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(5T) Abstract: The present invention
relates to compounds of Formula I
Formula I which are agonists of the M-1
muscarinic receptor.
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17 March 2006 WO 03/ 027061 PCT/ US02/ 25969 MUSCARI NI C AGON}-BlarHmoRr esent
invention relates to the field of pharmaceutical and organic chem stry and
provi des conpounds that are active at the nuscarinic receptors. The
conpounds of the present invention are nuscarinic agonists. Mre
specifically, the co resentili ' ' agoni sts
P e e M”E‘W;(ie ?@g&%ﬁf éggh,‘IIQII"PI\[I[IQI@IHMIIIIIIIIFHMIIIH LT a9 0 a
variety of disorders of the central nervous system and ot her body systens.
These di Sowderagn(ABERFeCH 6Y 0L DE D& EEQ Rt aoteteids,addDinbpraahes ik theAzh el mer' s
di sease, ?’f@rﬁﬁ‘s@%mﬂﬁg@ G M TS BE 78 haves Hpias on Cagatind Alpspviatiaps| aareirisg 4 yrbesest -
i ntraocu b Egg FB CQ T MAE g © bdﬁﬁq?ﬁhﬁWﬁﬁﬁ%ﬁﬂ?ﬂagﬁFﬁin i ndane-1ike
conpounds ‘are described as useful for treating conditions associated with
mal f uketlithehi ng of the nuscarinic cholinergic systemin PCT Publication

Nos. VD 9frong: onal SR PR @ o oarersilipd 1997, and WD 99/ 04778, published 4

Febr uar yPYE“A§48 """y a first aspect of the present invention, there is
provi ded a conmpound of Fornmula I. O Fornula | 20 wherein Q X, Y, and Z
are independently selected fromthe group consisting of CRL and N,
provided that no nore than two of Q X Y, and Z are N and at |east two of
Q X, Y, and Z are CH, or Yis CH Zis CH and the noiety "Q&X"
represents "S" to forma thiophene ring; 25 R is independently at each
occurrence selected fromthe group consisting of hydrogen, hal ogen, Cl-C4
al koxy, and C -C4 alkyl; R2 is selected fromthe group consisting of

hal ogen; Cl1-C4 al koxy; Cl-C4 al kyl; C3-Cg cycloal kyl; cyano;
trifluoronmethyl; pyridinyl optionally substituted with one to two
substituents independently selected from30 the group consisting of

hal ogen, Cl1-C4 al koxy, and Cl-C4 al kyl; thienyl optionally substituted

Wi th one substituent selected fromthe group consisting of hal ogen, Cl-C4
al koxy, and Cl1-C4 al kyl; phenyl optionally

F5Y




17 March 2006 -2 substituted with fromone to three subst it NgRIES2006

i ndependently selected fromthe group consisting of halogen, C -C4 al koxy,
Cl-C4 al kyl, trifluoronmethyl, and cyano; and pyrrolyl optionally

substi t WQE®/0X06h one to two substituents independentpPgr/eshkesssed fromthe
group consisting of halogen, Cl-C4 al koxy, and Cl-C4 alkyl; R3 is selected
fromthe group consisting of phenyl optionally substituted with one to
three substituents independently selected fromthe group consisting of

hal ogen, Cl-C4 al koxy, Cl1-C4 alkyl, trifluoronethyl, cyano, -and nitro;

napht hyl optionally substi mmmhr ee substituents
i ndependent ly selected fro ing of halogen, Cl-C4 al koxy,
Cl-C4 al kyl, trifluoromethyl, cyano, and nitro; heteroaryl optionally

substituted Y‘hé;ﬂe@ﬂﬁn%}t:&ﬂﬂlaﬁél?@%'etf%rbtfgharh@ g&i c%ﬁf@rl;éﬁlcs cﬁnfsh?d fromthe

g oup consi st.i.ng

, 3- ben?Y TBYH?Sgﬁon’(B’B‘f’iadléﬂ’gf?rﬁaglwﬁéfﬁh?ﬁ’(“éﬁ““\ﬁﬁrﬁ%’%ﬁe subst i tuent sel ect ed
fromSthe group consisting of hal ogen, C - C4 alkoxy, and CL-C4 alkyl; R4 is
selected fr d and fluoro; R5 is
sel ected frg?%etéaﬁlpg{ri%gf@g %lk%tt !nggm'% Eeyrgusggf?mca%?é'ls%gglﬁr Cl-C4 al koxy, and
Cl-C4 afRegh walhath%o@é‘l’l@é% %fdhﬂfﬁféﬁ?ﬂtlh‘@ng%ﬁ!p seleqtiyi aganists dffthehy dr ogen and

net hyl ; muﬁcahﬁ:c%@;edemr A su&mrtlQ@,areaﬁé‘fumok Hredi a%néty‘@f difrdepyR@ceut i cal |y
secon of. .t he present

~accepta on. sa .

i nventi geﬁ]?m] é S pagte a&@"ﬁ‘&‘@"&%ﬁé%é@ﬁ%d&ézr ersdB OgRBY¥E conmpri sing a
compbu ndlsqger@leﬂfmhi@dolabwelzhﬂmemsease poyckosegihealnding sohizoplathiy, aad cept abl e
carri erfor%a@b@ﬂ?ﬁtr%cuﬂ%ﬁr{z’&ﬂ}e susgﬂ aa‘illna??o%gd Ehen%ﬁlcﬂrﬂnﬁ‘r e pharmaceuti cal

conposi tions r| sing a co nd a pharnmaceuti cal

accept abl e d?qrta@ a“B@E%‘E%@OP a&ﬂ?ﬁ@!hﬁélés wefubfor fraatingicongidonsgoni st s of t he
M 1 mJsas&'rctamdosvzlt}emelmmﬁon;ngtdf@hd}ﬁﬁﬁaﬂﬂfm&oﬂﬁergl@rsfﬂﬁn@m' PCY Butifissfodl for the
treat arinic receptors,
et uan g Wo Bt acbiifien g4 780 SR R ESBTE bbb Y BEEAT | ve i sor der
m | & cotﬂ%f’{l ve inpairment, cognitive inpairment associated with

ZIC glof 32 P; eni fra A9 {d aspec? opP tth Sll:eggrx 1r|1vrént1 $ eglelgeoig Ell'otv{d\ég alco gc|>1{n o?‘t ), ADHD, mood.

Formula I; o
a Q“:X
, & o -
(CHy, CH R
3 RS (CH2)m
Formula 1
20  wherein

Q, X, Y, and Z are independently selected from the group consisting of CR
and N, provided that no more than two of Q, X, Y, and Z are N and at
least two of Q, X, Y, and Z are CH; or Y is CH, Z is CH, and the
moiety “Q=X" represents “S™ to form a thiophene ring;

25 R'is independently at each occurrence selected from the group consisting of’
hydrogen, halogen, Cy-C;4 alkoxy, and C;-C; alkyl;

R?is selected from the group consisting of halogen; C;-C4 alkoxy; C-Cq alkyl;
C3-Cg cycloalkyl; cyano; trifluoromethyl; pyridinyl optionally
substituted with one to two substituents independently selected from

30 the group consisting of halogen, C,-C, alkoxy, and C,-C, alkyl; thienyl
optionally substituted with one substituent selected from the group
consisting of halogen, C,-C, alkoxy, and C;-C; alkyl; pheny! optionally




‘(including depression, nmania, bipolar disorders), psychosi®Mdréh TRt cul ar
schi zophrenia), denentia (including Al zheiner's di sease, Al DS-induced
denmentia, vascular denentia, and denentia |acking distinctive histology),
~Parkinson's disease, and Huntington's Chorea. Also, the present conpounds
are useful for treating chronic coliXis, including Crohn's disease.
Additionally, the present conpounds are useful for the treatnent of pain 17
March 2006 WD 03/ 027061 PCTI US02/ 25969 -3 (including acute pain and chronic
pai n), xerostoni asubshitytedwiithforn drewy theedybstitueae srlepdndatlyyelbagl di f f use Lewy
body di sease), ap [ L.0C ' ' Y aPhasi n l,mary aphasi a
syndrones), and hﬁg’i’t‘% ?&e&ggﬁgﬁﬁn@g&&%h&?‘tﬁ%ﬁ’ g’s’p‘é@b}’of t he present
i nvention, there flupiomethybandgane mndpXataiy eptinnalgsubgtistiechwith above for t he

manuf acture of a weehewIRALNE ﬁfdepbﬁ@en'u?séléc@s’ﬂtﬂdﬂgthdiﬁﬁﬂb%fs?sﬁn@&fsoci ated with
e present I nvention,

EEgr(ram?gag)lrgl/idégﬁaﬁ(é%g’(r)(?';%‘la@f}‘%ﬁ’gﬂ%ﬁg}']&égﬁ&gﬂ ng{:l ;bove for the manufacture
of a nedi camBnis slsetediFemitre groupaconsiging ofj phenyhoptiontilly sutetdruzed with a fifth aspect
of Lhe present | ni@ad ithisubdiflefsisiepluBliifeloctapngh uit giqppound as  def i ned

above for the manufactur f a medicanen or_use in ting Al zheiner's
di sease. In a si x‘ioﬁs’gglﬁé’?{‘gi%entﬁécp‘i‘]@‘é'n@@hﬂ}@ﬂttF‘QH‘,’m{nﬁ@ﬂe i s provided use
of a conpound as cyeref, embdtraapkehf @ptidnaly sobeitiiee tith @ndfo tresredi canent for use

in treating schi | ect of the.present invention,
there is provi deéﬁﬂﬁ%@&%%de@%ﬁ%g&ﬁ%@ﬂé@ﬁ‘e |er%%flpa°88§}%m§8 t he manufacture
of a nmedi cament fhalogens £11Ga atkewntGir{y aliyl, difiorpmetieyarioppdinitment . | n an

ei ghth aspect of Helefoa)l 8RSkl bSO Fith bRESSwb Sutfi@yidled use of a conpound
as defined above .asgr tdhe ma.ruf@&ture of a nmedicanent for use in treating
cognitive inpai PRERFISILGEICSEL oMb erawhongiiesh halognyCatint her enbodi ment

t he present i nverikosy apd 6yvCdekylhet hdtenzofioxaigabiiomalily Sitsimedr s associ at ed

Wi th rmuscarinic r F1Sqi WP alok 1N | tient in need
t her eof an effectvﬁ@gplgrgr%béﬁttugrggg g&g%fr?r%gg%%%o@ Cé%ssgrtr'hggﬂtia?og%ﬁ’a "is, the
present inventi &t afesniandSiforlkilhe use of a conpound of Fornula | or a

phar maceut i cRf is sdengadint ihe Rradupebeating oF hyaﬂﬁedmwaﬂggwﬁm@g; a medi canent for
the treat mengs igfegc'gsdq{odeﬁ]s associ @t ed.,w,t r’rHslcar I ni § r]?ce tors. The
present invent SHCHISETHE GToyR Songis JAteees halegannti-Ge #59%yy  use i n
t her apy. and C)-Cq alkyl;

R*is selected from the group consisting of hydrogen and methyl;

tis one, two, or three; and

m is one or two;

- or pharmaceutically acceptable addition salts thereof,

In a second aspect of the present invention, there is provided a pharmaceutical
composition comprising a compound as defined above and one or more
pharmaceutically acceptable carrier, excipients or diluent.

Disclosed herein are pharmaceutical compositions, comprising a compound of

_ Formula I and a pharmaceutical acceptable diluent.

| Because the compounds of Formula 1 are agonists of the M-1 muscarinic receptor,
the compounds of Formula I are useful for the treatment of a variety of disorders
associated with muscarinic receptors, including: cognitive disorders (including age-related
cognitive disorder, mild cognitive impairment, cognitive impairment associated with
schizophrenia, and chemotherapy-indnced cognitive impairment), ADHD, mood disorders
(including depression, mania, bipolar disorders), psychosis (in particular schizophrenia),
dementia (including Alzheimer's disease, AIDS-induced dementia, vascular dementia, and
dementia Jacking distinctive histology), Parkinson’s disease, and Huntington's Chorea.
Also, the present compounds are useful for treating chronic colitis, including Crohn's
disease. Additionally, the present compounds are useful for the treatment of pain




As used herein, the following ternms have the neanings indigafgd; 2005he term
"hal ogen" refers to a chloro, fluoro, brono or iodo atom The term"Cl-
al kyl" refers to a straight or branched al kyl chain having from one to

f our carywowsmedresrs, and includes nethyl, ethyl, n-propytrut@@sdas opy! ,
n-butyl, see- butyl, iso-butyl, and t-butyl. The term "C3-C8 cycl oal kyl "
refers to cyclopropyl, cyclobutyl, fyclopentyl, cycl ohexyl, cycl oheptyl,

and cyclooctyl. 17 March 2006 -3a The term "Cl-C4 al koxy" refers to a
straight or branched al kyl chain having from one to four carbon atons
attached .t n oxygen atom .and | ncl udes npethoxy, ethoxy, n- propoxy,
iso-prop&? ?f?ﬁﬂfﬂ%g’ﬂ?,ané shyona Pyy ?‘crgﬁ%’pﬁ&'i‘réf%}?}‘é’i’rl&“ﬁ’-bﬁﬁx di5575¢ The term

" het er oafigtludingdiffasedewy bodpedisease) siphdsiadinalndia primbgdphisizeand primsiyx - menber ed

ring congﬁjag;'h%dﬁomgﬁl,gndgg,gﬁf%&%%@rg&s selected fromthe group consisting

of nitrogen, “oxygen an anpl es of heteroaryl include pyridinyl,
pyrim dinyl, - pyativdmaspect ofthe prkent inventamoibyte, is prooiiad abe/df,a domipdaialsy |

t hi azol Y40 ¢ Nyl i apnd the like. .Preferred heteroaryl
groups are t_hialgny N p%fﬁ%ﬁ%}%ﬁe %t}r}lidﬁ ?%%%ﬂepp{%ﬁgfedg%ﬁms%%ﬁ he present

i nvent i onssbeiated phththamessaiinialréopptascept abl e acid addition salts with a w de
variety of or } i i 1.ds. a incl ud he hysi ol qgi cal | y
accept abl e sa??gs]rﬁﬂl %%)égﬁgtgﬁpg%nﬁglg%ﬁ}%ﬁgﬁrg#%%{8%13?4 'ésa?IOfgﬁé‘HP%'{“ﬁy. Such

sal t s ar &s dafingd phave forfthe iasufacture of & credicAmen Haruse demtatiog bognithecept abl e

addi tionggglstys 1s formed froma pharmaceutical ly-acceptable acid as is

well known in the art. Such salts include the pharnaceutically acceptable
salts |isted lmaG8upspatt oftheRiresentdoeantion aherSisipemddsd usé 6f a 2omHuad 877) whi ch
are knowg ab i i Typi.cal. d horgani ¢. aci.ds.used to form
such sal t?sﬁlfléncpﬁlge %é%ggﬁ%%@%?aﬁ%% 2 orc'fse%ﬁ?#igﬁi‘%gwﬁ??rsi c, sulfuric,
phosphor flisease.nypophosphori c, netaphosphoric, pyrophosphoric, and the |ike.

Salts derived i i ds. h as aliphatic no and di car boxylic
2ci ds, _phenyl "cL i sReeRSY o RetdPun Sl SR APU R o R a colpped o

hy dr oxy afl¢fied pleive ferthelmanufrgnmiof @ nedicdmentabd yshat ireating dchlzbpMeniah 2006 WO
03/ 027061 PCT- - r i.c sulfonic.acid may.al so be used. Such
phar maceut i cah@gé%@%?g%tlogﬂ%ﬁ%&t M3 Ho%ﬁ@ﬁrﬁﬁé)r%\ﬁﬁf%lﬁsﬁéfaﬁqn&ﬁ%, i odi de,
ni t r at e, asdefined ahove fetyd moeifahes of 2 mbdivonan Getuad i, raatiiyhill eognid@cor bat e,
benzoat e;, chl arobenzoat e, dinitrobenzoate, hydroxybenzoate,

met hoxyberzoat e, methyl benzoate, o-acetoxybenzoate, isobutyrate,
phenyl but yr at ks, anzightthgsgieas o thetpyeseriténvehtiony terd is pradideduboxtyd @ngound

hexyne- | as‘}feﬂh&ﬁ[bg%(%}r ?ﬁeeinan%?ﬁ{u% gf a l%gcﬁcrzﬂe%% Fo’r use in treating cognitive

impairment associated with schizophrenia.

In another embodiment the present invention provides methods of treating
disorders associated with muscarinic receptors, comprising: administering to a patient in
need thereof an effective amount of a conipound of Formula I. That is, the present
invention provides for the use of a compound of Formula I or a pharmaceutical
composition thereof for the manufacture of a medicament for the treatment of disorders

- associated with muscarinic receptors. The present invention also provides a compound of
Formula I for use in therapy.

As used herein, the following terms have the meanings indicated:

The term “halogen” refers to a chloro, fluocro, bromo or iodo atom.

The term “Cy-C, alkyl” refers to a straight or branched alkyl chain having from
one to four carbon atoms, and includes methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-
butyl, iso-butyl, and t-butyl. The term “C3-Cg cycloalky!” refers to cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. '




cinnarnate, citrate, formate, fumarate, glycollate, hept ap?magehﬂjogpurate,
| actate, nalate, naleate, hydroxymal eate, mal onate, mandel ate, nesyl ate,
nicotinate, isonicotinate, oxalate, phthalate, teraphthal ate, propionate,
propi onate, phenyl propionate, salicylate, sebacate, succinate, suberate,
benzenesul f onat e, p-bronobenzenesddaf onate, 10 chl or obenzenesul f onat e,

et hyl sul fonat.g, . 2- hydroxyet hyl sul fonate, nethyl sul fonate, naphthal ene- |
-sul fonat e, nﬁfl‘n‘?‘ﬂaﬁ:‘ﬁég OG0 AR 2Straighbertrmnchsdallyl chaig havisg fom  p-

t ol uenesenefto fat erbonploanestadhio rainaxyien aiohf bed indladks fdghoky, lethoxy e pr esent
inventi j "ktp',ﬁ%- Bl .S, t aut s of the conpounds of

f or mul aolg}?bdlzg’rlei PC{X?:II ?‘éﬂtﬁ{rﬁ %?éﬁ%g’%ﬁcggqq@(yﬁgﬁﬁ&ﬁ‘ons of (R- and (S)- and
the cis 15 arlditeranketaenyl]isdekes o meanrasitable uieatwrated Svelvesikstamperde used t o

r fef er tQiI%pﬁflpihinlg ﬁroﬁplnita_rzsm@ﬂsétoxﬁs%%&bd/ﬁmﬁHlﬁfg?&ﬁ*&sﬁgis?ihganié?ge\‘i/,' tg ?“yt g P
of phar o ctive ounds one_dgroups .are preferred in eir
end use%&%ﬁ%iaggﬁfl%ﬁ.ﬁ"fﬁ‘@i’e‘ﬁf}fﬁ%ﬂg 'B%?‘%@V%%Pﬂé’ Rié‘f‘]“ﬂéylfi?)@z&%ed cl asses. a)
When R4 nysolyboxaagll, isgeazolyt; amidezohyl sthiakuldl hpyhidangl, ifamk dsémt, @adeni stry at the
Il - 20 | Bre §id r : i N R4 is not hydrogen, conpounds
whi ch hgi\i/tg tﬁregﬁﬂgéﬁg&gﬁg%@éﬁ%?nﬁ'lé'ﬁé{fyg%mw&'gf'irgl']' and 2-position shown bel ow
are nore pref&Soagoungs pf the prsent jyvertiopRym jharmagputically-accep@higlanid25¢c) Re i s

met hyl . addifn saks Wigls @ERNari@) of¥tginde MUHPMic bt alBinQlG mg) Mis one. h) Ra
is one, and mis one. 30i)Q X

5 T b iy HE By i A kol ooy SR 70
j ) CH. Rsalisgretaladiparg efthis invention. A "pharmaceutically-acceptable addition salt" is
formed from a pharmaceutically-acceptable acid as is well known in the art. Such salts
- include the pharmacentically acceptable salts listed in Journal of Pharmaceutical Science,
66, 2-19 (1977) which are known to the skilled artisan. Typica!l inorganic acids used to
form such salts include hydrochloric, hydiobromic, hydriodic, nitric, sulfuric, phosphoric,
hypophosphoric, metaphosphoric, pyrophosphoric, and the like. Salts derived from
- organic acids, such as aliphatic mono and dicarboxylic acids, phenyl substituted alkanoic
acids, hydroxyalkanoic and hydroxyalkandioic acids, aromatic acids, al'iphatic and




'17 March 2006 WO 03/ 027061 PCT/ US02/ 25969 -5 k) R is halpg JobgR_i's
fluoro. mM Q X, Y, and Z are each CH. n) One of Q X, Y, ?IS CF and
the others are CH 5 0) Qis CF and X, Y, and Z are each CH g R2is

phenyl | y substituted with fromone to three nts
[ ndepeng'g;n({:@g/%sel ected fromthe group consisting of r@#@%@iﬁﬁ | -C4 al koxy,

Cl-A4 alkyl, trifluoronethyl, and cyano. r) R2 is phenyl. 10 s) R3is
phenyl optionally substitut ed with 8ne to three substituents i ndependent |y
selected fromthe group consisting of hal ogen, Cl-C4 al koxy, Cl-C4 alkyl,
trifluoronethyl, cyano, and nitro. t) R3 is phenyl substituted with one
subst i t Leeombaticablémicemtids ) man ddode gredu ;Suc}cmaha&bdtmgll)oa‘ccdspadb&g;am thus

it gggr,m&i %ndg%ﬂﬁﬂde el difle, atetad)y h'é@}acaaﬁhlfp%m&lé% ddfhe ggggylw th
substi t@ﬁ@@%b@zmt@,ﬁhmmhweaw rflinitiebepzoate, hyseaxybenaeate,x) R2 is phenyl, R3 is

phenyl Sﬁlé@ﬁdx seﬂ;&@@le ﬁféﬂ@]b‘éﬁzbﬁlefd at@foszybenzda&e;saﬁftﬁate Hﬂi@ﬁ)llﬂu@ﬂate and Q X Y,
and subst i tL{t ed once with

R At TN A DL G N L R o S
i s met hydnnaiRBe,] atrawy drogenfumite, glyéolldepheptantatd, dippete, lactats, oalge, R2 i s phenyl ,

and Q drogen, R4 is
hydrOxy?ﬁaa]%lteé%o@n@feﬁeQﬁﬁ&a%aﬁ&)atﬁ e@ﬁatmﬁﬁﬁﬁate,%@&@alﬂaﬁé 4% Y and Z are

each CHOXHBt)e edalate, iy ﬁghﬁlatenyomlglawym@a@aﬁe pRenylpeopipatecslicylate,i s one, mis
one, andebddate, SuimaryiuberatePishidnadubfdnad) @ebrivhdbenieheslfonatd) t he para- position.

The i e%ﬁ@k&%&z@%ﬁ%&%h@@@ﬁfo&% am}oggeq}g?s%l._fgl%%ngthp'g}qlﬁc}r\laﬁ? 2|h preferred

cl asses R4 is hydroxy
are pr e@aplé’@ﬁlwy 1- Sp}f@@@dmpéﬂia@e%&ﬁlﬂlﬁmdfei nepBbdencel . Asulfonat&phene A al |

subst i t YgMdnesulfeRdtE X§leMisidnileS@rivate, and the like.
The present invention includes the stercoisomers and tautomers of the compounds
of Formula 1. Herein, the Cahn-Prelog-Ingold designations of (R)- and (S)- and the cis
15 and trans designation of relative stereochemistry are used to refer to specific isomers and
relative stereochemistry.
As with any group of pharmaceutically active compounds, some groups are
preferred in their end use application, The following paragraphs define preferred classes.
a) When R*is not hydrogen, compounds which have trans stereochemistry at the 1-
20 and 2-position are preferred.
b) ‘When R is not hydrogen, compounds which have the trans stereochemistry at
the 1- and 2-position shown below: are more preferred.

]
Ril
|
R No _N /)‘R
\(CH/Z)i \r/ IIIIR
o (CH,),

c) R"is methyl.
25 d) R®is hydrogen.
e¢) R’is hydroxy.
f) tisone.
g) mis one.
h) R®is methyl, R® is hydrogen, R* is hydroxy, t is one, and m is one.
30 i} Q,X,Y,and Z are each CR' provided that at least two of Q, X, Y, and Z are
CH.
j) R'is hydrogen.




indicated, are as previously defined, and all reagents ar?ﬂ@ﬁk& gwn and
appreciated in the art. 35 17 March 2006 WO 03/ 027061 -6 Schene OH step
a ONstepc (4 CHz R\, N~~ (CHz)~ CH3 Formula | in which R4 is hydroxy
and in i n Schene A, step a, the conpound of Feu. ) is resolved
to gi ve@‘%’ogggﬂstantial |y pure compound of Formula (5% Fﬂﬁhe é:%rrpound of
Formula (1) is readily prepared bygnmethods well known and appreciated in
the art, such as those found in PCT Publication Nos. WD 97/ 25983,

publ i shed 24 July 1997 and WO 99/04778, published 4 February 1999. As

used herellg ke %{]H "subst anti al | y pure" refers to enantioneric purity.
The desir ereo emstry in final conpounds of Formula | 10 may be
conveni entdy |ﬁtﬂ“@@uced in Schenme A step a, by resolution of conpounds of

Formul a (1) QFurﬂm,azphrr@ga@ﬁgﬂng of resolved conpounds of Formula (1), via
steps b, c descrjbed infra, will result in

subst ant i abl 9“%?1&3% Fts)"f"% %‘?‘h‘m Yef~- substantial |y pure conpounds of

Formil a | QﬁanbéFpmmﬁaYaddWar«ﬁaclaCH greater than 80% preferably greater
t han 90% e ferably greater than
dJ°R 1s$f1§¢y%;ﬁ#3]u¥ lygﬁlﬁghlg%l \;Jso i JI? trh%@ to %ﬁeé@ﬁénng

97% enant i oner1 cal ﬁ can be resol ved by
chiral chronB®derspdss X/Sf'éerctesﬁomta%glioahﬁﬂnswlggsqfaplpgezlaﬂ malxyPCT/ US02/ 25969 17

March 2006  C;-C, alkyl, trifluoromethyl, and cyano.
r} R?is phenyl.

10 5) Ris phenyl optionally substituted with one to three substituents independently
selected from the group consisting of halogen, C;-C; alkoxy, Cj-Cq alkyl,
trifluoromethyl, cyano, and nitro.

0 Riis phenyl substituted with one substituent selected from the group
consisting of halogen, trifluoromethyl, cyano, or nitro,

15 u) R®is phenyl substituted once with halogen.

v) R?is phenyl substituted once with fluoro.

w) R*is phenyl substituted once with fluoro in the para- position.

x) R%is phenyl, R? is phenyl substituted once with fluoro in the para- position,
and Q, X, Y, and Z are each CH.

20 y) R?is phenyl, R is phenyl substituted once with fluoro in the para- position, Q
is CF, and X, Y, and Z are each CH.

z) R? is methyl, R’ is hydrogen, R* is hydroxy, t is one, m is one, R? is phenyl,
and Q, X, Y, and Z are each CH. | |
aa) R" is methyl, R is hydrogen, R* is hydroxy, t is one, m is one, R? is phenyl, Q
25 is CF,and X, Y, and Z are each CH.
bb)R® is methyl, R is hydrogen, R* is hydroxy, t is one, m is one, and R® is phenyl
substituted once with fluoro in the para- position,
The preceding paragraphs may be combined to define additional preferred classes of
compounds. |

30
The compounds of Formula 1 in which R* is hydroxy are prepared by

procedures described in Scheme A. In Scheme A all substituents, unless otherwise
indicated, are as previously defined, and all reagents are well known and appreciated
in the art.

35




WO 03/027061 PCT/ US02/ 25969 -7 diasteriomeric acid additipngalht®oslt 1S
expected that a wide variety of such salts are suitable for this purpose.
In practice, isonmers of mandelic acid have been found to be particularly
-useful.gEg{ npl e, the conpound of Forrmula (1) is R with the
sel ecte aéPgﬁas General ly, from about 0.4 nol ar equ?@glenféﬂ?o a large
excess of the selected acid can be used with about 0.4 to 1.5 nol ar
equi val ents being preferred and with about 0.5 to 1.1 nolar equivalents
bei ng nore preferred. The resolution is typically carried out by
crystallizing the acid addition §q{t froma solution. In particular,
sol vents such as | ower alcohols,ceH@Mhding nmet hanol akg useful. It may be
advant ageous to use sggl!l anounts of 10 water with thejpsel ected sol vent(s)
in order to ggrry.out/the resolution in a reaSdhak ol une. The use of an
anti - sol vent Ry be_advanfageous. ~As used hg +8Ht er m
"anti-sol vent" : o8 sol vent®# which t he S significantly |ess
sol ubl e conpargd To the other sel ected soIvent@%).(Breferably, when an
anti-solvent is uféd it is miscible with the othey selected sol vent(s).
Suitabl e anti-sol vents include ethers, such as diethyl ether, 15 nethyl
t-butyl ether, and the |ike, and | ower alkyl P af es, such as nmet hyl
acetate, ethyl acetate, isopropyl acetate, propyl |acetate, iso-butyl
acetate, sec-butyl acetate, butyl acetate, anyl arepate, iso-anyl acetate,
and the |ike, and al kan@s, such as pentane, hexane hept ane, cycl ohexane,
and the |ike. Wen the,lgcenic m xture is used, c&'e $hould be taken in
usi ng an antj -sol verfi 't o Ravoi d crystal Ii?ari“' he salt of the undesired
A

20 di ast er edhiin . Typi cal¥y,—The Cryst|a t@u IS carried out at
initial tenpera “ogbout 40C #®¢c refl exst€nperature of the sel ected
sol vent(s). Thgs xtUdre is then cooled to give the@salt. Seeding may be
advant ageous. Prefer@bly the crystallization solution is cooled slowy.
The crystallization is t conveniently cooled to tenperatures of anbient
tenperature to 25 about - @Pthe salt can be col |l ected usi ng techni ques
that are well known in the t, including filtration, decanting,
~centrifuging, evaporation, drwng, and tthe |ike. The conpound of Fornul a
(2) can be used directly agythe acid tign salt of the selected acid.
Al ternately, beforgiuse thg tanpound FQf miKa (2) can be isolated as
anot her acid additfbgcﬁgrp oF Ter &t exghapge ,or can by isolated as the
base by extraction under*bas g t-ioan@ asRis well known and
appreciated in the art. As iSredd|y apparent to one skilled in the art

t he depicted conpound of Formula (2) is of the trans configuration at the
| - and 2-positions of the indapgmiscGheticsh C s conpounds are readily
prepared from such trans conpourRdshyagxyrndiect i on of the -am ne,

In Scheme A, step a, the compound of Formula (1) is resolved to give a
5 substantially pure compound of Formula (2). The compound of Formula (1} is readily
prepared by methods well known and appreciated in the art, such as those found in
PCT Publication Nos. WO 97/25983, published 24 July 1997; and WO 99/04778,
published 4 February 1999. As used herein the term "substantially pure" refers to
enantiomeric purity. The desired stereochemistry in final compounds of Formula |
10 may be conveniently introduced in Scheme A, step a, by resolution of compounds of
Formula (1). Further processing of resolved compounds of Formula (1), via steps b, ¢,
d, and optional step e, described infra, will result in substantially pure compounds of
Formula . Substantially pure compounds of Formula I can be prepared which are
greater than 80%, preferably greater than 90%, more preferably greater than 95%,
.15 most preferably greater than 97% enantiomerically pure. The compound of Formula
' (1) can be resolved by chiral chromatography or by fractional crystallization of




inversion of the hydroxy center, followed by deprotection;agngesiRg There
are nunerous 35 nethods which allow for inversions of hydroxy centers, such
as by Mtsunobu reaction 17 March 2006 WO 03/027061 PCT/ US02/ 25969 -8 with

sui t abl lic acids, including acetic acid and cid, followed
by hydrﬁo ysi sélyReactl on Scherre A, step b, depicts thg‘?}rﬂg /zg%ﬁ?on of a
conpound of Fornmula (3). It is und®&rstood that the conpound of Fornula (3)

can be one in which Ris a group as 5 desired in the final product of
Formula | as defined above. R may al so conbine with the carbonyl to forma

pr ot ect idn@teflbiBetit ackikdbition sdlts.Bd%s exbé'ﬁtdahhﬁaml&ﬁvah%%lf sucgRmsast before
r.odyct, 'of Forrmula I.

The  sbl RHEBETor Bt VRSSE OF PRERERBT R TR A ot e O 9k nown ang
appr eci gesdulary esebilart (Protecting Goups in Organic Synthesis, Theodora
Greene (W eygl e’iﬁnﬁﬁl'écthé%ﬁ)ohnd J#oﬁﬂ[la aﬁmhemaﬂ&ﬁﬁ ﬁlege]lac?ec?acﬂf oup as desired

in the final_product he coup] i reac I on Icted in_step bis carried
out dsi (EIEREY: &rﬁ&ﬂ@sw&a‘t laolafcqqawalremf Ie? laker 8"%&‘1 9 alae selggled idICAnDEr ef r om
Appr opr lueédemacabdst 0400l BRoMBduivdnts bEiag plefthred atibmigpatouelcs #st.land aci d

hal | des.o HELSHOALN vl Ao BRM-AS FrleldiB ;e GGALh BB AT vI carboxylic

~aci ds and I"és 1 nc ylic acid and
3- f | uor ebisiphieing|thesacidadgitiey palidrom &sohutiod. IHIPQﬁIC@lﬁlanqu@tS sutheasdempound of

For rrul a alcdhols, %cﬁf@l’fﬁg@ﬁ&mo}vﬂré fhefill RRRY BPidvaHEeed6d 1@ usd SndlliavRudts 6oMpound of

For react.ions are pept i d synt hesi s and
e ML A e L RN i
coupl i ngolueeg@ht ase of arcimtiam ! vestsnay-atvo ba ddvaemgeans.sAamndd thermlnaﬂe fenindes with or

wi t hout "%)en o ?Q’e ﬁo é"é?)ll\jemlﬂﬂq}mh%%ft ig Cf?@oﬁétdﬁt!}r l?s% stuEﬂ)égﬁﬂééféthﬁc' nimde, |

- hydr oxy zotr az tate t acyl ation. The

react i ofheagh eéé?ﬂ?ﬁ&ﬁspwﬁlﬁ(s yP ré%ﬁ‘&h’c‘t"%‘ﬂ’ ﬁnr@mé"ﬁ"]i”%ﬁtuse(hlﬂ)isd%’ﬁ‘éb pBItAr di.l uent .
such as tigl ot baléchedr soRBtEE Soiai antrKEBIvka firRde bhas, sdéh as(dddtl@»hhtﬁérp met hane)

chl gr.of orm | tri etr ran. ( THF Typically

t heqijea&e ]nﬁlg"gy] bt %&Eh% aglgyi??ﬁ é% l)‘?sr"o]ﬂ\g%\%%?te (?E‘y to about 60C
and 25 tac;qbatt;asopsopyleaqetatpﬂnrtﬁpybmeamuo -batyt @e@wom-bawl frotatesbutypostate.eact i on
conpl et i@ acka, - 91‘11 %ctat@fanE SleMtk,and kares, sﬁ@%@‘b‘é‘ﬁt@ﬂ: pé&aﬁé)nvent' onal
rrethodsmcludl g ‘ﬁ‘gﬁ \%e |tat|or1 chro % I?%fr filtration,
tritur alfRIENe “CYFG’ ?’QP?’@E PR a ragqIRIE MIAPRCds Fgel 5011(? exanpl e, t he
conpoundkked infeinmah ant{-&)lveanstocont agsteldizmioh lof the satofdhe mﬁilemﬂé of an appropriate

aci qotodﬂ%t Sofleffpound of Formula (3). Such acid halides are 30

comrercially avallable or readily prepared fromthe correspondi ng aci ds by
met hods wel | Typically, the crystallization is carried out at initial temperatures of about 40°C to

reflux temperature of the selected solvent(s). The mixture is then cooled to give the salt.
Seeding may be advantageous. Preferably the crystallization solution is cooled slowly.
The crystallization is most conveniently cooled to temperatures of ambient temperature to
25  about-20°C. The salt can be collected using techniques that are well known in the art,
including filtration, decanting, centrifuging, evaporation, drying, and the like. The
compound of Formula (2) can be used directly as the acid addition salt of the selected
acid. Alternately, before use the compound of Formula (2) can be isolated as another acid
addition salt after acid exchange or can by isolated as the base by extraction under basic
30 conditions as is well known and appreciated in the art.
As is readily apparent to one skilled in the art the depicted compound of Formula
(2) is of the trans configuration at the 1- and 2-positions of the indane nucleus. Cis
compounds are readily prepared from such trans compounds by protection of the amine,
inversion of the hydroxy center, followed by deprotection as needed. There are numerous
35 methods which allow for inversions of hydroxy centers, such as by Mitsunobu reaction




known in the art, such as by the action of phosphorous tri€Rf04 sife
phosphorous tri brom de, phosphorous oxychl oride, phosphorous

pentachl oride, thionyl chloride, thionyl brom de, or oxalyl chloride, with
or W theit osfhofgp! | amount of  dinethyl formamde, in garhikffdse@0! vent such
as, toluene, nethylene chloride, or 35 chloroform at tenperatures of from
about 0-80C. The reaction is typically carried out for a period of tine
ranging from 1 hour to 24 hours. THé-acid halide can be isolated and 17
March 2006 . WD 03/ 027061 PCTI US02/ 25969 -9 purified or can often be used
directly, that is, with or wthout isolation and/or purification. The
coupl i ng‘”lﬂb%ld@m%)?ﬁgb(gwh@?cmsl ipcluding acetieipaidiiddenzoieacid; fdlowedbige t he aci d
gener at efdrn; S1sng the reaction. Suitable bases include, by way of exanple,
sodi um hydr o aSSI um _hydr oxj i ne, triethylamne,

N, N-di i soproé}?célf’ﬂ Ak S‘eRlbn%Pﬁiﬁldlﬁﬂ%Bﬂg%Pﬁ aCOAPRPqu?rF@“PE?‘ éﬂ The reaction
i s convdnisiuodedtdod tha ticeotgduridrof Hosalla/@htande ohe mswviieh o jslagupeup ashl or i de,

chl orof QfeMed! 11‘? e ‘fllim{lq;r&i‘uw& Foftfa f eﬂ%ehﬁéﬁ%bm%r W%ﬁglso%%f}lo Iy S\}gﬁﬁﬁk’% mann

conditions in ent. m xture suc hyl acetate,

t ol uene ARENYIAR @rm a P’R’?ﬁ“&&‘éﬂoyp #Hd 28 6BHG, Mlich émq Iater lemoyesihefosel out  at

t grm;ar atlhﬁ’oﬁﬁ)rﬂfonf)fé}m{ ahaphs dedR6d ih ShealbrodROET TRRdulh Y.PTIRakIMidhequi re from
abou

t | et t he. 1l duct of
Formul a TayE Wbl prtating odale LR R BPR Gt Rk A R0 vt 1 o
preci pi t@oipin OdaniorntbepisafhpdorkiGreana(Waley-Intaricienegl.i on, crystal lization and
the g ke.  ReaGixhap emlsﬁa r&#ﬁ:j@ d@mreg?xpﬂherﬁﬁa]Itp'ft@uétetﬂyeédpﬂ of anitro

group to %I ve. a conﬁoun 8 uctions cah be carried out
by a varfF&Hon dapiciRdim erb ’Stcﬁ%'te aPté‘Sng}Fe ARPORpate #r1d prhegcid hafide For  exanpl e, a
conpoundieg¥editharefidna ARYropriate doids hethide ga&ivat adstitvied bénz6idhallyaid,acidsuch as

pal | adi Yt lﬁ?ew%%afa'&é)angiayig hg‘]i& %gUé}ﬂ)ugémgﬁ) awoxglé 40} a ('fCh hydrogenati ons

are genera Wnts are
sui t abl élahdeé{ E@misuecludwmham Farb@tyhami ang %ﬂwdpmyl-‘l-qaélmalhg/dr of uran, or

et hyis acae,Tdate or m xtures thereof. The hydrogenatlon may be perforned at

an initial dro essure 8 Si - 1 20 kPa The reaction
is typicall y ?:r ef(%f’gl&t %fonﬁou?cg?ﬁfépg‘g] ?%I?sbcfon ‘ZW’%@?H&”%B‘?%“@OC The
react i ono giypa cathpopnd efjinnnels (3). ISochr coupliig; reMyens afihenmuandoiptptidan be i sol at ed
and purighifdisiid synBelOmoMEds wed kAU be él@pla}t&ﬁ %Itewalﬁbﬂg hvé?ﬁ(nfo{)vht ration,

extracti on, _evaporatlon triturati on, tation, ronatography and
r ecr yst &PYRIPATSaEeS, puch gt Fesifbopnd reqaspis gn %ﬂagﬁﬁaﬂqﬁ&ﬂbpr w}mm §Ufd) i s

c ]9 ntct etﬂwwmhomdapnembm @d?@-hyc%x)amcd‘hﬂﬁﬁlef Dhﬁh‘d)@b@g@tﬂﬁzoﬂd? e@ig4g a conpound
of For f.orm

" ot ny i i o BRI AbGaR ThOEARHN Moo REERY FodiEied Binint are and

aprotic polar dduent such as dimethylformamide (DMF), methylene chloride

(dichloromethane), chloroform, acetonitrile, tetrahydrofuran (THF), and the like.
Typically the reaction is carried out at temperatures of from about 0°C to about 60°C and
25  typically require from about 1 to about 24 hours. Upon reaction completion, the product
of Formula (3) is recovered by conventional methods including extraction, precipitation,
chromatography, filtration, trituration, crystallization and the like.
Alternatively, for example, the compound of Formula (2) is contacted with an acid
halide of an appropriate acid to give a compound of Formula (3). Such acid halides are
30  commercially available or readily prepared from the corresponding acids by methods well
known in the art, such as by the action of phosphorous trichloride, phosphorous
- tribromide, phosphorous oxychloride, phosphorous pentachloride, thionyl chloride,
thionyl bromide, or oxalyl chloride, with or without a small amount of
dimethylformamide, in an inert solvent such as, toluene, methylene chloride, or
35  chloroform; at temperatures of from about 0-80°C. The reaction is typically carried out
' for a period of time ranging from 1 hour to 24 hours. The acid halide can be isolated and




1-net hyl t hi o-1-met hyl - N-(4-fl uorobenzyl)-N-nethyli moni um+ giigeoopne of
ordinary skill in the art will recognize that appropriate amdine formning
agents may be prepared in advance or in situ if desired. 30 For exanple, a

conmpoungePfsebREul @ (4) is contacted with from about plysie %g%igval ents of an
appropriate amdine form ng agent. The reaction is genera? y carried out

in a dry solvent such as nethylene chloride, toluene, or tetrahydrofuran at
tenperatures of from about -20C to950C. The reaction is carried out using
an appropriate base such as pyridine, collidine, or triethylam ne. The
reaction typically requires | to 18 hours. The 35 product can be isol ated
and pur ifurifield érncan efdnrbeqsisdineedyl, tsnioWwatt or viitheutdsdlatios dedorgrifidatir ch 2006 WO

03/ 0270 PCT/. [,25969 - uenchiing, filtration, .extracti,on
o apor ot eI RERAERS fcheraltd SO Dbl o skt B s b EaR e
recr yst ahe ieaction.obuitajle basies inclyde, by aaly bfexappleessidiwrelydranides pot@siue a pr ot ect i ng

group i yBRgide 8ridife, 3@R 1 dmine, NIR-dAs G G et TR Mo GATImBRHhbIGRDMRd af ter step
d ang tg ]r esg.lhtl n(g. am ne co.ujgalned r\ﬁut hdan ? appropriate acid or acid

hal i de Ee hes d hesadtion ingpryprgoraliy sonduetsd | & oivgtsachas wedyisiid of Formula 1.

Sone commpbude shlofofdrm rtrhtydiofaneandibelikepdi mtiaSchatenBabmand donditiosonpounds  of

Formul a ; 1S h for exanple, 2-
(tribut >}+§t5(gﬁ{?gﬁ;tﬂl %\%ﬂgﬁ‘@%@ﬁ%?ﬂ%{ﬁh I1 g‘%}%&l%?ql'je%g%ggﬁ%g; may be used to
di spl acd Y6ty BgCoaPHuE TSR itgamied ap ahieaiperabssiof o abowriPefeaoutR2 group as
desi rengOfl:_‘ ﬁdd&yﬁic}anﬁl'eqpirr@ﬁlbtﬁhbodtgtegfdbﬁfl;l&l HoursO b@Fb@%tio%tc&Bp]%tiod?ﬂfe shown, an
aci d ,addi t t - of,, a_compound of .Formula,l. is .for .using a
phaﬂrgac@ﬂ?ﬁ"g%f?%&@&s5%’1023%1@?3’0‘:0”*% oxal ?SdHCJBqln%ﬁ’iq'ggloé?ddi tion salts is
vel | kn@wsipaabnaghperagogiey, filtratidne tritwration] §ysidibzationpeithelskeof Formula | in
which R4 is RYAhapshemt &, aé}?&%ﬁ&siﬁeqmucmrmagn%%fepntggfv@w a (3) or from

SRS SR N e M M S T
known i nhdt bre wetltknowtemahd #ed, for exanple, by Larock, Conprehensive Organic
11! of ! il ARl A B0 Rhesbl SRS o Formle |
B. | n Séhdrs pElagium-onseaseon; ouveasomppindd Fomhda (). stuch hidregenatibns ar e as
pr evi oustepeiailiyiagicd 3idn alsblvém BN SieBI0f solV@ltd arkaiible Frckxanpeeci ated in the
art. 17 me raﬁo , € Qa%gl, }’s‘%r‘?)&{ngf Ze?rg%ydrofuran, or ethyl acetate or mixtures thereof. The
hydrogenation may be performed at an initial hydrogen pressure of 20-180 psi (137-1241
20 kPa). The reaction is typically carried out at temperature of about 0°C to about 60°C. The
reaction typically requires 1 hour to 3 days. The product can be isolated and purified by
techniques well known in the art, such as filtration, extraction, evaporation, trituration,
precipitation, chromatography, and recrystallization.
In Scheme A, step d, a compound of Formula (4) is contacted with an appropriate
25  amidine forming agent to give a compound of Formula 1. Appropriate amidine forming
agents include 1-methylthio-1-methyl-N-(4-fluorobenzyl)-N-methylimmonium triflate and
'1-methylthio-1-methyl-N-(4-fluorobenzyl)-N-methylimmonium iodide. One of ordinary
skill in the art will recognize that appropriate amidine forming agents may be prepared in
advance or in situ if desired.
30 For example, a compound of Formula (4) is contacted with from about 1-3
equivalents of an appropriate amidine forming agent. The reaction is generaily carried out
in a dry solvent such as methylene chloride, toluene, or tetrahydrofuran at temperatures of
from about -20°C to 50°C. The reaction is carried out using an appropriate base such as
pyridine, collidine, or triethylamine. The reaction typically requires 1 to 18 hours. The
'35 product can be isolated and purified by techniques well known in the art, such as




-11 Scheme B O2N step a step ¢ step d G2 N step b PCTI USO2f B8 dogr mul a |
in which R4 is hydrogen and in is | Reaction Schene B, step a, depicts the
reductive am nation of a conpound of Formula (5) to give a conpound of

For mul a ch reductive am nations are carried r a variety
of condi“{olq%’r‘\%&&The reaction depicted in Schene B, st%ﬁe};{sozﬁ%gbe carried

out using ammonia or a protected amine, such as benzyl am ne, dibenzyl
amne, and the like followed by d&fiotection to gi ve the compound of
Formula (6). For exanple, a compound of Formula (5) is reacted with an
excess of ammonia  and sodi um cyanoborohydride to give a conpound of

For mul a quenchingdilirationegxtragtiogyyapiationgiritysgtiony precipitatipmyehiomatogiaaht ageous t o
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chr omat filtration, trituration, crystallization, and the |Iike. 17
March 2006 VE»NSidihottds oPEFUSI2reinfeahedidtéd filoabdrifiaal compemds & steps b, c,
d, and j I LAk I € thgds described in Schene
A ot epd O AEF EgF et sAESR 7RI S0 B retbnl BE ediIC 0N 107 Farmula 1.
The combehpriistapry Huenbanaeri2-Qripuiiitapnylipyridige fmaydregsest te displagsapdapstar om
conpound&yving gRup BAT fibbtAutE 8 ifRfent ROFL@MAsRSIR G A Fisl praimounds of Formul a
(2) by hal ogfgghi onA(%r.ocaidures I knOV\@ i,n.the art, desccril ed, for
exanpl e, by TaBER AcBIBIE NERSMOLSOWPARRCY 2fPLipR s fACPBRURI By 689- 701
(1999) . Formula I'is formed using a pharmaceutically-acceptable acid. The formation of acid

addition salts is well known and appreciated in the art.

15 The compounds of Formula I in which R* is hydrogen are prepared from
compounds of Formula (3} or from amine protected compounds of Formula (2) by
deoxygenation. Such deoxygenation reactions are readily carried out using procedures
well known in the art, described, for example, by Larock, Comprehensive Organic
Transformations, pg. 44-52 (1999). Alternately, the compounds of Formula I in which R*

20 is hydrogen are prepared by procedures described in Scheme B. In Scheme B ail
substituents, uniess otherwise indicated, are as previously defined, and all reagents are
well known and appreciated in the art.




The pfesent invention is further illustrated by the foll oy Rgr&xadgsl es and
preparations. These exanples and preparations are illustrative only and are
not intended 10 to limt the invention in any way. The terns used in the

exanpl egyARfRELPar ati ons have their normal meani ngs Pclil}ﬁk%?ﬁ%gt herw se
us; '

designated. For exanple, "C' refers to degrees Cel si refers to
molar or nmolarity; "mol" refers tgymllinole or mllinoles; "g" refers to
gramor granms; "mL" refers mlliliter or mlliliters; "np" refers to
melting point; "brine" refers to a 15 saturated aqueous sodi um chl ori de
solution; etc. In the' H NVR all ical shifts are given in S unless

ng Prgce ures 20 Method A 2 NH

' - Chl or obi phenyl - 4- car boxy}i c acid Comnbi ne net hgl -4-bro Elénzoat e (1.0 g,
4.65 mmol ), 2-chl@&N bor oni e—aet-d—€799 ny,2 Syt wpo), Pd(0Ac) 2 (51
ng, 0.46 mmol) and s arbonate a5 g, 13.9 nhp w DMF (20 nL) and
water (2.0 nL) with r™~ng. Purge the reaction ms re’ 25 wth argon, add
tri phenyl phosphi ne R61 55y, 0.23 nmol) and purge ag%‘ﬂ n@ith argon. Place
the sealed reaction in an oil bath maintained at 80 and allow to stir for
1 hour. Cool the reaction to roomtenperature, dilute with ethyl acetate
and filter. through a short plug of celite with &®®{ional ethyl acetate.
Wash the organics with water, dry over MSO, filtef and evaporate.
Purification by flash c@l um chromatography yields 2 0

chl or obi phenyl - 4-carbgx{.ic acid nethyl ester as a y ow solid. Dissolve
the purifiedynester ip THE (0. 25M—amd—add ol thre of | M NaCH.
Stir vigorously t enper at ur MPr 152 Opon conpl etion, acidify
the reaction w ang. HCl and extract with [l Acetate. Evaporation of
the solvent yigfdS 762 ng (67% of the title _«0fipound. M5 (nmfe): 231.1
(M. 35 17 March 20069W0 Q3/ 027061 -13 R (7)
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Formula | in which
R* is hydrogen and m is 1

Reaction Scheme B, step a, depicts the reductive amination of a compound of
Formula (5) to give a compound of Formula (6). Such reductive aminations are carried
5 out under a variety of conditions. The reaction depicted in Scheme B, step a, can be
carried out using ammonia or a protected amine, such as benzyl amine, dibenzy! amine,
and the like followed by deprotection to give the compound of Formula (6).
For example, a compound of Formula (5) is reacted with an excess of ammonia
and sodium cyanoborohydride to give a compound of Formula (6). As is well known in
10 the art, it may be advantageous to monitor and adjust the pH during such reactions. The
reaction is carried out in a solvent, such as methanol, ethanol, isopropanol, and water or
mixtures thereof. Typically the reaction is carried out at temperatures of from about 0°C
to about 60°C and typically require from about 1 to about 24 hours. Upon reaction
completion, the product of Formula (6) is recovered by conventional methods including
- 15 extraction, precipitation, chromatography, filtration, trituration, crystallization, and the
like.




3- Fl uor obi phenyl - 4-carboxylic aci dvs 215.1 (M 7 2006
2',6" -Di chl orobi phenyl -4-carboxylic acidvMs 264.9 (M 2' % I\Er(f uorobi hen

| - 4-carboxylic acidMs 233.1 (M 2' - Met hoxybi phenyl - 4- car boxylic aci dM5s 227.0
(M 3, 4 obi hen | -4-carboxylic aci dM5 233A ( ~adgl 1 uorobi hen
| - 4- car t%‘%?(".hi':bg%ci d__ M 233.1 (M 3-Chl or obi phenyl -%!35’3]}5%’62??/ i ¢ aci dVB
231.1 (M 4-(Thien-2-yl)phenyl-1-carboxylic acidMs 203.1 (M

4' - Fl uor obi phenyl - 4- car boxyl i c aci dl2vs 214. 9 (M) (Hydrolysis in dioxane at
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Li OH i n di ox&sectipc$eheseH, s6pa0 ¢, th end eptivalisiep ¢.congaoiaddst &y the pr epar ed

essent i ghdiodd AesdAne@lih BERnRRO ¥@ps VeI Nask SriendThRp ¥/ tegveélc&ﬁp&ma grboxylic acid
5 Conbi r]:e 5-CF|| oropyrazi ne- 2-carboxyl i ¢ aci d nethyl” ester (626 ng, 3.64
mol ), ‘FHe¢fboronic acid (666 ny, 5.45 mmol), cesium fluoride (55 ny,
0.36 Mol ) JhdconymAGRERT FOEHladig whath®d infhatd are prepivEd {r&m kbjipamnds wat er (5 i)

W th Stifeksl . | . _open to the air,
' ot oi B Gufor Mine BthEl;ERARRTRNE o 3RGk B MBI " 04

Pd( CAc) Predureigvell kagwrirbihy agt dlegeribedy rexamplady Latork, Genprahensiver eact i on turns
bl ack. @pini¢é Mansf@aRtiémpd 639-pOMI9EHpPerature, dilute with ethyl acetate,
and filter Q.Hrorg&h a esp%t {])ljmug. ft (f‘§|bl tt i.th additional ethyl acetate.
Vash the or gART EER} Fyentgjsdyrthe 9@88\/6 oY OWIPE PAAEWPS AR evapor at e.

Puri fi caréperations. Thess laxanelesrand preharativas engridystrgtivwioslyded are not intended

2- pheny lp¥mitthdherion manPe¥y! ic acid nethyl ester as a yellow solid.
Di ssol ve the Eurified ester in THE (0.25M and_add an_equal volume of | M

NaCH. 15 Sti Fisseqyusedinghegramplssg FalipRfheve Betr 1ym3byEaRIngsnon conpl et i on,
aci di fy unles stlemwisé designutied. hF ot @ReenpldICPC aefbrserys degrads Calsivl; ‘M higferaxcet at e.

Evapor atnilcﬁé} o?fnofanﬁr; Sr%ﬂé?’%fe% '!oellnﬁﬁmgl% omillimoles; “g” refers to gram or grams;

“mL” refers milliliter or milliliters; “mp” refers to melting point; “brine” refers to a
15  saturated aqueous sodium chloride solution; etc. In the 'H NMR, all chemical shifts are
given in §, unless otherwise indicated.

Coupling Procedures

20 Method A
2’-Chiorobiphenyl-4-carboxvlic acid

Combine methyl-4-bromobenzoate (1.0 g, 4.65 mmol), 2-chlorophenylboronic
acid (799 mg, 5.1 mmol), Pd(OAc); (51 mg, 0.46 mmol) and sodium carbonate (1.5 g,
13.9 mmol) in DMF (20 mL) and water (2.0 mL) with stirring. Purge the reaction mixture

25 with argon, add triphenylphosphine (61 mg, 0.23 mmol) and purge again with argon.
Place the sealed reaction in an oil bath maintained at 80° C and allow to stir for 1 hour.
Cool the reaction to room temperature, dilute with ethyl acetate and filter through a short
plug of celite with additional ethyl acetate. Wash the organics with water, dry over
MgSOQq, filter and evaporate. Purification by flash column chromatography yields 2'-

30  chlorobiphenyl-4-carboxylic acid methyl ester as a yellow solid. Dissolve the purified
ester in THF (0.25M) and add an equal volume of 1M NaOH. Stir vigorously at room
temperature for 15 hours. Upon completion, acidify the reaction with conc. HCl and
extract with ethyl acetate. Evaporation of the solvent yields 762 mg (67%) of the title
compound. MS (m/e): 231.1 (M").
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17 March 2006 WO 03/027061 -14 PCTI USO02/ 25969 (8% of theit mdré Tgpound.
"HNWR (DMSO): 9.37 (s, 1H), 9.21 (s, | H), 8.23-8.21 (m 2H), 7.57-7.77
(m 3H). 2 "-Fluoro-6'-trifluorometh Ibi hen l;i4 carbox lic acidMs 283.1
(M 3, 2wk kf | uorobi hen 1-4-carbox lic acidWvs 25
El' - Fl uo?vo(flozsm?ﬁg{ hox bi hen |-4-carbox |ic acidMs 24511)1&( 125969
3-Chloro-2',4"-difluorobi hen |-4-carbox |ic acidMs 267.1 (M
-Fluoro-2'-nmeth ]bi hen 1-4-carbod-lic acidMs 229.0 (M 4'-Trifluoroneth
| bi hen | -4-carbox lic acidMs 265.1 (M 2-Fluoro-4-(thien-2- 1) hen
1-1-carboxylic acidvs 221.1 (M 5 Method C _
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acid (1.0 g0 EngRBhohyTRERE-GimoRiRTRRENZ43f€ 1k dddng, L. 73 mmol ),
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acetate. Wasig 1 gﬂjg T dry over 3 frifter, and
evapor at e. me 5 '€ ottm—ehron Loc.u%%f l, lds 3', 4

di f| uor obi pRyerolipheybbeabepliceddl met hyl egiM§21ds M yel | gw sol i d. Di ssol ve
the purifigd: 6eatcﬁrordbn})h%y@)&6daﬁm§ﬁi 48d) and g%%&ﬁ%ﬁ' volume of 1 M
aqueous Na%;—t z} qg action _VessSer to ng until .
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organi cs ovey,. I}g@ I |Ite!r @nd lecva% rate t )Mgiﬁ”b 1&”%?"%5 (129 of the
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title conpg 2—Fu 3-carboxylic

aci dVB 218. |G.24Biflugohistenyidaertoxylii fah | - 4- caMs®33llidipci dNB 225.0 (M 3
.o -Difl uchO@H&%ﬂlp‘]enﬂl'&@zfrP%h!; h&d acCi anE ,2,2’ 3I\/BS ﬁMl\(ﬁL) :
", 5" -Di fl hgroprmenytr=4-tarbox f1c actrohvB—26 CiviF—3 €1l or obi hen
| - 4- car box Meyghl—qarpmyjlc acid MS 203 1 (M)
4’-Fluorobiphenyl-4-carboxylic acid MS 214.9 (M)
| (Hydrolysis in dioxane at 60 0C)
3’-Fluorobiphenyl-4-carboxylic acid MS 215.0 (MY
(Hydrolysis in dioxane)
3’-Cyanobiphenyl-4-carboxylic acid MS 222.0 (M)

(Hydrolysis with LiOH in dioxane)

Method B
5-Phenylpyrazine-2-carboxylic acid
5 Combine 5-chloropyrazine-2-carboxylic acid methyl ester (626 mg, 3.64 mmol),

phenylborenic acid (666 mg, 5.45 mmol), cesium fluoride (55 mg, 0.36 mmol ) and
Na;COs (964 mg, 9.09 mmol) in DMF (5 mL) and water (5 mL) with stirring. Place the
hetereogeneous reaction mixture, open to the air, in an oil bath maintained at 80 °C. After
5 minutes of heating, add Pd(OAc), (81 mg 0.36 mmol) in one portion and stir until

10 - reaction turns black. Cool the reaction to room temperature, dilute with ethyl acetate, and
filter through a short plug of celite with additional ethyl acetate. Wash the organics with
water, dry over MgSO,, filter and evaporate. Purification by flash column
chromatography yields 2-phenylpyrimidine-3-carboxylic acid methyl ester as a yellow
solid. Dissolve the purified ester in THF (0.25M) and add an equal volume of 1M NaOH.

15 Stir vigorously at room temperature for 15 hours. Upon completion, acidify the reaction
with cone., HCI and extract with ethyl acetate. Evaporation of the solvent yields 63 mg




2", 3" -Difluorobiphenyl -4-carboxylic aci dVs 264.9 (M The fpj gonpounds
are prepared essentially as descri bed above. The follomﬁng conpoun s are
prepared |l y as described above. 17 March 2006 WO 03/ 027061 -15

Chlo yl -4-carboxylic acid M5 230.9 (M) P 69 Met hod D

£Pﬁhﬁﬂrlne belphen_yI 4- carboxylic acid CbnblgE ?EE§%%Q§,4,6-trim

ethyl benzene (2.966g, 12.05 mmol), 4 5 carboxyphenyl boronic acid (1. 0g,
6.026 Mol ), Pd(OAc)2 (0.0067 g, 0:1805 mmol ), tetrabutylamoni um brom de
(0.388g, 1.2055 nmol), and potassi um phosphate (2.557g, 12.05 mmol).
Purge the reaction vessel with argon and add anhydrous DVF (20nl) to the
react i ongwm) ofttht1@tle chiB@burdn ey 3Bl EDMSEROII7qR ¥HSEEI (s! )1 EB-E2Mrhh stirring
unti | cg lf%ﬁfﬂ? ?ngtern1ned by TLC. Cool reaction mxture to room
tenperatu Ad (Hé iodide 10 (1.0 mM, 36.63 mml) to reaction mxture
Wi th continued stirring until conpletion. Dilute the reaction with ethyl
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2' , 4", 6' -3, pethghdopbidéyl-4-6arbeatibsoiy! i ¢ acid tmll @.4;'; er as a yel | ow

solid. Dissglve the puritled I.n_di,oxane Ms‘éz L&}b andf water (5n)

s nyl-4-carboxylic acid :
containin th‘. o?%’”’é' 8% c0c—U poh—Eorptet+on, evaporate

t he sol vent-Chiawtdi4f difvhwbipberyl-d-carboiviit acid wi t hMﬁ/Zi’ﬁo]c(lM Dri c aci d, and
extract Vil BheROBRALSLA Do bieadf 9201 CS | RAERIRRF TT) ter, and

evapor at ¢ yrerd the—tTti= ound—M5|(nfe): 239.1

(M. 20 Thﬁ}j{ﬂlﬁg@memlbmhﬁﬂﬁMrméoﬂﬂkﬁaﬁﬂenar ed 514MY as [descri bed

above. 2'| Aflubro-aTiibd- ﬂ@l)ﬂi%hylﬂe&rﬂoxﬁhcce%fdbox |I<=Ms>i2@|i\/5(1@‘§l- 0 (M) 2
"-Flyoro-4=Trifruoronmeth I'bi hen [-4-carbox Iic acidvs 2830 (M) Mthod E

2',4°-D i fl wuorobiphenyl -4-carboxylic acid Conbi ne
4- car boret hoxyphenyl boroni ¢ aci dMetho®21 g, 5.67 mmol), |.-brono-2,4- 25

di fl uorab ) 81.: I.,PdOAcZ 0.113 g, 0.50 nmol
t:’l pﬁeng et 06] p EM ) ? <(31nd )sodl(um car gonate (1. 6621 g,
0.568 mml ). COWP@% HisorQbaizeRRropisSEEl (igt 12 mmepdh mellplf-DVF (20 L) and

wat er ( BrothobbnzoMé (d'Q41&‘g1; n f?B iAgl), Pd(@@e)zwaigegi 0ro38eima)) in an 80 C oil bath
and 6' | ?e\f\faétﬂylammgmum bromlde EUJIF 1 £, 0%9111m0]) and potassium phosphate (0.733 g,
3.454 mmol). Purge the reaction vessel with argon and add anhydrous DMF (20 ml) to the

14

reaction mixture. Heat the sealed reaction vessel to 120°C with stirring unti} completion.
Cool the reaction to room temperature, dilute with ethyl acetate, and filter through a short
plug of celite with additional ethyl acetate. Wash organics with water, dry over MgSQy,

15 filter, and evaporate. Purification by flash column chromatography yields 3°,4°-
difluorobiphenyl-4-carboxylic acid methyl ester as a yellow solid. Dissolve the purified
ester in dioxane (45 ml) and add an equal volume of 1M aqueous NaOH. Heat the
reaction vessel to 60°C with stirring until completion. Remove the solvent by
evaporation. Dissolve the residue in dichloromethane and wash with 1N aqueous

20  hydrochloric acid. Dry the organics over MgSO,, filter and evaporate to yield 0.048 g

' (12%) of the title compound. MS (m/e): 235 (M™).

The following compounds are prepared essentially as described above.

6-(2-Fluorophenyl)pyridine-3-carboxylic acid MS 218.0 (MH™)
3°,5’-Dimethylbiphenyl-4-carboxylic acid MS 225.0 (M)
3’,5’-Difluorobiphenyl-4-carboxylic acid MS 233.0 (M)
37,5’-Dichlorobiphenyi-4-carboxylic acid MS 267.1 (M)
3’-Chlorobiphenyl-4-carboxylic acid MS 230.9 (M)
2°,3°-Difluorobiphenyl-4-carboxylic acid MS 264.9 (M)




reaction to roomtenperature, dilute with ethyl acetate, gpffdddope t hrough
a short plug of 30 celite with additional ethyl acetate. WAsh organics with
water, dry over MgSO4, filter, and evaporate. Purification by flash colum
chr omat Q@ @gpbieyi €l ds 2", 4" - di f I uor obi phenyl - 4- car b@pfdshyReded Met hyl
ester as a yellow solid. Dissolve the purified ester iIn dzoxane (5 mM) and
add SM NaCH (I m.). Stir vi gorouslﬁ at 50C for 15 hours. 17 March 2006 WO
03/ 027061 PCT/ US02/ 25969 -16 Upon conpletion, acidify the reaction with
conc. HCl and extract with ethyl acetate. Evaporation of the sol vent

yi el ds 300—mg—(24.7% of the title conpound MS (me): 233.0 (M). 5
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6- chl oropyri di ne-3-carboxylic acrd nethyl "ester (6.86 g, 40 nmol) in
toluene (100 m.) and heat to 90 C. Add phosphorous oxybrom de (25 g, 87
mmol) in several portions and cMethiadl® heating for 3 hours. Cool the

reacti onp: h06’t'ﬂﬂﬁ3tﬁ LAEShok D@6y pour onto ice water. Extract the
reaction Wt P\(f 2\ean Was o%ggucs again wth water then
NaHCO3. Conbi E’ B’Fdd e OietbIRenzang $EM100% {1-02mmolrft evaporate to orange

sol i ¢ ( 8arboxyph@dMorondivi chl (il 9g,a6028 :nimaih, Pd(0 Ac)90. (Iﬁﬁbgmummﬁmay ne 3 carboxylic
AR ooty RGOl RT R T b e S8 BRI HREg TR o5t DY

AmolF) with 15
hex amet Hg108mmeY)- (Ryresale gaction yessehvathargopa@p azhxdzqusrﬁjvlF (200d) tmﬂZﬂ ), and
tri phenytphiasnikinge HedihHaBealdd- r&%nmsael td‘lf{)@b%ﬂﬁt:ﬁﬁ]g%)ﬂ coﬁfﬂeﬂ@n"“ th N2 and
stir at Sgtgfn?rbﬁ%%o%rgl (%? reaction to roo mtigg r.. Adda
sol ut i oS SFETmIngg by O TRAPREYVEYE L ORE EOBHAG: €in toluene (1
mL) 100l KbGked, 1$y63Puhadiw)reac(i@imiryre wﬁlh@@lmmad s)tinémgiamlrcqnirmemhpbdstphl ne (25 ny,
0. 09 m%@reacPHﬁ%h\éfhg'lrhc&lg(emlﬁe}'tﬂou@ gllé%f cfte & hgzﬁjcﬁt'i L 18 hours.

vapor h

Cool reaction_to roomtenperature e solven purlfy by
col um @Fﬁ“ﬁ?raW@ﬂ?%ﬁﬁ’)‘la'('%“l‘T‘Fl’c"%ﬁteri@%’éffrwgscéﬂc@l“’éﬁﬁd ?"prﬁétféane) to give 50 ng
(20% yi @uficavibn 6y (1&hGeldinh khiemanpaply] 9:@&5 2' @i, ¢\ erirdethydbi y1L4 c acid ethyl

t hydr.o | ut 0.22 m_,
0.22 | F?{';%W““g ¢ il Sph S WD i) HOCHPRAE S i Sodte BB Lorobe "t he
vol dfi | &) andawateryaral) gentainiog teqradLifeH with stsing e6603Ge Uppn ¢Dn1pl¢ti0h,ydr ochloric

aci d solewpofite m@@dweﬁ&hmalhﬂh%étﬂmmkm%\bmaﬁydhtcm%hbsmd aw@é!?ractw th water, and

((j rmy e;J nAgr Y 81){? O ,@1' ﬁ'S 8rg§ngyovgr ef{ltez evapc?ratte Itot yield 8 O und. N8
(1 6%) of the title compound. MS (m/e): 239.1 (M.

20 The following compounds are prepared essentially as described above.
2°.4°,6’-Trifluorobiphenyl-4-carboxylic acid MS 251.0 (M)
2°-Fluoro-4’-Triflucromethylbiphenyl-4-carboxylic acid | MS 283.0 (M)

Method E
2'.4"-Difluorobiphenyl-4-carboxylic acid
Combine 4-carbomethoxyphenylboronic acid (1.021g, 5.67 mmol), 1-bromo-2 4-
25  difluorobenzene (1.000 g, 5.181 mmol.), Pd(OAc); (0.113 g, 0.50 mmol),
triphenylphosphine (0.149 g, 0.505 mmol), and sodium carbonate (1.664 g, 0.568 mmol).
Purge the reaction vessel with argon, Add DMF (20 mL) and water (2.0 mL) with
stirring. Place sealed reaction in an 80 °C oil bath and allow to stir for 24 hours. Cool
reaction to room temperature, dilute with ethyl acetate, and filter through a short plug of
30  celite with additional ethyl acetate. Wash organics with water, dry over MgSOy, filter,
and evaporate. Purification by flash column chromatography yields 2’4
~ difluorobiphenyl-4-carboxylic acid methyl ester as a yellow solid. Dissolve the purified
ester in dioxane (5 ml) and add SM NaOH (1 ml). Stir vigorously at 50°C for 15 hours.




30 3- Fl uor obi phenyl - 4-carboxylic acid Conbi ne net hyl 17 March.200
2-fluoro-4-bronobenzoate (1.25 g, 5.36 mmol ), phenyl boronic "aci 8 ?1 30 g,
10.72 mmol ) and CsF (2.02 g, 13.40 nmmol) in DW (25 nL) and water (3.0 rlL)
With stirri Pl ace the hetereogeneous reaction m X to the air in
an oi l B/gtef"/]%ﬂﬁél ntained at 80 C. After 5 m nutes of hg@ﬁsﬁygig&add Pd( CAc) 2
(120 ng, 0.536 mol) in 35 one portion and stir until reaction turns bl ack.
Cool reaction to roomtenperature,'léTIute with ethyl acetate and filter
t hrough a short plug of celite with additional ethyl acetate. 17 March 2006
WD 03/027061 -1 7 PCTl US02/ 25969 Wash organics with water, dry over MySO4,
filter &ipaneerapleiont awidifpuhe iraction Wih cong- Hcﬁm extant with cthkasetalcogr aphy i el ds
3- f 1 uor eRiRARANK bf the SAVOK YIS 30086 E R4TRL)VY khe@itie @6mAGINg. MSl(hﬂe Di ssol ve the
purlfleg 8@@ in THE (0. 25M and add ‘an equal vol unme of M NaOH. Stir
Vi gorou 1‘7’5 oomterrperature for 15 hours. Upon conpl etlon, acidify the
reaction with 5 conc. HCI and extract wth ethyl acetate. Evaporation of
the golvent yields 965 ng (84% hoﬁh‘e title conpound. M5 (me): 214.9
(M [ Fl uor 0-2' met _hyl bi phen l4car xy [i c aci dM5 229.0 (M)

L chi ofd28-Diflugrephenyllpyridine-a-carboxylicatidc aci VB 205. 1 (M
3 ‘Fl uoro-2' - Drsscfwwc}mrefmldidaa &a.aia;xyhcéhcmaﬁamyhemasgmﬁn&w;ﬂ (M 10 Method

H 2-Fl C

> 6o ai 1 100 BT ¥aPGl  BEC A PREIOLSs SSLAMARITL Bl 1) and cool
to -40 sevemblploraorwhdncqmnuaifeatmmfnw hours. Hraphihe 1eagiion th eocamiemperda@res i)

0 T s B B o e o800 w th vat er
and ext M4 twafqﬁélegéf ﬂpbén&WP‘P'He eEAES: %@@?rﬁ%s%eﬁﬁ?sﬁndﬁvweeteonb. ne the

or gani c oexpe it 68.1 glrop%) waich MyS®31] minthit of 6-bruhopyradine-htabootit ecidi | i ca. gel .
Purific uor o- 6-

phenyl p?fr}rligrﬁge\(f h]%ﬁj?r( %8‘18“;@3 %%EQ)@ Qaﬁﬁﬁfﬁﬁl e?bd% N{dut ion of LDA (3.46
nmol ) in anh{em u%thtrmtws aprphtaiped abpwe ©.225 @, ’c%mmoat%t

2- IFhislor fetnRgtnpRTslE, rlelslxﬂnailjl,*'ﬂd@ﬂéﬁ(ﬂhhfg 0@9%&01} @nd he cool eddLDA

SOl ut! on. I de gas

t hr Oughtrmpgnyl@gﬂﬂweé% ?’B’roo%”%"ﬁ‘a% té’b"ene(i[ "gl\l‘}/ ? He&© wétg 3 agﬁr}{rg g(gma to room

t enper al@ far 18 hourpuCopd reactidn to syogolmpErturea ctddatselutiomef i-oomai2th 1 M NaOH and
di scar ddfﬂﬁ@re@é&% (§§0 mé’\cl'ﬁ'nfnﬁ’nolt) hﬁolu@ﬁﬁ{?m f&iﬁ)\ﬁ%ﬁ bWPBIDASNE1 ntdCl and extract

with ethyl aceta ani c_| ayer
0%9 mmol) and tnpheny%phosphme (gS mg, 0.09 r¥1moi) Purge with N; and stir at 80 °C

20  for an additional 18 hours. Cool reaction to room temperature. Evaporate the solvent and

purify by column chromatography (silica, 10% ethyl acetate in hexane) to give 50 mg
(20% yield) of 6-(2,6-difluorophenyl)pyridine-3-carboxylic acid ethyl ester. Hydrolyze
the ester with 1 N sodium hydroxide solution (0.22 mL, 0.22 mmol) in methanol (3 mL)
at room temperature for 3 days. Remove the volatiles under vacuum and combine the

25  residue with 1 N hydrochloric acid solution. Collect the white solid by filtration, wash
with water, and dry under vacuum to give 30 mg (63% yield) of the title compound. MS
(m/e): 235.9 (MH").

Method G
30 3-Fluorobiphenyl-4-carboxylic acid
Combine methy] 2-fluoro-4-bromobenzoate (1.25 g, 5.36 mmol), phenylboronic
acid (1.30 g, 10.72 mmol) and CsF (2.02 g, 13.40 mmol) in DMF (25 mL) and water (3.0
mL) with stirring. Place the hetereogeneous reaction mixture open to the air in an oil bath
maintained at 80 °C. After 5 minutes of heating, add Pd{OAc); (120 mg, 0.536 mmol) in
35  one portion and stir until reaction turns black. Cool reaction to room temperature, dilute

with ethyl acetate and filter through a short plug of celite with additional ethy] acetate.




25 MySO4, filter and evaporate to yield the title conmpoung; g6, Jgoght
yellow solid (405 ng, 65%. MsS (me): 216.] (M. The follow ng conpounds
are reared essentially as described above. 17 March 2006 WO 03/027061

PCT/ USO%/o2RR6Rsr 18 Met hod J 3 5-Di fl uor obi phenyl - ggﬂyﬁyﬁsﬁ acid Conbi ne
1- brono- 3, 5-di fl uorobenzene (0.863 nL, 7.50 nnDI) and pheny goronic acid
(1.22 g, 10.00 mmol) and subj ect t017cond|t| ons described in Method Gto
yield 1.3 g 5 of 3,5-difluorobiphenyl. D ssolve crude 3,5-difl uorbiphenyl
(1.3 g, 6.83 mol) in THE (14 nL) and cool to -78 T. Prepare Li TMP from

bl per di phorihicith oy QS OMISON YEPRE ERgie” BylTidyib oy I PRV
cool ed [PHIP Cf“f‘i’fl’@‘%ﬁ’éh)ékﬁé'ﬂ%%fﬂBOJ'Bb’cﬂl“?WhﬁFﬁb‘?xﬁh@?ffy mghpl ester s asabd.r eact i on at

-78 C f QIlssbivB thepriFetod2lee irCEHID@E 50 )axd 881 @agudl REIAHE BT I eN-8M. Uhiron for 5
m nut es,, and extract

r m t act | p
with 50 %mﬂq rragurg Itgor ‘85‘8&% @P?‘h‘g?gw?e“ﬁ&sa"@ffgéﬁfﬁéwn‘m dify the
r emaidni rﬁgncraliGémﬁsexrr &y avithvethyhacetetec Evagioratiandf thx soleat yiehds 065 mg84Pe)Et OAc. Dry
the or g@m;ﬁ%ﬂ@g@ﬁpdyg@%s(mﬁel)lzt]grgq and evaporate to give 1.22 g of the
title conpound as a white solid 7)% M5 (me) : 233.1 (M. 15 Method K
3,2",6"'-Trifluorobi phenyl - 4-car boxyl i c acid Conbi ne nethyl
4- br ono- 2- fI'llthfobanafB@dqusﬁaﬁe gzpait&ie%&nﬁmyla) described above.
4,4,5,5, 4 »5 o L 2-d anyl (5.0 g, 19.68
mmol ) and ﬁ"ﬁ"i?ﬁa?f’@?r?@@? e A : (40 nl) and
~ purge t he |2aChiorayhfluprobiphesylybrarbonatic acid MS 205.1 (M-)
PdC12(1, 1' 3m1§dreigpnmwﬂomem§mmhwmecafbafﬁfe%ia (185 73 §y 1. 35 9) and purge
t he sol ution wWith argonm agar n. Heat g—T1eactiom to—80—Cfor 3-h and cool
to room tenperature. Wash the reactlon with water and extract wth ethyl
acetlate and concentrate. The reMghbifig bl ack oil is re-dissolved in 1:2
ethyl agghafeel . . ? t hrough a short plug of silica gel, and

concent etranet hyl -
1, 3, 2-di oxabﬁﬁwl\eﬁri,ﬁzdlﬂwll@éﬁmedw@ld5rﬁétmm1) wenkydrgus THF(30 meY as a yel | ow

0i |.  Duibebye -bfec.r £auk Edlﬁlﬁn%?bﬁm%lh éﬂSM%ﬂ% ﬁol@HLmb;;@@@ conbi ne

ith NalO4 d t 50
o o PR i, i (G I BE Prrble BT oo S0 P and BYHE0 - ans or {0

sepdb at cyoy emperathirea Qoiemchttheaedction with water and extract the solution with ethyl
acetate several times. Combine the organic extracts, dry over MgSQy, filter and evaporate
onto silica gel. Purification by flash column chromatography yields 2-fluoro-6-
phenylpyridine 1.0 g (12%) as a yellow oil.
Cool a solution of LDA (3.46 mmol} in anhydrous THF (6 mL) to —78 °C.

20 Cannulate the 2-fluoro-6-phenylpyridine in anhydrous THF (6 mL) to the cooled LDA
solution. Stir at =78 “C for 30 minutes then bubble carbon dioxide gas through the
solution for 10 minutes. Allow the reaction to come 1o room temperature and purge with
argon. Extract the reaction with 1 M NaOH and discard the organics. Acidify the
aqueous layer with conc. HC and extract with ethyl acetate. Dry the organic layer over

25 MgSO0;, filter and evaporate to yield the tifle compound as a light yellow solid (405 mg,
65%). MS (m/e): 216.1 (M).




30 with ethyl acetate several tines. Dry the conbined orgW I\/gSO4,
filter and concentrate to yield 3.0 g of 3-fluoro-4-carbo [0)'4Y] enzene
boronic acid as an off- white solid. The boronic acid obtained above (800
ng, 4.04 ) and 2, 6- difluorobronmobenzene (1.17 g, |) are

coupl edwgg%@?ﬁ?]ng to the procedure 35 described in %&ngﬂ%&?o gi ve 380 ng
of the title conpound. M5 (me): 251.1 (M. 17 March 2006 WO 03/027061

PCT/ US02/ 25969 -19 Method L 6-Phenp-pyri dazi ne-3-carboxylic ly is acid

6- Phenyl pyridazin-3-ol (5.0 g, 29.06 mol) is dissolved in toluene (100 i)
and heated to 90 C. Phosphorous oxybromde (25 g, 87.19 mmvl) is added in
several 5 portions and the reactiganhps heated for 30 m nutes. The resulting
yel | ow sol utjon is c?ol e% to rqomtenperature, poured onto ice water, and
extract QMM u % IC398e organic layers are further washed with

- water and | oMb, -leemed,5alifuorddgcede (O 8d3ell, 0 nanel) aevphpotiaieic to a yel | ow
solid.

phenyl p??ﬁﬁ% gb d@fﬁ'ﬁ@&gaﬁsﬂm %éeoﬁlgﬁfoyf‘?eéé%bﬂeﬁerg]zdftfhﬁdgcqo %glgg%n%ol ) is
conmbisned®fvi 1-Hiflpvebiphenyl.) |, MeOH (5 rrL) triethylamne ().18 nL, 8.50 mmmol),
ang Pt(ﬂg OAC)ZmSZﬁwa&ud&)s &alfnmt phenyd %ﬂ mmbgﬁ@rﬁymuﬁqt aeld C(?joé iod i h
- Bi s(di Y, 0S ene ed an e
react i on%]g]id QSM% ?T(%'i’ %ng @cﬁ%"’i@x%églﬁé“@ﬁ? ough the
sol ut i onetfapretiyl pnpcnfh:ws(,l 4alddlt2l‘ieqmebatt18d’ﬁi in THY (ke mll). Ubahenladthepsi (345 kPa)

of car b%olé@Lﬁ'Wln&ﬁhg I&b‘?ed@eﬁ&ih%rﬂﬂ ﬁéﬂglu}n'd‘gﬂr e'z?@t h%ﬂ 7§"C?c9}9 for 18 h.

The reaction IS €00 Foom t ture and
ext ridct dbhlecrbei Pﬂwldaé?étﬂa%h thm%llalpgaqfl5@glnatﬁ‘*e Wama ﬁ@de%mtowsm filtered,
and evapetieihed 0l 6f N INaOH, gﬁkxﬁ:ﬂiﬂwﬂhbﬂﬂﬁlmmo ﬂ'dc@ﬂhh@diﬁdﬂ[ﬁ]ayer

h t ' ' t thod A 80
cOr ot S8 ARk YR BR800 B LT ShaRGEY ) gves
8. 18- 8. Mot EHPDARHYrY t: @pyniks over NIgS0s, ’@tezed—lzl)d evapcsﬁe t07g18=51 22ng of3hy . Method M

6 4- Fl yie Qolifdunti as ShiRe 31§ @O X MY @/@ca s, Parfonbi ne
mpyrlcélﬁdehHSascarboxylll?zsgld rr(gilﬁyl eﬁ%?o(l.OB g, 4.78 mol ), 4-

r
fl uc}SophenyI boronic acid (1.88 g, 13.41 nmol ), and cesium fluoride (2.55 g,
16.78 mmol) in DVF (25 nmL) and waledK 4 nL) with stirring. Place the

heter eO%?ﬂ%‘)#ﬁﬂﬁ«ﬁ'@ﬁﬁlﬁeﬂa-it-carboxﬂk acid
Combine methyl 4-bromo-2-fluorobenzoate (3.66 g, 15.75 mmol),
4,4,5,5,4'4',5',5-octamethyl-2,2°-bi-1,3,2-dioxaborolanyl (5.0 g, 19.68 mmol) and
20 potassium acetate (4.63 g, 47.19 mmol) in DMSO (40 mL) and purge the solution with
argon. Add PdCly(1,1-bis(diphenylphosphino)}ferrocene); (10 mol %, 1.35 g) and purge

the solution with argon again. Heat the reaction to 80° C for 3 h and cool to room
temperature. Wash the reaction with water and extract with ethyl acetate and
concentrate. The resulting black oil is re-dissolved in 1:2 ethyl acetate:hexanes, filtered
25  through a short plug of silica gel, and concentrated. 2-Fluoro-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzoic acid methyl ester is obtained as a yellow oil.
Dissolve the resulting yellow oil in acetone (100 mL) and combine with NalQ,
(10.1 g, 47.25 mmol), NH;OAc (3.63 g, 47.25 mmol), and water (50 mL) at room
temperature. Stir at room temperature for 18 h, transfer to a separatory funnel and extract
30  with ethyl acetate several times. Dry the combined organics over MgSO,, filter and
concentrate to yield 3.0 g of 3-fluoro-4-carbomethoxybenzene boronic acid as an off-
white solid.
The boronic acid obtained above (800 mg, 4.04 mmol) and 2,6-
difluorobromobenzene (1.17 g, 6.06 mmol) are coupled according to the procedure
35  described in Method G to give 380 mg of the title compound. MS (m/e): 251.1 (M").




m xture, open to the air, in an oil bath mintained at 8097 s 3R 5
m nutes of heating, add Pd(OAc)2 (150 ng, 0.67 nmol) in one portion. After
17 hours, cool the reaction to 30 roomtenperature, dilute with ethyl

acet at eyayghhtoki er through a short plug of celite w tharaReHsbdoonal et hyl
acetate. Wash the organics with water, dry over MgSHi filter and

evaporate. Purification by flash col um chronmat ography yields 6-(4-

f1 uor ophenyl ) pyri di ne- 3-carboxyl i c-Hti d nmethyl ester as a yellow solid.

Di ssolve the purified ester in THE (0.25M and add an equal volunme of 1 M
NaCH. Stir vigorously at 35 roomtenperature for 15 hours. Upon conpl etion,
acidify the reaction with conc. H@thadd March 2006 WO 03/ 027061

PCTI LI SO2p1ea idaZile-8ReheRlik 86 the white precipitate by filtration. Drying
under vacuum_yl el ds | f the title conpound. MS (nfe): 218.1
(Ve The 1 oBTSSPIRTEs 50N & 20 88 maie s deialfedin hagse dBRUE) BEI Apove. 5

6- ( Thi erhed@ied 1o 90§ £. PHosphorusaaytromydei(25 §&7d9 nmyol) is Miied ABseQergMH{ ) Met hod N
. 6- (4 FI : s licraci d Conbin
o br oroericy At B RN P K sGRel TRE RSN 58900l B et )
4- | uor 32 ROFLERPFHHENRIUHEITI Iee Watprdadaxgadieyl with alyl aeatdty. Thedeare) 2 (40 ny,
0. 18513 émla}c fuRtB& vkl i@ Ale aﬁcgmmo]ﬂdﬂi&i SUEPML SO Gl Han cgr bonatﬁ (570
ng, 5. in . vat er . W th'stirring, Purge the
reaction v%s%%j‘rtg a\XfIH\)?'/F N%g g%%yst?@ﬁaﬁlﬁleﬁw ‘a%&g%éﬂ"ﬁg'll(:} zgffﬁrﬂ’,“"'ﬁf.’q% mmol ), and
purge adghenylparidszing?. Pl ace the sealed reaction in an oil bath maintained
at 8@ C and algam-bphaidyrif@inet ooy i room
t enper at@w@]‘ g{fé ﬁas? ﬁ’l}{))/ﬂgt ng%sﬂg,rfﬁ%ﬁnwgﬁg%co@fbﬁ}eggﬁtg?hfl?%%ﬁ),t he 15 col um
with di éf§ k aw@yﬁam( 13 mlo B158 esepth ondiRA(R6 6k (Hhenmdigimpaldo m., 3
met hanoland 1hewmmre)eyaoaadmm'tmg{dipm@ipne@hﬂsmmdcaﬁqzjm%}&mqnm issuspend the
resi dual e {. . FlLbtern tq renpyv | ac olid and
acidify a\(/'\? e?%h{i Hﬁ%?%d%?ﬁag"rle?’gmaggi gars or 81,[0 }l(@%gﬂsds %@b%d owﬁﬁiﬂ?ﬁe precipitate
for s wiplgbon r & giinuéss: and theyredetipn is placeshurdernbOchsi @45 kB2 ofiearten306 my (74% of
t he 15i t lapxeRMrasresulidgolulib®)s hestdilat 30 M8 h2Ghe reaction is cooled to

room temperature, diluted with water, and extracted with ethyl acetate. The organics are

dried over MgSQ,, filtered, and evaporated onto silica gel and subjected to flash column

chromatography.

Hydrolysis using conditions outlined in Method A gives 80 mg of the title
20 compound. "H NMR (CDCl3): 8.24(d, 1H, 1 = 8.8 Hz), 8.18-8.15 (m, 2H), 8.0 (d, 1H, ]
= 9.2 Hz), 7.56- 7.55 (m, 3H).

Method M
6-(4-Fluorophenyl)pyridine-3-carboxvlic acid
25 Combine 6-bromopyridine-3-carboxylic acid methyl ester (1.03 g, 4.78 mmol), 4-

flucrophenylboronic acid (1.88 g, 13.41 mmol), and cesium fluoride (2.55 g, 16.78 mmol)
- in DMF (25 mL) and water (4 mL) with stirring. Place the hetereogeneous reaction
mixture, open to the air, in an oil bath maintained at 80° C. Afier 5 minutes of heating,
add Pd(OAc); (150 mg, 0.67 mmol) in one portion. After 17 hours, cool the reaction to
30 room temperature, dilute with ethyl acetate and filter through a short plug of celite with
additional ethyl acetate. Wash the organics with water, dry over MgSQ,, filter and
evaporate. Purification by flash column chromatography yields 6-(4-
fluorophenyl)pyridine-3-carboxylic acid methy! ester as a yellow solid. Dissolve the
purified ester in THF (0.25M) and add an equal volume of 1M NaOH. Stir vigorously at
35 room temperature for 15 hours. Upon completion, acidify the reaction with conc. HCI




6-(2,4-Difluoro hen 1 yridine-3-carbox lic acidvs 236.0 (Waﬁ:h(%mgl uor ohen
) yridine-3-carbox lic acidwvs 218.0 (M+ 2'-Fl uorobi hen 1-4-carbox lic
acidMs 215.1 (M) 2'-Meth I bihen |-4-carbox lic aci dl\/B 211 2 (M The

fol |l ow unds are prepared essential) as descr . 17 March
2006 \/\0%3”?%61 PCT/ US02/ 25969 - 21 Exanple 1-1 Bip enyF Q Carboxyl i ¢ acid
(R-(6-( I-((4-fluorobenzyl)methylam no)eth liden mind 2(R)-hydroxyindan-)
-yl)amide 0 5 Slomy add a sol utiobof 375 g (5.13 nol, 1.12 equiV)

of N-net hyl acetarnide in THE (1.76 L) to 224 g (5.55 m)l, 1.2 equiv) of
sodi um hydri de (60% di spersion in mneral oil) as a slurry in THE (8.75
L). Aft end @llectithuvids predrita@BydidifatibheDyeolguniovahmm yiddel$Sang &F%jadd 875 ¢
(4.63 gp@{ﬂylbromde and the remaining

N- net hg%gglgt"ge 0\6)'%10[%8??%?) gg zy %r om de sol utions concurrently over the
next 3 h. 10 Use a water bath to maintain the tenperature below 40C. Stir
the resul ti n'ghemio}i&\\ﬁhlhgco@ﬁtﬁﬁ@is@?@aﬁﬂéssaﬁhﬂyhsrﬁe@crmemlbbﬁfélre of 20% NH4Cl (2.5
L), water ( 1.)s thyI ehcet aft e; (9 0. t)he ayers and

back- extract . then 2 Q
Conmbbne the organic layers and wash with water (4 L) and then brine (7 Q
Dry the organic layer (Na2SO4) a&@xh E@)ve the solvent to afford a residue.
Di ssol ve th 15_residue in acetonl rl (7 L) and heptane (1.75 Q Separate
‘the | ay&ré-Iiore-2o8 phenygyiding] "]H-%ﬁ}ﬂer again with heptane (1.75 L).
Cogl ne the Oaﬁbzme-bharmmmﬁdmCm@dythmmyl odlef I(B?meg , Q170 nimdl g f( 0. 5f Q

Conbi ne 4l t \V/ I 814 kg o

Nomet hyl r[\l‘l% oafﬁe&giph%dg b%lqn%gfgt%% i .ﬁ%ﬁ %Ra%élﬁ PatSad! {48k, 045

N- rrét)hymnwl)( qesmnuﬂmqme@ﬂyng adéﬂmmlh@d(sgdlgm@anbgna@(S?%mgnﬁ 8 mwoll)HE 20 (11.5

L) . Add;PbRsRBHIY SndRitEtAS W) i@ s(anZ ?’l_"'uﬂif the ka@@n’]ﬁi‘xtur@wﬁh RY4hy) and heat

the mxtuyre to refl oV ter all ow t he
et ur o SRbeateste ahme. 1 P or vies pEAytRNy Fres GHERAL. “hnd et wi t h
12.5 L odactiddin @oodbbak miaeifeil lat 30iCandialidw teastir fod éhhowal Cdal kiter at e from a
separ at ?ea[:tgﬁﬁiq b éﬂxgerﬁﬂﬁ%ﬁ&‘b%é‘[}ﬁ?(%ﬂ a?hc%'?ﬁ %Qfs‘ﬂ caQell %Asﬁéﬁz ClDl ssol ve the

A

resi due an romat o usin 2 to afford 25
1. 045kgcgjmg &Hihdrcharwqﬂgﬂnﬁ (&0 8 ifelTopied Ay mﬂewmﬁ@n@ml M4ed (1 L) for 15-30
mn, ad dwtﬂaﬁtﬂl awaen() 5Rbduce me@bmnslh@i fdckibndlif vico Bndbduspend thegésiduall Or 2 h.

Col | ect S(t)ll in wa er 91091¥L)f 'Fi l}eg gl Teiove a black solid and acidify with 1 N hydrochloric
acid solution to pH 4. A white precipitate forms which is collected by filtration and dried
to give 306 mg (74%) of the title compound. MS (m/e): 231.9 (MH").

20

The following compounds are prepared essentially as described above.
6-(2,4-Difluorophenyl)pyridine-3-carboxylic acid | MS 236.0 (MH")
6-(2-Fluorophenyl)pyridine-3-carboxylic acid MS 218.0 (MH")

2’-Fluorobiphenyl-4-carboxylic acid MS 215.1 (M)

2’-Methylbiphenyl-4-carboxylic acid MS 211.2 (M)




and dry to afford 0.814 kg of N-nethyl-N-(4-fluorobenzyl)ihppageicag de. Add
11.5 L of acetonitrile and 2.52 kg (17.7 nol, 1.5 equiv) of nethyl iodide
to 2.30 kg (11.6 nol) of N-met hyl - N-(4-fl uorobenzyl)acetam de. Heat the

m xt ur ewfospenss 30 for 21 h. Reduce the vol ume by hgldraRpmedeot ary
evaporator and add 14 L of MIBE. Reduce the volune again by half and add
another 14 L of MIBE. Cool the resulting slurry to O C, collect the solid
by filtration, and dry to afford 332 kg of I -methylthio-1 - methyl
-N-(4-fluorobenzyl)-N -nmet hylimoniumiodide as a white solid. 17 March
2006 WO 03/027061 PCTI US02/ 25969 -22 Add 85 L of concentrated NH4OH and 28
L of water to 6.20 kg (35.0 nol )Expfpl 12t epoxy- 6-nitroindane. Beat the

m xture EE l%ﬁ ]Q if,a?rfox ]:)I‘C A}l @ ]l Wﬂh@ro 691 l] ﬁé?h ]%%)C&JVIIL :l‘éa%llﬂ)-e Filter the

reacti on mxture over a be gy and rrnse tne cake with
water. Add to the wet cake@@@@&—%@%—ﬁ@ﬁ@l‘j—el L of water, and 5.80 kg 5
(38.1 nol, 1.09 equgv) of (S)-(+)- rrandell acid. Heat the mxture for 2 h
at 55 C and filter t gh(&!carbon igpregnated filter cartridge. Reduce
the filtrate vqurreb lac s II t|o about 35 L and add 130 L of
Et OAc. Reduce the vol une by about 65 L. Cool the
m xture to -8 C and stir for SHh and dry the solid to
afford 7.6 kg of a solid. Slurrythls soI|d|n3 of nmethanol 10 and 0.3

L of swater, sRdieRl shRfofbedrsiss. ﬁi b1 ngofﬁb r%e({ﬂrlac%%ymézge m xture to

ollo C and

ﬂ

45 C
Cstirri gV??ng 7§é)F?22éc5|(Pééfn°E He? cquiy) @OSW"HHY%‘P%{W%@S@PF&O@IW to afford 2.7
kg of | nfifralat) s sAER) in TR (@XF L& - AfiérB0intifagevied)2 5 ermdabmtien hAdd

TS o PG s 3@% | PR SRR Rega e ting 5ol 2 6
equi v) . Nametylagetanyide andof-tudnpbehavibyoroide btdmyJInS cdricomréntly o¢@ tekt3 h2. 0 nol , L |

~ equilg) |U%e@Wa$et%§toQHﬁﬁta1%Qhégt@mpéfhﬁre b@foWO@ZSMHé Rsulfid .Iaﬁfuré he sol i ds under

vacuum and J‘B q%lentl .al y | uene, of water, and 2 L

of tol uéNeg™e QR Diyyrepf %4’3"’8‘(3?@ ﬁ(rg) B’Ptebqﬁrﬂe)nﬁﬂd eﬁ‘yl ¥sRkoxyl i c acid
( R) - (6-69L) cSeﬁarhly dmda@,;crsmddhack -exirjarticdqueoddiidysd Suith ethybicermiel(y 5 lacet ate to 20

) a2 3 RORONE i oFRRRI fa At Sa R ARG e DY 5.0%V| ndan

-yl)am ‘18 h, collect
the sol HHYH‘&OfﬁaP*Pl"’é(Fﬁ @H:;S%Wq @mow ‘F’@ﬁ‘ﬂ"@t e fiieg WSIQ‘iﬂpﬁbﬁyi\’eﬂwcar boxyl i

ale d5( Ryes{d@e fii dcét@mﬁ’(l&)?]méﬂﬂﬁ GHARURTS LY. Weparitt €R 1ay@fs ad WadhitRe SOl i d. Conbi ne a
slurry

b1 phemy Pt G vt 0t EPBie B Hepicagivamdiede Y ani de i n

17.5 L extraoivFith acetonitrile (0.5 L). Combme the acetonitrile layers and evaporate to afford
0.814 kg of N-methyI—N (4-fluorobenzyl)acetamide.
Dissolve N-methyl-N- (4-ﬂuor0bcnzyl)acetam:de (0.500 kg, 2.76 mol) in THF |
20 (11.5L). Add phosphorus pentasulfide (0.737 kg, 1.65 mol, 0.6 equiv) and heat the
mixture to reflux over 1-2 hours. After 5 h at reflux, allow the mixture to cool to room
temperature, filter off the solids, and wash with 12.5 L of THF. Combine the filtrate with
an identical filtrate from a separate reaction and concentrate to 0.978 kg of a residue.
Dissolve the residue and chromatograph on 2.7 kg of silica gel using CHyCl to afford
25 1.0l kg of solid. Slurry the solid with methylene chloride (1 L) for 15-30 min, add
- heptane (5 L), cool the mixture to 0-5°C, and stir for 2 h. Collect the solid by filtration
and dry to afford 0.814 kg of N-methyl-N-(4-fluorobenzyl)thioacetamide.
Add 11.5 L of acetonitrile and 2.52 kg (17.7 mol, 1.5 equiv) of methyl iodide to
2.30 kg (11.6 mol) of N-methyl-N-(4-fluorobenzyl)acetamide. Heat the mixture to 35 °C
30 for 21 h. Reduce the volume by half on a rotary evaporator and add 14 L of MTBE.
Reduce the volume again by half and add another 14 L of MTBE. Cool the resulting
slurry to 0 °C, collect the solid by filtration, and dry to afford 3.92 kg of 1-methylthio-1-
methyl-N-(4-fluorobenzyl)-N-methylimmonium iodide as a white solid.




wi th hydrogen (50 psi, 345 kPa). After 19 h, filter the r xture,
add a portion of the DWF solution (5 L) to water (10 L), Ppﬁé‘l’%ﬁoﬁhthe
slurry for 2 h - repeat twice to work up the entire reaction vol une.

Filter the sl I es together, and wash the resulting_fli r ake with
( %osgz@f 5&3411%&/25963

wat er Dry the filter cake to afford 1.42 k

bi phenyl - 4-carboxylic 30 acid (R):6-am no-2(R)-hydroxyi ndan-1-yl)am de.

~ Slurry bi phenyl -4-carboxylic acid )-(6- am no- 2(R) - hydr oxyi ndan- |
-yl)am de (0.969 kg, 2.81 nol) in THE (9.7 L) and add | n'ethylthi o- |

-met hyl N- (4-1,1 bn .81 nol) and
4-di et hyl anﬁﬂggéf‘ ?{é %‘rﬁfy—gﬁ%b gg% f%vnlerfdélﬂ)ekgr@%%’roe) o’r 24 h, and
renove teh@%ﬁ)hlv‘emﬂanen]iemakmnlxllm @éér@éortzﬂné and glidw foregoi3rdogiam i n CH2C12
(12.5 Lke M@Siﬁlltﬁlhtﬁc %Hﬁﬂﬁrﬁxt%%@r aMel Bf Je'etQZéNtel'd% k)andriflselth@nd | x 3 L),

1OMNa nd sa dNaCI e the organic
phase, Wdéé‘b WS & ? Liéé—i%@gé@ B% 8? 2s4), filter,
and ISemQS‘/Sel mblﬂ;lmleqmnloft(@) - e:laﬁﬂehcamﬂ | Heat Diessintuxecfot hk ats5I°Cend N acet oni tri | e

(9 L) W‘Hi eﬁa}nb%grg]a @ﬂbéqqmgs?egé%& ﬁé\éﬁﬂﬁﬁ%ﬁw&q tfr@%ﬁ.laaédgﬂ,ﬁqbgut es, add seed

crysta e nixture to -15
C and stVF“FU“&ltdl%fWia%O" tpéh%fi%#andaaqddﬁbkOQEFDA@RQde?e thveolene®y y and dry to

pr ovi de viguhd diﬂl]l@iforitb@bédt 63 B. CosTRiumE tupe @&Sacraad §tir®r SAceE@Riter i | e sol vate.

_ 8N2/R (5]%%? ryﬁiezsopfgto(a(?@m% I;g%f a sogc] ﬁlu 8‘11slsohg m 30# %,f meth}e)ng 47( gg (g 3 :J

8.5, 105 2nqd 0. ?Llﬁv-(aubr and heht the igyre at r?ﬂ@:dfo(r'@ 512,Cadl the Buixthre tc6457"2','— 6.63 (m 3),

| ?dgl (1 t DHéJ,oaJh anéiﬁ,u@?o;lﬁlh%ic(@g §co&%gt&22@"@: a(nQQvamgéfo}th %Ek}léktth%? 6)2i 9;1. ?3d,

1, J 10selidpyilirggiqgynd irygqaf ogd é)kg O&BR@ms&?(Bbhydzowprnrymdg&%Jp| e 2:1
Bi phenylmandelgtar boxylic acid (R)-(6-(1-((4-fl uorobenyl)neth,

| t hyl nb
trano. ! -an nbdE “@E”ho‘)?@ A %ﬁé{jﬁgﬁé‘nhde%ﬂ@@mf R
aci d5(1@nwﬂgreq§toﬁqenﬁb? Lhanﬂa@w;ﬂqua/bNuN@ @&ﬂb‘b&mﬁbz ﬁamuv) e&ﬁ&rs 6 L of

wat er. pNeRY-1 &Shehﬂf:zlrb%yﬂﬂﬂbrIdBWﬂde aQ@olm agl.mrh;ydnlﬁﬁ%w&tze -305eed and al | ow
hr.at -3C, then

R L M L s T SRS R
sol i d. lyent e eblater, and 24 ofacluenn drethe &bkedd &fforfi®r74 kg oﬁb1ph1enalf—4-or d a 59:41
m xture cﬂ'f)ox‘}'h@%lg E]QC_{IEI?{I}&Q_ ﬁ?dr&ﬁnﬂcdglyq) yi)E'ngldle 9@1 395”6? el%g']%l:etate to
20  1.914 kg of biphenyl-4-carboxylic acid (R)-(6-nitro-2(R)-hydroxyindan-1-yl)amide
prepared in a similar manner. Stir the slurry for 18 h, collect the solid by filtration, dry to
afford 1.76 kg of biphenyl-4-carboxylic acid (R)-{6-nitro-2(R)-hydroxyindan-1-yl)amide
as a white solid. . ' |
Combine a slurry of 0.176 kg of 10% Pd-C (50% water wet) and 1.7 kg of
25  biphenyl-4-carboxylic acid (R)-(6-nitro-2(R)-hydroxyindan-1-yl)amide in 17.5 L of DMF
with hydrogen (50 psi, 345 kPa). After 19 h, filter the reaction mixture, add a portion of
the DMF solution (5 L) to water (10 L), and stir the slurry for 2 h — repeat twice to work
up the entire reaction volume. Filter the slurries together, and wash the resulting filter
cake with water (3 x 7L). Dry the filter cake to afford 1.42 kg of biphenyl-4-carboxylic
30 acid (R)-(6-amino-2(R)-hydroxyindan-1-yl)amide.
Slurry biphenyl-4-carboxylic acid (R)-(6-amino-2(R)-hydroxyindan-I-yl)amide
(0.969 kg, 2.81 mol) in THF (9.7 L) and add 1-methylthio-1-methyl-N-(4-fluorobenzyl)-
N-methylimmonium jodide (0.954 kg, 2.81 mol) and 4-dimethylaminopyridine (34.5 g,
0.281). Stir the mixture for 24 h, and remove the solvent in vacuo. Dissolve the resulting
35  foam in CH,Cl; (12.5 L) and wash the organic phase with 1L.0NHCiI(1 x4Land 1 x 3
L), 1.0 M NaOH (1 x 2.4 L) and saturated NaCl (1 x 4 L.). Separate the organic phase, dry




hydr oxy- 6- ni troi ndane. Conbi ne the 59:41 mixture of diast ¢y pp®a dshesal ts
with 35 nL of nmethanol and 0.32 g of water. Heat to about 64C, allow to
cool to about 45C, and stir for 14 h and 25 then at 23C for 14h to give a
solid. Ga)dspefost he solid by filtration, rinse wth nghaR@nse@nd dry in a
vacuum oven at 45C for 26 h to afford 2.64 g of 1(R)-am no-2(R)-hydroxy-
6- ni t roi ndane S-nmandel ate of high enﬁantlomerlc purity. HRVS (m z):

194.0691. IR (CHC13) 1347, 1074 ci¥l. Conbi ne

1(R) -am no- 2(R) - hydr oxy- 6-ni troi ndane S- rrandel ate 40 2 g (116.1 30 mol),
320 nL of water, 650 nL of ethyl acetate

di - t er t -(NeaSPubifilterr W mepeve ﬂee@lwegttmlda@h@@@wqﬁre sokiddp astoaldet i onal 200

m of et(hy) wﬁ@ﬁieﬁﬁ@ to A6ld0 IC.0AfEr arpfarokmi\dtaasﬂmﬁmates add bamlaw@km@xl de (120 mol,

1.03 equjy Af.ter t the solid and

i naed Wb SRR Bk e g Cariyt ikl b o ea o 1 5 g ve 17

Mar ch 2068perore &ird 270 il R Wigoand 8999 providg 1.10 kg of the title compound

1(R) =(t argg NGRS RN QUaR0) - 2(R) hydr oxy-6-ni troi ndane as white solid 19.4

?R§ 5(7;%) bui oxy"i%@?cﬁa 51%7/?5&@( %*8)@3} -lnffﬁéﬂ’r?cﬁ&r{@%:%.:@ n?:).nill mol ),

800 nl Gf48THIZ, 1880, Td), DA &k hyll= a&pvaneddamd% 3 5P)pf.164 ndld Bl um on car bon.

ng]}’:jlrfgﬁitlﬁ{Q PLe T hals N F3 (o] SR8l 1) % G @BFLE he catalyst

(R -(t- u{“okfyﬁ)a‘i%ﬁﬁlgi,l laan-Hé})O DORP IR e dody= BL6, rﬂ),r?o(?lr(a,a'ﬂe? 9i\f1§d,(lnﬁz) 265
(M3).  ERS(KBO), 196993). 148 %m/z5:588 2¢0t+1).[a] D = -122 (c = 1, MeOH). To a
solution of NaH (6.86 g, 0.172 nole, 60%in mneral oil, 1.3 equiv) in THE
10 (250 ni), add dropwi se a sol ution of N-nethylacetam de (11.6 g, 0.159
nmole, 1.2 equiv) in THE (90 nLEx_IELEéj'_ about 20 min, add

4-f | uor ohkg e &Bfa%ea%ggours t hen
pour over 0 . ylacetate 0 nL and
200 nl). Conbine the orgardB g danelrvharside i t h” wat er (300 nL), dry over
Na2SO4, filter and 21 entrate to an oil § Dissolve the oil in acetonitrile
and extract with 15 3 eleIarem)ve e R aegal. oil to give 22.79 ¢

N- net hyl - N-(4f|uoro rrp 3-54C, Rr= 0.45 (4%
MeOH et hyl ene chl ori de); GHRF B E (m 4), 4.5 (d, 2),
2.91 (s, 3), 2.14 (s, 3). nﬁH;ne hyI N- (4- or obenzyl ) acet am de

(36458 g, 2.01 nmol) and THE (9 L). Stir to afforda solution, then add

phosphorus pgfhidsiddkde h I f mn, heat to
reflux. After E n:S m;£o5§ %Jrf)gyé m%ilnld?%o%%%ﬁ 6ﬁim°)§9 clﬂge a soI id. Renove
mandelic a01d (16.7 g, 0 ]1 mol ] 1 equiv) in 173 mL of methanol and 3.6 mL of water.

Heat at reflux and then add 200 mL of ethyl acetate. Seed and allow to cool to 23°C.
After stirring for 4 h at 23°C, cool for 3 hr at —3°C, then filter and rinse with cold 40%

20 methanol and 60% ethyl acetate to give a solid. Dry the solid in a vacuum oven at 45°C
for 16 h to afford a 59:41 mixture of diastereomeric salts favoring 1(R)-amino-2(R)-
hydroxy-6-nitroindane.

Combine the 59:41 mixture of diastereomeric salts with 35 mL of methanol and
0.32 g of water. Heat to about 64°C, allow to cool to about 45°C, and stir for 14 h and

25  then at 23°C for 14h to give a solid. Collect the solid by filtration, rinse with methanol,
and dry in a vacuum oven at 45°C for 26 h to afford 2.64 g of 1{R)-amino-2(R)-hydroxy-
6-nitroindane S-mandelate of high enantiomeric purity. HRMS (m/z): 194.0691. IR
(CHCI3) 1347, 1074 cm™. |

Combine 1(R)-amino-2(R)-hydroxy-6-nitroindane S-mandelate 40.2 g (116.)

30  mmol), 320 mL of water, 650 mL of ethyl acetate, 26.6 g of di-tert-butyldicarbonate
(121.9 mmol, 1.05 equiv), and an additional 200 mL of ethyl acetate. Add 120 mL of 1 N
aqueous sodium hydroxide (120 mmol, 1.03 equiv) dropwise. After 15 h, a solid forms.
Collect the solid and rinsed with water (3 times) and ethy! acetate (3 times). Dry to give




-the solid by filtration and rinse the filter cake with THE L

Evaporate the filtrate to give a residue, dissolve in nethylene chloride
(500 L) and passed over a short colum of silica gel 60 (1.2 kg)

pr econd with heptane. Elute with 4 L of heptg 3p @g&b@ygene chl ori de
(1:1) f by 100 % net hyl ene chloride to afford, 7 col l ection
and dryi ng, 217 98 g of N-nethyl-N(4-fl uorobenzyl)th| oacetam de: np = 99-
104 C, Rf = 0.42 (nmethylene chlorieldy; '"H NVR (CDA3) 7.35-7.26 (m 1),
7.14-6.96 (m 3), 5.28 (s, 1.2) and 4.79 (s, 0.8), 3.42 (s, 1.2) and 3.15
(s, 1.8), 2.72 (s, 1.2) and 2.69 (s, 1.8). Note: Partial protons are

bel i eved(Rp(t-lbaoﬁiymrbb@]ﬁr@lhdmi‘R$hy&‘@Wt‘ﬂ' fiedoindane as white solid 19.4 g (57%):

N- net hyI J thi (14.03 g, 0.0711 nole) and 30

met hyl ene 8‘%) %@5%48@5 ”i ]\?‘{B gen and cool in an ice water bath.
Add dr opwi seCombmhw )t(?bﬁ‘@ﬂé?fbwiﬂmvéﬁ odexe-6(argadane 30.5 8085l nol e, 1.2
equi v) . nffi}, 860 AB ofTAF, SUUQEIDNfQ:tHyhﬂ:eiaféEhnbétB*}; cﬁ”@%ﬁa‘llhdﬂmﬁq% cabh,. Renove the

f?'rréshyﬁfyrrl?%%atwigﬁwl (R0 e Do b REE I SMSHHIEENT | at e, Combi ne

1- et hy|ammmp¢ramerwlvem¢ give amégdwﬂzwtpxmmm:nmm bydrgwyi| ate 35 (5

g( )1 3(? 2 ")damgr%%@ W%‘i @@%Qﬁgqﬁ? e nfRE 1865 4. 138

(0),4
mol ) urleMeOH; B/trogen Add pyridine (0.15 nL). 17 March 2006 WD 03/ 027061
PCTI U8021259‘®8a saltioffdf@laH46.86 By 0. B25601¢, 0WAS niseratedl, 1. Ceduiged THRe solid was

gzﬁrﬂ%@vadd ({] %wa%@v:% s%gl?xgléoﬂh 3&' ac(gD mr{dt ]&f %ﬂf) ]'}ﬁ lm%rl]ee rt]elq%{d de, and dry
b ut oxy car BER {30min @%ft@ eyt de&@d-%ﬂl(dmbcna’dbwmm (2 8 1B ooksdediay| ) - N
'[nralt P%’Lg?&g@&&)@ 'ﬂglﬁ@ﬁleﬁ Jr o@%rgceanfatél %Warﬁﬁj 8 kkithct Whn etia?l?agéte?{@ 305 '[COOl
but oxycé’ﬁ-b%ﬁfpggﬁs g? 9'(’?25]’3 RUEGRI6A) T8 2 Wasﬁé‘f ﬁV’f’aterRI?&(’ﬁﬂr iy benzyl )-N -
net hy| aiNag8Owpfilierdaheontentbiead an ¢ik Dibdolvg thelhillib heamiitei)e dnd exeact witins al ong with

3 1My 5T eI IVLARG GDkBIekf 61 10302078 0SSN ol BEnAladllhidd0d then al | ow

€ reaction
i xturelw%éﬁcggrﬁWérG‘M&\ﬂﬂQﬂfm@ylw qlmdeh{})i%(fﬂleehlﬂa%@ 93500 ). Add
2M aquews4)§4)5l(¢1g) Iz;gqlr(ggy,dm((gla? m.) and separate the layers. Extract the

I h d
ayers wer e GEENEENEEEEoRordiifsetamaPot s 8 St e LR 00 TN
aqueous Lioﬂhrumﬂﬁ;rda@cduw, (hmadrl_l)hoaqhdmwacreasuﬂﬁ (33(2)7 mh@1 gtol)r Atfier gi ve. To the
y Og@ ank mﬁn %em&feml Rban- h‘Sav/dv) ro%&ﬁm& kwvﬁﬁa %! g)vehi sJ,ﬁd nie%n%ac etam di ne

uced bove procedures car bony oride (11.05
g, O. 051herﬁellfieby filtratiqm apsl rinse thofiker s3ke W‘WFa I3q vanoaﬁ%ﬁhe §brafﬂt0 of water.

Af t er 2 glve aresidue, dissolve in methylene chloride (500 mL) and passed over a short column

of silica gel 60 (1.2 kg) preconditioned with heptane. Elute with 4 L of
heptane/methylene chloride (1:1) followed by 100 % methylene chloride to afford, after
- 25  collection and drying, 217.98 g of N-methyl-N-(4-fluorobenzyl)thioacetamide: mp = 99-
104 °C; Rf = 0.42 (methylene chloride); 'H NMR (CDCl3) 7.35-7.26 (m, 1), 7.14-6.96
(m, 3), 5.28 (s, 1.2) and 4.79 (s, 0.8), 3.42 (s, 1.2) and 3.15 (s, 1.8), 2.72 (s, 1.2) and 2.69
(s, 1.8). Note: Partial protons are believed to be due to rotomers.
Combine N-methyl-N-(4-fluorobenzyl)thioacetamide (14.03 g, 0.0711 mole) and
30  methylene chloride (140 mL) under nitrogen and cool in an ice water bath. Add dropwise
methyl trifluoromethanesulfonate (9.66 mL, 0.085 mole, 1.2 equiv). After 15 min,
remove the ice bath and stir for 2 hr. Remove the solvent under vacuum to obtain 25.89 g
(100%) of 1-methylthio-1-methyl-N-(4-fluorobenzyl)-N-methylimmonium triflate,
_ : Combine 1-methylthio-1-methyl-N-(4-fluorobenzyl)-N-methylimmonium triflate
35 (5 g, 13.8 mmol), methylene chloride (50 mL) and 1(R)-(t-butoxycarbonylamino)-2(R)-
hydroxy-6-amincindane (3.65 g, 13.8 mmol) under nitrogen. Add pyridine (0.15 mL).




separate the |layers, extract the organic |ayer with water 1438001006 dry
over Na2SO4, filter and evaporate to give 27.06 g of the title conpound as
a white foam Crystallize a 10 g portion of the title conpound from 10 mJg
of acet gy dsfal to 20 afford 5.96 g of the title co 103-111 C.
VB (niz)%m‘;gg%‘}o?llvhl) Slurry the title conpound obt ai %H'EBB&S%
recrystallization above in a mxture of 45 nL of ethyl acetate and 45 n1_
of hexane for 16 h to afford the ti4¥e conmpound np 139- 142 C. Conbine the
title conpound having np 139-142C (I g) and absolute ethanol (12 25 nL).
Neat to about 50C until the solids dissolve. Add deionized water (4.5 nli)
dr opwi seAflenRiSdwe dolislwasHermeed d Colleshthe folslewd by ifitsitiah,sineé withempinglror ph el ti ng
at aboutyybafkof %yﬂme Eindtide! shadPiita vt (Wéﬁ ho %1\«56 F? gt@"/@'oﬁ" fR3- étt hi ck

ry in a

suspensi_on. i:% ehsion_ jn an icC
vacuum &y%y(gfbo%lm@gm Ra-Tyslrar 661 -mgthyl Iﬂf("tfl‘r’@“’(bF’%zlYB Corrpound np 150- 152
C. 30 ASneMylldmlbﬁo)nlﬂﬂeeBiﬂmdsbylhﬂﬂﬁahdfmpf:dEMBz*’CSkl Il in the art, an

al tersnate na f o) I

uor obsenzyl @8%] tﬁhm;rg "C 4(%5%#‘56@)191{1}9 ah%ega% a"é gélq M‘B) phenyl am doi ndane.

17 Narcrb"@@ﬁ@fw]@@lﬂ@ ‘1?}’417@1}[ 6160 methgigd'g4- @ﬁ@ﬁﬁﬂ‘é— 2-2 1-4-carboxylic
acid ( R)me&l@iaﬁﬁdiﬁaeﬁmfaw@m@ww ggmlsh%&&mnwiohgﬁzﬂﬁ@mLW

20 i SfiBRae S0 b e'cf Borh sl ko e Slod '80¥28m PoPo. 144 1ol ) and

750 mL @ffmneuitwe aed stiddat 1346, Rirtifion BF Racrivinenix@rdbeepen wethyfent dhlarifeeous sodi um
hydrl@X' (é?OOfrHL)' ME5d Wer‘&id@nﬂ}? 9§dd‘ﬁ§'f fq'ilgou§ts6Jlurf1ﬂgdr 8&‘{458&1 gh&i“ es then add

(0.159 nole hen ride portion-wse
over abéeﬂam@f ‘hHarﬁfEfﬁeE’“faAﬂP%?q%m@ lgyer with tnéﬁhy n@cmw@|(250n@L)§nmhey, rinse the
filter cakbinvd tb]’@am@lay@f\ﬁeredrayheﬂmlttha\bam nitl). @61 th®brgdic ydroadgi ve 56.1 g of

sho, « 1aRFanRy S BRkA ARk EE VRO B RSN Tor | oot oo,
374. 1267, Fouinthe NiT%ammed-hydmxtsingan-5-yl)-N-(4-fluorobenzyl)-N-
1( R)15( 4%@%&%%@}%&&@ /yrmaxo%(;ﬁ)méwehrepm @‘bwhhg@da%%%hféﬁ g, 550 niL

?pl 52 g,% 09)1 g‘}colel?%]ul?v mC pgl%;[)l%l Add an l;y ition %FPO ml of water. APﬁer 2?1345 kPa) of

separate the layers, extract the organic layer with water (300 mL)), dry over Na;SQy, filter
and evaporate to give 27.06 g of the title compound as a white foam.
Crystallize a 10 g portion of the title compound from 10 mL/g of acetonitrile to
20 afford 5.96 g of the title compound: mp 103-111 °C. MS (m/z): 508 (M+1).
Slurry the title compound obtained by recrystallization above in a mixture of 45
mL of ethyl acetate and 45 mL of hexane for 16 h to afford the title compound mp 139-
142 °C. '
Combine the title compound having mp 139-142°C (1 g) and absolute ethanol {12
25  mL). Heat to about 50°C until the solids dissolve. Add deionized water (4.5 mL)
dropwise followed by the addition of seed crystals of the polymorph melting at about 150-
152 °C. Cool to about 23 °C over 1.5 h, to give a thick suspension. Cool the suspension
in an ice bath, filter, and dry in a vacuum oven at 50-60 °C to yield 0.76 g of the title
compound: mp 150-152 °C.
30 As will be understood by one of ordinary skill in the art, an alternate name for the
title compound is 6-(1-({(4-fluorobenzyl)methylamino)ethylideneamino)-2-hydroxy-1-
biphenylamidoindane.




15 hydrogen at anbient tenperature for 4.75 h. Filter thep§ m xture
and dilute the filtrate with 1200 nL of water to give a s}urry. tir the
slurry for 30 minutes, filter, wash wth water, and dry in vacuo at 50C.

Combi newtot]]gm%%% ed product and about | L of water ?C%%;“g%gor 30

mnutes, friter, wash with water, and dry in vacuo a o afford 45.4 g
(909 of 1(R) - (4 bi phenyl car bonyl am no) - 2( R) - hydr oxy- 6- am noi ndane: IR
(KBr, cm' 20 '); 3584, 3364, 3277;261632, 1543, 1326, 1073, 743; HR\S calc'd
for C22H20N202: 344.4120; Found: 344.1525. Conbi ne

N- net hyl - N- (4-fl uorobenzyl )acetam de (364.8 g, 2.01 nol) and THE (9 Q
Stir to dissolve and then add phksspple@tds pentasul fide (537.7 g, 1.21 nol ).

Aften 45 Bief) NGRlndIR £ Bk - 0914 fudlobc AR AR B M etk feafiRlN OTL L0 ) Ve

a solid. ColTect the solid 25 by tlltratjon_and rinse the caké wwth THE (4
L), evaporate the filtrat dqrgl- i resi due, dissolve the
residue in nethyle chl oride (about 500 ), and passed over a cake of
silica gel 60 (1.2 ko eCQM@Itloned}%Q R _bept ane. Elute with 4 L of
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g (90%) of 1(R)-(4-biphenylcarbonylamino)-2(R)- hydroxy-6—ammomdane IR (KBr, cm
20 Y); 3584, 3364, 3277, 1632, 1543, 1326, 1073, 743; HRMS calc’d for C2oHzoN,0q:
344.4120; Found: 344.1525.
Combine N-methyl-N-(4-fluorobenzyl)acetamide (364.8 g, 2.01 mol) and THF (9
L). Stir to dissolve and then add phosphorus pentasulfide (537.7 g, 1.21 mol). After 45
min, heat to reflux for 3 h, then cool and stir overnight to give a solid. Collect the solid
25 by filtration and rinse the cake with THF (4 L), evaporate the filtrate in vacuo to give a
residue, dissolve the residue in methylene chloride (about 500 mL), and passed over a
cake of silica gel 60 (1.2 kg) preconditioned with heptane. Elute with 4 L of
heptane/methylene chloride (1:1) followed by 100 % methylene chloride to afford 217.98
g of N-methyl-N-(4-fluorobenzy))thicacetamide (55%): mp = 99-104 °C; Rf=0.42
30 (methylene chloride); 'H NMR (CDCly) 7.35-7.26 (m, 1), 7.14-6.96 (m, 3), 5.28 (s, 1.2)
and 4.79 (s, 0.8), 3.42 (s, 1.2) and 3.15 (s, 1.8), 2.72 (s, 1.2) and 2.69 (s, 1.8). Note:
Partial protons are believed to be due to rotomers.




15 for 19.5 h, filter, dry in vacuo at 50Cto give a resiqh;lgdan%ﬁﬁ%%
hydr oi odi de salt of the title conpound, characterized by the 'l ow ng
NMR: 1H NMR (CDC13, 300 MHz): S 8.02 (d, J =9.0 Hz, 2H); 7.82-7.93 (m |
H,; 6. 9%533@970(@ 14H); 4.85-5.25 (m 2H); 4.60-4.80 sodee 3 45 (s,
2H); 3.00-3.20 (m 2H); 2.60-2.75 (m 1H); 2.10-2.35 4 Di ssol ve the
residue in 200 mL of nethyl ene chloride and extract vmth 200 m. of 20 1.0
M aqueous sodi um hydroxi de fol | oneck’y 200 mL of brine. Dry the organic
| ayer over MgSO4, filter, and evaporate in vacuo to afford 15 g of the
title conpound. Conmbine 5.0 g of the conpound obtai ned above and 200 niL of
met hyl ene  ciiddpiethe! iodide (10. 8. @& nPARTCO«CEriw tp astdpensiamrof N-h, and t hen
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41.23; W= 920 B0 2HREGL8ET.00(m, 480 96790- 169 (12.18H); 4.85-5.25 (m, 2H); 4.60-4.80 (m,

2H); 3.45 (s, 2H); 3.00-3.20 (m, 2H); 2.60-2.75 (m, 1H); 2.10-2.35 (m, 4H).
Dissolve the residue in 200 mL of methylene chloride and extract with 200 mL of
20 1.0 M aqueous sodium hydroxide followed by 200 mL of brine. Dry the organic layer
over MgSO,, filter, and evaporate in vacuo to afford 15 g of the title compound.
Combine 5.0 g of the compound obtained above and 200 mL of methylene
chloride. Add 1.00 g of DARCO carbon, stir for 1h, and then filter through a bed of
Hyflo. Evaporate in vacuo to afford 4.0 g of a residue. Dissolve the residue in absolute
25  ethanol (about 40 mL) and add deionized water (12 mL) to give a solid. Heat the slurried
solid to 55 °C for 30 min, allow to cool to room temperature; and stirred. After 24h, filter,
" rinse with 10 mL of a 10:3 EtOH:water mixture, dry in vacuo to afford 1.5 g of the title
compound: mp 108-112°C.
One of ordinary skill in the art will recognize that an alternate name for the title
30 compoundis 6-(1 -((4-ﬂubrobenzyl)methylamino)ethylidencamino)-2-hydroxy-1 -
biphenylamidoindane.




15 Conbi ne nethyl 4-brono-2-fluorobenzoate (9.3 g, 40.0 006
phenyl boronic acid (9.75 g, 80.0 nmol ), and cesiumfl UOI’Idea{§1228 g, 100.1
mol ), DIM (190 nm.) and deionized water (50 nL). Heat to 80C and add

Pd( CAc) 2 ., 4.0 nmmol). After 20 mn, cool to ature, filter
t hr oughwlgéqgﬁ'gmgﬁth the aid of 100 nL ethyl acetate, q@%@@%{ghe filtrate
wth 2 x 100 nmL 5% aqueous |lithiumchloride, 2 x 50 nL 1.0 M 20 aqueous
sodi um hydroxi de, and 2 x 100 nlL bri8ne. Separate the organic phase, dry
over MSOM, filter, and evaporate in vacuo to yield 8.85 g (96% of nethyl
3-fl uorobi phenyl -4- carboxylate as a white solid. 'H NVR (CDC 3, 300 MHz)
8.01 (t, J=7.8 Hz, IH), 7 58- 7 EaZmplen 2H) 7.41-7.51 (m 4H), 7.37 (m |
H, 3.96 (s, 3H); 1 : 721, 1622, 1437, 1409,

1298, 1289, 1266, 10 ;
Found: C 73.i®robenzya@thylamiriole dench frotyindae amide

g, 35.5 nmmmol ), THE '§225 rrL) and 1.0 M ijuebus SOdI um hydrOX| de (225 rrL)
Heat at 50C for 8 h. t@H roomt enpe add 1.0 M agueous

hydrochl oric acid (30 ,\and ex rac ] 200 nL. ethyl acetate.
Separate the organic p ase 3
vacuo to afford 7.12 g (93% Of-l 3 4Q b| phenyl

and evaporate in 30
mhlte solid. "H NWR (d6- DVSO 300 MHz) 13.22 (b
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a residiél. Store the residue overnight at 0C, add ethyl acetate (400 nli),

of water. Q%Sr anic L ayer evaporate to give
a resi dagd( 8}@8{06'@? bﬁﬂ‘i%‘““’rféﬁléﬁ@zﬁ‘p” éﬁ’ﬂ@&w@ep]\@(ﬂﬁq RE) %dt h a gradient
of 3 - HOdhiBEIVAS0 k). MBdahislsOrEariide PHEA D303 g, 4.0 mmol). After 20

min, cool to room temperature, filter through HyFlo with the aid of 100 mL ethyl acetate,
extract the filtrate with 2 x 100 mL 5% aqueous lithium chloride, 2 x 50 mL1.0M
20 aqueous sodium hydroxide, and 2 x 100 mL brine. Separate the organic phase, dry over

and ygxt ract cihble A8y nho b MeABERNR S9! T PR G oved by 200

MgS0,, filter, and evaporate in vacuo to yield 8.85 g (96%) of methyl 3-fluorobiphenyi-4-
carboxylate as a white solid. "H NMR (CDCl,, 300 MHz) 8.01 (t, }=7.8 Hz, 1H), 7.58-
7.62 (m, 2H), 7.41-7.51 (m, 4H), 7.37 (m, 1H), 3.96 (s, 3H); IR (cm™, KBr): 3033, 2954,
1721, 1622, 1437, 1409, 1298, 1289, 1266, 1097; Anal calc’d for C;4H,;FO,: C 73.03,H
25  4.82; Found: C 73.06,H 4.86.
Combine methyl 3-fluorobiphenyl-4-carboxylate (8.18 g, 35.5 mmol), THF (225
mL), and 1.0 M aqueous sodium hydroxide (225 mL). Heat at 50°C for 8 h. Cool to
room temperature, add 1.0 M aqueous hydrochioric acid (300 mL), and extract with 2 x
200 mL ethyl acetate. Separate the organic phase, dry over MgSQ,, filter, and evaporate in
30 vacuo to afford 7.12 g (93%) of 3-fluorobiphenyl-4-carboxylic acid as a white solid. 'H
NMR (de-DMSO, 300 MHz) 13.22 (br s, 1H), 7.93 (t, J=8.1 Hz, 1H), 7.74-7.78 (m, 2H),
7.60-7.66 (m, 2H), 7.40-7.52 (m, 3H); IR (cm™', KBr): 3035, 2666, 2575, 1699, 1621,




15 afford 18.85 g (76% of | (R)-(t-butoxycarbonylam no)- ﬁﬂaraygtjogxy 6- (|

-nmet hyl -N - (4- - fluorobenzyl)-N -nethyl am di no)i ndane: Ms mz = 8 (M),
np =123-132C. Conbine | (R)-(t-butoxycarbonyl am no) - 2(R) hydroxy 6- (|

-met hyl ol g3 Mmﬂ uor obenzyl ) - N - et hyl am di no) i ndane 2% &- 044 nol) and
110 mL of tritluoroacetic acid in an ice bath. V\hent ifion is

conplete renove the ice bath and 20 stir at roomterrperature for 2.5 h.
Evaporate the reaction mixture by rd8tary evaporation to afford a residue.

Di ssolve the residue in 100 nL of nethylene chloride and cool in an ice
bath to about 13C, add IN aqueous sodi um hydroxide (272 m.), followed by 3-
f 1 uor obilp6ik Y08, 128t WSnY193 MDAl eald’d f@EC,gHIFO,:08 872023, H 4.20; Feund: v) di ssol ved
in 120 M 79fig ftyl ene chl oride. Add an additional 30 mL of | N aqueous
sodlumhydrOX|de and stir 25 at abou mn. Partition the

reaction mi xtembingsdnewhiplienykt- C%TH@‘YH%F%‘} %ﬁ(ég (OcQﬂf‘d'i'qlbléﬂ'BEﬁér ate the layers
and ext ﬂmiy]efnhehl&ﬁ@amUtbpy\bﬁd\nmy]&ji'mardfdy,,anéﬁdﬁi@:ﬂl’(@@ﬂﬂ niat, @3 eqitiv)a rotary
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the ti tlaeminomjaoehii3d 5(0.58 mol, 1 equiv). After 4.2 h, evaporate by rotary evaporation
o Dl e K T
-30 Exa#{yea repidpe. Sore the residug |0&¢rwshtﬁh8°r¢y pddetlyd pesépts (40@ mbdiaad extrapt (6- (11(
f1 uor obem;zbo nmdwl juB&us 8bdivth mﬁﬁaﬁmmeaze;ﬂiﬁ)oo s foxtdrnDanehé - yl ) ami de  Cl
E_ ?ycl Oﬂlg)&gg}){: é:ag?r ovg?N%é (ﬁ’JQer angtzraporaleaio glve a I‘ESIdUBf Chromatograph the
residue on silica gel eluting with a gradient of 3 — 10% methanol in methylene chloride to
15 afford 18.85 g (76%) of 1{(R)-(t-butoxycarbonylamino)-2(R}-hydroxy-6-(1-methyl-N'-(4-
fluorobenzyl)-N'-methylamidino)indane: MS m/z =428 (M+1), mp = 123-132°C.,
Combine I{R)-(t-butoxycarbonylamino)-2(R)-hydroxy-6-{ 1-methyl-N'-(4-
fluorobenzyl)-N'-methylamidino)indane 18.86 g (0.044 mol) and 110 mL of
trifluoroacetic acid in an ice bath. When the addition is complete remove the ice bath and
20 stir at room temperature for 2.5 h. Evaporate the reaction mixture by rotary evaporation
to afford a residue. Dissolve the residue in 100 mL of methylene chloride and cool in an
ice bath to about 13°C, add 1N aqueous sodium hydroxide (272 mL), followed by 3-
fluorobiphenyl-4-carbonyl chloride 11.26 g (0.048 mol, 1.1 equiv) dissolved in 120 mL of
methylene chloride. Add an additional 30 mL of 1 N aqueous sodium hydroxide and stir
25  atabout 10°C for 40 min. Partition the reaction mixture between water and methylene
chloride. Separate the layers and extract the organic with water, dry, and concentrated on
a rotary evaporator to afford 20.67 g of residue. Chromatograph the residue on silica gel
eluting with a gradient of 3 — 10% methanol in methylene chloride, followed by a second
chromatography on silica gel using a Prep 2000 eluting with a gradient of 3 - 10%
30 methanol in methylene chloride, to afford 11.34 g (49%) of the title compound: MS m/z =
526 (M+1).
As will be understood by one of ordinary skill in the art, an alternate name for the
title compound is 6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-2-hydroxy-1 (2~
ﬂuorob:phenyiamido)mdane
35




met hyl pol ystyrene resin (Novobi ochem 2.0 nmol/g) (150ng, l’p@% r’%m k) and
-2',6' - dichl orobi phenyl -4-carboxylic acid (] 4ng, 0.05 mol hl wed by a

sol ution of N hydr oxysucci nimde (2.3ng, 0.02 mmol ) in DM (0.2 nL) and

t hen .a of N -(3-
am no- 2- hy }r‘%@% ndan-5-yl)- N (4-fl uorobenzyl)-N net hy T!gg%ng?ﬁgdl ne (6.6ny,

0.02 10 mml) in DVF (0.2 nL). Agitate the mxture for 16 hours then add
pol ystyrene trisamne resin (Argorﬁ&ut Technol ogies, 3.7 mol/g) (100ny,
0.37 mmol ) and agitate for a further 24 hours. Filter the mxture to

deliver a 0.01 Msolution of the title conpound. M5 (me): 577 (M. 15
Exanpl es 4-2 through 4- 37 are p@gauﬂiessentlally as Exanple 4-1. BEx. =
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drox 'ndan-1- 1 am de Qr obi phEniy @o
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hdrox ndan-1- |)am de 4-54'- TrGHE,I tﬁyl bi phenyl - 4- car boxylic acid
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hdr oX i ndan- 499 P @& mliga2 oyirtgreef D-cyglobéxyleprbedisnitgNeny| - 4- car boxyl i ¢ aci d
g ge) ( 6- {letfyRlyétMene feelﬁmbmmbamzm amsavé)%(lmmgwc@mtmbl ) kRIS g nlo) 2(R)d

“hdr ox onme oxylic aci

(R (6- (:3% szé"}]%')’? WC%%PW’SP(%' ”mgl?@é il JI{erE}PI“&&’?@Qﬁ\ no)-2(R - 17
Mar ch 2d)wowc@3m@l¢%1mg?cﬂr¢?UmEMBM(&mLEandmmmhniomm%} (me h drox
i ndan- 1aminh@Mhydfoxyindan-5-yl)-N-(4-fluorobenzyl)-N-methyl-acetamidine (6.6mg, 0.02

10 mmol) in DMF (0.2 mL). Agitate the mixture for 16 hours then add polystyrene trisamine

QO et hyI| deneam no)-2(R)- h

resin (Argonaut Technologies, 3.7 mmol/g) (100mg, 0.37 mmol) and agitate for a further
24 hours. Filter the mixture to deliver a 0.01 M solution of the title compound. MS (m/e):

577 (M™).
15 Examples 4-2 through 4-37 are prepared essentially as Example 4-1.
Ex. # Compound Name MS (m/e)
4-2 2',6'-Dichlorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 542 (MH

fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide '

4-3 2-Methylbiphenyl-4-carboxylic acid (R)-(6-(1-((4- 522 (MM
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
4-4 2'-Chlorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 542 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)- '

hydroxyindan-1-yhamide
4-5 4-Trifluoromethylbiphenyl-4-carboxylic acid (R)-(6-(1-((4- | 576 (M™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
4-6 3-Chioro-2',4'-difluorobiphenyl-4-carboxylic acid (R)-(6-(1- | 578 (M").
{((4-fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yDamide
4-7 2'-Trifluoromethylbiphenyl-4-carboxylic acid (R)(6-(1-((4- | 576 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
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f 1 uor obgnzyl ) netytsekyiadannlbyl@nidd | deneani no) 2 (R) - hdroxyindan-]- 1 ami de
4-182' , 3'4:4i cHlg@ Rc IR R (Gr +~576 [ M

fl uorobeﬁz])?: ) e %ét%ﬁ%y?éﬂﬁ%ggﬁ}eﬂgw!ﬁ%dg&@ a (ﬁd (])S%ﬁ ghﬁ an-1+ 1 am de
4-194' - Chl or o] Lﬁ@ﬂ?e%yhme%wsﬁw)eﬁ'w’é@%mew};Z( (1- ((4-542 (M 17| March 2006
hydroxyindan-1-yl)amide
4-11 3" 4-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4~ 544 (M™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

L

hydroxyindan-1-yl)amide
4-12 3',5'-Dimethylbiphenyl-4-carboxylic acid (R)-(6-(1-((4- 536 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

_ hydroxyindan-1-yDamide
|4-13 [ 4-Cyclohexylphenyl-1-carboxylic acid (R)-(6-(1-((4- 514 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-y)amide
4-14 3'-Cyanobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 533 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
4-15 3',5-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 544 (M™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
4-16 | 3Fluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 1526 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
4-17 2'.4-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 544 (MM
fluorobenzymethylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
4-18 2',3-Dichlorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 576 (M™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
4-19 4'-Chlorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 542 (MD
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fl uor obenzyl ) met hyl am no) et hyl i deneam no) - 2(R) -
Chl or obi pheny] - 4-carboxylic acid (R)-(6-(1- ((4 542 (l\/k) fl uor obenzyl

4-203' -

) net hy | §§ pexRknY!

i deneam no) - 2(R)- hdrox indan-1I -

1/‘?‘(5(4 500

hdrox indan-1- ])am de

4-214-Tril | uoronet hyl phenyl - 1-carboxylic acid (R)-(6- (M+) _
fl uorobenzyl )m et hyl am no)et hylideneam no)-2(R)- hdrox 'ndan-|- |)am de
4-224- Met hyl phenyl - | - car boxyl i c aci'%?'( R -(6-(1-((4-446 (M fl
uor obenzyl ) met hyl ami no) et hyl i deneam no)-2(R)- hdrox indan-1- I)anm de
4-233' ,5 -Di chl orabi pheny]-4-carboxylic acid (R -(6-(1-((4-576 (M)
fl uorpbq Imy;@c) nlm; oﬁﬁang),@t hyl i deneami no) 2( R) hdrox Mg\ﬁﬁ;gyl - L anide
tor obendyl ) met héa”eaoﬁaea\{zyﬁw%%ﬁ%wozeaaﬂr SRHEP 20 - hat dx 1 ndan- 1 | 1) am de
4- 256- (4-f 1 uor |dwrongihdunt lpyimyde) pyr i di ne- 3 car boxyl I clacid (R) 541 (M (6- (I
] §<(afn Ijlem%zggg? R bﬁ“ﬁbﬁ“ @’"é%ﬁ ﬁg)mé a&‘él?gfﬂs‘-‘? char ﬁéﬁw tg‘cdjl Q%d (Ran( Ie- (1-545
(M ((44f1 uor oaempenzyhmethygmiamme léctnngmmpbram;am no)-2(R) - hdrojkx 'ndan-1-
])am de{4-272' rﬁmgy,ﬁdaﬁ 1=fljadideuor omet hyl bi phenyl - 4-carboxylic acid (R)-594
S 5o e AN G i AT AT
(R -(6-¢1-((4- Eﬁlﬁrobmzy]‘)metby]mbmn)aﬁiylhdm‘:adllznlhﬁ);i(gpz:g'; B)C/)Ll ldie(r:leg(r:r} 30) -2(R) -
(R (o g P ey T rrorert ot gengore i) - 2(9-
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-23 3',5"-Dichlorobiphenyl-4-carboxylic acid (R)-(6-(1-({4- 576 (M™)
ﬂuorobenzyl)methylamind)ethy]ideneamino)-Z(R)-
hydroxyindan-1-ylamide
4-24 2'4',6"Trimethylbiphenyl-4-carboxylic acid (R)-(6-(1-((4- | 550 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide .
4-25 6-(4-f]u0ro-2-methylphen§1)pyridine—S-carboxyIic acid (R)- | 541 (M")
(6-(1-((4-fluorobenzylh)methylamino)ethylideneamino)-
2(R)-hydroxyindan-1-yl)amide
426 | 5-2,4-Difluorophenylpyridine-2-carboxylic acid (R)-(6-(1- | 545 M")
((4-fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-l—yl)amidei
4-27 2-Fluoro-4'trifluoromethylbiphenyl-4-carboxylic acid (R)- | 594 (M")
(6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-
2(R)-hydroxyindan-1-yljamide
4.28 4-(Pyrrol-1-yl)phenyl-1-carboxylic acid (R)-(6-(1-({4- 597 (M)
fluorobenzyl)ymethylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-29 6-Methylpyridine-3-carboxylic acid (R)-(6-(1-((4- 447 (MJ")
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-30 4-Cyanophenyl-1-carboxylic acid (R)-(6-(1-((4- 457 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide




am de 4-304- Cyanophenyl - | -carboxylic agydarch 2006

M fluorobenzyl) met hyl am no) et hyl i deneam no)-2 (R)-
)am de 17 March 2006 WO 031027061 ) PCTI US02/ 25969 - 33 Ex.
#ConpouRrep ABRYD (M e) 4-313,2',6' -Trifl uorobi phenyIch.g_%g{‘,ggggyl ic acid
(R -(6- (1-((4-562 (M flI uorobenzyl ) met hyl am no) et hyl eneam no)-2(R)- h
drox 'ndan-1- 1 am de 4-323,2',6'- Tr|fI uor obi phenyl - 4- car boxyl i ¢ aci d
(R-(6-(1-((4-541 (M) fli uorobenzyl‘ %mat hyl ami no)ethyl ideneamn no)-2
(R - h drox indan-I-1am de 4-332' - Met hyl bi phenyl - 4-car boxylic acid

(R -( 6 (A-—((4-522 (M _fluarohenzy])methyl anino)ethylideneam no)-2(R)- h

dr ox ncgm- - [ICemdiAd Hadé2' - Met hoxybi phenyl - 4- car boxyMg@mgyl d

- - - . -2 (R- h
0 T oSS A TR LA I P I ) 2 (P
(R) - (6- ({1- ( ( 4- [Fbrdbity))mbthylamiropeindidéneamabRYRyni no) etlhyl i deneami no)-2
(R 1roxX  MORR i@ hamige

4- 366' - Frugro=i2 =triTiuoororethytbiphen —car-boxytH-¢ aret-d— (R—=p94 (MH)
(6-(] - (@24 uo3r%ﬁeﬁi@}l‘?}‘?‘?ﬁihﬁw]érﬁafb@ﬁétcﬁylldl(ﬁh(ﬁe(érﬂ%o) 51 AMOhdr ok i ndan-1 -

]) am de | Exanpl [ehrobefry§meath ammomﬁd@@mms .’Iz(luqzqﬁ acid (|R)-(6-(]-([4 flu

orobenzyl ) met h)hygm no a(ﬁbpﬁ dgneam no) - 2( ydroxyirndan- | -yl)am de 0 CN

FOXYI
Di ssol ve—e¢tti AR REE (3—ari-re—2-—-hydroxyiHdan-5-yH) (4-

- fl uorobgdByl ) - - Wthymam)cngﬂ-dmadnonﬁw(aZEQRm (IQ(#O ol ) saheM)
6- cyanoq3- car bW%Eﬂzﬁif)rﬂ@thylammo)ethyhdeneammo)-2(R)-
' hydroxyindan-1-yl)amide -

4-34 | 2'-Methoxybiphenyl-4-carboxylic acid (R)-(6-(1-((4- 538 (MHM
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hdrox indan-1- 1)
(R)-(6-(1-((4-457 (
hydr oxyi ndan-1- 1)a

hydroxyindan-1-yl)amide
4-35 3,2-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 544 (MH")
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yDamide
4-36 6"-Fluoro-2'-triflucromethylbiphenyl-4-carboxylic acid (R)- | 594 (MH")
(6-(1-({4-fluorobenzyl)methylamino)ethylideneamino)-

2(R)-hydroxyindan-1 -y])afnide

Example 5-1
6-Cyanopyridine-3-carboxvlic acid (R)-{6-(1-((4-

fluorobenzylymethylamino)ethylideneamino)-2(R)-hydroxyindan-1-yl)amide
v 0

F N
?Ha HN |
N. _N ZCN
g
CH,

el O

Dissolve equimolar amounts of N'-(3-amino-2-hydroxyindan-5-y1)-N-(4-

fluorobenzyl)-N-methylacetamidine (229 mg, 0.70 mmol) and 6-cyano-3-carboxypyridine
(0.70 mmol, 103 mg) in anhydrous DMF (4.0 mL). Add triethylamine (0.487 mL, 3.50
mmol), followed by benzotriazol-1-yloxytris-dimethylamino phophonium

10 hexafluorophosphate (296 mg, 0.70 mmol). Ailow the reaction to stir at room
temperature for 0.5 hours. Dilute the reaction with water (100 mL) and extract with
EtOAc (3x50 mL). Dry the combined organic layers over MgSOy, filter and concentrate.
Dissolve the crude reaction product in THF (5.0 mL). Add hydroxide resin (BIO-RAD
AG 1-X8 resin, 20-50 mesh — washed with water), 1M NaOH, MeOH, ether and dried in




(0.70 mmol, 103 ng) in anhydrous DMF (4.0 nlL). Add triethy}gmdedog- 487 ni,
3.50 mmol), followed by benzotriazol- | -yloxytris-dinethylamno

phophoni um 10 hexaf | uor ophosphate (296 ng, 0.70 nrnol). Allow the reaction
to stirydjosooRER tenperature for 0.5 hours. Dilute the n{}g@ﬁg QN Wi th water
(100 nL) and extract with EtOAc (3x50 nL). Dry the co organi c | ayers
over MgSH, filter and concentrate. D ssolve the crude reaction product in
THE (5.0 nmL). Add hydroxide resin (M-ORAD AG | -X8 resin, 20-50 mesh -
washed with water), I M NaOH, MeCOH, ether and dried in 17 March 2006 WO
03/ 027061 -34 PCTIUS02125969 vacuo) until solution is basic and stir at
anbi ent ‘aewy entdtsuluorf s bas?dlarid stifFat lhmbient thrapargaetfordd, h. Riles thewtdctioraddi t i onall

THF, eVé\Qé%; ) i a@ﬂﬂ&aFThF %a]g)%e é’lﬂg g%ﬁ Xl}d%ﬁé) WSEQAW  chromat ogr aphy

wi t h Et QAc/ Hexanes npound as a white
sol i d. mrm%)"apms'sh F%MC’HS?‘&‘E% 10 8198 Apotie §7Xepé s titlercempound as a

S5- 23, 5- Dulileuokdvplpary l458 (@ar boxyl i c acid (R)-(6-(1-((4-544.2 (M

fl uorsobenzyl ) met hyl am i no) et hyl ideneam no)-2 (R)- hdrox indan-1- 1 am de
5-34-°(Thi en- 3-yl ) phenyl - 1-carboxylic acid (R -(6-(I-((4-514. 1 (M)

f 1 uor obenzyl Exs#replesd-aithrough ek dig preparetbasecntialiyes ERampple 5-1h drox ' ndan-1- 1
am de 5148-4T | EbipsRARam¢! pyri di ne-3-carboxylic aC| d l\@ n(a/@ (1- (4-501.1

(M flugropeny X am o) et hyt i deneam nul) —ch ux 1 uuoun- 1- |)am de
- 5-53- Fl (igt%- 2 PTQ'F"QI%‘?’E‘?FEY‘H{]%‘?%WM@J&%E b(ﬁérw ' ac5|4$2(1ﬂ)l 504.1 (M

(6-(1-((4-fI uaﬂwwiwmwlmtnﬁ)deﬁdawmo@@mam no)-4(R)- hdrox|indan-1- 1
am de 5{62-Fl Jf?jd?%){m%d I &ﬂ rret hyl phenyl -1 -carboxylijc acid (R}F(6-518.4

(M (1- ¢4t Va. ..m.. .am rey-etyderearmnor12(R—Hhdrex i ndan-1- 1
I

am de 51 523 C1H)Th)er83 ﬂ)mlwnxiﬁrqaﬂ:@nyliommdab tely4-c aci d 5(R) (M- (| + ((4-560. 2
(M) 1 wor obengydrobelyPnitvlyliid)ethflikeidfido)-dgeam i na)-2 (R) -

hydroxyindan-1-yl)amide .
5-4 6-Trifluoromethylpyridine-3-carboxylic acid (R)-(6-(1-((4- 501.1 (M)
fluorobenzylymethylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yhamide
5-5 3-Fluoro-2'-trifluoromethylbiphenyl-4-carboxylic acid (R)- 5941 (M)
(6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide

5-6 2-Fluoro-4-trifluoromethylphenyl-1-carboxylic acid (R)-(6- | 518.4 (M)
(1-((4- ﬂuorobenzyl)methy]ammo)cthyl1deneammo) -2(R)-
hydroxyindan-1-yamide

5-7 2'-Chloro-3-fluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- | 560.2 (M™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
5-8 5-Phenylpyrazine-2-carboxylic acid (R)-(6-(1-({4- 510.3 (MY
fluorobenzyl ymethylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide




hydrox 'ndan-1- |)am de 5-85-Phenyl pyrazi ne-2-carboxylic afirch 2006
(R -(6-(1-((4-510.3 (M+) fl wuorobenzyl) et hyl am no) et hyl ideneam no)-2(R)-
hdrox indan-1- 1 am de Exanples 5-2 throw h 5-8 are prepared essentially as

Exanpl ewRyosnz27bds March 2006 WO 03/ 027061 PCTI USO2 /259,?? %&%S%al e 6-1
6- (2- Chl or ophenyl ) pyri di ne- 3-carboxylic acid (R -(6. /U?

fl uorobenzyl ) nmet hyl am no) ethyli derﬁan‘i no) - 2( R) - hydr oxyi ndan-1 -yl am de CH3
NN Y CH3 5 Dissolve T

N - (3(R)-am no- 2( R) - hydr oxyi ndan-5-yl)-N-(4-fl uorobenzyl)-N

nmet hyl acetam di ne (42ng, 0.13 mol ) and

6- (2- chl or ophenyl ) pyri di ne- 3- caEBa®RpeSd acid (103 ng, 0.70 mmol) in

anhydrous DVF (2. é(znd;momﬁckdvmﬂmeﬁamsloamomﬁlc(aeldxﬁﬁ(mm)((4 fol | oned by
benzotri azol | g di ) n f | uorophosphate (54
O

mg, 0. 13nmmol5= ETre=1-c C 0—S
conpletion. 10 D|IutFe the reactlon W t hjjwal-el

Et OAc. Dry the conbi r@e{;g:&gm | ayep§ o\er
concentrate. Purify b shy.calum_ dhrons
mxtures to yield 276 ng (35.7% i
(me): 543.0 (M. 15 . Exanpl b,

Exanpl e 6-1. i ound NameMs (
6- 26-( 2, 4- Di Dﬁﬁf&wﬁr{g&hamﬁﬂm hléjf%)’é@ﬁ{iféwﬂ/)rm'&“ HugrobenR))-N6- (| - 545. 1 (M)
_g § gx:‘ Indmmlybeazmﬁ)mam (ﬁl{moﬂélnﬁgim A-cHISBRRAYPidiRe- éBArbo) hf gcu(i 1-((4-558. 0
(M fl u@%t%%b&ﬁ %WI %Q'rqfoﬁﬁ) 'B{e%é'gc[ﬁbtﬂéggw?m@ﬁfd fi7I§§"§r)oxy| ndan-1 - 1
am de 6flBwedhy banz@rigdo) rby/iqxeitlnsrdn&thwaﬂnoo(phopbommn texXaRperpphobfhale( 4- 515. 4 ( M)
f1 uor obegazy o). HToRtheleittioh AERE A ToBR hericRhare DR QmpIRERN- 1- Y1 ) am de
10 Dilute the reaction with water (100 mL) and extract with EtOAc. Dry the combined :

organic layers over MgSQ,, filter, and concentrate. Purify by flash column

chromatography with CHCl3/MeOH mixtures to yield 276 mg (35.7%) of solid title

compound is isolated. MS (m/e): 543.0 (M").

filter, and

wi th CHCl 3/ MeCH
onpound is isolated. M5
ough 6-4 are prepared essentially as

15 Examples 6-2 through 6-4 are prepared essentially as Example 6-1.
{ Bx. # Compound Name | MS (m/e)

6-2 6-(2,4-Difluorophenyl)pyridine-3-carboxylic acid (R)-(6-()- | 545.1 (M)
((4-fluorobenzyl)methylamino)ethylideneamino)- 2(R)

hydroxyindan-1-ylamide
6-3 4-lodophenyl-1-carboxylic acid (R)-(6-(1-((4- 558.0 (M")
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
6-4 6-(Thien-3-yl)pyridine-3-carboxylic acid (R)-(6-(1-((4- 515.4 (MH)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-ylamide




17 March 2006 WD 03/ 027061 PCTI US02/ 25969 - 36 Exanpl e 7- 11#inMaRon iog- 3- f

hen 1-1-carboxylic acid R -(6-(]-((4- _ fluorobenzyl

met hyl am no) et hyl i deneam no -2(R)-hydroxyi ndan-1 -yl)anide 0 5 Conbine
4- i odopeivsloztescar boxylic acid (R -(6-(1-((4-

f | uor obenzyl ) met hyl am no) et hyl i deneam no) - 2( R) - hydr OXﬁTﬁIggzr/]zs ® -yl)am de

(0.131 g, 0.235 mml), 2-(tributylstannyl)pyridine (0.129g, 0.352 mmvl)
and tetrakis(triphenyl phosphine) paif-adi um(0) (0.406g, 0.352 nmmol) in

di oxane at 80C. Heat w th stirring until conpletion. Renove the sol vent by
evaporation. Dilute the residue 10 wth Ethyl acetate and stir with an
equal volunme of saturated potasExampléliloride for 3 hours. Filter the

sol ution through a 9g.i®4- 3%%&]@} 1 gﬁ@‘%]@% £cid @ Egrqg_g(al c layer fromthe

aqueous | aye d dry Qver “nmagnesi um the or ganl c solvent by
evapor at i on S4PH0Rsazv imet aylides -2 h- 1 am
nmet hanol to i eI d 0. 035g (30% of the ﬂtl s corrpound as soI id material. M5

me): 509.2 o1 CRP| -1 2,4 /6
gcig)_(R)-(G-_(](-N%Mfl%@Iﬁmsthy m _
et hyl i deneam no) - 2( R) _hydr XVTlﬁ' I@ndd((a / 20 Combi ne

2,4 ,6" 7trifluorobi phenyl - 66 ng, 0.26 mmol ), EDC
(53mg, 0.28 mmol) and N hydroxysucci nimde (0.33ng, 0.28mmmol) in
di chBor onet h&pwbinaAdodophanylulcdrboxybelid(R)d6-(1-(dsh the solution with | N

hydroch |fﬁ5§o§erﬁ¥]%xqethﬁmﬁm i Meﬁea%ﬂ%-eiél{élmﬁ){cﬁ&{%ﬁﬂmp Y$§hal RO QR 1Ym sul fate and

-concent r%ﬁg e residue s coQ
(3(R) - afiaio onaR) 2Hirylirmdanidos (0)12Re, 0452 mmsllwénzy| ) - N- net hyl acet ani di ne
(42my, 2draRisGSphengphospHinedfiat idiom @Y E0. 408 0. 29205 bl) rnrcﬁ&auélstlsb"@ongdt etion ]9f ;
reactio n oration sidue purifie
via fl ars&f]th-gﬂﬁm [ml OltnBir?Fon 5{? %Bvedtﬂ cﬁ%‘vengﬁgetvﬁ%%%mgng)rﬁﬁﬁattﬂearﬁﬂ et o yield 37 ngy
of tlfe MllﬂilPéhsémpﬁmm SUNBH g egpal vEBme®f sqtivpted pRrtasvinciiua@idoGrd0 03/ 027061
PCT/ USO26w8.96ifker the solution through a pad of celite. Separate the organic layer from the

aqueous layer and dry over magnesium sulfate. Remove the organic solvent by

evaporation and purify via flash chromatography with dichloromethane and methanol to
yield 0.035g (30%) of the title compound as solid material. MS (m/e): 509.2 (M™).
15
Example 8-1
2°,4°,6’-Trifluorobiphenyl-4-carboxylic acid (R)-(6-(1-{(4-
fluorobenzyl)methylamino)ethylideneamino)-2(R)-hydroxyindan-1-ylJamide

20 Combine 2',4',6"-trifluorobiphenyl-4-carboxylic acid (66 mg, 0.26 mmol), EDC
(53mg, 0.28 mmol) and N-hydroxysuccinimide (0.33mg, 0.28mmol) in dichloromethane
and stir until completion, Wash the solution with 1 N hydrochloric acid. The organic
layer is dried over magnesium sulfate and concentrated. The residue is combined with N'-
(3(R)-amino-2(R)-hydroxyindan-5-y1)-N-(4-fluorobenzyl)-N-methylacetamidine (42mg,

25 0.13 mmol) in dichloromethane and stirred until completion of reaction. The solvent is
removed by evaporation and the residue purified via flash chromatography with
dichloromethane and methanol to yield 37 mg of the title compound. MS (m/e): 562.0
(M").




-37 Exanple 9-1 3 4'-Difluorobi phenyl -4-carboxylic acid () Maben(Zooe( 4-

fl uor obenzyDet hyl am no) et | yl i deneam no)-2(R)-h, dy roxyindan-l_yllamde F
5 Stir a mxture of 3,4'-difluorobi phenyl -4-carboxylic acid (160 ny, 0.684
mol ),  wh @xefexysucci nimmde (79 ng, 0.684 Mol ) angdpelsodkdsh Mo, 0. 684
mmol) in 15 nL of nmethylene chloride at rt for 2'h. Conbine (6-(1-((4

fl uorobenzyl ) nmet hyl am no) et hyl i dene,gm no) - 2( R) - hydr oxyi ndan-1 -yl )carbam c
acid tert- butyl ester (256 ng. O. mmol) with TFA (2 nmL) at 0C and stir
for 2 hr. Evaporate 10 TFA under reduced pressure. Dissolve the residue in
met hyl ene chl ori de and evaporate to dr%ness - repeat this process three
tinmes. Add 5 nL of nethyl ene chl dIl nm of triethylamne. Add this
resul ting sol ution 34-Diflgorabighayi- é@rlw’xell@zﬂ:ﬁhmmm (1ar(4Jt for 12 h. Pour the
m xture intogmethyl ane.chl orid giRs! Ly water . dry . thaZSO4 and
concentrate. %‘Mﬂ@%&% y ilica gel, 3%

- MeOH in 15 CH2C12) te® e 199 ng of th tiltle corrpound as a white SO|Id
(55%yie|d).'HNNR(\@2% 21 (#H 8.4 Hz), 7.58 (2 H, dd, J
= 8.8 and 4.8 Hz), 7. Zon 3. 2 .26-7.23(2 H n,
7.19-7.12 (3 H, m, 7.04 (2 Hext, gH .68 (1 H s), 6.66 (1 H,
s), 532 (1 H t, J =5.2 Hz), 4.82-4.72 (1 H, F4.64 (2 H s), 4.56(1

H ds J = 6. diddhixnde 3,4°(din Jﬂ-r%h& c@%%@xc@'&@(i&)H?(O?dﬂfl?nmﬁ(ﬁ)égfs(glzklt hrzgugh

dd, J = 3
9- 6 are%l?%s%fawaﬁmag%ﬁz %%?lmg,%;ﬁg neDé:Cl(MEseg, éanmpllind S lmens e
9-24" - Floﬂmlembllepmﬂlmrideétnﬁ)rbmxy]omblrﬁaétﬁ—dl (R -(6-(1- ((4 526 (NVH+) fl

b d I i d
- 34 62?%590%%%“%&% Db FlMAARNGAPR PR e oy ﬁagﬁﬂ?%& Wens M
((4- f 1 ubrbwsies (459 ma H;ﬁ a}w%bw@tm(?dehbaaﬁl%@)dsz(ﬁyz Bvapsegiendan- | -yl ) ani de
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triethylamine. Add this resulting solution to the above mixture and stir at rt for 12 h.

Pour the mixture into methylene chloride, wash with water, dry with Na;SOs, and
concentrate. Purify the residue by column chromatography (silica gel, 3% Me¢OH in
15 CH,Cl,) to give 199 mg of the title compound as a white solid (55 % yield).
' "H NMR (CDCI3) 6 8.21 (1 H,t,] =8.4 Hz), 758 (2 H, dd, ] = 8.8 and 4.8 Hz),
7.32(1 H, d, 1 =13.2 Hz), 7.26-7.23 (2 H, m), 7.19-7.12 (3 H, m), 7.04 (2 H,t, ] = 8.8
Hz), 6.68 (1 H, s), 6.66 (1 H,s), 5.32 (1 H,t,J = 5.2 Hz), 4.82-4.72 (1 H, m), 4.64 2 H,
- 5),456(1 H,q,J=6.4Hz),3.32(1 B,dd, ] =15.6 and 8.0 Hz), 3.00 (3 H, 5), 2.96 (1 H,
20 dd,J=15.2and 8.4 Hz), 1.96 3 H, s). MS 544 (MH").

Examples 9-2 through 9-6 are prepared essentially as Example 9-1.

Ex.# | Compound Name MS (m/e)
9-2 4'-Fluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 526 (MH™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yhamide
9-3 4'-Fluoro-2'-methoxybiphenyl-4-carboxylic acid (R)-(6-(1- 556 (MH)
((4-fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
9-4 2',6"-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 544 (MHY)
fluorobenzylymethylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yhamide
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9- 63, 2' wfy slobdokor obi phenyl - 4-carboxylic acid (R)-(6 2 (M1) fl
uorobeng‘fﬂ@%b'fﬂhyl am no)ethyl ideneam no)-2(R)- hdro#h%gé\:%g I ) am de
Exanpl e 10-1 4-Bronophenyl -1-carboxylic acid (R -(6-(I -((furan-2 11

et hyl I met hyl am no) et hyl i deneam no) -3 R) - hydr oxyi ndanl .yl )amide 0 5 CH3
N,,e CH3 To a m xture of thioacetam de (10.04 g, 133.64 mvol) and K2C03
(45.80 g, 331.38 mml) in 100 M THE at 0 C add phthal oyl chl ori de (28.49

ﬁburlganéerP gomggqoa\ﬁwne \I:{zilrse theALeactloln Eemﬁ[ftﬁéf }f C. after 2

LA e N A | 'l T OT aTT adutr v 1 orraa Z rroorT TUTTOUT O :)l I ng the

reacti on9f xt p2'EFleaotgplengghcanbox@iraceHR)(fe(Irg4ct i on 10 Slﬁgrlﬂeiﬁ*hg 125 niL of
i ce water dl‘O)%&%e@ﬂmaﬂlmetﬁﬁ%ﬁéagﬁholjnz(ﬁguI‘e wth EtOAc (2X). Dry the

organi c il ayer ]\4\II renove the sol in vdgcua to yield 3.7 g of
N- t hi oacetyl XY} Ia]li'I‘IY_)&mHFn_np as a crude reddishlsolid Diskol ve

N;ngt hy:ngtﬁr fu y,DWﬁﬁudré?Jﬁhelﬁyln@carﬂoWﬁcem’dl‘R)) -(6-01-28- Fﬂ3 SBZF}\)A&I) 35 |C| To this
a N-t i oace ol.e 1. 43 |mmo and pllow to
stir fo 15 ﬁ‘lj(ﬁ%blsjegléyq @J]%Wh%l%ﬂe(a?m%é(@g 11 nmol) to the reaction

m xt ur e Land_al bysfpsyindan-iyDimidean addi tional 23 hours.| Decant the Et20 from
the oil and triturate the oil with Et20 - repeat this three times. Renobve

any excess Et20 fromthe oily I‘]Q:SI dge | n vacua to obtain 320.4 ng of crude
thioimdate as an oil. D ssolve de product (161. 1 ng, 0.483 mol)
in 10 nL pyridi ne &hRBr hddyl- Beaboxybe 2 ((Ad&n2- |

Y1) - 4-br omobanegh rqﬁhéQm&%%Yh)Fﬁd%E%mrigo)gzgﬁg-h)érﬁ@ﬁn‘dmﬁl]J;@%Idhe reaction to

stir at 25 C d partition the

resi due between CH2d 2 rat ed a us_. NaBC03. Dry the organic |ayer
with MpSO4. Filter and soIv t i acua to give 146.2 ng of
crude product. Purify V|Ca 1 %eOH EtOCAc) to afford
63. 6 ng of the title corrpound '\'/{ﬂ te sé!id (43%. M5 (mle): 483

To a mixture of thicacetamide (10.04 g, 133.64 mmol) and K,CO; (45.80 g,
331.38 mmot} in 100 ml THF at 0 °C add phthaloyl chloride (28.49 g, 140.32 mmol)
dropwise. Raise the reaction temperature to 25 °C after 2 hours and allow it to stir for an
additional 2 hours before cooling the reaction mixture to 0 °C again. Quench the reaction
10 by adding 125 mL of ice water dropwise. Extract the reaction mixture with EtOAc (2X).
Dry the organic layer with MgSQO, and remove the solvent in vacuo to yield 3.7 g of N-
- thioacetyl-isoindole-1,3-dione as a crude reddish solid. ‘
Dissolve N-methylfurfurylamine (117.2 mg, 1.05 mmol) in 20 m] Et;O at 25 °C.
To this add N-thioacetyl-isoindole-1,3-dione (294.4 mg, 1.43 mmol) and allow to stir for
15 24 hours. Add MeOTf (181.7 mg, 1.11 mmol) to the reaction mixture and allow to stir
for an additional 23 hours. Decant the EtyO from the oil and triturate the oil with Et;O —
repeat this three times. Remove any excess Et;O from the oily residue in vacuo to obtain
320.4 mg of crude thioimidate as an oil. Dissolve this crude product (161.1 mg, 0.483
mmol} in 10 mL pyridine and add N-(6-amino-2-hydroxyindan-1-yl)-4-bromobenzamide
26 (107.5 mg, 0.310 mmol). Allow the reaction to stir at 25 °C for 22 hours. Remove the
-solvent in vacuo and partition the residue between CH,Cly and saturated aqueous
NaHCOs. Dry the organic layer with MgSOy. Filter and remove the solvent in vacuo to
give 146.2 mg of crude product. Purify via Biotage chromatography (1%MeOH/EtOAc)
to afford 63.6 mg of the title compound as an off-white solid (43%). MS (m/e): 483
25 (M+D).
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4- Bronophenyl -1 -carboxylic acid (R)-(6- (!

- ((4-fluorobenzyl)am no)et hylideneanino) - 2 R-h drox indan-1- 1 amide O 5
Step a) (6-am no- 2- hydr oxyi ndan- 1 -yl ) car bam t-butyl ester
(3.7 W@‘ﬁméﬂﬁ%ml) with 10 nL of TFA at OC. Stir thg'c%&i?&drsgéfor | " h and
evaporate to dryness. Add to the residue 6.5 nL of triethylamne and 30 nL
of methylene chloride. Conbine thi3®-m xture slowy with a solution of
4- bronmobenzoi ¢ acid benzotriazole- | -yl ester in 15 nL of nethyl ene
chloride at 0 C. Stir the resulting mxture for 12 h at rt. 10 Filter to
give 3.4 g (70 @6y|eld) ofN—(6 Bxh w-gyhydroxylndan | -yl)-4-bronobenzam de

: ( | .chloride 9..98 9, 118
mol ) to gmobhe yiic 4eid (R)- Hug I lide
4- quorobenzyIan1ne (9 90 nmmm--lmnﬂﬁo nL of ethyl acetate at 0C
and stir for 12 hours Add 100 nmL of mater Qo the m xture. Extract agueous

| ayer with 15 et hyl - ate (3x 100 ml). Hca organi c |l ayers and wash
with brine then dry o an dr@us . Renmpvesrsol vent under reduced

pressure to give N-(4- Tluofob 3.5 gm in 100%yield as a
yellow oil. Add NaH (6.5 g, 16 H 4-fl uorobenzyl ) -acet am de
(13.5 g, 80.8 nmmmol ) in 200 nL of tetrahydrofuran at 0C and stir for 4
hour§. Then Sidplantdnthihe Eadiinbe2-hRRo:diglan-161)c&bammo bdid R0t-tutyl thier (RABove ni xture

and stig ffp(fm 1)%#(1%1111?9#'1‘1:%90"@” njtﬁil? ﬁ'%on(gy K%hd WdoBiate (Xt ract  aqueous

| ayer vm h met hyl ene chlorid I ne organi c layers and wash
with brldﬁ@escshéﬁ Y eEﬁ?’é‘Fe%ﬁM Eﬁhmwdﬁéﬂb%‘“@bﬁ’?@ﬁboﬂﬁﬁer reduced
pr essur €ombfigii§ mixtire smsyl witlez $Jutied bﬂMroﬁﬁbafﬁaicle"ﬂ®BMtr(a§¢léJlgﬁ gel, 5%

acetone h n e

N-(4-fl 6%‘%6%2%%?1 §hﬁ-§&e }ﬁ(grg‘%tagﬁ%e& elreffir%" gmlx%ﬁe @‘% ?%I d as a yell ow
oi | 10Ad£11@amwdrﬂgé7&démed02m$6 gmm@d ydraxgingan- byBedcbronohgozashidnzyl ) - N-

met hyl agg@ﬁ,@gﬁd(msgmmmﬁ mol) in 200 nL of toI uene and heat to 100 C

e e ASEIRNE SOt et L USe BLesSuS LY e residue
hexanes g, mmmnﬁm Bumeotehtybamioke(P.90tg0 788 wenol) in 200 mL of ethyl acetate at
5 AR AN 0 b 0y >0
N (451 | adrlasetaeyinl Q@ g{l_étrﬁqq@me organic layers and wash with brine tflen dry over
anhydrous Na,SO; Remove solvent u‘nder reduced pressure to give N-(4-
fluorobenzyl)acetamide (13.5 gm) in 100% yield as a yellow oil. Add NaH (6.5 g, 162
-mmol) to N-(4-fluorobenzyl)-acetamide (13.5 g, 80.8 mmol) in 200 mL of
tetrahydrofuran at 0°C and stir for 4 hours. Then add methyl iodide (22.9 g, 161.6 mmol)

20  to the above mixture and stir for 12 h@)urs. Pour mixture into 200 mL of water. Extract
aqueous layer with methylene ch]oridfe (3x200 mL}). Combine organic layers and wash
with brine then dry over anhydrous Na,S04 Remove solvent under reduced pressure.
Purify the residue by column chromatography (silica gel, 5% acetone in hexanes, 50 %
acefone in hexanes) to give N-(4-fluorobenzyl)-N-methylacetamide (9.1 gm} in 64 %

25  ield as a yellow oil. Add Lawesson reagent (20.3 g, 50.3 mmol) to N-(4-fluorobenzyl)-N-
methylacetamide (9.1 g, 50.3 mmol) in 200 mL of toluene and heat to 100 °C for three
hours. Remove selvent under reduced pressure. Purify the residue with a column
chromatography (silica gel, 2% methylene chloride in hexanes, 100% methylene chloride)

. to give N-(4-fluorobenzyl)}-N-methylthioacetamide (5.6g) 56.5 % as a yellow solid: MS

30 . 198 (MH™Y).

Step c) Add Lawesson reagent (1.8 g, 3.6 mmol) to N-(4-fluorobenzyl)acetamide
(0.9 g, 5.4 mmol) in 50 mL of toluene and heat to 80 °C for 12 hours. Remove solvent
under reduced pressure. Purify the residue by column chromatography (silica gel,




(0.9 g, 54 mol) in 50 nL of toluene and heat to 80 C foi[ 7 VRrdiOitg- Renove
sol vent under reduced pressure. Purify the residue by colum

chromat ography (silica gel, 17 March 2006 WO 03/ 027061 PCT/ US02125969 -40
Acet one = 20:80) to give a mxture. Wash wt d discard

I nsol ub}vé)l_@ﬁ?'ngl impurities by filtration. Renove so?gg}r‘f?&(fﬁ%g reduced
pressure to give N-(4- fluorobenzyl)-thioacetamde (0.7 gm in 71 %as a
yel l ow solid: M5 184 (M++). Step d¥40Add nethyl trifluoronetlianesul fonate
(0.190 g, 1.16 Mol ) to a solution 5 of N (3--fluorobenzyl)thioacetam de

(0.106 g, 0.580 nml) in 10 nmL of CH2CI 2 at room tenperature. Stir the
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11- 74- Bronophenyl - | -caTboxyllc acid (R-(6-(]1-((4-5 10 (MVE-'
f1 uorobppzyl ) ”@&P,ydummé et hyl i deneam no) - 2(R) - | MS (mfe)
11-2 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((3- 496 (MH")
fluorobenzyl)amino)ethylideneamino)-2(R}-hydroxyindan-1-
yamide
11-3 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((1,3- 522 (MHY)

benzodioxol-5-ylmethyl)amino)ethylideneamino)-2(R)-
hydroxyindan-1-yDamide

11-4 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((4- 508 (MH")
methoxybenzyl)amino)ethylideneamino)-2(R)-hydroxyindan-

1-yl)amide
11-5 4-Bromophenyl- l-carboxyllc acid (R)-(6-(1-((3- 508 (MH"
methoxybenzyl)aminc)ethylideneamino)-2(R)-hydroxyindan- '

1-yDamide
11-6 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((2- 508 (MH")
methoxybenzyl)amino)ethylideneamino)-2(R)-hydroxyindan-

I-yDamide
11-7 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((4- 510 (MH")
fluorobenzyl)methylamino)ethylideneamino)}-2(R)-

hydroxyindan-1-yl)amide
11-8 4-Bromophenyl-1-carboxylic acid (R)-{6-(1-((2-(4- 510 (MHM
fluorophenyl)ethyl)amino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
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xMpHEenyt- Behfoyhe)malni—cunbce@hqdzmdj@jé&m t@Y4-2(R) - hyMBS2R2MED-1- 1 ani de
E;SFPE-y (h ]mﬁ?5 hﬁﬁﬁﬁ?%ﬁ%ﬁ%ﬁéﬁ% }Zg(f-(kd?o§3?nggtﬁ{- ] am de
Bro HWQWKwnan-dﬂk /1|p acid (p\-(a (1-((24(4-524 (NRH) fl
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hydroxyindan-1-yl)amide
11-12 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((2-(2- 522 (MHY)
methoxyphenyl)ethyl)amino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
11-13 | 4-Bromophenyl-1 -carboxylic acid (R)-(6-(1-((2-(3- 522 (MH*)
methoxyphenyi)ethyl)amino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
11-14 } 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((2-(2,3- 552 (MH)
dimethoxyphenyl)ethyl)amino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
11-15 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((2-(1,3- 536 (MH")
benzodioxol- 5—yl)cthyl)ammo)ethyhdeneammo) 2(R)-
hydroxyindan-1-yl)amide
11-16 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((2-(4- 524 (MH")
fluorophenyl)ethyl)amino)ethylideneamino)-2(R)-
) hydroxyindan-1-yl)amide
11-17 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((2-(2- 536 (MH™)
methoxyphenyl)ethyl)amino)ethylideneamino)-2(R)-
hydroxyindan- I -yl)amide
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mrol ) w of TFA at 0 C. Stir the mxture for en evaporate
to dryness. Added 3.0 nL of triethylam ne and 30 nL of nethylene chloride
the residue. To this mxture, add-&-solution of bi phenyl -4-carboxylic acid
2,5-di oxo-pyrrolidin-1-yl ester (1.76 g, 5.96 nmol) in 15 nL of nethyl ene
chloride. Stir the resulting m'xture for 12 h. Evaporate solvent and
purify the residue by a col um mlz)graphy (silica gel/ 10 MOH CGH2A 2 =
9:1) to 1., c' (6-am no-
2- hydrox% VS 2 V) ok
trlfluororrethanesulfonate 2B)-hedroxyindan-IeyDemide) to a sol ution of N-(4-
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(214, dd H@ﬂros}n@d@klzyl)amdettS (B&B)st) 7.04(1H,t, J 7.6Hz),6.78(1H,d, J=

7 2 HZ) 6. 3add (aﬁth'ii tnﬂ)mroéerﬁﬁ)eﬁlﬁfohﬁte do. 2590 g; 12268nihb1 to a%o%?:m( 3f IlTL(‘it g EJL 4_87 g 5

2" o %ﬁw@f‘m%%@d?@m ddmiolimsymiy o ot b 1H£‘)f° W%@e(a@rr& s); MB 508
( M—I+) Bir fix arpthedorl - rRintites mdgémdh2-the mhentprnﬂerabcﬁdemsﬁl‘eﬁakﬂo}'veas Exanpl e

( R 1’? 6- (1 ‘?%@3‘38 ‘?r{g? ﬁg&a dd% ¥ ?ﬁ‘%‘ ‘ ag%é?%?’(’ﬂ I engglmdno) 2(R) -
yrexyindsar - yDagde 1 the gelufion §g fehbwgqumkela@mwmne under d

(R) - (6- (ddubddpréssir Putilhd residue with column chromatography (silica gel/ Hexanes:
Acetone = 7:3, 1:1) to give 78 mg of the title compound in 35 % yield as a white solid: 'H
NMR (DMSO-dg) 5 8.78 (1H, d, J = 8.8 Hz), 8.04 (2K, d, ] = 8.8 Hz), 7.79 (2H, d, ) = 8.4

20 Hz),7.74 (2H, dd, ) = 7.4, 1.6 Hz), 7.50 (2H, 1, ] = 8.0 Hz), 7.41 (1H, t, ] = 7.2 Hz), 7.28

(2H,dd, ) =8.8, 6.6 Hz), 7.14 (2H, t,] = 8.8 Hz), 7.04 (1H, t,J = 7.6 Hz), 6.78 (1H, d, ] =
7.2 Hz), 6.37(1H, 8), 5.33 (1H, d, I =5.6 Hz), 5.27 (1H, t, } = 7.6 Hz), 4.59 (2H, s), 4.45
(1H, g, )= 6.0 Hz), 3.10 (1H, dd, ] = 14.8, 7.2 Hz), 2.90 (3H, 5), 2.68 (1H, dd, ] = 14.8,
7.2 Hz), 1.88 (3H, s); MS 508 (MH*).

25
Examples 12-2 through 12-7 are prepared essentially as Example 12-1.

Ex.# | Compound Name MS (m/e)
12-2 | Biphenyl-4-carboxylic acid (R)-(6-(1-((3- 520 (MHH
methoxybenzyl)methylamino)ethylideneamino)- 2(R)-
hydroxyindan-1-yl)-amide

12-3 Biphenyl-4-carboxylic acid (R)-(6-(1-((3.4- 526 (MH"
difluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yDamide
12-4 Biphenyl-4-carboxylic acid (R)-{(6-(1-((2-(4- 508 (MH"
fluorophenyl)ethyl)amino)ethylideneamino)-2(R)-




di t | uorobenzyl ) nmet hyl am no) et hyl i deneam no) - 2( R) - hydroxyjm%bﬁl am de
12- 4Bi phenyl -4-carboxylic acid (R -(6-(I1-((2-(4-508 (M) uorohenl )eth
| ) am no) et hl i deneam no)-2( R)- 17 March 2006 WO 03/ 027061 -43

PCT/ USO@/PZO?I?%%EIZ . #Conpound NanmeMs (m e 12-5Bi phen¥,g?ﬁ,;§{fﬁ2:'5;)69xyl ic acid

(R -(6- 520 (MH) net hoxyphenyl ) et hyl )am no

deneam no) - 2( R) - hydr oxi ndan- | ])am de 12-6Bi phenyl -4-carboxylic acid
(R-(6-(1-((2-(2-508 (MH -) quororﬂﬁenyI ) et hyl ) ami no) et hyl i deneam
no)-2(R)- hdrox indan-1 - 1 ami de 12-7Biphenyl-4-carboxylic acid

(R -(6-(1-((2-(4-522 (Mt+) fl uorophenyl)ethyl)nmethyl am no)ethyl i

deneam n ( r dan-1- 1 am de Exarrpl e 13 1 yl -H- car boxylic
acid (R gg-ﬁz Réomé})q??ﬁgwguclm f |||:L||£1662||| 11 }ctllyllucl ﬁ,ﬁlﬂ{g}; A ) hydroxy-

|, 2,3, 412 étraﬁwmwh&pwbwlemld(R)y(ﬁ)( dé-0 Stir a mi| ¥2&NHOf

| -am not 7- nltr,gmjlm,%,gﬁe hét ]am 1R IRBRL D %00 ng, 2.40 mmol) and
N NaOH| (4.8 pL n’y‘) ﬁﬂ a mﬁgture of 5%%nL of tlol uene and; 50 nL of
water fer—30 .'zrqlﬁqxxmdanﬁ"fx By nhnn\ll 4-gak hnn\ll chl onide {l-'\ln A 2.64

mol ) s| by BJpHe@I—ﬂ-t:arbmyhéwd(R‘)qm(s-((at(w oom t enper 3508 GMHBem) e the solid
by filtfation orate s¢l vent undef reduced
pressurfg. Biphe ﬂ&'??phﬁ@@éthgfgﬁnmpJ)chgl%eggé@no)EZY]@)O

hydr oxytZ-nit laydztolené.amlwlaqmldmdro napht halen-1-yl)-anide is ohtained in
(5‘21;? az 3}]2/3@ geBlpﬁéHyl ﬂ-carbé‘iyii@@:é{:ﬂ\ﬁ@(ﬁ@z (& 8.87 (1H, (1522](1\3:[-13-4 Hz), 8.03
d, 3=7. 6Hz) , 7. W@Yg)ﬂ%yﬂ’%&@yl?’“ﬁ&{eﬂwl’ﬂF“ﬁ%"Mﬁ‘) "7 50(2H, t, J=7. PHz) ,
7.43(2H t, J| hydfox@intm}]-yBanfide (1 H, d, J 4.4 Hz), %.11 (1 H t, J =7.6
Hz), 3.95-4.01 (1L H, 15 ™, 2.87-3,07(2H, rr) 2.08-2.15 (1 H, m, 1.81-1.94
(1 H m; M 389(MH). The above conPound (0.25 g, 0.64 mmol) is reduced
in 10 mL of DMF with 48 ngy of 1EXamnigiidl roomtenperature under 60 psi

(414 kPapidhehyl @v@riak@letacidR |-Or M (i-phe sbehzyhnieliyReiyd ethylidefdaghino). _
(7- am no-Z-hydr oxy e dhoss-1 S Al droRaHRAN Slhide ) - & de: obtained in

_CJ

96% as a o
N._ _N +OH
o S
5 %

Stir a mixture of 1-amino-7-nitro-1,2,3 4-tetrahydronaphthalen-2-ol ( 500 mg, 2.40
mmol) and IN NaOH ( 4.8 mL, 4.8 mmol) in a mixture of 50 mL of toluene and 50 mL of
water for 30 minutes, Added biphenyl-4-carbony! chioride (570 mg, 2.64 mmol) slowly
and stir for four hours at room temperature. Remove the solid by filtration, and wash with

10 toluene. Evaporate solvent under reduced pressure. Biphenyl-4-carboxylic acid (2-
hydroxy-7-nitro-1 ,2,3,4-tetrahydro-naf)hthalen-]-y})-amide is obtained in 54% as a white
solid: "H NMR (DMSO-d6)  8.87 (1H, d, ] = 8.4 Hz), 8.03 (2H, d, J = 8.4 Hz), 7.99 (2H,
d,J=7.6Hz),7.79 (2H,d,) =8.4 Hz), 7.74 (2H, d, ] = 8.4 Hz), 7.50 (2H, t, ] = 7.2 Hz),
7.43(2H, 1,1 = 6.8 Hz), 5.22 (1H, d, ] =4.4 Hz), 5.11 (1H, t, J = 7.6 Hz), 3.95-4.01 (1H,

15 m), 2.87-3,07(2H, m), 2.08-2,15 (1H, m), 1.81-1.94 (1H, m); MS 38)(MH+). The above
compound (0.25 g, 0.64 mmol) is reduced in 10 mL of DMF with 48 mg of 10 % Pd-C at
room temperature under 60 psi (414 kPa) for overnight to form biphenyl-4-carboxylic
acid (7-amino-2-hydroxy-1,2,3 4-tetrahydro-naphthalen-1-yl)-amide, obtained in 96% as a
yellow oil. MS 359 (MH™).

20 Add methyl trifluoromethanesulfonate (0.150 g, 0.915 mmol) to a solution of N-
4-fluorobenzyl-N-methylthioacetamide (0.145 g, 0.736 mmol) in 10 mL of CH,Cl; at
room temperature. Stir the mixture for 30 minutes and remove the solvent under reduced
pressure. Then add biphenyl-4-carboxylic acid (7-amino-2-hydroxy-1,2,3,4-tetrahydro-




yellow oi I . M5 359 (MH+). 20 Add methyl trifluoronethanesy {@patgo60- 150 g,
0.915 mml) to a solution of N 4-fluorobenzyl - N-net hyl t hi oacet am de (0. 145
g, 0.736 rrm)l) in 10 nmL of CH2A 2 at roomtenperature. Stir the m xture
for 30 ]Wozb [2and renove the solvent under reduced Pgrr ‘{3 % Then add
bi pheny car?)oxyl ic acid (7-am no-2-hydroxy-1.,2,3 ydro 17 March
2006 WO 03/027061 PCTI US02/ 25969 - 44 napht hal en- I-yI) amde (0.22 g, 0.61
mmol) followed by 5 nlL of pyridine4Stir the resulting mixture for 12 h.
After evaporate pyridine, purify the residue by columm chromat ography
(silica gel, 5 %MOHIin CHO 2) to give 10 ng of the title conpound in
2 6 % y inephdhaten- layl)-agide (029 ¢, 061 sxaholdl followed\BR hCDOCHB)dins. Btisde (211, d, J = 8.0
J =

778 ) TykElpyron. od oy pitbi e o ol 615 70

6. 98- 7. Gopmlogaphy) (siliga g3 5(% MeOH in CRyCp tq give 10emg ofithe-titie epmpgund inpp) | 6’ 56 (1
H d, Jz%% yidld ¥ ) light yéflow dolid: "H NMR Ecﬂc@a‘izsg(zﬂ 60 { 2iHz5 8.66 2198- 4. 04 ( 2H,
o3 3 {4hudig oG8 01 B0 90 L, st 2, Géﬁﬁz SR v
522 (M#)Zl(mtﬂxhﬁ@OeS azﬂzn@smojdaﬂbn),ﬁé'a(lm) 621, dd t=adi $4R - 6- |- 3
4- difl gy Qs@% ZHld Y—Jrﬁqllé}yémmlpi @QWéHfbem | 338 R)oalydrycyi ndan- 1

N}ll( l:%azfn g4f1 I(Eéﬁobéégi‘)) ggp&g{ Rﬁﬁ\%t(ﬂ'? &a]ceéjg Bgl Qgr(éha‘?’nigeggssent ially as

St ep b, 1BS4mhIe), L92 BBH, ) d.604.6alf1laj medis 522600, yield as a yellow solid: M
2161 MH*). Add nethyl trifl uoronethanesul fonate (0.750 g, 3.49 mpl) to a
solution of N (3,4-difl uorobenz}é/l ) - N-net hyl t hi oacet am de (0.145 g, 0.736
mml) in 10 nL of CH2G2 20 at erature Stir the m xture for 30
m nutes and.remove BIFfoSMipR B Then add

(6-am no-2-h
mol ) fol | o%e , Tt R e stirred for 12
h. After pyr|d| ne |s|:evaporated | due is purlfled by col umm

e 0.98 g of
< zyI()Hmet hyI am ne

oxyl nda‘Q -yl ) : ‘@ iit ert-butyl ester as a
i QH

15 Beginning with 3,4-difluorobenzylamine, N-(3,4-difluorobenzyl)-N-methyl-

(6-(1-((3,4-diflUo
et hyl i deneam no) - 2
white solid:

thioacetamide is prepared cssentially as Step b, Example 11-1, and is obtained in 66 %
yield as a yellow solid: MS 216 (MH™).

Add methy] trifluoromethanesulfonate (0.750 g, 3.49 mmol) to a solution of N-
(3,4-difluorobenzyl)-N-methylthioacetamide (0.145 g, 0.736 mmol) in 10 mL of CH,Cl;

20  atroom temperature. Stir the mixture for 30 minutes and remove the solvent under
reduced pressure. Then add (6-amino-2-hydroxyindan-1-yh)-carbamic acid t-butyl ester
(0.78 g, 2.97 mmol) followed by 5 mL of pyridine. The resulting mixture is stirred for 12
h. Afier pyridine is evaporated, the residue is purified by column chromatograph (silica
gel, 3 % MeOH in CH,Cl,) to give 0.98 g of (6-(1-((3,4-diﬂuorobenzy])-methyl-amino)—

25  ethylideneamino)-2-hydroxyindan-I-yl)-carbamic acid tert-butyl ester as a white solid:
MS 446 (MH").

Add 5 mL of trifluoroacetic acid to (R)-(6-(1-((3,4-
difluorobenzylymethylamino)ethylideneamino)-2(R)-hydroxyindan-1-yl)carbamic acid
tert-butyl ester (180 mg, 4.04 mmol) and stir for 30 minutes. Remove solvent under

30  reduced pressure. Dissolve the residue in 15 mL of CH,Cl,, Then add 3-fluorobiphenyl-4-
carboxylic acid 2,5-dioxopyrrolidin-1-yl ester (150 mg, 4.79 mmol) and triethylamine (0.6
mL, 4.0 mmol) to the solution and stir for 12 hours. Pour the mixture into methylene




M5 446 (MH+). Add 5 nL of trifluoroacetic acid to (R)-(6-{4 ag%l:*zoﬂ
di f1 uor obenzyl ) net hyl am no) et hyl i deneam no) - 2( R) - hydr oxyi ndM yl ?car bam c
acid tert-butyl ester (180 ng, 4.04 mmol) and stir for 30 m nutes. Renove
sol vent__under 30 reduced pressure Di ssol ve the resi m. of CH2Cl2.
Then ad¥%33P170%r obi phenyl - 4- carboxylic acid 2, 5-di oggﬁw&gi din- 1 -yl
ester (150 ny, 4.79 mol) and triethylamne (0.6 nL, 4.0 mmol) to the
solution and stir for 12 hours. PoUr the m xture into nethylene 17 March
2006 WO 03/027061 PCT1US02125969 -45 chloride, wash with water, dry with
‘Na2SO4, and then concentrate. Purify the residue by,  column chr omat ogr aphy

(si | i cachleride, 3gshvpitiwater, dppothdya:$@s, Q?‘i/@ewﬂﬁij]tféﬂe lflﬁtfy thPqu@uel%rrpound as a
white SQb]uﬁ‘m'cHroﬂrﬁto%@a‘gSh {silica gdl IW/MOBL3 OP),CH) 16-03% 352} oftthe thle= 8. 0 Hz), 7 7

oH, d, J = 7)e 55 (3H, m,
(7 43-7. &9“1("1‘111"3%"' ?‘#‘f‘e g %g@&l%k(&@)ﬁﬁf@h yi=8y %Z) ( 7. 11 7.14
(1H ) 7.762114,02+8.4 Hel), 750 21,040, = 8.0, 1.2 Hz), 7.47-7.55 (34, m), 7.43-7.47 (1H,
ZH%) %34'%11'7*32'(213(%8#@9(14& @%(iir‘ﬂﬁ)z)ﬁ 1547(114%1] nbé% 73'(?3 d; ﬁéﬁdb; q,J= 6.4

Hz), 1.99
(3H s) ),%ﬁ?(lw 6.8 biz Eﬁg&%glgsigﬁal(lﬁ)q,J 72H§)4548H q,f= )
2! - Tri f ludignerhd By phehy Hz) 30aI3HRx%Y, 1288 (He) ) ER)S KiB; (.99 G s); MS
fl uorobggfl‘;gvd_I thyI am no) et hyl i deneam no)i ndan- | -yl)am de F F Conbine
| -am noindan ("1.0g, 8.1 mmol) with 6.6 nL of fuming HNO3 at -10OC. 15 Stir
the resulting mxture for 30 mn, pour into ice and then stir for 30 mn.

Col ligct the solid, wash with vva,tgﬁ.rn lersd; dry to afford 0.614 g (42 % of
product. M X V\/lth,'.-tert-b | carb 0. , 4.26 mmol) in THF

Combi ne the ni xt (e hReiQmetny b Fation to adjust to pH
1. Stir for 8 h, flpg r,n'uurw:x. cthylidet anek-w)amide y, and concentrate.
Di ssolve the residue into a 1: ] mxture of etkh and hexane, 20 then keep

at -10 C overnight. gCollect the solid an dryF give 0.57 g (59% of (6-
Nitro-indan-l-yl)carB@\;ﬁ*d tert - bupyl\ £t NVR (CDCI3) d 8.16 (1
H br s), 8.11 (I H, <8N _

. 4 Hz)

: J =8.4 H), 525 (1 H,
q, J 8.8 Hz), 4.78 (1 h, 308200(1H m,

296278(1Hn)2.72-262'( 1.93-1.83 (1 H m, 1.51 (9 H s).
25 Add KBH4 CdmBifle %1n2r%nﬂiaﬁfmq}g)8$hﬁfmywmp6 &l oftrhg ®ING,; Bt DigPc 0- | ndan-] -

15 Stir the resulting mixture for 30 min, pour into ice and then stir for 30 min. Collect the
solid, wash with water, and dry to afford 0.614 g (42 %) of product. Mix with di-tert-
butyldicarbonate (0.929 g, 4.26 mmol) in THF. Combine the mixture with saturated

" K3COs aqueous solution to adjust to pH11. Stir for 8 h, pour into CH,Cl,, wash with

water, dry, and concentrate. Dissolve the residue into-a 1:1 mixture of ether and hexane,
20  thenkeep at -10°C overnight. Collect the solid and dry to give 0.57 g (59 %) of (6-

Nitro-indan-1-yl)carbamic acid tert-butyl ester. 'HNMR (CDCl3)d 8.16 (1 H, brs), 8.11
(1H,dd,J=8.4and 2.0 Hz),734(] H,d,)=84Hz),525(1 H, q,}=8.8Hz), 4.78 (1
h, brd, J=6.4 Hz), 3.08-2.00 (1 H, m), 2.96-2.78 (1 H, m), 2.72-2.62 (1 H, m), 1.93-1.83
(1 H, m), 1.51 (9 H, s). '

25 Add KBH, (1.59 g, 29.4 mmol) slowly to a mixture of (6-nitro-indan-1-
yDcarbamic acid tert-butyl ester (1.17 g, 4.2 mmol) and CuCl (1.25 g, 12.6 mmol) in 50
mL of methanol at 0 °C over 15 min. Stir the mixture for 1 h and then pass through a
Florisil pad. Evaporate the THF and dissolve the solid in EtOAc. Wash the mixture with
water, dry, and concentrate to afford 0.76 g ( 73 %) of (6-aminoindan-1-yl)carbamic acid

30 tert-butyl ester. "HNMR (CDCl)d 6.99 (1 B, d, ] =8.0 Hz), 6.65 (1 H, s), 6.56 (1 H, dd,

- J=8.0and 2.0 Hz), 5.09(1 H, q,J=8.0Hz),4.70 (1 H,brd, } = 7.2 Hz), 3.60 (2 H, 5),

2.86-2.79 (1 H, m), 2.75-2.67 (1 H, m), 2.58-2.47 (1 H, m), 1.78-1.69 (1 H,m), 1.48 (3H,
s).




yl)carbanmc acid tert-butyl ester (1.17 g, 4.2 mmol) and rdnbodd 9
12.6 mmol) in 50 nL of nethanol at 0 C over 15 mn. Stir t emxturefor I
h and then ‘pass through a Florisil pad. Evaporate the THE and di ssol ve the

solid |8,05é[995?i Wash the mixture with water, dry, agg,n%g(ﬁég&%rate to

afford 73 % of (6-am noi ndan-1- yI)carbamc aci ert-butyl
ester. 'H NI\/R(CDC13) d 6.99 (1 H d, J=28.0 Hz) 6.65 (1 H s), 6.56 (1
H dd, J =280 and 2.0 Hz), 5.09 ¢4 H, q, J =8.0 Hz), 4.70 (1

H, brd, J=7.2Hz), 3. 60(2H,s), 2.86-2.79 (1 H, m, 2.75-2.67 (1 H, rn),
2.58-2.47 (1 H m, 1.78-1.69 (1 H, m, 1.48 (3 H, s). 17 March 2006 WO
03/ 02708B6RTPUSN 20)25D52.67 (146, r2), 868-2.479¢1 Himy,1.38)1.69(1 Hh-mD, 648 B H.H, m),
2582@?(1H m, 1.78-1.69 (1 H m, 148(3H S). AddMe] (0.623 g,
4.4 mmo]) to a . solutigon of N-4- fluorober}~ met hy] t hi oacei am de (0. 662

g, 3.4 rmol)AphMeb (G236 4.4 mmal) tge splptiony T%ﬂq@mh?w © for 3 h 5 and
evapor angtiyhRiosdel@ridd (0B62 g\3aCmmal) uAddmL@rfatll’ibmrtnGﬂﬂh&myﬂn)leﬁrBdm c acid

tertzbut chi evaﬁ? e thefther E%iehgac@%‘/ al oré Jn? Lt!n%%dl QY 81%: a% d thY Hm]tgf Stir the

resul5t| ng mxture reS|due by

col um @ﬁﬁrdﬁﬁtgogﬂ&mgpl)(fgllweéé)yéemL 0®w/@1n%&a{thmremlm@mlyﬁtwﬁ°gﬂ2/b 1.26 g of

(6- (1- ( Eapordw M%Mbﬁmmayés@due Lahmbhﬂﬁe@g@bﬁmm 1-3l95y | ) car bani c
amdter%e(ﬁij?f er .as Ofllg‘zyellowsolld VNS 4 (M—I+);'HN|VR

( CD30D) ‘t%"‘H‘ ofG-(g3%7 10 (3 H m, s. 70 (1H' s), 6.65 (1
H d J fhorﬁbﬁ]zm¢thj5arﬁﬁiolethyhﬁentwmﬂoémﬁaIB1W9wbmi6&i( @rtfiutybsterds 5 (3 H, s),

%ﬁ(y%”ﬁ”)( @dfl\/l%tﬁ?n'(lg(i%-l JZ‘é%JNﬁ(éﬁ %éﬁa??ﬂ&ﬁ(ﬁlb i, 7787, 1%%97 (3 H s),

uor onet en carboxyllc
aC| d (1@@“1}96 13%6). 293 1khd) 9 F N-hijak 3999.1@(:‘»411‘51% 0376 mmol ) and

gggb( 77y, Q 36762 mnpll 1, 1)) 2.84.5.7mi(1 Bf mivERt $3y2.487@ K b)pr. mde Ha,ts),ntszf(gr 2 h.

i ne

fl uorob %/I ) rret hyI am no) et hyl i deneam no) i ndan-1-yl)carbam c acid
tert-butyl eStrermxueeof Zyiflorarchynpicpylvi-eaborpic qcm (1) mgt0.376C and stir for

2 hns E\ﬁﬁﬁ’&LN Kydidx dé&gﬂmldéﬁg%%d3%§n§ﬁwaﬁd DOCSEPhY. . 378enm&apindue i n

rrethylene Ior|d po t 20 repeat this three tines.
Add 5 nt BT dlEH’iY ﬁé%‘éhoeq"w @f(?'t(h ethylamine. Add this
resul ti mgombd:myh)méthylmnmbpthahximeannnoamdmelal)chﬂsﬁmw acad terttbufybester2129. Pour t he

m Xt”rern{aé‘b%i#ﬁﬁ} Mﬁﬂﬁﬁ&{i‘n&) @'69 Ir&“drtzmr"‘ﬂaﬁératedl"ﬁ’AWdEP Na2304, . and

concent esl umm ch tography (silica gel 3%
MeCH in r@qe@pzqsswrg Bisgadveghe wgd@ﬁmthVlemF eleridscing svanaratedo Ayt e sol i d (47 %
yi el2d) . repeat this three times, Add 5 mL of methylene chloride and 1 mL of triethylamine. Add
this resulting solution to the above mixture and stir at rt for 12 h. Pour the mixture into
methylene chloride, wash with water, dry with Na;S80Oy4, and concentrate. Purify the
residue by column chromatography (silica gel, 3% MeOH in CH,Cl,) to give 82 mg of the
title compound as a white solid (47 % yield).
25 MS 560 (MH"); '"H NMR (CDCl3)d 7.83 (2 H, d, ] =8.0 Hz), 7.75 (1 H, d, = 7.6
Hz), 7.56 (1 H, t,] = 7.2 Hz}, 749 (1 H,t, )= 8.0 Hz), 740 (2 H, d, ) = 8.0 Hz), 7.31 (1
H,d,1=8.0 Hz), 7.26-7.21 3H,m), 7.15(1 H,d,] = 7.6 Hz), 7.02 (2 H, t, ) = 8.8 Hz),
6.75(1 H,s),6.64 (1 H,d,]=72Hz),567(1 H,q,)}=7.6Hz),4.61 (2H, q,}=10.0
Hz), 2.97 (3 H, 5), 2.94-2.83 (1 H, m), 2.75-2.68 (1 H, m}, 2.00-1.70 (4 H, br s), 1.69-1.58
30 (1H,m).

Examples 15-2 through 15-7 are prepared essentially as Example 15-1.

Ex.# | Compound Name MS (m/e}
15-2 | 3,5-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 528 (MH)
fluorobenzyl)methylamino)ethylideneamino)indan-1-




25IV5560(M-|+),'HNNR(CDCI3)d78 (2 H d,J=80 )a@l?j@olH, d,
= 7.6 Hz), 7.56 (1 H t, J =7 2Hz)749(1H,t Pg)l 40 (2
H,d,J:8.0Hz),731(1HdJ: Hz)726721(3H ,715(1
H d, J= 7.6H 02(2H,t, 3=8.8Hz), 6. 75 , 7.2 H
z), 5. 6‘F°(°i’°ﬁ,"31q, J= 7.6Hz),4.61 (2 H, q, S = 2) EE?’%S‘%#g(s H s),
2.94-2.83(1Hrr)275268(1Hrr)200170(4H br s), 1.69-1.58
30 (1 H n). Exanples 15-2 through4i5-7 are prepared essentially as Exanple
15-1. Ex. 4Conpound NaneMs (me) 15-23,5-Difluorobiphenyl-4-carboxylic acid

(R-(6-(1-((4- 528 (MH) fluorobenzyl)nethlam no)ethlideneam no indan-|-
17 I\/arc1E§_9p6 @&1&%9@2@@1 PCT/ US02/ 25969 -47 Ex. #O)WQ NaneMs (ni e)

yl) am de=t5=3@=Ft uoroprphenyt=4=Tar boxytic—acid{(R~=16-T1I-(( 10 (VH})
f1 uor obenzyl ) M¥amdeani no) et hyl i deneani no)indan-]1 - |)anide

§|5) ;‘i 62'15-9f|ﬂ@l@%ﬁﬁ%ﬁ}‘ﬂ—ﬂ&%ﬂﬂ]mémﬂQR}:@X(}{J dac acid (Rsid @1KD-528 (MHO)

' 15- 5B |- 1- 4 492 (MH+
f | uor obenzyl) M&ﬂ)ﬁ’f&'% ?{%ﬁgam W&’f’%ﬂﬂé ! (( I ami de( )
15- 63- F| uor obfi yamidel - 4- car boxylic acid (R)-(6- (] ((4 510 ( MH+)
1573 3 1 l%?g%l.f@ﬁ‘é’ﬁﬁf“?f%? PERBARRLRR0 D 1R s (v
f1 uor obpnzyl ) |rfét-flya ﬁéﬂ'@f ‘E@ﬁéﬂﬁﬁ?ﬁ@ﬁ“i"\%a‘?ﬁnrb lami de . Exanple P-1
Bi pheny -4-ca13@}g;ﬁyde| C aC| d (R-(6-(1 -((4-fluorobenzyl)methyl afino eth

|1 deneamnp - ]ﬂ)l@nyl— “Canoxyls VhERd @ e HRES "M VAT ALE 409 (vumt)

fluorobenzyl)methylamino)ethylideneamino)indan-1-

yhamide
15-6 | 3-Fluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 510 (MH")
fluorobenzyl)methylamino)ethylideneamino)indan-1-

yl)amide
15-7 | 3,2"-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 528 (MH")
fluorobenzyl)methylarnino)ethylideneamino)indan-1-

ylamide

- Example P-1
Biphenyl-4-carboxylic acid (R)-(6-(1-((4-fluorobenzyl)methylamino)ethvlideneamino)-
2(R)-hydroxvindan-1-yllamide hemihydrate
5 Add 21.8 L of methanol to 2.86 kg of biphenyl-4-carboxylic acid (R)-(6-(1-((4-
fluorobenzylymethylamino)ethylideneamino)-2(R)-hydroxyindan-1-yl)amide solvate.

Pass the solution through a carbon impregnated filter and rinse the filter with 24 L of
methanol. Add 5.7 kg of water to the solution over 35 min followed by 15 g of Biphenyl-
4-carboxylic acid (R)-(6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-2(R)-

10 hydroxyindan-1-yl)amide hemihydrate seed crystals. After 20 min, add 1.15 kg of water
followed by 15 g of seed crystals. After | h, add another 1.15 kg of water over 30 min
followed by 15 g of seed crystals. After 10 min, add 3.4 kg of water over I h and stir the
slurry at room temperature for 1 h and at 0 °C for 45 min. Collect the solid by filtration,
rinse with a cold solution of 11.4 L of methanol and 2.9 L of water, and dry to afford 2.19

15 kg of the title compound as a white solid. |
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solu1 ion of nethanol (8 nL) and water (2 nlL), and dry at 50-60 C under
vacuum for 16 h to give 1.66 g &kamplePti t| e conpound. 10 Exarrple P-3

Bi pheny| gsied\i Q%Vﬂokﬁ?c cﬁl (QWG H@(t(-hucgrgb%n;\h d@&%ﬂﬁ%éﬁlw ebhdiB).NO
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1.2.L Al t for at 15-25 C
(17 far) nibblh 1 BRRGS 1 RndaRe Sbion i S1vaé LT e thalRonghar 20T (0.4 Q  Add
wat er ( @areolG- 6@6§)héﬁ@bﬂ’mﬁmﬁefdr F5-3G mimtag 1 5-25 Puditer i ehixtung ahéml&ﬁydrate seed
crystal she(ﬁ;eengbhdsS&;thrmamemothqr adauéteh(oatL)L@ﬂ%@oﬁ;bmtemﬁnmec00' to 0-5 C

A o b g ok S e s St G5 ! SR s et B35 % g, SCLutt on, of

20 h. t ocoplve-588.aidd girahothéréddtmin.| Eilierdhpmixnde, wash with a 0-5 °C solution of
20 methanol (0.8 L) and water (0.2 L}, and dry at 47-53 °C under vacuum for 20 h to give
88.7 g of the title compound.
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The compounds of the present invention can be administered alone or in the form

25  of a pharmaceutical composition, that is, combined with pharmaceutically acceptable
carriers or excipients, the proportion and nature of which are determined by the solubility
and chemical properties of the compound selected, the chosen route of administration, and
standard pharmaceutical practice. The compounds of the present invention, while
effective themselves, may be Formulated and administered in the form of their

30  pharmaceutically acceptable salts, for purposes of stability, convenience, solubility, and
the like. In practice, the compounds of Formuta I are usually administered in the form of
pharmaceutical compositions, that is, in admixture with pharmaceutically acceptable
carriers or diluents.
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excipients are well kﬁown in the art. The pharmaccutlcal composition may be adapted for

- oral, inhalation, parenteral, or topical use and may be administered to the patient in the
form of tablets, capsules, aerosols, inhalants, suppositories, solutions, suspensions, or the
like. _

25 The compounds of the present invention may be administered orally, for example,
with an inert diluent or capsules or compressed into tablets. For the purpose of oral

. therapeutic administration, the compounds may be incorporated with excipients and used

in the form of tablets, troches, capsules, elixirs, suspensions, syrups, wafers, chewing
gums and the like. These preparations should contain at least 4% of the compound of the

30  present invention, the active ingredient, but may be varied depending upon the particular
form and may conveniently be between 4% to about 70% of the weight of the unit. The
amount of the compound present in compositions is such that a suitable dosage will be
obtained. Preferred compositions and preparations according to the present invention may
be determined by a person skilled in the art.

35 The tablets, pills, capsules, troches, and the like may also contain one or more of
the following adjuvants:' binders such as microcrystalline cellulose, gum tragacanth or
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sodium bisulfite; chelating agents such as ethylene diaminetetraacetic acid; buffers such

as acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium

chloride or dextrose. The parenteral preparation can be enclosed in ampoules, disposable

25  syringes or multiple dose vials made of glass or plastic., Preferred compositions and
preparations are able to be determined by one skilled in the art.
The compounds of the present invention may also be administered topically, and
when done so the carrier may suitably comprise a solution, ointment, or gel base. The
base, for example, may comprise one or more of the following: petrolatum, lanolin,
30 polyethylene glycols, bees wax, mineral oil, diluents such as water and alcohol, and

emulsifiers, and stabilizers. Topical Formulations may contain a concentration of the

Formula 1 or its pharmaceutical salt from about §.1 to about 10% w/v (weight per unit

volume).

The compounds of Formula I are agonists of the M-1 muscarinic receptors.
35 Moreover the compounds of Formula I are selective agonists of that particular muscarinic
. receptor. The compounds of the present invention possess particularly useful properties
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One cognitive disorder to be treated by the present invention is age-related

cognitive decline. This disorder is not well defined in the art, but includes decline in the
cognitive domains, particularly the memory and attention domains, which accompany
aging. Another cognitive disorder is mild cognitive impairment. Again, this disorder is

‘25 not well defined in the art, but involves decline in the cognitive domains, and is believed
to represent a group of patients the majority of which have incipient Alzheimer's disease.
Another cognitive disorder is cognitive impairment associated with schizophrenia. The
relationship between cognitive disturbances and other symptoms of schizophrenia is not
clearly understood at present. It has been observed that some people experience cognitive

30  problems much before they develop positive symptoms, while others acquire cognitive
deterioration after the first episode and with subsequent relapses. Yet another cognitive
disorder is chemotherapy-induced cognitive impairment. People who undergo cancer
chemotherapy may experience a decline in cognitive function and this decline can be long
lasting. Also, a wide variety of insults, inctuding stroke, ischemia, hypoxia,

35  inflammation, infectious processes and cognitive deficits subsequent to cardiac bypass
surgery and grafting, stroke, cerebral ischemia, spinal cord trauma, head travma, perinatal
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Parkinson’s disease, Huntington's Chorea, pain (including acute pain and chronic pain),
xerostomia (dry mouth), Lewy body disease (including diffuse Lewy body disease),

25  aphasia (including primary aphasia and primary aphasia syndromes), aphasia (including
primary aphasia and primary aphasia syndromes), hypotensive syndromes, and chronic
colitis (including Crohn's disease), comprising: administering to a patient in need thereof
an effective amount of a compound of Formula 1. That is, the present invention provides
for the use of a compound of Formula 1 or pharmaceutical composition thereof for the

30 treatment disorders associated with muscarinic receptors.

It is recognized that the terms “treatment” and “treating” are intended to include
improvement of the symptomatology associated with each of the disorders associated with
muscarinic receptors described herein. Also, it is also recognized that one skilled in the
art may affect the disorders by treating a patient presently afflicted with the disorders or

35 - by prophylactic ally treating a patient believed to be susceptible to such disorders with an
effective amount of the compound of Formula 1. Thus, the terms “treatment” and




Revi sion (1CD- 10), provides classifications for many of t L 30J0agr S
descri bed herein. The skilled artisan will recogni ze tha ere are
al ternative nonencl atures, nosol ogies, and classification systens for

di sor de{@nog%?ﬁrl bed herein, including those as descri ﬁgﬂjg{)}&sgég " DSM 1V and

1CD- 10, &k tern1no|ogy and cl assification syst th 15

medi cal scientific progress. In particularly preferred enbodi nents, the
present invention provides nethods-38f treating disorders selected fromthe
group consisting of. cognitive disorders (including age-related cognitive
di sorder, mld cognitive inpairnment, cognitive inpairnment associated with
schi zophiredting; ard AtendiopéfBied ap ProcebsusGadrelivre inlay e b B@ingnent ), ADHD, 20
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ar e usebuhhibifors; cholinesterase inhibitors, such as tacrine and donepezil; compounds that

inhibit amyloid protein processing, including inhibitors of amyloid precursor protein
processing and antibodies directed against amyloid proteins; antidepressants, including

25  SSRIs and SNRIs such as fluoxetine, paroxetine, and venlafaxine; and anxiolytic agents
as a combined preparation for simultancous, separate or sequential administration in the
treatment of disorders in which a cognitive deficit is one of the symptoms. In another
embodiment the present invention also provides for the use of a compound of Formula ]
together with one or more therapeutic agents selected from AMPA potentiators; typical

30  and atypical antipsychotics, including olanzapine; mGIuR agonists; NMDA antagonists;
1L 1-6 inhibitors; cholinesterase inhibitors, such as tacrine and donepezil; compounds that
inhibit amyloid protein processing, including inhibitors of amyloid precursor protein
processing and antibodies directed against amyloid proteins; antidepressants, including
SSRIs and SNRIs such as fluoxetine, paroxetine, and venlafaxine; and anxiolytic agents

35  for the manufacture of a medicament as a combined preparation for simultaneous,




treat disorders in which a cognitive deficit is one of thp7§ﬂ%&¥ﬁw% in
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fluoxetin iC agents 35 for the
manuf ac @dm@smedathwmaélammwtumsof@ﬂ?@btﬂwmeﬁ lfplns@bﬁxeémcms of memgialifst aneous, 17

Mar gy 2QR6 ﬁ%ﬁ@é&@%ﬂ%uﬁ%@ﬂ&&ﬁé&&%& mv'éfveareemc@;ee o@ invéReH& bt al o
adninistration i (E é trrentso léawg stln |c a.cognitive deficit
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-regimen selected; the use of other concomitant medication; and other relevant
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25 An effective amount of a compound of Formula I is expected to vary from about
'0.01 milligram per kilogram of body weight per day (mg/kg/day) to about 50 mg/kg/day,
and preferable from 0.1 milligram per kilogram of body weight per day (mg/kg/day) to
about 20 mg/kg/day. More preferred amounts can be determined by one skilled in the art.
Of the disorders to be treated according to the present invention a number are
30 particularly preferred. Particularly preferred disorders include the treatment of cognitive
disorders (particularly mild cognitive impairment and cognitive impairment associated
with schizophrenia), Alzheimer's disease, and psychosis, including schizophrenia,
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St aihseney bt il [odel 5 ave, been, described for the
maintained at 85% of their free-feeding weight by supplemental feedings of Purina Lab
Chow,

The rats were initially trained to search for food at the end of each of the eight
arms. Once the rats had reached the criteria of no more than two errors (i.¢. entering the
25  same arm more than once during a session) on three consecutive days, a delay of one
minute was imposed between the fourth and the fifth arm choices. This training ensured
that the rats were thoroughly familiar with the procedural aspects of the task before any
drugs were administered. Once stable performance had been obtained on the delay task
(i.e. no more than one error was made on three consecutive days), drug and vehicle tests
30 commenced using a seven hour delay period. A novel set of arms was baited each day for
each rat and the maze was thoroughly cleaned during the delay period.
During the sampling session, each rat was placed on the center platform with
access to all eight arms of the maze blocked. Four of the eight arms were randomly
- selected and baited with food. The gates of the baited arms were raised and the rat was
35  allowed five minutes to obtain the food at the end of each of the four arms. As soon as the
rat had obtained the food, it was removed, administered vehicle or various doses of
compounds, and placed back in its home cage. Seven hours later (retention session), the




5 Radi al Arm Maze The del ayed non-match to sanple task haf,kp,ﬁ%h dto

- study the effect of drugs on nenory retention (Pussinen, R an irvio, J.
J of Psychopharm 13: 171-179(1999); Staubli, U, et al. Proc Natl Acad Sci
91: 777, 4)) in the eight armradial maze. Wl j rats were

al | O\A/edwtz’%]"&}e?t%‘?li eve food rewards from four randomy P‘fyug‘lézlﬁg%?ed arnms of
the maze (sanpling phase). Sone tine |later, the rats were exposed to eight
open arns and were tested for theirS6ability to remenber and avoid the arns
they had previously entered to obtain food. Re-entry into an armthat was
baited during the sanpling session was counted as a reference error,
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stabl e g?esf]for o nore than
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comencext/gsi ng a seven hour del ay period. A novel set of arns was baited
eachsday for each rat and the maze was thoroughly cleaned during the del ay
period. During the sanpling sessjon, each rat was placed on the center
platformwith access to all eig@ﬁ-ﬁ'ﬂ&!&% of the maze bl ocked. Four of the

ei ght amrguiveceinthnRalidl Wazs Blags tadth] magk Raiitigéh Wit h food. The gates of the
baited arns ral t t . 3 ld.owed i m nutes to obtain
the food at %ﬁﬁ%&gﬁg{_{%%Pyefg%ﬁmg?ﬁ{zhémfe %vgﬁls%?err@ﬂ)&gn &8@3%%’%&% rat had

obt ai ne@ranpencedeeficitiin deglesative momery, (R nPankss R&r Ber & &:S.¥idson(Edsar i ous doses of

Comgun%umﬁﬁ@hd?b iRk 't PisdabSandIMer G8EE1asSNEORM Univerdig (retention
sessi on)‘)fesépp%ggz)( r33:h 2006 WO 03/ 027061 PCTI US02/ 25969

As the disease progresses, other domains of cognition become severely affected as

well. Among the brain regions affected early in the progression of Alzheimer's disease is
the hippocampus, which is a critical neural substrate for declarative memory. Differences
‘25 in the pattern of hippocampal neuronal loss in normal aging and Alzheimer’s disease.
Lancet, 344: 769-772(1994). One behavioral test that is often used to assess hippocampal
function in animal models is the 8-arm radial maze (Olton D.S. The radial arm maze as a
tool in behavioral pharmacology. Physiology & Behavior, 40: 793-797 (1986)).
Lesions or pharmacological blockade of the hippocampus disrupt performance of
30 this task. Moreover, aged animals generally show deficits in this task (Porsolt R.D., Roux
S. & Weitstein J.G. Animal models of dementia. Drug Development Research, 35: 214-
229(1995)). '
In this test of spatial learning and memory, a hungry rat is placed in the center of
the maze and allowed to traverse the maze in search of food located at the end of each
35 runway arm. In this version of the maze, the rat learns a win-shift strategy in which a
visited arm is not replaced. Therefore, the most efficient foraging strategy is to visit each




-56 rat was placed back onto the center platformw th acc h
arns bl ocked. The four arns that were previously baited duri ng t
sanpling session, were baited and the gates to all eight arns were raised.
The rat_was allowed five mnutes to obtain the remain pi eces of
food. AWOIOFY nto a non-baited armor a re-entry iﬁF'E{%g"ngﬁ?ew ously
visited armwas counted as an error__ Significance (p<0.05) was determ ned
usi ng a repeated nmeasure ANOVA f ol rdned by a Dunnett's test for conparison
with control. In order to conpare test conpounds wth standards,

scopol anmi ne and tacrine were admnistered s.c. inmediately after the

sanpl i ngrpheeseThensesionfof dstmraze plse tappintcgenerel leaningpioprsoqs aahiédiic, were tested

after n@,héﬁﬂh@ﬁgkdﬂl@aﬁgnemﬁ@&h Q,q,egfnfeﬁct of tacrine, a chol i nest er ase
inhibitor used in.t hetr at me ei nmer,. s ase was t sted after a
1 x- hour del d9on SEtgda was%qiawﬁea@“ 6 BB ey BERSLRBRRRET hour “del ay i n
a dose- rightatyeld colbmsiobmrand Flikovedneaclinate forablesdt ¢ dayspriovedestieg. &atk on after a
Si X- @OUME%'S uddd o éirpzﬁﬁtalﬂ&fat%%%‘?bftﬂmjté?gctkaér»Eé BugBoutifAUi Si tion in the

Radi -armra naze acqul.s nent earl y feature of
Al zhei mSkpesimgnts Bepper Wﬂbyvelgwmswt@@%ﬂ hyqdipsting thea)lofpeny oljab fhowt in
- decl ar atbhseg oﬁ&ﬂ”&ﬁbﬁnz(tﬁn\éfag%ah}iﬂle it sHdaily B@ly&ei@htSeadillg,. son (Eds.), 20

Neur opsyc h0| gsglon bﬁéan &ﬁ‘ {é‘ngﬁ C%ﬁg%ﬁ & §§?@29c§8 ‘ilﬂg {he%ﬁlgrgﬂ}lé fize a'r\llX Oxfor d

University ease progresses, other donuains
of cognithengh gbrélemveiog@weqrteﬂayechfaﬂwng&e@@cese\m gl armﬁtyemae Briabth regi ons

ﬁ:‘ L ggtc g(ﬁo ik bolfs Tobhrdd e R RO s mh@é nﬁirvz @Ar@\taﬁd ?sr ]§%§$e1'[c‘§wa% he
neur a SUbstLrat e arative mam)ry
Di {1 or e lﬁsathfh QCH@%%& 156@ Ha@fseﬁe%a whed gt all 8 %fé OPPEhor mal  agi ng
and AI Z hed baen viitell @ eder the ratainediont (38 Aiin 6169ay7173(1ﬁ1994))ayﬂ?¢) bhavi oral test
that is g&{){ymﬁ?& rga WS ?c%@@e&t}fﬁr@» @({umewﬁ% da frd éhtﬁéa 'oFrPa iaRdel s i's the
I a % radi a

ei ght

8-armra maze arm nhze as i n behavi or al

phar nac & wgyan pnia ths|sexgipn germdh 49 ﬂ@lrnal wa exylgded7Agm the smléy )f it fﬁl&ﬂéﬂ%ns or
phargac elsaat Bk ok z@@l@amyqu 4R oRiTR Qcmmasduawn DgsBaance of 30 this

task. Moreovgr ow cits in this task (Porsolt
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the maze I n search | ocated at the end each
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20 In this acquisition task, vehicle-treated animals do not consistently show
significant acquisition of maze learning as compared to the number of errors committed
on Day 1. We have found that in compounds that facilitate acquisition of maze leamning,
the effects are often not observed until the fourth day of training. Therefore, results
consisted of total Day 4 errors across treatment groups.

25

Example C
Functional Mobilization of Intracellular Calcium

CHO cells expressing muscarinic subtypes (M1-M5) are grown as monolayers in

DMEM:F-12 (3:1), 10% FBSnz, 20 mM HEPES, 1% pen/strep, 250 ng/mL G418

30 (GibcoBRL #10131-027). Cells are maintained under 95%/5% 0,/CO, and passaged
every 3-4 days. Cells are plated 24 hours in advance of the assay at a density of
50,000/well and 48 hours in advance at a density of 25,000/well (100pL/well} in Costar
black-walled, clear-bottomed 96 well plates (Costar #3603). Cells are then incubated
with minimum essential medium containing the cytoplasmic Ca®* indicator, Fluo-3 (1

35 mM Fluo mixed 1:1 with 20% pluronic acid, then diluted to 5 pM final concentration in
growth and supplemented with 2.5 mM, 50 uL/well) at 37 °C in an environment




35 runway arm In this version of the nmaze, the rat Iearnﬁﬁiﬁghmgift
strategy in which a visited armis not replaced. Therefore nost
efficient foraging strategy is to visit each 17 March 2006 WO 03/ 027061
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acclimate for at least 4 days prior to testing. Each 5 rat was reduced to
and mai ntai ned at 85% of their target body wei ght throughout the

exper i menutaingdfieCObtd 0 meiugist Coliarerwbshediiwietvitly | Mdjluedll ofgvasthe al | ot ment  of

| ab cho y bodywei ght
ab ng"ﬁuft@ﬁ%@fg{n‘ﬂ% }@anﬁpﬁm&@a sansaﬁnomﬁssgﬁwamt @glh%ﬁe g{ce@g\; dyvel ght

| Vi r at
0 ¢ he iGRsoRREG # 406a05h 70 B MEDRS (erep A0 N Eralesdidl CAT ng f r oc
access to00:11:180e Fr Ok atshg 108AE is aﬁdédmdachb&llhmmmoﬁmsmhg)wanmd at the end
of each s [ - ed in each
food%hopgéefd J}E‘égﬂ'ﬂwﬁ‘@%@g‘ﬁg@g @Fer%htlg&% ﬁﬁﬂ%ﬂa&é&%ﬁ%@ﬁgﬁ?ﬁﬁ 8™% ood- hopper s
had beeresidus] busigr t§rremm@ﬁ+ Platss prgelse ploted GLRAPEIISWEIS {9 reMOOLgMAINING ni n on Days
2-4). Thempsuhaber of armentries was recorded. Errors were counted as

ani ol vas E@%ﬁl‘ﬂ%ﬁl&%ff%ﬁ‘ﬁpﬂﬁ@%ﬂ@%ﬁ Aehabid S8RV EFF of Pesr one

arm on [pagserit in the svelfsin @ssabnffe? cormamning %I [DESO, AB3S withan pBaykre®(1&)4. Each rat

was JReCYaRcERRaNls 555) AN feped (ks aYSH Shernditia strAYP and

receive sanme treat the €xperinental” period. Vehicle
consi st d8P%F 1599 acacia within sterile water. Injections were adninistered
subcut aneous H‘h’e ]a&eﬁwereitmuq;ﬁsed iRfoiaQTLIRR ins@ueient! efidoyonse@ssinaging glatel n t hi s

ach| S| tc'aa% rs 2 Mo]?epdlaﬁrlf? v}c ted n| ltc?mgn%tor}%gll Qones:lcgl}ceﬁ (L show

Si gnlflcanf3 gc ui it eI AT HE nunber of
errors d@&ﬂmt%m%@mnﬂ@ﬁq& amﬁﬁdb@dﬁd@ndfmmoumh compounds that facilitate

acquissi tion gfe Wﬁvdﬁﬁ'ﬂi&'m 8 onisﬂ%r@évﬁl%ﬁt%&bﬁc@eeﬁﬁakﬁé}o&Qﬁe Akserved until the
fourth da% of . tralnl 3&1%

e nsi sted of total Day 4 errors
across (NESAHSTECSGIOBTHY g N i AR aIED O TRSPTOHe of

1 nt r acelalsulsatenedbhaow rmn(ﬁﬂ@sraﬁ proteietarpeass wall) anthe starctunally reletbd Gpes  ( M | -Mb)

pen ot r S B BXEER (OIR) AE Bafra sy A ARG ¢ el nt o ned
under 95% 5% 02/ C02 and passaged
20 Example D

Functional GTP Bindin
Cell Culture: CHO cells transfected with human M1-M>5 receptors were grown

either in suspension or in monolayer. For suspension cultures cells were grown in roller
bottles with constant agitation at 37°C and 5% CO; vsing Dulbecco's modified Eagles

25  medium/F-12 (3:1) cuiture medium supplemented with 5% fetal bovine serum, 50 pg/ml
tobramycin, and 20 mM HEPES. Monolayer cultures were grown in T-225 flasks at 37°C
and 5% CO2 in Dulbecco's modified Eagles medium supplemented with 10% fetal bovine
serum and 100,000 U/liter of penicillin/streptomycin. Cells were harvested using trypsin-
free dissociation media at 95% confluence and were collected by centrifugation and stored

30 at 80°C. Cells stably expressing human muscarinic receptors were obtained from the
National Institutes of Health.

Membrane Preparation: Cell pellets were thawed and resuspended in 20 volumes
of 20 mM sodium phosphate buffer, pH 7.4, and were homogenized twice for 30 seconds
at high speed using a Tissuemizer. Homogenates were centrifuged at 200g for 15 min at

35  4°C. The supernatant was removed and reserved on ice, This procedure was repeated
twice and the pooled supernatants were then centrifuged at 40,000g for 45 min at 4°C.
Membranes were suspended at 5 mg protein/ml and were stored at 80°C. Unless indicated




“every 3-4 days. Cells are plated 24 hours in advance of te,gs (%1
density of 50,000/well and 48 hours in advance at a density o 000/vve||
(100j L/ wel | ) in Costar black-walled, clear-bottomed 96 well plat es (Cost ar

#3603) re then incubated w th m ni mum essen m cont ai ni ng
t he cytgl 033%"% Ca 2+ indicator, Fluo-3 (I 35 mMFI ug)bil/lUS({E‘égé:Lé9| wth 20%

pluronic acid, then diluted to 5 M final concentration in growth and
suppl enented with 2.5 mM 50 pL/weki9% at 37 Cin an environnent 17 March
2006 WD 03/027061 PCTI 1 TS02125969 -58 containing 5% CO2 for 60 m nutes.
Cells are washed twice with 100 L/well of wash buffer containing Hanks
Bal ancedtisavise ficheifihupdlefdriBSHembranBofibm Mie MY, atidid4 (:él%)were(lﬁ}hmBRL

#14065- 100X:
14055 Qo i P IR Bh AR oy WA NI g ) (200
be 5 addaeVibi mmlavmlm)emormea&lé@ (pinel mglonenbraterpsetein) yers 91350 ﬂ90@1 LabSyst ens
mul ti dr qp, @MSE&MﬂNﬁ're&%fsefesﬁe&N ved. Plates are also blotted on paper

t s t d eqd.2X (100 L of
el o ¢ TP BETE o B S SRy B e B R R 022, o o
cont ai nivolpn8eONEEM HEESS akdt] moMtEGiFe ipdl 7.4, edntginde CofipleteGirlteasBRL #14065- 056) ,
20 mM H%t&@b&% i ﬁj&otm%ﬂ&lﬁdgg%%ﬂo& ‘rﬁeéo naQéwé%%iute&ﬁlOO) The

pl at es Were wﬁfl’ace I nst runment uoronetric |rrag| ng plate
r eader §taé‘i’rff’" geddt 00yl @ gin atdirnlhegrpemagasy wapsaygsiang dhe pelisy
- f I uor es crammén?mma:cenﬁﬁﬁgeam abév&The 5&91)1;1@0 sup@mﬁrﬁs wae caﬁzﬁfegedtdﬂe addi tion

The of .t he oNni.S r val uated b
ocr & né@ﬁ@fgggo BitE THE e e sl o mo RS lteal O B BB V6. Wi ana
MB) in &IEAESiandd mMrEﬁ&A B cuntadsing | elMdiﬂsothwpl@@déanévﬂg@s and nuber of
protein Wa@ﬁﬂﬁﬁﬁ &ﬁathd)Og%riOhﬁmschL}&tqu InkiYet W?z& ?Jsﬁéiild@ mli’l{&raﬁjbn coupl ed

receptor, CR) targets to i sel ectl vit receptor. 20
i o BT Bl G o Ees A 515 BLT ghs e Hores BAFOTG 3 r anef ect od wi th
human M80°G.Mb receptors were grown either in suspension or in nonolayer.
For suspensi r I h const ant
agi tg’t I on at %3]7)?%}%&(@% %%blﬁ”%ﬁ eccoﬁ;éso lb@{nM ]SQ@ Alﬁ'(sass medi un F- 12
(3:1) c&ﬂg@z@nlflehmﬁ@@bmlm?&@guwnt% -l Gostas plaigs 94 396C. m 50 g/ nmi

t obr any Giufidre @M tbrodRersdf dritirne pw,mhay@ls pgt;b}dtaﬁ @rwﬂrfer @nmbmesT 225 flasks

ag%?’f? gt gp(.[l.| g dg%ﬁgrzwelpfoz%lram mem%ranesr}%ontammg the a%propna concemraéJ &P ofE mented with

GDP was added followed by addition of 50 pl of buffer + agonists and antagonists being
20 tested followed by 50 pl of GTPy*S to provide a final concentration in the assay of 200
pM for CHO membranes and 500 pM for brain membranes. For CHO membranes, 0.1
uM GDP was used for M1, M3, and M5 receptor assays, whereas 1 pM GDP was used
for M2 and M4 assays. For brain membranes 0.1 pM GDP was used in assays carried out
with anti-Gag/11, whereas 50 uM GDP was used for assays using anti-Gai(1-3) and anti-
25  Goo. CHO cell membranes were incubated for 30 min at 25°C with agonists and
| antagonists followed by addition of GTPy™S and incubation for an additional 30 min.
Brain membranes were incubated for 20 min at 25°C with agonists and antagonists
followed by addition of GTPy*S and incubation for an additional 60 min. Preincubation
was employed to ensure that agonists and antagonists were at equilibrium during the
30 labeling period.
To determine total membrane binding, 50 pl of suspended wheat germ agglutinin
(WGA)-coated SPA beads was added. After 15 min, plates were centrifuged at 1000g for
15 min and radioactivity was determined using a Wallac plate counter. For determining
binding to specific G proteins, **S-labeled membranes were solubilized for 30 min with
35 0.27% Nonidet P-40 (20 pl/well of a solution containing 1.5 ml of 10% Nonidet P-40 for
- every 3.5 ml assay buffer) followed by addition of desired antibody (10 pl/well) to




© preparation

serum and 100,000 U liter of penicillin/streptomycin. %fﬁ?dhezohér vest ed
using trypsin- free dissociation nmedia at 95% conf | uence and were col |l ected
by centrifugation and stored 30 at 80C. Cells stably expre55| ng human
rruscarigj hopeptors were obtained fromthe Nati onal % es of Health.
Menbr an 0F!’r3eparat| on: Cell pellets were thawed and resuspen in 20

vol unmes of 20 nmM sodi um phosphate buffer, pH 7.4, and were honobgeni zed
twice for 30 seconds at high speeddisi ng a Ti ssueni zer. Honbgenates were
centrifuged at 200g for 15 mn at 35 4C. The supernatant was renoved and
reserved on ice. This procedure was repeated tw ce and the pool ed

super natmodide adiabdildtien of B0 tof11190 dndincyttiGORgar @Idltﬁaﬁalfmﬁhlﬂtl*‘lf}c Menbr anes

were su re stored at Unl ess i ndicated

17 Mar cﬁggg’gg‘j}-\/@%t@f @98@1 gg-'d%a {?gggﬂ%g’é%gv a3 %]ng?{e“f% Bétef Whe figure

| egends,indubaied fonéd, anddeanivrere oaptrifeged andiradierdtivitydateminedpastente. Haclom cel | s

grown | rbo&wsﬂwmxeaatedfmt Bds gmﬁeﬁeﬁa&% wmii@ﬂas&\@ beffer ad \é@dh%o{ﬂeom) cells
ro er or densi rane rotein) were

5 5" Yo. ragpCgteg SPRTakd g SOpeeq TR Lespr BHE: [FUSBaeE] vel y. 5

Strl at aldetemmemusﬁwmmhahélo&nr@ayuieas@w ey rats was honogeni zed by hand in 10

~volunmes of 1 JER I 2t e protease
‘inhibitor coc atlfgﬁar f%m?%(ltowg/%@gﬁ?%pﬁ'azn ézb?g&}%g%ﬂgggnéﬁ% onobgenat e

was di | fPaed BRA beads and W GAsreated Shfebrads werp obainedsirom dmershamt  4C. The

super nat(antngms{e';?gansem) FReibit hnm ped/t Pind ralsYRQNe QR 28 er bnt 84Hid | f uged as

abovl% -EF‘? SR Ne¢ es\ldg {a ?e‘ﬁ ger% co%nt(r)l i lﬂe at 10 11,000g for 20 m n.

The Tesu |n§ éf 0t | Y QYremongdonal ik Rac WaS UM \yi HEPES and 1 n

EGTA, pl¢hemiron 6&1116&!11&@1’9) Dxmnmrmhl\/bﬁmdmﬂmzsﬁmawdefmmmm and was

centri flﬂ@&leﬁka@ﬁ&@@ﬂcﬁ (MA)Z@l '{‘Ith(Dl-gﬁH?Iaﬁ]%%éthﬁﬂ]-gﬁrtehtﬁ%ﬁlﬁ@éyﬁUS pended in

the sa buf fer congentfati o of and:al i quots were
frozenm§n]d @%‘F‘b EW‘d"g{)%’]ﬁl‘gb@ﬁsﬁ@ﬁ@“ﬁi %l(ﬁBDXAé@a‘%s syipesizedid i n .20 mv
HEPES, H(ingViQdaiplete jaorelash inkiditoMyickdil ahd 1% RoridétP-40 weragbmvol une of 200 pl
in 98- wel] Iehrﬁ? g@ﬁnn'ﬂl:lﬂ} lﬁﬁpﬁémme hundred mcroliters of nenbrane

ra

for cell nmenbranes and 9-15 gg per

In
“well for b W%ﬁb‘f’%lr?éﬂbe l\ég%ﬁoalsmarf*gevalmterh@p&cwsnmaﬁ@oasdvmhnrrat| on of GDP
was addehdzséa&hic&mﬁmbwbﬁ}geb MO MM M @,J%:;ﬁﬁ@rare AGRiesiey and ant agoni sts

b 20 d.f d f
cgln(r:]gnt ?5%%??:{'%Pwe€?ﬁé’mé§§é®&6%”ﬂ%g as Bﬁ é’hﬁg %HB]E@OO pM f or

brai n meetkptan(@P CRy targeGHOInsereiselacipity f@ the MpMc@bR. was used for M1, M3, and
Mb mgceptor assays, whereas | [N GDP was used




for M and M4 assays. For brain nembranes 0.1 PM GDP was pseledibopgsays
‘carried out wth anti-Gag/l 1, whereas 50 pM GDP was used for assays using
anti-Gai(1-3) and anti 25 Gao. CHO cell nenbranes were incubated for 30 mn
at 25C widdipageni sts and antagonists fol |l owed by addidggabeSTPY35S and

i ncubation for an additional 30 mn. Brain nenbranes were incubated for 20
mn at 25C with agoni sts and antagonjsts followed by addition of GIPy35S
and incubation for an additional 60%W n. Preincubation was enpl oyed to
ensure that agonists and antagonists were at equilibriumduring the 30

| abel i ng_period. To determ ne total nenbrane binding, 50 pl of suspended
wheat ge@ H\ﬁ% utinin (WGA)-coated SPA beads was added. After 15 mn,

pl ates were centrifuged at | OOOg for 15 min and radioactivity was

det er mi ned usi ng ag Eh‘a unter. For determining binding to
specific G protei gom%%g: A& 8 nbranes were solubilized for 30 mn with
35 0. 27% Noni det P-40 (20 pl/vveII of a s@ ution containing 1.5 m of 10%
Noni det P-40 for every 3g5 nml assay | owed by addition of
desired anti body 10 [d/wd:l I) to 17 ch 2§06 33/ 027061 PCT/ US02/ 255969
-60 provide a fin 4 o1/l afdl incubation for an

addi tional 60 mn. F| ( mag/ol [ : répended anti-1gG coated SPA beads
was added per well, pl ates GHg e et A

for 3 h, and then were
centrifuged and radi oact i vi ty agterm ned”®s above. Each bottle of

WGA- coat ed SPA beads was suspended in 10 ml of assay buffer and each bottle
5 of 5antWh‘51Ie§G coat ed SPA beads:.was suspended in 20 ml of assay buffer.

Protein was Qdeteraal Zeﬁie iﬂﬁéﬁéﬂd&hﬁsdﬁcﬁé’d%hﬂﬂé Biofip a&islénﬁgsm‘ Material s:

35S- GTP?S (1000- 12 % m@h}{ anti-rabbit- (bgf\g nt| se | gG coated
SPA beads, and WARS B BEOXICEHA! 19more il 0 8ffeatin 6‘Fﬁ’7& Zham (Arlington
Hei ght s, I L) . RalisttwanifiQ, Bal/ 4nid Zeave CHabbY is @]i'ilZ is@H,@ad B were from Santa
10 Cruz Bi otechnglgngi e _ks%rkgdgmg(l@m%aﬂll\{g oclonal anti-Gao was

from Chem con (Tenecu renorine an irenzepine were from
Resdfrch Bi %Clﬁgﬁlpwpgnﬂwﬁéeac ReguTenee selpefed from the group consisting of

1$ E [(21 ((gkft hyl mm:agamslbgén)ci emmy;aiﬁmfldm@lyl} 511 hesi ped
- di ro- o enzo iaz s synt hesi ze
ot L e S bR R SRR SRl O r OB o Grlioni dt P40

were from 15 BoeIﬁn@tgwowrﬂyenmr(ﬂmmnmﬂwb@bmélpyllQN)lona‘ﬂme sel ectivity of the
M1 agonists ar es@éﬁ{ﬁ@t»ﬁﬂaQﬁét&ﬁg%%ﬂ%t?&&né%&gélgk RfBEd froffuscari ni c |

receptor subty re al so screened across
a ndfber of pr ot é‘?ergr?‘a’r‘@é‘flét‘n&§fb€é"?ﬂena§! @*?ék‘g‘tyr%’@t%r%laﬂvl tiend ed G

prot ei n-coupl ed optionally substituted with one substituent selected from the group
consisting of halogen, C,-C, alkoxy, and C;-C; alkyl; phenyl optionally
substituted with from one to three substituents independently selected
from the group consisting of halogen, C,-C,4 alkoxy, C;-Cq alkyl,

20 ‘trifluoromethyl, and cyano; and pyrrolyl optionally substituted with one
to two substituents independently selected from the group consisting of
halogen, C-C, alkoxy, and C,-C, alkyl;

R’ is selected from the group consisting of phenyl optionally substituted with
one to three substituents independently selected from the group

25 : consisting of halogen, C,-C; alkoxy, C,-Cy alkyl, trifluoromethyl,
cyano, and nitro; naphthyl optionally substituted with one to three
substituents independently selected from the group consisting of
halogen, C,-C, alkoxy, C,-C; alky), trifluoromethyl, cyano, and nitro;
heteroaryl optionally substituted with one or two substituents

30 independently selected from the group consisting of halogen, C,-C4
alkoxy, and C~Cj alkyl; or 1,3-benzodioxolyl optionally substituted




.- March 2006 WO 03/027061 PCT/ USQ2/ 25969 -61 CLAIMS: 1. A conpoun

receptor (GPCR) targets to insure selectivity for the MI 14 ge8 dﬁ 20 17
Of6 t he
Formula Ra R ~N/ (C), A3 5 wherein Q X, Y, and Z are independently
sel ect edyd bxurdshe group consisting of CR and N, provp @ﬁﬁ'so&)i‘% 9 N0 NoOre than
two of Q X, Y, and Z are N and at least two of Q X Z are CH or
Yis CH Zis CH and the noiety "GX"' represents "S" to form a thiophene
ring; 10 R is independently at each occurrence selected fromthe group
consi sting of hydrogen, halogen, C -C4 al koxy, and C1-C4 alkyl; R2 is
sel ected from t hewihotpsubstainsscldagd dlonhak p@ep coreibtifglordkgeny C,-Cl- C4 al kyl ;

C3-C8 cycl oal kyl ; ~c f met hyl ; pyridinyl optional 'y substituted
with one to two C XI?&&anrﬁit% d:q@é’?endent ly selected from 15 the group

consi sti ng ofR I*Fa‘lel?@@ﬁ from theggroup @D%ymg&ﬂw@gﬁmhydrdxw andflnvreny| optional |y

substituted WidseRbRd %mﬁd grb\gmonﬁalr@%tfﬁfhrégeﬁnﬂawyén Qf,%d@lk ok@nsi sting of

hal ogen, C - Malkﬁ% r}g C4 al kyl; phenyl optionally Substituted with
from’one to three? Salis ols'nts |ndependently selected fromthe group

consi sting oR’isakloged fro@iheQtoupl doosisting GLhydbogeh kiyd metB@; t ri f 1 uor onet hyl, and

cyano; and prsroﬁ{:XLongfﬂ*Q@% y substituted with one to two substituents

i ndependent | ecte rom t he group consisting of halogen, C, -C4 al koxy,

and C,-C4 al BFONG@I V8 sel ected fromthe group consisting of phenyl

- optional ly sugsiihatesitaly dcbeptadlecadtitioh BdlE€hepdsgSt i t uent s i ndependent |y

sel ggted fromthe group 25 consisting of hal ogen,-C -C4 al koxy, C, -C4

al kyl', trifluoromethyl, cyano, and nitro; naphthyl optionally substituted

with one to 2hreeA conpni pérerding 1o Flripdnetents R is edednl, &d ishydrogehe gr oup .

consi st iRigs l@ﬁrox?&':@&ﬁ%n&ne%d@lms thgtraﬁ‘éstﬂ'leé%%rﬁls bifthdPrapgsL hyl , cyano,
W

and ni tgjggmonsﬁownga % optional Iy substitute e or two-substituents

1 Q
a ':TX
R E H}: \ /)\Rz
Na, ¥ S
(CHZ)t CH ullIR
PR (CHy),,

3. A compound according to Claim I wherein Q, X, Y, and Z are each CH; |

'_ 4. ',A compound according to any one of Claims 1 to 3 wherein R? is phenyl.




30 i ndependently selected fromthe group consisting of haj-pgeRh fos A

al koxy, and Cl1L -C4 al kyl; or 1, 3-benzodi oxolyl optionally substituted 17
March 2006 WO 03/ 027061 PCT/ CIS02/ 25969 -62 5 10 with one substituent
selected fromthe group consisting of halogen, C C4 al koxy, and Cl-C4
alkyl; R4 is selected fromthe group.gonsisting of hydrogen, hydroxy, and
fluoro; R5 is selected fromthe group consisting of hydrogen, hal ogen,
Cl-C4 al koxy, and Cl-C4 alkyl; R8 is selected fromthe group consisting of
hydrogen and nethyl; t is one, two, or three; and in is one or two; or

phar maceut i caldy a%@dﬁ;ﬁ@ﬁﬁacﬁ&ﬂingkcg&y%ﬁé SCIAiRE 898 whérein’§ nd accordi ng

to daiml_wherein R i's methyl, R5 is hydrogen, R4 is hydroxXy, t is one,
mis one,subsigistamewiiblplagee trans stereochem stry at the I - and 2-
position shown bel ow. A compound according to Claiml wherein Q X Y, and
Z are each CH 4. A conpound according to any one of Clains | to 3 wherein
R2 is phenyl. 617 Mt eapronmirecgding to any epmefSdwms Aschwherng K é& rheyl one of
Cains | §@stfuted@lc8with B3othS phenyl  substituted once with hal ogen. 6. A
conpound according to any one of Clains | to 4 wherein R3 is phenyl
substituted once with fluoro 7. A conpound according to any one of Clains |

to 4 wherein R3 is AReMYInd R8P&hE toHng IndTe it | b £ WHQELR RP B phbify1 par s _
position 8, A conpound according to Taiml which is biphenyl-4-carboxylic
aci d substituted once with fluoro in the para-position

(R -(6-(1-((4-fluorobenzyl) et hyl am no) et hyl i deneam no) - 2( R) - hydr oxyi ndan-
| - yl)amde. 9. A pharmaceutical conposition conprising a conpound of any
one of Cains® 1 té& eumubAR Hngin Elaindr Wik dt beheny-4zetepvlitrdd carrier,
exci pi entry-(eu1-fulfitftbenzlBmethyRATRO M RheAMHo)IR) R bk Ahdm-1. t0o 8 for use

i n medici ne.
yl)amide.

9. A pharmaceutical composition comprising a compound of any one of Claims

1 to 8 and one or more pharmaceutically acceptable carrier, excipients or diluent.
10. A compound of any one of Claims 1 to 8 for use in medicine.

11. Use of a compound as claimed of any one of Claims 1 to & for
the manufacture of a medicament for use in treating disorders associated with the muscarinic
receptors.

12. Use of a compound as claimed of any one of Claims 1 to 8 for the

manufacture of a medicament for use in treating cognitive disorders.

13. Use of a compound as claimed of any one of Claims 1 to 8 for the

" manufacture of a medicament for use in treating Alzheimer’s disease.




11. Use of a conpound as clained of any one of Cains 1 t o7 Bk @ 2dobe

manuf acture of a nedi canent for use in treating disorders associated with
the nuscarinic receptors. 12. Use of a conpound as clainmed of any one of
Clains | to 8 for the manufacture of a medicanent for use in treating
cognitive disorders. 13. Use of a cogpound as clained of any one of C ains
| to 8 for the manufacture of a nedicanent for use in treating Al zheiner's
~di sease. 17 March 2006 -64 14. Use of a conpound as clained of any one of
Clains 1 to 8 for tH¥ oharerpewdr & efpimed rafoanyaensnel Elsimuddoi farr @t i ng

schi zophrgpiuficturtf a HeGicaherffd QAR HBMind SchibplibRsd of any one of Clainms 1 to 8
for the manufacture of a nedicanent for use in treating mld cognitive

i mpai rment. 16. Use of a conpound as clainmed of any one of Clains | to 8
for the manufiact ungeafr 2 coMPUUBATENaifh&d of S8y | dhe tdre@hinid1 GO e

i mpai rment associated with schizophrenia. = =
manufacture of a medicament for use in treating mild cognitive impairment.

i6. Use of a compound as claimed of any one of Claims 1 to 8 for the
manufacture of a medicament for use in treating cognitive impairment associated with

sdhizophrenja.




