WO 03/ 027061 PCT/ US02/ 25969 MUSCARI NI C AGONI STS The present invention
relates to the field of pharmaceutical and organic chem stry and provides
conpoundswiohsto2awe active at the muscarinic receptors. 5 Poa/woppménds of

t he present invention are nuscarinic agonists. Mre specifically, the
conpounds of the present invention are selective agonists of the
muscarinic M1 receptor. As such, they are useful for treating a variety of
di sorders of the central nervous system and other body systens. These

di sorders include cognitive 10 disorders, ADHD, obesity, Al zheiner's

di sease, psychoses includi ng MUSGCARINIGIAGOMETSf or al | evi ati on of

i ntraocul ar pressure such as that found in glaucona. Certain indane-like
conpounds are %gscribed as.usesul for %r&a}ing conditions associated with
mal f unct i oni ng! B8F PERRN AISEEM KrfaesdAdhg idf g Bhaipasivcsl anpefedbiidi PR on

Nos. WO 9Di2m88iles pahpoumide chaldre Autive dk WWe/musntn QD4 778, published 4
Februigy 15 1999. The present invention provides conpounds of Formula 1:

0 X1 HN RBNNR 4 ZHAI R (C/ YO~(CH CH3 RS )m Formula I 20
wherein Q X, Yhe eerdp@ings ef ihagegsentdeyrntipn srl reetcednit mgonistheMgreoup consi sti ng

of CR1 apd. M H-gﬁgRﬁ - i ; : are N and
at | east gigﬁ:\(/:vo ng ) ¢ ) ,u'agén%ﬂge g&é&m}&@@?g@l&ﬁ? v%%oglsm%d t he
moi ety " QEXscaiaiy Msbrceptos At gichothpy arctrelybies ieatingryyaresy of dlsosder_s of the
Ih ngependeaqudn?m aérvms@ﬁ%lmoﬂfw Bo&es fg&lr@& Tﬁqegérkuilgé}aergﬁm_ RieCcl@@ﬁ'ttis% i ][lg of .
ydr ogen, hal ogen -CA a , _and,. Cl- a ; is selected fromthe

0 oup Eon P Side R ARG AR5 B A e Sl EB38y PoIhOres VYRS SHED RS ey bl ky!
cyano; tr fdrlallevieti@t dfyihtraquylar gienytire oyathi as miadt fyundsnlpgttucéraed with one to two
substituents ipdepgndenty. %(%18&}&19 ald @Rrived as useful for treating conditions

associated with malfunctioning of the muscarinic cholinergic system in PCT Publication

Nos. WO 97/25983, published 24 July 1997, and WO 99/04778, published 4 February

15 1999.

The present invention provides compounds of Formula I:
O

]'Qa HN/U\«Q:)j\ 2
R N.__N v.7 R
/
\(CHz)l j:// R4 Z
h AFCHy,

Formula |
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, C,-C4 alkoxy, and C;-C4 alkyl;
R? is selected from the group consisting of halogen; C,-C4 alkoxy; C,-C,4 alkyl;
C;-Cg cycloalkyl; cyano; trifluoromethyl; pyridinyl optionally
substituted with one to two substituents independently selected from
30 the group consisting of halogen, C;-C4 alkoxy, and C,-C, alkyl; thienyl
optionally substituted with one substituent selected from the group

consisting of halogen, C;-C4 alkoxy, and C,-C, alkyl; phenyl optionally



30 the group consisting of hal ogen, C-C4 al koxy, and Cl-C4 al kyl; thienyl
optionally substituted with one substituent selected fromthe group

consi sti ngoaB/okmbogen, Cl-C4 al koxy, and Cl-C4 al kyl; phemrgir/usptednal |y WO
03/027061 PCT/ US02/ 25969 -2 substi tut ed with fromone to three
substituents independently sel ected ?m t he group consisting of hal ogen,
C -4 al koxy, C-C4 alkyl, trifluorométhyl, and cyano; and pyrrolyl
optionally substituted with one to two substituents i ndependently sel ect ed
fromthe group consisting of 5 halogen, Cl-C4 al koxy, and Cl1-C4 al kyl; R3
is selected from t heubtisuigd withdiosm bmﬁgwdlflrefah‘éﬁﬁltueotﬁvn@p&mday]tlg sﬂi@t&d uted with

one to three substi gDl glr&q,eo%gyg@,ﬂ%g,%aﬁpgleﬁc@e@ Sk "ChQ:&g consi sting

of hal ogen, Cl1-C4 al koxy, Cl-C4 trifluoromnet cyario, and nitro;
napht hyl optional |y tré%l&@m@@wbanmaﬁw{@ Hyesroﬂwétém@ywb%}ﬁm@wm gne

i ndependent |y sel ecteevd itfbmltﬁjbﬁsg{dépéhd@ﬁ)tffbﬁs@édtd’dﬂfr@ﬁ thd@b@Pedhsisig 68 al koxy,
Cl-A4 al kyl, trifl ug‘rlo \% %Alﬂg]ganoi%]z;{gdcn|l:]f g het eroaryl opti onal |y
substituted with on e Tt §-4 fiffependent |y sel ected fromthe
group consi sti r}i?g 10§cldraddafgen theQiroG@l coraiskiog pf plamgt @itioG4llasubylitutedrwith
1,3-benzodi oxol yl opfi mkéeysuggpéetnwh%%&@w F%Ct%@?roﬁygétét& jaent se)ected

fromthe group consistin alkyl; R4 is
sel ected fromthe gﬁ@ﬂﬁpﬁ@@rﬁ% h@lpgﬁg CofCapjirxaygenCa hU‘d} dluoremethyl uoro; R5 is

selected fromthe g"c% SRSt L hapa A o;h%%ﬁﬁ@ﬁbsﬁﬂ@écp\gﬁﬁlon&%t%eal koxy, and
Ci % al kyl; 20 i s sel ec{ﬁed fromt roup. consi sti nsq of hydrogen and
|

nmethyl'Y t is one, lsmt‘“lﬂ“st‘ﬂ cpEndenty S?}F?tg‘?gﬁ@ 8¢ StaB coBYStIEA  maceut i cal |y
accept abl e addi ti onhslakég G,k@r@l@dxy, 25CThB<yprtﬁﬂﬁﬁbmbtwmapamnarai iffoPr ovi des

phar maceuti cal conp |t| 0 of. Formula | and a

phar maceutical | y ac@gpfoaf?f op H?I? gs"é‘ggciwété quggr {c]w%u(?utr‘ltﬁgmﬁf Formula | are
agoni sts of the MI mﬂsrpcu}enthy selcrcmxie@omrthe gmhncquuognﬂhalogenl,zﬁr-ﬁdl a | are
useful for the treatam%sz% caaankﬁta/r 0. b@ﬁz@gm‘ar 0 mgi?‘%&.ﬁ

muscarini c receptors cogni t'i ve di sor ng age rel ated
30 codfitive di sordafith Qﬁewdb%'gem ﬁfi%eq fipaitherrpp cw ing P BalpgavaCrment
associated with sck[]4aq4a,h eﬁ,ua;;, @Jmkghermt her apy-i nduced cognl tive

G20 cer s oS A oM SR ARG L, Pl
> is selected from the group consisting of hydrogen, ha]ogen C,-C4 alkoxy,
and C,-C4 alkyl;
20 R? is selected from the group consisting of hydrogen and methyl;
t is one, two, or three; and

m is one or two;

or pharmaceutically acceptable addition salts thereof.

25 The present invention also provides pharmaceutical compositions, comprising a
compound of Formula I and a pharmaceutically acceptable diluent.

Because the compounds of Formula | 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

30  cognitive disorder, mild cognitive impairment, cognitive impairment associated with
schizophrenia, and chemotherapy-induced 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 lacking distinctive histology), Parkinson’s disease, and Huntington's Chorea.

35  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



denmentia (including Al zheiner's disease, Al DS-induced denentia, vascul ar
denentia, and denentia |acking distinctive histology), Parkinson's

di sease, wpod3rmbsi ngt on' s Chorea. 35 Al so, the present corpoursdy2sse usef ul
for treating chronic colitis, including Crohn's disease. Additionally, the
present conpounds are useful for the treatment of pain WO 03/027061

PCT/ US02/ 25969 -3 (including acute pain and chronic pain), xerostoma (dry
nmouth), Lewy body disease (including di ffuse Lewy body di sease), aphasia

i ncludin mary aphasi rL r hasj a s rones nd hypot ensi ve
Cymar omes TR D A i PP OB (R IP B i BEooar hode of
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" C3- cy N f.e cycl opropyl, cyclobutyl, cyclopentyl,
cyclo %xy 8@%}%?[(&; reuéqu tﬁ]grahg cyclooctyl. The term"C, -C4 al koxy" refers to

a straight or branched al kyl chain having from one to four carbon atons

attached to a”A@XM&ﬁﬂﬂahQﬁbﬁﬁﬂﬂwh@%&Hﬂ%§wﬁEEhﬁ%%ng?&@ﬁ%%d n- 20 propoxy,
|so propoxy, but oxy. The term

ut oxy, SO 0X t 0X

"heteroaryl" i ér%‘? e ht'alﬁ?gﬁ%arﬁ}eés é[aa%?‘érouﬁ ?mram@@rfW@tomr si x- menber ed
ring contai ni Nghé tedim IC,1@, aky1etederoad @@tsalg}aloe@)taadhe‘damltchangmm@ foansi st ng
O T e ]
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present |k eﬁ?ﬁgnqﬁk%eth%yﬁg%mgy ggkﬁ%ﬁﬂ Qﬂﬂ?ﬁ%ﬁ acid addition salts

with a wi de varhetgmoiCidrgdlixy” aerfarslt@uéﬁ@@ﬁht@ré’&wbechﬁhylucﬁemdtaémtgrf@m

physi ol og loﬁa{d ﬁéua@a@&m a’i@rh@aﬁzﬂ:lhts&td/‘fiﬁ &ty @q{ @toﬁ’lf hedindR@es thhBQj@reﬂﬁE(?lﬂ i cal
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ry
" phar ceﬁfqp8éYll§P BIOREDD GpTHEOX e Pt ué%ys%ﬂcf 1oxy> 4t iyt ﬂ’é‘/d froma
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Phar maceut | . o . _
oxygen and sulfur. Examples of heteroaryl include pyridinyl, pyrimidinyl, pyrazinyl,

pyrrolyl, oxazolyl, isoxazolyl, imidazolyl, thiazolyl, pyridazinyl, furyl, thienyl, and the
25  like. Preferred heteroaryl groups are thienyl, pyridinyl, and furyl.

The compounds of the present invention form pharmaceutically acceptable acid
addition salts with a wide variety of organic and inorganic acids and include the
physiologically acceptable salts which are often used in pharmaceutical chemistry. Such
salts are also part of this invention. A "pharmaceutically-acceptable addition salt" is

30 formed from a pharmaceutically-acceptable acid as is well known in the art. Such salts

include the pharmaceutically acceptable salts listed in Journal of Pharmaceutical Science,

66, 2-19 (1977) which are known to the skilled artisan. Typical inorganic acids used to
form such salts include hydrochloric, hydrobromic, hydriodic, nitric, sulfuric, phosphoric,
hypophosphoric, metaphosphoric, pyrophosphoric, and the like. Salts derived from

35  organic acids, such as aliphatic mono and dicarboxylic acids, phenyl substituted alkanoic

acids, hydroxyalkanoic and hydroxyalkandioic acids, aromatic acids, aliphatic and



66, 2-19 (1977) which are known to the skilled artisan. Typical inorganic
acids used to formsuch salts include hydrochloric, hydrobromc,

hydri odi cwormsteioel1 sul furic, phosphoric, hypophosphoric, Pegtiesoe®phori c,
pyrophosphoric, and the like. Salts derived from 35 organic acids, such as
al i phati c nono and di carboxylic acids, phenyl substituted al kanoic acids,
hydr oxyal kanoi ¢ and hydroxyal kandi oi ¢ aCids, aromatic acids, aliphatic and
WO 03/ 027061 PCT/ US02/ 25969 -4 aromatic sulfonic acids, may al so be used.
Such pharmaceutically acceptable salts thus include chlorlde br om de,

i odi de, niRtomAls SUHRRE aeids, mYersa becwsedt Such pharmasskbentlotaaeeptableesalts Hus,

ascor bat e inddeRzdtrRie, BBHAIORRIFOAftRte, dédMtt r;ml@ﬁm&@dt@ trif S SR HRE RE R E

met hoxybenzo net hyl b ate, o- acgﬁ)te ﬁ&? |sobutyrate
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hexyne- 1, 4neatha@bémsytk ahethylbagoatego- aeapxy;bleﬁi@;e isobuyeatd pRenydidtyratego- f or mat e,
fumar at e, t anoat rate

hydroxéma ér% %ung%t% bl? Qe Ogca?b%xélﬂa%)% at]éJ‘ %hcan }']ﬁga%apr?qgé:m)?!)a?? nat e,
oxal at e, phmhmhtat etrat@efoaphteh@zhataé@, ghycopate) lepéinopie dppourateelactate, malate,

pheny! BT OBYAE Bya SR O Bl ln RERRERL e, FHERLISSCou BDRE RS,

benzenesul f onat e ronD enzenesul T on chl or obenzenes
sul fonat e OX@aWyﬂﬂbaégﬁé{ tRiAPEIhR Risn BEOPI0 38 IHOPIOBAIE fRRBRYIBTOPIGRAIShsahaY latse- |

ES:JI f onat l@ebaea@fmbahaeesugerlstél Bmaﬁe@ulfmt ?tab@eser{zﬁ&siﬁuéﬁa@@% e, p- t

ol uenesu nesu rtrate e li e presen
|nven?$ F %ﬁ8§?6¥ﬂ ntFé?&@?@%ﬁ@Fs?Q ﬁoﬁﬁﬁ?ﬁﬂﬂﬂ?a@fmFﬁ@kBBW%ﬁ nds of
Formul a lna}lﬂlﬁhzﬂéﬂt 1 -5 fon@eh naPitiel og- - ndivhdte desphdnbkne-dnsswdfongid) p- and (S)- and
the ol S T int AR, SAShADRLLAD Blakel Ay fist er eochen sty are used fo

refer to speci Ve stereochem stry. As with any group
of phar rraceut i dak present inveatien mebulrgite storrsagreousl taviemepsrafithy ¢ampaunds hei r

end use agpkb&manermetHe%dhgwr% nﬁga@e@d@muaﬁgmﬁ)%ﬁf@ raﬁé td @sses. a)

et hyl

When R4 is not hydrogen, ongoun s whi ch have trans stereoE em stry at the
| - 28 andnelr eﬂgaﬁl%r%’ THa Yeefrt?r@achesystwéﬁum tp gefRigio SRER fbg@ﬁerwﬁpounds
whi ch haveelﬁﬂik&shdrmeﬁtsa@eochem stry at the | - and 2-position shown bel ow

are nore prefery edth any group (l)-#\}lahg‘:nacellﬁlcawy active c/olsnp%un(lis séb‘meOg?roups egre

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.

a Q\X

.
R\ NYN 12mR y\/ R’

; (CH)),
RS 2

R’
|

¢) R®is methyl.
25 d) R’ is hydrogen.
¢) 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 1) Q,X,Y,andZ are each CR' provided that at least two of Q, X, Y, and Z are
CH.
i) R'is hydrogen.



CH3 ((CHH R5 2)r" c¢) Rais nethyl. 25 d) R5 is hydrogen. e) R4 is
hydroxy. f) t is one. g) mis one. h) R is nethyl, R5 is hydrogen, R4 is
hydr oxy, wois/emwel and mis one. 30 i) Q X, Y, and Z are peaalso2®B96¢pr ovi ded
that at least two of Q X Y, and Z are CH j) R is hydrogen. WO
03/027061 PCT/ US02/ 25969 -5- k) R is-falogen. 1) R is fluoro. m Q X
Y, and Z are each CH n) One of Q X, Y, and Zis CF and the others are CH.
50) Qis CFand X, Y, and Z are each CH. ) R2 is phenyl optionally
substituted i g ig‘}tgaq)@@[egne to three substituents independently sel ected
fromthe group_gonsi sting of hal ogen, Cl-C4 al koxy, Ci1-C4 alkyl, -
trifluoronmethyR 1 tiYPrEyano. r) R2 is phenyl. 10 s) R3 is phenyl optionally
substi t ut ed m) QY Xone ahd@Ztaky @eh £hsti tuents i ndependently selected fromthe
group consi st.i of. -h en, ,Cl- ko Cl- al kyl, trifluoronethyl,
cyano, and nbt Eb%.e O{P’% i=§"%%é%9%§§§‘§t°fﬁ¥édf ] %l‘th one substituent selected
fromthe gronpQ iséiksarstX,ny anfl Zresé egprCHt ri f | uor onet hyl, cyano, or nitro. 15
u) R3 is phepyk:? it e i I V, | S yl substituted
once with fﬁﬂo? Ogﬁ%&%@?@%mg?m@&@p ?’t%?g .n%ﬁoct)elrév%%tu hg#tﬁp%g%]o in the para-
position. x) RNdepensgathyselected fram Geagigup eansisting of kadogsice - kokY.uoro in the
para- positionc,-@nekyRtriffuordmeB ahd @ysocach CH 20 y) R2 is phenyl, R3 is

phenyl substBtBtéed once with fluoro in the para- position, Q is CF, and X
Y, and Z ard)eSclS YY) Ra is nethyl, R5 is hydrogen, R4 is hydroxy, t is
one, Mis or®, RR% plenphemiphally sabstitQed XithYgneaa thrZe aubetimanth ifddpendently

selected from the group consisting of halogen, C;-C, alkoxy, C;-C4 alkyl,
trifluoromethyl, cyano, and nitro.
t) R?is 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 1s 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



aa) Rais nethyl, R5 is hydrogen, R4 is hydroxy, t is one, mis one, R2 is
phenyl, Q 25 is CF, and X, Y, and Z are each CH bb) Rais nethyl, R5 is
hydr ogen,wB43iog7ohydr oxy, t is one, mis one, and R3 is pheaylusoyedost it ut ed
once with fluoro in the para- position. The precedi ng paragraphs may be
conbined to define additional preferredsclasses of conpounds. 30 The
conpounds of Formula | in which R4 is hydroxy are prepared by procedures
described in Scheme A. In Scheme A all substituents, unless otherw se

i ndi cated, are as previously defi neggf g,Tg all reagents are well known and
appreciated in the art. 35 WD 03/0 8 CT/ US02/ 25969 -6,5chenme A NH,
NH, O2N 2N OH 10 OH stepna R Rs 2 (1) stepbo OXSk

""OH step ¢ / BN3) s [(4) step d O R HN QO’

OH step a

HN R HN R

step b
0]
0O
X '
HN R O,N
H,N -— .
2 . " OH
" step ¢
OH P R .
R’ (3)
4)
step d

Formula I in which
R* is hydroxy and m is 1

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 I

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, c,
d, and optional step €, described infra, will result in substantially pure compounds of
Formula I. Substantially pure compounds of Formula ] 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

2N H2N | OH



(CH2 -NYNY'Z~-R2 31 /| OH CHRs Fornmula | in which R4 is hydroxy and in
is |l In Schenme A step a, the conmpound of Formula (1) is resolved to give a
5 subst amvpaBloy7opur e conpound of Forrml a (2). The conpounaecafusboesysd a (1)
is readily prepared by nmethods well n_;wvn 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 enantionmeric purity. The desired
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Furt her processing o esol ved conpounds of Formula (1), via steps b, c,
d, and opPidREprl¥figdule, described infra, will result in substantially pure
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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
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(2) is

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



15 acid. For exanple, the conmpound of Formula (2) is contacted with an
appropriate acid to give a conpound of Formula (3). Such coupling

react i onswarog/ozwanon i n peptide synthesis and synthetic merhsdy2issed
therein can be enpl oyed. For exanple, well known coupling reagents, such
as resin-bound reagents and carbodiimdes with or without the use 20 of

wel | - known additives such as N hydroxystcci ni mi de, 1-hydroxybenzotri azol e,
etc. can be used to facilitate this acylation. The reaction is
conventional ly conducted in an inert aprotic polar diluent such as

di met hy| f oprified drecap D) be metdhditeetiy thdtlinmitheor Witliovhlsolatne thdngurifehtior. of or m

acetoni trifye coﬁ}ﬁfn ng)éﬂf)ﬁ’; n@&u&gF@ su1f3a'BQ g8€1d écg@enge TyechFcfi%éaﬁawgl%urrﬁgCt Ion

i's carrled out "at enper at ur es rom about OC to~abou
typi cal | y teggestion. 5#6?1‘511%@)%% inclyds, Rypwyax oxapplss sodiupdiydraxides PYASSEBRDI et i on,

thte pr OdU(BlS/droQdeeﬁWr{@M{eatr(ea)vldrﬁlnEQQWGH%r@X]e?I@{M&ﬁﬂE:'Nﬂﬁét}t]rI erhgﬁ]% Eﬁhudl ng
extrac eclpitation i'ltration

cryst a%l i 3‘2& ﬂ‘(ﬁz B deaHan 1y %Evenﬂoggﬁ%%ﬂ%s%t% in 4 $R1VeR! SHAb 4 m‘?quae’l?onpound of
Formul a ( 2hloride,cbhtafotredcutliydranraaand thetiéei oreuraler SchoatppBapmaat eoraiitichst 0
give a CORPRUfid frr, !ﬁ%wwcﬁ f 2§ RernyRcnRfld J@] 2888 AbfiendO PRI €L 21 1Y

avail abl e or e corr hg aci y et hods wel |
known in tTIfxélcahl)t themwrrimgewm fecaaised @ abfenmqtaslphwf)fm@ntabomhmfﬂ td@bout

phosphor oggec Mdt lemﬂ% uiPO B SRS RV G Ol d e up&}%@é}ﬁ{n% etion, the
pent achl ori de, hI oride, thionyl brom de, or oxal (? l'oride, with

or wi Wouﬁ’“éjugtrﬁflﬁonal%lﬁdﬁl 1S GFCOVES eﬁ@t’ ﬁ9’l"feéif=1ﬁ%3rlriﬁtféhoqs r’lncéll‘fjlp&@ﬁfacg%‘ll vent such
as, tol uepescipifatiby,lcRRendtbdrastyd fltradion 3B nE M, ofyotamzadén drnmETiRé.Ures of from

about 0-80C. The. reaction is typically . carried out . for a period of tine
angi ng 1 rom | MRUPRSshSRe st e R dafion g bairopio BN and v
03/ 027061 cROPOWIBOR/FRED6IA (4). Buyshréducaohsaran baramfet @nt bea vaedy df methbds, t hat

is, Wth @l Wetw@%owqhq dgp and/or purification. The coupling reactions
generally use sui tab ase to scavenge the acid generated during the

react 19n. Sui t ABT &Xapwded conppuribof aympa/(3pmag e fpdregensisdl aver hyairlyxt de,

pot assi umsudhy@raKiden- d?ﬁlédr@drﬂﬂ) lwé h@&lﬂﬁbm d}fronhluh#(ﬂl) l%ﬂr}@%g&xmham ne,
N—nlethylnokphol 5 the i ke ere v i onal |y

I S onven
Nomtct 2R RCa Y Carrd G o e et T oo Ko s AreciitBhlgy T Srimpld
t et r ahydr afetitaanl, athdndlhiopriofsgol aetrahydeifursa, hﬁtetl@ﬂla&amraﬂmmm@ltﬂe'r@lﬁsmé n a
sol vent h eth ace
vater. mhgﬁrgéﬁaﬁ%a%e TEATHACEE af B o ErogSh PleseyPE 51 A Foq RAEEARARS
from aboukPapR s te@ctmo@ttypl@(ﬂ@ cam:dtoypatdmlpgranuemf abeuf @°€moaa[’oomt60r’ct Bhabout

24 hours. Lip@eh fyBR&HY Fk'@]uﬁ@&ﬂph&}r'@@’da§/§"el"h]eq;r9<§&qe§nt b@]fsoﬁeargub gm@éd by

recovered b conventlona . nmethods including extraction, Itation,
chr omat ogf%felvawuesrw t Faayoin the antisyetues Blratien, f§f’é‘mqnz‘é‘taipéﬁtlaﬁdr‘{urﬁ%“qnb ke.
Reacti on {Hedagpitidn, chicdintSgrasiephed cityb@llizedsict i on of a nitro group to give a

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 generally 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



conpound of Forrmula (4). Such reductions can be carried out by a variety of
nmethods that are well known in the art. 15 For exanple, a conpound of
Formul a (WD asmy7obee hydr ogenat ed over a catal yst, such as PCT/US02/25969
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ethyl acetate or mxtures thereof. The hydrogenation nay be perforned at

an initial hydrog ressure.of 20-180 psi (137-1241 20 kPa). . The .reaction
"0 typi caPp CEREORT RS RS RS o BPablPn Dl prE e, ShRau b
reacti on tygiecnistajlizaboui res | hour to 3 days. The product can be isol ated

and purified by &iﬁ%@@éﬁ%?%})}}f\ﬁki%tehp\gﬂé}eiRnista_}f)‘?ot@&hg O@&ﬁ&gﬁ%dﬁéew akp gn.

extraction, evaporation, ration, precipitatico hr omat ogr aphy, and
recryst al heAuptesiing graumseeieremoved fer glepsl andiloisnelting ammermpb}eg wjithjag

cont act ed apprbpriAL adBRF 8AH hali® asébsoad¥seHivRa ab&¥d i REpABHivd Lcdhhptind of ONPouUNnd
of For mul 2 1. propriate am dine formng agents include |I -nethylthio- |
- met hyl - NFPAPYR dror obenzyl ) - N- et hyl i mmonium triflate and

1- met hyl t hi o- | Somitkympdli{dé-of Fuonadb é ayihlerhediathior iothed fihalrsohpdietl.of One  of

ordi nary | ip t t . wlbere i riate am dine formng
agents rrm}/:g%’g&lhrl'eg(gr%gmﬂe’ W\gﬁall\l/ia{néselgg(?’%né%gf{%gé?n?’%gégs)l re e"g‘?’%éo For exanple, a
conpound 6fibFatstannal)hiphere chttdbrlitannylhpyidow mbpbe used3o deglice aiderss s of an
appr opg i iy A b peantiQLBtGe A6 rent Kb G54 dRfed § HERRIIFrbducEar ri ed out

in a dry solvent such as nethylene chloride, toluene, or tetrahydrofuran at
t enper at ures of S§heBR ARtienal 3t5e & BotshevnGdadditignsajtof agpppagndeft usi ng
an appr opFoah@a Dasrhetclsigsa pldifhcdunieallyCalckhtabld@cidOThe Fordtaivh anidi@. The

tion typi.cally.regui | 18 The 35 product be isol at ed
e pur £ PRGBS hand eredley brana . Slch as D 03/ 027061

PCT/ US02/ 25969 -10 quenching, filtration, extraction, evaporation,
trituration, p [ Sijﬂﬁﬁ aphy . pzation. As wll
be reggi ly apppgg}:(g?[éﬂyd\%g}r:e élgrg;ng\gﬁp]?]g?eést}?}?g e?%ﬁer ?é\a?%%gé@ed in step b,
the pr ot eempepngs oliporsana bB of ErplvaaingPraectet eqmppuadsiot Frsmules@) by ng ani ne
coupl ed Wgbdky@bnation 2BREPRIk MRafibn fLaBiodGidreldly deri@forhsiag Yaredibed above
in step b tﬁ gi ve .a co?tpgun oc£ For rrulfa 1L Sojre. conpounds of Fornula 1 are
i nt er medi ACELTPYP LGS FF5EPCL SRSIAMALS: BY Laregk-tAmaprebensiye Qigaipl e, when R2
i s iodo, droifemati@agentdd-2a19eXamiteenatdy, thé cobpdunkds bR hinoptielnR* or

2- (tributyl.st I i di e, used .t o.di splace & oda 10 | eaving
o oup Ona TR bt ool RS el a1 SEUAR SR SO h Or et

| n Schene suhstiysnisowrdess Sthwpwise invicatet ewgras pagyiausiyddediddd, tand !l sedgento farea
conpound  Qfell known and appreciated in the art.



Formula | is fornmed using a pharmaceutically-acceptable acid. The formation
of acid addition salts is well known and appreciated in the art. 15 The
conpoundswofo3orosul a 1 in which R4 is hydrogen are prepar @dTfusenessebnpounds
of Formula (3) or from am ne protected conpounds of Fornula (2) by
deoxygenati on. Such deoxygenati on reactlions are readily carried out using
procedures well known in the art, described, for exanple, by Larock,

Conpr ehensive Organic Transformations, pg. 44-52 (1999). Alternately, the
conpounds of Formula | in which R4 2 heselpydrogen are prepared by
procedures described in Sche g B In Scheme B all substituentygy unless
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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  outunder 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, dibenzyl 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.



5 out under a variety of conditions. The reaction depicted in Schene B,
step a, can be carried out using ammonia or a protected am ne, such as
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A 2'-Chl or obi phenyl - 4-car boxylic acid Conbi ne net hyl - 4- bronobenzoate (1.0
g, 4.65 rnnol), 2-chlorophenyl boronic acid (799 ng, 5.1 mol), Pd(OAc)2

(51 ny, 0CeBplnafroceiiessodi um carbonate (1.5 g, 13.9 mmol) in DMF (20 nl)
and water (2.0 m-) with stirring. Purge the reaction m xture
20 Method A

2’-Chlorobiphenyl-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
MgSO,, 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. HCI and
extract with ethyl acetate. Evaporation of the solvent yields 762 mg (67%) of the title
compound. MS (m/e): 231.1 (M").

35



25 with argon, add triphenyl phosphine (61 ng, 0.23 nmol) and purge again
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3- Chl bi h 1 (M I
henyl oIr E)c:ar gg)\ .1.6‘8@‘251?"35‘.16"“&%%9”% a%%l = .—.( t 41\.4(3:?2:7.%:‘(]\%;5 earboxyl i c aci d
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4’-Fluorobiphenyl-4-carboxylic acid MS 214.9 (M)
(Hydrolysis in dioxane at 60 °C)
3’-Fluorobiphenyl-4-carboxylic acid MS 215.0 (M)
(Hydrolysis in dioxane)
3’-Cyanobiphenyl-4-carboxylic acid MS 222.0 (M)

(Hydrolysis with LiOH in dioxane)

Method B

5-Phenylpyrazine-2-carboxvlic acid

5 Combine 5-chloropyrazine-2-carboxylic acid methyl ester (626 mg, 3.64 mmol),
phenylboronic acid (666 mg, 5.45 mmol), cesium fluoride (55 mg, 0.36 mmol ) and
Na,COj3 (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 MgSOy, filter and evaporate. Purification by flash column
chromatography yields 2-phenylpyrimidine-5-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 conc. HCI and extract with ethyl acetate. Evaporation of the solvent yields 63 mg



5 Conbi ne 5-chl oropyrazi ne-2-carboxylic acid nethyl ester (626 ng, 3.64
nmol ), phenyl boronic acid (666 ng, 5.45 mol ), cesiumfluoride (55 ng,

0. 36 nmol wp @na7o6Na2CO3 (964 ng, 9.09 mmol) in DVF (5 nl) pamdiSeat®®e9 (5 nl)
with stirring. Place the hetereogeneous reaction m xture, open to the air,
in an oil bath maintained at 80 C Aft«? 5 m nutes of heating, add
Pd(OAc)2 (81 ng 0.36 nmol) in one portlén and stir until 10 reaction turns
bl ack. Cool the reaction to roomtenperature, dilute with ethyl acetate,

and filter through a short pl tigwof celite with additional ethyl acetate.

Wash the 6¥ghefitbstit eompavader H NIVIR (NSONGSTAS, Hl), Oer (arid)ed.dpdidt (@,
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2- phenyl pyri‘m di ne-5-carboxylic acid nmethyl ester as a yellow solid.

Di ssolve the purified ester in THE (0.25M and add an equal volune of | M
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2- Fl uor o- 4-(thmen=2=—1)hefr r=t=ctarboxylTc acid M5 2211 (w5 Method C
3',4' -Di fl uor obi phenyl - 4- car boxyl ic acid Conbine 3,4-difluorobenzeneboronic
aC|d (1.0 g, 5.2 mol), net hyI - brewpbgozoate (0.241 g, 1.73 mol ),

Pd( OAc) 2 Q , 10..086 Mo 10 tetraButyI ammoni um brom de (0.1 11 g,
0. 345mo1 uRERh s 0.733 g, 3.454 mmol). Purge the
reaction vesseCombtre 34-ddhosst@nzahdbanhiy deidys.0LYE. 2(Bfholi, jnettyl-the  reacti on
m xt ure. I I I hst rring until
conpl eti on. %O&E%eo feﬁ(ﬁ ﬁﬁl§£?§#,ﬁ dgéﬁcérﬁgé)?fg%& te%é nIOI ’e with ethyl

acet al@, tatabytylameponsiim dughida (@:,lhbm, 0.3gbmgnody, andpotassiv phospliale (9.3, et hyl
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evaporate. Purification by fla col um ¢hr onmat ography yi e
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t he puri f Cedl 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 MgSQOy,,

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 MgSOQy, 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)
3°,5’-Dichlorobiphenyl-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)




ester in dioxane (45 m) and add an equal volune of I M aqueous NaCH Heat
the reaction vessel to 60C with stirring until conpletion. Renpbve the
sol vent bwo oswamer ati on. Di ssol ve the residue in dichloromerhsez2aad wash
wi th I N aqueous 20 hydrochloric acid. Dry the organics over MgSO4, filter
and evaporate to yield 0.048 g (12% gk the title compound. M5 (me): 235
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20 The following compounds are prepared essentially as described above.
2’4’ ,6’-Trifluorobiphenyl-4-carboxylic acid MS 251.0 (M)
2’-Fluoro-4’-Trifluoromethylbiphenyl-4-carboxylic acid | MS 283.0 (M")

Method E
2' 4'-Difluorobiphenyl-4-carboxvlic 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 MgSQy, 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.



2',4' -Difluorobi phenyl -4-carboxylic acid Conbi ne

4- car bonmet hoxyphenyl boronic acid (1.021 g, 5.67 mol), | -brono-2,4- 25

di f | uor obwpaaseroell. 000 g, 5.181 mmol.), Pd(OAc)2 (0.113 gpPCens02/26v9 ),

tri phenyl phosphine (0.149 g, 0.505 mol ), and sodi um carbonate (1.664 g,
0.568 mml ). Purge the reaction vesseljgw th argon. Add DMF (20 nL) and
water (2.0 nmL) with stirring. Place sealed reaction in an 80 C oil bath
and allowto stir for 24 hours. Cool reaction to roomtenperature diIute
wi th ethy e [0 W t
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di f1 uorobbphegnyfy 4-carboxylic acid nethyl ester as a yellow solid. Di ssol ve
the purified ester in dioxane (5 mM) and add 5M NaOH (1 m ). Stir
vigorously at 50C for 15 hours. WO 03/027061 PCT/ US02/ 25969 -16 Upon
conplesion, acidify the reaction w tiegdE HC and extract wth ethyl

acet at e. cyapgr tlorp] of . th s%lveglt |eI8_s 300 nmg (24.7% of the title
conpound. %@MM@MF
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tri ph?ﬁyggg%ﬁgo?l )n&él %@37@& 0 91%1ﬂrge'PélP)i((bRc)tzgi . 6%%)1 ahy’ 9€ with N2 and

stir at ction mterrperaiture Add a

sol uti on Hfphenyphespbme 25 migs Q. Q%ﬂmhﬁéﬁ@e@@m#@; Purgo ovithrthd andishir atoiluene (1

gtégfol ! FV@%FI)bDG H%@é@‘@at ozre(a&lomtroo& tt&a mka Wa&élhﬁ&?@ﬁ’i Bh%@@?geh(% ny,
o ur.ge Wi nd stir a al ours.

Cool 1 enchiTB e i Hhper 21 Gresh BvaBrstiant hehiy BN ey by

col um ch0@9&11109])apmrlp(hsnylpm;ﬂnh@%iamgyd) Oﬂﬁﬁﬁcay ePiirpe héthaneindtsar g1 80650 ny
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ester. I oxi de "so
0.22 mol puflfy byeohamothro@aeiaphafsilico W%@ﬁwéamtm & heyan® tdgy@ 50Regrove t he

vol ati | es 29dereld) @ ey MeanifuGepRingBpirftfine-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-carboxvlic acid

Combine methyl 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 ethyl acetate.



25 residue with | N hydrochloric acid solution. Collect the white solid by
filtration, wash wth water, and dry under vacuumto give 30 ng (63%

yi el d) ofwbplme/oeiosl e conpound. M5 (me): 235.9 (MH). Mt rad/uS02/2369

3- Fl uor obi phenyl - 4-car boxyl i c acid Conbi ne nethyl 2-fl uoro-4-bronobenzoate
(1.25 g, 5.36 nmmol ), phenyl boronic acil@-(1.30 g, 10.72 nmol) and CsF (2.02
g, 13.40 mol) in DMF (25 nL) and water (3.0 nlL) with stirring. Place the
het er eogeneous reaction m xture open to the air in an oil bath maintained
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add an eqyfl,e\RieW f vi gorously at roomtenperature for
15 hours. pgn go gt?donlwsl\dﬂll%j% e)r eaction with 5 conc. HCl and

extract with et hyI acet at e. Evaporat| on of the solvent yields 965 ng (84%

of the E:II tle compainihindVBohpdudlis arkifefhrdd\sientihilgad @dstaWddocOMPOUNdS are
repare eSCe |a|| Scrined a 3-Fluorof 2 -nmetn |D|nen
|p_ 4pcar boxyl HP’FO I\metbfﬁﬁ )[a/[4\ cargoxy IBREISr 0o 3§ LuMESB9-GEM )| - darbox lic

aci 2825120& iy ((Mic)ro ﬁﬂﬁdrumpaera/l -4tdaﬂfdxl},lﬁdf adret hyl bi | MSwis Aevgr boxyl i cdaci d
VB I Thad H 2-FI - G- phenyl - 3- [ i
D ssol ve 2, aaPiser el ate ke Btiad [RISARELIIY (50 m)

o

and cool to -40 C. Add a solution of phenyl I|th| um (1.8 M hexanes, 30.6
m) d 8pWI se over 5 mnutes. Stir t]%thrgﬁyltl ng purple reaction at -40 C
for 300mnutes and bring to 15 I’00m‘t‘E'ITp'ET‘at re. Quench the reaction with
wat er and 2eiinoract-phenilpyritlineidocarbaxylic acilyl  acetate several times. Conbine

the organic eXU}S%GfV%Q @HMU@Y@PHMJ§%O nfil '5@%%@5 1ﬁ\éﬁlﬁ)§er@}sel"HP(§(pm§ lica
gel. Purifi catl on

hr ongt 0g Evtﬁoﬁll\%” ds 2-fluoro- 6-
pheny! pyr Ped fieel 10 04%6 (1594 aégluaory%f phepylithiu hexanes 3&A mp) drepvies. 46
mr]?: ) in aﬁ&%ﬂjrhmlm&sﬂﬂgr (i rﬁhﬂnﬁg()plgﬁﬁ réactigh a?&ﬂ)(’mj Rk 80 hﬂﬂ‘utes anld bring to
2-fl uogo- 6- n ridine i.n.an rous,. THE tg t €00
ol ut 1o, " Pl iepo B W VB B hrer B BB OE U 98 gas
t hr ough t hectats eévetal (mlme[spComﬂ»mn theibeesnicAkiraats, tdngovear dd$Q4; filter amlrm/apcnaireoom
tenperat uroﬁtoasﬂ%a%léf. 9 cafion 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 to room temperature and purge with
argon. Extract the reaction with 1 M NaOH and discard the organics. Acidify the
aqueous layer with conc. HCI and extract with ethyl acetate. Dry the organic layer over

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



argon. Extract the reaction with I M NaOH and di scard the organics. Acidify
the aqueous layer with conc. HO and extract wth ethyl acetate. Dry the
or gani ¢ |wpas/oower 25 MgSO4, filter and evaporate to yi el @CriEsor/eidbe
compound as a light yellow solid (405 ng, 65%. M5 (mle): 216.1 (M). WO
03/ 027061 PCT/ US02/ 25969 -18 Method J  _3 5-Di fl uorobi phenyl -4-carboxylic
acid Conbine | -bronp-3,5-difl uor obenzdfe (0.863 n., 7.50 nmol) and

phenyl boronic acid (1.22 g, 10.00 mmol) and subject to conditions
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Hy]50 m. Et OAc. Discard the organic |ayer was
d| scar ded. Aci d)ligxblxtehﬁudeQmHMuogmplmgbUs3 b ayEY mmcﬂhnCIME(]m) aniccoektor act

t Wi it te t
I e N N A R AV S e A
(M). 15 mtahmdmkpmngme@ﬂ 4Tmh f11. 2forquii ) ph €18y 1C- - 1ddr Odxyl). cCCaputiteGbebi ne

et hyI 4 QB&Q@L?T]@IP‘%&BQP@%%'[JQS (i?fhﬁ@otgphe]ﬂg} 4 s'ﬁ?"ﬂie)reactxon at -78 °C for 1 h.
4,4, 5' - oct anet di oxaborol anyl (5.0 g, 19.68

mol ) 1%nol lebblﬁ&?a%.dmﬁl%&sé r@ugmthsgowﬂoaforﬁgmﬂmsy WaT thvs@celm ) and
purge t he p8® idid £0'mW dfh M NaQen and*eldract with 50 mL EtOAc. Discard the organic layer

Pdd 2( 1, i.s(di,phen hi no ferrocene pur ge
t he sol uti"c élﬁd{ﬁng HQ@( g’rquggléﬁpr may éﬁa%uﬁ%usnl@%&‘{ é‘nCQtHB %é%a”(‘;i efxérrag)’otwh €and cool
to room wetidaOstcuDey thédsganidseveresgtDorfi lmmd;ame‘eipoaamjto@m he? gwifthe et hyl
acetate a t a |sre di ssolved in 1:2
et hyl aceltagt eglﬁgg\g{r?egssaa lP]I t%ﬁgé?% tﬂhdr@gap%? % pI ug of silica gel, and
concehdrated. 2-Fluoro-4-(4,4,5,5- tetrarrethyl

I, 3, 2-di oxabor ol an- 2-yl )ben20| c aci dvieeiod ester is obtained as a yel I ow

oil. Dis Ivetersltlng ellowoll 1n acetone (100 nL) and conbi ne

with Nal Ty l-qcﬁﬁ)ibo—x‘l&ﬂ&@él (3.63 g, 47.25 mmol), and water (50
m.) at room te]mﬂm&tmeﬁyl Sbiamal-luombehaape3adsys, @ 5SF76mm8h, transfer to a
separat Or% eJl Sagdoc?a@gggzb’zf%(i)tlgé Ialoaag(yro]an)gle(%%tg, 1@%%%'31%'01)%1&93 Dry the

conbi ned organ ¢sS’"dve
20  potassium acetate (4.63 g, 47.19 mmol) in DMSO (40 mL) and purge the solution with

argon. Add PdCl,(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 NalO4
(10.1 g, 47.25 mmol), NH4OAc (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 MgSOy, 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").



concentrate to yield 3.0 g of 3-Fuoro-4-carbonet hoxybenzene boronic acid as
an off- white solid. The boronic acid obtained above (800 ng, 4.04 mmol)
and 2, 6- wofosozmebr onobenzene (].17 g, 6.06 mmol) are couplCedsazzysdi ng to
the procedure 35 described in Method Gto give 380 ng of the title
compound. M5 (me): 251.1 (M. WO 03/ 0%%061 PCT/ US02/ 25969 -19 Method L

6- Phenyl pyri dazi ne- 3- carboxylic acid 6- Phenyl pyri dazin-3-ol (5.0 g, 29.06
mol) is dissolved in toluene (100 nL) and heated to 900 C. Phosphorous
oxybrom de (25 g, 87.19 mvl) is added in several 5 portions and the
reaction is heated for 30 mnutes. TH&thoddylting yellow solution is cool ed

to room tgmﬁ@bm@,znﬁwgﬁgmgmgcjdce wat er, and extracted with ethyl
acetate. The or n| C yer e furt wat er and I M NaCH,
dried over @3) ’ef’Y]PYré‘f 3, é.’ﬂgis 0 Evio? @’r‘&f"é’ glséo VJ‘l“dW“%’i‘ﬂ {140 mL) and
Recryst al Iheawd O o d?hoqﬂ@l&;sgjxweﬁanﬁdé(izxg,@f/ IQMO]U'ﬁB'ﬁide@hﬁﬁyélﬁyrl dazi ne

103 B o RISV RILEARE N Reld 0 o p S, TR SRV At e (5

rrg, 0 33 itmwioln teapdratire, pouredionto @va@mumd extracted with ethyl acetate. The organic

'-Bi s(wgeﬁ%w#umgﬁwsgheemlﬁrwﬁﬁa d’. PR m@d 6@%@ i (tjﬁtf adﬂﬁd and the

react|on i $ agal n evacuat ed as I's rou h the
sol uti on ﬁmposat?ﬁ Rt edowzpbdt Recrygaldigatinn fr@ngi%leawaﬁaéﬁ 850 3dypmesfxt5 kPa)
of carbon ﬁé]yqjjy@l@hgﬁe The resulting solution is heat ed at 500 C for 18 h.
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and evapoMdGEd (omf o, tsethyaenige(]. BreLstib) ectidy ahd PE{@GSE), €18 mpy0.33 mmol)
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6 (4- Fl uokgphientdr sRYinLEs rh%d%&ﬁﬁ&%%hhféc&%rﬂie?% gﬁg?wﬁpaz of garbon_
broggpyrldl ne arboxylic acid ester . 4-

f I uor bpheHPrEEr Jiaﬁée%e&,w solutign iyheateg] a8 30 erdony18 }anﬁhf‘c@§¢tm1f F%@d 'éPe (2.55 g,
ﬁ6 78 mokdom telm]iBM'Fur(aZ&hﬂédwahldzaV@teﬁxﬁ e&téacﬁ%dh with ethy$hdeftdtd. MBhe &7 ﬁ?@s drbe

t m, xt en 0 e alr I N. a | a
he o COBCAEYS SRR S S p BRI 8 b B oy 3 by

0. 67 mmol yhiomamgeapbyrti on. After 17 hours, cool the reaction to 30 room

tenperat ure, dh‘yHIto?stgJshqgectolﬂwtioﬂggﬁtﬂ}lgd ANethbd Wegivid¥PHERr thetfRI t Pl Ug Of

celite with
20 compound. HNMR(CDC];) 8.24 (d, 1H, ) =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-carboxyvlic acid

25 Combine 6-bromopyridine-3-carboxylic acid methyl ester (1.03 g, 4.78 mmol), 4-
fluorophenylboronic 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. After 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 MgSQy, filter and
evaporate. Purification by flash column chromatography yields 6-(4-
fluorophenyl)pyridine-3-carboxylic acid methyl ester as a yellow solid. Dissolve the
purified ester in THF (0.25M) and add an equal volume of IM NaOH. Stir vigorously at

35  room temperature for 15 hours. Upon completion, acidify the reaction with conc. HCI



addi tional ethyl acetate. Wash the organics with water, dry over MySO4,
filter and evaporate. Purification by flash colum chronmat ography yields
6- (4- fl usowephzmyl ) pyri di ne-3-carboxylic acid methyl estePCagisa2/ya®bé ow
solid. Dissolve the purified ester in THE (0.25M and add an equal vol une
of I MNaOH. Stir vigorously at 35 roomyt enper ature for 15 hours. Upon
conpletion, acidify the reaction with ¢onc. HO WO 03/027061 PCT/ US02/ 25969
-20 and collect the white precipitate by f||trat|on Dryi ng under vacuum
yields 385 ng (37% .of the title_conpound me): 218.1

fol I ow nga%ﬁﬁﬁ?eh@e.@"ﬁméw@& ATy W%w gx%quraw@%é& 6@(7%5. en- 2-
1 i di ne- 3oftehiok compoasd. AMBEM2H52 8. [ (WH) 5 Method N 6- (4- Fl uor o- 2- et hyl
phenyl ) pyri di ne- 3-carboxylic acid Conbi ne 6-bronopyridi ne-3-carboxylic
acid nethyl ester (387 ng, 1.79 mol), 4-fluoro-2-nethyl phenyl boronic acid
(338 Ong, 2. 19 Thebbl)owife ¢@Agiudd (dfrepayed BsséB1ally amdedcyibed elsavam f | uori de (27
ng, 0.18 mmol) ol ofs] 5. 3¢ (6 nL) and
water (6 rnlL) @ﬂl&%&?ﬁ{%&ﬁ?@%&%%& .lcd:gu UWI.M\%?J.)%9M add

tri phehyl phosphine (47 ng, 0.18 nmmol ), and purge again with N2. Place the
sealed reaction in an oil bath mai n{@jagey at 80 C and allow to stir for 17
hours. Cool the reaction to roon1tenperaFUre and pass through a short plug
of silicabyéikluang hylphe I onet hane (100 niL) foll owed by

?que?us met hanQﬂon{bLQ%d mv“gmfiﬁaédxygc waare)}layl Begt ¢ 7hg, 101091&@:)
ractions i suspen Si sol | n
Filter to rfg 2'"éet YRRRLEI e %ﬂ‘g(%’ BBy WP gf#%‘\g&éﬁwéﬁ?bg aci d

sol ut ton tongi cdsiud firtde (Pt wgj (pi § aoneolj ordednim cdwbomtec(dlmmg, 6 8bymol)

filtrati Oﬂsﬁﬂg?oéﬁfhﬁﬁ?'?nﬁgatgf @néf)@nmn%é%ufgs hdRald Iﬁlxmmﬁw adfP (m e):

231.9 (M+H ounds~ar e prepared essenti a

descri bedtrahsigphosphing (47 migf5J u&ﬂ@lcﬂér@yﬁpuggmaaalnemgﬂﬁar%lémhpéeaém d M5 236.0

(M) 6- (&efibn moarn%lh@m napisihéeli 1803cCaRASwlth it 47 N&@l&o& tﬁM""’)
2' - Fl uor obi phen

- carboxylic acid phenyl
- 4-car box{ﬂaFEO’b%’ TQONECEBRA BT § Md)paﬁﬁjhﬁ%ﬂg?f%ﬁ&’ggﬁf@éb’élgﬁgg §Sh th?l Exarrpl e
1- 1 Biphenpyllund-veist bmk}phb]ﬁethahed] (Q(R))L) f@rowled by aqueous methanol (100 mL, 3
-((4-1l uo{neﬁ%nmglyl )»@Enjfyh%ﬂc omf)l e%efnac?‘ons m)vacuo and suspend the residual

solid in water (10 mL). Filter to remove 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)




2(R) - hydroxyi ndan-1 -yl)amde O F/ CH HN N~\ CHOH5 Slowy add a
solution of 375 g (5.13 nol, 1.1 2 equiv) of N-nethylacetamde in THE
(1.76 L) wo03@270g1 (5.55 nol, 1.2 equiv) of sodium hydri de PCaO%nze®per si on
in mneral oil) as a slurry in THE (8.75 L). After 30 m nutes when 25% of
the solution has been added, add 875 % (4.63 nole, | equiv) of 4-fl

uor obenzyl brom de and the remaining N fet hyl acet am de and

4-fl uorobenzyl brom de sol utions concurrently over the next 3 h. 10 Use a
water bath to maintain the tenperature below 40C. Stir the resulting

m xture overnight and pour into a Bkampled-lof 20% NHACL (2.5 L), water (6.5

L), and et myheAgied-a4rBox IR abld (RIZQR - eﬂﬂidﬂ@oeln% h&th@ashi yRdehEAfinol-he
aqueous | ayer oot ﬁy:: acet a%e 22t54 L, then 2 I:§ '%E#_Fh‘e or gani ¢
| ayers and wash with water (ﬁMM@MﬁDﬁm L). Dry the organic

| ayer (Na2SO4) and renpve the solvent to aff '| d a residue. Dissolve the 15

residue in acetonitrile ) aqtm hept ane YN+ Separate the |l ayers and
wash the acetonitrile ll@gye_aga nawi th_hej 75 Q Conbine the
hept ane | ayers and back- &xtract ' - %\L). Conbine the

acetonitrile layers and evaporat e&H.0 'Q
N- et hyl - N- (4-f uorobenzyl ) acet am de.

N- et hyl - N- (4- de (,0.50 7 in THE .20 (11.5
L). Add phogph L Yﬁ‘g‘ﬁ? ? ?i‘teﬁy& {73’3‘73 R ?ﬂggéu‘%PfGN %‘%‘a‘éﬁ‘%}})"%sﬂa heat
the m xt Ot @ Iorlgftdb A4 gyR6S5 o, lhbaqmv) Afsbéiunmbhyhride (6(1% ldu;persﬁ)hliﬂ)w t he

m xture tﬂﬁ%&fr}%d%ﬁ%h?ﬁﬁ?%% Athéer%m fegn higo 50 f‘ﬁ?e’stoﬂﬂgn"l‘{%h with

12.5 L of an | e i'ca tra roma

separ at e Pesictdded adAd7z 6t ehnde.d qwiv owﬁhwgab@mébmgsqlqu the Pinggwhge t he

resi due ammemrygeamgfeaaaa 4%&oﬂen&gbﬂ)fmlae Ld) Gﬁorg%né{mem Y Giend @ 3af ford 25
1 01 k EHSO|Id |l urry the solid w ene chlorlde (1.L) for 15- 30

n, B AIEHE bpd tpyMaintaiy)the W@W{%&lﬂrﬁ pel Of”o‘}/(b CeStr fiegegiliing miitars
CO| | ect t beersiight ghdpout irtd b atik@ife ol MHLCl @.BLY, avaderQ6 314, kal @yl Neerrichy|

-N-(4-11 aceta dd. 11.5 L of acet ile and 2.52 k

(177 ot © 7 el A BB - i g oS pvBE L il iy (s £: 52 K

of N- met hy ktheN-2(14)- qummnm@npyga)lazdeycamrdbwasheaiﬁh whier (14 ]X) amdgherobri3e 0 LBO for 21
. Reduce AY MTBE.

Reduce.  nOTY I\ BRI (E@Hh 2 nd rErRb e SRR f6r MRS Dided e N

resul 19 ngresijugn %%Qﬁ“'@']ﬁ I@(ﬂnﬁé’@t"aﬂ%@ Bol)- depgrate the tayeisend waplithgry t o

afford 3. 9etkGtrdé 1aherdginnyiti hé}ﬂade ('1 75 L). Combine the heptane layers and back-

bg%g%a 16%{’8'; b %ﬁ%g&%l )(0 IS\I_ L). Eo}%meTPQ ac%%nllt(r)l?e ]agerggm? evaplo;[a?e t%%lfllord
0.814 kg ofN -methyl-N-(4-fluorobenzyl)acetamide.
Dissolve N-methyl-N-(4-fluorobenzyl)acetamide (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 CH»Cl» to afford
25 1.01 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.



-22 Add 85 L of concentrated NHAOH and 28 L of water to 6.20 kg (35.0 nol)
of 1,2- epoxy-6-nitroindane. Heat the mxture at 36 C for 21 h and allowto
cool to rwomsotmaperature. Filter the reaction m xture oveCTaSzads%d wet
Celite (10 kg) and rinse the cake with water. Add to the wet cake 155 L of
met hanol, 1.3 L of water, and 5.80 kg 82{38.1 nol, 1.09 equiv) of
(S)-(+)-mandelic acid. Heat the mxture for 2 h at 55 C and filter through
a carbon inpregnated filter cartridge. Reduce the filtrate vol une by

vacuum di sti | | aldd®s 1t 6f cpeettradd NH DM andds LT vat@fto B120AG: (3R@AMSIBof he- vol ume
by vacuum di sti

|latjon {0 out 65 I e mxture to -8 C and stir
Py aon B iR deBr Ry OB o ae 2 KBl § chSoke B sol i d.
Slurry t hiensodtid. iFilte30hdreadtiomebiiamobvet @ taddf O.eB8Ctlitof( 1 Wag)end rmpethkeat t he
m xture a . r t i e . and stir
for 15 Cakehiphtalep’ Ala by he 3P Clks1y33 LI RSO IR Ll nd R 20, L
solid by 381 malild¥ amev)df ¢S afandeles ®idz Keptdhe mixture for 2 h at 55 °C and
(1 (R;?) é?rimnggg&gﬁ)ﬂ]@“qgﬁﬁgﬁﬁ?té@iﬁﬂqﬁg&agﬁhge'nd Ia% g{qutrg%(*l?iumelby% m)I) to
15 a m xt M?‘é’ué#dlgtgi%‘@%éo e@wﬁm adéééj@%&g EiOAC E4hgvelumg by np| 2. 6
equi vg . Avi@nn dikulladd tdalgﬂmhsmy!mn b?myib(tg@ldﬁﬁﬂ ?dBar(d%tiIﬂ'forl@h. Rilter tlmielj 1. é
equi v) in_portioens over,. 20- ) t er ours, filt t he soli,ds under
oo andlory s O3B i ara Mkt g P seld 5 bR Ge@ 5 "o L
of tol@enend DB\ efheatermkied hant diefroixdir® at4fliog fayf0. oh.pBeolythe hixtomrtbdfyCi ¢ aci d

(1 %‘1 2 6[<Si g?é}boi?% ﬁ)é{ﬁ{/ Fﬁ‘%fbfg g%ﬂﬁoﬁgn?{\}véc@gsic ?ﬁ-}iné‘?@zé”@’c andsting fdlo r2q&hREEmE O 20

(R) - (6-ni ﬁ?léfi%(ﬁ}fﬂH%?‘@ﬁ(Wﬁ@Ié%oﬂd-%ﬂ kapi H&)-aptiegaRdhidroxy-GpioindangEhner .
Stir the mauadqyte,for 18 h, "coll ect t_he solid by filtration, dry to afford
(R (60ntt o SRR BB Rpr B of PieiadonsSmppisiae st e, IhBoRdoa
EI qu y5 Iof a Gnitturofkgluehe @G@Pd&cﬁq@%_%;]mmo}\h&t@ Lanad 11_10172.|§®qt|mfv).25fter 1 do i

| en - 4- r - - | (0] - roxXyt n = - e in
175 L of ﬂlﬁ@é E%t{#%ﬁ?&é‘ %‘%’@%‘%6(8%4,]&3%@‘@3? 'X%ﬂ i ‘%8“?{’5 ey %%?61 he
reacti on mixt diter 2Zbehrs fdisr thesalids undeheacoivm apd|rnse eaquelially with hWaterf (10 L),

and stir idigens! MLIOF Wallr, #rdD | of RPRAE. DM GR chie WOsHord UJ@4tk?%f%&ﬁnieﬂiﬁ-4r- eaction
volume. Filter the, sIRL)Jrrl es é%ggt her, and wash the resulting filter cake

wi th wat eFarparylicacid (R)fpypitre-hydioxundanskaDpgider 1At 812 hofethybycetate to
bi phepy! - 4:9¢ akhoxX Yiphen3A-aebaky(iRheifl R R6-Ridro2A(R)-hhirdk s danNamidel )arr} ;ﬂe. g
Slurry biphenyl.-4-car.boxylic aci (%{- - agi no- - hydr oxyj ndan-1- am de
(0. 969 kg,Breﬁ?“)é_dL ina F}jm%ﬁ n}]’apﬁer( @?%ﬂ]_e)s? R‘dﬁ))ﬁggh’ co]lzegcﬁ%e og1id by mtragon, dlry {
1- et hyl t hfferd - Hekhof biphqngl-fHcabospenmyd (R)-(&-meo-R¢R )-myvinor yimdanddylgrmide. 954
kg, 2.81 go) ))vhﬁﬁgolﬁf.di met hyl am nopyridine (34.5 g, 0.281). Stir the
m xture for 24 n, and renove the solvent in vacuo. Dissolve the resulting
35 foam in CH2Ermbinez Huiry obh§76)az0f 10Ye Péigei e wpteayewind - 7kaofN HOI (1 x 4
L and24 Xbiphenyl-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 7 L). 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-1-yl)amide
(0.969 kg, 2.81 mol) in THF (9.7 L) and add 1-methylthio-1-methyl-N-(4-fluorobenzyl)-
N-methylimmonium iodide (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 .ONHCI (1 x4 Land 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



L), 1.0 MNaOH (I x 2.4 L) and saturated NaCl (1 x 4 L). Separate the
organi ¢ phase, dry WO 03/027061 PCT/ US02/ 25969 -23 (Na2SO™4), filter, and
renove thwoggloemst to yield a solid. Dissolve the solid i mcaasooedsyile (9
L) while heating to 35-40 C. After approximtely 30 m nutes, add seed
crystals, which results in a thick, whhte slurry. Cool the mxture to -15
Cand stir at this tenperature for 1-2°h. Filter the slurry and dry to
provide 1.10 kg of the titIe conpound 5 as a partial acetonitrile solvate.
"H N 7 = 7. 2 = 7. 2,
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met hanol , and dry in a vacuunz(q?\\ye,ndla)&yﬂagzlﬂqmaa]@deh to afford 2. 64 g of |
(R) -am no-2(R) - hydroxy- 6-nitroindane S-nmandepate of high enantioneric
purity. HRMS (rn/z): £94.¢ . 4R (CHCL3) 13 1074 cm 1. Conbine |
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Combine trans-1-amino-2-hydroxy-6-nitroindane (20.2 g, 0.10 mol) and S-
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mandelic acid (16.7 g, 0.11 mol, 1.1 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 diasterecomeric 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 (116.1
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 ethyl] acetate (3 times). Dry to give
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an i ce wabgsilibagdl 60AUA kdy pewérsitioned 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 (CDCl,) 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-aminoindane (3.65 g, 13.8 mmol) under nitrogen. Add pyridine (0.15 mL).
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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.
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15  hydrogen at ambient temperature for 4.75 h. Filter the reaction mixture and dilute the

filtrate with 1200 mL of water to give a slurry. Stir the slurry for 30 minutes, filter, wash
with water, and dry in vacuo at 50°C. Combine the dried product and about 1 L of water
and slurry for 30 minutes, filter, wash with water, and dry in vacuo at 50°C to afford 45.4
g (90%) of 1(R)-(4-biphenylcarbonylamino)-2(R)-hydroxy-6-aminoindane: IR (KBr, cm’

20 1);3584,3364,3277, 1632, 1543, 1326, 1073, 743; HRMS calc’d for C5,H2oN,05:
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-fluorobenzyl)thioacetamide (55%): mp = 99-104 °C; Rf = 0.42

30  (methylene chloride); 'H NMR (CDCl5) 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.
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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  compound is 6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-2-hydroxy-1-

biphenylamidoindane.
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the title 30 conmpound is

6- (1- ((4-Wouwsnotwenzyl ) met hyl am no) et hyl i deneam no) - 2- hydr @xyAUS02/25969

bi phenyl am doi ndane. WD 03/027061 PCT/ US02/ 25969 -28 Exanple 3-1

3- Fl uor obi phenyl -4-carboxylic acid (R 86 (2-((4-
quorobenzyI)nEthyIanlno)ethylldeneaHI% )-2(R) - hydroxyi ndan-1 -yl)amde OF
FCH3 HN \' I NN\ OH CH3 5 Combi ne 4-brono-2-fluorobenzoic acid (10 g,
45.7 mol ), methanol (100 nL), and concentrated sulfuric acid (5.0 ).
Heat to reflux. After 16 h, cool toE¥aHe3tlenperature and evaporate in

vacuo to afford a mhlte;Embk@”ﬂghﬂspbyﬁbﬁﬂﬁa@ﬂ“R@{@ﬂ]ﬂhhy| acetate (about
agueg bi

40 nlL), extract with 0 i bonate and 1
% 80 nL brine € m 11 t a ,g’- 3

— & yield 9.32
g (88% of 10 nethyl 4 brgno-2- quorobenzoat "H NMR
(d,-DMSO, 300 MHz) 8.80 J=£81,4 Hz, 1FﬂHN . 1.8 Hz, |
H, 7.54 (ddd, J=8.4 Hz, ‘ (OJINS : ; IR (cm1,
KBr): 3010, 2995, 1723, 1 ZasL:

03> 14394 1277, 1095, 885;
Anal calc'd for C8H6Br FQ2: C, 41.G28; AO 97, H 2.61. 15
Conbi ne net hyl 4-brono- 2- quorobenzoate (9 3 g, 40. 0 A phenylboronlc

id .75 g, flu d
(190 1) ‘anq. GaroHBemst £ vpaBeye Al %eégidmﬁdmst améé%% (303 g,
4.0 nmol ) andansented swilfaric eaidi(S Danle)odieat Brmednat After 16 b,doel totrhorough HyFl o
with the ?énﬂ;lt turtQfld %J)%}Jgé’ tn \aa%ﬁé?éeﬁvford%@ﬂl%%h& hBidbivk Bt 118"'1& ﬂhﬁ‘ x 100 nm.

5% aqueous ium ch aqueous SO Ium r oxi de
and 2 x 1eetaie (@epid) mééﬁél’rraqtem%x §P@&n$%“fﬁﬁé§éue<&lﬁ§0®V@rblcaﬁm anglj | ter
and evapon &g mn bYlﬂ@LH?yb%rWQE"s(d4,$ilt%}5 afd £95%at®n viREM yiddfd 1208 @b hﬁnyl

oy, sgneyRis triino 3FRiobdgsons wya Pt st 1 YR [ -I?ﬁ?-@l@ Y&yt 1R
(cm'', KB(t) I=808H3, 12p3472 (dd,0210.81H22,8 HAG]'H) 1409ddd] 2984 HiZBS,Hle@EHz 1097,
2 U0 SR 05 T ot o R, il 38
1277, 1095, 885; Anal ca]c d or CsHgBrFO;: C 41.23; H 2.60; Found C,40.97; H,
2.61.
15 Combine methyl 4-bromo-2-fluorobenzoate (9.3 g, 40.0 mmol), phenylboronic
acid (9.75 g, 80.0 mmol), and cesium fluoride (32.6 g, 100.1 mmol), DMF (190 mL) and
deionized water (50 mL). Heat to 80°C and add Pd(OAc), (303 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 SO mL 1.0 M
20 aqueous sodium hydroxide, and 2 x 100 mL brine. Separate the organic phase, dry over
MgSO, filter, and evaporate in vacuo to yield 8.85 g (96%) of methyl 3-fluorobiphenyl-4-
carboxylate as a white solid. "H NMR (CDCl;, 300 MHz) 8.01 (t, J=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 hydrochloric acid (300 mL), and extract with 2 x
200 mL ethyl acetate. Separate the organic phase, dry over MgSOQs,, filter, and evaporate in
30  vacuo to afford 7.12 g (93%) of 3-fluorobiphenyl-4-carboxylic acid as a white solid. 'H
NMR (d¢-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,



m.), and 1.0 M aqueous sodi um hydroxide (225 nL). Heat at 50C for 8 h. Cool
to roomtenperature, add 1.0 M aqueous hydrochloric acid (300 nm.), and
extract wwoOh3@23061 200 nL et hyl acetate. Separate the orgamCE/Ushas®e9 dry
over MySH4, filter, and evaporate in 30 vacuo to afford 7.12 g (93% of

3-f 1 uor obi phenyl - 4-carboxylic acid as 3 whi te sol id. "H NWR (d6-DVSO, 300
MHz) 13.22 (br s, | H, 7.93 (t, J81212 , 1.74-7.78 (m 2H),
7.60-7.66 (m 2H), 7.40-7.52 (m 3H); IR (cml KBr): 3035, 2666, 2575,
1699, 1621, WO 03/027061 PCT/US02/ 25969 -29 1563, 1408, 1298, 1265, 1193,
004; Anal 1@ $40B.118P8.G28HOHER; 904; Amabalc’dyfor raFlskEdufel: 72-22, 124.28; Fayng: 35,
Conbi ne 3¢f 08, qplpjnganyl 4-carboxylic acid 10.46 g (0.048 nol), 432 nL of

met hyl ene chIo rop i met h Ifor 1 de, 5. 44 0.062 nol ,
T L 5 by aRpE R A et T gg B 0dg Piak aSbmbcite t o
afford 3- fﬂetmremblcbhaﬂy,l7-dkopaoﬁxbmyihylfmh]hammldd,emass 44 13D1(0.0962 Gwii. 3’lequiv)

%0 m;ghéll ! h% @@Eyl Cﬁﬁ)rllag 3A rthr éfﬁ J\Jaﬁgﬂé%t}?ggéﬂ/%ﬁ N)' éﬁ&%@yflhlor%ﬂeny Wih bon?it €

1(R) - _(t bdllglx@ﬂ:%srmhyd] am no) - 2(R) hydr oxy- 6-amni noi ndane 15.33 g (0.58 nol,
1 equiv). Afteégx%b%eh, m@fﬁgﬂﬁ’i%ait ﬁ’xe@% -NQ(H@fWLYor&ye%EQSanQ gﬂﬁnﬁ&ndﬁ%‘i’ﬁe most of

the pyridine renove by Totary évaporation to give

a resi due20.8 8K@-5§ﬁ@1¥ééln&u%ﬁ@@@mﬁa gyt 1 QR- (b@to’éﬂ@r@ﬂlﬁlﬁmlw@t@i Byqransy m_)
and ext rasiamlmlﬁdmnzqe 33008 thollNI aqmepwsftéadz Hrwa Q’a%yd@t tVapvRdoRy 200

mL of t t te t
Trve WO B amev e Sorabe BN el Sy b oy p reg?w@a T SRR B th o
gr adi ent give 3 residi@¥Stoe¢ thamedidueroveetighy hedf€, atd ethyldeetaee (380 aflf)oand ek&aﬁS g

76% of
1 vor obensiPFORIT B Wﬁ%ﬁﬁ?ﬁ%@rﬁh@%@e‘%Eoﬁ%%%%%%ﬁﬁﬁmw”ﬂ 123- 132
Conbi ne 191|g)amet1ay1§upmr PBorijicamdopraeR)to lRjgreoRgide:. (@hr@marggranht ¢ 4-
f1 uor obenzyjdle bh sm%s @ml A H R b BEANG: 4B 8609, h&n st i RehyRiAd cﬁﬂaﬁdmo of

trifl roa et.i n_1ce. bath. When ition is’'co ete renove
the i oS ireb ol T ST sbim ioebi Rtipe- S0 bt o RuRRBY R o e
reactCI ion ﬂnmwreybw F]ﬁét&y’]ymﬁliﬂpﬁfdlaﬁd clxgs nt/p=alB M 18 mesildag 321 . ﬁsol vebt he
resi due in 100 ne chl oni de 0 t o about
58 Catd TN aoaaph e TR OGS0 Bl 505 3R R o s LpelfRAPRE-

f1 uor obi pfeerpbenzyba'boethylawidine)indend 18. 86 g §0.044 048 amdl1 10 mllokqui v) di ssol ved
in 120 ni ﬁfuorcgg&t%’%ﬁ'sﬁl SNLObLHC WA dh ARAR i eORBlRnftle B ike Dl GhPOUS

sodlumhy roxi tir 25 at abou rtitron t
react $on” finat (o) ESIRGERCfar 29 hafyapaitte yiheisactioninigiyrg 8y ratapyy aRBat e | ayer s

and extr aﬁiaﬂdﬂ@a@ééﬂ(ﬂfél Divdolve tWetesidue ¢ yoo land)fmwier@mfdie@ﬁd cGolliRhARr Y
CY RO L0 e B0 eSS i S STRL LSRN, WIS O
chl ori de, fliabbiphedy!#ycaabswtdridride 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-
fluorobiphenylamido)indane.
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chr omat ogr aphy on silica gel using a Prep 2000 eluting with a gradient of 3
- 10% 30 net hanol in nethylene chloride, to afford 11.34 g (49% of the
title conwousm@7ovb nmz = 526 (Mrl). As wi || be under st oo®dryusozesoed
ordinary skill in the art, an alternate nanme for the title conpound is

6- (1-((4-fluorobenzyl)nmethyl am no)eth bl deneam no) - 2- hydr oxy- 1| - ( 2-

fl uorobi phenyl am do) i ndane. 35 WO 03/02/061 PCT/ US02/ 25969 -30 Exanple 4-1

2',6'-Dichl orobi phenyl -4-carboxylic acid (R -(6-(1-((4- fluorobenz 1
rret hyI am no) et hyl i deneam no) - 2( R) - hydr o y| ndan-]-yl amde FHO C CH3 N -
- NYN\ A\ / CH3 / pH C 5 Add to a mxture of

N- cycl ohexyl car bodi i ngmﬂ‘ﬂzhlmmeéWy@mﬂxﬁneadlemp(d oy gebi ochem 2.0
- 4

nol / g) (150 0..30 nd arpox lic acid
(14rmy, 0. 05 E%?%—%!F-

0.02 mmol ) in DMF (0.2H nd
am no- 2- hydr oxyi ndan- 5- vyl (4 orobe

-acetam di ne (6. 6ny,
0.02 10 nmmol) in DVF (0.2 \rft‘a F / 16 hours then add
pol ystyrene trisamne resin (Arg@ha no ogie®, 3.7 mol/g) (100ny,
0.37 rnnmol ) and agitate for a further 24 hours. Filter the mxture to
delive? a 0. 01Aﬁﬂ32i‘146tﬂéﬁnle)rt0tar{wtqr@ PENRlobedcarvdliinifieN- 577 (M+). 15

Exarrpl es  frethyl ] RidBnedrediA (RHSOHIE@RAY, @@msﬁg)tgbﬁq @soEm lagd 461 Ex. #

nmpound obi carb | i cid
( R) (6-( 1%?%"’\@@%“(@%1)%@7%&%%%1 %ﬁ‘@ﬁ WE sauHon o Tﬁ’a) 2(R) -
hydr oxyi nttlydrozlys;ab@mnmde(%?»xﬁg,zg mmhycblbnp ﬂi)EMB k6. anﬂ@ralndxl)dnl acsohgtiodl of N'-(3-
R) - (6- (1, r 0 2(R)
ﬁyéré i ﬁé okt B RERRHER) hen %"‘ﬂ AR REGRTG =
(R - ( (] mpad) i F((MQ) mLj.|Agieredbe pxikie owmhm)aéd mlysmeamanm)e— 2(R) 'h
dr oxyi ndaReshy (A rh&fBuli€echnologies, 3.7 mmol/g) (IOOmg, 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 (MM).
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 (M)

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

4-3 2-Methylbiphenyl-4-carboxylic acid (R)-(6-(1-((4- 522 (M™)
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-yl)amide
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-Chloro-2',4'-difluorobiphenyl-4-carboxylic acid (R)-(6-(1- | 578 (M").
((4-fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
4-7 2'-Trifluoromethylbiphenyl-4-carboxylic acid (R)(6-(1-((4- | 576 (M™)

fluorobenzyl)methylamino)ethylideneamino)-2(R)-




4-5 4

4-7 2

-Trifluoronethyl
fl uor obenzyl ) nmet hyl am no) et hyl i deneam no) - 2(R) -
3- Chl or 0-w0,08/021if | uor obi phenyl
((4-fluorobenzyl) et hyl am no) et hyl
-Trifl uoronet hyl bi phenyl

bi ph enyl

- 4-car bo)

1)

-4-carboxylic acid (R -(6-(1-((4- 576 (M

hydr oxyi ndan-1-yl)am de 4-6
-4-carboxylic acid (R)-(6-@PCIB8279 .
i deneam no) - 2( R) hydr oxyi ndan- |
ylic acid (R (6-(1-((4- 576 (M

am de
fl

uor obenzyl ) net hyl am no) et hyl i deneam no)-2(R) WO 03/ 027061 PCT/ US02/ 25969

-31 Ex. # Conpound Name MS (nfe) hydrox indan-1- ()am de 4-8
- Met hy| pt-pheny—4-—carboxyHe—aetd(R—(6(F—-{4—522(M)—FHu
or obenzyl ) Betthyl pGompetdiydmdeneani no) - 2(R) h droxi ndan-] -| MS@mieje 4-|9
(M) (4t Hor op DR s et mob- (R dr oxt e, |
] am de 4- [16-86- ( 2+ mwylrofpélnwmpgarb@mea@dcﬁab bﬁaﬁdy((rlc aci d (|PR2(BF 1- (([4- 523
amdo 1175 4 W11 G0 SRR P URUIRRSII AT, (81T s
fl1 uorobepzyl) rmt}PWImXé’ﬂﬁqfim eYlimidgenean no)- 2(R) h droxindan-1 ])anide 4-12
3", 5" -Di npaloyl bj @k@mﬂlﬂu&m gisyﬁd]ﬁe @%ﬂbo&@cz{c@d (R=6ld- |38 ]
fl uor obengyl) rret | i deneam droxi ndan | - I')am de 4-13
4- Qycl ohekyl phen u8 BW e(':hyi‘ﬁ?’ﬂoke&) ‘E’S”e(a]“ '(‘I)le(R?iM ( N#)
f! uor obengyl ) net hh/;idmwimi)aﬁt]hydbanﬁeaeam no)-2(R)- h droxindgn-1- ])am de 4-14
pstriel F?nyl héf-f%%eﬁﬁi%*{eh@l) e ix{i;yX)ém)%d 3?3&3% 23 4M) ani de 4-15
3',5' -Dif| uorobi pﬂmybe—myk)naﬁtbmyhmqjetay]ndj:n(emm()ﬁ?_(m)-((4 544 (M
f I uor obengyl ) met k‘l%’dr@!?im)ﬁt-ﬁ)(alnilﬂ@neam no) - 2( R) hdroxyi ndan-] -yl )am|de
4-11 3',4'-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 544 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
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-yl)amide
4-13 4-Cyclohexylphenyl-1-carboxylic acid (R)-(6-(1-((4- 514 (M)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)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 3'-Fluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 526 (MY
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-17 2'.4'-Difluorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 544 (M™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-18 2',3'-Dichlorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 576 (MM
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-19 4'-Chlorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 542 (M")




4-16 3' - Fl uor obi phenyl
fl uor obenzyl ) nmet hyl am no) et hyl i deneam no) - 2(R) -
-4-carboxylic acid (R)-(6-(1-(PdT/1B42127959

4-17 2

, AwWoDbshtwer obi phenyl

-4-carboxylic acid (R-(6-(]-((4- 526 (M
hydr oxyi ndan- |

-yl )am de

fl uorobenzyl ) met hyl am no) et hyl i deneam no)-2(R) hydroxyindan-1- 1)am de
4-18 2',3' - Dichl orobi phenyl - 4- car boxyl i g acid (R-(6-(1-((4- 576 (M
fl uorobenzyl ) nmet hyl am no) et hyl i deneam y-2(R) - hdroxyindan-1-yl)am de 4-19
- Chl orobi henyl -4-carbox lic acid (R -(6-(1-((4- 542 (M+)--] WD 03/027061
PCT/ US02/ 25969 -32 Ex. # Conpound Nane MS (e
f 1 uor obenggk)#ret hgbapoure) iy | i deneani no) - 2(R) - hdrox i ndgim38 (dh)egm de 4- 20
{1 uor obenbyl ) met PN ARG e Ry e TORDOR 208 dr ox | ian- 1- 1) an de
4-21 4-Tr | f 1 uor onietdngd yirdanyil-yl)ancde boxyI i c acid (R-(6-(]-((4- 500 (M)
R A LTl
f I uor obenzyl ) met hijworabinapmethylamieriedtidropaainR)-2(Rr ox i ndgn-1- ])ani de 4-23
3',5 -Dicpl orobi g%my,ﬁaﬁqrg%yhéc acid (R) (6 (] ((4- 576 (I\/Hr)
f | uor obengyt et arm no) ethytT deneam o) =2{ R _1drox i ||uc|50 yamde 4-24
2',4' 6" - T¥12r1ret hy¥ Erlﬁﬁeﬁmeﬂwhé&ﬂblokyw@xsé@la@ld( (61 (®- ((4- E&%fz M
1; I uzr?r)en;y])znet hﬂ’t'loralﬁﬂnaﬂ?rﬂéthyﬂahﬂ%)@tﬁ%d&%arﬂﬁm?)&h@f og Igd°n5l4i I?V)am de 4-25
6 (4.1 uof o 2- et ) phenyl Py dyne. S carboxylic acid ()] se1 (M -
1) ami de 4} 2@25- ( 24Mdﬂn}f1bmybphaibyk))ltmyarclcﬁdR)QtSZic(ecr boxyl i cmi46 (MR - (6-|( 1-
ﬁgfog(;\//rl)’lda(nf |4: ;: ul%o? enzyll) }ug%y a%no%tﬂ%&neé’mmo??ﬁam no) - 2(R) -
hydroxymdan-] -yh)amide
4-23 3',5'-Dichlorobiphenyl-4-carboxylic acid (R)-(6-(1-((4- 576 (M™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-24 2',4',6'-Trimethylbiphenyl-4-carboxylic acid (R)-(6-(1-((4- 550 (MM
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-25 6-(4-fluoro-2-methylphenyl)pyridine-3-carboxylic acid (R)- | 541 (M")
(6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-
2(R)-hydroxyindan-1-yl)amide
4-26 | 5-(2,4-Difluorophenyl)pyridine-2-carboxylic acid (R)-(6-(1- | 345 (M")
((4-fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-27 2'-Fluoro-4'-trifluoromethylbiphenyl-4-carboxylic acid (R)- | 594 (M)
(6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-
2(R)-hydroxyindan-1-yamide
4-28 4-(Pyrrol-1-yl)phenyl-1-carboxylic acid (R)-(6-(1-((4- 597 (M™)
fluorobenzyl)methylamino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
4-29 6-Methylpyridine-3-carboxylic acid (R)-(6-(1-((4- 447 (M™)
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




-27
6-(1-
) am
M)
2
u

4
(
]
(
4-
fl
4-

2' -Fluoro-4'-trifluoromnethyl bi phenyl
((4-fluorobenzyl) net hyl
i de 4wDR34270Pyrrol -1 -yl ) phenyl -| -carboxylic acid (R)-

fl uor obenzyl ) met hyl am no) et hyl i deneam no) - 2(R) -
9 6-Methyl pyridine-3-carboxylic acid,(R)-(6-(1-((4- 447 (M)
or obenzyl ) met hyl am no) et hyl i deneam no) -2(R) -
Cyanophenyl -1 -carboxylic acid (R -(6-(1-((4- 457 (M)

-4-carboxylic aci
am no) et hyl i deneam no) -

d (R - 594

(M)

2(R) - hydr oxyi ndan- | -
PET(U0t/t5969 597
hydr oxi ndan-1 ])am de

hdr oxyi ndan-1| -yl )am de 4-30

m de

4-32
de

i de

e 4-35
m de

0X

f1 uoroben hyl am-no)ethylideneam-no)-2(R)--hydroxyi ndan- -
WO 03/ 027DB4. #PCT) USARH 2R e - 33 Ex # Conpound Name MBS (dms (mfe)31
3,2",6' -Tr) 1l uorobipk | -4-c M)
fl uor oben 7y13)] met h@? é;ﬁ:ln'ﬁ&f?@tb ﬁ?’hvi])c aﬁ%‘%{)ﬁgﬁ(ﬁ)&“l nda rﬁ?%w{ gA;l de
3,2",6"-Trifluor oiﬂ)mthlmmyylametbylabmmqbbﬂngluamedn(nla)—z(IG)-(1 ((4-] 541 (W)
f | uor obengy] ) net t neanmi no) 2(R) h dr OX [ ndan-.] - 1 am
4-33 2' - Methytbi Dﬁgﬂ&&]ﬂﬁéi. %‘%4{’1“?[@(, acid 2—M—
f 1 uor obeng§3¥met h&?'éﬁ'ﬂ%l(ﬂ)léﬂb}ﬂkﬂ]éﬁb%fb@?@ﬂLCZGIIQ)(R)%@(bk(4r nda b4l (My) ) ani
4-34 2' - M et hoxybiRHsEHz 3] ?ﬁ]%&ﬁﬁ%ﬂd)bl‘ﬁyﬁ@éngarﬁﬁgg B 1-((4- {538 (M)
f | uor obengyl ) met hyl am no) et hyl i deneam no) - ydr oxi ndgn-1- 1 amd
3,2 -Difl| i oXYMARBrInAMIAe acid (R)-(6-(]=((4- 544 (NH+)
f1 uor obengylspmet hz'JM@mleq))aeﬁﬁw m@@@@wcmrm) (@(B}Mh dr ox Irmra]vﬂf; 1 a
4-36 6'-F| uoro-p2 Al ggé) eth l%%‘% oxylic gcid (R)- 59
(MH) (6} (] -((& ‘quﬁ%ﬁl’é H‘Z’;? FERHS %B‘%’P ? deneani o) 2(R) - hdr
i ndan-1 -yl)am dehydE»amﬂa&]Syl]amlﬂeQ/anopyrl di ne- 3- car boxyl|i c acid
(R-(6-(]t (g4 f ! uar I‘-‘@h +
St Iﬁ 4 L) 188?‘5‘% %h@ dzi‘){irbo%m feid Ry (25 (1442 538 (MH")
fluorobenzyl )methy]ammo)ethyhdeneammo -2(R)-
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-yl)amide
4-36 6'-Fluoro-2'"-trifluoromethylbiphenyl-4-carboxylic acid (R)- | 594 (MH")
(6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-
2(R)-hydroxyindan-1-yl)amide
Example 5-1
6-Cyanopyridine-3-carboxvlic acid (R)-(6-(1-((4-
fluorobenzyl)methylamino)ethylideneamino)-2(R)-hydroxyindan-1-yl)amide
0
F ~
N N\©E§ /~CN
’
Y o OH
CH,
5

10

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

hexafluorophosphate (296 mg, 0.70 mmol). Allow 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 MgSQ,, 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



O F~NII- CH3 HNIT NY%~ CN | --OHd 5 CH3 D ssolve equinolar anounts of
- (3-am no- 2- hydr oxyi ndan-5-yl)-N-(4- fluorobenzyl)-Nnethylacetam di ne
(229 ny, wWoMBoewel ) and 6- cyano- 3-carboxypyridine (0.70 meolysod@de69g) in
anhydrous DMF (4.0 nL). Add triethyl amne (0.487 nL, 3.50 nmol), followed
by benzotriazol-] -yloxytris-dinethyla 4no phophoni um 10
hexaf | uor ophosphate (296 ng, 0.70 mol Al ow the reaction to stir at room
tenperature for 0.5 hours. Dilute the reaction with water (100 nL) and
extract with EtQAc (3x50 nL). Dry the conbined organic |ayers over MyS04,
filter andaeuwneoentsohitien is Bisssaldser etranyenidempeaerd ’t%n%ho&uiw therrequd@n( 5. 0
n). Add Q%‘éll'i %ﬂh%@dﬁl%ﬁélnfmﬂeoa@%?e o8 sﬂlca)g%l 51?@0}5 %%g ?h washed with
water), | MeOH, et he dried 61 PCT/US02/ 25969 -34
vacuo) unflleI@&&lewﬁWﬂsEt@a%q/He%s K giye %%3 @&67%? ok BapEe sempANdgs 224 n.
Filter thevhireaekd.omsS (mmeshsgNih). addi tional THF, evaporate onto silica gel
and puglfy by flash colum chromat ography vm'th Et CAc/ Hexanes to give 253
ng (79% of the title conpound as a white solid. Ms (me): 458 (M. 5
Exanpl es 5-2 t kxemgles 5-28tharugh 5r & pampechassisssdntially ys Bsankpla fxl, e 5-1. Ex. #

Compound Nage, M (il Slug Rame, & D' {1 Uor obi phemy! - & car boxyliyg (Fehd
(R)-(G-(l (& - O o00eNnZYy I}IICLII_yIaIIIIIU}CLII)’IIUCIICQFII
hdr ox i ndah=2 -

ﬁaﬁﬁDdeOBﬁ@PmnyTH‘rp@mS}‘lscl arph@ny(b-(1-(far boxyl i @4l )
(R -(6-(1t ((4-

] thylid 2(R) -
hdr ox i ndan-1 - ’%o%bé%l)ﬁek%@??%ﬁ%&%ﬁ@%@ﬂ g?})ng 3yc|ar gg)e(;lml 202310 ((j )
(R)-(6-(1£L4-

5 YdWXYlN)ﬂﬂn 1] ?ﬂmdﬁhpmvl Ynet hyl ami nao) et hylli deneam no)l- 2( R)
hdrox indpp=3l - ] )46(%% 35ylgph%nﬁLll@drBO)%flrctaEidf(le)QGQIf@MhW bi Ahaavl (mh

-4-carboxylic ac¢

(6-(1-((4-f|uorol%ﬂ'%)§ ngmﬂhyéafﬂnﬂé)e&yﬂfﬁﬁeamrﬂ(%) 2(R)- |hdrox indan

-1- 1
am de 5- 6| 2- Fl uohpdréxyinddd- kghamiiehy| phenyl -1 - carboxylic agid (R)-(6- [518.4
(M 5.4 | 6-Trifluoromethylpyridine-3-carboxylic acid (R)-(6-(1-((4- | 501.1 (M")
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

L 2(R) -

\./

= ==

hydroxyindan-1-yl)amide
5-5 3-Fluoro-2'-trifluoromethylbiphenyl-4-carboxylic acid (R)- 594.1 (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)methylamino)ethylideneamino)-2(R)-

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

hydroxyindan-1-yl)amide




(1-((4-fluorobenzyl) et hyl am no) et hyl i deneam no) - 2(R) -
hydr oxyi ndan-1-yl)am de 5-7 2'-Chl oro-3-fl uorobi phenyl -4-carboxylic acid
(R - (6-(IWO(08102860. 2 (M fl uorobenzyl) et hyl am no) et hyl i demasor/es9%9 2( R) -
hydr oxyi ndan-1- |)am de 5-8 5-Phenyl pyrazi ne-2-carboxylic acid
(R-(6-(1-((4- 510.3 (M) fl wuorobenz % ) m et hyl am no) et hyl idenearn
ino)-2 (R) hdrox indan-1-yl)am de WO 037027061 PCT/ US02/ 25969 -35 Exanpl e
6-1 6-(2-Chl orophenyl)pyridi ne-3- carboxyl ic acid (R)-(6-(1-((4-
fl uorobenzyl ) met hyl am no) et hyl i denegm n (R) hydr oxyi ndan-1 -yl)am de O
CI FCH3 N NN ilOH CH3 5 Dissol

-(3(R)-am no-2(R) 6hyd:rmmp mh&nm‘z'nd}hé BNafbdaxfllhdm(Dbé)F‘(By(ll)(fN met hyl acet am
d| ne (42ng, O. &3 I phe. %l c acid
(103 ng, 0.70 N : ] ‘ sthytaf
foll owed by benzotri az I - -yI oxyt ris- d| met yI inoC hophom um

hexaf | uor ophosphat e 20 .d8mmol ) . A ion to stir at room
tenperature until corrpl |® 1,Q 3DiNI ute t re

= (0.178 nl)

h water (100 ni-)

and extract with EtOAc. Dry the E(o”rrb ffes:nal s over MgSH4,
filter, and concentrate. Purify GH,fI | u"tm  chr omat ogr aphy with

CHCl 3/ MeOH m xtures to yield 276 ng (35.7% of solid title conpound is
i sol at®d. M5 ( Pisdlve N-B3(®){aW)ino- IBQ)H)ga]rrmdydmlaﬁ-SZylb -hi-@uiplorébehzgl)-&N-pr epar ed

essenti al -2
z{)ﬂzﬂy HP@I%F] -3- ]
6-(2,4-D u rop }1? n;gdlne car ox{fi act d awéi gbl%yic?c
((4-fl uorblt%nlz&sl(ﬂﬂalﬂl )amanh\)cb@%@MJe(ﬁ anfhopdorRihylqnyiae 6 1 TSadn- | - vl ) ani de
6-3 4-1 odaphendly Ibeﬁ@dth%yhlﬁo%ﬁdlh@me@nﬁbgﬁs}ﬂmnﬁﬁﬁtha(st)ophosphate
fl uor oben 5yllz1 F )et hl){l i"deneam no) - %n) Xdr OXX qdan- yl ) am de
% Allow the reaction to stir at roond temperature until completion:
10 Dilute the reaction thh water (100 mL) and extract with EtOAc. Dry the combined
organic layers over MgSQy, filter, and concentrate. Purify by flash column
chromatography with CHCl;/MeOH mixtures to yield 276 mg (35.7%) of solid title
compound is isolated. MS (m/e): 543.0 (M").

15 Examples 6-2 through 6-4 are prepared essentially as Example 6-1.

Ex.# | Compound Name MS (m/e)
6-2 6-(2,4-Difluorophenyl)pyridine-3-carboxylic acid (R)-(6-(1- | 545.1 (M")
((4-fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
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-yl)amide




6-4 6-(Thien-3-yl)pyridine-3-carboxylic acid (R -(6-(21-((4- 515.4 (MH)

fl uor obenzyl ) nmet hyl am no) et hyl i deneam no) - 2( R) - hydroxyi ndan-1 -yl )am de WO
03/ 027061wWBWB/0UBER/ 25969 -36 Exanple 7-1 4-(Pyridi n- 3-ylPuheoybksobo
-carboxylic acid (R)-(6-(1-((4-

fIuorobenzyl)nethylanino)ethylideneanigg) 2(R) - hydroxyi ndan-1 -yl)am de O
HN70 N NY/NI ~ilOH~/ CH3 5 Conbine 4-iodophenyl-1-carboxylic acid
(R -(6-(1-((4 fluorobenzyl) net hyl

am no) et hyl i deneam no) - 2( R) - hydr oxyi ndan-1 -yl)am de (0.131 g, 0.235

mml ), 2-(tributyl stannyl)pyridi ne B2ammagl 0.352 mmol) and

tetrakls(trlphenylphos@h%mﬁﬁgahhﬁgh mﬁ&ﬁb&@méggg(RQ“§QZ“annl) i n di oxane at
. [0

80C. Heat wth stjrri niil he . so ve h
el AL ]-

th an

evapor ati on. A
Filter the

equal vol une of saturated pota55|un1fluor|d

hours

solution through a padHF |It§H Separ at >l ayer fromthe
aqueous | ayer and dry ov ﬁ sul e organi ¢ sol vent by
evaporation and purify vi ;gh i %R@% ¥chl or onet hane and
met hanol to vyield 0.035g (309@ t npound as solid material. M

(me): 509.2 (M. 15 Exanple 8-1 2 , 4", 6" -Trifl uorobi phenyl -4-carboxylic
acid (R)-(6-(] c@(](mneztidmpm@nzscbx)ummmmm t‘(yziideneam' no)-2(R)-h

> 70" 6 Topiober b nEine b AReR e AR et i by D e
(53rrg 0. 2236mmh)l) ahdridktylstmoxsucidienDi2dg, Q. 85238my|) Bd28mol ) i n
di chi Oronﬁ‘mﬁﬁ@ ipROE At olgh] @Aliadﬁ@g@&m& 0485 Bl 1P BLULE AL flada N

hydrochloric a over nesium sul fate and
concent r at\ath st il icame eﬁl@n dg eebe wlmt Ry evaporation. Dilute the residue

10 with Ethyl acetate and stir with an equal volume of saturated potassium fluoride for 3
hours. Filter 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-carboxvlic acid (R)-(6-(1-((4-
ﬂuorobenzy])methy]amino)ethy]ideneamino) 2(R)- hvdroxyindan 1-yDamide
F
I ar
N\I//N
ll
CH, OH - F

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-yl)-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.



(3(R) -am no- 2(R) - hydr oxyi ndan-5-yl)-N-(4-fl uorobenzyl)-Nnethyl acetam
dine (42ny, 25 0.13 mmol ) in dichloronmethane and stirred until conpletion
of reactiwn.03bbmésol vent is renoved by evaporation and tPETrEs2/dive9
purified via flash chromat ography with dichl oronmethane and net hanol to
yield 37 mg of the title conpound. M5 Grle): 562.0 (M. WO 03/027061
PCT/ US02/ 25969 -37 Exanple 9-1 3,4'-Difluorobiphenyl-4-carboxylic acid
(R -(6-(1-((4- fluorobenz

| )yl am no) et hyl i deneam no) - 2( R) - hydroxyindan-1-yl)amde OF F __C, IH3I
HN' \ M/N ..., SOH m\FssturéﬁﬁY-Béﬁgi]e .

3, 4' - di f | uor obi phenyl 34—¢Bﬂb@w1hahmxa@uddrt{okﬁﬂc Hmd (R)-G6834A - (ol ) ,

N- hydr oxysucci ﬁn
15 mL of net -
f | uor obenzyl ) met hyl am ne) € | i deneam no) - 2 R) - hydr oxyi ndan- | -yl)carbamc
acid tert- butyl ester %’. i FA (2 m) at O0C and stir
for 2 hr. Evaporate 10 TFAMW def Vo] sure._bissol ve the residue in
nmet hyl ene chl ori de and evapor ate G this process three
times. Add 5 nL of nethyl ene chlori “de and 1 of ¥ hyI amne. Add this

resulting sol Uihon oyl APOYRWTLEENGS A8 Bg e B dadbppoigur the

m xture into ne O)ad
concent r aﬁ\éhydwwswcmlh@mdeﬁ%ne, Q)@SWHIQWD&D%VH@I@@@%MMD oalgell, 3%

MeCOH in 1% %gﬂe%)a cggrlgég@n;&% }{rgc(%b,g)g% 1 E(I4e corrpound as a white solid
(55 %yleld) NVR (CDC13 (1 H 58 (2 H dd, J

t
= 8.8 and ﬂm@br-&avbmevhﬂazm@@ emyhaeneammi@(l}) h&éroan%t lryégarbazmmamﬁl)tert-
7.19-7. 12 b1 éiterr(ms Elg0@6122nrhbl) bv,thrm@xaL) H2)°C 48d68r ot 2Mr. Eyapofat66 (1 H

SH q, lg 2 %‘%A dl]qf re‘gigcegénrfsiurﬁ ’Dd%so?\/j the Tg]dée Hh@e@@nw]?lonée 6%1 e(vgp%;atest? 3 96

(1 H 20 ddynesk —rejbéatﬂnaprchSséthﬂelz)lmei add (5311]:Iof siethyMse sHbridd/kld 1 niExafihpl es
9-2 rou r.e r npound
2 Byt SRRSO TSSO D) K SBaRATRLE g FATPOUNS
( M—|+) Pour the mlxture into methylene chlorlde wash with water dry with Na;SO,, and

concentrate. Purify the residue by column chromatography (silica gel, 3% MeOH in
15 CH,Cl,) to give 199 mg of the title compound as a white solid (55 % yield).
'H NMR (CDCI3) 8 8.21 (1 H, t, ] = 8.4 Hz), 7.58 (2 H, dd, ] = 8.8 and 4.8 Hz),
732 (1 H,d,J=13.2 Hz), 7.26-7.23 (2 H, m), 7.19-7.12 (3 H, m), 7.04 (2 H,t,J = 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,
s), 4.56 (1 H, q,J =6.4 Hz),3.32 (1 H, 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-yl)amide
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 (MH")
fluorobenzyl)methylamino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide
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PCT/ US02/ 25969 -38 Ex. # Comfound Name M5 (me) 9-5
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D2 4- BRoRkypredrenyl-4-easpeidig larid (B&(é(l( - (6- (1- ((f5@6dr{Nﬂﬂ)
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r _for additig
ﬁé‘grré ?)e liygaﬁne&m 03 @ﬁ) Quench tlhe reacti on
hvdrexymdmldbmpmese. Extract the reaction|m xture wt
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To a mixture of thioacetamide (10.04 g, 133.64 mmol) and K,CO; (45.80 g,
331.38 mmol) in 100 m] 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
by adding 125 mL of ice water dropwise. Extract the reaction mixture with EtOAc (2X).
Dry the organic layer with MgSOy4 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,0 at 25 °C.
To this add N-thioacetyl-isoindole-1,3-dione (294.4 mg, 1.43 mmol) and allow to stir for
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 Et;O from the oil and triturate the oil with Et,O —
repeat this three times. Remove any excess EtoO 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
(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,Cl; and saturated aqueous
NaHCOj;. Dry the organic layer with MgSQy. 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
(M+1).
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M5 348 ( Wesssmd t@)heA@adm:@éwL @ﬁtlr@rhyba@no@arzmQ;leostmrthﬂtr)e ahdorideni xt ur e

of triethygbamiMantkbxQre Qow 1tlﬁTH‘§J)]).1t1@ﬁ‘6|f Abfdn‘f&feﬁﬂﬁ@ﬁéﬁh%@hﬂ)?ne(z%}e%lyg 078 8

mmol ) in 200 e e at stir 2hurs Add mL
of wat er ?%ert‘HéSrW]xP{J’P’EthyE?? F}Qe{ldf‘a%f&egussmawes%ﬂp&mjzstugt 12 a@éﬂate (3x
100 my) . Eﬂfébtd‘l@v@B g@r(no % gi¢RD) S ANG- AR B-24hidRoBihdag- It-Higa- by oBsr2mide
anhydrous Na 9 (f\g@\é Wiﬂv nt under reduced pressure to give N-(4-
fluor obenzy % t gm § in 100%vyield as a yellow oil. Add NaH
(6.5 g, 162 nﬁwbﬁ))ﬁddNCQt4L¢HlQr¢d€dBéﬂgyﬂ)8 soet] pioi adeixturs o5 trgethy@Oni@e thmdd ) i n

Izggl (Té ?];% ltﬁ%trﬁﬁgé%ﬂh%&?] BhzAimiRdo 8blg” 78 8t M550 mLBF RIS &Y

dC and stir for 12 hours. Add 100 mL of water to the mixture. Extract aqueous layer with

15 ethyl acetate (3x100 mL). Combine organic layers and wash with brine then dry over
anhydrous Na,;SO,4 Remove solvent under 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 hours. Pour mixture into 200 mL of water. Extract
aqueous layer with methylene chloride (3x200 mL). Combine organic layers and wash
with brine then dry over anhydrous Na,;SO4 Remove solvent under reduced pressure.
Purify the residue by column chromatography (silica gel, 5% acetone in hexanes, 50 %
acetone in hexanes) to give N-(4-fluorobenzyl)-N-methylacetamide (9.1 gm) in 64 %

25  yield 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 solvent 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").

Step ¢) 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,



20 to the above m xture and stir for 12 hours. Pour m xture into 200 nL of
wat er. Extract aqueous |ayer with nethylene chloride (3x200 m.). Conbi ne
organi ¢ lwpas®mwad wash wth brine then dry over anhydr o®ETNSAS0369 Renove
sol vent under reduced pressure. Purify the residue by colum

chromat ography (silica gel, 5% acetone,yn hexanes, 50 % acetone in
hexanes) to give N-(4- quorobenzyI) N-nethylacetanlde (9.1 gm in 64 %25

yield as a yellow oil. Add Lawesson reagent (20.3 g, 50.3 nnDI) to
N- (4-fluorobenzyl)-N nethyl acet am de ( mol ) mL  of
t ol uene afdeRB&iHgne g@lE0 &Prglrwé@mrro?}veh%ﬂ@wﬁw 88 ipeae lnﬁ? e $difuced

pressure. 11‘l?pu’rltfeyb§/|ﬁ$tra’tﬁ)$1l Hufow {dvént anderl itfucedhprossatogramy-(4si | i ca gel, 2%

t hyl hl ori d | hl or. t
N (41 uoPSeRe - ke RERe s BDrTT e Ve el ) Lad B0l Vow sl o
MS 30 198 ( MH$)ep ddtieid m@thﬂddﬂuamsmnesrubfagmm(oo90g, ty.] 6 rdolirood Joluteon
N (4-f I dh

( 5“0([3%%2%8%](?@%&@%‘3%&9 e é@aoéﬁﬁodfse‘grﬁ 38 nﬁ‘EoP&Hé@r g%% hd heat

to 80 Cf Enove Sol pressur ur i t he
resi due bienssraiws. %trrrtbﬁawgreaf@hw mutrwdg*emow@e@sl/vewwir rrednve@soz/ 25969

-40 |AC§|tO essﬁ,emgg%lve tﬂ%’r&@ueﬁ@S%l%’@ft Fyridinet Wqé‘-h adaaﬁaltrmaothoa%thkerc@mgt di 3card
i nsol ubl e rities rati aon. ve sol ven er reduce
pressure Pﬁﬁgdé\ﬁé‘“ﬂ?n? qudﬁrdg%e iﬁ)b”flﬂ? 86@? fitythespluyiop “rc} A thiceos a5 a
yel | ow sohbus. Mmd84ytithie)und&trepucdyl pAdshrecetunify tl{erres‘ldmwm]nreblbﬁmesul fonate
(0.190,9, ,1.16. mm ( uor obenz ) acetam de
(0 1 8% cllrarqgg)éra%llh%l(slpcange @ér%n%/xmlz% ?12‘0&1 ng ft €Stir the

m xture fommﬁ@mdundrﬂé/syairUaSraewbw‘nasorhIdeNM%éhvﬂH under reduced pressure.

Di ssolve the residue in 5 nL of pyr|d| ne. Then add the trifluoroacetic acid
salt of N-(6-ani no-2- h}/droxyl ndan-1-yl)-4-bronobenzam de to the sol ution.
Stir for threeEx#pples]!Rdhisyeh ﬂ)!/‘r]V&ferieelﬂﬁ*i%fb‘?ss‘?réﬂ‘u&éﬂEM‘@E]@f}drlel Purify the
residue with colum 10 chromatography (silica gel/ Hexanes: Acetone = 7:3, |
1) to give 4 of the t1tle conpound in I4 %yield as I sollid: M
49)6( |\/H+)g g&'dtprrn‘rggqu)um?Nﬁmgnnh 1 :rp 17 are nroy

Exanpl e 1[11-2] | 4-BosmofihGyipaurtoxpanaiMR)((0k(e-(11- 2 4- Br orfepbemy’) |

- carboxyl | c aci ] :
fl uor obengyl )amn ﬂg@oPgnZIY) enng) e‘hﬂo%-“(za?@a}‘?)ﬁ%@@%?ﬁ"ﬁ&’&ﬂ?’r']' ])am de 11-3
4- Br onophenyl - | { gharhieiryl i c acid (R) -(6 (1-((1,3- 522 (MH)

benzodl oxp|r.8- vyl a8t P%I %g‘rrggpq)) fbt&({/lii g{p(?g)l @({((2 h dr 0 M?z)glgﬂﬂ 1) am de

11-4 4-Brpnophe 1g 4- 508 (|
enzodioxol-5- y]methyl)ammo)et hy 1deneammo

hydroxyindan-1-yl)amide
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-1-carboxylic acid (R)-(6-(1-((3- 508 (MH"
methoxybenzyl)amino)ethylideneamino)-2(R)-hydroxyindan-

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

1-yl)amide
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 (MH")
fluorophenyl)ethyl)amino)ethylideneamino)-2(R)-

hydroxyindan-1-yl)amide




met hoxybenzyl ) am no) et hyl i deneam no) - 2( R) - hydr oxyi ndan-

-yl)anide 11-5

4- Bronophenyl - | -carboxylic acid (R -(6-(]-((3- 508 (MH)
met hoxybewpyBpamsno) et hyl i deneam no) - 2( R) - hydr oxyi ndan- | PCT]ySaz2i$e9 11- 6
4- Bronmophenyl -1 -carboxylic acid (R-(6-(]-((2- 508 (M)
et hoxybenzyl ) am no) et hyl i deneamni no) - 24R) - hydr oxyi ndan- | -yl)am de 11-7
4- Brornophenyl -1 -carboxylic acid (R -(6-(] -((4- 510 (MHi) flI
uor obenzyl ) met hyl am no) et hyl i deneam no) - 2(R) hydroxyi ndan-1 ])ami de 11-8
4- Br Ormpheny! car hny\LI c—acid /D\ - {R M //7 //I 510 (I\/I—I-l-)
f | uor ophejniyst. et hgzbl)qpmmm])lﬁﬁhyl [ deneam no) 2( R) hydr oxyi ndaus (m/e) ) amjde WO
03/ 027061 /U V& (nT &) 5
4-Br onopHenyt - || areanyrere Leraot el BTBITATE 510 (w0 (VD)
f 1 uor ophenyl ) et hfihyrapheng))ethplydmide)etaideeanifd) 2(Rvy dr oxi ndan-1- ]) am de
11-10 4-Br OmDph°Hy4rgiy,8@am0§1y4¢ﬁe30' d (R)- (6 (1 ((2 (4- VB 522( M-|+)
nmet hoxy phenyt Ham noyethytrdeneanno)—= AHR =—hdroxyirngan=1— amde
11-11 4-Brd ﬁ«f&rmlnopl@mmbkwrb@mm agiq @) (3 ((12 (42- (3- 51013 RRROMH)
f 1 uor ophenyl )et hy@h@mm), 168 N@rredtn o rox ingan-1 ])amde
11-12 4- Br omopheny] - 1 2¢ @?ﬁ”ﬂ% g‘???ym) L g (2- 522 (MHH)
nmet hoxyph id8eneani no)-2(R)- hdr ox indan-1- |)am/de
11- %3 4-Ernn}3§)h°m-)ﬂrombpxe¢l§f b@%ﬂbb 1oaﬁicﬁ(R()F€)5 (GQ(Q( 3;1 (é 2-(3- 152@(1(4»4*% |
met hoxyphenyl ) et m n ydr oxi ndan- ani de
11- 14 4- Bronophg ﬂy‘l”)"l’ ’%B%}ﬁ%%"é %@@gﬁﬁa “(“%é-)?(R U(2-(2, 3- |552 (MHH)
di met hoxyjphenyl bydnyi})lmimrﬂoylmwl dganeam no)-2(R)- hdrox iindan-1- ])am de
11-15 4- Br OmpphERy oo S DR ¥hibGx AR id R)=6 @1 ({2 fL 2- (1, 3- 1335 ({idH)
methoxyphenyl)ethyl)amino)ethylideneamino)-2(R)-
hydroxyindan-1-yl)amide
11-13 | 4-Bromophenyl-1-carboxylic acid (R)-(6-(1-((2-(3- 522 (MH")
methoxyphenyl)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)ethyl)amino)ethylideneamino)-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-1-yl)amide




benzodi oxol - 5-yl ) et hyl ) am no) et hyl i deneam no) - 2(R) - hdroxyi ndan-] -yl)am de

11-16 4-Bronophenyl- | -carboxylic acid (R -(6-(1-((2-(4- 524 (MH)
f | uor ophewglopmetegl ) am no) et hyl i deneam no) - 2( R) - hydr oxyi neam/s0}/2zane de
11-17 4-Bronophenyl- | -carboxylic acid (R)-(6-(1-((2-(2- 536 (MNH+)

met hoxyphenyl ) et hyl ) am no) et hyl i deneam go) 2(R) - hydroxi ndan-1-yl)am de WO
03/ 027061 PCT/ US02/ 25969 -42 Exanpl e 12-1 Bi phenyl - 4-carboxylic acid

(R -(6-(] -((4-fluorobenzyl) et hyl am no) et hyl i deneani no) -

2(R) - hydr oxyi ndan-1| -yl )am de Conbi ne (6-am no-2-hydroxyi ndan-1-yl)carbam c
acid tert-butyl ester (1.5 g, 5.68 Eammei2hith 5 nL of TFAat 0 C. Stir
the m xt ur @ipihyl-4-Radbeyliden] @1apql Aeflicobdny iBSSthylafd A@ethdli fenehminb)-
triethylamne and 30 nL of ne Ieechlorld thgresidue. To this

m xture, add a sol uti on of bi cid

2, 5-di oxo- pyrr d]omdnma—d&qmmeé&}e}rdrc(x]yﬂﬁn lgy)Gart@éniomal tert-butibesdr (bb gr@i6Ry| ene

chlori ge. bl oS %H*'Ttp' A 0O s Gnd Blxidie (1 0 ARRR AL SRt kel 0D

purify the re a co Unn ¢hr omat ogr a hy (siTica ge
5:1) to giAdded 3dany o(gseﬂ%lm@p@yd 30 1 gltoetpyiene Shlpbascpt residusi Bo (16 ani no-

2- hydr oxyifid@ie, alid 2 ¥b1La6H Qﬁ‘b] ﬁ@ 45631( c acA@g STERbLYbyrrolidin-1-yl ester(l 76
trlfluorome%hanes toasolutlon of N-(4-

fopate
f 1 uor obeny Py M g Qirﬁ"dé)f(”éfﬂ?y jch Ordier’r%ﬁb‘] t}’e Fesulingmiglire QP dr 3. at r oom
t enper at uByapor&ieisblveheandiptify mefr@ﬁdu%(byrm d&)llltrﬁﬁ?c]ﬁﬂdlafo%f’@%? (dihea @9l vent under

d d Th dd
bi phong! - MRS < Od e Shtiob 3 it sk imedn- PPy aft s g
sol ut i on. 2Stydroxfyordan -Hpuride; NRB 3oy Mphi di ne under reduced pressure.
Purify the reS'AQH 1%§rlhmﬁ9&‘dﬂ%&ﬁﬂés‘&¥f9ﬁﬂ9r(@%?f g(’fs%hﬁﬁol ”t?fsN 4-

Acetone = 7: 3, Ive oun oy| e d as a
white sol morobr:pz {W@W 8m81 Penmpalyin § mlgo£CH,@> P«FZIPOHHCIG)RCT@QJFP d, J =

8.8 Hz), Buifhe(midturd forBomButes 28d FMove the/bieabthndld redhiced éeélsurel Iﬁssbﬂzv)Be 87 206

oy 15 12 eagiide s wligtavdigipe! Bicy sl Binfiemy - diracin pe 6ottty o g= 7. 2
Hz) 6. 37 hiydidx yisjlan-5-yB3m({de tbithetkolulion. StittfolHz) holrs Reridwd, pyfridink vnder. 6 Hz) ,
;‘ gg E \’ZJ,E’ regcgutecgpr gs e( %’ﬁhfy dt e ré%ldug thB'_HUn}]:? ﬁlkéz;ﬁ%gikbpggzgé gel/‘]ﬁe)%ge% g Hz) .,
(MH+) . 25 ARnpFek3, ﬂzl)ZOtgnfec?@ghg of Qleﬁtlarcempf) 4§ %eyisddhas awhye adldlezlrrpl el
2-1 . NMR (DMSO-dg) 6 8.78 (1H, d, ] = 8.8 Hz), 8.04 (2H, d, ) =8.8 Hz), 7.79 2H, d, J = 8.4
20 Hz),7.74 (2H,dd, ) =7.4,1.6 Hz), 7.50 (2H, t, ] = 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, ] = 7.6 Hz), 6.78 (1H, d, ] =

7.2 Hz), 6.37 (1H, s), 5.33 (1H, d, ] = 5.6 Hz), 5.27 (1B, t, ] = 7.6 Hz), 4.59 (2H, s), 4.45

(1H, g, J= 6.0 Hz), 3.10 (1H, dd, J = 14.8, 7.2 Hz), 2.90 (3H, s), 2.68 (1H, dd, ] = 14.8,

7.2 Hz), 1.88 (3H, s5); 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 (MH))
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-yl)amide
12-4 Biphenyl-4-carboxylic acid (R)-(6-(1-((2-(4- 508 (MHM)
fluorophenyl)ethyl)amino)ethylideneamino)-2(R)-




Ex. # Compound Name MS (mfe) 12-2 Biphenyl-4-carboxylic acid

(R-(6-(]-((3- 520 (MH) net hoxybenzyl) net hyl am no) et hyl i deneam no)- 2(R)
hyoroas2ioadan- | -yl ) - am de 12- 3 Bi phenyl - 4- car boxyl iP€CTAIS0225969

(R-(6-(]-((3,4- 526 (MH difluorobenzyl) et hyl am no) et hyl i deneam no) - 2(R) -

hydr oxyi ndan-1 -yl )am de 12-4 Bi phenyl_-4§_- carboxylic acid (R -(6-(]-((2-(4-

508 (M) fluoro hen |)ethyl)am no)ethylideneam no)-2(R) WO 03/ 027061

PCT/ US02/ 25969 -43 Ex. # Conpound Name Ms (me) 12-5

Bi phenyl - 4- i cid (R -(6-(1-((2-(2- 520 (NH+)

met hoxyphiemy.l4) ef Oympaimde)at hyl i deneam no) - 2(R) - hdrox i ndans(msyl ) am de

12-6 Bi phle -4t carboxy]Jic aci.d (R =(6-(1-0(2-(2- 508 (M) +

fluor ophen{% et héf@’ﬁﬂﬁ)ﬁh 'ﬁaéPW:hFaé‘ﬁégﬁi%fﬁ)'(é((% > hdrox i ndan?P M8 hni de 12-7

Bi phenyl -4- car bpmgthogy@eng )){tR))anting Jethy(i{éhearhindd22R \-MH)

fl uor ophenyl ) et hH}'@M alggﬂwg)]]%hyl i deneam no) - 2(R)- hdrox i ndan-1 -
3 } .,.I_y._l = [ yl H [ D [ |

]) am de Exarpte o— L Dt it €17} "‘-f'b.ai‘U.UX“Iib ac.d R—+ n
- ( (4- f | uorBbenzyBinhkenyiyd-cabonyby etidyR)-denleddi(Ro) - 508 (MH")

2(R) - hydrioxy- 1, RqdodphSinamyasansrimabednlianl@mpde 0 CH3 HN M /N OH 5
CHH3 Stir| a m x| ur% 8f,&]%—)am¥ﬁo-,7-%ﬂ}}r]o- 1, 2,1%(?1)4-(t 21t rahydr onapht hal en- 2- ol (
500 ng, 2,40 n rwéromeﬂamr\l-xamdea 8mM 48 mol) in a mixture of 50 nL of

tol uene ang-50 BigEnyIMAESBodYIIE a8 (R)-06L E§2-(Added bi phenyl|-s4s erHipny|
chl oride |(570 ng, 2. 64 ngo%hgy sl wi’a}g] asng @#r for f@ﬁ)r hoyrs at room
tenperat ure. RepBYYOPRIYYE lamsg’y pQ)ghybdencamioyZd-wi th 10 t ol uend.
Evapor at € sol vephhydioxigndanedy@adidpr essur e. Bi phenyl - 4- car boxylic acid|(2-
hydr oxy-7-nitro-1, 2, 3, 4-t et rahydro- napht hal en-1-yl)-am de 1s obtained in
54% as a white solid: "H NWR (DVSO-d6) 8 8.87 (1H, d, J = 8.4 Hz), 8.03
(2H, d, J = 8.4 Hz), 7.99 (2H, d, Exampl 8-Hz), 7.79 (2H, d, J = 8.4 Hz),

7.74 (2H  fiphdnd-BedtobfBlic aid?R) {20 -(U:AubrdbehzA)hihylamino)ethylideneamino)-

2(R)-hydroxy-1.2.3.4-tetrahydronaphthalen-1-yamide

0
F
C|2H3 HN
N N +OH
\(/ g
CH,

Stir a mixture of 1-amino-7-nitro-1,2,3,4-tetrahydronaphthalen-2-ol ( 500 mg, 2.40
mmol) and 1N NaOH ( 4.8 mL, 4.8 mmol) in a mixture of S0 mL of toluene and 50 mL of
water for 30 minutes. Added biphenyl-4-carbonyl chloride (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-naphthalen- 1-yl)-amide is obtained in 54% as a white
solid: '"H NMR (DMSO-d6) & 8.87 (1H, d, ] = 8.4 Hz), 8.03 (2H, d, ] = 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,t,J =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 389(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-



7.43(2H, t, J =6.8 Hz), 5.22 (1 H d, J =4.4H), 5,11 (1 H t, J=17.6
Hz), 3.95-4.01 (1 H 15 m, 2.87-3,07(2H, n), 2.08-2.15 (1H, n, 1.81-1.94
(1H, n); WB3820OMH+). The above compound (0.25 g, 0.64 mromjuses23veduced in
10 nL of DMF with 48 ng of 10 % Pd-C at roomtenperature under 60 psi (414
kPa) for overnight to form biphenyl-4- qar boxylic acid

(7-am no- 2- hydroxy-1, 2, 3, 4-tetrahydro-napht hal en-1 -yl )-am de, obtained in
96% as a yeI I ow 0|I I\/B 359 (M—I+) 20 Add met hyl trifl uoromet hanesul f onate
(0.150 g, a solution

4-f 1 uor obémlpalw-hﬁl)ranpléﬁ(%%?cétoa% @@O(Ibe!ﬂ%e@bYénﬂsef pitstine. i dee L of

CH2Cl 2 at resﬁmglnhemp@foat1gmeAﬁ&w gbﬁ& P ind! pu;ﬁ@rth&!ésﬂwuye&umd renove the

wolvent“uier Ceil R BB eSO by

(7t no- SSTRialcapTY B! & elargb
napht hal e:6l %yyhe)ld asn tlght(y@l Q\Q Sg],ld OHG\lMRm]DCIf;))& 7 89€2H 1, 15 8l Haf), 66 (2dH, ne.

Stir thie 4resyl re (f L ey fy the
resi dug b\7/ Jgo;glfn%gg7%lli§§ﬁ (?J gm ‘Iri){cztl_iet » 9%%}%@%%“1%({&2&6%’%0 gi ve
10 ng of tRé (ﬂHt%Jco@rﬁo&mHZDrﬁ%ﬂ 5%194@)@7615(15 bk 6102 (Vi3] ddW=sb0,i&#¢ ' H NVR
(CDC13) Sy Eh%%d(ﬁﬁ ddy = 372-H,€73, 92&*%)1& t8J ﬁﬁzéﬁ'z‘b 45600t2HJs)-3@841 dﬂz()lm fn)01
(2H,d, J % )5 1 % (1 H _'dd, J
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d~yi ndan- I -yl ) am de F
3, 4- di f | uor ob8RHQIORE:

yield as a yel | ow soluof B 216 (MH). Add
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15 Beginning with 3 4-difluorobenzylamine, N-(3,4-difluorobenzyl)-N-methyl-
thioacetamide is prepared essentially as Step b, Example 11-1, and 1s obtained in 66 %
yield as a yellow solid: MS 216 (MH™).

Add methyl 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-yl)-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. After pyridine is evaporated, the residue is purified by column chromatograph (silica
gel, 3 % MeOH in CH,Cl,) to give 0.98 g of (6-(]-((3,4-diﬂuorobenzy])-methyl-amino)-

25  ethylideneamino)-2-hydroxyindan-1-yl)-carbamic acid tert-butyl ester as a white solid:
MS 446 (MHY).

Add 5 mL of trifluoroacetic acid to (R)-(6-(1-((3,4-
difluorobenzyl)methylamino)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



20 at roomtenperature. Stir the mxture for 30 m nutes and renove the

sol vent under reduced pressure. Then add
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mol) followed by 5 nL of pyridine. The resulting m xture is stirred for 12
h. After pyridine is evaporated, the rgsidue is purified by colum

chromat ograph (silica gel, 3 %MOH in CH2CI2) to give 0.98 g of
(6-(1-((3,4-difluorobenzyl)-nethyl-am no) 25
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concentrakgy Vﬁﬂﬁj fy the residue by columm chromatography (silica gel, 3%

MeOH in CH2CI2) to give 35 ng of the t|tIe conmpound as a white solid in 16
% yi el d: 'HNI\/R(CDBOD)S788(2H t, J =8.0 Hz), 77(2Hd J =8.4

Hz), 7060 (2H, dd, J = 8.0, 12sz55(3H ' 7.43'7.47 (1H 5
?)ZH 7d(211 3 i21(()25 IpT”E“‘)romghyhglvhenvl‘]4 car%oxyhc e)md &)]«1) (Y ((’514 (1H m, 6.71

1. 2Hz) , 5. 47( 1H, d, J$Bo8Hehzv)nbabinsb)ethBilieiddntdndirfadHzy)aniBd( 1H, g, J= 6. 4
M), 3.29 (1M g, J = 7.2 H), 3.07 (3H 5), 2.88 (A q. J = 7.8 Hz), 1.99

(3H, s); M5 544 (M) 10 Exanple 15-1 o
2' -Trifl uoronet hyl bi phe -ceﬁﬂaoxyl iC aqu (4-
fl uorobenzyl ) net hyl amn nda aide F F F F CH3 HN

am
~INN~CI-|3ConbineI-arn|no da \l with 6.6 rnL of
fum ng HNO3 at -10C. 15 Stir t h&"r esu g mxture for 30 mn, pour into

5 g L0En S Ay SO o0 PO g o
(0. 9295 g, Sur the r¢s|uhn1g)m1xwr¢|ﬁrr 30Qommbp o1 mthecemmltthmstwf@rrﬁ%mtrur(“aal@m thK2CO3
aqueOUS SQIHE Wath WahadidtSind @y REArrdrd 098147 4900 B ibroRRUT M0 hRh GHEH- 2, wash
th butyldicarbonate (0.929 g, 4.26 mmol) in THF. Combine the mixture with saturated
K,COs 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 then keep 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. 'H NMR (CDCl5) d 8.16 (1 H, br s), 8.11
(1H,dd,)=8.4and 2.0Hz),7.34(1 H,d,J =8.4 Hz),5.25 (1 H, q, ] = 8.8 Hz), 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,4 (1.59 g, 29.4 mmol) slowly to a mixture of (6-nitro-indan-1-
yl)carbamic 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. 'H NMR (CDCl3)d 6.99 (1 H, d, ] = 8.0 Hz), 6.65 (1 H, 5), 6.56 (1 H, dd,
J=28.0and 2.0 Hz), 5.09 (1 H, q,J =8.0 Hz),4.70 (1 H, brd, ] = 7.2 Hz), 3.60 (2 H, s),
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 (3 H,

s).
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et her and hexane, 20 then keep at -10 C overnight. Collect the solid and
dry to giwe /0506y (59 % of (6- N tro-indan-I|-yl)carbam ecagisd2/2®se - but yl
ester. "HNWR (CDCI3) d 8.16 (1 H, br s), 811 (1 H dd, J = 8.4 and 2.0
Hz), 7.34 (1 H d, J=84H), 525 (¢ H q, J =28.8 Hz), 4.78 (1 h, br
d, J:64Hz) 308200(1H m, 2.96-2.78 (1 H m, 2.72-2.62 (1 H m,
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Evapor at e (pyr )db 9e_229md 104rhy, ¢ ube77 esh oM zbys@ak My, 6B pOREPAr @phy2 (il ica
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fl uorobenﬂr?) rret hy] am no) et hyl i deneam no)| ndan I -yI )car bam c acid
tert-but yI est 8tir amiguidofl 3° ghﬂuyehlkﬁwbs}ﬂiehﬁl 4- Nﬁbé}ﬂ.}alc(aMd'*()l 00 nid, OISR6 ( CD3CD) d
H.d, J =

7 35- 2 4, 7.18-.7. 10. H,

o b3 - by MgrofssbeifingRigt P b, Ok Bl b D Tgmb 574 Mg
2 97 2.9118 ]_anpf1n}:thy]2n@dhlgri(7e7at(nlf0H2 hm)Gonbis&eR2(14@4(1 H, m), 1.97 (3 H, s).
1.52 (9 H 1 oxylic
aci d (100 g alel Kb RIS Bnctmald il P mg%ﬁ%"“%*%‘f‘%ﬁ SR an
DCC (77ngmgob§7énm%@ﬂ|) PithiTFA & i) 20 et atis ey 2 &Viaa@raﬁf Aupdsi 2 h.
fcf)nbl ne ( @edoded firéssure. D]S§O]\t/e thle reéldue in methy]eng ch]olnde and ev r[[)Jorate to dryndess

uor ghenz m no i de a ar c, acl
tert. 0t yrcypsé&"ﬁﬁs 3Gy Mg s ShpgIy RaF eRoraerdl Bbotdrows e A% ¢ o
2 hr. Evagos eseltibffolutideto the ebtveexixpresisliste at Bifssl v.ePéurahe mitoheanton
met hyl enen&mﬁ&fe%ﬁ]omg, &Xs%%?k?\gvglelt,%r)d&/}/tﬂgﬁﬁso% 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,J = 7.2 Hz), 7.49 (1 H, t, ] = 8.0 Hz), 7.40 (2 H, d, ] = 8.0 Hz), 7.31 (1
H, d, J = 8.0 Hz), 7.26-7.21 3 H, 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, ] =72 Hz), 5.67 (1 H,q,J =7.6 Hz),4.61 (2 H,q,] =10.0
Hz), 2.97 (3 H, s), 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 (1 H,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-
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Example P-1

Biphenyl-4-carboxvlic acid (R)-(6-(1-((4-fluorobenzyl)methylamino)ethylideneamino)-

2(R)-hydroxvyindan-1-yl)amide hemihydrate

Add 21.8 L of methanol to 2.86 kg of biphenyl-4-carboxylic acid (R)-(6-(1-((4-
fluorobenzyl)methylamino)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)-
hydroxyindan-1-yl)amide hemihydrate seed crystals. After 20 min, add 1.15 kg of water

followed by 15 g of seed crystals. After 1 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 1 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

kg of the

title compound as a white solid.

7.
d,
N
7.6

—+

((4-
7061

e

2

J

B16(MK))  Exanpl es
Ex. # Conpound



2(R) - hydr oxyi ndan-1 -yl)am de hem hydrate 5 Add 21.8 L of nethanol to 2.86
kg of biphenyl-4-carboxylic acid (R -(6-(1-((4-

f | uor oberwglopoetohy| am no) et hyl i deneam no) - 2( R) - hydr oxyi ndaaqa/usoz/gd49%am de
solvate. Pass the solution through a carbon inpregnated filter and rinse
the filter with 24 L of nmethanol. Add_4 .7 kg of water to the solution over
35 mn followed by 15 g of Bi phenyl- 4-Carboxylic acid

(R -(6-(1-((4-fluorobenzyl)net hyl am no)ethylideneam no)-2(R) 10

hydr oxyi ndan-| -yl )am de hem hydrate seed crystals. After 20 mn, add 1.15
kg of water followed by 15 g of sé&m&ils After | h, add another 1.15
kg of wat eBigheay-BaBbiylicfeld (‘N’)@Q—( b—¥(4115u(ﬁol%cnzﬂ%gthgl'é)fﬁﬁ(ﬁétﬁyl1d¥n@§‘l‘1ml§9 mn,
add 3.4 kg of water over 21(~R5] stlr ﬁ Lhery aft roomtenperature for I
h and at 0 C for 45 nin. &““ “’P’.%m’éje rinse with a
cold sol ution Dfss&]lzezbl;iheﬁjrl mrbarmc aamlc(RZ (6-(1-(@t wat er and dry to afford

) 3/

219 55 H0aBel Applcuh e SOIBRNAL A5 AWk 6 SR Gear VA 02 TOR Y 0
-((4-f1 uogbmen@ygrmtmmamwé& Hyl Adén*@mm(ﬁlml:) tQ(lﬁ)sohyldnoﬁoypwd@hyl

-yl) ani dehaﬁmymé@er et c%égqugl?' Bhemy Im&w@fobwa&'rzgx@fdncg tﬂéﬁ)cogf o(d- s ( ( 45

f1 uorobenz eth |deneam no) - gl an- | iﬂ[

sol vate ( Ej)'t]]eriﬂﬁ‘é‘{rﬁa‘ﬁ%)glh ‘X’Qﬂa sAlytin of okt %3’0t( mél«)iawéwaer )anglo the
sol utl on, dfyCEIHSOV&)CPCbUndeh%BuhMﬂbﬁl@h%gﬂeqr%sé@tﬁe {@Qcéﬂa]}oun&tl r the mxture
for (kgat 20-23 C, then cool to 0-5 C. Filter the mxture, wash wth a
sol ut} n of methanol (8 nL) and water (2 nlL), and dry at 50-60 C under
vacuumfor 16 h to give 1.66 g of thenpl¢ P& conpound. 10 Exanple P-3

Bi phenyl - 4x¢ . :

(R (6 (1 _ ; F TeTTe _

2(R) - hydr oxyi ndan-1 -yl ) aRibydiexyindair hyBamslethemehvalraie| ut i on of 6- (1
-((4-Fl Uor0benC)zSh%m%tMutﬁmdT%)(@t(kWFhQ%U%ﬁﬂlﬂﬁéth Wam; 6ethy11denenamnr1r%)t2h-anol

hydr o phen m noi ndane acet oni trl I e sol vat e

()1/ 2 @/ Oxbérybéﬁ“e@%@“(%“%)‘e aggleminle pelyate A liggran @%nﬁiﬂ Hb) wib o5 C,

fiOI lj ter th@amoxﬁmegs g)]dAftmermghE]BB:OtrﬁlIh%dISQISI"@?ﬁVM:I{th% ekl ANl rﬁ@g 41).

Add wat er i an m_hydr at e
seed cr ys h(aelq‘me(#j)sglgf wh@tmé%ﬂb%)i‘&)dz; Lﬁ A ?’a?rﬁd‘%ﬁ%ﬁh%m@ ﬂzﬁrat?z’ool to 0-5
C and st i rinsmendadd lwnhydrateliwctcarystalhél f’f‘g)(tSltnIHhe wasthrend-8 h aa 16-25 °C, ghehut i on
of 20 net pad)Q) O-(S&(,Saﬂ'd) stﬁ'ﬁg?t‘ﬁ@rtﬁ)r m{n0 }gltér)the ﬁlnﬂag %ﬁﬁ'; w293 é% ?ﬁérhéﬁacuum

for 20 h to give oun e compoun

presefl i AFERPPIIA- SCIa)rf’“Sé’V HeIPri Is)t @Fb‘éﬂ’ at gﬂé?’ oF Uinﬁert"r@émfr@f@ﬁ 20 h to give

88.7 g of the title compound.

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 hike. In practice, the compounds of Formula I are usually administered in the form of
pharmaceutical compositions, that is, in admixture with pharmaceutically acceptable

carriers or diluents.
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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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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 0.1 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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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, including stroke, ischemia, hypoxia,

35  inflammation, infectious processes and cognitive deficits subsequent to cardiac bypass

surgery and grafting, stroke, cerebral ischemia, spinal cord trauma, head trauma, perinatal
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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
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25  SSRIs and SNRIs such as fluoxetine, paroxetine, and venlafaxine; and anxiolytic agents
as a combined preparation for simultaneous, 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 I
together with one or more therapeutic agents selected from AMPA potentiators; typical
30  and atypical antipsychotics, including olanzapine; mGluR agonists; NMDA antagonists;
IL 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,
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25 An effective amount of a compound of Formula 1 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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llgﬁ) . Mal ﬁ]ar?‘l%ﬁ‘&}la% 8@@""4)@()461'} ke fé’gﬂ{n% \Lagﬂt\ﬁgf%ﬂﬁgle%eﬁgﬂ%g&%n&n& }m?‘matLal) ned on a
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.e. 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
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10 b ULpsysh o g?gmlgkéf(ﬁ]e@egmd other c}gmenttas NY: Oxford University y

Press pp. 3-80 (1993).

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. & Wettstein J.G. Animal models of dementia. Drug Deve]opment 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



Acqui sition in the Radial Maze 8-armradi al nmaze acquisition A prom nent
early feature of Alzheiner's disease (AD) synptonology is a pronounced
deficit iwodeobtmsati ve nenory (R W Parks, R F. Zec & R SpPCWusspesofEds. ),
20 Neur opsychol ogy of Al zhei nier's di sease and ot her dennentias. NY: Oxford
University Press pp. 3-80 (1993). As tshe di sease progresses, other domains
of cognition becone severely affected as wel I. Anong the brain regions
affected early in the progression of Al zheiner's di sease is the
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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 pg/mL G418
30 (GibcoBRL #10131-027). Cells are maintained under 95%/5% O,/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 (100uL/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 uM final concentration in

growth and supplemented with 2.5 mM, 50 uL/well) at 37 °C in an environment
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20 Example D
Functional GTP Binding

Cell Culture: CHO cells transfected with human M1-MS5 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, using Dulbecco's modified Eagles

25  medium/F-12 (3:1) culture 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% CO?2 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
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uM GDP was used for M1, M3, and M5 receptor assays, whereas 1 uM GDP was used
for M2 and M4 assays. For brain membranes 0.1 uM GDP was used in assays carried out
with anti-Gaq/11, whereas 50 pM GDP was used for assays using anti-Gai(1-3) and anti-

25  Gao. 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 ul 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



HEPES and 1 nM EGTA, pH 7.4, containing 1 nMdithiothreitol and I MV MB02,
and was centrifuged at 27,000g for 20 mn. The resulting pellet was
suspendedworstbmésane buffer at a protein concentration ®CTiS62/29969 and
aliquots were frozen and stored at 80C. 15 GIPy35S Bi ndi ng: Assays were
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acid & say. Materials: 35S GIPyS (1000-1200 GCi/nrnol), anti-rabbit-1gG and
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(Arlington Heights, IL). Rabbit anti-Gaq/ll and rabbit anti-Gai(l-3) were
fromSanta 10 Cruz Bi otechnol ogies (Santa Cruz, CA). Muse nonocl onal

anti - Gao wa3feom Chem con (Temecula, CA). Oxotrenorine Mcanbopivenzepi ne
were from Research Biochemicals Inc. (Natick, MA). 1 ]-{[2-((Di ethyl

am no) nmet hyl ) -1 -pi peridinyl]acetyl}- 5,6}.

1- di hydro- 6H pyrido[ 2, 3b] [ 1, 4] benzodi azépi n-6-one (AFDX 1 |6) was
synthesized at Eli Lilly. Conplete protease inhibitor cocktail and 10%
Noni det P-40 were from 15 Boehringer Mannhei m (I ndi anapolis, IN. The

sel ecti vi tWHOT B AMMERE3ni sts are eval uated by screening across the ot her
muscari ni ¢ receptor subtypes (M2, M3, M4 and Mp). Conpounds are al so
screened across a nunber of OEFEi n targets as well as the structurally
related G protéin-c %1“8’(?“"?188&‘5 SFMPBPCR) targets to insure sel ectivity
for the M1 receptor. 20 WO 03/027061 PCT/ USG2/ 25969 -61- WHAT IS CLAI MED
I'S: I . A conmpound of the Fogpmula 0 Ra%l\k RRNNVX,RZI a (C2),
CHI1 / u ;rand r
romthe group consi BN ng giNCR_N

I R RS (Cli2~-m 5 wherein Q

m %

Q X, Y, and Z are N an ((?Pi) | @ast
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X, a ndependent|y sel ect ed

i
dr OVi de;ch%eﬁRno more than two of
) ﬁ,“ Y,“and Z are CH, or Y is
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”
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CH, is CH and the noiet¥ QFI%( %@@ S" to forma thiophene ring;
10 i s i'ndependently at each oCcyfrénce ted fromthe group

consi sting of hydrogen, halogen, C -C4 al koxy, and C,-C4 alkyl; R2 is

sel ect ed fwhersit he group consi sting of hal ogen; C, -C4 al koxy; Cl-C4 al kyl;

C3-C8 cycl oal ky ; ano,, trifluoronethyl: ridinyl optionall substituted
Wt ons tortud S et fert bormaRiRaiteiey Mot etebonRohaE e¥CR &t oup

consi sting of hal ogemd NCiro@ted lthad xg magertha@twCof &), Ky Y, anhZeareyN andpt i onal |y
substituted wth on t] t : : : i sting of

hal ogen, C1-C4 al ko%§§qgﬁé§f(§]%0}gﬁ{lgﬁ?ggﬁ%%)?%gﬁgﬁg:dﬁ{y aﬁgﬂ%sti tuted with
fromone to three sUY { et seArpgalsefdéntarny atbjopbeneying;

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

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

15 the group consisting of halogen, C;-C4 alkoxy, and C,-C4 alkyl; thienyl
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;-Cy4 alkoxy, C;-C4 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, Ci-C; 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, alkyl, trifluoromethyl, cyano, and nitro;
heteroaryl optionally substituted with one or two substituents

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



fromthe group consisting of halogen, Cl-C4 al koxy, C -C4 al kyl, 20
trifluoronethyl, and cyano; and pyrrolyl optionally substituted with one

to two suwetmsemnat s | ndependently sel ected fromthe groupPcansox2iong of

hal ogen, C,-C4 al koxy, and Cl-C4 alkyl; R3 is selected fromthe group

consi sting of phenyl optionally substitdted with one to three substituents
i ndependently selected fromthe group 25 consisting of halogen, C -C4

al koxy, Cl-C4 alkyl, trifluoronethyl, cyano, and nitro; naphthyl

optional |y substitutedh onetshbsvinent seldchrdefeom shebgbup caissing ofikflegae 0t y
selected fromthe g St 1 . hal ogen, C -C4 al koxy, Cl-C4 alkyl,
trifluoromethyl, cyggggogggaﬁﬁlré(}?&”%&fet_eroaryl optionally substituted with
one or two sub$t issedastes BN thedspemewaisiing skhyslcegsd, iydoonyt hied flv@rap consi sti ng
of hal ogen, C1 5 ; ; 3k od|_pxX optionally
substif ut ed VDRggslsgg#geg)f%gC%%E%g!ﬁ%E%gﬁb%h \%\?%%ﬁ %ag(gé%u%!st@ftg{%& sel ect ed
fromthe group consfld pﬁ&‘*éﬁ‘yhal ogen, Cl- C4 al koxy, and C1-C4 alkyl; R4 is
sel ected from RAG @leted RN SHeShroudcdbistivydsAgarogeAvad axyhyl;and fluoro; R5 is
sel ected from}heoﬁgr o§p consi sting of hydrogen, hal ogen, Cl1-C4 al koxy, 5
and O -C4 al kyf ™S % W 8&Y'LE &% from the group consisting of hydrogen and
methyl; t is oneontwotwar three; and in is one or two; or pharmaceutically

accept abl e addi,t ] . . nd according to daiml
wherein Ra is Pr%%lﬂagﬁn,%@éﬁgg?]%)%ﬁﬁ%bé%%‘?&U%‘f%ﬁgCEﬁygr oXxy, t is one, in is one,

and wh? ch has the trans stereochenistry at the | - and 2- position shown

bel ow. 0 Ra HN ~Q X conipouhdNaécodding @ ®¥&im | GiRrdin RR% mE#F1, RS id nyldebgehm 15 3.

A corrpoun%accordi ng. to any one on]C]:]lcgihgsstll-Z wherein Q X, Y, and Z are

each CH. 1s hydroxy, t'is one, m’s one, an he trans stereochemistry at the 1- and 2-
position shown below:
R’ HN Qt)ﬁ\
i \
3 7 2
N _N R
N~ N Y
(CH,), o "R
1 STy,
15 3. A compound according to any one of Claims 1-2 wherein Q, X, Y, and Z
are each CH.
4, A compound according to any one of Claims 1-2 wherein one of Q, X, Y,
and Z is CF and the others are CH.
20
5. A compound according to Claim 4 wherein Q is CF, and X, Y, and Z are
each CH.
6. A compound according to any one of Claims 1-5 wherein R? is phenyl

25  optionally substitituted with from one to three substituents independently selected from

the group consisting of halogen, C,-C, alkoxy, C,-C, alkyl, trifluoromethyl, and cyano.
7. A compound according to Claim 6 wherein R? is phenyl.
30 8. A compound according to any one of Claims 1-7 wherein R? is phenyl

substituted with one substituent selected from the group consisting of halogen,
trifluoromethyl, cyano, and nitro.



4. A conmpound according to any one of Clains 1-2 wherein one of Q X Y,
and Z is CF and the others are CH. 20 5. A conpound according to Claim4
wherei n Qvo3@068and X, Y, and Z are each CH 6. A conpouwad/zozesvds ng to
any one of Clainms 1-5 wherein R2 is phenyl 25 optionally substitituted
with fromone to three substituents ig%gpendently selected from the group
consi sting of hal ogen, Cl-C4 al koxy, “C4 al kyl, trifl uoronethyl, and
cyano. 7. A conpound according to Claim6 wherein R2 is phenyl. 30 S. A
conpound according to any one of Clains 1-7 wherei.n R3 is phenyl
substituted wi fh oné wuund geqerdingreclagn Stwhmiein e igplaany! sbsieiutedionge of

hal ogen, fifhitaldgepomet hyl, cyano, and nitro. WO 03/027061 PCT/ US02/ 25969
-63 9. A conpound according.to Claimg8 wherein R3.i.s phenyl substituted
once with hal d8en. APMHRURE ALFOTLIRS &bgﬁﬁrai9n‘@]’etr8‘% a5 eyl bsapiedrace s
phenyl substhiflustk€d once with fluoro. 5 11. A conpound according to Claim

10 wherein R3 iis phenyl substitut.ed, once it.h fluero.in th ar a-

pOSi ti%n. 12. Aicon%‘o(%/?r%m%(ig?c(?l“ﬁfagfooe%l"ﬁilmvﬁhe\ﬁ‘ﬁl@hlﬁ Rhenyl Sugsﬁmegonce

bi phenyl - athdhivoxin the pari position. ‘

(R -(6-(1-((4-fluorobenzyl) et hyl am no) et hyl i deneam no) - 2( R) - hydr oxyi ndan-
| 10 yl)am de. 13. A conpound according to Claiml| whichis

3-f| uor obi phem}?-- 4- éaqoga;@ypd éccoa@pg]tq ﬁbanp é-V(]’[llCh 1s biphenyl-4-carboxylic acid

- ((4- f1 uorRPENAY((I-MBbRYERY AR A inb femeRBhaAmind (FR)-RydoRymididan- | -

yl )amléie. éS 1d4. A pharmaceuti cal conposition conprising a conpound of
dai m?Y ard?@%phar maceutical |y acceptable diluent. 15. A method of
treating disorders associated with the nuscarinic receptors, 20

conpri sing: administeri i ent. in.n ereof . an effective.anount
of a conpound rl%’f C?A aclror'ﬁﬂ%}] Bﬁig&ogfﬂﬁgf%%{?méfl ‘fﬁrsig%[si@ﬁgu%%%] B?I?yfl/é Grosytier s,
conpr i si ngsidaBi i Ist(érfluarpbenzyd) meshalamsino)dthyliderchminer A& -hadrosyindat-ive anmount
of a compoppdief Caiml. 25 17. A nethod of treating Al zheiner's disease,
corrprilssi ng: admnistering to a
14. A pharmaceutical composition comprising a compound of Claim 1 and a
pharmaceutically acceptable diluent.

15. A method of treating disorders associated with the muscarinic receptors,
20  comprising: administering to a patient in need thereof an effective amount of a compound
of Claim 1.

16. A method of treating cognitive disorders, comprising: administering to a
patient in need thereof an effective amount of a compound of Claim 1.
25
17. A method of treating Alzheimer's disease, comprising: administering to a

patient in need thereof an effective amount of a compound of Claim 1.

18. A method of treating schizophrenia, comprising: administering to a patient
30  in need thereof an effective amount of a compound of Claim 1.

19. A method of treating mild cognitive impairment, comprising:

administering to a patient in need thereof an effective amount of a compound of Claim 1.



patient in need thereof an effective anmount of a conpound of Claim1l. 18. A
nmet hod of treating schizophrenia, conprising: admnistering to a patient
30 in neewotddeemef an effective anount of a conpound of ClraiTrosh2/2s89 A
met hod of treating mld cognitive inpairnment, conprising: admnistering to
a patient in need thereof an effective anmount of a conpound of Caiml. WO
03/ 027061 PCT/ US02/ 25969 -64 20. A neffod of treati ng cognitive inpairnment
associated with schi zophrenia, conprising: admnistering to a patient in
need thereof an effective anmount of a conpound of Caim1.

20. A method of treating cognitive impairment associated with schizophrenia,

comprising: administering to a patient in need thereof an effective amount of a compound
of Claim 1.



