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WBiprydaxymgthylarenecarbexylic Acids The present invention iSe9R6eiedas611
with novel biaryloaymethylarenecarboxylic acids and their

pharmaceutically acceptable salts, their manufacture and to the use of
biarploxy . ethylarene carboxylic acids and their pharmaceutically

acceptable salts as medicaments, and more specifically to the use
ofbiaryloxymethylarenecarboxylic acids 5 and their pharmaceutically
acceptable salts as m%dlcaments for the treatment or preventlon of

diabetes, especia S5 THE present inventis

ention further relates
to pharmaceutical compositions contalnlng these compounds. In detail,
the present invention relates to novel b|aryloxymethylarenecarboxyllc
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P@W@%O@@b@%ﬁtﬁs:-@mcaabham@c@@hcaiw Hbeeptableisalttheréofiher relates to
providektiatcal compositions containing these compounds.
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In detafl, the present invention relates to novel biaryloxymethylarenecarboxylic
acids of the formuila (I)

s

tl? s)]

O Ar
T N(CH,) -C(O)-R

10 D
wherein
Ar  isanarematic carbocydlic or heterocyclic ring;

R', R? and R’ are independently selected from the group consisting of lower alkyl, lower
alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, diallylamine, cyano

15 and nitro;

R*  ishydroxy or an amino acid attached through a nitrogen atom of the amino acid;
b} 150,1,2,3, 4015

m  180,1,2,30r4;

D is0,10r2,and

20§ 180, 1lors:
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a) when Ar is furanyl, p and s are zero and the compound is not either

Wbk &tabqggnyl -4-yloxymethyl)-furan-2-carbonyl]-pyrrolidine-2:cashoxyli WBose11
acid or 5- 5 (biphenyl-4-yloxymethyl)-furan-2-carboxylic acid, b) when Ar is

phenyl, the compound is not either 3-(biphényl-4-yloxymethyl)- benzoic
acid or 2-(biphenyl-3-yloxymethy g benzoic acid, and c) when Ar is

thiSShEM S EEpoTht i€ HOE 5L Bipkahyl-4-yloxymethyl)-

thiophene-2-carboxylic acid. 10 It has been found that compounds of
forTiialtheatiseful in the treatment and prevention of diabetes,
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Treatment of NIDDM generally starts with weight loss, a healthy diet and

an exeeigs8 d% %n However, these dfactors re often E{]able cantrol |
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diabetes mellitus {NIDDM). Because of the serious consequences, there is an urgent need

to control diabetes.

Treatment of NIDDM generally starts with weight loss, a healthy dietand an
exercise program. However, these factors are offen unable to control the disease, and
25  there are a number of drug treaments available, including insulin, metformin,
sulfonylureas, acarbose, and thiazolidinediones. Each of these treatments has

disadvantages and there is an ongoing need for new drugs to treat diabetes.

Metformin is an effective agent that reduces fasting plasma ghucose levels and
enthances the insulin sensitivity of peripheral tissue, mainly through an increase in
30 glycogen synthesis [De Bronzo, R. AL Drugs 1999, 58 Suppl. 1, 29]. Metformin also leads
to reductions in the levels of LDL cholesterol and triglycerides [Inzucchi, §. E. JAMA
2002, 287, 360]. However, it loses its effectiveness over a period of years [Turner, R. C. et
al, JAMA 1999, 281, 2005].



-3 Thiazolidinediones are activators of the nuclear receptor
fefaxisamedyroliferator activated receptor-gamma. They are eftegtiyedn:noss11
reducing blood glucose levels, and their efficacy has been attributed

primarily to decreasing insulin resistance inskeletal muscle [Tadayyon,
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enzyme glycogen synthase [Cid, E. et al. J. Biol. Chem. 2000, 275, ‘
33614)]. PReYesarenwelisofs e BReglicogerrSyamiasshrdane rFivErfmat serious

G. gtiakfleddiolh&hem k80266 1843 fand: inaiather pRripherdktissyes
including muscle [Browner, M. F. et al. Proc. Nat. Acad. Sci. U. S. A.

1989, 86,1443k, Thees.ahnical and ganalic.eyiderse mRICAHBG cose utitization:

glycogen synthase, in_type 2 diabetes. Both basal and insylin-stimulated d

glyeBgBH SYrith ASK 4NV PRIEHE RS oM di bR Shbdets Wafe X
20siggificageheioner thansistelgdronrteghinoye-tishvetid isubjgstlyfRenrigR glycogen.
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thatyitooatroidubjeicts [EFikESdr3.2000, 275, 336141, There are two isoforms of

glycogen synthase, found in liver {Bai, G. et al. J. Biol. Cher. 1990, 265, 7843] and in
other peripheral tissues including musde [Browner, M. F. et al. Proc. Nat. Acad. Sci. U, S.

)
(%3]

A. 1989, 86, 1443]. There is clinical and genetic evidence implicating glycogen synthase in
type 2 diabetes. Both basal and insulin-stimulated glycogen synthase activity in muscle
cells from diabetic subjects were significantly lower than in cells from lean non-diabetic
subjects [Henry, R. R. etal. . Clin. Invest. 1996, 98, 1231-1236; Nikouwlina, S. E. et al. [,

30 Clin. Enocrinol. Metab. 2001, 86, 4307-4314]. Furthermore, several studies have shown
that levels of glycogen are lower in diabetic patients than in control subjects [Eriksson, J.
et al. N. Engl. J. Med. 1989, 331, 337; Schulman, R. G. et al. N. Engl, I Med. 1990, 332,
223; Thorburn, A. W. et al. J. Chn. Invest. 1991, 87, 4891, and in addition, genetic studies
have shown associations in several populations between type 2 diabetes and mutation in

35 the GYS1 gene encoding the muscie isoform of glycogen synthase [Orhu-Melander, M. et
al. Diabetes 1999, 48, 918].
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20 TrgRE ST, 8tause a significant decrease in the activity of
glyeagéresyrithabe has Been found in diabetic patients, and because of
its key role in glucose utilization, the activation of the enzyme glycoge
synthasedelds thesaifesticipromisanfoh s irdtuaslTsragperp e een found in
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25 The only known allosteric activators of the enzyme are glucose~6-phosphate [Leloir, L. F.
et al. Arch. Biochem. Biophys, 1959, 81, 508} and glucosamine-6-phosphate [ Virkamald,

A. and Yki-Jarvinen, H. Diabetes 1999, 43, 1101].

Briefly stated, biaryloxymethylarenecarboxylic acids as described herein have been
found to be glycogen synthase activators. Consequently, the compounds of the present
30 invention are useful for the treatment and/or prophylaxis of type 2 diabetes, and/or

o . : - ation of the
impaired glucose tolerance, as well 2s other conditions wherein the activaion 0

; i ' Tit.
glycogen synthase enzyme gives a therapeutic bene

Some biaryloxymethylarenecarboxylic acids are known in the art. However, none
of these known compounds have been associated with either the treatment of diseases

o R s
35 mediated by the activation of the glycogen synthase enzyme oT 10 any pharmaceutical
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found to be glycogen synthase activators. Consequently, the compounds

of the present 30 invention are useful for the treatment and/or prophylaxis

of type 2 diabetes, and/or impaired glucose tolerance, as well as ather
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4-(Biphenyl-4-yloxymethyl)-5-methyl-

furan-2-carboxylic acid

OH
O
o M 3-(Biphenyl-4-yloxymethyl)-5-methyl-
furan-2-carboxylic acid
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“ 3
® é

methyl-furan-2-carbonyl}-amino}-4-
methylsuifanyl-butyric acid

.
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O\/D‘{O %\)L 1-1-[4-(Biphenyl-4-vloxymethyl)-5-

/ &
i\}[/ @ methyl—furan—z_w carbonyl|-pyrrolidine-2-
carboxylic acid
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O O o 3-(Biphenyl-4-yloxymethyl)-5-methyl- furan-2-carboxylic acid i
Oh.ral O O o off S-2-{ [4-(Biphenyl-4-yloxymethyl)-5- N
methyl-furan-2-carbonyl}-amino }-4- i methylsulfanyl-butyric acid O Chiral
~/ 0 L-1-[4-(Biphenyl-4-yloxymethyl)-5- N'( cH
methyl-furageadiagionyf-pyeclidines 25 prayided-a-eqapborylid &eidBa (1)
According to one aspect, there is provided a compound of formula (1) Ry
1.((1 ~/\(CH2)~5' C(0) R4 R1iN R2(m) () wherein R1, R2, R3, R4, n,
m, p and s are as defined below. According to@nother aspect, there is

i

provided a compound of formula (Ia) O-./Ar(Rgiﬁ))(C(O)R4) R R2(m) (la)
wherein Ar is an aromatic carbocyclic o@@ﬁcxglic ring; R, R2 and R’

are independently selected from oup Consistitig f lowéPaikyl, lower
alloxy, trifuoromethyl,;lqalrggen, hydrory, amino, allylamino, dialylamino,

clrand ( L\
} W
L/ e

wherein B, R% R® RY, o, m, p and s ate as defined below.

According to another aspect, there is provided a compound of formula (la)

O ~ATRE)(C(O)R

wherein
Ar  isan aromatic carbocyclic or heterocyclic ring;

1% R? and R’ are independently selected from the group consisting of lower alkyl, lower
elkoxy, trifluoromethyl, halogen, hydroxy, amine, alkylamino, diakylaming, cyane

and nitro;
RE 1shydmxy or an amine acid attached Ehrdiigl:i a mitrogen atom of the amino "a;ci.d;
n 150,1,2,3, 4 ar 5
m  1s0,1,2,30r4;and
P is 0, 1 or 2;

or 2 pharmaceutically acceptable salt thereof,



and. nitro; R4 is hydroxy or an amino acid attached through a nitrogen

atom of the amino acid; n 3 3, in is0,l,2,3or4;and p isO,lor2; or a

pharmaceutically acceptable salt thegeof, 6a provided that a) when Ar is

furgﬂ%[ic%dsfz &ro and the compound is not either S-1-; 5- (biphenyl-4-acid
-(b eny -4- yloxymethyl )- P'-2-carbo;:-'rlic acid, b) when Az is

phenyl, Fhé"%@%ﬂbb ﬁ@%’bt@ﬁﬁéﬁf@hﬁﬁhanyﬁ@{ymmm@my%bﬁmds (biphenyl-4-
acid or Zr}é&hﬁhew}ﬁ'ﬁd%ym%fb@nkﬁﬂni ?oﬁ%e%g M%ﬁn DALS,: 5 (biphenyi-4-

110phe oy_nd isn yl-4-ylorrrne*

thlophen%;ﬁ car%L fiic acid. ccor Hfgatﬁ further aspect, there is
provided h‘ﬁ?@t@sﬁéﬁlﬁéﬂpﬁb@a@mwwmw comypibiand-Gf fdreadl @s:ymethyl)-
defined ahoves M@B*WQE@%&&QWI@E@MW% &.69mpaung of forniu“a

(1) OH % reln R'. R¢, in and n are as defined above in the

presence 0 bas O%nceé poNd OF ORI AbSD RSB rmpetarl-

O(0)- er%ﬁ%‘Fé’“rrAf@@%’%ﬁd@ibre as defined above, LG represents a
leaving gr su h as chgor , brorno or iodo, and R- represents a
protecting§ ORLR

obtaénrapoondpatifiochoflfdrasdetifelirabBY Owifehf 2Hs) coth-Re R2cr) (1)

reacting a compound of formula (II)

. 2
wherein R, R%, m and n are as defined above,
in the presence of a base with 2 compound of formula (111

LG Ar (I11)

éﬁﬂvfcm%rs.@Hwalaﬁstéétm@eﬁmpﬂas preparation of a

wherein Ar, R’, p and s are as defined above, LG represents a leaving group such

as chloro, bromo or iode, and R represents 2 protecting group, and subsequently

cleaving the protecting group to obtain a compound of formula (I}

i?(sﬂ
o Ar
s = SUOIM=E
P, (CHy)erC(O)-R
4 r |
R}(n"w ; ?,\5
- i
W,
PO



6b wherein R4 signifies hydroxyl, and At. R'to R3, m, n, p and s are as

defined above, and optionauV ea.C .his compound VT1'L' an. ester of. an

alT'ino acid t~"e preserve Ct EDC angPMAP and subsequently cleaving

the ester group, to obtain a compound of 1'0=1111a I, Wherein i f is an

amino acid atT a Cheri through a nitrogen ator of the amino acrd.

AccordipigitoR/etiandinehaspect, theteds, rovided, camposngs of fermulfined
abidheagndefined above. when manufactured bya proce.ss..as defined

above OAccorqmg to anothgr aspect, there is provided a pharmaceutical

composition eomprising s Compating Bffarmuta (5 o pharmiceuticalisence of

acceptabié Bxitshtand obsanddl pharmactatcal yracsepiahie cavmsoaad/or

adjuvantmAifurther-aspest relates fo-apharmaceutical compasiion. o of the

comp ris mg a.compound of formula (la), or pharmaceutically acceptable

salts t ereoT and a pharmaceutically acceptable carrier and/or adjuvant.
According to a further aspect, there is provided a compound of formula (1)

Hdjl;, C(CjcediPiCmyswherginr Apésantaromatie)carkocyshoids of formula (1) as

netgragyelieiog: RR-aNd R s densndenty selected.from the group

consisurg of lower-a?kyi, lowe alkoxy, tr| uorome yT hal%gen hydroxy.

amino, alkylamine, gg)aéll%%%ng% eg%/%lgreand nltr cd6c R4 is hydroxy or an

amino acid attac through a nitrogen ato € Amino acid; nis 0,
1,2, BLFBREYNT 00T L S5RR SAF TP IS G ﬁ@&;@mdahamcéumaby

acceptahte: sait théireof fartiseAs & medicamentAceerding tg.afudher:. .-
aspe&gdtlaeggﬂﬁ provided the use of a compound of formula 1

A further aspect relates to a pharmaceutical composition comprising a compound
of formula (la), or pharmaceutically acceptable salts thereof, and a pharmaceutically

acceptable carrier and/or adjuvant.

According to a further aspect, there is provided a compound of formula (I)

wherein

Ar  is an aromatic carbocyelic or heterocvelic ring;

R°, R* and R’ are independentiy selected from the eroup consisting of lower allovl, lower
atlcoxy, rifluoromethyl, halogen. hydroay, amine, alicylamine, dialkylamine, cyano

and nitro;



Rlp 0 ~~,gr/ ~(CHz)ts) C(Oj R4 D1 1IN 2, M) wherein Ar is an aromatic
carbocyclic or heterocyclic ring; R1, R2 and R3 are independently
selected from the group consisting of lower alkyl, lower alkoxy,
trifluoromethyl, halogen, hydroxy, @nino, alkylamino, dialkylamino, cyan
sand. nitro; R4 | i id _at through a nitrogen .
o ST e e e A A B e
n Q. dh 2;°0P afgiarmaceutically acceptable salt thereof; for the preparation
0 Of gg%giﬁaﬁ\g@}sgodglgeating or preventing a disease mediated by the
activation of the glycogen synthase enzyme. 6d According to one
P emBddifent, there is provided a method for treating or preventing
ordipeassacmhich Are-assesiated with-activation of the glycogen synthase
enzyme, comprising administering to a patient in need thereof, a
Ol TSP ASSURERIR & ective amount of a compound of formula (1) . These and
other features, aspects and advantages of the present invention will
become better understood with reference to the following description and
claims. " Unless otherwise indicated, the following definitions are set forth
- to MUTSHPHEE St HRHE T Rt e St bsedk the srapRAis ey nukd
to describe the invention herein. In this specification the term "lower" is
used to mean a group consisting of one to seven, preferably of one to
four car'Don atom(s). The term "haloger¥refers to iluorine, chlorine,
bromine and incline, preferabyto flugrine and chlorine.
TN (CHy) SO R

wherein

Ar s an aromatic carbocyclic or heterocyclic ring;

RY R?and R’ are independently selected from the group consisting of lower alkyl, lower
alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylaminoe, dialkylamino, cvano
and nitro;

R’ ishydroxy or an amino acid attached through a nitrogen atom of the amino acid,

n 180,1,2,3, 4or3;

m 1s80,1,2 3ord; and

P 80, lor

or a pharmaceutically acceptable salt thereof;

for the preparation of medicaments for treating or preventing a disease medialed by the

activation of the glycogen synthase enzyme.



The term "al-71" alone Or in co binat on with other groups, refers to a

branched or stra..ght-chain :-monovalent saturated aliphatic hydrocarbon
radical of one to twenty carbon atoms, preferably one to sixteen carbon

atoms, more preferabi -~' one to teggarbon atoms. WO 2005/000781
PCT/EP2004/006611 -7 Alkyl groups can optionally be substituted e.g.

with halogen, hydroxy, lower- akoxy, lower-alkoxy-carbonyl, NH2, N(-I,
lower-allydy @@ N(leweibadkyl}dt, iHpsubsituteidadhylkgretps are

prefered. The ﬁ?é@%ﬂ@ﬂ%ﬂi@@g ’V@jl?a?( ey QS%%@@@%@&H& %?xeéf the gi’ycogeri

groups, refers to a 5 branched or straight-chain monovalent alkyl radica _

of Bha 1 SBYEH CAfBBR SO PIerSraBly 6he tbfatiiarton atoms. sthigapeutically
termeisifurthenexemplifiedbyrsuchiradicais Bs methyl, ethyl, n-propyl,

isopropyl, n-butyl, s-butyl, t-butyl and the like. A lower-allcyl group may

optionatiy-hayaacsubstititiion patiern: as descrbed-earliet i cRARSCHON: o il
with Otkrlneetqegrglj'%lka/g;. Unsubstituted lower-allcyl grou s are preferred. 10.

THe 167 “allcoxy" Felera o the Group R-O- WSEI G HIRTOTHE T ™
"lower- alkoxy" refers to the group R'-0-, wherein R' is lower-allcyl.

Examples. of lower-alkoxy, groups are e.g.. methoxy, ethoxy, propaoxy, .
isoprop@?ﬁﬁ%ﬁf&ﬁ%%ﬁ%%?éﬂ%’ﬁé%)gﬁjw .gﬁﬁ?&§%ﬁd‘%\ﬁ?§ﬁ%%§yﬂuﬁme and
grotipsiayoptiomaiy heve asibstitutionpattesn as! deserbés: €arlierdnion herein.
connection with the term "alkyl". Unsubstituted allcoxy and lower-alkoxy

15 groupsatespeefeerednhe fefm 'amino acidaefersd bothnaturalsins of one 10
argéggﬂ?%lrd%r%%,t@(?%e%atgt%%megsfb gg% o u rq_llatural amino acids. Natural

amino acids mcfu e alanine b&la?), arginine (Arg), asparagine (Asn),

aspartic_acid (Asp),.cysteine_(Cys), glutamine (Gin), glutamic acid (Glu), )
g|ycineQ€éWj%fﬁ“rstftﬁ+?§ ™ i§f,ff§6F@&’Eﬂ%lﬂi%)fk}éﬁé?ﬁé%@éﬁ}}%iﬁé@% Fpeferably to
méthiominen(Met);phenylalanine (Phe), proline (Pro), serine (Set),

threonine (Thr), tryptophan (Trp), tyrosine (Tyr) and valine (Val).

Ungatu @{@ﬁéﬂﬂg‘a@i@s ,ijardﬁe %ﬁ%ltcdcﬁf@aﬁﬁ%ﬂ% i@ﬁ@h@%&% DEEALOVIIC, pranched
acjd, 2-aminoadipic acid, 3-aminoadipic.acid, beta- alanine, .. . .
Aty T RO A n A R LA 0PN Barfigal of one to brenss
amiioRePIaRBICABIE A2 - BRTIRCIS BB UIyAC HEIE) 3tamminoisobpryriczatidyne to ten carbon
2-aminepimelic 25 acid, 2,4 diaminoisobutyric acid, 2,2'-diaminopimelic

acid, 2,3-diaminopropionic acid, N-ethylglycine, N-ethylasparagine,

hydroxylysine, allo-hydroxylysine, 3-hydroxyproline,



4-hydroxyproline, allo-isoleucine, N-methylglycine, N-methylisoleucine, N-

Wgtwyﬁgﬁg%mrvahne, nqueucme, ornlthlne and plp(a_co[lc amgcﬂﬁgﬁm%m
aryl” relates to an aromatic cazbocyclic or heterocyclic ring or ring 30

system, preferably having from 5 to 6 carbdéi-atoms. Examples of aryl

groups include phenyl, furanyl, thiophenyl, pyridinyl, thiazolyl and

oxazolyP iHiercean eptiorER beb rohe  simalsipiytadnsttated by 057, lower-
lower-alicyddower-alicoxs-halogen, ICNL, GRa:r hydroxynd NOZ | INt2; A H) .

lower- nd/ nver-alkyD2. Preferred substituents are lower-
a|Yclé’yglf,s?o!}wkslde)[r‘-%ﬁgof‘%7,[’\II Q%ngsegnﬁ %%%/‘8%%2. WO 2065/000781

PCTIEP2004/006611 -g.. The term "heterocycle’ referstoas-or . ‘
6-memb£ géeﬁﬂlg Fﬁ%ﬁ%tﬂg- C%l%er%%ni‘é)% %dgi%?n‘% e%?e“é %rcc))ﬁ;f s, referstoa

s nittoger okyyensagidfchsulfupsuchas tiahyto pydding sdikpdrRiantons,
d”}%@@%\ﬂmﬁg E)sllﬁiimrﬁghsl@zp?(ﬁéﬂﬁ# 1}%'31:3@% iamtlalé-@&ggi@uﬁéﬂl i@lwk;:h radicals as
0Xazo oxadadlazolyl, 1SoXxazo thiazolyl, Isotaia, rimiga . -
e R R
hageoasabstication phtferrs asuBESeAivar eirie R i esAlsERoR Witk fagnection with

terme avh. Theltermspharmacauticallj-dceeptable saligrembraces salts
of the compounds of formula (I) with inorganic or organic acids such as

johydrochleric.acid <hydrabromic acid JRIHG @Cid. SWiyke,acid, IRaSPROtGm "lower-
acid, citri¢ acid, formic acid, maleic acid, agetic acid, 6}0 fﬁgam‘ amgzowerwa}ko )
SUCHTTaCRICTRIRARE BAHP Mettranestftiriic G pioRknaalom S agidcr o
ancitheplike ¢ witichcdhenoettoxic rodiving brganizms. Rretsiredisansieig hexyloxy.

acgi%gt% fomaies. maleates, Gitkatesphydrashlarides:thydiabiopiides as described
an e

anesulfonic acid salts. This,texm alsqg encompasses carboxyl:
TR BRSHE B TG Ehone, T SR o S A B eaiosy
Leargnometakeatiohs ¢for example, lithium, sodium, potassium, magnesium,
barium and calcium); ammonium; or organic cations, for example,
dibenzylammeniutagtienzyldnefoniorbog: hydroxyetiywtemido miutigir enantiomers,

biS(aZﬁQ ¥9 ﬁ?ﬁ‘%{at%%}"e?n"i‘ﬂm%{ﬂk"Na&ﬂ@f‘é{ﬁ%%mﬂam{@%% andhthesinine (Arg),

like. Other cations,_ encompassed by the above ter mcludem o
OSBRI IATB IR U Y A SO N TRTEBE R hgrmic add
the (gEhtonateih foxihs) of badiceaHin iaclds:suchies lglyoire Lomithiie, (Lys),
P Isqglﬁﬁiﬂi]l?@mg@' ?)%e%fﬂ%&@@ ALY @%@W@r@[%ﬂﬁ@‘(’ﬂéﬁ) OQYPnine (Thr),
relates to a group which is remo eddor repl ﬂ%mngta : L
fryptophan (Tgp\gl, tyrosine yry and val e%%% . Unnatural amino acids include, but
are not limited to azetidinecarboxylic acid, 2-aminoadipic acid, 3-aminoadipic acid, beta-
alanine, 2-aminobutyric acid, 4-aminobutyric acid, 6-aminocaproic acid, 2-
aminoheptanoic acid, 2-aminoisobutyric acid, 3-aminoisobutyric acid, 2-aminopimelic
25 acid, 2,4 diamineisobutyric acid, 2,2'-diaminopimelic acid, 2,3-diarninopropionic acid,
N-ethylglycine, N-ethylasparagine, hydroxylysine, allo-hydroxylysine, 3-hydroxyproline,
4-hydroxyproline, allo-isclencine, N-methylglycine, N-methylisoleucine, N-

methylvaline, norvaline, norleucine, ornithine and pipecolic acid.

The term "aryl" relates to an aromatic carbocyclic or heterocydlic ring or Hing
30 system, preferably having from 5 to 6 carbon atoms. Examples of aryl groups include
phenyl, furanyl, thiophenyl, pyridinyl, thiazolyl and oxazolyl, which can optionally be
mono- or multiply-substituted by lower-alkyl, lower-alkoxy, halogen, CN, CFs, hydroxy,
NOs, NH,, N(H, lower-alkyl) and/or N{lower-alkyl),. Preferred substituents are lower-

afkyl, lower-aﬂcbxy, halogen, and/or NO..



(Va3

10

15

20

reaction. Examples of leaving groups are halogen, mesylate and tosylate.

wh gigegta}rl’loﬂt}%? present invention relates to compounds of formula{}) xp-34(F)
'E 70066
0 ---~ Ar~-(CH2)(yC(0)-R4 R1(n) //R2(m) 25 (I) wherein N70 i !

2005/000781 PCT/EP200-/006611 -9 Ar§s-an. aromatic carbocyclic or

heterocycllc ring; R1, R2 and R3 are ind.e endently elected. from the
group c@n@%ﬁng‘%ﬂ%wgﬁa%ﬂf%%? éﬁgﬁﬁ??ﬁﬂ?o? ﬁ%%h"ﬁnélﬁad“eﬁompm” 2
Memamm@ealﬁwmim“d@mﬂmHﬂﬁﬁyaﬂdf@:rmmtﬁetﬁrﬁﬂﬁéropyndma,

%Xfﬁ{aﬁnﬁ%ﬁ%@@&%ﬁﬁ%ﬁ&@ywﬂ@@eq atom of theiami , ica

aCI nis m.is

e S S ab e 20 Sy
Aris Turapiyhmlandsssdrerzéra g thelgympoondasenoudithisr 8 zpat’tem as

(binhenyl-4dnylex Tmsthy:farani?carkenyllpyrrolidine-2-carboxylic acid
or 5- (blphen'yl -4-yloxymethyl)-furan-2-carboxylic acid, 15 b) when At is

phenylf %%rg uélf%llsaun%% ther tg%'f%'}%[]%‘le%a)ﬂ%é’g’@%@?ﬂhﬁ@'&é&iﬁounds of

acid or oxyme enzoic acid, and c¢) when Ay i
tlﬁ%ﬁh@ﬁ mébcmrﬁw&@weﬁﬁ%éﬁf A GTCAHH Hfjﬁﬂf{ Bydrobromic acid,
tlﬂﬂﬁﬂbaﬁl@-gtﬂﬂm@&yﬂm sleidptityanatieriembatiment;ithe-idventdicn reldtesctic acid,

%85@ o ac{?ld %t%cc{g{m%!ﬁ, @aq}aric acid, methanesulfonic acid, p-toluenesulfonic acid
and the like, which are non toxic to living organisms. Preferred salts with acids are
formates, maleates, citrates, hydrochlorides, hydrobromides and methanesulfonic acid

salts.

This term also encompasses carboxylate salts having organic and inorganic cations,
such as alkali and alkaline earth metal cations (for example, lithium, sodium, potassium,
magnesium, barium and calciurmn); ammonium; or organic cations, for example,
dibenzylammonium, benzylammonium, 2-hydroxyethylammonium, bis{2-hydroxy-
ethyl) ammonium, phenylethylbenzylammonium, and the like. Other cations
encompassed by the above term include the protonated form of procaine, quinine and
N-methylglucosamine, and the protonated forms of basic amino acids such as glycine,

ornithine, histidine, phenylglycine, lysine, and arginine.

The term “leaving group” relates to a group which is removed or replaced duringa

reaction. Examples of leaving groups are halogen, mesylate and tosylate.

In detail, the present invention relates to compounds of formula (I)
3
T )]

O AT
_ SN (CHY) -C(O)-Re
R |

R2,

Wil

oy

wherein



0,./Ar(R3(P))(O(O)R4) R1 (n) R2(m) (la) 20 wherein Ar is an aromatic

carbocyclic or heterocyclic ring; R', R* and R3 are independen|
Wr(())lzﬁﬂtﬁ}é%ﬂfr%up consisting of lower alkyl, lower alkoxy, tritluorr(‘)llgnﬁz'(gasfE{ff%%(%6611

halogen, hydroxy, amino, allcylamino, dli&kylamino, cyano 25 and nitro;

WO 2005/000781 PCT/EP2004/006611 - 10 Ris hydroxy or an amino

deid dttachedthouaiPacitie geAaisHT GLthEXmino aci; nis 0, 1, 2,

3,40r5;inis 0, 1, 2, 3 or 4; and p is0,10r2; 5 or a pharmaceuticall )

accaptahleSalt-theteet, dprovidge:thatfa)when A i BRI igfzﬁéf‘ﬁ%ﬁl]éﬁ]’ sower

the Com%qgl{ﬁl%ﬁé%?ﬁ ﬁék’{g%ﬁpmflyéammo, alkylamino, dialkylamino, cyano

yloxymethyl)-furan-2-carbonyl]-pyrrolidine-2-carboxylic acid or

5-(bipFEh§IEyloxymethyl)-furan-2-carboxylic acid, 10 b) when Ar is

phenyl, the compound is not either 3-(biphenyl-4-yloxymethyl)- b t%ZOiC o acid:

5 atid ok 2y(bipheny kB ATER et IREEHE O 24N G WHREHTAP|SE mine 24E
thiophenyl, the compound is not 5-(biphenyl-4-yloxymethyl)-
thiophgnei2carkoxyhic acid. In a preferred embodiment, the present
invention relates to compounds of 15 formula (1) or of formula (l1a),
vy, herein R R2,and R3 are hydrogen atoms. In another preferred
embodiment, the present invention relates to compounds of formula (1) or
of fqr_rqy{gi(lgl) ﬁsdggflned above, in which R4 is a hydroxyl group. In
a%dltlon, compounds of formula (I) or of formula (la) as defined above,
wherein R’ is a proline, attached through its nitrogen atom, represent
ahothée? B?réf(érr?éd 20 embodiment of the present invention. Compounds of

formula (1) or of formula (la), wherejn Ax 1'15 an aryl, preferably a
10 or a pharmaceutically acceptable salt thereof,

provided that
a) when Ar is furanyl, p and s are zero and the compound is not either S-1-[5-

(biphenylué—ylommethyl)-nfuran—zvcarbonyl} -pyrrotidine-2-carboxylic acid or 5-
(biphenyl.—%yioxymethyi}—furan—Z'—carboxyiic acid,

15 b} when Ar is phenyl, the compound is not either 3-(biphenyl-4-yloxymethyl)-
benzoic acid or 2-(biphenyl-3-yloxymethyl)-benzoic acid, and
¢) when Ar is thiophenyl, the compound is not 5-(biphenyl-4-yloxymethyl)-
thiophene-2-carboxylic acid.

Tn another embodiment, the invention relates to compounds of formula (Ta}

O.__~ARIC(ORY

N {m ‘

(la}

wherein
AT is an aromatic carbocyclic or heterocyclic ring;

e TR

RY, 1% and R? are independently selected from the group consising of Tower alkyl, lower
, . u ; : : .

alkexy, trifluoromethyl, halogen, hydroxy, armno, Jamino, diakylamino, cyano

25 and nifro;



phenyl group, represent another preferred embodiment of the present

{ enton. - Another preferred embodiment of the present inveRiqn:tslABsse 11
0 compounds of formula (1) or of formula (la) as defined above, wherein

Ar is furanyl. 25 Still another preferred embodiment of the present

mventlon relates to compounds of formula (I) or of formula (la) as defined
aliove, whisteimAristhiophengl Y dndther prefefrét mbEtinsé At o tHa acid;
present invention relates to compounds of formula (I) or of formula (ta) as
definedalbave, whereih At is thiazolyl. Compounds of formula (1) or of
formula (Ia) represent a preferred embodiment of so the present invention
and phaymaceutically acgeptable salts of compounds of formula (1) WO
2005/000781 PCT/EP2004/006611 or of formula (la) individually also
riﬁnesenbalpgfgtzerred embodiment of the present invention. Preferred

pound’s of géneral formula (I) or of formula (la) are those selected

_ from the group con stln loro-biphenyl-4-yloxymethyl)-benzoic
> ac?aﬁg’g(ﬂﬁfﬁﬁ‘éch\% el)s(% irge(lilc fék\)md

3-(4'-methyl-biphenyl- 4 yloxymethyl) benzoic aC|d

3- Mﬂwéhbfphenyl 4-yloxymethyl)-benzoic acid;

3-(4'- Ch:k@ﬁ@hbtphﬁﬁwﬁﬁayi@b,(pmeth}d)ahémhm{baq)duﬂl@ is not either S-1-{5-(biphenyl-4-

3-(2-1\j Y ox 19, iphenyl-4-

3-(4- gﬁ% - blgﬁ bt ;;‘Ia\% X%%%W?I Z(%ﬁz%?égg:lcarboxyhc acid or 5-(bipheny!
5-(3-chl R%%ftﬂﬁ}é ARy Sk ﬁ%lﬁﬁéﬁz -carboxylic acid;

10 5-(biphén gy laxyspétiyt)s flrao Ryoandxy o beidrer 3- (blphenyl -4-yloxymethyl)-

5-(4" m%@}ﬁo@&%@M'A (%li?ﬂ/ ZM ARLa Mﬁ@a@ﬁd&rﬂ@
5-(4'-bromo-biphenyl-4-yl t?hyl furan rboxgll

o ST ORI i 7 ot
5-(2'- nlttbl—dnpplaanﬁl-dbawoxth@mdl) furan-2-carboxylic acid;
5-(4'-nitro-biphen)rl-4-yloxymethyl)-furan-2-carboxylic acid;
2-(3- Ch'ﬂ’(@'?ﬂ@ﬁ@ﬁd &I}B@Xﬁmmﬂa)e@ﬁ&aﬁiﬁ}aeidiﬁﬁre ates to compounds of
h ) 0 iel;
e A R g o

z (blphe?lyelmﬂ(f) gg( %gne etr@ég gn%goglignggtd the present invention relates to compouncs of

s
U1

formula (1) or of formula (Ia) as defined above, in which R*is a hydroxyl group.

In addition, compounds of formula (I) or of formulz (Ja) as defined above,
wherein R* is a proline, attached through its nitrogen atom, represent another preferred

20 embodiment of the present invention.

Compounds of formula (I) or of formula (Ia), wherein Ar is an aryl, preferably a

phenyl group, represent another preferred embodiment of the present invention.

Another preferred embodiment of the present invention relates to compounds of

formula (1) or of formula {Ia) as defined above, wherein Ar is furanyl.

25 Still another preferred embodiment of the present invention relates to compounds

of formula (1) or of formula (Ia) as defined above, wherein Ar is thiophenyl.

Vet another preferred embodiment of the present invention relates to compounds

of formula (1) or of formula {Ia) as defined above, wherein Ar is thiazolyl

Compounds of fofmula (1} or of formula (Ta) represent a preferred embodiment of

the present invention and pharmaceutically acceptable salts of compounds of formula (1)

LS ]
e}



5-(2'-nitro-biphenyl-4-yloxymethyl)-thiophene-2-carboxylic acid;
6-(2'-nitro-biphenyl-4-71oxymethyl)-pyridine-2-carboxylic acid,;

“2‘66%96%@”7%? Pcr/EP2004/006611 PGy
6-(biphenyl-4-yloxymethyl)-pyridine-2-carbbkylic acid;
2-(3-chloro-biphenyl-4-ylox-ymethyl)-thiazole-4-carboxylic acid; . | N
2 (hiphisngl LBy oy Aemy ithis Gl g chrbaig e e bodiment of the present
2-(&-pgthyl-biphenyl-4-yloxymethyl)-thiazole-4-carbox7lic acid; 5
2-(4'-bromo-biphenyl-4-yloxymeth)71)-thiazole-4-carboxylic acid;
2-(4"-chiarg-biphenyl-dylexymethul):-thiazale-4carhoxyli:acith) are those selected
2- 2'-nitro-biphenyl-4§yl,o>{<jy ethyl)-thiazole-4-carboxylic acid;

2- G)-71"'}‘1Q?Fi@)‘i?/”—%’i|5FiB?‘r§/‘kli-12ra)ﬂrgxymethyl)-thiazole-4-carboxy|ic acid;
2-(biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid; io

5 4- (4B tlokrbiphéayrady It imethyl-Biazele Bidarboxylic acid;
4-(biphenyl-4-ylo),methyl)-thiazole-2-carboxylic acid; :
1-[54(bipienyi3dsitoxymethiypdarain-2-sarbonyl]-D-pyrrolidine-2-carboxylic
acid;
(rag)y-2-[a=(piahanyldryloxymetiiiram2ecatbidnyl]-piperidine-2-carboxyl
ic acid; and 15 1-{ [5-(biphenyl-4-yloxymethyl)-furan-2-carbonyl]

-aninp} D arboxylic agidh_dtwillibeappreciated, that the
cor?ﬁgguﬁﬁgh %ﬁ%ﬁ?%%%ﬁ%o%ﬁ%ula (Ia) in this invention

maybe derivatized at functional growps to provide. derivatives which are
cagél@é g‘{?ﬁ?ﬁl@ ?é%ﬁﬁbéa—@o %h rzﬁ?%%r%eb%u’nd in vivo. The

compounds of formula (1) or of %E’ﬁ%? (la) can be manufactured by the
1020 iriethddEgRieh Betotuy 195 TR GEYRAHTh the examples or by

analogous methods. Appropriate reaction conditions for the individual
reactiéhrstepsarbikhowh-foythsypefsdm brilfsdcipcife art. Starting
materials are either commercially available or can be prepared by
methodstanalagelsdd thelmethedisiyitenbeloworiritreidxamples or by
methods known in the art. 25 In one embodiment, the invention relates to

a progess fovithe, Rieparatin fcompeungsietiammula | (or of formula la),

which process comprises reacting a compound of formula. (1) WO
20051000781, R HEE2A04088 L 1 15 ran-2-carbosyiic acid;

15 5-(4'-bromo-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;
5-(4'-chloro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;
5-(2'-nitro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;

5-(4' -nitro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;
2-(3-chloro-biphenyl-4-vloxymethyl)-benzoic acid;

20 2-(4"-methyl-biphenyl-4-yloxymethyl)-benzoic acid;
2—(i’-nitro-biphenyl~4—yloxymethyl} -benzoic acid;
2-(biphenyl-4-yloxymethyl)-benzoic acid;
5-(2'-nitro-biphenyl-4-vloxymethyl)-thiophene-2-carboxylic acid;

6-(2'-nitro-biphenyl-4-yvloxymethyl)-pyridine-2-carboxylic acid;



OH R R2(m) (II) wherein R', R2, m and n are as defined herein before, in

the presence of a base with a compound of formula (Ill) 13 él? Gib\loose
‘(\ﬁ)ﬁ{(ﬁ%%ﬂj C(0)-R5 5 wherein At, R3, p and s are as defir?i’ E)é'lrpé% neett

before, LG represents a leaving group suth-as chloro, bromo or iodo, and
RS represents a protecting group, and subsequently cleaving the
protéctihgrgroup teyobtair amompoting-abfermakeid) 3 1(P) 0 Ar'(CH2)(,)
C(0)-R4 R1IN R2( (I) , wherein Ra signifies hydroxy, and Ar, Rl to R3,
m.n{ p ang-s-arghasafinedsnergin) 10ibefore - and-optionally reacting this
compound with an ester of an amino acid in the presence of EDC and

DMAR and subsequently. slagying he estek-greup; o obtain a compound

of formula I, wherein R is an amino acid attached through a nitrogen atom

of Ine, aminn acid. 1o In another ambadingnt thslaxention selates to the

process as des Ve, pro at the compounds

S-1-f5-(biphenyl-4-yloxymethyl)-furan-2-carbonyl]-pyrrqlidine; 2-carboxylic
2ot S BHOEAR RN AT e AEE o

3-(biphen)rl-4-yloxymethyl)-benzoic acid, 20 o

2-(bighehlji:a-yiokynibthylysiengdid atie ki 4-carboxylic acid;

5-(bphenyl-4-ylo_xvmethyl)-thiophene-2-carboxylic acid are not prepared.
2-(2'-nitro-biphenyl-4-vloxymethyl)-thiazole-4-carboxylic acid;

2-(4'-methoxy-biphenyl-4-vloxymethyl)-thiazole-4-carboxylic acid;
2-(biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;

10 4-(4'-chloro-biphenyl-4-yloxymethyl)-thiazole-2-carboxylic acid;
4-(biphenyl-4-yloxymethyl)-thiazole-2-carboxylic acid;
1-[5-(biphenyl-4-yloxymethyl)-furan-2-carbonyl]-D-pyrrolidine-2-carboxylic acid;

(rac)-1-{5-(biphenyl-4-yloxymethyl)-furan-2-carbonyl]-piperidine-2-carboxylic acid;
and

15 1-{[5-(biphenyl-4-yloxymethyl)-furan-2-carbonyl] -amino}-cyclopentanecarboxyiic acid.

Tt will be appreciated, that the compounds of general formula (1) or of formula (Ia)
in this invention may be derivatized at fanctional groups to provide derivatives which are

capable of conversion back to the parent compound in vivo.

The compounds of formula (1) or of formula (Ia) can be manufactured by the
20 methods given below, by the methods given in the examples or by analogous methods.
Appropriate reaction conditions for the individual reaction steps are known to the
person skilled in the art. Starting materials are either commercially available or can be
prepared by methods analogous to the methods given below or in the examples or by

methods known in the art.

25 Tn one embodiment, the invention relates to a process for the preparation of

compounds of formula I (or of formula Ia), which process comprises

reacting a compound of formula (1T)



WO 2005/000781 PCTIEP200-41006611 -14 As described above, the
compounds of formula (1) or of formula (la) of the present INVgRYORL-a41 /006611

\Wa%é/q?g@& as medicaments for the treatment and/or prophylaxis of

10

bt
Lo

diseases mediated by the activation of thi& glycogen synthase enzyme.
Preferably, the compounds of the present invention may be used to treat
type -2 diabetes. 5 The invention therefofetdiso relates to pharmaceutical
compositions comprising_a compo defined above and a
pharmaceutically accept le carrielr angor adjuvant. In one embodiment,
the present invention is dj rmaceutical composition
comprising a compound !fform la(l) 3 Rz@ 0 -.Ar’(CH2_)(S)-C(0O)-R4
R'(n) RZ(mJ (1) 1o wherel 1S an aromatic carbocyclic or heterocyclic
ring; R', RZ and R3 are independently selected from theéi@Foup consisting
of lower alkyl, lower allcoxy, trifluoromethyl, halogen, hydroxy, amino, al
cylaming, dialkylamino, cyano_and. nitro; 15 R4 is.Aydroxy or an amino
acid atﬁgq&?‘lrélé’ r?)%igﬂj a Iﬁfﬁ%é%’na‘cé 6?”{11% t%eel%a%w%%id' n.is 0,
1,2,3,AbvSiapies Gicr, of Bbpacahieh p 18 PLBIRY GP I BHA ke utically
acceptable salt thereof; and 20 a pharmaceutically acceptable carrier
and/or adjuvant. WO 2005106@3@1 PCT/EP2000/006611 In a preferred

embodiment, the invention relétes to a pharmaceutical corgﬁ?sition
comprising a compouH@ u@@@_)&),[&r(@}’ig)z(C(O)R ) /' R2 m) (la)
g

wherein Ar, R7, p and s are as defined herein before, LG represents a leaving group
such as chloro, bromo or iodo, and R’ represents a protecting group, and

subsequently cleaving the protecting group to obtain a compound of formula (T)

3

Fi P

O Ar
7N (CH,) C(O)-R?

R2

m)

(1)

3

wherein R* signifies hydroxy, and Ar, R toR?, m,n, p and s are as defined herein
before, and

optionally reacting this compound with an ester of an amino acid in the presence of
EDC and DMAP and subsequently claeving the ester group, to obtain a compound

of formula T, wherein R* is an amino acid attached through a nitrogen atom of the

amino acid.

In another embodiment, the invention relates to the process as described above,
provided that the compounds
§-1-15-(biphenyl-4-yloxymethyl)-furan-2-carbonyl] -pyrrolidine-2-carboxylic acid,
5-(biphenyl-4-yloxymethyl)-furan-2-carboxylic acid,
3-(biphenyl-4-vloxymethyl)-benzoic acid,

20 2-(biphenyl-3-yloxymethyl)-benzoic acid, and

5-(biphenyl-4-yloxymethyl)-thiophene-2-carboxylic acid are not prepared.



wherein 5 Ax is an aromatic carbocyclic or heterocyclic ring; R', R2 and

gre inde endently selected from the group consisting of lower allc %I
‘I%% 1S4 %/ trifluoromethyl, halogen, hydroxy, amino, aIIcyIaFI%HEP 04/006611
diallcylamino, cyano and nitro; R4 is hydroxy .or an amino acid attached
through a nitrogen atom of the amino acid; 10 nis 0, 1,2,3,40r5; mis O, 1,
2,30r4;andlep-istes klore; drapharmaceutitatlydecEptabldsaltthéreott the present

aﬂQﬁM@%ﬁ%ﬂ%@M@ﬁﬁ%ﬁ@Q{@&@%@ nendioradivvants 15 anather disesses
prefe d(—:- bodiment,.the |P\£ent on relatesttg]) a pharmac

uti
cofi %ﬁ‘ﬁo %%p?ﬁﬁﬁoél c(:jompo%%%)ﬁf?s ERORUR RN f 2 (é?l—rf)‘“ompomds
C(@YRErREM ¥RAMI P () sevherdineATyis adiapsthatic carbocyclic or
heterocyclic ring; WO 2005/000781 PCT/EP2004/006611 -16 R', R2 and
5 R3 are iNidependeatlyisetécted fromlthes gratipconsisting aftowetiads domprising a
lower, alkaxy, r fluoremethyl, halogen. ydroxy. Aming,alkyamino.nd/or adjuvant.
dialhylfamino, yano and nitro; R4 Is hydroxy or ah amino acid attached
through a nitro tom f he amln acid; . nis 0,.1
2,30r4;4RE7HS %’eB ?“ o?tna easrerlﬁaggﬁ m a%%fe}(b%féé%le s%\ e%fg el
pr@VI@éQSthatla&)DWﬁélﬁimﬂs:wwﬁé i f@ﬁ@@ﬁéﬂhe compound is not
either S-I-[5-(biphenyl-4- 10
yloxymethyl)-furan-2-carbonyl]-pyrrolidine-2- Eia(goxyllc acid or
5-(biphenyl-4- o

A
TN (CH,) ,-C(0)-Re

@
10 wherein
Ar  is an aromatic carbocydic or heterocyclic ring;

RY, % and R are independently selected from the group consisting of lower alkyl, lower
alkoxy, triffuoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano

and nitro;
15 R* ishydroxy or an amino acid attached through a nitrogen atom of the amino acid;
n 180,1,2,3,40r5;
m  1s0,1,2,30r4;and
P is0,1 01 2;
or a pharmaceutically acceptable salt thereof; and

20 a pharmaceutically acceptable carrier and/or adjuvant.



yloxymethyl)-furan-2-carboxylic acid, b) when Ar is phenyl, the compound
is not either 3-(biphenyl-4-yloxymethyl)-benzoic acid or X
%QBE@H@WI%-onxymethyl)-benzoic acid, and c) when Ax is th%%ﬁgﬁ?ﬂotﬂﬂe%m
compound is not 5-(biphenyl-4-yloxymethyh-thiophene-2- 15 carboxylic
acid. In a further preferred embodiment, the invention relates to a
pharmaceutieéhredmpbsitiorcorhprising @eorpound of fermerta ()l composition
wherein Ars M&r@@tg‘f arhacyclig or heterocyclic ring; R, R2 and R3
are hydrogen atoms; 20 R4 is hydroxy or an amino acid attached through
a nitrogen atom of.the amino acid; n i@%/z,;\{:’(ﬁ%;f)(@q@f@ﬂl, .2,30r4;
and pis 0, 1. or 2; or a pharmaceutjcally acceptable salt thereof; and 25 a
pharmaceutically accgptable ca apd/or adjuvant. In another preferred
embodiment, the inve Wb is ditectedito a pharmaceutical composition
comprising a compoufidof-formula (I as defined above, wherein nis 1
and R1 is selected frQ g group coﬁé{ating b of a methyl @e, a
methoxy aero,ap, a halogén and a nitro group. WO 2005/000781
PCTIEP20041006611 -17 Especially preferred is a pharmaceutical
campasition comprising a compound of formula (l) as defined above,
wherein nis 1 and R’ is chlorine or bromine. In another preferred

s empodiment, fie.ventisn s diiegied-to Aipnagpaceutical composition
comprising a compound of formula (1) as defined above, whereinmis| s
a 21is lorine,atom. In a further preferred embodiment, th
oA e e S R e ower all e
compo@ﬂ@ﬁﬁbiﬂﬂﬂ@(ﬁ)‘—’é’béﬁl@éﬁ%%@é@%é%’éiiﬁobsaps?éﬁmﬁlﬁn%}tﬂgﬂamm’ tyano
preferregh@mbegdiment, the invention is directed to a pharmaceutical
composition comprising a compound of formula (1) as defined above,
Wligre'qgtﬁ‘yléro_ %ﬁjﬁﬁtﬁgﬁ{g e grana %@H@%ﬁi&&%%bw MYk amino acid;
thiophenyl, pyridinyl, and thiazolyl.

10 n i50,1,2,3, 40r5;
m  is0,1,2,30r4;and
p is0,lor2;
or a pharmaceutically acceptable salt thereof; and
a pharmaceutically acceptable carrier and/or adjuvant.

15 In another preferred embodiment, the invention relates to a pharmaceutical
composition comprising a compound of formula {I)
3
Ff P

O Ar
TN (CH,) o C(0)-R

wherein

AT is an aromatic carbocydlic or heterocydic ring;



In yet another preferred embodiment, the invention is directed to a

Wwhanaeeytical composition comprising a compound of formula-fh- 286 006611

defined above, wherein R4 is a hydroxyl group. 15 In a further preferred
embodiment the invention is directed to a-pliarmaceutical composition

glp%sm ip lﬁnd of formula (1) as defined above, wherein R4 is
proling; a %r JHEREBAFEEUNT RS G s ARBGER atoiriear lower alkyl, lower
espemaﬁ&p@f ériéebembatlir eniothe jivenignis:gicealRdA0i@0, dialkylamino, cyano
pharmagggtigal.composition comprising a compound of formula (1) as
defined above, 20 wherein the compound is selected from the group
go(%i)skﬂa%ny?g% Xyr?ﬁl%;o bjgbheenn% Ig agg?ndﬁ)énh g%?tzrglvcez? g“lﬁgm of the amino acid;
&1 mett'&ll bg)h@ yl- 4 yloxxymethyl) -benzoic acid,;

bromo iphenyl- -yloxyrnethyl) -benzoic acid; 25
3-(4 -chloro-biphenyl-4-yloxymeth)rl)-benzoic acid;
3-@ nlt]rsoleplfeWM s@daymeth)71)-benzoic acid;
3-(4'-methoxy-biphenyl-4-yloxymethyl)-benzoic acid;
3-(biphenyl-4adxymethyl )-benzoic acid; 2
-(3-chloro-biphenyl-4-ylox7methyd)-benzoic acid; WO 2005/000781
PGTERRRMONELY A2 2o HluaioeR da axymethy)-benzoi

| acgwgleg Cflcl) 3%)6 H\: 'OXXQ’%Q% Igggt%r? Czsaz(}:ég: either $-1-[5-{biphenyl-4-

enzoic acl
BT 4=5A6 9w&rgmrmir@mez2cmrﬁwmm acitlpB5-(biphenyl-4-
5 W@hﬁymwetw&ﬁme&aarboxyhc aCId

2 (blpheny

[ meth fur n- -car; id; i
@%ﬁ%&gﬁ e%r% %%1 ulﬁga];] SiFhe ; @-g-yloxymethyl)—benzom
5 EE‘ Afor 134 ﬁﬁ%czféé{@@i(yhc acid;

5-¢2' Wﬁﬂmbrphémybﬂeﬂﬁxﬂm@&ﬂwum&n%mﬁyﬂﬂ&ﬂqq };[&cymeth} 1)-thiophene-2-

15 5- (ﬁr@&,g@»@lgggnyl -4-yloxymethyl)-furan-2-carboxylic acid; - - ---

5-(biphenyl-4- onxymethyI) -furan-2-carboxylic acid;
2'-nityo-bj -thioph 2-carboxylic acid;
5-(2"ni fo %8 %n}'/ pre exreydgn{ggcgimleonr‘g £ Q?nveggon ;(e alies tol 4 pharmaceuhcal

composition comprising a compound of formula (I) wherein

Ar  isan aromatic carbocydic or heterocyclic ring;

R', R? and R? are hydrogen atoms;

R* s hydroxy or an amino acid attached through a nitrogen atom of the amino acid;
n 0,1,2,3,40r5;

m  isG,1,2,30r4;and

p is0,10r2;

ora pha;maceuticaﬁy acceptable salt thereof; and

a pharmaceutically acceptable carrier and/or adjuvant.

In enother preferred embodiment, the invention is directed to a pharmaceutical
composition comprising a compound of formula (T) as defined above, wherein n is 1 and
1. . < 5
R is selected from the group consisting of 2 methyl group, a methoxy group, a halogen

and a nitro group.



5-(biphenyl-4-yloxymethyl)-thiophene-2-carboxylic acid;

6-(2'-nitro-biphenyl-4-yloxymethyl)-pyridine-2-carboxylic acid; 15
BABIAERYI%A-yloxymethyl)-pyridine-2-carboxylic acid;

PCT/EP2004/006611

2-(3-chloro-biphenyl-4-yloxymethyl)-thiazoter4-carboxylic acid;

2-(biphenyl-3-yloxymethyl)-thiazole-4-carboxylic acid;

2 (4 m%Islﬂ))ékilaib,i'@r&ﬁdftﬁeﬁoxmﬁtlnyt)emiamieﬂyoa%{hmxyﬁmgﬁt@k;zU a compound of
#%H%é HAzyioxymeihyh)thiazoler4rcarboxylic acid20ne.

2- (%mh oro- blp eny o

2-(2'-nitro-biphenyl-4

[-4- on) ymethyl)-thiazole-4- carboxyllc acid,
meth}ﬂ thi zole 4-carboxyl aCJ

1
2-(4'-m f’nﬁ}&} bellb %erf' g%(ci/%eédy T[Fllazoﬁa OIll Heﬁlgdatglapharmaceuma

2-(iptreniil-a- W@?@/m@tﬁ)ﬁlf—@ﬁi@i@l

ook .@h@&@@z@@%‘@é?@ misl

s PGLERZ20 014400661, -14
4-(4'-chloro-biphen)7lI-4-yloxymethyl)-thiazole-2-earboxylic acid;

4- (b|phe[ 1%113{4 Sioxy: thyDsthiavile:2:carboadic. a6l is directed to 2 %}iarmaceuhcal

1-[5- (blp

aci@mPOS}thn COmMprising a COI}{JPOHH OTIII

methyl) furan- - rbo III bgyg@ |d| e-2-car OXX{IC

above, npist

I-[5-(biphenyl-4-yloxymethyl)-furan-2- carbonyl] D-pyrrolidine-2-carboxylic |
acid; 5 (Fae)atys: (bipfsasd-40yie W%WW@E&FM%F& a pharinaceutica

eridipg S@%BQ&Yﬂﬁx@eﬁt% a&:ﬁ%@t{dﬁ&(@fﬁbﬁ&ﬂ&lﬂ&laxﬁﬁf&ﬁ@/ﬁaﬁve, wherein Ar is
"ag‘d%ccaci%lme HEIa) eyeRRenAeRAnoNIG Al DU TRRn D and

ne em esent inveéntion relates to'a met

od for treatlng or

prébéaniid-a disease mediated by the activation of the glycogen synthase
to enzyme, comprising administering to a patient in need thereof, a
therapeunqa:lﬂmﬁéenpeeﬁamhmsbﬁéinmfp&m@mqﬁ@nf@ﬂréwﬁacffé%a%amamﬂcﬂ

(1) 3o Rh SRS AMR LA Db (DR (M:{lleihiaraive, wherein RYisa .

20

hydroxyl group.

I a further preferred embodiment, the invention is directed to a pharmaceutical
. 4.
composition comprising a compound of formula (I) as defined above, wherein R 15

proline, attached to the compound through its nitrogen aton.

In an especially preferred embodiment, the invention is directed to a
pharmaceutical compasition comprising a compound of formula (1) as defined above,

wherein the compound is selected from the group consisting of
3-(3-chloro-biphenyl-4-yloxymethyl) »;ben.zoic acid;
3-(biphenyl-3-yloxymethyl)-benzoic acd;
3-(4'-methyl-biphenyl-4-yloxymethyl)-benzoic acids
3-(4'-bromo-biphenyl-4-yloxymethyl)-benzoic acid;
3-{4'-chloro-biphenyl-4-yloxymethyl}-benzoic acid;
3-(2'-nitro-biphenyl-4-vloxymethyl)-benzoic acid;
3-(4'-methoxy-biphenyl-4-yloxymethyl)-benzoic acid;
3-(biphenyl-4-yloxymethyl)-benzoic acid;

2-(3-chloro-biphenyl-4-vloxymethyl)-benzoic acid;



Ax is an aromatic carbocyclic or heterocyclic ring; 15 R1, R2 and R3 are
independently selected from the group consisting of lower alkyl, lower
WRGLYSHftBromethyl, halogen, hydroxy, amino, alkylamino, diaikKiamiAg 661!
cyan and nitro; R4 is hydroxy or an amino;acid attached through a

nitrogen atom of the amino acid; ais 0, 1,2,3,40r5; 20 rn isO, 1,2,3 or4;

anth{ g isOsHiarighervaplarmactytically: aceeptaple salt thereof. WO
20051000781 PCT1EP20041006611 -20 In a preferred embodiment, the

diseaseyis,diabgtes. In anetherembadiment. the present invention relates

to a method for treating or preventing a disease mediated by the

acgy%%tjﬁﬂe%m@ I I%gglgld%%%%is&%%yme, comprising administering to
a patient in.'need thereo’, a therapeutically effective amount s of a

co und of the following formula.(la) 0 /Ar(R3, )(C(O)R4) R' (n) Ja)
Rz%)—ﬁﬁ%?%i St S 5%@&.’&%%&%& lic ring; R', RZ

and R3 are independently selected from the group consisting of lower

5 alkyl kR Vi HiREEyE Hiflu Browet T tatdiersify droxy, amino,
alkylamino, dialkylamino, cyano and nitro; R4 is hydroxy or an amino acid
attadhed #inpligiphenitrégércatorinol) tieramihoaabidyyic 0} 1, 2,3,4 or 5;

mis 0, 1, 2,3o0r4;and 15pis 0, | or 2; or a pharmaceutically acceptable

sali-thereomtnaprefgred ambediiefit- thexpregentinvention relates to a

method for treating or preventing diabetes, comprising administering to a

s P oy g ool  ompand

5-(2'-nitro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;

10 5-(4'-nitro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;
5-(biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;
5-(2'-nitro-biphenyl-4-yloxymethyl)-thiophene-2-carboxylic acid;
5-(biphenyl-4-yloxymethyl)-thiophene-Z-carboxylic acid;
6-(2'-nitro-biphenyl-4-yloxymethyl}-pyridine-2-carboxylic acid;

15 6-(biphenyl-4-yloxymethvl)-pyridine-2-carboxvylic acid;
2-(3-chloro-biphenyl-4-vloxymethyl)~thiazole-4-carboxylic acid;
2-{biphenyl-3-vloxymethyl)-thiazole-4-carboxylic acid;
2-{4'-methyl-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
2-{4"-bromo-biphenyl-4-yloxymethyl) -thiazole-4-carboxylic acid;

20 2-(4'-chloro-biphenyl-4-yloxymethyl)-thiazole-4-carbosylic acid;
2-{2"-nitro-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic aci‘d;
2-(4"-methoxy-biphenyl-4¢-flogymethyl}-thiazole-4-carboxylic acid;

2-(biphenyl-4-vloxymethyl)-thiazole-4-carboxylic acid;



0 Ar(R3(P))(C(O)R4) R1(n) (la) R2 (M) 20 wherein WO 2005/000781
PCT1EP2004/006611 21 Aris an aromatic carbocyclic or het ' .
ﬂﬁgl,nlgt’fﬂﬁ]fgdnd R3 are independently selected from the groupgé%%}\fsii;gg%{mm
of lower allcyl, lower alkoxy, trifluoromethyly halogen, hydroxy, amino,
alkylamino, dialkylamino, cyano and nitro; 5 R4 is hydroxy or an amino

acitt @itablved-through-d-nitroget atoribofthe-aminooagld; ands 0, 1, 2,

3,40r5; mis 0, 1, 2,3ord;and pis O, | or 2; or a pharmaceutically
aceejptablershlt-thereat 1) nhanotber enthegimeastithe invention relates to

a compound of formula (I) 3 R | (P) O~ Ar---(CH2)(s) C(0)-R4 RI(n) R2
(Mz(ﬂ%;mwtﬁ{&ﬁn&w&m@wﬁ%w@%y@ﬁy@pbeﬁ%@&y&ﬂf&fmﬁaﬁ% acid;

and R3 are independently selected from the group consisting of lower

alW—l?gﬁ%{hg%%&g%ﬁq&x%%ﬂqﬁﬁ}leatzrl] ’wpaaft_c%?f}’- S%&%%Xﬁ%@é@tarboxﬁic Citcid;

aicyl INo, ¢cyanho and nitro; S roxy or an amino aci

attached through a nitrogen ato f the amino.acid;. njs 0, 1, 2, 3,4or5; .. .

5 \rac?— —P5~(gg:hengfllm4—3%oxymet@y8-%nan-2-carbonyi]—piperidine—ﬁ—caz%oxyhc acid;
and

1-{{5-(biphenyl-4-yloxymethyl}-furan-2-carbonyl]-amino}-cyclopentanecarboxylic acid.

Furthermore, in one embodiment, the present invention relates to a method for
treating or preventing a disease mediated by the activation of the glycogen synthase
10 enzyme, comprising administering to a patient in need thereof, a therapeutically effective

amount of a compound of the following formula (1)

j (™

O Ar_
TN (CH,) - C(O)-R?
(J e

)
wherein
At is an aromatic carbocyclic or heterocyclic ring;

15 R, R® and R’ are independently selected from the group consisting of lower alkyl, lower
alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano

and nitro;
R* s hydroxy or an amino acid attached through a nitrogen atom of the amino acid;
I 1§0,1,2,3, 4015
20 m 150, 1,2, 30r4; and
p 50, Yor;

or a pharmaceutically acceptable salt thereof.



10

13

mis0,1,2,3o0r4;and 20 pis 0, | or Z; or a pharmaceutically acceptable

salt thereof; WO 2005/000781 PCT/EP200-t/006611 -22- for use as a
WHSAREAIERL, In a preferred embodiment, the invention relatestb aEr 2004006611

compound of formula (la) O ,/Ar(R3(a))(C{Q)R4) R'N 1//R2 (M) (la)

wherein 5 Ax is an aromatic carbocyclic or heterocyclic ring; R1, R2 and

R3 arelindepeéndenty: selteted:-fromdhe geoupigensisting of lower alkyl,

lower alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino,

dialkyl @ﬁ‘iﬂ@t}ﬁ%ﬁ%@ﬂ% %théf%le%%B‘@?uﬁ%ﬂ% Q%ﬁga%ggeatmg or
throu ha n| en ato %RP ino acid; 1,2,3,40r5; mis 0
1%% g?éeomr%l}aﬁe A) ﬁ&%&%@%&éﬁb AT SAT HerEBE
fmm@@%@mammﬁ tisal prdifuttire nembbdimént e iruentibnef@atesamount

totheuse ofaieamRaung:eh farmulad 1) 0 -1-1~ Ar~--(CH2)(s)-C(0)-Ra
R1(n) R2(m) (I) wherein WO 2005/000781 PCT/EP2004/006611 -23

O ~ArRY)(CO)RY

RY,, @ (1a)

At isan aromatic carbocyclic or heterocyclic ring;

wherein

Rl, R and R are independently selected from the group consisting of lower alkyl, lower
alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano

and nitro;
R s hydroxy or an amino acid attached through a nitrogen atom of the amino acid;
n is9,1,2,3, 4 or 5
m 180, 1,2, 30r4; and
P isQ, 1 or2;
or a pharmaceutically acceptable salt thereof.

In a preferred embodiment, the present invention relates to a method for treating
or preventing diabetes, comprising administering to a patient in need thereof, a

therapeutically effective amount of a compound of the following formula (Ta)

O _~Ar(Re,)(C(O)RY

R, @ (1

wherein



Ar is an aromatic carbocyclic or heterocyclic ring; R'. R2 and R3 are

independently selected from the group consisting of lower alky. Y i
BRI FOmethyl, halogen, hydroxy, amino, alkylamino, diallé)gllgl\r’g%%@“%m
cyano and nitro; 5 R4 is hydroxy or an amirng acid attached through a

nitrogen atom of the amino acid; nis 0, 1, 2, 3,40r5; mis 0, 1, 2, 3 or 4;

andrp -isyn oewracphdravaceuticalyacceptablessalt thereof; 10 for the
preparation of medicaments for treating or preventing a disease mediated

by EheR agtivation ofthe glytogernsynthase enZymecuse-assainedicamentlkyl, lower
Ina prefeited ambodiment. e iuention iplales 1908 456,06 £,CAMRMAMo, cyano
of formula (1a) O /Ar(Rs(P))EC(O)Ra) R1'(n) R2(m) (la) 15 wherein Ax is

an aromAticE yocyclic or heterocyclic ring; R', R2 and R3 are

independently selected from the group consisting of lower alkyl, lower .
salkbxy, tifiidromethyh ralogers hydrsardaiabe aekyiangio: dialkyamaeno aid;
cyano and nitro; 20 R4 is hydroxy or an amino acid attached through a
nitregeniatom bfthéarhjino acid; nis 0, 1,2,3,40r5; mis 0, 1, 2,3 or 4; and

pis 0, 1 or 2; WO 2005/000781 PCT/EP2001/006611 -24 or a
phasmageyticallyzageeptable salt thereof; for the preparation of

medicaments for treating or preventing a disease mediated by the

actlgvatio B’flﬂ%? glycogen synthase enzyme use as a medicament. More
preferably, the invention relates to the use of a compound selected from

thEOISa%gg 1%?91%15(}6'1&9 a%fceptable salt thereof.

10 In another embodiment, the invention relates to 2 compound of formula (I)

3
Fl{ P

O Ar
SN (CH,) ) -C(O)-RA

()
wherein
Ar  is apn aromatic carbocyclic or heterocyclic ring;

R', R® and R® are independently selected from the group consisting of lower alkyl, lower
15 alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano

and nitro;
R*  ishydroxy or an amino acid attached through a nitrogen atom of the amino acid;
n is0,1,2, 3,401 5
m 1s0,1,2,3 or4;and
20 P is0,Tor2;

or a pharmaceutically acceptable salt thereof;



3-(3-chloro-biphenyl-4-yloxymethyl)-benzoic acid;

3- biﬁahgn I-3-yloxymethyl)-benzoic acid,;

el f-r?i‘é?f’g@/'i%iphenyI-4-onxymethyI)-benzoic acid;
3-(4'-bromo-biphenyl-4-ylo),methyl)-benzqic acid; 10
3-(4'-chloro-biphenyl-4-yloxymethyl)-benzoic acid,;
342 -nitreshipheny=tyloxymethyl)-benzoic acid; 3-(4"
-methoxy-biphenyl-4-yloxymethyl)-benzoic acid;
3-(biphenylA-yioxyraethyd)rhenzoiciacigition relates to a compound of formula (Ia)
2-(3-chloro-biphenyl-4-),lo-xymethyl)-benzoic acid; 15
2-(4'-methyl-biphenyl-4-yloxymethyl)-Benzoie Aci&?® ;) (C(O)R?)

nzoic acid;

acid;

PCT/EP2004/006611

2-(niphenyl-4-ylox)rmethyl)-be
5-(3-chloro-biphenyl-4-ylax ran-2-carboxylic acid;
5-(biphen)rl-3-yloxyme irhoxylic acid; 20 Ia)
5-(4'-methyl-biphenyl-4 furém-2-carboxylic acia(;
5-(4"-bromo-biphenyl-4-yfoxymethyl)-furan-2-carboxylic acid;
5-(4'-chloro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid,;
5-¢2raitta-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid,;
5-(4'-nitro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid; WO
5 200p/00Q 481 R T#f P2004 1006604 er38yclic ring;
5-(biphenyl-4-yloxymeLhyl)-furan-2-carboxylic acid; 5-(2'

itra-biph 4.yl . Yt | ihisting er alkyl, lower
ni b‘ﬁzﬁﬁﬁﬁ A?éé mg&t@égﬂ%@@@@a & 2:e bV 36ickisting of lower alkyl, low

5-(bi -4-yloxym h%/EI%- hjophene-2-carboxylic acitfg . ) )
6-(2'-nitr%§8?ahé%§}mn% ?Mﬁ%@%yﬂﬂ‘%%@é&?ﬁb rkniog, dieliylamino, cyano
6-(biphenyt-distlaxymethyl) -pyridine-2-carboxylic acid;
2-(3-chloro-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid,;
2-(piphepyl Mﬁxym%tgﬂﬂﬂﬂﬂga@i&aﬁféﬂlﬂw@aﬂdﬁogen atom of the amino acid;
2-(4'-methyl-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
2-(4'-br01m - iphgq%—él;yloxymethyl)-thiazole-4-carboxy|ic acid; 10

0o '-chlosrg’- ’|ﬁhehyl-1413’/onymethyl)-thiazole-4-carboxylic acid;
2-(12n -nltr?s-glplxhgnsy(lj-ﬁ?/!i%)é- methyl)-thiazole-4-carboxylic acid;

3 Ly 4y T

-1

P is0,1 orZ;
or a pharmaceutically acceptable salt thereo;

for use as a medicament.

15 In a further embodiment, the invention relates to the use of a compound of
formula ]
3
Ff )
O Ar
| TN (CHy) o CO)-R
~
| R?
P {rm)
(1)

wherein



2-(4'-methoxy-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
Zibiphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid; PCT/EP2004/006611
4-(4'-chloro-biphenyl-4-yloxymethyl)-thiazole-2-carboxylic acid; 15
4-(biphenyl-4-yloxymethyl)-thiazole-2-carbexylic acid; 1- [5-
(biphenyl-4-yloxymethyl)-furan-2-carbonyl). -L-pyrrolidine-2-carboxylic acid;
1-[%‘ Shy %‘%ﬂ%&&% ﬂ%@gi CBTBOAYIEB-pyrrolidine-2-carboxylic

-I(biplﬁenyf-
acid; _, s L
(ral)- B[5HBipheryIsnergrrdindlestrant ore AR5 rglipisend ing-of daspryyl lower
lic acid; dindgarifluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamine, cyano
1-{[5-(bipheny|-4-yloxymethyl)-furan-2-carbonyl]-amino}-cyclopentanecarb
oxylic acid, for the preparation of medicaments for treating or preventing

_a disease mediated by the activation of the glycogen synthase enzyme . -~
sCne ARG, FIo b e re b B 16 AT 8 oo ocids
to the use of compounds of formula (I) for the preparation of

meldicaniehts for tré&fiRg or preventing diabetes. WO 2005/000781
PCT/EP2004/006611 -26 The compounds of formula | or of formula (la)

andfor thefr pharimackatically acceptable salts can be used as

medicaments, e.g. in the form of pharmaceutical preparations for enteral,
panenterslior tepical administration. They can be administered, for

example, perorally, e.g. in the form of tablets, coated tablets, dragees,

hard: and, sofl.2-061311p 6 CApSHIeSipaHians, emulsions or suspensions,

rectally, e.g. in the form of “suppositories, parenterally, e.g. in the form of

injection solutions or infusien solutions, or topically, e.g..in the.form of _,..
B o R S Sl Modiared by dhe

of thipHamaicaarEasmBrpbioscRaT e stfactaa R @maner which will

be familiar to any person skilled in the art by bringing the described 10

compounds pfdermdlen{cdirotforthela (tmyanddatdir rrarmadeuticatiyund of

acegptakle salts, optionally in combination with other therapeutically

valuable substances, into a galenical administration form together with

suitable, non-toxic, inert, therapeuticalIm%@@ag@mﬂﬂqid carrier

materials and, if desired, usual phagmgdceutical adjuvants. 15 Suitable
carrier materials are nq;tuonnly ino arrier materials, but also organic
a

carrier materials. Thus, forexample tose, corn starch or derivatives

s saltd’can be used as carrier materials for

thereof, talc, stearic ag
tablets, coated tablets,

15  wherein
Ar 1§ an aromatic carbocyclic or heterocyclic ring;

R’, R*and B’ are independently selected from the group consisting of lower alkyl, lower
atkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano

and nitro;
20 R*  ishydroxy or an amino acid attached through a nitrogen atom of the amino acid;
n 50,1,2,3, 4015
m  80,1,2,30r4;and

p 180, 1o0r2;



and hard gelatine capsules. Suitable carrier materials for soft gelatine
capsules are, for example, vegetable oils, waxes, fats and semi-solid and
Wi%?&%%ﬂ%‘l% (depending on the 20 nature of the active ingredf)e%/ hi?00+/0es1T

carriers might, however, he required in the gase of soft gelatine

capsules). Suitable carrier materials for the production of solutions and

syrupshate; fontsdinplegyvatés sgotyels;csucrose, invert sugar and the like.

Suitable carrier materials for injection solutions are, for example, water,

algehnls, polyols, glycerahand.vegetable oils. Suitable carriermalerialgiated by the

for sugéoosit?ﬁ]esg?re, for exa{gui)le, natural or 25 ha%.ened oils, waxes, fats

afd SERTliguid SriiGHT poors “Stiftable tartiet fhatsraisfor topical

preparations are glycerides, semi-synthetic and synthetic glycerides,

hydrogtiata B8 lig iy wakas oRgud saraffis iigiia ramparishiigcted from the
5 sterals, palyethylefie glycols and cellulose derivatives. Usual stabilizers,

preservatives, wetting and emulsifying agents, consistency 30 improving

agentsHilavorimprevingagenis:salts farvarding the osmotic pressure,

buffer substances, solubi izers, colorants and masking agents and

antigxi came. i 1S di S pharmaceutical adjuvants. The
dgsg%g%?‘ﬁgggmggﬁg?o%%ﬁ%%&%or of formula (la) can vary within
wide limits depending on the dis 0 be contrplled, the age and the
inéi@%dﬁé‘i%gﬁgdﬁ%%%‘%Tykﬁyﬁﬁ??gﬁt?é%ﬁufﬁéc fode of administration, and
will, of course, be fitted to_the individual requirements in each particular
casét PP adoRi Pt F g EosRg B BHIVC 9605/000781
PCT/EP2004/006611 27 about 1 to 1000 mg, especially about | to 100
10 mg,{éonés intopdensidérdtonrDepbnbmgosraseverity of the disease and
the precise pharmacokinetic profile the compound could be administered
with onei96 seviealtailyl sosagepinitsseqe irillto 4 dosage units. The
pharmaceutical preparations conveniently contain about 1-500 mg,
prefera e of m of ladl) or of formula (la).
Thgeg{)allig)}l\%[\;i}rl}%g%exg}r%lg}% %e?\l/e (o] iIIust?atBe %ﬁg%%ient invention in more
de},ta('é l‘l;Qe are how% eh ggtri%?cngi&g_to limit its scope in any manner.
e c%%jmpn unds of the pr% ent invéntion can be prepared by any
conventional means; Suitable processes for synthesizing these
cotrpotHaR e braviaba rrirec iy exampies2éénerally, compounds of
formula (I) or formula (Ia) can be prepared according to one of the

15 syhttieticatbutes esotiber tatovet Nlickeophitieisplacement or
2-(2'-nitro-biphenyl-4-yloxymethyl}-benzoic acid;
2-(niphenyl-4-yloxymethyl)-benzoic acid;
5-(3-chloro-biphenyl-4-vioxymethyl)-furan-2-carboxylic acid;
5-(biphenyl-3-yloxymethyl)-furan-2-carboxylic acid;

20 5-(4-methyl-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;
5-(4'-bromo-biphenyl-4-yloxymethyl}-furan-2-carboxylic acid;
5-{4'-chloro-biphenyl-4-yloxymethyl) -furan-2-carboxylic acids
5-(2'-nitro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;

5-(4'-nitro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;



Suzuki Coupling. The sources of the starting materials for these reactions
are described subsequently. Nucleophilic Displacement 15 Ag ShewhRqNnse11
WEHEME 3 Eompounds of the invention can be prepared by nucleophilic
displacement of a leaving group LG from.agompound of formula 5 by a
hydroxybiaryi of formula 4 to form a compound of formula 6 in which R5

repfesents/a4protectivé:gieupscotrmuonty-tised-for the protection of a
carboxylic acid. The protective group is then cleaved to give the

C@W@O%%%E?%dg}l@%@ﬂyﬁf&@@muﬁ@ pihereinRécis/ 120 dydroxy. Many

protectlve groups 5 are known to those of skill in the art of organic

ﬁn]gra mé} %?e le sgueral suitable protective groups are

tective Groups in Organlc Synthe3|s" [Greene, T. W.
and Wuts, P. G, M. Edltlon ohn &S NS4 Y549911.
PPeferr@cﬁIBrB’tB}&? é‘ dhie, fible }%F;Nhéjzs reaction

@%rg ho8& ¢ compa
conditions used to prepare compounds of the jnvention. Examples of such

5 protavtbengotpl Bre fer Bk S gt RRAI o BFanched esters (e.g.,
methyl (RS = CHs), ethyl (R5 = CI-120-13), or tert-butyl (R5 = C(CH3)3)
estes)othd énzyl-dstErqRE I TIHCE G - Mo 2005005781
PCT/EP2004/006611 -28 Scheme 1 O Ar Ar-OH + LG-CHZ Ara (CH,)

O-REifHR:31.0 - AR D@ AR (e H2  AlrdwPiOLNZ Ara (CH,) 4 0_k5
O-k6 ~ The nucleophlllc displacement of the leaving group LG in

compoynd:a, %H‘%’ affested by.qny camventionakmeatis sEdr example, in

thé case where LG represents the 5 leaving group chlorine, bromine, or

he rea n.cqn 5 ing compound
loding, ihe reaction can canyenisnly beieaslied. ot by freal

mpoun the pr sence of a base such as an alkali

10 2-{4'—chl@ro—biphen}fiwé-}fioxyme%:hyl)—thi'azoie-di—carboxylic acid;
2-(2'-mitro-biphenyl—4—Ylozqf“methylj—thiazole—é—carboxylic acid;
2,~(4‘wmeth;)Xy—biphenyl—él-yloxymethyi} -thiazole-4-carboxylic acid;
2-(biphenyl-4-yloxymethyl)-thiazole-4-carb oxylic acid;
4-(4'-chloro-biphenyl-4-yloxymethyl) -thiazole-2-carboxylic acid;

15 4~ (biphenyl«4—ylawmethyl)«»thiazole-2-ca1:boxyﬁc acid;

[ 5-(biphenyl-4-yloxymethyl)-furan-2 —carbonyl}-L-pyrrolidine-2-carboxylic acid;
1-[5-{biphenyl-4-yloxymethyl)-furan-2- carbonyl]-D-pyrrolidine-2-carboxylic acid;

(rac)-1-[5-(biphenyi-4-yloxymethyl)-furan-2- carbonyl]-piperidine-2-carboxylic acid;

and

20 1-{[5-(biphenyi-4-yloxymethyl) -furan-2-carbonyl]-amino}-cyclopentanecarboxylic acid,
for the preparation of medicaments for treating or preventing a disease mediated by the

tr §
activation of the glycogen syathase enzyme use as a medicament.

In a preferred embodiment, the invention is directed to thg use of compounds of

aration of medicaments for treating or preventing diabetes.
formula (1) for the prepar g



metal hydride (for example, sodium hydride) or an alkali metal carbonate

(for example, potassium carbonate) in an inert solvent (e.g.,

Wi Zdinétytormamide) at a temperature between about roorR€ T/EP2004/066611
temperature and about 100 degrees. 10 T[\gécgnversion of compound 6,

in which R5 represents a protective group commonly used for the

protectionnf ascasRaxylic acidy 9. compound 4 by deprotection, %éﬂ%aceuﬁcauy

carboxyg&ﬁlcid Protec ive %%oup is.carried out using reaction conditions

that are” we [ KAOWATIT THE et B BrgaIE s frith@sia® AidrRaRy GFwHiEH.
are pifliFed 1 ¢ Proteétive IGrovpsin OrganicSynthesigb [GigeneT bWadministered,

andiVuts.ih16 pMoz2nd 42 Edition,Jobndiley & 2008 X 3993L: £00 and sorr
gxagépelghln the case where R'is methyl or etht%/,l, the reaction can be

con?/en|enétI§/ag’F%Jé8fé%Qﬁl§l?Pesaﬁ%§ e mpaiRd With GrEEqtivalbmeor5R of
alkalf FRStEI Hyeiraxicatgabh as-petassium biydroxide; sodiimshydro)ide; solutions, or

or litbitimlhy drexiden pretarabiylithiue, bydrexidesin asuitable-seent is preferred.
such as a mixture of tetrahydrofuran, methanol, and water. The reaction

can be car H@gﬁﬁh@@i@n?& @fﬂ%@uﬁ?ﬁ”{?@%&?ﬁ%ﬁ&c% grees and.. . manner
abo%ogm.ﬁhmger%%re, preferably %t%abo,u room temperature. As
another &xa e%ff UHRE RASE W 558 2 G6dp iabrasipe lysiveded
1@nderrapicdio ¢ontitionsissiichras otertloty) gndi; thergstermmayiiecally acceptable
treatgds Withich SR NAEARARSAGIE, farexampie.ahydrobalic AddsHER . into a
as t'%é ro gﬂa rrlrll%&dea r hﬁ/}drogecn romlq%%lor %strong organic acid, for 1
example a ha SYEH R AR TR B SRy i B e sBCR 58 fiitisFb deste cutically
acifam@thielikelitie enctionrisrcomsehients, chidadedutinatpbaresencisal

of andineri@rganic solvent (such as dichloromethane) and at a
temperature between about O degrees and about room temperature,

' i@referabIX&%&Q@QU&&Q&%&@H&%%@HB%O% %’9@5&“ a?z% 1“1@1&%@@)115, bu’i al%o organic

example, in the case where R5 is a group that “tan be cleaved by catalyti

J P edl
hy dTBTEHAIBHIRY with 108 Fithel Jdordito Aowttre ras der seite theréof, talc,
moldcateriscsiablétefuchudanditibnscthéreaction rfaybebasried @dtiylets, dragées

hydsagenatoniine-piesenas: oha-noble metal calalyst 8UCh 85 . capsules are, for
palladlum-on-cartég{;m WO 2005/000781 PCT/PP2004/006611 thhe

preSEREE 5t Mr it SBIverfor SxaRThIRT Ll RO iR B Ekdrsheadiing on the
2Gbowmtioemi et trs anchundenatmosptieribpressute: Sgzirkd in the case of soft
CouplingBeSRAWE I3 3GHRMBE 2 CAMBOUDES Alhe AYERTON SR8 ns and syrups
pre aere% I‘bé/xa reaction S sig%en‘ce startin Vé/lth nUC|ed081hlilﬁ( Suitabl :
displa Cemenf%r*pa e aviangpa Eii%grﬂ%ehi ort sagar an e ke, suitable carrier
materials for injection solutions are, for example, water, alcohols, polyols, glycerol and
vegetable oils. Suitable carrier materials for suppositories are, for example, natural or
25 hardened oils, waxes, fats and semi-liquid or Bquid polyols. Suitable carrier materials for
topical preparations are glycerides, semi-synthetic and synthetic glycerides, hydrogenated
oils, Hquid waxes, liquid paraffins, liquid fatty alcohols, sterols, polyethvlene glycols and

cellulose derfvatives.

Usual stabilizers, preservatives, wetting and emulsifying agents, consistency-
30 improving agents, flavor-improving agents, salts for varying the osmotic pressure, buffer
substances, solubilizers, colorants and masking agents and antioxidants come into

consideration as pharmaceutical adjuvants.

The dosage of the compeunds of formula (T) or of formula (Ia) can vary within
wide limits depending on the disease to be controlled, the age and the individual
35 condition of the patient and the mode of administration, and will, of course, be fitted to

the individual requirements in each particular case, For adult patients a daily dosage of



compound of formula 5 by a compound of formula 7, in which X
Kepresenis-a.9roup that can act as a leaving group in a noblepcy/ep2i04/606613
metal-catalyzed coupling reaction such as a Suzuki reaction or a Stifle
reaction, to form a compound of formula ¢ which RS represents a
protective group commonly, used for the protection of a carboxylic acidD :
Tﬂéoe&n%ﬁa&%@%ﬁaﬁﬂaﬁ( &"Cith %ﬁ%ﬁf@e%a‘c%%eﬂ Wit an ‘drganometallic
reagent-of-forfmiaito.(fon &Lanple sa Porome deit o B BlgRrotinpound could be
reggent) Wnder,noble-metal catalysisito giverarbiasyl.compounch of fotimula

6. The protective group is then cleaved to give the compound of the

nventiop ol IOIMUIA e NSRS AL MA: RIRIGGINE QIOMRS Rrcferebly
are known o those of Skilf in‘the art of organic 15 s Shesns. For example,

5 selafdl BiitabRe-pROtEEHTE S fotpsiare ShGhaFatal m'Protective Groups
in Organic Synthesis" [,Greene, T. W. and Wuts, P. G. M., 2nd Edition, ,
John Wiley/&liSeins, XeXirl 9ot v Preferid prote s gronsaine hesere detall
compatible math-the nrrastion condiionsses darprepatencampounds of
the invention. Examples of such protective groups are lower alkyl
straight-chain or branched esters (e.g., methyl (R5 = 20 CH3), ethyl (R5 =

o A one
9).. eme -Al + - [ -
AR RS DR ST SR SRR R e R e
10 ArZQHE. Aradt@H2I0BRIBLRY fgmime idespriid dispademehde
the, leaving.arauR b1 gompapnshicande2b effecteduaieaplyllic Displacement or
feoa%gf'o al means, For example, 's@ag.?}%rp S WOERTE LR JERESEAIS R described

or %%p%:lﬁﬁjrme, romine, or iodin€, the reaction can conveniently
be wdtgddly-by treating compound 5 with compound 7 in the presence
of a base such as an alkali metal hydride (for example, sodium hydride)
or ah:dlkadibttietalsparonate (for example, WO 2005/000781
PCT/EP2004/006611 -30

15 As shown in Scheme 1, compounds of the invention can be prepared by
nucleophilic displacement of a leaving group LG from a compound of formuta 5bya
hydroxybiaryl of formula 4 to form a compound of formula 6 in which R® represents a

protective group commonly used for the protection of a carboxylic acid. The protective

ending

. . A 4.
group is then cleaved to give the compound of the invention of formula 1, wherein R™ 18

20 hydroxy.

Many protective groups R’ are known to those of skill in the art of organic
synthesis. For example, several suitable protective groups are enumerated in “Protective
Groups in Organic Synthesis” [Greene, T. W. and Wauts, P. G. M,, 2nd Edition, John
Wiley & Sons, N.Y. 19911, Preferred protective groups are those compatible With the

25 reaction conditions used to prepare compounds of the invention. Examples of such
protective groups are lower alkyl straight-chain or branched esters {e.g., methyl (R*=
CHa), ethyl (R® = CH,CH;), or tert-butyl (R = C({CHa)s) esters), or the benzyl ester (R’
= CH,CsHs).



potassium carbonate) in an inert solvent (e.g., N,N-dimethylformamide) at
a temperature between about room temperature and about 100 degrees.
wkheyseagtian of a compound of formula 9, where X representsra leBring:/ 006611
group such as iodine, bromine, or triflate, with a compound of formula 10,
where Y represents 5 boronic acid, boronate ester, trimethyltin or
. tri-n-butyl-tin, to give a compound of fo mula16 can be effected using
Suzuki or Stille coupling conditions w Bferwell known to one of
average skill in the art. For example, the reaction can bgyconveniently
carried OLA;Q)L Feactingac mpounqz'gfggm)*ya WB represents._ .
iodine with & compound of formula™0 where’Y represents B(OH)2, in a
convenient iner£ solvent such 10 as a polar gprotic solvent (e.g.,
N,N-dimethylformamide) or an ether (e.g., dioxane) or water, in the
presence of a catalytic amount of a palladium(0) complex (e.qg., 0
tetralcis(triphenylphosphi gmtﬁe\dium(on Qr a compqund. which e,
re@lbﬁé‘éﬁr& 5&%%%?\7&85'&(}%& m(Q)s(for example,' pall%fj?um(lli eﬁ%?{ate “())S;—‘(O_R‘*
bis(triphenylphgsphine)- palladf?r [) chloride), in the optiondl additional
presence of a catalytic amount of a 15 phosphine ligand, for example
tri-0-tolyiphpeRbing AL W:{AH:aupBaspPhinGs AR alSeGIn e RpesRIG an be

of an inorganic base, for example, an alkali metal carbonate, bi
e T e s S D

5 telmperatapehledre, About nepm tedipe thturealinabieUCTOOHRRrEES carried out
g%g PJ&%Z%Q#}’@&E}%%&%&MQQHH 4%319%6 _ 9%@5@%@@ dabease50ch as an alkali
egrees. ) conversjon ot.co In W . Al :
Bt e B o SRR TP AP et RIS A or cxaanple
copopasinch thiateprbiectiovment 1l %My&%ﬁ@bﬁ&@éﬂ%ﬂ%&% g

caried.pukHSINg JeACtiR Eonsiiiens shatare aueliticrawnn the-dield of
organic synthesis, and many of which are outlined in "Protective Groups

in Organic Synthesis" i  fepfasdMes 2 pelode ety

*0 30hn Wi (L}e (ig glr%? Jggfé%&iju égﬁg@qﬁ%ﬁmp case where 5{“ %@fuxitection
methyrerigmsid e Teaptiidian vt SOy ﬁ?’é‘r‘?&@ﬁ&%ﬁé’&ﬁfﬁ%a\tun e
copmprengdhuithlione;dastuiratent giamp alkalimboalthyirexrietisndgpaditions that are
PotaSSIUT. By e SR HCL O BMRY RRa s prefetabln
lithium hydroxide, in.a suitable solvent, sych as a..mixture of-. .. p. G. M., 2nd
tetr BRYASFORG SO FRE tRARBIA B P WHEE? “rie Teattion can be carried out at a

1530 Hemperathre/ bty Eevabduild hodleBsrardaplsuitShATieriPRF Rires methyl or
&fﬁﬁé@gigegéé‘@@%c&%%ggsmﬁﬁfﬁﬂg%ﬁ&%em@m@qmmmmh one
L

or lithium hydroxide, preferably lithium hydroxide, in a suitable solvent, such as a
mixture of tetrahydrofuran, methanol, and water. The reaction can be carried outat a

26 temperature between about 0 degrees and about room temperature, preferably at about
room temperature. As another example, in the case where R’ is a group that can be
cleaved under acidic conditions, such as a tert-butyl group, the ester may be treated with
a strong inorganic acid, for example a hydrohalic acid such as hydrogen chloride or
hydrogen bromide, or a strong organic acid, for example a halogenated alkane carboxylic

25 acid such as frifinoroacetic acid and the like. The reaction is conveniently carried outin

the presence of an inert organic solvent {such as dichloromethane) and at a temperature
between ahout O degrees and about room temperature, preferably at about room
temperature. As a final (but not limiting) example, in the case where R’ is a group that
can be cleaved by catalytic hydrogenation, and with the further condition that the rest of

50 the molecule is stable to such conditions, the reaction may be carried out by

hydrogenation in the presence ofa noble metal catalyst such as palladium-on-carbon in



10

15

a strong inorganic acid, for example a hydrohalic acid such as hydrogen
chloride or hydrogen bromide, or a strong organic acid, for example a

Whalotfermatst alkane carboxylic 35 acid such as trifluoroacetic BeldEant &t

like. The reaction is conveniently carried gyt .in the presence of an inert
organic solvent (such as dichloromethane) and at a temperature between

aheyt: & degreps,and abbrhidamm temperate] pieferably.atabeulraciout room
WO 200?/000 1 ?CT/EPZOPA' 0066J§1 31. temperature. As a final (but

Craturg anag un 08 CSSUYE,
noﬁletmg ) example in'the'case where R5 is a group that can be

c!eavgd by ci_talytlc hydrogenation, and with the further condition that the
r 2 cule is stable to such conditions, the reaction maybe

carried out by hydrogenation in the presence ofa noble metal catalyst

such abspanasiiinSdiraarher s the e Sentw STiamiFsHbSINENt gbpY 2 reaction
example; anraloohehsuch-asiehafiolatabatiednviemperaiure an a

“&%é@ég‘n%%%% an%fﬁ %ﬁ%@;g@ﬂg& Materals, ??HWH%&’%% I%E)F&EH%H Aoup that

Man nown compoun s.and can'be

Syt et “HEEB P fraritii & procelftires  SOmmE xaTpias afen 25 o Surnid
imeladed in ﬁlmﬁhbmmmnm Reference @iyl dfifpheruh 2-olviWieheeteghesents a

ébf%%%vgg&% Sk 3?§§u% R2 (e ﬂr%'f@éﬂ%xpm%}di 40l Belheral. cbmpound

emScl

4 Bro o-phen ) py idin-5 |CIZ
S R Liefoti CS6EtH 680" ety il 15 o
F&gﬂm@la@éldvnrsqmide@rm©©gamm@g@@5m9mm’@émmbmﬁm B givea

Lhemm oBeeRerking (ﬁ%%t@ctﬂ%%%%&@g then cleaved to give the
4tert But (%Iﬁhevygth é)lkg e&}h%r Elﬁal J. Chem Soc. Perkin
rango%n ?ﬁoro ||0henyfﬂli1 Iﬁgltﬁngciy, P.G.etal. US
5,145,790 3-Chloro-biphenyl-4-ol Burckhalter et aféi( Am. Chem. Soc. .

1046, BENT BYAARUEHEEREIS Bh Ry FAST e Rethy el 3 thnsrichamanic
SeaHE8#A3F6bex1dHlk, 2 hrDiohiatdehipitenyl-d spbReiehe knlunetrated IO Rgotective

IR 1088, 46 3% hesis” [Greene, T. W. and Wats, P. G. M., 2nd Edition, John
Wiley & Sons, N.Y. 1991]. Preferred protective groups are those compatible with the
reaction conditions used to prepare compounds of the invention. Examples of such
protective groups are lower alkyl straight-chain or branched esters {e.g., methyl (R =
CHs), ethyl (R® = CH,CHs), or tert-butyl (R® = C(CHa)s) esters), or the benzyl ester (R’
= CHCsH).

Scheme 2

X-=Ary-OH  + LG**CH;“N;“(CHE)S—‘{ ; — XMAF;OWCH;"A{';’(CH‘:&)S“%
O-ﬁ...,

o-R®
7 5 g
ArrY
—  ArAQ—CHy-Arg(C Hz);—{ e A?;”Arg*O“CH;Ar;(CHQ);%
10 o—R° o-R*
6 1

The nucleophilic displacement of the leaving group LG in compound 5 can be
effected by any conventional means. For example, in the case where LG represents the
leaving group chlorine, bromine, ox iodine, the reaction can conveniently be carried out
by freating compound 5 with compound 7 in the presence of a base such as an alkali

metal hydride {for example, sodium hydride) or an alkali metal carbonate (for example,



3,4'-Dichloro-biphenyl-4-ol Abernethy et al. J. Am. Chem. Soc. 1943, 65,
1464 3,5-Dichloro-biphenyl-4-ol Colbert et al. j. Am. Chem. Soc.

WO34i5612428 WO 2005/000781 - PCT/PP2004/006611 -32 INavm@2004/006611
Reference 3,2'-Diethyl-biphenyl-4-ol Schroetter, E. et al. Pharmazie 1974,
29, 374 Diftuora-biphenyl-4-ol Hannah, J “8t'A J. Med. Chem. 1978, 21,

109% 4'-Eth %Jop l-4-0l Lejg al. 1
P pay o Tk B 4l ol & chet Lo
t

1@@%@?&%%@%@%‘@%@%%@&%%%&?? B 856 9 Med.
Chem. 1978, 21, 1093 Walford, G. L. at al. J. Med. Chem. 1971, 14,
6-(4- Fla&mmnyh)q&wmm@amdaégfmmmwsmuEih@pwm@mlaﬁroup such

Org:d£He 2002 #he39¢ L Tatbak %QXQ@I}Q@%&‘W@MQ‘ @h%ﬁ%“)@ﬁﬁenm
. 1994, 59, 4482 anon

P, J. Org. Chem ofbiphenyl-4-ol '
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j%gg%yp KM nem 4 tololhon oLl A0, Chem: S06.A90.68 270,

eny teta

PN @ﬁﬁqmwséﬁ GBS T CBIRSERES @é%%z%ﬁ eREmCgEErt solvent such
10 20935313 Witrorkipblenyt-¢-g), Refiréint WGB3 770E] or an ether (e.g., dioxane) or

4I‘(%I LBl &gﬁk Héé?’o%l!l%aﬁly&c 8{?8{?&%?9 &@%ﬁuﬁ&é?com lex (e

itro- yrimidin izn .
Séelamis ‘ggﬁg{ﬁ ip osphme)paloladmm?())) Or a g(}rr?poﬁgén whu%%g%t Ié(!?je,clucc@:d in situ

to give palladium(0) (for example, palladium{TI) acetate or bis(triphenylphosphine)-
palladium(IT) chloride), in the optional additional presence of a catalytic amount ofa
15 -. phosphine ligand, for example tri-o-tolylphosphine or tri-tert-butylphosphine, and also. .
in the presence of an inorganic base, for example, an alkali metal carbonate, bicarbonate
or phosphate {e.g., potassium phosphate or sodium carbonate) at a temperature between
about room temperature and zbout 100 degrees, and preferably at between about room

temperature and about 50 degrees.

20 The conversion of compound 6, in which R represents a protective group
commonly used for the protection of a carboxylic acid, to compound 1 by deprotection
of the carboxylic acid protective group is carried out using reaction conditions that are
well known in the field of organic synthesis, and many of which are outlined in
“Protective Groups in Orgaric Synthesis” [Greene, T. W. and Wuts, P. G. M., 2ad
Edition, John Wiley & Sons, N.Y. 1991]. For example, in the case where R} is methyl or

b
[

ethyl, the reaction can be conveniently effected by treating the compound with one
equivalent of an alkali metal hydroxide, such as potassium hydroxide, sodium hydroxide,
or lithium hydroxide, preferzbly lithium hydroxide, in a suitable solvent, such as a
mixtare of tetrahydrofuran, methanol, and water. The reaction can be carried out at a

30 temperature between about 0 degrees and about room temperature, preferably at about
room temperature. As another example, in the case where R’ is a group that can be
cleaved under acidic conditions, such as a tert-bufyl group, the ester may be treated with
a strong morgamc acid, for example a hydrohalic acid such as hydrogen chleride or
hydrogen bromide, or a strong organic acid, for example a halogenated alkane carboxyhc

35 acid such as trifluoroacetic acid and the like. The reaction is conveniently carried out in
the presence of an inert organic solvent (such as dichloromethane) and at a temperature

between about 0 degrees and sbout room temperature, preferably at about room



WO 200,5/000781 - PCT/EP2004/006611 -33 Name Reference
6Phenyl=pyridin-3-ol Kurita, J. Chem. Pharm. Bull. 1987, 35, 3166
whRPhenylepyrimidin-5-ol Maurer, F. et al. US 5,010,193 PCT/EP2004/006611
5-Phenyl-thiophen-3-ol Friedlaender et al. Chen. Ber. 1912,45, 3391
3,5,4'-Trichloro-biphenyl-4-ol Abernethy &tat."J. Am. Chem. Soc. 1943,
6 Trif -hiphenyl-4-9) | a P. et al, Mol,:Crys
e G sy G ey e s oo
2 T R SRRy G355 T WAy eOrApRtigs Bt e st of
formutacieart: costalercially lavailablen indledingtitherfoljdwingribthone by
SupRigE22A00R0 HhPheaMR SOl ALC- Miwaukee, W sailadium-on-cartbon in
_ 2-Bromo-4-phepylphenol Maybridge plc, Tintagel, UK
5 3 CRIBTEH Py Ch Sy BBy P I ARERAS PorighotReD 2 ethanol) ot abont oom
4, 1pisyeltoxyisip ey AtdrichMilyaekees-WI  3,4'-Dimethyl-biphenyl-4-ol
Maybridge plc, Tintagel, UK 2-Fluoro-biphenyl-4-ol Bionet Research Ltd.,

Comvvalk MKedHuQrond nydroxyhiphehyt Apin Chemicals Ltd.,
Abingdon, Oxon, UK 4-Hydroxy-2'-nitrobiphenyl TCl America, Portland,

K A A, M oo e
-Hyaroxy-4-pljphenyic oniytre rnc liwaukee [T
2GUSIBO0ED BEE0UAOORLL 34 NARE S pIBr e b e

AL N |

4'-Fi-1i\¥dl_uxy-4-bipilcllyibdl'uuxyiil., Aldrich;Mitwaukee; WH—act
ame Reference

3-Allyl-biphenyl-4-ol White et al. J. Amer. Chem. Soc. 1938, 80, 3271

4-Bromo-biphenyl-4-ol | Belletal. J. Chem. Soc. 1927,1131

2-{4-Bromo-phenyl}-pyrimidin-5- | Kizner, T. A. et al, Khim. Geterotsiki. Soedin.
ol 1990, 801

4'-Butoxy-biphenyl-4-ol Pollino, Joel M. Synthesis 2002, 1277

Davis B. R. et al. . Cher. Soc. Perkin Trans. 1

3-tert-Butyl-biphenyl-4-ol
Fri-buy-biphenyi-do 1982, 1499

5-(4-tert-Butyl-phenyl)-thiophen- | Hunter, G. A. et al. J. Chem. Soc. Perkin Trans.
3-0l 1 1995, 1209

2-Chloro-biphenyl-4-ol Mattingly, P. G. et al. US 5,145,790

Burclhalter et al. J. Am. Chem Soc. 1946, 68,

3-Chloro-biphenyl-4-ol
' 1894

Abernethy et al. J. Am. Chem. Soc. 1943, 65,

4'-Chloro-biphenyl-4-ol
1464

2',5'-Dichloro-biphenyl-4-ol Reich, I L. et al. J. Org. Chem. 1981, 46, 3721

Abernethy et al. J. Am. Chem. Soc. 1943, 65,

3.4'-Dichloro-biphenyl-4-0l .
1464

3,5-Dichloro-biphenyl-4-ol Colbert et al, J. Am. Cher Soc. 1934, 55, 2128




4-Hydroxy-4'-methoxybiphenyl TCI America, Portland, OR
4-Hydroxy-4'-nitrobiphenyl TCI America, Portland, OR
voloderpptienylphenol SALOR, Aldrich,' ilwaukee, WI Apin CREHiCeag)+/006611
Ltd., Abingdon, Oxfordshire, 4 (4'-(4' UK 4 -(4-Methylphenyl)phenol
Maybrldge plc, Tintagel, UK 4'-Hydroxy- blp“henyl -4-carboxyllic Bionet
Researchttd;Comwalt, UK—acid 2=-Nitro-4=phenylphenot———"
LaRtaster Synthesis Ltd., Lancashir TA$Phenylphenol Aldrich,
I\/'+lwaukee—w4—eempe{md&ef t-are-notknown-in-the—— ——————
lite?etut&arigybepreparéd] using reactivnsdhat dre koW perzsel Fes 29, 374
e @%LMWM@W&W
Scheme#AAGZPHemAL 1= Arc A tmldnﬂl,lp. & aTheveacting:ef B78, 21, 1093
compound of formula 7, where X redresents a leaving group such as

iodj}tn%tgg ‘%]Ign&e or triflate, WﬂQ Gpngpﬁu&%%ngla 10, where

Y| repre ent nic acid, boronate] ester, trlmethyltln or tri-n-butyl-tin, to
give a T0 compound of formula 6 can he effé uk| rS
coupling.cansigeaswhih are well k 'g%ﬁt%, a%%? Lg I‘| t#{gf' 1984,
art. For example, the reaction can be léﬁanlently carried out by reacting
a.compound of formula 7 where X represents iodine_with a compound of
formutadfhveiheiedyrepsaseyits-BIOH RainschRVENIE N idet: salverns, 21, 1093
such as a polar aprotic solvent (e.g.,[N1,N-dimethylformamide) or an ether
(ig., WO 2005/000781 PCT/EP2004/@Q§§1@. 3B, Jioxang).or weter. o1, 14,
thesptéséncevepbeatalyticcmbnt o alladium(0) complex (e.g.,

t rakis(triphenylphosphine)palladiun (%% or a. compound which can be

armnla

acl Af.
redteed--situ—to-give-patadiom(o)-{for cxcmrplc, paltadium(tt)-acetate-ot

blsﬁnﬁmér@ﬂlﬁh@%ﬁméjé’c"palladlum(ll ghloside}, in,the,optional gddjtignal
preg;gsgﬁg{@@atalytlc amount of a ¢ &

(4 -Hydroxy-biphenyl-4-)-
1-(#-Hydroxy-biphenyl-4-y]) Boy, P. J. Org. Chern. 1994, 59, 4482

ethanone
4'-Jodo-biphenyl-4-o} Angeletti et al. Gazz, Chim. Ttal. 1928, 58, 634
4'-Methoxy-biphenyl-4-ol Sakurai, H. et al. J. Org, Chem. 2002, 67, 2721

5-(4-Methoxy-phenyl)-thiophen-3- | Pinkin, T. D. et al. Chem, Heterocycl. Compd.

ol (Engl. Transl.) 1987, 23, 345
3-Methyl-biphenyl-4-ol Colbert et al. J. Am. Chem. Soc. 1946, 68, 270
4'-Methyl-biphenyl-4-ol Colbert et al. J. Am. Chem. Soc. 1946, 68, 270

) Schultz et al. Justus Liebigs Anr. Chem. 1881,
2'-Nitro-biphenyl-4-ol

209,351
3-Nitro-biphenyl-4-ol Behre, H. WO 0177061
4'-Nitro-biphenyl-4-ol Bell et al. J. Chem. Soc. 1926, 3047

Kizner, T. A. et al. Khim. Geterotsikl, Soedin,

3 (4-Nitro-ph 1}- imidin-5-o1
(4-Nitro-phenyl)-pyrimidin-5-0 1990, 801




5 phosphine ligand, for example tri-o-

tolylphosphine or

tri-tert-butylphosphine, and also in the presence of an inorganic base, for
VERaMIBIE SR alkali metal carbonate, bicarbonate or phosphat8{&/gF2004/006611
potassium phosphate or sodium carbonatg) at a. temperature between

about room temperature and about 100 degrees, and preferably at
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of a carboxylic acid, are known
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table. Name Reference

ageardingetolitaraius, proceduress. 3393

3-(Bromomethyl)-phenyl-acetic A. Dor; %IL? %b%[ tJ 4 Q 1?9211@4?5 65
25515 a6tberizyb astérds Bromomethy ‘phe i acl\eﬁfc lgﬁ et al. ”
Biol. Client. 2001, 276, 47311 acid téf% @I ester
2-(Bromomethyl)}-phenyl-acetic-G-L-:Newton-et-al;-WO-2003011222-acid
telt- b | ester 2- TB) 1)- d}d&@@tﬁfcm.epdyﬁc{ah @tyat. Lig Cryst. 1985,
5242 éﬂ‘é%{é}”&%%ggig othomethylphenyl-acetic S. R. Kasibhatla
etjal. J. Med. Chem. 2000, 43, acid ethyl ester 1508
2-(Bromomethyl)-phenyl-acetic J. S. retal % Che g g 111,
35 ,mqg-a:eidmspmwip&tﬁﬂvzy@200!7?%%’%1‘3%%&%0 il% ?

Name Reference 2- (Bromomethyl) t

'\afh\ll ester

Pléhyl acetic F. Roussi et al.,

Tetrahedron-1998,54,-10363-acid-o
3-(Bromomethyl)-phenyl-acetic J. H.
30, 96

I\'/'Iués'ér"et al. J. Med. Chern. 1987,

In addition, many compounds of formula 4 are commercially available, including

the following:

Name

Supplier

2-Amino-4-phenylphenol

Aldrich, Milwaunkee, W1

2-Bromo-4-phenylphenol

Maybridge plc, Tintagel, UK

4-Chloro-4'-hydroxybiphenyl

TCI America, Portland, OR

4,4'-Dihydroxybiphenyl

Aldrich, Milwaukee, WT

3,4'-Dimethyl-biphenyl-4-ol

Maybridge plc, Tintagel, UK

2-Fluoro-biphenyl-4-ol

Bionet Research Ltd., Cornwall, UK

4-Fluoro-4'-hydroxy biphenyl

Apin Chemicals Ltd., Abingdon, Oxon, UK

4-Hydroxy-2'-nitrobiphenyl

TCI America, Portland, OR

4-Hydroxy-4'-aminobiphenyl

Apin Chemicals Ltd., Abingdon, Oxon, UK

4'-Hydroxy-4-biphenylcarbonitrile

Aldrich, Milwaukee, W]




acid methyl ester 4- (Bromomethyl) -phenyl- acetic K. C. Santhosh et al. J.
Aged. Chem. 2001., 44, acid methyl ester 703

\,@o[3568/5@m@methyl)phenyl] A. G. Caldwell and N. Whittaker, &Sr4204068 5611

10

propanoic acid, tert-butyl ester 3-[4-(Bromomethyl)phenyll- M. Babej et al.,

DE 2331081 propan0|c acid, ethyl ester%ﬁi% -(Bromomethyl)phenyl}- N. A.
hyl-ester—— g
F=(Bromomethyl)phenylj- D. V. ﬁepéu%’d. WO 9623813 propanoic

cid, methyl ester 4-(Bromomethyl)-1H-1,2,3- E. Palacios et al.,-Org- Prep—— -

E

e S

Q)

P, a] g;cetl acid, ethyl ester 603

Zgﬁqrtﬂg%%%r%% lggggo%z;c%d?ert- Zidefleic \é/ Hyr Fstafiedron Lett. 2001,
42669- butyl ester.572 3-Bromomethyl- ben20|c acid tent- Danko, W. et

at 08437 btyte =B methy enW
et%ﬁﬂdf@@ ‘%ﬁéﬁ@%@@h@?ﬁmet ‘ﬁﬁ%a()%?f 89"

3=-Bromometh o orptkovs; V-—et-at.J-OrgCherm 200267,
metlﬁykhemmﬂkﬁ&@lﬁﬂeﬁy&omom«nmléfﬂﬂ%%éﬁ@&éﬁfb Pduboi, S. et al.

ull. Chem Soc. Japan 1987, 60, acid.ethyl ester-1807-1812 WO

@55@@9;7@363%1/1@19@004/006611 sazmme&emm@ukee,
-Bromomethyl-2-fiuancarboxylic Wityak, J. et al. Bioorg. Med. Chem

ett. 1995, acid methyl ester 5,209 @ B-Rremomethybpyddine2fordshire,
copesoofhdayphtndl Med. Cher 22, 35, carboxylic acid methyl

ester 490-501 2-Bromomethyl-thiazple-4- Hallinan, E A. et at Bioorg.
Med.-Chem--2001;-carbexylic-acig-ethytester-9;-1=

4-{4-Methylphenyl)phenol Maybridge plc, Tmtacrel UK

.- 91D o

FL‘~Hydr_g}_<.y—biphenyi—4—carboxylﬁc
acid methyl ester

Bionet Research Ltd., Cornwall, UK

2-Nitro-4-phenylphenol Lancaster Synthesis Ltd., Lancashire, UK

4-Phenylphenol Aldrich, Mitwaukee, WI

Compounds of formula 4 that are not known in the literature may be prepared

using reactions that are known per se. For example, they may be conveniently prepared

accerding to Scheme 3.

Scheme 3
X-Ar;OH + Ar—Y i AF{—'AI":{OH

7 10 4

The reaction of a compound of formula 7, where X represents a leaving group such
as iodine, bromine, chlorine, or triflate, with a compound of formula 10, where Y
represents boronic acid, boronate ester, trimethyltin or tri-n-butyl-tin, to give a
compound of formula 6 can be effected using Suzaki or Stille coupling conditions which
are well known to one of average skill in the art. For example, the reaction can be
convemenﬁy carried out by reacting a compound of formula 7 where X represents iodine
with 2 compound of formula 10 where Y represents B{QH)s, in a convenient inert

solvent such as a polar aprotic solvent (e.g., N,N- dimethylformamide) oz an ether (e.g.,



5-Bromomethyl-thiophene-2- Curtin, M. L. et al. J. Med. Chem. 1998, 41

74- carboxylic acid methyl ester 95 3-Chloromethyl-benzoic acid Chén |
vBsewensd. Chem. Soc. Perkin Trans. 1 benzyl ester 2001, DOERIBOA06611
2-Chloromethyl-benzoic acid ethyl Gadient, F. et al. HeTv. Chico. Acta

1962, 45, ester 1860-1870 3-Chloromethyl-benzoic acid Matsulcawa, T.

atal Yakugaku Zasshi 1990, 70 , -537. complex (e.o
e R
Kighedis Chidian ﬁ@m)%a@x@ﬁi@ﬁﬁéﬂﬁﬂ%d warh a8 p P lvced in situ
5+Chiterpniethy2efutin carboxiylio Bketmel1) AG AN, et bis (pSppas0Ptophine)-
a%é?land&l#x}d %ﬁ&é&%lﬁr%%%Yk&f%@ﬂﬁéfﬁ%ﬂ@&%@lﬂ@b&ﬂdb}ﬁﬁalﬁw.oeht ofa
~ af. Tetrahedron Lett. 2002,. acid eth IeEter 43,13174,[32t = 1
5 RISy B2 S 0 aiid & T TRARG B K Sioan Chopplgsgbine end olso
furanperopanaic deid imethylezter, f@g@;@amlg{p{gag%@ m@F@rﬁ@fﬂg}f}@?’ Eilcafbonate
Z\érﬁé@gg%ﬁa and, %O@sﬁﬁ%mam%dﬁm@fbpmbaa@idem;mlhylre between
e oo dmilesales . M, Grayalahinan elatydn bout soom
I . “BG-IAtatic ac ,Cﬂlpro en%fester, 82 monohydroch]oride
WWEx2005/00078 £PETIE Peoarode B usg TR e e fiffaRca™
10 2'452?3lﬁ&ﬁm?th%kglamﬁwﬁﬁkﬁmbmmialﬁ., WO QUORABH2, 67, 2721, or the
oxazoleacetic acid, met rL5- O I3 .
s M o e
20030440129%2(3-Ehidromethyl-1,2,4- G. Beaton et al., WO 2003015785
oxadiazol-5-yl)propionic acid, methyl ester
Starting Materials; Compounds of Formula 5

Many compounds of formula 5, in which R® represents a protective group
15 commonly used for the protection of a carboxylic acid, are known compounds and can
be synthesized according to literature procedures. Some examples are inctaded in the
table.

Name Reference

3-(Bromomethyl)-phenyl-acetic A. Dorville et al,, J. Med. Chem. 1992, 35,2551

acid benzyl ester

4-{Bromomethyl)-phenyl-acetic K. Shen et al,, J. Biol. Chem. 2001, 276, 47311

acid benzyl ester

2-{Bromomethyl)-phenyl-acetic C. L. Newton et al., WO 2003011222
acid tert-butyl ester

2-(Bromomethyl)-phenyl-acetic A. Peyman etal. US 5242908
acid ethy! ester

3-(Bromomethyl)-phenyi-acetic § R. Kasibhatla et al. J. Med. Chem. 2000, 43,
L acid ethyl ester 1508

2-(Bromomethyl)-phenyl-acetic 1. S. Sawyer etal., J. Med. Chem. 1992, 35, 1200
acid methyl ester :




4-(Chloromethyl)-2- Y. Momose et al., WO 9803505 oxazolepropanoic

acid, ethyl ester 2-(Chloromethyl)-phenyl-acetic K. Hirai et al., WO
vaJa08E00atid methyl ester 4-(Chloromethyl)-phenyl-acetic S.NGTRERE(06611
al. EP 889020 acid methyl ester 3-[4-(Chlaromethyl)phenyl]- T. Mase et

al. EP 214732 propanoic acid, ethyl estéf%-’[4-(ChIoromethyl)phenyl]- Y.
Fukuda-et-al-WO-9747581-propaneic-acidt+methytethytester——"""""}
-Bhtoetomethyl-pyridine-2- Fornasi#rgﬁ?@ﬂaﬁ J. Cheap. Soc. Perkin

L | | . | | | \ ]985, 233-238.6 EQ'Q'EFQFHEHT ’l) e T
H 2Browi &R 89980hayyidinepropandiciacid; ethy] Bstehedron 1998, 54, 10363
\'E-C%oroe 3}1 é/lt-thiophene-z- Kozmik, V. et al. Collect. Czech. Chein.

ylic aci

d .
T

0arbox cid rér'lrethyl ester Commun. 1992, 57, 1483-1486

N OP BB Al BT Gute 23] L34 I B2 W & Vo™ °°

andd andity! Geraci, Leo. WO thiopheneacetic acid, methyl ester
003044015 NV 611

efetenseodri@Ghtorpmethyd)2: K. TXKansamddkhS: 1, Sihth. Gommiinl, 44
995, Itﬂ{l;]tia%[i)l]teelge[i)ropanoic acid, methy|z25,2647 ester
ERIOTSIetsyIi2- 3. W. Patterson and J. H. Fried, US 3922289

riophenepropanoic acid, methyl ester “3:1 ethyl-b c.acid

PLSa R CT BT AR Ehem. So 1040, 40 Bate TG TBgr o hoss
4t (pedemethybid2 Hitdnagétigacid, K.-T. Tang et al. Bull. Korean Chem.

Spc. 2002,

3-[4-(Bromormethyl)phenyl]- M. Babej et al., DE 2331081

propanoic acid, ethyl ester

|

S O O NN

)

3-[3-(Bromomethyt)phenyl}- N. A. Norman, US 4084058

propanoic acid, methyl ester

3-[4-(Bromomethylyphenyl]- D. V. Patel et al. WO 9623813

propanoic acid, methyl ester

4-(Bromomethyl)-1H-1,2,3- F. Palacios et al., Org. Prep. Proc. Intl, 1995, 27,
triazole-1-acetic acid, ethyl ester 603

2-Bromomethyl-benzoic acid tert- | Ziegler, T. etal. Tetrahedron Lett. 2001, 42, 569~
butyl ester 572

3-Bromomethyl-benzoic acid tert- Dasho, W. et al. US 5,508,437

butyl ester

2-Bromomethyl-benzoic acid Dvornikovs, V. et al. J. Org. Chem. 2002, 67,
methyl ester 2160-2167

3-Bromomethyl-benzoic acid Dvornikovs, V. et al. . Org. Chem. 2002, 67,
methyl ester 2160-2167

"] 5-Bromomethyl-2-furancarboxylic | Tsuboi, S. et al. Bull. Chem. Soc. Japan 1987, 60,
acid ethyl ester 1807-1812




ethyl ester 23, 1333 5-lodomethyl-2-farancarboxylic Greenspan, P. D. et

al. J. Med. Client. 2001, 44, acid allyl ester 4524-4534
‘xif?(iZB%?ﬂ‘é%I)-z-thiopheneacetic K.-T. Tang et al. Bull. KoreaPnC Bﬁé’?ﬁ?“m“

Soc. 2002, acid, ethyl ester 23, 1333 5-Methanesulfonyloxymethyl

Summers, J. B., Jr. et al. US 5,486,525 furan-2-carboxylic acid ethyl

ﬁr In addition, some compounds of formula 5 are commercially "_'T
aI0e . S . elerence.

iabie, including the following: N ame uppﬁler

6 sthyl=pyridine=2= WWC acid

methyF eSSt ersmetRyitoHiiancarbariic KIehiGH TStk F’\Wﬁeﬁ- 1993,
acideethykestersbeChloromethyl-2-furaficiiBorylic Aldrich, Milwaukee, WI

acid methyl ester 2-Bromomethyl-benzoic acid ethyl Pfaltz & Bauer, Inc.,

WatethURy o &I Hesier WR:2005/000783 R B R2004/00661 34 -A0m. 1992, 35,
Name,-- | ?upg,lgﬁr - - --~ 2-Bromome :E)(ﬁ])zoic acid ChemPacific,
BaltHEE B 8%%%5%&?‘ 3-Bromamethyl-benzoic acid Lancaster

Synthesisttd:-tancashire; UK—methylester

2-Bromomethyl-thiazole-4- Hallinan, E. A. et al. Bioorg. Med. Chem. 2001,
carboxylic acid ethyl ester 9,1-6

5-Bromomethyl-thiophene-2- Curtin, M. L. et al. . Med. Chem. 1998, 41, 74~
carboxylic acid methyl ester 95

3-Chloromethyl-benzoic acid Chen, D.-W. et al. J. Chem. Soc. Perkin Trans. 1
benzyl ester 2001, 2796-2803

ester 1860-1870
3-Chloromethyl-benzoic acid Matsukawa, T. et al. Yakugaku Zasshi 1950, 70,
methyl ester 535-537. Chem. Abs. 45:36092 (1951)

4-(Chloromethyl)-2-furanacetic K.-T. Tang et al. Bull. Korean Chem. Soc. 2002,
acid, ethyl ester 23,1333

2~Cﬁfﬂoromethy1«ber.1ioi“c-:. add ethyl | Gadient, F. etal. Helv. Chim. Acta 196?; 45, ' '

5-Chloromethyl-2-furancarboxylic

Bremmer, J. G. M. et al. US 2,450,108
acid n-butyl ester

5-Chloromethyl-2-furancarboxylic Chakraborty, T. K, et al. Tetrahedron Lett, 2002,
acid ethyl ester 43,1317-1320

4-(Chloromethyl}-2~ J.§. Uand K. T. Kéng, Bull. Korean Chem. Soc.
furanpropanoic acid, methyl ester 1994, 15,1019

5-(Chloromethyl)-2- J. W. Patterson and J. H. Fried, US 3522289

furanpropanoic acid, methyl ester

4-{Chloromethyl)-1H-imidazole-1- | V. M. Girijavallabhan etal,, . Antibiot. 1986, 39,
acetic acid, 2-propenyl ester, 1182

monohydrochloride




Compounds of formula 5 that are neither known in the literature nor
commercially available may be conveniently prepared by reactions that

vagezwislhknswwn in the field of organic synthesis, and these re&€tiohB268H 006611
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T. Mase et al. EP 214732

3- [4-(Chloromethyl)phenyl]-
propanoic acid, 1-methylethyl ester

Y. Fukuda et al. WO 9747581

6-Chloromethyl-pyridine-2-
carboxylic acid ethyl ester

Fornasier, R. et al. . Chem. Soc. Perkin Trans. 2
1986, 233-238

6-(Chloromethyl)-3-

pyridinepropanoic acid, ethyl ester

T. H. Brown, EP 39989

5-Chloromethyl-thiophene-2-
carboxylic acid methyl ester

Kozmik, V. et al. Collect. Czech. Chemr.
Commur. 1992, 57, 1483-1485

4-(Chloromethyl)-2-
thiopheneacetic acid, ethyl ester

IL-T. Tang et al. Bull. Korean Chem. Soc. 2002,
23,1333

4-(Chloromethyl)-2-

thiopheneacetic acid, methyl ester

M. C. Van Zandt and L. Geradi, Leo. WO
2003044015
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Supplier

6-Bromomethyl-pyridine-2-
carboxylic acid methyl ester

ChemPacific, Baltimore, MD

5-Chloromethyl-2-furancarboxylic
acid ethyl ester

Aldrich, Mitwaukee, WI

5-Chloromethyl-2-furancarboxylic

acid methyi ester

Aldrich, Milwaukee, WI

2-Bromomethyl-benzoic acid ethyl

ester

Pfaltz & Bauer, Inc., Waterbury, CT

apout O dearees, A, 2001, 44, f .
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“tpeatlng a compound of formula 5 where LG represents chlorin

degrees and about room temperature, preferably at about O degrees. A
comB)%J(pd of formula 5 where LG represents iodine can be Py [;}agggﬂg)yoo(m
romine
or OSO2E where E represents lower Wo42605/000781
PCT/EP2004/006611 42 alkyl or aryl, with an alkali metal iodide (e.g-,
Qdiym iodide) in an inert solvent such-asa ketone (e.g., acetone or
methyl ethyl ketone) at a temperature between about 50 degrees and
ap%%go de?q ees, convemqntly at about the boiling point of the solvent,
Star ng"i% HAS: I837ompounds of F-oimeuld£5 Magyicompblinds of
fonsibia #tovhere K represents a leaving group such as chlorine, iodine,
bromine,.or triflate,are known-compeunds-and-can-be Syt Athesized
agcording-ieditdratureprosddures. Some exa s ar ded in
%9@%%%@& Reference 3-Bromo-4i+C ocraoStS }gﬂl “ied %m aﬁcé&ct;@ oK
Chem: Scand Series B 1984, B38,877-894 4-Bromo-2-chloro-phenol
aéger, R. et al. US 4,223,166 6-Bromo-5-ehloro-pyridin-3-ol Koch, V. et
al. Synthesis 1990, 499-501 4-Bromo-2,6-dichlorophenol Malm, J. et al.
WO 02/62780 5-Bromo-2- h xy benzene Meyer, W
4,479 CPTDPSHRSH RSt b AL %Iﬁ%*%ﬂé‘r%i%%\fé eer‘:mﬁ"““tre poygommerdally
@,wéh&@blé?nd@d:@msy;eﬂm@ﬂﬂ p@ipemd Speechens tgommua! known in the field of
2 hRQs %@&E@YA@@EQ& 1988 okl Mﬁ;@@é@d\ﬂeﬁrﬁh@ 1 Scheme 4.
Cfiem. 1898, 63, 4199- 5-Bromo-2-intro-phénol 4208
Matarasso Tchiroukhine, E. Ann. Chigy (Rarig) 3-Bromo phenol 1958,
3,405-459 Chem. Abs. 53:34694 2-teri-Butyl-4-iodophenol Yashiro, M. et
al. J. Org. Chem. 1977, 42 835-

O
B—Arg~ (CH?_)% e LG‘“CH;Af;(CHZ)-Sw‘Q =
0—R

12

Three examples of reactions represented by Scheme 4 are described below. As will
be clear to one of average skill in the art, not all reactions can be used to prepare all
compounds of formula 5, but reactions appropriate for the preparation of specific

compounds of formula 5 will be apparent to a synthetic organic chemist.

For example, a compound of formula 5, where LG represents chiorine, can be
prepared from a compound of formula 12 where B represents hydrogen by an.
electrophilic aromatic substitution reaction by freating the compound of formula 12
where B represents hydrogen with formaldehyde and hydrogen chloride, in the presence
of a Lewis acid catalyst, preferably zinc chloride, in a suitable inert solvent, for example, a
halogenated alkane (such as methylene chloride, chloroform, 1,2-dichloroethane, or the
like) at a temperature between about room temperature and the boiling point of the
solvent, preferably at about 35 degrees celsius. Clearly this reaction is limited to cases
where the compound of formula 12 is susceptible to electrophilic aromatic substitution
at the desired point of attachment, and further, to cases where the compound of formula
545 stable to mineral acids and fo Lewis acids. Examples of compounds of formula 5
which fulfill these criteria will be known to one of average skill in the art. An example of

such a reaction can be found in Moldenhauer, O. et al. Justus Liebigs Ans. Cherm. 1953,

580, 176.



838 3,5-Dimethyl-4-iodophenol Lu, Y. et al. Synthesis 2001, 1639-1644
3-lodo-phenol Noelting and Stricker Chem. Per. 1887, 20, 3019 WO
8054000781 PCT/EP2004/006611 -43 Name Reference -~ PCT/EP2004/006611
5-Bromo-2-h dro_ thiazole-4 y Serra, G. et al. Heterocycles 7 995, 41,
2701-2712 carboxyllc acid ethyl ester 5- Bfomio-3- -hydroxy- thlophene -2-

Binder, D. et aI han 1988, , carbonitril.e

T R Tanar S el 1988, oS Bhepured oy

6-Brofitgspyridip-2io! m@ﬁ@nsglmzx@%edérﬁpréﬁwgs HHa véthal-Regnotigynimide

(2:%'10? 39@}&5 gﬁf@;ﬁmocﬁﬁﬂgﬂﬂgﬁﬁaﬁﬁﬁzﬂﬁ@ﬁ,&&t 128171288 a5 a halogenated alkane
oro- Im idinol Hurst, D, T.. Heter rac

e

5 Bulktal9stousd, aqo%nhﬁi@m@émgesri@lw R r}éﬁﬁy@ma‘iﬁ SRR,
T. @Eﬂhﬂeﬁb@@ﬂ}%%ﬁﬁ@%oﬂkﬁﬂ& 19edgan Kinlitetahidndeg Chemh presence

S B2 OONNUAINGE, 0 SR In AdSHon A SOmPOUNRR ok Cx1

formula are co‘mr’nerm Ily ava able, includin e foll owmg ame

SUBBTGNB- BRTHBE D CHIORBHENBPAIBRCHS MITVALKER: Ypier 100 21 aromatic
4-Bageea2bohl 0se-Semethyd LanchsterSynthasis L (d. gLahbasfwm)LUKder irradiation

|
10 Dh%pag §%0%%%@%%%1£g%fﬂr%gﬂﬁé%ud§6Fﬂﬁrﬁfuﬁyﬁﬁmﬂﬁ‘%ﬁr@éﬁm&me can

I-phenol Ald u
S BFOTE Ny 7 B3 A RSO AR, ML RE B >
2-lftroxy<herwnds te OdfwdoltProtucts; WestCotmitriich S@ halogenated alkane

(for example, carbon tetrachloride) or acetonitrile in the optional additional presence of
a catalyst such as azobis(isobutyronitrile} or benzoyl peroxide at a suitable tempreature,
15 c:onvemenﬂy at the boﬂmg pomt of the solvent, and in the optional additional presence
" ofa source of light; or by treating a compound of formula 12 where B represents CHs
with chlorine in an inert solvent such as a mixture of water and an aromatic hydrocarbon
{e.g,, benzene) or a halogenated alkane (e.g., chloroform or carbon tetrachloride) under

irradiation with an incandescent light.

20 A compound of formula 5 where LG represents bromine can be prepared by
treating a compound of formula 12 where B represents CH,OH with phosphorus
tribromide or a mixture of N-bromosuccinimide and triphenylphosphine in an inert
solvent such as a halogenated alkane (e.g., methylene chloride or carbon tetrachloride) at
a temperature between about 0 degrees and the boiling point of the solvent, conveniently

25 at about 0 degrees. A compound of formula 5 where LG represents chiorine can be
prepared by treating a compound of formula 12 where B represents CH,OH with thionyl
chloride or a mixture of N-chlorosuccinimide and triphenylphosphine in an inert solvent
such as a halogenated alkane (e.g., methylene chloride or carbon tetrachloride) at a
temperature between about 0 degrees and the boiling point of the solvent, conveniently

30 at about 0 degrees. A compound of formula 5 where LG represents OSO;E where E
represents lower alkyl or aryl can be prepared by treating a compound of formula 12
where B represents CH,OH with a sulfonyl chloride ESO,CI (for example,
methanesulfonyl chloride or p-toluenesulfony! chloride) in the presence of a base such as
a tertiary amine (e.g., triethylamine or diethylisopropylamine) in an inert solvent such as

35 a halogenated hydrocarbon (e.g., methylene chloride) at a temperature between about 0
degrees and about room femperature, preferably at about 0 degrees. A compound of
formula 5 where LG represents iodine can be prepared by treating a compound of

formuta 5 where LG represents chlorine, bromine, or OSO,E where E represents lower



V"0 20051000781 PC'T/EP2004/006611 -44 Supplier ------ )
5-Bromo-2-hydroxy-3-nitro Oakwood Products, West Columbia, SC
WY idine grBromo-5-hydroxy-pyridine Specs and Biospecs, Rijgwijkp200./606611
Netherlands 4-Bromo-phenol Aldrich, Milwaukee, WI
2-Chloro-3-fluoro-5-hydroxy Asymchem Intérnational, Inc., Durham, NC
pyridine 5-Chloro-2-hydroxy-4,6-dimethyl Maybridge plc, Tintagel, UK
nicetifonitnie 2itHerekslhpaidxppgadie: A%%%h@ﬁgfiﬁ}éﬁq%%isﬁ%‘é?{ﬁ suchas a
Durbams NG, 2cHyelroxy-bbropiaybytimidine LancastenSyhthesis bbdyt 50 degrees
Lancashire, UK, 4-lodo-2-methyl- ieh,-Mi VI
31005 BAChO! KeHEh, NS W 2ot ShemO T Ak Miemche,
WI Compou ' ] jther known in the literature nor

gttabteray beconverniently prepared by reactions that
are well known in the field of organic synthesis as shown in Scheme 5. 151
5SchemeMr G AYE IR Se- 2 D ONTIa 3 WhATE SrisBLRENGT FORATIRS FCLR BED 28
prepases 4romigecompoun d:af- fismda: 13 wwhere Grand 3 regreseht thethesized
S&@&g{%@ﬂ?ﬁl{g %@gr§ﬁ!1eecé§gcgme§@8% gﬁlﬁ{iﬂgs Qf@fﬂmﬁi@gx ﬂl‘?@t@ﬁeﬁnd
Y represerits methyl, using reactions that are well known in the field of 10
organic synthesis: Several of these methods are outlined in "Protective
Grot&¥h Organic Synthesis” (Gree %‘3 "Nand Wuts, P. G. M., 2nd

Edjtion;-John-Witey-& Sons, N-¥—19%1)-Forexampte; & compourzid of
Tg{E?IOmO"Q—CRIOIO—pEEHCX B38. 877-894
38, -

4-Bromo-2-chloro-phenol Jaeger, R. et al. US 4,223,166

6-13rom0—5—ch16ro-pyridin~3—o} Koéh, V. etal. Syz'zrhesis.i%’(), 499-501

4-Bromo-2,6-dichlorophenol Malm, J. et al. WQ 02/62780

5-Bromo-2-bydroxy-benzene- Meyer, W. et al. US 4,479,821
sulfonamide

4-Bromo-3-nitro-phenol Lavoie, B. J. et al. US 6,486,167

Jacquesy, J. C. J. Chem. Soc. Chem. Commun.

3-Bromo-4-methyl-phenol 1980, 110-111

Makosza, M. et al. J. Org. Chem. 1998, 63, 4199~

5- -2-nitro-phenol
5-Bromo-2-nifro-phenc 4208

Matarasso-Tchiroukhine, E. Ann. Chim, (Paris)

3-Bromo-phenol 1958, 3, 405-450 Chem. Abs. 53:34694

Tashiro, M. et al. [. Org. Chem. 1977, 42, 835~

2-tert-Butyl-4-iodophenol 938

3,5-Dimethyl-4~iodophenol Lu, Y. et al. Synthesis 2001, 1639-1644

3-Todo-phenol Noelting and Stricker Chem. Ber. 1687, 20, 3019
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Naine Supplier

4-Bromo-2-chloro-phenol Aldrich, Milwaukee, W1

4-Bromo-2-chloro-6-methyl- Lancaster Synthesis Ltd., Lancashire, UK

phenol
5-Bromo-2,3-difiuoro-phenol Lancaster Synthesis Ltd., Vancashire, UK
4-Bromo-3,5-dimethyl-phenol Aldrich, Milwaukee, Wl

5-Bromo-2-hydroxy-benzamide | SALOR, Aldrich, M‘ﬂwaukee, WI

5-Bromo-2-hydroxy-benzonitrile | Oakwood Products, West Columbia, 8C
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fetment with copper(1) édibide, ¥ilaredmpotihd of formula 7

there-X-represents bromine by 20 treatment with.copper(l) bromide, ar to
a compound of formula 7 where X represents iodine by treatment with
potassium iodide.

Compounds of formula 7 that are neither known in the literature nor commercially
available may be conveniently prepared by reactions that are well known in the field of
organic synthesis as shown in Scheme 5.

[@ N =c)]

Scheme 5
G—ATE—'O—Y . X"‘AFE"OH

13 7

A compound of formula 7 can be prepared from a compound of formula 13 where
G and X represent the same substituent selected from among chlorine, bromine, and
iodine, and Y represents methyl, using reactions that are well known in the field of
organic synthesis. Several of these methods are outlined in “Protective Groups in Organic
Synthesis” {Greene, T. W, and Wuts, P. G. M., 2nd Edition, John Wiley & Sons, N.Y.
1991). For example, a compound of formula 7 can be formed by treating with
trimethylsilyliodide a compound of formula 13 where G and X represent the same



Starting Materials: Compounds of Formula 10 Many compounds of
formula 10, where Y represents boronic acid, boronate ester, trimethyltin
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25 to literature procedures. Some examples are included in the table.
Name Reference 4-A cetyl-3-fluoropheﬁﬁ%bronic Holmes-Farley, S. R.

et al. US 2003064963 acid (5-tert- - -2
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ethy i R8P CHD ohzrT] pheﬁ? 4 Gravel, M. et al. J-Org..Clem 2

673480 botoribemid 85D Mﬁ%@%%ﬁ%@u%ﬁw%‘&%? gpere @
U$,2003027814 tharenicaeidi2e(: SeRirmethylzphemyl)-4i 58> bromine, and

meth

tetramethyl:[1,3,2]dio [ i 4 ~ efiix
T T —
1997, 6 dnsBE45Y (D3 1] BRGTaIR- ) Pl Somine P < orpound
2,6¢Rjpaathyl 3vfude H5:CHS rdpaésettahelosm sOREHESoE ot apamons

chlorine, bromine, and iodine, and Y represents methyl with boron tribromide in an
inert solvent such as such as a halogenated alkane (e.g., chloroform or methylene
chloride) at a temperature between about 0 degrees and about 40 degrees, conveniently at

about room temperature.

A compound of formula 7 where X represents chlorine and the position of
attachment of X is para to the hydroxy group can be prepared by treating a compound of .
formula 13 where G represents hydrogen and Y represents hydrogen with sulfuryl
chloride in an inert solvent such as ether or a halogenated hydrocarben (e.g.
chloroform), at a temperature between about 0 degrees and about 35 degrees, preferably
at about room temperature. A compound of formula 7 where X represents bromine and
the position of attachment of X is para to the hydroxy group can be prepared by treating
a compound of formula 13 where G represents hydrogen and Y represents hydrogen with
bromine in an inert solvent such as water, or carbon tetrachloride, or acetic acid, at a
temperature between about 0 degrees and about room temperature, preferably at about
room temperature. Alternatively, the same compound 7 where X represents bromine and
the position of aitachment of X 1§ para to the hydroxy group can be prepared by treating
a compound of formula 13 where G represents hydrogen and Y represents hydrogen with
a tribromide salt (e.g., tetrabutylammonium tribromide or benzyltrimethylammonium
tribromide) in an inert solvent such as a halogenated hydrocarbon (e.g. methylene
chloride or chloroformm) at a temperature between about 0 degrees and about room
temperature, preferably at about reom temperature. A compound of formula 7 where X
represents iodine and the position of attachment of X is para to the hydroxy group can be
prepared by treating a compound of formula 13 where G represents hydrogen and ¥
represents hydrogen with iodine, or iodine monochloride in an inert sclvent such as
water, in the presence of an inorganic base such as an alkali metal hydroxide {e.g.,
sodium hydroxide) or an alkali metal carbonate (.., sodium carbonate} ata
temperature between about 0 degrees snd about room temperature, preferably at about
room temperature. The same compound of formula 7 where X represents iodine and the

position of attachment of X is para te the hydroxy group can be prepared by treating a



tetramethyl-[ 1, 3,21 dioxaborolan-2 12868-12869 yl)-pyridine 2-(1-E
hoxyethyl)-phenyl-boronic Dale, W. J. et al. J. Org. Chem. 1962, 27, 2598-
Vvaoido2608) 72+ Ethoxy-5-tributylstannyl-thiazole Wang, T. et al. WO/EP2004/006611
02/062423 (5-Ethyl-furan-2-yl)-trimethyl Sasabe, M. et al. Perkin 12000,
3786-3790 stannane Bean, F. R. and Johifion, J. R. J. Am. Chem. Soc.

3-Hydroxy- vI-boronic acid 1932, 54, 4421 . . ) A g
B e e e S

hoxy-4-| -pyrid anitis, A ) _ i
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et ahTetrahedidn<993,.42040; 642 244 Methexypbenyltds4&,5Fhis last reaction and
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dioxaborolane 3447-3450 WO 2005/0007

1 904/006611 -:

*Namé Refetence (5-Methyl-furan-2-yl)-boronic acid Florentin, D. etal. J,
Heterocyci. Chem. 1976, 13,1265-1272 2-Methyl-5-(trimethylstannyl)-

Wentland, vmpoethhijonmeds Chibame X988rS6ntihiblzolecl 580vBE>T iodine can be
Grozigh: M. 1. 1ekakda A Ghen Soent894s 2nNiro-phenyhboronic.agis
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597-7605, Fischer.
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116, _ F..C..etal Red. Trav. Chinn Pays-Bas s

B e R e e 1874 65 S5 S (H B Ep by i the rt of
[. 1982 ifo abersIdre il Bisperdicatan hetwaEhidfodgees, . H. Chem. Rev.
102000483 48 25132 tenzbilisile Nonhebel, D.C., Copper-catalyzed Single-electron

Oxidations and Reductions, Special Publication—Chemical Society (London} 1970, 24,
409-437 ISSN: 0577-618X. Yor exaraple, a compound of formula 13 where G represents
NH,; and Y represents hydrogen can be converted to a diazonium intermediate of

formula 13 where G represents N," and Y represents hydrogen by treament with sodium

- niitrite in the presence of a mineral acid {for example, hydrochloric acid or sulfuricacid)y

in water at a temperature between about -10 degrees and about 10 degrees, preferably
about zero degrees. Without isolation, this diazonium intermediate can then be
converted to a compound of formula 7 where X represents chlorine by treatment with
copper(l) chloride, to a compound of formula 7 where X represents bromine by
treatment with copper(I) bromide, or to a compound of formula 7 where X represents

iodine by treatment with potassinm iodide.

Startine Materials: Compounds of Formula 10

Many compounds of formula 10, where Y represents boronic acid, boronate ester,
trimethyltin or tri-n-butyl-tin, are known compounds and can be synthesized according

to Hterature procedures. Some examples are included in the table.

Narme Reference

4-Acetyl-3-fluorophenyl-boronic _ '
Holmes-Farley, S. R. et al. US 2003064963

acid

(5_tertQButox}r—furan—2-y1)w Pearce, B. C. Syn. Commun. 1992, 22, 1627-
trimethyl-stannane 1643,

4-n-Butyl-phenyl-boronic acid Glende, C. et al. Mutation Res. 2002, 515, 15-38

(5-Cyano-2-thienyl)-boronic acid Fensome, A. et al. US 5,355,648




4- (4,4,5,5-Tetramethyl [ 1,3,2] dioxaborolan-2-yl)- Murata, M. J. Org.
Chem. 1997, 62, 6458-6459 benzonitrile 1-[4-(4,4,5,5-Tetramethyl-

wWiSISigh A et al.. Org. Lett. 2002, 4, 541-544

PCT/EP2004/006611
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38apken)Tl)-[ 1,3,2] dioxaborolane
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Cho, J.-Y. et al. . Am. Chem. Soc. 2000, 122,
12868-12869
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Dale, W. . et al. J. Org. Chem. 1962, 27, 2598-
2603

2-Ethoxy-5-tributylstannyl-thiazole

Wang, T. et al. WO 02/062423
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stannane

Sasabe, M. et al. Perkin I 2000, 3786-3790
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Bean, F. R. and Johnson, J. R. J. Am. Chem. Soc.
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Arvanitis, A. G. Bioorg. Med. Chem. Leit. 2003,
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Rocca, P. et al Tetrahedron 1993, 49, 49-64
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Ishiyama, T, et al. Tetrahedron Lett. 1997, 38,
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acid 4-Ethoxyphenylboronic acid Aldrich, Milwaukee, WI
2- Fluorobphenyl -4-boronic acid Lancaster Synthesis Ltd., Lancashire, U

“ﬁ?l’—zﬂ?of%ﬁﬁénylboromc acid Aldrich, Milwaukee, WI

UK
PCT/EP2004/006611

4-Fluoro-2-methylphenylboronic Lancastgg Synthesis Ltd., Lancashire, UK
acid 4-Fluoro-(tri-n- Maybridge plc, Tintagel, UK butylstannyl)benzene

1—ormy|ruran -2-boronic acid Lancc?ee
°2-boronic acid drich, Milwauk

6¥%EP2994¥@8661&w58~Nam&F5ﬂﬁpheH~%Wdfoxymeﬁryhp+mnyib*—

dRidRITIdMitdalkees W aeid

drich, Milwaukee, WI acid 4- IodopE rf)%g acid Aldrich, Milwaukee,

| (3-Isopropylphenyl)boronic acid L& a§ter |

K (2 Methvlbhenvl)boronic acid

bynthesns [td.; Cancashire, UK
WA 2005/000781

4?1&%@%&1@9@@@36@@[%% 1975,

ynthesis Ltd., Lancashire,

iphenyiberanigsagigyAldrich
tho%yphenylboronlc acid Aldric 1}

Isulfonyl)phenyl]boronlc Lancaster

Idrich, Milwaukee, WI
Mibvask@epMWWl et al. 1. Med. Chem. 1993, 36,

égee Wi
ynthesis Ltd., Lancashire

',\)CQ-PQJC'SZDO U‘I’loo

<—actd-5-Methylithiophene-2-boro

Metty(trizn,Maybridge pig TintagefORbuidteid

Ticacid /-\IC]I'ICI’I Mitwaukee

ﬁ%fbéﬁ%eqé‘fm Soc. 1994,
116, 7597-7605

3-Pyridyl-boronic acid

Fischer, B. C. et al. Recl. Tray. Chim. Pays-Bas
1974, 93, 21-24

3-(4,4,5,5-Tetramethyl-

LI1,3,2]dioxaborolan-2-y1}- ... .

henzonifrie

4-(4,4,55-Tetramethyl-
[1,3,2]dioxaborolan-2-yi}-

benzonitrile

Murata, M. J. Org. Chem. 1997, 62, 6458-6459

1-[4-(4,4,5,5-Tetramethyl-

ethanone

11,3,2]dioxaborolan-2-y1)-phenylj-

Fuerster, A. et al. Org. Lett. 2002, 4, 541-544

2-(4,4,5,5-Tetramethyl-1,3,2-
dioxaborolan-2-yl)-thiazole

Marcuccio, S. et al, US 6399779

4,4,5,5-Tetramethyl-2-(4-nitro-
phenyl)-[1,3,2] dioxaborolane
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Li, W. et al. J. Org. Chem. 2002, 67, 5394-5397

In addition, many compounds of formula 10, where Y represents boronic acid,

boronate ester, trimethyltin or tri-n-butyl-tin, are commercially available, including the

following:

Sebo, L. etal, Hely, Chim. Acta 2000,83,93-113 . .
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room temperature for reaction with magnesium), followed by treatment

with a trialkyl. borate or trialkyltin chloride to form the compound of
vWarmukwdOavhere Y represents B(OH)2 or trialkyltin, respectivedyerrroa4/006611
Scheme 6 Art X Ar Y 11 10 15 Additionally, the reaction can be carried
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2-Methyl(tri-n-
butylstannyl)benzene

Maybridge ple, Tintagel, UK

1-Naphthaleneboronic acid

Aldrich, Milwaukee, W1

3-Nitrophenylboronic acid

Aldrich, Milwaukee, WT

4-Phenoxyphenyiboronic acid

Aldrich, Milwaukee, WT

2-Thiopheneboronic acid

Aldrich, Milwaukee, W1

Thiophene-3-boronic acid

Aldrich, Milwaukee, WI

Tri-n-butyi(2-furyl)tin

Aldrich Chemical Company, Inc.

Tributyl(2-
methoxyphenyl)stannane

Maybridge ple, Tintagel, UK

Tri-n-butyl(2-pyridyl)tin

Lancaster Synthesis Ltd.




In addition to the methods described above for the preparation of
compounds of the invention, additional methods are available for the
worepavadioriof compounds of formula | in which s represents P& a4 BHBWHT501
in Scheme 7. According to this process, 25 compounds of formula 5B are
converted to compounds of formula 15, “eﬁlll'ér directly by nucleophilic
gsmwmmmm%mwmmw-mma Z;or by foltowing a Suzuki

ouplag approach going through in &iinedfdite 9B. The nucleophilic
isplacement and _Suzuki coupling keactions-are-analogeus-te-those—————
Sefi QNen WOLH2005/000781 PCT/EP2004/006611 -53 Scheme 7
?f@?ggl@ﬁ(; CH&% g%z Ar} Ar O 1_534@%"’% ‘O:RS is ~0R X-ArZ
M'Ar- Y Y 7 10 X-ArZO-CHZ Ar3 D 38 O-R5 Ar ArZO CHZ A30 O 15
=CHZAT3(CH;) = O-R5 0O R46B 1 (s =2) Compounds of
Fmula 15 can be converted to co pounds of formula 6B by
ydreganatianthisiyyra agblemetal carkdyisbTHid redEor aybe carried
ut by treating 5 the compound of farmula 15 with hydrogen gas in the
resence of a noble metal catalyst such as palladium-on-carbon in.the
Presence of an inert splvent. (for.exal sueh as ethanel)ar
b%ﬁtarb%ﬁ%?ﬂgg%sﬁ)g an Ltigrcll@ﬁer e%kggﬁfﬁgg%%ire. The compound
_ e compound of formula | where s
rerédeh e BPERARRTE BFIRE protegtive.gratry RBeGandifibas suitablék
far, 4@ carrying out this reaction are gescribed above for the conversion of
ajcompound of formula 6 to a comy : i tals:
Comﬂggﬂgﬁﬂtlgg,{mga 5B Several ¢ompiiindseafifotioiaBByateknown
compounds and can be synthesized

1 32(Tri-n-butylstannyl)pyridine - Maybridge ple, Tintagel, UK

Tri-n-butyl(2-thienyl)tin Aldrich Chemical Company, Inc.

Compounds of formula 10, where Y represents boronic acid, boronate ester, |
trimethyltin or tri-n-butyl-tin, that are neither known in the literature nor commercially
available can be synthesized by procedures that are well known to one skilled in the a]f’t of

5  organic synthesis. For example, a compound of this type can conveniently be synthes%zed
according to Scheme 6 froma compound of formula 11, in which X represents bromine
or iodine, by treatment with an alkyllithium (e.g., n-butyllithium) or magnestum (to
form the Grignard reagent) in a suitable inert solvent such as an ether {(such as
tetrahydrofuran or diethyl ether) at a temperature appropriate for the reaction (f.or

10 example, at approximately -78 °C for reaction with an alkyllithium, or at appromr’nateiy
room temperature for reaction with magnesium), followed by treatment with a trialkyl

borate or rialkyltin chloride to form the compound of formula 10 where Y represents
B(OH); or trialkyltin, respectively.
Scheme &
AR X e Ar—Y

11 10
15

Additionally, the reaction can be carried out under noble metal catalysis. According

to this route, the compound of formula 11 s conveniently reacted with a hexa-alkyl-



according to literature procedures. Examples are included in the table.
Name Reference (2E)-3-[2-(Bromomethvl)phenyl}-2-propenoic H. Juteau
vebakdBieargiMed. acid, methyl ester Chem. Lett. 2001, 11, 74ZT(RE2)p8+006611
[2-(Bromomethyl)phenyl] -2-propenoic D. A. Price Synlett 1999,1919 acid,
tert-butyl ester WO 2005/000781 PC /EP2@01/006611 - 54 Name
"‘Reference 2E)-3-[3- romomethyl) -2- pyndm{vllj--Z y Gareau et at WO
gggﬂlemb@ﬁ‘@@ ety eltgnnane or hexa-n- butyl-di-stannane) or 4,4,5,5-
(2Eét&iﬂ&ﬁﬁb{n@a)q@wb@mgw&-pmpemm B.1.RBeanditylet al. WO \
WA i e ta] catalyst (preferably a
g‘%?ﬁﬁ om%ep i i—f#if G B b e
adisie st TSR @Q gElphosphine)palladium( G) or palladium(II)
3(2 E;laBaﬁI&é@b teribdiethy1]p Iamyt]a)zmrd)pe@momWaﬁd&tBtaé@mﬁatE@f a catalytic

403&%&96%9%&% ARRHBrRmoms plxlerﬁcfwa NYll-2:roRenais erd.

Pevzner et al aC|d ethyl ester Ohshch mii 1997, 67, 1710
3- [é*{@f 8 ﬁ}gﬁﬁ‘r}, ,ﬂc}ﬁef H%‘@‘Q%Pd ﬁa iﬁlg E:lﬁ B@Pﬁe’(%‘e reaction is
Soopmetil estérdRetkin t}imgslea_egggirﬁagamc base, for example, a temary amine

3-[3a( gb{ﬂ@@%ﬁﬁ%h@zﬂﬁg 4-RrepaReIcatid o P+wAn R - diaRPSFolng B keaction is
Soc. methyl es %ﬂPerkln Tr S. 21983,

103 A BB hTSIB BRI 3 BRopersiR G Riie i s SERSFEn
me@h?taésxer@efab@p@mmmqg iRy eneisnsiecasrnienly coatefaut in an
al. YO 9623813 mettuhester 3 piThlosarsrtvlpheny]; 2:prafienstsiformamide,
aCIQT B i methlglrlaE)a%ﬁ]de?crfl?nr@thy%ulfomde, or acetonitrile) or an aromatic hydrocarbon

(e.g., toluene) at a temperature between about room temperature and about 100 degrees,

15 and preferabiy at between about £00m temperature and about 50 degrees As addmonai
| ':exampies, the speaﬁc reaction conditions utilized in the followmcr pubhcatzons canbe
followed: Baudoin, O. et al. J. Org. Chem. Soc. 2000, 65, 9268-9271; Ishiyama, T. et al.
Tetrahedron Lett. 1997, 38, 3447-3450; Hylarides, M. D. J. Organomet. Chem. 1989, 367,
259-265; Read, M. W. et al. Org. Lett. 2000, 2, 3201-3204; Ishiyama, T. et al. Tetrahedron
20 1997, 57, 9813-9816; Fuerster, A. et al. Org. Lett. 2002, 4, 541-544.

Preparation of Compounds of the Invention where s represents 2

In addition to the methods described above for the preparation of compounds of
the invention, additional methods are available for the preparation of compounds of
formula 1 in which s represents 2, as shown in Scheme 7. According to this process,

25 compounds of formula 5B are converted to compounds of formula 15, either directly by
nucleophilic displacement with a compound of formula 4, or by following a Suzuki
coupling approach going through intermediate 9B. The nudeophilic displacement and

Suzuki coupling reactions are analogous to those described above.



methyl ester Perkin Trans. 2 1983, 843 Compounds of formula 5B that
are not known in the literature may be prepared by any conventional

woeanskorkexample, they may be conveniently prepared acc®ftifitf1604/006611

Scheme 8, starting from an aryl-carboxaldehyde of formula 16 or from a
haloaromatic of 5 formula 17. WO 2005/000781 PCT/EP2004/006611
Scheme S CH3-Ar3 _CHQ 16 --CHé&@nO 7CH3 Ar,30 L0 18 O-R SB
O-R CH3 Ara X 17 A compound of 6 can be converted to a
compound of-formula 18 by reaction with a phosphorus ylid.e in a Wittig -

reaction, or with a phosphonate esterin-ecsi Horner-Wa sworth-Emmons

ey Wy . — A O~ CHE AL L, O
rE&Cton: BEtHYf t %se reactions are well known to ofie’ &f averagerék\ in
the art, and furthek information camn e found for example in 0—g®

"Comprehénsive O?Qﬁwic Transformations: A Guide to Function# Group
Preparations" -[R. €-karatk, VCH Publishers, Inc./N.Y. ¥989, pages
173-1841 and M&nced Organic Chemistr;P U.J‘S’ﬁckh, 3rd Edition,
Wiley Intersclence, NY, 1985]. For example, to the cdmpound of formula
16 can be treated with a&g}{c{:xl (triphenyl hospgoranylidene)- acetate,
such as methyl (triphenylphoép%oraﬁy%é%g&fetate, in an inert solvent
such as dichloromethane or tetrahydrofuran ofpggzene at a temperature
around room temperature to give con’?ﬁound of formula 18. As a further
example, the compound of formula 16 can be treated with a
phosphonoacetate ester, such as triethyl 15 phosphonacetate, in the
presence of a base such as sodium hydride or cesium carbonate or
potassium carbenate-or-stltanmmethogde, in an inert solvent such as N,N- ,©
dimethylformamide or dioxane or hydrofuran aﬁm@m@eﬁtﬁr@@&%ﬁ )
room temperature to give the compoundr3f formula 18. A compound of O-R

© formula 17 where X represgnts a group that can function as a 20 4eaving

10

group in a noble metal-catalyzed coupling reaction such as a Heck
reaction can
Compounds of formula 15 can be converted to compounds of formula 6B by

hydrogenation using a noble metal catalyst. This reaction may be carried out by treating
the compound of formula 15 with hiydrogen gas in the presence of a noble metal catalyst
such as palladium-on-carbon in the presence of an inert solvent (for example, an alcohol

such as ethanol) at about room temperature and under atmospheric pressure.

The compound of formula 6B can be converted to the compound of formula 1
where s represents 2 by cleavage of the protective group R°. Conditions suitable for
carrying out this reaction are described above for the conversion of a compound of

formula 6 to a compound of formula 1.

Starting Materials: Compoundé of Formula 5B

Several compounds of formula 58 are known compounds and can be synthesized

according to literature procedures. Examples are included in the table.

Name Reference

{2E)-3-[2-(Bromomethyi)phenyl]-2-propencic H. Jatean et al. Bioorg Med.
acid, methyl ester Chem. Lett, 2001, 11,747

- 2. i ﬁr)n .
(2F)}-3-[2-(Bromomethyl)phenyl]-2-propenoic D. A, Price Syrlert 1999, 1910
acid, tert-butyl ester “
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3-[4-(Bromomethyl)phenyl|-2-propenoic acid,

methyl ester

D. V. Patel et al. WO 9623813

3-14-(Chloromethyl)phenyi]-2-propenoic acid,
methyl ester

D. A, R. Happer J. Chem. Soc.
Perkin Trans. 2 1983, 843

Compounds of formula 5B that are not known in the literature may be prepared by
any conventional means. For example, they may be conveniently prepared according to
Scheme 8, starting from an aryl-carboxaldehyde of formula 16 or from a haloaromatic of

formula 17.



half wells of columns 1-2 are added a known activator, glucose
6-phosphate (18.9 mM) 20 in addition to the enzyme solution. The

weaetiommisture is incubated at 37 C. The:assay plate is thenpEaEMoN-4/006611

absorbance at 340 um on a Tecan Ultra reader every 3 minutes up to a
total of 30 minutes. The enzyme activity (With or without compound) is
calculated by the reaction.rate and re ng;sentgd by the optical density
change (AOD) per minute. Percent st fatiort of 25 glycogen synthase
aC(HMItyAle a¢gmpound at various concentrations is calculated by the

fo Iov?nng formula; stimulation = 100 * Rs/Rt, where R, is the reaction rate
of the efizyme in tﬁe\Qresence of compound-and R, is the reaction rate of
the enzyme in the absencé:bfcdmpgund, 80 SC2.0 is deﬂr%d%"fﬁé?*}e
compound concentration that is nee o stimulate260%0 of the enz
activity. The preferr Cfcompoung of the presgnt invention exhili5SC2.0 o—g'
valG&g-ifrthe ran(?)f 0.1 to 100 M, preferably in the range of 0.1 to 20.
1t4. Thq,{results obtained in the foregomg tests using representative
compounds of formula | as the test compound are compiled in the
foIIowm Table WO 05/‘§200781 PCT/EP2004/006611 -57 7 s

Name RRSHEMALAS TS an]rgtf:@}? SRR B%?Iﬁ_mﬁ)ﬁ'}l&da@g%ﬂﬁks by

pl\ﬂealctlarbmt}zlllzc}dmdphoms ylide in a Wittig reaction, or with a phosphonate ester n a
1- %&WWM@WM'}%égﬁcéﬁzfﬁ@!gw&ﬁ%@&}oﬂ@a&w known o cne of
cyclopent ic a oro 0X 20|c
acid1%9. §%ﬁhn§g {E’h%%%ﬁb eéﬁ?‘/? y?oxym%% f‘;{%lazx(')‘{»lqe 4- c%? K
aCI@@ﬂwwsmﬂ@bmﬁéfmpﬁ@wmb@rﬁ@tﬁ?l}qrﬁ@eﬂ@mkﬁiﬁ%& fepam‘ﬂons
acgﬁ.%lm%cﬁ Meﬁrpﬁmrméﬂasenw AYTORYBTEthy)-berzaiBidaici3B plianced

3 ' Meth |- | e o s 'e
SR e S g s e
5- GBW@W@@QM bg’gg% LR é‘ﬁ&]ﬂ dtpppenylp osphoranyhdene)
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5-(BiphienylA-yoxyhgtinithiogheagicarbiddylic)acith kiR pMnert solvent such as
dichloromethane or tetrahydrofuran or benzene at a temperature around room
terperature to give compound of formula 18. As a further example, the compound of
formula 16 can be treated with a phosphonoacetate ester, such as triethyl
phosphonacetate, in the presence of a base such as sodium hydride or cesium carbonate
or potassium carbonate or sodium ethoxide, in an inert solvent such as N,N-
dimethylformamide or dioxane or tetrahydrofuran at a temperature around room

temperature to give the compound of formula 18.

A compound of formuta 17 where X represents a group that can function as a
leaving group in a noble metal-catalyzed coupling reaction such as a Heck reaction can
be converted to a compound of formula 18 by reaction with an acrylate ester under nobel
metal catalysis. For example, the reaction can be carried out by treating the compound of
structure 17 with an acrylate ester, such as methy! acrylate or ethyl acrylate, in the
presence of a source of palladium(0) such as palladium(il) acetate, in the optional
presence of a phosphine such as triphenylphosphine or tri-ortho-tolylphosphine,
preferably tri-ortho-tolylphosphine, in the presence of a base which may be an organic
base (e.g., triethy!.a:zﬁme) or an inorganic base (e.g, potassium carbonate, sodium -
hydrogen carbonate, thallium(I) acetate or silver acetate) in the optional additional
presence of a phase-transfer catalyst such as tetra-n-butylammonium chloride, in an inert
s-Ghrem: (e.g., N,N-dimethylformamide or N,N-dimethylacetamide or acetonitrile) ata
temperature between about room temperature and about 110 degrees, preferably at

about 100 degrees.



Examples The following examples illustrate preferred methods for
synthesizing the compounds and formulations of the present invention. 5
Whtetnaaiate 1: 2-Bromomethyl-benzoic acid methyl ester 0 OPN&ES B4/006611
Benzoc Peroxide ' cot, I / Sr CaH1002 C9H96rO2 150.179 229.075 A
mixture of methyl o-toluate (13.5 g, 89.9 mmol), NBS (17.6 g, 98.9 mmol),

3vnd ?}q%qadre eroxide(30-ma. 9 2mmel)invcarhon tetmebloride(b0mly) 5b by
R S st e, TR Leacion mKie an AloMeR. of o

o Filte &’solvents were evaporated under
redelyéd pressure B ng ST WSO TOOSIDODTEE Lo, i a1 ezt

RETEP200-H/0066[L .28 purified by chremaingraphy seliting with:@8rachloride.

h Iacetate/he anes.t
o e R e A MEl L bROPOI A6l TEUM SR Bbint of the

WIWQIJQOBH@M%FWWGW }”?fss(dt J=1.5Hz, 8.0

" Hz,1H),4.96 (s, 2H), 3.94 (s, 3H). MS (APCI+): 231 (100), 229 (93). 5
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Interm@tiiate it 6-Bromemethghpytidina thess bgienseiadhefipr eseapnt invention

NESH ChbA% ek Bepzat Retpiden@riMo@r _NYBrvO OO
C3HsNO2 C8H>NO; C8H8BrNO2 137.139 151.166 230.063 Step 1:

6- Methy @(7”31{18&5 Car%?é%#&%%%%&GX'C%%@[KA‘@WB%e(?if (4.32 mo/ml) 21.6

6-methyl-pyri boxylic acid (10 g, 72.9
smfﬂrfé)faé)r&%:?ﬁﬁn@)lﬁ tAA B EY%%%%@?&P %@ Ux overnlg

glycylglycine, pH 7.3 buffer is added into a polystyrene 384-well assay plate (BD
Biosciences). Compound solution (8 plfwell) at various concentrations (0-57 uM) in 30
mM glycylglycine, pH 7.3, 40 mM KCl, 20 mM MgCI2 plus 9.2 % DMSO are added to
the assay plate (columns 5-24). Enzyme solution (12 pl/well) containing glycogen
synthase (16.88 pg/ml), pyruvate kinase (0.27 mcr/ml} lactate dehydrogenase (0. 27
mg/ml) in 50 raM Tris-HCl, pH 8.0, 27 mM DTT and bovine serum albumin (BSA, 0.2
mg/mi) is added to the assay plate (columns 3-24). Asa blank control, enzyme solution
without glycogen synthase is added into the top half wells of colunns 1-2. To the bottom
half wells of columns 1-2 are added a known activator, glucose 6-phosphate (18.9 mM)
in addition to the enzyme solution. The reaction mixture is incubated at 37 °C. The assay
plate is then read for absorbance at 340 nm on a Tecan Ultra reader every 3 minutes up

to a total of 30 minutes.

The enzyme activity (with or without compound) is calculated by the reaction rate
and represented by the optical density change (AOD) per minute. Percent stimulation of
glycogen synthase activity by a compound at various concentrations is calculated by the

following formuda:
9% stirmmulation = 100 * Ry/Ry,

where R, is the reaction rate of the enzyme in the presence of compound and R, is the

reaction rate of the enzyme in the absence of compound.

SC2.0 is defined as the compound concentration that is needed to stimulate 200%
of the enzyme activity. The preferred compounds of the present invention exhibit SC2.0
values in the range of 0.1 to 100 pM, preferably in the range of 0.1 to 20 pM.

The results obtained in the foregoing tests using representative compounds of

formula I 2s the test compound are compiled in the following Table.



1o The reaction mixture was cooled to room temperature and
concentrated under reduced pressure. The residue was poured into
veaturateshagueous sodium hydrogen carbonate (250 mL), an8@kiRaded too11
with ethyl acetate (3 x 100 mL). The combined organic layers were dried
(magnesium sulfate), filtered, and evapoféi‘t%d to give 6-methyl-pyridine-2-
carboxylic.acid methyl-ester(6.5-g;-59%)-as-a-colortess-oil- HNMR .
(CDEGY: 8 7.97 (d, J 15 = 7.6 Hz, 1H), 7.73 (dd, f = 7.6 Hz, 1H), 7.36 (%0 l
J =|7.6 Hz, 1H), 4.01 (s, 3H), 2.67 (s, 3H). Step.2:
6-B gQ[gWﬁygt@@@%ﬁ@@p&ﬂ@a}:@M@MLEsp@fmhdme-z-
6-Bro omfgh%;éiayridi_ne-2-carboxy|i_c. acid methyl ester was prepared
acqoiting'to” Wells, G. J. et al. (WO 94/11398): A mixture of
6-m =pyridine=2= iC-acig 20 methyl ester (6.5 ¢, 43.0 mmol}, i
o o BRI 2 A oY o S NS T B0 mmon i | 16,5
carhgt tetraahlarideo(@50 mid) was heated at reflux overnight. The
reaction mixture was cooled to room_temperature, filtered, evaporate

and-pified - sRmAtagrRRMnen flaskrsilicaagel, eluting with 15% chtigl3 M

acetate/hexane to give 6- bromomethyl-pyridine-2-carboxylic acid methyl

ester (4. 209@ Al %Mé‘éﬂ%%hﬂ%@ B 800(d, | =8.049 M
Hz, {Iié,%%(}r?d ?ii%ée‘éy.l\(l)le’té, TH), 7.70 (d, J = 8.0 Hz, 1H), 4.65 (s, 2H),
4.02-(s, 3H) MSTAPCI¥) 231 (45), Z35(42).. WO 2005/00078 31 uM
PC'r?/éﬁ2@ébﬂméﬁiﬁenlé§*1ﬂdéﬁ“%%%ﬁé“§g‘aZ)OIE“*“Carobm%c G R
2-Bromomethyl-thiazete-4-carboxytic-acidethytester O 0-1"NBS, CCI M
Ber2e4 Peroniadiphrni-BrlcsyorhldszeiregNo,s 171.219 250175 H
2-Bromomethyl-thiazole-4-carboxylic-acid-ethyl-ester-was-prepared
accosdirgmpdindonipcet al-(LiS6621B08uAmisire of | 96K
2-mgthyl-thiazole-4-carboxylic acid 5 (available from Maybridge plc,

Tim%g%%%‘?g()gfg&?&@l @mg%,@gn@qryhggmg‘l@grmymgmﬂﬂ% mma|) 0.8 uM

1.4 pM .

and 0 mmol) in carbon tetrachloride (250 mL) was
5-(Biphenyl-3-yloxymethyl)-furan-2-carboxylic acid 14.9 pM
5-(Biphenyl-4-yloxymethyl) ~thiophene-2-carboxylic acid 12.7 pM
Examples

The following examples illustrate preferred methods for synthesizing the

compounds and formulations of the present invention.

5 Intermediate 1: 2-Bromomethyl-benzoic acid methyl ester

O
NEBS o ~
-~ Benzovt Peroxide
o oo,
: ’ Br
oA e CgHeBrO,

160,179 208075

A mixture of methyl o~toluate (135 g; 89.9 mmol), NBS (17.6 g, 98.9 mmol), and
benzoyl peroxide (30 mg, 0.2 mmol) in carbon tetrachloride (250 mL) was heated at
reflux over the weekend. The reaction mixture was allowed to cool, and it was then

10 filtered. The solvents were evaporated under reduced pressure and the residue was



heated at reflux over the weekend. The reaction mixture was cooled to
room temperature and evaporated under reduced pressure. The crude

woatedabwsis partitioned between ethyl acetate and water. TheCGrgapIg+006611

16

i5

20

layer was dried (magnesium sulfate), filtered, to evaporated, and purified
by chromatography on flash silica gel, e1lj‘§n"g with 20% ethyl

acetate/hexaneto give 2-bromomethyl-thiazele-4-carhox7ilic acid ethyl _
T T e B A e A R BT ég%lﬁm ,,
($romyrrdageareiy Dl zoh cxa1(f 3270 Ay> 3Ry IMS BB IR (CDCB):
252 £308), 250 (90):, Intermedinte 4046 hirpmethydthiazoke2=carbbikyliEl), 4.56

ILERSEBUR S G 6,0 s

4-Chloromethyl-thiazole-2-carboxylic acid ethyl ester was prepared
Yo s is ials Rio] %&Fﬁr’ﬁ}é‘?&nﬁf Xliﬂﬁé%lgﬁ%ﬁ%ﬁﬁg%ﬁ: R %])”Itl%l tu?sé%gf ethyl

thiooxamate (7.0 g, 52.6 mmol) and 1,3-dichloroacetone (7.0 g, 55.1
mmol) in ethanol (300 mbg,was heatedhat reflux oVeErfght. The safvent
was evaporateg thder¥&dteed p &nd tﬁgaﬂvﬁg@co niateriahdas © ~
partitioned between methylene chloride and aqueous sodium hydrogen®©
carbonatec.f:ke organic layer was drig@{iagnesium sulfate), filterafern:
evaporateéfwazﬁgd purified by chromatography on flash silica gel, eluting
with 15% ethyl acetate/hexane to give

4 nfotofmdipisthipzaling-2ambsyracasid susihEer4.0 g, 37%) as an
orange oil. 'HNMR (CDC13): 6 7.64 (s, iH), 4.78 (s, 2H), 451 (q,J=7.0
Hz, 2H), thid6rt, O 5-Fbrhiz; p2E Bk 2MS RO ci206 (2083 Ywonol) and

ggg égl%);?’{g& @@I{E E&Q% ]50191%5 11 ,60Rdnia r@@\ﬂ iﬁ??) 54 IMetaL reflux overnight.

2
biphenyl-4-ol OH OH OH P(ii( AC?)’(S N?OH /B,OH Ho C H 1Ot1%€é%l_1|1’ﬁ&%er-reduced S

ed to room temperature and Concen

CZRE3I900 LHBHZ AR <00 |
pressure. The residue was poured into saturated aqueous sodium hydrogen carbonate
(250 mL), and extracted with ethyl acetate (3 x 100 mL). The combined organic layers
were dried (magnesium sulfate), filtered, and evaporated to give 6-methyl-pyridine-2-
.carboxylic acid methyl ester (6.5 g, 55%) asa colorless oil. "THNMR (CDCl:):87.97 (4,7
7.6 Hz, 15), 7.73 (dd, ] = 7.6 Hz, 1H), 7.36 (d, ] = 7.6 Hz, 1H), 4.01 (s, 3H), 2.67 s,

3H).
Step 2: 6-Bromormethyl-pyridine-2-carboxylic acid methyl ester

6-Bromomethyl-pyridine-2-carboxylic acid methyl ester was prepared according to
Wells, G. ], et al. (WO 94/11398): A mixture of 6-methyl-pyridine-2-carboxylic acid
methyl ester {6.5 g, 43.0 mmol}, benzoyl peroxide (25 mg, 0.1 mmol) and NBS (8.5 ¢g,
47.8 mmol) in carbon tetrachloride (250 mL) was heated at reflux overnight. The
reaction mixture was cooled to room temperature, filtered, evaporated, and purified by
chromatography on flash silica gel, eluting with 15% ethyl acetate/hexane to give 6-
bromomethyl—pyridine_2—carboxylit acid methyl ester (2.0 g, 20%) as a white solid.
YHNMR (CDCls): § 8.06 (d, = 8.0 Hz, 1H), 7.87 (dd, J = 8.0 Hz, 1H), 7.70 (d, ] = 8.0-
Hz, 1H), 4.65 (s, 2H), 4.02 (s, 35}, MS (APCI+): 231 (45), 235 (42).



135.960 220.011 Palladium(ll) acetate (52 mg, 0.23 mmol) was added to

a mixture of 4-iodophenol (5.00 g, 22.7 mmol), 4-methyl-phenyl-boronic
wactdo@h t5125.0 mmol), sodium 5 hydroxide (3.6 g, 90 mmol) PaddERafe 00011

(9 mL). The mixture was diluted twice withyyvater (9 mL) to facilitate

stirring. An exotherm occurred, and after 15 minutes the internal

temperriuLe-was .G oTheraasion mixtuievasgicaoléd thyiaatar
temperature and allowed to stir overnight, and the solid was filtered off,
washed with water, and gissolved irlls%tlggllbacetate. The otganie-solution
~was washed with water, thrée times-withed:h 10 NaOH, d‘then again
with water until the'y@sh'ngs were neutral. The s8hutigh was then dried
(sodium sulfate), filtered, and evaporated to give 4'-metﬁyl-biphenyl-4-o| (2

g, 48%). Intermediate-6c75§1(<4}slodo-phenoxymethyl)-fmxgg:{ﬂgﬁarboxyli_c

acid methyl ester OH ¢l /ANaH 0/100OMFfO O 0O~"0, C5H6I0
C,H,C103 C13H,1104 220.011 174.585 358.135 15 A. solution of ,
4-iodophBneh(iO:08 19488l minoly i dhif ethylfetsrariie e chading to
chﬁgzggoﬁg ggllg@aiﬁ@{tj’s %_9&19%%}%6@&@&@@@&%@@@@6@9@&65@;: acid
.2 mmol) iIn N,N-dimet mi L . t :

S TeAIBR ARG TSR Lite ST 3 B s oty perowide (4
again i 65 Graoid m SoRRoH OB B EMBBIABHY RHIFIN SRS R RLiF L) was
methyl esterfd0Q4 1R2+P-ara10l) Thi:dh 2 aimethyltornsamided(B0rnok) temperature

e et Action TdE e S OerRIAN ARG itioned between

were evaporated ynder reduced pressure d
arvtblateratpas A, Tho RIS BRI IS THES R S e
10 ac8tgte-and, theigambiresh diganiciayarbmerdwhsied svicdwtity 1ith 20% ethyl
NaoF, apd once e?v‘:*?‘!ﬂ alerandiRrine. the.atganic solubienwasr (4.4 ¢,31%)
'drflé“gtfﬁ%agG%%%?uOgsu ate lT)’ﬁter' d, evapor , puyified sing.
Siotage o £ R A Sy g it s eyt (T 0P 260,
chiofidg(tplugnety 3GIVENES(4ABAD+haTbid AR (R%an-2-carboxylic acid

methyl ester (2.3 g, 28%) as a white solid, along with some mixed

fraglionge. iAe: 2005100048 RATHRR2004/0066k  lic acid ethyl ester

9 s
Q EtOH . / o
N sl AR Cl /)\(
: o™~ a l_u «
S 0 1
INC.S
CHNOS C4H,C1,0 CH,CIND;
138170 126,971 205.664

4-Chloromethyl-thiazole-2-carboxylic acid ethyl ester was prepared according to

Summers, J. B., Jr. et al. (US 5,486,525): A mixture of ethyl thiooxamate (7.0 g, 52.6
mmol) and 1,3-dichloroacetone (7.0 g, 55.1 mmol) in ethanol (300 mL) was heated at
reflix overnight. The solvent was evaporated under reduced pressure, and the crude

20 material was partitioned between methylene chloride and aqueous sodium hydrogen
carbonate. The organic layer was dried (magnesium sulfate), filtered, evaporated and
purified by chromatography on flash silica gel, eluting with 15% ethyl acetate/hexane to
give 4-chloromethyl-thiazole-2-carboxylic acid ethyl ester (4.0 g, 37%) as an orange oil.
ILINMR (CDCls): 8 7.64 (s, 1), 4.78 (s, 2F1), 4.51 (g, ] =7.0 Hz, 2H), 1.46 (1, ] = 7.0 Hz,

25 3H). MS (APCI+): 206 (100).



-61 Intermediate 7: 5-Bromomethyl-thiophene-2-carboxylic acid methyl
ester ~-- CH,COC ves OH McOH | ,{ O CHCi,-.-H1~\ 'O S11-- Sj~

W Qs k©26 C,H50,S C7TH76102S 142,178 156,205 235.10L Stepil4/006611

10

15

20

5-Methyl-thiophene-2-carboxylic acid methyl ester Acetyl chloride (5 mL)

was added to a O C solution of methanot mL) and the 5 solution was

allowed to warm to ro per . 5-Methyl-thiophene-2-carboxylic

AGF RS er 41 t% XM% as added and the solution was

allowed to stir at Joom temperature over the weekend. The solvents wege

evaporated underireduced Kﬁi and ethykacetate was adde e@
d

solution wagexifactéd with aguepus sodium-—-H¥diregen carbghaté and the
aqueous | as back-extracted with ethyl acetate. The to
organic layers were dried (sodium sulfate), filtered, and evaporated to give
5- methyl-thiophene-2-carboxylic; acid methyl ester (1.40 g S1%) as a
yellow oil. Step:g. 5- Bromomethyisthiophene-2-carboxylic acid fagthyl
ester N-Broffosuccinimide (AfdiiEh; 1.70 g, 9.6 mmol) and a catalytic
amount of benzoyl peroxide were added to a solution of

5-methylithiophens =2-cachieeylic:Acieh brobthylsestar (h 4.4y nitedaphenol

t
P
o 14 BORTEE 5 BT O g DR A e with water
methyl estéiclRg) s dnellowesiltvihichonasedech dirfetly Gnrtiverive b siarrnal

WlthOUt fq{x Aerwﬁ) L @t:ﬁﬂlf)ri!ﬁ@f%%@@rg *vxlras cooled Ito room tem eaa}gr\e and
enyl-4-ylo y)-furan-2- ic
caiﬂin'ﬁé@ gislﬂq’y@? Lﬁl@ﬂa 0%17% 65‘%%‘7’11%?—? dlssolved
Cirl eTltyEaCiritt-1Dde @Qzﬁﬁd, ,@)1@&0:1 was Washed with water, three fimes w1th 1M
T\IaOH and then again with water until the Washmgs were nentral. The solution was then

dried (sodium sulfate), filtered, and evaporated to give 4-methyl-biphenyl-4-ol (2¢g
48%).

Intermediate 6: 5-(4-Todo-phenoxymethyl)-furan-2-carboxylic acid methyl ester

o, N 0
OH Nat
o [ N0 DMF o
o —_— O
| One |
CoHal0 C,H,CI03 10,
220011 174585 358.135

A solution of 4-iodophenol (10.08 g, 45.8 mmol) in N,N-dimethylformamide (30
mL) was added to a ice-bath cooled suspension of sodium hydride (60%; 1.65 g, 41.2
mmol) in N,N-dimethylformamide (30 mL). The ice bath was removed and the mixtrue
was stirred for 1 h. The mixture was cooled again to ~5 °C and a solution of 5~(chloro-
methyl}-furan-2-carboxylic acid methyl ester (4.00 g, 22.9 mmol) in N,N-
dimethylformamide (60 mL) was added. The reaction mixture was stirred overnight at
room temperature, then the solvents were evaporated under reduced pressure and water
was added. The mixture was extracted three times with ethyl acetate and the combined
organic layers were washed twice with 1 M NaOl, and once each with water and brine.
The organic solution was dried (magnesium sulfate), filtered, evaporated, and purified
using a Biotage 65 L purification system, eluting with 3% methylene chloride/toluene to .
give 5-(4-iodo-phenoxymethyl)-furan-2-carboxylic acid methyl ester (2.3 g, 28%) as a

white solid, along with some mixed fractions,



WO 20051000781 PCT/EP2004/006611 -62 Step 1:
5-(biphenyl.-4-yloxymethyl)-furan-2-carboxylic acid methyl ester
WONOD#18yIformamide (400 mL) was added to sodium hydri8e {&deg0+/006611
dispersion; - 16 g, 0.4 mol) which had been washed with hexanes. The

"~ ‘mixture was cooled to -5 C, and then a solution of 4-phenylphenol (73.12

43 mmol)-in.INN-dim | : _

B e B B A e
solution of 5-chloromethylfusan-2-carloxylic acid pagthyl ether( o 0,14
mmol) in N%@ imethylfolirdnmid mf)“"was—é%ed. The Eﬂ“ R
mixture was heated at -105 G for 2 h, ard then it was allowed to coof,
evaporated under reduced pressure, and water was added. The mixture
was extractegt thiee times with ethyl @¢Bfate, and the 10 combin&dfrganic
layers were washed with saturated brine, dried (magnesium sulfate),

filtered, e rafed, and purkifie ' i 7 urification system,
cIRR v e Hkone SR e ey

5-(biphenyl-4-yloxymethyl)-furan-2:carboxylic. acid methyl ester(20.5 @5 .. .
16%), QB 5B OB i PR A ) 2o o
5 sehiticnmofithillnwesldroxidexrtiorshy drake(Blee o Mo 5 nhiem ararerrbosylic
(5%%@&%6?%@1?(1%@ EliSP%HHQﬂ)%aS agdedland tlae solutioxll was allowed to stir at
5-(biphenyl-4-yloxymethyl)-furan-2-carboxylic aci thyl ¢ . .
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atproomrtampethidrefona 2. HRess S TRYT RTS8y SHEPERSL A PfkgeYs sodium
wasdaddada fihmmiduetiaseadadipe hieddifeswith-éthieh digbhsbtate. The

white solid, was 20 filtered off. ution d to eive 5-
> aaiiad S e e ER R S e
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saturated brine and then evaporated under reduced pressure to give 5-

(biphenyb-Byboxymethylhdiivaheaec2nbokgtelacioidrnethy! 849%) as a white

solid. General Procedure A for the Pretiaration of Biarx

rnethylateBg-sas e AGida RRiBoasSig. cathor ate { B5Q talg a6 unt of

m?%'%owflse?gg?}% 0.8 %8'&@&3{2, ok gﬂﬁiBH%'ﬁ%L &Qtﬁ?b@ﬂ&%@éﬂ@%r&%ﬁc acid

m fana{tﬁe mixture was agitated for 15 min. Potass iodide (4.5 mq, tirred
15 0.0UF SO ARCH SATBREN (e CHEBIB (brdHiOmaihgTar SRS Stre

acith estardOndkik ramol) indDME) (Or 3 hwmeibaddddoTpe Crdiseltamd evaporated
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Intermediate 8: 5-(Biphenyl-4-yloxymethyl)-furan-2-carboxylic acid
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potassium hydroxide (1 M, 15 mL). The organic layer was passed through

aﬁad of magnesium sulfate and dried in vacuo to give the lower alkyl
BEYITHE wer alkyl. ester was dissolved in PCT/EP2004/006611

tetrahydrofuran:methanol:water (3:1:1). Lithium hydroxide monohydrate
(4 equiv.) was added. The resultant mixture was 35 agitated at 75 C for 2
days-and-theshevaporatedundenteducet presseres and thaxesidue WO
2005/000781'PCT/EP2004/OO§éll -63 was partitioned betwgen ethyl

ether (15ymlk ]ﬁ@% { ' ‘ ide . k). 4 dispersion:
aquemﬁ’ ayer wa @%%Z#ﬁ%ﬁm% 9%@%@%{/& Jﬁéﬁfﬁ%ﬁ%ﬁc@f/ ispersion;
and! &ttt Ba WiEE IR Hesks Wfrﬁgﬁg%?ﬁcﬁaiﬁ/é%%%@ﬁé&%@led to ~5°C,
theiadghea padafomahesicistifati ahd Hrieti4h vaco i5 ehdialethylformamide

s Praegdure B, for e Rreparation of Biaploxymehularene-carbexic ACKS s h, and
Potassium carbgfatem(lw mg, 1.09 mmolﬁ%?ﬂ,add. d to a solution of tia;a
PREHOF (850 Tl IH TR (67 7 e 1 T AL BB rop 5. o)
min. Rbtaksiety! fodide (@S (0§, 10109 mddidanticr soititiontitwe erlobsated at
or..big ’;@gf%‘?ﬁ’%l Qf@%@ﬁ:’f@@?fxlﬁ?&@ esterd0 t@v%%’ﬂ Eﬁ%a %@M gegﬁlge@%essure, and
were added. resultant mixture was agitated at or S.
oA AR DBl oSy Lot A BEARF: arfhe

10 betwelinastihytadetlarere v mydisd wifbeoby apstasingninyd xaga o sulfate),
1531{&&&1&@;@%mpa@&@hmnﬁ§§§$ Riseugtyal pagHok MageRsu) eluting with 0-
S e a ried.n vacuo {o give t v alkyl.ester. The r-alkyl .
e R L B o R R oo
hy eI SHER VA ate (P& uiv.) was added. The resultant mixture was
agitated at 75 C for 2 days and then partitioned between ethyl ether (15

. MBjeprid Seifiigiowybbtrosiumthyiéxide- O MptBiendThe aqueous

layer was separated, acidified to pH 1 by addition of 1 M HCI, and '

15 extractedsbuige ywthiethyracetaleidt heoardanicataysrl oug passechtiyoughnter (50
e e
Bty kesteot> He, Mcormain febydroferre (H bRy ChRftsae ion mixiure
C.0k 5G108at room temperature for 72 b. The solvents were evaporated and water was

added. The mixture was extracted three times with ether. Insoluble white solid was

20 fltered off. The pH of the aqueous solution was adjusted to 3 and the resulting mixture

was extracted with ethy! acetate (3 x 500 mL). The combined organic layers were washed
with 50% saturated brine and then evaporated under reduced pressure to give 5-
(biphenyl-4-yloxymethyl)-furan-2-carboxylic acid {12.0 g, 84%) as a white solid.

General Procedure A for the Preparation of Biaryloxymethylarene-carboxylic Acids

25 Potassium carbonate {150 mg, 1.09 mmol) was added to a solution of the phenol
(0.30 mmol) in DMF (0.7 mL) and the mixture was agitated for 15 min. Potassium
iodide (4.5 mg, 0.093 mmot) and a sclution of the chloro- or
bromomethylarenecarboxylic acid ester (0.41 mmol) in DMFE (0.7 mL) were added. The
resultant mixture was agitated at 80 °C for 2 days. The reaction mixture was cooled to

30 room temperature, and partiioned between ethyl acetate (15 mL) and aqueous
potassium hydroxide (1 M, 15 mL). The organic layer was passed through a pad of

magnesium sulfate and dried in vacuo to give the lower alkyl ester.

The lower alkyl ester was dissolved in tetrahydrofuran:methanol:water (3:1:1).
Lithium hydroxide monohydrate {4 equiv.) was added. The resultant mixture was

35 agitated at 75 °C for 2 days and then evaporated under reduced pressure, and the residue



204.658 229.075 338.794 3-(3-Chloro-biphenyl-4-yloxymethyl) -benzoic
acid was prepared using general procedure A from
VWOChISY8 4 Zphenylphenol (available from TCI America, Portlan%cwyﬂgﬂgm“

3-(bromomethyl)benzoic acid methyl esteg (available from Lancaster
Synthesis Ltd., 25 Morcambe, Lancashire, UK) Yield: 76 mg. Mass

fp@%%zt %é\%?eg:slég%e}é\%%%hl é@@%ﬂ%lﬁga B&Q Q%ﬁ@l\ﬁn irfoEXan.s M,
enz

R AT AL R E s o USSRy and

1%_@tm@z@mﬁ@(aﬂpsﬁenwa&y%ﬁmg@myiﬁmmuM@ﬁé Rt f

: gengral recedura A dfiiemdrphenylphenol (available from Aldrich,
Milwaukee, WI) and 3 5 (bromomethyi)benzoic acid methyl ester

5 a(‘éa"abafPer’c!‘e‘dlu?Q%%Ee{h%@éﬂ%%@dé@f Bi\ik%%%l?&hﬁ%{l&ﬁegbﬁ%o%} Acids

Yield:76"mg.”Mass spectrum (ES) MH+ = 305, Example 3

4'-Methl-bihenyl 4-

e B MR SN AL P DHE A b Blhencl
168,200:220)073B (576 78-{ 4Gy BIHSHY ﬁ@%@@ﬁ%t@ﬁ%ﬁ%ﬁ&“‘m
aq@dmwﬁexagr%dmmg@r@mwmemAbﬂr@m or

égr?ﬁ%% fjﬁ ar%/ilxedéao Chas é?afp] y‘??x}( r&% @Mgg%t@%t) Were added. The

rom |ate romomethy enzoic acid

10 mmmw@%vawe%ﬁ%ﬁea Fedie e HBradpiE;, Wes cooled to
Lancashitaptkiuréieldd gormipriviibsvepe (etih)/llra‘éE(St)el(/I}Hﬂi_’Bazgd aqueouns
potassium hydroxide (1 M, 15 mL). The organiclayer was passed through a pad of

magnesium sulfate and dried in vacuo to give the lower alkyl ester.

' The Ioweralkyl ester was dissolved in tetrahydrofuran:methanol:water (3:151). -

15 Lithium hydroxide monohydrate (4 equiv.) was added. The resultant mixture was
agitated at 75 °C for 2 days and then partitioned between ethy! ether (15 mL) and
aqueous potassium hydroxide (0.5 M, 15 mL). The aqueous layer was separated, acidified
to pH 1 by addition of 1 M HCJ, and extracted twice with ethyl acetate. The organic layer

was passed through a pad of magnesium sulfate and dried in vacuo.

20 Example 1: 3-{3-Chloro-biphenyl-4-yloxymethyl)-benzoic acid

o i, K,COs, DMF O\Qﬁm
o o i LOH, H,0, MeOH, THE__ O
i ~ ol 0
: ®

& HsCIO C,H1gBr0, CagHysCIC,
204,658 228.075 338,794

3-(3-Chloro-biphenyl-4-yloxymethyl)-benzoic acid was prepared using general
procedure A from 2-chloro-4-phenylphenol (available from TCI America, Portland, OR)
and 3-(bromomethyl)benzoic acid methyl ester (available from Lancaster Synthesis Ltd.,
25 Morcambe, Lancashire, UK). Yield: 76 mg. Mass spectrum MH- = 339,



Example 4' 3-(4'-Bromo-biphenyl-4 yloxy nethVI)-benzoic acid OH K,003,
DMF/.O OH OH,H20, MOH, THE/'-Joy O\ Br1 O er01,0,6 0

WO, khBrO2@G H Bro3 15 249,109 229,075 363.245 PCT/EP2004/006611

16

15

3-(4'—Bromo-biphenyl-4-yloxpmethyl)-b@ngqic acid was prepared using
general procedure A from 4-bromo-4'-hydroxybiphenyl (available from
;[Xciilnf\qge]r:i gRartland; OR) and 3y(bromemethyl)benzoic acid methy|
e from. Tancaster Synthesis Ltd.., Morcambe, Lancashire,
. Yield: 91. mg. Mass spectrum (ES) MI{ = 383. WO 2 05/000781 .

T[EP2004/006611 xam le5} £45Ghtoroshb-he 1_ 160 gh rl,_benzoic |
achi OtREo" DN® PAO UrLIOH, HIO, MabH, “
C,H,C ,H,BrO2 C,0H,,CGlo3 2204.658 229.075 338.794
3-(4'-(-.hloro-biphenyl-4-yloxymethyl)-benzoic acid was prepared using
general procedure A fepmo4-chloro-4'-hydroxybiphenyl (available fop TCI
Ametiea?® Portland, 5 GR¥and 3-(bromomethyl)benzoic acid methyl ester
(available from Lancaster Synthesis Ltd., Morcambe, Lancashire, UK).
Yield: BBipgeMassybpautihyl(ESMitaciBags ERBMplaeng general procedure A
%;?(vjl%g %1&!%%&\}1@%%\{1@@Hﬂ?ﬁ?@%%ﬁl@tmﬁ;@dku&ﬁﬂg Em_ilr 1. KZC?&

7 N. , er- 1, /- , MC ;

SOFPRIGEE RO ORI e S Gab e e ST 4,
M@ 5dNitiosdiphenyiize, YR cyivkdhyh benbiv aerF Was prepXEd &l
general in procedure A from 4-hydroxy-2'-nitrobiphenyl (avail able from
TGhAmenca, Posland, biphenyl-4-yloxymethyl)-benzoic acid

OH =y i K,CO DMF = OVQ(DH
y g f/ o § LIOH, HyO, MaOH, THE i r
F R
} = ™~ T :
- O

Tl CoHeBIO, C;;%;;*%a%
184,240 228075 .

3.{4'-Methyl-biphenyl-4-yloxymethyl)-benzoic acid was prepared using generai
procedure A from 4'-methyl-biphenyl-4-ol {purchased from Maybridge plc, Tintagel,
Cornwall, UK or from Intermediate 5) and 3-(bromomethyl)benzoic acid methyl ester
(available from Lancaster Synthesis Ltd., Morcambe, Lancashire, UK). Yield: 66 mg. Mass

spectrum (ES) MH+ = 319.

Example 4: 3-(4'-Bromo-biphenvl-4-yloxymethyl)-benzoic acid

ot L KyCOy DMF _ O\QYOH
ii. LIOH, H,0, MeOH, THF
Br 0\ s
@ 5 9
Br Br

GHyBrC £ oHeBrO, C%"?QSZB‘;?S
249109 229,075 .

3-(4'-Bromo-biphenyl-4-yloxymethyl)-benzoic acid was prepared using general
procedure A from 4-bromo-4'-hydroxybiphenyl (available from TCI America, Portland,
OR) and 3-(bromomethyl)benzoic acid methyl ester (available from Lancaster Synthesis

1itd., Morcambe, Lancashive, UK). Yield: 91 mg. Mass spectrum (ES) MH- = 383,



OR) and 3-(bromomethyl)benzoic acid methyl ester (available from
Lancaster Synthesis Ltd., Morcambe, Lancashire, UK). Yield: 82 mg.
wWhessspecttum (ES) MH-i- = 350. Example 7: PCT/EP2O04/406611
3-(4'-Methoxy-biThenyl-4-yloxymethyl)-bepzoic acid OH i. KzC03, OMF / 0

\1 OH \\I B I/0\ii. LIOH, H20, McOH, THF_\10 \O | / C13HI202
CiHBIQ. C21u084,,200:289,229.0/3 33434040, 01c acid
3-(4'-Methoxy-biphenyl-4-yloxymethyl)-benzoic acid. was prepared usmg
general procedure A from 4-hydroxy-4'-methoxybiphenyl (available from

TCI Ameri ortland, QR)and 3- (brom@rgg,];hyl)benzmc acid meth

ester e fromglLa .y } hire, 1{/
UK). 1IY|eId 73 mg. Mass spectium (ES) MH+ = 335 WO 200%/000781
PCT/EB2004/006611 -66 Example 8: 5-(3-CMoro-~i he |

1-4- onnymetth -furan-2-carhoxylic acid / OH "y CI KzCO; DMF /9~,,§)O
iiL'OH @m@ veOH,THF {345 O -~ \\ CI OH C"H ,Q0 C7H7CIO, sires
C,eH,,C04 204.658 174.585 328.755

5-(3- Cqu{ombﬁﬂwl;ﬂaéﬁ%ﬁm&ﬁﬁk}tmmzmm&m@eew@%d using general
PrS. ae%d =g of%ﬁp ehﬁ}l%“élc%yg Qnm 23 alor?aélé) REOYIPALND crica, Portland,

(a}i)/allca & t?rom merica

5 5-CRlbramatHyIRIRamEAboiE ﬁéf&iﬁ%@ﬁ%@ﬁéﬁ(&#&h&ﬁ@ﬁbﬁ@mﬁﬂ Synthesis
Algichn iMibaabkebanMkhorefror) Maslrisig e ployistagelr Wi X PSield EB6= 339.
mg. Mass spectrum (ES) MH+ = 329. Example 9 5-($iphenyl-10

methyl)sfuran-2Zrearboxylic acid- . kiQEH R MeQEhi /BED--0 O /0/~1

]
O:Nvo i O.H- o (\\ i KGO0, DME . O :N+/D_ O T ) O ;
f ' B } P a il LIOH, Ha0, MeOH, YHF : ’ !j/
T F\/’\/)\n, - . o
g &
CynHgNO, CoHBro, o sNO;
215210 223,075 349,348

3-(2'-Nitro-biphenyl-4-yloxymethyl)-benzoic acid was prepared using general
10 procedure A from 4-hydroxy-2'-nitrobiphenyl {available from TCI America, Portland,
OR) and 3-(bromomethyi)benzoic acid methyl ester (available from Lancaster Synthesis
1Ltd., Morcambe, Lancashire, UK). Yield: 82 mg. Mass spectrum (ES) MH+ = 350.

Example 7: 3-(4'-Methoxy-biphenyl-4-yloxymethyi)-benzoic acid

OoH L KGO, DME o O
5 o . LOH, H,0, MeOH, THE
® r X . i
Ao
-
o ~5

: CaFiaBrO; CoHeg)
fob 2aors” . Bessa
15 3-(4'-Methoxy-biphenyl-4-yloxymethyl)-benzoic acid was prepared using general

procedure A from 4-hydroxy-4'-methoxybiphenyl (available from TCI America,
Portland, OR) and 3~(’Dromdmeth§fi)benzoié acid methy! ester {available from Lancaster
Synthesis Ltd., Morcambe, Lancashire, UK). Yield: 73 mg. Mass spectrum (ES) MEH+ =
335, - |



C"H,00 C7H7CIO, C17M04 170.213 174,585 294,310 10
5-(Biphenyl-3-yloxymethyl)-furan-2-carboxylic acid was prepared using
wgenenakqracedure A from 3-phenylphenol (available from Aldechi/Ep2064/006611
Milwaukee, WI) and 5- chloromethylfuran-2-carboxylic acid methyl ester
(available from Aldrich, Milwaukee) WI, or‘ﬁxém Maybrldge plc, Tlntagel

‘ H\ Cl f o ~UGH, Hp, Me@Hy7HF; C) OH C,,H
504 g 4.585-308.3g7 0T |
thyl-biphenyl-4-yloxyr I)-furan-2-carboxylic aC|

using 20 general procedure A from 4'-methyl-biphenyl-4-ol (ptirchased
from Maybrjdge plc, Tintagel, Cornwall, UK or from Intermediate 5) and
5-chloremethylfuran-2-cafisessylic CVO 2005/000781 PCT/PP2004/06aE41
.67 acid methyl ester (available from Aldrich, Milwaukee, WI, or from

Maybridg&all@m&@t@g% A%KZ— ok gﬂgﬁMﬁﬁ@ %ﬂ? 52 tepared using
gé Method 2. rech( A3k %IP%G %%O%&% o g I%I% '

336391 4 OO 1 RiES CORP308%337 om erica,

5 Portland, OR) and 5- chloromethylfuran 2-carboxylic acid methyl ester (available from
Aldrich, Milwaukee, W1, or.from Maybridge plc, Tintagel, UK). Yield: 66 mg. Mass

spectrum {ES} MH+ = 329,

Example 9: 5-(Biphenyl-3-yloxymethyl)-furan -2-carboxylic acid

A~ 1 KGO, DNF
ci e 8. LiOH, H0, MeOH, THF__ \ﬂ(
oH
o
) 4

CyzHiyO ‘ C/H,CIC, CaattieOy
170.213 174.585 284 310
10 5-(Biphenyl-3-yloxymethyl)-furan-2-carboxylic acid was prepared using general

procedure A from 3-phenylphenol (available from Aldrich, Milwaukee, WI) and 5-
chloromethylfuran-2-carboxylic acid methyl ester (available from Aldrich, Milwaukee,
WI, or from Maybridge plc, Tintagel, UK]}. Yield: 67 mg. Mass spectrum (ES) M-+ =
295.

15 Example 10: 5-{4"-Methyl-biphenyl-4-yloxymethvl)-furan-2-carboxylic acid

Method 1. From 4"-methyl-biphenyl-4-ol and 5-chloromethylfuran-2- carboxyhc
acid methyl ester '

OH

i KO, PMF
ot 7\ o i LIOH, Hy0, MeOH, THF
i T b

CaHeO CH,010 Caghlys0
184,230 i . 174_5853 3138 138374

O

\_/
o

5-(4'-Methyl-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid was prepared using
20 generel procedure A from 4'-methyl-biphenyi-4-ol (purchased from Maybridge ple,
Tintagel, Cornwall, UK or from Intermediate 5) and 5-chloromethylfuran-2-carboxylic



Veld

t
ot

5 Step 1: 5-(4'-Methyl-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid

ethyl ester 4'-Methyl-biphenyl-4-ol (Intermediate 5; 2.0 g, 10.9 mmal) was
gl%“/f@[g%uspension of sodium hydride-(60% dispersion; 3§£H’FQP dg/oectt

mmol) in N,N- dimethylformamide (30 mL) and the mixture was stirred at

-5 C for 20 min. A solution of 5-(chloro-methyl)-furan-2-carboxylic acid

etla&icbﬁiaglﬁrleét@; BeameelnNNie dimeibytieunamide {60, i) Wasse plc,
adde K fon, mixtyre was stirre rpight at. room

emlgg?%%re. 'ri%gél\%n%%%%sses §§5Pa é@% ﬁ%??e’ﬂ%%%d pressure and

h% e idéjg was partitioned between water and ethyl acetate. The

adu{g ti&1ayer was extracted twice with ethyl acetate, and the combined
organic layers were washed with water and brine, dried (sodium sulfate),
filtered, eva , and ghrompatographed, elyting with 0-50%.15 o\/ﬂ\(O
methylene dhlo ide/hexane\S‘rZTg%eﬁ-(4'-me‘[h§lt-b1"phenyl-4-yl methyl) ©

o]

yl-biphenyl-4-yloxymethyl)-furan-2-carboxyli d A solution of
5-(4'-methyl-biphenyl-4-}Hoxymethyl)-furan-2-carboxylic acid ethylcesgoer
(2.00 g, 5.9%wmol) in tetrahydrederan (30 mL) and methanol (10 mi)ivas
added to 20 a solution of lithium hydroxide monohydrate (0.476 g, 11.3
mmol) in water (15 mL). Methanol (5 mL) and tetrahydrofuran (10 mL)
were added, and the reaction mixture was stirred at ro emperature
overnight. The solvents were evaporated, and sud%
suspended in water and ggdifed] to pH 2,5with] M HCL The resulting
white solid WO 2005/000781 PC'T/EP20104/006611 68 was :filtered off,
and tw ce suspended in ethyl acetate andevaporated to give 5-(4'-methy(-

(T

~ biphenyl-4 yloxymethyl)-furan-2-carboxylic acid (1:6,9,,88%) as a white

5

1¢

15

20

solid. Method 3. From 5-(4-iodo-phenoxim-iethyl)-fitafi-2-carboxylic acid

methyl ester!and 4- methyl-phenyl-boronic acid OH0/\O 0 \o

PdERE)2; Hadrol Ophs o & yieiomerhid b2 @ Hresbax3te 830 7hyb ester

135.960 358.135 A mixture of

5-(4-iod8-phehyixyipkéhyl)-fucd (t2rearbinng is; adig,methylestpwas added to a
suspension of sodium hydride (60% dispersion; 384 mg, 9.6 mmol) in N,N-
dimethylformamide (30 mL} and the mixture was stirred at -5 °C for 20 min. A solution
of 5-(chloro-methyl)-furan-2-carboxylic acid ethyl ester (1.6 g, 8.5 mmol) in N,N-
dimethylformamide (60 mL) was added and the reaction mixture was stirred overnight at
room temperature. The solvents were evaporated under reduced pressure and the residue
was partitioned between water and ethyl acetate. The aqueous layer was extracted twice
with ethyl acetate, and the combined organic layers were washed with water and brine,
dried (sodium sulfate), filtered, evaporated, and chromatographed, eluting with 0-50%
methylene chloride/hexanes to give 5-(4"-methyi-biphenyl-4-yloxymethyl)-furan-2-
carboxylic acid ethyl ester (2.4 g, 84%).

Step 2: 5-(4'-Methyl-biphenyl-4-yloxymethyl}-furan-2-carboxylic acid

A solation of 5-(4'-methyl-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid ethyl
ester (2.00 g, 5.9 mmol) in tetrahydrofuran (30 mL) and methanol (10 mL) was added to
a solution of lithinm hydroxide monohydrate (0.476 g, 11.3 mmol) in water (15 mL).
Methanol (5 mL) and tetrahydrofuran (10 mL) were added, and the reaction mixture was
. stirred at room temperature overnight. The solvents were evaporated, and the residue
was suspended in water and acidifed to pH 2.5 with 1 M HCL. The resulting white solid



10

(Intermediate 6; 100 mg, 0.28 mmol), 4-methyl-phenyl-boronic acid (42
mg, 0.31 mmol), sodium hydroxide (45 mg, 1.13 mmol), palladium(IT)
vaoetateo(27mg, 0.01 mmol) and water (10 mL) was heated at SBOFEF2004/006611
overnight. The mixture was filtered and the to residue was washed with
water, ethyl acetate, methylene chloride; &fd methanol. The agueous
layer cidified, and extracte hree,times with ethyl acetate. The

R e S Rr e ah SEP R Ut Ay S P (¢ -yt
dﬂaé@hemag!nﬂ@m@mfaté;raﬁnm‘o aridieveiddrates E3Yives a white solid.
5-(4'-methyl-biphenyl-4-yloxymethyl)-furan-2- carboxylic acid (80 mg,
84%;) as! 4 White: Solidl iy Etemplenddth Ph(4i:Bromashiphetiyladid methyl ester and 4-
onghg,grgg)ig%%%lﬁgm%yhc acid OH 1. K2CO3, DMF 0 0 \ Cf " Oiii.
L?0H, H20, McOH, THF_ O\0\\OH & Br ~ C12H,Br0 C7H7C10,
C18H13BrO4 249.109 174.585 373.206
5-(4'-Brom@-biphenyl-4- yloxy yl 5uran -2- garbmﬁgyhc acid wa ed,
using Ager ralﬂlproc/@{? \mﬁfomo 4@1 i roxyblphl %‘ GH
fro -FAmerica, and, OR) aRd-5- chloromethylfur carboxylic
acid methyl ester (available from 20 Aldrich, Milwaukee, WI, or from
Maybridge plc, Tintagel, UK). Yield: 86 mg. Mass spectrum (ES) MH+ =
373. WO 2005/000781 PCT/EP2004/006611 -69 Exarnvle 17. ¢ .0,
5-(4_GJitero-bi henvl-4-vioxaiethtill furan=2-carbox 1 ¢ acid V A. P&,
L30OH, H,O, McOH,I HF _ O OH O CI/Ci'v C12H9CKO C1H7CIO1
CloHl ClQ., 204@? 328155th \

421040

5- éﬁﬁ@c oro glpheny 4-y oxymeth car ox iﬁm N Fiacl:lsé1 mé?[t)%yrlee ter
Brideasrs- A&f@molal»c%ﬂ% %ﬂwf@\lﬁd@& 0.31
fr@ﬂmmlsd&mm@ad@ﬁ@ﬂ(aadng R} anechbhientndaty(flaceQedthenylicdl mmol)

aCAS%Q@ é grailable from. g '&&rh’lyg/ﬁ@%%%}é}’éu&%f QBltered and the
ri Ic, Tintagel, UK). Yled 72m
resxdue was washed thh Water, ethyl acetate, methylene chloride, and methanol. The

aqueous layer was acidified and exiracted three times with ethyl acetate. The combined
organic layers were washed with water and saturated brine, dried (magnesium sulfate),
filtered, and evaporated to give 5-(4'-inethyl-biphenyl-4-yloxymethyl)-furan-2-
carboxylic acid {80 mg, 849 as a white solid,

15 Example 11: 5-(4'-Bromo-biphenvl-4-vioxymethyl)-furan-2-carboxylic acid

O i. 1,00, DMF 0 B
ci /Y N\ Lo ii. LiOH, H,0, MeOH, THE s}
0 . > oM
- 5
Br Br
GysHeBrO G H,CIO, CyaHiBro,
243.109 174,585 373.205

5-{4'-Bromo-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid was prepared using
general procedure A from 4-bromo-4'-hydroxybiphenyl (available from TCI America,
Portland, OR) and 5-chloromethylfuran-2-carboxylic acid methyl ester (available from

20 Aldrich, Midwaukee, W1, or from Maybridge ple, Tintagel, UK). Yield: 86 mg. Mass

spectrum (ES) MH+ = 373.



spectrum (ES) MH+ = 329. Example 13. 5-2'-Nitro-bihenl-4-lox
ethl-furan-2-carboxylicacid Uy S /1 OH L K,CO3, DMF 0 CI O R. LION,
w2 de@H, THF N O OH C12H9NO3 C7H,CIO, C H NOs 216 D5pR004/006611
174.565 338.307 10 ' ,
5-(2'-Nitro-biphenyl-4-yloxymethyl)-foranf:2-carboxylic acid was prepared
using general pro dure A from 4-hydrox 2'- itrobiphenyl (available from
e RE G- Ponlir DRI B SRR s Ao Te A
methyl ester (avallable from Aldrich, Milwaukee, WI, or from Maybridge
plc, Tintage ] @[}

K). Yield: Mass:@ (ES) MH+ = 34¢
amp 4 Nltl%\bb% m%tarboxyl c.ao H
112, DWF/OCIO:iii. Li H_q McOH. 10 OH O, N /O O
C%2HNOa 0,H,040 C14H13NO, 215.210 174.585 339307

5-(4'- ngrg Qéphenyl -4- yIQHYC)gnethyI) -furan-2-carboxylic acid was prepated

using gémeral proceduré@#asfrom 4-hydroxy4-nitrobiphenyl (availablérdi

TCI America, Portland, OR) and 5-chloromethylfuran-2-carboxylic acid
methyl~e@1ec@&@la@lﬁaﬁs@maﬁaﬁmmhymmmumawmmm was prepared using

b”%%fé%é %a %%Y'Qid 5’%,9 Mﬁ@ﬁyl eciiim B3 Mtltmerica,

P2004 0066 170- rxamrle
5 bm@ﬁvm&mé w@@&%&faaa DG ﬁ%%e%lzﬂﬁj% Gy from
JAT A RE FwrayRQFWIHEE from Maybridge ple, Tmtagel UK). Yield: 72 mg. Mass

spectrum (ES) MH+ = 329.

Example 13: 5-(2'-Nitro-biphenyl-4-vloxymethyl)-furan-2-carboxylic acid

s - I ) - o . 0
G:NVO = O i KGOy, DMF O:N..,,-u q\__/[&\(
] &t \/ﬂ\(U k. LIOH, H,C, MeOR, THF Ie}
= - OH
0
O O

C1gHeaNO
G ,H,CI0 193N
621%?-&7;03 1?715,5853 338.307
10 5-(2'-Nitro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid was prepared using

general procedure A from 4-hydroxy-2'-nitrobiphenyl (available from TCI America,
Portland, OR) and 5-chloromethylfuran-2-carboxylic acid methyl ester {available from
Aldrich, Milwaukee, W1, or from Maybridge plc, Tintagel, UK). Yield: 82 mg. Mass
spectrum (ES) MH+ = 340.

15  Example 14:5-( 4‘-Nitro-wbiphenylﬁéwvlomethvi)—furan—Z—carboxylic acid

0
o . K,CO,, DMF o M A\
of N0 i, LIOH, 14,0, MeOH, THE 0
o
@ i ®
- S -
o7 . .
N 7
= ) »
° © GapHeaNO
CrpHeNCy Gt CHOy ' :155:59?%07 5

215,210 174,585

5-(4'-Nitro-biphenyl-4-yvloxymethyl)-furan-2-carboxylic acid was prepared using

general procedure A from 4-hydroxy-4'-nitr obiphenyl (available from T'Cl America,
Portland, OR) and 5-chloromethylfuran-2 carboxyhc acid methyl ester (available from-

20 Aldrich, Milwaukee, W1, or from Maybridge ple, Tintagel, UK). Yield: 40 mg. Mass

spectrum (ES) MH+ = 340.
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15

WRiHYYENERAl procedure A from 2-chloro-4-phenylphenol (avdi

CI O OH O 0 C22H0OCO C'H'BrO3 C23H13CIO, 204.658 229.075
338.794 2-(3-Chloro-biphenyl-4-yloxymethyl)-benzoic acid was prepared
GBI HaHposen
TCI America, Portland, OR) 5 and 2-bromgmethyl-benzoic acid methyl
ester (Intermediate 1). Yield: 45 mg. Mass ‘spectrum (ES) MH+ = 339.

BExample 16: 2«4 -Methylbiphenl4-ylgxmeth ihenzoic-agcig OH L

' K2CO3, DMF 0 Br + ~ i, LIOH H.O McOH THF~, O OH O j C13H;20 |

C,H9BrO, C,iH, CH) 184.240 229.075 318.376 PN
2-(4'-Methy- z“- ?len'yl-4-yl ethyl)ib&%(&i{ggacid was prepared /sirlg \/%j -
gen rocgdure-A fi "-methyliipheny-4=al (purchased frg :
Mayhridge plc, Tintagel, rnwall, UK or from Intermediat Gl o OH
2-bromomethyl-benzoic acid %ethyl ester (Intermediate 1): Id: 54 mg.

Mass spectrum (ES) MH+ = 319. Example 17:
2-(2'-NiggbBiphenyl-4-vigkyifiethyl)-benzoic acid O\ i. KCO,, DMF BeR&t--
0&C,OH Br~./J10H H=0McOH THF"OOH 001 Ci2H,NO,

CO9HIBro3 GzOH|SNGS 240 229, 49.346 1 . '
S

(0)
W&&%@%é—ﬁ%m%phﬁw pohitraBilshEnyPravSIRbRE s Pefand, OR)
Améric;drestianblyl-benzoic acid methyl ester (Intermediate 1). Yield: 45 mg. Mass

spectrum (ES) MH+ = 339.

Example 16: 2-(4'-Methyl-biphenyl-4-vloxymethyl)-benzoic acd

| on ~ . “
O S i L KGO, DME O
: Br: = L LIOH. H.O. MeOH. THE O
- =

T

CoahygD CaHleBr0, CaHys0;
184.240 228,075 318.376

2-(4'-Methyl-biphenyl-4-yloxymethyl}-benzoic acid was prepared using general
procedure A from 4'-methyl-biphenyl-4-ol (purchased from Maybridge plc, Tintagel,
Cornwall, UK or from Intermediate 5) and 2-bromomethyl-benzoic acid methyl ester
{Intermediate 1). Yield: 54 mg. Mass spectrum (ES) M+ = 319.

Example 17: 2-(2'-Nitro-biphenvl-4-vloxymethvi)-benzoic acid

a ..Nvo" OH _ @
O { ] L KGO, DMF O: 0 0
Br i LIOH H.O. MeOH THF
' @/Q/ Is] OH
_z

O 0

C5HeNO, _ CgHeBFO, . CogHNOg
215,210 228.075 349.3485

| 2-(2'-Nitro-biphenyl-4-yloxymethyl)-benzoic acid was prepared using general -

~ procedure A from 4'-hydroxy-2-nitrobiphenyl (available from TCI America, Portland,

OR) and 2-bromomethyl-benzoic acid methyl ester {Intermediate 1). Yield: 69 mg. Mass
spectrum (ES) MEL+ = 350. ‘ ‘ '



OR) and 2-bromomethyl-benzoic acid methyl ester (Intermediate 1.).

Yield: 69 mg. Mass spectrum (ES) MH+ = 350. Wo 2005/000781
VRETHERR004/006611 7L Example 18r2-(Biphenyl PCT/EP2004/006611
4TvloTmethyl)-benzoic acid OHA . /1\K.C03, OMF Br VA ~ .p'
iNnH~i-S_N1e9N T}.,C-y-(AIIC)CH O Ol /C]:IZH,OO C,H9Br0, C_0H.603

1% .075,304.349, 2~(Biph 4 met yl)-benzoic acid was -
pr%e(z%:)zg‘agI gégn% ggbq(ém%ﬂ %ﬁz%ﬁ%ﬁ%phenol (available from

Aldrich, Milwaukee, WI) and 2-bromomethyl 5 benzoic acid methyl ester ;
G O

(Intermediat®4y°Yield: 50 Mass spectrum (ES) MH+ 305. Example

2.:Nitro-biphen sylo)emethyl)-thiaphéné -carhoxylic acid @7 O
L_K,DMF 0;1001'-&<.,10ii. LION, H20, McOht, ) HE-N71S S
1\\OH (/0~1C,,HgNOS3 C,Cr-l,BCOZS C,BH,3NO,S 215,219 235-101
355372 5-(2'-Nitro-biphenyl-4-yloxymethyl)-thiophene-2-carboxylic acid
was prep red to using genéral procedure A from CEUH;%

4-hydroxy>2-nitrohiphenyf{aailable from TCI America, Portland, OR

and 5-bromomethyl-thjophene-2-carboxylic. gcid methyl ester
(mterm%é%:k%gﬁ%ﬁo ?ﬁmg@@% BRI Lgs R pReedure A
20 6x( Z-Nitropibbrerlyjatayidly fethvijdoinicivelpackro oW o digibomorethyl-
5 ObbhAdRHBMEQY QN @htelh BHQd LRI Ma@H: HeteihiQES) MH+ =
305,

Example 19: 5-(2'-Nitro-biphenyl-4-vloxymethyl)-thiophene-2-carboxylic acid

e

9. oH (. K00, OMF 0: o0 oM Y_ 0
e SR -B;»\I\\- I i OH, 4,0, Meor, THE - N
S/\«( > on
® o ®

Gy NO, GBS CyHgNCOS
215210 235104 355572

5-(2'-Nitro-biphenyl-4-yloxymethyl}-thiophene-2-carboxylic acid was prepared
10 using general procedure A from 4-hydroxy-2'-nitrobiphenyl (available from TCI
America, Portland, OR) and 5-bromomethyl-thiophene-2-carboxylic acid methyl ester
{Intermediate 7). Yield: 80 mg. Mass spectrum (ES) MH+ = 356, '

Example 20; 6-(2'-Nitro-biphenvi-4-yloxymethyl)-pyridine-2-carboxylic acid

g
© "N"O oH = i, K00, DMF D,N.:/O“" o Sy ] OH
_ a | . o it LICH, H,0, MeOM, THF
= ' N ~ G
C o ®
B pHaNT, s BIND, GreHyeOg
215210 250,063 ' 350,334
15 6-(2'-Nitro-biphenyl-4-yloxymethyl)-pyridine-2-carboxylic acid was prepared

using general procedure B from from 4-hydroxy-2"-nitrobiphenyl (available from TCI
America, Portland, OR) and 6-bromomethyl-pyridine-2-carboxylic acid methyl ester
(Intermediate 2). Yield: 62 mg. Mass spectrum (ES) MH+ = 351.



o \ C,2H,NO3 C,H,BrNO, C,eH,,N203 215.210 230.063 350.334 15
6-(2'-Nitro-biphenyl-4-yloxymethyl)-pyridine-2-carboxylic acid was
woeparadoising general procedure B from from 4-hydroxy-2'-Ri€foBipiempoeti
(available from TCI America) Portland, OR) and
6-bromomethyl-pyridine-2-carboxylic acid '%n‘ethyl ester (Intermediate 2).

fm-(ES AH = 351.W0.2005/000731
S L7 BRI P -BipReny 4oy mettt 1 -

ine-2-carboaic acid i | ,SOH \ i, KCO., DMF O N OH srli0 LiOH, HO, =

McOH, THF @, N o C1,Hro0 C2H8BrNO_ Cl1sH, NO, 170.213 230.063]_ | o

305.336/8-(Biphenyl-4-floxymethyl)-pyiiditier2eaatboxylic acid ia N

: v - Q e . Is)
pr ing generdl proggdure B from from 4-phenyl vailable
fr

Idrich, Milwaukee, WIfand 6- 5 bromomethyl-pyri 2-carboxylic
acid methyl ester (Intermediate 2). Yield: 68 mg. Mass spectrum (ES)
MH+ =,806. Example ~2#2¢3 Cathishln
ChlordBiphenyl-4=yloxymethyl)-thiazole-4-carboxylic acid s OH S i

KzCO3 DMF /0 O \I Br../ ii. OH, H:Q; MCOFf, 7yp OH. N CINAMCLI /1
Cl_HQ@[@ﬁYFFiféW@@@@%WP{EWﬁ‘%h%’&% P B une gener
2+(2-CllaroEbiphe fivird 4/ohyripthyl ptiisaibla frarb dxghis adidivagkes, WD) and 6-
5 p@%%?ﬂ%%g}%ﬁ%ggcgﬁg—%%ﬁ@%ﬂg WeesBframi2ehlorerd-phenytohenpld: 68 mg.
able from*TC

(aval | America,
Mass spectrum (ES) MH+ = 306.

Example 22; 2-(3-Chloro-biphenyl-4-yloxymethyl)- thiazole-4-carboxylic acid

$
o
O OH s 1 i, K;CO, DME o\/L\N
Co R N Ol UOH, HyO; MeOH, THF - : - 8
= O
D a o
M

CiaHsCIC CoH BINO,S cﬁg&caiggas
204.858 250,115 )

2-(3-Chloro-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid was prepared
10 using general procedure B from 2-chloro-4-phenylphenol (available from TCI America,
Portland, OR) and 2-bromomethyl-thiazole-4-carboxylic acid ethyl ester (Intermediate
3). Yield: 82 mg. Mass spectrum (ES) MH+ = 346.

Fxample 23: 2-(Biphenyl-3-vioxymethyl)-thiazole-4- carboxvlic acid

5
g i, K,CO,, DMF O \ o
O O Br\/&l(() i, LIOH, H,0, MeOH, THF__ O\/’L\N _
N 5 OH

CHy© £4H,BINO;S CrHhO,S
170343 280115 341382
15 2-(Biphenyl-3-yloxymethyl)-thiazole-4-carboxylic acid was prepared using general

procedure B from 3-phenyiphenol (available from Aldrich, Milwaukee, WI} and 2-
bromomethyl-thiazole-4-carboxylic acid ethyl ester {Intermediate 3). Yield: 65 mg. Mass

spectrum (ES) MH+ = 312.



Portland, OR) and 2-bromomethyl-thiazole-4-carboxylic acid ethyl ester
(Intermediate 3). Yield: 82 mg. Mass spectrum (ES) MH+ = 346. Example

R Doscid7Sii. KzC03, DMF ,~ 10 % O OH grO ii. LIOH, HzO, (MEGBH)+/006611 .
THE\O\+ OH C..H,eO C.,H,BrNO,S C17H13NO,S r_170.213 250.115
311.362 15 2- (Blphenyl -3-yloxymethyl)-tHiazole-4-carbo7, lic acid was

PIDalS e e Se R RIS E B iR o ARle Tem

ethyl ester (Intermedlate 3). Yield: 65 mg. Mass spectrum (ES) MH+ = /z N o

31;%5%@@ 0781 Pgﬂ/EPgoomopw 73 Example A S
24: 242 I-biphenyt2yyiekyme Iy tora carbxylic CO;,, OH
DM /10 H. UGH, H,0O, MéBH, THF~ N OH C"H"O@g]%S
C,OH"NO,S 184.240 250.115 325.389
2-(4'-Methyl-biphenyl-4-yoxymethyl)-thiazole-4-carboxylic acid was+,.no.s
prepared®tiéing general pfdc&dure B from 4'-methyl-biphenyl-4-ol %

(purchased from Maybridge plc, 3 Tintagel, Cornwall, UK or from
Interméd‘iété@)‘laﬁd@hﬁmh@ﬂ@bhmﬁialﬁd@ﬂz@%o@eyﬁ@ﬁdié iy vaspsepared

(1 m‘s% &8 FocHisld: %Qrmg 41\4@@&1!5310@@%@@15391 W rchas326r fxampteidge ple,

B th1) le-4-carbox|
| b STy i pRts
CenitRislc Mol sser Hngm@@tfzﬁbiﬁ!ebing%@/é@@ %‘Simm (ES) M
326.

Fxample 25; 2-(4'-Bromo-biphenyi-4-vloxvmethyl)-thiazole-4-carboxylic acid

5

F | OHL g . LK, BME oz owg}\{o
8 0 il iOH, H,0, MeGH, THE
Sy r\/l\\;)\( z > 9 "
L .
Br -

CoaHeBr0 Gy, BIND,S C1HBNG,S
Zigtos 950,148 350,263

10 2-{4'-Bromo-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid was prepared

using general procedure B from 4-bromo-4'-hydroxybiphenyl (available from TCI
Armerica, Portland, OR) and 2-bromomethyl-thiazole-4-carboxylic acid ethyl estex
(Intermediate 3). Yield: 82 mg, Mass spectrum (ES) M+ = 390.

Example 26: 2-(4'-Chloro-biphenyl-4-vloxymethyl)-thiazole-4-carboxylic acid

5
OH 3 L OC0,, DME Q \/&\Mo
Br\/L\MO i LOH, HL,0, MeOH, THF} N (
le N ‘ \
Q
Gt \\ P

Cl

: . © CpHEOINOS
. Hekes T o
2-(4-Chloro-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid was prepared
using general procedure B from 4-chloro-4-hydroxybiphenyl {available from TCL
America, Portland, OR) and 2-bromomethyl-thiazole-4-carboxylic acid ethyl ester
(Intermediate 3). Yield: 82 mg. Mass spectrum (ES) MH+ = 346.

20 Example 27; 2-(2'-Nitro-hiphenyl-4-yloxymethyh)-thiazole-4-carboxylic acid




10 2-(4'-Bromo-biphenyl-4-),loxymethyl)-thiazole-4-carboxylic acid was

prepared using general procedure B from 4-bromo-4'-hydroxybiphenyl
wWeavailablé fom TCI America, Portland, OR) and PCT/EP2004/006611

2-bromomethyl-thiazole-4-carboxylic acid ethyl ester (Intermediate 3).

Yield: 82 mg. Mass spectrum (ES) MH+ =/390. Example

26.2- (4' -Chloro-bi-hen I-4-loxymeth | -thiazole-4-carboxylic acid / OH.S L

°0 Bra i, kR 7i,Q, MOORFHEMN \ OH Ci CHOE! \,J:)\f
@ "H"C r%roqs&\zr)\zrﬁs 250G BAFET .
2- @ Chloro-biphenyl-4 )floxymethyl)-thiazole-4-carboxyli _

prepared using general proced\L‘rre B from 4-chloro-4'-hyd biphenyl

(available from TCI America, Portland, OR) and

2-brorfighigthyl- thlazole&'ﬁgné“éfﬁoxyllc acid ethyl ester (Intermediate 3%

Yield: 82 mg. Mass spectrum (ES) MH+ = 346. 20 Example 27 :
-(2-Nitgo rwg yr@ iy ég? zpletdcarbolic.abig W cid was prepared
1

N ok by S B

CAT RN, Rﬁtﬁnﬁl@ﬂl@nﬁ%mgw%@)@l@de d-cathoxylic acid ethyl ester
5 Nitrgbinbenyl-4r)ipxymethyl-tiazale-deanb@g)liviatidveas. prepared

using general procedure B from 4-hydroxy-4'-methoxybiphenyl (avallable

ethyl ester 5 (Intermediate 3).
Yield: 82 mg. Magg spectrum (ES) MH+ = 357. Example 28: 2-4"'

5
N o
Methox- b|h4 onygpet thl@zole -JeAthe¥ylie agids OH'S @ M}\f
DMF Q% . LIOH. THF N OH O oH
MO, CgisNOS
T ot Lifhus

2-(4'-Methoxy-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid was prepared
using general procedure B from 4-chloro-4'-hydroxybiphenyl (available from TCI
10 America, Porfland, OR) and 2-bromomethyl-thiazole-4-carboxylic acid ethyl ester
(Intermediate 3). Yield: 60 mg. Mass spectrum (ES) MH+ =342,

Example 29: 2-(Biphenyl-4-vloxymethyl) -thiazole-4-carboxvhc acid

3
OH g i Koy, DMF - O\/L\}'\(O
i L ,, L TH
O Br\/g}\(o ii. LIOH, H,0, MeOH - O b
O M O

CralcO C,HgBINO,S C%Hfgl%s
170.213 250,115 11.38

2-(Biphenyl-4-yloxymethyl}-thiazole-4-carboxylic acid was prepared using general
5 procedure B from 4-phenylphenol (available from Aldrich, Milwaukee, WI) and 2-
bromomethyl-thiazole-4-carboxylic acid ethyl ester (Intermediate 3). Yield: 56 mg. Mass

spectrum (ES) M+ = 312.
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\AN\\O Cr3HI202 c7H8BrNO2S C1,H,5NO4S 200.239 250.115
341,389 2-(4'-Methoxy-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid

Wingpiepatad using general procedure B from PCT/EP2004/006611

4-chloro-4'-hydroxybiphenyl (available from. TCI 1o America, Portland,
OR) and 2-bromomethyl-thiazole-4-carboxylic acid ethyl ester

(Itermedigte 3). Yiald: 60-mg, Mass spectium(ER)L M+ =342, frxample
29.2-Bi henl-4-loxXrnethl)-thiazole-4-carboxylic acid s yOH S L Kir%,

DMF N\ O Br, 4\\ O U. LiOfi, H,O, McOH, THF\\ N ~\\ 1 OH C,2H,00 =
C7H,BrN C,7TH; \%%T ;H%le 25;}5@5&%@@@; . - OVC\()\{O
2-(Bj <A-yloxymethyljy-thiazole-4-carboxylic acidwas using OH
o] 15 procedure B from 4-phenylphenol (available fr Idrich,

Milwaukee, WI) and 2- bromomethyl-thiazole-4-carboxfl‘ic acid ethyl ester
(Intermezgiggg 3). Yield: %;@@ngMass spectrum. (ES) MH+ = 312. \N@%mgoas
2005/000781 PCT/EP20011006611 75_ Exainnle e
30.4-'=Ch!oro-biphe.ni/l-4-vloxvmethyl -thiazole-2-carbxylic acid OH ~--i.
K,CC3- B 0-BRIEH TIUGReHTO; Widome PHarb vk oMl oepzepared
Grirfgefeefal b GNGSEOrby EMNOLT0-204638: 20586418 46:800le from TCI
lshieahianea dlexmetidiIbiazele 2 (Al le ACHIAS i cyte:

al procedure B from 4EC oro- 4'- g/%roxyf)lphel){yf

?ﬁ%%ﬁ%%%ﬁgqﬁr 7|1 mg. Mass spectrqm HS) MH+ =

Example 31: 4-{ Biphenvl-4-vioxymethyl)-thiazole-2-carboxylic acid

s
Ot s i. KGO, DIMF D\/Ed P
GI\I o 7. LIOH, H,0, MeOH, THF N
& 2 -
™ 0

it CoHGING,S CatsNO,S
170,213 205.664 314.362

4-(Biphenyl-4-yloxymethyl)-thiazole-2-carboxylic acid was prepared using general
procedure B from 4-phenylphenol (available from Aldrich, Milwaukee, WT) and 4-
chloromethyl-thiazole-2-carboxylic acid ethyl ester (Intermediate 4). Yield: 54 mg. Mass
spectrum {ES) M-OH = 294
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5 America, Portland, OR) and 4-chloromethyl-thiazole-2-carboxylic acid

ethyl ester (Intermediate 4). Yield: 71 mg. Mass spectrum (ES) MH+ =
vBaaoexanmsie 31: 4-(Biphenyl-4- loxox~yl)-thiazole-2-carboxyR€ &EB2 @41 06611

L K_CO3, DMF O~~ Cl. ii. LiOH, H,0, McOH, THE N C,zH,00

C,H8CINOS C,,H,3N0o3S 170.213 205.664311.362

4- gBrphe%é- - I xymethyl)- thrazole 2- carboxyllc acrd was prepared using

oA Y QX IG ARy B e meﬂw

I\/kﬂwhmme;) H and 4- chloromethyl- thlazole 2- carboxyllc acrd ethyl ester
(Intermediate 4). Yield: 54 mg. Mass spectrum (ES) M-OH = 294 WO

2005/000781 PCT/EP2004I0066 o7 ample 32: 1- 5-
Biphenyl-4-vloxvmethvl)-uran_2- c pyrrolidine-?= carboxylic acid

HO /o \x/ Q.Q Qo/ | pCMAP THr\\~~O C,eH1404 €, 05
294.316 447.936 10 P 0 ), CF,GO@HuGH2CIL INY @ |v\/,frq24 {0s ><
391 ;

1-[5-(B henyl 4 -yloxymethyl)-furan-2- carbonyl]yrrolldlne-2-carngg)\

5 acid methyl ester A solution of
5-(biphenyl-4-Sib%ymethyl)-furan-2-carboxylic acid (of Internfeiigife 8;
0.134 g, 0.46 mmol), D-proline tert-butyl ester hydrochloride (Bachem;

0229, 1.1
CF,CO0H .’/ \/O\.(
_CHgl,

CosbiggNO;
To3giAzE
Step 1: 1-[5-(Biphenyl-4-yloxymethyl)-furan-2-carbonyl]-D-pyrrolidine-2-carboxylic
acid methyl ester

A solution of 5-(biphenyl-4-yloxymethyl)-furan-2-carboxylic acid {of Intermediate
8; 0.134 g, 0.46 mmol), D-proline tert-butyl ester hydrochloride (Bachem; 0.22 g, 1.1
mmol), L-ethyl-3-(3-dimethylaminopropyli-carbodiimide hydrochloride (Avocado; 0.18
g, 0.95 mimol), and N,N-dimethylaminopyridine (0.166 g, 1.36 mmol} in tetrahydrofuran
{10 mL) was stirred at room temperature for 16 h. The solvents were evaporated under
reduced pressure, and water and ethyl acetate were added. The aqueous phase was
extracted three times with ethyl acetate, and the combined organic layers were dried
(sodium sulfate), filtered, evaporated, and purified using a Biotage Flash 40 purification
system, eluting with methylene chloride/acetone 9:1, to give 5-(biphenyl-4-yloxymethyl)-
furan-2-carbonyl]-D-pyrrolidine-2-carboxylic acid tert-butyl ester as a white solid (0.115
g, 56%).

Step 2: 1-[5-(Biphenyl-4-yloxymethyl)-furan-2-carbonyll-D-pyrrolidine-2-carboxylic

acid

Trifluoroacetic acid {1 mL} was added to a sclution of 5-(biphenyl-4-yloxymethyl)-
furan-2-carbonyl}-D-pyrrolidine-2-carboxylic acid tert-butyl ester (0.115 g, 0.26 mmol) .
in dichloromethane {4 ml) at 0 °C. The solution was allowed to warm to room
temperature and stir overnight. The solvents were evaporated under reduced pressure
and ethyl acetate was added. Aqueous sodium hydrogen carbonate was added carefully,

the layers were separated and the organic layer was discarded. The aguecus layer was



mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride
(Avocado; 0.18 g, 0.95 mmol), and NN-dimethylaminopyridine (0.16

).166 g,
VIBBIRHTENSIN tetrahydrofuran 10 (10 mL) was stirred at room RerfiBerate fdeel!

i0

15

for 16 h. The solvents were evaporated under reduced pressure, and

water and ethyl acetate were added. The/ 5q“ueous phase was extracted

three times with ethyl ac , and the combined organic layers. yere dried. it
(ST e} T g erati S B z%%%%%? e
Agipdrifieatior] Isystem] g Wit FRstwIdnd CRIbHIbEEse e, 115D 2nd
gé@[%ﬁ?@@@%ﬁéﬂ%é%ﬂ%ﬂal@i with ether, and the solid was filtered to give 5-
furan-2-carbonyl]-D-pyrrolidine- 2-C irboxylis acl -butyl.ester-as awhita me,
PG TT DO e o 5 S R SRISKAR B0ER m

[B4Biphenytidtykskymethyl)-furan-2-carbonyl]-D-pvrrolidine-2-carboxylic

acid Trifluoroacetic acid (1 mL) was added to a solution of .
5ﬂj@é@hﬁgﬁgélﬁ@ﬁym{ét-hﬁh};}@@yln%—vloxvmeﬂlﬂ}—furan~3~carbomfﬂ -piperidine-2-
furan-2-carbonyl]-D-pvrrolidine-2-carboxylic acid tert-butyl ester (0.115 g,
0:26 m%ol) In dichloromethane (4 mL) at O C. The solution was allowed

to warm to room temperature and stir @vernight. The solvents were
evaporated under reduced press ethyl acetate was added.

Aqueous sodium hygragensarbonate was added carefully.othedayers® o
were sep d and thé ofganic layey was discarded. aqueots layer} o™
was /000781 PC17FP200416106611 Cidified to pH 2 @D%

MH d theresulting mixture was extracted t tinres with ethyl

acetate. The organic layers were combined, dried (sodium sulfate),

filtered, and. éy@pprated. The residue was triturated with etfigfiand the

solid was filtered to give 5- (biphenyl-4-71oxymethyl)-furan-2-carbonylf
-D-pyrrolidine-2-carboxylic acid (64 mg, 5 64%) as a white solid. Exam le

33: (racl-I- 5- B phenyi--yloxy neg. furan 2-carbgnyl piperidine-2-
carboxylicacid01\0/0O\00\'O w%/ﬂ//ﬁ/ﬁ/ OCN
] N

0, 1 O, H7TNO5 294%16%33.509 oH

024H23NOS
405.455
Step 1: {rac)-1-{5- (Biphenyl—é—yioxymetlwl)~furan—2—carbony1] ~piperidine-2-carboxylic
acid ethyl ester

A solution of 5-(biphenyl-4-yloxymethyl) —furan-2-carboxylic acid {of Intermediate
8;0.098 g, 0.33 mmol), ethyl pipecolinate (Aldrich; 0.139 g, 0.88 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (Avocado; 0.13 g, 0.68 mmol}, and
N,N-dimethylaminopyridine (0.083 g, 0.63 mmol) in tetrahydrofuran (10 mlL) was
stirred at room temperature for 16 h. The solvents were evaporated under reduced
pressure, and water and ethyl acetate were added. The aqueous phase was extracted three
times with ethyl acetate, and the combined organic layers were dried (sodium sulfate},
filtered, evaporated, and purified using a Biotage TFlash 40 purification system, eluting

with methylene chloride/acetone 9:1, to give (rac)-1-[5-(biphenyl-4-yloxymethyl)-furan-

20 2-carbonyl]-piperidine-2-carboxylic acid ethyl ester as a colorless oil {0.085 g, 59%).



/0 7\ LiOH, O OH McOH, TH | THF ~ C,4H2,NO5 405.455 Step 1:
(rac)-I-[5-(Biphenyl-4-yloxymethyl)-furan-2-carbonyl]-piperidine-2-carboxyli

Wioterawidetyl ester A solution of PCT/EP2004/006611

5-(biphenyl-4-yloxymethyl)-furan-2-carboxylic acid (of Intermediate 8;
0.098 g, 0.33 mmol), ethyl pipecolinate (Aldrich; 0.139 g, 0.88 mmol),
1-ethyl-3-

e b ey T carbosylic

- irtéfrahydrofuran (10 mL) was 15 stirred at room temperature for 16 h.
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The solvents were evaporated under reduced pressure, and water and
ethyl agefalieriwers addedh Hﬁﬁ@%@mpﬁ%w@ﬁ @xtractesi thiee])timester (1

r%a?éfe W fa%?e@tz% aasrgﬁiu g’i@lig‘efi ﬁé B_CS fg‘rgék%%%ﬁgiﬂ@ carbonyl}-

ltered. evaporate sm e Flash a
DEHTRCAB yEAEEIGaRS, A, PRERIGHS B R S 0 B8 e L
(raod-infS:tniphenylkd-Tloxymeathylj-haain20 eveariybriyil-pipm temperature and then
eﬂ?é@@r@e&ef&@%%/@a Bﬁt%mmg%amq@%&% %@%@&9%}@%%8

2 PCT/E 2004/006 (

a%ﬁéa ’]g?m%%ﬁfywm%aﬁz a%B?%;?ﬁ‘pP i:ﬁe’r c@@é&%&%ﬂ‘mé%%w s

semm@ﬁmwmld@ﬁmdﬁx@mm@ o sapshigtyirwardied (sodium

(Jsul'fﬁi &ﬁnggcigﬁ MHENMOk residue was trzturated with ether. The ether and
i

Sé:_v%hen rlgé(l &%{f te%( te?”ﬁ%&@é?&ﬁgd e (rac {5-(biphenyl-4-
tetiamydﬁ@ﬁa}hmmmeﬁEmM@qﬁtya rxasat &@é@ﬁﬁé@ as a white
oygraight at room temperature and then the solvents were evaporated
under reduced pressure. Water and ethyl acetate were added, and the
Mpxte was aciqified 1 pkl auvi i M b and: ihe, e Was. extaciediopentane
three ttimes with ethyl acetate. The combinéd organic layers were dried
( ate), filtered, and evaporated. The residue was triturated
with ether. The ether and dissolveg,dmpurities were removed by Pasteur
pipette to give (rac)-1-[5- (b|phenyl-r!4N
yloxymethyl)-furan-2-carbonyl]-piper; 97 -carboxylic acid (66 mg,

as a white S|Idoﬂf
O O EDC DMAP HN@
C O

CygHusO ' CoeHasNOg
2&4.;&1‘1(}4 445,482

Oﬂ\fo
‘ o
LIOH, FH,0 O : HN\Q
MeOH, THE O

wo  ©

CoaliosNOs
405.455
Step 1: 1-{[5-(Biphenyl-4-yloxymethyl)-furan-2-carbonyl] -amino}-cyclopentane
carboxylic acid methyl ester

Acetyl chloride (1 mL) was added to a cooled solution of methanol (10 mL) and the
solution was allowed to warm to room temperature. Cycloleucine (Aldrich; 6.3 ¢, 2.3
mmol) was added and the solution was allowed to stir overnight at room temperature.
The solvent was then evaporated to give cycloleucine methyl ester hydrochloride as an
off-white solid which was then combined with 5-(biphenyl-4-yloxymethyl}-furan-2-



-.carhoxylic-acid methw-ester Acetvbohiotide (hmb), Vyaé:ﬂ?ﬂ‘dﬁQBto a cooled
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Example 4 1-{[5-(Biphenyl-4-yloxvmethyl.)-:fti un_2-carbon | -amin
cyclopentane is carboxylic acid HC! o HzZNLJo/O O O 0 EDC, DMAP
WRPIGIIR C15H1104 c2g4 MO 294.310 419.482 po~o |. |<BF|T”€{R?°““°"““
McOH,TH THE " /HO O P Cz4Hy,NO, 4Q5.455 Step 1
1-{[5-(Biphenyl-4-yloxymethyl)-furan-2-carbonyl]-amino}-cyclopentane

Soluion. el melioncl (10.m) A ihe. .20 solion s Alowsd I Mo, and
room erattre j/cloeucme I’IC mmo 48 &uded &)

thi! %@m&hﬂa@wﬂm@w é‘ﬁlﬂ@gém@hﬁf@i)r%hﬁiféhﬂg@mm {5rmé.). The reaction

sQ&ﬁ@ﬂirwaﬁbmgfee\aap@@ate@{gegaw@y@ﬂqle&mrmaa@@txl%yitw@fe eveporated under

h h ﬁwhlte wh s th bln Wlth

*%.p e e e Tt 0 phass s
a@fées@ewﬂv@f%?eé%waé.alwqm%vﬁ%ém@%c bssgre dried

O %mﬁfﬂiétfﬁlk@d@ dlimethylaminaprofiyt) a@ﬁf@@@lm@e Flash 40 purification
hX%EBe‘EH'%f@ﬁg(w@lcﬁ%&ﬁeﬁg%%r%@/lé&m&!)@ qng) give 1 (blphenvlwtx-

dime inopyridine (0.16 g, mol) in teff hyd ofura
m}if}‘?fﬁﬁ&é‘fiscf%ﬁnr%y %P@W SAEHAed AR e Cf@)?@é‘ﬁﬂﬁ?ﬁ%mf asa
salvienteswerEvappidted. under 5 reduced pressure, and water and ethyl
acetate were added. The aqueous phase was extracted three times with

ethypandtate,Bihthgicombined OrIRNicdayB were lriagiHspdiumpentane
Sl@f?&%&?i%er?g evaporated, and purified using a Biotage Flash 40
purification

A solution of lithium hydroxide monohydrate (0.085 g, 2.0 mmol) in water (1 mL)
was added to a solution of 1-{[5- (biphenyl-4- yloxymethyl) -furan-2- carbonyl] ammo}

and methanol (1 mL). The mixture was stirred overnight at room temperature and then
the solvents were evaporated under reduced pressure. 0.5 M NaOH was added and the
solution was extracted with ether. The aqueous layer was acidified with 1 M HCl and the
mixture was extracted three times with ethyl acetate. The combined organic layers were
dried (sodium sulfate), filtered, and evaporated to give 1-{{5-(biphenyl-4-yloxymethyl)-

furan-2-carbonyl}-amino}-cyclopentanecarboxylic acid {61 g, 69%) as a white solid.

cyclopentanecarbowhc acid methy"l ester (0. 092 g 0.22 mmol) in tetrahydroﬁ;ran (3mL)



system, eluting with methylene chloride/acetone 9:1, to give
1-{[5-(biphenyl-4-
wioxyifethig)-furan-2-carbonyl]-amino}-cyclopentanecarboxylicF&cERIEBHP 6611
ester as a to colorless oil (0.085 g, 59%). Step 2: |- f
[5-(Biphenyl-4- onx)TmethyI) -fur an-2- carbéﬂyl] -amino }-cyclopentane
. C A on of lithium hydroxide monohydrate (0.085 g, 2.0
m%r; I) ﬁ%%v%%jh 3 L) Wass%dded toilsolutlon of
1-{[5-(hi 4 -yloxymethyl)-furan-2, carbonyl]-amino}- 15
cyclop %1?%%&71?65 TRt B8P @ B8'g %tﬁ’én‘rﬁfﬁgi)‘: fif tivity of the
tetmhydmﬁiﬂraﬁf@ma dnd methanol (1 mL). The mixture was stirred
overnight at room temperature and then the solvents were evaporated

under rwuheqtpﬁesmleoﬂsﬁﬂwﬂ&@@ckﬂuwaﬁ agigedhandthe. solytion ﬂé@ﬁnl)} 21.6
5 ex}{ﬁ&qﬁvm%&eﬁl-@mg’ﬂﬁree%l 1 51‘%% a&igéf enddWI%h JT\WA%%% I 30 mM

the “mixture was_extracte et y acetate. e com

or%}é%ﬂ“a%%%?éﬁlﬁ?ma@%%ﬁﬁf BinaRs) e %@gg@%@%w
nge)l;{ﬁf{Beés}pﬁem@{A}yth}mmhws pl/well) at Vanous coacentraﬁons (0-57 pM) in 30

fuﬁ?ﬂ?{ oreaf qyclopeptanegar MPr63%) 832 2dded to
ite solld 570 0 o 781 PCT/ onof/o 80 Glycog en
fh%fé@’(%ﬁf é‘ééﬁ&?%% oG s af %ﬁ&@@ﬂp yeogen

10 det@mane(wamg/n;l)@pmavmhpwm é&ﬁr mgv‘mﬂlh Btamwétbed prnwel(0.27
Of %@QME%@ Q@’ 9@%@@[@3@@ Eiﬂz‘("@@v&é &r%&ﬁumm {BSA,0.2
cose, eno ruv. in3
%wgﬁyéfﬁlag é%%}?él o S IO DB, g me solution
&Ry (BRI IBlBsk A cas)adisfhizon mhlest@mﬂi]@&f @y wethlamvariousto the
cm@ﬁmumsem SHcHhLingQ - M-@lyapialyCiney vl Ba O IMKECH A sphate

5 M %, DMSO were added to.the assay plate (columns
gﬂg) %%%me s§ htcl’gr;t GGRGE eégg%%?n%r%?y%egé xl%nx?m([%was Reubated at 57

(1@8%"@%1%@%%@@ ﬁhﬁm%aebfwhﬁgnbﬂpqaéfa?té%@w@ﬁ%&wazveader every
My i b gl tisiHERNpHES::s27 MM DTT and bovine serum albumin
(BSA, 0.2 mg/ml) was added to the assay plate (columns 3-24). As a

blank ceptrel,£nzyipe 30 ¢iom Wwitheutalveaasn.svthase.nanaddediniQaction

the top half wells of % ns 1- 2 the ottom half wells of, colu ns 1- 2

WEHE SBUBEP AR LAV ABR gD SE e BHOED A (L8 ) Feent
20 additiointothel %imm spittio. A e Al A ——

Ccdibgassay, gl@t%mgqgrggag for absorbance at 340 nm on a Tecan
Ultra reader every

% stirmmulation = 100 * Rs/Rt,

where Rs is the reaction rate of the enzyme in the presence of compound and Rt is the

reaction rate of the enzyme in the absence of compound.

25 §C2.0 is defined as the compound concentration that is needed to stimulate 200%
of the enzyme activity.

It should be understood, of course, that the foregoing relates to preferred
embaodiments of the invention and that modifications may be made without departing

from the spirit and scope of the invention as set forth in the following claims.

30



3 minutes up to a total of 30 minutes. The enzyme activity (with or without
wHOhoRndy was calculated by the reaction rate and representechbypthies/onss11
optical density change (AOD) per minute. Percent 20 stimulation of
glycogen synthase activity by a compound at various concentrations was
calculated by the following formula: % stimulation = 100 * Rs/Rt, where Rs
is the reaction rate of the enzyme in th&lpresence of compound and Rt is
the reaction rate of the enzyme in the absence of compound. 25 SC2.0 is
defined as dhesampaeynis:coneentration that is needed to stimulate 200%
of the enzyme activity. It should be understood, of course, that the
foregoing relates to preferred embodiments;df the invention and that
modifications may be made without departidg@from the spirit and scope of
the invention as set forth in the following glams. 30 %0 20()5/000781
PCTIEP2004/006611 -S| Clajms~Y. Acompound of fomnd % (P) 0
Ar‘(CH,)(')-C(C))-Rﬂz?@'(n) 0/ (T) wherein 5 Ar is an aromatic
carbocyclic or heterogyslic ring:RR2 and R3 are independently selected
from. the group con§ alkyl, lower alkoxy, trifluoromethyl,
halogen, hydroxy, a alkylamino, dialkylamino, cyano and nitro; R4 is
hydroxy or an amino acid attached through a nitrogen at?ﬂﬂ of the amino
acid; 10nis0,1,2,3,40r5 mis0,1, 2, 3or4;

wherein
Ar  is an aromatic carbocydlic or heterocyclic ring;

- R}, R®.and R are independently selected from the group consisting of lower alkyl, lower. ..
alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano

and nitro;
R*  ishydroxy or an amino acid attached through a nitrogen atom of the amino acid;
10 n 150,1,2,3,40r 5
m  1s0, 1;2,30r4;
p is0,1or2,and
$ 1s0, 1 or2;
or a2 pharmaceutically acceptable salt thereof,

15 provided that

a) when Ar is furanyl, p and s are zero and the compound is not either S-1-[5-
(biphenyl-4-yloxymethyl)-furan-2-carbonyl] -pyrrolidine-2-carboxylic acid or 5-
(biphenyl-4-yloxymethyl)-furan-2-carboxylic acid,

b) when Ar is phenyl, the compound is not either 3-(biphenyl-4-yloxymethyl)-
20 benzoic acid or 2-(biphenyl-3-vloxymethyl)-benzoic acid, and

¢) when Ar is thiophenyl, the compound is not 5-(biphenyl-4-yloxymethyl)-
thiophene-2-carboxylic acid.
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p isO,lor2,and sis 0, 1 or 2; or a pharmaceutically acceptable salt
wWhereefinghagprovided that a) when Ar is furanyl, p and s are zepe Apgd 08 /006611
compound is not either S-I-[5-
(biphenyl-4-ylo_xymeth)7l)-furan-2-carbonyt]-pyrrolidine-2-carboxylic acid

or 5- (blphenyl -4-ylo_xymethyl)-furan-2-carboxylic acid, b) when Ax is

phenyl, 4he ComipoErtasinGe ditiés)3-(biphenyl-4-yloxymethyl)- 20 benzoic
acid or 2-(biphenyl-3-yloxymethyl)-benzoic acid, and c) when Ar is

thiophenyl, the compound is not 5-(bipheér @I&ymﬁ@{@ﬁ")

thiophene -2- carboxylic acid. WQ ’5/000781 PCT/EP2004/006611 -32

sthethyl, ha ogj@n hydroxy, amino, aicylamino,
diakylamino, cyano and nitro; R4 is hydroxy or an arrgigp acid attached
through a nitrogen atom of the amino acid; nis 0, 1, 2, 3,40r5; 10 mis O,
1,2,30 %%pg pis 0, | or 2; or a pharmaceutically acceptable salt thereof,
provided that a) when Ax is furanyl, p is zero and the compound is not
eit erS 1- L OIjghen yl-

is a1 atic cai- cyclic or heterocyclic ring;

R', R and R” are independently sclected from the group consisting of lower alkyl, lower
alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, diakylamino, cyano
and nitro;

" R* " ishydroxy or an amino acid attached through a nitrogen atom of the amino acid;
n 50,1, 2,3, 4 or 5;
m i180,%1,2,30or4;and
p 150, 1 or 25
or a pharmaceutically acceptable salt thereof,

provided that
a) when Ar is furanyl, p is zero and the compound is not either $-1-[5-{biphenyl-4-
yloxymethyl)-furan-2-carbonyl]-pyrrolidine-2-carboxylic acid or 5-(biphenyl-4-
vloxymethyl)-furan-2-carboxylic acid,
b) when Ar is phenyl, the compound is not either 3-(biphenyl-4-yloxyrmethyl)-
benzoic acid or 2-(biphenyl-3-yloxymethyl}-benzoic acid, and
¢} when Ar is thiophenyl, the compound is not 5-(biphenyl-4-vloxymethyl)-
thiophene-2-carboxylic acid.

3. The compound according toclaims 1 or 2, wherein RY, R and R? are hydrogen
atoms.

4. The compound according to claims 1 or 2, wherein n is 1 and R' is selected from

the group consisting of & methyl group, 2 methoxy group, 2 halogen and a nitro group.



15), onymethyl) -furan-2-carbonyl]-pyrrolidine-2-carboxylic acid or
wiBiphenyl-4- yloxymethyl)-furan-2-carboxylic acid, b) when Agis@femhose
e compound is not either 3-(biphenyl-4-yloxymethyl)- benzoic acid or
2-(biphenyl-3-yloxymethyl)-benzoic acid, and c) when Ar is thiophenyl, the
compound is not 5-(biphenyl-4-yloxymethyl)- 20 thiophene-2-carboxylic
acid. 35 THe:=compoumt=covidiptrtodarirs heor2 thvHereisrRE, RPEAE R3
are ydrogen . atoms. 4. The compound according to claims 1 or 2,
whereinnis 1 and R is selected from the group consisting of a methyl
group, ethox p, a h n itre J -
DT IEB2b A OBER L B 11(1)5? F%B%w%%r%} ééﬁgﬁa%clg%%@?v%e%ﬁom
téMalogen. is chlorlne or bromine. 6. The compound according to claims
1 or 2, whereininis 1 and R2 is a chlorine atom. 5 7. The compound
accordinglie claims o r2ondieingris 1 8r Eheedmpauind-according to
claim 1, wherein p is 0 and s is 0. 9. The compound according to claims 1
or 2, witergip Axisseléeted:fomithegroupy tansistinglofrgheiyl, furanyl,
thiophenyl, pyridinyl, and thiazolyl. 10. The compound according to claims
lorz, @Ihﬂq@'&ﬁédﬁrﬂi 2 eleet SYRelelii s v 1O élrr:LZ WE@MHQW@Q@@EM@ the group

to claims 1 or in R4}% (ﬁlln atta o fhe coir}pound through
itSPRIGES St EW §8 e%@é& r‘?g tocalms or 2, wherein

the compound is selected from the group conS|st|ng of

3-(3-chiblo ipremyRuDA GRSFERE I BRAFSIE i 1gen R is a hydroxyl group.
3-(biphenyl-3-yloxymethyl)-benzoic acid,

10 3-(4'- méthyT-l:hamhmgdum@myrﬂmgy@c@em@aé,whemm RYis prohne attached to

3-(4:-bromoshiphenyid: Woxyragthylidenzoic acid;
3-(4'-chloro- blphenyl 4 yloxymethyl) benzoic acid,

3-(2"-nitrq, ég}ﬁ 33%91% acig, %Owherem the compound is selected

i

3-(I'-me oxy %Ip methyl)-benzoic acid
from the group consxstmv 0

3-(3-chloro-biphenyl-4-yloxymethyl)-benzoic acid;

15 3-{biphenyl-3-yloxymethyl)-benzoic acid;
3.{4'-methyl-biphenyl-4-yloxymethyl)-benzoic acid;
3-{4"-bromo-biphenyl-4-yloxymethyl)-benzoic acid;
3-(4'-chloro-biphenyl-4-yloxymethyl)-benzoic acid;
3-(2'-nitro-biphenyl-4-yloxymethyl)-benzoic acid;

20 3-(4'-methoxy-biphenyl-4-yloxymethyl)-benzoic acid;
2-{3-chloro-biphenyl-4-yloxymethyl}-benzoic acid;
im(é‘ -methyl-biphenyl-4-yloxymethyl)-benzoic acid;
2-(2'-nitro-biphenyl-4-yloxymethyl)-benzoic acid; and
2-(biphenyl-4-yloxymethyl)-benzoic acid.

13, The compound according to clairns 1 or 2, wherein the compound is selected

)
o

from the group consisting of



2-(3-cliloro-biphenyl-4-yloxymethyl)-benzoic acid;

\,g(-)(%-(m&m E-biphenyI-4-onxymethyI)-benzoic acid; PCT/EP2004/006611

5

10

2-(2'-nitro-biphenyl-4-yloxymethyl)-benzoic acid; and
2-(biphenyl-4-yloxymethyl)-benzoic acid. 28413. The compound according
to claims | or 2, wherein the compound is selected from the group
corsistingof Vb =2005/00078 L RETEP2004/0066 - 81,
5-(3-chloro-biphenyl-4-yloxymethyl)-furan-2-carboxylic acid;
5-(biphenylR3yldxg;methyl)-firan-2-carhoxitic acid;
5-(4'-methyl-biphenyl-4-71oxymethyl)-furan-2-carbox7lic acid;
5-@brempshiphenyiyie frans2-c ic acid; 5
5-(4'(-chIorc??tt)lipEen)%-%tgfg@%%;%%ﬁgc%%iy% 1ag(’:id;
5-@R'-nitro-hipl -4-yloxymethyD-furan-2-carbgxylic.acid; . and 5-(4'
nlﬁggbﬁ)%lgrk%/t%%% ljrjfﬁ) %%ﬁuraﬁjlfé%%%i%%gg “T4*Fhe compound
acg_clrd_in# to (gai s 1 or 2, wherein the compound is _5-(2'-

nitfo-bip 8?1%-&335]%’)2@%1“ raiGphanED-carbaiiiagdd 10 15. The
compound according to claims 1 or 2, wherein the compound is selected
frotr the! Grobiplesndidting ernethyl)-furan-2-carboxylic acid; and
6-(2'-nitro-biphenyl-4-yloxymethyl)-pyridine-2-carboxylic acid; and

6- (higheiyd-Biylexyminéthyhspyeidirie-2-carboxieadid.at61 The compound

according to claims 1 or 2, wherein the compound is selected 15 from the
group consiséinghound according to claims 1 or 2, wherein the compound is 5-(2'-

2-(3-chlare-biphenyl-4-ylg thyl):thiazole-4-carboxylic acid;

e T e e dbp .
2-(4'-methyl-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid; .
2-(4'-br3)?n§é- ipNERYIEA RECPRIEES)(D Liiazbleca 2arbesaicthgiepppound is selected

2-{romhiterp-diphemyistiytoxymethyl)-thiazole-4-carboxylic acid;
2-(2'-nitro-biphenyl-4-vioxymethyl)-thia7ole-4-carboxylic acid;

2-(Armethexthiphanyhbdoxdmeitythiazoledrearhoxylie agid
2-(biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;

sl ey aaiyl-hiazglesfearhoxylic acid; and

16. The compound according to claims 1 or 2, wherein the compound is selected
from the group consisting of

2-(3-chloro-biphenyl-4-vloxymethyl)-thiazole-4-carboxylic acid;
2-(biphenyl-3-yloxymethyl}-thiazole-4-carboxylic acid;
2-(4"-methyl-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
2-(4'-bromo-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
2-(4'-chloro-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
2-(2'-pitro-biphenyl-4-yloxymethyl}-thiazole-4-carboxylic acid;
2-(4'-methoxy-birhenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
2-(biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
4-(4'-chloro-biphenyl-4-yloxymethyl)-thiazole-2-carboxylic acid; and

4-(biphenyi-4-yloxymethyl)-thiazole-2-carboxylic acid.



25 4-(biphenyl-4-yloxymethyl)-thiazole-2-carboxylic acid. WO

w002/Q00/81 PCT/EP2004/006611 __ 85 17. The compound ageording {0oss11
claims | or 2, wherein the compound is selected from the group consisting

of 1-[5- -85 -
(biphenyl-4-yloxymethyl)-furan-2-carbony]j-D-pyrrolidine-2-carboxylic acid;
(rac)-1-[B+( e RyEAETA) furaIB-Earbbriyiiepipn the compound is selected

eritline2-carhoxytisaeidy Sand 1-{
[5-(biphenyl-4-yloxymet_hyl)-furan-2-carbonyl -amino .
}'W?@Bﬁﬁm PQEQ%QEEQQ};%'*&%TIAZ%%WQ@ &P&{%@QQ%%%@;HC acid;

compound of formula I according to claim 1; /ich process comprise

re%%ﬂ?g—%ﬁ?g@ Ogé%g_%f {egrr?#%%_ I}Ianl? —éggbgréﬁyg)é%gg g;b\évé%feﬁlgggﬁc acid; )

'RZ,m'an efi C ,in the pres
f’co?’ﬁﬁound of formula (Ill) R 1 (P) LG Ar (lll) (CH2)(s _C(0O)-RS wherein
At, R3, p and s are as defined in claiml, LG represents a leaving group

sueh{ Z5baghentors; ramme:dryid doyand-RSepiésents ¢ prateging geotpoxylic acid.
and subsequently cleaving the protecting group to obtain a compound of

formulai@) 8 (P)c Qs B HGHS S L(R) R4 AHMLBAEMEDINR 1 according to claim 1,

2005(000/31, PG {FRZQ041006611 66

reacting a compound of formula (I1)
OoH
) =
R\ {n l
. NS
R2<

)

10 (In)

wherein RY, R?, m and n are as defined in daim 1,
in the presence of a base with 2 compound of formula (I17)

3
T P}

LG (II)

Ar
7 N (CH,) - CO)-RS

wherein Ar, R?, p and s are as defined in daim1, LG represents a leaving group such
15 as chloro, bromo or iodo, and R® represents a protecting group, and subsequently

cleaving the protecting group to obtain a compound of formula (I)

fl? )

Q Ar
~ TN(CH,) e C(0)-R4
Rl '

/

Rem)

\

D



5

wherein W- signifies hydroxy, and Ax, R'to Rs, m,n, p and s are as
wefingddockaim 1, and optionally reacting this compound with g¢testesQfossst1

an amino acid in the presence of EDC and DNLKP and subsequently

claeving the ester group, to obtain a compdind 5 of formula I, wherein R’

is an amino acid attached through a nitrogen atom of the amino acid. 19. .
Compotiha ot forfiule et aetorairnte lainte whef mdndrasiarsdipyrad i claim
processl aaedrding to claim 18. 20. A pharmaceutical composition :
comprising a.¢ %Q %@E’S‘zﬂ@aQ%Mh(grpﬁé?t(ﬁ'ﬂ%ﬁkgﬁglf%%e presence of
R(n) M ‘VZF(Em) o (I _vvk%ereln AXx'ls an aromatic carbocyclic or - nd
heteroc§t] %Prf&,,ﬁﬁ»ﬁ%a@%@%’a&%ﬁ%ﬁ%ﬁ&wfﬂ:&ﬂhﬁ&l & CompoLn
group coh&istindadt letveralkyljdewenalkexid tHfidorometrygh hafogerep atom of the
hydroxy,.aming,;alkylamino, dialkylamino, cyan 15 and nitro; R4 is

hydroxy or an amino acid attached through a nitrogen atom of the amino

acid; nj 1,2 34or5,:mis 2,3 0r:4: and, p is .20 "
pharmaéel%%‘e’ﬁ Oéléic%’ ??aggfg%uaﬁjme%% ;déﬁ“aatg f)%?ﬁ?i%%tiélﬁ Btmredbya
ac@@pt%l@c@aﬁﬁiﬁ@@éﬁdﬁ)@ﬂadj&vant. WO 2005/000781 .
PCT/EP20041006611 -S7 21. A pharmaceutical composition comprisin

a compannd phiormutar iall @nAGRI(HHOGIRA cREKMPRp(ayls (1
i?B(p)

O Ar
7 NCHY) g C(O)R?

2
Ry

10 (I

wherein

Ar  is an aromatic carbocyclic or heterocyclic ring;

RY, R* and R’ are independently selected from the group consisting of lower alkyl, lower

alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano

15 and nitro;

R* s hydroxy or an amino acid attached through a nitrogen atom of the amino acid;
n 150,1,2,3, 4015
m  1s0,1,2,30r4;and

P is0,1or2;

20 or a pharmaceutically acceptable salt thereof; and

a pharmaceutically acceptable carrier and/or adjuvant.



wherein Ar is an aromatic carbocyclic or heterocyclic ring; 5 R', R2 and R3
wie indepandently selected from the group consisting of lower alkylEverioss1t
alkoxy, trifluoromethyl, halogen, hydroxy, amino, all.ylamino, dialkylamino,
cyano and nitro; R4 is hydroxy or an amino&cid attached through a
nit_rogeni%tog (%gatlheaamjpo cid; ns.li_ 0, 16 2, 3,40r5; 1o m is %T ]g}_jz,?,qr}mq,
and pis 0; 1'0F 2 6r 4 BHsrimACEtiCAlly SUEabtabe A therasr  ag g e 1a)
pharmaceutically acceptable carrier and/er adjuyvant.2
pharmaceutical composition according, ({)9 Etafﬁsﬁigi 3@%@@5?&(1 that .
15 a) when Ax is furanyl,.p is zerg-and the compound is not either

- carbonyl)-pyrrolidine-2-carboxylic
Tfuran-2-carboxylic acid, b) when Ax is
phenyl, the compound ! ither 3-(biaﬁ&@yl-&yloxymethylﬂbénzoic
acid or 2-(biphenyl-3-yloxymethyl)-benzoic acid, and 20 ¢) when Ar is
thiophenyl, the compound is not 5-(biphenyl-4-yloxymethyl)-thiophene-2- .
carbexylic acid. 23. The pharmaceutical composition according to claims
20 or 21, wherein R', R2 and R' are hydrogen atoms. 24. The
pharmaceutical composition according to claims 20 or 21, whereinnis 1
25 Bhd RP SHIRHH 5 Qﬁ?éC%%SE?BEgSWS%‘f iy B methyl group, a
methoxy, group, @ halogen and a nitro group. CVO 2005/000781
iacﬁ%/Eﬁézwh m@m@%é%éﬁa&ﬁwwwgﬁﬁ% Qbéoragiyl lower
to claim 2konhereiuthehalbgehalsgehldsitecer romimalidtantiie, diakylamino, cyano
pharmacgllrl&iﬁ{r%(?mposition according to claims 20 or 21, whereinm is 1
and R2 is a chlorine atom. 5 27. The pharmaceutical composition

oo ¢ SR 200 24 IS 120y 28 T AR i

n 1s0,1,2,3,40r5

acid or 5-(biphenyl-4- ylgxym

1 m  is0, 1,2 3or4d;and
p 10,1 or2;
or a pharmaceutically acceptable salt thereof; and
a pharmaceutically acceptable carrier and/or adjuvant.

22. The pharmaceutical composition according to claims 20 or 21, provided that
15 a) when Ar is furanyl, p is zero and the compound is not either S-1-[5-(biphenyl-4-
yloxymethyl)-furan-2-carbonyl}-pyrrolidine-2-carboxylic acid or 5-(biphenyl-4-
vloxymethyl)-furan-2-carboxylic acid,
b) when Ar is phenyl, the compound is not either 3-(biphenyl-4-yloxymethyl)-benzoic
acid or 2-(biphenyl-3-yloxymethyl)-benzoic acid, and :
26 c) when Ar is thiophenyl, the compound is not 5-(biphenyl-4-yloxymethyl)-thiophene-2-

carboxylic acid.

23. The pharmaceutical composition according to claims 20 or 21, wherein RY, R?

and R’ are hydrogen atoms.

24, The pharmaceutical composition according to claims 20 or 21, whereln n is 1
25 and R is selected from the group consisting of a methyl group, 2 methoxy group, a

halogen and a nitro group.



selected from the group consisting of phenyl, furanyl, thiophenyl, pyridinyl,

wa@nghdhiazalyl. 29. The pharmaceutical composition accordingto;eiainme #9s611

i0

Ja—
th

or 21, wherein R4 is a to hydroxyl group. 30. The pharmaceutical
composition according to claims 20 or 21§%vherein R4 is proline, attached
to the compound through its nitrogen atom. 31. The @garm ce{l}ljtical e hal .
COMpOSItion: ZEEBTAAE t BIATRE 20 B WHERSiA th I%mﬁp‘% P the haogen 18
sélecied frdnothe:group consisting of 15 :
3-(3-chloro-biphenyl-4-yloxymethyl)-benzoic acid;
3-(biphenyl:3rexymethyhtberzois @sidiccording to claims 20 or 21, wherein mis 1
3- 211 MetoCIFEi%hergly{l-4-yl.oxymeth'yl)-benzoic acid;
Fr-Bromo-biphenyl-4-yloxymethyl)-benzoic acid;

g_g_s%g&%g%%%;;%!&éy @%{%}%&%{ g%gé%\? i%g ﬁozgaims 20 or 21, wheremn p is 0.
3-(4'-methoxy-biphenyl-4-yloxymethyl)-benzoic acid; ) ,
3_(bip}?é‘)nw@}p@;@)}mgm%lﬁgﬁm@i%m§ccording to claims 20 or 21, wherein Aris

2:(8-ghlpronbiphenyind-viexymethy phendoicasid; thiophenyl, pyridinyl, and
ZE%%@thyl-biphenyl-4-yloxymethyl)-benzoic acid; 25
2-(2"-nitro-biphenyl-4-yloxymethyl)-benzoic acid; and

2-(biphenyl-4-yJoxymethyl)-benzoic acid. WO 2005/000.78 4.
PCT/Egﬁé@&ﬂg@é‘@fieu-%@ﬂ&)_rﬁﬂ%%ﬁ?élrﬁ%&%&éﬁl@a%ﬁcgmmslz% or 21 whgrem Riisa

OMposi according
tchethimvgl 200op21, wherein the compound is selected from the group
consisting of 5-(3-ch oro biphenyl-4-yloxymethyl)-furan-2-carboxylic acid; )
5-(biphemyita-ylaxymettyb-furanp2washoxylediaig; Gclaims 20 or 21, wherein R s
g;%ﬁ(;%‘n%fq L:biphenx4-vierumeinis)-iuan 2rcatboxdisac:

rémo-biphenyl-4-yloxymethyl)-fufan-2-carbo, 7lic acid:;
0 e o T e 2 SHORIC S o 2, i
5-¢atmitroBiphelvyted-floxythe thpiipfarasi2izaoxylic acid; and 10
5-(biphenyl-4-yloxymethyl)-furan-2-carboxylic acid..
3-(3-chloro-biphenyl-4-yloxymethyl)-benzoic acid;
3-(biphenyl-3-yloxymethyl)-benzoic acid;
3.(4'-methyl-biphenyl-4-yloxymethyl}-benzoic acid;
3-(4'-bromo-biphenyl-4-yloxymethyl}-benzoic acid;
3-(4'-chloro-biphenyl-4-yloxymethyl)-benzoic acid;
3-(2'-nitro-biphenyl-4-yvloxymethyl)-benzoic acid;
3-{4'-methoxy-biphenyl-4-yloxymethyl)-benzoic acid;
3-(biphenyl-4-yloxymethyl)-benzoic acid;
2-(3-chloro-biphenyl-4-yloxymethyl)-benzoic acid;
2-(4'-methyl-biphenyl-4-yloxymethyl)-benzoic acid;

2-{2'-pitro-biphenyl-4-yloxymethyl)-benzoic acid; and

2-{biphenyl-4-yloxymethyl)-benzoic acid.



33. The pharmaceutical composition according to claims 20 or 21, wherein

wdhgecamaeund is selected from the group consisting of PCT/EP2004/006611

14

15

25

5-(2'-nitro-biphenyl-4-yloxymethyl)-thiophene-2-carboxylic acid; and
5-(biphenyl-4-yloxymethyl)-thiophene-2-cé&tboxylic acid. 15 34. The
pharmaceutical composition according to claims 20 or 21, wherein the

) Egéﬂé@?éﬁ”f%ﬁln %@W%éﬁ%ﬁ%(ﬁp claims 20 or 21, wherein the

compaun

B<(2pnitno bi phleniddd=)rioximethyt)spyridines2>Carboxylic acid; and
6-(biphenyl-4-yloxymethyl)-pyridine-2-carboxylic acid. 35. The

pharmacesticaheginpositigmaccording toclaims 200524, wherein the 20
compound is selected from the group consisting of

%@ﬁ@&{&@%ﬂféwm@%@ azole-4-garboxylic acid;

iphenyl-3-yloxymethyl)-thiazole-4-carboxylic acid;
2-(A'-methyl-biphenyl-4-)Tloxymethy -thiaggle- -carboxylic acid;
D B O e SRSt acic 25
2-(4'-chloro-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid; -90-
2P TR SHRRGIA- 1B 2 81e- A E R IR eid
2-(4'-methoxy-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
Z{bipheayb-Lipbsymeétiidythiszole-arearbbryliecasies acid;
4-(4'-chloro-biphenyl-4-ylox)anethyl)-thiazole-2-carboxylic acid; and
&(0iphanylbdsyaxymethph)thidzildé2 cathoxic@bich36. The

pharmaceutical composition according to claims 20 or 21, wherein the
C@mﬂﬁg—ﬁﬁﬁ%ﬁq@jyﬂr be - ffofR£0nSisling9fic acid; and _
1-[5-(biphenyl-4-yloxymethyl)-furan-2-carbonyl]-L-pyrrolidine-2-carboxylic
19 - ' .
i%gq%B%ﬁglﬁ%I-Y41?%r%ﬁ%gtlﬁyﬁli)r-afﬁF:)éﬁ:flzr}%:%\;gécn?ﬁ]@b-pyrrolidine-2-carboxy|ic
acid; . . . . .
(rac)- L {5 (BToHSHT A B e R - RSy B e 2 e byt e
itk andlis selected from the group consisting of
1-{[5-(biphenyl-4-yloxymethyl)-furan-2-carbonyl]-ainino}-cyclopentanecarb
oxy(¢-aitid-b8ihe3il- Avtarppetiyd) ahforhete (1) (B @ptraciC H2J(s
C(0)-R4
5-{biphenyl-4-yloxymethyl)-thiophene-2-carboxylic acid.

34. The pharmaceutical composition according to claims 20 or 21, wherein the

compound is selected from the group consisting of
6-(2"-nitro-biphenyl-4-yloxymethyl)-pyridine-2-carboxylic acid; and
&-(biphenyi-4-yloxymethyl)-pyridine-2-carboxylic acid.

35. The pharmaceutical composition according to claims 20 or 21, wherein the

compound is selected from the group consisting of
2-{3-chloro-biphenyl-4-vloxymethyl}-thiazole-4-carboxylic acid;
2-(biphenyl-3-yloxymethyl)-thiazole-4-carboxylic acid;
2-(4'-methvl-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;
2-(4'-bromo-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;

2-(4'-chloro-biphenyl-4-yloxymethyl)-thiazole-4-carboxylic acid;



RI (n) R2(m) (F) wherein Ar is an aromatic carbocyclic or heterocyclic
ring; R', R2 and R3 are independently selected from the group consisting
of lower alkyl, lower alkoxy, trifluoromethyl, halogen, hydroxy, amino,
alkylamino, dialkylamino, cyano and nitro; R4 is hydroxy or an amino acid
attached through a nitrogen atom of the amino acid; nis 0, 1,2, 3, 4 or 5;
in isO.1,2,3or4;and pis 0,1 or 2; o[gépparmaceutically acceptable salt
thereof, for use as a medicament. -92- 38. The use of a compound of
formulal 3 R (P) ~(CH2)(s)-C(0)-R4 R2(m) (I) wherein Ar is an aromatic
carbocyclic or heterocyclic ring; R', R2 and R3 are independently selected
from the group consisting of lower alkyl, lower alkoxy, trifluoromethyl,
2-Ralogrerhihireirpixy; darirocaikyidnamde dialflarminoacyano and nitro; R4 is

2-@’%ﬁg&%ﬂg}%@&i@%%gﬁ@ﬁpﬁqgg%ng_gag%;%grggp Algm of the amino

acid; n3,4mis0, 1;2,3or4;and pis 0, 1 or pharmaceutically

2-gdupeptabieydertneiodr; torarle-frepbeatiba sfidedicaments for treating or
4-preventing s diseasgsmediatgd hyithe.astiviation of the;glygogen synthase
4~?bri],§g£§1'—4~y10xymethyl)—thiazole—E—carboxylic acid.

36. The pharmaceutical composition according to claims 20 or 21, wherein the
compound is selected from the group consisting of
I-[5-(biphenyl-4-yloxymethyl}-furan-2-carbonyl |- L-pyrrolidine-2-carboxylic acid;
1-{5-(biphenyl-4-yloxymethyl)-furan-2-carbonyl]-D-pyrrolidine-2-carboxylic acid;
(rac)-1-{5-(biphenyl-4-yloxymethyl)-furan-2 -carbonyl]-piperidine-2-carboxylic acid;
and

1-{[5-(biphenyl-4-yloxymethyl}-furan-2-carbonyl]-amino} -cyclopentanecarboxylic acid.



39. The use according to claim 38 for the preparation of medicaments for
treating or preventing diabetes.

-91 -

37. A compound of formula (I)

3
F[{ {2}

O

Ar
TN (CHy) g CO)-RA

)

wherein

Ar  is an aromatic carbocyclic or heterocyclic ring;

R', R* and R are independently selected from the group consisting of lower alkyl, lower
alkoxy, trifluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano
and nitro;

R® s hydroxy or an amino acid attached through a nitrogen atom of the amino acid;

n 180,1,2,3,4o0r5;

m 180,1,2,30r4; and

P 10,1 or2;

or a pharmaceutically acceptable salt thereof;

for use as a medicament.



-2 .

38. The use of a compound of formula |

{p}
O r

R

E
A .

= (CH;)i5-C(O)-R4

(I

wherein

At is an aromatic carbocyclic or heterocyclic ring;

R', R? and R? are ndependently selected from the group consisting of lower alkyl, lower
alkoxy, tnfluoromethyl, halogen, hydroxy, amino, alkylamino, dialkylamino, cyano
and nitro;

RY s hydroxy or an amino acid attached through a nitrogen atom of the amino acid;

n 180,1,2,3,40r5;

m is0,1,2,30r4; and

P is(, 1or2;

or a pharmaceutically acceptable salt thereof:

for the preparation of medicaments for treating or preventing a disease mediated by the

activation of the glycogen synthase enzyme-

39. The use according to claim 38 for the preparation of medicaments for

treating or preventing diabetes,



