gxample. methoxy. ethoxy. n-propoxy. sec-butoxy. t-tutoxy. n-hexytoxy and the
R Unless olherwise noted. tha lerm ‘Cxyalkoxy™ wherein X and Y are
integers shall include an oxygen ether radical as described above of between X
and Y carbon atoms. For example, "Ciaallkaxy” shall include oxygen other
10 radicats of between 1 and 4 carbon atoms. including methoxy, ethoxy. n-
PTOPOXY. Isepronoxy, n-bhutoxy, sobutoxy and t-hutoxy
One skilled in the art will recognize that the term “-(Cq . alkoxy)-" shall
denote any oxygen ether radicals of between 1 und 4 carbon atoms as herein
defined, wherein said Caalkoxy is divalent and is further bound through two
15 points of attachment. preferably through two tereminal carbon atoms.
As used hercin. unless otherwise noted. the term “fluoro substituted
C.aatkoxy™ shall mean any Csalkoxy group as defined above subsututed with
at teast ene fluoro atom. preferably substituted with one to three fiuoro atoms
Suitable exampies include but are not limited to O-CF 5. -O-CH:-CF.. -O-CF -
20  CF.-CF -CF. -O-CF~CF-. and the iike

As used herein, unless otherwise roted. the term ‘Ca.geycloalkyl” shall
mean any stabile 3-8 membered monocychic. saturated ring system. for
example cyclopropyl. cyclahutyl, cyclupentyl. cyciohexyl. cycloheptyl anag

25  cycloootyl,

As used herein, unless otherwtse noted. ‘aryl’ shall refer to unsubstituted

carbocylic aromatic groups such as phenyt. naphthyl, fluorenyi, and the like. Inan

embodiment. the aryl group 18 phenyl ar naphthyl, preferably phenyl
30 When a particular group 1 "substituted” (c.g.. Cy qalkyl. C. atkeoyl C:

salkynyl. Co.cycloalkyl, aryl. ete.). that group may have one or more

subslituents, preferabty from one to five substituents, more preforably from one
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te: three substituents, mosi preferably from one to two substituents,
ndependently selected from the st of subistituents.

With reference to substituents. the term “independently  means that
when more than one of such substituents is possible, such substituents may be

the same or different from 2ach other.

As used herein, the notation **” shall denote ihe presence of a
sterecqgenic center.

Whare the compounds according to this invention have at least one
chiral center. they may accordingly exist as enantiomers. Where the
compounds possess lwo or more chiral centers, thay may additionally oxist 58
diastereomers. It is 10 be understood that all such isomers and mixtures
thereof are encompassed within the scope of the present invention. Preferably,
wharain the compound is present as an enantiomer, the enantomer is prasent
at an enartiomens excess of greater than or equal to about 80%. more
preferably. at an enantiomeric excess of greater than or eguat to about 90%.
more preferably stll. at an enantiomeric excess of greater than or equal to
about 98%. more preferably stil, at an enantiomeric axaess of greater than o
egual to about 88%, most preferably, at an enantiomenc excess of greater than
or cqual to about 99%. Similarly. wharein the compound 18 present as a
diaslereaomer. (he diastereomer 1s prosant at an diastereomaeric xcoss of
areater than or equal 1o about 80%. maore preferably at an diastereomeric
excess of greater than or equal to about 0%, more preferably stlll at an
digstersomenc excess of greater than or equal to about 85%. more preferatily
still. at an diasloreomenc excess of greater than or equal to ahout 98%., most
preferably. at an diastereomeric excess of greater than or equal to about 9%

Furthermore. some of the crystalling forms for tho compounds of the
aresenl mwvention may exist as polymorphs and as such are intendead to be
included in the present invention. In addition, some of the compounds of the
present invention may form sowates with water (1.6, hydrates) or commaon
organic solvents, and such solvates are also intended to be encompassed

within the scopn of this invantion.

1)
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Furthermore. it 18 intended that within the scope of the presant invention
any elementn particular when menuoned in refation 10 a compound of formula
{1). shall comprise all isotopes and isotopic mixtures of said etement. either
naturally oaourning or synthetically produced. either with natural abundance or
in anisotopicatly enriched form. Far example, a reference to hydrogen
nciudes within its scope 'H."H (DY, and 'H (T Simitarly. references 1o carbon
and oxygen include within their scope respoclively “C, “C and ™*C and "0
and 0. The isotopes may be radioactive or non-radioactive. Radiolabelled
compounds of formula (1 may cemprise a radicactive isetope sclected from the
group of “H. VC. T T 22 TN Be B, YBr and UBr. Preferably. the

radioactive isotope is selected from the group of *H, ''C and UF.

Under standard nomenclature used throughaout this disciosure, the terminsl
norlion of the designated side chain s describod first. followed by the adjiacent
tunctionality toward the point of attachiment. Thus. tor example, a ‘phenylC;-

C.alkylaminocarbonylC -Ciaikyl” substituent refers t a group of the formula

O
C4-C;; alkyt— < ;
_,§_C:,—-C_-.~_ i"lky/LH/

Anbraviations used in the speciflication, particularly the Schemes and

Examples, are as follows:

<OH = Acetc acid
ADDP = 1 1 (azodwarbony! ipiperiding
AIBN = Azidagirib ity
BrettPhos = palladum 2-(dicyclohexylphosphingyd.6-
[([CODYPSHCHTMS).] dimethuxy-2°47, 8% trusopropyl-1.1"-bphenyl
Bu-,P = Tributyiphosphine
BurLi = Butyt iithium
n-Buli = n-Butyl lithium
Sec-Buli = sec-Butyl hitium
t-BulLi = tert-hutyl lithium
Cu(OAC), = Copper Acotate
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DAST in [Ceminl[PFsl

DCE
DCE
DCM
DEA
DEAD
DIBAL or DIBAL-H
DIAD
DIBAL or DIBAL-H
DIPEA or DIEA
DMA
DMAP
DME
DMF
DMP
DMSO
dppf
EtzNH
Et.O
EtsN or TEA
EtOAc
EtOH
EtOMesylate or
EtOMs
EtOTriflate or EtOTf
hep
HPLC
LAH
LDA
LDL
Li(BU'O)-AIH
mCPBA or m-CPBA

1l

n
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Diethylaminosulfur trifluoride in 1-methyl-3-
octylimidazolium hexafluorophosphate
Dichloroethane
Dichloroethane
Dichloromethane
diethylamine
Diethylazodicarboxylate
Diisobutylaluminium hydride
Diisopropylazodicarboxylate
Diisobutylaluminium hydride
Diisopropylethylamine
Dimethyl adipate
4-N,N-Dimethylaminopyridine
Dimethylether
N.N-Dimethylformamide
Dess—-Martin periodinane
Dimethylsulfoxide
1.1-Bis(diphenylphosphino)ferrocene
Diethylamine
Diethyl ether
Triethylamine
Ethyl acetate
Ethanol
Ethyl methanesulonate

Ethyl trifluoromethanesulfonate
heptane
High Pressure Liquid Chromatography
Lithium aluminum hydride
Lithium diisopropylamide
Low density Lipoprotein
Lithium tri-tert-butoxyaluminum hydride
meta-Chloroperoxybenzoic acid
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Me
MeOH
Mesy!
MOM
MsCI
MsOH
MTBE
NAHMDS
NBS
n-BuLl
NCS
NMP
Pd/C
Pdx(dba)s
Pd(dppe)Cl2

Pd(dppf)Cl2

Pdz(OAc).
Pd(PPh;).Cl2 or
PdCiAPh3P).
Pd(PPhs)s
PE
PPA
PPh:
P{o-tol); or P(o-tolyl)s
Rochelle’'s Salt
sec-Buli
TBAF
TBDMS
TBDMSCI
t-BuNO;
TEA

n

]

1l

"
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Methyl (i.e. -CHa)
Methanol
Methylsulfonyl
Methoxy methyl ether
Mesyl chloride
Methanse sulfonic acid
Methyl t-butyl ether
Sodium bis(trimethyisilyl Jamide
N-Bromosuccinimide
n-Buty! Lithium
N-Chlorosuccinimide
N-methyl-2-pyrrolidinone
Palladium on Carbon Catalyst
Tris(dibenzylidene acetone)dipalladium(0)
Palladium 1,2-
Bis(diphenylphosphino)ethane dichloride
[1,1-Bis(diphenylphosphino)
ferrocene]dichloropalladium(il)
Palladium(ll)acetate
Bis(triphenylphosphine)palladium (I1)
chloride
Tetrakistriphenylphosphine palladium (0)
Petroleum ether
Phenylpropanolamie
Triphenylphosphine
Tri(o-tolyl)phosphing
Potassium sodium tartrate
Sec-Butyl Lithium
Tetra-n-butylammonium fluoride
Tert-Butyldimethylsilyl
Tert-Butyldimethylsilyl chloride
Tert-Butylnitrate
Trethylamine
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TF.0 = Triflic anhydride
TFA = Trfluoroacetc acd
THF = Tetrahydrofuran
THP = Tetrahydropyranyl
TLC = Thin Layer Chromatography
TMEDA = Tstrareosdethvcls e amiing
TMS = Trimethylsily!
Tasy = - Toluenesulfonyl

TsOH or p-TsOH Toluena sulfonic acid

For purposes of the present invention, the term “modulated by the
GPR120 receptor’ 1s used to refer to the conditon of being affected by the
moduiation of the GPR120 receptor, including but not limited to, the state of
heing madiaterd by the GPR120 receptor.

As used heremn, unless otherwise noted. the term "disorder modulated
by the GPR120 receptor’ shall mean any disease. disorder or condition
characterized in that at least one of its characteristic symptoms is alleviated or
elimmaied upon reatment with & GPR 120 receptor aqonist. Suitably examples
inClude, but are not limited to ebesity, obesity related discrders, impared oral
glucuse wierance. insulin resistance. Type |1 diabetes mellitus, metabelic
syndrome, melabalic syndrome X, dyslipidemia, elavated LDL. eievated
riglycerides. obesity induced inflammation, osteoporosis and obesity refated
cardiovascular disorders: preferably. obesity, insulin resistance, Type
diabetes mellitus. dyslipidemia or metabohe syndrome X: more preferably. Type
I diabetes maelitus or dyslipidemis.

As used nerem uniess otherwise noted, the term “obesity retated
cardiovascular disorders” shall mean any cardiovascular disease. disorder o
concition i which abesity or diabetes (preferably. Type 1l Diabeles) has a rale
in the initiation or exacerhation of Kaid disorder or condiion. Suitabile examples

include but are not iimited 10 hypertension. atherosclerosis and cardiac fibrosis,

As used nerem, unless otharwise noted. the lerms ‘treating’ .

“treatment’ and the like, shalt include the management and care of & subject ar

i
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patient (preferably mammal, more preferabiy buman) for the purpose of
combating a discasa, condition. or disorder and includes the administration of a

compound of the present invention to prevent the onset of the symptoms or

the frequency or severty of one or more symptoms). or ehminate the diseass,
condition, or disorder.

As used herein, unless otherwise noted. the lorm “prevention” shall
include fa) the delay or aveidance of the development of additional symptoms:
and / ar (b} delay or avoidance of the developmaent of tihe disorder or condition
20N & Known development pathway.

One skillea i the art will recognize that wherein the present invention is
directed to methods of prevention., a subject in need of thereof {i.e. a subject In
need of prevention) shall inciude any subject or patient (preferably @ mammal,
more preferably a human) who has experienced or extibited al feast one
symptom of the disorder, disease or condition to be prevented. A subject in
need thereof may additionally be a subject {praferably @ mammal. more
preferably @ hurnan) who has not exhibited any symptoms of the disorder.
disease or condiion to be prevented. but who has been deemod by a
physician, chnician or ¢ther medical profession to e at risk of developing said
dizsorder, disease or condition. For example. the subject may be deemad at
risk of developing a disorder. disecase or condition (and therefore in need of
prevention or preventive treatment) as a consequence of the subject's medical
bostory. including. but not limited to. family history. pre-disposition. co-existing

{comorbid} disorders ur conditions. geneuc testing. and the ke,

The term ‘subject as used herain, refers to an ammal. preteranly &
mammal. most prefaerably a human, who has been the object of treatment.
abservation or experimaont. Preferably, the subject has experiencod and 7 or
exhmhited at least one symptom of the disease or disorder 10 be treated and 7 or
frevented,

The term “therapeutically effective amount as used herein, means that
amount of aclive compound or pharmacautical agent that elinits the; hiological or

medmal response in a tissue system, anmat or human that 1s bemnyg sought by a

A,

~
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researcher, veterinarian, medical doctor or other clinician, which includes
alleviation of the symptoms of the discase or disorder being treated.

Ag used herein, the term 'composition’ 1s intended 10 encompass a
product compriging the specified ingredients in the spoofied amnunts. as well
as any product which results, directly or indirectly, from combmations of the

specified ingred:ents in the specified amounts

As more extensively provided in this wrtten deseription. terms such as
‘reacting’ and ‘reacted’ arg uscd herein in reference to a chemical entity that
i% any one of: (&) the actually recited form of such chemical entity, and (D) any
of the forms of such chemical entity in the medium in which the compound is
beiny considered when named

One skilled in the art will recognize that, where not otherwise specified.
the reaaction step(s: s porformead under suitable conditions, according 16 known
methods. to provide the desired praduct. One skilled in the art wdl turiher
recognize that, in the specification and claims as presentcd herain, wherein a
reagent or reagent classitype (e.q. base. sulvent. et¢.) is recited in more than
nne step of a process. the individual reagents are independently seected tor
each reaction step and may be the same of different from each othor. For
example wherein two steps of a process recite an crganic or ingrganic base as
a reagent, the arganic or inorganic base selected for the first step may be the
same or different than the organic or inorganic base of the second step.
Further. one skilled in the art will recognize that whaerein a reaction step of tho
present invention may be caried out in a variety of solvents or solvent systems.
sat reacton step may also be carried out in a mixture of the suilable solvents
or solvent systems.

To provide a more conciso description, some of the quantitative
exXpressions yieldn herein are not qualified with the term "about™. 1tis
understood that whether the term “about” is used explicitly or not, every
quantity yie!dn heren is meant to refor to the actual yicldr value. and its also
meant to vefer to the approximation to such yieldn value that would reasonably
be inferred hased on the ordinary skill in the arto including approximations due

to the experimental and/or measurement condrions for such yieldn value.
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To provide a more coneise descripton, some of the quantitative
expressions herein are reciicd as a range from about amount X to about
amount Y. It is understood that wheren @ range is recited. the range is not
limited to the recited upper ang 'ower bounds, bul rather inctudaes the full range

from about amount X through about amount Y, or any amount or range therein.

examples of suitabta solvents. bases. reaclion tempeoratures. and othar
reacton parameters and components are provided in the detated descriptions
which follows herein. One skilled 1in the art will recognize that the histing of said
examples 1s not intended. ard should net be construed, as limitng in any way
the mvention sel forth in the claims which follow thereaftor. One skilled in the
art will further recognize that wherein 2 reaction step of the present invention
may be carried out in @ variety of solvents or solvent systems. said reaction
step may also be carmed gul in & mixlure of the suitable solvents or solvent

systems

As used herein. unless otherwise noted. the term "aprotic sotvent shall
rncan any salvent that does not yield & proton. Sutable examples include. but
are not mited to DMF, 1.4-dioxane. THF. acetonitrile, pyridine, dichlorgethane,
dirhloromethane. MTBE. toluens. acetong. and the like.

As usced haren, unless otharwise notod. tho lorm “leaving group™ shall
mean & charged or uncharged atom or greup which departs durng a
substitution or displacement reaction. Suitable examples inciude, but are not
tmited o, Br. Cl 1, mesylate. tosylate. and the Ike.

During any of the: processes [or preparation of the compounds of the
present invention. it may be necessary and:or desirabte to protect sensitive or
reactive groups on any of the molecules concemad. This may be achievad by
means of conveniional protecting groups. such as those described in Proteclive

Groups in Organic Chemistry. ed. J.F.W. MeOmae, Plisnum Press. 1973 and

TW. Greens & P.G.M. Wuts, Protective Groups 1in Organic Synthesis, John

Wiley & Sons, 1991, The protecting groups may be removed at @ convenent

subsequent stage using maethods known from the zn
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As used heren, unless otherwise noted. the term “nitrogen protecting
group ' shall mean a greup which may be attached to a nitrogen atom to
protect said nitrogen atom from participating in & reaction and which may be
readily removed foilowing the reaction. Switable mitrogen protecting groupss
include, but are not limited to carbamates - groups of the formula -C{O)0-R
wherein R is for example methyl. ethyl. t-butyl. benzyl, phenylethyl, CH.=CH-
CH.-. and the like: amides - groups of the formuia  C{O)R wherein R is for
example methyl, phenyl. trifflucromethyl, ard the ike: N-sulfonyl dernvatives -
groups ¢f the formula  SO-R™ wherein R™ s for examgple tolyl. phenyl
triftuoromethyl, 2.2.5.7 -peptamethylchroman-g-yl-, 2,.3.6-trimethyl-4-
methexybenzene. and the like. Other suitable mitrogen protecting groups may
be found tn texts such as TW. Greene & P.G.M. Wuts. Protective Groups in
Qrganic Synthesis. John Wiley & Sons, 1891,

As usad herem, unless otherwise noted. the term “oxygen protecting
group” shall mean a group which may be attached to a oxygen atom to protect
said oxygen atom from participating in & reaction and which may bo roadly
removed fullowing the reaction. Stitable oxygen protecting groups include. but
are not Imited Lo, acetyl, benzoyl, t-butyt-dimathyisdyl, trimethylsityl (TMS).
MOM, THP, and the like. Other sutable oxyqen protecting groups may he

found in toxts such as TW. Greene & P.G.M. Wuts. Protective Groupis in

Organis Synthesis. John Wiley & Song. 1491,

Where the piracesscs for the preparation of lhe compounds according to
lhe invention yield rise to mixture of stereoisomers. these isomers may be
separated by conventonal technigques such as preparative chromatography.,
The compounds may be prepared in racemic form. or indwidual enantiomers
may be prepared either by enantiospedcific synthesis or by resolution. The
compounds may. for example. be resolved inlo their component enantiomers
by standard rechmgues. such as the formation of diastereomenc pairs by sa't
formaltion with an optically active acid. such as {-3-di-p-toluoyl-D-tartanc acid
and/or (+i-di-p-toluoyl-L-tartanc acid foliowed by fractional crystallization and
regeneralion of the free base. The compounds may alse he resolved by

formation of diastereomeric: esters or amides, followed by chromatographic

g
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separation and remaoval of the chiral auxiliary. Alternatively. the compounds
may he resolved using a chiral HPLC column.
Additionally. chirg! HPLC aqgainst @ standard may be used to determine
percent enantiomaeric excess (Yoee ). The enantomeric excess may be
5 calculated as follows
[ (Rmoles-SmolesytRmoles+Smoles) | X 100%
where Rmales and Smoles are the R and S mole fractions in the mixture
such that Rmoles+Smaeles = 1. The enantiomericc excess may alternatively he
calculated from the specific rotatiens of tho desired enantiomar and tho
10 prepared mixture as follows:

ge = ([¢-obs] / fa-max]) X 100.

The prosent invention includes within its scope prodrugs of the
compounds of this invention_ In gereral, such prodrugs will be functional
15 derivatives of tho compounds which are readity convertible in vivo into the
required compound. Thus. in the methods of treatrment of the present
invention, tho torm "administering” shall encompass the treatment of the
various disorders descnbed with the compound specifically disclosed ar with a
compound which may not be specifically disclosed. but which converts to the
20 specified compound (1 vivo aftor administration to the palient. Cenventional
procedures for the selection and preparation of switable pradrug denvatives are
described. for example. in "Design of Prodrugs™. od. H. Bundyaard. Elsoviar,
19885.
Foruse in medicing the salts of the compounds of this invenlion refor to
25 nun-toxic ‘pharmaceutically acceptable salts.” Other salts may. howover, be

useful in the preparation of compounds according to this invention or of their

of the compounds include acid addition salts which may. for example. be
formed by mixing a sotution of the compound with a sofution of &

30 pharmaceutically acceptable acid such as nydrochloric acid. sulfunc acid,
fumaria acid. maleic acd. succing acid, acete acid, henzow acid, citne acid,
tartaric acid. carbonic acid or phosphoric acikd. Furthermare. where the

compounds of the invention carry an acidic moety, suitatile pharmaceutically

4G
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acceptabile salts thereof may include alkat metal salts, e.q., sodium or
potassium salts: alkaline carth metal salts. e.g.. calcum or magnesium salts:
and salts formed with suitable organic hgands. e.q.. quaternary ammonium
salts, Trus, representalive pharmaceutically acceptable salts incluade, but are
not limited to, the following: acetate, benzenesulfonate, benzoate. hicarbhonate.
bisulfate. bitartrate, borate, bromide. calcium edetate. camsylate, carbonate,
chioride, clavulanale, aitrate, dibydrochloride. edetate, edisylate. eslolate.
esylate, fumarate, gluceptate. gluconate. glutamate. glycollylarsanilate,
hoxylresorcinate, hydrabamine, hydronromide. hydrochloride.
hydroxynaphthoate. odide. sothionate, lactate. lactobionate, latrate, malate
maleale. mandelale. mesylate, methyllrromide, methylnitrate, methylsulfate.
mucate, napsylate. nitrate, N-methylglucaming ammaonium salt, cleate,
pamoate (embonate). palmitate. pantothenate. phosphate/diphosphate.
palygalacturonate. salicylate. stearate. sulfate, subacetale. succinate. tannate.
tartrate, teoclate. tosylate. tristhicdide and valerate.

Representative acids which may be used in the preparauoen of
pharmaceutically acceptable salts include. but are not limited te. the following:
amds including aceuc acid. 2.2-dichloroaceticc acid, acylated amino acds, adipic
acid, algime acid, ascorbic acid, L-aspartic acid, benzeresutfonic acid, benzoic
acnl. d-acotamidobenzoic acid. (+)-camphone acid, camphorsufonic acid. (+)-
(1S rcamphor-10-suitonic acid. capric acid. caproic acid. caprylic acid. cinnamie
acid, ciric acid, cyclamic acid, dodecytsuifure acd, ethane-1 2-disulfonic acid.
ethanesulfonic acid. 2-hydroxy-ethanesuiforic acid. formic acid. fumaric acid.
gatactanc acid, gentsic acid. glucobeptonic acid. D-glucenic acid, D-glucoronic
acid. L-gtutamic acid. a-oxe-glutarie acid. glycolic acid. hipuric acid.
hydrobromic acid. hydroshloric acd, (+)-L-lactic acid, (x)-DL-lactic aad.
factobionic acid. male acid, (-)-L-malic acid. malonic acid. (£)-DL-mandalic
aciwt. methanesulionic acid, naphthalene-2-sulforic acid, naphthalene-1.5-
disulforne acid, 1-hydroxy-2-napnthoic acid. nicotine acid. nitric aci. oleic acd.
orotic awd. oxaie acid. paimitic acd, pamoic acid. phosphoric acid. L.-
pyrogiulamic acid. salicyhe acid, 4-aming-salicylic acid. sebac acid. steanc
acih. succirie acid, sulfune acid. @nnic acid, {+»-L-tartaric acid. thiocyan:¢ acid,

p-toluenesufonic acd and undecylenic agid.

R
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Representative basas which may be used in the preparation of
pharmaceutically acceptable salts include. but are not limited to. the follow ny:
hases including ammonig, L-argmine. benethamine. benzathine. caleium
hydroxide. choling, deanol. diethanolaming, diethylamine, 2-(diethylamino}-

5  ethanol. ethanoliamine, ethylenediamine, N-metnhyl-glucamine. hydrabamine.
1H-imidazole. L-lysine. magnesium hydroxide. 4-12-hydroxyethy!i-morpholing.
pperazng, poassium hydroxide. 1-(2-hvdroxyethyl ) pyrrotidine, secondary

amine. sod:um hydroxide, triethanoiamine, tromethamine and zine hydrexide:.

143 GENERAL SYNTHETIC METHODS

Compountds of formuta ty may be prepared accerding to the process

outlinexd in Scheme 1. blow,

b
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Scheme 1

\_</

Accordingly, a suitably substituted compound of formula (I1), a

compound prepared by known methods or prepared as described hereinafter,

5 s reacted with a suitably substituted compound of formula (I11), wherein LG" is
a suitably selected leaving group such as OH, and the like, and wherein A’ is a
suitably selected Ci.alkyl, such as methyl, ethyl, t-butyl, and the like, a known
compound or compound prepared by known methods, in the presence of a
suitably selected coupling system such as DEAD/PPha, ADDP/BusP,

10 DIAD/PPhs, and the like: in a suitably selected organic solvent such as THF,
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1.4-dioxane, CH;Cl-, toluene and the like: to yield the corresponding compound
of formuia (V1

Ahernatively. a suitably substituted compound of formula (). @
compound prepared by known mathods or prepared as describied hereinafter.
is reacted with campounds off formula (111), wherein LG™ is a suitabty selected
ieaving group such as F. CL Br. mesyl, and the like. @ kncwn compound or
compound prepared by known mathods: in the presence of a suitably selecloed
base suck as NaH. and the iike; in a suitably selected solvent such as DMF.
DMSO. NMP. and the Like: to yicld the carresponding compound of formula
{1V,

One skilled n the art will recognize that compounds of formula {(IV) may
anernatively be prepared by reacting & sutably substituted compound of

formula (V)

3
R X
\
@)
“/
RY Z
LGE v

wherein LG" is a suitably setected leaving group such as CL Br. 1 mesy
tosy!. and the like. a known compound or compound prepared by known
methods. with a suttably substituted compound of formula (111}, wherein LG s a
sutably selected leaving greup such as OH, and the: ke, a known compountt
or compound prepared by known methods: in the presence of a suitably
setected nase such as potassium carbonata, cesium carbonate, TEA. DIEA,
and the ltkke: in a suitably sclected solvent such as DMF, THF, DCM, and the

fike: to yield the corresponding compound of formufa (V).

The compound of fornmuuta (V1 is reacted with a suitably selected base
such as NaOH. LIOH, KOH. and the: like: or when A' s t-butyl with a suitatity
setectod Aacid such TFA, and the like: to yield the sorresponding compound of

formula i1a). a compound of formula (1) wherein R” is C{O)OH.
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Alternatively, the compound ot formula {1V} 1s reacted with a sutably
sciected reducing agent such as LAFL DIBAL, and the Iike: to yield the

corresponding compound of formuia (b}, a compound of formuks (1) wherein RY

1% CH'__—OH..
f
R‘
~ ~
X
\ 3 N \
¥ \ R
Comp:ounds of formula (1) wherein MTZ MO and
wherein R7 s hydrogen. may be prepared according to the process outlined in
Scheme 2. helow.
R:—' o)
4 4
=R R\T%J\ hih R\"‘.f.?f\ N
Ce L yw Ly
i2b) RN R3S
N
AT 0 o HOY dla;
10 Scheme 2

Accordinagly g suitably substituted compound of formula (237 wherein

LG is a suitably selected leaving group such as Br. ). -OSO,CF .. and the like.
and wherein A is hydrogen or a suitably selected C,.salkoxy such as methoxy.
ethoxy and the like. a known compound or compound prepared by Xnown

15 methods, is reacted with a suitably substituted compound of formuta (2. a
known compound or compound prepared by known methods: in the presence
of a suilably selecled coupbng agent such as PdiPPh:).Cls. Pd{PPh:l..
Pdidppe)Cl; and the like: in the presence of Cul; in the presence of a suitably
seiccted organic base such as TEA. £t.NH. and the like; in a suitably sclected

200 organic solvent such as DMF. TEA, Et NH. and the like: (o yield the
corresponding compound of formula {2¢),

One skilled in the art will further recognize in the preparation of the

compounds of formula i26). the desired R and / or R” substiluenl Qraupis) may

Ia
o

aternatively by reacting a suitably substitituted compound of formula (2¢)

whorein R and 7 or R is CH.O. with a suitably scloated de-methylating agent
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such as BBr« and the like; and the resulting compound alkylated with for
example. chiorodifivoromethanc: 1o yielid the corresponding compound of
formula (2¢) wherein R* and 7 ur R is -OCF;H: or reacting a suitably
substitituted compounad of formula (2¢) wherein R* and / or R™ is CH-0-. with
bromoethane: o yicld the correspanding compound of formuta {2¢) wherenn R?
and / or R™is -OCH:CHx: or reacting & suitably substitituted compound of
formula (2¢) wherein R* and 7 or R™ is CH.O. with for example. 1-bromo-2-
methexyethane: to yield the corresponding compound of formuta (2¢) wheren
R*and 7 or R™ is -OCH.CH.OCH-: or by reacting a suitably substitituted
compound of formulis (2¢) wherein R* ana / or R” is CH+O. with for example.
triffucromethyl trifluoromethanesulfonate; to yield the corresponding compound
of formuta {2¢) wherein R* and / or R™1s <OCH.CF . or reacting a suitably
substitituted compound of formula {2¢) wherein R* and 7 or R” is CH-0. with for
example. 2-bromopropanc: to yield the corresponding compound of formula
(2¢) wheren R and f or R71s -OCHICH.):; of reacting a swtably substitituted
compound of formula (2¢) wherein R* and / or R is CH.O. with for example, 1-
bromao-2-methylpropane: to yield the corresponding compound of formula (2¢)
wherein R ang 7 or R™ is -OCH.CH{CH ). or by reacting a suitably substitituted
compound of formula (2¢) whernin RY and 7 or R is CH.O. with far example, 2-
ttrimethysilyhphenyl triflate: to yield the ocorresponding compound of formula
i2cy wherein R and / or R™is -O-phenyl.

Aiternatively. a sutably substituted compound of formula (2¢) wherein R
and / or R7is CH,O is reacted with a suitably selected demethylated agent
such @s for example BBr- and the resulting product reacted with for example
frifiic; anhydride: and the resuiting product reacted with a suitably substituted
boronic acid. under Suzuki couphng conditions {(€.4. in the presencs of a
stitably selected catalyst such as PdiPh:y,. and the Iike! in the presence of &
sufahly selectnd hbase such as K:PO,. and the like: in a suitiably seloctod
solvent such as THF, and the like; to yield the corresponding compound of
formula i2¢) whorein R and for R™ 18 CH.,.

Alternatively. a suitably substituted compound of formula (2¢) wherein R
ana f or R7is CH-O & reacted with a suitably selectad demethylated agent such

as for example BBr-: and the resulting product reacted with for example. triflic

b
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anhydride: and the resulting praduct reacted with for example diethylzine, in the
presence of a suitably selected catalyst such as Pd{ddppfiCl.. and the like:in a
sintably selected solvent such as THF. and the ike: to yield the corresponding
compound of formula (2¢) wherein R* and / or R7 is CHLCH-;

Alternatively. a1 swtabty substitutesd compound of formula (20) wherein R
and for R s Cl may he reacted with for exampie. LIAIH;, and the fike: in &
suitably selected sotvent such as THF, and the tike: o yvield the corresponding
compound of formula (2) wherein R and 7 or R™ is H.

Alternatively. a suitably substituted compound of formula (2¢) wherein R?
ana f or R is iodo may be reacted with for example a suitably substituted
propy-1-ny! such as 3-(methylsulfanylprop-1-yne, in the presence of Cul. in the
presence of a suitatly selected catalyst such as Pd{PPh:).Cl., and the Ike: in
the presence of a suitably selected hase such as TEA. and the like: in &
suitahly selected sotvent such as acetonitnle. DMFEF. and the like; al &
temperature «n the range of from about 707°C te about 30°C: to yield the
caorrgsponding compound of formula (2¢) wherein RYand for R is
CH-SCH:CC-.

The compound of formula (20)18 reacted w0 yiell the corresponding
compound of formula (4}, More particularly. wherein A” is hydrogen, the
compeund of formula of formuia (2¢) is reacted with a sutably selected
reducing agent such as NaBH,, LAH. and the like; in a suitably selected
organic solvent such ag THE, MeOH. tolucne. and the like: to yield the
corresponding compound of formuta (Hla). Alternatively. wherein A” is
suitably selected Coaalkoxy, the compound of formula (2¢) is reacted with 2
suitably selected reducing agent such as DIBAL. LAH. LIBH,. and the like: in &
suitably selected organic soivent such as THE, tolvene. CH.Cl:. and the like: at
a suitable temperature (as delermired by the choiee of reducing agent and
readily determmned by one skiiied o the art): 10 yield the corresponding

compound of formula itla).



WO 200 4/15000) PCTUS20 14021790

‘}r‘
Y °LL
Compounds of formuia (1) wheremn 7 bl'?-‘ and
whereln for example, R'is methyl and R is nydrogen. may be prepared

according to the procass oullined In Scheme 3. below,

RS R”
4 2
RE | TR —_—
o~ "0 (3a) O (I) {3b}
|
R:i R‘
O RO
{ lb)
07 >0 (3d) ~ Hib)

Scheme 3
Accordingly, a suitably substituted compound of formuta {34). a known
compoung or compound proparaed by known methods. is reactoed with
alkynylbromide. a knewn compound: in the presence of a suitably selected
10 inarganic base such as K.CO:. Cs.CO.. NaH. and the like: in a suitably
selectod organic solvent such as DMF, THFE, CH<CN, and the like; to yinla the
corresponding compound of farmula (3h).
The compound of formula 131) is refluxed tat about 217°C) in NUN-
diethylaniline. in the presence of catalytic amounts of CsF to yield the
15 corresponding compound of formula (2c)
The compound of formula (30) s reacted with a surtably selected
reducing agent such as DIBAL. LAH. LiBH and the like: in a suitably seincted
organic solvent such as THF lolucne. CH:CI: |, and the like: to yield the

corregsponding compound of formula ).
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One skilled in the art will recognize that compounds of formula (1)

% O

=X | R!
@k
W A

wherein R® and wherein R' is other than methyl and
/ or wherein R* is other than hydrogen, may be similarly prepared according to
the process outlined in Scheme 3 above by substituting a suitably substituted

compound of formula Br-CC(R?) for the alkynyl bromide.

R2
~ ~
NS SR N
Y | R'
Compounds of formula (ll) wherein HZ 1S j"- S and
wherein R' is methyl and wherein R? is hydrogen, may be prepared according

to the process outlined in Scheme 4, below.

r> 2 A

(4a) (4b) (4c)
; E EOH (llc)
(4d)
Scheme 4

Accordingly, a suitably substituted compound of formula (4a). a known
compound or compound prepared by known methods, is reacted with ethyl 2-
bromopropanoate, a known compound; in the presence of a suitably selecled
base such as K,COs, Cs,CO;, NaH, DIPEA and the like; in a suitably selected
organic solvent such as THF, DMF, acetone, CH4CN, and the like: to yield the
corresponding compound of formula (4b).
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The compound of formula (4b) is reacted with a suitably selected
reducing agent such as DIBAL, LAH, LiBH4 and the like; in a suitably selected
organic solvent such as THF, Et;O, CHCl; and the like: to yield the
corresponding compound of formula (4c).

The compound of formula (4c) is mixed with PPA, and heated at 150°C
to yield the corresponding compound of formula (4d).

The compound of formula (4d) is reacted with carbon monoxide; in the
presence of a suitably selected catalyst such as Pd(dppf)Cl,, Pd(OAc)./ 1,1'-
bis(diphenylphosphino fferrocene, and the like; in methanol at 60°C for 18h to
yield the corresponding compound of formula (4e).

The compound of formula (4e) is reacted with a suitably selected
reducing agent such as LAH, LiBH,, DIBAL, and the like; in a suitably selected
organic solvent such as THF, CH;Cl;, toluene and the like; to yield the

% S
~ X | R1
B A
/
A L is R and

Compounds of formula (I1) wherein - <

corresponding compound of formula (lic).

wherein R’ is methyl and R? is hydrogen may be prepared according to the
process outlined in Scheme 5, below.

R? B OE R4 T SH
1
R4 NH2 R4 Sjr
i S —— RS
RS RS
Br Br Br
(Se) (50) (5¢)

59
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5 Accordingly. a suitably substituted compound of formuka {5a). a knowr

compound or compound prepared by known methods. is reacted with NaNO,
and HCl -, 1o form the diazonium salt which is then reacted with
KSC{=8)OCH:CH-. & known compound: neat: tu yield the corresponding
compaund of formula (5h); which is then reactea with a suitably selected base

1) such as KOH, NaOH. and the Iike: to yield the corresponding compound of
farmula (5¢}.

The compound of formula (5¢) is reacted with ethyl 2-bremopropanoate.
a known compound; in the presence of a suitably selected base such as
K.CO:. Cs,CO+. NaH. DIPEA. and the like: 1n a suitably sclacted organic

15 solvent such as THFE. DMF, acetone. CH,CN and the like: to yield the
corresponding compoand of formula (5d).

The compound of formuia (8¢ is reacted with 2 suitably selected
reducing agent such as DIBAL. LiIBH.. LAH, and the like: in a suitably selected
organic solvent stich as THF, CH.Cl. tolugne. and the like: preferably at 4

20 temperature in the range of form about -74°C to about 20-C, for example, at
about -78°C ({as determined by the chace of reducing agent and readity
determined by une skiled in the art): 10 yield the corresponding compound or

formuta(be).

0
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The compound of formuta (5118 mixed with PPA. a known compound,
and heated to about 150°C. to yield the corresnonding compound of formula
{5f)

The compound of formula (51 is reacted with cark:on monoxide in the
presence of & suitably selected catalyst such as PdidppfiCl.. Pd{OAc),/ 1.1
nisidiphenylphosphinoferrocene. @nd the like: in the presence of a suitably
selecled organic base such as TEA. in a organic solvent such as mathanol at
60°C for 18h; to yield the corresponding compound of formuia (39).

The compound of formuia (5g) is reacted with a suitably selected
reducing agent such as DIBAL. LAH. LiBH;. and the like: in a su:tably selected
organis solvent such as THFE . CH:Cla, toluene. and the like; preferabty at
tomperature in the range of from about -767C o about 30°C. for examplo. at

about -78%C: 10 vield the corresponding compound of formula Ud).

One skilled n the art will recognize that compounds of formula (1)

R;?
~ ~
X, RN \
Oy ]| >~
/ .
wherein 4 18 :L?' S and wherein R is hydrogen and

wherein R'is other than methy! may be similarly prepared according to the
process outhned in Scheme 4 or Scheme 5 above by substtuting & suitably
substituted compound of the formala Br-CH{R'i-CQ.CH_CH . for the cthyl 2-

bromaopropanoate.

O

Compounds of formuta (1 wherein ~ and
wherein R 1s for example, alkyl. halogen substituted alkyl. alky! ester, phenyi or
benzyl, may te prepared according to the process vutlined in Scheme 6.

bhetow.
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Rlﬁ [Tf' R*
RY. R NG R NH.,
= - .,
| - »
g L 5 5
R~ OH R OH R OH
C O O (]J
|
i6a) (6c)
o/ RS
O \
7<R1 R‘\. AN N
P
» R O
(6}
OH (le)

{bel

Schemo 6

Accordingly, 3 suitably substituted compoundg ot tarmuta (8a), & kKnown
compound or compound prepared by known methods, 18 reacted with a suwitably
selected nitrating agent such as HNQ-/ H:S0,;. KNO-/H:S0;, to yielkd the
corresponding compound of formula {6b).

The compound of formuta {(6h) is roacted with & suitably seloctod
reducing agent such as Fe. SnCh, TiCls: in a sutably selected organic solvent
such as AcOH. EtOAC. THF, and the like: to yield the corresponding compounr
of formuta 16¢).

The compound of farmula (6} 18 reacted with a suitabiy substituted
compound of formukz (6d). a known compound or compound prepared by
known Methodds: in the presence of a suitably selected acid such as ppTSOH.
and the Like; preferably at a temperature in the range of from about 100°C o
about 120°C. for example at about 100°C: to vield the corresponding compounid
of formuia {6e),

The compound of formula (6¢)1s reacted with a suitably selected
reducing agent such as DIBAL. LAH. LiBH,, and the like: in & sutably selected
organic solvent such as THFE, loluene, CH.Cl.. and the like: preferably at a
temperature in the range of from ahout -78%C to about 30°C. for example. st

about -787°C: 1o vield the correspending compound of fermula tlle).

2
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Compounds of formua (1) whergin < may he

preparedt gecording to the process outhned in Scheme 7. betow.

o/
0.
R R® /:‘(‘R1 ?
4 : G 4
:1\ |'“~.. i RW""\_«/I':\ OH / R'\. /Q\Q\ -0
L — . N A
R ~ “NH. T '\.j{/ SN (7¢h RE NN
Bl, Br Br
(7¢)
RJ R"‘

R l/ "N R¥N N
O7OH (74, 07 "OCH: OH i
; (71)

Scheme 7
Accordingly. a suitably substituted compound of formuta (735, a known
compound or compound prepared by known methods, s reacted with for
example. BBr: in a sutably selected organic solvent such as CHCl-, and the
10 ke at about room temparaiure: to vield the corrosponding comipound of
formuta (76
The comnound of formuba (7D) is reacted with a suitably substituled
compound of formula (7<), a known compound or compound prepared by
known methods: in the presence of a suitably selcoted acd such as pTsOH,
15 sulfuric acid, MsOH, and the hke: preferably at a temperature in the range of
froms about 80°C 0 about 1207°C, for example at about 1004C: 1o yield the
carrespoending compound of formula (7d).
The compotind of formula {7¢) 18 reacted with carbon monoxide in the
presence of a suilably selected catalyst such as Pd{dppfhCl., Pa(OAc)/ 1.1

20 bisidiphenylphosphingferrocene. and the like: in the presence of suitabily

L3
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selected inorganic base such as K;CO3 in DMF at 80°C for 18h to yield the
corresponding compound of formula (7e).

The compound of formula (7e) is reacted with for example, TMS-
diazomethane, a known compound; in a suitably selected solvent such as

5 methanol, ethanol, and the like; to yield the corresponding compound of
formula (71).

The compound of formula (7f) is reacted a suitably selected reducing
agent such as DIBAL. LAH, LiBHy, and the like; in a suitably selected organic
solvent such as THF, CHCl;, toluene, and the like; preferably at a temperature

10 in the range of from about -78°C to about 30°C, for example, at about -78°C; to
yield the corresponding compound of formula (1if).

Y R!
fE S

Compounds of formula (1) wherein M is
be prepared according to the process outlined in Scheme 8, below.

R R
R4 NO, R* NO; SH
- -
RS LG1 Rs LG!
0~ “OH 0~ “0-A*

RJ R3 R:’
R4 NO, R4 NH; RY NH;
— S
RS s/\© RS s/\© R® SH
o O/\ ') 0/\ O OH
(8c) (8d) (Be)
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Scheme o

Accordingly. a suitably substituted compound of formula (8a). a known
compound or compound prepared by known mathoeds. is reacted ito yield the
corresponding ester) with a suitably selected alkylatng agent such as diethyl
suifate, dimethyl sulfate. and the tke: in the presence of suitabily setected
inorganic pase such as K .CO:.. Na.CQO.. Cs.CO.., and the I'ke: in a suitably
sglected organic sulvent such as acetone, CHACN. . and the like. preferably at
atemperature in the range of from about 20°C Lo about 80YC. for example at
avout 53°C: to yield the correspending compound of formula (8b) wherein A™ s
a suitadbty selected alkyl. preferably Coalkyl. such as methyl, ethyl. t-butyl. and
the like. Alternatively the compound of formula (8at is reacted anth for
example, diazomethane in methanol or reacted with HCI in a suitably selected
alzohol of the formula A*OH. wherein A 1s methyl or ethyl: to yield the
corresponding compound of farmula (80). wherein A” is the corresponding
Akyl,

The compound of formula (8L is reacted with phenyimethanethiol. a
known sompound or compound prepared by known methods: in tho presence
of suitably selected inoryanic base such as K.CO: Cs:CO-. and the like: in g
sutabiy selected organic solvent such as DMF, NMP. DMA, and the Tke:
preferably at a temperature of about 3G°C: 10 yicld the corresponding
compound of formula (84).

The campound of formula (8c1is reacted with a suitably sclected
reducing agent such as Fe. 8nCl.. TiCl., and the ke, 1n the presence ot &
suitably selaected solvent such as othannl. THF. AcOH. and the like: preferably
at @ temperature in the range of from about 207C to about 80~C. for examp'e at

ahout 806°C: o yield the corresponding compound ¢t formula (8d).
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The compound of formula (8d) is reacted with for example, AICl;, in a
suitably selected solvent such as toluene, benzene, and the like; preferably at
an elevated temperature in the range of from about 30°C to about 80°C, for
example at a temperature of about 30°C; to yield the corresponding compound
of formula (8e).

The compound of formula (8e) is reacted with a suitably substituted
compound of formula (8f), a known compound or compound prepared by
known methods: in a suitably selected solvent such as NMP, DMF, and the like;
preferably at an elevated temperature in the range of from about 150°C to
about 170°C, for example at a temperature of about 160°C; to yield the
corresponding compound of formula (8g).

The compound of formula (8g) is reacted with a suitably selected
reducing agent such as LiAlHs, BHs*THF and the like; in a suitably selected
organic solvent such as diethyl ether, THF and the like; preferably at a
temperature in the range of form about 0°C to about 22°C, for example, at
about 0°C; to yield the corresponding compound of formula (l1g).

% X 3 S
O Lo
A ol

be prepared according to the process outlined in Scheme 9, below.

Compounds of formula (I) wherein

R? R3 R®
R NHSCNBr, R 5 R* S
RS NH, R? N R® s
Br Br Br
(9a) (9b) (9¢c)
v B 0 R?
R SH
R'JLCI I S)_ .
»—R
== Al Nz (g8) RS N
Br Br
(9d) (9f)
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Scheme 9

Accordingly. a suitably substituted compound of formula 19al. a known
compound or compound prepared by known methods. 1s reacted with NH;SCN
ang Br., known compoundds: in @ suitably selecled solvent such as aceto acid.
and tha ike: preferably at a temperatwe in the range of from about 0°C to
about room temperature. for exampte at about O0°C: to yield the corresponding
csmpound of formula (9b1.

The compound of formula (918 reacted with a suitably selected ritrite
such as t-BuNO.. iseamy! nitrite. and the like: in a sutably selected erganic
solvent such as 1.4-divxane. THF, DMF, and the like: preferabty at a
temperature n the ranga of from about 5O0°C Lo about 80°C, for example, at
atout 80°C: to vield the corresponding compound of fermula (9¢).

The compound of formula (9¢) 18 reacted with for example. NaHsin g
sutably selected solvent such as ethanol, and the fike: preferably at a
temperature 1in the range of from abaut 70°C o about TQ0YC. for exampie at
about 8G¥C: to yield the corresponding compound of furmula (9d).

The compound of furmula (9d) is reacted with & suitably substituted
compound of formula (Y9e}. a known compound or compound preparod by
Known methods: n a sutality sefected sclvent such as NMP | and the Iike:
preferably at a temperature in the range of from atwout 120°C to about 140°C.
for example at about 130°C: to yield the corresponding compound of formuils
(Qfy,

The compound of formuta (81) is reacted with carbon monoxide in the
presence of a suitably selected catalyst such as Pdidoppf)Cls. PdiQAC)/ 1.1%
bistdiphenylphosphin ferrocene, and the like: in the presense of & suitably
selected inorganic hase such as KuoCO-, Cs.:CO.. and the iike: in a suitably
selected sotvent such as DMF, DMSQO. and the like: preferabtly at a temperature

i
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in the range of from about room emperature to about 100°C. for example at
apout 80°C: to yield the corresponding compound of formula (9g).
The compound of furmula (9¢) is reacted with & suitabiy selected
reducing agent such as LtAH, DIBAL. and the like; in a suitably setaated organic
5  sotvent such as THE, DCM. toluene. and the like: preferably at @ temperature in
the range of from about 0°C to about 22°C. for example at about (°C: tu yield

the: corresponding compound of formuts (HTh)

~N ~
X S
\Y jyl“N/ />—F€1
/
Compounds of farmuta (1) whergin M2 15 M TN

10 wherein R' s for example, methyl. may alternatively be prepared according to

and

the process autlined n Scheme 10, below,

R H- P|
Rj’ /L\W'Br Rﬁ--».‘l,,-)i}: P2 L R3 I»/ \aI/Br |
] - A | _.f’l - | /L“\. /’{\
TGN - R TN RTINSy
R N : T H \r 4
BEr Br Br
£1i):4i t10h) '1L}CJ
I;F.s R:
R*--I'::T 5\ RE /Q,_.. -5
7 " ﬂ\ o
R4 |’/ N R \[%J ~N
RERT e ~on {1
i10d) toe)
Scheme 10
5 Accordingly. a suitably substituted compound of formuia (10a). a known

compound or compound prepared by known metheds., 1S reacted with acebic
anhydride in acetic acid at a temperature in the range of from about 80°C to
aboul 100°C. for example at about 904C- te yeld the corresponding compaound
of formuta {10b].

20 The compound of furmula (10b) is reacted with 2.4-tns(4-
methoxyphenyh)-1.4.2 4-dithiadiprosphetane 2.4-disulfide, A known compound:

N a sutably selected organic solvent such as toluene, benzene, and the like,

G
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preferabily at a temperature in the range of from about 305C to aboeut 120°C. for
gxample at about 1114C: 0 yield the carresponding compound of formala (10¢}

The compound of formula (10¢) 18 reacted with 3.4.7 8-tetramethyl-1.10-
nhenanthroline, a known compound: in the presence of Cus in the prasonce of
Cs.CO4 in a sutably soiected organic sclvent such as DME, 1.4-dioxane, and
the like: preferably at a temperature in the range of from about 70°C to atiout
100°C. for exampln at about 81°C; to yield the carresponding compound of
formula (105,

The compound of formuta i10d) is reacted with carbon monaxide in the
mresence of a suitably seiected catalyst such as Pdidppf)Cls. and the like; in
the presence of a suitably selected base such as TEA, DIPEA, and the like: in a
suitably selocted alcohol of the formula A*OH. wherein A” is Cyalkyl.
preferably methyl or ethyl {i.e. a Cialkyl alcohol, preferably methanol or
cthanotl and the like: preferably at a temperature of about 607°C: to yield the

corrasponding compound of tormuta { 10e).

Alernatively. the compound of formula (10d) is reacted with carbon
monoxide in the presence of a suitably selected catalyst such as PaidppHCl.,
Pd{OAc): 1. 1-bisidiphenylphagphing ferrocene, and the tike: in the presenca
of suitably selected inorgame base such as K. CO-. and the like: in a suitably
selecled solvent such as OMFE, and the Like: at & temperalure of for example,

&0°C: 1o yield the corresponding carboxyie acid. a compound of formula (101

O~ "OH

which compound of formuta (10F) is esterified by reacting with for

example. TMS-diazomethane. a known compound: in a suitably selecte:d
sulvent such as methanot. ethanol, and the like: to vield the correspending
compound of formula ( 10e) wherein A™ 15 methyl

The compound of formuta (10e) is reacted with a suitably selected

reducing agent such as DIBAL, LAH. LiBH,, and the like: in a sutabily selected

(W3]
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organic solvent such as CH.Cl,, THF, toluene, and the like; preferably at a
temperature in the range of form about -78°C to about 22°C. for example. at
about -78°C; to yield the corresponding compound of formula (l1j).

Oy N—R!
HTZ g HN

5 Compounds of formula (I) wherein and/ or
~
B
X N
R! may be prepared as outlined in Scheme 11, below.
R? R3
4
i L RY N R““LGS
B8 p—— N —
RS N (1 1C)
oF (11b)
R4
R
N-R! ———
+ =,
R® N
0% 11e
(11d) (1)
R3
R4 R4
N 1
'N + ’N"'R
R® N RS N
R1
HO
(1lk) (Ilm)
10 Scheme 11

Accordingly, a suitably substituted compound of formula (11a), a known
compound or compound prepared by known methods, is reacted with a suitably
selected base such as NaH, phenyl lithium. and the like: in a suitably selected
organic solvent such as THF, diethyl ether, and the like: and then reacted with

15  a suitably selected base such as t-Buli, n-Bulli, sec-BuLi and the like, and then
70
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with with DMF; in a suitably selected organic solvent such as THF, 1,4-dioxane,
and the like; to yield the corresponding compound of formula (11b).
Alternatively, the compound of formula (11a) is reacted with two or more
equivalents of for example, n-BuLi, and DMF in, for example THF, to yield the
corresponding compound (11b).

The compound of formula (11b) is reacted with a suitably selected
compound of formula (11c), wherein LG” is a suitably selected leaving group
such as Br, |, and the like, a known compound or compound prepared by
known methods, according to known methods, to yield a mixture of the
corresponding compound of formula (11d) and the compound of formula (11e).
For example, wherein R' is alkyl, the compound of formula (11b) is reacted with
a suitably selected alkylating agent such as CH3l, EtOtriflate, EtOmesylate, and
the like.

The mixture of the compound of formula (11d) and the compound of
formula (11e) is reacted with a suitably selected reducing such as Li(Bu'O)sAIH,
NaBH,, and the like: in a suitably selected organic solvent such as THF,
methanol, and the like; to yield a mixture of the corresponding compound of
formula (llk) and the compound of formula (Iim).

The mixture of the compound of formula (llk) and the compound of
formula (lIk) is optionally separated according to known methods, for example
by reverse phase HPLC.

e
N\
O
/
Compounds of formula (1) wherein ;z"»- - is selected from the group
[ )= 3 [ )=
. | R JL

consisting of R? . A0 : R? and

7
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:LL S sand wherein R s othar than hydrogen. may boe prepared as

described in Schermne 12, below.

Cts or Br,

Qi

¢llivn

o]
I

Scheme 12

Accordingly. a suitably substituted compound of formaia (12a). wherein

Q' is saiected from the group consisling of O and S, & known compound or
compound prepared by known methods. is reacted with ethane-1.2-diol. a
known compound: in the presence of p-TsOH. MsOH, and the ke, i a the
presence of triethy! ortheformate. @ known compound: In a suitably selected
solvent such as toluens, tnethyl arthoformate. ard the hke: to yield the
coresponding compound of formuia (120).

The compound of furmuia (12h) is reacteq. according to known methods.
to yield the corresponding compound of furmula (12¢) whersin Hal' s chlore or

bromo. For example. wherein Hal’ g chioro. the compaundg of formula (12h)
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may be reacted with Cl.. 1n the presence of acetic acid. Alternatively. wherein
Hat' is nromo. the compounid of formula (12b) may be reacted with Bre. in the
presence of sodium acetate. and the like: in & solvent such as chiorofurm.
acetic acus. and the like; preferabty at temperature in the range of from about
0°C to about room temperature.

The compound of fermula {12¢) is reacted with for example HCI in water
at room temperature to yield the corresponding compound of formuia {12d}.

Alternatively. the compound of formula (122) is then further opticnally
reacted ithrough one or more steps). according to known methods. to yield the
corresponding compound of formula (12e) wherein R is selected from the
group censisting of hatogen. Caalky!, C:aalkenyt anig C.aalkynyl. For
example. the compound of formuia (12¢) may be reactad with a suitatly
selected fluonnated agent, such ag CsF . in the presence of. for example. a
nalladium Z2-tdicyclohexy!phosphingl3.o-dimethoxy-2'.4" 6*-triisopropyl-1.1"-
biphenyl catalyst (BrettPhos [[CODPG(CH.TMS):]). in a solvent such as
toluene. to vield the carresponding compound of formula (12e) wharein R- is
fluoro. Alternatively. the compound of formula (1Z2¢) may be reacted with a
sutably selected atkyt iortide such as CH4l according to known methods, to
vield the corrasponding compound of formula {12e) wherein R s Craatkyl.
Alternatively still. the compound of formu'a (12¢) may be reacted with a suitably
selected alkenyl-zine bromide such as CH=CH-ZnBr. and the ke in the
presence of CH:MgBr, Ni acetylacetonate. 4. 5-bisidiphenylphoshing)-9,9-
dmethylxanthene, i THE at about 507°C or with a suttably selected alkynyl such
as CCH-CHs. and the like. in the presence of TEA. C:Cul. C:PdCI (PPh-1:. 0
DIF at ahout 80°C: to yield the corresponding campournd of formula (12e)
wherein R® 18 the corresponding C-.salkenyi or C oalkynyl,

The compound of fermula of formula (12e) is reacted to vield the
corresponding compound of formuia {12d). For exampie. the compound of
farmula (12e) is reacted with H™ in water at room temperanire: to yietd the
corrgspending compound of formuia (12d). One skilled in the art will recognize
that wherein the compound of formula {12e) R™ s C wsalkenyt ar Coalkynyl,
reacting the compouna of formula (12e) with Haii) in the prasence of a suitably

selected catalyst such as Pd/C, and the like: to yield conversion of the 1.3-
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dioxolan-2-yl to hydroxymethyl (remove prot by open ring) and reduction of the
C,.salkenyl or Ca4alkynyl to the corresponding Ca.salkyl.

The compound of formula (12d) is reacted with a suitably selected
reducing agent such as Li{Bu'O)AIH, NaBHs, and the like; in a suitably
selected solvent such as methanol, THF, and the like; to yield the
corresponding compound of formula (lin),

% X
\
O
/
Compounds of formula (1) wherein M2 is selected from the group

consisting of R? and R? . and wherein R? is other
than hydrogen, may be similarly prepared according to the procedures as
described in Scheme 12 above, by selecting and substituting a suitably
substituted compound of formula (12e)

CHO (12e)
wherein Q' is selected from the group consisting of O and S for the
compound of formula (12a) and reacting as described therein.

R2

~ ~

WX

G L
Compounds of formula (I1) wherein 2 is M 0 and
wherein R? is other than hydrogen may alternatively be prepared according to

the procedure as described in Scheme 13, below.

74
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Scheme 12

Accordingly. a suitably substituted compound Of fermula £ 13a). & known
compound or compound prepared by known methods. is reacted with a suitably
substituted compound of formuta (1307, a known cempound or compound
prepared by known methods: in the presence of a sudably selected inorganii:
hase such as KsCOx. Cs,CO.. and the like: in the presence of & suitsbly
selectad catalyst such ag Kl and the lika: in a suitably selected solvent such ag
acetone. DMF, acetontrite. and the tike; preferably at & temperature i the
range of from about 60°C w0 about 120°C. for example at about reflux
temperature {ahout 70°C to vield the cornresponding compound of formula
{13c).

The campound of formuta (13¢) 18 reacted with & suitably selected acid
such as H:80,, TFA. camphosuifonic, and the Lke: neat: preferably at o
temperature in the range of from about 22°C to ahout 407C (for example &t
about 20°C) te yield the correspending compound of farmula (13d).

The compound of farmuta (13d) is reacted with & suitably sclected base
such as n-Bull, isopropyl magnesium chtoride. and the ke: in the presence of
for example. DMF, and the like: v a suitably selected saolvent such as THE.
irethyl ether, and the iike; w0 vield the corresponding compound of formula
{13e).

The compound of formuia (13¢) is reacled wilh a suitably selectad

reducing agent such as NaBH,, DIBAL, and the like, 1n a suitably selected

~
e
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solvent such as methanol, THF, DCM, and the like: to yield the corresponding
compound of formula (lIp).

% 0]

~ X\ I

Oy =
Z s

wherein R? is other than hydrogen may alternatively be prepared according to

R1

R2

Compounds of formula (Il) wherein and

the procedure as described in Scheme 14, below.

(0]
Lo
; ;
(14b) O (14c)

OCH;
R?.
(14a) R1
(0]
R3
R4 0
—_— - R!
RS
R2 R?
(14d) O O OH
R (Ilg)
(9]

Scheme 14

Accordingly, a suitably substituted compound of formula (14a), a known
compound or compound prepared by known methods, is reacted with a suitably
substituted compound of formula (14b), a known compound or compound
prepared by known methods, in the presence of a suitably selected inorganic
base such as K;CO;. Cs:COs, and the like: in the presence of a suitably
selected catalyst such as Kl, and the like: in a suitably selected solvent such as
acetone, DMF, acetonitrile, and the like; preferably at a temperature in the
range of from about 60°C to about 120°C, for example at about reflux

6
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temperature (about 70-°C): to vield the corresponding compound of formulz
(14c).

The compound of formula {74¢) 18 reacted with & fuitably selected acid
such as H:8Qs. TFA, camphosaifonic, ang the ke neat; preferably at &

S temperature in the range of from about 22°C to aboeut 40°C (for exampie at

about F0°Ch to yvield the corresponding compound of formula {1443

The compound of formuta (14d) is reacted with & suitably selected
reducing agent such as DIBAL, LiBH.. and the like: n a suitably selected
solvent such as DCM. methanol, ard the like: to yickd the corresponding

10 compound of formula (1y).

One skitled in the art will recognize that compaunds of tormuda (1D

}f’l S
X RI
Oy 2~

Z

~

wherein :LL ts selected from the group consisting of R*
Rz:
NN
e
and :’2'1' S may ve similarly prepared according to the procedures as

15 described in Scheme 13 and 14 above. by selecting and substituting a suitably

substituted compound of formula (14ed

:.,.J\rR'T
Rt.

Ch (14e)

for the: compound of formula § 14b). therein,

20 Compounds of formuta (1) wherein R and R” are taken togother with ihe
[O ‘7{
carbon atoms 1o which they are bound to form O 5:3‘ may e prepared

accerding to the procedure as described in Scheme 15 helow.
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R R R*
. X O ~
— A -
# O g
O QH o~ 0 -
(15a) {150) ) {15¢)
O
R R*
O O Br = “‘RII
— — [ o
{180
9) OH 0 OH '
e
0%  (15d o) (15¢)
R:ﬂ Rf.
O O
-
O — O
0O ‘ O \o O
O/ (1541 HO i
Scheme 15
A Accordingly. & suitably substituied compound of formula {15a) is reaced

with bromotmethoxyimethane. a known compound; in the presence of a
suitably selected base such as Nar, Cs_ CO.. and tho like: in a suitably
sclectod sotvent such as THF, DMF. and the like; to vield the corresponding
compound of formula (156).

1 The compound of formuta (15 i3 reacted with a suitably setected basoe
stich @s n-Buli, and the like: in the presence of DMF. and the like: in a suitably
selecied sotvent such as THE . diethyl elther. and the like: to yield the
corresponding compound of formuta (15¢).

The compoun:d of formuta i 15¢) 18 reacted with a suitably sclected aciit

15 such as TFA, HCL and the like: in a suitably selected solvent such as DCM,
diethyl ather, and the like: w yicld the corresponding compound of formuia
{154).

The compound of formula {15d) is reacted with a suitabiy seiected
hrominaling agent such as Brz, NBS. and the like: in a suilably sciected solvent

200 such as chloreform, DCM. and the like: to yield the corresponding compoundt of

formuia (15¢),

8
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The compound of formula (15e) is reacted with a suitably substituted
compound of formula (15f), a known compound or compound prepared by
known methods; in the presence of a suitably selected coupling agent such as
Pd(PPhs),Clz, Pd(PPha)s, Pd(dppe)Cl., and the like: in the presence of Cul: in

5 the presence of a suitably selected organic base such as TEA, DIPEA, and the
like: neat or in a suitably selected solvent such as DMF, and the like; to yield
the corresponding compound of formula (15g).

The compound of formula (15g) is reacted with a suitably selected
reducing agent such as LAH, NaBH., and the like; in a suitably selected solvent

10  such as THF, methanol, and the like; to yield the corresponding compound of
formula (lir).

Compounds of formula (1) wherein R* and R® are taken together with the
o Ny~ >4

¢

carbon atoms to which they are bound to form O 33\ may be similarly
15  prepared according to the procedure as described in Scheme 15 above, by
selecting and substituting a suitably substituted compeund of formula (15h)

R3

C:(‘:LU\/? (15h)

for the compound of formula (15b) and reacting as described therein.

20 Compounds of formula (Il) wherein R* and R® are taken together with the

-
T,
F 0 é’
carbon atoms to which they are bound to form N may be prepared
according to the procedure as described in Scheme 186, below.

R* R3 R?
o _B
L — ! L X
F Yo B F F
(OH), OH 0

(16a) (16b) (16c)
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R R?
e F >
o
(16d) (16e) ©F “OH
R3 RS
Br
>§) ) - ><
OH
(16) CHs (169) (16h) CH,
=R R F
R1 > R1
16) F Y S F" o o
(8) o >ocH, H (Ils)
Scheme 16
5 Accordingly, a suitably substituted compound of formula (16a), a known

compound or compound prepared by known methods, is reacted with a suitably
selected oxidizing agent such as H;0;, and the like; in a suitably selected
solvent such as diethyl ether. THF, DCM, and the like; to yield the
corresponding compound of formula (16b).

10 The compound of formula (16b) is reacted with
bromo(methoxy)methane, a known compound; in the presence of a suitably
selected base such as NaH, Cs,COj3, and the like: in a suitably selected solvent
such as THD, DMF, and the like; to yield the corresponding compound of
formula (16c¢).

15 The compound of formula (16c) is reacted with a suitably selected base
such as n-Buli, and the like; in the presence of for example, DMF, and the like;
in a suitably selected solvent such as THF, diethyl ether, and the like: to yield
the corresponding compound of formula (16d).

The compound of formula (16d) is reacted with a suitably selected
20 oxidizing agent such as Agz0, mCPBA, sodium hypochlorite, and the like; in a
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stitably selected solvent such as aqueous NaOH. aqueous potassium
hydroxide. and the 'ke: to yicld the corresponding compound of farmula (16c:1.

The compound of furmula (16e) is reacted with TMS diazometnane. o
known compound: in a suitably sclected solvent such as methanol. ethanoi,
and the like: to yeld the corresponding compound of formula (16f).

The compound of farmula (160 ¢ reacted with a suitably selected acid
such as TFA, HCL and tha like; in a suilably setected solvent such as DCM.
rhethyl ether, THF. and the like: to yield the corresponding compound of
formula (168¢).

The compound of formula 1164 is reacted with a suitat:ly selected
hrominaling agent such as Brz, NBS. and the iike: in a suitably setected solvent
such as chloraform. DCM. and the like: to yicld the conesponding compound of
formula {16h),

The compound of formuia (16h) is reacted with a suitably subsliluted
compound of formula (161}, @ known compound or compound prepared by
known methods: in the presencae of a suitably selected coupling agent such as
Pd(PPhy ) Cl:. PdiPPh.);. Pd{dppe)Cl:. and the [ke: in the presence of Cul i
the presence of a suitably selected croanc base such as DIPEA. TEA. ant the
like: neat or i a swtably selected solvent such as DMFEL and the like: to yield
the corresponding compound of formula (164).

The compound ol farmula (163) is reacied with a suilably satecledd
reducing agent such as LA, NaBH.. and the like; in @ suitably selected sotvent
such as THF. methangl. and the like: to yield the corresponding compaunid of

formula (is).

Compounds of tormula (1) wnerein R* and R™ are taken together with the
><}j{
carbon atoms te which they are bound to form 553\ may be prepared

acoording o the procedure as described in Schame 17, below
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H.CO H:-CO N Br  =——p! H.CO
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(7] (17 (174
T v
HO J\,O
07 NOCH: o ~ock. (171
i17¢)
R'_
0
\ R I
o

Schoeme 17

Accordingly. a suitably substituted compound of formua (172). a known
compound or compound prepared by knoewn methoeds is reacted with a suitably
selected brominating agent such as Br.. NBS. and the fike: in a suitably

10 selected solvent such as chloraform. DCM, and the like: (o yeld the
corresponding compound of farmuta {17h).

The compound of fermula (174 s reacted with a suitably substitutos
compound of formula (17¢) 3 known compound or compound propared by

kriown methods: in the presence of a suitably selected coupling aaent such as

&2
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Pd(PPh;),Cl;, Pd(PPhs)s, Pd(dppe)Clz, and the like:; in the presence of Cul; in
the presence of a suitably selected organic base such as TEA, DIPEA, and the
like; neat or in a suitably selected solvent such as DMF, and the like; to yield
the corresponding compound of formula (17d),

The compound of formula (17d) is reacted with a suitably selected Lewis
acid such as BBrs, and the like; in a suitably selected solvent such as DCM,
DCE, and the like; to yield the corresponding compound of formula (17e).

The compound of formula (17e) is reacted with 3-chloro-2-methylprop-1-
ene, a known compound; in the presence of a suitably selected base such as
K.COs4, Cs,C04, and the like; in a suitably selected solvent such as DMF,
acetone, and the like; to yield the corresponding compound of formula (17f).

The compound of formula (17e) is heated to a temperature in the range
of from about 180°C to about 200°C, for example to about 192°C; and
maintained at that temperature to effect a rearrangement; to yield the
corresponding compound of formula (17f).

The compound of formula (17f) is reacted with a suitably selected
organic acid such as aqueous formic acid, acetic acid, TFA, and the like; neat
or in a suitably selected solvent such as DCM, and the like: to yield the
corresponding compound of formula (17g).

The compound of formula (17g) is reacted with TMS diazomethane, a
known compound; in a suitably selected solvent such as methanol, ethanol,
and the like; to yield the corresponding compound of formula (17h).

The compound of formula (17h) is reacted with a suitably selected
reducing agent such as DIBAL, LAH, and the like; in a suitably selected solvent
such as DCM, THF, and the like; to yield the corresponding compound of
formula (I1t).

RZ

~ ~
X R
lOY B
/
Compounds of formula (1) wherein Z s MO ;

wherein R? is hydrogen and wherein R’ is selected from the group consisting of
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-CN. -Ci{O)10-{Cr.aalkyl) and —C(O}-{C;alkyl) may be prepared acoording 1 the

process outlined in Scheme 18, boiow.

v} ~ [ - R
F\\.. /)\ \#YJ .RI R\ /\___.ﬂ\
| - | — T R
A ,.I ~ RSA\V)MOH [ 18(:} . \‘\:"H ] .f/ !
R " “OH . S
LG LG Rey
(18a) (18b) {18d)
R*
R', v o N\
- . | | DR,
RE 0

....\LG-;, (!iv}
Scheme 18
) Accardingly, a suitably substituted compound of formuta {18a). wherein
LG* is a suitably selected group such as CH-. Br, 1. and the like. a known
compaund or compound prepared by known methads: is reacted with for
example. hexamethylenetetramine: in the presence of a suitably selected acid
suich s TFA. and the lke: neat: at a temperature in the range of from about
1y room temperature to about 1007C, for oxample, at about 80°C; to yiekd the
correspoending compound of farmula £ 18h).

The compound of fermuta (18L) is reacted with 4 suitably substitute:d
compound of formula (18¢). wherein LG is a suitably selected leaving group
such as Cl. Br. . OSO.CF .. and the iike, and wherein R' is seleated from the

15 group conistsing of -CN. -CtO}O-(Cy.aalkyl} and - CiO-(Cy salkyll a known
compound or compound prepared by known methods. in the presence of g
suitably sefecled base sucn as potassium carbonate, Cs.CO . and the like: in &
sutably selected organic sotvent such as acetontrile. acetone, DMF, and the
ke to vield the corresponding compound of formula (18d3.

20 The compotind of formula {(18d) ig reacted to yield the corresponding
compound of formuia {liv). wheren LG is a sutably selected leaving group
such as Br. O, and the like. Wherein LG 1s methyl, the compound of formuta
(18d) is reacted with a suitably selected brominating agent such as NBS. and

2
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the like: in the presence of for example AIBN, and the like: in a surtably
salected soivent such as DCM. CCly, and the like: at at tempoerature in the
range of from about 50°C to about 80°C: to yield the corresponding compuotind
of formuia {tlv), wherein LG is Br.

5 Alternatively. wharein LG™ 18 bromo or iodo. (he compound of formula
(18d) is reated with with carbon monoxide: in the presence of a suitably
selecled catalyst such as Pd(dpphCl:z. and the like: in the presenae of &
sutably selected base such as TEA. DIPEA. and the like: in a suitably selected
alzohol of the formula A*OH. wherein At is sclected from the group consisting

10 of Ci.,aikyl. preferably methyl or ethyl: @t for exarmple, about 60°C: to yield the

corresponding ester. a compound of formuala (18e)

[T.:
4
~ ;}H\"\ o
T | §_R1
J
/ ~, fi |

which 15 then regcted with a sutably selected reducing agent such as
DIBAL. LAR LiBH,. and the [ke: in & suitably selocted organic solvent such as
15 CHCl,.. THF. toluene. and the like: preferably at & temperature in the range of
form about -768°C to about 22°C, for gxampte. at about -78°C: to yield the

corresponding compound of formula {Hv) wherein LG is OH

N X, Py \ ..
:[ Y | R
Compounds of formuta {1 wherein M7 is MO and
20 wherein R'is selected from the group consisting of -{C..alky)-NRRE, ~(C;
AKYD-NR-CIORCysalkyly -iC satky-NR*-SO.-(C.atkyl) may alternatively

be prepared according to the procedure as described in Schome 19, below.

a5
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COLA COLA'

(lajorilh)

A CO_A' (130-__-!‘\ k
Scheme 12
Accordingiy. a suitably substituted compaund of formuia (19a), wherein
A’ 1s 5 —(Cyalkyli, and wherein LG* is OH or a suitably selected Calkoxy
such as methoxy. ethoxy and the like. preparaed for example, as descnbed n
10 Scheme 2 abova. is prolected according to known methods. to yweld the
corresponding compound of farmuia (190) wherein PG is the corresponding

oxygen protecung group. For examptc, the compound of formula (19a) may be
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reacted with TBDMSCI in THF: to vield the corresponding compound of formula
{ t9b). wherein PG' i TBDMS.

The compound of furmula (196) Is reacted with & suitably selected
reducing agent such as LAH. NaBH.. and the like: in a suitably selected sotvent
such as THFE. MeOH. toluere. and the like: o yield the corresponding
cumpound of formula (19¢).

The compound of formula (19¢) 18 reacted with a suitably substituted
compound of formula dlla), as described in Scheme 1 above, for example, in
lhe presence of a switabily sefected coupling system such as for example a
mixture of PPh. and DEAD . in a suitably selected solvent such as THF: to yield
the corresponding campouend of formula (19d).

The compound of formula (19d) is de-protected according to known
methods, for example. wherein the protecting group s TBDMS, by reacting with
TB3AF in THF: to vield the corresponding compound of formula {190},

The compound of formula (19e] is reacted with for example mesy!
chloride. in the presence of a suitably sclected organic base such as TEA. and
the like. in 2 sutably selected solvent such as DCM. and the like: to vield the
corresponding compound of formula (191,

The compound of formula (19f} is then reacted in one or more steps,
according to known mothods. to further functonalize the R* substituent group:.
For example. tne compound of formula (14f) may be reacied with & suitably
substituted amme of the formuia NR™*R 1n the presence of a suitably selected
base such as K,CO. and the ke, in a suitably selected solvent such as DMF.
and the Hike: to yield the corresponding compound of formula {(9g) whergin R"
i3 NRORE. Alternatively. the compound of formula (1915 may be reacted with
NaNx, in a suitably selected solvent such as DMFE. and the like: and then furthor
reacted with a suitably selected reducing agent such ag hydrogen in the
presence of a suitably seleated calaiyst such as Pd/C, and the Tke. in & suitably
selected solvent such as methanol, and the ke to yield the corresponiding
compound of formula (19g) wherein R™ ig N,

One skiiled in the art will recognize that the compound of formula (19q)
wherein R™ is NH. may be further reacted ascorddng to known methods to

functionalize the terminal aming. for example. by reacting with a suitably
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substituted acid chloride or a suitably substituted sulfony! chloride, to yvield the
corresponding compound of formula (19g) wherein R" is -NH-C(O)~(C14alkyl)
or —-NH-SO:~(C1aalkyl), respectively.
One skilled in the art will further recognize that the compound of formula
5 (19g) corresponds to the compound of formula (V) as described in Scheme 1
above, and may be reacted as described in Scheme 1 above, to yield the
corresponding compound of formula (la) or formula (Ib).

~ ~

Oy ] »=
Compounds of formula (l) wherein 77' z is 7"» O and

10  wherein R’ is for example, -(C,4alkyl)-CF2H or ~CHCHF may be prepared

according to the procedure as described in Scheme 20, below.

R3 R3
R JOH R4 //O
As AS
RS 0 RS (9]
0 —_—
3]
i w
R? RS
(19h)
CO,A!
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R’ RY
7 8
R R™ (19i) (19))
0,A’ QA
(la) or (Ib)
Scheme 20

Accordingly, a suitably substituted compound of formula (19e), wherein
the hydroxy group is bound to the A® —(C,alkyl)- at a terminal carbon atom,
prepared for example as described in Scheme 19 above, is reacted with a
suitably selected oxidized agent such as Dess-Martin periodinane (1,1,1-
triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one), pyridinium chlorochromate,
and the like; in a suitably selected solvent such as THF, DCM, and the like: to
yield the corresponding compound of formula (19h) (wherein ~A’=0 represents
the corresponding aldehyde).

The compound of formula (19h) is reacted with a suitably selected
fluorinating reagent such as diethylaminosulfur trifluoride, bis(2-
methoxyethyl)aminosulfur trifluoride, and the like; in a suitably selected solvent
such as THF, DCM, and the like; at atempeature in the range of from about 0°C
to about room temperature; yield the corresponding compound of formula (19i).

One skilled in the art will further recognize that the compound of formula
(19i) corresponds to the compound of formula (IV) as described in Scheme 1
above, and may be reacted as described in Scheme 1 above, to yield the
corresponding compound of formula (la) or formula (Ib).

Alternatively, wherein the compound of formula (19i) A? is -CH,-, the
compound of formula (19i) may be reacted with a suitably selected base such

89
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as sodium methoxide. sodium hydroxide. and the like: in a suitably selected
solvent such as THF. methanol. and the like: at for nxamnle. rocm lemperature:;
to yield the corresponding compound Of formuli (18)).

One skilled in the ant will further recognize that the compound of farmula
£190 corresponsds 1o the compound of formula (V) as described in Scheme 1
above. and may be reacteu as descnbed in Scheme 1 above. 10 vield the

corrasponding compound of formuta (fa) or formula (it}

Compounds of formula (1 wherein may be prepared according to the:

procedure as described in Scheme 21

| G P
y \)J\o"zﬂ

{21¢c;

|
“I COA

Scheme 21

Accordingly, a suitably substituted compound of formula (21a). wherein
LG is a suita bly sctected leaving group such as tromo, iodo. triflate and the
ke, and wherein LG* is OH (when W is CIR™)) or halogen (when W is N). «
kaown compound of compaund prepared by known methods. is reacted with &
sutably substituted compound of formula (21h), wnerein A 1s a suitably
selocted Casalkvl. such as methyl, ethyl t-butyl, and the like. a known
compound or compound prepared by known methods: in the presence of a

suitably seleclad catalyst such as PdCI.. PdiQAn)..,

and the: ke; in the
presence of a suitably selected ligand such as Plo-tolyl):, PPh.. and the Lke: in
the presence of a suitably selected base such as DIPEA, TEA. and the like: in &
suitably selected solvent such as DME, NMP, and the like: preferably at a
temperature in the range of from about 110°C to about 140°C, for example., at
about 120°C: to yield the: corresponding compound of formuola (21¢).

The compound of formula (21¢) 18 reacted with 2 suitably selected
reduning agent such as H; gas: i the presence of a suitably selected calalyst

such as PJ/C. and the fike! in a suitably selected solvent such as moethandd,

a0
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sthyl acetate, and the like: to yield the corresponding compaund of formula

{lilay.

One skillea in the art will recognize that compounds of formula (111 may
5 anernatively be prepared according 1o the procedure as described in Scheme
19 above. by setecting and substituting a suttably substituted compound of

formuta (21¢t)

{21q)
for the compound of formula (2 1a) and reacting said compound. as

1) described therein: to yicld tho corrgsponding compound of formula (216)

T
COA (21¢)

which compouni is then reacted with a sitanly selected Lews acd
such as BBrs, and the like: in a swlably selected solvent such as DCM, DCE

and the like: 1o yield the eorresponding compound of formula (1),

Compounds of formuta {11 wherein W is C{R"} and wherein R* and R’

are as herem defined. for example. wherein R and R” are taken together wilh

(Lo
5i may be prepares

according to the precedure as described in Scheme 22. batow,

the carbon atoms to which they are bouna 10 torm

a;
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R N
(22a) -
OH
1 RY
R&Z
(M)
COECHQCHj CO:CH:CH,

Scheme 20

Accordingly a suitably substituted compound of {ormuta (22a). a known
compaund or compound prepared by known metheds, 1$ reacted with
dizhloromethylather. 3 knowen compound: in the presence of a suitably selocind
Lewis acid such as TICL. and the like; in a suitably selected solvent such as
DCM. DCE. and the like; to yielkt the corresponding cempound of formula {220).

The compound of formula (220) is reacted with ethyl
:inphenylphosphoranylidenc:acetale. a known compound; in the presenca of A
sutably selected base such as NaH. NaHMDS, and the like: in & suitably
seiocted solvent such as THE. DCM. and the like: to yiekd the corresponding
compaound of formuls (22¢).

The compound of formuia (22¢) 1s reacted with & suitably selected
roduc:ng agent such as Ho gasiin the presence Gf a suitably selected satalyst
such ws PAd?C. and the Lke! In a suitably selected solvent such as methanol.
othyl acetate, and the like: to yieid the corresponding compound of formula
{Ith)

One skiled in the art vall further recognize that ihe R substituent group
may alternatively be incorporated into the compound of formuta (1) by reacting a
sutably substiluted compound of formula (V) wherein RV is for example iodo.

dgicording o known methods. For example,

22
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(a1 = suitably substtuted compound of formuia 1V wherein R is iodo
May L reacted with for example methyl 2. 2-diflucro-2-(flucrosulfonyliacetate.
in the presence of Cul. NMP/DMP at about 100°C. then reacted with & base for
example LIOH. '~ a mixture of THF and water; to yiela the corresponding
compound of formula (1V) wherein R 15 CF . alternatively.

)  a suitably substituted compoune of formula {1V wherein R* is iodo
may he reactert with for example a suilable subsliluted amine of the formuia
HNR“RY, & known compound, in the prasence of a catalyst such as
Pd(PPh;:).Cl.. in the presance of COig). in a solvent such as DME: then
reacted with a base for example LIOH. in 8 mixtiire of THF and water: to yield
the corresponding compaound of formulia {1V) wherein RY s the carresponding
substituted amide (-ClO-NR™RY): alternatively.

ic) 4 suitably substituted compound of formula (IV) wherein R* is iodo
may be reacted wilth for example acelic anhydride. in the: presence of
Pdaidba)., DIPEA and LICL, in DMF. at about 150°C under microwave: o y:eld
the corresponding compound of farmula {1IV) wherein R*is --C{O)CH » which
may be further opuonaily reacted with for example. DAST in {Cu,.n][PF:]. &
knoewn compound, overnight at about 55°C; then reacted with a base for
axample LIOH. 1In a mixture of THF and water: to yield the corresponding
cumpound of formula {1IV) wherein R* 18 ~CF -{CH .} alternatively

(1) a suitably substiuted compound of formula (1IV) wherein R* is inaa
may be reacted with for example 2-bromo-3.3 3-triffucroprop- t-ene. a known
compoungd, in the prasence of DIPEA. n-Bul. ZnClTMEDA, Pd(PPh. .. at
about 80°C., overnight. to yield the corresponding compound of farmula (1V)
whergin RY 15 - CC-CF ; alternatively,

(@) a suitably substituted compound of farmuta (V) wherein R* is iodo
may he reacted with for example a fluoro. chlore or TMS substituted ethyne. in
the presnece of Cul, Pd{PPh.).Cl.. TEA. in for example. acetonitrile. avernighl
at about 70°C to about 90°C: then roacted with a hiase for example LIOH, in &
mixture of THF and water! to yield the corresponding cempound of formula {1V}
wherein R is the corresponding fiuoro, chloro or TMS substituted ethynyl:

which may he further reacted with for example TBAF . in THF at about 30°C.

0
Sk



WO 201047139001 PCFUS2O14021 790

11}

15

3

then with a biase for exampie LIOH. in a mixture of THFE and water: (o yeld the

corresponding orpound of formula 1Y) whorein R*1s athynyl.

One skitled in the art will further recognize that the R substituent group
roay aiternatively be incarporated into the compound of formula (1) by reacting &
sutably substituted compound of formula (IV) wherein RY is for example
CH-SCH:CC-. according ta known methods. For example,

@l @ suitably substtuted compound of formula {(IV) wherein R* is for
CH.SCH :CC- may be reacted with a suitably selected oxidizing agent such as
mCPBA. potassium peroxysulfate. hydrogen peroxide and the like:ina
sutably selected solvent such as DCM, water/methanol, and the like: to yield
the: correspond:ng coempound of formula (1IV) wherein R* CH.SO.CH.CC-:
alternatively.

(b a suitably substituled compound of formuia (IV) wherein R* is
CH.SCH.CC- may be reacted with a sutably selected reduoing agent such as
hydeogan: in the prasence of a switably sclected catalyst such as PdiC. and the
like: to yield the Lorresponding compound of formula (IV) wherein R? is
CH:SCH-CH:CH - which compound is then reacted with a suitably seiecte:d
oxidizing agent such us mMCPBA. patassium poeroxysulfate. nydrogen peroxide:,
and the like: in a suitably selected solvent such as DCM. water/methanql. and
the like: to yield the carresponding compound of formuia (V) wherein R*
CH+SO:-CH.CH;CH:-.

One skilled in the art will further recognize that the transformations
described above may alternatively be appled to compounds of farmula (V)
wherein R™1s iodo. to yield the corresponding compounds of fermula (V).

wherein the R” group is functionalized as described.

PHARMACEUTICAL COMPOSITIONS

The prosent invention furthor comprises pharmaccuatical compositions

containing ene ur more compounds of formula (17 with a pharmaceuticaliy
accentable carner. Pharmaceutcal compositons containing one or more of the

compounds of the invention describ:ed herein as the active ingredient can pe

a4
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prepared by intimately mixing the compound or compounds with a
pharmaceutica: camier according o conventicnal pharmaceddical compounding
techniques. The carner may take a wide variety of forms depending upon the
desired route of adminstration (©.q., oral. parenteral). Thus for fiquid oral

5  preparations such as suspensions, elixirs and solutions. suitable carmers and
additves include water, glycols. oils. alcohols. flavoring agents, preservatives
stabilizers. colaring agents and the like: for sold oral preparatons, such as
powders. capsuies and tablets, suitable carriers and additives include starches.
sugars. diluents. granutating agents. lubricants. anders, disintegrating agents

1} and the ke, Salid oral preparations may also be coated with substances suen
As sugdars or be enlena-coaled 50 as to modulate major site of absorption. For
parenteral administration. the carrier will ugually consist of sterile water and
other ingredients may be added to increase solutility or preservation.

Injectable suspensions or solulions may also be prepared utihzing agqueous

—
A

carmers along with appropriate additives.

To propare the pharmaceutical campositions of this invention, ¢ne or
more compounds of the present invention as the active ingredient is intimately
admixed with A pharmacewtical carrict according to conventional
pharmaceutical compoun:ding techmgues, which carrier may take a wide
20 variety of forms depending of the form of preparation desired for administration,

2.4.. cral or parenteral such as intramuscular. In preparing the compositions in
ora) desage form, any of the usual pharmaceutcal media may be employed.
Thus. for licuid oral praparations, such as for example. suspensions. elixirs andd
solutions. suitable carrers and additives include water, glycols. oils. alcohols.
25 flavoring agents. preservatves. coloring agents and the like: for soti oral
preparations such as, for example. powders. capsules. caplets, geleaps and
tablets. suitable carricers and additives include starches. sugars. diluents.
granulatng agents, lubricants, binders, disintegrating agents and the like.
Because of their ease in administration, tablets and capsules represent the
3 maost advantageous oral dosage unit form. in which case solid sharmaceutical
irriers are obviousty employed. f desired. tablets may be sugar coated or
enteric coaled by standard teehniques. For parenterals, the carmer will usually

comprise stenle water. throuah other ingredients, for example. for purposes

g
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such as aiding salubviity or for preservation, may be ncluded. Injectable
suspensions may also be prepared. inwhich case appropriate liauid carriers
suspending agents and the ke may be employed. The pharmaceutical
compasitions herein will contain, per dosage unt, e.4.. lablel. capsule. powder.
injection, teaspoonrful and the like, an amount of the active ingredient

necessary to deliver an effective dose as described above. The

tablet, capsule, powder, injection. suppository. teaspooniul and the like, of from
about .01 mg to about 1000 my or any amount or range thorein, and may be
qiven at a dosage of from about 0.01 my/kg/day to about 300 mykgiday. or
any amount or range therein, preferably from about 0.1 mgikgiday to about 100
mygikaiday. or any amount or range therein, preferabty from about (1.5
miykgiday to about S0 mg/kgiday. preferably from about 1.0 myikg/day to
ahout 25 mygikgiday, or any amount or range therein, The dosaqges. howevar,
may be vaned depending upan the requirement of the patients., the severnty of
the condion being treated und the compound Leing employed. The use of
either daily administration or post-penodic doging may be employea.
Prefomably these compositions are in unit desage forms from such as
tablets. pilts. capsules. powders. grandles. sterile parenteral solutons or
suspensions. metercd acrosol or liguid sprays drops. ampoules. auteinjeetor
dovices or suppositonies; for oral parenteral, intranasgal, sublingual or rectal
administration, or for administration by :nhalation or insufflation. Alternatively,
the compasition may be presented in a form suitatile for once-weckly or once-
maonthly adminstration: for example. an insclubile salt of the active cempound
such as the decancatle sall, may be adapted to provide a depot preparation for
intramuscular imection. For preparing sold compositions such as tablets, the
principal active ingrediont 1§ mixed with & pharmaceutical carrier. e.q.
convenlional tableting ingredients such as corn starch, lactose. sucrose.
sorbitol. tale, stearc acd, magnesium stearate, dicalcium phosphate or gums
and other pharmaceutical diluents. ©.g. water, 1o form a sold preformulation
composition containing a homogenreous mixture of & compound of the present
invention, or a pharmaccutically acceptable salt thereof. When refarring to

these prefarmutation compositions as homaogeneous. it is meant that the active

S
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nagredient is dispersed evenly throughout the cemposition so that the
compositon may be readily subdivided into cqually effective dosage forms
such as tablets. pills and capsules. This solid preformulation composition is
then subdivided into unit dosage forrms of the type descnbed above containing
from about 0.01 mg to abeut 1,000 mqg. or any amount or range therein, ¢f the
active ingredient of the present inventon. The tablets or pills of the novel
compasition can be coated or otherwise compounded to provide a dosage form
affording the advantage of proionged action. For example. the tabiet or piil can
COMPrise an inner dosage and an outer dosage cormpaenent. the latter being in
the form of an envelope over the former. The two components ¢an pe
separaled by an enteric iayer which serves 1o resist digintegralion in the
stomach and permits the inner component to pass intact into the ducdenum or
to be delayed in release. A variety of material can be used for such enteric
layers or coatings. such mataerials maludng & number of polymeric acids with
such matenials as shellac. cety! aleohot and cellulose acetsate.

The hguid forms in which the novel compositions of the prasent invention
may he incorporated for administration oraliy or by mjection include. agueous
solutions. suitably flavourcd syrups. aqueous or ot suspensions, and flavored
emulsions with edible oils such as cottonseed oil. sesame cil. coconut 01! or
paeanut oil, as well as elixirs and similar pharmaceutical vehicles, Suitahle
dIsporsing or suspending agents far aqueous suspensiens, includn synthetic
and natural gums such as tragacanth. acacia. alginate, dextran, sodiuni
carhoxymethyleellulose. methyleelluiose. polyvinyl-pyrrolicdone aor gelahn.

The method(s) of treaung disorders as described herein may also be
carried out using a pharmacautical composiion comprising ary of the: compounds
as defined herein ana 3 pharmaceutically asceptable carrier ' The pharmaceuticzl
composition may contain between abeut 0.01 mg and about 1000 mg of the
compound, or any amoeunt or range therein: preferably from about 1.0 mgy o
ahout 500 mqg of the compound, or any amount or range therein, and may he
constituied inte any form suitable tor the mode of administration selccterd.
Carriers include necessary and inett pharmaceitical excipents. including. but not
iimited to. binders. suspending agenls, lubricants, flavorants. sweatenars,

preservatives. dyes. and coatings. Cempositons suitable for oral agmenistration

a7
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nclude solid forms. such as pills. tablets, caplets, capsules (each including
immediate releasa. imed rdlease and sustained reicase formalations), granules.
and powders, and bguid forms. such as solutons, syrups. glixers, emulsions. and
suspensions, Forms uselul for parenteral administration include sterile solutions.
emulsions and suspensions.

Advantageously. compounds of the present invention may be admimstered
in a single daily dose, or the total daily dosage may be administered in divided
doses of two, three or four times daily. Furthermore. compounds for the present
invention can be administored in intrarasal form via topical use of suitable
intranasal vehicles. or via transdermal gkin patches well known to those of
ordinary skill in that art. To be administered in the form of a transdermal delivery
system, the dosage administration will, of sourse, be contnuous rather than
intermittent throughout the dosage regimen.

For instanca. for ora’ admunigtration in tho form of alablot o capsule 1be
active drug component can he combined with an oral, non-toxi; pharmaceutically
acceptable nert carder such as ethanol. glycernl, water and the ke, Morcover.,
when desired or necessary. suitable binders: lubricants. disintegrating agents and
Criloing agents can aiso he incornorated into the mixture, Suitable binders
nclude, without limitation, starch, gelatin, natural sugars such as glucese or beta-
factose, corn swecteners. natural and synthetic gums such as acacia. tragacanth
or sodium olzate. sodium siearate. magnesium stearate. sodium benzoate,
sodium aeetate, sodum chloride and the like. Disintegrators include, without
imitation, starch. methyt celluiose, agar, bentonte. xanthan gum and the like.

The liquid forms in suitably flavored suspending or dispersing agents such
as the synthetic ana natural gums. for exampic. ragacanth, acacia, methyl.
cellulose and the like. For parenteral administration, stenle suspensions and
solubions are desired.  Isotonic preparations which goneratly contain suttable
pneservatives are employed when intravenous administration is desired.

To prepare a pharmaceutical composition of the present invention. &
compound of formula () as the active ingredient is sntimately admixed with a
pharmaceutical carrier according to conventional pharmaceutical compounding
techniques, which carcier may take a wide variety of forms depending of the

form of preparation destred for administration {e.q. oral or parenteral). Suitable
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pharmaceutically acceptable carriers are well Known o the art. Descriptions of
some of these pharmaceutically acceptable carriers meay be found in The

Handbook of Pharmaceutical Excipients. putMisned by the American

Pharmaceutical Association and the Pharmaceutcal Socety of Great Britain
Methods of formulating pharmacautical compositons have baen

described in numerous publications such as Pharmaceutical Dosadge Forms:

Tableis, Second Edition. Revised and Expanded. Volumes 1-3. edited by

Lieberman et al: Pharmaceutical Dosage Forms: Parenteral Medications.,

Volumes 1-2. edited by Avis et al: and Pharmaceutical Dosage Forms:

Disperse Systems, Volumes 1.2 edited by Lieberman et al: published by

Marcel Dekker, Ini.

Compounds of thrs invention may be administered in any of the foregoing
compositions and according to dosage regimans established in the: art whenever
treatment of disorders, as described herein, 1s required.

The dally dosage of the products may be varied over a wide range from
abwaut .01 my to about 1.000 mg per adult human per day. or any amount or
range therem, For oral admmstration. the compaositons are preferably provided
in the form of tatvets containing. 0.01. 0.05, 0.1, 0.5, 1.0. 2.5. 5.0, 10.0, 15.0,
25.0. 50.0. 100, 150, 200 250 and 500 milligrams of the active ingredicnt for the
symplomatic adjustment of the dosage (o the patent o be ttcaled. An offectve
amount ¢f the drug is ordinarily supplied at a dosage level of from about 0.01
mgkg to about 300 myikg of body weight per day. or any amount or range
therein. Preferably. the range s from about 0.1 to about 100.0 mygikq of body
waight per day, ar any amount or range therein,. More preferably. from about 0.5
to about 50.0 markg of bady weight per day. or any amount or range therein.
More preferably. from about 1.0 10 about 25.0 mgikag of body weight par day. or
any amount or range therein. The compounds may be administered on a
reqmmen of 110 4 times per day.

Optimal dosages 10 be administerad may be readily determined by those
skilled in the art, and will vary with the particular compouna used, the mode of
administration, the strength of the preparation. the moae of administration, and

the advancement of the disease condition. 'n addition. factors assosiated with the

s
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particular patient being treated. inciuding patient age. weight, diet and time of
administration. will result in the necd to adjust dosages.
One gkiiled in the art will recognize that. hath i vivo and in vitro triagls
using suitable, known and generally accepted cell and 7 or ammal models are
& predictive of the ability of a test compound 1o treat or prevaent a yieldn disorder.
One skilled in the art will further recagnize that human climeal tnals
including first-m-human, dose ranging and efficacy tnals. in healiny pationts
and / ar those suffering from a yieldn discrder, may be completed accord:ing to

mathods well known in the alinicat and medical ans.

143
SYNTHESIS EXANMPLES
The following Examples are set forth to aid in the understanding of the
myention, and are not intended and shoutd not be construed to limit in any way
the invention set forth in the claims which foltow thereaftor
15 In the Examples which follow. some synthess products are hsted as

having been isolated as a residuc. twill ba understood by one of ordinary skiil
in the art that the term ‘residue’ does not limit the physical state in which the
product was isolated and may include. for example. a solid. an ¢il. a foam a
quM. A syrup. and the like.
20 Example 1
3-{4-[{5-Fluoro-2-methy!-1-benzofuran-7-yl)methoxy]-2.3-

dimethylphenylipropanoic acid

Q\‘ /|\>~N -
]
!|

‘\/)\/M‘CO; H

a) Methyl 5-fluoro-Z-methylbenzofuran-7-carboxylate

Py
N

To a mixture of methy! 2-bromo-S-flucro-2-hydroxybenzoeale (6 ¢, 24.09
mriol, prepared as in Example 5 step (b)) PACILPPh.). (1.68 . 2.39 mmal),
Cul (456 mg, 2.39 mmal} N.N-dimethylformamide (24 mL) and iriethylamine

{4.85 . 47.93 mmot) at -40°C was introduced prop-1-yne (1.8 g. 47 42 mmol)
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for 30 min and the resuiting muxture stirred at rcom temperature for 1 hr. andg
overmght at 75 "C. The resulting mixture was diluted with ethyl acetate (100
mL} The resulting mixture was washed with water (3x25 mL). The resulting
mixture was dried over anhydrous sodium sulfate and concentrated under
vacuum. The resulting residue was purificd on a silica gel column with ethyl
acetate/petroleum ether (5/95) to vield methy! 5-fiuuro-2-methyl-1-benzofuran-
7-carboxylate as a while salid.

t (5-Fluoro-2-methylbenzofuran-7-yiimethanol

To a solation of mathy! 5-fluoro-2-methyt-1-henzofuran-7-carboxylate (2
q. 9.61 mmol). in tetrahydrofuran (70 mbL) was added LAH (548 mg. 14.44
mmoblin portions at 0°C. The resulting solution was stirred for 30 min at °Cin
a waterfice bath, The reaction was then quenched by the adaition of
Na;SO; 10H:0 (3 gi. The solds were filtered out. The resulting mixture was
concentrated under vacuum.  The resulling residue was purificd on a silica gel
column with ethyt acetate/petroleum ether (40/60) to yeld (5-fluore-2-
methylbenzafuran-7-ylimethano! as yellow oil.

¢) {5-Fluarg-Z-methylbenzofuran-7 -yDmetnyl methanesutfonate

Into & 100-mL round-bottom flask was placed (5-flupro-2-metnyi-1-
benzofuran-7-ylimethanol (2.6 4. 15.54 mmoal). dichloromethane (50 mLj and
triethylamine (4.72 . 46.64 mmon. To the resulting mixture was then added
MsCl (4.47 ¢) dropwise with stirring al O”C. The resulting solulion was stirrers:
for 3 h at 0°C in a water/ice bath. The resulting solution was diluted with DCM
(100 mL). The resulting mixiure was washed with water (3x30 mL}. The
resulting mixture was dried over anhydrous sudium sulfate and concentrated
anger vasuum. The resulting residag was purifred on a sikca gel column witt
ethyl acetate/petroleum ether {10/90) to yield {S-fluoro-2-methyl-1-benzofuran-
7-yl)methyl methanesuifonate as colorless oil.

.

) Eihyl 3-i3-(i5-flugro-2-mathyihenzofuran-7-ylimethoxy)-2.3-

dimethylphenyhpropanoate

Into a S0-mi round-bottom flask was placed ethy! 3-(4-hydroxy-2.3-
dimethylphenylpropanoate (2.15 q. 9.67 mmol} (prepared as described in US.
Pat. Appl. Publ., 200110313003, 22 Dec 2011) N N-dimethylformzamide (18 ml).

potassium carbonate (4.01 g, 29.01 mmoly, ana (5-fluore-2-methyl-1-

101



WO 20147139001 PCT/USIL:21 790

10

15

rD
.

benzofuran-7-ylimethyl methanesulfonate (2.5 g. 9.68 mmoli. The resulting
solution was stirred overnight at room temperature.. The resulting soiution was
diluted with water (15 mbL). The resuiting solution was extracted with ethyl
acetate (3x20 miL) and the orgamc layors combined and drned over anhydious
sodium sulfate and concentrated under vacuum. The resulting residue was
ourified on a silica gel column with ethyl acetate/petroleum ether (5:95) o yielhd
clhyl 3-[4-|(&-fluora-2-methyl-1-benzofuran-7-ylimeihoxy|-2 3-
dimethylphenyi]prapanocate as a white solid.

021 3-{4-[(5-Fluoro-2-mathyl-1-benzofuran-7-yimethoxy]-2.3-

dimethylphenylpropanoic acid

Into a 150-mL round-bottom flask was piaced ethyl 3-[4-[(5-fluoro-2-
metnyl-1-nenzofuran- 7-yhmethoxyl-2 . 3-dimethyiphenyl |[propancate (3.5 ¢. Q.10
mmob). tetrahydrofuran (50 mL), water (50 mL}) and LIOH {1.1 g. 45.93 mmol).
The: resutting solulion was stirred overntght at room temperalure. The resulting
mixiure was concentrated under vacuum andg the pH of the selution adjusted to
4-5 with 1N HCI. The sulids were collected by filtraton, The resulting solid was
dried 1in an oven under reduced pressure to yield 3-[4-[:5-fluore-2-methyt-1-
benzofuran-7-yimethoxy|-2,.3-dimethylphenyl|propancic acie as & white sofid

HNMR: (300MHz, CDRCl.y: & 7.08-7.13 {m. 2H). 7.00 (d. J = 8.4 Hz,
THY 6.81(d. J = 8.4 Hz. THI.6.38 (8. TH). 5.32 (s. 2H). 2.97 «t. J = 7.5 Hz, 2H).
201 (L J=72Hz, 2H). 2.47 (s, 3H). 2.27 (s, 3H}. 2.26 {8, 3H}. Mass spectrum
(ES]. miz): Calculated for C.qHFQO.. 355.1 (IM-Hi. found 355.1.

Example 2
3-{4-{[5-Fluoro-2-(3-methylbutyl}-1-benzofuran-7-ylimethoxy}-2,3-

dimethyiphenyllpropanoic acid

\
(f’_
i \
HOO! NP AN O
. | D
,.fl\‘;xr- {,/ \_r|/‘£*\
!
~F
[
r

a) Methyl 5-tluoro-2-isopentylbenzofuran-7-carbexylate
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Inte a S50-mL sealad tube, was placed methy! 3-bromo-5-fluers-2-
hydroxybenzoat: (1 g, 4.02 mmol, prepared as in Example 5 step (b)),
Pd{PPh:):Cl: {232 mq. 0.40 mmol}. Cul {76 mg. 0.40 mmol), N.N-
ahmethylformamide (3 mL). TEA (814 myg. 8.04 mmnl) and S-methylhex-1-yne
{756 mg. 7.88 mmoti. The resulting solufion was stirred overnight a1 75°C.

I'he resuiting selution was diluted with ethy! acetate (30 mLi. The resulting
mixture was washed with saturated brine (3x30 mL). The resulting mixture was
concentrated under vacuum. The restilting residue was purifred on a silica gel
column with ethyl acetate/petroleum ether (1/30) to yield methy! 5-fluore-2-(3-
methylbutyl}- 1-benzofuran- 7 -carboxylate as vellow o/l

b (5-Fluors-2-isopentylbenzofuran-7-yDmathano!

To a solution of methyl S5-fluoro-2-{3-metnyibutyl)-1-beneofuran-7-
carboxylate (300 mg. 1.14 mmol) in tetrahydrofuran {10 mL) was added LAH
(129 mg. 3.40 mmoljin several batches at 0°C. The resulting solution was
stirred for 1 h at 15°C. The reaction was then quenched by the addition ot
sodium sulfate TOH.O (2 g). The solids wore filtered out. The resulting mixture
wis concentrated under vacuum. The resuiting residue was purified on & silca
qet colurmnn with ethy! acetate/petroleum ether (1:30-1:10) to yield 200 my
(67%) of [5-fluoro-2-(3-methylbuty!)-1-benzofuran-7-ylmoethanot as vellow ol

¢) Ethyl 3-{4-((5-fluoro-2-isupentyibenzofiran-7 -viimethoxy}-2.3-

cimethylphenylinropancale

I~te a 50-mb 3-necked round-bottam flask purged and mamtamred with
an inert atmosphere of nitrogen was placed [5-fluora-2-{3-methylbutyl}-1-
henzofuran-7-ylimethancl (50 miy, .19 mmol. Q0% ethyl 3-(d-hydroxy-2.3-
dimethylphenyiipropanoate (70 mg, (.31 mmol) {(prepared as described in ULS.
Pat. Appl. Publ.. 23110313003, 22 Dec 2011). PPh; {83 mg. 0.32 mmoil.
tetrahydrofuran (3 mbL) and DEAD (55 mq. .32 mmol).  The resulting solution
wiis slirred for 3 b at 30°C, The resulting mixture was concentrated under
vacuum. The resulting residue was purificd on a silica gel column with
PEEIOAC (40:1) 1o yicld ethyl 3-(4-[[5-fluoro-2-(3-miethylbutyl)-1-benzofuran-7-
ylimetnoxy]-2.3-dimethyiphenylipropanoate as yellow oil.

d) 3-(4-{[5-Fluoro-Z-{3-methylbutvl} 1-benzofuran-7-yiimethoxy-2.3-

dimathylphenylipropanore acid
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T0 a solution of ethyl 3-(4-[5-flucre-2-{3-methyibutyl)-1-benzofuran-7-
yllmethoxyl-2.3-dimethylphenylpropanoate (80 mg. .14 mmot} in
tetrahydrofuran {3 mL) was added a solution of LiOH (60 mq, 2.57 mmoliin
water (3 mL). The resulting solution was stirred overnight at 30°C. The
resulting mixture was concentrated under vacuum. The pH value of the
solution was adjusted 1o pH 5 with hydrogen chloriae (2 N). The resulting
solution wag extracted with othyl acetate (2x5 mL) of athyl acetate and the
organic layers combined and concentrated. The resulting residue was punfied
byRP-C18-HPLC 10 yield 3-i4-[|5-fluoro-2-(3-methylbutyl)- 1 -benzofuran-7-
yllmethoxy]-2.3-dimethylptenylipropancic acid as & white solid.

' NMR: (300MHz. CDCH) 8! 7.05-7.11{m. 2H}), 6.93d. J=8 4Hz. 1H)
B8.R(d. J=8.4Hz, TH). 6.37is. 1H). 5.30(s.2H). 2.95(t. J=a.4Hs, 2H), 2.77(d.
J=7.5Hz. TH), 2.60 it. J=8.4Hz, 2H). 2.25{s. 7H). 1.60-1.63(m. 3H). 0.96(.
J=6.0Hz. 6H). Mass spoctrum (281, miz); Calculated for Co-H 70O, 313
(M+H). found 413

Example 3
3-(4-{f5-Fluoro-2-{2-methoxyethyl)-1-benzofuran-7-ylimethoxy}-2, 3-

dimethyliphenylipropancic acid

a) Methyvl 5-fluorg-2-{2-hydroxyethylhibeneofuran-7-calhoxyiie

[nto g 30-mL sealed tube purged and mantained with an nert
atmaosphere of nitrogen was pfaced methyl 3-broma-H-flucro-2-
hydroxybenzoate (1.24 g. 4.98 mmol, prepared as sdescribed in Example 5.
stop (b)), but-3-yn-1-0l (700 my. 9.99 mmol). PditPPh:).:Cl. (350 mg. 0.50
mmob}, Cul (95 mg. 3.50 mmol), triethylamine {1.01 . 9.98 mmol) and N.N-
dimethylformamide (5 mL). The resulting sotution was stirred for 21 h at 75°C
The reaction was then quenched by the addition of water. The resuting

solution was extracted with ethyl acetate (3x10 mLY and the organic layers
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combined and concentrated under vacuum. The resutting regidue was purified
an A silica gel column with ethyt acctate/petroleum cther (217791 The collected
fractions were combined and concentrated under vacuium to yield methyt 5-
fluaro-2-(2-hydroxyathyl)-1-henzofuran-7-carboxylate as & yeliow solid. Mass
spectrum (ESI. miz): Calcutated for CyH.,FQ.. 239 (M+H). found 239.

) Methyl H-flugro-2-12-methoxyethylibenzofuran-7-carboxylate

Into @ H0-mL 3-necked round-botlom flask was placed methyl S-fluoro-z-
(Z-hydroxyethyl-1-benzofuran-7-carboxytate (500 ma. Z2.10 mmaol). N.N-
dimethylformamide (10 mL), sodium hydnde (150 mq, 3.75 mmol, 60%; and
wdomethane (540 mg. 3.80 mmol). The resulting sotution was stirred overnight
At 31 C. The reaction was then quenched by the addition of water. The
resulting solution was extracted with ethyl acetate (3x5 mL) and the organic
layers combined. The resulting mixture was washed with sodium chloride (aqi.
The resutting residue was dried over anhydrous sodium sulfate. The resuiting
resifue was puntied on a sikca gel column with ethyl acetate/petroleum ether
{10/90). The resulting solution was decolorized by the addition of active cartion
to yteid methyl S-fluore-2-(2-methoxyethyli- 1 -benzofuran-7-carboxylate as
zoortess oil. Mass spectrum (ESI. miz): Calcuated for C, H, £ 04 253 (M+H),
found 253.

¢ 3-14-d[5-Fluero-2-(Z-methexyethy-1-benzofuran-7-yllmethoxy }-2.3-

dimethylphaenylipropanoc agid

The title compound was preparad by reacting methyl 5-fluoro-2-(2-
methoxyethyhlienzofuran-7-carboxylate and ethy! 3-i4-hydroxy-2.3-
dimethylphenybDpropanoate, according to the procedures as described in
Examplo 2.

"H NMR (300MHz. CDCL) 8 7.14-7.07(m. 2H), 6.98(d. J=8.1 Hz. 1H),
6.8004. J=8.4 Hz. TH), 6.48(s, 1H). §.30(3, 2H). 3.75(t. J=t.6 Hz. 2H), 3.389(s
3H). 3.0560t J=6.6 Hz, 2H} 2.95(t, J=6.6 He, 2H), 2.8t J=8.1 Hz. 2H), 2.25(s.
6Hj. Mass spectrum (ESI m/z) Calculated for C..H ;FO- 423.2 (M +Na).
found 423.2.

Example 4
344-[{5-Fluoro-2-propyl-1-benzofuran-7-yljmethoxy]-2,3-

dimethylphenyi}lpropanoic acid
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The titie compound was prepared according 1o the procedures as
described in Example 2 substituling pent-1-yne for 5-methylhax-1-yne in Stey
(&)
5 "HNMR {300 MHz. CDCL &: 7.06 - 7.12 (m. 2H). 6.98(3 J= 84 Hz
THL 880 {d. J=8.4 Hz 18).8.38 (5. TH), 6,30 (8. 2H). 285 (1. J= 8.0 Hz .
2H)L 274 (t, J = 3.0 Hz . 2H), 2.57 - 263 (m. 2H), 2.25 (s. 6H). 1.17 - 1 34 (m,
2HY Y10 J = 7.4 He L 3H) Mass spootrum (ESI, miz): Calculated for
Co:HmFOs. 407.2 (M+Nu), found 407.1.
10 Example 5
3-{4-{{5-Fluoro-2-(hydroxymethyl)-1-benzofuran-7-yljmethoxy}-2 3-

dimethylphenylipropanoic acid

;"--.,-/"\
1 \[ I
Sl
'

=) Methyl 5-fluoro-2-hvdroxybenzoste

15 Inte & 1-L round-battom flask was placed 5-fluare-2-nydroxybhenzoic aod
{20 g, 128.11 mmol). methano) (250 mL) and sulfuric acd (20 mL). The
resulting solutien was stirred overnight at 80°C. The resulting nuxture was
concentrated under vacuum. The resutting soluuen was diluted wath ethyt

acelate (300 mL). The resulling mixture was washod with sodium thearhonale

o

3 (3X100 mL). The resulting residue was dried over anhydrous sodium sulfate
The resulting residue was purificd on a silica gel column with eothy!

acetate/petroleum ether (95:5) teo vield methy! 5-fluorg-Z2-hydroxybenzoate as a
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white solidd. Mass spectrum (ESI mizi Calculated for CaH-FOs, 172 (M+H),
found 172.
1) Methyl 3-brome-8-fiuoro-2-hydroxyvhenzoate

To a solution of methyl 5-fluoro-2-hydroxybenzoate (14 ¢, 82.29 mma)
in methanal (400 mLj was added a solution of Bro ¢14.5 ¢, 8072 mmol. 1.13
equivl in methano! (200 mL). The resuiting sclution was stirred avernight at
165°C. The resulting solution was concentrated and purified by silica gel column
chromatography with PEAZIOAC 195:5) to yeld methyt 3-hromo-5-fluoro-2-
hydroxybionsoate as a light yellow solid, Mass spectrum (ESI mié‘z): Calcuiated
for CaH:BrFQ:, 248 {M-+H). found 249.

) Methyt 5-fluore-2-i(itrimethylsilyDexy)metnviibenzofuran-7 -carboxylate

A mixture of methyl 3-Dromo-5-fluoro-2-nydmxybenzoate (1.86 g, 7.47
mmoi), trimethytiprop-2-yn- 1-yloxyisilane {1.92 g. 14.97 mmol). Pd(PPh:):Cl:
(52.5 mqg. 0.07 mmaly, TEA (1.515 g. 14.97 mmolj. Cul {142.5 mg. .75 mmaol)
and yin N.N-dimethyltormamide (7.5 mL) was stirred tor 1 h at 25°C and then
far 21 hr at 75°C. The reswiting mixture was diluted with water (7.5 mLY. The
resulting solution was extracted with ethyl acetate (3x15 mL) and the organic
fayers comhined and driexd over anhydrous sodium suifate. The resulting
residue was purified on a silica gel column with ethyl acetate/petroleum ether
120:1~3:1; to yield methyl 5-fluoro-2-[|(tnmethylsilvDoxy]methyl]-1-benzofuran-
7-carboxylate as ight yollow oil. Mass spectrum (ESL miz): Caloutated for
CaH1sFOLS8I. 297 (M+H). found 297,

i Methyl 5-fluorg-2-ihydroxymethyhibenzofuran-7-carboxylate

To a solution of methy! 5-methyl-2 {[{trimethylsilyloxy]methyl]-1-
benzofuran-7-carboxylate (2,96 g. 5.06 mmol, 50%) in tetrahydrofuran (60 mL)
~as added TBAF (5.24 ¢. 20.04 mmol). The resulting solution was stirred for 20
min at 25°C. The resulting mixture was concentrated under vacuumn. The
resulting mixiure was washed with water (1x100 me). The resulling sotution
was extracted with ethyl acetate (3x100 mL) and the organic iayers combined.
The resuiting mixture was washoed with bring (2x50 mLY. The resulting residue
was dried over anhydrous sodium silfate and concentrated. The resulting
residue was purified on a silica gel column with ethyl acetate/petroleum ether

{2001~2:11 10 yield methyl 2-(hydroxymethyl)-5-methyl-1-benzofuran-7-
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carboxylate as ight yellow oil. Mass spectrum (ESI, miz). Calculated for
CitHaF Oy, 225 (M), found 225.
e) Methyl 2-({(tert-hutyldimethylsilyl wuxyimethyli-5- fluorebenzofuran- 7-

carboxylate
A mixture of 5-fluoro-2-(hydroxymethyli-1-bonzofuran-7-carboxvlate (8010

mg). 3.57 mmoly. TBDMSCI (866.2 mg. 3.75 mmol). dichloromethane (20 mL)
and imidazale (243 my, 3.57 mmol) was slirred overnight at 20°C. The
resulting mixture was washed with water (1x5 mL). The resulting solution was
extracted with DCM {3x30 mL) and the organic layers combined and dned over
anbydrous sodium sulfate. The resulting residue was purified on a sihca gel
column with ethyl acetate/petroleum ether (200:1~10:1) (o vield mathyl 2-{[(tert-
butyldimethytsityljoxy]methyl]-5-fluoro-1-benzefuran-7-carboxylate as fight
vellow ol Mass spectrum (ESI. m/z): Calcuiated for C-H.:FQL8I. 339 {M+H).
found 334

1y (2-{i{Tert-butyldimethylsilvhoxyimethyl-S-Huorobenzoturan-7-ylimethans |

To a solution of methy! 2-[[(tert-butyldimethyisilyljoxy|methyl|-5-fluoro-1-
henzofuran-7-carboxylate (700 mg. 2.07 mmol) in tetrahydrofuran (30 mLj was
added LAIH, (236 .1 ma, 8.22 mmol). The resulting solution was stirred for &
min at 20°C. Tho reaction was then quenched by the additon of
Na:SOs10H .0 (500 mg). The solids were fittered out. The filtrate was purified
on a siliza gel eolumn with elhyl acetate/pelroleum other (200:1~5:1) 1o yeld (2-
{[{tert-butyldimetrylsilyloxy]methyl]-5-fluore-1-benzofuran-7-ylimethanol as
light yellow oil. Mass spectrum (£S1. méz): Cateulated for CqotH,.FO.SIL 311
{M+H), found 311
) Ethyl 3-(d-{{2-({(tert-hutyldimethyisilyhoxyImethyh-5-fluorobenzofuran-7-

yviimethoxvi-2.3-dimgthyiphenvlipropannato

To a solution of (2-[[ttert-butyldimethylsilyloxy|methvi]-5-fluoro- 1-
benzofuran-7-ylimethanol (124 mg. 0.40 mmol) in tetrahydrofuran (2 mL was
added ethyl 3-t4-hydroxy-2.3-dimethylphenyhpropancate (107 mag (.48 mmal),
DEAD (284 myg. 0.48 mmol}. and PPh. (126 mg. .48 mmolj. The resulting
solution was stirred overnight at 30°C. The resulting mixture was concentrated
undaer vacuum,  The resulting residue was punfied on a sihca gel column with

ethyl gacetate/petroleum ether (200:1~5001) to yield ethy! 3-[4-[{2-[[/tert-
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hutyldimethyisiylioxylmethyl]-5-flucro-1-benzofuran-7-ylimethoxy]-2.3-
dimethylphenyl|propancate as coloness oil. Mass soectrum {(ESI. mizi
Cateulated for C.xH+FOx81. 515 iM+H), found 515.

n) Ethyl 2-14-((5-fluora-2-{hyvdroxymethylibenzofuran-7-ylimethoxy i-2.3-

dumethylphenvhipropanoate

To a sotution of ethyl 3-{4-[i 2-[[(Tert-butyldimethylsilylloxy]methyl]-5-
fluoro-1-benzofuran-7-yhmethoxyl-2. 3-dimothylphenyllprapanoate {100 mgq,
0.19 mmel) in tetrahydrofuran (5 mL) was added TBAF (105 mg. (.40 mmot)
The resuiting selution was strrad for 1 b at 20°C. The resulting mixture was
washed with water {1x& ml). The resulting residue was drieg over anhydrous
sodium sulfate. The resulting residue was purificd an a silica gal column with
ethyl acetate/petraleum ether {20:1~4:1) 10 yietd ethyt 2-(4-[[5-fiuoro-2-
{hydroxymethyt-1-benzofuran- 7-viimethoxyl-2, 3-dimethviphenylipropanoate as
awhite soid. Mass specirum {ESI miz): Calcuiated for CoH»FOs, 401 (IM+H),
teund 401.

N 3-(d-1i5-Fluoro-2-thydroxymethyhbonzofuran-7-yhmaothoxyi-2.3-

cdimethylphenyDprepanoc acid

To a solution of ethyt 3-14-[[S-fluoro-2-thyaroxymethyl-1-benzofuran-7-
viimethoxy]-2.3-dimethylphenyl propanoate (90 my. 0.22 mmaol}in
tetrahydrofuran (5 mL) was added @ solution of LIOH (90 mg. 3.76 mmal) in
waler (5 mL), The resulting solution was stirred for 14 h at 20°C. The resuling
mixture was concentrated under vacuum. The pH of the solution was adjusted
to pH 6 with hydrogen chtoride (2 moll). The solids were collected by filtration
to yield 3-14-{[5-flucre-2-(hydroxymethyl) 1-byenzofuran-7-yllmethoxyl-2.3-
dimethylphenylipropanoe acid as a white solid.

"H NMR (300 MHz. DMSO-d6) d: 7.38 - 7.41 idd. J1=2.7 Hz. J2=2.4 Hz.
THY. 718 - 7 12 {dd, J1=2.4 Hz. J2=2.7 Hz. 1H). §.96 id, J = 8.4 Hz . 1H). .87
(. J =84 Hz, 1H) 6,81 (s, TH). 530 (s TH}. 4.58 {s. 1H). 2.73 - 2.80 im. 2H),
240t J=7.4 Hz  2H), 216 (8, 3H), 2.13 (s, 3H ). Mass spectrum (ESI, nvz),
Calculated for C1HeFO:, 395.1 (M+Naj, found 395.1.

Example 6
3-{4-{[5-Fluoro-2-(2-hydroxyethyl}-1-benzofuran-7-yl{Imethoxy}-2,3-
dimethylphenylipropanocic acid
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The title compound was prepared according to the procedures as
described in Example 5 substituting methyl 5-fluoro-2-(2-
hydroxyethyl)benzofuran-7-carboxylate (prepared as described in Example 3
step (a)) for methyl 5-fluoro-2-(hydroxymethyl }-1-benzofuran-7-carboxylate in
step (e).
'H NMR (300MHz, CDCl3) 5: 7.18-7.13 (m, 2H), 7.01 (d, J=8.1 Hz, 1H),
6.84 (d, J=8.4 Hz, 1H), 6.55 (s, 1H), 5.340 (s, 2H), 4.04 (t, J=6.0 Hz, 2H), 3.09
(t, J=6.3 Hz, 2H), 2.98 (t, J=8.4 Hz, 2H), 2.64 (t, J=7.5 Hz, 2H), 2.28 (s, 6H).
Mass spectrum (ESI, m/z): Calculated for CH2z3FOs, 409 (M+Na), found 409.
Example 7
4- - 1- -7 -2.3-
dimethylphenyl}propanoic acid

HOOC
2
Q
=

The title compound was prepared according to the procedures as
described in Example 2 substituting ethynylcyclopentane for 5-methylhex-1-yne
in step (a).

'H NMR (300MHz, CDCl4) 8: 7.06-7.11 (m, 2H), 6.98 (d, J=8.1Hz, 1H),
6.81 (d, J=8.4Hz, 1H), 6.37 (s,1H), 5.30 (s,2H), 3.16-3.24 (m, 1H), 2.95 (,
J=8.4Hz, 2H), 2.60 (t, J=8.4Hz, 2H), 2.25 (s, 6H), 1.99-2.11 (m, 2H), 1.69-1.80
(m, 9H). Mass spectrum (ESI, m/z): Calculated for CzsHz;FQOs, 433.2 (M+Na),
found 433.0.

Example 8
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3-{4-{{2-{Cyclopentyimethy|}-5-fluoro-1-benzofuran-7-yiimethoxy}-2,3-

dimethylphenylipropanoic acid

e

}
OG- ’“\J//”\ 0 “‘{

The title compound was preparad according to the procadures as
5 described in Example 2 substituting prop-2-vn-1-yleyciopentare for 5-
methylhex-t-yne in step {a).
"H NMR (300MHz. CDCI 8: 7.06-7.11 (m. 2H). .97 (d. J=8.1Hz. 1H),
.80 (rf, J=8.AMHz. TH), 6.36 (s.1H} 5.29 (s.2H), 2.95 (t. J=8.4Hz, 2H), 2.75 (d.
J=72Hz, THY 2,80 it J=8.4Hz ZH). 2.25-2.34 (m. 7H) 1.79-1.86 tm. 2H).
13 1.54-1.88 (mdH), 1.25-1.31 (m. 2H). Mass spectrum (ESI miz): Calculated ror
CsHaFOu 447 (M+Na), found 447,
Example 9
3-{4-[{2-Benzy|-5-fluoro-1-benzofuran-7-ylimethoxy]-2,3-
dimethylphenyl}propanoic acid

F
r/’L j |
(%r/lk- /()., N
P \||/
;7 T NCO0H

{
// \)
15 \—

The titie compound was prepared according to he procedures as
described in Example 2 substituting prop-2-yn-i -vlbenzene for H-methylhex-1-
yne in step (@),

TH NMR (3CUMHZ, CDClad 3: 7.25-7.36 (m. §H). 7.04.7 13 (m. 2H1.6.95

200 {d. J=B.4Hz. 1H), 6.77 1, J=8.4Hz. TH). 6.34 s, 2H). 4.1 (s, 2H), 2.84 (1,
J=7.5Hz, 2H) 2,59 it J=7 .5Hz. 2H). 2.23 (1. J=3.3Hz. 6H). Mass spectrum
(ESI. mizy: Calculated for Co2H:-FO,4. 431 iM-H), found 431
Exampte 10

i1
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3-{4-{{5-Fluoro-2-(methoxymethyl)-1-benzofuran-7-ylimethoxy}-2.3-

dimethyiphenylipropanoic acid

Flﬁ}\’ﬁ e
LE '
»
’Ij]

-~

|

':C"_QH

The ttle compound was prepared accerding 1o the procedures as
5 described in Example 2 substituting methoxyethyne for 5-methyihex-1-yne i

step (a).

"H NMR (300MHz. CDCLL) &: 7.42 - 7.45 {m. 1HY, 7.23-7.27 {m, 1H).
H.860 - 6.95 (m. 3H). 531 (s. ZH). .65 (s, 2H). 2.7Z - 2.80 (m. 3H). 2.50 {s. 3H).
2.58 243 (m 1H), 2.16 (s, 3H). 2.12 (5. 3H). Mass spectrum (ESL m/z):

110 Catoutated for CoH-:FO5. 409 tM+Na), found 409.
Exampie 11
3-(4-{{5-Fluoro-2-(1-methylethyl})-1-benzofuran-7-yllmethoxy}-2.3-
dimethylphenyllpropanoic acid

F .
~ “\\‘\’-\\

E/L —(

]/ o N

0

NEN
e

|
COH
15 The titie compound was prepared according o the procedures as
described in Example 2 substituling 3-methylbut-1-yne for 5-methyhex-1-yne in
step (a).
'HNMR (300MHz. CDCI} 8: 7.07 - 7,11 {m, 2H). 6 93 (. J = 8.4 Hz
TH)L. 6.811d. J=84 Hz  1H). 6358 (& tH). 530 (8. 2H). 297 - 311 (m 1+,
20 2841t J=8.04Hz  2H). 280 (1, J=8.0 Hz , 2H). 2 25 (8. 3H), 2.24 (s. 3H).
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1.35 (s, 3H), 1.33 (s, 3H). Mass spectrum (ESI, m/z): Calculated for
CaaHzsF 04, 407.2 (M+Na), found 407.1.

Example 12
4 Fluoro-2-(2- 1-benzofuran-7-yl thoxy}-2.3-
5 dimethylphenyl)pr noic acid
F
N
(]
O
CO,H

The title compound was prepared according to the procedures as

described in Example 2 substituting 4-methylpent-1-yne for 5-methylhex-1-yne
in step (a).

10 "H NMR (300MHz, CDCls) 8: 7.07 - 7.11 (m, 2H), 6.97 (d, J= 8.4 Hz
1H), 6.80 (d, J=8.4 Hz , 1H), 6.37 (s, 1H), 5.30 (s, 2H), 2.95 (t, /= 8.0 Hz ,
2H), 2.57 - 2.64 (m, 2H), 2.25 (s, 6H), 2.00 - 2.18 (m. 1H), 0.99 (s, 3H), 0.97 (s,
3H). Mass spectrum (ESI, m/z): Calculated for Ca4Hz7F Oy, 399 (M+Na), found
399,

15 Example 13

3{4-({2-[2-(Acetylamino)ethyl]-5-fluoro-1-benzofuran-7-yl}methoxy)-2.3-
imethylphenyllpropanoic acid

-, A@%

a) Ethyl 3-(4-((5-fluoro-2-(2-((methylsulfonyl)ox enzofuran-7-

20  yhmethoxy)-2.3-dimethylphenyl)propanoate
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Inte a 100-mL 3-necked round-bottom tlask purged and mamntained with
an inert atmosphere of nitrogen was placed ethy 3-(3-{[5-fluoro-2-{2-
hydroxyetny-1-benzofuran-7-ylmethoxyl]-2.3-dimethylphenylipropanoate (1.5
¢. 3.14 mmol, preparea As described in Example 63 dichloromaethane (20 mL),
triethylamire (950 my. 9.32 mmol) and MsCI (715 mg). The resulting sotution
was stirred overmight at 20°C.  The reaction was then quenched by the addition
of waler. The resuling solution was extracted with ethyl acetate (3x10 mL) and
the organic layers combined. The resulting residue was purified on a siica gel
column with ethyl acetate/petroleum ether (1/720). The collected fractions were
combined and concentrated urder vacuum to yield 1 ethyl 3-[4-([5-fluoro-2-[2-
imathanesulfonyloxylathyl]- 1-benzofuran-7-ylmethoxy}- 2,3
dimethylphenvl]propancate as colortess oil. Mass spectrum (ESI mizy
Caiculated for CozH.FO-8. 493 (M+H}. found 493

h) Ethyl 3-(3-1{2-(2-gzidoothyv-5-luarobenzofuran-7-yiimethoxy -2, 3-

dimethylphenylpropanoate

Into & 100-mL round-bottom flask was plarced othyl 3-[4-{[5-fluoro-2-[2-
{methanesulfonyloxyethyl]- 1-benzofuran-7-yllmethoxy -2.3-
dimethylphenyllpropanoate (1 i, 2.03 mmol). N.N-dimethytformamsde (15 mL)
and NaN-, {132 mg. 2.03 mmal)  The resulting solution was stirred avernight at
60°C. The reaction was then quenched by the addition of water. The resulting
solulion was extracted with athyl acetate (2x10 mL} and the crganic lavors
combined and concentrated under vacuum. The resulting residue was purified
un a silica gel column with ethyl acetate/petraleum cther (1:2). The collected
fractions were combined and concentrated under vacuum to yield ethyl 3-(3-[[2-
(Z2~azidoethyly-5-fluoro -1 -henzofuran-7-ylmethoxy}-2. 3-
dimethylphenyl)propancoate as colorless il Mags spectrum (2S1, m/zy
Calculated for C yH -FN30., 440 (M+H). found 440,

c) Ethyt 3-14-({2-{Z-aminoethyl-5-fluorabenzofuran-7-viimethoxyi-2.3-

dimethylphenyhpropanoate

To a solution of ethyl 3-{4-[[2-{2-azidocthyl)-5-fluoro- 1-benzofiran-7-
yllmeinoxy]-2.3-dimethylphenyl} propanoats {700 mqg. 1.59 mmol in MeOH (15
mbL) was added Palladium on carbon (700 mg) and hydrogen and the resulting

golution was stirred overnight at 20°C. The solids were filtered out. The
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resulting mixture was concentrated under vacuum 10 vield ethyl 3-(4-[[2-12-
aminoethyl-5-fluora-1-henzofuran-7-ylmethoxyl}-2.3-
dimethylphenylipropanoate as colorless oil.

d) Ethyl 3-i4-{{2-(2-scetamidoethyl-5-fluorchenzofuran-7 -ylimetnoxy-2.3-

dimethylphenylipropanoate

[~to @ d-mb vial was placed ethyl 3-14-{[2-{2-amineethy!)-5-fluoro-1-
henzofuran-7-yl)mothoxyl-2 . 3-dimethylphenylipropanoate (50 mg, 0.12 mmal),
drichloromethane (2 ml ). triethylamine (36 mg. 0.36 mmel) and acety! chloride
{11 myg. 0.14 mmol). The resuiting solution was stirredd evernight at 20°C. The
resulting mixture was concantrated under vacuuam 1o yeld ethyl 3-(4-[[2-12-
acelamidoothyl)-5-fluore-1-benzofuran-7-ylimethoxy|-2 3-
dimethylphenylpropancate as yellow oil. Mass spectrum (EST, mizy
Calculated for C.«H:FNQ-. 456 (M+H). found 456.

e) 3-14-1{2-]Z2-(Asclvlaminaiethyl]-5-fluoro- 1-benzofuran-7-viimethoxy-2.3-

chmethylphenvllpropancic aeid

To a solution of ethyl 3-{3-{{2-(Z2-acotamidoethyD-5-fluore-1-benzofuran-
7 ylmethoxyl- 2. 3-dimethylphenyhpropanoate (40 mg. 0.09 mmol}in 1 mL of
THF was addad a solution of LIOH {40 mg. 1.67 mmol) in walert1 mL). The
resulting sofution was stirred overnight at 20°C. The resulting mixture was
concentrated under vacuum. The resulting solution was extracted with ethyl
aretate (2x1 mb and the agueous layers combined. The pH valué of the
solution was adjusted 1o pH 2 with hydrogen chloride (1 molL). The resulting
sofutiun was extracted with othyl acetate (3x2 ml) and the arganic layers
combined and concentrated urder vacuum. The resulting residue was purified
by RP-C18-HPLC to yield 1.9 mg (5% of 3-(4-][2-(Z-acetamidaethyl }-5-flugre-
1-benzofuran-7-yllmethoxy]-2.3-dimethylphenylpropancic acid as a white sohd.

"H NMR (300MHz. DMSQ) 8 12.06 (8. 1H), 8.03 is. 1H), 7.36 (¢, J=9.9
He 1H), 7 19 {d. J=9.9 Hz 1H), B.98 (d. J=8.4 Hz 1H), 5.9 (d. J=8.4 He 1+
0.72 {s. TH). 5.32 (s, TH), 3.43-3.37 tm 2H). 2.94 (1. J=6.9 Hz. 2H) 2.80 {1,
J=7.5 He, 2HY 2.45-2.18 tm, 2H), 2,18 (s, BHY 1.81 (s, 3H)L Mass spoctrum
(ESI. miz). Calculated for CoaH +FNO-. 428 (M+H), found 428.

Example 14

11
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3-{4-[(5-Fluoro-2-{2-[{methyisuifonyllaminglethyl}-1-benzofuran-7-

ylimethoxy]-2 3-dimethylphenyl}propanoic acid

Hi(” .-(_,‘L ‘\/"\
1 /"\\Cf

ai Ethyl 3-i4-{(5-flugro-2-{Z-imeathylsufonamidoietbhyhbenzofuran-7-

viimethoxy -2 . 3-dimethylphenylipropancate

Into & 8-mb via was placed elhyl 3-i4-]|2-{(2-ammacethyl)-h-fluere- 1-
henzofuran-7-yllmetnoxy]-2.3-dimethyiphenyhpropanoate (5¢ mg. 0.12 mmaol.
preparaed as desoribed in Example 13 step(¢)). dichioromethans (2 mLY,
triethylamine (36 my. 0.36 mmol) ang methanesulfonyt chloride (16 my. (.14
mmol). The resulting solution was slirred overmight at 20°C.  The resulting
mixture was concentrated under vacuum to yield cthyl 3-(4-[[8-fluoro-2-(2-
methanesulfonamidoethyl)-1-benzofuran-7-yllmethoxy]-2.3-
dimethylphanyljpropanoate as yellow ol Mass spectrum (ESIL mie):
Calculated for Co-HaFNQ:S, 492 iM+H) tound 492

b 3-{4-(5-Fluoro-2-{2-[imethyisufonylaminelethyi}-1-benzefuran-7-

yhmaothoxyl-2 . 3-dimeathyiphenylipropanoic acid

The title compound was prepared according to the procedures as
cdoscribed in Example 1

TH NMR (300MHz. DMS0) & 7.41-7.37 (m. 1H), 7.25-7.18 {m. 1H). 6.98
(. J=8.4 He, 1HY, 8.90 {d. J=8.4 He, 1H), 8,77 (s, 1H), 532 (8. 2H), 3.02 (1,
J=7 .2 Hz, 2H), 291 {s, 3H). 2.80 it. J=7.2 Hz, 2H). 2.45-2.40 (m, 4H). 2.18-2.09
{m, 6H). Mass spectrum (EST iz Calculated for CaH: FNO:S. 464 (M+H)
found 464

Example 15
3-[4-{{2-[2-(Dimethylaminojethyl]-5-fluoro-1-benzofuran-7-yl}methoxy}-2 3-
dimethyiphenyl]lpropanoic acid

11%
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A) Ethyl 3-(4-{{2-{2-idimethylaminoiethyD-5-fluarobenzofuran-7 -yhmethoxy)-

2. 3-dimethyiphenylipropanoate

Into a 8-mL via! was placed ethyl 3-[4-([5-fluoro-2-[2-

5 {metnanesulfonyloxyjethyl]- 1-benzofuran-7-yljmethoxy -2 3-

dgrmelhylphanyllpropanoate (100 mg. 0.20 mmaol. prepared as described in

Example 13). dimethylamine {49 mq. 1.09 mmal). potassium carbonate (34 my.

0.61 mmal} and N.N-dimathylformamide (2 mL). The resulting solution was

stirred avernight at 40°C. The reaction was then guenchedd by the addition of

1} waler. The resuiling solution was extracted with ethyl acetate (3x1 mL) and the

orqganis layers combined. The resulting residue was punfied on a siiica gel

cotumn with ¢thyl acetale/petroteum ether (1710). The collectad fractions ware

combined and concentrated urder vacuum to yield ethyl 3-[4-([2-[2-

{dimethyiaminolethyl]-5-fluorn-1-benzofuran-7-yijmethoxy -2.3-

15 dimethylphenvlpropancate as coluriess oil. Mass spectrum (ESIL miz):

Caiculated for C.x:HFNQa. 442 (M+Hj. found 442,

D1 3-14-(42-12-(Dimathyiaminoiethvll-b-tluore-1-benzoturan-7 -vitmethoxv-2.3-

dimethylphenyllpropancic acid

The title compound was prepared according to the procedures us

20 described in Example 1

' NMR (200MHz, CDCL, ppm) 8:9.62 (8. 1H). 7.45-742 (m. 1H). 7.267-
722 (m, 1HY 6.91 (. J=8.4 Hz, 2H) 6.91-6.86 im. 2H). 5.32 (s, 2H). 3.53-5.48
(., 2HY. 3.31-3.26 im. 2H). 2.88 (s, 6H). 2.81 it J=8.1 Hz, 3H). 2.43 (t, J=7.2
Hz. 3H), 2.18-2.16 (m. 6H). Mass speclirum (ESI. mizi: Caloutated for

25 C'g,;H",‘_r.:FNOJ{._ 414 IM*’H ‘ found 464.
Example 16

3-{4-{{2-tert-Buty!-5-fluoro-1-benzofuran-7-ylymethoxyl-2.3-

dimethylphenyllpropanoic acid
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The title compound was prepared according 1 the procedures as

described in Example 2 substituling 3.3-dimethytbut-1-yne for 5-meathythex-1
vne in step (a).

5 "H NMR (300MHz, CDCI3Y &: 7.09-7.15 {m. 2H), 7.00 id. J=8.4Hz. 1H).
H.86 {d. J=8.4Hz. 14}, 6.37 18, 1H), 5.33 1s.2H). 2.97 {t. J=7.5Hz. 1H), 2.62 (i
J=7 65He. TH). 2.27 (s. 6H), 1.38 (s, 9H). Mass spectrum (ESI miéz): Calcutalad
for CoaHzFO:. 399 (M+H). found 399 and 416 (M+H30).

Example 17
10 3-{4-[(5-Ethoxy-2-ethyl-1-benzofuran-7-yljmethoxy]-2.3-
dimethylphenyl}propanoic acid

) /
R /
Hf)} /—2\ /! Q)

3 \

<) Methyl A-bromo-S-ethoxy-2-hyrdroxyhenzoate

Inte @ 250-mL round-bottom flask wasg placed mathyl 5-othoxy-2-

15 hydroxybenzoate (5 g. 27.45 mmol). methanal (100 mL) ana Br, (4.83 ¢, 30.22
mmal}. The resulting soluticn was stirred overnight at room temperature. The
resulting mixture was concentrated under vacuum. The resulting solution was
diuted with ethyl acetate (100 mL) and washod with Na-SO- {aq) (3X20 mL .
The resuiting mixture was concenirated under vacuum. The resulting residue

200 was punfied on a silica gel column with ethyl acetate/petroleum ether (1.5) to
vield maethyl 3-bromo-5-ethoxy-2-hydroxybenzoate as a lighl yellow soba, Mass
spectrum (ESL. miz): Calaulated for CoaHyBrOu. 275.0 (M), founa 275.0.

h Methyl 5-ethoxy-2-ethylbenzofuran-7-carboxylate
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The title compound was prepared by reacting but-1-yne and methyl 3-
bromo-5-ethoxy-2-hydroxvbienzoate acoording to the nrocedure in Example 2
step (a).

) i 5-Ethoxy-2-alhyibenzofuran-7 -ylimelhyl methancsulfonate

The title compound was prepared by reacting methyl 3-bromo-5-cthoxy-
Z-hydroxyhenzoate by LiIAIHs reduction and mesylaton according to the
procedure in Example 1 stepth).

i) Ethyl 3«4-(15-ethoxy-2-etnyibenzofuran-7-vhimethoxy)-2.3-

d:methylphenyliprepanoate

[nte @ 50-miL round-bottom flask was placed (5-ethoxy-2-ethyl-1-
benzofuran-7-ylimethyl methanesulfonate (121 ma. 0.41 mmol), potassium
carbonate (168 mg. 1.22 mmoly, N.N-d methyiformamicie {10 mLj and ethyl 3-
{4-hydroxy-2.3-dimethyiphenyl)propancate (80 mg. 0.40 mmel). The resulting
sotution was stirred overmighl at room temperature. The resulling soluton was
diuted with ethyl acetate { 100 mL ). The resulting mixture was washed with
brine (3x20 mL). The resulbing residuc was dried over anhydrous sodium
sulfate. The resulting mixture was concentrated under vacuum to yield ethyl 3-
[4-[i5-cthoxy-2-othyl-1-benzofuran-7 -ylimethoxy]-2.3-
dimethylphenyl]lpropancate as color'ess oil. Mass spectrum (ESI. miz).
Catcutatedt for C.aH.:0-, 425 (M+HY. found 425.

&) 3-4d-[i5-Ethoxy-2-cthyl-1-henzofuran-7 -yhimethoxyl-2, -

dhmethylphenyipropanoc acid

The title compound was preparcd accoerding to the procedure as
described in Example 1.

'HNMR (301MHZz CDLCH &: 6.98 (s, 1H). 8.96 (. J=3.0Hz 1H). 6.91
[, J=2.4 Hz, 1H). 6.83 (8. TH} 6.81 (s, tH). 6.32 {s. TH). 5.28 {s. 2H). 4.02 iq,
J=5.4 Hz, 2H). 2.95 {1, J=7.9 Hz. 2H), 2.77 1. J=5.4Hz, 2H}Y. 2.59 (1. J=8.1Hz.
2H). 2.24 {s. 6H). 1.41 {1, J=6.9 Rz, 3H). 1.32 (1. J=7.5Hz.3H) Mass spectrum
{81, miz): Caloulated for C.4H-:O45. 395 (M-, found 395

Example 18
3-{2 3-Dimethyl-4-{[2-propy}-5-{trifluoromethyi}-1-benzofuran-7-
[Ilmethoxy}phenylipropanoic acid
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) S-iodo-2-propylbenzofuran-7 -carbaldehyde

The title compound was prepared by reacting 2-hydroxy-3.5-
diadnbenzalidehyde and pent-1-yne aceording to the procedure in Example 2
step {a).

0 (5-10d0-2-propylbenzofuran- 7-ylimethanol

To a solution of S-10d0-2-propyl-1-benzofuran-7-carbaidehyde (2.7 g.
8.60 mmoliin tetrahydrofuran 140 mL) was added LiBH.: (570 mg, 25.91 mmo!).
The resLiting solution was stirred for 30 min at G¥C. The reaction was then
quenched by the addition of water (6§ mL). The resulting mxlure was
noncentrated under vacuum. The resulting soluton was extracted with ethyl
acctate (3x30 mLY and the organie layers combined and dricd over sodum
sulfate. The solids were filtered out. The resulting mixture was concentrated
ander vacuum, The resulting residae was punficd op a sihca get solumn witks
potroleum ether/EtOAC (200:1~5:1) to yield {S-1nda-2-propyl-1-benzofuran-7-
yhimethanol as a light yellow solid.

¢) Ethyl 3-14-(i5-10do-2-propylbenzofuran-7-yiimethoxyi-2. 3-

dimethylphenyh)propanoate

The utie compound was prepared by reacting S-i0do-2-propyl-1-
henzofuran-7-yhmethanol according to the procedure in Example 1.

) Ethyl 3-(2. 3-dimethy-4-{(2-prapyl-5-triflucromethylibenszofuran-7-

viimethoxviphenylipropanoale

A mixture of ethyl 3-[4-[(3-iodo-2-propyl-1-benzofuran-7-ylimethoxy]-2.53-
dimethylphenyllpropanoale (150 mg. 0.29 mmol), maethyt 2.2-difluore-2-
tflucrosulfonyhacetate (443 mq. 2.31 mmol) and Cul (438 mg. 2.20 mmoljin
NMP/DMF (7/7 mL) was stirred for 18 h at 100°C. The resulting solution was
diluted with water (15 mL). The resuiting solution was extracted with ethyl
acetate (3x30 mL) and the organic layers combined and dried over sodium

sulfate. The solds were filtered out. The resulting mixture was concentrated

1220
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under vacuum. The resulting residue was punfred on a sica gel column with
PE/EIOAC (200:1~10:1) to yield ethyl 3-(2.3-dimethyl-3-{[ 2-rropyl-5-
{trifiuoromethyl-1-henzofuran-7-yilmethoxy]phenyhipropanoate as light yeliow
onl.

e) 3-(2.3-Dimethyl-4-{[2-propyl-5-{tnflucromethyi)- 1 -henzofuran-7-

yviimethoxyphenvipropanoic acid

The title compound was prepared according to he procedures as
described in Example 1.

'HNMR (300MHZ.CDCL) 8§7.7% (s, 1H). 7.60 (s.1H). 8.98-7.01 (d.
J=8.4Hz. 1H) 6.82-6.85 1. J=8.4Hz 1TH). 6.48 (s.1+), 5.33 {5.2H), 2.93-2.95 1.
J=7.8Hz 2H). 2.75-2.80 tt. J=7.5Hz 2H) 2.56-2.63 (t. J=7.9Hz .2H), 2.24
(5.6H). 1.72-1.85 im.2H). 0.99-1.04 (t. /=7 4Hz 3H). Mass spectrum {(ESI.
miz\: Calcuwiated for CoH--F:Oy. 433 (M-H}, found 433

Example 19
3{4-[{5-Ethyny!-2-propyl-1-benzofuran-7-yljmethoxy]-2,3-

dimethylphenylipropanoic acid

L
& 0 \}— <7 /a—"CUﬁH

T
f9\”> SN 4
/\‘

r‘{:f’-’

o) Ethyl 3-(2.3-dimethyl-d4(2-propyl-5- titrimethylsilyDethynyhbenzofuran-7-

yiimethoxyiphenylipropanoate

A mixture of ethy! 2-[4-[(5-10do-2-prapyl- 1-benzofuran-7-yhmethoxy]-2 3-
dimethylphenyllpropancate (150 mq. 0.29 mmol. prepared as described in
Example 18). cthynvltrimethylsilane (57 mg, 0.58 mmol), Cut (5.5 mg. 0.0
mmoly, TEA {58 mg. 0.57 mmal}, Pd(PPh:).Cl. (21 mg, 0.10 equv) in N,N-
dimethylformamide (15 mLY was stirred for 18 h at 90°C. The resulting sofution
was diluted with water (15 mL). The resulting solution was extracted with ethyl
anetate (3x30 mL) and the orgamc layers combined and dricd over sodium
sufate. The sobas were filtered out. The resutting mixture was concentratled
under vacuum. The resulting residue was punfied on a sihica gel column with

PE/EIOAC (200:1~10:1) to yield ethyl 3-[2.3-dimethyl-4-{[2-propyl-5-[2-

i21
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{trimethylsilyliethynyl]- 1-benzofuran-7-vljmethoxy inhenyl|propanoate as highl
yellow ol

b)) Ethyl 3-(4- {{B-ethynyl-Z-propylbenzofuran- 7 -ylimethoxy- 2.3

dimethylphenylipropanoate

To a solution of othyl 3-[2.3-dmethy!-3-{{2-propyl-5-|2-
trimethylsilylethynvl]-1-benzofuran-7-vlimethoxy jphenvllpropancate (150 mq,
0.31 mmal} in letrahydrofuran {10 mL) was added TBAF (().6 mL. 2.00 cquiv)
Tha resulting sclution was stirred for 1 h at 30°C. The resulting mixture was
concentrated under vacuum. The resulting solution was diluted with water (5
mi}. The resulting solution was extracted with ethyl acetate (3x15 mL) and the
organic layers combinad and driea over anhydrous sodium sulfate. The solids
were fittered gut. The resulting mixture was concentrated under vacuum to
vilid ethyl 3-{4-[(5-ethynyl-2-propyl-1-benzofuran-7-yDmethoxy]-2.3-
dimelhylphenyllpropanocale as light yellow ol

C) 3-{4 4(5-Ethynyl-2-propyl-1-benzefuran-7-yimethoxy|-2,.3-

cdimethylphonyllpropanoie acid

The title compound was prepared by reacting ethyt 3-(4-((5-ethynyl-2-
propylhenzofuran-7-yiimethoxy)-2. 3-dimethylphenyiipropanoate accordmg to
the procoauraes in Example 1

"H NMR (300MHZ.CDCL:) 87.59 (s.1H), 7.50 (5. 1H). 6.97-6.99 {d.
J=8.4Hz 1H). 6.80-6.32 (. J=R.4Hz. 1H). 6.38 (5. 1H). 5.28 (s. 2H). 2.92-3.(10
{m, 3HY 2.72-2.77 (t, J=7.5Hz, 2H), 2.57-2.63 (t. J=8.1Hz. ZH). 2.24 (3. 6H).
1.71-1.83 (m, 2HY. 0.98-1.083 (t, /=7.4Hz, 3H). Mass spoctrum (ESIL mézy
Cateulated for CaaHu Oy, 389 (M-H), found 389.

Example 20
3-{4-[{5-Chloro-2-ethyl-6-methyl-1-benzofuran-7-ylimethoxy]-2.3-
dimethviphenylipropanoic acid

Uf
f/ ‘\g ‘2_34

a1y Mothyl 2-hydroxy-6-methuxybenzoate
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A mixture of 2-hydroxy-B-methoxybenzoic actd (20 g, 118.94 mmol).
methanol (30U mL) and sulfuric acid (5 mLj was heated to reflux overnight.
The resulting mixture was concentrated urder vacuum. The resulting residug
wais purificd on a silica get solumn with ethyl acetate/hexane (1:30) Lo yreld
methy! 2-hydroxy-6-methoxylenzoate as coloriess oil.

1) Methyl 3-chioro-6-hydroxy-2-methoxylienzoate

Into a HBO0-mL round-bottam flask was placed methy! 2-hydroxy-6-
methoxybenzoate (15 g. 82.34 mmol), CH-CN 200 mli. NCS (10.9 g, 21.82
mmoly and CF . COOH (20 mL ). The resulting solution was stirred for 3 h at
25°C. The resulting mixture was concentrated under vacuum. The resulting
solution was diluted with ethyl acetate {300 mu), (300 mL) The resulting mixture
was washed with bune (300 mL) NaHCO:(aa (300 mLj and bringe {300 mL).
The resulting residue was purified on a silica gel coiumn with ETOAC/PE (1/30)
o yield methy! 3-chloro-6-hydroxy-2-methoxybenzoate as colorless il

¢) Methy! 3-bromoe-5-chloro-2-hydroxy-6-methoxybenzoate

Intc a 500-mL round-hottom flask was placed methyl 3-chlorg-6-hydroxy-
Z2-methoxybenzoate (10.7 ¢. 49.40 mmol). CH:CN 1200 mL) and NBS (6.59 3.
5.42 mmol). The resutting solution was stirred for 3 n at 75*C. The resulting
mixture was concentrated under vacuum. The resulting residuc was purified on
a silica gel column with ethyl acetate/petroleum ether (30/1-1/100) to yield
methyt 3-bramo-S-chiora-2-hydroxy-o-methoxyhenzoats as a yellow sald,

i Methyl 5-chioro-Z-ethyl-8-methoxyhenzofuran-7-carboxylate

Into a 150-ml sealed tube was placed mothyl 3-bromo-5-chloro-2-
hydroxy-6-methoxybenzoate (10 ¢. 33.84 mmol). Pd{PPhs}.Cl; (5.7 ¢. 8.12
mmol), Cul {772 mg, 4.05 mmol), N N-dimcthyliformamiide (80 mL).
tricthylamine (8.1 ¢, 80.05 mmal}, and but-1-yne (4.3 g. 79.50 mmualy. The
resulting mixture was stirred overnight st 78°C. The reaction was then
nuenched by the addibon nfwater (100 mL). The resulting solution was
extracted with ethyl acetate (3x100 mL) and the organic iayers combined. The
resulting mixture was washed with bring {3x200 mL). The resulting mixtare
was concentrated under vacuum. The resulting residue was purified on a silica
geil column with ethyl acotate/petrotgum athor (1/50-1750) to methyl S-chioro-2-

ethyl-6-methoxy-1-benzofuran-7-carboxylate as brown ail
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e) 5-Chloro-2-ethyl-8-hydroxyhenzofuran-7-carboxyle acid

To A solution of methyt 5-chloro-2-ethyl-6-methoxy-1-benzofuran-7 -
carboxylate (7 g. 26.05 mmoli in dichloromethane (200 mL) wasg added BBr.
{14 mL) at -70"C  The resulting solution was stirred for 1 h at 25C. The
reaction was then quenched by the addition of water (300 mb ;. The resu'ting
solution was extracted with ethyl acetate (2x200 mL} and the organic layers
combined. The resulting mixture was washed with brine {3x30(0 mL). The
resulting residue was dried over sodium sulfate and concentrated under
vacuum to yield 5-chloro-Z-ethyl-o-hydroxy- t-bensofuran-7-carboxyl ¢ acid as
hrown Qi

N Meathyl 5-chlgro-2-athyl-6-hydroxybenzofuran-7-carpoxylate

[nto & 250-mL round bottom flask. was praced 5-chloro-2-cthyl-6-
nydroxy-1-henzofuran-7-carboxylic acid (4 g, 16.62 mmeol). methano! {100 mL)
and sulfuric acid (5 mLy  The resulting soiution was heated to raflux overnight
The resulting mixture was concentrated under vacuum. The resulting residue

was purificd on a silica go! column with ethyl acctato/paetroleum ethoer (1730-

a yellow solid.

qj Methyl 5-chloro-2-ethyl-6-i({{tnfluoromethylisulfonyhoxyihenzofuran-7 -

carboxylate

To a mixture of methy! S-nnlorn-2-nthyl-6-hydroxy-1-benzofuran-7-
carboaylate (1 ¢, 3.93 mmol). dichioromethane (20 mi} and trethylamine (1.2
g. 11.86 mmol) was added T1.0 (2.2 g. 7.80 mmal). The resulting selution was
stirredt for 3 h at 25°C. The reaction was then quenched by the addition of
water (20 mL) The resulting solution was extracted with DCM (2x20 mbL) and
the organic layers combined and concentrated under vacuum. The resufting
resicduce was purified on a silica gel column with ethyl acetate/petroleum ether
{1/30) to yield mathyl H-chloro-2-athvi-6-|(trifuoromethaneisullonyloxy|-1-
benzofuran-7-carhoxylate as a yellow sohd.

b Methyl S-chloro-2-gthyl-8-methylbenzofuran-7-carboxylate

[rto & 10-mL sealed tube was placed methyl S-cnloro-2-gthyl-6-
{{trifluoromethaneisufonyloxy]-1-benzefuran-7 -carboxylate (300 mg. (1 78

mmot}, methylberonic acid 1186 ma. 2.11 mmol), telrahydrofuran (5 mL), K.PO,
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(655 mg. 3.09 mimal). and PdidppfiCl: 0112 mg, 0.15 mmol). The resulting
solution was stirred overnight at 75°C. The resutting mixture was concentrated
under vacuum. The resulting residue was punfied on a silica gel column witn
elhyl acetate/petroleum ethar {(1730- 171071 10 yvield methyl 5-chiore-2-othyl-6-
methyi-1-venzofuran-7-carboxylate as colarless oil.

i} i5-Chlaro-2-ethvi-6-methylbenzofuran- 7-yvhimethangl

Ta a solution of methyl 5-chlore-2-cthyl-6-maothyl-1-benzofuran-7-
carboxylate {200 my. 0.79 mmal) in tetrahydrofuran (10 mL) was added LAH
(36 mg. 0.95 mmal. 1.20 equiv in several batchos at 0-5°C. The resulting
solution wag stirred for 1 h at 25°C. The reaction was then guenched by the
addition of Na.SO;=10H:0 (193, The solids were filtered out. The resulting
mixture was concentrated under vacuum. The resulting residue was purified on
a silica gel column with ethyl acetate/petroleum ether {1/30-1/5) 1o vield (5-
chloro-2-athyl-6-methyl-1-hencofuran-7-ylimethanol as a yellow sotid.

U Ethyl 3-(4-{(5-chlore-2-ethyi-B-metnylbenzoturan-7-yhmethoxy -2, 3-

cemethylphgnylinropanoate

Intes & SO-mL round-hottom friask purged and maintained with an inert
atmosphere of nitrogen was placed (5-chtoro-2-ethyl-6-methyl-1-benzofuran-7-
yvhimetharo! {100 myg. 0.45 mmat), ethyl 3-{d-hydroxy-2.3-
Jdimethylphenylpropanoate (148 mg. .67 mmoi). toluene (5 mL). ADDP (223
myg. 0.8% mmel) and n-Bu-P (180 mg. .89 mmat). The resulting sofution was
stirred overnight at 60°C. The resulting mixture was concentrated under
vacuum. The resulting solution was diluted with diethyl ether {3 mLi. The
sohids were filtered out. The resulting residue was purfied on o silica gel
column with PEELOAC (30:1) . concentrated under vacuum 1o yield ethyl 3-[4-
[{5-chioro-2-ethyl-6-methyl-1-benzofuran-7-ylimethoxy}-2.3-
dimethvipheny(propancate as yellow il

k) 3-14-[{5-Chloro-2-cthyl-6-methyl-1-benzofuran-7-vlimethoxy|-2.3-

dimethylphenyiipropanoc acid

To a solution of ethyl 3-[4-[(5-chioro-2-ethyl-6-methyl-1-bonzofuran-7-
yhmethoxyl]-2 3-dimethylphenyllpropanoate {120 mg. 0.23 mmol.i in
tetrahydrofuran (2 mL) was added a solution of LIO= (120 mg. 5 .01 mmaoi) in

water (2 mL). The resutting solution was stirred overnight a1 40°C. The pH was

26
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arfjusted to pH 5 with bydrogen chloride (2 molil). The resulting soluton was
extracted wih ethyt acetate (2x5 mbi; and the organic layers combined and
concentrated under vacuum. The resulting residue was purified by RP-C18-
HPLC to yield 3-[4-{(5-chloro-2-cthyl-6-methyl-1-tienzofuran-7 -yl mathoxy|-2..3-
dimethylphenyl]propancic acid as a white sold.
"TH NMR (300MHz. CDCIA & 7.48 (5. 1H). 6.92-7.03 (m. 2H). 6.30
15, 1H).5.32 (s.2H). 2.95 (1. J=7.8Hz, 2H}. 2 73-2.81 (m. 2H). 2.60 {t. u=7.2Hz
2H) 250 (8.31H1.2.22 (¢, 3H). 2,14 8.2+, 1.315 (1, J=7.8Hz2.3H}. Mass
spectrum (ESI msz) Caleutated for CuH»CIO,;. 399 (M-H), found 394,
Exampie 21
3-{4-[{2-Carbamoyl-5-fluoro-1-benzofuran-7-ylimethoxy]-2,3-

dimethylphenyilpropanoic acid

c:s\ﬁ_NH:

[.:-.'

ks
N
|

‘\f\, /‘\CC‘ ._-_;H

&) 5-Fluoro-2-hydroxy-3-methylb:enzaldaehyde

[ntey & 1000 -mL round-bottom flask was piaced 4 -fluoro-Z2-methylphencl
{62.5 g. 4186.24 mmoly, trifluoroacetic acid {320 mL) ana methenamine (103 g)
The resulting residue was stirred at 100°C overnight. To this was added
sulfuric acid (80 mL, 50%) and water {300 mL) and the resulting solution was
stirred for 4 h at 20°C. The resulting mixture was washed with H:O. The
resulting solution was extracted with ethyl acetate (3x50 mL) anid the organic
lavers combined. The resulung mixture was washed with NH:HCO iaq). The
resulting residue was dried over anhydrous sodium sulfate and concentrated
uarder vacuum to yield S-fluoro-2-hydroxy-3-methytbenzaldehyde as a yeilow
solid.

h) Ethyl 5-fluoro-7-metthylbenzofuran-2-carboxylate

Inte a 100-mL round-bottom flask was placed S-fluoro-2-hydroxy-3-
methylbenzaldehyde (3 g. 19.46 mmal). cthyt 2-bromoacetate (4 ¢, 23.95
mmoll, potassium carbonate (8.28 g, 54.91 mmoh and CH.CN {40 ml.). The
resulting soluton was stirred for 60 o at 70°C. The solids were filtered out.
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The resutting mixture was concentrated under vacuur. The resulting residue
was purified on a silica gel column with ethyl acetate/petroleum ether (8/92).
The collected fractions were combined and concentrated unider vacuum 10 yield
ethyl 5 fluora-7-methyl-1-benzofuran-2-carboxyiate as coltoriess oil,

) 5-Flugro-7-methylbenzofuran-2-carboxviic acid

To a solution of ethyl 5-fluore-7-methyl-1-benzofuran-2-carboxylate (3.2
g 14.40 mmol)in 20 mb of THF was added a solution of LIOH (3.2 ¢, 133.61
mmot} in water (20 mL). The resulting solution was stirred overnight at 25°C.
The resuiting mixture was concentrated urder vacuum. The ph value of the
solution was adjusted to pH 3 with hydrogen chloricge (1 mol/LY. Tne sobds
were collected by Tltration. The solid was drind in an oven under reduced
pressure to vield S-fluore-7-methyl-1-benzofuran-2-carboxyhic aciad as & white
solid.

) 5-Fluoro-7 -methylbenzofuran-2-carboxamide

Inte a T00-mL round-hottom task was ptaced 5-fuore-7-methyt-1-
bonzofuran-2-carboxylic acid {1 g. 5.15 mmaol). tetrabydrafuran (15 mL Yy and
carbonyl diimidazole (220 mg. 5.67 mmol) and the mixture was stirred for 2 h at
room temperature. NHs{q) was introduced and the mixture was stirred for 1 hr
The reaction was then quaenched by the addition of water. The resulting
solution was extracted with ethyl acetate (3x10 mLyand the organic layers
combined and dried ovor anhydrous sadium sulfate and cancentratad under
vacuum to yield 5-fluore-7-methyl-1-benzoftran-Z-carboxamide as yellow ol

21 5-Flugro-7-meothylbenzofuran-Z-carbonitrite

Intes & 50-mL round-bottom flask was placed 5-fluoro-7-methyl-1-
henzofuran-2-carboxamide (40t mg. 0.52 mmol), N N-amathylformamidea (10
mi) and trichlore-1.3.5-tnazine (2.2 g. 11.93 mmal) and the mixure stirred
overnight at 25°C. The reaction was then quenche:d by the addition of water
The resutting solutton was extracted with ethyl acetate (3x5 mL) and the
organic layers combined and cencentrated under vacuum. The resulting
resicuc was purified on a siliva gel column with ¢thyl acetate/petrolcum ather
(10901, The collected fractions were combined and concentrated under
vacuum 1o yeld 5-fluoro-7-methyl- 1-benzofuran-2-cartionitrile as a white sobd

f} 7-{ Bromomethyi)-5-flucrabenzofuran-Z-carbonitrile

12/
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Inte a 50-mL round-hottom flask was placed S-fluero-7-methyl-1-
benzofuran-Z-carbonitrile {100 mg. 0.57 mmaolj. CCly (5 mL). N3& {111 mq,
0.62 mmaly and AIBN (9 my, .05 mmel) The rasulting solution was stirred for
16 hr at 70°C. The resutting mixture was concentrated under vacuum. The
rasulting residue was purificd on a silica gel column with ethyl
acetate/petroleum ether (2/98). The collected fractions were comhined and
concentrated under vacuum to yield 7-thromomethy3-5-fluora-1-benzofuran-z-
carbonitrile as a yellow solid.

gl Ethyl 3-id-{(2-cvanu-5-fluorobenzofuran-7-yhimathoxy)-2.3-

dimethylphenylipiopanoate

Into 1 8-mL vial was placed 7-ibromomethyl)-5-fluoro-1-nenzafuran-2-
carbondrile (60 my. (.24 mmaol}. ethyl 3-(d-hydroxy-2.5-
dimethylphenyhpropanoate (63 mg. 0.28 mmol). potassium carbonate (40 my.
.29 mmal) and CH.CN (2 mL) The resulting solution was stirred overnight at
60“C. The resuthng mixture was cencentrated under vacuum. The resulting
residuc was purified on a silica gel column with ethyl acetate/petroleum ather
{10/90Y. The collested fractions were comhined and concentrated under
vacuum 1o yreld ethyl 3-{4-[(2-cyano-5 fluore-1-benzofuran-7-ylimothoxy}-2, 5
dimethylpheaylpropanocate as a white solid.

) 3-{4-1{2-Carbumaoyl-5-fluorg-1-pengofuran-7-yiimoethoxy]-2.3-

dimethyinhenylipropanos acid

[~to a 50-mb round-hottom flask was placed ethyl 3-[4-[(2-cyano-5-
fluoro-1-benzofuran-7-ylimethoxy]-2. 3-dimethylphenylpropanoate (50 mg. (.13
mma!), LIOH (50 mq. 2.08 mmol), tetrahydrefuran (2 mL) and water (2 mL).
The resulting solulion was surred overnight At 30°C. Tho pH value of the
solution was adjusted to pH 2 with hydrogen chlaride (1 molL). The resulting
salution was extracted with ethyl acetate (3x1 mbj and the organic tayers
combined and concentrated under vacuum.  The resuiting residue was purified
by RP-C18-HPLC to yield 3-[4-[tZ-carbamoyl-5-fluore-1-henzofuran-7-
yiimethoxyl-2.3-dimethyiphenyllpropancic acid as a white solid.

"H NMR (300MHz. CDCLL) & 12.009vis. 1H). 8.17 (3. 1H). 7.73 (s. 1H4).
TR7 i S84 Hz, 2HY. 738 (d. =9 6 Hz, TH), 6.98-6.88 (m. 2H), 5.39 (s. 2ZH)
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2.78 (t, S=7.5Hz, 2H). 241 (L J=7.2 Hz, 2H), 2.27 (s, BH). Mass spectrum
(ESI. mizy Calculated for C.(HFNOx 408.1 iM+Na. found 408.1.
Exampie 22
7-{[4-{2-Carboxyethyt}-2 3-dimethyiphenoxyimethyl}-5-fluoro-1-

) benzofuran-2-carboxylic acid

&

S—0H

TNGOLH
Inte; a SO-mb round-bottom fiask was piaced ethyl 3-[4-{(2-cyano-5-
fluore-1-benzofuran-7 -yhimethoxyl-2. 3-dimethylphenyilpropancate 150 mg. 013
mmal, preparcd as described in Example 21). LIOH (50 mg. 2.09 mmol).

10 tetrahydrofuran (2 mL). and water (2 L), The resultimg solution was stirred
overnight at 30°C. The pH value of the solution was adjusted 1o pH 2 with
hydrogen chloride i1 molil). The resulting solution was extracted with ethyl
acetate (3xt mi} and ibe organic layers combined and concentrated under
vacuum. The resulling resicdue was purified by RP-C18-HPLC 1o yield 7-{4-(2-

15 carboxyethyl)-2.3-dimethylphenoxymethyl]-5-fluoro- 1-benzofuran-2-carboxyhic
Aot as a white: solid

"H NMR [300MHz, CDCI.) 8:7.68 {s. 1H), 7.60-7.56 (m, 1H), 7.45 {d.
J=9.6 He 1H} 6.97-6.88 (m. 2H), 5.35 {s. 2H]. 2.78 (1. J=7.5 Hz. 2H). 2.40 (1.
J=7 .2 Hz 2H} 2.26 (s, 8H) Mass spactrum (ES!, miz): Caleulated Tor

20 CaHuFOs 4091 iM+Na), found 402.1.

Example 23
3-{4-[{5-Chloro-2-ethyl-6-methoxy-1-benzofuran-7-ylimethoxy]-2.3-
dimethylphenyllpropanoic acid

\\1 JH
i\ N ; {

/ - A, / /
(— '2.7 o /!:\} - ._/a' \\\( \
,// N S N -

cf O
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The title compound was prepared by reacting methyl S-chiore-2-ethyl-6-
maothoxybenzofuran-7-carboxylate (prepared as described in Example 201
according o the procedure in Example 1.

"H NMR (300MHz, CDCI-) & 7.50 (8.1H). 6.97-7.07 {m, 2H), 8.32

5 18, TH).5.29 {s.2H). 3.94 (8.3H). 2.98 (t, J=6.4Hz, 2H). 2.76-2.79 tm. 2H}, 2.67
{t. J=8.7Hz. 2H), 2.24 (s 3H). 2.16 (s.3H). 1 31 (1. J=8.2Hz, 3H). Mass
spectrum {ES1 miz): Calculaled for CaHa:ClO.. 415 (M-H). found 415

Exampie 24
3-{4-{[5-(Dimethyicarbamoyl)-2-propyi-1-benzofuran-7-yllmethoxy}-2.3-

10 dimethylphenylipropanoic acid
O

&) Ethyl 3-{4-{i5-(dimethylcarbamoy!-2-propylbenzofuran-7-yimethoxyi-2.3-

dimethylphenylipropanoate

To a mixture of ethyl 3-[4-[(5-10¢0-2-propyl-1-Lenzofuran-7-yl imethoxy |-

15 2.3-dimethyiphenvilpropancate (150 mg. 0.29 mmal. prepared as descnbed i
Example 18), dimethylamine (0.72 mL, 5.00 equiv). Pd{PPh.}.Cl; (12.2 mg.
0.02 mmal) in NN-dimethylformamide (5 mL} was added CO{qgas). The
resulting solutien was stirred for 13 1 at 25-30°C. The resulting solution was
chluted with water (10 mL), The resulting solution was extracted with ethyl

20 acetate (Ix10 ml and the organe layers combined and dried over sodium
su'fate. The solids were fillered out. The resulting mixture was concentrated
under vacuum. The resulting residue was punfied on a siica get column with
PEEIOAC (5/1) to yield ethyl 3-(4-[[5-1dimethylcarbamoyl - Z-propyl-1-

benzofuran-7-ylmaethoxy]-2.3-dimethyiphenyljpropancate ag light yellow ol

2]
A

b Ethyl 3-{4-ti5-tdimethylcarbamoyl-2-propylbienzofuran-7-yhimethoxyi-2.3-

dimethylphenvbisrepanoate
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To a mixture ethy! 3-(4-[[5-(dimethylcarbamoyl-2-propyl-1-benzofuran-7-
yllmethoxy]-2.3-dimethylphenyljpropanoate (120 mg. 0.26 mmol} in
tetrahydrofuran (5 mL) was auded a solution of LiOA (120 my. 5.01 mmol}in
water {5 mL). The resulting solution was slirred for 18 h a1 25°C. Tha resulting
mixture was concentrated under vacuum. The pH was adjusted to pH 6 with
hydrogen chlaride (2 molil). The solids were Collected by filtration to yield 3-(4-
{[5-(dimethylearbamayl)-2-propyt-1-benzofuran-7 -ylimethoxy|-2. 2
dimethylphenyhpropanoic acid as a white solid.

"H NMR {300MHz.CDCl,) 87 52 (8. TH}. 7.36 (3.1H), 6.94-6.97 (d,
J=8.4Hz. 1H) 6.75-6.81 (1. J=8.4Hz 1H). 6.43 (s. TH). 5.33 (. 2H) 2.91.2.98
{m, 64, 2 74-2.79 (m. 4H), 2.55-2.60 (1. J=7 3Hz. 2H), 2.20 (. 6H), 1 75-1.85
{m, 2H}. (.99-1.04 it. J=7.4Hz, 3H). Mass spoctrum (ESL méiz) Calculated for
CaHaNO=. 438 (M+H), found 438,

Example 25
3-{4-[(5-lodo-2-propyl-1-benzofuran-7-ylimethoxy]-2.3-

dimethylphenyiipropanoic acid
\

% \
A,
| .
"|"-. S

= \/YOH

5

To a mixtire of ethyl 3-{4-|(5-i0do-2-propyl-1-benzofuran-7 -yl imethoxy]-
2. 3-dimethyipnenyllpropanoate (50 mg, 0.10 mmol, prepared as desenbed m
Example 18} in tetrahydrofuran (5 mLy was added a solution of LIOH (50 mg} in
water {5 mL). The resulting solution was stirred for 18 h a1 25-30°C  The
resulting mixture was concentrated under vacuum. The pH value of the
solution was adjusted 10 pH 6 with hydrogen chloride (2 moliL). The solids
were collected by filtration to 3-[4-[(5-10d0- Z-propyl-1-benzofuran-7-ymetnoxy]:
2. S-dimathyiphenytlpropanois acid as a white sold.

HNMR (300MH2.CDCL,) 5: 7.76 (s. 1H), 7.86 (s, 1H). 6.96-6.99 (d.
J=8.4Hz. TH) 6.79-6.82 {d. J=8.4Hz. TH). 6.34 (s. 1H). 5.25 {8, 2H). 2.92-2.98
{t J=8.0Hz, 281, 2.71-2.76 (t. J=7.4+tz, 2H). 2.58-2.63 (1. J=8.0Hz. 2H), 2.22
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{¢.6H). 1.70-1.82 tm, 2H), 0.97-1.03 it J=7.4Hz. 34 Mass spectrum (ESI,
m/izh Caloulated for C,.H 0. 491 {M-H). found 481,

Exampile 26
3{4-[{2-Cyano-5-fluoro-1-benzofuran-7-yljmethoxy]-2 . 3-
A dimethylphenyi}propanoic acid
LN
A0
F )r;b/hx/"\,i‘ﬁ/
L

L
- CK,JEH

a) iE)-Tert-butyl 3-(4-(henzyloxy)-2 . 3-dimethyIphenyliacrylate

A mixwire of 1-{benzyloxy )-d-bromo-2.3-dimethylbenzenc (14.4 . 49.45

mmol}, buty! prop-2-cnoate (31.7 g, 247.33 mmol). PdCi, (.88 ). (olyli,P

10 (3.01 g) DIEA (19.2 g. 148.568 mmoly and N N-amethylformamide 1200 mL)
was stirred overnight at 80°C. The resultng solution wasg douted with ethyl
acetate (600 mL). The resulting mixture was washed with water (3x200 mL)
and brine (1x200 mL). Tho resulling residue was dried over anhydrous sodiem
sulfate and concentrated under vacuum. The resulting residue was punfied on

15 asilica gel column with ethyl acetate/petroloum other (1/99) to yicld (E Hten-
butyl 3-(4-(benzyloxyi-2.3-dimethylphenylacrylate as yellow oil.

b Ted-butyl 3-(4-nydroxy-2.3-dimethylphenylipropanoate

Intey & 250-mL round-bottom flask was placed tert-buty! (2E3-3-[4-
thenzyloxy -2 3-dimethyiphenyllprop-2-enoate (10 ¢g. 29.55 mmol). methanol
200 {100 mL). palladivm on carbon (10 @) and Hz(gas) The resulling solulion was
stirred overnight at room temperature. The resulting mixture was concentrated
under vacuum to yicld tert-butyl 3-id-hydroxy-2 3-dimethy phenyljpropancate
as a white solid.

ch Tert-buty! 3-(4-({2-cyano-5-fluorobenzofuran-7-viimethoxy)-2, 2-

25  dmethylphenylipropuanoate:

A mixture of 7-(hromomethyh)-5-fluoro-1-benzofuran-2-carbonitrile (26
m¢. 0.08 mmal, prepared as decribed in Example 21, step (1 tert-buty! 3-(4-
hydroxy-2.3-dimethyiphenylpropanoate (23 mg. 0.09 mmeal), potassium

carbonate (22 mg. 0.16 mmol) and CH.CN (1 mL} was stirred overnight at
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6°C. The resulting mixture was cencentrated under vacuum. The resulting
resicdue was purified on a silica gel column with cthyl acetate/metroleum ether
(2088607, The collected fractions were combined and concentrated under
vaouuem to yiekt tert-butyt 3-[4-(2-ayano S-fluoroa-1-benzafuran-7-ylimethoxyi
2.3-dimethylpnenytlpropanoate as caloress oil.

¢ 3-44-[(2-Cvano-5-fluoro-1-benzofuran-7-yhimethoxyl-2.3

dimethviphenyipropanoic asid

A mixture of tert-buty! 3-[4-[(Z-cvano-5-flucro-1-benzofuran-7-
yhmethoxy|-2.3-dimethyiphenyt|propanoate (20 myg. 0.05 mmol}, trfluoroacetic
dod (0.25 mLy, and dichloromethane o1 mL) was stirred for 1 h at 20°C. The
resulting mixture was sencentraled aunder vacuum. The resulting resiviue was
purified by RP-C18-8PLC to vield 3-[4-[{2-cyano-5-fluorg-1-benzofuran-7-
yhimethoxy]-2.3-dimethyipbenylpropancic acid as a white solid.

"H NMR (3000MHz CDCI-} & 7 46 (5. 2H). 7.31-7 .28 (m, 1H). 6.99 td
J=7.2 Hz, 2MHY, 6.76 (. J=7.2 Mz, TH). 5.34 (8. 2H). 2.96 it, J=7.5 Hz, 2H), 2.60
(t. J=7.2 Hz, 2H), 2.26 ts. 6H). Mass spectrum (ESI. méz): Calculated far
C 1t 1sFNO4. 366 (M- found 366.
Example 27
3-(4-{[2-Ethyi-5-{trifluoromethoxy})-1-benzofuran-7-yllmethoxy}-5-fluoro-2-

propylphenyl)propanoic acid
L)H

The title compound was prepared by reacting (2-propy!-5-
{trifluoromethoxyibenzofuran-7-yimethanol (prepared as described in Example
89 step(e)) and ethyl 3-5-flucro-4-hydroxy-2-propylphenylipropanocate
{ prepared as descnbed in U.S. Pat. Appi. Publ.. 20110313003, 22 Doc 2011
according to procedure in Example 1.

T NMR: (300MHz. CDCL. ppmy & 7.261s. 1H), 7.24-7 29 {im. 1H).
6.84-6.93 (m. 2H}. 6.41 (5. THY 5,38 (5. 2H}) 2.78-2.91 (m. 4H). 2.58-2.63 (m,
2H). 2.48-2.53 im. 2H). 149158 (m, 2H1 1.34 (t . J= 7.5 Hz, ¢H), 0918 (1. J =
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7 2 Hz, 3H). Mass speacirum (ES], m/z): Calculated for CuaH oF Q- 467 2 (M-
Hi. found 467.2.

Example 28
3-[4-{[2-Ethyi-5-{trifluoromethoxy)-1-benzofuran-7-ylimethoxy}-5-fluoro-2-
o (3-methylbutyl)phenyllpropanoic acid

Ot - '\)
o x\]/\li 0=

“\-(\-At,f {)/\l AN

N
OCh,

a) (E)-1-Fiugro-2-methoxy-4-(3-methy:but-1-en-1-vlibenzene

A mixture of Bcburdrhe e v prsanianins hroeaih (19 g, 47 58 mmol).

tetrahydrofuran (100 mLY. sodium hydride (1.9 ¢, 79.17 mmol) and 4-fluore-3-
10 mathoxybenzaidehyde (5 q. 32.44 mmaol) was stirred for 3 » at room
temperature. The reaction was then gquenched by the addition of water (100
mi}. The resulting selution was extracted with ethyl acetate (3100 mL) and
the organic lavers combined and dried over anhydrous sodium sulfate and
cencentraied under vacuum. The resulling residue was purificd on a «llica gel
15 column with ethyl acetate/petroleum ether (1:50-17300) to yield (E)-1-fluore-2-
methoxy-4-{3-methylbut-1-en-1-yhbenzene as colurless oll.

1 1-Fluoro-4-isopentyli-2-mathoxybenzoens

To a 100-mL round-bottom flask was placed {E}- t-fluoro-2-methoxy-4-
{3-methvlbut-1-en-1-yhbenzene (3.3 ¢, 16.99 mmol). paladium on carben (330
20 myg) methanol {30 mL) and a balloon of bydrogen. The resulting solution was
stirred for 2 h at room lemperature. fillered and concentralod to vield 1-fluore-2-
methoxy-4-(3-methylbutytibenzene as coiorless oil,

i B-Fluorg-2-isupentyl-d-metnoxybenzaldehvde

A mixture of 1-fluoro-Z-methoxy-4-(3-methylbutylbencene (2.9 g. 14,78

R~
Lo

mmiot), dichloromeathane (40 mL), TiCls (5 ¢g. 26.60 mmol) and
dizhleroimethexy)methans (1.69 g0 14.70 mmol) was stirred for 2 h at room
temperature. The reaction was then quenched by the addition of 40 mL of
water. The resulling solution was extracted with DCM {40 mL) and the arganic

jmyers combined and concentrated under vacuum  The resulting residue was
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purified on a sihica gel column with ethyl acetate/netroleum gther (1/50-1/201 to
yicld 5-flucro-4-methoxy-2-{3-methyllutylibenzaldehyde as a yellow solid.

i (EV-ethyl 3-(5-flucro-Z-isopentyl -4 -methoxyphenyliacrylaie

A mixture of .. ‘ re (5.297 .
15,20 mmol}. S-fluore-4-moethoxy-2-t3-methylbutytibenzaldehyde (3.1 . 13.82
mmol). and toluene (50 mL) was stirred overnight at 90°C. The resulting
mixture was concentrated under vacuum. Tha resulling residue was purified on
a silica gel column with ethyl acetate/petroleum ether (1/50-1:301 to yield ethyl
(2E}-3-]5-fluore-4-methoxy-2-(3-methylbutyliphenyl]prop-2-enoate as yellow ail.

e) Ethyl 3-(5-flugro-Z-isopentyl-4-methoxyphenylpropanoate

To a mixture of ethyl {2E)-2-[5-fluore-4-methoxy-2-{3-
macthytbutylphenytlprop-2-enoate (3.5 . 11.689 mme!. methancl (100 mL ) and
palladium on carbon (3 g) was added a balloon of hydrogen and the mixture
stirred for 2 h al room lemperature to vield ethyi 34 5-fluore-4-methoxy-2-(3-
methylbutylphenyl|propanoate as yeliow ol

fi Ethvl 3-(5-flugro-d4-hydroxy-2-isopentvliphenylpropanoate

To a solution of ethyl 3-[3-flioro-34-methoxy-2-(3-
methytbutylphenyllpropanoate (3.2 g, 10.80 mmot) in dichloromethane 100
mi) was added BBr: (8 mL) dropwise with stirring at -30°C. The resulting
solution was stirred for 2 h at room temperature. The reaction was then
auenched by the addition of water (100 miL). The resulting solulion was
extracted with DCM (2x100 mL; and the organic layers combined and dried
over anhydrous sadium sulfate and concentrated under vacuum, The resulting
residue was punfied on g silica gel column with ethyl acetate/petraleum ether
(1/501-1730) to yield othy! 3-(5-fluoro-4-hydroxy-2-isopentylphenylipraopanoate as
coloress oil.

al 3-[14-{[2-Ethyl-5-itrifiucromethoxyi- | -boenzofuran-7-vilmeothoxy-5-fluoro-2-i 3-

mathythutyhiphenvlpropanoic acied

The title compound was prepared by reacting ethyl 3-(5-fluoro-4
hydeoxy-2asopentylphenyhpropanoats according to Exampie 27.

H NMR: (300MHz. CDC,. pom) 8: 7.29 (s, TH). 7.23 (s. 1H), 6.92-6.82
fm, 2H). 6.41 (s 1HL 5 38 (s, ZH) 2.91-2.77 (m. 4H1, 2.63-2.61 (m. 2H), 2.58-
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2.51 (m, 1), 1.38-1.31 tm SH). 0.93-0.90 {m. 8H). Mass spectium (ESI. mizy

Calculated for C.HFiOx 195 (h1-H), found 495,

Example 29
3-(7{[2-Ethyl-5-{trifluoromethoxy}-1-benzofuran-7-yllmethoxy}-2,3-
A dihydro-1H-inden-4-ylijpropanoic acid

j\ Q OH

/- {\ fo'< ;P

e
The title compound was prepared by reacting (2-propyl-5-
ttrifluoromethoxyibenzofuran-7-ymethanal iprepared as described in Example
a9 step(e)) and othyl 3-(7-hydroxy-2.3-dinydre- 1H-inden-4-ylipropanoate
10 (prepared as described in U.S. Pat. Appl. Publ,, 20110313003, 22 Dec 2011)
aceording to the procadure in Exampie 1.
"H NMR. (300MHz, CDCl.. ppm)a: 7.28-7.24 im. 2HY) 6.95 (4. J=8.4
Hz. 1H). 6.76 (d. J=08.4 Hz, 14}, 5.534 (s, 2H). 2.98-2.86 (m, 6H}. 2.83-2.77 (m
Z2H). 2.63 it. J=7.5 Hz. 2H), 2.15-2.08 tm. 2H), 1.34 (L. J=7.5 Hz, 3H). Mass
15 spectrum (ESI. miz) Caloulated for CoaH+F 405, 447 (M-H), found 447
Example 30
3-[4-{[2-Ethyl-5-{trifluoromethoxy)-1-benzofuran-7-ylimethoxy}-5-fluoro-2-

{2-methylpropyliphenylipropanoic acid

DCF
20 ai1-Fluoro-Z2-methoxy-4-(2-methyiprog-1-en- 1-vlibenzene
Into & 100-mL round-bottom flask purged and maintained with an inert
atmaosphere of nitrogen was placed s nroyi e amichouphor rn vk (4.8
¢ 22 21 mmol). tetrahydrofuran (40 mL) and sodium hydride (900 mg. 22 50
mmoi, 60%) and the resulting sotution was stirred for 1 h at room temperature.
25 To the resulting mixture was then added 4-fluoro-3-methoxybenzaldehvde (2.3
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g 14.92 mmob and the mixture was stirred overnight at room temperature.
The reaction was then gquenched by the addition of water (40 mL). The
resulting solution was extracted with ethyl acetate (3x40 mL) and the organic
fayers combinaea and dricd over anhydrous sodiumn suifate and concentratod
under vacuurm. The resulting residue was punfied on a siica get column with
ethyl acetate/petroleum ether { 1550- 17303 to yield 1-fluorg-2-methoxy-4-(2-
methylprog-t-en-1-yvlibenzence as colarless oil

b Ethyl 3-(5-fluvro-4-hydroxy-2-isobutylphenylipropranoate

The title compound was prepared according to procedures in Example
23 substtuting 1-fluoro-Z2-methoxy-4- (2-methylprop- 1-en-1-yhhenzene for (E)-
1-fluora-2-methoxy-4-( 3-methvlbut-1-en-1-yhenzene in step (b}

¢ 3-[4-{[2-Ethyl-5-itrifluoromethoxvi-1-benzofuran-7-ylimethoxy-5-flucrg-2-{2 -

methyipropyhiphenyllpropanois acid

The title compound was prepared by reacting (2-propy!-5-
ttrtivoromethoxy)benzofuran-7-ylimethanol tprepared as described in Example
&9) and ethyl 3-(5-fluoro-4-hydrexy-2-isobutyiphenyl)propanoate according 10
the procedures in Example 1.

"H NMR: (B300MHz, CDCL: ppmi & 7.28 18, 141, 7.23 15, 1H), 6.90 (d,
J=12.3 He, 1Y, 6.78 {d. J=12.3 Hz. 1H). 6.41 (3. TH). 5.38 (s. 2H). 2.89-2.74
{m. 401, 2.62-2.57 im. 2H}1, 2.38 (d. J=7.2 Hz. 2H), 1.77-1.68 (m. TH) 1.36-
1.25 (m, 3H). 0.85-0.83 (m. B6H). Mass specirum (ESt miz): Calculated for
C~HF O, 481 (M-H), found 481,

Example 31
3-4{7-{{5-Chloro-2-ethyl-1-benzofuran-7-ylimethoxy]-2.3-dihydro-1H-inden-

4-yilpropanoic acid

The title compound was prepared by reacting i5-chlorn-2-
athylbenzofuran-7-yhmethanol {prepared as described in Example 38 step(t)

ana ethyl 3-{7-hydroxy-2.2-dihydro-1H-inden-4-yipropanoate (prepared as
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described in U.S. Pat. Appl. Publ.. 20110313003, 22 Dec 201 1) according 1o
the procedurs in Example 20 step ().
"HNMR300MHz. CDCE) O: 7.43 (d. J=2.1Hz. 1+4).7 32 (d. J=2.1Hz.
TH). .96 (0. J=8.4Hz, 1H} 6.76 (d, J=8 1Hz, 1H), 6.36 {s.1H), 5§.32 (8.2H).
S 2.78-2.00 (m, 8H), 2.64 (t. J=8.4Hs. 2H). 2.01-2.16 (m.3H) 2. 16 {s.3H). 1.34 (t,
J=7.5Hz. 3H). Mass spectrum (ESI miz): Calcuiated for ConH:4ClO,, 397 (M-
H) found 297.

Example 32
3-{4-[{2-Acetyl-5-fluoro-1-benzofuran-7-yljmethoxy]-2.3-

1 dimethylphenyl}lpropanoic acid

i\ i
30 %‘szw

a1 3-Bromo-5-fluurn-2-hydioxyvhenzaidehvde

A mixture of 2-hromo-4-flucrophenot (8 ¢. 26.18 mmoi. triflucreacetic

acd (B0 mi). and hexamethylemetetramine (3.68 g, 26.29 mmol) was stirred
15 overmght at 80°C. The rasulting solution was extracted with ethyl acetate

{2x20 mL) and the organic tayers combined. The resulting mixture was washed

with H.O. The resulting mixture was washed with sodium bicarbonate (aq).

The resuting residue was dried over anhydrous sodium suifate and

concentrated under vacuum to vield 3-bromo-8-flucro-2-hydroxybenzaldchyde
20 as ayellow solid.

bi 1-(7-Bromo-5-flugrobenzofuran-2-yhethanone

Inta a 100-mL round-bottom flask was placad 3-bromo-5-fluoro-2-
hydroxypenzaldehyde (2 g. 8.13 mmoll, 1-¢chloropropan-2-one (1.1 g. 11.89
mmol). potassium carbonate (2.25 ¢. 16.28 mmol}. and N.N-dimethylformamide

25 {20 mL) and the resulting solution was stirred for 2 h at 80°C. The reaction was
then quenchad by the addition of water. The resulting solution was extracted
Anth gthyl acetate (2x20 mL) and the organic layers combined. The resutting
mixture was washed with sadium chlorde (aqi. The resutling mixture was

concentrated under vacuum. The resulting resrdue was purified on a silica gel
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column with ethyi acetate/petroleum ether (10/90). The coellected fractions
were comhined and concentrated ander vacuum to yield 1-i7-bromo-5-fluoro- 1-
bhenzofuran-2-yliethan-1-one as yeltow oil.

;Y Mothy! 2-cicotyl-5-flugrobensofuran-7 -carboxylatae

To a mixture of 1-(7-bremo-5-fluore-1-benzofuran-2-yhcthan-1-one (2.2
Q. 8.56 mmol). Pdidppfi-Cl: 11 g, 1 23 mmol). triethylamine (5 ¢, 49.41 mmol}
and methanol (30 mbL) was infroduced CO (). The resulling solulion was
stirred avernight at 60°C. The resulting nuxture was concentrated under
vacuum. The resulting residue was purified on a silica gel cowumn with ¢thy!
acetate/petroleum ether (20/30). The collected fractions were combined anid
concentrated under vacuum to yiekl methyl Z-acetyi-&-fluaro- 1-benzofuran-7-
cartioxylate as a yellow solid.

d) Methyl 5-fluoro-2-(2-methyl-1,3-dioxolan-2-y1 tbhenzofuran-7-carboxvlate

Into a 100-mL round-boltom flask was placed methyl 2-acelyl-5-ftuoro-1-
nenzoturan-7-carboxylate (500 mg, 2.12 mmol). ethane-1.2-diol (5 g, 80.56
mmot). TsOH (40 mg. (.23 mmal} and toluene (10 mLj and the mixture was
strred overnight at 70°C  The resuting mixture was concentrated under
vacuum. The resulting resicue was purified on a silica gel column with ethyi
acetate/petroleum ether 130:/70Y. The collected fractions were combined and
concentrated under vacuum to wietd methyl 5-flucro-2-(2-methyi- 1. 3-dinxclan-2-
vii-1-benzoturan-7-carboxylate as yoilow ail,

e) (5-Flunro-2-12-methyl- 1 . 3-dioxolan-2-yhibenzofuran-7-yiimethanol

To a solution of mathy! 5-flunro-2-(2-methyl-1.3-dioxalan-2-yl-1-
henzofuran-7-carboxylate (400 mg, 1.43 mmoll in tetrahydrofuran (10 mL) was
adaed LAR {163 mg. 4.30 mmot) and the resulting solution was slirred for 2 h
at 30°C. The reaction was then quenched by the addition of sodium
sutfates10H..0. The solids were filkerad out. The resulting mixture was
concentrated under vacuum to yield [5-ftuoro-2-{2-meathyl-1 . 3-dioxclan-2-yl3-1-
henzofuran-7-yljmethanaol as yellow oil.

1 1-(h-Fluoro-7-(hydroxymethybhbenzofuran-2-ylethanone

Intey & 8-mL via! was placed [§-fluore-2-{2-methyl-1.3-digxolan-2-yl -1
tienzofuran-7-ylimethanol (30 myg, 0.12 mmol), acetone (1 mL). and hydrogen

chionde (1IN} 1 L), The resulting sotution was stirred for 2 h at 30°C. The
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resulting soluticn was exiracted with ethyl acetate {3x1 mL) and the organic
fayers combied and concentrated ander vacwam. The resulung residuc was
npurfied on o silica gel zolumn with etnyl acetate/petroleum ether (35/65). The
coliccted fractons ware comhbined and concentrated under vacuum to yield 1-
[5-flugro-7-ihydroxymethyh-1-benzofuran-2-yllethan- 1-one as a white solid.

) (2-Acetyl-5-fluorobenzofuran- 7-ylimethy! methanesuifonate

Intn a a-mb vial was placed 1-[5-fluoro-7-{hydroxymelhy!)-1-benzofuran-
Z-yllethan-1-one (20 mq. 0.10 mmol). dichtoromethane 1 mL 1. methanestlfonyt
chlonde (20 myg, 0.17 mmol}. and tricthylamine (30 mg. 0.30 mmoi) and the
mixture was stirred avernight at 30°C. The reaction was then quenched by the
addition of water, The resulting solution was exlracteda with ethyl acetate (3x1
mb} and the organic layers combined and dried over anhydrous sodium sulfate
and concentrated under vacuum to vield {Z2-acetyl-5-fluore-1-benzofuran-7-
yhimethyl methanesulionate as yellow all

) Terd-hutyl 3-(4-{{Z-acetvl-S-ftuorobenzofuran-7-viimethoxy)-2, 3-

dimethylphgnylipropanoate

A mixture of (Z2-acetyl-5-fluoro-1-benzofuran-7-ylimethyl
methanesulfonate (30 mg, 0.10 mmol}, tert-butyl 3-(4-nydroxy-2.3-
dimethylphenvlipropanoate (28 mag. 0.11 mmol. prepared as descrited in
Example 22), and potassium carbonate (45 my. 0.23 mmal). in N N-
dimethylformamide (1 mL) was stirred avernighl &t 20°C. The resutting solution
was diluted with of H;0. The resulting soluticn was extracted with ethyl acetate
{Z2x1 miiand the organic layers combined. The resulung solution was
extracted with of ethyl acetate and the organic layers combined. The resulting
residue was puriied by preparative-TLC with elhyt acelate/petroloum ethor
{1/8). The resulting solution was extracted with of ethyl acetate and the orgame
layers conmbingd 1o yietd tert-butyl 3-[4-]i2-acatyl-5-fluore-1-henzofuran-7-
ylimethoxyl-2.3-dimethyiphenytpropanoate as yellow oil.

11 3-{4-[(Z2-Acetyl-5-fluoro-1-benzofuran-7-ylimathoxyl-2.3-

d.methylphgnviipropanoic acid

A mixture of tert-butyl 3-[4-[(2-acetyl-5-fluoro- i -henzofuran- 7-
yhmethoxyl-2 3-dimethyipnenytipronanoate (20 mg. (3.06 mmol),

dichloromethane (1 mL) ang trfluoroacetic acia (0.2 mL) was stirred for 3 h at
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1

30°C. The resulting mixture was concentrated and purfied by RP-C18-HPLC
to yield 3-{4-[(2-acetyl-5-fluors-1-benzofuran-7-yvlimethoxv]-2.3-
dimethylphenyl]pronanocic acid as @ white solid.

'HNMR: (300MHz. CDCh) 8: 7.50 (s, 1H), 7.44-7 43 tm. 1H), 7.32-7.29
{m, 2H). 6.95 (d. J=8.1 Hz. 1H). 6.80 (. J=8.1 Hz. 1H), 5.39 (s, 2H}. 2,98-2.99
(m, 2H), 2.78-2.61 (m, 8H), 2.13-2 17 {m. 6H). Mass spectrum (ESI. miz):
Calculated for CoHA4FO;,, 3683 (M-H). found 382

Example 33
3-{4-{]5-{Difluoromethoxy}-2-ethyl-1-henzofuran-7-ylimethoxy}-2 3-

dimethylphenylipropanocic acid

5
7,
i/

|/ )
BOUa
FJ ~F

a1 Methyl 3-bromo-2-hydroxy-5-methoxybenzoate

To a sotution of methyl 2-hydroxy-5-methoxybenzoate (10 ¢, 54.89
mmol} in methanof (150 ¢. 4.683 mol} was added Br. (10.4 g. 65.05 mmol} and
the: resulting solution was strred overnight at room temperalure. The resulling
mixture was concentrated under vacuum and diluted with ethyl acetate (100
mi) and washed with Na-S_ O (aq) (3x80 mL). The resulting residue was
parified on a silica gel column with ethyl acetate/petroleum other (1:3) o yield
methy! 3-hromo-2-hydroxy-5-methoxybenzoate as yellow oil.

hi Methyl 2-¢thyl-8-mcthoxyboenzofuran-7-carboxytate

A mixture of methyl 3-bromo-2-hydroxy-5-methoxyhenzoate (10.3 4.
39.45 mmol). N N-dimethylformamide (10 mL), TEA (8.0 g. 79.06 mmol). Cul
(750 mg. 3.94 mmal), PdifPPh.),Cl: (2.77 1. 3.95 mmol) and but-1-yne (4 28 q.
79.13 mmol) was stirred overnight at 80°C. The resulting solution was dilute:d
with ethyl acetate (300 mL). The resulling mixiure was washed with brine
(3x50 mL). The resulting residue was dried over annydrous sodium sulfate.
The solicds were filtercd out. The resulling mixture was coencentrated under

vacuum. The resulting residue was purified on a silica gel cotumn with ethyl
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acetate/petroleum ether (1:3) to vield methyl 2-ethyl-h-methoxy-1-benzofuran-
7-carboxylate as yellow oll

ci Methyl 2-ethyl-5-hydroxybenzofiran-7 -carboxylate

To a solution of methyl 2-ethyl-5-methoxy-1-henzofuran-7-carboxylate
{1.5 g. 6.40 mmal) in dichicromethane (50 mL} was added BBr. (3.2 ) at -
73°C  The resunting solution was stered for 30 min at reem temperature. The
reaction was then guenched by the addition of water (15 mL). Thea resulling
solution was diluted with DCM {100 mL). The resulting mixture was washed
with bring (3x40 mLi. The resulting residuc was dried over anhydrous sodium
sulfate. The solids were filtered out. The resulting mixture wag concentrated
aundger vacuum, The rasulting residuae was purfied on a sihea gel solumn witks
ethyl acetate/petraleum ether {1:3) to vield methy! Z-ethyl-5-hydroxy-1-
benzofuran-7-carhoxylate as yellow oil.

) Methyl 5-{difluoromethoxy)-2-cthyl- t-henzofuran-7-carboxylate

Into @ 25-mL round-hottom flagk was placed methyl 2-ethyl-5-hydroxy- 1-
benzofuran-7-carboxylate (280 myg. 1.27 mmol;. t4-dioxane (15 mL ). water
{0.5 mL). sodium hydroxide (1572 mg. 3.83 mmol). tetrabutylammonium odide
{469.6 myy. 1.27 mmol). and chigrodiflunromelhane (219 mg. 2.53 mmaol) and
the mixture was stirred overnight at room temperature. The resulting mixture
was concentrated undear vacuum, The resulting solution was diluted with ethyl
arctate (50 mL). The resulting mixture was washed with bring (3x10 mLj. The
resulting resiidus was dried over anhydrous sedium suifate . The solids were
filtcred out. The resulting mixture was concentrated under vacuum. The
resulting residue was purified on & silica gel column with ethyl
acelate/petroloum cther (1:3) 1o vield methyl S-idiflucromelhaoxy)-2-cthyl-1-
benzofuran-7-carboxylate as colarless ol

) 3-i4-15-(Difluoromethoxy)-2-ethyl-1-benzofuran-7-vimethoxy-2.3-

dimethviphenylipropanoc acid

The title compound was prepared by reacting methyl 5-
{rhifluoromethoxy - 2-ethyl-1-bonzofuran-7 -carboxyiate and othyl 3-(4-hyadroxy-
2.3-dimethylphenyilpropanoate (prepared as described in U.S. Pat. Appl. Pulil..

20110313003, 22 Dec 2014 Y according to procedure in Exampe 1.
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"M NMR: (300MHz. CDCly 8: 7.19 id, J=2.7Hz, 2H), 6.99 (d. J=5.4Hz
AR 862 (d. J=10.8 He, 1HY 6.49 11 J=74.4 Hz 1445, 8.40 (s, 1H1, 6.32 (s,
TH). 5.31 (s, 2H), 2.9¢ it J=7.8 Hz. 2H4). 2.82 (4. J,=7.8 Hz. J.=1.2 Hz. 2H).
261 {t. J=6.4Hz, 2H), 2.26 (s, 6H), 1.35 (1, J=7.6Hz, 3H) Mass spectrum (£31,
&  mizy Calculated for CiH P 05 317 (M-H), founa 417,
Example 34
3-{2,3-Dimethyl-4-[{2-propyi-5-prop-1-yn-1-yi-1-benzofuran-7-

ylimethoxy|phenyl}propanoic acid

A
"%
72l
|
! L
= /‘lv,/\/ NP
/ = L s A~
FT NN O0H

10 a) Ethyl 3-12 3-dimethvi-4-(i5-(prop-1-yn-1-vD)-2-prapyibenzofuran-7-

ylimathoxyiphenvlipropanoale

To a mixture of ethyl 3-{4-[(5-l0do-Z-propyl-1-benzofuran-7 -yl imethoxy]-

2 J-dimathyiphenyl]propanoate (520 myg, 1.0y mmol, prepared as deseribed in
Example 18). Cul 115 mg, .08 mmoi). PdiPPh-).Cl: (54 mqj. and tnethylamine

15 {t mL)in MeCN (2 mL} was added prop-1-yne {154 mg. 0.38 mmal) dropwise
with stirring at -78°C. The resulting soiution was stirred overnight at 25°C. The
resulting solution was diuted with elhyl acetate (200 mL). The solids were
filtered out. The resulting mixture was concentrated under vacuum  The
resulting residue was purified on & silica gel column with ethy!

20  acetate/petroloum ether {10:900). The collected fraciions werg combined and
concentrated under vacuum to vield ethyl 3-(2 3-dimethyl-4-[[5-tprop-1-yn-1-yl)-
2-propyl-1-bienzofuran-7-yllmethoxylpnenyl prropanoate as light yellow il

0 3-{2 4-Dimethyl-4-[i2-propyl-5-prop-1 -yn-1-yk- 1-benzofuran-7-

ylimethoxylphenyDpropanoic @cks

25 The ttle compound was prepared according to procedure as desaribed
in Example 1.
'H NMR: (300MHz CDC1+) 8: 7 47 (s.1H), 7.39 (s.1H). 8.99 (d
J=8.4Hz. TH). 6.83 (0, J=8.4Hz. 1H). 8.35 (s.TH)Y, 5.26 1$,2H). 2.95 {t,
J=8AHz 2H) 2,73 1t J=7.2Hz .2H1 2589 (1. J=7.5H2 . 2H), 2.21 (s.6H). 2.05
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(s.3H), 1.80-1.82 (m,2H), 1.03 (t, J=7.2Hz ,3H), 1.35 (t, J=7.5Hz, 3H). Mass
spectrum (ESI, m/z): Calculated for CsH2204, 403 (M-H). found 403.

Examgle 35
lor -di |-1- ~7-yl hoxy]-2.3-
5 dimethylphenyl}propanoic acid

g@jﬂ

a) Methyl 5-chloro-2 6-diethylbenzofuran-7-carboxylate
A mixture of methyl 5-chloro-2-ethyl-6-[(triflucromethane)sulfonyloxy}-1-

benzofuran-7-carboxylate (200 mg, 0.52 mmol, prepared as described in

10 Example 20 step g), tetrahydrofuran (4 mL), Pd(dppf)Clz (37 mg, 0.05 mmal),
LiCl (150 mg, 3.57 mmol), and diethylzinc (310 mg, 2.51 mmol) was stirred
overnight at 60°C. The resulting mixture was concentrated under vacuum. The
resulting residue was purified on a silica gel column with ethy!
acetate/petroleum ether (1/30-1/20) to yield methyl 5-chloro-2,6-diethyl-1-

15  benzofuran-7-carboxylate as yellow oil.
b) 3-{4-[(5-Chloro-2 6-diethyl-1-benzofuran-7-yl)methoxy}-2.3-
dimethylphenyl}lpropanoic acid

The title compound was prepared by reacting methyl 5-chloro-2,8-
diethyl-1-benzofuran-7-carboxylate according to procedure in Example 1.
20 "H NMR: (300MHz, CDCls) 8: 7.43 (s,1H), 6.85-6.97 (m, 2H), 6.24
(s,1H), 5.19 (s,2H), 2.86-2.89 (m, 4H), 2.573-2.68 (m, 4H), 2.15 (s.3H), 2.06
(s.3H), 1.14-1.25 (m,6H). Mass spectrum (ES|, m/z): Calculated for
C24H2ClO4, 413 (M-H), found 413.
Example 36
25 lor hoxy-2-ethyl-1-ben n-7-yl xy]-2.3-
imethylphenyllpropanoic acid
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a3 Methyl 5-chiloro-6-cthoxy-2-cthylbensofuran-7-carhoxyiate

Into & B-mL vial, was ptaced methyl S-chlorn-2-ethyl-6-hydroxy-1-
henzofuran-7-carboxylate (100 mg. .39 mmol. prepared as descrnbed in
5 Example 20, step(e)). acelone (2 nil). bromoethane (0.5 mLj. Cs.COx (639
myg. 1.96 mmal) The resulting soluton was slirred overnight 3t 60“C. The
reacton was then quenched by the addition of wator (5 mbL). The resulting
solution was extracled with othyl acetate (2x5 mL) and the organic layors
comtbiined and concentrated under vacuum  The resutting residue was purified
1% onasilica gel cotumn with P/E (30/1-20/1) to yield methyt S-chlore-8-ethoxy-2-
ethyl-1-bengofuran-7-carboxylate as yellow o,

1) 3-74-[(3-Chloro-8-ethoxy-2-ethyl-1-benzofuran- 7-yihmethoxyl-2.3-

dimelhylphenyiipropanoic acid

The title compound was prepared by reacting methyl 5-chioro-6-ethoxy-
15 Z-ethyl-1-benzofuran-7 -carboxylate according to procedure in Example 1.
TH NMR: (300MHz, CDCH) &: 7.49 (5. 1H), 6.96-7.06 (m. 2H), 6.31
s, 1H), 5.29 (s.2H), 4.09-4 16 (m. 2H). 2.97 {t, J=7 SHz, 2H3, 2.73-2.31 (m,2H},
2.83 (L J=T.5Hz, 2H), 2.27 (s.3H). 2.15 {s.3H}. 1.41 (1. J=7.2Hz. 3H). 1,209 {t,
J=7.2Hz. 5H). Mass spectrum (ESI miz): Calcutated for CuyH:-ClO-. 429 (M-
200 H) found 429.
Example 37
3-(4{{5-Chloro-2-ethyl-6-(2-methoxyethoxy}-1-benzofuran-7-ylimethoxy}-
2. 3-dimethylphenyhipropanocic acid
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The title compound was prepared accarding o the procedure as
described in Example 36 substituting 1-bromo-2-methoxyethane for
bromuethane in step ().

TH NMR: (300MHz. CDCH) 8: 7.46 (s, 1H). 6.95-7.03 (m. 2, 6.29
(8, TH) 5.31 (s, 2H) 4,20 (t. J=4.8He, 2H). 3.70 (t. J=4.5H2. 2H). 3.36 (s. 3H1
2.95 (t. J=7.8Hz. 2H), 2.70-2.78 {(m. 2H}. 2.59 it. J=7.5Hz. ZH), 2.20 (s. 2H},
212 (s. 3H) 1.28 (1. 4=7.65Hz, 2H). 1.30 {t. J=7.2Hz. 5H}. Mass spoctrum (ES!,
m’z): Calcwated for CuzH:CIO., 459 (M-, found 459,

Exampte 38
3-{4-{[5-Chloro-2-ethyi-6-{2 2.2-trifluorcethoxy)-1-benzofuran-7-

{lmethoxy}-2.3-dimethylphenylipropanoic acid

The title compound was prepared according to procedure as described
in Example 36 substitutng tritluoremetnyl tnfluoromethanesutfonate for
bromaethana and potassium carbonate for cesium carbanateo,

HNMR (300MHz. CDCL) &: 7.51 (3. TH). 6.94-7 05 (m. 2H71. 6.34 (s,
TH), 8.32 (8. 2H). 4.42-4.50 {m, 2H), 297 (1. J=7.5Hz, 2H), 2.75-2.82 (m. 2H).
2.641{t, J=7.5Hz, 2111 2.23 is.3H), 2.14 18, M) 1.32 14 J=7.5Hz. 3H). Mass
spoctrum (ESI miz): Calculated for Co;H-,CIF O, 4683 (M-H |, found 483,

Exampie 39
3-(4{[5-Chloro-2-ethyl-6-(1-methylethoxy)-1-benzofuran-7-yi{lmethoxy}-
g,3-dimethvlphenvnpropa noic acid

,,/ 0
5 \IH

\\_/“) \_

h

O —
\‘.

The ttle compound was prepared accerding to procedure as described
n Example 36 substituting 2-bromapropane for bromoethane.

14443
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"HNMR: (B0NMHz. CDCLL) 5: 7.49 (s, 1H). 7.05 (d, J=8.4Hz, 1H), 6.95
{d, J=8.4Hz, TH). 6.31 (s. 1H). 5.27 (5. 2H). 4.51-4.59 {m, 2H). 2.98 (t. J=7.5Hz.
2H). 2.72-2.79 (m. 2H5). 2.63 (t. J=7.5Hz. 2H). 2.24 (s. 3H). 2.15 (8. 3H). 1.2&-
136 (i, YH). Mass spectrum (ESI, miz): Caicuiated for CaHxCIO:, 443 (M-
H), found 443,

Example 40
3-{4-{{6-Ethoxy-2-ethyl-1-benzofuran-7-y|jmethoxyl]-2.3-
dimethylphenyl}propanoic acid

%

| s
/\rj — ; 4
\/ / ./ /o
/ \
\

_\c

&) Methyl 5-chtora-g-ethoxy-Z-ethylbenzofuran-7-carboxyiate

Inte & 8-mi via! was placed methyl 5-chloro-2-ethyl-6-hydroxy-1-
nenzofuran-7-carboxylate (100 mg, .39 mmol). acetene (2 mL1, bromoethane
{0.5 mL) and Cs,CO; {639 mg. 1.96 mmal) and the resulting solulion was
stirred overnignt at 6G°C. The reaction was then quenched by the addition of
water {5 mL). The resulting solution was extracted with ethyl acetate (2x5 mL)
and the organic layers combingd and concentrated under vacuum. The
resulting residue was purified on a gilica gel column with P/E {307/1-20/1) to
yield methy! 5-chlora-8-othoxy-2-ethyl-t-henzofuran-7-carhoxylate as yellow ol

b te-Ethoxy-2-ethylbenzofuran-7-ylimethanol

To a sotulion of matny! S-chloro-o-ethoxy-2-cthyi-1-benzofuran-7-
carboxylate (100 mg. 0.35 mmol) in tetrabydrofuran (3 mLy was addad LAR {40
m:y. 1.05 mmual) in severa! batches. The resuling solution was stirred for 2 h at
25'C  The reaclion was then quenched by the addiuon of Na:SO.»10H.0 (1 g).
The setids were fiitered out. The resulting mixture was concentrated under
vacuum. The resulting residue was purificd on a sdica get cotumn with othyl
acetate’petroleum ether (1/30-1/5) 1o yield (5-chioro-6-ethoxy-2-ethyl-1-
bonzofuran-7-yhmethanol and {6-athoxy-2-ethy'benzofuran-7-yh)methano! as

vellow 01
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c) 3-{4-[(6-Ethoxy-2-ethyl-1-benzofuran-7-ylimethoxy}-2.3-
dimethylphenvllpropanoic acid

The title compound was prepared by reacting (6-ethoxy-2-
ethylbenzofuran-7-yl)methanol according to Example 1.
5 'H NMR: (300MHz, CDCls) &: 7.35 (d, J=8.4Hz, 1H), 7.01(s, 2H), 6.85

(d, J=8.4Hz, 1H), 8.30 (s. 1H), 5.33 (s, 2H), 4.08-4.15 (m, 2H), 2.96 (t. J=7.5Hz,
2H), 2,73-2.80 (m, 2H), 2,61 (t, J=7.5Hz, 2H), 2.22 (s,3H), 2.17 (s, 3H), 1.38-
1.43 (t, J=6.9Hz, 3H), 1.31 (t, J=7.5Hz, 3H). Mass spectrum (ESI, m/z):
Calculated for C24H2:05, 395 (M-H), found 395.

10

The title compound was prepared according to procedure as described

15 in Example 36 substituting 1-bromo-2-methylpropane for bromoethane.
'H NMR: (300MHz, CDCls) &: 7.48 (s, 1H), 6.94-7.05 (m, 2H), 6.31 (s,
1H), 5.28 (s, 2H), 3.82 (d, J=6.6Hz, 1H), 2.97 (1, J=7.2Hz, 2H), 2.73-2.80 (m,
2H), 2.64 (t, J=7.5Hz, 2H), 2.23 (s, 3H), 2.15 (s. 3H), 1.31 (t, J=7.5Hz, 3H),
1.02 (d, J=6.9Hz, 6H). Mass spectrum (ESI, m/z): Calculated for CzsHa1ClOs,
20 457 (M-H), found 457,
Example 42
4-{[6-(Benzyloxy)-5-chloro-2-ethyl-1-benzofuran-7-ylimethoxy}-2,.3-
dimethylphenyl)propanoic acid

148
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The title compound was preparad according to procedure as descenbed
in Example 36 substituting benzyt bromude for bromoethane. 'H NMR.
(300MHz, COCls) §: 7.53 (s, 1H). 7.42-7.45 (m. ZH), 7.32-7.34 (m. 2H). 7.01 {4,
J=8.7Hz, TH). 6.89 td. J=8.1Hz. TH). 6.34 (s, TH). 5.25 (s. 2H). 5.08 (s. 2H).

§  2.97(t. =7 8Hz 2H). 2.74-2.82 {m. 2H). 2 82 (t. J=7.5Hz. 2H). 2.22 {s. 3H1.
214 (s, 3H), 1.32 (t. J=7.5Hz. 3H). Mass spectrum (ESL myiz): Calculated for
C2:H:5CI10-, 491 (M-H). found 491,

Example 43
3-(4-{[5-Chloro-6-{difiluoromethoxy)-2-ethyi-1-benzofuran-7-ylimethoxy}-
1 2. 3-dimethyiphenyljpropanoic acid
-‘(f’(o Nl 4?
;_{\ o u\_/ OH
>:
o o= F
-

) Methyl 5-chioro-6-(difluoromethoxyd-2- ethylbenzofuran-7-carboxylate

Into A 26-mL round-holtom flask purged and maintainaa with an inert

atmosphare of CF..Cl was placed methyl 5-chloro-2-ethyl-6-hydroxy-1-

15 penzofuran-7-carboxylate {100 mg. .39 mmol, prepared as described in
Example 200, stepl{e)). 1 d-dioxane (3 mL) a solulion of sodium hydroxide (47
mq. 118 mmol) in waler(0.2 mLj and terrabutylammonium iodide (145 mg, 0.39
mmol}y The resulting solution was stirred overnight at 25°C. The resulting
mixture was concentrated under vacuum. The resulting residue was purified on

20 asilica gel column with P/E (30/1-20/1) 1o yield mcthy! S-chlora-6-
{diflioromethoxy-Z-ethyt-1-benzofuran-7-carboxylate as yetflow ol

h) 3-4-{[5-Chlore-B-(difluoromethoxy)-2-othvil- 1-benzofuran-7-yiimethoxy}-2.3-

dimelhylphenylipropanoic acid

The title compound was prepared according to procedure as descnbedd
25 in Exampie 1 using mathyl 5-chloro-6-tdiflucromethoxy -2-¢thyl-1-benzofuran-
7-carboxylate.
"HNMR: (300MHz. CDCH) : 7.56 (8. TH). 7.04 (d. J=8.4Hz 1H), 8.94
(i, J=8.4Hz 1H). 6.61 tt, J=74.7Hz. 1H). 6.36 is. 1H) 523 (s, 2H). 2.97 {t.
J=7.5Hz. 2H). 2.76-2 34 im. 2H), 2.62 (t. J=7.5Hz. 2H). 2.23 (s, 3HY 2.15 (s

145



WO 2014/15900) PCT/USN2001302170

AH). 1 32 (b, J=7.5Hz, 3H). Mass spectrum (ES], miz): Calculated for
C..H. CIF O 451 (M-H). found 451.

Example 44
3-{4-{[6-(Difluoromethoxy}-2-ethyi-1-benzofuran-7-yilmethoxy}-2.3-

A dimethylphenylipropanoic acid
AV Vel
h—{

o) (6-i Difluoromethoxyy-2-ethyibenzofuran-7-ylhimethanal

To a solation of methy! 5-chloro-6-(diftuoromelhoxy)-2-ethyl-1-

benzofuran-7-carhoxylate (60 mg, 0.26 mmol) in tetrahydrofuran (3 mL} was

10 added LAH {30 mg. 0.79 mmol) in several batches. The resulting solution was
stirred for 2 h at 25°C. The reaction was then quenched by the addition of
NSO 10H-0 (1 g). The soiids were filtered out. The resulting mixture was
concentrated under vacuum, The resuiting residuc was purificd on a silica gel
column with ethy! acetate/petroleum ether (1/30- 1/5) to yield [5-chlorg-6-

15 (difluoromethoxy »2-othyi-1-benzofuran-7-ylimethanol and (6-(difluoromethoxy)-
2-ethylbenzofuran-7-ylymetnanol as yellow o,

h 3-(4-16-i Diftuororucthoxy -2-ethyl-1-benzofuran-7-viimethoxyi-2.3-

dimethylphenylipropanoic acid

The title compound was prepared according to procedure as describedd
201 in Example 1 using {6-{difluoromethoxy)-2-ethylbenzofuran-7-ylimethanol.
H NMR: (300MHz. CDCF,) & 7.44 (d. J=8.4Hz. 1H). 6.95-7.10 (m. 3H).
6.51 (1. J=74.9Hz, tH), 6.38 (s, 1H). 5.32 (8. 2H), 2.96 (t, J=7.6Hz. 2H). 2.76-
2.84 (m, ZH), 2.62 (t. J=7.5Hz, 2H), 2.23 {s. 3H), 2.15 {s, 3H), 1.33 (1, J=7.5Hz,
JHL Mass spectrum (ESL miz): Calouated for CoaHLsF 2O: 418 (M-H). found
25 418
Example 45
3-{2.3-Dimethyl-4-{[2-propyl-5-(3.3, 3-trifluoroprop-1-yn-1-yl}-1-benzofuran-
7-ylimethoxy}phenyl)propanoic acid
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&) Ethyl 3-(2_3-dimethvi-4-{{Z2-propyl-5-03.3. 3-trifluocreprop-1-yn-1-yhbenzafuran-

7 -yvlimethoxyiphenyhpropanoste

To a solution of disopropylamine (128 mg) in letrahydrofuran (10 mL) at
-78°C was added n-Buli (0.5 mL, 2.5N) and the resulting solution was stirred
for 15 min. T this solution was addoed 2-brome-3.3.3-triflucroprop-1-ene
1100.6 mg. 0.58 mmoli. and ZnCieTMEDA {159 mg). and the nixture was
stirred for 30min at -72°C. Ethyl 3-[4-[{5-0d0-2-propyl- 1-benzofuran-7-
yimethoxy]-2.3-dimethylghenyl|propancate (200 meg. .38 mmor, prepared as
described in Example 18) and Pd{PPh- s (22 me, .02 mmol) were then added
And the mixture stirred for 30 min at room temperature and then at 80°C
overnight. The resulting mixture was concentrated unaer vacuum. dilutea with
cthyl acetate {40 mL). and washed with brine (3x10 mL}). Tre resu'ting residue
was dried over anhydrous sodium sulfate and concentrated unzder vacuum.
The: resulting residue was purificd on a silca gel column with eihyl
acetate/petroleum ether (1:3) o vield ethyl 3-12 3-dimethyl-4-({Z-propyt-5-
{3.3.3-trifluoroprop-1-yn- T-yhbenzofuran-7-yhmethoxyphenylpropanoate.

b 3-(2.3-Dimethyl-4-{|Z-propyl-5-(3 3. 3-trifluoroprop-1-yn-1-yli-1-penzofuran-7 -

yviimetnoxyiphenyvlipropanaic acid

The ttte compound was prepacaed by hydrolysis of the ester prepared in
stels (h) above according to the procedure as Jescribed in Example 1.

'HNMR: (400MHz. CD-0OD) 8 7.79 s, 1H). 7.56 (s, TH). 6.99 (d. 4=2.4
Hz. TH). 6.85 id, J=8.4 Hz, 1H), 6.61 (5. 1H1 5.33 (s, 2H). 2.91 (. J=8.0 Hz,
ZH). 2.82 {t, J=7.6 Hz. 2H). 2.51 (t. J=8 OHz. 2H). 2.25 (s. 3H). 1.86-1.63 (m.
ZH), 1.08 (L, J=7 2Hz, 3H). Mass spaatrum (ESI, miz): Caleulated for
C otk .y, 457 (M-H), found 457.

Example 46
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344-[{5-Chtoro-2-ethyl-6-phenoxy-1-benzofuran-7-ylimethoxy]-2.3-

dimethylpheny!ipropanoic acid
Cl
/ ‘/\\l / N
J\‘/ /\ b

~ /
/ l
I..\“
i
o7 Ot

a) Methyl 5-chiloro-Z-cthyl-6-phenexybenzofuran-7 -carboxylate

Into & 25-mu round-hottom flask purged and maintainerd with an inert
atmosphore of mtogen. was praced methyt S-chloro-2-cthyl-6-hydroxy-1-
nenzofuran-7-carboxylate {300 mg. 1.18 mmol. prepared in Example 20 ster: ).
CH-CN {8 mL). 2-(irrmeilhylsilyhphenyl trifluoromathanesulfonaie (703 myg. 2.56
mmol), and CsF (535 mq. 3.54 mmaeol) the resulting muxture was heated to reflux
overnght. The reaction was then quenched by the addition of water (10 enLy.
The resulling solution was exlracted with ethyl acetate (2x10 mL) acotale and
the organic layers combined and concentrated under vacuum  The resuiting
rasiciue was purfied on a silica gel column with P/E (30/1-10/1) to yreld mathy!

S-chloro-2-ethyl-6-phenoxy-1-benzofuran-7-carboxylate as yellow oil.
D) 3-{4-[15-Chlgro-2-¢thyl-6-phenoxy-1-benzofuran-7-ylhimethoxyl-2.3-
dimethylphenyitpropanolc acid

The title compound was prepared by reacting methyl 5-chloro-Z-ethyl-6-

rmenoxy-1-benzofuran-7-carboxylate according Lo the procedure as Jasaribed
n Example 1.

"H NMR: (300MHz. CDCL,) b: 7.57 {8. 1H). 721-7.27 (m. 2H}. 8.92-7.01
{m, 2HY 8. 756-6.84 (m. 3H), B.38 (s, 1H). 5.16 (s, 2H). 2.92 (t. J=7 5Hz, 2H),
2.77-2.84 (m, 2H), 257 (t. J=7.5Hz 2H). 2.20 (5, 3H). 2.11 (s, 3H}, 1.34
J=7.5Hz. 3H). KMass spectrum (281, miz): Calculated for CaxH-CIOz, 501
{M+Na). found 301.

Example 47
3-{4-{[5-(Difluoromethoxy}-2-methyl-1-benzofuran-7-yi{lmethoxy}-2 3-

dimethylphenylipropanoic acid
152
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a) Methyl 5-melhoxy-2-mathyibenzofuran-7-carpoxylate

Into & 150-mL sealed tube was placed methyl 2-bromo-2-hydroxy-5-
methoxvhengoate (3.0 g, 11.49 mmol, prepared as deseribed in Example 33
step a). PdiPPh:):Cl (0.805 g). Cul 219 mg. 1.15 mmal), TEA {2.33 . 23.03
mmot} and N.N-dimothylformamide (60 mL}), The resulting residue was coolad
to -78°C and prop-1-yne 1823 myg. 23.04 mmot) was introduced. The resulting
mixture: was strred overnight at 80°C. The resulting soldtion was dluted with
EtOAC and washed with brine (3x50 mLj. The resulting residue was dried over
anhydrous sodium sulfate. concentrated, and the residun was purdied by silica
el chromatography to yield methyl S-methoxy-2-maethyl-1-henzofuran-7-
carboxylate ag a yellow solid.

h1 Methyl 5-hydroxy-Z2-methvibenzofuran-7-carboxylate

Into a 50-mL 3-necked reund-bottom flask purged and mantained with
an incrt atmasphere of nitrogen. was placed methyl 5-methoxy-2-maethyi-1H-
miena-7-carboxylate (500 mg. 2.29 mmol). dichloromethane (20 mL). To the
resulting mixtue was then added BBr;, (1.13 g) at -76°C. The resulting solution
xag stirred for 30 min at room temperature. The reaction was then quenched
hy the addition of water (5 mL1. The resulting solution was diuted with DCM
{30 mL). The resulting mixture was washoed wilh brine i3x10 mL), The
resulting residue was dried over anhydrous sodium suifate. The solids were
filtered out. The resulting mixture was concentrated undor vacuum. The
resulting residue was purified on @ silica gel column with ethyl
anetate/petroleum ether {1:3) to vieid methyt 5-hydroxy-2-methyl-1H-indene-7-
catboxyiale as a yellow solid.

) Methyi 5-tdiflucromethoxy i-Z2-methylbenzofuran-7-carboxylate

[t a 50-mL round-hollom flask purged and maintained with an inert
atmosphere of chlorediflucromethane was piaced methyl S-hydroxy-2-methyl-
T-benzofuran-7-carboxylate {310 mg. 1.50 mmol). 1.4-dioxane (10 mL), water
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{1 mL). sodum hydroxide (1682.4 mg, 4.56 mmoly and tetrabutylammonium
wdide (561 mg. 1.52 mmo!). The rasulling solutton was stirred overnight at
room temperature. The resulting mixture was concentrated under vacuum.
The resufting solulion was diluted wnth elthyt cetate (60 mL). The resulting
mixture was washed with brine (3x10 mL). The solid was dned n an oven
aunder reduced pressure. The solids were filtered out. The resulting mixture
was concentrated under vacuum, The resulling residue was purificd on a silica
gel column with ethyl acetate/petroleum ether (1:41 to yield methyl 5-
{chfluoromethoxy »-2-methyl-1-benzofuran-7-carbioxylate as a light yeilow solid.

)y 3-(4-{5- (Difluoromethoxyi-z-methyl-1-benzofuran-7-ylimethoxyl-2 . 3-

dimethvlphenylipropanoic acid

The ttle compound was prepared by reacting methvl &-
{difluoromethoxy)-2-methylbenzofuran-7-carboxylate accoerding 1o Example 1

"H NMR: (4000MHz CD-CH &: 7 19 id, J=4.8Hz 2H), 7.01 (o, J=8.0Hc
MY, B.82 00, S211.2 Mz, TR 8.50 (L J=74.4Hz. 1H). 8.41 (s, 1H). 5.32 (8. ZH).
298 it. J=8.0 Hz 2H}1 262 (1. J=8 U Hz. 2H), 2.49 (s. 3H1. 2.27 (s. 6Hi Mass
spectrum (ESI. miz): Calculated for CouHoeFOr, 403 (M-H), found 303.

Example 48
3-{4-{[5-(Difluoromethoxy}-2-propyl-1-benzofuran-7-yilmethoxy}-2.3-

dimethylphenyllpropanoic acid

a2 by
o
F)\F-'

The title compound was prepared accerding o the procedure as
aascribed in Example &7

'H NMR: (300MHz. CD.Cl) &: 7.19 (d. J=5.4Hz, 2H), 6 29 {d. J=8.4Hz
AHY 6.62(d. J=8.4 Hz. 1H). 6.49 (d. J=74.4 Hz. 1H). 6.41 (s 1H). 5.31 (3. 2H)
2.96«t, S=7.5 Hz. 2H), 2.76 (1. J=7 .5 Hz, 2H). 2.61 (L. J=7.8Hz. 2H). 2.25 is.
BH). 1.82-1 76 tm, 2H).1.02 (L J=7.6Hz aH). Mass spectrum (ESI mie:
Calculated for CruHzF-Oa 431 (M-H). found 431,

Example 49
124

substituling penl-1-yne for prop-1-yne in step (a),
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3-{4-{{5-Chloro-2-methyl-1-benzofuran-7-ylimethoxy]-2.3-

dimethylphenylipropanoic acid

Cr
~-4 U‘-’.‘-,_ / Ot
AW
Ci

a) Methyl 3-bromo-5-vhlore-2-hyaroxybenzoate

[nto & 1-L round-bottom flask was placed methyl 5-chlore-2-
hydroxybenzoate (16 g. 85.75 mmoali, methanol (200 mL} and Br; (16.5 ¢,
1N3.25 mmol) and the resutting mixture was stirred for 10 min at 20°C. The
sofids wera collected by filtration. then washed with methanol o yield methyl 3-
hromao-5-chloro-2-hydroxybenzoate as a white powtder.

) Methyl 5-chioro-Z2-methylibenzofuran- 7-carboxylate

Into a 80-mL tube was placed methyt 3-Lromo-5-chlore-2-
hydroxybenzoate (3 g, 11.30 mmoli, Pd{PhP):Cl. (0.791 g). Cul (215 mg. 1.13
mmaol}, TEA (2.28 ¢. 22.53 mmol). N N-dimethylformamide (30 mL), and prop-
T-yne {950 mg. 2%.71 mmolj. The resulting solution was stirred overmabt at
a0°C. The resulting mixture was extracted with ethyl acetate (100 ml.i, and the
washed with brine. The resulting mixture was concentrated and the residue
was purified on a silica gel solumn to yielkd maethyl 5-chloro-2-methyl-1-
venzofuran-7-carboxylate s a yeliow solig.

) 3-{4-[15-Chiaro-Z2-maothyt-1-benzofuran-7-yhimaothoxy]-2.3-

dimethylphenyinmpanoc acid

The title compound was prepared by reacting methyl 5-chiore-2-methyl-
T-benzofuran-7-carhoxylate according to the procedurs as describad in
Example 1.

"H NMR: (300MHz, CD-0D) &: 7.39 (d, J=1.8. TH). 7.24 (¢, J=1.8, 1H),
6.95 {d. J=84 Hz 1H). 6.77 (. J=8.4 Hz, 1H} 6.44 (s, 1H}). 5.24 (5. 2H). 2.84-
2.83(m, 2H), 2.48-2.45 (m. SH). 2.20 (5. 3H). 2.17 {s. 3H}. Mass spectrum
(ESI. miz): Calculated for C;1HClO,, 371 (M-H), found 371,

Exampte 50
3-(4-{[5-{1.1-Difluoroethyl}-2-propyl-1-benzofuran-7-y{imethoxy}-2.3-

dimethyiphenyl)propanoic acid
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&) Ethyl 3-i4-i{5-acetyl-2-propylbenzofuran-7-yiimethoxy -2, 3-

dimethylphenylipropanoate

Into a H-mL flask was placed cthyl 4-|4-{(5~1ado-2-propyl- 1-henzofuran-7-
vhmethoxy|-2.3-dimethyiphenvipropanoate (20 my. (.04 mmol, prepared as
described in Example 18). N.N-dimethylformamide (1 mL1. LICI (& mg). DIPEA
(10 mg). Pdadba), (1.5 mql and acetyl acetate (20 mg. 0.20 mmaol). The
resulting maxture was irradiated with microwave radiation tor 1 h at 150°C. The
resulting solution was diiuted with athy) acetate (20 mi i and washed with brine
{3x10 ML), The resulting residue was dried over anhydrous sodium sulfate and
sulids were fillered out. The resulting mixture was concentraled under vacuum
ane the residue was pucfied by sihca gel chromatography to yield ethyl 3-[4-[(5-
acelyl-2-propyl- 1-tenzofuran-7-ylymathoxy]-2 . 3-amethyiphenyl]propancate as
a white solid.

b Ethyl 3-14-115-(1.1-difluoroethyli-Z-propy ibenzofuran-7-ylimethoxy -2, 5-

dimethylphenvybipropanoate:

Into @ ¢-mL vial purged and maintained with an inert atmosphere of
mtrogen was placed othyl 3-[8-[(5-acetvl-2-propyl-1-benzofuran-7-ylimethoxyi-
2. 3-dimethyiphenylipropanocate (170 myg. .32 mmoly ang DAST (0.5 mL) n
fCamin][PF;] {2 mLY The resulting solution was stirred overnight at 55°C. The
resulting solution was dituted with ethyl acetate (50 mL}  The resutting mixiure
was washed with brine (3x10 mL). The resulting residue was dried over
anhydrous sodium sulfate. The solids were filtered out. The resulting mixture
was concentrated under vacuum. The resulting residue was purified on @ gilica
gei column with ethyl acetate/petroleum athor (1:3) to yield elhyl 3-(44[5-01,1-
difiuoroethyl)-2-propyi-1-benzofuran-7-vllmethoxy]-2.3-
dimethylphenylipropancate as colorless oil,

¢) 3-(4-{[5-(1.1-Difluoroethyl)-2-propyl-1-benzofuran-7-ylimethoxy}-2. 3-

dimethylphenvhipropanoc acid
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Inte @ 8-ml vial was placed ethyl 3-(4-[[5-(1. 1-diftuoroethyi)-2-propyl-1-
penzofuran-7-yiimethoxy]-2.3-dimethylpihenylipropancate {30 my. 0.07 mmulj.
LiOH {30 mg. 1.25 mmal). tetrahydrofuran (2 mL). and water (2 mL). The
resulting solution was stired overnight at room temperalure,. The resulling
mixture was concentrated under vacuum. The pH of the solution was adjusted
to pH 4-5 with hydrogen chioride (1 moliL). The resulting solution was
extracted with elhyl acelate (3x20 mL) and the organic layers combined and
concentrated under vacuum te yield 2 3-(4-[[5-(1. 1-difluoroethyl-Z-propyi-1-
hencofuran-7-ylmethoxy]-2 S-dimethylphenyl)propancic ackt as a while solid.

"H NMR: (400MHz. CD.Cl) & 7.63 is. 1H). 7.54 (s, 1H). 7.02 it J=4.8
Hz. 1H), 6.87 id. J=53.4 Hz, 1H), 6.46 18, 1H), 5.34 (s, 2H), 2.98 (1, J=8.0 Hz,
2H). 2.78 it. J=7.6 Hz, 2H). 2.63 (L. J=5.4Hz. 2H). 2.26 {d. J=4.4 Hz. 6H}. 1.99
it J=18.0Hz, 3H). 1.85-1.75 im. 2H). 1.03 t, J=7.2 Hz. 3H). Mass spectrum
(ESI. miz): Caloulated for CaHeF -0y 429 (M-H). found 429,

Example 51
3-{2 3-Dimethyl-4-{{6-methylfurof2 3-f][1 31benzodioxol-4-
ylimethoxy]phenyl}propancic acid

t) O
\ 7
,«’ N

{

N Q_\\—o
’J//

a) 5-(Matlhoxymethoxyibenzold)[1 . 3]dioxole

Into & 250-mL round-bottom fiask was placed 2 2-dihydro-1 ,4-
benzodioxin-6-01 {6 ¢. 39.44 mmoi, tetrahydrofuran (100 mL}). To the resuiting
mixture was then added sodium hydride (1.56 ¢. 65.00 mmot) at 3-5°C. The
resuliing residue was stirred for 30 min at (FC. To the resulting mixture was
then adided bromoimethoxy imethane (8.03 ¢, 64.6€ mmaoly, The resuiting
solution was stirred overnight at room temperature. The resulting mixture was
concentrated under vacuum. The resulting solution was diluted with ethy!
acetate (100 mLY The resulting mixture was washed with bring (3x5(0 mL).
The resu'ting residue was dricd over anhydrous sodium sulfate. The solids

were filtered out. The resulting mixture was concentrated under vacuum. The
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resulting residue was purified on a silica gel column with ethyl
acctate/petroleum other {1:3) 10 yield o-imethoxymethoxyi-2.3-dihydro-1.4-
henzodoxing as ¢olorless oi.

) 5-(Malhoxymethoxy)benzoldll1.3]dioxoie-4-carbaldehyde

Inte & 250-mL round-bottom flask purged and maintainad with an inert
atmosphere of nitrogen was ptacedt S-(methoxymethoxy)-2H-1.3-benzoidoxole
{6.6 ¢. 36.23 mmol). tetrahydrofuran (150 mL). Buli {22 mL. 36.2% mmnl}
TMEDA (4.26 g. 36.66 mmol) and N.N-dimethytfformamide (4.02 g). The
resulting solution was stirred ovaemight at reom temperature. The reaction was
then quenched by the addition of water {1 mL). The resulting mixture wis
concenirated undaer vacuum. The resulting solutton was diluted wilh ethyl
acetate (200 mL). The resulting mixture was washed with brine (2x40 mL),
The solid was dried in an oven under reduced pressure. The solds were
filtered out. The resulting mixture was concenteaste:d under vacuum, The
resulting residug was punfied on a silica gel column with ethy!
acetate/petroleurn ether (1:3) to yield 5-imethoxyrathoxy)-2H-1. 3-
henzodioxoie-4-carbaklehyde as @ yellow solid.

2) S-Hydroxybenzold)[ 1. 3]dinxole-4-carbaldoehyde

Intey a 250-mL round-hottom flask was placed S-{methexymothoxy -2H-
1.3-benzodioxole-4-carbaldehyde (7 ¢g. 33.30 mmol). dichloromethane (100 mL;
and lrifluorcacetic acid (5 mLj. The resuliing solutinn was stired for 1 n at (°C.
The resutting sclution was diluted with DCM {100 mL). The resulting mixture
wasg washed with frine {(3x50 mLi. The resulting residue was dred over
anhydrous sodium sulfate. The solids were filtered out. The resulting mixture
wris concentrated under vacuum. The resulling residuc was purified an a silics
ge! column with ethyl acetate/petroieum ether {(1-1) to yield S-hydroxy-2H-1.3-
bhenzodigxote-4-carbatdehyde as colorless ol

d) 8-Bromo-5-hydroxybenzo|dij1.3]d.oxole-4-carbaldehvde

Into a 250-mL round-bottom flask was placed 5-hydroxy-2H-1.3-
benzodinxolc-4-carbaldehyde (3.1 g, 18.66 mmoli. methanol (150 Ly and Br,
{3.53 g. 22.09 mmol). The resulting soluvon wias stirred for 30 min at room
temperature, The resulting mixlure was concentrated under vacuum, The

resulting solution was diluted with ethyt acetate (150 mL). The resulting
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mixture was washed with Na, SO+ (3x40 mL). The resulting residue was dried

aver anhydrous sodium suifate. The resulting mixture was concentrated under

vacuum. The resulting residue was purified on a stlica gel column with ethyl

acctate/petroleum ather (1:2) to viekl 6-hromao-5-hydroxy-2H-1_3-bengodoxole-
5  4d-carbaldehyde as a yellow solid.

&) B-Methyl-[1.3{dioxolo[4.5-benzofuran-4-carbaldehvde

=t a 10(-mL sealed lube was placed 8-bromo-5-hydroxy-2H-1.3-

bhenzodiexole-4-carbaldehyde (1.1 ¢, 4.49 mmol). N.N-dimethylformamide (30
mi). Cul {85 mg, 0.45 mmal}. TEA (907 mg. 8.96 mmal) and PdiPPh,).Cl. {314

10 my. (.45 mmal). To the resuiting mixture was then added prop-1-yne (359 mq.
3.96 mmol; at -753°C  The resulting solution was stirred overnight at 30°C n an
ol ath, The resulting solution was difuted with ethyl acetate {100 mL). The
resulting mixture was washed with sodium chloride{aqy) (3x20 mL). The
resulting residuc was dricd over anhydrous sodium suifate.  Tho solids were

15 tiltered out. The resuiting mixture was concentrated under vacuum, The
resulting reswdue was purificd on a silica gel column with ¢thyl
agicetate/petroleum ether (1:3) to yield 6-methyl-[1.3]dioxelo[4.5-fk:enzofuran-4
carbaldehyde as coloriess oil.

f1 (6-Methyl-[1.3]dioxolof4.5-finenzofuran-4-ylimethanoi

21) [nto @ 8-mb vial was placed 6-methy-{1.3]dioxow[4.5-fluenzofuran-4-
carbaldehyde (50 myg. 0.24 mmal). tetrabhydroferan (2 mLYy and LIAIH, (28 mg.
0.74 mmal) at 0-5°C. The resulhng salution was stirred for 30 min at 0°C. The
reaction was then guenched by the additon of water (1 mL The resulting
solution was diluted with ethyl ucetate {20 mL). The resultng mixture was

25 washed with bring (3x10 mL)  The resulting residue was drica over anhvrlrous
sodium sulfate. The solids were fitered out. The resulting mixture was
concentrated under vacuum. The resutting residue was purificd on a silica gel
colurmn with ethy! acetate/petroleum ethar (1:3) to yield (6-methvl-
[1.3)choxoio[4.5-flbenzofuran-4-ylimethano! as a yeilow solid.

30 o) 312 . 3-Dimethyl-d-{{lo-methyifure[2.3-fl[1.3]banzodioxol-4-

vhimethoxylphenylipropansic acic

15
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The title compound was prepared by reacting 6-methyl-[1.3]dioxclo[4,5-
fluenzofuran-4-ylimethanol according to the procedures as descried in
Example 1.

TH NMR: (3008MHz. CDCH) 8: 7.01 (d. J=8.4Hz. 1H), 6.93 id. J=8.4Hz

§  THL 685 (s. 1H), 8.27 (s. 1H), 6.00 {s. 2H). 5.27 {s. 2H1 2.96 (t. J=7.5Hz 24
2.64-2.59 tm, 2HY 2.42 (s. 3H). 2.24 (s. 3H). 2.20 is. 3H). Mass spectrum
(ES] m/iz): Caloulaterd for C:oHoO. 381 (M-H), found 381
Example 52
3+{2.3-Dimethyl-4-[{2-methyl-5-prop-1-yn-1-yl-1-benzofuran-7-
1 ylimethoxy]phenyl}propanoic acid

R
\

r
H(Z':/‘\‘" 0

aj 2-Methyl-5-{prop-1-yn-1-yhbensofuran-7-carbaldchyde

Into @ 5-ml sealed tube was ptaced 2-hydroxy-3.5-diicdobenzaldehyde

{500 mgy. 1.34¢ mmol). Cu0 (115 myg. 0.80 mmol) andd pyridine (32 mL). This

15 was followed by the addition of prop-1-yne (160 ma. 3.99 mmal) dropwise with
strrny at -78*C. The resulting solution was stirred overnight at 120°C. The
resulting solution was diuted with elhyl acetate (200 mL). The solids were
filtered out. The resulting mixture was concentrated under vacuum. The
resulting restdue was purified on a silica gel column with ethyl

200 acetate/petroleum ether {10/30). The collected fractions were combined and
concentrated under vacuum to yield 2-methyt-5-(prop-1-yn-1-y)-1-benzofuran-
7-carbaldehyde as coloniess oil

bi i2-Methyl-5-(prop-1-yn-1-yhhenzofuran-7-yiimethanal

It & 100-mL round-hottom flask was placed 2-methyl-5-(prop-1-yn-1-

N
on

yhi-1-benzofuran-7-carbaldehyae (50 mg. .25 mmol), tetrahydrofuran (10 mL

and LAH (19 mg. .50 mmon in portiuns at 0°C. The resulting solution was

160
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stirred for 2 h at 25°C. The reaction was then quenched by the addition of
Nz . SO»=10H_Q (100 mg). The solids were filtered out. The resulting mixture
was concentrated under vacuum. The resuiting residue was purified on & silica
gel column with ethyl acetate/petroteum ether (40/60). The collected fractions
wore combined and concentrated under vacuum to vie'd (2-methvi-5-(prop-1-
yn-1-yhbenzofuran-7-yhimethanol as colorless oil.

1 3-{2.3-Dimgathyl-4-[{ 2-meathvi-5-urop-1-yn-1-vi- 1 -henzofuran- 7 -

yhmethoxylphenylipropanoic acid

Inty & 100-mL round-bottom flask purged and maintained with an inert
atmosphere of nitrogen was piaced (2-methyl-5-(probw -1-yn-1-yhbenzofuran-7-
yhmethanat {70 mg. 0.35 mmol), ethyl 3-t4-hydroxy-2.3-
aimethylphenyl)propanoate (116 mg, (.52 mmot). BusP {177 my). ADDP (185
mygy. .74 mmoli and toluene (30 mLy The resulting sotution was stirred
overnighl at 80°C. The resuiting mixture was concentrated under vacuum,  The
resulting solutien was diluted with diethyl ether (30 mL). The solds were
filtered out. The resulung mixture was concentrated under vacuum. The
resulting residue wis purified on e silica gel column wiin ethyl
acolate/petroleum othar (10/90). The collected fractions were combined and
concentrated under vacuum to yield ethyl 3-(2. 3-dimethyl-4-[[2-methyl-5-(props-
1-yn-1-yh- t-henzofuran-7-ylmaethoxy|phenylipropanoate as coloriess il

H NMR: (300MHz. CD-0D) &: 7.44 (5. 1H), 7.30 (s, 1H). B.YR (d.
J=6.3Hz, TH), 6.83 (d, J=B.3Hz. TH). 6.45 (. 1H). 5.26 (3. 2H). 2.91 (t.
J=5.7Hs 2H), 2.51 {t. J=6Hz 2H}, 2.47 (s, 3H), 2.28 (s, 8H). 2.25 (s, 3+, 2.02
{s.3H). Mass spectrum (ESI. miz): Calculated for GayHz:O4. 375 «M-H). found
375.

Exampie 53

3+{4-[{5-Chloro-2 6-dimethyi-1-benzofuran-7-ylimethoxy]-2.3-

dimethylphenyi}propanoic acid

\7/_ 0 ‘]f\”/ ~ A O
? \ .
\q”‘-\'/\“ v

LA
i
Ch
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The title compound was prepared according to the procedure as
described in Example 20 substituting prop-1-yne for but-1-yne in step (d).
'H NMR: (300MHz, CDCls) &: 7.82 (s, 1H), 6.93-7.05 (m, 2H), 6.32 (s,
1H), 5.32 (s, 2H), 2.98 (t. J=7.2Hz, 2H), 2.83 (t, J=8.4Hz, 2H), 2.51 (s, 3H),
5 245 (s, 3H), 2.24 (s, 3H), 2.15 (s, 3H). Mass spectrum (ESI, m/z): Calculated
for CzHzClO4, 385 (M-H), found 385.
Example 54
34{4-[(5-Chloro-2.6-dimethyl-1-benzofuran-7-yl)meth -3,5-
difluorophenyl}propanoic acid

@ﬁ

The title compound was prepared according to the procedure as
described in Example 53 substituting ethyl 3+(3,5-difluoro-4-
hydroxyphenyl)propanoate (prepared as described in U.S. Pat. Appl. Publ.,
20110313003, 22 Dec 2011) for ethyl 3-(4-hydroxy-2,3-

15  dimethylphenyl)propanoate.

"H NMR: (300MHz, CDs0D) &: 7.49 (s, 1H), 6.84 (d, J=9.3Hz, 2H), 6.36
(s, 1H), 5.47 (s, 2H), 2.84 (t, J=7.5Hz, 2H), 2.54-2.59 (m, 5H), 2.39 (s, 3H).
Mass spectrum (ESI, m/z): Calculated for CaH17CIF204, 393 (M-H), found 393.

Example 55
20 -Di - nzodioxol-4- xy]-2.3-

dimethylphenyl}propanoic acid
F. F

X

Q" o

HO,C
_\—QO

a) 2.2-Difluorobenzoldl1.3]dioxol-5-0l
Into a 250-mL round-bottom flask was placed (2,2-difluoro-2H-1,3-

25 benzodioxol-5-yl)boronic acid (5 g, 24.76 mmol), H2O02 (50 mL) and

tetrahydrofuran (100 mL). The resulting solution was stirred overnight at room
162
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temperature. The resulting mixture was concentraled under vacuum. The
rasulting solution was extracted with ethyl acetate {3x30 mL) acetate and the
organic layers combined and concentrated under vacuum. The resulting
residue was purified on a silica gel column wilth ethyl acetlate/petroleum elher
(11 to veeld 2. 2-difluore-24-1.3-benzodioxol-5-ol as yellow ail.

h) 2.2-Difluore-5-tmethoxymethoxyibenzoldl[ 1.3]dioxole

Inte: @ 250-mL round-bottom flask was placed 2.2-ditluoro-2H-1.3-
henzodiexol-5-0l (4.2 . 24 12 mmal), tetrahydrofuran (100 mbL) and sodium
hydride (1.5 g. 62.50 mmol) and the mixture was stirred for 1 brat 0 7C,
Bromotmethoxy)methane (4.48 . 35.93 mmol) was then added and the
resulting solution was stirred overnight at room temperature. The reaction was
then quenched by the addition of water (5 mL). The resulting mixture was
concentrated under vacuum. The resulting soluten was diluted with ethyl
acetate (100 mL). The resulting mixture was washed with brine (3x30 mi}
The restilting residue was dried over anhydrous sodium sulfate. The sohds
were filtered out. The resulting mixture was concentrated under vacuum. The
resulting residue was purified on o silica gel column with ethyl
asetate/petroleum ether (1:3) to viek] 2.2-difluora-&-imethoxymethoxy)-2H-1.3-
henzodioxote as yellow ail.

) 2. 2-Diflugro-5-imethoxymothoxyibienzo| dl[ 1. 3ldnoxote-4-cartaldehyde

Into & 250-mL round-hottom flask purged and maintained with an inerl
atmosphere of nitrogen was placed 2.2-difluoro-5-tmethoxymethoxy)-2H-1.3-
boneodiexole (4.4 g. 20.17 mmal). tetrahydrofuran (50 mL}). To the resalting
mixture was then added n-BuLli (13.9 mL) and the rmixture was strred for 15
min at -78°C. To the resulting mixture was then added TMEDA (2.5 ¢, 19.79
mmoit and N.N-dimethylformamide (2 2 g. 30 10 mmoh and the resufting
solution was stirred overnight at reom temperature. The reaction was then
auenched by the addition of water (1 mL). The resuling mxlure was
concentrated under vacuum. The resulting solution was diluted with ethy
acetate (150 mL). The resulting mixture was washed with bring (3x30 mL).
The resulting residue was dried over anhydrous sodium sulfate. The solids
ware filtered oul. The resulling mixture was concentrated under vacuum, The

resulting residue was purified on a silica gel cotumn with ethyt
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acetate/petroleum ether (1:2) to vield 2.2-diflucre-5-imethoxymethoxy)-2H-1,3-
penzodioxoie-4-carvaldechyde as yellow oll.

4) 2.2-Difluora-5-{methoxymethoxyibenzo{di[ 1 .3]dioxole-4-carboxylic au.d

Into & 250-mL round-bottom fiask was placed 2 2-difiuoro-5-
{methoxymethoxy -2H- 1 3-benzoadioxele-4-carbaldehyde (4.0 g, 10.25 mmal}.
Ag:Q (5.6 y) and sodium hydroxide (5% aq) (100 mL). The resulting solution
wis slirrad overnight at room temperature. The solids were filtered out. The
1:H value of the solution was adjusted te pH 2-3 with hydrogen chlonde 16
moliLy. The resulting solution was extracted with ethyl acetate (3x50 mLy and
the organic layers cormbined and dned over anhydrous sodium sulfate. The
solids were fillered out. The resulting mixture was concentraled under vacuum,
The resuting residue was purified on a silca gel cotumn with ethy!
acetate/petroleum ether (1:17 to yietd 2.2-diflucre-5-(methoxymethoxyi-2H-1.3-
benzadioxole-4-carboxyic acid as yellow oil.

&) Methyl 2.2-d:fluore-S-imethoxymethoxyibenzold il 1.3 jdioxole-4-cartioxylate

Nt a 250-mL round-hottom flask was placod 2.2-difluorg-5-
{methoxymethoxy)-2H-1 3-benzodioxole-4-carb:oxylic acid (3.2 q. 12.21 mmaoi},
rnethanol (100 mL) ana Azidotrimethylsitane (2.08 ¢, 18.05 mmol) The
resulting soluticn was stirred for 3 n at Q°C. The resulting mixture was
concentrated under vacuum. The resulting solution was diluted with ethy
argtate (100 mL). The resulting mixture was washed with brine (x40 ml).
The resutting residue was dried over anhydrous sodium sutfate. The solids
were filtered out. The resulting mixture was concentrated under vacuum. Tha
resulting residue was purified on @ silica gel column with ethyl
acelate/petrolum cther (1:3) to vield methyl 2.2-difluoro-5-{methoxymethoxy -
2H-1.3-benzadioxole-d-carboxylate as a yellow solid.

Y Methy! 2.2-diftluoro-5-hvdroxybenzoldl L 3 dioxole-4-carboxylate

Into a 250-mL round-botiom fiask was placed meathyl 2. Z-difluoro-5-
tmathoxymethoxy -2+-1 3-benzadioxaie-d-carboxylate 3.0 g, 10.86 mmol},
dichloromethana (100 mLY and CF.COOH {10 mL) was then added at 0-5°C n
an ice/water bath. The resulting solution was stirred for 2 h 4t 0°C. The
regulting mixture was washed with brine (3x80 mL). The resulting residue was

dried over annvdrous sodium sulfate. The solids were filtered cut. The
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resulting moxture was concentrated under vacuum. The resulting residue was
purified on a silica gel column with ethyt acetate/petroleumn ether i1:7) 1o yield
methyl Z2.2-difluero-5-hydroxy-2H-1.3-henzodioxole-4-carboxylate as & yellow
SOk,

) Methyl 6-tbromo-2.2-diftunro-5-hydroxybenzold]] L. 3 ]dioxele-4-carboxylate

Into @ 1O0-mL round-bottom flask was placeds methyl 2.2-difluoro-5-
hydroxy-2H-1.3-henzodioxole-4-carboxylate (300 mg. 3.48 mmol). mathanol
{30 mLy and Br: {707 mq. 4.42 mmol) was then added at 0-5°C in an iceiwater
bath. The resulting solution was stirred for 3 h at 0°C. The resulting mixture
was concentrated under vacuum. The resulting soluton was diluted with ethy!
acetate (50 mL). The resulting mixture was washed with brine (3x15 mL). The
resulting residue was dried over anhydrous sodium sutfate. The sofcds were
filtered out. The resulting mixture was cencentrated under vacuum. The
resulting residuce was purified on a silica gel columr with ethy!
acetate/petroleum ether (1:2) to yield methy! 8-bromo-2.2-difluore-5-hydroxy-
ZH-1.3-bencodioxole-4-carboxytate as a brown solid.

m Methyl 2.2-difluora-6-methyl-[ 1 3dioxolof4.5-flbenzofuran-4-carboxylate

Into a1 50-mu sealed tube was placed methyl 6-bromo-2,2-difluoro-5-
hydroxy-2H-1.3-benzodioxote-4-carbmxyiate (760 mdg. 2.44 mmuol). Cul (47 maq.
0.25 mmel). Pd(PPh+;:Ct: (172 mg. 0.25 mmoli, TEA (485 mg. 4.89 mmal) and
NN-dimethylfarmamide (15 mL). To the resulting mixture was then added
prop-1-yne (196 mg. 4.89 mmot) at -78*C. The resulting solution was stirred
overnight at 75°C. The resulting solution was diluted with ethyl acetate (50
mi). The resulting mixture was washed with brine {3x15 mL). The resulinyg
residue was dred over anhydrous sodium sulfate. The salids were filtered out.
The resutting mixture was concentrated under vacuum. The resulting residue
#as purficd on a silica gel column with ethyl acetate/petroleum ether (1:3) to
yieid methyl 2,2-diflucrn-5-methyl-11.3|dioxolofd .5-f|benzofuran-d-carboxylate
as a yellow sohd,

1 3-{d-|i 2 .2-Difluoro-o-methytfuro[2 3-f|[ 1 . 3tienzodioxol-4-ylimethoxy]-2.3-

dimethylphenyoropanos acid

18535
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The title compound was prepared by reacting methyl 2,2-difluoro-6-
methyl-[1.3]dioxolo[4.5-flbenzofuran-4-carboxylate according to procedure in
Example 20.

"H NMR: (300MHz, CD+OD) &: 7.26 (s, 1H). 6.99 (d. J=6.3Hz, 2H), 6.90

5 (d, J=6.3Hz, 2H), 5.35 (s, 2H), 2.91 (t, J=6.0Hz, 2H), 2.56-2.47 (m, 5H), 2.21 (s,
3H), 2.14 (s, 3H). Mass spectrum (ESI, m/z): Calculated for CozHaxF 204, 417
(M-H), found 417.

Example 56
-Dimethyl-4-[(7-methyl-2.3-dih 1.4]benzodioxin-

10 I)methox enylipropanoic acid

Q O

HO,C
0
O~

The title compound was prepared avccording to the procedure described
in Example 55 substituting 2,3-dihydro-1.4-benzodioxin-6-ol for 2,2-
difluorobenzo[d][1,3]dioxol-5-0l in step (b).

15 'H NMR: (300MHz, CD:0D) &: 6.98-6.89 (m, 3H), 6.28 (s, 1H), 5.22 (s,
2H), 4.27-4.22 (m, 4H), 2.89 (t, J=7.5Hz, 2H), 2.49 (t. J=7.5Hz, 2H). 2.38 (s,
3H), 2.281 (s, 3H), 2.03 (s, 3H). Mass spectrum (ESI, m/z): Calculated for
C23H2404, 395 (M-H), found 395.

Egamgle 57

20 4 hloro-2-methyl-1 hiophen-7-yl)methox

dimethylphenyl}propanoic acid

a) Ethyl 2—((2—bromo—4~chloroghenyl)thlo)groganoate

Into a 250-mL round-bottom flask was placed 2-bromo-4-chlorobenzene-
25 1-thiol (5 g, 22.37 mmol), acetone (100 mL), ethyl 2-bromopropanoate (12 g,
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850,29 mmol), and potassium carbonate (9.2 g, 86.57 mmol). The resulting
solution was heated to reflux overmnight. The reaction was then guenched by
the addition of water (200 mL}. The resulting solution was extracted with ethyi
acetate (2x200 mL) and the organic layers combined and concentrated undes
vacuum. The resulting resicdue was purified on a silica gel column with ethy!
acetate/petroleum ether (1/100-1/10) to yield ethy! 2-{(2-thromo-4-
chigrophenylsulfanyl|propanoate as colorlass ail,

b Z-({2-Bromo-4-chloropheryiithioiprepanal

Int; @ 100-mL 3-necked round-bottom flask purged and mantained with
an inert atmosphere of nitroygen was placed ethyl 2-[(2-tiromao-4-
chlaropnenylisulfanyl]propancate 4 g. 12.36 mmol; and dichloremethane (100
mij. To the resultng mixture was then added DIBAL-H (24 mLY at -70°C. The
resulting solution was stirred for 3) min at -70°C. The reaction was then
nuenched by the addition nf water (40 mLy The sohds were filtered out. The
resulting solution was extracted with ethyl acetate (3x50 mL) and the organic
layers combined and concentrated under vacuuem. The resulting residuc was
punified on a silica gel column with EtOAGPE($/100-1730) to yield 2-[{Z2-brome-
d-chlorophenyhsulfanyl|propanal as colordess ol

) 7-Bramo-5-chioro-2-methyihenzobijthiopnene

Intoe @ 100-mL round-hottom flask was placed PPA {10 mL) and 2-[(2-
hroma-4-chlorophenylisulfany|propanart (1.2 g. 4.29 mmaol) and the mixture
was heated at 150°C for 45 min. The resuiting residue was cooled to room
temparaturc. The reaction was then guenched by the addition of water (20
mi}. The resulting solution was extracted with wthyl acetate (2x20 mLyand the
orgarc layers combinad and concentrated under vacuum. The resulting
residue was punfied on a silca gel column with ethyl acetate/petroleum ether
(1/100-1:10) to yield 7-bromo-5-chlore-2-moethyl- t-benzothiophene as a yellow
SOl

d Methyl S-chioro-2-methyibenzolblthiophene- 7-carboxylate

Int: & 1O0-mL round-bottom flask purged and maintained with an ingrt
atmosphere of nitrogen was placed 7-bromo-5-chloro-2-methyl-1-
bencothiophene (900 mg. 3.44 mmol). mathanol (20 mL). tricthytamine (1 7,

9.88 mmol) and PdidppfiCl- (504 mg. 0.89 mmal). Tha resulting solution was
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stirred overnight at 60°C. The resulting mixture was concentrated under
vacuum. The resulting residuc was purified on a siica gel column with P/E
{100/1-101) to yield metny! 5-chloro-2-methyl-1-benzotrouhene-7-carboxylate
As a white solid,

e) 3-{4-[(5-Chloro-2-methyl-1-henzothiophen-7-yhmethoxy]-2.3-

dimethylphenyiipropanoic acid

The title compound was prepared according to the procedure as
described in Example 20 from &-chloro-Z-methyl-1-henzothiophens-7-
carboxylate.

HNMR: (300MHz. CD.OD) &: 7.81 (3. 1+, 7.31 (s, 1H). 7.01 (s, tH)
6.91 1d, J=8 1tz 1HL 8.73 (4. J=7.5Hz, 143, 516 (s. 2H). 2.85 tt, 4=7 .5Hz.
2H), 2.55 (s. 3H), 2,45 {t. J=7 5Hs. 2H). 2.15 (s. 6H). Mass spectrum {ESI,
mizi: Calowated for C:qHy CIO-S. 387 {(M-H). found 387.

Example 58
344-[{5-Chloro-2-methyl-1-henzothiophen-7-yl)methoxy|-3.5-

difluorophenyl}propanoic acid

A, T

7 =\ —CO0H
/NS N

‘}. -/ -
Gl

The titie campound was prepared according 10 the procedure as
described in Example 57 substituting othyl 3-(3.5-difluorg-4-
hydroxyphenyliprepanoate (prepared as described in U.S. Pat. Appl. Publ..
20110313003, 22 Dec 2011) for ethyl 3-(4-hydroxy-2.3-
dimethylphenyl)propanoate.

"H NMR: (300MHz. CD:0D) 8: 7.62 (s. 1), 7.28 (s, 1HY. 7.00 (s. TH)
B.81-6.89 (m. 2H). 5.22 (8. 2H). 2.82 (. J=7.2Hz. 2H). 2.52-2.57 (m. 5H). 1 71-
1 80 (m. 2H). Mass spectrum (ESL ni/z): Catcutated for CH=C1F-0.S. 295
{M-Hj. found 395

Example 59
344-[{(5-Chloro-2-methyl-1-benzothiophen-7-ylimethoxy]-3.5-
difluorophenylipropan-1-ol
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To a solution of ethyl 3-{4-[(5-chloro-2-methyl-1-hanzothiophan-7-
yhimethoxy]-3.5-difluorephenyllpropancate {100 ma. 0.24 mmal. prepared as
described in Example 58 in tetrahydrofuran (5 mb i was added LAH (8.9 mg.

5  0.23 mmal). The resulting solution was stirred for 30 min at 0°C. The reaction
was then guenchad by the addition of Na-SOQ:#10H..0 (500 mg) The solids
were filtered out. The resulting mixture was concentrated under vacuum andd
the resulting residue was purified by reversed-phase-Cy.)-HPLC to yield 3-{4-
[(5-chigro-2-methyi-1 -benzothiophen-7-yiimethoxyl-3.5-difluorophenvl propan-

10 1-0t as s white sold. "H NMR (300MHz, CD-0OD1d: 7.70 ts, 1H), 7.40 {5, 1H).
7.01 is, 1H). 6.77-6.85 (m. 2H). 5.23 (. ZH). 3.51 {t. J=6 3Hz. 2H}. 2.56-2.63
{m, 5141, 1.71-1.80 tm. 2H)

Example 60
32 3-Dimethyl-4-({2-methyl-5-[3-{methyisulfonyl)prop-1-yn-1-yi]-1-
15 benzofuran-7-yiimethoxy)phenylipropancic acid

&) 3-(2.2-Dimethyl-4-{{2-methyl-5-(3-{methyithio)prop- 1-yn- 1-yDbenzofuran-7-

ylimothoxyiphenylhipropanoic acid

To a sotution of ethyl 3-[2.3-dimethyl-4-{[Z-methyl-5-[3-
20 {methytsulfanyliprop-1-yn-1-yl]-1-benzofuran-7-ylimethoxyphenyl]propanaate
{100 mg. 0.22 mmol. prepared as described in £xample 61) in tetrahydrofuran
(2 mL) was added a solution of LIOH (100 mg. 4.183 mmof in water {2 mL}.
The resulting residuc was stirred overnight at 257C and the pH was aqiusied w

pH 5 with hydrogen chionde (2 molil). The resutting residue was extracted

T3
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with ethy! acetate (3x10 mL) and the organic tayers combined and dried over
anhydrous sodium sulfate and concentrated undear vacuum to yielo 3-)2.3-
dimethyl 4-([Z-metnyl-5-{3-(methylsulfanyliprop-1-yn-1- yl]- 1-henzofuran-7-
ylimeathoxy iphenytprapanaic acid as yallow oil.

H) 3-[2.3-Dimeinyi-4-{{2-methyl-5-[3-tmethyisufonyhprop-1-yn-1-vl]-1-

penzofuran- 7-yviimethoxyiphenvilpropanois agid

Inlo a Hk-mL round boltom flask was placod 3-|2.3-dimathyi-4-{| 2-
methyl-5-[3-imethylsulfanylprop-1-yn-1-ylj-1-benzeturan-7-
yiimethoxyphenyl]propanoic acid (120 mg, 0.28 mmol), dichioromethane (3
mi}and m-CPBA (98 mg. 0.57 mmal). The resiltng solution was stirred for 1
hat 25°C. The resuiting mixlure was concentrated under vacuum and purifind
by RP-C18-HPLC to yield 3-(4-[[5-{3-methanesulfonylprop-1-yn-1-yh-2-methyl-
T-henzofuran-7-yiimethoxy]-2. 3-dimethylphenylipropancic acid as @ white sohd.

'H NMR: (300MHz CD-0OD) 3: 7.61 (5 1H), 7.44 (s. 1H). 7.05 (s. 1H).
0.97 (d, =841z, 1H). 6.82 (d, J=8.1Hz, TH), 6.52 (g, 1H), 5.29 (8. 2H)1. 3.58 (s,
2H), 3.09 (s. 3HY 2.91 tt, J=7 8Hz, 2H). 2.42-2.60 (m. S5H). 2.32 (s, 3t4). 2.21
{s, 3H). Mass spectrum (ESI. m:z): Calculated for C.wHa:0:8. 481 (M+Na).
found 481

Example 61
3-[2 3-Dimethyl-4-({2-methyl-5-[3-(methyisulfonylipropyi]-t-benzofuran-7-
ylimethoxylphenyilpropanocic acid

7\ N/

-/ LN .

) YN /}.. 4
j ]
‘\qﬁ,tj R
(%7

33 5-lodo-Z2-methyihanzofuran-7-carbaldehyde

Into a Hl-mL sealed tube wias placed 2-hydroxy-3.5-giodobenzaldehyde
(2 g, 5.35 mmol). pynidine (10 mL). CuO (460 my, 3.21 mmol) and a solutior of
prop-1-yne {212 my. 5.29 mmoi. 0.89 equiv) in pyridine (prepared at -78°C. &
mL}. The resulting solution was stirrad for 1 b at 120°C. The resulling soluton

was diluted with ethyl acetate (10 mL). The resulting solution was extracted
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with ethy! acetate (2x20 mL} and the organic layers combined. The resu'ting
Mixtwe was washed with bring (3x30 mL). The resulling mixturs was
ceneentrated under vacuum. The resulting residue was purified on a silica gel
column with ethyt acetate/petrelcum ether (1:30- 172010 to yield S-iodo-2-methyl-
t-benzofuran-7-carbaldehyde as a vellow solia.

h) 2-Methyl-3-(3-tmethyithioiprop-1-yn-1-viihenzofuran- 7-carbaldehyde

Into a Hl-mL sealed tube was placed 5-iodo-2-methyl-1-boanzofuran-7-
carbaldehyde (1.2 ¢g. 4.19 mmol}, 3-(methylsulfanyhprop-1-yne (724 myg. 8.40
mmof}, PdiPPh:).Cl. (147 mg. 0.21 mmol). Cul (&0 mg. (.42 mmoti. N.N-
dimethylformanude (20 mL)y and TEA (1.27 g. 12.55 mmal). The resulting
solutinn was stirred overnight at 80°C. The reaction was then quenched by the
addition of water (10 mLj. The resulting solution was extractedad with ethy!
acetate (3x20 mLy and the organic layers combined. The resulting mixtute was
washed with bring (3x30 mly  The resulting mixlure was concentrated under
vacutum. The resulting residue was punfied on a silica gel column with
PE/ETOAG (3U71-20/1) to yield 2-moethyl-5-I3-imethylsulfanylprop-1-yn-1-yl]-1-
henzofuran-7-carbaldebyde as yeliow il

;) Ethyl 3-(2. 3-dimelhyl-4-({Z-meathyl-5-{3-imothylthioprop-1-yri-1 -

vhbenzaofuran-7-yiimethoxyiphenyhipropanoate

The titie compound was prepared by reduction of 2-methyl-5-[3-
{methyisulfanyliprop-1-yn-1 yil- 1-benzaofuran-7-carbaldehyde aldehyde with
LiAIH, and coupled to ethyl 3-i1d-hydroxy-2,3-dimethylphenyljprepancate
according to the pracedure in Example 20,

i Ethyl 3-(2,3-dimethyl-4-({2-methyl-5-(3-imethylthiopropy hbenzofuran- 7-

yiimethoxyiphenvlpropanoale

Inte & 50-mL round bottom flask purged ara mamta:ned with an inert
atmosphere of H: was placed ethyl 3-[2.3-dimethyl-4-([2-methyl-5-[3-
imethylsultanylprop-1-yn-1-yll-1-benzofuran-7-ylimethoxy)phenyl|propanoate
(150 mg. 0.33 mmal). ethyl acetate (5 mL) and palladium on carbon (150 my).
The resuiting soluton was stirred for 4 hat 25'C. The solids weare filkered out.
The resuiting mixture was concentrated under vacuum to yield ethyl 3-[2 3-
dimelhyl-4-{[2-methyl-5-[3-{methylsulfanylipropyl|- T-benzofuran-7-

yllmethoxy jphenyllpropanoate as yellow il

11
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g) 3-(2 3-Dimethyl-4-({2-methvl-5-(3-tmethyithiopropyibenzofuran-7-

viimethoxyiphenylipropanoc acid

To a zolution of ethyl 3-[2.3 -dimethyl-4-([Z-methyl-5-[3-
{methylsulfanylpropyl}- t-benzofuran-7-ylmethoxyphenyl]propanoate {130 mig.
.29 mmal) in tetrahydrofuran (2 mL) was added a sotution of LIOH (130 mag.
5.43 mmel}in water {2 mL). The resulting solution was stirred overnight at
25°C. The pH value of the solution was adjusted to pH & with hvdrogen
chiornde (2 moiiL). The resulting solution was extracted with ethyl acetate
(3x10 mL) and the organic tayers combined and dricd over anhydrous sodium
sulfate and concentrated under vacuum to yield 3-[2.3-dimethyl-4-{[Z2-methyl-5-
[3-imethylsulfanyt)pronyl|-1-benzofuran -7-ylimethoxy )phenylipropanots acid as
yellow ol

f1 3-[2 3-Dirnethvi-4-i{2-methyi-5-[3-irmmethytsulfonypropyil-1-benzofuran-7-

yiimethoxyiphenylpropangic acid

Into @ SU-mL round-bottom tiask was placed 3-12.3-dimethyl-4-¢|2-
methyl-5-13-(methylsulfanylpropyl]-1-benzafuran-7-
yimethoxyiphenyllpropancoic acid (100 mg. 0.23 mmot). dichloromethang (3
mi) and m-CPBA (80 mq, 0.46 mmol). The resulling solution was stirred for 2
hat 25°C  The resulting mixture was concentrated under vacuum. The
rasulting residue was purified by RP-HPLC (C18) to yield 3-(4-{[5-13-
methanesulforyipropytj-2-mathyl 1-benzofuran- 7-ylmethoxy]-2.3-
irmethylphenyhpropanon acid as a white solid.

"HNMR. {(300MHz, CD.OD)Y &: 7.19 (3. 1+, 7.14 (5. 1H). 7.05 (s, 1H).
6.84 {d. J=8.4Hz. 1H). 6.71 (d, J=8.4Hz. 1H). 6.32 (s, TH). 5.17 (s, 2H). 2.71-
2.97 (m. 8H). 2.34-2.66 im. HH). 1.93-2 11 {m. 10H). Mass spectrum (ES],
miz) Calcuiated for CinHuO:S. 431 (M+Naj. found 481,

Example 62
3-{4-[(6-Chloro-2-methyl-1-benzothiophen-4-yl)methoxy]-2.3-
dimethylphenyl}propanoic acid
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a3 3-Brome- 5-chiarobenzengthiol

Inte @ 250-mL round-bottom flask was placed 3-bromo-5-chlorobenzene-

1-sulfonyl chionde (3.8 ¢, 1391 mmcl). PPh. {12 g. 45.75 mmaol).

1

tetrahydrofuran (200 mb) and water (10 mLj. The resuting solution was stirred

by

overnignt at S0°C. The resutting solution was diluted with sodium hydroxide
{100 mLY. The resulting mixture was washed with othyl acetate (2x200 mL.).
The pH value of the solution was adjusted to pH 3 with hydrogen chionde (6
maol/L}. The resulting sotution was extracted with ethy! acetate (2x500 mL) and

10 the organic layers combined and dned over anhydrous sodium suifate and
concontrated under vacuum ta yield 3-bromn-5-chlorabenzene- 1-thiol as red
ol

b Ethyl 2-i03-bromo-S-chloropheny o )propanoate

Inte a 250-mL round-nottom flask was pltaced 3-bromo-5-chiorcbenzene-
15 Tthiol (2.8 g, 39.37 mmoli ethyl Z-bromopropanoate {(21.4 ¢, 1168.21 mmol)
potassium carbonalte (16.4 g, 1168.66 mmat), and acetone (100 mL). The
resulting solution was stirred overnight at 60°C. The resulting solution was
chluted with water (50 mLY. The resulting solution was extracted with ethyl
acetate (3x50 mbj and the orgame layers combined and dned uver anhydrous
200 sodium sulfate. The solids wern fillered out. The resulting mixture was
concentrated under vacuum. The resulting restdue was purificd on a silica gel
cotumn with ethy! acetate/petroleum ether (5951, The collectes fractions were
combined and concentrated under vacuum to yield othyl 2-({3-bromo-5-

chtorophenyhithwipropanogie as yeliow o,

n

) 2-01{3-Bromo-5-chloraphenyiithiopropanal

To a solation of ethyl 2-{{3-broma-5-chlarophanylsulfanylipropanoate (2
. 6.18 mmel) in toluere (20 mL) was added BIBAL (6.2 mL. TmoliL) dropwige
with stirring at -78"C. The resulting solution was stirred for 30 min at -78°C.

The reaction was then quenched by the addition of water {20 mL). The solids

13
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were filtered cut. The resulting solution was extracted with ethyl acetate (4x20
ML} and the organic layers combined and dned over anhydrous sadium sulfate.
The sohds were filtered out. The resulting mixture was concentrated under
vacuum, The resulling resicue was purified on a silica gel column with aelhyt
acetate/petroleum ether £5/85). The collected fractions were combmed and
concentrated under vacuum to yield 2-{{3-romo-5-
chigrophenyhisulfanyl]propanal as yellow oil.

i1 4-Bromo-6-chlorg-Z-methylbenzo[blthiophene

Into; a 50-mi round-bottom flask was placed PPA {5 ml) and 2-[(3-
hromo-5-chiorophenylisulfanyl]propanal (1.2 4. 4.28 mmal) was added
dropwise with stirring at 150°C in 30 min. The resuting solution was stirred for
0 min at 150°C. The reaction was then quenched by the addition of water {20
mL}. The resuiting solution was exttacted with ethyl acetate (3x20 mL) and the
organic layers combined and dried over anhydrous sodium sulfale. The solids
were tiltered out. The resulting mixture was concentrated under vacuum, The
resulting residue was purificd on a silica gel column with othyl
aicetate/petroleum ether (1/99). The collected fractions were combined ana
concentrated under vacuum to yield d-hromao-6-chloro-2-methyl-1.
henzothiophene as a white solid.

€1 3-{4-1(8-Chlore-Z2-methyl- 1-henzothiophen-4-yhimethoxy]-2.3-

dimethviphenylipropanos acid

The titte compound was preparad according to the procedure as
described in Example 57 substtuting 4-bromo-6-chlora-2-
methylbenzo[b]thiophene for 7-bromo-5-chlarg- 2-methyl- 1-benzothiophene in
step ().

"HNMR: (300MHz, CDC1.) : 7.71 (5. THY. 7.39 ¢s. TH). 7.16 is. TH),
6.99 (d. J=6.2Hz, 1THYL 8.75 (d. 4=6.38z. 1H}, 5,11 {s. 2H). 2.98 (1. J=6Hz, ZH}.
2.50-2.64 (m. 5H}, 2.26 (8.3H}, 2.23 {s. 2H} Mass spectrum (ES1 miz):
Catculated for CH:,CIOLS, 387 (M-, found 387.

Example 63
3-{4-[{6-Chloro-2-methyl-1-benzothiophen-4-ylimethoxy]-3.5-

difluorophenyl}propanocic acid
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The title compound was prepared according to the procedure as
described in Example 62 substituting ethy! 3-{3.5-difluoro-4-

hydeoxyphenylpropancate for ethyl 3-{4-hydroxy-2.3-

5 dimethylphenyhpropancate.
' NMR: (300MHz. CD.OD) & 7 74 (s, 1H). 7.42 (s. 1H). 7.17 (s, 1H).
691 id. J=8.9Hz 2H) 518 (5. 2H). 2.88 (1, J=68.7Hz. 2H). 2.57-2.62 (m. 5H).
Mass spectrum (ES! méz). Calculated for CqaH4.ClF0:8, 395 {M-H). found
345,
10 Example 64

3-{4-[(6-Chlorg-2-methyl-1-benzothiophen-4-ylimethoxy]-3.5-

diflucrophenylipropan-1-ol

A
/

AN
v/ -
. \ .
\\\\ /‘j-\ —
o N _/,> \ .
F \‘on

The title compound was preparad by reacting 3-{4-[{6-chloro-2-methyl-1-

15 benzothiophen-4-yi)ymethoxyl-3.5-difluoropheny}propancic acid {(prepared as
described in Example ©3) according to procedure in example 59.
"H NMR: (300MHz. CD-OD) &: 7.74 (s. 1H1, 7.41 (s, 1H). 7.17 (s, TH).
8.86 (¢, J=7.2Hz. 2H1, 5,18 is. 2H), 3.66 (1. J=4 SHz 2H). 2.62-2.66 im SH),
1.76-1.83 {m, 2H}.
20 Example 65
3-{4-{(2-tert-Butyl-6-chloro-1.3-benzothiazo!-4-yl)methoxy]-2,3-

dimethylphenyl}propanoic acid
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a) 2-Amino-3-hromo-5-chlarobenzenethiol

The titie compound was prepaced according to the procedure as
described in Example 66 substituting 2-bromo-4-chloroaniline for 2-tiromo-4-
5 fluoroaniline,

b 4-Brome-2-(tert-butyl)-6-chiorobenzoldthiazole

Into; a 100-mL round-bottom flask was placed 2-aming-3-tiremo-5-
chlorghenzene-1-thiol (400 mg. .68 mmal), NMP (10 mLyand 2.2-
dimethylpropanayl chloride (403 mg, 3.34 mmol). The resulting solution was

10 strred for 1 hat 130°C. The reaction was then quenched by the adddion of
water {10 mL). The resulting solution was extracted with ethyl acetate (2x10
mi} of ethyl acetate and the organic layers combined.  The resulting mixture:
was washed with brine (3x20 mL). The resulting mixture was concentrated
under vacuum. The rasulting residue was punfied on a sitica gel column witr

15 ethyl acetatespetroleun ether (1/30-1710) to yieid 4-bromo-2-tart-tbutyl-6-chloro-
1. 3-henzothiazole as yellow oil,

¢ Methyl Z-tert-hutyi-6-chioro-1. 3-bernzothiazole-4-carboxylate

[nte @ 100-mL round-bottom flask was placed d-bromo-2Z-tert-butyl-6-

chiore-1.3-boenzothiazole (150 mg, 0.29 mmat). methanoel (10 mL) PdidppRCl;

g
[

(72 mq. 0.10 mma and triethyiamine {149 mg. 1.47 mmaol). CO (g) was
intraduced and the resulting solution was strred overnight at 60°C. The
resulting mixture was concentrated under vacuum. The product was purified by
TIL.CIPE/EIOAC=5/11. to yiclkd methy! 2-tert-hutyl-6-chloro- 1.3-benzothiazole-4-
carboxylate as a solid.

25 ) (2-Tert-butyl-8-chiorg-1. 3-benzothiazol-4-yiimsthangl

To a solution of methyl 2-tert-buty:-6-chloro-1.3-henzothiazole-4-
carboxylate (120 mg. .42 mmol)in ether (2 mL) was added LAH {16 my. .47
mmol) at 0°C. The resutting solution was stirred for 30 min at 0°C. The

reaction was then quenched by additon of sodium suifates10H-O (500 myg).
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The solds were filtered out. The resulting residue was concentrated under
vacuum. Then the product was purificd by preparative TLC plate (PE/EA=5/1)
to yteld (2-tert-butyl-6-chioro-1.3-benzothiazol-4-ylmetnanol as yellow oil.

g) 3{4-[(Z-tert-Butyl-6-chlore-1.3-benzothazol-4-yhmethoxy]-2. 3-

cdunathylphenvilpropanoic acid

The title compounid was prepared by reacting (2-tert-butyl-6-chlore-1.3-
benzothiazol-4-ylimethanaol aceording to the procedure as described in
Example 20 step ij).

"H NMR. (300MHz. DMSQO) 0: 8.21 (s, 1H). 7.59 {s. 1H). 6.94{d.
J=RdHz, tH) 6.88 (d. J=3.4Hz. TH). 5.48 (s. 2H). 2.77 (t. J=7.5Hz. ZH). 2 3%
{d.J=8 1Hz. 1H). 215 ts. 6H), 1 47 15, 9H). Mass spectrum (ESI. mizy
Calculatadd for CooHCINO. 8. 432 (M+H1, found 431

Example 66
3-{4-[{2-Ethyl-6-fluoro-1.3-benzothiazol-4-ylimethoxy]|-2,3-
dimethylphenyl}propanoic acid

e

-

\ / /kj

—(

F>__ _

a1 4-Bromo-6-fluorobenzofd]thigzol-2-amine

To a solution of 2-bromo-4-fluoroaniling (10 ¢. 52.63 mmeali and
NH.SCN {20 g1 in acetic acid (80 mL) was added a solution of Br: (9.2 g, 57.57
rnmol] in acetic acid (20 mL) at (-57C. The resulting solution was slirred for 2 h
at 0°C. The resutting solut:on was diluted with water (200 mL). The pH of the
solution was adjusted to pH 7-8 with sodium hydroxede (10%) and the resulting
tesidue collected by filtration o yield 4-bromo-6-fluere-1.3-henzothiazol-2-
amineg as a yellow solid.

b1 4-Bromo-6-fluorobenzofdlthiazole

[nto & 500-mL round-pottom flask was placed 4-bromo-6-fluoro-1.3-
benzothiazol-2-amine (12.0 g, 48.57 mmol). 1 4-doxane (100 mL) and 3-
methyibutyl nitnte (31 . 264.63 mmaol). The resulting sotution was stirred for |

hat o0°C. Tha resulting mixture was concentrated undor vacuum and the
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residue was purified by silica gel column chromatography to yield 4-bromo-6-
fluoro-1.3-benzothiazole as @ yellow solid.

) Z-Aming- 3-bromo-5-flugrob:enzenethiol

Into a 100-mL round-bottom flask was placed 4-bromo-6-fluorg-1.3-
bengzothiaznle (2.0 ¢, 8.62 mmaol). cthanol (20 mLY and NH.NH +H. O (1.7 g).
The resulting solution was strred for 2 h at 80°C - The resulting mixture was
concentrated under vacuum and the residue was punfied by silica gel column
chromatography to yield 2-amino-3-bromo-S-fluorabenzene- 1-thiol as yellow oil.

o) 4-Bromo-2-ethyl-6-fluorobanzeldithiazole

Into a 1O0-mL round-bottom flagk was placed 2-aming-3-bromo-5-
fluprehenzene-1-thicl (800 my. 3.60 mmol}, NMP {20 mL} and propanoyl
chlonde (667 ma. 7.21 mmaotl. The resulting solution was stired for 1.5 h at
130°C. The resulting solution was diluted with ethyl acetate (100 mLY. The
resuliing mixture was washead with brine (3x30 mL). The resulting residuc was
dried over anhydrous sodium sulfate. The solids were tfiltered out. The
resulting mixture was concentrated under vacuum and the resaiuc was punfied
by silica gel column chrromatography to yield 4-brorno: 2-ethyl-6-
fluorobenzo[dithiazole &s colorless oi,

) Methyl Z-ethyl-g-fluorcbenzo[dlthiazote-4-carboxylate

Into @ 100-mL round-bottom flask was placed 4-bromo-2-ethyl-6-
fluorobenzaldiihiazole (320 mg. 1.23 mmali. methanol (20 mL). TEA (373 mg,
2.6% mmol), and Pd(dppfiCl:. (135 mg). CO (g) was introdiiced and the
resulting solution was stirred overnight at 6G°C. The resulting mixture was
concentrated under vacuum anid the residue was purfied by silica gel
chromatograph to vielks of maethyt 2-gthyl-6-flunrobenzofd]thiczole-4-carboxylate
as a colortess oil.

1) 3-14-[12-Ethyl-6-flunro- 1.3-bhenzathigzol-4-ylimethoxyl-2.3-

dimethviphanyiipropanos acid

The titte compound was prepared by reacting methyl Z-ethyl-6-
fluorobenzod]thiazole-4-carb:oxylate according ta the procedure as described
in Example 1

'H NMR: (300MHz. DMSO) 1 7.958 (dd. J.=8 7THz. J.=2.7Hz, 1H), 7.40
(ls. J,=9.9Hz. J:=2.7Hz, 1H). 8.94 (d. J=8.4H:z, TH}. 6.83 (¢, J=8.4Hz TH).
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54915 ZH) 214 tq. Ji=15.0 Hz, LH=7 .50z, 2H) 2.77 (1, J=7.214z, 2H). 2.40 4
J=7.5Hz. 2HY 1.38 (1. J=7.5Hz. 3H). Mass spectrum (ESEH mizy Calcuiatend for
C 1. FNO-S. 3858 (M+H). found 3886.

Example 67
5 3-{4-{[6-chloro-2-{1-methylethyl)-1,3-benzothiazol-4-ylimethoxy}-2,3-

dimethyliphenyl)propanoic acid

. -
7 g

7= rq
IR /
(:'ﬂ)_/_/

a1 d-Bromo-6-chloro-Z-isopropyibenzol[dthiazole

OH

Inte a t00-mL round-hottom flask was placed 2-aming-3-tiramo-5-

1G chlorobenzene-1-thiol (400 my. 1.68 mmal. prepared as described in Example
65). NMP (10 mL) and 2-methyipropanoy! chloride {358 mg. 3.37 mmol). The
resulting solution was stirred for 1 h at 130°C. The reaction was then
quenched by the additien of wataer (10 mLY. The resulting solution was
extracted with ethyl acetate ((!x10 mbLj and the organic layers combined. The

15 resulting mixture was washed with brine (2x20 mL). The resulting mixture was
concentrated under vacuum. The resulting residue was purified on a silica gol
column with ethyl acetate/petroteum ether (1/30-1/10) to yield 4-bromo-6-
chlarg-2-sopropylhenzo{dithiazole as a hght yellow oil.

by 3-(d-{[3-chlore-2-{ 1-methytethv-1.3-benzothiazot-4-yllmethoxy}-2.3-

20 dimethylphenypropanoic acid

The titie compound was prepared by reacting 4-bromo-6-chloro-2-
1sopropylhenzofdltniazole according to the precedure as described in Examinle
65.

"H NMR: (300MHz. DMSO) 8: .21 is. TH). 7.58 {s. TH). 6.94 (d.

25 J=R4Hz TH). 6.85 (d. J=8.4Hz 1H). 543 (s. 2H). 3.40-3.48 (m, 1HY 2.77 (1,
J=8.1Hz. 2H). 2.40 {d. J=8.4Hz. 1H). 2. 16 (8. 6H), 1.42 (s. 3H). 1.40 {s. 3H).
Mass spectrum (ES1 miéz): Caleulated for CLarsCINO.-S. 416 (M-H) found
410,

Example 68

174



WO 2014/1590010 PCT/US2004:42170

10

ry
N

3-{4-[(2-tert-butyl-6-fluoro-1,3-benzothiazol-4-ylymethoxy]-2,3-
dimethylphenylipropanoic acid

- /
Ve -f’ N30

a) 4-Bromo-Z-tert-hutyli-6-fluorobenzo[dithiazoe

Inte: a 100-mL round-bottom flask was placed 2-amine-3-bromao-5-
fluorebenzene-1-thiol (800 mqg. 3.60 mmol. prepared as described in Exampie
66). NMP (10 mL) and 2. 2-dmelhylpropanoyl chloride (672 mg. 7.23 mmaol}
The resulting solutron was stirred for 1.5 h at 120°C. The resulting solution was
difuted with ethyl acetate (100 mL) The resulting mixture was washed with
bring (3x30 mL). The resulting residue was dried over anhydrous sodium
sulfate. Tne solids were filtered out. The resulting mixwre was concentrated
under vacuum. The resulting residue wag purfied onto a silica gel column with
ethyl acetate/petroleumn ether 11.5) to yield 4-bromao-2-tert-butyl-6-flucre-1,3-

bengzothiazole as yellow oi,

PR LA 4 PLEANSLELILCAS M MK LN

-t;,nmethvl phonypropanoic acid

The titie compound wvas prepared by reacting 4-bromo-2-(tert-bauty)-6.
flunrobenzo(dithiazole aceording to the procedure as described in Example 85,

"H NMR: (300MHz, DMSQO} : 7.95 (dd. J;=R.7Hz. J=2.7Hz. 1H). 7.42
(dd. J-=9.9Hz. J.=2.7Hz. 1H). 6.93 «d. J=8.1Hz. 1H), 6.87 (d. J=8.4Hz. TH).
549 (s. 2H). 2.77 {t, J=7 .6Hz. 28], 2.38 {t, J=7 SHz. 2H}) 2.16 (3. BH). 1 47 (s
GH). Mass spectcum (ESIL mizy Catculated for C,.H. FNO:S, 416 {(M-H}. found
416,

Example 69
3-[4-({5-Chloro-2-methyl-6-[3-{methylsulfonyl)propyi}-1-benzofuran-7-

yiimethoxy)-2 . 3-dimethyiphenyllpropanoic acid
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a) Methyl 5-chloro-2-mathyl-6-t{ (riflugromeothybsulfonyboxy henzofuran-7-

carboxylate
The title campound was prepared according (0 the procedure as
S described in Example 20 substtuting prop-1-yne for but-1-yne in step (d).

) Methyl 5-chlorg-2-methy-6-(3-(itrimethyvigityDoxyprop-1-en- 1-yviibenzofuran-

7-carboxylate

A mixture of methyl 5-chloro-2-methyl-o-[(trifluaromethane)sulfonyloxyl-

T-bhenzofuran-7-carboxylate {1 . 2.68 mmoty, DMF (10 mL). tnmethyl{[[(2E)-3-

1 (letramethyl-1,3.2-dhoxaborolan-2-yhprop-2-en-1-ylloxy]isilanc {1.37 ¢. 5.35
mmot}, PdiOAc) (80 mg. 0.27 mmoal). 2-dicyclohexylphosphing-2'.6'-
cimathoxybiphenyl (220 mg. 0.54 mmat). K:PO. (1.4 . 5.60 mmol) and water(1
mL}. The resulting solution was stirred overnight a1 70°C. The react:on was
then quenched by the addilion of weater (20 mL). The resulting solution was

15 extracted with ethyl acetate (3x30 mL) and the orgame layers combined. The
resulting mixture was washod with brine (3x50 mL). The resulting mixture was
concentrated under vacuum. The resulting residue was purified on a silica gel
column with PEEIOA: (30/1-10/1) tn viekd metby! 5-chlorg-2-methyl-6-[{1&)-3-
[ttrimethyisilyhoxylorop-1-en-1-vl]- 1-benzofuran-7-carbioxylate as yellow oil.

20 ) Methyl 5-chlore-6-{3-hvdroxyprop-1-en-1-yD-2-methylbenzofuran- 7-

Inte a 100-mL roundd flask was placed methyt 5-chlore-2-methyl-68-i 1E3-
a-[(trimethylsilyhoxy|prop-1-en-1-yl|-1-benzofuran-7-carboxylate (800 mq. 2.27
mmol}, tetrahydrofuran (10 mL) and TBAFUIN) (S mL). The resulting soldtion

25 was shirred for 4 b at 25°C. The resulting mixture was concentrated under
vacuum. The resulting residue was purificd on g sidica gel column with
PEEIOAC (3071-5/11 to yield methyl H-¢hlore-6-[(1E}-3-hydroxyprop-t-en- 1-vl|-

Z-mathyi-1-henzofuran-7-carboxylate as a white solid.
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) Methyl 5-chioro-2-methyl-6-(3-iimethylsutfonyoxyiprop-1-en-1-

yhibenzofuran-7-carboxylate

Intes @ 50-mL round flask was placed methyl 5-chloro-6-[(1E}- 3-
hydroxyprop-1-en-1-yl]-2-methyl-1-benzofuran-7-carhoxyiate (100 mg. 0.36
mmol). dichloromethane (2 mb) trethvlamine (103 mg. 1.07 mmel; and MsCl
(31 mg. .71 mmol). The resulting solution was stirred for 2 h at 25°C. The
reaction was then quenched by the addition of water (10 mL)  Tho resulling
solution was extracted with DCM (3x10 mL ) and the organie layers combined
The resuiting mixture was washed with brine (3x30 mLj. The resulting residuc
was dned over sodium sulfate and concentrated under vacuum to methyl 5-
chloro-6-[(1E)-3-(methanesullonyloxy)prop- 1-on-1.yl|-2-methyl- 1 -henzofuran-7-
carbioxyiate as veltow oil.

e) Methyl 5-chioro-Z-methyi-6-3-i methylthio prop- 1-en-1-yhibenzofuran- 7-

carboxvlaie

Inte @ SO-mL round bottom tlask. was placed methyl 5-chlere-6-[11E -3~
{methanesulionyloxyprop-1-en- 1-yl]-2-mathyl-1-benzofuran-7-carboxylate (80
my. 0.22 mmol). N.N-dimethylformamide (2 ml). CH:SNa (78 mq. 1.11 mmul).
Cs:CO;, 362 mg, 111 mmal). The resulting solution was stirred for 1 h at
25°C. The reaction was then quenched by the addition of water (10 mL). The
resulting solution was extracted with ethyl acetate (3x10 mL) and the organic
layers combined, The resulling mixture was washed with brine (3x20 mL). The
resulting mixture was concentrated under vacuum. The resulting residue was
purified on a silica gel column with PE/ELOAC (30:1-10:/1) 10 yield methyl &-
chioro-2-methyl-6-[{1E)-3-tmethylsulfanylprop-1-en-1-yl]- 1-benzofuran- 7-
carboxylato as brown of

fi Methyl 5-chlorg-Z-methyl-8-(3-tmethyithio)propyhbenzofuran-7-carboxyiate

Into g S0-mL round bottom flask was placed methyl 5-chioro-2-methyl-6-
[(12)-3-(methylsulfanyl)prop-1-en-1-yl}-1-henzofuran-7-carboxylate {40 mg,
0.13 mmoly, tetrahydrofuran (2 mL) and patladium on carbon (40 maq).
Hydrogen (gas) was introduced and the mixture was stired for 4 h gt 25°C,
The solids were filtered out. The resulting mixture was concentrated under
visuum Lo yield methy! S-ohlora-2-methyl-6-[3-imethyisulfanylpropyl]-1-

henzofuran-7-carboxylate as colorless ot
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) 3-(4-115-Chloro-2-ethy-6-(3-(methylthio)proapylibenzefuran-7-vliimethoxy)-

2. 3=<limethyiphenybpranangic acid

The title compound was prepared by reacting metnyl 5-chloro-Z-methyl-
6-(3-imethylthic)propyhbenzofuran-7-carboxytate by L'AH, reduction, coupling
and hydrolysis according to the procedure as descnboed in Example 20,

hi 3-[4-(5-Chloro-2-methyl-8-[3-tmethylsutfonylipropy!l-1-henzofuran-7 -

viimethoxyi-2. 3-dimethviphenylipropangic acid

[nte a 25-mu round-hottom flask was placed 3-[4-([S-cRloro-Z-methyl-6-
[3-imethylsulfanyDpropyl]- 1-benzofuran-7-ylmothoxy)-2.3-
dimethylphenyllpropancic acid 115 mg. 0.03 mmal). dichioromethane (1 mL)
ari m-CPBA (11 mg. 0.U6 mmal). The resulling solution wias slirred for 2 h at
25°C. The resutting mixture was concentrated under vacuum and purified ty
RP-C18-HPLC to yield 3-(4-[[5-chloro-6-{3-methanesulfonylpropyi)-2-methyl- 1.
bonzofuran-7-ylimethoxyl-2 3-dimethylphenylpropanosic acid as a off-whele
solid.

"HNMR. (300MHz. CD.ODI 6: 7.57 (s, 1+1. 6.97-7 04 tm, ZH). 8.47 (s,
TH). 5.35 (s 2H). 3.09-3.20 (m. 4H), 2.86-2.95 (m, 5H). 2.43-2.54 (m. 5H). 2.27

(s, 3H), 2 10-2.22 im. SH). Mass spectrum (ESI. miz)y Calculated for
C?’HJC|O:S 491 (M-H} found 491,
Example 70

3-{4-[(6-Chloro-2-ethyl-1,3-benzothiazol-4-ylimethoxy]-2.3-
dimethylphenyl}propanocic acid

e
{ . £
f‘:':./ p \'_jf , {?
\ ol NS Ny
r 3 P Y '
4 N_7 N4
N/

ali6-Chiore-2-ethvibenzoldithiazol-4-ylimethano!

The titie compound was prepared acoording to the procedure as
described in Example 65 step (b) sabstituting propanoyl chloride for 2.2-
dimethylpropancy! chloride.

1y 3-{4-[{G-Chlaro-2-athyl-1.3-benzothiazol-4-yimeihoxyl-2.3 -

amethylphenviipropanote aciid
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The title compound was prepared by reacting 8-chlero-2-
othylbenzo[d]thiazol-d-ylimethanol according to the procedure as desacribed in
Example 20 step ij).

TH NMR: (300MHz. DMSQ) & 8.19 (s. 1H). 7.56 {s. TH), 6.94 id.

J=8 1Hz. 1H). 6.82 {0, J=8.4Hz 1H). 548 {8, 2H). 3.12-2.19 {m. 2H} 2.77 (1,
J=8 1Hz. ZH). 2,40 (1 J=8.1Hz. 2H). 2.16 (s, 6H). 1.38 (1, J=7.5Hz. 2H). Mass
spectrum {ES] miz). Calcutated for C:1Hz:CINO:S, 404 (M+H} found 404,
Example 71
3-{4-{[6-Chloro-2-(2-methylpropyl)-1.3-benzothiazol-4-yllmethoxy}-2.3-
dimethylphenylipropancic acid
}::')

N
~

V(o <‘_;- 7 om
>:_.

Ol

The title compound was prepared according to the procedure as
described in Example 65 substituting 3-methylbutanoyl chioride for 2.2-
dgimethylpropanayl chioride in step {b).

TH NMR: (B00MHz. DMSO: &: 819 (5. 1H). 7.57 is. TH). 8.31 ¢,
J=8.7THz. 1H). 6.84 (d. J=8.4Hz. 1H). 5.48 (3. 2H), 2.01 (4. J=06.9Hz, 2H}, 2.77
(L J=7.5Hz, 2H). 2.39 (1. J=7 8Hz 2H). 2.14-2.17 {m, 7H}. 1.00 (5. 3H). 0.09 (s,
ZH). Mass spectrum (ESI mi/z). Calculated for C,.H CINO.S, 432 (M+H),
found 452,

Example 72
3-{4-{[6-Fluoro-2-{1-methylethy!}-1,3-benzothiazol-4-yllmethoxy}-2,3-
dimethylphenyllpropanoic acid

~

;‘-‘:'/LN
r>= ¥ g\) .

o) 4-Bromo-B-fluuro-2-isepropylbenzofdlthiazole

—iH
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Into a 50-mL round-hottom flask was placed 2-amine-3-bromn-5-

flucrobenzene-1-thiol (800 my, 3.60 mmol, preparcd as descrbed in Example
56). NMP (10 mL). and 2-methylpropanoy! chloride (771 myy. 7.24 mmal). The
resulting solution was stirred for 15 h At 1307C. The resulting solulion was

5 chiuted with ethyl acteate {100 mL). The resulting mixture was washed with
brire (3x30 mL). The resulting residue was dried over anhydrous sodium
sulfate. The solids werge filtered out. The resulling mixiure was conaentrated
Jnder vacuum. The resulting residue was punfied on a silica get column with
athyl acetateipetroleum ether (1:5) to 4-bromuo-6-fluore-2-(nropan-2-yli-1.3-

10 benzothiazale as yellow ol

b 3-(4-{B-Fluoro-2-i1-methylethyti-1.3-benzothiazol-4-vimathoxyi-2.3-

dimethylphenviiprepanoic acid

The titie compound was prepared by reacting 4-bromo-6-fluoro-2-
{propan-2-yhi-1.3-henzoihiazole according in the procedure as described
15 Example 65.
'HNMR, (300MHz. DMSQ) 6: 7.95 (d. J=6.9Hz. 1H). 7.41 (d, J=9.6Hz.
THY. 6.94 (d. J=8.4Hz 1H). 6.85 (d. J=6.4Hz, 111}, 5.49 (5. ZH). 3.48-3.38 (m,
tH), 2.80-2 72 1, 2H). 2.50-2.37 tm, 2H), 2 18 (s. &H), 1.41 (o, J=6.3Hz. 6H).
Mass spectrum (ESL mézi: Calculated for CuuH-FNO-S, 400 (M-HY. found 401,
20 Example 73
3-{4-{[2-Methyl-5-{trifluoromethoxy)-1-benzofuran-7-yljmethoxy}-2-

(trifluoromethyllphenyl]propanoic acid

‘-’m/’% \H\-_z/'\

/ SOCE

{Of:H

a) Methyl Z2-hydroxy-5-itrifiucromethoxyibenzoats

25 To a solution of Z-hydroxy-5-itriffuoromethoxyibenzow acid {2.2 g, 9.9U
mmaliin dichioromethane (10 mL) and methanol (2 mL) st 0 °C was added
tms-chazomethane (2MY (5 mL) dropwise and the solution was stirred for 2 h at
25°C. The reaction was then quencherd by the addition of water. The resulting
soivtion was extracted with DCOM {2x10 mLj and the organc layers combined

30 ang concentrated under vacuum. The resulting residue was purified on a silica

ge! column with ethyl acetate/petroteum ether (10720). The collectad fractions
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were combined and concentrated under vacuum 1o vield methyi 2-hydroxy-5-
{tnfluoromethexy jbenzoate as coloriess oil.

L Methyl 3-bromoe-2-hydroxy -5-tiriflusromethoxy ienzoate

Into & 50-mu round-hottom flask was ptaced methyl 2-hydroxy-5-
{trifloromethoxy lbenzeate (1 g, 4 23 mmoli CH-CN (20 mL) and NBS (1.5 ¢.
8.43 mmoll  The resutting solution was stirred overnight at 75°C in an oil hath,
The resutting mixlure was concentrated under vacuum, Tag rasuling residue
was purified on a siiica gel column with ethyl acetate/petroleum ether (2/98).
The caollected fractions were combined and concentrated under vacuum to vicld
methyl 3-bromo-2-hydroxy-S-ttnflioromethoxyibenzoate as yellow oil.

) Methyl Z2-methyt-5-firfluoromethoxyibenzofuran-7 -carboxylate

[nte a 50-mL. pressure tank reactor was placed methy 3-bromao-2-
hyvdroxy-S-(trifluoromethoxyibenzoate (1.2 g, 3.861 mmol), prop-1-yne {300 mq.
7 49 mmal}, PdiPPh-,}:Cl, (268 myg. 0.38 mmol), Cul (73 mg 0.38 mmai),
triethylamine (760 mg. 7.51 mmol) and N.N-dimethviformanmude (10 mL). The
resulting soiution was stirred overnight at 78°C in an ol bath, The resulting
solution was diluted with water. The resulting solution was extracted with ethyl
anetate (3x15 mb) and the organic layers combined. The resulting mixture was
washed with water {2x15 mL). The resulting mixture was concentrated under
vacuum. Tha resulting residue was purificd on a silica gel column with ethyl
acetate/petroleum cther (10/90). The coliccted fractons were combined and
concentrated under vacuum to yield methy! 2-methyl-5-itrifluoromethoxy)-1-
benzofuran-7-carboxylate as a yellow solid.

) Ethyl 3-(4-hydroxy-Z-tinfluoromethyliphenylipropangate

The title compound was prepared according 1o the proceddre as
described in Example 86 substituting 4-broma-3-(triffuoromethyliphenol for 4
bromo-2.3-difluorophencl in step (a).

£) 3-14-{{2-Methyl-6-{influcromethoxy)-1-benzofuran-7-viimethoxy}-2-

{trifluoromethyliphenvllpropanoic acio

The title compound was pirepared by reacting methyl 2-methyl-5-
{tifiuoromethoxy)-1-benzofuran-7 -carboxytate and ethy! 3-{4-hydroxy-2-
{triftuoromcthyiphenylipropancate according to the procedure as deserbed m

Example 1.
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"HNMR: (300MHz. CD30D) &: 7.52-7.24 tm. 5H). .58 {s. 1H). 5.42 (s,
ZHY. 3.04 it J=7.2Hz. 2H). 2.57 (1. J=7.5Hz. 2H1 2.51 (s. 2Hi. Mass spectrum
(ESI. miz): Caleulated for C.yHwFeOs=, 461 (M-H). foung 461

Example 74
s 3-(4-{{5-cyano-2-ethylbenzofuran-7-ylimethoxy)}-2,3-

dimethyiphenyl)propanoic acid

NC,
= \

%?' \(J'ﬂ—\ o
P

/
N
N\

)'" OH

Step A Ethvl 3-{4-1(5-bromo-2-athylbenzofuran-7-yDmethoxy -2.3-

dimethviphenylpropanoate

10 Ethyl 3-14-115-broma-2Z-ethylbenzofuran-7-ylimethoxy)-2,3-
dimethylphenylipropansate was preparaed according to the procedure as
described in Example 83, substituting methy! 5-bromo- Z-ethylbenzotfuran-7-
carboxylate (preparad as described n Examplo 101, step (&) for methyl 2-

ethyl-5-fluorohenzofuran-7-carboxylate in step ().

dimethviphenylpropanoate

A mixture of ethyl 3-(4-((5-brome-Z-ethylbenzofuran-7-yhmethoxy)-2.3-
dimethylphenylipropancate (300 mg. 0.65 mmol). zine cyanide {77 mg. 0.65
mmol) ang PdtPPh+)s (75 my, 0.065 mmal) in NMP (8 mL) was heated tw

2ty 120°C for 75 min in a microwave reactor. The mixlure was cooled to room
temperature and diluted with EtOAc. The E1OAC solution was washed with
watoer. and bunc and dried over Na.SO;. EtOAC was removed under vacuum
and the resulting residue was purified by silica gel column chromatography 1o
yieid ethyl 3-{4-((5-cyano-2-¢cthylhenzofuran-7-ylymeathoxy 2.3

25 dmethylphenyl)propanoate.

Step C: 3-(4-({5-Cyann-2-ethylbenzofuran-7-ylimathoxy-2.3-

armeihviphaenylhpropanorc ackd

3-(4-{{5-Cvano-2-ethyihenzofuran-7-yhimethoxy -2 .3-

dimethylphanylipropanoe acid was prepared from ethyl 3-(4-{i 5-cyano-2-
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ethylbenzofuran-7-yhmethoxy)-2 3-dmethyiphenylipropancate by hydrolysis
with sodium hydroxisie according to the procedawre as described in Example 86
step (el
'H NMR ({CHLOROFORM-d3 & 7.77 (4. J = 1 S Hz. 1H). 7.68 (d. J = 1.8
Hz. TH). 6.99 (4. J = 83 He  1HL 6.78 (d. ¢ = 8.6 Hz. 1H). 6.48 (8. TH). 5.33 (s.
2ZHY, 2.91 - 500 (m. 2H), 2.80 - 2.90 {m. 201, 2.55 - 2.65 (m. 2H). 2.26 {s. 6H).
.36 (1, 3HY. Mass spectrum {ESI miz): Caled, for CaH-NOy. 777.3 iM2+4Na),
found 777.3.
Exampte 75
3-{6-{{2-ethyl-5-fluorobenzofuran-7-yljmethoxy}-2-methylpyridin-3-

ylipropanoic acid

d
&
VA .
}—_/_ \O--—[ \__p. -\ /:__o
F N= —

Step A: Ethyi 3-i8-fluoro-Z2-methylpyridin-3-yhpropanoate

Etnyl 3-(6-fluoro-Z-methyipyridin-3-yljpropanoate was preparedd
according to the proceiture described in Example 36 steps (a and b)

substituting 2-tromao-6-flucro-2-methylpyridine for 4-bromo-2.3-diflucrophenal.

Step B: 3-ig-i12-Ethvi-5-flugrobunzofuran-7-ylimothoxy i-2-methylpyridin-3-

yhipropanois acid
3-(6-{{ 2-Ethyl-6-llunrobenzofuran-7-yl imethoxy j-2-methylpyridin- 3-

yhpropanoe acid was prepared from ethyl 3-(6-flucra-2-methyipy-idin-3-
yhpropanoate and {2-cthyl-5-fiucrobunzofuran-7-ylimethanal (prepared as
described Example 83 (¢)) according 10 the procedure as described in Example
96.

"HNMR (MeOD 1 8: 7.49 (. J = 8.6 Hz. 1H;. 7.13 {cd. J = 8.6. 2.5 He,
TH). 7.08 (dd. J = 10,1, 2.5 Hz, 1H). 6.65 (d. J = 8.6 Hz. 1H). 86.43 (5. TH). 5.56
(s, 2H) 288 (1. J = 7.8 Hz, 2H), 2.78 - 2.35 {m. 2H), 2.52 - 2.88 im, 2H), 2.45
{s, 3, 1.34 (1, 3H). Mass spectrum (ESI miz): Caled. for CupH-oFNQ,, 355.1
(M+H) found 358.0).

Exampie 76
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3-{4-{[6-Fluoro-2-{2-methylpropyi}-1.3-benzothiazol-4-ylimethoxy}-2.3-

dimethylphenyllpropanoic acid

A

57NN
JON pa—
Kd \ —
>___/— ) \
g N7 \_eom

The titie compound was prepared according o the procedure as

(4]

describad in Example 68 substituling 3-methylbutanoy! chloride for 2. 2-
dimethylpropanoy! chiloride.

H NMR: (300MHz. DMSQO} d: 7.96 (Jd. J=6.2Hz, 2.1Hz. 1H). 7.42 {dd.
J=7.5Hz, 1 RHz, 1H1 6.94 (d, J=6.3Hz. 1H}, 6.85 (. J=6.3Hz 1H). 5.51 (s,
2H). 3.02 . J=8.4Hz. Z2HY 2.78 it J=8.3Hz. 2H). 2.41 tt, J=6.0Hz, 2H), 2.21-
10 211 (m. 7HL 1.01 {8 6H). Mass spectrum {ESL mizy. Caloulated for
C.:H 4 FNO-S. 414 (M-H). found 414,

Example 77
3-{4-{{5-Chloro-2-{2-fluorovinyi}benzofuran-7-yimethoxy)-2.3-
dimethylphenylipropanoic acid {mixture of E/Z)

Gl
\\}__,/ _\r)_</:</—\- 0
Lo == 4',
3 OH
g/
15 F

3-(4-(i5-Chioro-Z-{2-fluorovinyhhenzofuran-7-yhmethoxy )-2.3-
dimethylphenylipropanoic acid {mixture of E/Z) was prepared according to the
procedure as descrbed in Example 116 using ethyl 3-(4-{(5-chlorg-2-(2-
flnorovinylibenzofuran-7-yiimathoxy)-2. 3-dimelhylphenyl ipropanoste (prepared

21 as descnbed in Example 112

H NMR {CHLOROFORM-d} &: 7.27 - 7.56 (m. 3H). 8.49 - 7.03 {m. 2H).
5.69-6.39 (m, 1H), 8,22 - 5,32 (m. 2H), 2.87 - 203 {m, 2H). 261 {t J=7.8 Hz,
2H). 218 - 2.30 tm. aHY.

Example 78

1859
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3-{4-{{6-Fluoro-2-(trifiuoromethy!i-1,3-benzothiazol-4-ylimethoxy}-2,3-
dimethyiphenylipropancic acid

VO
“ /'\\»/
F-_.__\,‘. N \
] \\ ~ j 4
Se=( °
W
~(
F

a) 4-Bromo-6-fluoro-2-(trifluoromethylbenzo[dithizoe

i1

Inte @ 100-mL round-botlom flask was placaed 2-aming-3-bromao-h-
fluorobenzene-1-thicl (300 mq, 3.80 mmol, prepared as described in Example
66). NMP (10 mLi and trifluoroacatyl 2.2.2-trifluorcacotate (1.5 3. 7.14 mmoly.
The resulting solution was stirred for 1.5 h at 130°C. The resulting solution was
diluted with ethyl acetate (100 mL) The resulting mixture was washod with
10 brne (3x30 mL) The resuiting residue was dried over anhydrous sodium
su'fate. Tne soligs were filtered out. The resulting mixture was concentrated
under vacuum. The resulting residue was punfied on a siica get celumn wih
ethyl acetate/petraleum ether (1: 100 to yield 4-brome-6-fluorn-2-
{tnfiuoromethyl)-1, 3-benzothiazole as yellow ail,

15 b) Methyl 6-fluoro-Z-{rifluoromethylibenzoldlthiazole-4-carboxylate

Inte A 100-mL round-potlom Hask was placed 4-bromo-6-fluora-2-
{triftiorometny-1, 3-benzetmazole (200 mg, 1.00 mpol), methanol (20 ml .
TEA (303 mg. 2.99 mma). and Pd{dpphiCl: {110 mg, 0.15 mmal). CO{yi was

introduced and the mixture was stirred overnight at 60°C. The result:ing mixture

g
[

was concentrated under vactium. The resulting residue was purified on a silica
ger column with etnyl acetate/petroloum other (1:5) o yieltt methyl 8-fluoro-2-
(trifluoromethyl-1.3-benzothiazole-d-carhoxylate as yellow vll.

¢) (6-Fiuoro-2-trifluoramethyl-2.3 -dhvydrobenzoldithiazol-4 -yl imethanol

The title compound was prepared by reacting methyl 6-fluoro-2-
25 (trifluoromethyhbenzo[dthiazole-4-carboxylate using LIAIH, reduction
according to the procedure as descrbed in Examplc 1

i) 18-Fluoro-2-itriflunromeihyhbenzoldithiazol-4-ylimethano)

[Nt a 25-mL round-bottom fuask was placed [6-fluoaro-2-(triflupromethyii-

Aedibydro-1.3-benzothiazol-4-yl)methanol 1100 maqg. .39 mmol,

1GL

pest,
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dichioromethane (10 mLy, and tetrachlorocyclohexa-2, 5-diene-1 . 4-dicne {194
My. U.78 mmoli. The resulting sotution was stirred for 30 min at 25°C, The
resulting mixture wis concentrated under vacuum, The resulting residue was
purified on a silisa gel column with athyl acetate/hexane {1:4) to yield [B-fluoro-
2-{tnfiuoromethyt)-1.3-benzothiazol-4-y(methanol as vetlow o1l

&) Tert-butyl 3-(4-i{o-fluoro-2-(trifluoromethylibenzoldthiazol-4-ylimethoxy)-2.3-

dimethylphenylipropanoaie

[nto @ 25-mu round-bottom flagk purged and maintained with an inert
atmasphere of nitrogen was placed |o-fluore-2-itriflucromeihy!i-1.3-
henzothiazol-4-ylimethanol (40 mg. 0.16 mmol), tert-butyl 3-(d-hydroxy-2.3-
dimethylphenyliprapanoate (60 mg, (.24 mmol. prepared as described in
Example 26), ADDP (87 mg. 0.35 mmal). Bu.P (48 mgj and toluene (10 mL).
The resuting solution was stirred overnight at 860°C. The resulting mixture was
concentrated under vacuum. The resulling residue was purnified on a silica gel
column with ethyl acetate/petroleum ether (1:10) to yretd tert-butyl 3-14-|[6-
fluoro-Z-itifluoromaethyli-1, 3-benzothia zol-4-ylmethoxyl-2 . 3-
dimethylphenylpropanoate as a white sobdg.

1 3-{4-{|6-Fluoro-2-lrifuoromethyl) 1.3-bensothiaznl-4-yimothoxy $-2.3-

dimethylphenylpropanoe acid

Inte a 25-muL round-hottom flask was placed tert-butyl 3-(4-[[6-fluoro-2-
drifluoramethyl}-1.3-benzothiazel-4-yiimethoxy]-2.3-dimethyviphenyljpropanoate
(50 myy. 0.10 mmaol, dichloromethane (10 mL) ard trflioroacetic acid (2 mi).
The resulting solution was stirred overnight at 25°C. The resulting solution was
diuted with DCM (10 mL). The resulting mixture was washed with brine (3x5
mL}. The resulting rosidue was dricd cver anhydrous sodium sulfate, The
solids were filtered out. The resulting mixture was concentrated under vacuum
to yietd 3-(4-[|6-fluore-2-(trifiucromaetnyli- 1.3-benzothiazo-4-ylmethoxyl]-2.3-
dimethylphenylipropanoic acid as a off-white solid.

"HNMR i400MHz. DMSO) &: 7.95 (dd, J=8.4Hz, 2.8Hz. 1H). 7.42 (e
J=9.6Hz. 2.4z, 1HY, 6.96 (4. J=8.4Hz. 1H; 8 .89 t:l. J=8.4Hz 1H) 5.58 {s.
ZH), 2,77 (t. J=8.4Hz, 2R} 241 (1, J=8.4Hz. 2. 218 (8. 3H). 2.17 (s, 3H).
Mass speatrum (ESI, iy Calculated for CaaHy:FiNOLS, 3426 (M-H), found

420.
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Example 79
3-{4-{[6-Chlaro-2-{trifluoromethyl}-1.3-benzothiazoi-4-ylimethoxy}-2.3-

dimethyiphenyllpropanocic acid

.
j: S

y

8 TN { __,
A7
-.f'l

(

5 The title compound was prepared according o the procedure as

Q

{1
B
i

o

described in Example 78 substituting Z-amino- 3-bromo-5-chlorohenzene-1-thol
(prepared as descrbed in Example 85) for 2-am:no-3-bromo-&-fiuorohenzene-
1-thiol.
"H NMR: (300MHz. DMSQ3 &: 8.51 (s. 1H). 7.81 (5. 1H), 6.86-6.97 (m
10 2H). 585 (s. 2H). 2.78 (1, J=7.2Hz, 2H). 2.40 (a1 J=7 2Hz TH) 2.16 (s. 8H).
Mass spectrum (ESI miz): Caloulated for C.qtH-CIFNQO-S, 442 {M-H), found
442,
Exampie 80
3-{4-{{5-Chloro-2-methyl-1.3-benzothiazol-7-ylimethoxy]-2.3-
15 dimethylphenylipropanoic acid

HO-C7

a) Ethyl 2.5-dichlorg-3-nirohangnate

Into & 100-mL round-bottom flask was placedt 2.5-dizhlore-3-nitrobenzone
ackd (1 ¢g. 4.24 mmol). potassium carbonate (2.34 ¢, 16.93 mmuol). acetone. and
2t} diethyl sulfate (1.6 ¢, 10.38 mmol). The resulling solution was stired for 1 h at
58°C  The resutting mixture was concentrated under vacuum. The resulting
residue was purtfied on a silica gel column with ethyl acetate/petroloum ather
{1:10) to yield ethyl 2.5-dichloro-3-nitrobenzoate as colortess il

1) Ethyl 2-ihenzylthiol-5-chloro-3-nifrohenzoate

192
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Into a 100-mL round-bottom flask purged ard maintainead with an inert
atmospherc of nitrogen. was ptaced ethyl 2.5-dichloro-3-nitrobenzoate (1.1 u.
4.17 mmol). N ,N-dimethylformamide (20 mL). potassium carbonate (1.73 .
12.52 mmol) and nhenylmathanethiol (571 mg, 4.54 mmol). The resulting
solution was stirred for 6 h at 90*C. The resulting selution was diluterd with
ethyl acetate (100 mL}). The resulting mixture was washed with brine (3x30
mi} The resutting residue was dried over anhvdrous soedium sulfate. The
sohds were filtered out. The resulting mixture was concentrated under vacuum
The resuiting residue was purificd on a silica gel ceiumn with othy!
acetate/petroleum ether (1:51 to yietd ethyl 2-{benzylsulfanyl)-5-chlgro-3-
nitrobenzoale as a sohd

3 Ethy! 3-aming-2-(benzylthio)-5-chiorobenzoate

Into & 100-mL round-bottom flask was placed ethyl 2-itbenzylsulfanyli-5-
chioro-3-nitrobenzoate (1.2 ¢. 3.41 mmol}. ethanol {30 my), Fo (1 9 g)and
NH4CHag) 110 mL). The resulting mixture was stirred for § 1 at 80°C. The
resulting mixture was concentrated under vacuum.  The resuiting solution was
diluted with ethyl acetate (100 mL). The resulting residue was dried over
anhydrous sodium sulfate. The solids were filtered oul - The resu'ting mixture
was concentrated under vacium. The resulting residue was purified on a silica
got column with ethyl acetate/potrolcum cther (1:31 to yield ethyl 3-amino-2-
{henzylinio)}-S-chlorobenzoate as yel'ow oll.

i 2-Aminn-S-chlore-Z2-mercaptobenzois acid

Into & 100-mL round-hottom flask purged and maintained with an incert
atmosphere of nitrogen was placed ethyl 3-amino-2-thenzytsulfanyl - 5-
ehlorobenzoate (800 my, 2.49 mmaol) tol (30 mL) and AICT. (1 32 ). The
resulting solutien was stirred overnight at 30°C. The resulting mixture was
concentrated under vacuum. The resulting residue was purified on a silica gel
cotumn with dichoromathana/meathanol {10;1) to yield 3-amino-5-chlorg-2-
mercaptobenzoic acid ag a yellow solid.

&) 5-Chloro-2-mothyibenzo[dlibiazole-7-carboxylic acid

Into a 100-mL round-bottom flask was placed 3-amine-S-chlorg-2-
mearcaptobenzoio acid (600 mg, 2.76 mmoly. NMP (100 mL) ana Acetyl chioride

{433 mg. 5.52 mmol). The resulting sofution was stirred for 2 h at 130°C  The
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resulting solution was diluted with ethyl acetate (100 mL), The resulting
Tixture was washed with brine (3x30 mL). The resulting residue was dried
over anhydrous sodium sutfate. Tre solids were filtered out. The resulting
mixture was concenirated under vacuum to vickl 5-chlorg-2-methy!- 1.5
henzothiazole-7-carboxylic acid as vellow ol

f1¢5-Chloro-2-methvibenzoldlithiazol-7 -ylhimethanol

To a solution of H-chioro-Z2-methyl-1.3-benzothiazole-7-carboxylic acd
{380 mg. 1.67 mmol in diethyl ether (20 mL) was added LA, {127 mq, 3.35
mmol} at 0-5°C. The resulting solution was stirred far 30 min at §°C. The
reaction was then quenched by the addition of water (1 mL). The resulting
mixture was concentraled under vacuum. The resulling residue was purified on
a silica gel column with ethyl acetate/petroleum ether (1:2) to yield (5-chlorg-2-
methyl-1.3-benzothiazol- 7-ylimethanol as a yellow sond.

) 3-{4-[{5-Chlgra-2-meihvl-1.3-benzothiazol-7-yimethoxvi-2,.3-

dimethylphenvilpropanowc acid

The utle compound was prepared by reacting (5-chioro-2-maethyl-1.3-
henzothiazol-7 -ylimethano! according to the procedure as described in
Example 1

"H NMR {(DMSO-ai) &: 12.08 (5. 1H). 799 td. J = 1.7 Hz. 1H). 7.64 (d.
= 1.5Hz 1HL 6.90 - 6.99 (m, 1H), 6.78 - 6.87 im. 1H). 5.31 (s. 2H). 2.82 (s.
3H), 2.73- 281 (m. 2H). 240 (1. J = 78 Hz, 2H), 2.193 {8, 3H). 2.17 (8, 3H).
Mass spectrum (ESI, m/z): Caleulated for C:H-,CINO:S. 358 (M-H). found
338

Example 81
3-{4-{(5-chioro-2-methyi-2H-indazoi-7-ylimethoxy}-2.3-

dimethylphenylipropanoic acid

O
‘.:N“rfl T ~ Ao
A W) e
s
&

7 h-chioro-2-methyt-2H-indazole-7-carbaldehyde and 5-chioro-1-methyl-1H-

ngdazole- 7-carbaldehvde
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A solution of commercially available 5-chloro-1H-indazole-7-
carbatdehyde (344 mg. 1.90 mmol} in dry DMF (5 mL} was added carefully to a
suspension of NaH (56 my, 2.22 mmaoi) in dry DMF (15 mL} and stirred for 30
minutes at amtsent lemperature, Methyliodide (1440 yL. 2.258 mmal) was added
and the reaction mixture strred overnight. The next day. the sotuton was
cautiously poured onto water and extracted with diethyl ether  Washing of the
arganic layer with bring. followaed by concentration in vacuo and purification of
the residue by flash chromatography (Si0O:. 10-100% dem/heptanes) yielded
the title mixture of isumers {¢a. 6):40 based on integration of the aldehydn
NMR signals) as a residue. which wias used in the next step without further
separation,

by (5-Chioro-2-methyl-2H-indazol-7-ymethansl and (5-chloro-1-metnyl-1H-

iniiazol-7-viimethanol.

The rasidue prepared in step (a) above 13688 mg. 1.88 mmoly was
dissolved in dry THF t12 mL) and treated with a solution of Lithium aluminum-tn-
tert-utoxyhydride (2.50 mi. 2.50 mmol. 1 M in THF) under argon. After stirmng
the resulting mixture at room temperature for 4 h. a saturated solution of
sudium tartrate was addad ana the resulting mixtwre stirred at raom
temperature. The resutting mixture was extracted with diethyt ether, then
concentrated in vacuo and purified of the residue by flash chromatography
{S10;. step gradient: DCM -> 10% diethyl ether/DCM -> dinthyl nther) to yield
the title compourds, as separated residues.

(5-chlore-2-methyl-2+Handazol-7-ymethanol: TH NMR (MeOD) &: 3.14
(s, THY. 7.57 {s, 1H), 7.28 (s, TH)}, 4.97 (s, ZH). 4.19 (s. 3H).

(5-chlaro-1T-mathyl- i H-indazal- 7-ylimathanol: 'TH NMR (MaOD) 8: 7.94
(s, TH). 7.68 (8. 1H). 7.32 {s. tH). 4.97 (3. 2H). 4.32 (s. 3H).
¢) Ethyl 3-14-({5-chloro-2-methyl-ZH-indazol- 7-yhimethoxy)-2.3-dimethylphenyl)-

propanoate

Inte a 40 mL vial equipped with a septum cap and stirbar was placed (5-
chloro-2-methyi-ZH-indazol-7-ylimethanol {258.8 mq, 0.146 mmal). othyl 3-(4-
hydroxy-2 3-dimethylphenyl) propanocate (68.4 mqg. 0.312 mmol),
iriphenylphosphine (88 mg. 0.330 mmol) and dry THE (12 mL). The vial was

cooled to 0°C under argon and treated dropwise with

195
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dusopropylazodicarboxylate (70 ul, 0.328 mmol). The resulting mixture was
aliowed to warm to room temperature overnight. then concentrated in vacuo.
The resuiting residue was purified by by flash chromatography (Si0., 56%
ather/heptane) to yield the titte compound as a residue.

"H NMR {CHLOROFORM-d1 &: 7.87 (s. 1H}. 7.55 (s, 1H}. 7.41 (3. 1H).
695 (d.J =83 Hz 1H). 6.81 (d.J = 8.3 Hz, 1THY. 5.46 (3. 2H)». 4 15 - 4.26 (m.
3H). 414 (cr. J = 7.1 Hz, 2H1, 2.85 - 2.97 {(m, 2H1. 2.53 (1. J = 8.1 Hz 2H), 2.31
(s, AHY, 2.28 (s, 30, 1.25 (. J =7.1 Hz, 3H).
) 3-{4-1:5-Chloro-2-methyi-2H-indazel-7-ylimethoxy -2.3-

dimethylphenylipropanoe aeid

Into a1 20 mL scintillation vial was placed ethyl 3-(2-ti5-chlore-2-methyl-
ZH-indazol-7-ylimethoxy -2 . 3-dimethylphenyl)-propancate (16 mg. 0.0599
mmob followed by potassium hydroxide (100 ul. 0.25 mmol, 2.5 M aqueous),
THE {10 mL) methanol (2 mL) and water (2 mL). The resulting mixture was
stirred overnight at ambient temperature and then the pH was adjusted to pH-4
by the addition of aqueous HCI. The resulting mixture was extracted with ethyl
dietate. the organic layer was dred (MgSQy) and then concentrated in vacuo
ter vield the title compound as a white solid.

'H NMR (ACETONITRILE-c1) &: .10 and 8.05 (s. 1H). 7 85 - 7.69 and
756 7.63is. 1HYL 7.29 - 7.33 and 7.20 (5. TH). 6.91 - 6.99 {m. 1H). 6.78 - 6.66
{m, 1H), 544 - 548 and 5.8 - 5,44 {m. 2H). 4.17 -4 20 and 4,1Z - 4,17 (m.
JHL 2.81-289 {m. 2HY, 2 48 - 2 53 {(m, 2H), 2.22 13, 3H) Note: other methy)
group buried under water peak.

Example 82
3-{4-({5-chloro-1-methyi-1H-indazoi-7-ylimethoxy}-2.3-

dimethylphenylipropanoic acid
>

o) BElhyl 3-(4-i{&-chloro-1-methyl-1H-indazol-7 -ylimelhoxy 1-2.3-dimoethyiphenyl -

propanoate
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Into @ 40 mL vial equimpped with a septum cap and stirbar was placed (5-
r.hloro-1-methyl-TH-indazol-7-yiimethanol (76 my. 0.387 mmol. prepared as
described in Example &1 step b). ethyl 3-(3-hydroxy-2.3-dimethylphenyi)-
propannate (86 mqg. 0.389 mmol), wiphanylphosphine (107 myg. 0.408 mmol)
and dry THF {12 mL). The vial was cooted to 0°C under argon and treated
dropwigse with diisopropylazodicarboxylate (80 ub, 0.386 mmolj. The resultny
mixture was aliowed to warm 1o room temperature overnighl, thaen concentrated
n vacue. The resulting residue was purified flash chrematography (SiO.. 50%
ather/heptane) to yicld the title compound as a residue.

"H NMR (CHLOROFORM-t) 5: 7.94 (s. TH). 7.70 (5. TH). 7.34 (s, 1H).
705(d,d=83Hz 1H), 6.81 (d. J = 83 Hz, 1H), 5.26 (s. 2H), 4.22 (s, 3H),
41514, =71 Hz, 2H). 295t J = 7.9 Hz. 2H). 285 {t. J = 7.9 Hz. 2H), 2.23
{s. 3H). 2.12 (s, 3H). 1.26 (1. 3H).

D) 3-(4-({5-chloro-1-methvl-1H-indazol-7-ylimethoxy -2, 3-

dimethylphenyl)propanoic acd

Inte a 20 mL vial was placed athyl 3-{4-({5-chioro- T-maothyl- TH-indazol-7-
yhmethoxy)-2.3-dimethylphenyl-propancate (70 mg. 0.175 mmol) followed by
potassium hydroxide (300 pL, 0.75 mmol, 2.5 M aguecous), THF (10 mL)
meathanol (2 mL) and water (2 mL). The resulting nixture was stirred gvernight
at ambiemt temperature and then the pH was adjusted to pH ~4 by the addition
of aquenus HCL The resulting mixture was extracted with elhyt acetate. the
organic layer was dried (MgSO;' and concentration in vacun 1o yield the title
compuound as a white solid.

TH NMR (ACETONITRILE -d4) 6: 7.96 (s. 1H). 7.77 (s. TH). 7.42 {s, 1H,
6.98 - 7.008 (m, 1H), 6.86 - 8,95 (m TH), 5.9 (8. 2H). 4.19 (s, 3H), 2.83 - 2.92
{m. 2ZH). 2.46 - 2.55 im, Z2Hj. 2.20 (s, 3H). 2.09 {s. 3H}.

Example 83
3-(4-{(2-ethyi-5-fluorobenzofuran-7-ylimethoxy}-2.3-
dimethylphenyllpropancic acid
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ai Methyl 3-bromo-5-fluorg-2-hvdroxybenzoaie

A 1-L round bottom flask was charged with methyl 5-fluero-2-
hydroxybenzoate (9.40 g. 55.25 mmal} and mathano! (320 mL). A solulion of
bromine (3.21 mL. 62.43 mmoh and methanol 1140 mbLY was added dropwise
via an addition fupnel, The resulting mixture was stirred at room temperature
overnight. The resulting mixture was concentrated in vacuoe and purfed using
the: Analogix 1F-280. 400y cotumn. 956:5 Heptano EtOAR 16 yiold Methyl 3-
bromo-5-fluoro-2-hydroxyhenzoate.

H NMR {CHLOROFORM-d1 &: 7.17 - 7.22 {m, 1H}. .93 - 6.96 {m. 1H).
and 3.48 (s. 3H).

b Methyl 2-ethyl-3-fluorobenzofuran-7-carboxyiate

A 20 mL scaled tube was charged with methyl 3-hromo-&-fluoro-2-
hydroxypenzeate i1.39 g. 4.01 mmoly and DIMF (4.0 mL). The resulung mixture
was cooiad using a diry ice and acetone bath to -78°C. To the resulling mixture
was then bubbled 1-butyne for 10 mmutes. To the resulting mixture was then
addded coppur wdide (76.5 myg. 0.402 mmal} and PdiPPh;).Cl; {(221.8 mg.
0.402 mmoll. The resulting mixture was fushoed with argon, the lwbe was
sealed and the mixture stirred at room temperature for 1h. then beated 10 75°C
and sur overnight. The resuiting mixture was concentrated in vacuo and
purifed using the Analogix 1F-280. 150y cotumn. 85:5 - 9010 Heptane: EtOA::
to yield methyl 2-ethyl-5-fluorobenzofuran- 7-caspoxylate,

"+ NMR {(CHLOROFORM-d) &: 7.52 - 7.58 um, 1M1, 7.28 - 7.34 (m. 1H).
.40 (8. 1H). 389 (s, 3HL 282 (. J=7.8 Hz. J= 117 Hz. 2Hyanat 1 35it. 4 =
7 8 Hz, 2H.

c) {2-ethyl-5-fluorobenzofuran-7-yl imethanol

A 20 mL vial was charged with methyl 2-¢thyl-5-flucrobenzofuran-7-
carboxylate (200 mq. 0.90 mmal) and 2.4 mL of dichtoromethane. The

resulting mixture was sooled using a dry ice and acetone bath to -78YC. To the
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resulting muxture was then added dropwise via syringe a dichioromethane
solution of DIBAL {3.60 ml., 3.60 mmuol). The resuiting mixture was warmed to
room temperature over 20 minutes. The resulting mixture was poured into
anucous sadium hydroxide solution (50 mL). The layers wore separated and
the ayuecus tayer extracted three more times with ethyl acetate {100 mL each
time). The organic layers were dried with magnesium sulfate, filtered through
CELITE and concentrate in vacuo to yield (2-ethyl-5-fluorabenzofuran-7-
yhimethanol, which was usad without further purification.

'H NMR {CHLOROFORM-d) &: 7.04 - 7.08 (m. TH), 6.95  7.02 (m. FH1.
6.35 (. THY. 4.94 - 498 {m, 2H), 280 (). J= 7.8 Hz. J =11 7 Hz. 2HYand 1.33
(. J= 7.8 Hz 3H)

i) Ethvl 3-{4-{i 2-othyl-5-flugrobenzofuran-7-viimethoxv)-2.3-

dimethylphenylipropanoate

A 10 mL round hotlom flask was charged with ethyl 3-{4-hydroxy-2.3-
dimethylphenyl)propanoate (289.0 mg, 1.79 mmol). (2-ethyl-5-
flugrobenzofuran-7-yiymethanol (174.0 mg. ).896 mmaol). triphonylphosphine
{367.0 mg. 1.40 mmol} and tetrabydrofuran (1.26 mL1  The resulting muixture
was soolad using an ice/water bath. to the resutting mexdure weas then adden a
403% wt solution of diethyl azodicarboxylate (0.66 mL. 1.44 mmol) was added
dropwise. The resulting mixture was allowed to warm to reom temperature with
stirting overnighl. The resulting mixture was concentrated in vacuo and purifie
Jsirg the Analoqix IF-280, 404 column, 955 - 90:10) Heptane LtOAC to yield
athyl 3-{4-{{2-cthyl-5-fluorobenzofuran-7-ylimethoxy -2.3-
dimethylphenylpropanoate.

"H NMR {CHLOROFORM-e1) &: 7.02 - 7.13 (m. 2H). 6.91 - 7.0¢ {m 14},
6.73 -6.82 {m. 1H). 635 (5. 1HL 528 (8. 2H;. 413 (. J= 7.8 Hz. J=11.7 Hz,
2H), 2.87 =296 {m. 2H), 2.80iq. J= 7.8 Hz, J= 117 Hz, 2H). 2.47 - 2.56 (m.
2H). 2.25i{s. 3H). 2.23 (s . 3H)L 133 (1, J=7 8 Hz 3Hyand 1.24 (1. = 7.8 He
3H;.
£} 3-(d-1i2-cthyl-5-fluorobenzofuran-7-ylimathoxy i-2.3-

dimethylphenyDpropanoe aoid

A 10 mL round hottom flask was charged with ethyl 3-(4-{(2-athyt-5-

fluormbenzofuran-7-yhimethoxy -2 3-dimethylphenypropanoate (243.5 ma.
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0.611 mmol). tetrahydrofuran (5.1 mb}, water (2.1 mL). and ithiwm hydroxide
(£56.4 ma. .11 mmoli. The resuiting mixture was stirred at room temperature
overnght. The resulting mixture was then washed with diethyl ether. The
resulting residue was then acidified with 2N HCH The resulting mixlure was
extracted with ethyl acetate (2 x 100 mL1. The organic layers were dried with
magnesium su'fate. filker and concentrate in vacuo. The resulting residue was
purified using the Analogix 1F-281), 40g column. 81110 - 50:50 Heptane:2tOAz
te: vield 3-(4-{(Z2-ethyl-5-fluorobenzofuran-7-ylimethoxy)-2. 3-
dimethylphenylipropanaic acid.

"H NMR (CHLOROFORM-d) &: 7.06 - 7.14 {m. 2H), £.96 - 7.02 (m. 1H\.
6.77 = 6.83 (m. 1H). 5.38 {s, 1H}, .30 {s. Z2H), 2.90 - 3.00 im. 2H). 2 80 {q. J =
TRHz d=11.7 Hz 2H). 2,56 265 tm, 2H). 2.26 (3 3H). 2.25 (8, 3H). and
137t J=7.8 Hz. 2H) LC/MS (ES+Y in/z 371 (M 1L

Example 84
3-{4-{{5-fluoro-2-{trifluoromethyllbenzofuran-7-ylimethoxy)-2,3-

dimethylphenyl)propanoic acid

FFA’ F J\ (;IB
e \H \:‘J/ T on
i
\,| N NN
|
'\‘“‘f—fl
i

a) Methyl 5-fluoro-2-ttrifluoromethyibenzofuran-7-carboxylate

A 20 mL sealed tube was charged with methyt 3-bramo-5-fluore-2-
hydroxybenzoate (1.39 g. 4.01 mmel, prepared as described in Example 83}
andg 4. mL of dimethylformamide. The rasultng mixture was cooled using A
dry ice and acetone bath to -78°C. Inot the resutting mixture wasg then bubbied
3.3 3-tnflusroprop- 1-yne for 10 minutes: followed by additon of copper ivdide
{76.5 my. (0.402 mmal) and PdiPPPh-):Cl: {281.8 mq. G.402 mmoll. The
reaction mixture was flushed with argon. the wibe sealed and the resulting
mixture stirred at room temperature for 1h, then hoated to 75°C and stirrad
overnght. The resulung mixture was concentrated in vacuo and the resuiting

residue using the Analogix 1F-280. 1507 column, 95:5  90:10 Heptana: EtOAC

200
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te yield methy! S-fluore-2-tirifluoremethylhibenzofuran-7-carboxylate, which was
used directly in the next step.

) (B-fluoro-2-ttrifluoromethylibenzofuran-7-ylimethanol

A B0 mL reund bottom flask was charged with methyl 5-fttoro-2-
{trifluoromethytibenzofuran-7-carboxylate {(1.05 g. 4.00 mmoly and 10.5 mL of
dichleromethane. The resulttng mixture was cooled using a dry ice and
acetone bath to -78°C. To the resulling mixture was then added dropwise via
syringe a dichloromethane solution of DIBAL {(16.0 mL, 16.0 mmol). The
resulting mixture was warmed (o room temperature over 20 minutes, then
poured into gqueous sodium hydroxide solution (150 mL). Tne layers were
separatod. and the aqueous layer extracled three more times with othyl acelals
100 mL each nme). The organic lavers were dried with magnesium sulfate.
filtered th-ouqgh CELITE and concentrated in vacuo to yield (5-fluorp-2-
tirfluoromathyhbenzofuran-7 -yhmethanaol, which was used without further
purification.

"M NMR (CHLOROFORM-d1 &: 7.66 - 7.61 (m. TH), 7.51  7.85 im. 1,
£.30-8.36 tim. 1H. and 4.94 - 5.03 (m, 2H).

¢ Ethyl 3-14-1i5-fltuoro-2-itriflunrornethyhbenzofuran-7-ymethoxy »2.3-

dimethylphenylipropanoate

A 10 mL round bottom flask was charged with ethyl 3-i4-hydroxy-2.3-
dimethylphenylipropanoate (1.71 g, 7.89 mmal). {5-flucro-2-
(trifluoromethylibenzofuran-7-ylimethano! (900.0 my. 3.84 mmol).
triphenylphesphine (1.57 . 6.00 mmol) and tetrahydrofuran (5.4 mLy,. The
regsulting mixture was cooled using an ice/water hath. A 40% wt solution of
diethyl azodicarbhoxylale (2 8 mL, 6,19 mmaol) was then added dropwise and thoe
resulting mixture allowed 10 warm to room temperature with stirring overmight.
The resulting mixture was concentrated in vacuo and the resulting residue
nurtfied using the Analagix [F-280), 1500 column, 95:5 - 90:10 Heptane:EtOAa
te yield ethyl 3-{4-t(5-flucro-2-ttnfluoromethylibenzofuran-7-ylimethoxy )-2.3-
dimethylphenylipropanoate.

"H NMR (CHLOROFORM -} 5. 6.93 - 7.05 {m. 3H). 6.65 - 6.72 (m. 2H),
HAR (8. 2H), 4131iq. J= 78 Hz. J =117 Hz, 2H). 2.86 - 296 (m. 2H), 2.47 -
2.57 (m, 2H) 2.24 (5. 8H). anad 1.25 (t. J = 7.8 Hz, 3H).

20
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d) 3-14-115-fluere-2-tritiuoremethylibenzofuran-7-viimethoxy -2 .3-

d-methylphenylipropanaois acid

A 50 mL round bottom flask was charged with ethyl 3-{4-i(5-fluorp-2-
triftuoromethyi henzofuran-7-ylimethoxy)-2.2-dimethylphenyljpropanoate
(215.6 mg. 0.492 mmol). tetrahydrofuran (4.1 mL) water €1.7 mLi. and I'thium
hydroxide (206 mg. 4.92 mmol). The resutting mixture was stirred at reom
temperature overnight. The resulting mixture was washoed with diethyl ether
The resutting residue was then acidified with ZN HCI. The resulting mixture
was extracted with ethyl acetate: (2 x 100 mL.). The arganic layars were dried
with magnesium sulfate. filtered ang concentrated in vacuo. The resulting
residue was purified using the Analogix IF-2680, 409 column, 90-10 5(150)
Heptane:BtOAC to yield 3-(4-{{5-fluoro-2-{triflunromethyh ) henzofuran-7-
viimethoxy)-2.3-dimethylphenybpropanoic acid.

'H NMR (CHLOROFORM-d} &: .94 - 7.05 {m 3H),6.66 8.74 (m. 2H).
5.08 is. 2H). 2.90 - 2.98 tm. 2, 2.55 = 2 85 (m. 2H). and 2.25 {s, 6H); LC/MS
(ES+) myiz 434 (M+Na).

Example 85
3-(4-{{3.5-difluoro-2-methylbenzofuran-7-yljmethoxy)-2,3-

dimethylphenylipropanoic acid

RS /"-‘-‘-“*\ - '\\_/‘IL

T
s NN

]|

=) Methyl 5-fluoro-Z-metnyibenzofuran- 7-carboxylate

A 20} mL sealed tube was charqed with methyl 3-bromo-5-fluore-2-
hydroxybienzaate (1.39 g. 4.01 mmol) and 4.0 mL of dimethylfermanide. The
resulting mixture was cooled using a dry 1ce and acetone batn o -78°C. 1no!
the resulling mixwire was then bubbled propyne for 10 minutes. followed by
addtion of copper iodide (76.5 mq, 12.402 mmol) and PACH(Ph.P ), (2831 mg,
N.402 mmaoly. The resulting mixture was flushed with argon, the tube sealed
and the resulting mixture stirred at room temperature for 1h, then heated to
75°C and stired overnight. The resulting mixture was concentrated in vacun

A

and the resulting residue punfied using the Analogix IF-280. 1504 column, 85:5
202
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Heptane ZtOAC to yield methyl S5-fluero-2-methylbenzaofuran-7-carboxylate,
which was used direoty in the next step.

'H NMR (CHLOROFORM-d) &: 7.50 - 7.59 (m. 1H). 7.28 - 7.36 (m.
TH). 6.40 (8. TH). 3.98 (s, 3H). and 2.52 (. 3H).

bi Methyl 2-bromo-3.5-difluoro-2-moethyl-2. 3-dihvdrobaenzofuran-7-carboxylate

A polypropylene tube was charged with N-bromosuccinimide (222.3 my.
1.256 mmal) and diethyl ether (6.0 mL) and 76% pyridinium polvthydrogen
Huoridge) solution (1.20 mi. 0.961 mmaoli. The tube was flushed with argon and
cooled using a dry ice and acetone bath to -738°C. A solution of methyl S-fluoro-
Z2-methylhenzofuran-7-carboxylate (200 mq. 0.961 mmol) in diethyl etner (1.0
mL) was added slowly. The resulling residue was stirred and allowed to warm
to room temperature overnight. The resulting mixture was poured into ice
water and extract with diethyt ether. The resulting mixture was washed with
salurated sodium hicarbonate and the organic layers dned with magnesium
sulfate, tiltered through CELITE and concentrated in vacuo to yeld methy! 2-
bromo-3.5-difluoro-2-methyl-2.3-dihydrobencofuran-7-carboxylate. which was
used without further purfication.

'H NMR {CHLOROFORM-d) & 7.56 - 7.65 i'n. 1H). 7 28 = 7.35 im, 1H),
529 ¢d. J= 182 Hz tH) 3.894 (s. 3H) and 2.12 (4. J = 18.2 Hz. 3H.

oY Methyt 3.5-diflucro-2-methylbenzofuran-7 -carboxyiate

A 50 mL round bettom flask was charged with mathy! 2-tbromo-3.5-
ifluoro-2-methyl-2.3-dibydrobenzofuran-7-carboxylate (200 mg. 0.977 mmal)
and 9.8 mL of dimethylsulfexide. To the resulting mixture was then added 1.6+
diazobicycloundec-7-gne (0.29 mL, 1.95 mmob and the mixture stired at room
temperature overnight  The resulting mixture was diluted with diethy! ethoer ard
washed with saturated aqueous ammonium chlonde. The organic layers were
dried with magnesium sulffate, filtered through CELITE and concentrated in
vAGUO to yield methyl 3.5-difluore-2-methylhenzofuran-7-carboxylate, which
wias tsed without further purfication.

"M NMR (CHLOROFORM-11 &: 7,59 - 7.67 (m. TH), 7.26  7.34 (m. 1Hh,
4 00 {s. 3H). and 2.55 {s. 3H}L

) (3.5-dfluorg-2-mathylbenzofuran-7-wiimethanol
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A 50 mL round bottom flask was charged with methy! 3.5-difluoro-2-
mathytbenzofuran-7-carboxyiate (280 mg, 1.24 mmoli and 3.3 mL of
dionloromethane. The resulting mixture was cooled using a dry ice and
acetone path 1o -78°C. To {he resulling mixture was then addaed dropwise via
syringe a dichicromethane solution of DIBAL (5.0 mL, 5.0 mmol). The resufting
mixiw e was warmed to room temperature over 20 minutes. then poured inte
aqueous soedium hydroxide solution {50 mL). The layers were separated and
the aqueous layer extracted three more times with ethyl acetate (100 mi each
time} The organic layers woere dricd with magnesium sulfate, filtered through
CELITE ard concentrated in vacuo to yield (3.5-diflucro-2-methylbenzofuran-7-
yhimethanol, which was usad without further purification,

g) Ethyl 3-(4-{{3.5-difluoro-2-methyibenzofuran-7-ylimethoxy)-2.2-

dimethylphenvyDpropanoate

A 50 mL round hollom flask was chargoed with ethyl 3-(3-hydroxy-2.3-
dimethylphenyl)propanoate (0.875 g, 3.94 mmoi). (3.5-difluore-2-
methylbenzofuran-7-ylhimethanot (380 mg mg. 1.97 mmol), tnphenylphosphine
(0.305 g, 3.07 mmol) and terrabydrofuran (2.8 mL). The resulting mixture was
conled using an iceiwater path, To the resulting mxlure was then added a 40%
wi solution of diethyl azodicarboxylate (1.4 mL, 3.17 mmel) dropwise and the
mixturs alfowoed to warm te room temperature with strring overnight - The
resulling mixiure was soncentrated in vacuo and the resutting residue purifind
using the Analogix IF-280. 40q column, 95:5 — 90:10 Heptane: £tOAS to yield
ethyl 3-{4-{{3.5-dfluoro-2-methyluenzofuran-7-ylimethoxy)-2.3-
dimethylphenylpropanoate.

"H NMR {CHLOROFORM 1) 8: 7.12 - 718 (m. 1H). .99  7.05(m H).
6.71 - 8.77 im, 1) 6.61 - 6.67 (m. 1HL 525 (s, 2H). 413 {4, J= 78 Hz J=
14.7 Hz. 2H}1 2.85 = 2.96 (m. 2H). 2.47 = 2.56 im. 2H). 2.42 (s. 3H). 2.24 (s,
3H). 2.20 is. 3H). and 1.25 (t. J= 7.8 Hz. 3H).

f) 3-(4-{(3 5-diflupro-2-methyibenzoefuran-7-ylhimethnxy) 2.3-

d:methylphanyDpropanoic acid

A 100 mL round bottom flask was ¢harged with ethyl 3-(4-{(3.5-difluoro-
Z-methyibenzafuran-7-ylimethoxy -2, 3-dimethytnbenylpropanoate (203.6 my

(1.521 mmol). tetranydrofuran (4.3 mL). water (1.3 mL). and lithium hydroxiae

204
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(219 mg. 5.21 mmol). The resulting mixture was stirred at room temperature rt
ovarmght. The resultng mixtare was washod with diethyl ether. The resalung
residue was then acidified with 2N HCI. The resultng mixture was extracted
with ethyl acetate (2 x 100 mL). Tre organic layers wera drigd with magnesium
su'fate, fittered and concentrated in vacue. The resulting residue was purified
using the Anaiogix IF-280. 40g column, 90:10 - 50:50 Heptane:EtOAC 10 vield
3-14-(i 3 5-difluoro-2-methylbenzofuran-7-ylimethoxy)-2.3-
iimethylphenyhpropanon: acid.

'H NMR (CHLOROFQRM-dy &: 7.14 - 7.20 {m. 1H). 7.03 - 7.07 (m, 1H.
6.73-6.50{m, 1HL 6.64 -5 70 (m. 1H). 5.29 (s. 2H). 2.89 - 2.97 im, 2H),
2.55 - 2,64 tm. 2H), 2.45 (s, 3rh, and 2.25 (s. 6H), LC/MS (ES+) mi/z 375
IM+1),

Example 86
3-{4-[(2.3-Dimethy!-1-benzofuran-4-ylimethoxy]-2.3-
difluorophenyl}propanoic acid

R F

N R
CPNT Sy s
; Y/

o\/)\.. =/ N L

G
l

) (En-Ethyl 3-2 3-difluoro-4-hydroxyphenylaorylate

A mixture of 4-bromo-2.3-diftucrophena! (14.37 g. 66 mmaol). TEA (33
mi., 237.4 mmol), ethyl acryiate (22.33 mL. 204 35 mmol). Pd(QAc) {0.77 g.
3.45 mmal} and tri-o-totyliphosphing (1.40 g, 4.61 mmon in BMF (30 mLj in &
pressure tube was deqgassedirefilled with argon and then heated at 110°C
overnight, The resulting residuc was coaled to room temperalure, EIOAC was
added and the mixture stirred for 30 min. The resulting residue was hltered
through a pad of CELITE andd the filtrate was evaporated under vacuum. The
resulting residue was acidified with 2N HCI to pH ~2 and extracted with EtOAC.
The combined organic fractions were washed with water, brine and dried over
Na.SO;. The sotvent was evaporated under vacuum and the residue was
nurified by silica column chromatography (40-50% EtOAcC/heptane) to yeld (E -

alhyl 3~(2.3-difluoro-d-hydroxyphenyljacrylate as & yellow solid.
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"H NMR (400 MHz. CHLOROFORM-d)  ppm 1.34 (t. J=7.1 Hz. 3 )
427 (q, J=7.1 Hz. 2 H), 6.45 1d. J=16.2 Hz, 1 H1. 8.76 - 6.57 im. 1 H), 7.15 -
724 (m. 1 H)L7.70{d. J=16.2 Hz. 1 H}.
b1 EBthyl 3-i2. 3-difluoro-4-hydroxyphenyliproganoate

To a solution of (E)-ethyl 3-{2.3-difluora-4-hydroxyphenyliacrytate (8,10
(3. 200.55 mmol) in ethanol {100 mL)in a Parr bottle was added Pd/C {10%. 1 5
). The vessel was chargen with hydrogen (40181 and shaken overnighl. The
catalyst was removed by filtration and the filtrate concentrated in vacuo to yield
athyl 3-i2.3-diflucro-4-hydroxyphenylipmpanoate.

;) 12.3-Dimethylbenzofuran: 4-ylimethanol

A solution of methyl 2.3-dimethylbenzofuran-4-carboxylate {2 g. 9.79
mmot, prepared as described in PCT Publication WO 2008/038251) in DCM
was cooled to -78YC. To the resulting solution was then added DIBAL (1M
39.2 mL. 39.2 mmal) dropwise. The resuting solulion was stirred for 20 at -
767C and allowed to warm to room temperature. The resulting solution was
cooled in an ice bath and quencbaod with saturated NHLCI and stirred for th,
The organic layer was decanted ang the agueous layer was extracted three
times with DCM. The combired organic layers wers washed with NaOH
soidtion (1.0 M) and brine, then dnoed over N&:S0s and concentrated in vacuo to
yieid an ¢ll. The oil was purtfied by column chromatography to yield (2.3-
cdimethylbenzofuran-d-ylimethanol.

d) Ethyl 3-t4-(12.3-dmethylbenzofuran-4-yhmethoxyi-2 .3-

cdifluorophenyl ipropancate

A solution of (2.3-dimethylbenzofuran-d-ylimethanol (76.5 mq. 0.43
mmaol}, ethyl 3-{2.3-difluoro-4-hydroxyphenyipropaneate (100 mg. 0.43 mmal)
and PPh- (114 mg. 0.43 mmol) in THF was cooled in anice bath and treated
with diethytazodicarboxylate (68 uL. 0.4 mmol). The resulting solution was
stirred and allowed to warm to room temperature over 18h. The solvent was
remoeved under vacuum andg the residue was purified by silica preparative TILC
to yvield ethyl 3-{4-((2.3-dmathylbenzefuran-d-ylimaothoxy 1-2.3-
diffusrophenybpropanoate.

@) 3-14-({2, 3-dimethylbenzofuran-4- viimethoxyi-Z2, 3-diflusrophenylpropanoie:

acid

200
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A saolution of ethyl 3-(4-t2.3-dimethylbenzofuran-4-ylimethoxy)-2.3-
difluorophenylipropancate (120 mg. 0.31 mmoly in MeOH was treated with
NaOH (M. 0.62 mL. 3.1 mmol) and the resulting solution was strred for 18h,
Methanol was removed under vacuum and the residue was neutralized with 2N

5  HCI and then extracted with EtCGA:. The solvent was removed under vacuum
to yield 3-(4-((2,3-dimethyibenzofuran-4-ylimethoxy -2 5-
diftuoraphenylpropanaoic acid.

"H NMR (CHLOROFORM-d} A: 7.35 (d. J = 7.8 Hz. 1H;. 7.0% - 7.14 (m
2H), 6.76 - .62 {m, 2H)Y. 548 (5. 2H). 2.57 - 2.65 {m, 21} 2.38 is. 3HY, 2,37 (s,

3 3H). 230 it 2H)Y

Example 87
3-{2.3-Difluoro-4-[{2-methyl-1-benzofuran-4-ylimethoxylphenyl}propanoic
acid

\ ')_\ QX

l

\[ UH

15  ai Methvl 3-iprop-2-yn-1-vigxyibenzoats

To a soluton of methy! 3-hydroxybenzoate (7.0 g. 46 mimolj in DMF was
added K.CO: (9.9 g. 71.8 mmal) and propargy! bromide (8.2 ¢. 66.7 mmal).
The resulting suspension was stirred for 18h, dituted with water and extracted
with EtOAC (x2). The organic layers wore combined. dried gver sadium sulfate.
20 filtered and concentrated in vacuo. The resulting residue was purfied by
chromatography ((3-20% EIOAc/heptane) to vield methyl 3-(nrop-2-yn-1-
vioxyihonzoate.
"H NMR (400 MHz. CHLOROFORM-¢/) & ppm 2.55 (t. J=2.4 Hz, 1 H,
3.91 (5. 3 ML 473 (d, J=2.4 Hz, 2 H), 7.17 (cdt. J=6.7, 1.5 Hz. 1 H), 7.36 it
25 J=79Hz, THL7.63(dd, J=2.7, 1.5 Hz. 1 HL 765 -7.71{m, 1 H).

111 Methyl 2-methylbenzofuran-4-carboxylate

A solution of methyl 3-(prop-2-yn-1-yloxyihenzoate (2.2 g. 11.7 mmal).
and CsF (2.3 g, 15.4 mmot) in N N-chethylaniline (20 mL) was refluxed for Sh.
The reaction mixture was cooled to room temp and diluted with EtOAC, The

30 EtOQAc solution was extracted with ZN HCI (x3). The organic fraction was

207



WO 200047159001 PCT/USHILEN2T 0

10

[
(6]

30

washed with brine, dried over Na-SQ; and evaporated. The resulting residug
was purified by silica gel column chromatography to yvield methyl 2-
metnylbenzofuran-4-carboxylate.

¢} (2-Mothyibenzofuran-4-yiimethanol

A salution of methyl 2-methylbenzofuran-4-cartboxytate (10.73 g. 3.84
mmol, prepared as described in ISHIKAWA. T.. et al.. Hetergcvcles, 1994,
nn371-80, Vaol, 3801} v DCM was cooled to -76°C. To the resulling mixlure
was then added DIBAL (1M, 15.4 mL, 15.4 mmaon drgpwise. The resulting
solution was stirred for 20 min at -78°C and allowed to warm to room
temperawre. The resulting solution was poured into a mixture of TN NaOH and
wer and extracted with EtOAc, The combined organic fractions were washed
with NaOH solution {1.0M) and brre, dried over Na .80 and concentrated in
vacuo 1o yield an oil which was purified by column chromatography to vietd (2-

meathylbenzofuran-d-ylimethanol.

yviimethoxyiphenvlipropanoale

A solution ¢f (2-methylbenzofuran-4-yhimethanol (70.5 ma. 0.43 mmoly,
ethyl 3-{2.3-diffuaro-d-nydroxyphenyljpropanoate {100 mg, 9.43 mimot,
preparaed as described in Example 86) and PPh: (114 mg. 0.42 mmalyin THF
xas conled in an ice bath and treated with diethylazodicarboxylate {68 uL .43
mmol). The resulling solution was stirred and allowed ¢ warm to room
temperature over 18h. The solvent was removed under vacuum and the
1esidue was purified by sitica preparative TLC to yield ethy! 3-(2.3-diftucro-4-
{{2-methylbenzofuran-4-yhimethoxyphenylipropanoate.

@) 3-{2.3-Diflunro-4-ii2-methyibenzofuran-4-vi imethaxy)phenyi ipropanois acid

A solution of ethyl 3-(2.3-dfluoro-3-{{2-methylbenzofuran-4-
viimethoxyiphenyhpropanuate {116 mg. 0.31 mmol) in MeOH was treated with
NaOH (5M. .62 mL, 3.1 mmal) and the resulting solulion was stirred far 18h
Methanol was removed under vacuum and the residue was neutralized with 2N
HCH and extracted with EtOAc. The solvent was removed under vacuum o
yiehkl 3-(2.3-difluoro-4-12-methylbenzofuran-4-yiymethoxy iphenylpropano

ACHY,

208
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"H NMR (400 MHz. CHLOROFORM-) & ppm 2.39 - 2.49 (m, 5 H). 2.76
{t. J=7.7 Hz. 2+, 5,33 is. 2H1. 6,56 (s, 1 H1L. 6.74-6.90(m. 2 Hj. 7.13-7.22
{m, 2H). 736 - 7.42 {m 1 H). ESI-MS (rniz). Calculated for CisHy:F.Ou:
389.1 {M+Na): foung: 369.1
Example 88
3-{4-[{5-Chloro-2-ethyl-1-benzofuran-7-ylimethoxyl-2.3-
dimethylphenylipropanoic acid

Gl

>_\ ‘\
N\ 7 7\ .
o 3 O
w0 \ -/ \_,<"
J GH

a) S-chlorg-2-cthylbenzofuran-7-carbaldehyde

A 20-ml seated tube was charged with 5-chloro-Z-hydroxy- 3-
jodobenzaldehyde (65g. 12.7 mmol. 72%).
dichlgrobis(triphenylphosphine palladium {0.69 g. 1.27 mmol;. coppertlliodide
(1,24 ¢. 1.27 mmaol). TEA (3.5 mL. 255 mmoly and 12 7 mL of DMF. Tne tube
was flusneq with argen. but-1-yne (1.4 ¢. 25.5 mmal) was introduced, and the
rasulting mixture stirred for 1h at room temperature and at 75°C overnight. The
resulting residuee was cooled to room temperature. concentrated in vacuo and
purified using the silica column chromatography to vield 5-chtoro-2-
othylbenzofuran-7-carbaldchyde.

W (5-Chlorg- 2-ethylbenzofuran- 7-ylimethanal

To a solution of 5-chloro-2-cthylhenzofuran-7-carbaldehyde (390 myg,
187 mmoly in MeOH cooled in an ice bath was added sodium borohydnde (35
mygy. 2.24 mmoli. The resulting mixture was stirred at room temperature for 2 h,
The resu'ting residue was extracted with EtOAc, dned over Na:SQy end
punfied hy siica get column orirematography to yield b (5-Chioro-2-
othylbienzofuran-7-ylimethanol,

;3 3-{4-[i5-Chloro-Z-ethyl-1-benzofuran-7 -yhimethoxyl-2 . 3-

cimethylphenyilpropanoic acid

200
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The title compound was prepared by reacting (S-chloro-2-
othylbenzofuran-7-ylimethanal according to the procedure as described in
Example 2.

" NMR (MeOD) &: 741 (d. » = 2.0 Hz. 1H). 7.32 id, J = 2.0 Hz. 1H)
6.99 (d. J = 8.6 Hz, TH). 6.82 {¢. J = 86 Hz. TH). 6.3 (5. 1H}. 5.29 (8. ZH).
289 2.92 (m, 2H), 2.82 (. J = 7.6 Hz. 2H), 2.50 - 2.57 (m. 2H). 2.25 {5, 3H1.
2.25 (5. 3H). 1.35 (t. 3H). Mass spectrum {ES] m/z): Catculated for
CHClO,. 4091 (M+Na), found 409.0.

Exampte 89
3-{4-{[2-Ethyl-5-{trifluoromethoxy)-1-benzofuran-7-yllmethoxy}-2,3-

dimethylphenyllpropanoic acid
F
F.
£,
-’()>
*\__%‘ \ >/ { _.
) Cr .
; - — I’
\j/ X \—/ _<OH

e

a) 2-Methoxy-5-ttriftuoromethoxy)benzaldehyde

To a soluton of T-moethoxy-4-{triflucromatnoxyjbenzenc (25 g. 130.1
mmol) in 500 mL of DCM at -78°C was added titanium{IVitetrachloride over a
poriad of 1 minule. The resulling mixture was slirred for 30 minules and
iickloromethylmethyl ether (27 .5 mil, 294.9 mmol) was added. The ice bath
was dallowad to expite and the mixture was stirred at room temperature
avermighl, The resulting residuc was poured carefully into waler and extractod
with three portions of DCM. The combined extracts were washed with water
and brine. dried (Na.S04), and concentrated, The resulting residue was purdied
Ly flash colunm chromatoaraphy to yield 2-methoxy-5-
tirifluoromethoxy henzaldehyde.

b 2-Hydroxy-5-itriffuoromethoxybenzaldehyde

To a solution of Z-methoxy-5-(trifluoromethoxy \benzaldehyde (19.5 4.
88.6 mmal) in DCM at -78-C was added boron Inbromide (17.6 mL, 186.4
mmioty over a period of ca.l min. The resulting mixture was strred for 1 hour.

the cooling bath was replaced with an ice bath and the mixture was stirred for 1

[}
—a
o
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hour. The resulting residue was slowly poured on t¢x ice and extracted with
DCM {x2). The extracts were dried (Na.S0,4) and concentrated. The resulting
residue was purified by sitica column chromatography to yield 2-hydroxy-5-
{trfluoromethoxyihenzalidehyde.

5 ) Z2-Hvdroxv-3-0do-5-{trifiunromethoxy bengaldehyde

A solution of 2-hydroxy-5-(triflucromethoxy)benzaldehyde (20 g. 97.0
mmot} and NIS {646 ¢, 242.7 mmaol) in DMF (196 mL) was stirred at room
temperature under Argen for 48 hr, The DMF was removed under vacuum andg
the residuc taken up in EtOAC and washod with 1N HCI. sodium thiasulfate and

10 sat NaCl. The orgamc layer was dried over Na_ SOy and evaporated. The
resulting residue was purified by silica gel chromatograpny {0 to 30%
EtOAchept over 20 mint to yield 2-nydroxy-3-iado-5-
trifluoromethoxybenzaldehyde.

) 2-Propyl-5-(trifiugromeothoxvibenzofuran-7-carbaldehyde

15 The title compound was prepared by reacting 2-hydroxy-3-10de-5-
(trifluoromethoxyhenzaldehyde according to the procedure as descnbed in
Example 88 step (a) substituting pent-1-yne for but-1-yne.

&) (2-Propyl-5-itrifluoromathoxy:benzoefuran-7-yhmethanol

The title compound was prepared by reacting 2-propyl-5-
20 {trfluoromethoxy enzofuran-7-carbaldehyde by reduction with NaBH.,
according to the procedure as descaribaed in Example 88 step (b).

f) 3-14-{[2-Ethy[-5-ttrfluoromethoxyi-1-benzofuran-7-yljmethoxyl-2.3-

chmethyliphenylipropanoic acid

The titte compound was prepared by reacting (2-propyl-5-
25 (trifluoromothoxy)bhenzofuran-7-ylimethanol according to the procedure
desoribed in Example 2.
TH NMR {CHLOROFORM-d3 &: 7.29 (5. TH). 7.26 {s. 1HY. .99 (. J =
3.6 Hz. 1HL 6.82 (d. J = 8.6 Hz 1H), 68.42 (s 1H), 531 (s 2H), 2.91 - 2.99 (m
2H). 2.81 (. J = 7.6 Hz. 2H). 2 56 - 2.64 (m, 2+, 2.25 is. 6H) 1 34 (t, 2H).
30 Mass spactrum (ESI miz), Caloulated for C. H:F.0-, 4371 (M+H), found
437.0.
Example 90
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3-{4-[(2-Ethyl-5-fluoro-1-benzofuran-7-ylimethoxy]-2,3-

difluorophenylipropanoic acid

5
.
\

y\f/ <_ P
( i

-

The titte compound was prepared acooerding to the proccdure as

4

n  gescribed in Example 83 substituting ethy! 4-i2 3-difluoro-4-
hydroxyphenylipropanoale (prepared as deseribad in Example 86) for othyl &-
{4-hydroxy-2.2-dimethylphenylipropanoate.

"H NMR (CHLOROFORM-d1 &: 7.12 (ddd. J = 8.3. 2.8 Hz. 1H}. 7.05 {dd.
J=86,25Hz 1HL 6.77 - 6.20 {m. 2H), ©.36 (s. TH), 5.43 {s. 2H}, 2.80 - 2.87
10 tm, 2H). 2.77 () 2H), 2.47 - 2,686 (m. 2H), 1.30 {t, J = 7.6 Hz 3H) Mass
spectrum (ESI miz): Calculated for CuH:F .0, 4011 iM+Na). found 401.0.
Exampte 81
3-{4-[{2-Ethyl-5-fluoro-1-benzofuran-7-yljmethoxy]-3.5-

difluorophenyl}propanoic acid
F

—

N\ \
?‘_2‘ e \>_ A
r 3

15 -

The title campound was prepared according 10 the procedure as
described in Example 83 substituting ethyi 3-(3.5-diflutro-4-
hydroxyphenyliprepanoate (prepared as described in U.S. Pat. Appl. Publ..
20110313003, 22 Dec 2011) for ethyl 3-(4-hydroxy-2,3-

20 dimethylphenyl)propanocate,

"HNMR (CHLOROFORM-cy &: 710 (d. J = 9.1 Hz. 2H). 6,69 - 8.80 (m,
2H). 6.34 (3. TH). 540 (s, 2H). 2 83 - 2,92 (m, 2H). 2.77 (4. J = 7.6 Hz, 2H),
2.60-2.70 (m, 2H), 1.31 (t. 2H). Mass spectrum (ESI, m/z): Calculated for
CoHiF.OL 4011 (M+Na). found 401.Q.

Example 92

N
n

212
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3-{6-[{2-Ethyt-5-fluoro-1-benzofuran-7-ylimethoxy]-2-
{trifluoromethylipyridin-3-yipropanoic acid

!I//
7N\
VAR -
o-< B 9
i>_ N:X\,F\_Kw
X Ok

Foy

a) B-Chlore-3~-iodo-2-triflusromethylpyridine
5 A solution of LDA (1.8 M, 24.5 mL) in THF was cooled 1o -78 “C and &

solution of 2-chloro-6-ttriftuoromethyl)pyridine (4 g. 22.0 mmon in THF was
added dropwise. The solution was stirred at -78°C for 1.5 h, To the resulting
mixiure was then added & solution of iodine (5.6 g. 22.0 mmeol in THF dropwise
nver 30 min. The solution was stirred at -78°C for 45 mimn, then guenchead with

10 2M HCI. The resulting mixture was extracted with £41:0 (2X). The combined
Organic extracts were washed with sodium thiosulfate. sat NaHCOx, brine and
dried over Na SO to yield 6-chloro-3-odo-2-(trifiuoromathyhpyndine.

by (EX-Etny! 3-18-chioro-2-{triftusromethyl}pyridin-3-yhacrylate

The title compound was preparcd according o the procedure as
15 described in Example 86 step (a) substituting 6-chlcro-3-iodo-2-
{trifluoromethylipyndine for 4-hromoe-2.3-difluorophenal.

c) {E»Ethyl 3-i6-{1 2-cthyl-5-fluorabenzoturan-7-yiimethoxy 1-2-

{trifivoromethyhipyrdin-3-yiacrylate

To a solution of (2-0thyl-5-fluorobenzofuran-7 -ylimethanal (362 mg, 1.86
200 mmot, prepared as descenbed m bxampte 83) in DMF was addea Nar {60%. 30
mg. 2.02 mmal) and the mixture stirred at room temperature for 1 br To the
resulting solution was then adaded (E)-ethyl 3-(6-chloro-2-
{trifiuoromethylpyrdin-3-yhacrylate (434 mg. 1.55 mmol) dropwise and the
resulting mixture stirred at room temperature: for 72n. DMF was removed under
25  vacuum ard the residue taker up in sat NHsCl and extracted into EXQQAc. The
organic fraction was concentrated and the rmsulling residue purified by silica gel
column chromatography to yield (Ej-ethyl 3-(6-((2-etnyl-5-fluorobenzofuran-7-

yhmethoxy-2-(triffucromathyl)pyrdin-3-yljacrylate,

rS
[N



WO 2014/15900) PCFUS20134:02170

i Ethyl $-16-(12-ethy-5-fluprebenzofuran- 7-vhmethoxyi-2-

friflunromaothyl inyridin-3-yipropanvate

To a solution of (£ ethyl 3-(6-((2-ethyi-5-fluorobenzofuran-7-
viimethoxy2-(triflucromethyl )pyridin-3-yDacrylate (230 mg. 0.53 mmol) in
S EtOAc was added istnorbomadience jrhodiumin tetrafluoraberate (24 mg. 0.06
mmol} and the resulting mixture stired under a H: ballcon) atmosphere for 3n.
The resutting residue was concentrated and punficd by silica gel column
chromatoaraphy to yield ethyl 3-{8-((2-ethyl-3-fluorobenzofuran-7-yl)methoxy)-
2-ttrifluoromethylpyricin-3-ylipropanoate.

10 &) 3-{6-[{2-Ethyl-5-fluoro-1 benzofuran-7-yhmetnoxy;- 2- (tnfivoromethylipyridin-

J-vlipropanoic acid

The title campound was prepared by reacting ethyl 3-(6-({2-othyl-5-
fluorobenzofuran-7-yhimethoxy i-2-(trifluoromethyhpyridin-3-ypropanoate
according to the procedure described Example 1.

15 THNMR (MeOHY & 7.74 (d, J = 7.6 Hz. 1H). 7.30 (d, J = 7.1 Hz. TH),
716 idd. J=8.6. 25 Hz. THL 711 {dd. J = 9.9, 28 Hz  1HYL 648 (1. J = 1 0 Hz,
TH)Y 569 (s. 2H). 295t d = 7.6 Hz. ZH}. 2.82 {y. . = 7.6 Hz. 2H). 2.58 - 2.68
{m, 2H1 1 32 (1 3H). Mass speatium (ESLL miz): Caleulated for CoyHyFiNQO..
$12.1 (M+H). found 412.0.

2( Example 93

344-{{6-Ethyl-2, 2-dimethyl-2.3-dihydrobenzo[1,2-b:4.5-b'|difuran-4-
ytimethoxy]-2.3-dimethylphenyl}propanoic acid

a) Methyl 2-ethyl 5-(iZz-methylalivlioxvibenzofuran-7- carboxylate

[
en

To a solution of methyl 2-ethyi-5-nydroxybenzofuran-7 -carbexylate (0.61
. 2.77 mmol, prepared as described in Example 333 in DMF (15 mL) was
added potagsium carbonate (.84 4. 6.10 mmal) and 3-chloro-2-methylprop-1-
eng (.65 mL. 6.10 mmal). The resulling suspension was heated at 70°C for

18 h. and then cooled to roem temperature and solids filtered and washed with
214
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FiOAc. The EIOAc solution was washed with water, brine. and dried over
sodium sulfate. filtered and concentrated in vacus. The resufting residue was
punfied by silica gel chromatography to yield methy! 2-ethy!-5-1(2-
methytallylyoxyjbenzofuran- 7-carboxylate.

) Methyl Z-ethyl-5-hydroxy-6-(2-methylalivi)benzoturan-7-carboxylate

Neat methyl 2-ethyl-5-((2-methylallyhoxy)benzofuran-7-carboxylate (U 72
g. 2.63 mmol) was healed at 192°C for 18 hr - The resulling mixlure was cooled
and the resulting residue purified by sitica calumn chromatoaraphy to yield
methyl 2-cthyl-8-hydroxy-6-{2-methylallyDbenzofuran-7-carboxytate.

;) Methyi 6-elbyl-2, 2-dimethyl-2 3-dihydrobenzol1.2-b:4,5-1'[difuran-4-

A mixture of mathyl 2-cthyl-5-hydroxy-6-(Z2-methylallyijbenzofuran-7-
carboxylate (0.20 g, (.73 mmeoly in formic acid was heated at 100°C for 18 h
The formic acid was removed under vacuum and the residue dissolved in
MeOH and treated with TMS-diazomethane untl a yellow color persisted. Tne
resuiting residuc was concentrated and purified by silica gel column
chiromatography to yield methyl 8-etnyl- 2.2-dimethyl- 2. 3-ibydrobenzo[1.2-
b4 5-b'|difuran- 4-carboxylate.

i (8-Ethyl-2 2-dimethyl-2 2-dihvdrobenzo[1.2-h:1 5-bldifuran-4-ylhimethanot

The title compound was prepared by reacting methyl g-ethyl-2.2-
dimelhyl-2.3-dihvdrobenzol[1.2-b:4.5-b'[difuran-d-carboxylate with DIBAL
aceording to the procedure as described in Example 86 step (¢

2 4-iChloromethyl-6-¢thyl-2.2-dimaothvl-2 . 3-dihydrobeneo[1.2-1:4. 8-t difuran

A mixture of (6-ethyl-2.2-dimethyl-2 3-dihydrobenzo[1.2-1:4.5-b'difuran-
d4-yhmethanol (4G mg. 0.16 mmoli and thianyl chlaride (0,014 mL. 3 19 mmot)
in methylene chlonde (2.6 mL.) were stirred at room temperature under argon
for 4 hours  The resulting residue was concentrated and used in the next step
without further purification.

13 Ethyt 3-(d-it6-ethyi-2 2-chmethyl-2 . 3-dibydrobenzol1.2-b:d 5-b'ldifuran-4-

ylimethoxy-2.3-dmethylphenylipropanoeate

A mixture of 4-(chloromethyl)-5-ethyl-2 z-dimethyl-2.3-dibydrobenzof1,2-
bed 5-b'|difuran (43 mg. (.16 mmol), ethyl 3-(4-hyrdroxy-2.3-

dimethylphenyhpropanoate (72 mg. 0.32 mmol) and cesium carborate (137

215
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10

migy. (0.42 mmal) in acetondrile {2.9 mL) was heated at 70°C under Ar overnight.
The resuting residue was hitered and tho filirate was concentrated and diluted
with EtOAC, washed with brine. and dried over Na.SQy. The resulting residue
was purified by preparative TLC to yield ethyt 3-(4-((6-ethyl-2.2-chmethyl-2.3-
dinydrovenzo[1,2-h:4 5-b'[difuran-4-yimethoxy-2.3-
dimethylphenyDpropanoate.

) 3-{4-[{6-Ethyl-2.2-dimcthyl-2 3-dihydrobenzo1.2-b:4 . 5-t'ldituran-4-
yiimethoxyl-2.3-dimethyipheny}propanoic acid

The title compound was prepared by reacting ethyl 3-(4-({6-cthyl-2.2-
dimethyl- 2.3-dibydrobenzo[1.2-0:4.5-b'|difuran-4-ylmethoxy -2 .3+
dimethylphenylpropancate according to the procedure as descnbiad n
Exampie 1,

H NMR {CHLOROQFORM-d} &: .94 - 7.01 tm. 1H1. 6.86 (d. J = 8.1 Hz.
TH). 6.75 is. TH). 6.289 {8, TH). 5,25 {s. 2H). 3.12 (5 2H). 2,901 - 2,99 im 2H;
2.75(q, =74 Hz 2H), 2.85 - 2.65 tm, 2H). 2.23is. 3H). 2.17 (8. 3H). 1.47 (s,
6H), 1.30 {t. J = 7.6 Hz. 3H)., Mass spoctrum (ESL miz); Calculated for
CrHwOx, 423.2 (M+H1. found 423.0.

Example 94
3-{4-{(5-Chloro-2-propyl-1-benzofuran-7-ylimethoxy]-2.3-

dimethylphenyi}propanoic acid

Ct
M=z /
=N\ :
x\, 4:}_ Y —(>_ N o
i -E", = \“_‘f(

\\ E AN
Y O

a) Methyvl 5-chloro-2-nydroxy-3-iorohenzoate

A solution of methyl 5-chloro-2-hydroxybenzoate (2 ¢, 10.7 mmol) and
NIS (6.0 ¢, 26.8 mmal) in DMF (22 mL) was stirredt al room temperature under
Ar for 48 br. DMF was removed urder vacuum and the residue taken up in
E1OAC and washed with TN HCI, sadium thiosulfate and sat NaCll The organic
layer was dried over Na: SOy and evaporated. The resulting residue was
purified by silica gel column chromatography (0 to 3% EtOAC in teptang ovor
20 min} to yrieid methy! 5-chlore-2-hydroxy-3-odobenzoate.
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b1 Methyl S-chioro-2-propylbenzofuran-7-carboxylate

The title compound was preparcd by reacting mothyl 5-chioro-2-hydroxv-
J-iodobenzoate according to the procedure as descrnibed in Example ¢3
substituting 1-pentyne for 1-butyne in step (b).

5 ¢ i5-Chioro-Z-propylbenzafuran-7-yhimethanol

The title compound was prepared by reacting methyl 5-chiore-2-
propyibenzofuran-7-carboaylaie according to the procadure as described in
Example 83 step ic).

) 3-{4-[{5-Chloro-2-propyl-1-benzofuran-7-viimethoxy]-2.3-

10 dimethylphenyllrapanoie aqgid

The title compound was prepared by reacting (3-chioro-2-
propylbenzofuran-7-yhimethanol according to the procedure as described in
Example 83.

'H NMR (CHLOROFQORM-d} &: 7.40 (5. 1H). 7.33{s. TH). 8.98 {d. J =

1h 83 Hz 1H)L 8.2 (i J=8.3 Hz. TH). 6.36 (s, TH), 528 (8, 2H), 29511, U =78
Hz 2H). 2.74 (t. d = 7.3 He, 2H). 2,57 - 2.66 {m, 2HY 2.25 (s. 6H) 1.70- 1.83
{m. 2H3y 101t 3H). Mass spectrum (ESI. miz): Caleulated for C.:H ~ClO,.
4231 iM+Nay, foung 423.0

Example 95
20 3-(4-{[2-(Difluoromethyl}-5-fliioro-1-benzofuran-7-yilmethoxy}-2,3-
dimethyiphenyl)propanoic acid
k
U' Q\c’@ "4
O — \
| O
i- /L-\s;

a) Methyl 3-{4-t{5-fluoro-2-(thydroxymethylibenzofuran-7-yhimethoxy -2 3-

gimethviphenylinropanoate

25 A solution of 3-14-({5-fluore-2-(hrydroxymethyl)benzofuran-7-yhmethoxy -
2. 3-dimethyiphenylipropaneic acid (30 mg. 0.028 mmaol. prepared as described
in Example 5) in MeOH was cooled in an ice bath and reated with TMS-

drazomethane untt a permenent yellow color was obtained. Excess
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drazomethane was quenched with AcOH and solvent evaporated. The
resulting residue was used in the next step without further purification.

) Methyl 3-(4-1{5-fluoro-2-farmyibenzofuran-7-vlimethoxy)-2.3-

dimethviphenyDoropanoate

To a solution of methyl 3-(4-((5-fluoro-2-thydroxymethylbenzofuran-7-
yhmethoxy)-2.3-dimethylphenyDpropanoate (31 mg. 0.08 mmol) in DCM (2 mL)
w18 added Dess-Marlin periodinane (40 mg. (1.09 mmol) and the resulting
mixture stirred for 4 hr at room temperature. The resulting residue was diuted
with EtOAc and washed with sat Na_,CQO.. The rasulting residue was purified by
prep-TLC to yield methyl 3-(4-{(5-flusro-2-formylbenzofurian-7-yhimethoxy 1-2. 3-
dimethylphenybpropanoate.

¢ Methyt 3-i4-(2-icdifluoromethvi)-5-flusrebenzofuran-7-vibmethoxvi-2,3-

dimethylphenyDpropanoate

To a sotution of mathyt 3-(4-({&-lluoro-2-formylbenzofuran-7-yhimeihoxy )-
2.3-dimethyiphenypropancate (30 mg., (.08 mmoel) in methanol was added
his{2-methoxyethyhaminosuaifur triflueride (.04 mL, .23 mmol) and the
mixture stirred for 182 hr. the solution was concentrated and purified by
preparative TLC to yvield methy! 3-(4-((2-(dfluoromethy)-5-flucrebenzofuran-7-
vimethoxyi-2.3-dmethylphonyllpropancate.

i 3-14-{[2-(Difluoromethyl}-5-fluoro-1-benzofuran-7-vilmethoxyvl-2.3-

dimethvlghenylipropanoic acid

The title compound was prepared by reacting methyl 2-id-{(2-
{difluoromethyli-S-fluorobenzofuran-7-ylimothoxy -2.3-
dimethylphenylipropanoate according to the procedure as descrbed in
Example 1

"H NMR (CHLOROFORM-di d: 7.32 (aigt. J = 9.6. 2.0 Hz. 1Hj. 7.23 -
7.25im. 1HYL 7.04 (s, THL 6.99 ¢d. J = 8.6 Hz. 1H). 6.79 (d. J = 8.6 Hz, 1H}.
6.75 (t. J = 54.4 Hz, 1H), 5,34 (5. 2H). 2.90 - 3.00 (m, 2H). 2.56 - 2.66 (M, 2H).
2.26 (s, 3H). 2.24 ts, 3H). Mass spectrum (ESL miz); Calcuiated for
CaHiuF.O;. 415 1T IM+Na). found 415.0.

Example 96
3-{6-{{2-Ethy!-5-fluoro-1-benzofiuiran-7-ylimethoxy}-4-methylipyridin-3-

yl}propanoic acid
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a) Elhvl 3-(6-fluorg-4-methylpyridin-3-vOpropanoate

The title compound was prepared aceording 1o the procedure as
dascrit:-ad in Example 86 substituting 5-bromo-2-flunro-4-methylpyridine for 4-
hromo-2,3-diffuorophencl in step {a).

b Ethyl 3-16-if2-ethyl-5-flugrobenzofuran-7-ylmethoxy -4-methylpyridin-a-

ylipropanoate:

T0 4 solution of (2-ethyt-5-fluorobenzofuran-7-yhimethanol (314 mg. 1 62
mmol, prapared as described m Exampie 83) in DMF was added NaB {601%. 70
mg. 1.75 mmoly and the resulting mixture stirred at room temperature for 1 he
Te the resulting solution (ethyl 3-(6-fluoro-4-mathylpyridin-3-ylpropanoate (284
my. 1.35 mmualy in DMF was added dropwise and the mixture stirred at room
temperatura Tor 72h. DMF was removed under vacuum and tho residue was
purfied by silica gel column chromatograpny to yield ethyl 3-(6-tiZ-ethyl-5-
flusrobenzofuran-7-yhimethoxy -4-methvipyridin-3-yhpropanoate.

) 3-{b-fi2-Ethyl-5-fluorg-1-benzofuran-7 -ylimethoxy]-¢-moethylpyridin-3-

yilpropano acid

The title compound was prepared by reacting othyl 3-{6-((2-¢thyl-5-
fluorohenzofuran-7-yhmethoxy )-4-methylpyridin-3-vhpropanoate according to
the procodure as describad in Exampla 1.

"HNMR (MeOD) &: 7.96 (s, 1H). 7.12 tdd. J = 8.6. 2.5 Hz. 1H), 7.05 (4d.
J=9.6.25Hz tH). 6.84 (s, 1H). 6.42 (s, 1H). 589 (s. 2H). 2.83¢t. J = 7.8 Hz
ZHY. 28100, J=7.6 Hz 2H). 2601t J = 7.6 Hz 2H) 2.38 {s. 3H). 1.28 - 1 4=
{m. 3H), Mass spectrum (E ST, miz): Calculated for C.iH. . FNQOg, 352 1 (M+H)
found 358.0,

Example 97
3-{6-{(5-Chloro-2-propyl-1-benzofuran-7-ylimethoxy]-4-methylpyridin-3-

yl}propanoic acid
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The title compound was prepared according to the procedure as

OH

described in Example 96 subsututing (5-chlore-2-propyibenzofuran-7-
yhmethanol (prepared as described in Exampte 94) for (2-ethyl-5-
5 fluorobenzofuran-7-yhmathanol.
'H NMR {CHLOROFORM-d: 8: .22 (s, 1H) 7.43{d. J = 2.0 Hz, 1H),
7.27 {8, TH) 6.90 (s, TH). 6.36 is. TH). 560 {s. 2HyL 2.94 {1, J = 7.3 Hz, 2H).
2.73 (L= 7.3 Hz 2H). 2.63 - 2.7ty (m. 2H), 2.42 (s. 3H), 1.76 (sxt, J = 7.5 hz.
Z2H). 1 00 it J = 7.3 Hz. 3H). Mass spectrum {(ESL. m/z): Cainulated for
10 CattCING,. 388.1 (M+H}. found 388.0.
Example 98
3-(2,3-Dimethyi-4-{{2-propyl-5-{trifluoromethoxy}-1-benzofuran-7-
ylImethoxylphenylipropanoic acid

F

F'\
o

Q) "
3 \'\}_ E‘\ /
\‘ 4' \(“ / \—\\ >

3 . )
‘\ /I‘ ) <
OH
g
15 The title compound was preparad according to the procedure as

described in Example 89 substtuting pent-1-yne for but-1-yne.

"H NMR (CHLORQFORM-d) &: 7.24 - 7.31 (m. 1+, 699 (il J = 8.1 Hz.
tH). 6.82 (. J = 8.6 Hz. 1H), 6.42 (5. 1H) 5.371 {8, 2H), 2.91 - 3.00 (m. 2H),
276t J =76 Hz, 2H). 2.56 - 2.66 {m, 2H), 2.25 is. 8H}, 1.78 (sxt. J = 7.4 Hz,
ZH3 1.02 it 3H). Mass spectrum {ESI mizi: Caleulated for C .aHeF O 451.2
{M-+H). found 451.0.

ha

Exampte 99
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3-{2,3-Dimethyl-4-{{2-methy|-5-(trifluoromethoxy}-1-henzofuran-7-

yllmethoxvlphenvlipropanocic acid

F _;F
‘I {%“\ F
/); = \)_
N\ ,’> TN /N N
Y— O — {
:’- - A<\_-_ < \ 4

N -
\( OH

The title compound was prepared according to the procedure as
5 Jdescribed in Example 89 substituting prop- 1-yne for but-1-yne.
"H NMR (CHLOROFQRM-d} &: 7.22 - 7.30) (m. 2H), 6.99 (d, J = 8.6 Hz
TH) .80 a0 J = 8.1 Hz, TH), 8.41 {d. J = 1.0 Hz, 1443, 5.30 (s, 244), 2 90 - 2.99
(m. 21H) 2.56 - 2.66 im, 2ZH). 2.47 (s. 3H). 2.25 (s, €H). Mass spectrum {EST
m:z}: Caloulated for C.HwF-Ga, 423.1 (M+H), found 423.0.
11 Example 100
3-{4-[{5-Chloro-2-propy!-1-benzofuran-7-yljmethoxy]-3-cyano-2-

methyiphenylipropanoic acid

J

-~

~17
Cl {
OH
ai 3-Bromo-6-fluore-Z-methyibenzonitnle
15 To a cooled {0 "C) sotution of 2-fluero-6-methylbenzonitrile {2 4. 14.8

mmothin concentrated sulfuric acid (40 mL) was added NBS (2.7 g. 16.8
mmol). The resulting residue was stirred at (°C for 2 bre and poured into 0e-
water (400 mL). The resulting solution was extracted three times with EtOAC
{80 mL)Y and the combined organic layers were washed with water and brine

200 dred over anhydrous sodium sulfate. filtered and concentrated. The resulting
residue was purified by silca gel fiash chromatograpny to vield 3-bromo-6-
fliuoro-2-methvlbenzonitrile.

b) Eihyl 3-(3-cyana-4-fiuoro-2-methviphenylipropanaaie

221
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The title compound was prepared by reacting 3-bromo-6-fluoro-2-
mathylbenzonit'e according o the procedure as described in Example 86,

) 3-{4-[15-Chloro-2-propyl-1-benzofuran- 7-yhmethoxy]-3-cyang- 2-

methviphenyl}propancic acys

& The tide compound was prepared by reacting othyl 3-(3-cyano-4-fluore-
Z-methylphenylipropanoate and (S-chlore-2-propyibenzofuran-7-ylimethano!
(prepared as desacribed in Example 941 according 1o the procedures as
describied in Example 96.

"H NMR (CHLLOROFORM-d1 . 7.41 (d J = 2.0 Hz TH1L, 732 (. =18
1 Hzo 1H). 7.23 - 7.25 (M 1H), 6.83 (. J = 8.6 Hz. 1H)L 6.37 (3. 1H1. 5.42 (s, 2H
2924 =77Hz, 2Hy 2.76{t. J=7.5Hz, 2H). 260 (t. J =77 Hz. 2H). 2.51
(8, 3H). 1.78 (sxt. 2H). 1.02 {t. J = 7.5 Hz, 3H). Mass spectrum (ESI. miz):
Caiculated for C..:H»CINO;. 4211 (M+H ., found 421.0.
Example 101
15 3-{4-{{5-Bromo-2-ethyl-1-bhenzofuran-7-ylimethoxyl-2,3-

dimethylphenyiipropanoic acid

~ 0D = b .
" iy}
e

a) Methyl 5-promu-2-othylbenzofuran-7-carboxylate

The titie compound was prepared according 10 the procedure as
200 described in Example 83 step (h) substituting mothyl 5-bramo-2-hydroxy-3-
odobenzoate for metny! 3-bromo-5-fluoro-2-hydroxybenzoate

b 3-{4-[{5-Bromo-2-ethyt-1-benzofuran-7-viimethoxyl-2.3-

dimethylphenylpropanos acid

The titfe compound was prepared by reacting methyl 5-bromo-2-
25  othylbenzofuran-7-carboxylawe aceording o the procdure as descnbed in
Example 83.
'HNMR (MeOD) &: 757 (d. J = 2.0 He, 1H). 7 45 (a1, J = 1.8 Hz. 1H),
6.99 (d.J = 83 Hz. 1H), 6.821a. J = 8.3 Hz, 1H), 6.40 (s, 1H), 529 (s, 2H).
2.89-2.99 (m. 2H}1 2.82 (. J = 7.6 Hz 2H), 2.49 - 2.59 (m, 2H). 2.26 {s. 3H}.
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2.25 (8. 3H), 1.35 (1. J = 7 5 Hz, 3H) Mass spectrum (281, miz: Caloulated for
C..H.BrO4. 431.1 iM+H). found 431.0.
Example 102
3-{4-{{5-Fluoro-2,3-dimethyl-1-benzofuran-7-yljmethoxy]-2,3-
dimethylphenyi}propanoic acid

a) 3-2-Bromo-4-fluorophenoxyibutan-2-cne

A mixwure of Z-bromo-4-fluosrophenol (5 g 26.2 mmaol). potassium
carbonate (10.3 y. 78.5 mmoh. 3-chlorobutan-2-gne (2.6 mL. 26.2 mmol). and
potassium iodide {1.2 ¢. 7.4 mmnl) in acetonitrile (20 mL) was heatad to 70°C
and stirred for 18h. The resulting residue was cooled to reom temperature and
the solids removed by fiitration. The filtrate was concentrated under vacuum
and the residue taken up n EtOAC and washed with water and saturated NaCl
Tha solution wags dried over Na:SO. and evaporated and the residuc purificd
by siica gel chromatography to yicld 3-(2-bromo-4-fluorophenoxyitiutan-2-one.

) 7-Brome-58-fluoro-2.3-dimethylbenzofuran

3-12-Bromo-d-fluorophenoxyibutan-2-ane (4. 15 .3 mmal) was added in
portions to sufuric acia (2 mLY at 30 "C ana stirred for 6 hr - The resuiting
resicue was cooled to roem temperature and poured on toice. The resutting
ad. mixture was extractad with EtOAc¢. The EtOAc fraction was washed with
IN NaOH waler and satarated NaCl, The 210Ae fraction was dried over
Nz:S0; and evaporated and the residue purified by silica gol chromatography
to yieid 7-bromo-5-fluoro-2.3-dimethylbenzofuran.

) H-Flugro-2.3-agrmethylbenzofuran-7-carbaldabyde

To a solution of 7-bromo-5-fluorn-2.3-dmethyibenzofuran (1. 56 g, 6.42
mmolbin THE (38 mL) at -78 *C was added n-Buti (1.6M hex. 4.41 mL)  After
stirring at this temperature for 30 min DMF (2.5 mL. 32.09 mmol) was added
and the mixture was stirred for 1 h and then warmad 10 room iemperature,
Aqueous NHLYCI was added and the agueous phase was extracted with EtOAC.
The EtOA: phase was dried cver MgSQ.. filterad. and evaporated under
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reduced pressure. The resulting residue was purified by silica gel
chromatography to yield S-fluora-2.3-dimethylbenzofuran-7-carbaldehyde.

oH 3-{4-[(5-Fluoro-2.3-dimethyl-1-benzofuran-7-vhimethoxyl-2.3-

dimethylphenyiipropanois acid

The title compound was preparad by reacting 5-fluoro-2.3-
dimethylbenzofuran-7-carbaldehyde aceording to the procdure as described in
Example 88.

"M NMR (CHLOROFORM-¢y &: 7 09 (dd, J =9.9. 2.3 Hz, 1H), 6.95 -
700 (m, 2H). 6.79 {d. J = 8.6 He. 1H), 5.29 (s, 2H1, 2,95 (1. J = 7.8 Hz 2H),
2.56 - 2.65 (m, 2H). 2.39 (5. 3H). 2.25 (s, 3H) 2.25 (8. 3H). 213 (5. 3H). Mass
spectrum (ESI. mizy: Calculaled for CoxMa:FOs. 2711 iNM-+H), foung 471.0.

Example 103
3~(7-{[2-Methyi-5-(trifluoromethoxy)-1-benzofuran-7-ylimethoxy}-2,3-
dihydro-1H-inden-4-yl)propanoic acid

) (2-Methyl-5-triflucromethoxybenzofuran- 7-ylimethano!

The tile compound was prepared according to the procedure as
described in Example 89 substituting propyne for but-1-vne.

b 3-(7-{[2-Methyl-3-itriflucromethoxyi-1 -henzofuran- 7-yllmethoxy}-2 . 3-dihydra-

1H-inden-4-yiipropanoie acid

The title compound was prepared by reacting (Z2-methyl-5-
{trifiuoromethoxy ibenzofuran-7-ylimethanol and etnyl 3-(7-hydroxy-2.3-dihydro-
TH-inden-3-ylpropanoate (prepared as described in U.S. Pat. Appl. Pubi.,
201105315003, 22 Dec 20011), according 1o the procedure as describod in
Example 37

"H NMR {CHLOROFORM-d &: 7.27 (8. 1H). 7.23 (s, 1TH). 8.96 (5. J =
85 Hz THL6.75(d. J =8 1Hz 1H). 641 (¢t J =1 0 Hz, 1H) 534 (5. 2H1 2.96
(.J=7 23 Mz 2H) 2.86-2.93(m, 4H), 259 - 2.68 (m, 2Hj. 2 48 (8, 2H), 2.1
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tquin, d = 7.5 Hz. 2H). Mass spectrum (ESI. mizi: Calcutated for C: H A F+0-,
435.1 (M+H), found 435.0.

Example 104
3-{4-{{5-Chlorg-2-propyl-1-benzofuran-7-ylimethoxy]-2,3-

A difluorophenyl}propanoic acid
ol
N\ = e
)
N AN SN
- r- i
’ \‘__!.: N 4;
*‘l" ik

The titie compound was prepared by reacting (S-chloro-2-
propylbenzofuran-7-ytimethanul (prepared as descnbed in Example 94 step DY
and ethyl 3-12.3-difluore-4-hydroxyphenylipropanoate (prepared as described

10 n Example 86 step b) according to the procedure as descrnbed in Example 87.

"H NMR iCHLOROFORM-dy &: 7.41 (1. J = 2.0 Hez. TH). 7.30 (d, J = 2.0
Hz. TH). 6.81 - .89 (m. 1H), 6.71 - .80 im. TH). 6.36 (s, 1H1. 5.38 (5. 2H}.
280 3.00{m. 28 274 (1 J=7.6Hz 2H), 2.63 - 271 (m, 21}, 1.69 - 1.85 (m,
2Hj) 1.01 1t J = 7.3 Hz. 3H) Mass spectrum (ESE miz): Caleulated for

15 CHCIF Oy 4211 (M+Na). found 431.0.

Example 105
3-{4-[(2.3-Dimethyl-1-benzofuran4-ylimethoxy]-2,3-

dimethylphenyi}propanoic acid

Q\ \ ) \
4 7N
('J—\ \ i)
D~ o —
\[ H
20 The titie compound was prepared accerding 10 the procedure as

described in Example 86 substituling ethyl 3-(2.3-dimethyl-4-
hydroxyphenylpropanoate for ethyl 3-12 3-difluore-4-
hydroxyphenylipropancate.
"H NMR (CHLOROFORM-t) &: 738 (0. .4 = 7 1 He. 1H). 7.13 - 7.24 (m,
25 ZH) 700 (. J =81 Hz 1H), 6 52 (d. J = 8.1 Hz, 1H). 526 (s, 2H1. 2.92 - 3.00
{m, ZH}. 2.57 - 2.67 (m. ZH). 2.38 (8. 3H). 2.25 (s, 3H). 2.23 (3. 3H). 2.16 (s.
SH).
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Example 106
3-(4-{[4.6-Difluoro-2-methyi-5-{trifluoromethoxy)-1-benzofuran-7-

vl]methoxv}—z,3-dimethvlphenvl)propanoic acid

f

|) r

%‘_' - \»-\

UH

5 & 3.5-Difluorg-4-itnflugrometpoxyiphenct

To a solution of 5-bromoe-1.3-difluoro-2-(trifluoromethoxyibenzene {20 4.

72 2 mmoly in diethyl ether (200 mLj under an atmosphere of argon at -78°C
was slowly added a solution of n-Buls {1.6M hexane. 42.6 mii. The resulting
residue was stirred for 30 minutes and then added via cannula to a solution of

10 tinmethylborale (9.4 mL. 79.4 mmol) m diethyl ether (100 mbL) at- 70°C. After
the addition was complete. the temperature was allowed to nse to rpom
temperatwre then receoled to -10°C. Glacial acetic acid {(14.2 mL) was added
followedd by & solutiorn of H1% agueous hydrogen peroxide (20 mL} in water {20
mt } while maintaining the solulion al 0°C. The resuiling solution was allowed

15 to warm to room tempaerature while surrng for an additional 40 min. Saturated
giueous ammormum chloride solution was added (200 mL) followed by
tetrahydrafuran (100 mL . @nd the organic layer was separated. washod with
sat NaHCO.. water (300 mL}, and brine (100 mL). dred with magnesiom
suffate. and filtercd. The solvent was removed under vacuum and the: residuc

20 was purified by silica gel column chromatography to yield 3.5-difluoro-4-
(trifluoromethoxy inhenal.

1 1. 3-Diflucta-5-methoxy-2-{riflusromethoxy henzenc

A mixture of 3.5-difluoro-4-(tnfluoromethoxyiphenol {10 g, 46.71 mmoly,
potassium carbonate (19.37 ¢. 140,13 mmol), and methyl iodide (8.72 mL.
25 14013 mmol), in 28 mL of acetone was refluxed under Ar atmosphere for 18h
The selution was ceoled to room temperature and filtered to remaove sotids.
The filtrate was evaporated under vacuum and the residue punfied by silica ge:
column chromatography to vield 1.3-difluoro-5-mothoxy-2-

{tifluoromothoxyibenzene,
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¢) 3-{4-{[4.6-Difluoro-2-methyl-S-trifluoromethoxy i- 1-henzofuran-7-ylimethoxy}-

2.3-dimethvivhenyDpranansic acid

The title compound was prepared according 10 the procedurs as
described in Example 89 substituting 1,3-difiuoro-5-methoxy-2-
{trifluoromethoxy lbenzene for 1-maethoexy-4-itnfiuoromethoxy juenzenea in step
a)

"H NMR {CHLOROFORM-d} &: 7.02 (d. J = 8.6 Hz. 1H). 65.89¢d. J = & 1

z. THL 8.51 (s, TH). 5.27 (s, 2i4), 2.85 - 3.01 (m. 2H). 2.55 - 2.68 (m, 2H),
246 {s, 3H). 2.22 {s, 5Hj 2.13 {s. 3H). Mass spoctrum {ESL miz). Caloulated
for CooHiuFs0n. 4811 (M+Na), found 481.0).

Example 107
3-(2.3-Difluoro-4-{[6-fluoro-4-methoxy-2-methyl-5-(trifluoromethoxy}-1-
benzofuran-7-ylimethoxy}phenylipropanoic acid

3

5 (m s~

\

F o *

O

To a solution of ethyl 3-(4-{(d.6-dfluoro-2-methyl-5-
{trifluoromethoxy jbenzofuran- 7-ylimethoxy-2,3-diflucrophenvlipropanoate (304
my. 0.62 mmaol. preparad as described m Example 108) n a mixture of
THF/MeOH was added NaOH (25 mg. 0.82 mmol} ana the resulting mixture
stirred at room temporatures for 18 1. To the resulting mixture was then added
BN HCI untlf & precpitate formed, which was collected by filtration and punfied
by silica get chromatography to yield 3-i2 3-difluoro-4-{[6-fluoro-4-methoxy-2-
methyl-5-(triftuoromethoxy j-1-benzafuran-7-ylmethoxylphenyliprepancic acid,

H NMR (CHLOROFORM-d) 8. 6.78 - 6.97 (m. 2H). 8.56 {d. J = 1.0 Hz.
TH), 5.34 (s. 2H). 4.13 (8. 3H). 2.95{t. Jd = 7.6 Hz, 2H). 261 - 276 im, 2r)
2.44 (s, 3H). Mass spectrum (ESI miz) Calculated for CoHy=F.0:. 5011
{M+Na). foundg 501.0

Example 108
3-14-{[4.6-Difluoro-2-methyl-5-({trifluoromethoxy)-1-benzofuran-7-

ylimethoxy}-2.3-difluorophenylipropanoic acid
227
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The title compound was prepared according 10 the procedurs as
described in Example 106 substituting ethy! 312, 3-difluoro-4-
hvdroxyphenylipropancate iprepared as descrbed in Example 86) for ethyt 2-
{4-hydroxy-2.3-dimethylphenypropancate.

"H NMR (CHLOROFORM-d} &: 6.79 - 6.95 tm. 2H}, 6.51 1d. J = 1 0 Hz.
TH). 5,536 (8. 2H). 2.89 - 3.02 (m, 2H), 2.61 - 2.71 (m, 2H), 2.47 (s. 3H). Masg
spectrum tESI. miz): Calculcated for CoHF /O 484.0 {(M+Na). found 439.0.

Example 109
3-{4-[{6-Chloro-2.3-dimethy!-1-benzofuran-4-ylimethoxy]-2,3-
dimethylphenyl}propanoic acid

{
ﬁ)_\“_{ )—\_,,

S~
T (_‘:H

a1 Methyl 3-chlom-5-nyiddroxyhenzoate

3-Chlore-5-hydroxybenzac acd (2 g, 11.6 mmaly was dissotved in
MaOH and cooted in anice bath, Hydrogen chioride gas was bubibled into the
aofution for 10 min and the flask was capped and the soluten was aliowedd 1o
warm ta room temperature and stireedd for 18h. The resulting residuc was
concentrated under vacuum and the residue was purfied by silica gel
t_':hn::mﬁtography tr yield methyl 3-chloro-b-hydroxyhenzoaste.

1) 3-Oxobutan-2-yl 3-shiloro-5-((3-oxohutan-2-yhioxy ibenzoate

A mixture of mathyl 3-chioro-5-hydroxvienzoate (2 ¢g. 10.72 mmaol), 3-
chlgra-2-hutanone {2.28 g. 21.44 mmol). potassium carbonale (4.44 g, 32.16
mmol), and potassium iodide (0.48 ¢, 2.89 mmol) ir acetone (20 mLU was
stirred at reflux for 16 he After cooling to reom temperature watcr and diethyl

ether were added. the layers were separated ard the aq. layer was extracted
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with diethyi elher. The combined organic layers were washed with NaOH
solation (1.0 Miand water. dried over Na,SQ, and concentrated 1in vasuo (o 3-
oxobutan-2-yl 3-chioro-8-(i3-oxobutan-2-yhoxy henzoate.

¢) 2-Oxobutan-2-yl 6-chloro-2.3-dimethylbenzofuran-4-carboxylate

3-oxobutan-2-yl 3-chtoro-5-({3-oxobutan-2-vhioxyibenzoate (0.24 g. 0.78
mmol} was added in portions to sutfuric acd (0.1 mb at 30°C and then stirred
for 2h, The resulting residue was cooled to room temperature and poured na to
jce. The resulting aquecud mixture was extracted with EtOA¢. The EtOAR
fraction was washod with TN NaOH. water and saturated NaCl. The EtOA:
fraction was dned over Na:SO; and evaporated ard the resulting residue wias
purfied by sihoa gel chromatography to yield 2-oxobutan-2-yi 8-chlore-2,3-
dimethylbenzofuran-4-cartioxylate.

o) (6-Chloro-2 . 3-dimethylbenzoftiran-4- viimethanol

To a solution of 3-oxohutan-2-yl 6-chlara-2,3-dimethylhenzofuran-4-
carboxylate {0.15 . 0.51 mmolin DCM (1.3 mL) at -78*C was added a 1M
DCM solution of DIBAL {4.07 mim 4.07 mmali. After 45 min the solution was
abowed to reach reom temperature and poured intg sat NaCl and stirred for 2
hr, The resulting mixture wag fitterad through CELITE and washed with EtOAC

The combined orqanic Jayers were washed with brine. arieds over Na.:.80; and
concentrated in vacuo. The resulting residue was purified by silica gel
chromatography to (6 chlom-2 3-dimethyibenzofuran-4-ylimelhane!.

e) 3-{4-(18-Chlorn-2.3-dimethyl-1-benzufuran-4-yhmethoxyl-2.3-

cimethylphenvilpropanoic acid

The title compound was prepared by reacting (6-2hioro-2,3-
dimethylbensofuran-d-yiimeathanol according to the procedure as described
Exampio 23,

"H NMR (CHLOROFORM-d1&: 7.25 {d. y= 20 Hz TH), 7.24 (. J = 2)
He 1H), 7.00(d. J = 86 Hz, 1H} 677 (d. J= 86 Hz 1HL 521 (5. 2H). 2.92 -
2.99 (m. ZH). 2.58 - 2.66 {m. 2H). 2.36 {s. 3H). 2.24 (5. 3H) 2.22 (s. 3H), 2.17
{s, 3H}). Mass spectrum {ESIL mézy: Calculated for CaH-ClO,. 4097 (M+Ne).
found 409 0.

Example 110
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3-{4-[{6-Chloro-2-methyl-1-benzofuran-4-ylimethoxy]-2.3-
dimethylphenylipropanoic acid

ai i6-Chlore-2-methyibenzefuran-4-ylimethanol

N

The title compound was prepared according to the procedura as
described in Example 87 substituting methyl 2-chioro-5-hydroxybenzoate for
methy! 3-hydroxytienzoate.

D) 3-{4-18-Chlore-2-methyl-1-benzoefuran-4-yhimethoxyl-2.3-

dmethylphanylnropanoc acid

10 The titte compound was prepared by reacting (8-chioro-2-

methylbenzofuran-4-ylimethanol according to procedure: in Example 83,
"H NMR (CHLOROFORM-d) &: 7.38 (5. 1H). 7.26 (s, 2H). 6.97 (d J =

81 Hz. 1H)Y. 6,74 (d. y =886 Hz. 1H), 6.46 (s, 1H), 515 1x, 2H), 294 (t. J = 81
Hz. 2H), 2.52 - 2.67 {m. 25} 2.45 (s. 3H). 2.24 (s. 3H). 2.22 {s. 3H)

15 Example 111

3-{4-{(5-Chloro-2-methyl-1.3-benzoxazol-7-ylimethoxy]-2.3-
dimethylphenyl}propanoic acid

I-‘)}F N,
N /TN
& -4y RNI/AAN
D \ \‘:<
1
a) Methyl &-chiloro-2-hydroxy-2-nitrobenzoale
200 To a solution of methyl S-chlaro-2-hydroxybenzoate (5g, 26.8 mmolym

sufuric acid (40 mL) coatod inan ice bath was added dropwise: 3 mixture of

nitric acid (4.6 mby in sulfuric acid (5 mLi. The resulting residue was allowed to

warm to room temp and stirred for 5 hr and poured on to ice. The resulting

s0Mid that was formed was collected by filtration, washed with water and dred
25  under high vacuum o yield methyl 5-chloro-2-hydroxy-3-nitrobenzoate.

b)Y Methyl 3 -amino-5-chiloro-2-hydroxyhenzoato

230
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To a solution of methyl 5-chloro-2-hydroxy-2-nitrobenzoate (2g, 8.6
mmolr in methano! (60 mLi and acetic acid t60 mL) was added iron powder
(9.6 . 171.5) and the mixture was heateo at refiux for 1 h. After cooling to
room temperature. the resulting mixlure was filtered through a pad of CELITE.
the sotid was washed with EtOAC (3x) and the filtrate was evaporated. The
black residue was taken up with EtOAc. washed with water. saturated Na»COx
and dried over Na:S0O, . The EtOAG was evaporated to yield methyl 3-aming-5-
chioro-2-hydroxybenzoate.

¢ Methy! 5-chloro-Z-methvlbenzo[dioxazaie-7-carboxylate

A solution of methyl 3-amino-5-chioro-2-hydroxybenzoate {(1.32 g, .53
mmol), triethylorthoasetate 14 b, 21.2 mmol). and p-toluenesulfonie acid (40
mg. 0.21 mmol} was heated at 100°C for 18 hours. The resulting mixture was
concentrated in vacuo and the resuling residue purified by flash column
chromatography on sdica gel with 50% EXOAC/heptane 1o yietd methy! 5-chlore-
2-methylibenzold|oxazole-7-carboxylate.

) 3-44-[(5-Chlora-2-methyl- 1.3-honzoxazel-7 -yl imathoxy|-2.3-

dimethylphenylprepanoc acid

The titte compound was prepared by reacting methyvl S-chioro-2-
methylbenzo[dloxazole-7-varboxylate according to the procedure as descrnbed
in Example 83,

"HNMR {DMSO-d,) d: 12.14 (br. 5. 1H'_). 7.77 (8. TH). 7.44 (s. 1H), 8.90
-7.00 (m. tH). 687 (d. J = 8.6 Hz, TH), 5.30 (s. 2H). 2.72 - 2.84 (m, 3H), 2 64
(s, 3H). 240 {t. J = 7.6 Hz, 3H). 2.15 (8. 4H). 2.13 (5. 3H).

Example 112
3-{4-{[5-Chloro-2-{2.2-difluoroethyl)-1-benzofuran-7-yilmethoxvy}-2.3-

dimethylphenylipropanoic acid
Ci
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a) Methyl 5-chloro-Z-(2-hydioxyethylibenzofuran-7-carboxylate
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The title compound was prepared from methyl S-chloro-2-hydroxy-3-
dobenzoate {(prepared as descnbed in Example 94 step (air and but-3-yn-1-ol
{prepared as described in Example 1. step (&)

b) Methyl 5-chloro-2-tZ2-oxoethylibenzofuran-7-carboxylate

To a soiution of methyi 5-chloro-2-i2-hydroxyethyhbenzoturan-7-
carboxylate (0.80 . 3.14 mmol) n DCM (2 mL) was added Dess-Martin
pedodinanc (1.60 g. 3.77 mmol) and the mixiure stirred for 4 hr at room
temperature. The resulting residue was purified by preparative TLC 1o yield
methyl 5-chlore-2-i2-oxocthylbenzafuran-7-carhoxylate.

v} Methy! 5-chlore-2-(2. Z2-difluoroethylibenzofuran-7-carboxylate

To a solution of methyl S-chloro-2-i2-oxoethylibenzofuran-7-carboxylate
{0.50 . 1.98 mmol) in DCM {3 mL. ) was added ts(2-methoxyethyhaminasulfur
trifiucride (1.10 mL. 5.94 mmo!) and the mixture was stirred for 18 hr. The
resulting mixiure was purified by silica gel column shromatography (0-20%
EtOAc/heptane) to yreld methyl S-chloro-2-i2 2-difluoroethylbenzeturan-7-
carboxylate,

Y (5-Chiorg-2-(2 . 2-diflucroethyhbenzotfuran- 7-ylimethanoi

The title compound was prepared by DIBAL reduction of rethyl 5-
chlore-2-(2, 2-cdflusroethylhnenzofuran- 7-carboxylate according to the
procedure as described in Example 86 step (¢).

&) 3-(4-{[5-Chlarg-2-i2.2-difluoroelhyl-1-benzofuran-7-ylimathoxyt- 2. 3-

thimethviphenvhpropanow acid

The ttle compound was prepared by reacting (5-chioro-2-12.2-
difluoroethylibenzofuran-7 ylimethanol according to the procedure as
described in Example 83.

"HNMR (MaOH) 8: 749 (d. = 2.0 Hz. 1H). 7.39 (d. J = 2.0 Hz. 111,
$.99 (d.J = 88 Hz. 1H). 6.82(d. J = 3.1 Hz, TH) 8.68 (s. 1TH). 6.16 {tt. J = 58 (.
44 Hz, 1H) 5,50 (s, 2H). 3.36 - 3.46 {m. 2H). 2.86 - 2.98 (m. 2H), 2.49 - 2,58
fm, 2H), 2.26 (8, 3} 2.24 s, 3H).

Example 113
3-(4-{[2-(2-Hydroxyethyl}-5-{trifluoromethoxy}-1-benzofuran-7-

{Imethoxvy}-2,.3-dimethvilphenylipropanoic acid

r-2
v
(3]
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&) 2-(Z2-Hvdroxvethyl-5-triflucromethoxyibenzefuran-7-carbhaldehyde

2-12-Hydroxyethy)-5-(rifluoromethoxy ibenzofuran-7-carbaldehyde was
prepared from Z-hydroxy-3-ado-5-ttrifluoromethoxyibenzaldehyde (prepared
as describnd in Example 89 stop (0)Y and but-3-yn-1-ol iproepared as descrined
in Example 1 step a).

b) 2-12-((Tedrahydro-2H -pyran-2 -yDoxyethy-H-(trnflusromethoxy henzofuran-7-

carbaldebyde

To an ie-canled solution of 2-(2-nydroxyetiyl)-5-
(tifluoromethoxyihenzoluran-7-carbaldehyde (1 45 ¢, 5.29 mmol) in DCM (25
mi Y was added dihydropyran (2.42 mi, 26.4 mmolt and p-toluenesulfome acid
monehydrate (9.1 mg. 0.053 mmol) and the mixture was stirced at 0°C for 10
min and @t room temperature for 1.25 b, The resulting residue was partitioned
betwaen diethy! ether and a soluton made up of saturated brine (40 mL).
saturated sodium bicarbonate (40 mlL ), and water {80 mL). The organic phase
was washed twice with saturated brine. dued (MgSQ:-KCO- ) and evaporated
n vacuo to vield 2-12-i(tetrahydro-2H-pyran-2-yhoxy yethyl-5-
{Irfluoromethoxybenzofuran-7-carbakdehydoe
¢) (Z-12-tiTetrahydro-2H-pyran-Z-yhoxylethvD-5-trifluoremethoxyibenzofuran-
7-ylimethanol

The title compound was preparcd by NaBHy reducton of 2-(2-

{{tetrahydro-2H-pyran-Z-yhoxyethy)-S-(triffucromethoxy )henzofuran-7-
carbaldenydo according to the procedure as described in Example 88 step ()

ch Ethyl 3-i2. 3-dimethyi-4-({2-(2- (i tetrahydro-2H-pyran-2-ylioxy lethyl)-5-

(trifluoramathoxyhenzofuran-7-yimethoxyiphenylipropanoate

The titte compound was prepared by reacting (2-(2-{itetrahydro-2H-

pyran-2-yloxyethy-5-t trifluoromethoxyibenzofuran- 7-yhimethanol according

233
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te; Mitsonobu coupling according 1o procedure as described in Example 83
step(dy.

e) Ethyl 3-(4- {{2-(2-hydroxyethyii-5-{trifluoromethoxyibenzofuran-7-

yiimethoxy-2 3-dimethylphenylpropanoate

To a sotution of ethyl 3-(2.3-dimethyl-4-(i2-{2-({tetrahydro-2H-pyran-2-
vhioxy iethyl)-5-(trifluoromethoxy ihenzafuran-7-ylimethoxy \phenylpropanoate
{1.6 ¢. 2.83 mmalj in ethano! (30 mLi was added pyridinium p-lisiuenesulfonate
10.20 g, 1.19 mmaoi) and the resulting selution stirred at 55 °C for 2.5 hr. The
atharol was remaoved undor vacuum and the cosidue was pourod in to a
solution of 10% citric acid ang extracted with EtOAc. The EtOAC was removed
unger vasuum and the residue purified by sdica gol column chromatography to
vieald ethyl 3-{4-1{2-(2-hydroxyethyh-5-(trifluoromethoxybenzofuran-7-
yviimethoxy)-2.3-dimethylphenyl)propanoate.

f1 3-14-{]12-{2-Hydroxyethyl}-5-{irifluoromethoxyvi-1-henzofuran-7-yiimethoxyl-

2. 3-dimethylphenylipropaneic acwd

The title compound was prepaved by reacting ethyt 3-(4-112-(2-
hydroxyetnyl)-5-(trifluoromeathoxy henzofuran-7-yhimethoxyi-2,3-
dimelhylphenyl propanoate according to the procedure as descrbnd n
Example 1.

THNMR (MeOH) 8. 7.33 (5. 1H). 7.26 is. 1H). 7.00 (d. J = 2.6 Hz, TH).
K83 (d, J = 8.8 Hz. 1H), .54 (s, 1H), 5.3% {8, 2H), 3.95 (t. J = 6.6 Hz, 2H). 3.05
(. J=86.8Hz 2H) 2.90-2.98 (m, 2H), 2.50 - 2.57 (m. 2H). 2.26 (5. 2H), 2.24
{5, 3Hj. Mass spoctrum (ESI miz): Calculaled for CoHLFLO,, 4531 (M+H .
found 452.0.

Example 114
3-{4-[{6-Chloro-2-methyl-1 3-benzoxazol-4-ylimethoxy]-2.3-

dimethylphenyl}propanoic acid
Cl.

OH

a) 2-Amino-3-biromo-5-chlorophenal
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To a solution of 2-bromo-4-chloro-6-methoxyaniline (5 q. 21.14 mmaol)
cissoived in DCM at -78" C was added boron tribromide (6.07 mL. 63.42 mmol)
dropwise. The resulting solution was gllowed © warm to room temperature and
stirred for 18 hi. Tha reaction was quenched by slowly adding e and the
resulting mixture was evaporated under vacuum to remove DCM and dilutedt
~ith water. The aquedus solution was neutralized by adding NaOH and the
solid that formed was vollecled by fillration, washed with water, and doed under
vacuum to yield 2-amino-3-bromo-5-chiorophenal

I 4-Bromo-g-chlgro-Z2-methylbanzo[dloexazole

A solution of methyl 2-amine- 3-bromo-5-chlorophenol (4.65 . 20.90
mmol), triethylortnoacetate (20 mL. 105.83 mmol), and p-toluenesulfonic Acd
{200 mg. 1.05 mmot was heated at 100°C for 18 hours. The reaction was
concentrated in vacuo and the resulting residue was purtfied by flash column
chromatography on sitica gol with 30% Et0Ac/heptanc 1o yield 4-bromo-6-
chloro-2-methylbenzofd|exazole.

) 3-{4-{(6-Chlaro-2-maothyi-1 . 3-banzoxacol-4-yi imethoxy|]-2.3-

dimethylphenyprepanoe acid

The title compound was prepared according to the procedure as
described in Example 118 step (d) substitutng 4-bromao-o-chioro-2-
methylbenzo[dloxazole for 4-bromo-2-methyl-6-
Hrifluaromaethoxybenzo[d|thiazole.

'HNMR (MeOD) &: 7.46 - 7.55 (m, 2H). 6.98 (d. J = 8.3 Hz, 1H), 6.78 (4.
J = 83 Hz THYL 538 (s, 2H), 2.87 - 2.98 im. 2H), 2.68 {s. 3H). 2.48 - 2.58 (m.
2H). 2.27 (s. 3H). 2.26 (s. 3H). Mass spectrum tESL mézj: Calculated for
CxH0CINO;. 374 iM+H). found 374.

Example 115
3-{4-{[2-(2.2-Difluoroethyl)-5-(triflttoromethoxy}-1-benzofuran-7-
yilmethoxy}-2.3-dimethylphenylipropanoic_acid
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The titie compound was prepared aceording to the procedure as
described in Example 95 substituting othyl 3-(4-{(2-(2-hydroxyethyl}-5-
{trifiuoromethoxy)benzofuran-7 -ylimethoxyi-2.3- dimethylphenylpropanoate
{preparad as descnbed in Example 113 step (e} for 3-(4-((5-fluoro-2-
{hydroxymethyilibenzofuran-7 -ylimethoxyi-2 3-dimethyiphenyhpropanoate 1in
step (b

"H NMR {CHLOROFORNM-d} &: 7.36 (5. TH) 7.33 (s, TH}. 7.00 4. J =
8.6 Hz, TH). 6.80 {d. J = 2.1 Hz. 1H), B.A& (&, 1H), 6.12 (W, J = 55.9. 4.5 Hz.
TH), 5.31 is. 2H), 3.37 (td. J = 15.9, 4.5 He. 2H), 2.38 - 3.00 (. 241), 2.57 -
285 {m, 2H), 2.25 (s, 3H), 2.24 {s. SH). Mass spectrum {ESI. mézy Calculated
fror Co-HzF.Ox. 495 (M+Na). found 495,

Example 116
3-{4-{[2-{2-Fluoroethenyi}-5-{trifluoromethoxy}-1-benzofuran-7-

ylimethoxy}-2,3-dimethylphenylipropanoic acid (mixture of E/Z}

aj Ethyl 3-i4-1{2-12 2-difluoroathy-5-{trifiunromethoxyibenzofuran-7-

yhrmethoxy-2.3-dimethviphenylipropanoate

The title compound was prepaared according to the procedurs as
described in Example 95 substituting ethyl 3-(4-1i2-(2-hydroxyethyl)-5-
trifluoromethoxy ibenzofuran-7-yiimethoxyi-2.3-dimethylphenylipropanoate
{prepared as described in Example 113) for 3-(4-((5-flupro-2-
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thydroxymethylibenzofuran-7-ylimethoxy)-2. 2-dimethyiphenyl jpropanaate in
step ihi.
) 3-(4-1[2-(Z2-Fluoroethenyl)-5-{trifiuoromethoxy)- 1 -benzofuran-7-ylimethoxyl-

2. 3-dimethyiphenvlipropancic acig imixture of E:Z)

A solution of ethyl 3-(4-{(2-(2.2-diftucroathyl)-&-
trifiuoromethoxy henzofuran-7-ylimethoxy)-2.3-dimethylphenylipropancate (50
m¢. 0.10 mmol) in THEMeOH was cooled in an ice bath and treated with
NaOH (4 mg. 0.10 mmol) and stirred for 3h. To the resulting mixture was then
added HCI 16N was addod to bring the pH to ~5 and the resulting precipitate
collected and punfied by reverse phase HPLC to yield 3-{(4-{[Z2-12-
Fluareethenyly-5-{trfluoromethoxy F1-benzaofuran-7-ylimethoxy}-2.3-
dimethylphenylpropanoc acd tmixture of E/Z). Mass spectrum (ESI, mzz).
Calculated for CoaHanF sO-. 475 iM+Na). found 475,

Example 117
3-{4-{{6-Chloro-2-methyl-1.3-benzothiazoi-4-ylimethoxy]-2,3-

dimethylphenyiipropanoic acid

l

\> bt ,)

'm"

The e compound was prepared according 1o the procedure as
described in Example 118 substituting 4-chlore-2 8-dibromaoanil:neg for 2.6-
dibromo-4-(trifluoromethoxy Janiling n step {a).

"HNMR (MeOD) 5. 7.81 (. J = 2.0 Hz. 1HY. 7.62 (¢, J = 1.3 Hz. 1H),
6.98 (d, J = 88 Hz 1H), .81 (¢. J = 8.6 Hz, TH), 5,54 (s, 2H), 2.90 - 2.96 (.
2H), 2.87 (5. 3H), 280 - 2.57 tm. 2H}) 2.30 (5. 3H). 2.27 (8. 3H). Mass
spectrum (ESI. miz): Calculated for CosHzCINO:S. 390 (M+H3, found 380.

Example 118
3-{2,3-Dimethyl-4-{[2-methyi-6-{trifluoromethoxy)-1,3-benzothiazol-4-

ylImethoxy}phenylipropanoic acid

237
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3 N-(Z B-dibromo-d-{triflucromethoxy iphenyiacetamide

To a solution of 2.6-dibromo-4-(triflucromethoxyjaniline i5.01 g, 14 4
mmolyin acetic acid (10 mi) was added acelic anbydride (2.1 mL. 22.5 mmol}
and the mixture strred fur 48 hrs at 90°C. The resulting residue was cooled to
room lemperature, poured into ice water and the resulling percipitate colleatod
by filtration. washed with water ana dried undar vacuum to yisld N-(2.6-
dibromo-4-itriflucremuethoxyiphenyhacetamide.

bi N~(2 6-dibromo-4-{triflugramethoxyiphenylethanethivamide

To a solution of N-(2.6-dibromaoe-4-(tnfluoromethoxy iphenyhacetamide
{5.5 g. 146 mmol) in teluene (90 mL) was added Lawessor's reagent (3.0 9
7.3 mmal) and the mxture heated to refiux for 2.5 hrg. The resulling residue
was concentrated and the resulting residug was purified by silica el
chromatography to yeld N-(2.8-dibromao-4-
{trficoromethoxy iphenyl)ethanethioamide.

¢) 4-Bromo-2-methyi-6-ttrifluoromethoxyibenzofdithiazole

To a solution of N-(2.6-dibromo-4-
ttriffuoromethexy)phenyethanethioamide (2.6 ¢. 6.7 mmalyin DME (10 mL;
was added copper{Niodide (66 my. 0.35 mmol}, 3.4.7 8-tetramethyl-1,10-
phenanthroine (165 mg. 0.70 mmol). and cesium carbonate (3.3 g. 10.1 mmuol;
and the mixture was stirred at 81°C for 20 hrs. The resulting residue was
filtored through CELITE and concentrated. and the resiciue was punficd by
siica gel chromatography to yield 4-bromo-2-methyl-6-

{Irfluoromethoxyihenzoldithiazole.

238



WO 2014139001 PCTUSI302170

10

25

30

To a suspension of 4-bromo-2-methyl-6-
{trifluoromethoxy ibenzo[dithiazole (1.85 g, 5.893 mmol). potassium carbonac
(3.85 . 27.83 mmol). PA{OAC): (133 my. 0.59 mmol}. and 1.10-
bis{diphenylphosphino)errocene (0.70 ¢. 1.24 mmol) in DMF (13 mL} was
bubbled in gaseous CO fer 15 min. The resulting residue was heated to 80°C
for 18 h with a balloon of CO  The resuliing mixture was cocled and partitioned
betwoeoen saturated aquoous NaHCO: and EXOAG. and fillerad. The aqueous
layer was separated, acidified with 10% citric: azid and extracted with EtOAG.
The EtOAC layer was dried over Na.SO, and avaparated to yicld 2-methyl-6-
(triffusromethoxyhenzo[dithigzole-2-carboxylic acid. which was used in the
next step without further purification.

&) Mathyl Z-methy-6-itriflusromethoxyibonzodithiazole-d4-carboxylate

Thicnyl chloride {1.31 mL. 18.10 mmoli was added dropwise to methand
(5 mL) at -6°C and the mixture stirred at 0YC for 15 minutes. 2-Meihyl-b-
tinfiuoromethoxy henzoldlthiazole-4-carbexyhc acid (1.40 g, 5.05 mmol) was
ntroduced at the same temperature and the mixture was stirred for 15 minutes.,
then kept at 70°C overnight.  The resulting restdue wias concentrated and tren
cthyl geetate and ice-water were added o the residue and the pH was adjusted
te pH 7.5 by addition of saturated sodium bicarbonate solution. The product
was extracted with gthyl acetate and the extracts were washed with water.
dried over sod:um sulfate. soncentrated and purified by siliza gel solumn
chromatoaraphy to yield methyl 2-methyl-6-{triflucromethoxy ihenzo{dithiazoele-
d4-carboxylate.

f) 3-(2.3-Dimethyl-4-{{2-methyl-6-(triflucromethoxy)-1.3-benzothiszol-4 -

yllmathoxyiphenylipropancic acid

The ttle compound was prepared by reacting mothyl 2-methyl-6-
(tifluoromethoxy ihenzoldithiazole-4-carboxytate aceording to the procedure as
described in Example 83.

"HANMR (MeOH) §: 7.70 15, TH). 7.57 (5. THYL 8.99(d. J = 8.1 Hz, tH).
B.33 (. J = 8.6 Hz, TH). 5,57 is. 2i4), 2.90 - 2.97 {(m. 2H). 2.89 {s. 3H). 2.49 -
2.57 {m. 2H), 2.30 s, 3H). 2.27 {s. 3HY Mass spectrum {ESI. miz). Calculated
for CarHuFaNQOLS. 439 1 iM+H. found 440.0,

Example 119

23%
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3-(5-Bromo-4-{[3-bromo-2-methy!-5-{trifluoromethoxy}-1-benzofuran-7-

yllmethoxy}-2 3-dimethylphenyllpropanoic acid

. a
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&) Ethyl 3-15-bromo-4-({3-bromo-2-methyl-5-ttrifiuoromethoxyibenzofuran-7 -

5  yhmothoxy)-2.3-a:methyviphenvlhipropanoate

To a mixture of ethyl 3-(2.3-dimethyl-4-((2-methy!-5-
{irifiluoromethoxy ihenzofuran-7-ylimethoxy)phenyl propanoate (11.25 g. 0.55
mmol, prepared as described in Example 99) and sodium acetate (0.05 ¢, 0.61
mmol} in acetic acid (1.3 mL) cooled in an ice bath was added broming {(0.0€
10 mL. 1,11 mmol) dropwise. After the mixture was stirred for 30 min the resulting
solution was concenirated under reduced pressure. the resulting ol was taken
up In ethy! acetate, washed successively with aqueous 5% NaHSO-, water.
and dried over anhydrous magnesivm suifate.  The filtrate was concentrated
and the residue was purfied by column chromatography (o vield ethyt 3-(&-
15 bromo-4-(t3-bromo-2-methyl-5-ttritunromethoxyibenzofuran-7-ylimethoxy -2, -
dimethylphenylipropanoaste.

B 3-(5-Bromo-4-{[3-bromo-2-methyt-5-{nfluoromethoxy)-1-benzofuran-7 -

viimathoxyi-2.3-dimethyiphenylipropannic acid

The title compound was prepared by reacting cthyl 3-{5-bromo-4-((3-

20 bromo-2-methyl-5-{trifluoremethoxy jbenzofuran-7-ylmethoxy -2 .3-
dimethylphenyljpropancate according o the procedure as desorbed in
Example 1

"H NMR (CHLOROFORM-d1 0: 7.42 (8. 1H). 7.27 - 7.30 tm., 2H). 5.1 (5.
2H) 239 - 290 (m. 2H). 262 (L J = 7.8 Hz, 2H), 2.4 {s. 3H3, 2.23 {s. 3H).
2.18 (s. 3H). Mass spectrum (ESI miz): Calouiated for C:aHysBraF.Qs. 601803
(M+Naj. found 6014602,

rD
[&1]

Biological Example 1

240



WO 20141590010 PCT/USILE021790

10

30

Human GPR120 DiscoveRx PathHunter Beta-Arrestin assay

Assay Principle:

The binding of an agomist (mediumiong chain fatty acids or small
molecule agonists) to the G-protein-coupled receptry GPR120 activates
phosphotipase C. 'nading to release of intracelular Ca®™ through the yeneration
of tnosito! 1,4 5-trisphosphate (InsP3 or IP3). GPR120 activation ¢an also
irngger ntraceliular signaimg via recruitment of B-Arvestin. [n the present
method. aganistanduced activation of the human GPR120 receptor s
monitered thraugh the use of PathHunter CHO-K1 GPR120 (3-Arrestin Ccll Line
engineered by DiscoveRx, as detaled betow. The vel lines are designed to co-
oxpress hoth the ProLink/Enzyme Donor (PK)-tagged GPCR and the Enzymea
Activator {EA)-tagged P-Arrestin fusion proteins. Upon GPR120 receptor
sttimulation / activation, the EA-tagyed [3-Arrestin portion is translocated to the
tagged receptor. whore the two enzyme fragmeonts are brought within close
proximity, Under these conditions. these fragments can interact and torm an
active Beta-gal enzyme complex through Enzyme Fragment Complementation
{EFC). This active Beta-gal complex can enzymatically hydrolyse the substrate
tn nroduce a detectable light signal ; therefore. aclivaton as & function of
agonist concentration can be expressed as an EC-; value 1o detorminoe ratative
cumpound activities. This i vitro assay therefore serves to assess compound

agonist activity of the GPR121),

Procedure B-arrestin A:

In Proceduwe 3-arrestin A, the cell used were PathHunter CHO-K1
CPR120 -Arrestin Cell Line. expressing the long form of human GPR120
{Genhank accession number NM 1817451, with 3000 cells por well.

Proecedure B-arrestin B:

In Pracadure F-arrestin B the colls used weare PathHunter CHO-KA1
GPR1208 p-Arrestin Cell Line, expressing the short form of the GPR120)

roceptor tAccession #NM  181745). with 5000 cells/well.

Assay Procedure:
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The selected CHO-K1 GPR120 3-Arrestin cells were cultured in Ham's
F12 meadia supplemented with 10% fetal bovine serum {FBS). 1% Glutamine.
Tx pis. 800 pg/mi G418 and 300 pgiml Hygromyoin B (for selection}. Call
stocks were maintained and grown in a sub-conflugnt state using standard cell
cuilture procedures. The day before the experment. the cells were harvested
with nan-enzymalic cell dissocialion buffor and re-suspended in complete
growth media at the desired concentration. A Corning 384-plate was then
sceded with the proper number of cells ina volume of 25 pl. perwell. The
seeded plates were incubated overnight at 37°C.

On the day of the experiment, the Assay Buffer containing (a} HBSS with
Ca’"and Mg"", th) 20 mM HEPES, and (c) 0.1% BSA stabilizer {pH 7.4) was
prepared. The growth medium was gently removed from the cell plates and
20ul of Assay Bulfer added to each well, The plate was then incubataed at
J7°C for 60 ming. Test compounds were serially dhiuted in Assay Buffer to
desired concentrations {more particularly. to one or more of the following pM
concentrations: 25uM, 12.5uM, 6.25uM, 3.125uM. 1.562uM. 0.781TuM.
0.391uM, 0.195pM. 0.096pM 0 049uM. 0.024uM, D.01Z2uM). Five it of
compound dilution was then added o each well and the plate incubated at
37°C for 90 mins. The detection resgents were prepared according to the
manufacture’s instruction. Twelve pb of the delacton reagents wore addea in
e4ch well and the plate moubated at mom temperature for 60 mins.

The plates were read on an EnVision insttument. using Protocol name.
Luminescence. Plate type: 384 Costar. Measurement height: 3 mm.
Moasurement time: 1 5. Aperture: 384 Plate aporture. The %activity relalve (o
the positive contecl was caicuiated using the following equation:

COUnt;:u:.u:npr.al.md' Countyivie
wAClvily = - - A100%,
C()U"\*t;:mf!w?c- contret COU”L.“F‘,‘."HCH’:

The %Activity values were plotted versus the concentration of test
compound and fitted to a sigmoidal dosc-response curve with a Hill slope = 1
{fixed value) using nonlinear regraession with GraphPad Prism 5.0 to caicuiate

the £ECs; values.  The Fitling Equaton was: Y=Botlom + (Ton-
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Bottom)/{ 1+10*(LogECa X' HillSlope)). where X8 the log of the

concontration and Y is the rosponse,

Bioloaical Examptle 2: in vitro Assay

Human GPR120 in Calcium Flux Assay

Assay Principle

This in vili ¢ assay serves 10 assess sl compound agonist activity
against the short splice variant {SVS with Accession number NM_001185755.1
confirmed by sequencing datal of the GPR120 receptor. The Human Shart
splice variant #2 (NM_001195755.1) is missing an inframe coding exon
comparod to variant 1 (the Human Long splice variant NM - 181745.3), resuliing
in a shorter isoform (GPR120-S) tacking a 16 aa protein segment compared to
isoform GPR120-L. The assay pratform utilizes HEK-293 cells stably
fransfocted to expross the Human GPR120 short form, These cells are first
loaded with the Ca’™* sensitive dye. Flun-4 NW. Upon stimulation, intracediular
released Ca™ can bind to the dye and alter its fluorescence intensity.  This
increase in fluorescence signal, and thus the flux in intracetiular [Ca™']. is
detected and quantitated by fluorescence imaqing using a FLIPR reader. The
effect of the agonistis measured a8 a function of concentration and used to

calculate an ECa: based upon a response curve.

Procedure Calcium A:

In this prracedure 2500 cells 7/ well wore employed.

Procedure Calcium 8:

I this procadure 4200 cellsfwell were employed,

Assay Procedure:

A Human GPR120 clone (Genbank accassion number
NM_001195755.1) was placed into the pecDNAZ 1 mammalian expressien
vector cartying the ncomycin res:stunce gene. A stabde mammaian cell was
generated by placing the above clone into & HEK293 background. Clonat cells
responding to long chain fatty acids had expression levels of GPR12()
confirmed by RT-qPCR. Human HEK-GPR120 ¢el's were cuttured in
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Profpeees Mesiited Degeds Baian iIDMEMF 12 medium supplemented with
10% fetal bovine serum {(FBS), 1% L-Glutaming and 1% penicillinistreptomycin
and 0.5 magiml G-418. Cells were split 2 times a week to keep the cells 0 the

log-phase growth

[n preparation for the assay. HEK celts stably transfected with Human
GPR120) (2.5K cells per well in 25ul growth medium were secdod into 384-
well plates and then incubated overnight (37°C. 5% CO:). The next day, the
media was changed to 20 ul assay buffer and the cell starved for 1h at 37°C
The dye loading solution (2X dye) was prepared using 10 ml assay buffer, 100
Pl of 250 mM prabenecia. 1 botite of Component A, ancd 20 pl of dye in DMSO.
Twenty it of the 2X dye load'ng buffer was then added to each well. The plates
ware incubated at 37°C for 39 min. then at room temperature for an additonal
15 minules. before perfarming the assay on FLIPR.

Test compounds were prepared in assay buffer (2 gl ot test compound +
198 pl assay buffer. inal DMSO in assay plate s (,.2% ) at the desired
concentration, more parucularly at 100uM, 50uM. 25uh. 1250, 6.251M.
BAZ25uM. 1EEZpM. 0781 0 391N, Got95uM, DLU98 LM, 0.049uM, 0.024uM
anet 0.012 pM.

The assay was perfermed on a FLIPR plate reador using the following
paramaters, Basaline was read far 10 seconds at 1 sec intervals, Tho
program was set to transfer 10uL of ligand from compoeund plate to cell plate
after bascling reading. Aspiraton was oxecuted at: 10pl/sec speed. 4.6l
heiyht, Dispensing was executed at: 30ulisec speed. 45l height. After
compound addilion. cach well was read for 3100 sec. with measuremoents
collegted at 1 sec intervals.

The kinetic data from the FLIPR was basad unpon a & minute window for
data collection. The fluorescence of each samplo well was used for individusl
caloulations of a normahzed RFU value, which was defined as maximum
(OSHONSE Minus the minimum respense. The normalized fluorescence reading
(RFU) was caloulated as follows:

RFU = Fmax - Fmin
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The data were fitted to a sigmoidal dose-response curve with a variable
Hill slope (<2) using nonlinear regression with GraphPad Prism 5.0 to calculate
the ECso values. The Fitting Equation was: Y=Bottom + (Top-
Bottom )/(1+10*((LogECse-X)"HillSlope)), where X is the log of the concentration
5 and Y is the response.

Representative compounds of formula (1) were tested according to
procedure as described in Biological Example 1 and 2, above, with results as
listed in Table & below.

10 Table 6: GPR120 EC5o (uM)
B-arrestin A B-arrestin B Calcium A Calcium B
ID No ECso (M) EC s (uM) ECso (uM) ECso (UM)
1 >19.9986
2 0.374 0.051
3 0.327 0.058
4 5.206 0.279
5 0.949 - 1.241
6 >19.9986 | .
7 0.108 0.124
8 0.613 0.297
9 2.750
10 0.424
11 0.283 0.094 0.023
12 0.151 0.070 0.039
13 0.302
14 1.315
15 4,754
17 0.455 0.345
18 1.666 0.653
19 1.681
20 5.286
21 0.458 0.159
22 0.797 0.166
v 23 0.470 0.339
29 0.616 0.107
30 0.759
31 0.232 0.044
32 2.907 0.277
33 1.107
34 1.015
35 0.190 0.040
36 0.085 0.069 0.010 0.012
37 0.271 0.043
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38 0.028
40 0.107 0.034
41 0.626 0.291
44 0.230 0.027
45 0.095 0.024
47 0.197 0.022
49 0.507 0.237
50 0.496 0.059
51 0.392
52 0.374 0.029
53 0.673
54 0.429 0.150 0.036
55 0.073 0.028
57 0.077 0.017
58 0.410 0.087
59 0.146 0.093
60 0.708 0.162
61 0.190 0.024
62 0.274 0.067
63 0.231 0.067
64 0.271 0.056
65 0.240 0.096
66 1.412 0.077
67 0.221 0.093
69 0.223 0.045
70 2.499 1.291 0.162
71 0.045 0.064
75 0.394 0.182
76 0.144 0.020
77 0.176 0.028
78 0.121 0.020
79 2.225
80 0.249 5 0.151
81 0.817 0.136
82 0.851 0.153
83 0.440 0.051
84 0.434 0.131
85 0.238 0.015
86 0.460 0.207
87 0.409 0.079
88 0.594 0.147
89 0.119 0.017
90 0.532 0.113
91 0.629 1.915
92 0.417
93 0.536 1.598
94 0.274
95 0.134
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97 0.169 0.020
98 0.154 0.018
99 >5.00034
100 >5.00034
101 3.200
102 >5.00034
103 2.998
104 1.549 1.883 0.499
105 0.402 0.204 0.091
106 0.882 0.184
107 3.917 1.012
108 2.737
109 0.191 0.038
110 3.309 0.949
111 0.299 0.107
112 0.110 0.121
115 0.772 0.468
117 0.681 0.422
118 0.237 0.065
118 1.439
120 1.543
121 1.188 0.382
123 1.415

Biological mple 3: in vivo As
PR1 10 Mi Ty nin

18-22 week old, C57BI6 mice on a high fat diet (60% HFD) for 12-16
weeks (ave. body weight ~ 37-41qg) were fasted for 6hr, with removal of food
occurring at 7 am on the morning of the study. The animals were sorted into
treatment groups the day before the study by body weight. Animals outside the
bounds of ~30-50g were left out of the study. The animals had been handled
and shammed a total of 5-8 days (1-3 days immediately prior to the study).
Glucose (in 1ml syringes) was drawn up the moming of the study. Test
compounds were kept spinning and were only drawn into 1ml syringes prior to
study commencement. Animals were bled via tail snip to determine basal
glucose levels prior to dosing of treatments. An Ascensia BREEZE Blood
Glucose Monitoring System by Bayer was used for determining glucose levels.

Animals were moved into the testing room at ~9-11am, to yield them
time to acclimate. The bleeds and dosing started at approximately 1pm in 30-
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secand intervals per aremal. All groups were dosed 30 minutes prior to glucose
administration at a dose volume of 10mlikyg (the dose volume was catculated
separately for each individual animal). Test compounds were administered at
one or mere of the following dosages: 01 myikg. 0.3 mgikg, 1 mgikg. 3 my/kg,
10 mipKy and 30 mgikg.

Thirty minutes after the first dose iwith test compound) animals were
hied again for a second baselne, or T=, and immediately dosed with giucose
(20% solution: TEKNOVA. 250mi sterife hottle w/ catalogue numbtier GO525) via
a PO injection. The exact dose volurmne for glucose was also calcuiatend
separately for each individual animal.

Biood glucose was measurad at 15, 30, 45, 60, and 90 minutes post-
qiucose administration via the snipped tail. If an animal reached a vatue of
"HI". the upper Iimit of the glucometer (GO0Mgal was substituted as the blood
aucose value and the siudy was analyzod as normal with no exclusions. 1
50% or more of any treatment group reaches a "HI” value at least once. the
study was conswicred invalid and repeated. Giucose values wore typed into an
EXCEL spreadsheet where they were used to calculate glucose AUC and deha
AUC post-compound and post-glucose. The glucose excursion curves and the
different versions of the AUC's were graphed in GraphPad Prism 5.

Statistical Methods:

Note: All statislics complnoted in this study were complated using the
statistical software package GraphPad Prism 5. Standard procedures for
analyzing data sets from screening GPR120 compounds in DIO mouse OGTT's
were as bsted here below. In addition to the statistics that were run using
GraphPad Pnsm 5. Microsoft Excel was usaed to caloulate the percent changes
in AUC from vehicle groups as detailed helow.

Change from -30 to 0 BSLN Clucost. Raw Glucose AUC -30 ta 90min.,
Delta Glucose AUC -30 to 90min, Raw Giucose AUC () to 90min. Deita Glucose
AUC 0 te 90min were analyzed using Column Statistics Analysis, with mean
values used to calcuiate % change from the vehicls mean group. as well as
mean. SEM and 7 or % change from vehicle, where appropriate: and using
One-Way ANOVA w/ a Tukey Post-Test {Comparing All Pairs of Columns)

with cach troatment group examined to seao if it was statisticatly significant
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compared to vehicle (*= P<0.05, **= P<0.01, ™= P<0.001).

Representative compounds of the present invention were tested
according to the procedure as described in Biological Example 2, with results
as listed in Table 7, below.

Table 7: GPR120 DIO OGTT Results

DIO Lowering Glucose AUC
ID No. (-30 to 90) @ 10 mg/kg
11 -0.39
12 -0.70
31 -0.67
a7 0.03
44 0.07
52 0.03
55 -0.41
75 -31%
85 -37%
98 -0.33

Biological Example 4: in vivo Assays
A: GPR120 C57bl6é Mouse IPGTT
Male, C57bl/6J Mice were ordered in at 8 weeks of age from Jackson

Labs. Individual mice weighed anywhere in the range of 25-30 grams on study
day. The mice were fasted, with removal of food occurring at 7am on the
morning of the study. Animals were moved into the room at 10:00am, to give
them time to acclimate. Glucose (insulin syringes) was drawn up either the
night before or the morning of the study. Glucose was dosed (IP) at 1.5g/kg at
7.5ml/kg (20% glucose straight TEKNOVA, 250ml sterile bottle w/ catalogue
number G0525). Test compounds were kept spinning and were only drawn
into the syringes prior to study commencement. Animals were bled via tall snip
to determine basal glucose levels prior to dosing of treatments. An Ascensia
BREEZE Blood Glucose Monitoring System by Bayer (using unique 10-test
disks) was used for determining glucose levels. The bleeds started at
approximately 12:45pm and dosing started, at 1-minute intervals, immediately
after. All groups were dosed 30 minutes prior to glucose administration at a
dose volume of 10mlfkg (the dose volume was calculated separately for each
individual animal). Thirty minutes after the first dose animals were bled again
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for a second baseline, or T=0, and immediately dosed with glucose via an i.p.
injection. The exact dose volume for glucose was also calculated separately
for each individual animal. Glucose measurements were taken at -30min prior
to compound dose, at t=0 (immediately prior to glucose dose), and at 15, 30,
45, 60, 90min post glucose dose.

Glucose values were entered into an Excel sheet and graphed in
GraphPad Prism. The following were calculated from Prism: Change from -30
to 0 BSLN Glucose, Raw Glucose AUC -30 to 90min, Delta Glucose AUC -30
to 90min, Raw Glucose AUC 0 to 90min, Delta Glucose AUC 0 to 90min.

B: C57bl6 se OGTT:

The assay design is the same as that described above for the C57bl6é
mouse IPGTT. The difference is that glucose was dosed PO at 3g/kg, 7.5ml/kg
of 40% glucose.

Representative compounds of the present invention were tested
according to the procedures as described in Biological Example 3, above with
results as listed in Table 8, below. In the results presented below, the
designation “nd" indicates that no numbers were reported (results were not
different from vehicle). Where a compound was tested more than once, each
result is listed individually.

Table 8: GPR120 C57bl6 Mouse IPGTT and OGTT Results

| C57 IPGTT C57 OGTT

ID no. 1mg/kg 3mglkg_i 10mg/kg | 30mg/kg 30mg/kg

2 | | -50

2 : ! -54

g1 -1 * -64 -53

2 l =27 -52

2. 1 i 67 -4

2 : -57

2 I -32

2 | -34

3 ' -35

4 | nd

11 | | -39

ut ' -66

13 - | | -38

22 I nd
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27 -42
28 | i | | 45
29 | ! nd

35 | | 47
35 | -15 -28 42
36 | | -54
40 | | 41

44 | | nd

45 | | -15

47 | ' -27

o0 | -14

55 | | 10

57 | ' -25

58 | i -20

63 | | nd

71 | | -35

¥ o nd 12 | -23

78 | -21

87 A3 |

88 -6 .

89 o i

The C57bl6 Mouse IPGTT and OGTT dose response was measured for
representative compounds of the present invention, with resulls as listed in

Table 9, below.

Table 9: C57bl6 Mouse IPGTT and OGTT dose response

Dose Responses C57 IPGTT
IDNo. | 1mg/kg | 3mgkg @ 10mgkg | 30 mglkg
2 -3% 20% | 2% -53%
36 7% -36% -46%
40 -28% 13% | -34%
Dose Responses C57 OG
IDNo. | 1mgkg | 3mgkg @ 10mgkg | 30 mglkg
2 | -29% | 3% -51%
3 5% | -24% -35%
11 -30% -38% -43%
12 6% -26% -30%
13 | -43%
13 -16% | -16% -63%

Formulation Example 1 (Prophetic Example)
Solid, Oral Dosage Form
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As a specific embodiment of an oral composition, 100 mg of the
Compound #85, prepared as in Example 53 is formulated with sufficient finely
divided lactose to provide a total amount of 580 to 590 mg to fill a size O hard
gel capsule.

While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, it will be
understood that the practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within the scope of the

following claims and their equivalents.
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Claims

1. A compound selected from the group consisting of
3-{4-[(5-Chloro-2-ethyl-1-benzofuran-7-yl)methoxy]-2,3-dimethylphenyl}propanoic
acid;
3-(2,3-Dimethyl-4-{[2-methyl-5-(trifluoromethoxy)-1-benzofuran-7-
yllmethoxy}phenyl)propanoic acid;
3-(7-{[2-Methyl-5-(trifluoromethoxy)-1-benzofuran-7-ylJmethoxy}-2,3-dihydro-1H-
inden-4-yl)propanoic acid;
3-{4-{(5-Chloro-2-methyl-1-benzofuran-7-yl)methoxy]-2,3-
dimethylphenyl}propanoic acid;
3-{4-[(5-Chloro-2,6-dimethyl-1-benzofuran-7-yl)methoxy]-2,3-
dimethylphenyl}propanoic acid;
3-(4-{[2-(2-Fluoroethenyl)-5-(trifluoromethoxy)-1-benzofuran-7-yljmethoxy}-2,3-
dimethylphenyl)propanoic acid;
3-{4-[(6-Chloro-2-methyl-1,3-benzothiazol-4-yl)methoxy]-2,3-
dimethylphenyl}propanoic acid;

and pharmaceutically acceptable salts thereof.

2. A pharmaceutical composition comprising a pharmaceutically acceptable carrier

and a compound of claim 1.

3. A pharmaceutical composition made by mixing a compound of claim 1 and a

pharmaceutically acceptable carrier.
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